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Introduction

The United Nations Industrial Development Organizaticn
(UNIDO), under it's Special Industries Services Programme
and as a complement to the Industrial Survey of Paraguay,
that was completed in 1976, has undertaken to assist the
Government of the Republic of Paraguay in the prepara-
tion of an anaiysis of the possibilities of developing
energy-intensive industries in this ~ountry and the po-
tential for using domestic raw meaterials as inputs for
them.

Industrikonsulent A.S. on August 19, 1977, with the sig-
nature of UNIDO contract No. 77/54 has agrced to do the
abovementioned analysis in cooperatio. with Kvaerner

Engineering A.S.

The present report is based on the findings of a project
team, consisting of economist Gunnar Aberg (team leader),
geologist Bernt ROsholt and electrical engineer Jon
Midtsund, who visited Paraguay during a six weeks period
i, September - October 1977 and the following evaluation
with backstopping specialists from Norwegian supporting
industries active in the electro-intensive industries

fields through Kvaerner Engineering A.S.

Methodolcqgy

The terms of reference call for "an analysis of the
development of energy-intensive industries and the po-
tential for using domestic raw materials as inputs for
them". The analysis was to consist of "an assesment of

the country's present industrial raw materials, of it's
capacity for industrial development in the area of energy-
intensive industries and in the identification of indust-
ries to be established".




Introduccidn

La Organizacién de las Naciones Unidas para el Desa-rrollo Industrial,
dentro de su Programa Ispecial de Servicios para la Industria y como
complemento al Diagnéstico Industrial del Paraguay, que se completé
en el afo 1976, se ha brindado a asistir al Gobierno de la Repfiblica
del Paraguay en la prepares:ién de un an&lisis de las bases para el
desarrollo de industrias de alto consumo de energfa y del potencial
existente para utilizar materia prima racional para abastecer las

mismas,

Industrikonsulent A,S, con la firma del contrato OKEUDI 77/54 del
19 de agosto de 1977 se ha comprometido en hacer este anflisis en

colaboracién con Kvaerner Engineering A.S.

El presente informe te basa en los hallazgos de una MisiGnhconstituida
por el economista, D. Cunnar Aberg (Jefe de Misién), el geblogo

D. Bernt Rfsholt y el ingeniero electricista D. Jon Midtsuad, quienes
visitaron el Paragusy durante seis semanas en septiembre y octubre

de 1977, y la evalua:xién subsiguients con los especialistas de
induetrias noruegas que trabajan en el campo de industrias de alto
consumo de energfa eléctrice y que, por medio de Kvaerner Engineering

A.S,, apoyaron la Misién,

Metodulogfa

Los tférminos de referencia estipulan "la identificacién de industrias
que pueden ser desarrolladas ueando grandes abastecimientos de energfa
eléctrica y materia prima prcveniente de recursos nacionaies", El
anflisis consistirf{a en "una evaluacién de las materiss primas ‘ndue-
triales del pafs, de l1a capacidad de desarrollo industrial del Parz~-
guay en el campo de industrias de alto consumo de energf{a y la identi-

ficacién de las industrias que deben ser establecidas”.

BAsicamente nuestro enfoque ha sido el de comparar una lista de pro-
cesos altamente dependientec de la disponibilidad de energfa eléctrica
con otra de materias primas disponibles, o cuya disponibilidad se
pueda prever, en el Paragnay, y clasificarlos en orden de factibilidad

e impactv en la economfa del pafs, E cuanto a lus industrias que tras




2.

The basic idea for our approach consists in tha matching

of a list of processes that are highly depender.t on the
availabilitvy of energy with one of the raw material resources
that are or can be made available in Paraguay, and to rank
them in order of feasibility and impact on the eccahomy.

For the industries that through this evaluation can be
sorted cut as of interest for further study more detailed

comments have been made.

During the preparation phase, apart from updating on the
general economic and industrial situation of Paraguay and
going through available information on existing sources
of raw materials as well as the plans for the cornstruction
of future hydroelectric power plants, a preliminary list
of possible industries (annex 1) was drawn up. To com-
plete our geological information Mr. Rgsholt, or his trip
to the field, visited the U.S. Geblogical Survey and the
department of Geology of the university of Sao Paulo.

During field work our major aims were to investigate at
what prices the new hydroelectric plants would be able to
provide power to industry and to check, on the spot, any
mineral occurences, or indications of such, that could be
pointed out as a possible source of raw materials. Also
the infrastructural, organizational, financial and market
conditions were studied, mainly through interviews with

persons in the administration and in the private sector.

Summary and Conclusions

The Paraguayan economy is based on it's rich soils. Farming,
cattle breeding and forestry hitherto have contributed to
the major part of GNP and provided the basis for industrial
growth., The country still has vast virgin areas unexploited.
It is therefore tc be foreseen that also in the future these
agricultural sectors will be major engines cf growth and
able to provide growing agroindustry with the necessary raw
materials. It is also to be foreseen that, when planning for
the future development and industrialization of the country
emrhasis will have to be put on providing these traditional
sectors with the infrastructure they need.




2.

esta evaluacién se puedan considerar lo suficientemente interesantes
como para ser estudiadas m4s detenidamente, estas se han comentado

m4s en detalle,

Turante la fase de preparacién, aparte de ponernos al dfa en 1r que

se cefiere a la situacién general de la economfs e industria uel
Paraguay y de revisar los datos disponibles sobre existencias de
materias primas, méfs el planeamiento en cuantc a la construccién de

las futuras plantas hidroeléctricos, hemos compilado una lista pre-
liminar (anejo 1,) de posibles industrias, Para completar nuestra
documentacién sobre los aspecteos geolégicos, el Sr,. kfsholt, aprove-
chando su viaje al Paraguay, visité 1la U.,S. Geological Survey en
Washington y el Departamento de Geologfa de la Universidad de Sao Paulo,

Durante nuestra estancia en el Paraguay las principales metas consis-
tieron en estudiar a que precios las nuevas plantas hidroeléctricas
podr{an suministrar energfa a la industria y verificar, en el terreno,
los yacimientos o indicaciones de posibles ocurrencias minerales que
podrfan considerarse como fuentes de materia prima, También las con-
diciones de infraestructura, organizacién, crediticias y de mercado
freron evaluadas, principalmente por medio de entrevistas con per-

sonalidades de la administracién y del sector privado,

Resumen y principales conclusiones

Ta economfa del Paraguay e¢st4 basada en las ricas tierras que posée

el pafs, Agricultura, ganaderfa y silvicultura hasta ahora han sido
los sectores que mayormente han contribuido =1 PNB y acbre los cuales
el crecimiento industrial ha podido basarse, El pafs todavia tiene
amplias freas virgenes sin oxplotar, Se puede, por lo tanto, prever
que también en el futuro estos sectores del campo serdn los m4s im-
poriantes focoe de orecimiento y que podrén abastecer la creciente
agroindustrisa con las materias primas necesarias, También hay que pre-
ver que, al planificar la futura evolucién e industrializacién del
pafs, habré que poner de relieve la necesidad de dotar a estos secto-

res tradicionales de la infraestructura que requieren,

A mediados de la década de los ochenta, cuando se hayan puesto en ore-
racién las centrales nidrceléctricas de Itaip8 e Yaoyretd, el Para-
guay poseerd un nuevo reocurso importante, el derecho a grandes canti-
dades de fuerza eléstrica relativamente barata. Aunque, segfin lus
tratados, este rocurao‘puoda dar ingresos monetarios, se hg puesto en




In the mid-eighties, when the Itaipd and Yacyretd hydroel-
ectric power plants come into operation, Paraguay wil: own

an important new asset, the right to vast amounts of relatively
low cost power. Although by treaty this asset can give some
monetary revenue through the s«<le of electricity to Brazil

and Argentina, it has been questioned whether Paraguay

should not be able to benefit more by using these resources

herself, for example in electrointensive industries.

At present it is not known whether Paraguay will have at its
disposal any mineral raw materials on which EI-industries can
be based although from a geological point of view there are
indications that some sources may very well be found. The
government has taken an impcrtant step towards securing better
krnowledge of the contents of the subsoils of the country by
conceding exploration right to three different companies,

two drilling for oil and one prospecting for minerals. It is
however, recommended that a geological survey should be
organized that could administrate these concessions and,
above all set up a long range investigaticn program that in
due course would lead to a thorough and detailed knowledge

of the mineral and cther geological assets of the country.

An important part of this study is an endeavour to assemble
presently known indications of mineral deposits and suggest
future activities in the field of geological research.
(Annex 2).

Although Paraqguay will have the right to draw vast amounts of
electric power from the ItaipG and Yacyretd dams, the prices
that industry will have to pay during the first decades of
operation, even if they may well be lower than present in-
dustrial tariffs, will probakly be too high for most EI-in-
dustries to be viable, unless raw materials can be made
available at exceptionally low cost. This is specially true
as far as the metal smelting and metal alloys industries are
concerned. The industries that compete with processes based
on hydrocarbons, however, may, if the rising trends in prices
of oil and natural gas contirue, prove to be competitive by
the time the power comes on stream.
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duda si el Faraguay no podria beneficiarse aln mé&s, usando la poiencia

ella misma, por ejemplo en industrias de alto consumo de energia,

Hoy por hoy no se conoce si el Paraguay dispone Ge materias primas
minerales on las cusles podrfan basarse industrias eiectrointensivas
(EI), aunque desde el punto de vista geolégico hay indicaciones que
algunos yacimientos podrfan ser encontrados, E1 Gobierno ha tomado un
paso importante hacfa la obtencién de mejores conocimientos sobre el
contenido del subsuelo al conceder derechos de explotacién a tres
diferentes empresas, dos dedicadas a la exploracién de gas y petréleo
y una a la prospeccién de minerales. Recomendamos, sin embargo, que
se organize y establezeca un lLevantamiento Geolégico para la adminis-
tracién de es*as concesiones y, sobre todo, para establecer un pro-
grama de investigacién a largo plazo que pueda finalmente lograr que
se tenga un conocimiento profundo y detallado de los recursos minera~-

les y geolégicos del pais,

Una importante parte de est2 estudio consiste en un intento de compilar
las indicaciones hoy conocidas de posibles depésitos de minerales y
sugerir las actividades que en el futuro deberfan desarrollarse en el

campo de investigacién geoldgica, (Anejo 2,)

Aunque el Paraguay tendrd derecho a enormes volfimenes de fuerza hidro-
eléctrica de los embalses de itaipf e Yacyretd, los precios que la
industria tendr4 que pagar durante las primeras décadas de operacién,
aunque menos altes que las tarifas industriales hoy vigentes, probable-
mente serin demasiado altos para la mayorfa de las industrias RI, si

no es que se puedan abastecer de materias primas a costos excepcional-
mente bajos, Esto parece ser el hecho sobre todo en cuanto a las indus-
trias de fundicién y aleacisn de metales, Las induvstrias gue compiten
con procesos basados en hidrocarburos, sin embargo, pueden, a la hora
en que ge nongan en marcha las ‘urbinas, mostrarse competitivas si los
precios Ael petréfleo y del gas natural siguen la tendencia alzista

registrada durante los fltimos anos,

Fay que subrzyar que las evaluaciones hechas en este estudis se basan
en la tecnologfa de hoy, %5, esin embargo, m&s jue probable que, =2 raiz
del continuo aumento de los precios mundizles de energfa, nuevos pro-

cesos alternativos lleguen a concebirse, por los cuales las industrias




It has to be noted, that the evaluations made in this study
are based on present process technolocy. Because of world-
wide rising costs of energy it is more than probible that
new alternative processes will be conceived, through which
EI-industries may well be able to pay higher power prices

and sti'l be competitive.

If the explorations in the Chaco for cil and gas lead to
positive results, a new factor has to bhe taken into account
when evaluating the viahility of the EI processes that can
be regarded as competitive.

The fact that EI-industries arc capital int=2nsive and re-
quire a specific infrastructure may create dicficulties for
Paraguay when it comes to deciding on how to allocate scarce
capital resources.

In tne study some EI processes are commented on that are
deemed to be of interest for Paraguay. Special emphasis is
made on the pulp and paper industry and on the possibilities
of producing fertilizers, as it is considered that there are
good chances that they can prove to be feasable and that they
would contribute in a logical way to the next steps on Para-

guay's road towards industrialization.

To summarize, the mission recommends that the following steps
pe taken:

- The creation of a new Government entity to take care

of the planning and administration of a Geological Survey.

V/ - The execution of a feasibility study on a pulp ard paper

industry based on the thermomecanical process.

V/ - That the evolution of oil prices as well as of new

techniques based on electrolysis of water be followed
closely in order to be able, when these latter techniqurs
prove to be competitive with those based on o0il or

natural gas, Lo make the corresponding feasibility studies.
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%I sigan siendo competitivas a pesar de tener que pagar precios mis

altos,

Si las exploraciones en busca de petr8leo ¥ gas en 21 Chaco llegan a
dar - esultados positives, habri que tomar este nuevo factor en consi-

deracién 21 evaluar que procesos EI pueden considerarse competitivos.

¥l hecho que las industrias E” requieren mucho carital ¥ una infra-
estructura espec{fica, supone ciertas dificultades en cuanto a la
decicsién de como distribuir los escasss recursos de capital disponibles

en el Paraguay,

En el presente estudio se han comentado algunos prucesos EI que se
pueden considerar como de interés para el Paraguasy, concretamente las
industrias de pulpa y papel y las posibilidadecs de producir fertili-
zantes se han puesto en relieve, ya que se considera que hay probabi-
lidades de que se muestren economicamente factibles y que de una marera
18gica constituirfan los pr‘ximos pasos en el camino hacfz la indus-

trializacién del Paraguay,
%n resumen, la misién recomienda que se tomen las siguientes medidas:

- La creacifnde una nueva entidad del Estado que se ocupe de la plani-

ficacién y administracién de un Levantamiento Geolégico,

- La ejecucién de un estudio de factibilidad de una industriz de pulpa

¥ papel basada en el proceso termomecénico,

- La seguida de cerca de la evoluciédn de los precios de petrbleo asi
como de las nuevas técnicas de los procesos de electrolfsis del agua
para poder, el dfa en que estos procesos puedan competir con los
beszdos en petréleo y gas natural, hacer los estudios de factibilided

ccrrespondientes,

- La postergacién de gastos destinados a crear industrias de fundiciér
o aleacién de metales hasta que se haye verificado la existencia en

el pafs e materias primas de suficiente calidad y cantidad,




- That ary expenses aimed at creating metal smelting or
alloying industries be deferred until it has been verified
thai raw materials of sufficient grade and quantity are

available in the country.

Background

The Paraguayan ~ccnomy is, and for the foreseeable futirre
will remain, based on the country's large agricultural po-
tential. Vast cultivable areas are still virgin and those
under cultivation can be expected to produce higher qualities
and volumes if agriculture is backed with better infrastruc-

ure, capital resources and improved equipment and techniques.

Existing industry - vegetable o0ils, sugar refineries, meat
packing, wood processing, leather goods etc. - is based on
good agricultural raw materials, and can be expected to ac-
count for growing percentages of GNP as well as of the value
of total exports, if provided with growing volumes of raw

materials, adequate financing and adequate infrastructure.

It is therefore obvious that the major government efforts
will have to be geared to providing the infrastructural ser-
vices that the agriculture and agroindustries need for their
evolution and that these sectors will have to be given prio-
rity when it comes to taking decisions on how to dedicate

the scarce capital resources availahle in the country.

It is not within the scope of this study to discuss how

better transport infrastructure, education, financing etc.

can support the agroindustries' growth, but we would like

to stress the fact that these agro-industried consume electricit:

and at present are hampered by the lack or high cost of power.
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mijantn ipdustrial

T.2 enomomfa del Paraguay hoy Af{a, v en el fuituro previsitle, estf
fvndamentada en el gran potercial agrfecola dal pais, firardes 4vens
rultivahles todav{a quedsn virgeresr y las aue hoy estép bain rultive
nodrin produnir mejores calidades y mayores volfimenes si 12 agricul-

tura recibe el resnaldo de vna mejor infraest uctura, de mis 2mplios

recurses de carital y de téenicas y equipos mhs avanzados,

2s industrias existentes - de aceites vegetales, del azficar, de 12
cerne, procesecién de maderas, Adel cuero, etn, - han podido evolueio-
rar gracias a2 ex:elentes materias primas agrariss ¥ hay razén d2 pre-
ver que, siemnre que pu2dan ser respaldadas econ mavores vnlfmenes de
materias nrimas v 1» finaneiacién e infraestructura aderuszdas, su
imnortanciz siga aumentando en t&rminns de porcentaje tarto Ael PNRB

como de las ewportaciones totales,

Ts por lo tanto obvio que una gran parte de los esfuerzos del gobierro
tendrin nme ser dedicados a suplir los servicios de irfraestructura
que la agricultura y las apgro n3ustrias vrequieren nara su evoluaiér
v nue se terArh qre dar priaeridal a estos sectores al decidir sobre

como dedinar loe escasns rercmr-z0s de que Jisnone o1 pafe,

Nueda fuera del alcance Ae este enflinis el averisuar comn mejoras er
los cammos de infrasstructure, educacién, financiacibn, ete, mueden
apnyar el rrecimiento de la 2groindusirie, pero nog consta subraysr
21 hecho que estas industri=s consumen electricidad y hoy dfa sufren

nor ]a falta o 21to costo A2 la energia,

™irr7zn eléetrica — un nuevo racurso

feon 1n sonetrnacién de lors embalsen Ae Ttrind e Varyretd o) Paraguny
poresrs Anrechos contractuales a enormes recnrsos de fuerza hidro-
plbrtrina, Se antima que hacfa 1990 el nafe terdr4 a an disnnsicién
unaa A%,000 /h anuales nara consumo propio o para la exportacién,

sin contar loa rerursos hidroeléctricos del futuro embualse de Corpus,




Electric power - a new asset

With the construction of the ItaipG and Yacyretd dams, Para-
guay will have contractual right to enormcus hydroelectric
power resources. It is estimated that by 1990 som 45.000 GWh
year will be at disposal of the country for own consumption
or for export. This figure does not take into account the

power that may become available from the proposed Corpus dam.

The Paraguayan government has the possibility of exporting
power to Brazil and Argentina and receive royalty payment as
specified in the ItaipG and Yacyretd treaties.

However, Paraquay also has the option of using all or part
of this power for it's own purposes. It would, in such case,
according to the Itaipl and Yacyretd treaties, have to pay
a price that would cover the financial cost - repayment of
and interest on the debt incurred to finance the construc-
tion of the dams - and forego part of the above mentioned

royalties.

It is natural that when studying the consequences of these

two alternatives, and in view of the large potential in-
volved, the possibility of establishing industriess that will
consume large amounts of electric energy has to ne considered.
If the total income foreseen from these industries covers

a) the cost of power, b) depreciation and interest of necessary
investment in the power intensive industries, c) their cost of
operation and d) foregone royalties, it would seem that the

second alternative would be preferable to the country.

To this should be added that if these industries can be
based on domestic raw materials, important addi*ional benefits
such as new employment have to be taken into account.
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a Brazil y Argenti=- a cambio de regalfas cuya cuantf{a se espnecifira

en los tratados de Itaipd e Yacyreté.

Sin embarzo, el Paraguay también puede optar por dedicar la totrlidad
o parte de esta potencia a su propio consumo. En tal caso, segdn los

arriba mencionados tratados, tendr& que pagar un precio que cubra las
cargas financieras - intereses y amortizaciones de la deuda adquirida
para financiar la construccién de las centrales - aparte de renunciar

a las arriba mencionadas regalfas,

Es natural que, ai estudiar las consecuencias de estas dos alternati-
vas, se ccnsideren las posibilidades de eatablecer indusirias que con-

suman grandes cantidades de energia.

Si los ingresos totales previsibles de estas industrias cubren no sola~
mente a) el costo de energfa, b) depreciacién e intereses relativos a
la inversién necesaris para eatablecerlas, sino también c) los gastios
de operacién y d) las regalfas a que hay que renunciar, es probable

que esta ccgunda alternativa se considere preferible para el pafs,
A esto hay que anadir que s8i esta industria puede abastecerse de ma-
terias primas nacionales, habr§ que tomar en cuenta beneficios adicio=-

nales tales como un mayor empleo,

Caracterfsticas de las Industrias Electrointensivas (EI)

Las industrias llamadas electrointensivas, aparte del alto consumc de
energfa eléctrica tienen otros denominadores comunes que son de im-

portancia para nuestra evaluacién:

a) Se basan en procesos electroquimicos y tecnologf{a sofisticada.

b) “rangforman o alean materias primas,

c) Para ser economicamente viables tienen que producir en grandes

volfimenes y por lo tanto dependen de:

1. facilidades de abastecimiento de grandes volfimenes de materias

primas de suficiente pureza y




\ .
\

Characteristics of Electrointensive Industries (E1)

The so-called electrointensive industries, apart from their

high consumption of electric _nergy have some other common

denonminators that are of importance for our evaluation.

\

a) They are based on electrochemical processes and so-

phisticated techrology.

b) They transform or alioy raw materials.

c) . a order to he economically viable they tend to

require a high production volume and therefore depend on

1. Large volumes of easily accesc<ible raw materials of

sufficient purity and

2. Sufficiently large markets for the end pvroduct, pre-

ferably transformation industries not too far from the

rlant;

d) The EI industries are capital intensive and

ad

e) Require little manpower. The EI industries can thus
not be expected to be a source of new employment, un-
less based on domenstic raw materials, the extraction
of which could require additional manpower.

With the exception of the metals and metal alloys indu-
stries, where electric furnaces or electrolytic processes
are a must, most EI processes compete with other production

methods which are mainly based on hydrocarbons.

The cost of power, is, of course, a crucial factor that in

the first, ~onceptual state of analysis leads to the dis-
carding of a number of EI processes, but attention also
has to be paid to the complexity and interdependence of
chemical engineering plants.
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2, mercedos suiicientemenie grandes que puedan absorber el produc-
to final, preferiblemente industrias de transformacién a corta

distancia de la f&brica.

d) Las industrias EI dependen de un alto grado de capitalizacibn y

e) requieren poca mano de obra para su funcionamiento. Por lo tanto
no se puede prever que las industrias EI lleguen a ser una fuente
de nuevos empleos 2i no son basadas en materias primas domésticas,

la extraccién de las cuales requeriréd mano de obra adicional,

Con la excepcién de las industrias de fundicién y aleacién de meteles,
donde son imprescindibles los hornos eléciricos o los procesos electro-
1{ticos, el gran nfmero de procesos EI compiten con otros métodos de

producciédn que en general parten de los hidrocarburos,

El costo de la energfa eléctrica es, naturalmente, un factor que ini=-

cialmente, en el anflisis conceptual, indica que hay que descartar
algunos procesos FI, pero hay también que tomar en cuenta la ~omplexi-

dad e interdependencia de las industrias electroquimicas,

L2 manera de hacer frente a este anflisis por la comparacién de los
precios de los productos finales con los costos de las materias primas
y de la fuerza eléctrica, es ur método establecido para la primera
etapa Ae invest? ;acién, ™ el caso de las industrias BI, sir embargo
tamtifn son de cuma impor:ancia 12 localizzcibn de la planta en rela-
cifn a los yacimientos de materi.; primas, fuentes de en2rgfa, mercados,
medios Ae transporte, ete, ya que una localizacién antieconbmic~ bien
puede cancelar las ventajas conmpetitivas del proceso, También 12 dispo-
nibiliA2d de agua y facilidzdec de desaglic, 12 sensibiiidad del medio
ambinonte y 1n existencia de inductrizs supleleorian cue puedon proveer
insumor y aprovechar nroductos derivados residuvos del proceso son f22-
toren que pueden aser decisivos al ectablecer dorde pueder zer ubicadarn

laa induetri-r~ °I,

™M tam~he mfrimo Ae 1a planta t-mbién depende de varioc factorer, ™

nuestras tablas 4e industrinss térmicas y electrolfticac se ha escozide
rd

vn tamano minimo promedio estimado para poder establecer ura cuantf-

gue represente la inversién minima necesaxiz,




The apprcach in the present study, the comparison of prices
for the finished products, and costs of power and raw ma-
terials, is a well established method for the first stage
of investigation. In the case of EI industries, however,
also the location of the plant with regard to raw material
and power sources, markets and trarsport facilities etc. is
of extreme importance, as an uneconomical location may well
wipe out the competitive advantages of the process. The
availability of water and waste disposal facilities, sen-
sitivity to air pollution and the availability of supple-
mentarv industries that can either provide input material
to or use by-products from the process are factors that can

be decisive when deciding on where to locate EI industries.

The minimum plant size is also dependent on many factors.
In our tables for thermal and electrolytic industries an
estimated average minimum plant size has been chosen to

ectablish a figure for minimum capital investment.

This is,however, a rough estimation based on experience -
the minimum and economically optimal sizes can only arrive
at through detailed project development taking into account

all relevant local factors.

In the ferrosilicon area Norwegian plants without the bene-
fit of incorporated power. plants are in economic trouble due
to increased cost of state power. They have either to close
or to increase plant size and computerize their operations.
One of them is increasing from 20 MWh to 75 MWh to cut down
unit production cost because of increase in scale. This is a
single plant - not integrated with other processes.
In Brazil, however, a 5 MWh ferrosilicon plant is operating
with satisfactory results due to optimum location and
domestic factors.
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ein embargzo, ~61lo una ectimacién aproximativa
enciz - 1los volf@menes e nroduccién miniros r
ezonomicamente &ptimos de c2d~ coso pueden cer definidos colamerte

i
nor medic ‘e un 2rflisis detallado de proyecto que tome er considera-

[¢]
e
&)
o]
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odes los fectcres loc=les pertinentes,

n el campo de ferrosilicener lacz empresac norTuegas que no noneen

sus propizs plant-as eléetrisar sufren de problemas ecorbmicor =2 razén
de los zumertos do las tarifac, ¥ ce ven obligndac a prescirdir de pro-
dJuzir o zumentar 1 volfimen de produccidm y 2utomatizar el prnceso.

Tna de ellas estf por aumentar su potencia de 20 MYh hasta 75 Mh

p2ra2, graclas 2 12 mayor escala, poder reducir el costo nor nnidad
nrodncida, ©n este caso se trata de urz planta 2islada - no estf in-
tegrada cor otros nrocesos, Tn el Brazil, sin embargo, existe un=
fAbrica de ferro~ilicio de 5 M¥h que opera cor resultados satisfac-

torios gracias 2 una ublcaciédn y circunstancias loczles Sptimas,

Ln integracibn de los procesos influye substancialmente cobre la econo-
m{a de la plenta minima, Una f4brica de ferrosilicio con horno cerrado
produce gas 0 que normslmente no se aprovecha, “n una nlantz inte-
grada el 20 podrfa combinarse con hidrégeno (HQ) para producir

metanol (CH30F.) .

T2 Empresa Dow en los EE,UU,AA, utiliza el cloro que se cbtiecne er 1a
produccién electrolftica de magnesio parz obtener PVC — en un2 misme
fébrica,

Tr la Tnién Soviética las f4hricas de alémina se han integrado non
t4bricas de cemento - el cemento se produce aprovechando los residuos

de 1» produccién de alfimina,

™ método nomnego combina 1la nroducciédn de 2luminio, hierro en lingo-
tea v cemento haséndose er la materia prim~2 para la produccién de

v

218mina (1aterita),

71 bhecho nue 1a viabilidad econédmica de los proceros electronufmiecns

er 2lto grado Aepende de las posibilidades de integracién signifinn

que es sumrmente Afff{ril llegar a conclusién alguna hasta que la invar-
tigacién geolézica haya definido las calidades, cantidades v 1la

ubicacién geogrifica de las materias primas, %a aolamente cusndo re




Integratel processes have a great influence on economy
related to minimum size of plant. A ferrosilicon plant
with closed furnace produces CO gas which is normally
wasted. In an integrated plant the CO could possibly be
combined with hydrogen (Hz) to produce methanol (CH3OH).

DOW, USA, utilize the chlerine gas from electrolytic
production of magnesium to produce PVC - all in the same

plant.

In the Soviet Union the alumina plants are integrated
with cement plants - cement is produced from the waste of

alumina production.

A Norwegian method combines production of alumina, pig
iron and cement based on raw materials for alumina

oroduction (laterite).

The fact that the economic viability of many electrochemical
processes to a high degree depends on the possibilities

of integration makes it extremely difficult to arrive at

any conclusions before geclogical research has defined
qualities, quantities and locagion of raw materials, on

which data detailed project development efforts can be based.

The fact that EI industries are based on sophisticated
technologies should be discussed in some detail.

It can be said that technology can be bought, either by
the purchase of licenses and neccessary know-how services
or by giving special conditions to foreign investors in
order to entice them to make the necessary investment

and thereby bring in their technology.
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diencnga de est~~ A-Los gqnre se pu=da sepuir adelonte con estudine de

rroyentn mfs 3e4-T1ndos,

™ heechn ave Yag indngirias 7T requieren el n2nceso 2 Senrolosfos so-
fietinrdne corstitnwve otro temn me tiene -twe ser . -ft2dn, Tor wra

povte eatnas tennnlomfas nueden anr comnradas, sea mediante 21 paco de

]

lirnennine v servinios de "krow how"™ o medisnte 12 resion Ae ron-

1n inversifn necesaria y 21 mismo tiemno hacer veo de sus eoroei-
nientos de las ten~nolog{ae, Por 12 otra, 1ns tenrologfzs sofisti-

cad:

4

equieren un2 serie de serviclos y faelidzdee e infraestrye—

(
’

tnra ecrya nrovisidn puede ser Aiffcil,

7s por lo tanto preferible escoger tecrnologfsns de un nivel ane ro

mea demasiado di“erente 2l que ya existe en el pafs, sobre todo =i
meden considera=se como el "préximo paso™ en 12 evolueién Ae 12 tec-
nolorfa del nafs, "n el mercado paraguayo ya hay empresas dedi:adas

2 ¥a mezeln ¥ verta de fertilizentes, Hay, por tanto, ur ~omoninmiento
dentro de eate romg er cuanto ~ ~unles son l2s c=2lifzdes v comvosi-
rinnes 2deenadns nara las tierras del nafe, ™1 nréximo naso podrfa
ser el Ade estohlener industrias que puedan produncir productos e
svhstiturrn alsguno o varios de los componantes que zhnra se importan,
Tna posibilidad podrfa ser la produccién de amonfaco por medin de
sintetizacién de nitrégeno del aire e hidrégeno de la electrolisis

del apgua,

Si futuras prospecciones llegan a indicar la existencia de yacimientos
de roca fosfAtica en cantidades y purezas acceptables, el pafs podré

suministrar el componente fosférico de sus propios medios.

El hecho que los procesos EI en nuchos casos son economicamente via-
bles 88lo si se disefian para produccién en grandes volémenes repre-
senta serias dificultades para los paises pequefioe, no sélo por los
grandes volfimenes de materia prima que hay que poder suministrar, sino
también por los grandes volfimenes de capital que se requieren, Hay que
anadir también la necesidad de tener acceso a mercados lo suficiente-
mente grandes y a distancia razonable, ya que muchos de los produvctos
nc soportan transportes largos. Ademis es menester apuntar que la
mayorfa de las industrias EI, por tener que competir en el mercado

mundial, son negocio arriesgado, En buenas épocas muestran buena
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BUT s0pnisticated Lelnnuvivyy =

reguires a series ¢
services and infrastructural facilities that may be costly

to provide. It is therefore preferable to choose technologies

which are not too different from the level already axisting

in the country, especially if they can be regarded as the
"next step" in the upgrading of technical know-how. Fer-—
tilizers are already being mixed and sold on the Paraguayan

market. There is thus already some know-how in the fertili-
zer trade as to grades and compositions needed for different
soils. The next step could very well be the stablishment of

an industrv that would produce substitutes for one or

ceveral of the components that today are imported. Orne
Jssibility might be to produce ammonia, synthesized from

nitrogen from the air and hydrogen from the electrolysis of

water.

If further prospecting proves that phosphate rock is

available lccally in sufficient quantities and the right

qualities, the country could provide the phosphorous

component from its own sources.

The fact that EI prccesses often are =2conomically viable

only if built up for a high production volume represents
serious difficulties for smaller nations, not only because
large amounts of raw materials have to be readily available
but also because of the large amounts of capital required.

To this has to be added the necessity of having sufficizntly
large markets within reasonable distance, as many of the pro-
ducts can not support long transports. We would also like to
underline that most of EI industries, because they have

to compete on the world market, #ve risky business.

In good times they can show gond rentability, but the pre-
sent situation on the metal alloys market is a good illustra-
tion of how these capital intensive industries can fare

when having to meet the price fluctuations that characterize
their markets.

The development of power-oriented induscries to absorb a
substantial part of the electricity that will be available
from ItaiplG will represent an entirely new dimension of the

industrial development of Paraguay.
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rentabilidai, pero ia situacidn actual de ios mercados de aieaciones
es una buena ilustracién de lo que estas industrias tan dependientes
de capiial tienen qua sufrir al tener e enfrentar las fluctuaciones

de piecios que caracterizan sus mercados.

El intentar desarrollar indusirias orientadas hacf{a el uso masivo de
energfa para atsorber una parte substancial de los recursos eléctricos
provenientes de Itaipd representar{a nuevas dimensiones del desarrollo

industrial del Paraguay.

Tales inversiones tendré&n que ser de una magnitud que les obliga a
ser crientadas hacfa el exterior, a producir para el mercado interna-
cional, Rerresentarfa un reto formidable para el goblerno paraguayo
el establecer el marco institucional necesario para hacerse cargo

de todos los aspectos de planificacién, premocién y cooperacién
necesarios en este contexto teniendo al mismo tiempo que asegurar

el desarrollo de infraestructura necesario para que los ya estable-

cidos sectores de la economfa puedan crecer y evolucionar normalmente,

éPorqué usar electricidad?

En algunos casos, como las industrias de uilicon y de aleaciones de
metales, los dnicos métodos de produccién conocidus se basan en el uso
de electricidad,

En estos casos los siguientes factores son decisivos para puder defi-

nir si una industria es economicamente viable o no:

disponibilidad y costo de energfa eléctirica

disponibilidad y costo de materias primas
disponibilidad de personal capacitado

asequibilidad a mercados de consumo

precios y cualidades de productos substitutos,

En otros casos, por ejemplo en los de fertilizanZes 7 amornfaco, las
industrias EI compiten con otros procesosque usan gas o petrbleo como
base, Aparte de los arriba mencionados factores decisivos, en estos
cacos hay qae averiguar la factibilidad y viabilidad econémica de
estos procesos alternativos para poder declidir si los basados en
energfa eléctrica son los més adecuados,
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Such investmant will have to be of a magnitude to be

mainly externally oriented, producing for the international
market. It would represent a formidable challenge to the
Paraguayan Government to establish the institucional frame-
work necessary to handle all sides of planning, promotion

and cooperation which in this context becomes necessary,
while at the same time providing the infrastructural develop-
ment required for the normal growth and evolution of already

established sectors of the economy.

Why is electricity used?

In some cases, like the silicon and metal alloys industries,
the only presently known pinduction methods are based on the

use of electricity.

Whether an industry will be economically viable will in

these cases depend on the following main factors:

- availability and cost of electric power
- availability and cost of raw materials
- availibility of trained labour

- accesibility to consumer markets

- cost and property of substitute mate- ials.

In other cases, for example fertilizers and ammonia, the EI
industries compete with other processes, based on natural
gas or oil. Apart from the abovementioned factors, in these
cases the viability and overall economy of the alternative
process will have to be studied before being able to ascer-

. tain whether the one based on electricity is to be preferred.

Most of the EI processes were originally first used in
countries where electricity was superabundant; for example
during the night hours, and could be bought at very cheap
rates. In many cases it made good sense for the owner of
the power plant to make contracts with EI industries with

a zteady consumption day and night even at prices lower than
3 mils as they thereby acquired a stable base for the
production of the plant.




T;
una superabundancia de fldido eléctrico, por ejemplo durante las

horas de noche, por 1o cual se podfa disponer de energf{a a precios
sumamente to—~atos, En muchos casos les era interesante a los propie-
tarios de lasplantas hidroellctricas hacer contratos ~on las industrias
%I afin a precioc por debajo de los 3 mils, ya que de esta manera se

acegurabon de una base estable para su produccién,

Hoy dfa las cenirales se han conectado a redes de distribucién nacio-
nales e internacionales, por lo cual el volfmen de fuerza "sobrante®
ha sido reducido drésticamente, Incluso en los paises donde el gran
nfimero de centrales hidr eléectricas han sido depreciadas hasta un
valor puramente nominal, algunas industrizs EI como por ejemplo la de
produccién de hidrégeno por medio de electrblisis ultimamerte han
sido consideradas obsoletas, Sin embarg, tomando en cuenta el aumen-
to previsible de los precios del petr8leo v los precios Je energia
eléctrica que se indican en este estudio, recomendamos que se haga
ur anflisis de factibilidad para una f4brica d fertiizantes 2 base
de hidrégeno electrolftico, En el caso de que este anflicis llegue 2
indicar que el procesc es viable se debe estudiar también las po<ibi-
lidades de producir agua pesada, agna oxigenada y metanol en una

planta integrada en el mismo sitio,

Durante el actual perfodo de recesién de precios en los mercados inter-
nacionales de hierro y acero al mismo tiempo que la demanda de energfa
c1éctrica crece para otros usos, algunos productores de ferroaleacio-
nes, que son propietarios de sus propias fuentes de 2nergfa hidro-
eléctricz, se c<ncuentran con que les es m4s remunerativo el parar la

elaboracién de productos minerales y vender la energfa a la red.

U el caso bajn estudio, no s2 pvede prever que la industria paraguay=
pueda disfrutar Ae fuerza "sobrante™ a precios excepcionalmente bajoe
va que los tratados de Yacyret4 e Itaipd estipulan que Argentina y
Brazil tiener que comprar de la Tntidad Binacional correspondiente
todo K'h que el Paraguay no consuma y pagar la totalidad Adel precio,

qu2 incluye )~ compensacién al Paraguay por 1lns KvWh que le corresponde

Precios futuros de 1a energfa de Itaipf

Ya que el costo por K'h de la fuerza proveniente de Yacyret4 ser4




As the different plants nowadays are connected to

naticnal and international grids, the amount of surplus po-
wer at these utterly low prices is being drastically reduced.
Even in countries where the major number of hydroelectric
plants are already depreciated to a nominal value, some EI
industries such as e.g. that producing ammonia from electro-
lytically produced hydrogen have for some time been con-
sidered obsolete. However, with increasing oil prices and
with the electricity price in Paraguay of the level indi-
cated in this report, we recommend that a feasability study
be made for a fertilizer plant based on electrolytically
produced hydrogen. If such a plant is found feasable, the
pcssibilities of producing heavy water, hydrogen peroxide
and methanol in an integrated plant at the same location
should also be studied.

With the.present slump on the international iron and steel
markets, and rising demand for electricity for other pur-
poses, some producers of ferroalloys, who also own their
hydroelectric plants, are finding it more remunerative to
stop the processing of minerals and sell their power to the
grid.

In the case under study, there will be no "surplus" power
available to Paraguayan industry at exceptionally cheap
rates. Through the Yacyretd and ItaipG treaties Argentina and
Brazil are bound to buy, from the correspcending binational
entity, every kWh produced that is not taken by Paraguay

and pay the full price including a compensa*ion to Paraguay
for the number of kWhs used that correspond to Paraguay's

share.

Future price of ITAIPU power

As the cost per kWh of the power from Yacyret4 will be
higher than that from 1ltaipti, Paraguay should first try to
make use of it's share of energy from the latter hydropoweyr
station. We can therefore in our analysis concentrate on
the possible evolution of ItaipG power prices.
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mayor que el de Ttz2ipf, el Paraguay dete opter nor aprovechar, en

quz

nrimer lugar, la raorte que le corresporde de la energfa de estz §ltimo
centr2l hidroslénirica, ™n nuestro a2nflisie, nor tanto, noc hemos con-
centrado en estufiar la posible evoluciédn de los precioc de erorgin

proveniente de T+aip§,

Ta misién tuvo 1~ oportunidad de evalunr, con nltos cargos de 1a ANDT
e Ttaipf Binacionnl, los datos conocidos 2 1a fecha sobre inversidn
total, cordiciones de financiacién, tasas de irterés, gestos de oxplo-
tacibn y otros rubros enumerados en el tratado de Itaipf. ¥1 c&lculo
hecho basindore on estos datos incdica que se puede prever que el costo
promedio de prodrccién debe desarrollarse aproximadamente de 12

ciguiente manerza:

éig Costo en las barras de la central
1082-1990 11 mils/%h
1991-2000 16 mils/T¥m
NON=2010 1€ mits/®yh
200~-2020 10 mils/Th

La cifra promedia relativamente baja parz el perfodo 19832-1990) co o~y
nlicz principalmerte por el hecho que parte de la financiacibn se %..
conszguido 2 condiciones que contemplan per{odos de graciz, durante
loe cuales no se cargarfn amortizaciones sino solamente intereses,
“wicte, 2in embargo, la probabilidad de que, durante lo que gqued= Zdel
perfodo de construcciédn, hatrf que tuscar financiacibén adicionzl a
eorto o medianc plazo para cubrir gastos que no se han tedaviz pedido
prever, lo que sumentarfa el costo por ¥Wh Jurante los primeros zros
de operacifn, Zabe también apuntar la posibilidad de que, cuando la
central haya llegado a la etapa de produrncién, parte de la deuda puedr
sor refinanciada 2 p'azos afn més largos, 1o que redvcirfa o) costo,

principalmente durante el perfodo entre 1991 y 010,

Tama nruestro estudio, y con el fIn de basar nuestrns anflisis en uwn roln
vnlor de rosto e<timado, podemos conclufr que ro parece ser realistiero
el nrever que o1 precio nor K'h, en las barras de la centrzl, serf por
debajo de 15 milAeimng de d6lar de los ©TE,UU,AA. (1977) durante lo que

quedn de este riglo,

A esnte precin hay que anadir los costos de transmisién y distribucién,
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The mission has had the opportunity to evaluate, with
officials of the ANDE and ITAIPU, the values presently
known o.. total investment, terms of financing, interest
rates, exploitation costs and other cost items as en-
numerated in the ITAIPU treaty. On the basis of these
Jdata, we calculate that the average cost of producing

power will evolve approximately as follows:

Year Cost at the power station
1983-1990 11 mils/kWh
1991-2000 16 "=
2000-2010 16 -"-

2010-2020 10 -"-

The relatively low average for the period 1983-1990 is
mainly explained by the fact that part of the financing
has been secured at terms which foresee grace periods
during which, for some of the first years, only interest
will be payed. It is, however probable that during the
remainder of the construction period, additional short or med
term financing will have to be found to cover expenses
that are not yet foreseeable, and that will tend to raise
the average cost during the first years of operation.

It is also possikle that, once the plant is on stream,
part of the debt can be refinanced fer longer terms,
which would lower the ccst, especially in the period
between 1991 and 2010.

For the sake of our study, and in order tc base our ana-
lysis on only one cost estimate, we draw the conclusion that
it is not realistic to foresee that the price per kWh,

at the plant, will be lower than 15 mils dnuring the

rest of this century.

To this price, the cost of transmission and distribution
have to be added. Tcble 1, which is based on international
cost data for transmission equipment shows how these costs
vary with distance, voltage and amount of power transmitted.
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™n el ~unadro Yo, 1, nue se he confeccionado - base de datos del mercrdn
jptevpacional Ae equivos de transmisidn, s=e indinn ~nmo estos rostns
vorfan cor Ja distancia, el volteje v la cantidad de epergzfn twansmiti-

an,

Se han considewado Adetalles como intereses sobre v depreciacién de los
enuinos, pérdidss de energfa, 2dministracién y manutencihn de sistem=
Ae trapsmieifr nero no =e hon incluido gastos de expropiacibdr de

tierras, indemnizaciones, ete, que hay que tomar en cuentz ~orz nodex

~onsiruir vna red de transmisién,

Tos cAlculos nresuponen que el consumidor =e harf nsargo de los costos
de 1o3 subestaciones que puedan ser necesari»s a=f como 13 Aistribu-
cibn dentro del recinto industrizl, es decir que se supone que 1=
energf{a se suministrard al consumidor al voltaje de 12 red 21 final

Ade 1~ lirea de cransmisién correspondiente,

Parfmetros n=ados

Factor de enewrfa: 0,9

Pactor dAe servicin 21 consumidor: 6,000 horas/aﬁo

Perfodo de denreciacién: 20 afos

Maas de interés: 1074 anua)

ToAog 1os prercios a nivel de 1977,

Poara nuentroes nflculos, hemos esiimado vn costo promedin de trangmi-
aiér de 3 mile now K'h, o que, anadiendo los 15 mils Ae costo de

nroduceiédn, noe da un prenin caleulado de energf{~ industrial Ae
1R mils/KVh,
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It takes into consideraticn depreciation and interest

on equipment, energy losses, administraticn and service

of the transmission system but does not make any allowances
foer costs of expropriation of property, payments for damages,
etc. that may be necessary to cover in order to build the

transmissicn network.

The calculations are also based on the assumption that

the consumer will have to cover the cost of any necessary
sub-stations and the distribution within the plant, i.e.
the consumers receive the electricai power with the system
voltage at the end of the transmission line in question.

PARAMETERS USED:

Power factor: 0.9 Consumers service factor: 6060 hrs/year

Depreciation time: 20 years. Interest: 10% per year.

All prices are referred to the 1977 level.

For our calculations, we have estimated an average cost
of transmission of 3 mils per kWh, which, added to the
15 mils cost of generation, gives a calculated price
for industrial energy of 18 mils.

—
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TABLE 1
Iransmission E_LZCTRICAL ENERGY TRANSMISSION COST IN
length MILS OF ONE U.S. DOLLAR PER kWh
Power & 50 100 150 200 250 300 400
Voltege km km km km km km km
400 kv | 1.00 |1.36 1.80 | 2.20 |2.60 | 3.00 | 3.80
500 MW
220 kv | 0,95 1.27 1.65 | 2.00 {2.36 | 2.68 | 3.37
400 kv | 0.98 | 1.38 1.78 | 2.18 |2.58 | 2.93 | 3.78
400 MW
220 kv | 1.06 | 1.48 1..5 | 2.3712.78 | 3.22 | 4.10
400 kv 1.22 1.82 2.42 3.04 |3.64 4.20 5.43
200 MW
220 kv | 1.24 | 1.87 2.52 2.17 |3.82 | 4.45 | s5.75
220 kv | 1.64 | 2.69 3.71
100 MW i
132 xv | 1.62 | 2.60 3.62
132 kv 1.76 2.98
50 MW
66 kv | 2.44 | 4.22
Transmission ELECTRICAL ENERGY TRANSMISSION COST IN
MIIS OF ONE U.S. DOLIAR PER kWh
Power & length
10 30 50 100
Voltage km km km km
66 kV 1.02 1.85 2.69 4,80
30 MW
66 kv | 1.26 | 2.51 3.76
10 MW
2c v | 1.69 3.88 5.82
66 kv | 1.02 2.13 3,22
S MW
22 kv | 1.37 3.24 5.08
1
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lunque este precio es por debajo ¢ las tarifas industriales actualmante
en vigor en el Paraguecy, es demasiado =ltec rara aue 12 mayorfa de “os
nrnecesass en rrvestra lista nuedan considerarse economicamente vinlhles
rongiderande el nivel de tecnologfa actual y los precios vigertes er

el merrcadn mundial,

L medida que 1~ deuda se vaya reduciendo 21 transcurrir los afos, el
costo de prodneribn, tal como se he definido en el tratado, se ir4 re-
Anciendo, Se ouede también prever que durante los préximos ~uarerta

anns los precios de petrfleo ¥ gas, las materias primas para procesos
comretitivos, seguirfn su tendencia ascendiente, Estas dos tendencias

de evolneidén de precios en sentidos opuestos indican que =i bien a corto
v mediano nlazo algunas industrias EI tienen que calificarse como sin
interés, a largo plazo, sobre todo si mejora 1a disponibilidad de recuw-
sos de capits]l y de materias primas, las posibilidades de usar energia

eléctrica en estos procesos pueden considerarse mis favorablemente,

Bs importante seguir de cerca que posibilidades pueden surgir a base de
nuevos procesos, resultando de la investigacién tecnolégica, que apro-

vechen mejor la energia eléctrica consumida,

La recuperacién de energf{a en varios tipos de industrias es un elemento
al que se le est4 dando mucho enfoque y que se esti desenvolviendo ra-
pidamente, Las industrias EI, as{ como la del pale, encabezan la lista
de procesos donde existen grandes posibilidades de recuperar energfa,
que hoy no se aprovecha, ya que estos producen grandes vclimenes de
calor. En estos df{as se estén dedicando grandes esfuerzos de investiga-
cién para obtener métodos vor los cualea se pueda producir energfa
eléctrica del calor normalmente desperdiciado, por medio de turbinas

de vapor,

En algunos casos se prevé la posibilided de usar los gases de educ-

cién directamente en turbinas o motores a gas,

En Noruega ya hay en operacién equipos que recuperan mfs del 25% de la
energ{a usada y se estén planificando plantas que serén capaces de re-

cuperar hLasta el 50% de la energfa eléctrica consumida en el proceso,

El cuadro 2 demuestra esquematicamente una manera de aprovechar el
calor proveniente de un horno de fundicién eléctrico para producir

fuerzs eléctrica,
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Although this price is lower than present indus*rial
tarifis in Paragyudy, it is oo high for wmwost of the
processes on our list to be economically viable under present

standards of tecnnology and world market prices.

As debt is repayed over the years, the cost, as defined in
the treaty, will be reduced. It can also be reckored that
during the next forty years, the prices of oil and gas, which
are the raw materials for competing processes, will rise.
These two price trends, working in opposite directions, in-
dicate the probability that. even if in the short and medium
term some EI industries have to be considered as uninterest-
ing for Paraguay, in the long run, and especially if more
own capital resources and raw materials will be available,
the possibilities of using electricity in these processes

can be viewed more favourably.

Attention also had to be paid to new possibilities that
technological research may provide in the form of new
processes that take better advantage of electric power and

therefore may become viable.

A factor with increasing importance and under fast develop-
ment is energy-recovery in all types of industries. The EI-
industries, as well as the paper industry head the list

of processes, where great possibilities exist to recover
energy due to the gquantity of heat produced. At present
much effort is dedicated to investigation on methods to
produce electric energy from waste heat by means of steam

turbines.

In some processes, the exhaust gases may be used directly

in gas turbines or gas motors.

In Norway plants are already in operation that recover more
than 25% of the ele~tric energy input. Plants which will be
able to recover ciose to 50% of the electric-energy input
are presently under planning. Future EI industries will,
no doubt, have to take regeneration of energy into

consideration.
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Mrndtawine nrimac mineralec
Moterine primac minerales

l.as industrias RWI, aparte de consumir grandes cantidades de energfz,
también devenden de grandes cantidades de naterias prinmas de calidades
adecuadas y a precios ascequibles, Durante su trzbajo de campo on el
Paraguay, la misién tuvo que constatar que hoy no se conocen depbsitos
minerales comprobados gque tengan valor e.onémico, a parte de las zonas
calcfferas a! sur de la frontera con el Brazil y al este del rio Para-
cuay. Aunque estos dep8sitos son una importantfsima base para una in-
dustria del cemento y de gran valor para la calcinacién de tierras que
necesitan regulacién de su acidez, no sirven como base para zlguna

industria EI,

Se ha estimado que el Paraguay posee muy pocos otros yacimientos mine-

rales, 10 que todavia queda por verificar. Hasta ahora se han hecho

. muy pocas prospecciores, Parece ser que el interés siempre se ha enfo-

cado en la fértil superficie del pafs, con sus ricas tierras y valiosos

bosques, de los cuales grard<s areas todavia son v{irgenes,

¥l hecho que l2 Ley de Minerales 1o contiene incentivos para los pros-
pectores, diff{cil 2ccesibilidad por falta de infraestructurz de trans-
porte y las densas capas que cubren el subsuels rocoso gque crean difi-
cultades para la prospecciédn y la delineaciédn de mapas geolbgicos, son
otros factores que explican la falta aparente de interés en la explora-

cién de los cubsuelns del nafs,

Los datos geolbgicos recogidos por la misién se presentan en el anejo
2, el sual consigte en un mapa con indicaciones de las localidades
donde se encuentran ocurrencias de minerales gque pueden servir como
insumos de 1as industrias TI, y una lista que contiene la descripecién
de estos depbsitos con los datos quimicos y geolégicos que se conocen,
Taste informe geolbgico podrfa servir como punto de partida para lacs
actividades de prospeccién que se recomiendan, Bajo lor~ rubros de los

diferentes minerales hacemos varias sugerencins,

™1 anejo también contiene una descripciér de la administracién 2ctunl
Ar 12 ipvecticnacidn geolégica y mineralégica del pafs, acf como al-
gunas sugerencias en torno a1 la planificacién y estructuracifn de las

futuras nctividades en este campo,
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In figure 2 one method of recuperating heat from a

smelter is shown, which will produce electricity. The
first installation in Europe came on stream in the late
seventies, but for those planned for the future higher

efficiency rate is foreseen.
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.Podrfan importarse las materias primas necesarias?
& ,

Si e] Paraguar no puede abastererze de fuentes propins de las materiar
bAsicas pora el suministro a las industrias ®I, aMuiere esto necesa-
riamerte Adecir que estas industrias no pueden ser establecidas en el

rofs v surtirse de materias primas importadas? Los depfsjtos del Mutén
v YMorro do Truclim en Bolivia y Brazil han sideo mencionados como posi-

bles fuentes de materia prima de hierro ¥y manganeso,

%1 primer paso de un anflisis tendrfa que ser el de analizar los costos
de transporte de mineral, reducido o bruto, por el Rio Parari hasta
alghn sitio en el Paragunay y anadir el costo de transmisién de fuerza
hasta esta localidad, La suma de estos gastos tendrfa que ser compara-
da con el costo de transmisién de energfa hasta el Mutdn o Uruciim,
Aunque no dismonemos de datos exactos sobre estas dos alternativas,
estimamos que debe ser mis econémico el transportar la energfa hasta
ias cercanfzs de las minas, Como el Paraguay sélo podri consumir una
menor parte de la produccién de hierro, manganeso y/o ferromangzno, el
proyecto tendr{a que ser pnlanificado en escala suficientemente grande
como para poder competir en el mercado mundial, T"sto implica una inver-
si16n de capitales muy substancial con relativamente pequenos efectos
positivos de empleo o desarrollo dentro del pafs, y, 21 mismo tiempo,
tener que correr riesgos substanciales, De no poder contar con contra-
tos muy favorables v a largo plazo para 21 suministro de materias primns
y con grandes cantidades de capital que se pueda dedicar no solamente

a la inversién en la industris misma, sino también a la mejora de los
medios de transporte sobre el rio Paraguay, cabe dudar en un tal

proyvecto,

Nebido a los escasos recursns de capital cabe la recomendaciédn de que

el Paraguay debe concentraise en fomentar el crecimiento de su industria
apadiendo progresivamente capacidad para exylotar y transformar los re-
cursos b4sicos propios y evitar proyectoa que implicitamente implican
grandes riesgos en relacién a los relativamente modestos valores aho—
didos que se obtienen 2l transformar materias primas importadas y ven-

der 1» produccibn a terceras partes,

Ileramos, por tanto, a la conclusidn de que todos los procesos de fun=
Aicién y aleacién de metales en nuestra lista parecen carecer de

interés vara el Paraguay, perc que algunos de <llos deaben ser ectudin-
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dos en ~1 caso que y cuando s2 hayan hallado depésitos de minerales
de graduacién adecuada y en cantidades suficientes vara poder abaste-

cerlos,

Los procesos que parten de ls electrolfsis del agua por el momento no
parecen ser economicamente factibles =i tienen que pagar un precio de
energfa de 18 mils, ya que los procesos competitivos basados en hidro-
carburos a los precios actual2s de petréleo y gas natural son mis eco-
némicos, Sin embargo, como hay que prever aumentos durante los préximos
anos de los precios de estos fltimos productos, no es imposible que
cuando Itaip@ comienze a generar fuerza, la situacién comparativa

pueda haber cambiado,

Para un pafs agrfcola como el Paraguay los productos més interesantes
que pueden producirse en estas industrias son los fertilizantes, pero
también la posibilidad de producir metanol es de gran interés para un

pafs que tiene que importar sus combustibles,

Jo que queda de este informe lo dedicaremos z hacer algunos comenta-

rios algo més detallados sobre algunos procesos que consideramos podrén
er de interér parz el Paramuzy, De estos, recomendamos que se haga wn
81
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Yo pnarece imporible que en 12 prévima déead- los precios de petrbleo,
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nafta y gas notursl suban hastz riveles gu
cean economicomente interesantz2s loz nroc

itrégern ¢ hidrégero preoducido ror via de 12 electrolfris A2l azua,
Para una acononfa eminertemente rgrfcola como la paraguayz, e 7e
sz fmportancia «1 poder producir estos productos vitales por ~ve
propios nedicn, "omo todns 1lng previsiones narceeon indicar que 1z
denanda de fertilisantes tiende = crece», probotlemente ro hob»4 Ai-
ficultad en dar nnlida 2 produccidn sobreante, gue no se ~onauma en ol

nafs, 2p loz n2i~es limftzefec o on el mercado mundizl

Pareze, por t-nin, indicrdo el recomendar que ze sigrn de carca tanto
el degarrolle de 1ne preclos mundiales de egtos nrcductos come 1a

evolnecibn Ae 1as tecnologfac de produceién Ae los mismos.
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Mineral raw materials

The EI industries, apart from using great amounts of energy
at low prices, also depand on the availability of large
quantities of raw materials of sufficient quality. During
the field work in Paraguay the mission found that there

are no proven mineral deposits of economic value, except
the limestone areas south of the Brazilian border east of
the Paraquay river. Although these deposits provide an
excellent basis for t' 2 cement industry and also are well
suited for liming the soils in order to regulate their

pH-values, they do not provide a basis for any EI industry.

Paraguay is considered to have very few other mineral depo-
sits. Whether this is true or not still remains to be seen.
Up to now very little picspecting has been carried out. In-
terest has been focused on the fertile surface of the land,
rich in good soils and valuable forests of which many still

are virain,

The fact that the mineral law gives no incentives to pro-
spectors, poor accesibility due to deficient transport in-
frastructure, the deep weathering and overburden of the
rocks iLhat makes prospecting and geological mapping
difficult are other factors that can explain the apparent

lack of interest in exploring the subsoils of the country.

The geological findings ¢. the mission have been assembled i
annex 2, which consists of a map on which are indicated knowi
occurences in Eastern Paraquay of minerals, which can be
used in power intensive industries. It is accompanied by

a list that describes these minerals with available chemical
and geological data. This geological report could well be
used as a basis for the future prospecting activities that
we recommend be undertaken. It contains several suggestions
under the different mineral group headings.

The annex also contains a description of how geological and
mineral research is presently administrated as well as some
suggestions as to the planning and structuring of future
activities in this field.
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Las materias primas que se usan para producir loe fertilizantes NKP
modernos son: roca fosfitica, &cido nf{trico, amonfaco, sulfato o clo-
ruro de potasio, y, ademés, pequeﬁas cantidades de micronﬁtritivos.

El proceso es apropiado para ser integrado con una fébrica que produzca

amonfaco y 4cido nftrico partiendo de gas natural/nafta o petr6leo,

Bl amonfaco, que es el principal constituente de los fertilizantes,
también puvede producirse por medio de la sfntesis de rnitrfgeno e hidré-

geno producido por vfa electrolftica,

Con los precios internacionales vigentes de petrbleo y electricidad
hoy no se considera econémico el producir amonfaco partiendo de oxigeno
producido por vfia electrolftica. Si el costo de inversién para produ-
cir una tonelada de amonfacc partiendo de gas ratural o nafta se con-
sidera en 1, la inversién para el proceso basado en p:trbleo se consi-

dera en 1,25 y parael electrolftico en 1,75.

Ta elevacién continua de los preclos de petrfleo y gas que se preve
durante lo que queda de este siglo, sin embargo, han creado el interés
en nuevas plantas electrolfticas, Asf, por ejenplo existe desde 1973
una f4brica de fertilizantes en Bgipto que usa energfa eléctricaz pro-

veniente del embalse de Assuan,

La capacidad de electrol{sis de esta f4brica ahora se est4 aumentando
de 20.000 n° de hidrégeno/hors hasta 36,000 m3/hora, lo que correspon-
de a una produccién anual de amonfaco de aproximadamente 125,000 tone-

ladas,

Inicialmente el precio de la fuerza eléctrica era de 2,2 mils, pero
ahora la central cotiza 11 mils/KWh, En el cuadro No. 3 hemos indicade,
a grosso mcdo, los valores de inversién total y de costos de producciédn
por tonelada de amonfaco para plantas con capacidad para producir
100,000 toneladas/afio, pertiendo de electrolfsis y de petréleo,

Hemos partido de un precio de energfa elfctrinz de 18 mils y de un
precio de 143 2US por tonelada de petrélec, Hemos escogido la capaci-
da2d de planta de 100,000 toneladas/aﬂo por ser esta lz minima economi~
camente posible para el proceso 7ue parte de petrbleo, Un tamafo nor-
mal de las plantas modernas que parten de petrfleo/gas, es de 1,000
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Can necessarv raw materials bhe imnorted?

If Paraguay can not provide the basic commodities needed

to supply EI industries, does this necessarily mean that
these industries can not be astablished on the basis of
imported raw materials? The Bolivian and Brazilian El
MutGn and Morro do Uructm iron and manganese deposits,

for example, have been mentioned as possible supply sources

for Paraguay based industries.

| First of all an analysis will have to be made on the cost

of transporting ore, whether reduced or not, down the Paraguay
ry ver to some location in Paraguay and add the cost of
transporting power to this location. The sum of these costs
would have to be compared with the cost of power if delivered
to E1 Mut(Gn or UrucGm. Although we have no exact data

to evaluate these two alternatives, we reckon that it

must be more economic to transport the power to the mines.

As Paraguay itself will only be able to use a minor part

of the production of the iron, manganese and/or ferromanganese
that would be produced in the plant, the project would have
to be based on a large enough scale to be competitive on

the world market. This implies a very substantial capital
investment with relatively little employment or development
effects in the country, while at the same time taking substant
risks. Unless very favourable long term contracts can be
secured for the raw material supplies, as well as large
amounts of capital that can be dedicated not only to invest-
ment in the plant itself, but also in better transport
facilities on the Paraguay river, it would seem that such a
venture should not be embarked upon.

With scarce capital resources, Paraguay will have to con-
centrate cn building up it's industry by succesively adding
capacity to exploit and transorm it's o'm basic resources

and avoid ventures that imply great risks in reiation to the
relatively modest value added that can be achieved by
transforming imported raw materials and selling the produce
to third parties.
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We therefore have to conclude, that all the metal smelting

and metal alloy processes on our list at present do not appear
to be feasible in Paragquay, but that some of them should be
analysed if and when mineral deposits of sufficient grade

and volume are found that can provide the necessary raw ma-

terials.

The processes based on electrolysis of water at present do
not seem to be viable at a cost of power as high as 18 miis.,
as competitive processes based on hydrocarbons at today's
prices of o0il and natural gas are more economic. As these
latter prices, however, are expected to rise in the coming
years, it is not at all impossible that by the time Itaipd
comes on stream the comparative situation may have changed.

For an agricultural country like Paraguay the most interesting
products that can be produced by these processes are fertili-
zers, but also the possibility of producing methanol is of
great interest for a country that has to rely on imported
fuels.

In the following some more detailed comments are made on a
number of processes that we consider can be of interest to
Paraguay. Of these we recommend that further analysis be made
on fertilizers as well as a feasibility study on thermo-
mechanical pulp.

Fertilizers

TL does not seem impossible that in the next decade the price
of oil, naphta and natural gas will rise to levels that would
make processes economically viable whereby fertilizers are
synthz2sized from nitrogen and electrolytically produced
hydrogen. For an eminently agricultural economy like the
Paraguayan it must be considered as very valuable to produce
these vital products from own sources. As world demand for
fertilizers is foreseen to grow, it should be possible to plac
any surplus quantities over and above the country's own
consumption in the neighbouring countries or on the world

market
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It would therefore seem to be indicated to recommend that
the evolution of world market prices of these commodities
as well as changes in technologies of production be followed

closely.

The raw materials used in the production of modern NKP
fertilizers are: rock phosphate, nitric acid, ammonia,
potassium chloride of sulphate. Smaller quantities of micro-
nutrients are added. The process is well suited for integra-
tion with a plant producing ammonia and nitric acid from
natural gas/naphtha or fuel oil.

Ammonia, which 1s the main building element in fertilizers,
can also be synthesized from nitrogen and electrolytically
produced hydrogen.

With present international industrial electricity and oil
prices it is for the time being not considered economical to
produce ammonia from electrolytically produced hydrogen.
Given an investment cost of one unit per ton of ammonia to be
produced per year from natural gas or naphta, the invest-
ment would be 1.25 units if it is based on heavy oil and

1.75 based on electrolysis.

However, the continuous elevation of the cost of 0il and gas
that is foreseen for the rest of this century has created a
genuine interest in new plants based on electrolysis. As
example of this is the fertilizer plant that has been in
operation since 1973 and which uses electric power from the
ASSUAN Dam in Egypt.

The electrolysis capacity of this piant is now being
expanded from 20 000 m3 of hydrogen per hour to 36 000 m3
per hour corresponding to an annual production of ammonia
of some 125 000 tons/year.

The initial price of electric power was 2.2 mils., but today
the plant gquotes 11 mils. per kWh. In Table 3 we have
attempted to put down rough figures for the total investment
and for the production ccsts per ton of ammonia for 100 000

tons/year plants based on electrolysis and on oil.
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.neladas/dfa, Tas basadas en electricidad pueden hacerse cual pegre-
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ra2 que hay muy poca economfa de escala en este proceso,

Tl costo de carital gserf{a redusido proporcionalmente,
prop

Juzgando de las cifras del cuzcdro habrfa que llegar a 12 conclusifn

3

uz el procesc electrolf{tico debe descartarse por no ser interesante,

N
}do
3

embargo, en las entrevistas gue hemos heche cor la principal em-
presa qufmica 42 Yeoruega, con amplia experiencia de la produecibn de
amonfaco y fertilizantes, tanto por vfa electrolftica como a hzce Ae
retréleo/gas, se nos ha indicado que debe hacerse un estudio de facti-
711idad de las poeibilidades de producir fertilizantes en el Pzaraguay

partiendo del proceso electrolftico.

La principal rz2z6n por la cual estimamos que seri factible una indus-
tria de fertilizantes en un futuro no muy lejano, es el relativamente
bajo y estable costo de produccibén de energfa Ade Itaipfi, bajo y estable

en relacibn 2 los futuros precios de petréleo,

Al hacer el estudio de factibilidad es de suma importancia establecer
los diferentes tipos de fertilizantes que requerirén las tierras 2grf-
colas del Paracuey y de los paises limf{trofes, Probadblemente harin
falta productos ¥KP, que contengan los tres elementos b4sicos en

Aiferentes mezeclas,

Rn algunos paises, por ejemplo Dinamarca, se aplica el amonfaco,
Aisueltn en asua, directamente 2 las tierras, ¥"n este caso ro hay nec -~
aidad de m&s procesamiento, pero este método en cambin requiere un
avanzado y comnlicado sistema de distribuciédn, nue ademAs es muy

costoso,

matimamos que en el Parasuay habri, nor lo menos, que “ransformar el
amonfano, por oxidacién, a 8xido de nitrégenn, del rual se nroduci-
r{an %cido nf{trico vy nitrato de amonfaco, Disolviendo piedra c2li=za,
de 12 cual el Parapuay tiene buenos yacimientoe, en 4cido nftrico

ge obtiene nitrato de calcio, Sobre todo e! nitrato de amonfaco, pero
también el nitrato de calcio y 1a mezcla nitrato de amonfaco y caliza

son valiosos fertilizantes nitrogenados,




The electricity price used is 18 mils., and the oil

price 1433/ton. The size of the plant chosen is

100 000 tons per year, because it represents the minimum
viable plant size based on oil. The normal size of oil/gas
based plants today is 1000 tons of ammonia/day. Based on
electricity the plant could be made virtually as small as
required. The capital cost would decrease correspondingly
as there is little to gain by increasing an electrolytic

plant in size.

Judging from the figures 1in the table one would conclude
that the electrolysis process can be eliminated as being of
potential interest. However, discussions we have had with
the main Norwegian chemical company with experience in
producing ammonia and fertilizers via both electrolysis and
oil/gas processes have led as to believe that a feasibility

study should be made on the possibilities of producing

fertilizer based on electrolysis in Paraguay.

\

The stable and relatively low price of ITAIPU power in rela-

tion to foreseen future cost of oil is the main reason {or
our belief that a fertilizer industry will be viable in a

not too distant future.

If a feasibility study is made, emphasis must also be
placed on the gquestion as to what types of fertilizers are
needed for the agriculture in Paraguay and the neighbouring
countries. It is likely that an NKP fertilizer containing
the correct portions of all three basis element is needed.

In some countries, e.g. Denmark, ammonia dissolved in water
is spread directly on the fields. Further processing is in
these cases not necessary, but this method requirass a com-

plicated and advanced distribution system which is also
very costly.

The very minimum of conversion needed in Paraguay would be

to oxidize a portion of the ammonia to nitrogen oxide.
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Para completar el producto WXP se requieren también ruca fosfética y
una sal de potasio, Como se advierte en el anejo geoidgico de esie
informe, hay buenas indicaciones en cuanto n 1la poeibilidad de encon-
trar roca fosfitica en el Paraguay. Hasta que se verifiquen ertas
indicaciones, 1a roca fosf&tica necesaria podr4 importarse por ejemplo

del Brazil. La materia prima potésica tendrf que traerse desde fuera,

Otras industrias relacionadas con la electrolismis del agua

En cuanto se establezca que hay posibilidades econémicas de producir
amonfaco por electrolfsis del agua, se debe seguir adelante para estu-
diar las posibilidades de establecer industrias que se basen en otros
procesos que parten de la electrol{sis del agua, tales como las de

metanol, agua pesada y agua oxigenada,
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From this, nitric acid and ammonium nitrate would be made.
By dissolving limestone, which is found in Paraguay, in
nitric acid, one gets calcium nitrate. Especially ammonium
nitrate, but also ammonium nitrate limestone and calcium

nitrate are valuable nitrogen-containing fertilizers.

To make a complete NKP product, phosphate rock and a potas-

sium salt will be needed. As indicated in the geological
part of the report, there are good indications that phos-
phate rock will be found in Paraguay., Until these indi=

cations have been verified and phosphate rock can be

provided from domestic sources, it will have to be imported
from e.g. Brazil. The potassium raw material will have to

be provided from foreign sources.

Other industries related to electrolysis of water

If in the future production of ammonia by electrolysis of
water is =2conomically feasible, the possibility of setting
up production facilities for other processes based on
electrolysis of water, like methanol, heavy water and
hydrogen peroxide should be studied.
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Inversién vy costos de produccién de una fébrica de amonfaco con

cananridad pora producir 120,000 toneladas/zno

Tlectrolfsis Petréleo

Invexsién
Millones TS¥ 49 35
Pracios de fuerza eléctirica
Mils por IThh 18
Precio de petrfleo 3/tonelada 143
Costos de insumos por tonelada
de amonfaco, 7/t HH3:
nergfa y materias primas

Petrhleo 114,4

Tlectricidad 168 21,6

Ctros inswmos 5 10
Personal, promedio
$ 1200n/2%0 )

Tlectrolfcis 150 hom-

bres/zfc 18

Petrfleo 120 hombres/

ano 14.4
Menos ingresos por agua pesada 7
Nosto total por tonelada 214 160,24
Costo de capital,
15% de la inversién 73.5 52.5
Nogstes de produrccibn calcu- 287.5 212.9

l~dce por tonelada de amonfaco
$/tonelad-




TABLE 3
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Investment and production ccst for a 100 000 tons/year

ammonia plant

Electrolysis Heavy fuel oil
Investment
Million US $ 49 35
Electricity prices
Mils per kWh 18
0il price $/ton 143
Cost of inputs per ton
of ammonia, $/t NHj:
Energy and raw materials
0il 114.4
Electricity 198 21.6
Other inputs 5 10
Total manpower, average
$ 12000/year
Electrolysis 150 man/
year 18
0il based 120 man/year 14.4
Less credit for heavy water 7
Total costs per ton 214 16C.4
Servicing of capital,
15¢ of investment 73.5 52.5
Estimated production 287.5 '212.9

costs per ton of ammonia
$/ton




24.

Pasta termomecinica de madera

Las principales razones para recomendar un anflisis detallado sobre
las posibilidades de establecer una industria de pasta temmomecénica

son las siguientes,
1. El proceso termomecinico consume energfa,
2, El pafs posee materia prima en cantidades suficientes,

3 Las importaciones de pasta y papel pueden reducirse con lo cual
el mercado paraguayo podr4i absorber por lo menos parte de la

produccidn,

4. Hay mercado en los paises lim{trofes que podrfan absorber los

volfimenes que no consuma el Paraguay,

5e Todos los prognésticos preven un crecimiento de la demanda global

durante las préximas dos décadas,

6, El programa de reforestacifn que ahora se est4{ implementando tiene
por fin el asegurar la provisién de granies volfimenes de madera

de fibra larga, que se puede usar en el proceso,

Te Es necesario, para el éxito del programa de reforestacién que,
cuando llegue el tiempo de cosecha de 1las plantaciones, haya un

mercado para la madera producida,

La situacién econémica de la industria de pasta y papel, sobre todec en
Europa y Escandinavia durante los dltimos afios no ha sido muy buena
¥ a corto plazo hay pocae indicaciones de mejora, Sin embargo, a largo
plazo se prevé que la demanda global de papel creceri para llegar a
ger por lo menos igual a la oferta, lo que asegurari a la industria de

pasta y papel una vida economicamente sana,

Se ha hecho un examen d2 los m4s importantes proyectcs de expansién
que sefiala que a pesar de la situacién actual, durante los anos 1977~
1980, re pretende instalar una capacidad de producciédn adicional de

18-19 millones de toneladas/aﬂo de pasta y aproximadamente 14 millones
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Thermom=chanical pulp

The main reasons for recommending a more detailed analysis
of the feasability of establishing a thermomechanical pulp

industry can be summarized as follows:

1.

The thermomechanical pulp process <consures energy.

2. - There already are raw materials in sufficient quantities

available in the ccuntry.

3. - Imports of pulp arnd paper can be reduced and at least
a part of the output of this industry can be placed on

the Paraguayan market.

4. - There are markets in the neighbouring countries that
could take the volumes that Paraguay itself will not

consume.

5. = All forecasts indicate that world demand for pulp will

grow in the next two decades.

6. - The reforestation program that presently is being im-
plemented will provide large volumes of long fibre wood
that can be used in the process.

7. - It is necessary for the success of the reforestation pro-
gram that, by the time the plarations are ready for
harvesting, a markat exists for their produce.

The economic situation for the pvlp and paper industry,
especially in Europe and Scandinavia, has not been good for
the last couple of years, and no sigrs of improvement are
envisajed at the moment. However, on a long term and on

world wide basis it is foreseen that the demand for paper
will grow and is anticipated to be equal to the supply

resulting in an economically healthy pulp and paper industry.
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de toneladas/aﬁo de capacidad adicional para la fabricacién de papel.
La produccién mundial en el ano 1976 llegé a los 121 millones de tone-
ladas de pasta y 154 millones de toneladas de papel,

Bs menester notar que, de los paises que preven aumentar su capacidad
de produccidén de pasta, el Brazil esi4 en primer lugar c¢on una expan-
sién provista de 3,65 millones de teneladas, lo que es por encima de

la produccién total sudamericana en el aho de 1976,

Considerando que el Paraguay tiene amplios recursos forestales y ha
puesto en marcha un programa de forestacién, asf como que el pafs

posee una minfscula industria del papel y esti importando estos pro-
ductos, es obvio que se consideren las positilidades de desarrollar

la industria de pasta y papel.

Existen varios tipos de industrizs de pulpa y papel, que varfan no
solamente en cnan%o a procesos y tipos de productos sino también en
cuanto a tamano y costos de inversién, por lo cual son varios los
factores que hay que tomar en consideracién al seleceionar la alterna-

tiva m4s favorable para el pafs.

Hay dos categorfas principales de pasta de papel, la pasta quimica y
la mecénica. La pasta semiqufmica es de menor importancia, La pasta
mecinica se considera preferible no solamer.te por aprovechar mejor la
materia prima, sino también por ser mencs nosciva al medio ambiente.
¥l rendimiento, tonelada de pasta por tonelada de madera de los pro-
cesos para fabricar pasta mecénica llega hasta 90-95% (90% en el caso
del proceso termomecénico y 95% si se usa madera triturada), mientras
que los procesos semiqufmicos y qufmicos rinden 75% y 45-50% respec-

tivamente.

De los procesos qufmicos el hasado en sulfato es el que més se usa,
®ste requiere grandes inversiones y es técnica.ente complicado y no
requiere energfa, va que el calor nesesario para el procesc se produce

quemando los gasea que se producen en la cocecién,

lLas recientemente construidas y planificadac f4bricas que usan el
proceso al sulfato son muy grandes, Generalmente se estima que tienen

que tener una capacidad de produceiédn por encima de las 200,000 tone-
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A survey of major expansion projects shows that in
spite of the present situation, for the years 1977-1980
there are plans to install additional production capacity
of 18-19 million tons/year of pulp and 14 million tons/year
of paper.
Total world production was 121 mill. tons of pulp and 154
million tons of paper in 1976. It is interesting to note
that of the total world expansion of pulp production
capacity Brazil Is the leading country with 3,65 million tons
which is more than the total production in South America
in 1976.

Taken into consideration that Paraquay has vast forests

and has launched a reforestation programme, and considering
that the country has a very small paper industry and is
importing paper, it would seem natural for Paraguay to deve-
lop its pulp and paper industry. There are many different
types of pulp and paper industries to consider. These vary
not only rega.ding the process and type of prcducts, but
also with respect to size and investment cost. Thus many
factors must be taken into account when selecting the

industry most favourable to the country.

Pulp for making paper is divided into the two main cate-

gories; chemical pulp and mechanical pulp. Of somewhat less
importance is semichemical pulp. Mechanical pulp is to be
preferred with regard to the yield of pulp per ton of wood
raw material and also from the point of view of pollution.
The yield ¢f mechanical pulp is 90-95% (thermomechanical:
90%, groundwood 95%), of semichemical pulp about 75%, and

of chemical pulp 45-50%.

Cf all chemical pulping processes the sulphate process
represents by far the biggest share of the world's pulp
industry. The sulphate process is expensive with regard to
investment, and isftechnically complicated. ‘

It does not require input of external energy because by
burning evaporated cooking liquid the necessary energy for
the heating needed in the process is generated.
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80 millones TS &, TLas nuevas fhbricas que =2 -~onstruyen en el
Brazil son ejemplos de est2 tendencia, Una de ellag, la de Arzcruz
fellulose, que estari terminada en 1978, tendrf una capacidad de

400,000 toneladas/ano y costarf 455 millones de US §,

La celulosa al sulfato me adapta facilmente a la fabricaciér de una
veriedad de tipos de papel, para imprenta, de escritorio, para envol-
tura y cartédn, pero es demasiado costosa para calidades Inferiores,

tales como papel prensa.

Los procesos para producir pasta mecinica no dependen tanto de grandes
volfimenes de produccién para ser rentables y son mucho m4s sencillos
desde los puntos de vista de equipos, operacibén y manutencién, Requie-
ren cierta cantidad de energfa, ya que usan energfa mecénica en vez

de productos quimicos paraz la separacién de las fibras, El concuo de
electricidad sobrepasa los 2,000 KWh/tonelad~ producida, alrededor de
los 2,400 Y'h/tonelada para las especies de pino que se cultivarin en
el Paraguay, l.a pasta todavfa no se usa en papeles de calidad, pero

es excelente para la produccién de papel prensa, para revistas y cartér,

¥l proceso termomecfnico se usa cada dfa més en Zuropa y MNorteamérica,
sin embargo no hemos encontrado ningfin caso entre los proyectos que se
piensan construir cerca del Paraguay que esté basado en este método de
produccibn, Por esta razén, y las otras arriba mencionadas, recomen-
damos que se sigan estudiando las posibilidades de establécer en el
Paraguay una fAbrica combinada para producir pasta termomecénica y

pcpel prensa,

Hemos hecho wna evaludeldn de los costos de inversién y producciébn
para plantas de pasta termomecénica de tres Aiferentes tamahos, Los
cflculos se han hecho bajo el supuesto que la planta ser4 una parte
integr2l de una f4brica de papel, Por tanto, es natural que los costos
previstos de inversién (3,5, 5,2 y 7,6 r.471lones de US $§ para las plan-
tas que producirfan 50, 100 y 200 toneladas;dfa) serfan mayores sl las
nlantae serfan unidades independientes para producir y vender pasta
secada, La planta termomecénica en si es sencilla, por lo sual =u

participacién en los gastos de oficinas, talleres, laboratorios, etc,
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The recently built and planned sulphate miils are very large.
It is generally accepted that a sulphate mill must have 2
minimum production capacity of at least 200 000 tons per year
to be economical. The investment for such mills is from

250 million US$ and upwards. The new sulphate mills being
built in Brazil are typical examples of this trend. One

of these mills, Aracruz Cellulnse, which will be finished

in 1978, will have a capacity of 400 000 tons/year, and a

cost of US$ 455 millions.

Sulphate cellulose is a very versatile pulp for making paper.
It is used in printing, writing and packaging papers, and in
paper boards. It is too exclusive to be used as amajor con-
stituent of cheaper paper qualities like newsprint.

The mechanical pulping processes are not so dependent on

size to be econcmical and they are much simpler as far as
equipment, operation and maintenance are concerned. The
processes for making mechanical pulp require some electric
energy, because mechanical energy is used instead of chemicals
to release the fibres from the wood. The electric power consun
tion is in excess of 2000 KWh per ton of pulp produced, say
2400 kWh per ton for the pine raw material that will be grown
in Paraguay. The pulp has qualitative advantages over ground-
wood and refiner pulp. It is not as yet used in so-called
fine papers, and it is recommended that the pulp is used

for newsprint and magazine type of papers and in paper board.

The thermomechanical pulping process is rapidly gaining
ground in Scandinavia and North America. To our knowledge
none of the planned projects in the neighbourhood of

Paraguay is based on this process. For this reason and the
other reasons mentioned above it is our recommendation that

a further study should be made of the feasability of building
a combined thermomecharical pulp mill and a newsprint/
magazine paper mill in Paraguay.
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es relativamente pequeﬂa. Partimos de que 1l capacidad Ae 1a planta
serfa de 100 a 200 toneladas/d{a,

Sugerimos que, al hacer el estudio sobre los costos de la fAbrica de
papel, se consideren las posibilidades de usar una m&quina usada, lo
que representarfa una solucién econémica pero completamente acceptable.
Hay en el mercado un nfimero de buenas miquinas de segunda mano, un
eztudio de factibilidad podrfa empezar por la seleccifn entre ellas

de la nfs adecuada,

Es realistico prever que la pasta termomecfnica sirva como dnico com-
ponente para la fabricacién de papel prensa. Sin embargo queremos re-
comendar que, para evitar posibles problemas, se incluya 5 a 10% de

pasta semiblanqueada al sulfato en ia mezcla, la cual se obtendrf{a en,

por ejemplo, Brazil,

La misma miquina puede servir para producir papel para revistas, En
tal caso hay que aumentar el porcentaje de pasta al sulfato y anadir
algn rellenado mineral de blanqueo a la mezcla, Seri también necesa~-

rio instalar una supercalandria para satinar el papel,

Antes de especificar los productos a producir y los equipos necesarios
para la produccién serfa propicio analisar la demanda tanto en los

paises limftrofes como en el mercado propio.



In this report we have made an evaluation of the investment
and production costs for three different sizes of thermomechan
the thermomechanical pulp mill is to be an integrated »art

of the paper mill. It must be understood that the investment
sums of 3.5, 5.2 and 7 6 million US$ for the 50, 100 and

200 tons/day mills would be higher if the mills were inde-
pendent units for production of dried pulp for sale.

A thermomechanical mill itself is quite simple and its

share of the cecsts for office, work shop, laboratory and
other facilities is therefore guite small. It is our
estimation that a realistic capacity for an integrated

thermomechanical mill would be 100 to 200 tons/day.

We suggest that when an evaluation of the cost of the paper
mill is made, consideration is given to the possibilities

of making use of a second hand paper machine., This represents
a cheap, but technically fully acceptable solution. There

are many good paper machines to be bought second hand; a
feasability study could start by looking for a machine which

looks promising.

For newsprint paper it should be realistic, to use thermo-
mechanical pulp as the sole component. As a safety factor
we recommend, however, that 5-10% of semibleached sulphate
pulp is included in the pulp composition. This pulp could
be purchased in the open market, e.g. from Brazil.

The same paper machine could be used for making magazine
paper. One would then increase the portion of sulphate pulp
and one would have to add white mineral pigment (filler)

to the composition (furnish). Also extra machinery would be
needed to smoothen tine paper surface. Thus a supercalender
would have to be installed in addition tc the paper

machine.

We feel that a detailed market analysis of the demand for
different products in the adjacent countries as well as on the
home market is required before the paper machine and the
products are specified.
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Inversiones necesarias y costos de produccién para producir pasta

termomecfnica en une ffbrica intesrada de vanel prensa

Introduccién

El rasgo caracterf{stico del proceso termomec#4nico es que la viruta

se calienta por vapor hasta llegar a una temperatura por encima de
los 100° ¢ después de lo cual es pasada por un refinador normal de
uno o dos discos, Cabe también la posibilidad de tratar la viruta
quimicamente antes de calentarla, Si se requiere una pasta muy fina
pueden ser necesarias dos etapas de refinado, pero si la materia
prima es pino y el producto deseado papel prensa, no creemos ue esto

sea necesario,

Una ventaja del proceso termomecédnico es que es menos sensitivo con
respecto a la calidad de la materia prima que otros procesos de refi-
nado, También da un producto més fuerte, menos apto a roturas. En
Bscandinavia y Canada frecuantemente se usa pasta termomecénica de
abeto como finico componente para la produccién de papel prensa., FEn el
caso de que se use pino como materia prima, cabe pensar en afadir un

5-10% de pasta semiblanqueada para evitar posibles problemas.

El Instituto Noruego de Investigacién sobre Pasta y Papel ha tenido
buenas experiencias en cuanto a las posibilidades de producir calida-
des adecuadas de pulpa si se parte de especies de pino tales como
Pinus Patula, Pinus FElliotti o Pinus Taeda, Las propiedades de una
pasta apt» para papel prensa se indican en el cuadro 4, Ts bien pro-
bable que estas caracterfsticas puedan ser mejoradas si se dedicn mis
esfuerzo en 1a optimizacién del proceso, especialmente nara llegar a
un disefo adecuado de las planchas, Lz mayor desventaja de esta pasta
es su falta de brillo, que no se puede tolerar en cuanto al producto
final, Recomendamos que se blanquee con agun oxigenada durante el re-
finado, 1o que no requiere grandes instalaciones supletorias aunque

c{ hay gve tomar en cventa el costo del agregado quimico.

Finalmente cnhe mencionar que el alto consumo de cnergf{~ en Fscandina-
vin se corsidera como la mayor desveantaja del n»roceso termomesénico,
%1 pirc requerird un 10% m&s de energfa que el abeto escandinavn, lo

que se ticne que tener en cuenta al cai~ular el costo de produccién,




INVESTMENT AND PRODUCTION COST FOR THERMO-MECHANICAL PULP
BASED ON PINE IN AN INTEGRATED NEWSPRINT PAPERMILL

Introductiocn

The important point of the thermcmechanical process is that the
chips are heated with steam to a temperature above 1000C and
the chips are then run through a normal refiner either singile
or double-disc. The chips may also be treated with chemicals
before heating. If a very fine mechanical pulp is required,

it may be necessary to have two refiner stages. With pine

as raw material and the product being newsprint, we do not

regard this as necessary.

The advantage of th=2 thermomechanical process is that it is
less sensitive to the quality of the raw material than the
normal refining process. The strength will also be better,

in particular the tear strength. This also means that the
content of chemical pulp in the furaish may be reduced. 1In
Scandinavia or Canada thermomechanical pulp from spruce is fre-
gquently used as the sole component for newsprint. With pine

as raw material we believe that 5-10% of semibleached pulp
should be added as a safety factor.

It is the experience of the Norwegian Pulp and Paper Research
Institute that an adequate quality of pulp may be produced
with different species of pine such as Pinus Patula, Pinus
Elliotti or Pinus Taeda. The properties of a pulp for news-
print is given in Table 4. Most likely these properties can
be improved by putting more work into an cptimization of

the process, especially in finding the right plate design.
The most negative feature of the pulp is the low brightness.
This cannot be tolerated with respect to the brightness of
the final product, and it is recommended to bleach the pulp
witn peroxide in the refiner. This does not require much
extra 1s to installations, but the cost of the chemical

must be taken into account.

Finally it should be mentioned that the high energy con-
sumption is regarded as the main disadvantage of the thermo-
mechanical process in Scandinavia. In this respect pine will
require about 10% more energy than Scandinavian spruce.

This has to be taken into account in the estimate of the

processing cost.
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Necessary investment

The pulp and paper industry is typically an industry which
benefits from increasing the scale,.e.i. size o¢f plant and
volume of production. The manufacture of mechanical pulp is,
however, less affected by scale than chemical pulp manu-
facturing. In order to show this effect

we have, anyhow, used three different alternatives, one plant
with a capacity of 50 tons/day, a second with a capacity

of 100 tons/day and the third with a capacity of 200 tons/
day. The overall investment for the three alternatives is
given in Table 5 . The capital cost is significantly reduced
when increasing the capacity of the pulp mill. The effect

of scale is, however, relatively small above 200 t/d.

The capital cost will also be dependent upon the amortization
time and the interest. If the amortization time is 20 years
instead of 15 and the interest 10% instead of 12, the effect
on the capital cost for a mill with a capacity of 100 t/d

is a reduction from 22.5 to 13 $/ton of pulp.

The variable manufacturing costs are given in Table 6.

Apart from the cost of wood, the cost of electricity is the
most important item. The disadvantage of the thermomechanical
process is as mentioned, the high energy consumption. In

this case we believe that 2400 kWh will be required per ton
of mechanical pulp. According to our experience from similar
countries to Paraguay, 18 $/m3 may be a reasonable cost of

the raw material. This means a total raw material cost of
about 49 $/ton of pulp.

In Table 7 we have also tried to indicate the manpower
required to operate the mill. Because of lack of relevant data
we have not tried to estimate the labour cost. It should be
me.altioned, however, that the number of expatriates required
will have a very important bearing on the mill economy. If
ihe skilled people required are available from neighbouring
countries such as Brazil or Argentina the salaries may be

more moderate than if people are hired from Europe or the U.S.




Cuardo 4

Propiedades de pasta termomecénica

hecha de viruta de madera

" Canadian Freeness" 125
Indice de carga de rotura 30
Longitud de rotura m. 3000
Indice de desgarramiento 7.5

Indice de resistencia
al reventamiento 1,5

Blancura, pasta cruda % 53

Estas propiedades se refieren a Pinus Patula,

pero son similares las de Pinus Taeda v Pinus
Elliotti.
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TABLE 4

Properties of thermomechanical pulp

made from pine chips

"Canadian Freeness" 125
Breaking index 30
Breaking length, m 2000
Tear index 7.5
Burst " 1.5
Brightness, unbl.,$% 53

These properties are obtained with Pinus Patula,

but the same properties may be expected with Pinus

Taeda and Pinus Elliotti.
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CUADRC S

Inversidn requerida para una f4Abrica de pasta termomecfnica

gue entregue la pasta hfimeda a3 una f4brica de papel

Valores en miles de 38lares US
“anacidad 50 t/4 100 t/4 200 t/a

Trat2miento de la madera

Descortezado, desmenuzado,
tamizado 138 223 355

Tratamiento de la viruta

Lavado, ‘ensilado, alimenta-

dor neumitico 206 320 523
)

Sistema CTMP -

Unidad de impregnzcién, refi-

nadores, unidades de preca-

lentamiento, preparacién de

substancias qufmicas de blan-

queo, ete. 810 1300 2090

Manejo de la pasta

Tnidad de lavado, prenza,

unidzsd de tamizado, concen-
tradc., Bomba nara pasta
concentrrdis 53

\ N
[92)
\n
FrN
—

N
[)Y

N

Asistenciz téenica del

PEOVEROT Subtotar ) 'ré'g !?1!%'!25 771[%
Transporte e instalacién 533 712 R90
Construccién _533 112 890
3% 316 _556 _B14
Inversién total 32 1 4829 7061

"l sistema C™P permite un tratamiento preliminar de la viruta non
prodnetos qufmicos., A nuestro juicio es la mejor rolucién en el caso
de venr pino,

Mo ae han incluido derechos de aduana n otros gastos de importacién.
“n cuanto al punto 6, se han incluido los costos .:if puerto Atléntico,
por ejemplo Buenos Airee, A falta de datos
espec{ficoa, estimamos jue habrs nue anadir

un 10% del costo de los equipos,
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TABLE 5

Investment in equipment required to make thermomechanical

pulp provided that pulp is delivered wet to paper mill

All values in 1000 dollars

Plant capacity 50 t/d 100 t/d 200 t/d

Wood handling
Barking, chipping,screening 138 223 355

Chip handling

Washing,chip,silo,
pneumatic feeder 206 330 523

System for CTMP X)

Impregnation unit,refiners

preheating units,prepara-

tion of bleaching chemicals

etc. 810 13090 2090

Pulp handling

Washing unit,press, screen-
ing,unit thickening.Pump

for conc.pulp. 533 854 1363
Technical assistance from
supplier xX) 142 142 142
Subtotal 1829 2849 4473
Transport & erection 533 712 590
Building 533 712 890
+ 13% 376 _ 5886 814
Total investment 3271 4829 7067

CTMP means that the unit gives the option of pretreating

the chips with chemicals. We regard this as the most favour-
able solution when using pine.

No duty or other import costs are included.

Re 6: We have included the cost to atlantic port, for instance
Buenos Aires, but we have not available data to calcu-
late the transport cost up the river. Probably another
10% of equipment cost.
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CUADRO 5, continuacién

Napacidad 50 t/d 100 t/d 200 t/d
1. Inversién total 3271 4829 7067
2. Bquipos para protejer el

medio ambiente (6% de 1) 196 290 434

3. Parte correspondiente de
inversién en taller, labo-

raterios, oficinas, etec. 54 51 68
4. Total 3511 51176 7569
5. Inversién por tonelada/alo 215 174 127
€. Inversién/tonelada de pasta 31.5 22.5 16.5
Nota al punto 2: Hemos ascurrido las normas de proteccién del medio

ambiente que rigen en Eurona Occidental/Escandina-
via. Si el Gobierno lo permite, este costo puvede
ser reducido, aunque cpinamos que s6lo es cuestién
de tiempo hasta que los paises en vias de desarrollc
tengen que adoptar medidas rfgidas para proteger

su medio ambiente,

Nota al pwunto 3: Partimos de que la planta termomec4nica formari

parte integrada de una f4brica de papel,

Nota al punto 6: Como base de los c4lculos se han tomado un tiempo
de desperciacién de 15 anos y una tasa de interés
del 12%, lo que implica un costo anual de inversién
del 13%,




34.

TABLE 5, continued

Plant capacity 50 t/d 100 t/4 200 t/d4
Total investment 3271 4829 7067

. Pollution abatement 196 290 434
(6% of 1)
Share cf workshop,labs,
office space etc. 54 57 68
Total 3511 5176 7569
Capital cost/t pulp year 235 174 127
Capital cost/t pulp 31.5 22.5 16.5

Re 2: We have assumed the same standard fcr the pollution
as adopted in Western Europe/Scandinavia. If accepted
by the jovernment, this cost item can be reduced al-
though we regard it as a question of time when devel-
oping countries will have to adopt rigid enviro-
mental codes.

Re 3: The thermomechanical plant is supposed to be a pairt
of an integrated paper mill.

Re €: Deprecietion time assumed = 15 years, interest 12%
This means an annual ccst of about 132% of the

investment.




TUADRC 6

Nostos de produccién de 1 tonelada méteica de pasta termomecénica

del 90% de calidad papel prensa

Todos les valores en d8lares US

7.

Capacidad 50 t/d 100 t/d 200 t/¢
Nosto de capital 31,5 22,5 16,5
Seguros + parte correspon-

diente de la f4brica de

papel 3.8 2,9 2.3
Pierza eléctrica, 2400 KiWh

Precio: 18 mils de 1 US § 43,2 43,2 42,2
Piezas de repuesto 5.4 5.0 4.
Substancias qufmicas de

blanqueo _17.9 _17.9 _17.9
Suntotal 101.8 91,5 84,6

Cfogsto de mano Ae obra
+ seguros sociales

Costo de materia prima
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TABLE 6

Production costs for making 1 ton (metric) 90%

thermomechanical pulp of news quality

All figures given in dollars

Capacity 50 t/d 100 t/d 200 t/d
Capital cost 31.5 22.5 16.5
Insurance + share of

cost in intergr.mill 3.8 2.9 2.3
Electricity, 2400 kWh

Price:18 mils of a US$ 43.2 43.2 43.2
Spare parts 5.4 5.0 4.7
Bleaching chemicals 17.9 17.9 17.9
Subtotal 101.8 91.5 g4.6

Labour + social cost

. Wood cost
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CUADRO 7

34.

Demanda de personal para una planta con una capacidad de

200 toneladas/dfa de pasta termomecénica

300 Afas/ano - 40 horas/semana

Nfmero de turnos

FAbrica de pasta

a) Tratamiento de madera y
viruta

2 obreros calificados
3 obreros no calificados
b) Produccién de pasta

1 superintendente de turno 4

2 obreros calificados 4

1 obrero no calificado 1
Departamento de manutencién

1 ingeniero superintendente

(con educacién universitaria) 1

1 ingeniero especializado 1

1 superintendente 1

8 obreros calificados 1
Administracién - Depto., ae Ventes

3 ingenieros superintendentes

o de calidad correspondiente 1

5 empleados calificados 1

5 empleados no calificados 1

5 obreros no calificados 1

Sumario
50-100 t/d

Ingeniero superintendente o
seme jante 4
Ingeniero calificado
Superintendentes 5
Obreros calificados i8
Obreros no calificados 10
Empleados calificados 4
Empleados no calificados 4
Total 46

Total

23

11
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Personnel demand in a pl

ant making

200 t/d of thermomechan

ical pulp

300 days/year - 40 hour

s/week

Number shifts

Pulp mill

a) Wood and chip handling
2 qualified workers
3 unqualified

b) Pulp manufacture
1 shift supervisor
2 qualified workers
1 unqualified

Share of maintenance dept.ment

1 sup.eng. (university ed.)
1 qualified eng.

1 supervisor

8 qualified workers

. Administration - Sales dep.ment

3 sup.eng. or corresp.quality
5 qualified employees
5 unqualified employees

5 unqualified workers

Summary

Sup.eng., or similar
Qual. engineer
Supervisors
Qualified workers
Unqualified
Qualified employees
Unqualified employees

Total

I I

I S

50-100 ton/d
4
1
5

36.

Total

)]

|F‘ o o

23

11

|m i

IU'IU'1U'\w

18

200 t/d
4
1l
5
20
12
5
5

52
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Carburo de calcio

El carburo de calcio es uno de los primeros productos para la produc-
c¢cién del cual se adaptaron procesos de fundicién eléctricos. El car-
buro se produce en hornos eléctricos partiendo de carbén y cal
hfdrica. El hecho que el Paraguay posee grandes dep8sitos de piedra
caliza da excelente calidsd, es una indicacién de que puede valer la
pena estudiar este proceso, El constituente carbonf{fero en tal caed

provendria del carbén vegetal,

El carburo de calcio se usa en la produccién de cianamida, un impor-
tante producto componente de los fertilizantes, y de acetileno, que
sirve para soldadura y la produccién de cloruro de polyvinilio, Tam-
bién sirve para desulfurizar acero, pero se esti substituyendo por

el magnesio.

En algunos casos los hornos de carburo, en casos especiales y produc-
cién en pequeﬁa escala, pueden competir con la industria petroquimica,
pero un gran productor noruego, que hasta hace 4 ahos producfa PVC
partiendo de carburo de calcio, considera el proceso como

anticuado, Es muy complicado y no puede competir con los modernos

procesos petroquimicos.

Sin embargo, el aumento que se preve de los precios de petréleo,

puede resucitar el interés en cuanto a eate método de produccién,




CALCIUM CARBIDE

Calcium carbide was one of the first products for which

the electric smelting process was adopted. Carbide is

made in electric furnaces from burnt lime with a minimum

of impurities and coal. The fact that Paraguay has ample
deposits of good quality limestone is an indication that
this process could be worth studying. The coal constituent

would in such case come from charcoal.

Calcium carbide is used for production of cyanamide, an
important constituent of fertilizer products, and acety-
lene, which is used for welding and for production of
vpolyvinylchloride. Calcium carbide is also used in the
desulphurization of steel. However, for this use it is

being replaced by magnesium.

In some cases carbide furnaces are still competitive with
the petrochemical industry for small scale operation and
special purposes, but it is the qualified opbinion of a
formerly large'Norwegian producer of carbide that the
process is outdated. This company produced PVC from ace-
€§I§§Z~ZZ§EIEE"GE€11 some 4 years ago. This way a very
complicated process which could not compete with PVC pro-
duced by modern petrochemical processes.

The foreseen increase in oil prices may, however, lead
to a situation where a calcium carbide process is again
considered interesting.



Perrosilicio v silicio metflico

T.as aleaciones de ferrosilicio se usan en la fabricacién de acero y
aceros aleados y se venden en diferentes calidades con diferentes
contenidos de silicio, Las relaciones entre los consumos de energia
eléctrica y los diferentes contenidos de silicio de los productos

son las siguientes:

Grado de contenido de silicio A5 15% 90%

KWh por tcnelada producida 4800-5100 8500-9500 11000-13000
8s particularmente importante la demanda de silicio metAlico para fires
de produccién de aleaciones de aluminio, cuyas industrias consumen
varios centenares de miles de toneladas por ano, Para producir alu-

minio se necesita silicio metflico de una pureza del 98%,

Segfin 1a composicién de la materia prima el consumo para producir una
tonelada de silicio llega a los 12000-14000 KWh. Una demanda de silicio
adicional se encuentra dentro de la industria de silicio, la cual re-
quiere un grado 26n m&s puro del silicio (98-99% de silicio). ¥l
gilicio se usa para producir productos inte-medins tales como 1o«
gsilinones Ae los cuales se formulan varios cientos de resinas silicizs
lubricantes, 2gentes anti-esnpumantes y componentes repelenies 21 zou=,

T eilicio metflico de muy alta pureza, asf{ comn los eristalec Ae
gilicio, tieren muchas aplicaciones er la irductria 2lesirfrins nonn
r~w o2jemple er semputzdorass, c-oleulsdoras y equipos de somuriz-nién
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Ferro silicon and silicon metal.

Ferro silicon alloys are used in the production of steel

and steel alloys and they are marketed in some standard quali-
ties with varying contents of silicon. The following relation
are found between the silicon contents of the marketed product

and the quantity of electricity needed for their production:

Ferro silicon quantities 45% 75% 90%
kwh per ton commodity 4800-5100 8500-9500 11000-13

The demand for metallurgical grade (MG) silicon is particularl
high for alloying purposes in the aluminium industries, where
several hundred thousand tons are used. For the production of

aluminium MG silicon of 98% purity is used.

Depending on the composition of the raw material 12000-14000
kWwh is needed to produce one ton of silicon. Additional deman
for silicon is found in the silicon industry which generaily
requires an even purer grade of silicon (98-99% silicon). Sili
is used to produce intermediate products such as silanes from
which several hundred silicon resins, lubricants, plastomers,
anti-foaming agents and water- repellent components are formu-
lated.

Silicon metal of high purity and silicon crystals are used

extensively in the electronics industry, more specifically in
computers, calculators and communications equipment to control
and amplify electrical signals. However, the quantity of sili
used in the electronics industry is relatively small and diffi
cult to calculate. Thus the total world's semiconductor's pol
silicon demand comsumes but a fraction of the output from one

commercially sized furnace.

Furtheyr, the production methods of semiconductor grade silicor
and silicon crystals vary widely and the producers keep their
methods of refining secret in this highly competitive busines:s
The producers of high-purity silicon and single silicon cryst:

face numerous problems of a technical and economical nature.
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rfipidos y frecuentes, por lo cual muchos procesos recién concebidos
en poco tiempo han quedado anticuados, Mientras gue es recesario
cierto volfimer de produccién para que llegue a ser rentadle, cada
inovacién técnica tiernde hacia miniaturizacién y reducciédn de los
volfimenes de material requerido, Serfa por tanto altamerte dudoso re-

comendar que el Parzguay se dedique a penetrar este campo muy especinl,

Yos quedan por tratar las industrias de ferrosilicio y silicio metélico.
™n principio los procesos de fundicién son iguales er ambos casos,

con la excepcién de que al producir ferrosilicio se anade hierro des—
menuzado, desperdicios de acero y 6xido de hierro a la carga del hornc,
Los principales insumos son la accesibilidad segura a fuentes de
energfa eléctrica barata y cuarsita de buena calidad, Esta 6ltima
tiene que ser termalmente estable y de mé&xima pureza, por lo menos con
un contenido de 98,5% de &xido de silicio. Zn la parte geoldégica del
informe se indica que parece haber bu<nas pesibilidades de encontrar
calidades adecuadas en el Paraguay. De las impurezas, el contenido

de A1203 Aebe s=er por debajo del 1%, preferiblemente por debajo del
0,5%., También los 1imites acceptables para otros componentes, parti-

cularmente titanio y fésforo, son estrictos,

Para producir una tonelada de silicio del 75% se requieren de 1800 a
2000 kgs de cuarsita., También i1o0s materiales de reducciédn, coque,
carbbn y carbén vegetal, tienen que cumplir con normas de calidad,

No deben contener muscha ceniza, y, sobre todo, tienen que contener muy
poco fésforo, Para producir esa misma tonelada son necesariocs 800 kgs
de coqne, 530 kgs de carbén, as{ como 230 kgs de hierro, Tl hierro
puede ser en forma de chatarra, desperdicions de fabricacién, mineral

de hierro o "nellets". Se consume, ademAs unos 60 kgs de electrodo,

Wl conseguir cantidades suficientes de hierro podrfa constituir un
problema en el Paraguay, De no poder abastecerse de una propia indus-—

tria de acero, tendrfa que ser importado el volfmen necesario.

i
l
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Technology brings such rapid and frequent changes to the

el

ield that the producer's process or products are often quickly
outdated. While profitability is largely devmendent on a certain
volume each new technical development tends towards miniaturi-
zation and reduced material volume. We therefore doubt that

Paraguay should be recommended to enter this very special field

This leaves the ferro-silicon and silicon metal industries lerft
to be discussed. The smelting processes for silicon meta. and
ferro silicon are the same except that shredded iron, steel
scrap and iron oxide is added to the charge when producing
ferro silocon. The most important factors in the production
are a steady supply of cheap electricity and good quatzite. The
quartzite should be thermally stable and of the highest pessibl
puritv, at least 98,5% silocon oxid. In the geological part of
the report it is indicated that there are possibilities cf suit-
able qualities to be found in Paraguay. Of the impurities the
Al,03 contents should re below one per cent, preferably below
0.5 per cent. Also for other elements, particularly titanium

and phosphorus, the accepted limits are strict.

To produce one ton of 75 per cent silicon 1860-200 kg of
quartzite is needed. The reduction materials, coke, coal and
charcoal must also comply with quality specifications. They
shcould have a low ash content and, particularly, a low phospho-
rous content. For the production of one ton of 75 per cent
ferro silicon about 800 kg of coke and 530 of coal is needed
together with 230 kg of iron. The iron for the charge can con-
sist of scrap, mill scale, iron ore or pellets. The comsump-

tion of electrode paste is about 60 kg per ton.

The question of getting hold of enough iron would present a
problem in Paraguay. Unless larger steel mills are built, one

would have to rely on import.
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Aebe gobrepas~r los 60 $US por tonelada puesto en la planta, Para
noder suministrar las cantidades necesarias, se tendri que acudir a

métodos industriales para la tranformacién de la madera a carbén,

Los finicos otros insumos que habrfa que importar serfan los electrodos
¥, posiblemente, los materiales refractarios necesarios para la manu-

tencién de los hornos,

Turante los §ltimos anos se ha notado ern esta industria una tendencia
muy accentuada hacia la especizlizaciédn. "n vez de usar seis a ocho
hornos tara producir una variedad de productos, las f4bricas se estin
convirtiendo en plantas de dos hornos para producir, por ejemplo,
sblo ferrosilicio y ferromangano, Se est4n disehando hornos mucho
mzyores para reducir el costo unitario, Las capacidades de los trans-
formadores ya no son de unos 18000 EVA sino que llegan hasta los

100000 EVA en 1a maysrfa de las instalaciones recientes,

La industria tiene que hacer frente a problemas de contaminacién,
Varios hornos han tenido que ser abandonados antes de cumplir 10 anos
de producciédn nvor no ser justificables los altos costos de las ins-
talacliones necesarias para limpiar los gases emitidos con relacién

a la limitada productividad de los pequefics hornos., En f4bricas nuevas
el costo de las instalaciones necesarizs para la defensa del medio
ambiente pueden calcularse en un 20 a 25% del costo total de instala-
cién, Los gastos de operacién de estas instalaciones de control de

la contaminacién llegarin a ser del orden del 10% del presupuesto

operacional,

Para dar una idea de las dimensiones de una planta que podrf{s repre-
sentar el primer paso para construir ura industria de silicon, hacemos
referencia a una p=opuesta que se hizo en un pafs africano hace

algunos anos, Se propuso un horno de una capacidad méxima de 30 MV,
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It should be interesting to study the possibilities of using
charcoal as a substitute for imports of coke or coal for the
production of ferrosilicon or silicon in Paragquay. The cost
of charcoal should not exceed about $60 per ton at the plant.
Supplies of sufficient quantities of charcoal would have to

come from industrial processing of wood into charcoal.

The only other inputs that would have to be imported are elec-
trode paste and possibly refractory materials for furnace re-

pairs.

A most noteworthy trend in the ferrosilicon industry in recent
years is movement towards plant specialization. Instead of
using four to eight furnaces for a great variety of products,
plants are converting to a two furnace operation producing for
example only ferrisilicon and ferromanganese. Much larger fur-
naces with a lower unit cost are being developed. Transformer
capacities are increasing from the 18000 KVA to the 100000 KVA

range for most new installations.

The industry is faced with a pollution problem. Several fur-
naces less than 10 years old have been abandored hecause the co
of devices for cleaning polluted exhaust gases could not be jus
fied by the limited productivity of the small furnace. In new
nlants the cost of pollution control facilities will be 20 to
25% of the total installation cost. The operating cost of a
modern pollution control system can be reckoned at 10% of the

total operational budget.

To get an idea of the order of size of a plant which could re-
present a first step in building a silicon industry, reference
is made to a proposition made to an African ccuntry a couple of

years ago. It was suggested that a furnace with a maximum load
of 30 MV be considered.
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Capacidad de produccién:

Carga mdxima del horno 30 000 KW
Consumo espec{fico de energia eléctrica 9 500 KWh
Produccién _i%_%%%_ = 3.15 t/n 75 t/a
Factor de carga 0.9
Produccién anual 25 000 toneladas

Consumo de materias primas:

Cuarcita 1,95 ton./ton, de prodwcio 50 000 t/ans

Coque 9,8 " " " 20 000 "

Carbén 0,53 " " " 13 250 "

Electrodos 1 500 "

Calculamos que un horno completo costaria $ 20-25 millones

+ equipo pura conirolar el gradc de contaminacién §__4- 5 millones
$ 24-30 millones

Estos costos incluyen la instalacién de todos los equipos necesarios

inclusive talleres, laboratorio, oficinas, instalaciones sanitarias,

agua y desagiie, vehiculos de transporte, etc, También est4n incluidos
los gastos de planificacién y administracién durante el perfodo de

construceién,

Habr4i, sin embargo posiblemente que anadir costos de infraestructura,
por ejemplo la inversién en un muelle y sus equipos, gufas, etc.
Esta inversién puede estimarse en unos 5 millones de $0S, lo que
eleva la inversifn total en una f4brica de un horno a 32 millones

de $U3, Para anadir un segundo horno habrfa que invertir otros

16 millones adicionales,

La experiencia en Europa indica que para hacer funcionar la fébrica
hay que calcular que se necesitarin unas cien personas si se piensa
en solamente un horno y unas cientocuarenta cuando dos hornos estén
en funcionamiento, m&s unas 15 nersonas que se ocupen de la adminis-
tracién,
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Maximum furnace load 30 000 kw
Specific electricity consumption 9 500 kWh
Production 38 ggg = 3.15 ton/h 75 tons/day
Load factor 0.9

Yeariy production 25 000 tons

Quartzite 1,95 ton/ton product 50 000 tons/year
Coke 0,8 " " 20 000 "
Coal 0,53 " " 13 250 "
Electrode paste 1 500 "

We reckon that one fully contained furnace would cost $20-25 mi

+ baghouse pollution abatement equipment $ 4- "

$24-30 mi

These costs include all necessary equipment installed inclusive
of wcrkshops, laboratory, offices, welfare installations,inter-
nal water supplies and sewerage, transport vehicles and spare

parts as well as planning and administration during the period

of development.

In addition infrastructural investments, e.g. e quay or jetty
with cranes and equipment at the riverside have to be taken int
account. The cost of these can b2 estimated to be about

$ 5 mill.

This brings the total cost of a plant with one furnaze up to
apout $ 32 millions. The addition of another furnace would

mean additional investments of $ 16 mil.ions.

Based on the manning of corresponding plants in Europe, there
ould be a need for 100 men in all for one furnace and 140
with two turnraces in operaticn. In addition one would need
about 15 persons for management, supervision and admini-

strationa.




de las industrias de hierro, acero y aluminio. Ya que, para obtener
precios de energia favorables,la mayor{a de los productores de silicio
hacen contratos a largo plazo, se encuentran con dificultades para
adaptar sus costos a razén de variaciones de las condiciones del
mercado, Hasta ahora el mayor volémen de produccién de silicio,
aproximadamente un 75%, ha sido en forma de ferrosilicio, pero en

los §ltimos afios ha aumentado el uso de silicio en la produccién de
aleaciones de fundicién de aluminio, por 1o cuzl es muy posible que
hacia el ano 2000 la industria del aluminio pueda ser el mayor

usuario de silicio met4lico,

Munque el Paraguay podr4 cumplir con uno de los requerimientos b&sizos
para establecer industrias de silicio, serfz prematura unz recomenda-
cién de seguir adelante con un estudio de factibilidad hasta que no

se hayan analizado los depésitos de cuarsita 2n cuanto 2 calidades y
cantidades, También los anflisis de mercado y de costos de transpor-
te tiener que dar indicaclones positivas antes de que se decida

dedicar tiempo y esfuerzos a estudios mAs detallados,
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The gqrowth of the future silocon industry is dependent on the
evolution of the iron, steel and aluminiuin industries. Since
most silicon producers make long term electric power contracts
to obtain more favourable power costs, they are unable to
adjust cost rapidly in order to adapt to changing market con-
ditions. Historically, ferro silicon has been the most common
forr in whicn silicon was produced and used, accounting for
approximately 75% of the consumption in metallurgical, chemical
and other uses. However, the use cf silicon in the production
of aluminium cast alloys has increased in the past few years,
for which reason the aluminium industry may very well be
responsible for a major part of silicon metal demand by the

year 2000.

- Although Paragquay will be able to fulfill one of the basic
requirements for the establishment of a silicon industry,
namely an abundant and steady supply of electricity, it wculd
be premature to suggest that a feasibility study be made before
the quartzite deposits have been explored quantitatively and
qgualitatively. Also market and transport cost evaluations
have to give positive indications before too much time and

effort is spent on detailed investigation.
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Magnesio

Aunque hasta lz fecha rc se haya llegado a establecer si en el
Paraguay hay cantidades econdmicas de dolomita, parece ser que hay
ciertas posibilidades de que se encuentren depbsitos suficientemente
ricos como para poder permitir su explotacién industrial, Como laz
dolomita es w:o de los minerales en que se puede basar una produccién
de magnesio, es conveniente hacer un breve sumario sobre lz industria

de este producto,

La produccién de magnesio es muy complicada y su tecnologfa ha evo-
lucionado mucho durante los fltimos afos, Comenz8 =z producirse

comercialmente, nor via electrolfiica, en el allo 1866,

El magnesio hasta ahora ha jugado un papel relativemente modesto en
la economfa mundial, Su peso reducido, sin embargo, en combinacién

con su resistencia y otras cualidades vitales, son razones por las
cuzles el magresio es un metal interesante para una serie de aplica-
ciones, Los m&: importantes ccnsumidores son el sector de transpor-
tes y las industrias de hierro, acero, aluminiv.y quimicas, La
demanda es creciente, en el aflo 1976 1llegb a ser de 230.000 toneladas
er los paises occidentales, Proyectos conocidos, y que estarén

aptos para producir en 1980, sobre todo en los %,%5,U,U,A,A., aumen-
tar4n la capacidad de produccién hasta unas 309,000 toneladas, Se
prevee que la demanda seri de unas 330,000 toneladas, ya que proba-
blemente en esa &poca, el magnesio se usari como importante substi-
tuto del carburo de calecio en la produccién de hierro cochino., La
industria del autombvil también puede ser un factor que dramiticamente
pueda aumentar la demanda nasta un nivel bien por encima de la capaci-
dad de produccibén., El precio de una tonelada de magnesio ahora se
cotiza en 2,100 $US f.o0.,b. En los préximos anos esta cotizacién

probablemente seri bastantve mis alta,

Hoy ese produce el maznesio por dos métodos principales, el térmico
v el electrolftico, En ambos casos la principal meteria prime puede

ger 1a dolomita,
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MAGNESIUM

Although no economic quantities of dolomite yet have heen
evalvated or mapped in Paraguay, there seem to be fair
chances of finding sufficiently large deposits of this
mineral to permit industrial exploitation. Dolomite is
one of the minerals on which the production of magnesium
can be based on this fact vindicates a brief descrip-

tion of magnesium.

The production of magnesium is very complicated and the
technology has developed rapidly during the last few years.
Commercial production beger in 1866 through electrolysis.

Magnesium has only played a modest part in the world
economy. It's light weight combined with high strength
and other vital prcperties, however, make magnesium an
attractive metal fcr many applications. Main consumers are
the transport sectcr, the iron and steel industry,

the aluminium and chemical industries. Demand is growing
and was 230.000 tons in 1976 in the western world. Known
projects which will be completed before 1980, particular-
ly in the USA, will increase the production capacity to
some 300.000 tons. The demand in 1980 is assumed to be
330.900 tons as magnesium at that time will probably

have become a major substitute for calcium carbide in

the pig iron industry. The automobile industry could
kick off a dramatic development in the use of magnesium
and thus increase the demand far above the production
capacity. The price of one ton of magnesium today is
2.100 Us$ f.o.b. and may well increase over the next
years.

Magnesium is today manufactured by means of two main
methods, the thermal process and the electrolytic pro-
cess in both of which dolomite may be used as main raw

material.




esc glentrolf+tice 12 dolomita se ¢
2gua salada y salmuera para producir 8xido de magnesio, el cual por

redio de electrolfsis es transferido a estado metflico.

Ta capacidad mfnima viable y el hecho de que se requiere agua salada

indican que este proceso no es el adecuado pars el Paraguay.

Tl proceso térmico "Magnétherm" parece ser mis indicado, ya que 1la
capacidad mfnima viable es de aproximadamente 10,000 toneladas/aﬂo.

¥l proceso "Magnétherm"™ se ha desarrollado en Francia y emplea un
horno eléctrico y escoria 1fquida y est4 operando en Prancia e

Ttalia en f4bricas que producen 7-8,000 toneladas de magneslo nor ano.
™ los E.,%,U,U,A,A, ALCOA acaba de terminar una f4brica de 25,000
toneladas/afho a base del método Magnétherm,

°i el Paraguay por haber obtenido resultados positivos de sus inves-
tigaciones geolégicas en cuartc a las existencias de dolomita, deci-
diese estudiar una posible produccién de magnesio, recomendarfamos
rue ge hiciese un estudio de factibilidad bas4indose en un proceso
térmico, T1 proceso Magnétherm, que usa dolomita como materia prima,
ro pasa por la etapa de 8xido de masnesio (Mg0), sino llega a pro-
Micir el metal directamente en el horno, La dolomita es redvcida cor
ferrosilicio y en la presencia de aldmina, Bsta €ltima sirve para

M

reducir la temperatura de fundicién del producto de reaccién Ca.2SiO4
(2.100°C) para que la escoria (silicato de calcio aluminio) perma-
rezca 1fquida a una temperatura de operacién de 1.500°C. %l cuadro 8
demuestra los principios de diseho, Rs nreferible que la capacidad
de cada horno sea de unas ? toneladas/dfa, La operacién no es con-
+inua, Las materias primas son precalentadas y s2 introducen en
forma granular o pulverizada, ¥l magnesio puede mantenerse en estado
1{quido y evarcnado por vacfo, Al final del ciclo el horno es
devuelto a presién atmosférica para ser vaciado de escoria y ferro-
gilicio residual. lLa reduccién puede escribirse:

2(C~N.Mg0+S3 (Re)+nil,0,=2Ca0, $10,.n:1,0,+2Mg

3
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in the electrolytic process dolomite 1s caicined and
mixed with seawater and brine and processed to magnesium
oxide. The magnesium oxide is transferred to magnesium

metal by electrolysis.

The minimum size of such a plant and the recessity of
seawater or suitable brine makes the modera electrolytic

process less attractive for Paraguay.

The thermal process "Magné&étherm" is more suitable with

a minimum plant size of approximately 10.000 tons a year.
This is a very promising French development and employs
an electric furnace with liquid $lag. The Magnétherm
Process is in operation in France and Italy in plants
producing 7-8.000 tons of magnesium 2 year. 1In the USA
ALCOA has just put a 25.000 tons a year plant into opera-
tion based on the Magnétherm method.

If Paraguay slould look into producing magnesium based

upon positive results from geological research in the dolomite
field, we would recommend a feasibility study to be made
with the scope of using a thermal process for production

of magnesium.The Magnétherm process is based on dolomite

as main raw material and the method does not pass the stage
magnesium oxide (Mg0O), but produces magnesium metal

directly from an electric furnace. Dolomite is reduced by
ferrosilicon in the presence of alumina, the alumina only
serving to reduce the melting point (2100°C) of the Ca;S5iO4
reaction product so as to provide a calcium aluminium
silicate slag which is liquid at the operating temperatur

of about 1500°C. Figure No. 8 shows the general layout

of the equipment. The preferred unit size of furnace is up
to 2 tcns per day and the operation is discontinous.

The raw materials are preheated and introduced either in
granular or powder form. The magnesium may be kept liquid
and removed from the furnace by vacuum. At the end of the
cycle, the furnace is restored to atmospheric pressure and
the slag and residual ferrosilicon are removed. The process

reduction may be written:

2(CaO.MgO+Si(Fe)+nA1203=2Ca0.5102.nA1203+2Mg




A3,

™ emadrn Mo O indica el grsda de riresza ane ep ahtiene nar ecte

nroneso,

r eenexp) los hornos son slimentados non corrierte de wvra o tres
fneen, pern 1a fhbrina de Honton, Tnelaterra, usa petrb§leo smvdn

narsz enlentar lac chmaras,

I» inAustria del mnrmesio ha *enido sus 2)tibaine, Murarte 1» =amurdn
puerra nundinl sol~amente el mobierno rorteamerincno tuve nue irver-
tir en *rece nlantas de ambhos tipos con una ennaecidad de m&s Ae
250,000 tonel~das, Nurante el mismo perfodo se inetalaron varias
plantas electrol{ticas y dos tipos de plantas térmicas (carbotérmi-
cas y de carburo de calcio) en Inglaterra, Las exigencias de la
guerra por tanto dieron la oportunidad de comparar los diferentes
tipos de - roceso en escala de plena producciédn (aunque ro siempre
en los sitios m4s propicios) vy en circumstancias bajo las cuales

la cantidad producida era mis importante que el precio. Con la
vuelta a condiciones m4s normales, varias f4bricas tuvieron que

ser cerradas y solamente las basadas en los procesos electrolf{ticos

y de ferrosilicio pudieron sobrevivir,
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The purity of the magnesium obtained by this process

is indicated in some data in figure No. 9.

The furnace is heated by either sinyle or 3-phase cur-
rent, but the Hopton Plant in the U.K. uses crude o0il

for heating the retorts.

The magnesium industry has indeed had it's ups and downs.
World War II saw the construction at Government cost of
thirteen magnesium extraction plants of both types in

USA alone with annual rated capacity exceeding 250.000

tons. During the same period additional electrolytic plants
and two types of thermal plant (carbothermic and calcium
carbide) were installed in the U.K. War-time conditions

thus provided an opportunity for the various types of
processes to be tried out in comparison with each other

on a full production scale (though perhaps not always at

the most suitable sites) and in circumstances where quantity
rather than price was of first importance. The results are
hence of considerable technological interest. With the
return of peacetime conditions, many plants were shut

down, and electrolytic and ferrosilicon processes alone have

survived.
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MAGNESIUM
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PARAGUAY
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ENERGY INTENSIVE INDUSTRIE

Checklist for evaluation
and selection of possible
industries in Paraguay.
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2
By-Products

3 |

Product Power con- Raw Tonne con- Minimum
(Chemistry) sumption Materials sumption pr. size of
kWwh/t tonne of product plant

High Carbon Ferrc 5.000 Cr-ore 2,6 1) 7.500
Chrome Reductants 0,65
(FeCr) max 8%C (4.000)
Low Carbon Ferro Limestone,dolomite 0,3
Chrome 11.000 El.paste 0,05 11.G600 t/yea
(FeCr) max 1% C
Silicon Carbide 8.000 Quartz
(SicC) Coke
Calcium Carbide 3.300 Lime(95%Ca0) 0,95 l) 4.800
(Ca Cy) (3.000) Reductants 0,6

El.paste 0.02 10.000 t/yean
Silicon Manganese 4.500 - Manganese ore 2.4 1) 9.000
(Si Mn) 5.00¢C Reductants 0,5 12.000 t/yeaJ
Ferro Manganese 2.500 Manganese ore 2,1 30% MnO 1) 9.000
(Fe Mn) 2.800 Reductants 0,5 slag

Si Mn 20.000 t/year

1 abeg
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Product Power con- Raw Tonne con- By-Productsz) Minimum 3)
Chemistry) sumption Materials sumption pr. size of
kWh/t tonne of product plant
“erro Nickel 600 Nickel-ore 1,0 1) 7.500
{Fe Ni) Reductants 0,06
El. paste 0,004 10.000 t/yeal
Fuel o0il 0,07
Silicon (Si) 20,000 Quartz
Magnesium (Mg) 20.000 Dolomite, 6
Sea Water 800
*erro-Silicon (FeSi) $5.000 Quartz and 2,0 l) 7.500
(75%) Iron orc. 0,25
El. paste 0,07 6.000 t/vear
Alumina (A1203) 4.120 Laterite 3,2 Pig iron 1,0t
Pedersens Process Limes*one 1,99 Grey mud 1l,ot | 200.00C t/yeay
Metallurgical coke 0,33
Coke fines 0,55
Calcined soda 0,05
0il 0,1

3
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2)

3)

Product Power con- Raw Tonne con- By-Products Minimum
(Chemistry) csumption Materials sumption pr. size of
kWh/t tonne of product plant
Alumina (Al) 14.000 Alumina 1,95
(18.000) Petroleum coke 0,55 75.000 t/year
Fluoride 0,05
Cryolite 0,05
Soda 0,05
Ferro Silicon 8.000 Cr-ore 1,2
Chrome (FeSiCr) Quartz 1,1
Reductants 0,85
Lime stone,dolomite 0,3
El. paste 0,06
Electro Pig iron 2.300 Iron ore 1,75 1) 7.500
(Fe) 2.500 Lime stone 23.000 t/year

Electro steel
(Fe)

¢ =2beg
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Lista de industrias EI
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and Chlorine (Clj)

Product Power con- Raw Tonne con- By-Products 2) Minimum 3)
(Chermistry) sumption Materials sumption pr. size of
kiwh/t tonne of product plant
Electrolytical 2.200 Copper
Copper (Cu)
Copper matte 700 Cu-concentrate 1,0 SO, to 1) 4.000
Limectone, Suiphuric
dolomite, silica 0,3 acid 60.000 t/year
El. paste 0,004
Fertilizer (NPK) 65 Phosphate rock Ammon 1 um
{or phosphoric nitrate
acid) Nitric acid
Heavy water ’‘D20) 4) Water
Hydrogen Peroxide 4) Water
(H202) Sulphuric acid
Methanol (CH30H) 4)
Silicon crystals 4)
(S1i)
Caustic Soda (NaOH) 3000 (Cljy) NaCl 1.7t pr.t Clj I (28kg/tC1,)

'y abeg



Lista de induetrias RI
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\
Product Power con- Raw Tonne con- by-Productsz) Minimum
(Chemistry) sumption Materials sumption pr. size of
kWh/t taonne of product ~J—plant
pPvC 4) Ethylene
Propylene
Sulphate pulp 5) | NIL Pulpwood
Power balance 2,0
Paper (newsprint) 1700 Pulp
Mechanical 1,0
and Chemical
Fine paper 1000 Pulp 1,0

REMARKS: 1) Transformer capacity (KVA)
2) By-product column is left open when slags are of no imprtance i.e. "normal conditions”.
3) The minimum size of plant is independent of local conditi'-ns.

4) Process protected by patent and information protected caused by patent rights -
hence little or no information.

5) Power produ~ing from by-product lye. Bleached p. has powe. balance. Unbl:ached

has surplus power.
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1.700 Pasta de celnlosn
Menfnina v 1,0
crvimica

1,000 Pagta de celulos.: 1,0

napecidal de) tronsformador (EVA)

Tn 1a columna "Productos derivados™ se indican s8loc los que pueden terer 2lghn valor,
aparte de los residuos escoriales,

% tamano mfnimo economicamente viable devende de las condiciones locales

Tl procean estf protegido por patentes, por lo cual no se ha podido dar informacién
detallada,

™ el proceso se genera energf{a de la lejfa producida en el mismo. La pasta blanqueada
consume esta energfa, mientras que el proceso sin blanqueo produce més energia de lo
que consume,
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Annex 2

MINERAL RAW MATERIALS IN PARAGUAY ON WHICH ELECTRO
INTENSIVE INDUSTRIES CAN BE BASED

~ INTRODUCTION

This annex constitutes an integral part of the report
"Conceptual Analysis of the possibilities of establishing
energy-intensive industries in Paraquay" prepared for the
Government of the Republic of Paragunay by Industrikonsulent
A.S in collaboration with Kvaerner Engineering A.S at the
request of the United Nations Industrial Development Organ-
ization.

The annex is a report on the geological findings gathered
when preparing for and during the field work in Paraguay
in the autumn of 1977 and summarizes the information
available at that date on occurrences of minerals on which
energy-intensive industries can be based.

The main part of the geological report consists of a map
that indicates the localities of mineral occurrences in
eastern Paraguay, which could be used in power intensive
industries. This map is accompanied by a list that des-
cribes the minerals with available chemical and geological
data. The geological report should be a good base for
future prospecting activities in Paraguay, and it contains
several suggestions which are listed under the mineral
groups.

The reasons for only presenting a map over the eastern part
of the country is the geological fact that the wester.a part
of the country or "the Gran Chaco” mainly consists of

young sedimentary flat lying rocks of Tertiary and Quater-
nary age. These rocks will probably not contain any
economic mineral deposits although there are possibilities
that hydrocarbons and sait layers exist. Very few young
intrusive rocks have hitherto been reported in Gran Chaco.
If more of the intrusive rocks are found the chances for
finding other economic mineral deposits will have to be
evaluated.

Geological activities in Paragquay

We have earlier observed that very little has yet been done
to investigate the geology of Paraguay and that minimum re-
sources are being dedicated to geological research and
exploration for minerals.

The responsibility for these activities is presently shared
by the two following institutions:




Anejo 2

Materias primas minerales que pueden servir como base para

industrias de alto consumo de energfa en el Paraguay

Introduccién

iste anejo constituye una parte integral del informe "anflisis

de las posibilidades de establecer industrias de alto consumo de
energf{a en el Paraguay", preparado para el Gobierno de la Repfblica
del Paraguay por la firme Industrikonsulent A.S. en colaboracién
conn Kvaerner Engineering A.,S. a pedido de la Organizacién de las
Faciones Unidas para el Desarrollo Industrial.

%1 anejo es un informe sobre loe hallazgos geolégicos recogidos
durante la preparacién y la ejecucién del trabajo de campo en

el otcno de 1977, y un resumen de las informaciones disponibles
en aquella fecha sobre ocurrencias de minerales sobre los cuales
se podrfan basar industrias de alto consumo de energfa,

I.a parte principal del informe geolégico coneiste en un mapa

que indica las localidades de ocurrencias minerales en el
Paraguay Criental que podrfan usarse en industrias de alto consumo
de energfa, Zste mapa eatd acompafado de una lista que describe
los minerales con los datos qufmicos y geolégicos disponibles.

31 informe geolégico puede ser una buena base para les futuras
antividades de exploracién en el Peraguay, y contiene varias
angerencias que se encuentran er la lista del grupo de minerales,

I.a rozon por 1~ eurl se presentz un mapa del este del pafs snla-
merte, es aurc 11 parte ceste, el "Cran Chaczo", ~onsiste de rncas
planan, sedimertarias de eded Terciaria y Cuarternaria, Zctas rozas
srobahlomorte ro contienen depAeitos minerales econdmicos, aunque
cno perihla mie evict-on estratos de hidrocarhonos y €21, Hact-a

2l nreeaple muy paacnc pocsg Irtrurivase han sido ~rocontradas er

27 "Tran Tkaen", 1 ae encuentreon mhs rosnn intrusives se tendAr4
aon woraneidorsn 1a noeibilidad de ercontrar atros Jepbsitos Ae

.
~froaxalasr angréminec,

‘ctividader penléricas an el Paraguay

Arterinraente hemoa abservadn que ‘odnvia s~ ha heche muy poon
pomn natndfar 1a ceolngin Ael Paraguny y qua los recursons mirersles
netfp cian?n uendae mars rstudioe geolégicos y 12 exploracién Ao

mircralee,

T ..

varnaneabiVlidad Ao aptan sntividades eetf nctualmente A{vwifida
artara Yoo dne rdisufentan fngtitucionest
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The Departemento de Geologia of the Direccion de Recursos

Minerales

of the Miniscry of Communicatiorns and Public Works formally
ie in charge of geolcgical mapping and of the prospecting
for industrial minerals. This deparment, however, has an
active staff with university training of only one person
with a chemical background. Alchough this person has worked
in the Deparment for a long time and has a relatively good
knowledge of the geology and mineral occurrences of the
country, he lacks personnel, transport and other resources
necessary for an efficient pursuit of even a minimum in-
vestigation program.

The Departemento de Geologia of the Direccion de industrias
Militares

is concerned with the prospecting for and exploration of
metallic minerals and presently concentrating on the search
for and investigation of iron deposits. At the time of

the mission's visit two of the geologists we-e away on lease
for a longer period, engaged in the preparations for the
constructi.n of the Itaipi hydropower plant, for which
reason the only active staff with a university background

is a chemist assisted by a number of students. The depart-
ment is equipped with a chemical laboratory, a diamond
drilling machine and fcar cars.

It is thus obvious that the two government geological
institutions are underfinanced ané understaffed in relation
to the tasks they are expected to undertake. The mission
recommends that the future activities in this field be taken
up for consideration as to goals and resources. We would
also recommend that the two institutions be united and
amalgamated to become the Geological Survey of Paraguay.

In this context, as the mineral resources will mainly be
used as raw materials for possible future irdustries, it
would seem logical that the Geological Survey be admini-
stered by the Ministry of Industries and Commerce.

If the Paraguay Government decides to dedicate more re-
sources to geological research and exploration of mineral
resources, expertise will have to be found that is capable
of handling the job. Apart from the existing staff and

the training of young geologists that is already under way,
we would like to mention the possibility of interesting
Paraguayan experts presently living abroad, such as

dr. Antonio Segovia, at present a professor teaching geology
at the University of Maryland, who seems to be highly
qualified and well skilled to build up and head a Geolog-
ical Survey.

Although the Governments own efforts on the minerals search
field still are very small, the award to "Anschutz Minerals",
which is a branch of the Anschutz Corporation, of a seven
year contract for the prospecting and eveniual exploitation
of minerals in eastern Paraguay constitutes a significant
step towards better knowledge of the assets of the subsoil

of the country.
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The Concession covers 168.000 square kilometers and allows
for the exclusive exploitation of metallic and non-metallic
minerals, including radioactive and precious metals.

The Anschutz Corporation is a major US corporat_on, based

in Denver, Colorado, working in the fields of prospecting,
drilling for and production of o0il and gas, gas transmission,
0il tanker operations and mining. They plan to employ,
during their working time in Paragquay, a basic staff of
twenty people, of which about ten geologists, and intend to
spend 0.5 to 1 millicn US$ per year during the first two

to three years. They will be equiped with several field
vehicles and an aeroplane, fit to land on primitive landing
strips in the working areas, and plan to do some 100.000 kms
aerial magnetic survey.

The basic staff will be supplemented by specialized consult-
ants to be brought in as the need for their services arise.

Although we do not know the details of the agreement with
Anschutz we would like to underline the convenience of a
close cooperation between the proposed Geological Survey
and this contractor in order to avoid overlapping and to
ensure that the geological information gathered is conven-
iently recorded in Paraguay.
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MINERALS IN EASTERN PARAGUAY

List of preseatly known findings and recommendations for
future prospecting activities

Already during the preparatory phase of this study it was
obvious that it would be necessary to list all known indi-
cations of minerals that may be available in the country
and which can provide the raw material base for power in-
tensive industries. Since, except for limestone and kaolin,
no mineral deposits of economic value are presently known,
we would have to recommend that a prospecting program be
planned, through which the mineral assets of Paraguay can
be evaluated. We hope that this list and the accompanying
map will be a good base for future prospecting activitities.

The list contains 11 mineral groups. For each group
a geological description is given with recommendations

for possible follow up prospecting. The mineral
localities are given the closest possible geographical
des >ription. TFor some of the findings chemical analyses
are also given.

At the end of the report there is a chapter where
possible imported raw materials, are mentioned with a
short description of localities, quantities and qual-
ities of some sources in Bolivia and Brazil.

Limestone, marble, calcite and dolomite

This mineral group is divided into:

a. Limestone depcsits in the Vallemi area,(nns. 1,2,
3,4,5,8,9,10,22 and 23).

b. Limestone deposits in the Villarica area (nos.7,
12, 13 and 14).

c. Carbonatite deposits in north-eastern Paraguay (no.6

d. Marble and calcite deposits (nos.15,1€,17,18,19,
20 and 21).

e. Dolomite deposits (nos.l and 6).

a. Limestone deposits in the Vallemi area

The most important industrial mineral of which there
are prooven economic quantities is limestone in the
Vallemi area.

Oon the map nos. 1,2,3,4,5,8,9,19,11 and 23 are lime-
stone deposits. Ex‘:-ensive limestone deposits are
found in the Cambrian Itapucumi series in the north-
eastern corner of Eastern Paraguay as shown on the map.
Clese to the main area, limestones of the same series
are found both to the east and to the west.




*narnles en /) Prwaemar Criantal

Tist2 e Aenb~itoc nopocidos v recomerdaciones nara futuras
nrosnesninres

Ve~ er 1~ f£oecn nnanaratorin de erte estudio fué obvio que serfs nece.
a2»io Juntor todas las indic~ciones conocidas de denfsitos de mine-~
rales en o1 n2fs, que nodrfanabastecer las m~terias primas necesarias
nara las indnstrisas de alio ~onsumo de enerefa, Como actualmente no

se conoce ningin dep§zito mineral de valor sconémico, aparte de los

de piedra caliza y cz20lin, tenemos que recomendar aue se planifique

un programa de prospeccién por el cual los recursos minerales del
Paraguay puedan ser valuados, Esperamos que esta lista y el mapa

que la acompafia scrén una base para tuturas actividades de prospeccién,

BEsta 1ista contiene 11 grupoes de minerales, Para cada grupo

se¢ ha hecho una descripcién geolégica con recomendaciones para
posibles prospecciones, A las localidadss con yacimientos mine-
rales se les han dado una deseripcién geogréfice la mds precisa
vosible, Para algunos yacimientos se conocen los datcs del
anflisis quimico,

Al final del informe hay un cap{tulo que menciona la posible
importacién de materias primas, con una pequefa desoripcién
de las localidades, cantidades y cualidades de algunas de
lag fuentes en Bolivia y Brazil,

Caliza, mérmol, calcita y dolomita
Bste grupo de minerales estf dividido en:

A Dep8sitos de caliza en la regién de Vallenmi,
(¥os, 1, 2, 3, 4, 5, 8, 9, 10, 22 y 23)

b. Depésitos de caliza en la regién de Villarica,
(Mos. 7, 12, 13 7 14)

Ce Depési§os de carbonita en el nordeste del Paraguay,
(Mo, 6

d, DepbSsitos de mérmol y calecita,
(Wos. 15, 16, 17, 18, 19, 20 y 21)

e. Depbsitos de dolomita,
(NOS. 15y 6)

a, Depbsitos de caliza en la regién de Vallemi

"1 mineral industrial més importante del qu2 se ha podido comprobar
que existe en cantidades econémicas, es la piedra :=21iza en la regién
de Vallemi,

“n los Yos., 1, 2, 3, 4, 5, 8, 9, 10, 11 y 23 del mapa hay depfsitns
de calizr, Hay depfsitos notables de calize en la serie CAmbrica de
Ttapucumi er el rineén nordeste del Paraguay Oriental, como indica
el mapa, "n las cercanfas de la regién principal al este 3y al oeste
re han enrcontrado indicaciones de caliza de la misma serie.
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The Itapucumi series meinly consist of limestone and
dolorite, but are interbedded with sandstones, siltstones,
marls, arcoses and conglomerates. The limestone itself is
fine grained with cclour from light to dark gray in well
defined relatively thin beds. Locally the beds are thick
and massive, altcrnating with shaly limestone and marly
shale.

Most of the Itapucumi series are covered with Quaternary
deposits. The deposits are up to 30m thick and consist of
sinter, breccias and calcite conglomerates as well as sand
and gravel.

The Itapucumi series are gently folded with numerous fault
zones. In the limestone beds dolomite is often interbedded
in thickness of 2-5 meters.

Very little research has been done in the Itapucumi series
to outline areas that would be suitable for mining of lime-
stone and dolomite for different industrial purposes.

The typical chemical composition of the limestore is shown
in the table below. (Altamirano 1973).

Sample no.l Limestone in the "Cordillera de las 15 Puntas
10 kms WNW from Estancia Centuridn

Sample no.2 Oolitic limestone 45 kms NNW from Puerto Max
by the Rio Paraguay

Sample no.3 Limestone from Cerro Paiva 10 kms SW of
San Carlos

Sample no 1 2 3
Insoluble 3.34 3.90 1.12
cao : 50.90 52.69 52.85
MgO 0.93 - -
(Fe,Al)2 03 2.97 1.97 3.03
H,0 1.75 - 0.36
co, 40.58 41.30 42.40
Organic matter - 0.69 -

100.95 100.55 99.66

In the paper "Proyecto Aquidaban" by OAS (Organization of
American States) from 1975, there are analyses of 18 lime-
stcne samples from the Itapucumi series. 1In general it can
be said that huge quantities of good limestone for all indus-
trial and agricultural purposes can be found in the Jtapucumi
series. Very little investigation has however been done to
outline the most favourable sites for limestone quarries.

The best known area is on the banks of Rio Paraguay from

San Lazaro in the north to Puerto Itapucumi in the south.
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The Vallemi cement plant with it's corresponding limestone
quarry lies on the eastern bank of Rio Paraguay, 7 kms
south of San Lazaro. The quarry gives excellent limestone
for cement production. One analysis from the paper
"Proyecto Aquidaban" 1975 gave the following compositions:

SiO2 A]203+Fe203 Cao MgO Ignition loss
1.87% 0.60% 53.68% 0.36% 42.58%
CaCO3 MgCO3

96.08% 0.76%

There are several continuous beds of pink to white dolomitic
limestone in the quarry with thicknesses up to 3m. The
dolomite has to be removed by hand or avoided by selective
quarrying.

At the eastern bank of Rio Paraguay 12 kms. south of
Vallemi at Puerto Risso a few diamond drill holes are said
to have been drilled to approximately 60 meters depth.
There are no known results from this work recorded. Further
south, at Itapucumi, 56 kms from Vallemi akout 10 diamond
drill holes have been drilled by Industrias Militares. The
limestone dips 4-6° to the east and one of the sections has
the following analytical results over 45 m:

510, cao MgO Fe,0,+A1,0,

3.78% 53.35% N.04% 0.27%

In the paper "Proyecto Aquidaban" 1975 (pp 166) good and
extensive limestone deposits in the vicinity of Garay-cGe
55 kms to the east of Itapucumi are mentioned.

a. Limestone deposits in the Villarica area

West of Caagquazli at a distance of 30 kms east of Cnel Oviedo
there is a small quarry (Calera Cachimbo) where limestone

is produced for soil conditioning (no.7.). The limestone

is of Permian age (Morinigo 1971). The localities nos. 12,
13 and 14 may be of the same type. In Calera Cachimbo

30~-40 tons of soil conditioner is produced per day with the
following composition: (average of 7 samples):

+Fe.O

S10 Al;03+Fe;03  cao Mgo  Ignition loss

2

10.51% 1.25% 47.79% 1.16% 38.90%
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The limestone which is oolitic is flatlying. In the quarry
there are two beds with thicknesses of 1.0 and 1.3 m.
Between the two beds there is a 0.3 m thick sandstone layer.

No information was available from a few 30 m deep diamond
drill holes in the area. It is believed, though, that the
thickness of the limestone beds do not exceed 5 meters.
Sr. Casahas, Villarrica, owns the quarry and he also owns
the limestone area (Pafiletey No.l1l3) NE of Villarrica.

A small sample from Calera Cachimbo analyzed in Norway ~ave
the following composition:

SlO2 Cao Fe2

29.21¢% 33.40% 3.61% 0.62% 28.2%

O3+A1203 MgO Ignition loss

The other two localities nos. 12 and 14 are small, 1-2 m
thick.

It would be of special interest if the limestone in this
area could be used as raw material for a new cement plant,
conveniently located near the Itapfi, Yacyreta and Corpus
wydropower constructions. Although quality and quantity of
these deposits on presently knowa data do not look too
promising for cement production, a prospecting program will
have to be carried out to clarify whether these limestone
sources are suitable for a cement plant.

c. Carbonatite deposits in North-Eastern Faraguay

Carbonatite is mined in several quarries at Cumbre 12 kms
east of Cerro Cor& (no.6). The carbonatite is used as soil
conditioner in acid-rich soils in nearby Brazilian farm-
land.

A chemical analysis of a sample from the Carbonatite has
the following composition (Proyecto Aquidaban 1975):

SiO2 A1203+Fe203 Cao MgO Ignition loss
4.24% 3.93% 48.43% 2.48% 40.60%
CaCO3 MgCO3

86.68% 5.20

It is believed that there are possibilities to find similar
types of carbonatite occurrences further to the south and
south~west. If carbonatites are found further to the south,
they could be a source of raw materials for a cement plant
in the central parts of the country.
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d. Marble and calcite deposits

The marble and calcite deposits are of minor importance for
the power intensive industries, but they could be actual
sources of lime if there are no good limestone alternatives
in the vicinity. Nos. 16-21 are marble deposits and no.1l5
is a calcite deposit.

e. Dolomite deposits (no. 1 and 6)

Dolomite is a very important mineral in the production of
magnesium. White dolomite is also used as a filler in the
paper, plastic and paint industries. In the Itapucumi
series there are several dolomitic horizons. The dolomites
are often pink and white. No quantities of dolomite have
been evaluated or mapped in the series of Itapucumi, but
geologists who have worked in the area believe that there
are good chances of finding sufficient deposits of dolomite
for industrial purposes. 1In the Vallemi quarry there appear
to be dolomitic beds with thicknesses up to 3m.

Analyses of the "Panceta" - horizon show the following
composition:

SiO2 A1203+EE203 2

12.4% 4.44% 28.33% 15.23% 38.55%

Ca0 MgoO co

One smaple of white dolomite has the following composition:

510,  Al,03+Fe,05 (.9 MgO co,

1.6% 3.7% 33.7% 15.1% 49.5%
Dolomite is also abundant in +the carbonatites at Cerro Cora

There should be possibilities for enriched dolomite areas
within the carbonatite bodies.
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d, Nepbritos de mArmol y calcita

Tos dep§sitos de mArmol y calcita no son muy importantes nara las
industrias de alto consumo de energfa, pero podrfan ser fuentes

de cal si no existen alternativas de caliza en la proximidad. Los

Jos, 16-21 son depésitos de mérmol y el No. 15 es un depbésito de caliza.

e. Depdsitos de dolomita (Nos., 1 v 6)

l.a dolomita es un mineral muy importante para prnducir magnesic, La
dolomita blanca es también usada como rellenador en las industrias

de papel, plésticos y tintas, @n las series de Itapucumi hay varios
horizontes de dolomita, Las dolomitas son frecuentemente rosadas y
blancas, Ho se han establecido en la serie de Itapucumi significantes
cantidades de dolomita, pero geblogos Qque han trabajado en la regién
creen que debe haber posibilidades de encontrar depésitos de dolomita
suficientes para fines industriales, En la cantera de Vallemi parece
haber camadas de dolomita con hasta 3 m de espesor,

Tn anflisis de la zona "Panceta" muestra la compésicibén siguiente:

510, A1,05+Fe 0, CaQ Mg0. co,

12,4% 4.44% 28,33%  15.23%  38.55%
Una muestra de dolomita blanca tiene la composicién siguiente:

si0, AL 0 +Fe 0 Cal Mg0 co,

1,674 3. 7% 33.7% 15.1% 49.5%

T.a dolomitz es también abundante en las carbonitas de Cerro Cor4,
Debe haber posibilidades de Areas ricas en dolomita dentro de las
vnidades de carbonita,
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List Marble, Calcite and Dolomite deposits
No. County Locality
1 Concepcion The series of Itapucuni which cover an
area of about 2000 km“ are shaded on
the map with NE-SW-striking lines. In
the Itapucumi series limestone, marble,
calcite, dolomite, sandstones, siltstones,
marls, arcoses and conglomerates are
found.
2 " Cerro Paiva (limestone)
3 " Santa Maria (limestone)
4 " Taga tiyé (limestone)
5 " Machuca cue (limestone)
6 Amambay Chirigiielo, Cumbre = Cerro Cor& (carbonatite
7 Caaguazu Cachimbo (limestone)
8 Alto Paragvay Cerro Galvan (limestone)
9 " Cerro Colorado (= Pto Casado) (limestone)
10 Hayes Pto Pinasco (limestone)
11 Alto Paraguay Puerto Sastre (limestone)
12 San Pedro San Estanislao (limestone 1,5-2 in thicknes
13 Guaira Indepencia, Pafietey (limestone)
14 Caaguazu Dr. Cecilio Baez, Yhovy (limestone)
15 Concepcion Puerto Max, Est. Postillon (calcite)
16 " Col. San Lazaro (marble)
17 " Cerro Santa Elena (marble)
18 " Puerto Francia (marble)
19 " Vallemi (marble and limestone quarry of
Vallemi cement plant)
20 Misiones Villa Florida (marble, small veins)
21 Concepcion Itapuquaci (marble)
22 " Itacud (limestone)
23 " Garay-cué (limestone)
24 (1) " The series of Itampucumi (also dolomite)
(6) Amambay Chirigielo, Cumbre = Cerro Coré

Carbonatite which also contains some dolomi




Az Aenfcity~ 3a Talizqg, MErmol, Salcita v Dolomita

()

D -3 NN

Aol

-a
-3

D

[ Gy
A=

N
P

Nenariame 1tn

Lacnlida?

Aannanpd K-
annencl e

"
Anenbawr

n
Taaruszu

Alto Porcoouar
fcharalya ided

" n

Vayes

!1to Pam~mu-~y

San Ped»c
maiy

MY o ooy _1"'7“

Copamnolér
”

n

Micionern

-

Noncepaiér

”

.
mamhazr

L2z series de Ttzpucunmi,gue cubrer un= frez
de miec o menns 200N ﬂnﬂ", estfn grifeodas en
el mapa zon lineas e direc~ién F -3C. ™n
Ia gaxie Ae Tiopucumi <o ercuentrer ~2lizn,
m&-m5l, ealeita, dolomitz, roco zrcriccn,
silt, marecc, 2rccsn 7 corzlomerzics,

fevrro Priva {ecalize)
Santa Maris (221iza)
magn tivk (enliza)
Mzchuca cué (caliza)
Chirigielo, Cumbre = Cerro Ceri (cerbonitea)
Cachimbo (caliza)

I

Cerro falvan (caliza)

S2rro Cnlorado (=P*o Gaszdo) (caliza)
Pto Pinasco (e2liza)
Puerto Sastre (caliza)

San RWstanislao (ealiza 1,5-2 de espesor)

Tndencndencia, Pahetey (c2liza)

Tr, Cecilio Baezl Yhovy {caliza)

nol, San L&zaro (n rﬂol)

ferro Santa Flenz (mfrmol)
Duerto Wrancia (m%rmol)

}~

Vallemi (cantera de m&rmol y ca
f£8brica de cemento de Vo

Villa Florids (m&=mol), vetzs peque
Itapupuact (m&rmol)
Itasm4 (c2lize)

Nazapecub (calina)

.2 gerie d2 Itapusumi (Aolomita 4anmbién)
~hiri Cumbre = Perro Nork ’carboni

que contlens dolomitn)




Page 10

Quartz and Quarzite

Quartz occurs iu several places in the country both zs
hydrothermal in veins and pegmatites and as metamorphosed
sandstone in quartzites. The vein and pegmatite type of
quartz is usually very pure and could possibly be a source

in the industries of silica glass, silicon metal and silicon
carbide. Quartzite usually contains impurities like iron
and alumina. If the content of iron and alumina is not too
high, it is possible to use quartzite in the silicon-alloys
industries.

Very little of the quartz and quartzite localities have been
mapped, sampled and analyzed, so here a lot of work remains
to be done.

a. Localities of quartz occurrences:

The numbers 1,2,3 and 4 are Precambrian vein quartz and
pegmati_e quartz. No.l is the area north and north-west of
San Miquel. It is a highly fractured metaquartz and it does
not seem to be very pure, because of the presence of some
chlorite, but there should be good possibilities of finding
veins with crystal quartz of high purity. Analysis of one
sample gives the following values:

Sio Fe,O

2 273 A1203

99.05% 0.23% Not analyzed

In the precambrian rocks in Concepcion there are several
localities with pegmatite quartz (nos.2.3.4 and 14).

b. Localities of quartzites

There are several localities with sandstone and quartzites.
In most cases they are too impure for industrial use, but
within the quartzite layers there should be good chances of
finding zones of rather pure quality. Nos.5,6,7 and 8 are
localities of a Silurian sandstone and quartzite.

Analysis from three of the localities have given the follow-
ing results:

Locality No SiO2 szO3 A1203
96.68% 0.224% 5.11%
98.10% 0.24% Not analyzed
97.88% 0.08% 2.47%

The analythical results of these samples show a poor quality
quartz with an alumina-content that is far too high and a
silica-content that is too low. If the zone, which is 80 km
long, if throughly investigated one should have possibil-
ities of finding quartzite deposits with a quality good
enough to be used in the silicon-alloys industries.
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Nos.9,10,11,12 and 13 are quartzite quarries mentioned in
the paper "Plan Triangulc" (1966). The quartzite which be-
longs to the 4isiones series of Triassic age is quarried
and used as road mat -ial. It is in most cases a red iron-
rich quartzite that is believed to be contactmetamorphosed.
No mapping or analysis has been carried out on this type of
quartzite. Even if it is rich in iron it can very well be
used in the ferrosilicon industry, provided the content of
other impurities is low.

We would recommend that these deposits be investigated as
soon as possible, as they provide a raw material that may
be used in a ferrosilicon industry. If so, it should not
be used as road building material.

There are also other possibilities for quartz sources in
Paraquay.

On the river banks there are huge quantities of sand which
may be of good quality suitable for industrial purposes.

In the outer rim of the carbonatites quartz is often built.
Quartz can also probably be found in pegmatites in the
Precambrian formations south of Ascuncion.

A locality of quartz is reported near Villa Florida.

List of Quartz and Quartzite localities

No. County Locality
1 #Misiones San Miguel, Itayuru (metaquartzite and
vein quartz)

2 Concepcion Est. Santa Sofia (Pegmatite quartz)

3 " Potrero Quien Sabe (Pegmatite quartz)

4 " Zanja Moroti (Pegmatite gquartz)

5 Cordillera Emboscada Noeva (Quartzite and sandstor

6 " Colombia (Quartzite and sandstone)

7 " Piriebuy Pirarét8 (Quartzite and stand-
stone)

8 Paraguari Cabaliero (Quartzite and sandstone)

9 Central Ypané (Quartzite)

10 " San Antonio, Guarambaré (Quartzite)

11 Misiones San Juan Baptista (Quartzite)

12 " San Ignacio (Quartzite)

13 Itapua San Cosme y Dami&n (Quartzite)

14 Concepcion Est. J.E. Lopez, Puerto Sino (pegmatite

quartz)
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Kaolin and Clay

Due to the climatic conditions in Paraguay koalin and clay

as weathered products are found all over the country in the
favourable rock units. Kaolin and other clays are found
mixed in several places and are used as a raw material in the
production of tile, brick, pottery, sanitary porcelain and
sewage pipes.

There are three different types of kaolin and clay deposits:

a. One type occurs as weathered sediments __in rather
thin flatlying beds between layers of“sandstone.
(Nos. 1,2,3,4,5,6,7,10 and 11).

It is said to be of a good quality with very
little iron salts.

b. Nos. 8 and 9 are kaolin fillings in subvertical fault
zones. Also this type is of good quality, but the
quantities seem to be small.

c. The Vargas Pefia type (Nos ".2,13,14,15,16 and 17)
is weathered products of t..2 Vargas Pefia shale
in the Itacurubi series of Silurian age.

There are several pits of the Vargas Pefia type and the thick-
ness of the clays are up to 20 m. The quality is not as gocod
as the two types mentioned, but the zone of the Vargas Pefia
shale can be followed over several tens of kilometers, so
there should be fairly good chances of finding more of these
clays.

In general kaolin and clay are not minerals used in the power
intensive industries. They are mentioned in this list for
two reasons:

1. In the future kaolin and other clays rich in alumina
may be used as a raw material for aluminium.

2, In a possible future paper mill, kaolin could be
used as a filler.

According to Putzer and Eckel a few analyses have been made
of the Paraguayen kaolins. The results of these do not
indicate that they are very suitable as fillers in the paper
industry, but the geological, mineralogical and chemical
studies that still have to be made may give more pnsitive
indications.
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Maw brae tinnn diferentes Ae depbsitos de caolin y arcilla:

2, Tn tine acurre en sedimjertos dessrstos er camadas planas
fipns ertre estratos de rocn areniseca,
(vor, 1, 2, 3, 4, 5, 6, 7, 10 y 11)
Perane cer de huena ea2lidad con muy poras sales de hierro,

b, Yoe, £ ¥ 9 sop rellenns de c20lin en zoras defectnosas subver-
tic~lns, Tate tipo también es de buena calidad, pero 1=g
cantidadeq pnarecen ser pequenas,

n, Tnc @n) tipn Yorsas Penaz (Fos, 12, 13, 14, 15, 16 ¥ 17)‘§on
nrodnctos degeraston Adel eequisto sreilloso de Varges Pena en
Ya sevrie Ttreurubl de 1a cdad Sildricz,

Way wvarios nozon Ael jino Varmas Pena, espesor de la a2rcilla es
Ap hneta 20 m, Ta anlidad no es tan buena como la de los Aos Eipos
mernionadoa, vevo la zona del eaquisto arcillnso de Vargas Pena se
"mede mecuir no» mma disteneia de elgunos diez kilémetros, asf ~ue
Aehaprh nar norinle aneontrar nis de estas arcillas,

Nannralmerte renlin y arellla no son minerales que se usan en 1~
irdustria de ~1tn consumo de enersgf{a, "stAn mencionados er esta lista
nor Adog wazonren:

1. “n el futuro el caolin y otras arcillas ricas en alfimina pueden

-

1legar a =ser usadas como materia prima para aluminio.

% n una futura fAbrice de papel, caolin podrfa ser usado
como rellenador,

“onforme Putzer (1962) y Tckel (1959) se han hecho unos an&lisis
de las caolinas paraguayas, Los resultados de estos no indican que
serfan muy favorables como rellenadores en la produccién de papel,
pero los estudica geolégicos, mineralégicos y quimicos que todavia
quedan por realizarse, pueden dar resultados positivos,




List over Kaolin ana Clay deposits

No.

10
11
12

13
14
15

16

17

County

Cordillera

Paraguari
Cordillera

Paraguari

Cordillera
Paraguari

Caaguazu

Central

Cordillera

Cordillera

Guaira

Locality

Piribebuy, Piraretd (type a, weathered
sediments in rather thin flatlyinc beds
between layers of sandstone)

Piribebuy, Itamoroti (type a)

Piribebuy, Paso Jhi and Itabyréa

(type a)

Capilla Cue (type a)
Cholols, Guazi (type a)
Valenzuela, Tobatingud

(type a)
Escobar, Mbopicud and Ybyra t§

(type b, kaolin fillings in subvertical
fault zones)

Sapucai: Cerro Roqué and Loma Guazi
(type b)

Caballero, Horqueta and Guauiré
San Antonio, Yh(

(type a)

(type a)

Arequa, Caacupemi and Estanzuela
(type c, Vargas-Penha type)

(Type ¢)
Ipacardi Cerro Gufy and Mbcayaty

ItAaugud, Ybyraty

(type c)

Tobati, Cerro Aparypy

( type c, locality uncertain)

Isla Puci, Cerro Pero

( type ¢, locality uncertain)

Iturbe, Rojas Potrero

( type c, locality uncertain)
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Tist> de denbsitns de caolin v aveilla

Yo. Nenartamento Tocnrlidad
1 “ordillers Piribebuy, Piraretf (tipo a, sedimientos des-

gastos en camadas finas horizontales entre
estratos de roea arenisca,)

? Paraguari Piribebuy, Itamoroti (tipo a)

3, 4 Cordillera Piribebuy, Paso Jh§ y Itabyra (tipo a)
5 Paraguari Capilla Cué (tipo a)

6 " Cholol$, Guazé (tipo a)

7 Cordillera Valenzuela, Tobatinguf (tipo a)

8

Paraguari Escobar, Mbopicud y Ybyrat
tipo b, cargamento de caolin en zonas

falladas subverticales)

9 " Sapucai: Cerro Roque y Loma Cuazi (tipo b)

10 " Caballero, Horqueta y Guauigd (tipo a)

11 Caaguazl San Antonio, Yhé (tipo a)

12 Central Are Caacupemi Estanzuela
Thipo &7 tipo Vacges Pefie)

13 n Itaugué, Ybyratf (tipo c)

14 " Ipacaraf Cerro Gur{ y Mbcayaty (tipo c)

15 Cordillera Tobatf, Cerro A

(tipo c, localidad dudosa)
16 " Isla Puct, Cerro A

(tipo ¢, localidad dudosa)
17 Guairs Iturbe, Rojas Potrero

(tipo ¢, localidad dudosa)
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Several small magnetite and hematite deposits are know in
Paragvay (Nos.1,2,3,4,5 and 6). They were mined in the
18th century, especially during the War of the Triple
Alliance 1865-70. The magnetite and hematite deposits

mostly occurs in the Precambrian rocks between Quiindy in
Paraguari and San Juan Bautista in Misiores.

In Itapua large areas exist with low grade iron ore of
lateritic material (no.7). This type occurs in "Zcna de
Encarnacion" from Encarnacion ir the south of Hehenau in

“he north. The deposits of Arroyo Pora, Barrero, Chaipé,
antilldn, It4 angu8, Col. UrG Sapucai and San Juan belong
to this zone. Each deposit covers an area from 1200-71500 m

with thicknesses 0.3 - 4 m. and contaius:

2

Fe 20-40%

TiO2 2-4%
A1203 10-20%
8102 30-40%
P 0%
S 0%

According to Industrias Militares about 5 million tons of
this type of ore has been proven and there are indications
of 30-50 million tons of probable ore. The Encarnacion area
will be flooded by the Yacyreta power plant project. The
laterites of this area have been investigatad and found to
be of no economic value.

Industrias Militares is presently investigating a number of
other ore occurrences. No promising results have yet been
obtained.

When the Anschutz Minerals has completed their planned

aer ragnetic survey, one will have a much better base for
judging the possibilities of large iron ore deposits to be
found.

Even a non-magnetic hematite deposit with a size of economic
interest should show up on an aeromagnetic survey due to

the fact that there nearly always will be some magnetite
mixed with the hematite.

The known magnetite and hematite deposits are well described
by Eckel and Putzer.
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Flineral de hLierro

Varios pequeﬁos depbsitos de magnetita y hematita son conocidos

en el Paraguay (Nos. 1, 2, 3, 4, 5 y 6). Pueron explotados en el siglo
18, especialmente durante la gueérra de la Triple Alianza 1865-70.

Il.os depfsitos de magnetita y hematita ocurren principalmente en

las rocas Precimbricas entre Quiindy en Paraguari y San Juan Bautista
en Migiones,

En Itapud existen extensas regiones con mineraies de hierro d2 cali-
dad inferior de material laterf{tico (No. 7). Este tipo ocurre en

la 7ona de ®ncarnacién desde @Encarnacién en el sur hasta Hohenau en
el norte, l.os dep8sitos de Arroyo Pora, Barrero, Chaipé, Santillén,
It4 Angué&, Col, Urfi, Sapucai y San Juan,pertenecen a esta sona, Cada
depbsito cubre una zona de 1200-71500 m~ con espesores de 0,3~4 m

y contiene:

Pe 20-40%
Ti0, 2-4%
A1.0, 10-20%

273
510,  30-40%
P 0%
S 0%

Segn Industrias Militares se han constatado cerca de 5 millones de
toneladas de este tipo de mineral de hierro y hay indiceciones de
30=-50 millones de toneladas de mena. La regién de Encarnacién seré
inundada por el embalse de Yacyretd por lo cual las lateritas de

esta regién han sido examinadas, No demuestran ningfin valor econémico,

Actualmente Industrias Militares est4 examinando varias otras
ocurrencias de mena, sin que hasta ahora se haya tenido resultado
nositivo,

fuando Anschutz Minerals hayan completado su prospeccién seromagnética,
habrs une mejor hase para juzgar las posibllidades de hallar grandes
Aepbsitos Ae mena de hierro,

An un depfsito de hematita no-magnética de un tameNo de interés
cconfmico deber4 apasrecer en un levantamiento aeromagnético porque
~oai siempre existe mognetita mezclada con la hematite,

Tor Aenfsitcn de marnetits y hematita conocidos estén claramente
Apfinidos nor Teel (1959) y Putzer (19€2),
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List over lron ore localities

No. County Locality
1 Paraguari Caapucfi, Paso Pind6(=Villa Florida) (hematite)

Caapuca, Apichapd (hematite and magnetite)

3 " Caapucl, Aquirre cQe(= Yagquary)
{horizontal layers with hematite)
4 " Caapucfi, Est.Del Puerto (hematite and magneti
5 Misiones San Miguel, Itacul (Magnetite
6 Caazapa Yuty, Yaratiti (magnetite and limonite
7 ItapGa "Zona de Encarnacion” with the deposits

Arroyo Pord, Barrero, Chaipé,Santillan, Itd
angua, Col.Uru Sapucai and San Juan
(limonite)

Manganese minerals

Manganese deposits are known in several places in the eastern
part of the country. The occurrences are impregnations and
fracture fillings with manganese oxides (main!y psilomelan) in
sandstones of Silurian and Triassic age. It is in general
built by supergene water solutions from weathered rocks. This
type of deposits are in general small and uneconomic. The
occurrences of manganese are well described by Putzer.

If there are any hidden larger manganese deposits in Paragquay
like Morro do Urucum in Brazil, chances are good to cGetect
them with the aeromagnetic survey planned, as the Morro do
Urucum type pf ores also contains small amounts of magnetite
together with the hematite and manganese oxides.

List over Manganese occurrences

No. County Locality
1 Cordillera "zZona de Emboscada" with the localities

Ybera, Cerro Cabard, Cordillera gly and
Dominguez (vein deposits in silurian

sandstone)
Paraguari Ita, Valle Yo-&
" Ybycui, Cordillerita

Caacupe, Azcurra

Other small deposits with Manganese mineralization are also
mentioned by Putzer and Eckel.
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Mo, Deport-monto Tocalidod
1 Pamasnnrd Naznucl, Pogo Pind8 (=Villn Florida}
Themn tita?
n " Gaapusl, Apichapf (hematita y mognetito)
z n Caanucd, Amuirre Cué (=Yaguary)
[comadas horizontales con hematitz)
A " Zazpuc, Tst, del Tuerto
- N
(hematita y magnetitz)
< "{eirner Sen Mifuel, Itacuf /marmetita)
S n222-pk Yutf, Yaratiti {magnetits y limonita)
= S RIS ‘ .
K Tionuk "Jonz de Dnecarnacibn" cor loc depbsiios

Arrovo Pork, Barrero, Zheip€, Santillan,
TtZ agua, Co, Uru Capucai y San Juan
Tiimonita,

“Miperslec A2 manegsneso

Hoy dapfsitns e mangenemo on verics sitios del este del pafs, las
nerrrencinn sor $mnresnaciones y cargamentos fracturados con xidos
da mengenoco {principalmente psilomelane) en roco arenisszc de la
ed~? Silfirice y Mrifeica, Zstin por lo gerernl formados por sclucio-
ne~ 3a azun avnergzena de rocas desgastadas, Tcotos tipos de dep8sitos
sar gerex-~lmerte mequenos y pocn econbmicosg, Las ocurrenciar de
mare~rero estf» hien descrit~z por Putzer (1962),

cf ~omo ean ol Mowwo Ap Trucum en el Brazil, es positle que seo en—
cusntran now 1~ proepeceibn ceromagnética gue ce prevee, ya que lor

[ d
tinna Ap ninernsles de hierrs Ael Morro do Urucunm contienen penuenas
zartidador Ao masmetita junte con los éxidos de hematita 7 mangoneso,

ii~%~ Ae nomrronnice da mansoneco

o, Neroxtomontn ToecnlidaA
1 Aardillora "Zona d2 Tmboscade® con lre localidzdes

Ybera, Cerro Caber&, Mordillera
y DPominguez (AepSaitns de vetas en roc2
sreniscn eilfrica)

” Poraoasd Ttz, Valle Yo%
M v Ybysui, Zordillerita
1 " Caacure, AScurra

Ttmne waguenas danf~itsn de mineralizazién 4e manganzso con también
woraiaradne par Dutzer (1942 y Tekel (1959).
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Common salt or sodium-chloride is a very important industrial
mineral. No economic salt deposits are known in Paraguay.
Salt in sediments and ground water is reported from several
places of the ccuntry, but the only interesting indication
of possible salt deposits is the brine well at Lambaré a few
kms south of Asuncion.

The salt I 'ine at Lambaré.,is said to contain about 10% NacCl
and to produce about 50 m~ per hour.

A company called CEISA (Construcciones e Inmuebles S.A.) in
Asuncion owns the brine at Lambaré&, and they have carried out
a study on the brine.

Some salt has been produced by solar evaporation from the
salt water at Lambaré. This production was not successful,
because of the humid climatic conditions.

Lambaré is the most promising salt locality in Paraguay, and
attention should be paid to it. Efforts should be made to
determine whether the brine comes from dissolved salt layers
or only from sediments containing brines. This can only be
determined by diamond drilling.

The composition of salt from Lambaré is:

NaCl 91.40%
MgCl2 2.95%
Mg 504 0.90%
CaSO4 4.23%
Difference 0.52%

In the western part of the country, in Gran Chaco, more than
100 water wells have been drilled over an area of 2 million
hectaires during the last years.

The wells are in average 200-220 m deep and the rocks are
Quaternary and Tertiary sandstones. Very pure water is found
in the western and northern part of Gran Chaco, while some
water containing salt is found in the central part and east.
Most of the saltsin the wells are sulphates derived from
gypsum pckets in the sandstones. The logs from the drillings
for water in Gran Chaco are kept in the archives in Filadelfia.

There are several rivers and lakes in the Chaco that contain
saline water but it is probably only salty surface ground
water, accumulated under the semi-desert conditions of Gran
Chaco.

Similar salty water and salt-containing soils are also re-
ported by Eckel at some localities in the eastern part of the
country. In the study "Pian Triangulo 1966" a salt indication
(no.2) is reported from Pasroteo in the province of Caaguazu.
The sediments contain salt, which is evidenced by the saline
content of the ground water and the fact that the soils are
treeless.
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From a geological point of view there could very well be

salt layers in the deep layers of Gran Chaco. Eckel:

"Nearly all the Gran Chaco consists of hundreds of meters

of sediments deposited under continertal and desert conditions.
It seems reasonable to suppose, therefore, that somewhere
within this sequence of beds there may be keds or lenses that
represent the evaporation of desert lakes that were high in
sodium chloride”.

Deep drilling for oil and gas in Gran Chaco started in 1949.
Until 1972 - 29 holes had been drilled and today there are
about 40 holes on record. With the exception of some gypsum
pockets no findings of salt layers have yet been reported.

SALT LOCALITIES

No. County Locality
1 Central Lambaré, Yuguyty (brine)
2 Caagquazu Pastoreo (salt in sediments and salty

ground water)

Salty water is reported by Eckel in Fuerte Olimpio, Concepcion,
Rio Piribebuy, Ric Salado and Rio Negro.

GYPSUM

Gvpsum is not a very important mineral in tle power intensive
industries, but known deposits are incorporated in the map
since it is used in the cement industry.

LIST OF GYPSUM LOCALITIES

No. County Locality
1 Concepcion Puerto Vallemi (pockets with evaporite
gypsum )
2 " Saladero Risso (pockets with evaporite
gypsum )
Neembucu Villa Franca
San Pedro Rosari, Puerta Loma (very small)

Phosphate rocks

Pnosphate rock is a very important raw material that provide
the phosphorous component for the production of fertilizers.

No phosphate rock deposits are known in Paraguay, but there
are some irdications that these minerals could be found.
Robertson (1975) reports that ir a north to north-west
trending zone between Sao Paulo and Golaaia in Brazil, at
least seven alkali areas, some with carbonatites, have been
investigated.

Two of these, Araxa and Tipara have large tonnages of niobium
and phosphate that has been concentrated by weathering.
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Tar nanforaciones nrofundnas ep busena de pet=§len y gas en el Grar Thoeo
ermmeznron er el 10ﬁ0 Hastr 1972 se habfan nerforado 29 nozos y hoy

Af~ hoy A0 nomes repistrados. Jon la excepriﬁn de algunas bolsas de
veso no se han registrado ringunas indicacziones de camadas de sal,

Tocalidades de 223l

Fo. Nepartamento Localidad
Central Lambaré Yuguvtf (agua salobre)
2 Jaaguazf Pastoreo (sal en sedimientos y agua salobre
subterrénea)

Agua salada fué relatada por Tckel en Fuerte Olimpio, Concepcién,
Rio Peribebuy, Rio Salado y Rio Negro,

Yeso
71 yeso no es un mineral muy importante en las industrias de alto

consumo de energfa, pero los depésitos conocidos esté&n incluidos en
el mapa ya que el yero se usa en la industria del cemento,

Lista de localidades de yeso

No. Departamento Localidad
1 Concepecién Puerto Vallemi (bolsas con yeso evaporita)
2 " Saladero Risso (bolsas con yeso evaporita)
3 Neembucu Villa Franca
A San Pedro Rosari, Puerto Loma (nuy pequenas)

Toca fosféitica

La roca fosfética es una materia prima muy importante que proporciona
el componente de fosfato para la produccién de fertilizantes,

No se conoce ningfin depbsito de roca fosfAtica en el Paraguay, pero

hay indicaciones de que estos minerales posiblemente existan, Robertson
(1975 informa que en una zone norte a noroeste, entre S%o Paulo y
noianiz en el Prnzil, se han encontrado por lo menos siete &reas alca-
linae, 2lgunas con carbonatitas,

Nos de estan, Arax4 y Tipara tienen grandes cantidades de niobio y
forfoto que han sido consentrados por alteracién,
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At Tapira, the carbonatite is hidden by a thick cover of
limonitic canga, a fact which has to be taken into account
when exploring these types of deposits.

Locality no.l and 2 Cerro Cora and Cerro Sarambi are alkaline
intrusive rocks, Corro Cora with a rime of carbonatite. These
localities are described in the paper"Proyecto Aquidaban(1975)'
No analysis has been done on these alkaline rocks, but the
soils in the area contain 3.3% P,O. and the carbonatite rocks

2 275
0.1-0.3% PZOS'

The phosphate mineral is a chlorine apatite.

It it believed that similar alkaline intrusions  could well
be found south of Cerro Cora and Cerro Sarambi, which however
is an area that is very difficult to prospect due to thick
overburden and dense tropical forests.

In the southern part of Paraguay between Ascuncion and Villar-
rica there are several alkaline intrusive rocks. The geolog-
ical map in the paper "Plan Triangulo (1966)" was drafted

from data of aerial photographs and shows the outlines of more
than 30 alkaline intrusive rock bodies.

Eckel (1959) and Putzer (1962) give a very good description
of the magmatic rocks of Post-Triassic age.

The Sapucai area (No.3) is especially mentioned for it's
abundance of phosphatic soils.

As a whole there is good information on carbonatites and
alkaline rocks in Paraguay that provides a good base for
the prospecting for phosphate rocks.

LIST OVER ALFALI ROCKS AND POSSIBLE LOCALITIES FOR
PHOSPHATE ROCKS

No. County Locality

1 Amambay Chiriquelo (=Cerro Cora) (carbonatite and
alkali rock in ring structure)

2 " Cerro Sarambi (Alkali rock in ring

structure)

3 Paraguari Sapucai and Ybytym (alkali rock)

4 " Acahay (alkali rock)

5 " Paraquari (alkali rock)

6 Guaira mhocayata (alkali rock)

7 Concepcion 10 kms.SE of Est.Centurion (alkali rock)

Bauxite and rocks that could be a source for bauxite

No bauxite occurrences have been found in Paraguay except for
one location recently reported near the Villarica in Guaira.
(Not shown on the map). Putzer (1962 and Eckel (1859) point
at the possibilities of finding bauxite as alteration
products of alkali rocks like nepheline-bearing syenite,
shonkinite and basalt.

Alteration of alkali rocks gives bauxite when weathered

under tropical conditions.
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Under the previous chapter reference is made tc several
alkali rocks in Paraguay as these also can be a source
for phosphate rocks.

Baux:te deposits in the Pocos de Caldas area in Brazil have
been altered from alkaline rocks of a similar type and age
as the alkali rocks in Paraquay. (Patterson 1967).

Bauxite deposits are often indicated by barren areas. Such
areas should be picked out from studies of the air photos
and checked on the spot.

The best chances of finding bauxite are possibily in the

alkali areas in the eastern part of eastern Paraguay, where
at present rainfall is heavier than in the western parts.

COAL, GAS AND OIL

Coal, gas and oil are by no means minerals on which power
intensive industries are based, but are ment:oned here
because of their importance as input materials in several
industries.

In Gran Chaco a deep drilling at Pirizal has perforated
coal-like material at depths from 1668 to 1671 and from
1676 to 1687 m. reported by Eckel (1962).

One piece of coal is reported by Putzer (1967) from the
upper parts of Rio Pirapo, a small tributary to Rio Alto
Parana. Putzer means that this piece of coal comes from
a small lense of coal in the Caiva-sandstone which lies
above the basalt layers of the Sao-Bento-series which
possibly is of Cretaceous age.

The western part of the Parana basin with the Gondwana
series reaches into eastern Paraguay. In the same basin
1000 km's to the east there are several coal deposits in
the Gondwana series. Coal findings are also reported in
Brazil near the Paraguayan border in the area of Capitan
Bado. The possibilities for coal findings in the north
and mid-eastern part of the country should therefore be
rather gnod.

Putzer (1962) has reported traces of oil and gas in the
Gran Chaco from three deep drill holes.

In the drill hole at Picuiba traces of both oil and gas
were found in several layers, and in the holes in Santa
Rosa and Mendoza traces of gas was found.

The 0il and Gas Journel of April 12th 1976 pp.44 reports
on three gas strikes in Bolivia 40-300 km's from the
border of Paraguay.
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Possible import of raw materials

The neighbouring contries of Paraguay are relatively rich

in minerals. Due to the lack of communication facilities

and the vast distances only a few deposits can be considered
as sources of raw material for power intensive industries

in Paraguay. The most interesting deposits will be mentioned
under this heading.

Iron and manganese

The Mutun iron or depcsit is situated on the border between
Bolivia and Brazil with 7 parts on the Bolivian side and

one part on the Brazilian side. It lies 350 km's north of San
Lazaro and only 35 km's from Rio Parguay.

N.H.Fisher (1955) describes it as a hematite deposit with
54% Fe, 20.7% SiOZ, 0.30% Mn, 0.5% S and 0.13% P.

The total tonnage of iron ore is estimated to be more than
50.000.000.000 tons.

Less than 30 km's to the east of Mutun is the Morro do Urucum
iron and maganese deposit in Brazil. This deposit has been
described by John V.D.Dorr, 2nd(1944) and Volker Eisenlohr
(1964) and is very similar to Mutun. It contains about
4.500.000.000 tons of hematite ore and 4.420.000 tons of
measured manganese ore. The hematite ore contains about 50%Fe
and 25% SiO). No sulphur or phosphorus analysis are avail-
able, but it is believed that the contents are similar to
those of the Mutun deposit. The manganese ore contained
45.6% Mn and 11.1% Fe.

Phosphate rock

In Brazil several phosphate rock deposits are known. Some
of these deposits like Jazida de Cataloa in Goias, Patos
de Minas, sino do Barreiro and Jazida de Tapiro in Minas
Gerais, Jazida de Ipanema, Serrote and Jacupirauga in Sao
Paulo are located 800-1000 kms from the border of Paraguay
(andery 1977).

In Eastern Bolivia near the Brazilian border 450 kms north
of San Lazaro reserves of 20 million tons of phosphate
rock is reported in Laguna Mandiore. "Industrial Minerals
Nov. 1976".
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Posihles immortaniones de m=ierias orimas

Tan naises vreninna 4a) Pavegury sor relativeomente ricos en mirerales,
Nehidp 2 1n €21t~ Ade fnrellidades de comnicaciédr y las enormes distan-
ci~=, mur nocos Adenfsitos mueden ser consideralos como fuentes de mate-
~in prima para las industrias de alto consumo de energfa en el Para-
mny, Tos denbritos mA= interesantes son los sicuientes:

Tierro v mangrneso

M Aendsito de hiermo Ae) Mutfin esti situ2do en la frontera entre
Nolivia y Brozi) aon 7 partes en Bolivia y 1 parte en Br2zil, Tuedn
250 kmg 2] norte de San L&zaro v solamente a 35 kms del Pio Paraguay.

¥,4, Pisher lo describe como siendo un depésito de hematita con
547 Te, 20,7% $10,, 0,307 Mn, 0.5% S y 0.13% P.

1a cantidad total de mineral de hierro est4 calculada en més de
50,000,000,000 toneladas,

A menos de 30 kms al esie del Mutéin se encuentra el depésiio de hierro
y mangeneso del Morro do Urucfim en el Brazil, Zste depbc®+n a sido
descrito por John V.D, Dorr 2nd (1944) y Volker Risemlohr (1964) y es
my semejante al del Mutfin, Contiene aproximadamente 4,5G0,000,000 to-
neladas de mineral de hematita y 4.420,000 toneladag de mineral de
manganeso, La hematita contiene aproximadamente 50% Fe y 25% 5102.

No hay ningfin anflisis de asufre y fosfato, pero se cree que el
contenido es el mismo que en el depésito del Mutdn, El mineral de
manganeso contiene 45.6% Mn y 11,1% e,

Roca fosfitica

%n el Brasil se conooen varios depfsitos de roca fosfética, Algunos

de estos depbsitos, tales como Jazida de Cataloa en Goias, Patos de
Minas, Mino do Barreiro y Jazida de Tapiro en Minas Gerais, Jazida de
Ipanema, Serrote y Jacupirauga en Sao Paulo, estin situados a 800-1000
kms de la frontera con el Paraguay. (Andery 1977).

n Bolivia Oriental, cerca de la frontera con el Brazil, 450 kms al
norte de San LAzaro, se informa haber encontrado reservas de 20 millo-
nes de toneladas de roca fosf&tica en la Laguna Mandioré., ("Industrial
Minerals, Nov., 1976"),
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MINERAL DEPOSITS IN EASTERN PARAGUAY
on which power intensive industries
can be based.

LEGENCE:
The series of ltgpucumi

D Limestone, doiomite, marble, calcite

El Quartz, quartzite

l:] Kaolin
lron ore

% lron ore, laterite

Q Manganese ore

5 Salt

B Gypsum
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DEPOSITOS DE MINERALES EN EL PARAGUAY ORIENTAL
que puedan servir como base industrias
de alto consumo energetico.

LEYENDA:
Grupo de Itapucumi

Caliza, dolomita, marmol, calcita
Cuarzo, cuarcita

Caolin

Mineral de hierro

Mineral de hierro, laterita

Mena de manganeso
Sal

Yeso

Roca aicalina
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