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PREFACE
 

In 1960, the contribution made by coal to meeting the world's
 
primary energy requirements was 49 percent; by 1973 it had dropped to
 
29 percent. Since the advent of the petroleum crisis in the
 
mid-seventies, with its escalating fuel oil prices, coal production has
 
shown a substantial increase. Worldwide coal reserves are large, and
 
the technology exists to exploit these reserves. Further efforts are
 
needed, however, to encourage coal use. Andean countries, especially
 
Peru, are known to have significant underutilized coal reserves, which
 
could prove socially and economically attractive for energy policy and
 
planning and for long-term self-sufficiency.
 

At present, many industrial operations and electric-generating
 
facilities in Bolivia, Ecuador, and Peru are dependent on fuel oil from
 
diminishing domestic reserves or from imports. With current prices of
 
coal generally about half those for residual petroleum fuels (based on
 
energy content), the potential exists for exploitation of Andean coal
 
as an alternative to petroleum fuels. Greater use of coal resources
 
would help meet the demand for increased energy needed to improve
 
living standards and for increased industrialization in the area.
 
Moreover, in addition to creating employment in mining, transporting,
 
and marketing of coal, development of a domestic market for coal would
 
release sizeable quantities of petroleum products for export, thereby
 
earning needed foreign exchange.
 

During 1985, the world market price for petroleum continued to
 
weaken, but this does not Justify a long-term policy of artificially
 
subsidized prices for domestic kerosene, gasoline, and petroleum fuels
 
in Bolivia, Ecuador, and Peru. Greater use of coal, therefore, is
 
still an attractive alternative. In an effort to promote awareness of
 
the major technological and economic issues in Andean coal development,
 
the U.S. Agency for International Development (AID)) sponsored a
 
workshop on The Utilization of Coal. as an Alternative to Petroleum
 
Fuels in the Andean Region, held in Lima, Peru, June 24-28, 1985.
 
Responsibility for planning, organizing, and conducting the workshop
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was shared by Empresa Promotora del Carbon, S.A. (PROCARBON), Lima,

Peru; the Ministerio de Energia y Minas, Lima, Peru; and the U.S.
 
National Academy of Sciences/National Research Council (NAS/NRC),

Washington, D.C. 
 The purpose of the workshop was to bring together a
 
group of experts from the Andean region and the United States to
 
examine the opportunities for a switch from oil to coal in thermal
 
electric generation, industrial process heating, and other
 
applications. 
Both technical and socioeconomic factors that can
 promote or impede the substitution were discussed. 
Such an examination
 
is a necessary prelude to the development of policy measures that would
 
stimulate the production and utilization of coal for economic
 
dezvelopment in the Andean region.
 

Ing. Luis Moran, president of PROCARBON, served as general chairman
 
of the workshop. An inter-American panel of experts in coal production

technologies, coal utilization, and energy economics presented

technical papers and led the discussions on coal mining, transport,
 
use, and marketing. More than fifty participants from Bolivia,

Ecuador, and Peru attended, including industrial energy users, coal
 
producers, coal processors, development planners, and energy

policymakers, as well as representatives from universities and other
 
technical groups working in solid fuels.
 

This document contains the technical papers presented at the
 
workshop. The papers are arranged according to the agenda topics on
 
energy policy, social impacts of coal, coal research, coal preparation

and transport, coal utilization, and coal marketing. In an effort to
 
bring the papers in a timely manner to an audience of persons concerned
 
with these topics, there has been no systematic attempt to edit the
 
papers or to produce a proceedings of the workshop. The papers are the
responsibility of individual authors and do not necessarily reflect the
 
views of the sponsors or workshop organizers. Persons interested in
 
additional copies of the papers should contact individual authors.
 

Volume I, a summary report of the workshop with conclusions and
 
recommendations, may be obtained either from:
 

PROCARBON
 
Juan del Carpio 282
 
San Isidro, Lima, Peru
 

or:
 

Board on Science and Technology for International Development
 
National Research Council
 
2101 Constitution Avenue N.W., Room JH 219
 
Washiington, D.C. 20418
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COAL AND OIL POLICY IMPLICATIONS
 
by
 

Nathaniel Arbiter
 
(raper presented by Eugene Thiers, SRI International)
 

In the 
two centuries since the begInning of the aIndustril
 

Revolution a vast multiplication of the energ 
 vailabeto
 
man has occurred. 
Before the XVIII century, the sources of energy
 
were few: man's own muscles and those of 
the animals he domestica
ted; the energy In the wind for 
sailing vessels, Initially, and
 
after 
In the middle ages for windmills; and finally, the potential
 
energy In rivers descending to the for conversion to
seas 

mechanical energy, used from Roman times.
 

Wood, the dominant fuel 
up to the XIX century, was used in pre
historic times for domestic purposes and as 
early as severa l mil
lenla before Christ; then In furnaces to smelt copper and-iron' 
and
 
to produce glass and ceramics, well before the Christian Era.
 

By the XVIII century, the growing industrial use of wood produced
 
the first energy crlsls; In England and Western Europe there was
 
a threat of 
a fuel shortage. This, In turn,'.even before the steam
 
engine led to the Increased use of coal 
for thermal energy, and to
 
the preparation of coke and Its 
use for iron smelting. With the
 
growth In use of 
the steam englne for stationary sources of power

In the XVIII century, and for the steamrboat and the railroad-in
 
the XIX, and with the growth of chemical Industries, coal 
use
 
grew exponentially.
 

In Great Britain, In the 1001 
years from 1700 to 1800, coal consurnp
tion Increased from 3.million to 6 million tons per year; butby,
.1850 there was a ten-fold further Increase to,60 million tons per 
year. Industrial growth was initially slower In theU. S., coal 
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consurtIon reaching 17 million tons annually by 1871; but. i-t
 
Increased 3D-foldt oO.million tons by 1970
 

After 1870 during the second century of the Industrial Revolution
 
which might more appropriately be called the Energy Revolution,
 
another critical change In energy availability occurred--the
 
discovery of large resources of petroleum and natural gas and
 
their rapid exploitation. Stimulated by these new energy sources
 
and later, stimulating their ever-widening use, came the develop-"
 
ment of two major consumers of combustibles: Internal combustion
 
engines fired by petroleum fractions and used eventually for
 
land, air, 
sea and undersea vehicles; and electricity generation.
 
Although developments In understanding and use of electricity
 
began only In the early XIX century, the first electric power
 
station was already In use In London by 1882, with world-wide
 
application spreading rapidly. In less than a century (1970)
 
world consurnptlon of electric energy had reached 8 x 1012 KWi
 
annually, or 1800 KV- per capita.
 

We are now In the third century of the Energy Revolution and
 
other major changes are foreseeable. Although precise forecasting
 
here Is neither necessary nor possible, It seems clear that
 
both petroleum and natural gas production must eventually decrease.
 
U. S. production peaked In 1973 and has been relatively flat
 
since then, with Imports Increasing. World production may have
 
peaked temporarily In 1979, but It Is possible that the decreased
 
production has been due to the economic slowdown. Regardless
 
of these short term effects, there Is agreement, although It
 

Is not complete, that petroleum and natural gas reserves are
 
finite; and that In the long term they cannot continue to provide
 
a major proportion of &e world's energy supply. This has
 
been the subject of c~c,:ern for the past several decades, witt
 
a search for aiternatve; energy sources widespread.
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World-wide In 198:3, solid fuels were :1.1A of.the energy supply,
 
and theliquid/gaseous fuels, 2/3, wIthpetroleumonsuyirtlon
 
twice that of natural gas In comparable unlts.' :World-wlde
 
petroleum use exceeded that of coal 
In the 1960'sl particularly
 
as 
the U. S. S. R. and China shifted rapldly away from coal
 
toward newly developed oil reserves. The reasons for the shift
 
are clear:
 

1] much simpler recovery, processing and handling
 
2] sinpler combustion and lack of ash disposal.
 

In addition the liquld/gaseous fuels had relatively minor environ
mental problems compared with the SO2 problems with coals.
 
The resulting lower costs both for operating and capital with
 
petroleum and natural gas, 
together with the rapid development
 
of major oil and gas fields were the Impetus for the shift away
 
from coal. However, the Introduction of political factors with
 
with the Arab embargo In 1973 and the subsequent order of magni
tude price Increase for petroleum as well as the Increasing
 
political Instability In the Middle East rarr=1PtPv Phnnned
 
the outlook.
 

World use of all hydrocarbons has been stagnant since 1979.
 
Whether pre-1979 growth trends resrne or 
not, It appears probable
 
that coal must eventually return to 
its earlier dominant positionarcg
 
the three hydro carbon combustibles. This follows because Its
 
reserves and resources are far greater currently than those
 
of the liquid/gas hydrocarbons, with the obvious corollary that
 
at current 
use rates, coal's life expectancy Is far greater.
 
While this Is reassuring to 
a degree, It also provokes an Imor
tant question: to what extent can the disadvantages which lAd
 
to coal's displacement by petroleumin and natural 
a:nIn th f,Ir6
place be overcome?
 

This Is best answered by conslderation of"the functions for
 
which:major energy 
sources are used (Fig. I), AlIthough the '
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the Information In the table refers to the U. S., a highly
developed countty,, the following qualltative general conclusions.
 

can be drawn from the distributions shown:
 
I Coal as such has no application to transpordtaton (car,
 
truck, railroad, boat, airplane) for which only liquld
 
fuels are now suitable and for which 24%,of the total
 

energy was required.
 
2) For Industrial usage, coal conpetes: favorably with
 
both '11 and gas, and would require maily modification ...
 
of -aTbustlon devices for existing plants or suitable similar
 

de'lces for new plants.
 
3] For electricity generation coal Is already dominant
 

and could replace oil/gas without difficulty.
 
4) For the U. S., household and coraercial usage--essentially
 

heating, representing 21% of total energy consumption,
 
Is dominated by gas and oil with coal supplying a negligible
 
proportion. For coal In lump or briquet form to substitute
 
In the area would require an available and attractively
 
priced upply of hnodern stoves and furnaces quipped to handle
 

the solid fuel.
 

From the foregoing, it Is evident that coal In a developed country
 

can already provide energy for 55% of the applications; that-1
 

It Is excluded as such from the transportation fleld; and that
 
with simple supporting technology It might easily penetrate
 
the household and conmerclal market representing 21% of the
 

applications.
 

Develo!I!2o . nj2oqyfor Dlrect Coal Use
 
In this area, the goals are to Increase the efficiency of coal
conbustion, to extend the range of coal types than can be used,
 
and to decrease environmental Impacts.
 

Fluidized Bed CoTbustion
 

Atmospheric pressure units for Industrial scale boilers:
 
are already available under performance guarantees. It:
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is also expected that these will be'Inuse shortly for
 
centralized power generation. The units are smaller than,
 
conventional boilers and can be used wlth lower quality
 
coels, with easy elimination of SO 
and reduced formation
 
of nitrogen oxides.
 

Coal-oil mexture technology using pulverized coal dispersed
 
In fuel oil is being developed to substitute in larger
measure for oil 
In existing power plants. However,, thls
 
Is of little use where oil 
Is In short supply or available
 
only at long distances from the coal supply.
 

Conversion of Coal to_Liguid and Gaseous Fuels
 
With the foregoing analysis In view, the major Interest
 
In a country with coal resources In the face of diminishing
 
world supplies of petroleum, and with the almost complete
 
Inability of a solid fuel 
to penetrate the transportation
 
field, would be In the potential for providing liquid fuels
 
from coal. This has been under Investigation for a half
 
century with liquefaction plants technically successful
 
during World War II In Germany and other countries.
 

A similar plant (SASOC) has been operated In South Africa
 
since 1955. 
 The processes require thermal decomposition
 
of coal to produce a hydrocarbon gas and hydrogen, with
 
further reaction to produce liquid hydrocarbons. The
 
SASOC plant has been planned to expand production and even
tually make South Africa self-sufficient In gasoline and
 
diesel oil. It Is an Important model for other countries
 
lacking In petroleum but with coal 
resources.
 

SurrMr and Policy Consideration
 
lJ The dominant consideration for 
fuel. po.licy,. particularly for
 

developing economies, Is the posslblllty that coal could,
 
become the dominant form of fuelin 'the long range, If not
 
the short. 
 This Is related to the much greater reservesiof
 
coal world-wide. 
 '6
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2) 	 For countrles wlth no fuel reserves, three of the four majol
 
categories of, use 
can be adapted to coal burning, but Import
 
of liquid fuel, for transportation must continue until coal
 
to 
liquid fuel conversion becomes locally cornpetItIve.
 

3) For countries with petroleun/gas reserves, only, adaptatlon
 
of the three fuel consurrptIon categorles to Imported coal
 
burning in order to conserve petroleum for export should
 
be considered. Relative economics of oil export versus
 
coal Import must of course be analyzed.
 

4) For countries with coal 
reserves only, adaptation of the
 
three fuel consrmptlion categories to domestic coal 
should
 
also be considered to reduce petroleum Imports 
to the minl
mum essential to transportation. At thesame time these
 
countries should keep abreast of developing coal to liquid
 
fuel conversion technology for adaptation If and when It
 
becomes overall cornpetItIve.
 

5] Changing use patterns for energy sources has been a feature
 
of the energy revolution. Further changes are Inevitable
 
and will require mainly Innovative technology and forward

looking leadership.
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COLOHBIA 

DESARROLLO CARBONERO
 

CARLOS DE GREIFF MORENO
 

Resumen
 

Las fuentes tradicionales d e n r..a a..a co c ial ei.
 
-
,.,,e 
 nel ',"rm a ome~rc ll '-en,:
 

Colombia han sido el petroleo, el gas natural, Ia
 
hidroelectricidad 
 y el carbon. La inestabilidad d. las.
 
politicas de exploracion y produccion de hidrocarburos afecto0en
 
anos 
pasados el volumen de los suministros y tuvo como efecto el
 
que Colombia perdiera su autosuficiencia en materia de energia .y
 
tuviera que importar petroleo y derivados a partir de 1974.
 

Sin embargo, el analisis previsivo y oportuno de los pron6stcos
 
de demanda y suministro de energla primaria permiti6 evaluar la
 
magnitud do los faltantes y estimul6 el replanteamiento de los
 
objetivos y pollticas del sector. La reforma de 
1974 a la
 
legislaci6n de hidrocarburos abri6 el camino a los contratos de
 
asociacion y aport6 valiosa
una herramienta para aprovechar
 
disposiciones de la Ley 20 de 
1969, encaminadas a agilizar.la
 

extracci6n de los recursos mineros
 

Estos instrumentos legales se tradujeron en 
la practica en los
 
tfrminos del contrato de asociaci6n acordado entre la entidad
 
estatal Carbocol e Intercor, filial do Exxon Corporation, para
 
el desarrollo de los dep6sitos de carb6n de El 
Cerrej6n-zona
 
Norte.
 

Este complejo ya ha realizado exportaciones anticipadas lasa 
quI habran do determinar la' iiciaci6n de tIa dIasI A. 

producci6n a finales de 1985.
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Las divisas provenientes de las exportaciones de carb6n (de El
 

Cerrej6n y otros proyectos en vlas de ejecuci6n), sumadas a las
 

previstas de crudo y derivados del petr6leo, permitiran que
 

Colombia recupere su calidad de pals autosuficiente en materia
 

de energia, aseguraran el autofinanciamiento de su sector de la
 

energia (incluldo el sector de la electricidad) y,
 

eventualmente, podrlan 
generar algunos saldos para contribuir
 

al financiamiento global de su economlia.
 

Antecedentes
 

Hasta ahora, las fuentes tradicionales de energla 'primaria
 

comercial en Colombia han sido el .petr6leo (42%), el gas
 

natural (17%), la hidroelectricidad (25%) y el carb6n (15%).
 

Los porcentajes entre parfntesis denotan las respectivas
 

participaciones en 1984.
 

El Decreto 2140 de 1955 estimul6 la exploraci6n y producci6n de
 

petr6leo con resultados muy satisfactorios que redundaron en el
 

descubrimiento de 
nuevas reservas y en el crecimiento de la
 

producci'n, la cual alcanz& un nivel maxiimo de 219 kBD en
 

1970. Sinembargo, la Ley 10 de 1961 estableci6 medidas
 

restrictivas a la acci6n de las compafiias petroleras, lo cual 

se tradujo en declin~ci6n sostenida de la actividad de Ia
 

industria hasta la reforma de 1974, la cual estableci6 reglas 

de juego e incentivos mis acordes con la realidad.
 

No cabe la menor duda de que la desestimulante legislaci6n de
 

1961 fue el motivo principal por el cual Colombia perdi6 
su
 

autosuficiencia en materia de energia y debi6 afrontar onerosas
 

erogaciones para importar crudo y productos, a partir de 1974,
 

a niveles de precios jamas imaginados cuando se sancion6' la Ley
 

10 de 1961.
 

1.1
 



Pero ya, desde finales de 1970, los balances de energla
 
elaborados por entidades del 'sector privado hablan previsto los
 
faltantes que 
 habrIan de registarse en la producci6n' local de
 
petr6leo y las restricciones que en materia 
de suministros
 
habrian de configurar lo que, 
a partir de 1971, comenzaba a
 
vislumbrarse a nivel mundial como la "crisis de la energla".
 

Fuf asi como los pron6sticos del balance de 
1970, elaborados
 
con base en horizontes 
a corto (uno a dos aios), mediano (5
 
anos) y largo (25 a~os) 
plazos, sugirieron un agotamiento
 
paulatino 
y eventual del petr6leo y el imperativo de buscar
 
nuevas 
fuentes y/o de desarrollar a fondo 
las ya disponibles.
 
Para Colombia, las posibilidades mas atractivas indicaban la
 
conveniencia y oportunidad de aprovechar las reservas
 
carboneras de los depositos de El 
Cerrej6n, en la peninsula de
 

la Guajira.
 

Tal iniciativa aflor6 en los planteamientos que al respecto se
 
hicieron ante la Comisi6n 
Nacional de RecursoJ de 
Energla
 
(CNRE), la cual habia sido creada por el Gobierno Nacional para
 
examinar la situacion, emitir un diagn6stico y recomendar lo 

pertinente. 

La emergencia se hizo piblica en el Seminario de Energia de 
Medellin, (Febrero de 1972), auspiciado por el Ministerio 
de
 
Minas y Energia, la CNRE y las entidades privadas vinculadas al
 

sector.
 

Las opciones del carb6n permitiran obviar los faltantes
 
previstosy diversificar la estructura del suministro8 optimizar
 
la eficiencia lel uso y aplicaciones de la energla a todo 
nivelF y abrir estimulantes perspectivas para la recuperaci6n 
de- la balanza cambiaria del sector, para la generaci6n de: 
empleo yipara el desarrollo de la economla aa1 nral_ 
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Tales expectativas fueron prolijamente examinadas y comprobadas
 

factibles en ocasi6n del I -Seminarlo internaCional para la
 
Utilizaci6n Integral del Carb6n, al efecto yprmovidoy
 

celebrado en Bogota en Marzo de.1974.-


La Nueva Legislaci6n
 

A partir de los balances de. energla que afio tras ano
 

actualizaban los diagn6sticos1 asi como del ex'men sostenido de
 

los factores constitutivos del problema y de sus posibles
 

soluciones, adelantado en mfiltiples foros, seminarios y
 

simposiost y, en particular, como consecuencia de los.
 

resultados y recomendaciones del simposio internacional sobre
 

el carb6n y del minucioso anilisis emprendido por la CNRE, el
 

Gobierno Nacional introdujo la reforma de 1974, la cual se
 

protocoliz8 y sancion6 en los terminos del Decreto 2310 
de ese
 

mismo afio.
 

El Decreto 2310 consign8 nuevas condiciones e incentivos.en 

mato:ria de hidrocarburos, finiquit6 el regimen de concesiones e 

introdujo la modalidad de los contratos de asociaci6n.: Tal
 

providencia, aunada a las disposiciones que en el campo de la
 

mineria habla consagrado la Ley 20, de 1969, abri6 el camino
 

para el desarrollo racional, efectivo y oportuno de las
 

reservas carboneras del pals. El mecanismo de los contratos de
 

asociaci6n, en combinaci6n con el de las 'areas de aporte que
 

introdujo la Ley 20 por raz6n del cual se facultaba a las
 

empresas industriales y comerciales del Estado para acometer la
 

explotaci6n de recursos mineros por su cuenta o en asocio de
 

compaRias privadas, consolidaron la factibilidad de varios
 

proyectos mineros, entre los cuales se destaca 
el de El
 

Cerrej6n-Zona Norte, y aportaron las bases para la definici6n
 

de politicas actuantes y.dinamicas para el sector.
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La Gesti6n Institucional
 

La provisi6n legal de las areas de aporte permiti6 conciliar 'la
 
urgencia de acometer el estudio y evaluaci6n de proyectos
 
especlficos de desarrollo carbonero 
con la carencia coyuntural
 
de recursos institucionales especIficos que facilitaranlas
 

gestiones pertinentes por parte del estado.
 

En tal virtud, la Empresa Colombiana de Petr6leos (Ecopetrol),
 
recibi6 en calidad de aporte el area de El Cerrejon, exceptuado
 
el sector central, el cual venla siendo explorado por el 
Instituto de Fomento Industrial, en asocio de una 
entidad
 
extranjera, desde haclia ya algfn tiempo, pero con 
limitaciones,
 

de diversa indole.
 

Ecopetrol acometi6 de inmediato las. gestiones conducentes a 
definir las modalidades de su encargo en El Cerrej6n. 
Entretanto, el Gobierno Nacional estudiaba la creaci6n de una 
entidad que se ocupara de acometer y dirigir el desarrollo de
 
los recursos carbonliferos del 
pals . Ecopetrol abri6, a
 
principios de 1976, una licitaci'n para la exploraci6n y
 

desarrollo de los dep6sitos de carb6n de 
los sectores norte y
 
sur del area de El Cerrej6n. El sector central 
 se excluy6 de 
la licitaci6n por constituir area aportada al IFI.
 
Simultaneamente, el 
 Gobierno Nacional autoriz6 
la creaci6n de
 
Carbones de Colombia S.A. (Carbocol), como empresa industrial y
 
comercial 
del Estado, la cual se contituy6 por escritura
 
p blica en Noviembre de 1976. 
 Ecopetrol y otras entidades del
 

estado, relacionadas 
con la gesti'n minera, participan. en
 
calidad de accionistas. 
 Una vez constituida, Carbocol. 
emprendi6 sus labores y el area de aporte de El Cerrej6n le fue'
 

oficialmente transferida.
 

En la. licitacion, 
abierta -por Ecopetrol,-participaron 
 17'
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compai'as, de :las.'cuales solo tres cumplan con todas y:cada
 

una de las condiciones establecidas en la misma. El contrato
 

le fue adjudicado a International Colombia Resources
 

,
Corporation (Intercor), compafila filial de Exxon Corporation,


constitulda en 1976 y encargada de ejecutar los .t'rminos del
 

eventutal acuerdo.
 

El contrato establece una asociacion de la cual participan por
 

partes iguales Carbocol e Intercor. La maxima autoridad la 

ejerce un Comiti Ejecutivo, con representaci6n paritaria, el 

cual decide por consenso-y ante el cual reponde Intercor,- en su 

calidad de Operador del provecto. Este se desarrollara en trei 

etapas s 

- La etapa exploratoria cuya duraci n" se fij en ' ios, 

prorrogables a4 aios, durante la cual Intercor realiz6 la, 

exploracion, toda: ella por su cuentay riesgo. Esta etapa 

concluy6 con la declaraci6n de comercialidad del .proyecto. 

La segunda etapa, a punto de' concluir, es la de la 
construcci6n y el montaje. Se fij8 en 4 afos, prorrogables
 

de afo en a~o, hasta por dos afios. Esta etapa culminar&
 

cuando se realice el primer embarque de,carb'n con destino
 

a la exportaci6n, fecha en , la cual deberin estar.' 

construldas todas las instalaciones y disponibles 10s 

estudios y programas requeridos para la producci6no 

La tercera etapa es la de producci6n comercial., Tiene una 

duraci6n de 23 anos, contados a partir de la fecha del 

primer embarque de exportacion y al termino de los cuales 

la propiedad total de los bienes e instalaciones del 

proyecto deviene gratuitamente en propledad de Carbocol. 

El contrato 'establece que el carb6n producido por'. la' 
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asociacion sera de propedad, por partes iguales, de Carbocol 
e 
Intercor. Pero esta ultima pagara a Carbocol una regalia de 
15%. En adicion a esta regalia, Intercor pagara a Carbocol una 
regalia adicional, liamada "ingreso de participacion", la cual
 
se liquidara con base en una formula que establece aumentos
 
progresivos de participacion para Carbocol, en la medida en guq
 
las utilidades de Intercor sobrepasen un nivel: previamente
 

acordado.
 

Se ha estimado que, durante los 23 anos de la etapa de
 
produccion, la participacion total de Carbocol y el estado sera
 
de aproximadamente 83% del total de los ingresos generados por
 
el proyecto, inclufdos los provenientes de la venta del carbon
 
propiedad de Carbocol, la regalia, el "ingreso de participacidn"
 

y los impuestos. El 17% restante le correspondera a Intercor.
 

La inversion total ascender' a US $3000 millones, apartados por
 
partes iguales entre Carbocol e lutercer. La construccion del
 

complejo se ha adelantado y se terminara dentro de los
 

presupuestos y plazos pervistos.
 

El contrato consagra a Intercor como Operador del proyecto. Tal
 
estipulacoon obedece mas a la complejidad gerencial y ejecutiva 
del complejo que a las exigencias meramente tecnicas de la 
minerra del carbon. La transferencia techologca requiere 
elaboradas estructuras institucionales, capaces de transferirla 

y recibirla. No cabe duda de que Carbocol habra**de lograr el 
nivel y la estructura institucionales adecuados para acometer la 
operacion de complejos mineros, a partir de las experiencias 
derivadas del proyecto de El Cerrejon-Zona Norte y de las que 

adminiatrev onerA dirti'PtnwP. 

No sobra resaltar que los terminos y las ejecutorias del 
contracto vigente configuran y determinan un aporte 
significativo y fundamental para la definicion a aplicacion de 
poiticas adecuadas, oportunas y retributivas para el 
aprovechamiento de los recursos mineros y de energr&a de Colombia. 
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Tambibn cabe hacer 'nfasis en la valioslsima e indispensable
 

contribuci6n del debate institucional y p blico que tuvo lugar
 
en todo momento desde que, a partir del balance de energla de
 

1970, se evaluaron los requerimientos de la demanda de energla
 

en Colombia, hasta finales del presente siglo. Este ana5lisis
 

tuvo lugar a todos los niveles de la opini6n pflica del pals, a
 

travys de foros, seminarios, conferencias y debates adelantados
 

en muy diversos escenarios y abiertos a todos los estamentos
 

sociales, econ6micos, laborales, academicos y
 

gubernamentales. El debate y su aporte continfian. Han sido y
 

seguirin siendo determinantes de las decisiones y del 6xito de
 

la gesti6n que en este frente se adelanta.
 

Aspectos Cambiarios
 

Tal como ya se ha enunciado, a partir de 1974, Colombia comenz6 

a importar crudo y derivados del petr6leo en volumenes 

crecientes. El valor de estas importacones afect6 notablemente 

la balanza cambiaria del pals. El manejo acertado de los 

mercados externos y las exportacions de sobrantes de 

combustbleo permitieron atemperar parcialmente el efecto neto 

de estos intercambios. Pero atn asi, estos arrojaron un saldo 

neto negativo, el cual lleg6 a fluctuar durante algunos arios 

entre US$400 y US$600 millones. Sin embargo, las reformas de 

1974 y el reajuste de los precios internos del crudo para 

refinaci6n local, han reducido este impacto en los tltimos 

afos, en la medida en que ha aumentado la producci6n y ha 

disminuldo la demanda, esto filtimo como consecuencia del receso 

economico. 

Cabria anotar, 'sinembargo, que auncuando Colombia- importara. 

crudo (29 kBD) y productos (l3kBD), durante. 1985, estos' 
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volu'menes se 
compensaran por los proventos de las exportaciones
 
de combustoloo. 
Ya a partir de 1986 noser' necesario importar
 

crudo y las importaciones de
mas derivados disminuiran
 
acentuadamente. En cambio, 
en la medida en que se incorpore a
 
la produccion las' reservas recientemente descubiertas 
en los
 
Lianos 
Orientales, aumentaran paulatinamente las exportaciones
 

de -crudo y de sobrantes de productos lo 
cual redundara en,
 
beneficio de la balanza cambiaria del sector.
 

vor su parte, el desarrollo de la producci6n en el complejo de 
El Cerrej6n, la cual deber& llegar a 15 M ton por afo en 1988, 
y el de la de otros proyectos ya en operaci6n o previstos para 
iniciar producci6n en los pr6 ximos afios, generaran crecientes
 
recursos adicionales de divisas, 
las cuales permitirin no s6lo
 
satisfacer las necesidades propias del sector 
de la energia,
 
stno que tambi'n aportaran saldos significativos para suplir
 
parte de los requerimientos globales del pals.
 

Ass, en 1990 las exportaciones de crudo y productos ascender'an
 
a 212 KBD y las de carb6n al equivalente de 228 kBD, lo cual
 
arrojar'a un total 
de 445 kBD. En el afo 2.000 este total
 
podria llegar al equivalente de 479 
kBD. Sin embargo, no
 
deberia descontarse la posibilidad 
 de descubrimientos
 

adicionales de petr6leo, 
los cuales podrian mejorar estas
 

cifras proyecciones.
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COAL. DEVELOPMENT: SOCIO-ECONOMIC IMPACTS, LESSONS FROM APPALACHTTA 

The purpose of this presentation is to share with you some experiences we 

have had during our efforts to rimprove the life ofi the people of Appalachia. 

I hope that these experiences willlbe of interest to you and will guide 'youin 

seeking the most suitable policies for your own special needs,.,
 

Appalachia is a mountainous, hilly region. Elevations do not exceed 1500
 

meters. 
The region includes 13 states, which run from a southwestern to a
 

northeastern direction along the eastern third of the nation, a population
 

base of 26 million, and no large metropolitan city areas. Unfortunately Itis
 

one of the nation's poorest regions. 
 In central Appalachia approximately one
 

half of the residents live below nationally.established poverty levels, 
The
 

native Americans were the Cherokee Indians. 
 In-recent years they have
 

experienced a rebirth of self-awareness and have made efforts at tribal unity
 

and independence. 
 But there remain very few as residents.
 

Appalachia is blessed with unique beauty and vast natural resources. The
 

economically most influential resource has been coal. 
Vast coal reserves lie
 

relatively close to the surface. 
Those with an overburden of less than 30:
 

meters are typically surface mined, the rest deep mined. 
But none of the coal
 

is mined as deeply as for example German coal, where shafts reach down 1,300
 

meters. 
Going down 500 meters is considered deep for Appalachia. Most coal 

seams have names  one of the best is aptly named the.Pokahantes Seam'
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Indian legacy remains preserved even in coal.
 

Many other parts of the country have only lately discovered the richness
 

of the traditional Appalachian mountain culture., 
 One of the most famous 

department stores in Washington and New York now offers for sale Appalachian 

handicraft items  quilts, pottery, carvings, musical instruments. And songs
 

and films;of life in the coal fields, and the.struggle to change conditions
 

while preserving the culture, have mushroomed in recent years.
 

The Appalachian heritage has been remarkably resilient in its refusal to
 

become simply a passive receptor of foreign mainstream culture. But the
 

impact of big business and commercialization has begun to change the region's
 

way of life. One hopes that the old heritage, which took form in the years
 

before mechanized society penetrated the region, will endure along with the*
 

new.
 

In 1984, fifty percent of the nation's coal was mined in Appalachia 
-

mainly in Eastern Kentucky, West Virginia, and Pennsylvania.- Other states :.
 

that produce coal are Virginia, Tennessee, Alabama, and Chio.
 

Appalachian coal is the nation's best -high 
in Btu content, low in sulfur
 

and ash. In 1984, 437 million short tons (396 million metric tons) were mined
 

in the region, of which more that one half were produced underground, the rest
 

on the surface. Despite its generous endowment with coal, or perhaps because
 

of it, Appalachia today remains a-poor underdeveloped region. Historically it
 

has always been poor, and thepost energy crisis decade unfortunately changed
 

little.
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,Regional Economic Development in Appalachia
 

-The economic development of any region is a complex.process that involves
 

more than economic variables-alone. It includes a number of separate but
 

it.e.related
,activites, trends, policies, and decisions. In Appalachia we
 

have iiencountered the full force of the complexity of 
the process for decades.
 

And even though the U.S. Congress established about 20 years ago the
 

Appalachian Regional Commission, the results of our development efforts have
 

been generally disappointing. 
The principal source of Appalachia's slow
 

progress is the region's dependence on a single industry - coal. 
This is an
 

industry, and a region, that is strongly affected by external influences. For
 

the most part, it responds directly to the surges and ebbs of the business
 

cycle, both in the demand for electric power and for steel. It must not be
 

forgotten that the demand for coal is a derived demand, derived from the
 

demand for the products it helps produce. The demand for coal as an end-use
 

commodity is small, confined to the portion-of the market where coal is burned
 

directly by consumers for home heating. 
By far the largest source of demand
 

originates with the electric power producing companies  the electric
 

utilities. 
In 1984, 62 percent of Appalachia's coal output was shipped to
 

this user category. But this category is also quite unstable and flows with
 

the vagaries of the business cycle. 
 For example, fluctuations in economic
 

activity directly affect coal output and employment. This in turn impacts on
 

the region's ability to develop, expand, and maintain the social overhead
 

capital that is one of the prerequisites for development. 
And the inebility
 

of the region to attract new industries capable of providing alternative
 

employment opportunites has further exacerbated 
 the already annitivp 

situation. 
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To counteract the lack of diversification in the Appalachian industrial
 

base, the U.S. Congress created the Comprehensive Employent and Training Act
 

of 1973 (CETA). Its objective was to assist Appalachia in developing state 

and local manpower training programs tailored for local needs. Several years
 

later, a Private Sector Initiative Program was established to enhance oli
 

of private industry in the local employment and training programs. But
 

progress has been painfully slow. The CETA program has now fallen victim to
 

general budget cuts and has been phased out.
 

The Process of Economic Development
 

In recent years, a number of scholars have reviewed-the factors:that
 

typically contributed'to regional economic growth. They distinguish among
 

three distinct transitional development stages:
 

(1) The primary - resource stage
 

(2)'The secondary -manufacturing/industrial stage
 
'(3) The tertiary industry stage
-service 


Under this simplified spectrum, the Appalachian region, and most probably'the
 

Peruvian coal region as well, are in the primary resource extraction stage.
 

Mining, forestry, or agriculture are the principal employment generating,
 

income producing industries. The second stage, where manufacturing industries.
 

can generate significant value-added has not been attained as yet.
 

Consequently, Appalachia is a net exporter of raw materials which enter the
 

processing flow elsewhere. As a net exporter the region is highly sensitive
 

to the transmittal of economic fluctuations from elsewhere.. Depending upon
 

their nature, these transmissions create boom or bust periods which have
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ignJny unsettling impacts on the indigenous economies and population. .n the
 

past ten years alone, Appalachia has undergone-two "such periods,- in 1974-75
 

and once again in 1980-81. 
 Such a primary stage economy usually is also
 

characterized by outmigration of the region's most talented and potentially
 

most productive labor force. 
This deprives the economy of a valuable
 

component of its human resources.2 
 Finally, absentee ownership of the
 

resourcea, poor educational facilities and incestuous political and social
 

structures often leave such regions _at 
a competitive disadvantage to attract,
 

the manufacturing industries of the modern world. 
Appalachia is a good
 

example of such a situation. The population decline it has suffered during
 

the post World War II period is clear evidence of that.
 

There exists another hypothesis which explains regional growth. 
 It holds 

that as sales of commodities to users outside ganerate income, new service
 

sectors such as retail trade, financial and recreational services can be!
 

developed at home. Unfortunately, because of the undiversified nature of the
 

Appalachian economy, the new income derived from exporting coal is spent
 

mostly on imports. Hence the secondary impact effect which,might have been
 

realized through local diversification is lost. And the tax base which might 

have been tapped to make infrastructure investments in public services and 

facilites remains small.
 

In Appalachia, the quantity and quality of raw materials is determined by 

physical:factors. Government action has little influence here. In other 

regions, where the development process has matured beyond the primary stage, 

.physical factors play a less important role and government actions and
 

24.
 



policies can.influence significantly the nature of production and
 

diversification.
 

In contrast to .the physical resource base, the human resource base of the
 

region is much more receptive to influence from state and federal policies,
 

particularly'in education. Although a formidable task, investment in human
 

capital through education can have a high return in the long run. Properly
 

structured, such investment can strengthen materially the competitive position.
 

of the region to attract new industries. But it must be an investment in much
 

more than vocational and skills training only. It must be an investment
 

designed to create an environment for learning and understanding. It is less
 

the skill levels and more the comprehension levels that the industries of the
 

future will be working with. Many existing skills may find the demand for
 

their services waning as more sophisticated production-techniques replace
 

them. Consequently it is the-adaptable educated worker whom industry will be
 

.seeking out,first,in the future.
 

The Development Linkages
 

The link between education and economic development is indivisible. It
 

flows mostly through economic diversification. For economic diversification
 

to be successful in Appalachia, where so far it has not, sizable public
 

investments'in human capital are necessary to attract new industries to the.
 

region. Ithas been true historically that the single most importd,.factor
 

:"thai accounts for the impressive rise in the real earnings of workers in
 

western societies is investment in education.3 But in Appalachia, such
 

investment has been missing, as has a sturdy infrastructure on which to buil
 

a robust economy.
 



The construction of public works such as roads, sanitation facilities,
 

health care and educational centers can raise the,expected,rate of return fr
 

private investments significantly. 
It would also make theinvestment of
 

locally generated profits and savings more attractive and stimulate economic
 

diversification from within. 
But there remain obstacles to economic
 

diversification and development in-Appalachia. 
 One is the scarcity of level
 

land for factories, related service industries, and residentialareas.
 

Another is the long distance to major urban centers.
 

To overcome these and other obstacles, to attract new industries, and to
 

begin the development process, it will be necessary to form joint
 

public-private investment partnerships. 
These partnerships must be
 

sufficiently large to initiate a self-perpetuating process, because private
 

industry alone is unable and probably unwilling to make the necessary
 

investments on its own. 
This is not surprising because as with all
 

investments of this type, it is a long-run endeavor. 
Private time horizons ii 

contrast are short. Few social investments yield early returns. 
 But this
 

fact in no way diminishes the potential contribution to a better life which
 

such investments are capable of creating.
 

Economic development strategy contains numerous linkages. 
Two of them

the forward and backward linkages--are the most important. 
The backward
 

linkage refers to the question of whether expanded coal production in
 

Appalachia can lead to a similar expansion of regional industries supplying
 

inputs to the coal industry. 
The answer is that it cannot because little if
 

any equipment used to mine or 
transport coal is manufactured in Appalachia..
 

Being an extractive industry, coal mining does not use raw materials or semi
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manufactured goods. The capital equipment needed to mine coal and to
 

rehabilitate the land is manufactured elsewhere, and the expanded production
 

of such equipment does not benefit Appalachia directly.
 

In contrast, theprospects for forward linkages for economic growth are
 

much better. Under favorable conditions, Appalachia could begin to attract
 

energy intensive industries that have high energy/output ratios and use coal
 

as aninput. If, in addition, such industries use indigenous raw materials,
 

then the prospects are even better. In time, obstacles such as a sparse
 

infrastructure and low labor skill levels could be overcome. Attractingnew
 

industry is,after all, a long run endeavor. Some non-mining industries
 

already have plants in Appalachia, others not yet. Included are firms
 

producing glass, clay products, cement, and wood products, all of which not
 

only use large amounts of energy, but also raw materials that are available in
 

abundance in Appalachia.
 

Other likely candidates for locating in Appalachia are the electric power
 

companies. Given the high costs of transporting coal, it would seem cost
 
effective to build coal fired power plants near the source coal instead of
 

some distance away. Technological advancements in electric power transmission
 
have significantly lowered transmission loss ratios and Itherefore transmission
 

costs. It surely is less costly to transport an electric'-kilowatt than an.
 

equivalent amount of coal.
 

Unfortunately the industries that would benefit most from locating in a
 

region rich in coal would also be capital intensive. -Their:ability. to create
 

jobs would be limited. Therefore, if unemploymentis to bereduced in
 

Appalachia and the standard of living lifted, public policy must be structured
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so as to encourage the creation of jobs. Specifically, incentives are needed
 

to encourage the location in the region of small scale labor intensive
 

industries. 
 In.'the long, run. this would, lead, to diversification and .enhane5
 

economic stability.
 

In summary the key to an improved 'standard of .life: in Appalachia lies iv
 
the development of employment opportunities in industries other than.coal. In
 

the past, the human resource, the most valuable of the resources with which
 

Appalachia is endowed, has been greatly overshadowed by the lemphasis placed on
 

coal. 
As a consequence, the region remains largely underdeveloped'
 

The Distributional.Aspect'of Development
 

There exist in Appalachia a number of counties where manufacturing and
 

farming are the principal sources of income for the residents.. These counties
 

lie mostly on the periphery of the coal region, but are still part of
 

Appalachia. 
Recent studies conclude that in contrast with coal counties,
 

manufacturing counties have better health, education 
housing,.and sanitation 

- in short a better life.4 They have this even though on a per capita basis 

their income is lower. The explanation is that jobs and income are more
 

widely distributed among the residents of the manufacturing counties. More
 

jobs means more working people and fewer poor people. It also means that more
 

people are contributing in an ongoing manner to the local economy and that
 

more support the furnishing of community goods and services. 
 The:coal
 

counties have a lower quality of life, the studies conclude, because job
 

opportunities are distributed less equally there. 
Fewer'are working, although
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those who are earn relatively high incomes.. Moreover, structural unemployment
 

in these counties creates a dependent population that is unable to contribute
 

to the local economy. This fact reflects the general fragility of the coal
 

county economies. It also permanently limits the funds available for public
 

investments in education, housing, health care, and other social services.
 

The obvious policy lesson for underdeveloped non-homogeneous regions is
 

that economic growth does not necessarily benefit all people in all phases.
 

Poor people and poor places are often bypassed by a development process that
 

can be unequal in the distribution of jobs and incomes. Thus an effective
 

development strategy must focus not only on economic growth, but also on the
 

question of equality in the distribution of employment opportunities and
 

income. In the Appalachian coal counties, employment is unstable and
 

dependent upon volatile world energy markets. In the non-coal counties this
 

is less so the case. It is evident that an intervening step between the
 

desire to improve the quality of life of a community and its economic growth
 

is the question of distributional equity. In fact, how successful development
 

strategy is in breaking the poverty cycle depends finally upon who benefits
 

from economic growth.
 

Contemporary Issues Affecting the Appalachian Coal Industry
 

'Twenty years ago U.S. industry faced few environmental or other
 

limitations on the way it operated, The environment was regarded as a public'
 

resource .for all,to use at no cost. But as the demandI.for environmental use..
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expanded, scarcities.soon developed. 
Today, the environment is an important
 

consideration in nearly all activities. 
It has become clear that as an
 

economy develops, at zero cost too ,many of the goodq'ualities of the
 

environment will be consumedto.the detriment of public welfare. 
In
 

Appalachia, the quality of air, land, water resources, health and safety had
 

deteriorated at an unacceptable rate; environmental resources had been
 

depleted much more rapidly than they could be replaced.
 

With the possible exception of ambient air standards, Appalachian 

environmental resources had been affected adversely by decades of,unregulated 

mining. In particular, the damage wrought upon the environment by 

accelerate and often irresponsible surface mining had created irreversible
 

costs. 
From the standpoint of resource management, which is at the core-of
 

most regulation of the coal industry, the market had failed because
 

environmental resources are not governed by a well defined and enforceable set
 

of property rights. They also have no prices. 
Consequently, a non-private,
 

i.e. public, intervenor was needed to restore order. 
The U.S. Congress became
 

such an intervenor and began to provide the necessary statutory foundation in
 

the form of the 1969 Federal Health Mine and Safety Act, the 1970 Uniform Air
 

Quality Standards Act (which amended the Clean Air Act of 19.63) and the 1977
 

SurfaceMining Control and Reclamation Act.
 

The environmental legislation passed by theU.S. Congress has led to a
 

considerable improvement in the use of our environmental .resources.
 

Appalachian land is now being restored'after mining much more respo sibly,
 

underground-mining has become safer and cleaner, and over all air:quality has
 

improved in coal using regions., But still more needs to be done. The
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northeastern states in the United States, and Canada,* contend that sulfur 

dioxide (SO2 ) from the industrial Hidwest is carried by prevailing air 

currents to their regions. This SO2 affects human health, plant life and 

crops, and leads to higher concentrations of acid depositions. Lakes die,
 

crop yields fall, forests weaken and become diseased, and human health
 

deterioraies. Consequently, this continues to be an issue of considerable
 

concern in the U.S. Congress. In all likelihood it will lead to further
 

legislation.
 

Finally there is the unsettling question of the greenhouse effect. With
 

increased energy production and consumption come greater emissions of carbon
 

dioxide and water vapors into the atmosphere. And with that, more infrared
 

light and heat is retained in it. There is the danger that the Earth's
 

surface will warm to a point at which the balance of all of its life systems
 

will be endangered. Consequently scientists recommend improved efficiency in
 

the way we use energy. They also recommend the use of substitute fuels such as
 

solar power, nuclear fusion, biomass combustion, and technological
 

improvements in energy-using machinery and equipment. 

Many of the issues and problems discussed pertain more to industrialized 

societies than to those still in the process of development. In the former 

energy use is intense, in the latter it is not. For developing societies it
 

is mainly a matter of priorities. Given low levels of air pollution, :the
 

benefits from building another electric power plant may overshadow those,
 

derived from retrofitting existing furnaces with electro-static'filters.
 

Ultimately this question must be decided bythe appropriate public assemblyo
 

authority.
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I .,,-Introductfon. 

Korea has "steadil'y developed, with a high' economic 

growth the last,,20 years. e annualincrease ofGNP 

8.6% from 1965 to 1983. However, due to the international 

oil shock in 1979,'.the real GNP fell to 4% in 1980. As a 

result, energy growth rate was sharply decreased. In 1983 

per capita income rose to 1,880. U.S. Dollars, 

Energy consumption has similarlyincrease with the
 

economic growth. During the same period, energy' consumption
 

was estimated at 49.7 .millionr.TOE which.is 5 times as much
 

as in 1961. Although oil was largely consumed as the 'main 

energy source since early 1970's, the coal requirment has 

steadily increased as an important energy source since. 

In 1983, coal in total energyoccupied 33.1% of total. 

Nuclear power first introduced in, 1978, amounted to about 

4.5%. by 1983. 

According ,tO energy consumption of the indus r
 

sector, coal was mainly used for industrial, residential 

and commercial purposes. In 1983, coal consumption occupied 

35.8%' of 'total energy consumption in the industrial sector., 

Especially, anthracite alone consumed 60 .4%o-L Lhe total- . 

amounts for- residential and..commercial purposes. 
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The consumption of anthracite has graduallyJincreased
 

since early 1960, bituminous coal came into use from the
 

middle 1970's. Based on details on coal consumption in 1983,
 

anthracite consumption was 69.2% of the total coal of 31.
 

million tons,. ::Besides, bituminous coal consumed 30.8% of
 

the total.
 

II. Industrial Coal
 

Bituminous coal is the main source for industrial use
 

but a little anthracite is also supplied for the'same purpose.
 

Most industrially used coal is imported from foreign countries
 

like U.S.A, Australlia, China, Africa ,and South East Asian
 

countries.
 

Bituminous.coal for electrical generation had limited
 

use until the early 1960's, and was again supplied in the
 

amount. of-546,000 tons from 1983. The demand-in,iron and,
 

steel, industies has gradually increased from 1973.
 

Especially the domestic cement industry has changed it!
 

burning system for substantial savings,• infuel cost because
 

of the influence of international oil'.shock.
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Although about 64% of total bituminous coal was used
 

in iron,:,/industry in 1983, .tit,expects to increase to 13,119,000
 

tons by 2001. Its'proportion in total demand is actually,
 

declining to about 24% of: total.demand.
 

Coal .requirment in cement industry will also~decrease 

f rom about 30% in 1983 to 10% by 2001. 

However,: the, power generation sector requi res gradually 

increasing demand. 6% of total demand was required in 1983, 

but its proportion will reach to about 57% of total demand. 
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III. Domestic Coal
 

1. GeneralAspects
 

Despite that fire wood, has, been popularly used as a
 

major source,of energy until early 1960,s, it tended to be
 

reduced by the adoptioni of government forest conselrvancy
 

policy and coal supply expansion 
policy.,
 

'
 Anthracite is the only, indigenous fossil fuel reserved
 

in Korea and is an important main source oftdomestic fuel. 

It reserves approximately'1.5 billion tonsrand recoverable. 

reserves are about 0.65 billion tons. 

Most coal mines are.located in the north-east region 

of the country which is several hundred kilometers from 

Seoul, thecapital city. Anthracite of about 20 million to 

is annually produced from 7 coal fields. 

On the basis of investigation of-number of coalI mines, 

54 have an annual production capacity of more than 60,000. !cns 

among total 346 coal mines. The remaining, 292 have a small 

scale caoacitv of less than 60.000 tons Per annum. 

Those coal mines belong to 3 categories such as Daihar
 

coal co., Consolidated co. and private companies. In 1982,
 

62,310 people were engaged in the production of coal.
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2. "Yontan" Coal Briquette Industry 

A) Contribution of "Yontan" Coal .Briquett 

y way to use Korean anthracite for domestic 
fuel has to make briquettes due to its particular 

inherentcharacteristics Kore coal b' 

called, "Yontan.", 'is a grea t discovery. wi th less than 50, 
year history. it made great contribution to low .An matI*1 

income households.
 

As shown in the figure, it is normally a cylindrical 
briquette of 3.6 Kg with 22 
holes in the axial direction.
 

It is usually used in a pair with one briquette placed
 
on top of the other. 
When the bottom briquette is almost
 
burnt, ignition is transfered to the top briquette. 
 In
 
this case alignment of the vertical holes between two
 
briquettes has an important function 
 as draft chimneys 'fol 
combustion air. 
When the top briquette is'burnt within
 

almost 80-90%, it should be laid down and replaced by_
 
new one, simultaneously by :removing the completlv burnlh
 

bottom one.
 

_During the combustion period of. briquettes,the heat 

can be-used for dual-purposes, 
 heating household
 

and cooking:meals'.
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There are two reasons why the Yontan !,0e1
 

briquette has been .so popular for Koreans. The first thinc
 

is that it is stitable for a heating system of the Korean
 

house. :The room floor, finished with cement concrete,
 

is directly heated by heat passing through airduct system
 

under the room floor (Ondol system). At that case heat
 

can be provided fixed stove which is installed out of the
 

room. Recently, instead of fixed stove, a small boiler
 

system is popularly used. "Yontan" coal briquette is
 

also used to boil water in boiler, from which hot water
 

is circulated .hrough,
plastic pipes embeded in the
 

concrete floor of a room. In accordance with heating the
 

household, house wives can also prepare cooked meals on
 

the burning-coal briquette.
 

The second reason why the coal briquette is popular
 

is that it is relatively cheap price. Thiswillbe
 

illustrated in later column.
 

Actual demand for such coal briquetting has steadily,
 

increased since early 1960's. In 1962, 501,000 tonS of
 

anthracite was used for making briquettes, eventually,,
 

reaching 19 million tons in 1983. 
 Its proportion of. '
 

total consumption was 87.5%. This trend will continue
 

to the year of 2000.
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B). Coal -Characteristics
 

.I is well known, that coa 1 i's gene'raly classified
 

into four groups such.as anthracite, bituminous, sub-'
 

bituminous and lignite. Korean coal belongs to common 

anthracite aMmong the anthracite group. It originally 

contained high fixed carbon of 92-98% and low moisture 

content.of 2-8%.
 

7 . According 'to ultimate analysis, hydrogen content
 

is 1.05%, which is,slightlylower than of alien anthracite,.
 

un cne contrarytne oxigen content is 2.8%, which:' ,I 

is .slightly, higher than' that of _others.: 

Originally it contained high;quality fixe'd, carbon.'
 

But Korecancoal was badly mingled with clayceous
 

materials during severe geological movements. Thus, thi 

&aw coa1 nttfrally' cdnt6 insr a' c~e a Al ~m'' f"as 

when processing the coal this is an advantageous factor 

in making the "Yontan" coalbriquette without an 

additional binder. ,According to proximate analysis of,,'
.
 

raw coal, it contains 'normally 4,400-4,600 Kcal/Kg,
 

3-5% *V.M,
.35-45% Ash. 0.5 -2% HO and less than 'IIS
 

http:content.of


Based on the chemical analysis of ash,' it contains
 

47252%'SiO 35-40% A1203,0.5-1.2% Na20 and 1.5-2.7%'K20
 

Those chemical components are relatively similar to those.
 

in common clay'.
 

Another advantageous characteristic is-that it
 

contains:high proportion of finers in the raw coal. The
 

fine size coal is more than 10mm and makes up more than
 

70% of raw coal. This results in a reasonable opportunity
 

to make coal briquettes.
 

C) "Yontan" Briquetting Technics
 

"Yontan" coal briquette is simply manufactured by a
 

routine process. Firstly raw coal 'is crushed into finer.
 

size and then it'isblended with water. The crushed coal
 

containing 10% water, is poured into cylinder which is a
 

part of the briquetting machine. A compacting pressure
 

mechanism is provided to manufacture briquette at
 

250Kg/Cm2.
 

Several kinds of briquettes are produced for'multi

purposes. The coal briquette demension most popular:is
 

150mm diameter by 142mm height with 22 vertical'air
 

holes and 3.6 Kg weight. It can be used for 10-12 hours
 

when average heat value is maintained:at the level of
 

4,600 Kcal/Kq.
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According to the test result in laboratory, the
 

variety of coal briquette results in many different
 

combustion effects. 
The decrease of heat value-of
 

briquette has tendency to increase uncombustibility.
 

The increase of briquette weight results in increase of
 

burning temperature, ranged on 55 0C-,600Oc, 
as well as
 

combustion time increases. 
As a result, theL decision
 

of optimum briquette is an important factor for effective
 

use of the briquette.
 

In the use of the 
"Yontan" coal briquette, the worst
 

problem was a fatal disaster due to CO gas poisOning.
 

In early stages there were some 
fatal accidents due to
 

particular heating system of Korean houses. 
But the
 
problem is gradually being solved by modern inventory of
 

combustion facilities. 
On the basis of measuring gas
 

in laboratory, at the initial stage CO gas of 1.4%
 

after two hour burning. 
After that.the CO gas content
 

is slowly decreased to less than 0.4%.
 

However this problem may not be so considerable . 

in the use of a movable stove in an open space where 

i:t is used for cooking purposes..
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D) Practical Aspects on Coal',Briquetting Industry,
 

Generally raw coal is stored at the mine or a
 

rail terminal near the mine. Then it is transported
 

to a terminal very close tothe briquette manufacturer.
 

After manufacturing briquettes, theseare distributed
 

either directly to the private consumer or through
 

retailers to the consumer.
 

The manufacturing process normally includes size
 

reduction, blending and briquetting procedures.
 

Optimum particle size of coal for making briquette is
 

normally below 10mm. Water is sprayed on the raw coal
 

in the conveyer belt and water content is about 10% ilt
 

weight. For the purpose of contineous manufacture
 

and production, a rotary processing machine which
 

includes 12 pressing actions in one turn can produce
 

3,800 briquettes an hour. Besides, there are several
 

facilities necessary for mixing and conveying.
 

* The 17 briquetting plants among 258 plant
 

.ocated in'Seoul area and'have production capacity of...
 

31. 6% of .total : production. Besides small and .medium 

scale briquetting plants are almost evenly distributed 

over each province. In the winter season about 20 mil 

briquettes are :produced daily by these plants. 
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The production cost of a briquette is roughly 

estimated at 15.4 centsU.S. Main expenditure is
 

material cost which occupies 93.6% of the total
 

production cost. The final consumer's price per
 

briquette estimates about 20 cents, in.U.S. dollars. 

: The price of coal briquette is relatively 

competitivewith- other energy sources. Although some 

inconveniencies may,be confronted in its handling, 

the advantageous aspect is off-set by price structure 

per unit. Based on unit price per kilocalories,, gas 

is almost 4 times of coal briquette. 

Daily consumption is commonly 2-3 briquettes for 

heating house including 3 cooking:meals. The price 

of coal briquette can be roughly compared with :that 

of other daily commodities. A c'oalbriquette of 3.6Kc 

weight costs about 20 cents U.S. that is almost same 

as of one kilogram of cabbage, a pack of milk and one 

kilogram of flour. 
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IV* Coal Policy
 

1. industrial, Coajl 

The country has '.made a great effort to promote' the use 

of i'ndustrial coal which it expects to import from alien 

sources. Current 3 coal fired powerstations, are in 
operation and previous 3 oil fired power stations are also 

being converted to coal fired units. The cement industry,
 

having 34 kilns with total production of 20 million tons
 

have already been converted to coal fired ones.
 

In order to achieve a portion of the goals, Korea has
 

already participated in development projects in some alien
 

countries. And expects to import certain amount of industrial
 

coal in order to stabilize energy demands in the future.
 

2. Domestic CIoal
 

A) The main ' target of domestic, coal :policy is the 

support for low and middle:income people to maintaini 

satisfactory lives. The domestic coal prices have 

been strongly regulated at both wholesale and retail 

levels.' Therefore",the country operates a complex 

system of many subsidies in various sectors .such as 

boring and tunnelling for prospecting, mining, safty, 
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transportation, housing for coal miners, education for
 

miners childeren, R&D project and etc..
 

B) turrent emphasis is the introduction of mechanization
 

in the coal mines. This mechanization is an important
 

program to increase productivity, safty and recovery
 

of reserves. In 1984 mechanization rate was 27% of
 

total, the proportion will be increased to 69% 
of tota 

by 2001.
 

C)Active research work is also in progress at public 

centers to improve the techniquesof bri'quettint. 



V. Conclusion.,
 

1. To achieve the 5,103 U.S. dollars:per person of GNp 1i4he, 

year of 2000's, Korea makes a great efforts to fulifil 

effective,,ene'rgy, policies., The total energy consumption
 

will increase from 49.7 million T 
 in 1983 to 130 millionj
 

TOE by the 'year"of-.
2001.
 

2. Bituminous coal had contributions not only domestic
 

fuel but also in industrial sectors., 'For the purposes of-.
 

industry in cement, iron and power sectors, the bituminous
 

coal demand will reach to 55.3 million :tons in the year
 

of 2001.
 

3. Domestic anthracite, having great contributions to
 

low and middle income households, will still remain as the
 

most popular household fuel during thenext5 couple of years.
 

Therefore the briquetting business will be protected along
 

with other related coal industries. Institutions like
 

KIER perform active :research works"in search of 
new
 

replaceable fuels.'
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iNTRODUCCION
 

La gran dependencia que el sistema energgtico del Ecuado.r tiene respecto
 

a la producci6n y utilizaci6n de hidrocarburos, para el de'sarrollo de sus
 

actividades socio-ecor,micas, ha motivado a que el Gobierno Nacional, a
 

travs del Instituto Nacional de Energla promueva una serie de acciones
 

tendientes a diversificar la oferta de energla primaria con la incorpora

ci6n de fuentes alternativas de energia; para lo cual, viene trabajando
 

con organismos de cargcter piblico y privado en. la investigaci6n, el
 

conocimiento del potencial energ~tico del Pals y la adaptaci6n de tecno

logTas para el aprovechamiento adecuado de los recursos energdticos.
 

Dado que el carb6n mineral ha retomado su importancia en varios de los
 

procesos energdticos de los sectores industrial y residencial, principal-

mente en parses donde el recurso petrolero es limitado o inexistente co
 

consecuencia de los ajustes en los precios internacionales de los hidro

carburos y considerando que la Direcci6n Nacional de Geologia y finas, ha
 

emprendido en trabajos iniciales de prospecci6n y evaluaci6n de los aflo

ramientos carboniferos existentes, el Gobierno del Ecuador, con el objeto
 

de motivar y concientizar al pueblo acerca del uso del carb6n mineral, ha
 

trazado una serie de politicas tendientes a lograr tales objetivos, entre
 

ellas tenemos:
 

a) Incrementar el conocimiento de los :recursos carboniferos elaborando
 

su inventario, mediante la urgente realizaci6n de investigaciones y
 

estudios correspondientes.
 

b) Asimilar y desarrollar tecnologfas apropiadas que p-ermitan:,la exolo-. 

.taci6n y el uso racional del carib6n. 

c) 	 Planificar el aprovechamiiiiu , : , ,a feros, en ei 

contexio de os planes energzticos -nacionales. 

d) Crear las condiciones institucionales y financieras apropiadas para 

desarrollar la industria del carbon mineral,i a travs de una entidad 

especializada. 51 
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Con lo.que, se podr el. mapa indice de carbones; realizar acaelaborar 


tividades: de investigaci6n-§obre reservas, posibilidades de explotaci6n
 
y usos; diseiar un.'programa de aprovechamiento industrial; reducir las
 
importaciones de carb6n; y, diversificar la oferta enerq6tica.
 

Se considera la conveniencia de la participaci6n integrada de los secto
 
res pablico, privado y universitario, Dara loarar lo''obitiVn trA,' di
 

por el Gobierno.
 

En el presente "documento", se trata de dar a conocer6los-aspectos mas 
sobresalientes de la geblog'a y de las manifestaciones carbonferas del 

Ecuador.
 

La mayor parte de la informaci6n que se publica, corresponde al inventa
 
rio de recursos energ~ticos, realizado por el Instituto'Nacional de E

nergfa "INE" en 1982 y a estudios desarrollados por Direcci6n General
 
de Geologia y Minas hasta la presente fecha.
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1. MARCO GEOinTrn CMDA
 

La configuracion geogrdfica del 
Ecuador y su divisi6n cl6sica en regio
nes de Costa, Sierra y Oriente corresponde al 
resultado geomorfol6gico

de la evoluci6n tect6nica y sedimentaria de esta parte del continente.
 

En cada una de cab regiones es 
posible distinguir caracterfsticas pro
pias que obedecen a la particularidad de su evoluci6n estructural, a la
 
mec6nica de las deformaciones ocurridas, a la secuencia estratigr~fica
 
y asociaci6n de rocas; consecuencia de lo cual, 
cada zona presenta ac
tualmente una disposici6n de cuencas y subcuencas sedimentarias de edad,.
 
extensi6n y profundidad diferentes. 
 (VHase Figura Jo. 1).
 

En el 
Ecuador existen diversos tipos de cuencas, distribuidas sobre todo
 
en el Litoral 
(Costa Adentro y Costa Afuera) y en la Regi6n Amaz6nica
 
(Cuadros Nos. 1 y 2). 
 Sus caracterfsticas generales 
son las siguierites:
 

1.1 Regi6n Litoral.
 

Esta reqi6n est6 constituida por una serie de 
cuencas costaneras que se

extienden al 
oeste de la Cordillera Occidental, tanto al norte como 
al
 
sur de la Cordillera Chono6n-Colonche.
 

Las cuencas (o subcuencas, segan la escala regional que se adopte como
 
referencia) septentrionales son las de Esmeraldas y Inabf, separadas

de la plataforma submarina por el 
arco cordillerano jue forma las monta
nas 
de Jama y Cuaque. 
Se trata de dep6sitos cret6cicos, parcialmente

erosionados y recubiertos por transgresiones de terrenos terciarios, frac
tuyados por fallas verticales contemp6raneas de los 
 movimientos andi
nos. 
 Estudjos recientes, desarrollados por CEPE han permitido de
tectar profundidades.de.hasta 9.000 metros, en la subcuenca rMlanabf
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Alsur de la Cordillera de Chong6n-Colonche (provincias de Guayas y El
 
Oro) se encuentra una zona de sedimentaci6n profunda y subsidente 
que
 
se extiende hasta la Sierra de Amotape, en el PerG, 
y comprende las
 
Cuencas Progreso y Talara, asf como la 
zona alta de Santa Elena y la
 
plataforma continental del Golfo de Guayaquil.
 

Esta regi6n estd atravesada por fallas tect6nicas de grandes dimensio
nes, ligadas a la colisi6n de la placa ocefnica, las mismas que han
 
ejercido un rol 
importante en el desarrollo estructural de esta zona,

particularmente en la conformaci6n de la 
Isla Pung y el Canal de Jambe-

If. En el grea del Golfo de Guayaquil, la cuenca Progreso 
 alcanza
 
12.000 metros de profundidad.
 

En cuanto a la estratigrafia, la serie comprende un basamento o 
z6calo
 
de "rocas verdes" (doleritas, basaltos) y aglomerados pirocldsticos de
 
espesor no determinado. Excepcionalmente afloran esquistos, cuarcitas
 
y anfibolitas. 
 Las rocas verdes const.ituyen el llamado Complejo Pifl6n,

del cret6cico inferior, general en toda la Costa y sobre el 
cual reposa
 
una serie de sedimentos cret6cicos y terciarios detriticos, de arenis
cas y arcillas, localmente intercaladas por calizas arrecifales. La
 
nomenclatura y extensi6n de las formaciones es sumamente variable, 
se
gin se trate de la regi6n norte o sur del Litoral (Cuadro 1).
 

1.2 Reqi6n Ariaz6nica.
 

El Oriente Ecuatoriano forma parte de la cadena de cuencas que sucesi
vamente se'desarrollan desde Venezuela hasta Bolivia entre la Cordille
ra 
de los Andes y el Crat6n Guayano-Brasileho. Estg limitada al oeste
 
por la C.rdillera Real, contrala cual 
se arriman alnunos levantamientos
 
que corresponden a I-,Cordilleras de CutucO y del C6ndor y al 
Domo An
ticlinal de Napo. 
Al este, la cuenca se eleva paulatinamente cerr6ndo
se contra un levantamiento del z6calo denominado Saliente de Vaup-s y
 
mantenidndose bastante superficial en la zona de Tiputini.
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ESTRATIGIAFIA GENERAL IZADA CvARAT IVA 

DE: LA .REGION LITORAL 

CUADRO NP 1 

UBCUENCA SUBCUENCA SUB CUENCA 
EDAD 

MANABI BORBON PROGRESO* 

CuXVIRNARo TA B LAZO - "A BLA Z-O " T ABLAZO 

suo .O Fm.SBLZURD Fo. PUNAS SUP."Fm._______ Subsidente 

0Mr.:3Fm FF. BOR. BORBON_ , Fm. PROGRESO " 

Fm. ONZOLE Fm. ONZOLE F. UBNB 
rt Fr. ANGOSTURA Fo. ANGOSTURA = 

IN Fr: TOSAGUA "-Fro. TOSAGUA T Fro, TO S AGUA 
z SUP. I 

7Fr. PLAYA RICA 

su P. Fmo. 	 PUNTA ELAN:A - Fm,. ZAPALLO Gr. AN C ON 
( =C E R O tArt i b i s l 

uwol Fr. SAN EDUARDO Frn. SAN EDUARDO
1 Fmo SAN EDUAF-. 

01 Suborrecliol I 0 . IA•bisol 

WN.Fr, 	 MONGOYA (7P) ?Gr. 	 AZUCAR 

7 IAO EDIETAO 

.E. -. CAYo, Fm. cAYO.::" 	 :0+ 	 "" '  .. ": ' 'Fmo. CAYO 
wVolcic Jc .ordle Espeor, Reducido" 

i,,:: 	 .Ix Fr P OI Fo:PNON1 0 N - Vrm. PINON, 
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La parte norte se continaa en Colombia, entrech6ndose, en la regi6n pe
trolffera de Orito, en tanto que al 
sur se abre hasta el PerO. Una zo
na alta orientada ENE-WSW entre Vuano y Cononaco separa una subcuenca
 
septentrional, 
en donde se ubican las principales estructuras'hidrocar
buriferas, de otra meridional-mgs profunda y menos tectonizada.
 

Varios ejes estructurales atraviesan la cuenca en su parte m6s subsiden
 
te, controlados ge.neralmente por fallas submeridionales, ligadas 
 a la
 
fase laramfdica.
 

La serie sedimentaria comprende terrenos que van del Paleoz6ico atlte
sozoico y Cenoz6ico. (Vase Cuadro No. 2).
 

El tdrmino m6s antiguo de la cuenca es la Formaci6n Pumbuiza (Devonia
no), compuesta litol6gicamente de esquistos grafiticos y areniscas cuar
citicas. Reposa discordante sobre la anterior la Formaci6n Macuma (Car
 
bonffero) constituida por lutitas, calizas y areniscas.
 

La Formaci6n Santiago, datada en parte del Li~sico (Jurgsico inferior),
 
transgresiva sobre la anterior, se compone de calizas, areniscas y ar
cillolitas.
 

Una discordancia mayor la separa la Formaci6n Chapiza (Jur~sico medio a
 
superior), caracterizada'por dep6sitos continentales con intercalaciones
 
marinas, comportando en su parte superior un miembro de elementos pi~o
clAsticos viol6ceos (.isahuallf), con lavas y tobas andesfticas y bas61
ticas.
 

En transgresi6n y ligeramente discordante se desarrolla la serie creta
cica, representada por un t~rmino inferior continental 
 y litoral, la
 
Formaci6n Hollin, compuesta por areniscas blancas, masivas o 
en bancos
 
potentes, de grano mal clasificado pero limpio, a 
menudo de aspectos sa
caroide y estratificaci6n cruzada con intercalaciones de lutita. 
 El tdr
 
mino superior cret6cico constituye la Formaci6n Napo, de origen marino y

delt~ico, compuesta por una alternancia de-areniscas, calizas y'lutitas.
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Esta formaci6n reDresenta la parte marginal de un 
conjunto sedimentario
 
mas completoy subsidente, desarrollado sobre todo en el 
PerU.
 

Las formaciones Hollin y Napo contienen los intervalos detriticos 
 que
 
constituyen tanto la roca madre como los reservorios hidrocarburiferos
 
de la Regi6n Amaz6nica. Estas formaciones estgn recubiertas por terre
nos predominantemente continentales, corresoondientes a las Formaciones
 
Tena, Tiyuyacu, Orteguaza, Arajuno, etc., desarrolladas luego de una fa
 
se de .epiroodnesis precursora de-paroxismo andino.
 

1.3 Regi6n Andina.
 

Los Andes Ecuatorianos forman dos Cordilleras mayores, separadas por un
 
corredor (o altiplano) interandino. La Cordillera Occidental 
 es la
 
orolonnaci6n natural de la de Colombia. 
 La Cordillera Real pertenece a
 
la misma unidad que la Central del vecino pals, la Cordillera Oriental
 
se Dresenta como elevaciones anticlinales y se encuentra en la zona sub
 
andina, sus caracteres geogrgficos, como la sencillez de su estilo tec
t6nico, la relacionan m6s 
con la Rerji6n Oriental.
 

En la parte septentrional, entre los paralelos 10 N y 2'30'S, Los Andes
 
ofrecen su aspecto m~s esquem6tico. Comprende dos,,cordilleras, bien di
bujadas y coronadas por imponentes aparatos volcanicos cuaternarios o
 
actuales.
 

La Cordillera Real verdadera columna vertebral de Los Andes Ecuatorianos,
 
estS constituida por rocas metam6rficas, separado del corredor interan
 
dino por fallas, sobre las que se edific6 una alineaci6n de volcanes j6
venes. 
La edad de la serie metam6rfica es todavfa insegura y parece va
riar senn los sectores; en alnunos sitios el metamorfismo remontarfa 
a
 
principios del flesoz6ico.
 

La Cordillera Occidental comprende esencialmente rocas cretaceas, en. las
 
que dominan formaciones volc~nicas y pirocl~sticas. Seobserva.tarmbin,
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intrusiones qranodioriticas postcret6cicas. Excepcionalmente en los ejes
 

anticlinales asoman esquistos semi-metam6rficos.
 

Entre las dos cadenas, el corredor, con una altura medi'a de 2.500 a, 

3.000 m constituye una manera de zanj6n o "Graben',:que no;ha seguido el
 

movimiento ascendente de las cordilleras vecinas.
 

La historia Terciaria estS marcada por algunos dep6sitos continentales y
 

productos volc~nicos, dificilmente estudiables en esta parte,-.debido al
 

enorme manto formado por los productos volc~nicos cuaternarios y sus de-.
 

rivados.
 

En la parte meridional al S del paralelo 2030 ' S, Los Andes Ecuatorianos 

ofrecen un estilo muy distinto. La regi6n de Cuenca hace transici6n, y 

permite reconocer todavia las dos cordilleras, separadas .por una hoya 

bastante clara. Pero hacia el S, las cadenas se dividen y divergen en 

un amplio abanico, a la vez morfol6gico y estructural, cuyo, ejes son to 

davia N-S' en la parte oriental, pero casi E-0, en la vecindad de 1a 

Costa. 

En varios puntos de Los Andes meridionales, asoman n~cleos de esquistos
 

semi-metam6rficos de edadincierta.
 

El cret~ceo marino y su fase pirocl~stica se expanden y colindan conl..as
 

series metam6rficas.
 

En cuencas mas elevadas, por ejemplo alrededor de r1alacatos, Loja, Gir6n,
 

rNab6n, Cuenca, Azoques, Biblign, se formaron lagos neog6nicos cuyos dep6

sitos han sido plegados tardiamente. Se observan tambin en toda la zo

na, aparatos volcgnicos desman'elados, que corresponden al Terciario (so

bre todo Plio-cen) y Pleistoceno. Pero es notable que no existe- ningun 

manifestaci6n volcdnica holoc6nica en el S del Ecuador. 
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2. PRINCIPALES MANIFESTACIONES CARBONIFERAS DEL ECUADOR.
 

A trav~s del estudio de la geologia general del Pafs, y de trabajos 
de
 
prospecci6n minera, se han determinado la presencia de numerosas 
riani
festaciones carboniferas, las mismas'que han sido estudiadas en mayor o
 
menor grado. En este sentido, las manifestaciones carbonfferas han si
do clasificadas en yacimientos, al 
que corresponden las acumulaciones de
 
carb6n, mejor estudiadas y dep6sitos, que comprenden las acumulacioneso
 
manifestaciones en 
proceso de evaluaci6n y andlisis.
 

2.1 Yacimientos Carbonfferos.
 

Los yacimientos de carb6n mineral conocidos, 
se localizan a lo largo de
 
la depresi6n interandina, entre las cordilleras predominantes de Los An
 
des. Los yacimientos importantes en el actual momento est~n local.iza
dos en el Austro del Pafs, especialmente en las provincias .de.Ca iar. y
 
Loja; dep6sitos que corresponden al Cenoz6ico.
 

Los dep6sitos estgn altamente perturbados y la calidad de carb6n 
va de
 
sub-bituminoso a lignito.
 

Existen manifestaciones interesantes en la Regi6n Maz6nica 
y-.en menor
 
grado en el Litoral.
 

2.1.1 
 Yacimientos Carbonfferos de Azogues Biblign.
-

Las vetas de carb6n de esta localidad, se encuentran ubicadas enla.sec
 
ci6n m6s alta de la cuenca sedimentaria terciaria (edad mioceno)'. . Se 
presentan dentro de alternancias de tobas de grano grueso, conteniendo,
 
bancos de areniscas y arcillas pizarrosas obscuras.
 

Las vetas estan distribuidas en un espesor de 500 m.. Te-
El pisojy el 
cho de cada veta es en la mayoria de los casos de, arcilla,, pizarrosa,. 
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Los dep6sitos explotables/seencuentran'al Oeste del Cerro Cojitambo, en
 

una franja de 1 km de ancho por 20 km de longitud,' con direcci 6n Norte 
Sur.
 

Los horizontes carboufferos de esta zona se'los denomina Washington y 
Cafiari, en los cuales cuatro capas corresponden al primero y .una capa 
principal al segundo, afloran una de otra a una distancia de 500 a 700 

metros, paralelas entre si, con buzamientos que oscilan de 600 a 850 ha
cia el Oeste y en algunos casos hacia el Este, por dislocaciones de ca
rfcter local; sus potencias varfan de 0.45 a 1.00 m en el grupo Washin

ton y 0.85 a 1.10 en el Cahiari.
 

Las reservas probables calculadas para estos yacimientos oscilan n e l
 
orden de los 22.5 millones de toneladas m~tricas (Vdase Cuadro'No_3), con
 
un poder calorifico de 4.880 a 5.500 kcal/kg y es tipificado desde sub-bi

tuminoso a'lignito, su calidad estg dada por los siguientes pargmetros:
 

humedad de 13 a 19%; volftiles de 28 a 43%; carb6n (combustible) de 55 a
 
68%; cenizas del 15. al 30%; cenizas en el carb6n puro de .10 a 30%; azufre
 

de 3 a 70.
 

Las actividades de explotaci6n en la actualidad se limitan al trabajo de
 
obreros que obtienen el carb6n de manera artesanal para el funcionamientc
 
de pequehas industrias y artesanias locales, principalmente caleras y
 

hornos de ladrillo.
 

2.1.2 Yacimiento Carbonifero de Loja.
 

En la cuenca de Loja, las capas de carb6n ocurren en la Formaci6n San Ca
 

yetano (terciario superior), constituidas por intercalaciones de argili
tas, lutitas y areniscas. Las cinco capas de carb6n existentes, se 
 ex
tienden con rumbo Norte-Sur y buzan entre los 200 y 850 al Este, separa
dos de 3 a 10 metros entre si, variando su potencia de 0.65 a 1.20 metros
 

Las reservas calculadas como probables son del orden de 3.8 millones de
 
toneladas m~tricas (V~ase,Cuadro No. 4), con un poder calorffico medio de
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.RFSFRVAS-PROBABLES DE CARBON EN.LA CUENCA "CANAR-AZUAY" 

VETA() 

.LONGITUD DEL 
ESTRACTO 

LONGITUD DESDE 
LA SUPERFICIE 

(n) 

ESPESOR 
PROIEDIO 

m) 

GRAVEDADR
ESPECIFICA 

t/m 3 " 

CUADRO No 3 

RESERVAS DE CARBON 
(Toneladas Metricas) 

Cafiari. 14.000- 500 0.95 1.4 9'300.000 
Vlashington 4,: :200 

- .000.. "-
250
250 

0.65 
.65.4 

1.4450.000 
_ 

Washington 3. 10.000 .400 1.10 1.4 6'200.000 

S.8.000 40 1.10 1.4 4'900.oo 

Washington 1 : 5.000: 400 0.60* 1.4 .'700.00 

T..A.0, L_...... 22'550000 



4.000 kcal/kg. Siendo tipificado como carb6n sub-bituminoso C, su call

dad estS daca por los siguientes parfmetros: humedad 3 a 12%; ceniza de .
 

8 a 48%; azufre de 2,a 1i%.
 

2.1.3 Yacimiento Carbonifero de alacatos..
 

sur de Loja-y: toma; el 'nombre del',''
La cuenca sedi mentaria 'se encuentra al 

pueblo deflalacatos.. 

Los sedimentos sonde edad terciariay tienen unaalineaci6n aproximada.
 

N-S y separadas por fallas de direcci6n Nor-Oeste,, cubierta por gravas
 

j6venes. Tienen una inclinaci6n que varfa de 30 a 500 -hacia el Este.
 

'Las secuencias terciarias consisten en su parte baja de clfsticos, con

carglomerados, pizarras y arcillas; y en su parte alta,-las capas de 


b6n estfn intercaladas con pizarras, arcillasy areniscas.
 

.Una gran parte del Area central estg cubierta por conglomerados,,cuater

narios.
 

El anglisis del carb6n da los siguientes valores: humedid 1.2 a 7.5',,;
 

poder calo -:
 contenido de ceniza 11.5 a 48.3%; azufre 2.9 a 9.9%; y, el 


rTfico varTa de 2.342 a 5.033 kcal/kg y es similar al de Loja y estA
 

clasificado como sub-bituminoso C.
 

Las reservas probables calculadaspara 5 capas, de carb6n da un potecia
 

aproximado de 4.0 mIlones" de toneladas, (Vease'Cuadro :No. 5).,
 

2.2 Dep6sitos Carboniferos.
 

Se conoce de la presencia de aproxiradarente,40 manifestaciones de car

b6n en todo el Pafs (V6ase Anexo No 1), la mayorITa de las cuales no han
 

sido suficientemente estudiadas;: sin embargo, existenalgunos trabajos
 

realizados por Ia Direcci 6niGeneral_ de: Geologla iyjfiinas _que teniendo
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RESERVAS PROBABLES DE CARBON EN LA CUENCA DE LOJA
 

CUADRO No 4
 

PROFUiNDIDAD PROIlEDIO DEL ESPESOR .
 

N0 PROFINDDAD DE-LA VETA DE.CARBON
VETA (M) 
 (EA) RESERVAS". 

1 300 1.00 40.00 

2 ., 300 1.00 840.000 

4. 300 1.10 924.000 

5' '300 0.80 672.000 

6 300, 0.80 504.000" 

T 0 T.A L 3'780.000.
 

RESERV s,PROBABLES DE CARBON DE LOS DEPOSITOS DE MALACATOS
 

CUADRO No 5 

ESPESOR PROI.1EDIO 
VETA DE DE LA VETA PESO ESPECIFICO RESERVAS DE CARBON 
CARBON (M) t/m3 (TONELADAS METRICAS) 

VETA 8 .2.0 1.4 1'400.000 

VETA 1 21.4 1'890.0io 

TTA. L. 3'290.000 

VETA "A" 

VETA "B .712.500 

VETA "C," 

TOTAL4'002.3-So 
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el cargcter de preliminar, han servido para elabor'ar. un inventarlo -de

los principales dep6sitos carbonfferos, entre losque se pueden citar: 

2.2.11:-. Cuenca de Nab6n (Provinciaadel Azuay). 

Se trata de dos lentijas de carb6n brillante de poco espesor; la prime

ra intercalada con arenisca arcillosa de grano fino, de edad terciaria,
 

pudiendo. reconocerse como cinta de carb6n esquitosa de 0.10 a 0.20 me

tros de potencia, cuya calidad estg dada por los siguientes pargmetros:
 

humedad 17.2%; ceniza 21.3%; vol~tiles 34.7%, carbono s6lido 26.8%; la
 

segunda leritija se forma de un banco de 4 a 5 metros de espesor de 'ar

cillas esquitosas carbonfferas con intercalaciones de areniscas de gra,
 

no grueso y lignito bandeado, con pargmetros ,.je estgn dados por: hume

dad 25.8%, ceniza 25.7%, se considera como explotable un estrato :de0.-70
 

a 0.80 metros depotencia.
 

2.2.2 -Cuenca "San Antonio" (Provincia de Pichincha).
 

Se localiza a 35 km al Norte de Quito, el yacimiento de lignito se halla
 

en el Pleistoceno, el techo y el lecho est~n formados de estratos fluvia
 

les y arenosos d6 grano fino, constando principalmente de cenizas volcg

nicas, socavadas con algunas bombas volcgnicas; la capa consta de una 

lignita terrosa negra en forma de estratos delgados, con potencia de 
2.30 a 2.60 m,con grandes cantidades de ceniza volcAnica y arena., Los 

resultados de laboratorio son los siguientes: humedad 20.96%; volgtiles, 

28.86a; partes macizas 21.95%, cenizas 26.98%. 

2.2.3 Cuenca de "El..Derrumbo" :(Provincia de Chimborazo);
 

Se 1,bcaliza hacia el Oeste de la ciudad,de Ala usl, las formacianes geom. 

16gicas del manto de carb6n consisten en capas de areniscas y arcillas 

interestratificadas, que tienen un rumbo general Norte-Sur con marcadas 

tendencias al Este.
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De una manera general, el horizonte carbonifero de "El Derrumbo", se en
cuentra cubierto por una gruesa capa de toba cuaternaria.
 

El carbon es brillante y de buena calidad, se presenta'en franjas am6
dulos fraccionados. Todo el.conjunto indica que se . -trata de un manto' 
carbonffero, con una franja de buen carb6n de metro de espesor ms a
 
menos.
 

2.2.4 Cuenca "Oriental".
 

Son muyescasos los estudios geol6gicos llevados.a cabo enla Regi6nAma
 

z6nica, para la prospecci6ny,eXplOraci6n deyacimientos de carb6n. La
 
mayorfa de los estudios han sido encaminados a la b~squeda de. petr6leo.
 

En las formaciones sedimentarias del Oriente, se ha encontrado pequefos
 
lentes o intercalacionesde carb6n. Actualmente se estd tratando de dar
 
una correlaci6n a la presencia del 
carb6n en las diferentes formaciones,
 
gracias a los datos proporcionados por los diversos registros obtenidos
 
en las perforaciones petroleras, lo cual 
darg una pauta para iniciar la
 
b~squeda de carb6n en los afloramientos de cada unidad.
 

Las manifestaciones m6s significativas ocurren entre el cret~cico y el
 
mioceno, en profundidades que alcanzan hasta los 12.000 pies; determin ndo
se las siguientes estructuras carboniferas:
 

a) Formaci6n Arajuno (Mioceno Superior).
 

Se compone de areniscas y arenas de grano fino, hasta grueso'.de :color
 
pardo; se presentan algunos conglomerados e intercalaciones discontinuas
 
derarcilla abigarrada. Es en la parte superior.donde se presentan are
nas predominantes, con algunos lignitos, arcillas ligniticas y vetas de
 

carbdn aut6ctono.
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El ambientede depositaci6n es deagua dulce y en parte agua salobre,
 
aflora enel Rfo Arajuno a 15 km alSur-Este del pueblode Napo.
 

b) Formaci6n Curaray (Mioceno Superior).
 

Se trata de una serie potente que comprende arcillas bien estratificadas
 
de color verde, azul o rojizo, localmente yesosas, alternando con arenis.
 
cas de grano fino.a medio. Mezclas tob~ceas, vetas de lignitoy arcillas
 
:carbonosas negras son comunes en la parte superior.
 

La formaci6n aflora a
1o largo del Rfo Curarav. con buzamientos- subho-:
 

rizontales.
 

c) Formaci6n Chambira (Mioceno Superior).
 

Se conocen 3 niveles, el inferior con areniscas de grano medio a muy
 
'grueso, comunmente conglomer6ticas con numersos horizontes de guijarros
 
de arcilla e intercalaciones delgadas de lutitas verde-azul, parcialmen
te mic6ceas y arenosas con abundante restos de plantas; el nivel medio,
 
de areniscas tob6ceas con magnetita dispersada y conglomerados interes
tratificados con arcillas bentoniticas quebradizas con impresiones de ho
jas, y el nivel superior, de capas de conglomerados bastos y de grava.
 
Espor~dicamente, troncos lignitosos o silicificados se encuentran 
envla
 
formaci6n.
 

d) Formaci6A Napo (Cret~ceo Albiano - Santomiano). 

Es una. serie variable de calizas fosil feras, grises.a negras, 
entremez
cladas con areniscas calc6reas y abundantes lutitas negras y azules.-


Dentro de las lutitas se presentan pequenas vetillas decarbon brllante
 
asf como lutitas carbonosas:'.
 

69
 



e) Formaci6n Hollin (Cret~ceo Inferior, Aptiano-Albiano).
 

Es una arenisca cuarzosa blanca, porosa; de grano medio a grueso, maciza
 
o con estratificaci6n cruzada, mostrando ocasionalmente ripple marks. A
 

veces hay capas guijarrosas delgadas e intercalaciones de lutitas areno

sas obscuras, localmente micaceas y tambien de lutitas carbonosas negras
 

en su parte superior. En la parte superior se ha determinado la presencia
 

de capas de lignito con potencias de hasta 2 metros.
 

La caracterfstica principal es la presencia de Smbar (resina f6sil),' con
 

tamafios que van de milim~tricos, hasta del huevo deuna gallina.
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INVENIARIO DE I.oS DEPOSITOS iE CARBON Erl EL ECUADOR 

RI I 1 - I .C A I I Z A C IONl D E L] D E I " 
J11 Al clrITO Dr CARIOI 
IIAI'A ( I1IA, GIAiI iIn) 

-

"j 
ROV Ifitl:IA [IPO I)E DEPOSITO 

GRADO DE 
(PROSPECCIOtJ, 

INVESTIGACIOI 
EVALUACION) 

(RADO DE 
DESARIOI.i.; 

I SAIN PIrONIO DE PICIIIA )ICIIfCIA LIGNITO CARBON SUPERFICIAL U 

211ONDAYACU IIAPO LUTITA CARBONOSA REGISTRO DE AFLORAIIEITO, 
EL VIAJE DE INSPECCION 

DURANTE 

M.E. 
3 fISAIIIJAI.LI NAPO LIGNITA + 

DE AI/BAR 
INCLUSIOIIES ESTUDIO PRELIMINAR 

IUFORtIACION 
Y COLECCION DE:

-N.C. 

4 :EIA. 

l11 lI.ANCO 

'-PASTAZA 

PASTAZA 

TURBA 

GRAFITO 

AFLORAIIEJTOS DESCUBIERTOS DURANTE" 
EL VIAJE DE INSPECCION -. 

INFORMACIOt ESCASA, I{IDICIOS ENH 
AFLORAMIEIJTOS 

E. 

N.E. 

6 IL DERRUriBO CIIIMBORAZC LIGNiTO INFORMACION ESCASA N.E. 

7 PALIIIRA CllIIIMBOP.qZC LIGNIT& N. IF. N.E. 

8 WHILLIAN 

NIABON -

-CAAAR 

A7UAY 

LIGNITO 

LIGfI TO 

IIFORMACION 

DETALLADA 

N.IF. 

ESCASA, PROSPECCION lO OPERACIONIES [L 

'EQUEi.A ESCAI 

N.0. 

10 CARBONCILLO LOJA- TURBA N. IF. N.O. 

II PICIIIG" I OJA GRAFITO) IIIDICIOS Eil AFLORAIII ENTOS Nq.0. 

12 

13 

14, 

EL TAM0IO 

LA TOMA 

IAI.AcAS 

1I OJA 

.JA 

ILOJA 
S . 

JI 

Y IOA 

LIGNITO 

LIGI,-TO 

LIGNITO 

I INITO 

INDICIOS EN AFLORAMI ENTOS 

INDICIOS EN AFLORA','ENTOS 

.'EQUERiA 
LA IWFOPIACION DISPONIBLE S INCOM-
PLETA 

LA INFORMACIO DISPONIBLE.ES INCOFI-
PLETA -EQUENA 

N.O. 

OPERACIOES 1-1 

ESCAI-A 

jOfEACIOES IN 
PEDU A [SCALA 

OPERACION-S I:1 

'ESCALA 



RUI- LOCAIIZACION DEL DEPO-,Fl -I AI.I I ON 
RNiTn: Al. SI TO IE CARBON 

IIAI A (TUIIA, GRAFITO) PROVINCIA TIPO DE DEPOSITO 

GRADO DE INVESTIGACION 

(PROSPECCION, EVALUACION) 

1.GIIADO O-
I DESARROLL 

16 

17 

IV; 

19 

9 
SAN -JOSE DIE fMINAS 

CA.IBAt. INA 

QIJICIIE 
riANFGAI. 

IiCIIINCIIA 

IICIIINCIIA 

PICIIIMCIIA 

PICIIINCIIA 

N.]. 
o 

N.I. 

N.I. 

N.I. 

N.IF. 

N.IF. 

N. IF. 

.r.IF. 

N.O. 

N 1) 

W.O. 

N .O. 

20 CALACAI.[ PICIIINCIIA N.I.I N. IF. N.O. 

21 
22 

23 

LLOA 

1ACIIACIII'. 

AI.OAG I 

• 

PICIIINCIIA 
PICIIINCIIA 

. . 

PICIIINCIIA 

.1. 
N.II 

N.J1. 

N.IF. 
N.IF 
.IFo 

1I.IF.-

N.O. 
N.o. 

: -.0 . 

N.O. 

24 TANDAPI PICIIINCIIA N.I- tLIF. . 

25 POIIASQUI PICIIINCHA N, . N.IF, N.O. 

26 CIII L.LOGALL lI CIIINCIIA N.IU.- N .IF. N.O. 

27 GUALEA I'ICIIINCIIA N .' N.-IF. N.O 

. 28 PENIPE CIIIIBORAZO W I N.IF. N. O. 

29 SANTA CLARA PASTAZA N.I. N.IF. N.O. 

30 RIO CURAIRAY PASTAZA N.I.. N.IF. N.O0. 

31 RIO CIIONTAYACI . PASTAZA NI N.IF. N.O. 

312 -CANELOS PASTAZA N.I N. IF. N.O. 

33 PAI(AtIOS DEL CORAZOJ COTOPAXI N.I.- N.IF.' N.O. 



No REFE-- LOCALIZACION DEL DEPO-
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N.O. 

-N 0fIE N-C L A T U A 

N.I. Ninquna Identificaci6n 

I. IF.: Ninguna Inform'ci6n
N.0. : Ninguna Operaci6n, 

N.E. No Explotado: : 
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ANEXO 3 

It 4 PORTACIoNEs DE-CARBoN, 

(kg)" 

TIPO DE 
MINERAL 1979 

A R, 61OS 
1980 18 

Antraclta 15.731 56.320 11.961 
Coques, Semicoque ' 

de hulla y Turba -j240.boo 197.582, V200.700 

Carb6n de Retorta 124 4.975 ,96 

Alquitrn.de Hulla 59.414 67.681 
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REVIEW OF U.S. COAL MINING TECHNOLOGY FOR SMALL MINES:
 
APPLICABILITY TO THE COAL DEPOSITS OF THE ANDEAN REGION
 

by 
DR. TONY SZWILSKI, P.E. 

Written for presentation at Cooperative Workshop 
on the Utilization of coal as an alternative to 

Petroleum Fuels in the Andean Region 
June 24-28, 1985
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TITULO: 	 TECNOLOGIA DE MINAS PEQUERIAS DECARBON: 
APLICABILIDAD DE LOS YACIMENTOS DE CARBON 
DE LA REGION ANDINA. 

OBJEJOTIVO: 
o 	 PRESENTAR LA TECNOLOGIA DE MINERIA QUE SE

PUEDE APLICAR A LAS MINAS PEQUE19AS DE LA 
REGION ANDINA. 

* 	 CONSIDERAR LOS FACTORES TECNICOS VARIABLES
DE LOS MANTOS DE CARBON Y SU INFLUENCIA AL
SISTEMA MINERO, SELECCIONADO PARA CONDICIONES 
GEOLOGICAS ESPECIFICAS. 

o 	 UTILIZAR LAS EXPERIENCIAS DE LAS MINAS 
CARBON IFERAS EN LAS MONTARAS DE APPALACHIA 
(EE.UU). 

o EXAMINAR 	LAS CIFRAS DE COSTOS Y PRODUCTIVIDAD 
DEL SISTEMA MINERO DE CAMARA Y PILARES (ROOM 
AND PILLAR). 

* CONSIDERAR LA APLICABILIDAD DE VARIOS SISTEMAS 
DE MINAS CARBONIFERAS DE LA REGION ANDINA. 
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MINABILIDAD DE LOS MANTOS DE CARBON LOS FACTORES 

INDEPENDIENTES PRINCIPALES: 

9 PENDIENTE DEL MANTO DE CARBON 
e ALTURA (POTENCIA) DEL MONTO (Y VARIABILIDAD), 

9 CONTINUIDAD Y TAMARO DE LAS RESERVASD.E CARBON" 
e PROFUNDIDAD DE LOS MANTOS 

e COMPETENCIA DEL PISO 
o CANTIDAD DE LIBERACION DEL METANO 
o DUREZA DEL CARBON 
o PRESENCIA DEL AGUA 
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FACTORES PRINCIPALES DE DISEIVO 

* 	TAMANO DE LOS PILARES 

* 	 ANCHURA DE LAS GAL ERIAS 

* 	 PORCENTAJE (RENDIMIENTO) 
DE EXTRACCION DEL CARBON 

o 	 LARGO DEL CORTE (AVANCE) DE 
LA MAQUINA (CONTINUOUS MINER) 
DURANTE LA EXTRACCION DE 
CARBON 



OPTIMA PRODUCCION DE LA MAQUINARIA 

DEPENDE: 

* ALTURA (POTENCIA) DEL MANTO 
* DUREZA DEL CARBON 

IWETAS DE ROCA UBICADAS EN EL
 
MANTO MISMO
 

• AVANCE PERMITiDO DE LA MAQUINA

MINERA ANTES DE COLOCAR*LOS 
PERNOS
 

* HABIL*DAD DE LOS OPERADORES 

LA PRODUCCION MAXIMA CON CONDICIONES 
IDEALES: 

* 180OMTPORTURNO 
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COSTS OF PRINCIPAL MINING EQUIPMENT FOR
 
ONE UNIT OPERATION (PURCHASED IN U.S.):
 

CONTINUOUS MINING UNIT
 
Cost, $ 

e, 1xCONTINUOUS MINER 550,000 

s 3 x SHUTTLE CARS (3 x $135,000) 405,000 

* ROOF BOLTER 	 150,000 
* 'FEEDER BREAKER 	 80,000 

*'LOAD 	 CENTRE (1000KVA) 50,000 

TOTAL $1,235,000 

CONVENTIONAL MINING UNIT 
(BLASTING FROM SOLID COAL) 

Cost, $ 
* 3 x BATTERY SCOOPS (3 x $105,000) 315,000 
* BATTERIES/CHARGER (3 x $20,000) 60,000 
* ROOF BOLTER 	 150,000 
* FEEDER BREAKER 	 80,000
 

* LOAD CENTRE 50,000
 

TOTAL $655,000
 
Note:
 
These figures do not include site preparation, installation and
 
ancillary equipment cost,
 

- , .
 



-MINAS DE ANTRFCITA EN LAS MONTANiAS DE': 
APPALACHIA: 

* 	PROFUNDIDAD DE LOS MANTOS: 
61 A 305 METROS 

* 	POTENCIA DE LOS MANTOS: 
0.6 A 6.1 METROS 

* 	ANCHURA DE LAS GALERIAS: 
2.4 A 3 METROS
 
AVANCE DEL CORTE (PRODUCCION):
 
2.4 A 3 METROS 

* 	PRODUCTIVIDAD: 50A250MTPORTURNO 

* 	MINEROS: 3A4 

* 	SOPORTE DE MADERA (NO HAYPERNOS) 

FACTORES QUE INFLUVE LA EFCIEN CIA DE
 
EXTRACCION (CARBON):
 

• 	 RESERVAS DE CARBON Y PROBABILIDAD 
*DE EXTRACCION 

" CONDICIONES GEOLOGICAS: POTENCI 
DE LOS MANTOS 

" CAPACijAD Y MOTIVACION DE LOS 
OPERADORES (MINEROS) 
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INTRODUCTION
 

The paper will focus on the state of the art coal:mining technology
 
and systems in small medium sized underground mines, and.-the possible
 
application to the coal deposits of the Andean Region. & brief review
 
will also be made of surface mining of coal deposits.
 

Obviously, the mining conditions in the Andean Region is a lot differen
 
from those of the Appalachian Mountains. The Andean Region has sub
stantial deposits of Lignite, Bituminous and Anthracite coal but the
 
geological conditions have made the coal deposits discontinuous and
 
generally difficult to mine, especially by mechanized methods. Whereas,
 
the Appalachian mountains has good quality bituminous coal that is
 
relatively easy to mine, with 2 metre thick and flat coal seams being
 
typical. Figure 1 shows the location of coal deposits in the United
 
States and the Appalachian Mountain Region in particular. The coal
 
of Eastern Kentucky has an average calorific value of 13,540 Btu;
 

Sulfur 1.2%; Ash 8.9%.
 

Although the geological and economic condition of the Andean Region
 
are generally considerably different than those of the Appalachian
 
Region, there are many practical mining operational experiences that
 
may be of.benefit to the miners of the Andean Region. Unquestionably,
 
the mines and geologists of the Andean Region are the experts of their
 
mining conditions and as such, are in the best position to evaluate
 
and decide on the applicability of outside technology and systems

for their coal mines.
 

The Room and Pillar mining method is the most productive and popular
 
mining method in the Appalachian Region; both continuous mining
 
machines and blasting/loading methods (Conventional) are used.
 
However, mechanized Room and Pillar mining is suitable only for coal
 
seams of inclination less than 200. Mechanized mining operations
 
will be described for bituminous coal seams of thitkness 0.76 metres
 

to 3.05 metres.
 
Anthracite is also mined in Northern Pennsylvania, see Figure 1. The
 
traditional methods used to mine the steep coal seams are outlined in
 
the case study section.
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CHAPTER I
 

MINEABILITY OF COAL SEAMS '
 

Before a mining 'method is chosen the ,miningyvariables, associated,.
 
with the coal seam to be developed,, must be.examined.
 

The principal independent mining variables are:
 

" Dip of coal seam
 
" Seam height (and variability)
 

" Continuity and size of coal reserves
 

" Depth of coal seam
 

" Competence of floor
 
* Degree of methane liberation 
* Hardness of coal seam (rank) 
* Presence of water 

Many of these mining variables are interrelated combine to define 
the MINEABILITY of a coal seam. For example, the hardness of coal, 
presence of water and degree methane liberation are often a function 
of the depth of coal seam. Also, free running water may directly or 
indirectly affect the competence of the roof and floor rocks. In 
choosing a production system and mining equipment all these factors 
must be considered in the design detailb. 

Principal Design Features
 

" Pillar Sizes
 

" Widths (span) of entries
 

" Percentage recovery (retreating?)
 

" Roof support techniques
 

e.Depth of cut. 

The depth of cut, for example, together with the height and width, 
affects the loading and hauling efficiency of the coal production 
system. The height of cut is dependent on the coal seam height,. 
and the width of cut is a function of the competence ofthe roof., 

CLASSIFICATION OF INDEPENDENT MINING VARIABLES
 

HEIGHT OF COAL SEAM
 

- less than 1.0m
 

- 1.0 to 1.4m
 

- 1.4 to 2.5m
 

2.5 to 4.6m
-


- greater than 4.6m
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FLOOR QUALITY
 
- Excellent: smooth, hard dry with grades less than l%
 
- Good: smooth, soft, dry, grades <,3%; possibilty of floor
 
heave; cautious mining operations required to maintain.I
 

competence of floor.
 
- Fair: soft, damp; may interfere with equipment operation,
 
requiring use of four wheel drive shuttle cars, floor ruts
 
with regular use, grades 5 to 7% occasional steep rolls.
 

- Poor: soft, wet; requires floor pads to support equipment;
 
grades > 7%; frequent steep rolls.
 

ROOF QUALITY
 
- Excellent: No roof falls; no roof support required during
 

initial production cycle. 
- Good: No roof falls, bolting pattern l.2m x 1.2m,orl.5m x 1.5m 
required, with bolt lengths < coal seam height; use of wooden 
posts, without bolts on 1.2m x 1.2m or 1.5m x 1.5m pattern. 

- Average: Occassional roof falls: > seam height / 2m; also 
a good roof that is difficult to drill.
 

- Fair: Frequent spot bolting in addition to the regular bolt
 
pattern required; shorter or narrower cuts required.
 

- Poor: Roof fall certain without cave support; combination of 
bolts, crossbars, posts; yielding supports; truss-type support. 

)EPTH OF COAL SEAM
 
Shallow: < 60m
 

*Moderate-shallow: 90 to 120m
 
Moderate: 135 to 270 m
 

*Deep: 240 to 900m
 

very Deep: > 1,000m
 

[ARDNESS OF COAL SEAM
 

Soft: Easily cut by continuous miner; can use plow for longwall.
 
Average: Easily cut by miner; use shearer for longwall,
 
Hard: Difficult cutting for miner unless the lacing (pattern),
 
angles and sharpness of bits are well maintained; slower cutting
 
rate.
 
Very Hard: Significant thickness of rock partings; barely cut
 

by miner.
 

90 



DEGREE OF METHANE LIBERATION
 

- None: No methane detected. 

- Low: No methane build up at the coal face even with mfnimum 

ventilation requirements. 

- Moderate: Curtains maintained tight; tubing close to face without 

these precautions the methane concentration may increase to 1%. 
- High: Methane concentration will increase to 1% if miner is 

operated at the normal rate, even with correct ventilation 

precautions. 

PRESENCE OF WATER
 

- Dry:
 

- Damp: Floor damp, no standing water.
 

- Wet: Water collects in pools to depths of < 0.3m (0 to.,15m for
 

coal seams < lm); runs to or from coal face. 

- Flooded: Water collects >-0.3m depth. 

A production system now can be chosen that best suites the mining
 

conditions or variables.
 

Example: A continuous miner would require the following minimum
 

mining conditions to be able'to operate well:
 

SEAM HEIGHT: 1.4 to 2.5m
 

FLOOR QUALITY: Good, less than 10%
 

ROOF QUALITY: Fair
 

DEPTH OF COAL SEAM: 90 to 120m
 

HARDNESS OF COAL SEAM: Hard*
 

DEGREE OF METHANE LIBERATION: Low.
 

PRESENCE OF WATER: Dry
 
* 	A HARD coal seam gives greater coal recovery as coal pillars can be 

small. However, of less importance, coal is more difficult to cut 

by machine. 
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Mining Varia]les
 
MINING METHOD 
 Depth.,Metres 
 Dip Thickness)Metres
 

Room and Pillar'
 
* Conventional 
 e 700 -015° 1-6
 
eContinuous 
 + 800 180 .0.7-5
 

Shortwall 
 '850.: .100 1.8-305:
 
Longwall
 

" Advance 
 ,:1500 0770, 0.5-4
 
" Retreat 
 85
 

ydraul ic 
 ~ 0 1 2.5 + 
pen Stopes 
 45-901
0 *t 

* Insufficient practical data todetermine limitsof mining ,;coal seams. 

Transport System 
Rope Haulage *Direct Rope ,.10.90,0 

e Endless/Mair, '0-900 
and tail 

Locomotives (special) 80 
Rubber Tired Equipment
 

'
Cat Track Equipment 0-280
 

Belt Conveyors 0-18,o
 

Hydraulic Conveyors 8_ 9O
 

PRINCIPAL MINING VARIABLES THAT DETERMINE THE APPLICABILITY OF.
 
MECHANIZED COAL:,MINING METHODS".TO COAL SEAMS.
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http:METHODS".TO


GRADE 
__ _Degrees 

6 3.4 
8 4.6 

10
12 

5.7
6.9 

14 !8.1 

16S18: 9.210.4 

20 .5 
25 11 14.5 
31: 18.0 
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COAL MINE DEVELOPMENT 
Assuming that the coal property to oe developed is suitable for
 
mining, there are a few initial considerations that need-t.o be
 
taken into account prior to opening the mine. 

Location of Portal
 
The selection of the portal site is influenced by:
 
* method of access
 
* method of mine ventilation
 
o type of haulage system
 
o life of the coal mine 

The portal area should be free of the danger of flooding (low

areas) and be close to the center of the coal properties, to be
 
mined, minimizing the costs of power distribution, ventilation,
 
water drainage and coal haulage. The portal should be as near as
 
possible to highways and coal transportation terminals.
 

Type of Portal
 
The type of mine entrance depends on access to and size, shape number
 
and depth of coal seams.
 
The three main types are:
 

* drift
 

* shaft
 

o slope
 
The drift is the most convenient for mining purposes, but is
 
limited to outcropping coal seams. 
 The drift would be especially
 
suitable for small underground operations working in small or
 
irregular coal deposits.
 
The vertical shaft provides the least length of portal from the
 
surface to the coal seam, minimizing the materials required for
 
linings and equipping the shaft. 
 Shafts are particularly advantageous
 
for mine ventilation. (See Figure 2)
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.... _,OPERATING
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ECONOMIC ANALYSIS OF TYPE OF MINE
 

PORTAL AT MEDIUM DEPTH FOR HiGH-


TONNAGE, LONG-LIFE MINE
 

FIGURE 2.
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CHAPTER II: 
 ROOM AND PILLAR MINING 

CONTINUOUS MINING 

Initial Coal,',Mine iueveLnman+ 

COAL- £AM 

.......... ........
 

The DRIFT MINE is the simplest and most economical mining method.
 
There are over 2,000 small mining operations that are typically

family owned having one unit 
(one mining machine/section).
 

MULTIPLE ENTRIES are developed from the coal outcrop inbye to the

other end of the property line. 
The number of entries depends on
 
the ventilation requirements of the mine.
 

Generally, three entries are developed into the coal seam. 
At
 
about 60 to 70 metres 
inbye extra entries are added.
 
A barrier pillar (of coal) is left between the outcrop (hillside)

and the MAIN ENTRIES. Therefore, a small number of entries (in this
 
case three) developed so that the overlying rocks are not disturbed.
 

"-zusprocedure is outlined in
' greater detail in.theCASE STUDIES that 
are presented later in the report. (chapter III).'
 



Now you will see the basic operations of continuous mining. During the 
continuous mining procedures, only three types of equipment are needed-
the cortinuous miner, which rips the coal from the face and the shuttle 
cars which haul the coal to the main haulage system. After the continuous 
miner finishes the face cut and moves to a new face, it is followed by 
the roof bolter. The roof bolting operation that takes place in 
continuous mining is the same operation you have already seen take place 
in conventional mining.
 

After trammting to the face, the continuous miner enters into the face On 

the left, and mines the coal which is then brought back to a shuttle car.'' 

.97
 



Shuttle cars enter from one direction--another moving in after one has
 
been loaded and has moved out.
 

kL 

The continuous miner can mine Into the face only as far as the operator 
Is under supported roof. Then the roof bolter must come in to provide 
support. 

98
 



From the main entries, panel entries are developed.' Barrier pillars
 

are usually left between the working sections. The room and pillars
 

are developed and the coal pillars extracted in a followitS operation.
 

A system of BLEEDER entries are left around the perimeter-of the
 

working panels. The bleeders allow the waste gas products from the
 

waste/gob areas to filter out of the mine through the return air entries.
 

The typical mine layout is shown in Figure 3.
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If retreating is allowed, the extraction of the coal pillars yields
 
a recovery of 70 to 85%.
 

Figure 4 shows the development of the MAIN ENTRIES using-u. continuous 
mining machine.
 

Continu ie 

Belt Feeder 

4Figure-'4', 

Typical five-heading development plan 

Figure.5 shows the room and pillar working section (panels) that are 
developed.(turned-off) from the main entries.
 

• 	 ,e(:,a.,, BVIl 

Room, Oevloomxn Section 

Figure 5 .- Typical room 	development section for room.and.. 
pillar mining. 

rigure 6 shows, the continuous ,miner extracting the coal .pilars in the 
RETREAT OPERATION. 
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Saon r.4n 
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Figure 6 Typical method of pillar removal inroom and.
pillar mining. 

METHODS OF RETREAT MINING
 

There are numerous methods of coal pillar extraction (retreat). iFigLre 7 
gives some examples of these methods. 

Continuous Mining Machine (Miner).
 

The most recent cost figures Obtained from Joy Manufacturing for 

continuous mining equipment, 3rd May 1985. 

" 15CM Continuous Miner $550,000 9 Feeder Breaker $80,000 

* 21SC2 Shuttle Car $135,000 e Load-Centre (1000 KV) $50,000 

@RBD-8 Roof Bolter $150,00.0 

Table 1 gives a list of specifications for various continuous miners. 

Table 1. Compratve Specifications for Continuous Mining Machines 

10011 Wgll(. Ilow 
Clasil HNoo9l. 

mm iu.I 
Cutling Hight 

Range. mm in) 
Overall Long$ 

minil 
ChasmilW1). 

IIIIll) 
Cuting4441sd 
Willi. m IIIt 

101°mC 
120L. 
(t0M 
120H4 
120"A 
IICN4.A 
IlM*tA 
12CM3 
12C, 
I2CMi 
121M11 
14{M3 
14 "C 

2040 :45 1i01 
3600 i$00l 
43000 to950001 
44000 (102.0001 
59100 1130..41 
31i000) 
37300 I8,3001 
41000 1i00i 
43000 to,00I 
34000 1600001 
31700 I7 500)1 
3,00 I0 
35000 71000 

I10 (24) 
710 129 
940.190 (37.391 

1170 (48) 
1S20 160) 
I10 (32) 
910 (36) 
910.1020(34.401 

1270 (50) 
$10.2030 (36. 101 
9,0,1020 136.0) 
400060 (26) 

640 (25) 

710.1220 
970--060 

1190.2340 
14203050 
1102970 
1070.220 
1170.2440 
1170.3050 
1523-3840 
11703050 
1170.3,10 
190.130 

MI6.S10 

130-461 
38.711 
l47.92) 
t1-1120) 
I70117) 
142-90) 
148-6 
1'1-1201 
110.144) 
,4-2) 

141441 
Io(3-721 
39-721 

9.69 13161 
1003 132.91 
10.05 13301 
994 (32 i 
1016 (3.34 
10.49 (34 ,1 
loss (3461 
1000 13211 
1000 (3291 
10.0013261 
1000 3.211 
9.94 13261 
9.4 32i1 

210 16.61 
2.74 (9.0) 
256 tO.4) 
2.65 19.71 
2.77 19.11 
211 183) 
2.51 1.3) 
2.59 ISC; 
2.97 (971 
2." l6.01 
2.59 (1.51 
2.63 19.31 
2.63 (t31 

3.05 
3.35-4.12 
3.29.4 "? 
3ta17 
3.29.417 
3.29 
3.9 
3.1472 
3.21-4.72 
2.9.3.05 
3.291.2 
3.3S 
335 

110.01 
110.155) 
110.8.10) 

1.1-15 0) 
(10.-15.0l 
(10,11 

10.9 
1101-.Si51 
101.-15 
(l.1.10.C1 
010.155 

(1101 
(1101 

I4CMS 
15W 

12"m 
CM245 
CM21 
ChIlAs

t 

H4S 
N4W38 
14110, 

14,11I~l*+S 

33 I WOl00 
29300 ,.6250 
4400 .020001 
24000 020001 
30000 .6401 
300O 66000, 
31000 61001 
37000 ::2000: 
31001 00.* 
3100 7000:4(X) 71 

90.710
5610 

1120 
10 
7)0 
110 
790 
970 
970 

1240130 

(27 301 
(32 
(44) 
1241 
(29) 
(2) 
1311 
(311 
1381 
(49)1.1 

$40.2290 
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LINE ORArTICE 
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Figure 7 (a) 

TRACK OR BELTr,. 

DIRECTION OF AIR FLOWLit- LOADING STATISF 

Pillar extraction on a 0.78 rad (45-) angle. 
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DIRECTION OF AIR FLOW
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Pillar extraction on a flatribi lie. 
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Typical plan for the extraction of a pillar. 

Figure 7 	 (b)
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Coal Seam Heights
 
Most of the mines in the United States operate in the range 0.89 to
 
6.1 metres. 
Seam heights above 3.66 metres require MULTI;PLE PASSES.
 
In Eastern Kentucky some success has been achieved in low-coal seams
 
of about 0.76m, especially with hard floors. Mining this/low coal
 
seams continues to be a large problem in Eastern Kentucky as billions
 
of tons of coal reserves are in thin coal seams.
 

Width of Entries (coal face).
 
The crntinuous miner can mine narrow entries of 3.3 to 4.7m, in a
 
sing' pass. 
This is usually done in areas of bad roof conditions.
 
The aajority of the mines use continuous mining machines with cutter
head widths of 2.4 to 3.4 m. Multiple passes are made to mine the
 
coal face of 4.9 to 6.7m width.
 

Machine cutting and Loading
 

Maximum machine production rates depends on:
 

e SEAM HEIGHT
 

* HARDNESS OF COAL
 

* DIRT (ROCK) BANDS
 

DEPTH OF PENETRATION (SUMP)
 

0 OPERATORS SKILL
 

Maximum coal production rates have been measured at up to 13.6 to
 
18.1 mt/min.
 

Typically the continuous miner will mine a total of 1 
hours in an
 
8 hour shift i.e. about 19% of the available time. Under ideal
 
conditions, a continuous mining section has produced over 1800mt
 
per ihift (one machine). But this is under ideal'conditions as
 
the average production is much lower.
 

However, in order to assure a high'average production 'PEAK PRODUCTIOt
 
RATES OF AT LEAST TWICE THE REQUIRED AVERAGE' must be attained.
 

104
 



al.To Snw. T04M Adve'i6 Tractionorive raction 0ve TractionGround ortIod Cilwance 

,.'11otaif Power 1w Inap for "6 for Hsqn Sinee Presure. 11P1lw) mm (ri)1 
9 


152 11121 110) 20 Jst HyrauliC Cyi*der SumO -	 1651240) 
34 011 3=0 1410 Mechanical Clulcil dechancal Clutch 	 1611263) 127 45! 

20713001 IN 2" 1 912S7V38IS7161) 410 3110) Hy4draulic Mechancal Clutch 


67 3all150711) 450 liO0l 
 H'dauliC Mecianical CluIctc 207 130.0) 223 M 

lt 34111 III meJilanni ,urin 279 0%)1410 Hydrauic .. 246 13601 


302 151 400 15351 EI¢cisc. Elect*ic. 1721210) 12 111
&C ac 

1451 400 15351 Elctic ac Electric. cc (76 (251) 2 4 1101 
237 

302 .5") 4W 15351 111CO, dC flecinc. dC 	 17212.01 - 229 330(911 

400 Electric. 1141cric. 1$$ 127.0) 113S02 1") 1531 dc dc 	 = 

dc
2" 1e) 2W0/340 375 4551 Electric. Eleiac IcS212213 229 330 Il131 
16 (24.) - M = W330(1)3)

6? 1541 400 IS331 Electric. de Electric. dc 

22? 14") 26 13501 Electric. EleIcItic 157(22.6 1112 (6)dc dc 


237 1585) 13501 de dc
M Electric. Electric. ?11223.) 	 5 i6)
 
53 22 11 I 

23? 151)1 33013901440 5201 Electric. dc Ellciric. e 15?12.)11 


323 4351 2%2601i340 3601 Electric ac 
 Electric. ac 1S2122.01 (12 to) 
336 6612 400 1351 Electric. dc Electric. dc 13 (240) 311 I1251 

36 is 6251 2 30 I1) Hydraulic IdraljliC 1241160) (52 iM) 
?1? 1551 320 14251 Hydraulic lyaeaulhc (3612001 152 161 

29? is) 2 1351 ac Electric.ac 13612001 (12 611
Electric. 

261 ISM121 30 Ol Hydraulic .qairulc (411(20.1 
 65 (6.51
 

2S4 001 340 4140d HdiiI Hydraulic i(72250) 76 II
 
171 171 

24 15i0 3.40 1410) Hydraulic HydraulhC 64270) 29 IM)1 

27 141 340 A4101 Hydulic Hydrllitc 1" 121.51 37 1111 

377 145) 340 t410) Hydraulic Hdraulic 210 30.5) 3I fil 

254 100) 340 14501 Hydraulic HldauhllC U1126.01 

274.3 0?u14 5") 3 310) 	 Elctri. ac 1i31 Il10 Elecitic. aC U0) I 

3 s ( 1) 370 15100 Electlic. be Electric 1c 13(3301 ) 2 it) 

3)6 11) 370 1100) Electric. c Electric. ac I 3126.0) M23305111ILl 
3)3 16"35 30 1001 Electric. c Elctric. ac 1721 250) 122 . 

3 1 621 ..... NOn4t None 

Table 2. Specification for a Continuous Miner.
 

Maintenance
 

Time Cost due to broken down machines results in lost coal production.
 

Additionally, there is the cost of the replacement parts. This would
 

be of particular importance in the Andean Region, where the transportion
 

and parts cost will be significantly higher. Table 3 gives an outline
 

of the maintenance history of a continuous miner.
 

Maintenance History, Miner No. 1375 

Shifts worked 207 Date purchased 5-01.73 
Tonnage produced 31,528 First rebuild 7.15-77 

Second rebuild 9.279 
Hr Er 

Data of Down. ZqaLr cost of 
Service tine Time z]pair ?ut No. Decption of Part 

1-05-80 3.00 4.00 $ 4,115 11723 Cutterhead motor 
1.15-80 0.75 0.75 138 07663 Methane monitor 
1.27.80 0.50 1.00 178 01856 Tram pump 
2.13-80 2.75 2.00 205 11754 Cutter head drive shaft 
2.29-80 18.00 25.00 14,903 11700- Complete cutterhead 
2.29-80 1.00 1.67 171 02333 Power pack 
3.07-80 4.50 3.50 588 01823 Tram motor 
3-15-80 4.00 4.50 4,294 11723 Ctterhead motor 

Total 
through 
3-15-80 34.50 42.42 $24,592 

Cost per ton $* 0.78/ton 
C Metric equivslent: 1 at X 0.907 154 7= t. 

Table 3
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Size of Coai Produced
 
The size 'of coal produced by the continuous mining machine can have
 
an effect on the conveyance and coal preparation (cleaning) costs.
 
Also, the machining of coal tends to produce a greater volume of
 

dust. Table 4 gives a screen-size analysis of the run-of-mine coal
 

produced, after being mined by a continuous miner.
 

ScreenSize Analyses of Material Taken by Continuous Mining Machines 

CltaeowH4 Miner IAoWrum Miner noAelv0num mier. Rotary.Orum Mnw Conwenhnal Sec00. Cnetbon Seam 
2.I m 17111Pins 2.1 m(17 P"1fs 1370 mmSei4 in) CedU 13SO mm (3 in.) 1370 nW ($d f.3 12201to270 N14410 5411 

Sc e SO. in. SR.S. % Grove Seam. % DiIon Seem. % Wenwh Seem. % 0orotiny Seem. % 

2 .0 7 3 3627 70 
2. 30.0 IS 14 1? 21 170
1.I2 S6.0 20 2 SI 123,6 6.0 6 13 16 I?S 12.0 
3 .114 70 O 6.09 '0 s.5 6.0 

114* 1,6 10.0 14 SI5 6.5 :2.0 
I/ 1 50 1.0 21 20.7 36.S 66 64 
So A 00 t0 2 2.6 . 3.7 0.6 .6 

00 0 0.5 3 42 6.. 2.Totea 01.00 00 100.0 100.0 10.0 

AN0WnagIa2Q ate0 W@1g*l.Scr*ea ale US Standard screen$ mi" ,ound w ooen0"S tolai aerop aoampo we his a&teunnown,. 

Table 4
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CONVENTIONAL MINING
 

The conventional (traditional) mine layout and development is very
 
similar to the continuus.mining system. 'However, the-CONVENTIONAL
 

MINING SYSTEM ulitizes 'alarger number of entries; as shown in
 

Figure 8
 

n I / ~ I IT(0 O leOLodillad lulnivlilll • I/ IIG - I IMI ID 

conventional mining plan showing cut sa. CUT O u V/ "No 

quence of seven entry plan. WOLMO 

Figure 8 also shows the principal operations of-conventional mi ing:
 

* CUTTING
 
(COAL)
* DRILLING 


* BLASTING
 

# LOADING
 
e BOLTING
 

As there are five distinct mining operations a minimum of five entries
 

is required. However, to 10 entries are preferable.
 

CUTTING
 

An undercutting machine cuts a 12.7 to 17.8 cm slot at the bottom of
 

the coal. The slot provides a free face for the blast, as shown in
 

Figure 8
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~~ALL 6.1 (20') W*I01 

(A)ONL HOLE PATTORN FOR THIN SEAMS. OTTOM CUT ONLY 

(1)ORIL. HOILI PAlTIIRN FOR BSAMSBOTTOM CUT ONLY 

ONNN 0 0 

(C)ONILL 1OU PATTEIN W1TH UNIVERSAL. CUTTER 

13 17 

--- -- 3:
 

Figure 

0 

(0) ORILL HOLE PATERN FOR THICK PARTING

Cut.and-dri; hole patterns used 

The cuts, by the universal (chain saw) cutter are .generally 2.4-to 
3.0 m deep. 

DRILLING and BLASTING L 

Figure 9 shows the drill hole pattern for 'thick and thin, coal seams. 

Blasting is carried out either by chemical explosives or compressed air.
 

COMPARING THE CONTINUOUS AND CONVENTIONAL POOM AND PILLAR OPERATION 
Both continuous and conventional mining systems can be very productive

when th operations are organized well and the mine management and
 
miners are motivated.
 

The conventional (blasting) method 
usually has an advantage in hard
 
coal seams, such as anthracite. 
Also, in thin coal seams where the
 
height clearance is too small for a continuous miner.
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MINING PROCEDURE FOR CONVENTIONAL ROOM AND PILLAR MINING
 

Often the face drilling operation isdone by a hand-held drill operating

off the cutter. Face drills, like the one shown here, are also used.
 

" /ML'RCuTrI/ 

* IA/';# 

0 BoOaOT/ON 
You will now see the movements of conventional mining machines andoperators. The normal sequence of movement is: roof bolting; undercutting; drilling; shooting; loading; and roof bolting. Again, rememberthat the drawings are not to scale, but are intended to give you a
clear
 
picture of mining operations. 
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i 1ao 

Here you see each of five entries or faces being worked simultaneously bythe various pieces of equipment. Actual entries are much narrower, butin order to clearly show the operations in a coal mine, we have drawnthem a little wider. Let's give each face being worked a number. Thenurbers get higher as you go from left to right--that means the firstentry on the left Is entry number one. You will see that the equipmentmoves in a.fixed order from right to left, or from a higher numberedentry to a lower numbered one. 

The roof bolter goes first. ... 

c1o
 



Followed by the cutting machine . . 

Followed by the face drill . . .. 



Followed by the shot fireman and then ... 

The loader and shuttle cars. 

11.2
 



The roof has been supported. Here you see the undercutter getting in 
position into the face after tramming (moving along). The undercutter 
is then positioned to cut. Its force cuts the face frnm right to left 
as it moves into the face. The undercutter cuts the face square up to 
the corner, moves the equipment out of the face, and is ready to tram 
to a new face to repeat the entire procedure.
 

After the undercutting is completed, the holes for blasting must be
 
drilled. Holes are drilled in special patterns in order to control the
 
way in which the coal falls after it is blasted. There are various
 
patterns used for drilling depending on the hardness of the coal and
 
other characteristics, such as the width of the face, height of seam,
 
and type of explosive used.
 



The holes are now ready to receive the charges for blasting. In theshooting operation, the operator first measures how deep the hole is.In our example, there are six holes. The permissible explosives andelectric detonators are loaded and stemmed into the first high hole,then the second hole, third hole, fourth hole, fifth hole, and sixthhole. For other blasting patterns, there may be a different number ofholes. Wires from the charges are connected. 

The wire is then unreeled to a safe position far enough away from the 
holes, connected to the blasting machine and the rest of the crew iswarned about the coming explosion. The warning "fire in the hole" is 
shouted.
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The charges are then set off, blowing the coal from the face. Because of 
the drilling pattern used, the coal isblown down and not, for example,' 
blasted out of the working place Into the crosscut. 

Nlowthe amount of methane over the "shot" coal must be tested at the 
level of the ceiling not less than within 12 inches of roof face and rib.
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The next operation is loading the coal inorder to remove it to the outside.
 
After the loader has been trammed to the face, it is positioned into the
 
"shot* coal. The operator of the loading machine can not go Inby the roof
 
supports. The gathering arms of the loading machine move the coal onto a
 
conveyor, which is part of the loading machine, then into a 
shuttle car.
 
The shuttle car carries the coal to either a mine car or conveyor.
 

ROOF BOLTER
 

Now there has been a 
new working area created. The roof must be supported
first. Before bolting is done, temporary roof supports are put in place,

These are either timbers or metal jacks and are placed according to a
 
definite plan.
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Once the temporary supports are in place according to the plan, the roof 
Is bolted.
 

0 0 

0 

First the roof bolter enters the new working area and tests the roof.

He scales the roof, sets the first post, and tests for methane. He

continues to reposition and drill and bolt, each time testing and

scaling the roof. Temporary supports are not removed until bolts are in.
 
place.
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Figure 10 shows the 'estimated available percentage of conventional
 
and continuous equipment' for different coal seam heights. 
 It indicates
 
that the continuous mining machine is more efficient approaching a
 
coal seam height of 2 metres. This diagram gives just a general ,
 

estimation, as operation efficiency largely depends on th 
 mining
 
conditions and operator skill.
 

Table 5 shows the comparison of changes in productivity, from 1969
 
to 1974, for conventional and continuous room and pillar mining. From
 
1974 to 1985 there has been a overall decline in coal mine productivity
 
in the United States. Much of this decline can be attributed to
 
the increasing introduction of safety regulations and the changing,
 
behavior and motivation of the workers. 
Unions also have an influence
 
on mine productivity. Generally, the well organized mine with motivated
 
personnel has a higher productivity and safety record.
 

Productivity of Conventional and Continuous Room-end.Pillar Mines (Tons per Unit Shift) 

Seem Tons (at) per Unit Shift 
Thickness. m No. of 

(in.) * Mines 1969 1970 1971 1972 1973 1974 

1.1 	 232 215 179 250 .241 210
42 5 256 237 197 276 266 232 

1.1 	to 1.4 336 307 272 257 242 215
42-54 27 370 339 300 283 267 237

Conventional 1.4 to 1.8 470 397 462 356 354 335 
54-72 29 518 438 509 303 390 369 

1.8to2.1 408 373 364 366 335 344
72-64 9 450 411 401 403 369 379 

1.1 	 243 187 ,161 229 239" 233
42 6 268 206 178 252 .264 257 

1.1 to 1.4 277 261 253 249 238 227 
42-64 33 305 288 279 274 262 250 

1.4 to 1.6 	 369 327 292 287 276 269 
continuous54-72 41 407 360 322 316 304 297 

section , 1.8 to2.1 349 317 307 307 304 269
72-64 22 35 349 33 339 335 297 

2.1 to 2.4 	 395 465 453 472 513 490
84-96 7 435 513 499 5.2 S6 540 

2.4 to 3.0 	 544 490 470 416 443 457
96-120 3 600 540 519 459 488 504 

Table S' 
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Mine Personnel 
Table 6 gives an outline of'the recommended mine personnel for a 
conventional and continuous mining unit. 

Minimum Recommended Organization for Typical
Room-and-Pillar Coal Mine 

Conventional Hourly PayrolllSection Salary 
Cutting machine operator 1 Section foreman 
Coal drill operator
Shot fireman 

1 
I 

Roof bolt operator
Loading machine operator
Shuttle car operator
Utility man 
Maintenance man 

2
I 
3 
3 
2 

14': 
Total 5 

Continuous Hourly Payroll/Section Salary, 
Continuous miner operator
Roof bolt operator
Shuttle car operator
Utility man 
Maintenance man 

I 
2 
3 

2 

Section foreman 

11 

Total 12 

Other Hourly Payroll People Ne4ded/hift Salary 
Timberman 2-10 Assistant general
Block mason 2-10 mine foreman
Seltman 1/belt Fire bosses 
Belt controller I Clerks (average)
Pumper 2-4 Surveyor (average)
Chief electrician 1 Maintenance 

supervisors 
Where track isused: 

Trackman 2-8 
Locomotive operator 1-2 
Oispatcher
Hoist engineer -

Table 6
 

Table 7 shows ,the classificationif various jobs in ,an underground 
mine that gives an indication of the order of pay scale.,." 
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Underground Mining Job Clsulflcatona 

All classifications within one group receive the same rate of 
pay. lEach pay classification is further subdivided into job
titles which are not shown. The number of job titles wilhin 
each classificationvaries from I (for continuous min4e-opera
tors and for 
laborers).

6 

5 

4 

3 

2 

I 

first class welders) up to 73 (for tinskilled 

Continuous mining machine operator 
Electrician 
Mechanic 
Firqboss 
Longwall machine operator 
Welder. first class 
Cutting machine operator 
Dispatcher
Loading machine operator 
Machine operator helper 
Inside repairman and welder 
Roof bolter 
Driller, coal 
Shooter 
Precision mason constructor 
Faceman 
Dumper 
Motorman 
Shuttle car operator 
Beltman 
Bonder
 
Brakeman 
Bratticeman 
General inside laborer 
Electrician helper 
Mason 
Mechanic helper 
Pumper
Timberman 
Trackman 
Wireman 
Laborer-unskilled 

Table 7 

Mine Productivity
 

Table 8 gives an outline of thei estimated productivity o ovnin3
and continuous mining 2un;ii lii ;i~~:n'!::i:8 
an oniuusmniguits for COAL SEAM THICKNESS l.2, 1.5, and 1."81 

metres.
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Estimated Productivity for Conventional vs. Continuous Mining,
1.2, 1.5, and 1.8-m (48, 60, and 72-4n.) Seam Height

Production Data Conventional Continuous Conventional Continuous Conventional Continuous 

Seam height. m (in.), I 2(48) 1.2(48) 1.5(60) 1.5(60) 1.8(72) 1.8(72)Width of place. m (It) 6.1(20) 6.1(20) 6.1(20) 6.1(20)Depth of cut. m {It) 6.1 (20) 6.1(20) 
Tons per cut, I (st) 

2.4 (8) 5.4(18) 2.4 (8) 5.4(18) 2.4 (8) 5.4(18)23 (26) 53 (58) 29 (32) 65 (72) 34 (38) 78 (86) 
Cuts per shift 20 8.7 20
Tons pershih 464 454 581 

8.3 is 8.2 
544 6t? 635
Short tons per Shalt 512 50 640 600 680 700Work mnutes per shift 400 400400 400 400
 

Face Crew
 
Continuous miner 

Loading machine 

- 1 - I 2 1 1 1 2 IShuttle cars 2 2 2 2 2
Onll 1 - 21• - .2 

2Cutting machine 2 
- I -

Shooting 1 .- 1  1 -Roof bolt machine 2 2 2 32" 
Total lace crew 10 

2 
6 10 6 I-."
 

Man Minutes per Cut
 
Continuous miner  -3.5 3.,Loading machine 30.0 31.C 30.0 33.0 34.0 33.5Shuttle cars 30.0 62.0 30.0 66.0 .34.0 67.0Cutting 30.0 - 30.0 -Drilling 13.0 -

35.0 
13.0  1.0 -Shooting 
 17.0  17.0  20.0 -Roof bolting 30.0 72.0 30.0 72.0 30.0 75.6

Total man minutes 150.0 196.0 150.0 204.0 168.0 209.8•per cut 

Man minutes per shift 
at the lace' 3000 1700 3000 1700 3024 1720 

Man minutes perTon 
 5.32 3.07 4.25 2.59 4.01 2.21Short ton 5.86 3.38 4.69 2.8 4.42 2.44 
Tons per manshift 48.4 75.8 58.1 90.7 61.7. 105.8Short tons per manshift' 51.2 83.3 64.0 100.0 68.0 116.6 

Working at the face: doen not inc'.de moving or delays.

tShort tons ber 8.hr manshif. Table 8
 
SGood mining conditions suitable for either conventional or continuous.
 

Although these estimated production figures show a distinct bias
 
towards the continuous mining method, especially in the thicker coal
 
seams, they have been determined for a specific set of fixed mining
 
conditions (parameters).
 

Many of the operation parameters such as advance of.,continuous miner
 
"
(sump) and bolting are governed by MSHA regulations.


Profit Factor
 
The business factors may change in each country. 
But the principal

factor can be generally considered to be MAXIMISING PROFITS for a
 
private company. Therefore two important factors to consider are:
 

C SELLING PRICE 

# PRODUCTION
 

C EMPLOYMENT
 

C MINING COSTS
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DETERMINING MINING COSTS
 

It is the intention of this report to present information that may
 

be of use for-the coal mines of the Andean Region. There is not
 
much use in giving splendid illustrations of sophisticated mining
 

equipment and methods which bear no relation to the scale of mining
 

that is anticipated for the Andean Region.
 

This report will present an outline of costs for a unit operation
 

in the mount7ins of Kentucky. Although the geological conditions
 

are dissimilar the mining in the mountains in Eastern Kentucky and
 

the Andean Region have many things in common. In both areas, the
 

principal aim is to maximize productivity based on limited resources.
 

In this case the principal resources of LABOR and MATERIALS/SUPPLIES
 
are different in magnitude of cost and availability.
 

PLANNING a coal mine venture requires an estimation of mine costs.-!
 

The behavior and nature of the costs are very similar-from mine to"
 
mine, but will differ in magnitude depending on the location of the
 

mine and supply of the labor and materials.
 

PRODUCTION COSTS FOR A ONE UNIT (MACHINE) COAL MINE
 

The following is an outline of the costs for a small-one unit :coal
 
mine in Eastern Kentucky. Although the cost of .materials and labor
 

will be considerably different, the nature and behavior of the costs
 

should be similar, for the same type of.mining operation.
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Obviously, the largest difference between the United States and
 
the Andean Region are:
 

labor Cost 
 terial Cost
United State 
 High Low/Medium
 
Labor Cost Low High 

Therefore, when choosing a mining system for; the coal deposits
of the Andean Region, obviously different criteria must be used 
than those of the United States. A low labor cost would favor 
conventional mining. 

Until now, only the basic mining operation parameters -have beenconsidered. Later in the re rt. mine o 4- .nA 

will be discussed.
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TABLE.OUTLINE OF cOSTSFOR A SMALL COAL MINE IN EASTERN KENTUCKY
 

ITEM 


Roof bolts 


Wood supports 


Roof drill bits 


Roof bolt steel 

Cutter bits 


Coal drill bits 


Coal drill augers 


Blasting Powder 


Blasting cable 

Blasting Caps 

Rock dust 


Brattice Cloth 

Stoppings 


Conveyor belt and 

Structure
 
High voltage cable 

Water lines 


Water lines 


Grease 

Oil 


Telephone cable 

and hangers 


Repairs & 

Maintenance
 
Cable splices 

Welding 


Shovels, picks 


Fuel: FEL 

Miscellaneous., 


COST 


$4 per assembly 


$0.21/ft advance 


$4.60 each 


$30/month
 
$3 each 


$7.50 each 


. $30 per month
 

.$52/case of 68 
sticks of TOVEX 

$0.40 per metre 

$410 per 500 

$0.05 per Kg 


$20 per day 


$1 per block 


$100 per metre 


$20 per metre 

$7 per metre 


1.5 i-ach 


$10 per day
 
$,17 per litre 


$20,per break 


$300 per day
 

$40 per day 

$50 per day 


$7,000 per year 


$9 per hour 
$5,000 per year 

COMMENTS
 

For thin coal:one bolt/ft of advance
 
2 rows x 2 headings(belt & escapeway)
 
31per loft advance (sharpened twice)
 

160 per month
 
30 per month (bituminous coal)
 

with dirt bands
 

3 sticks per hole: 0.76 seam(4 holes) 
0.91m, 1.07m, 1.22m (5 holes) 
122 metres per week 
one per hole
 
6.4 Kg of rock dust per ton of coal
 
Guide for ventilation
 
1 block per 0.1m 2 of entry
 

Rubber belt
 

4160 volts
 
7.6m Diam; 6.4m sections
 

Couplings; Average $8.20 per metre.
 

36 litres per day
 

Break is the distance between
 
cross-cuts
 

Includes cable replacement,
 
Includes rods; 0 acetylene
 
Also hammers, axes, pliers
 

Fuel for 
Road maintenance etc.
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CHAPTER III
 

CASE STUDIES
 

MINE A- CONTINUOUS MINING AND DIESEL HAULAGE-(REPLACING 
CONVENTIONAL MINING) 

Location: 
 UTAH
 
Topography: 
 Flat
 
Overburden: 
 *Upper Cretaceous
 

160 percent Sandstone
 

40 percent Shales
 

30.5 to 46 metres deep.,

Coal:'"Seami: 
 *Bituminous, 
3.66 metres 
(12 ft) thick
 

* Rock parting 0.3 metres
 
S12,000 BTU; 1% Sulfur; 
8% thick
 
* 
Steam market quality
 
* Inclination (grade) %. 
 2% (average),


Roof:Bolting: . 1.2 to 1.8 metres long (into sandstone) 

* Spacing 1.5 metres
 
* Resin bolts
 

Floor: . Fire clay (dry)
 
Seam Conditions: * 
Methane free 

- Above drainage (dry)
Mine Access: 0 Three (3) entries driven from the outcrop 

At ,76,metres,.two additional entries developed.
 

4.M24
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At 76 + 244 metres (320)'-seven' (7)main entries were-turned at 

right angles to initial entries., 

Entry Width: * 6 metres 

* Centers 21 metre!
 

* Pillar size = 211- 6 ='15 metres 

Coal Extraction: As shown in Figure llthe room and pillar system
 
' 
is developed to the property boundary. The coal is then taken on
 

a RETREAT SYSTEM, extracting five (5) pillars at a time.
 

CONVENTIONAL MINING SYSTEM
 

The mine had earlier been mining using ,the conventional system.
 

of cutting, blasting and loading. Then it decided to switch tc
 

continuous mining.
 

Conventional Equipment
 

1 Joy 15 RU cutter
 

1 Schroeder coal drill
 

2 Wagner LHD loaders
 

1 Lee Norse roof bolter
 

1.Stamler feeder breaker
 

1 John Deere tractor-diesel
 

42 inch (l.07m) panel conveyor belt
 

Coal Production: @ 500 raw tons (metric) per shift 

. 364 clean tons (metric) per .shift 

Unit Personnel:, 9 miners
 

,
Coal Haulage: A diesel Teletrain hauls coal from theiloader


to the feeder breaker; a maximum haul distance of: 152 metres. '
 

The panel conveyor belt is advanced every fifth cross cut (107 metres)
 

CONTINUOUS MINING SYSTEM
 

Mining Equipment
 

1 Marietta drum miner
 

2 Wagner Teletrains-diesel'
 

I Lee-Norse roof bolter
 

1 Stamler feeder breaker
 

42 inch (1.07 metres) panel belt conveyor
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Coal Production: 0 272 mt 
(raw) per shift INITIAL STAGES
 
* 820 mt (raw) per shift is planned
 
with gained experience.
 

Unit Personnel: 9 miners
 

General: Coal production on two' tz snirts is pLannea.
 
The third shift will be used for maintenanc and utility work.
 
The run of mine coal is conveyed to a grizzly chute and crusher.
 
The 4 x 0 coal is then stockpiled and then fed to a vibrating
 
feeder and jig plant (rated capacity 136 mt). The coal is hauled
 
by truck to a rail siding
 

0 00001 
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:300000 ]000 3 

13000C 130101 00O 10 

Figure' 11, 
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MINE B. CONTINUOUS MINING AND SHUTTLE ICAR HAULAGE"
 

Location: Eastern Kentucky
 

Topography: Mountains
 
Overburden: 'Shale and. sandston
 

* Varying depth
 

Coal Seam: ,. Bituminous
 

* 1 to 1.3 metres thick
 

I e Undulates; no severe grade
 

Roof Bolting:,. ,* Mechanical bolts (in shale
 

:a 0.9 metres long
 

* Spacing 1.2 metres
 

Floor: Fireclay (dry)
 

Mine Access: Five (5) drift (in-seam) entries are developed
 

from the outcrop. At 82 metres an additional entry (6) is developed.
 

82 m~ww o 

These main entries are advanced a further 472 metres before sub-mains
 

are developed at right angles. -Production room and pillar: operations
 

are developed inbye from these sub-mains.
 

Entry Width: * 5.5 metres 

'Centres 18.3 metres 

* Pillar size = 18.3 5,5 = 12.8 m 

A 30.5.metre barrier is left between!the production,section., See
 

Figure 12.
 

Continuous Mining Equipment
 

1 Jeffrey 170L, or Lee Norse 265 continuous miner,.
 

2 Joy 21SC Shuttle cars
 

1 Galis 300 roof bolter
 

1 Stamler feeder
 

1 Elkhorn battery-powered scoop
 

1 Power center
 

36 inch (0.9m) panel conveyor belt
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Coal Production: 0 420 mt (raw) per shift
 
*260 mt (cean) per shift
 

Unit Personnel: i0 miners
 

Coal Haulage: 
 Coal is hauled from the miner to the.f6eder
 
breaker a maximum haul distance of 128 metres. The belt
 
conveyor is advanced every two to three crosscuts (36 to 54 metres)
 
coal, produced on 2 shifts per day (1 shift maintenance and utility
 
work), is conveyed out of the mine to a 155 mt truck bin, outside
 
the portal (entrance). Coal is then hauled away by 25 mt trucks.
 

to MOO 

1COC0OO OOOO QQO O O 0
00
 

SiFigure 1~i2
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MINE C: 'ONVENTIONAL MINING: 'SHOOTING OFF THE SOLID'
 

Location: astern Kentucky
 

Topography: Mountainous
 

Overburden: Shales, sandstonei
 
Varying depth, up to 275 metres
 

Coal Seam: Bituminous
 

1.62 to 2.79 metres-in thickness
 
Shale parting, 0.3 metres thick inlower half
 
of seam.
 
Inclination up to 2.5 percent
 
Metallurgical grade.,
 

Roof Boltin , Mechanical bolts, shale roof
 

* Length 1.8 metres
 
Floor: , Hard Shale (dry)
 

Mine Access: Four (4) entries are developed from the coal
 
outcrop. 61 metres inby, an additional two entries are developed,
 
for a total of 6. The six (6) entries are advance 1,000 metres.
 
At about the 500 metre point, rooms and pillar operations are
 
branched off in 7 entries on 21 metre centres. (see fiaure 13).
 

Entzy width: * 5.5 metres 

* Centres.21 metres 
* Pillar size = 21-5.5 

Conventional Mining Equipment
 
(Shooting from the SOLID)
 
1 Schroader coal drill
 

4 Elkhorn AR-75 scoops
 
2 ACME roof bolters 
1 S&S feeder breaker 
1 MSA rock duster 

2 Rectifiers, 480 v. 
36 inch (0.9m) panel belt.conveyor: 

Coal Production: 910 mt(raw) per shift ,

0580 t(clean) per shif
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Unit Personnel,: 11 miners
 

Coal Haulage: Battery-powered scoops transport coal .from the 
miner to the feeder breaker, to a maximum distance of 122metres. 
The panel belt conveyor is advanced over 3 cross-cuts 3674 metres). 
The coal is conveyed to a 273 mt bin, outside the portal,, and then 
by truck to a cleaning plant. 

100 mzh. 

- .. "- - J ~ 

_ oo'c-oc c TO.___ 

Figure.13
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MINE D. CONVENTIONAL MINING USING BATTERY OPERATED SCOOP
 

LOCATION: WEST VIRGINIA
 

TOPOGRAPHY: Mountains
 

COAL SEAM: @1.5 to 1.7 metres
 
* Bituminous
 

e Grindability No. 38
 
* Inclination (grade) 1i%,
 

Floor: Fireclay
 

Entry Width: 6.1 metres (all entries)
 
'Mains 	entry centres: 18m x18m,:_1
 

Production room and pillar centres: lm x,1m;. Lzm x ±zm
 

Equipment:
 

3 x S&S 488 Battery Scoop
 

Joy 15 RU cutting machine
 

320 Galis Roof Bolter
 

Hand held hydraulic (2700 litres/mn) drills
 

Cost of Equipment (in U.S.)
 

Battery Scoop = $105,000
 

3 sets of batteries = $20,000
 

TOTAL = $125,000 

Coal Production: 1310 mt per shift
 

Unit Personnel: 12 miners (including forman),
 

Mining System: This conventional .system is unique and highly productive'.
 

The coal (hard) is drilled by hand-held hydraulicdrills. The cut
or advance is 3.4 metres (average 3 metres),, ,drilling .5.-holes:. 3 in
 
a centre wedge and one on each of the sides on 100 ms delay.
 

3 scoops are used; 2 for transport to tbe feeder breaker, 1 for
 
clean up. The scoops tend to spill a lot of coal and Weat Virgini a
 
law requires a clean working area. The scoop hauled a maximum distance
 
of 200 metres.3 scoops would cost 3 x $125,000=$375,000. Three
 
batteries are required due to time required for charging and cooling.
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Although this mine had a maximum inclination of ].%, the scoops
 
have been used successfully up to 25%.
 

Two unit scoop sections was used in another min7e1. The mine. was 
older and had been previously worked., also the general 
geological conditions were worse than the'very successfull one-unit 
scoop operation. The productivity for this two unit operation
 
averaged 50 mt per man shift, mining ontwo shifts.
 

The hand held drills were about to be replaced by drills mountee
 
on the scoop, to make the hard drilling work easier.
 

Best Productivity seems to be attained by working:,
 
* ONE UNIT OPERATION
 
* ONE SHIFT PER DAY
 
* ONE TEAM OF MINERS
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CHAPTER IV
 

ANTHRACITE MINING IN APPALACHIAN MOUNTAINS
 

The principal system of mining the steep anthracite deposits is room
 
(gallery) and pillar. Most of the mining is carried out*'n a small
 

scale and relies on traditional methods that have not chdngedmuch
over 100 years. The following gives a summary of the anthracite, 

mining: 

Depth of mining: 61 to 305 metres 

Thickness of seam: 0.6 to 6.1 metres
 
Width of entry (gallery): 2.4 to 3 metres
 
Depth of cut (blast): 2.4 to 3 metres
 

Production: 50 to 250 mt per shift
 

Mine Personnel: 3 to 4
 

Support: Timbers (no bolting)
 

General Comments: The principal mining procedure is that of forming 
r-ims by drilling and blasting from the solid coal. Productivity of 

the mines depends on: 

e Coal reserves and availability
 
o Mining conditions: thickness of coal seam
 

* Skill and motivation of miners. 

Typically 3 to 4 miners will work one shift per day. The lowest and 
highest productivity has been recorded at about 50 and 250 me 

.
respectively. The thickness of coal seams (veins) tend to change ,
 
ie in the same seam. Where the anthracite coal is more friable,
 
and the coal reserves justify it, sub-level caving has been tried.
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FATAL ROOF FALL ACCIDENT
GOODSPRING, SCHUYLKILL COUNTY, PENNSYLVANIA 
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STEEP SEAM MININGI
 

For moderately dipping seamsmechanized mining can be carried ut 

by turning off production :workings at an apparant dip. 

Olp
 

For Steeper Coal Seams. 

The face transport is basically by gravity via sheet iron.l. The main 

entries are driven along or near strike In order to minimize the 
angle of dip. 

For most of the mining systems, in steep coal seams, the coal is 

either hand-loaded or organized such that the majority of the coal 

falls down the chute, immediately upon blasting from the solid. 
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A-	 Minlncq on Pitch wit h Two 
Shakersin Adjacenf plces 

System A. Retreat Mining
 

The System A is very similar to the longwall retreat mining layout,
 

which may be an attractive option for mining in the deeper coal seams.
 

However, the main drawback is the stability of multiple entries in
 

deep seams. Single entry development would be a better proposition.
 

This system may also lend itself to backfilling; to avoid subsidence.
 

Face transport system 
for a Retreat Mining System
 

tsheel-on
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Mo/ieri/f ffed fromShe Iro, I -o/om , obbed on 
+V lower iloe of houlivoy 

System B. Advance Mining
 

System B shows the entry development and production layout for an
 

advance system. This system would probably be a better choice than
 

System A (retreat) for DEEP COAL SEAMS. That is, in deep mines efforts
 

are usually made to minimize entry development (ahead of production)
 

when mined in-seam because there are likely to be more unstable in
 

time. Advance mining is also better for CASH FLOW.
 

so~
 

ooooooo
SF&oClio - o I 

0 000.0000000 0 0Dcl . 
MINCCON 

o oR,D.0 a 

System C. Room and Pillar Mining
 

System C shows a Room and Pillar system that rle nhn-ild

loading and chain conveyor face haulage.
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TRACE OF 

MONKEY AIRWAY MAMMOT" .SLANT CmUtE 
AI . "-. CROSS HEACDNG SM ,L. 

X, " -BOTTOM OF E 
MAMMOTH

ROCOG - O -IGWAY VEIN 
MAMMOTH ".5 
VEIN -1 AN Nl 

UPPER LEVEL-ROBBED -ROBBED DETAIL 

HURACROS ILL~o CROSS 

CNAYCHUTES( ,, 
• ,C,, 'AJ.! MONKE 

BLOWER FANARA 

JI _MENTIBE 

60 A IR A-J 'AUyCROSS*HEADNG AIRWAY
CUTEJ C ERTrNCE SECTION A-A 
BATTERY WTH 

TRAP DOOR 

System D. Slant-Chute
 

System D outline a slant-chute system that has .been used'for 'thick
 

coal seams.
 

y .. 

d. C-~U"t 

Tapping Mining System 
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Thin Seam Mining-Continuous Mining with a Bridge Conveyor
 

Productio per hif 5feett 

•~ 
Brde 

c(.eyor 
conveyor 

Production :250 mt per shift 

Coal Thickness: 0.64 to 1.02 metres 
Seam Dip : 0° (up to) 

14
 : ,.. .........--

, ,."" Caving Method O
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CHAP'ER V 

APPLICABILITY OF MECHANIZED MINING METHODS TO THE ANDEAN REGIGN 

*JATUNHUASI 
COAL FIELD (PERU)

Although the Jatunhuasi coal field is not necessarily typical of the
 
Andean Region coal deposits, it will:be a useful exercis 
to describe
 
the mining conditions and then discuss possible applicatns of
 
various mechanized mining methods.
 

A report 
 gives a detailed account of the mining conditions of

JATUNHUASi and possible methods of coal extraction. The centre of

the Junhuasi cynclinal basin consists of a series of sandy shales,

fine grained sandstones and limestones 
(up to 300m thick). Below

lies 50m to 75m of massive sandstones often including thick red
 
shale and one/two interbedded sandstones.
 

Mining Variables
 
OVERBURDEN 
 *Up to ll00m limestones; 75m sandstones
 
COAL SEAMS :sThicrkness 0.5 to 0.95m (av 0.7m)
 

*Subbituminous
 

*6,000-7,000 KCAL/Kg
 
eAsh 9 to 16%; Sulfur 0.6 to 2.5%
 
'Inclination 
240 to 330 (Av 300)


ROOF CONDITIONS 
 :@Thick sandstones (xy seam) 
*Sandstones indulates displacing the top coal 
eCompetent (hard)
FLOOR CONDITIONS 
 :*Similar to roof, grading to sandy-shale in places.
 
*Competent (hard)
 

Report on Jatunhuasi Mining Methods Investigation by Cerro Corporation
 
1970. :" 
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THE SELECTION OF MINING METHOD will depend on:>
 

* Scale of mining (coal demand) 

" Mechanization vs Non-mechanization
 

" Caving vs Non-caving
 

This discussion will focus on thelatter: two points ie:,th 4isupply
 
rather than the Demand characteristic.,
 

Mechanization vs Non-Mechanization
 

The factors to consider are:
 

* Ability of machines to perform in mining conditions 

* Productivity: machine.3/labr intensity
 

The principal mining variables for the "Jatunhuc. .
 

* Inclined shallow coal beds
 

'Level (or near) deeper beds
 

o Soft coal
 

* Good roof
 

Mobile mining machines such as shuttle cars, scoops require a grade:
 
of not greater than 20% (120).
 

The actual continuous miner and loading machine canmineongarades
 

up to about 250, although a limit of 150 is more,practical. As
 

the Jatunhuasi coal seams incline up to 330 it ;.is quite ' feasible
 

to mine on an apparant dip. The main entries being :developed along
 

strike.
 

However, considering the LIMITED RESOURCES and generally ample
 

SKILLED LABOR, and probably small seale mining, the Andean Region
 

will probably not be precccupied with mechanizing the mines. This
 

would call for high initial capital, replacement parts and maintenan(
 

programs.
 

Caving vs Non-Caving methods.
 

As quoted in the Cerro de Pascc
 

attractive proposition due to:
 

e Hard roof 

* Possibility of fracturing.wateir ibearing MACHAY iLIMESTONES
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ROOM and PILLAR mining may then be a suitable method. Assuming

CONVENTIONAL MINING (higher labor intensive) the following limits
 
apply:
 

a Depth X 700 metres
 
. Dip X 15
 
0 Coal thickness 1.0 to 6 metres
 

(Jatunhuasi 0.5 to 0.95m)
 
Probably the limiting factor.
 

Unfortunately, as in many coalfields, the shallow seams are steep
 
and the deep coal is more level.
 

Also, the coal being soft/friable (subbituminous) will not produce
 
strong coal pillars in the deeper coal. 
 Thus, if backfilling is
 
not used 
(to prevent caving) coal recovery (percentage)*will be low.
 
Mines in Eastern Kentucky mine coal, with the Room and Pillar system,

in level and 2 metre 
 coal seams to 800 metres under the ridge of
 
the mountain. 
The coal pillars are generally retreated.
 

LONGWALL MINING was suggested in the Cerro de Pasco report as being
 
an attractive alternative: However, backfilling, to PREVENT CAVING,

would be used. The longwall system would be suitable in the deeper

and inclined coal seams. 
A fully mechanized longwall unit, of face
 
length 150 metres would cost in the order of $6 million. This scale
 
of investment would require:
 

" 
large seale (high production/mining)
 
" large, continuous coal reserves
 
" high capital investment
 
" coal seam thickness greater than 1.0 m
 

Subsequently, mechanized longwall will NOT BE SUITABLE FORJatunhuasi 
specifically and probably in the Andean Region in general. 

However, there may be a case for a less mechanized mining ystem.. 
Similar to Longwall Mining, especially in the deeper.deposits., 

MINING IN DEEP COAL DEPOSITS
 
The principal problem is the decreasing stability of the main entries
 
over time. 
The U.S. system of MULTIPLE ENTRIES has a significant

disadvantage in deeper coal, whereas a SINGLE (or even two entries)
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' 
system would be far more stable. Also, developing multiple main
 

entries is usually costly.
 

THE SHORTWALL MINING SYSTEM uses a combination of: 
e Longwall layout; length 50 to 60m 

* Continuous cutting machine
 

The shortwall system requires better roof conditions'than the longwall
 

mining system.
 

Therefore, single entry, labor intensive, shortwall system may be.
 

suitable for the deeper, more level coal seams. Mining the coal with
 
HYDRAULIC PICKS is another alternative.,
 

HYDRAULIC MINING is a possibility for: 

" Coal seam dips 80 to .900
 

* Soft-Medium hard coal. 

" Thickness, generally 2.5 metres plus. 

The Jatunhuasi coal field hqs good roof and floor conditions, but, 
probably the coal is too thin. Also, most hydraulic methods involve 

caving. (see Appendix C) 

UNDERGROUND AUGERING is probably more suitable for :the thicker,
 
steep, anthracite deposits of the Andean Region. Also, there is a
 

lack of actual case studieslof full scale underground auger mining,
 

to be able to draw any definite conclusions on applicability of auger
 

mining (see Appendix B).
 



APPIX A: .RENCH METHOD lF MINING VERTICAL COAL SEAMS 

STARTING A NEW SLICE WITH VERTICAL MINERS 

a)g 

•iIL \ \\\\ , jo 

152
 



THE DRESSITIC MINER
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LTHE, ANIF, MINER
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qDRESMATICm MINER FOR THINNER VERTICAL SEAMS
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APPENDIX B." UNDERGROUND AUGERING OF STEEP COAL SEAMS 

I. CONTINUOUS BORING MACHINE AND 0.61 METRE AUGERS IN STEEP
 
ANTHRACITE COAL
 

The United States Bureau of Mines produced a report (No...6759) in
 
1966 on the use of a boring machine in a 10 metre thick%njthracite
 
coal seam; inclined 150 to 45° . However, the boring machina ^,,iA
 
not mine on an inclination greater than 150 (27%).
 

Entries (gangway) were driven with the continuous bore'. ventlLatlon
 
openings between the entries were developed by a large (O.61m);
diameter auger (described later). 
 The blocks of coal between the
 
entries 
were mined by the long-hole (blastinq) method. cnnrn-" I 
were used to transport the mined coal. 
See the Figure 

As the boring machine competely filled tuc 
jrcu.ar entry advance,:
 
support could not be used. 
 Assucha,
a lot of ground controli difficulties
 
were encountered.
 

* Average Productivity Rate 
 18 mt per man-shift
 
The boring machine,is prototype equipment and would.be "o
 
unreliable for the needs of the Andean.Region.
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SIDE VIEW OF CONTINUOUS BORER 

A Rotating boring elements G Hydraulic motor, water spray pump M Discharge conveyor 
B Cutter chain H Head tilting jacks ,V Hydraulic pumps 
C Chain-bar elevating jacks I Control panel 0 Power takeoff 
D Gear case J Hydraulic tramming motors P Main motor 
E Head elevating jacks K Boom elevating jack Q Hydraulic conveyor motor
F Crawler treads , Boom swing jacks 

Continuous Borer Assembly. 



II. HI-REAM AUGER SYSTEM
 

A more recent mining development (by USBM) involves the u~e of the 
surface mining auger technology to underground coal seims. 
The two principal uses are: 

* Mine out prepared panels of coal at low cost and high
 

recovery rates.
 
* Secondary mining or to excavate coal from remnant pillars
 

This system is very promising and invoives relativelysimple
 

mining technology.
 

. 1 5 

Removing more coal per hole ispurpose of back-reaming square. hydfaulically before withdrawing. Sags inflat by air pressurehole auger. Auger bores round holes. then head flight expands help support roof weakened by the extra removal. 
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APPENDIX C: HYDRAULIC MINING OF THICK AND STEEP COAL SEAMS 

HYDRAULIC MINING
 

Hydraulic Mining has been used extensively in the Rock Mountains,
 

British Columbia, Canada; USSR and China.. .
 

A hydraulic jet (monitor)-of water is impacted against the coal.
 

The coal/water mixture then passes (by gravity) down a -flwme,
 

see diagram.
 

The water jet is produced at 13.8 MPa, by a 1864 KW centrifugal
 

pump. 

Productivity: 13mt per minute 

1000 mt per shift .. , 

Unit Personnel: 7 miners 

Coal Seam: well jointed, not hard i onm6'Clo 

Floor: needs to be hard and inclined ' / 

End view of a retreating face area 

Plan view of a retreating face area inthe Hydraulic mine 
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APPENDIX D:' A THIN SEAM MINING MACHINE (AUGER HEAD)
 

T
 

Another continuous mining method is continuous auger mining. A series of
 
both chain and belt conveyors will carry the coal to the surface. In the
 
following series of sketches, you will see the location of the auger

and its attached conveyor only. Look at the large number of workers and 
how close to each other, to the face and to the equipment they must work. 
On the diagram "X represents the equipment operator, "H" represents his 
helper, "T"represents timbermen and "L" represents hand loaders. 

-k

- -I -. Timbers 

I7 7 

The helpe.rs must constantly set up jacks to "winch" or move the auger
from position to position. 
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AUGER INlNG MTHOD
 

In a typical face operation, the wire ropes pull the .miner forward.into
 
the coal at one side of the coal face (fig. 3)., This I.s caIted sumping.
 
After the augers are fully into the coal, the wire ropes iref-moved to the..
 
front sheaves and anchored at each sido of the machine to pull it sideways
 
to cut the coal across the face.
 

FIGURE 1. Auger-type continuous miner. 
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One titmberman constantly sets up temporary supports on the left side of
the machine as the auger moves to the right. 

At the same time the timberman on the right side of the machine is 
removing the supports. This process is reversed as the machine moves to 
the left. The loaders in continuous auger mining also move the timber 
Supports and shovel the loose coal onto the conveyor. 
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FIGURE 2. Plan view of Jeffreymd Wilcox auger 

miners. 

FIGURE 3.. Auger miner sumping iinto cool. FIGURE 4..- Augar ':ma'ochline mining ,(ocecud,t.*. 
face. 
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The Hark 20 P3 eliminates sumping, the mining step that puts the Jack setters
 
forward of the pull ropes and near the rotating augers. Instead of sumping

and then cutting across the face,the arc miner progressively-cuts a .eries
 
of arcs (figs. 5-7). Pivot jacks at the rear corners of the fark 20 PJ make
 
it self advancing. Extending one Jack to the floor and the-roof creates a
 
pivot point. As the miner is pulled by a rope on the pivoting side, it
 

// / 

/ . / 

// 

FIGURE 5. - Wilcox Mark 20 PJ auger miner FIGURE 6. - Wilcox Mark 20 PJ auger miner 
starting arc. midway in arc. 

FIGURE 7.. Wilcox Mark.,20 PJ auger miner 
Pivot tvready Ior.next arc.

e1 6 
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1. Miner pivots on ext.,ndid tight pivot 
lac&k ait swinl'Ji il rii 1.miaking cut ilia 
Fktrrivtil I;!t pivot l:. swings Inowjad 
iowwau nu. 2 pivot point. 

Il 

; i 

2. Pivoting on extended left pivot jjck. 
ninir awilisjs Eu fell thaitiqh cut no. 2. 
RfulEacleel eight pint lack advances 
Itv.6.,1 Ito. 3 pivot point. 

PIVOT AUGER TYPE MINER
 

l i isoI 

3. Again pivoting on eitnded right pivot 
jack. miner swings eight, making cue no 
3. Rleltract tell pivot pck moves ahead 
towiad no. 4 pivot point 
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APPENDIX E: SURFACE MINING OPERATIONS
 

CONVENTIONAL CONTOUR TRUCK 
• '" HAULBACK MINING , . 

.limt hihwl heigh width ndaeemthe 

topography, stripping ratio, and operating capabilities 
of the excavating equipment. Initial cut spoil is 
excavated using bulldozers and front-end loaders and 
hauled by rock trucks to valley fills or ridges. 

At a typical haulba,k mine site today, unit 
operations begin with site preparation. After the virgin 
area Immediately ahead of the mine has been cleared 
andl grubbed, drill benches are constructed by dozers. 
Overburden Is then drilled with rotary drills and blasted 
using an Ammonium Nitrate - Fuel Oil product. Dozers 
equipped with "LU"blades and often ftited with rippers 
push the blasted rock to a front-end loader. The loader 
then loads the overburden haul trucks for transport to 
the deposition site. Once in place in the deposition 
site, dozers will regrade the spoil and prepare it for 
reclamation. 
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S,MOBILE EXCAVATING EQUIPMENT
 

Small operations in the mountains
 
usually require small equipment,

such as:

L.-
 * DOZERS
 
• FRONT END LOADERS (FEL)

/01 	 This equipment is most desirable 
-*.becauseof: 

o FLEXIBILITY
 
": . .. o MOBILITY
o SMALL INITIAL CAPITAL "
 :+°--- "
"Surface 	 coal mining operations in
 

.. . . • 	 -the Andean Region would probably 
_-- ..-. . use :
 

* --TRUCK/SHOVEL
-


~~~o...-.
:L + -_ 	 C. EL ./., 


• 
. --

•, 
_ .... 4 



.- --* -

MULTIPLE SCRM OPEN 
OF STEEPLY PITCHING 

PIT MINING." 
SEAMS -"""" 

0 Pitching from greater than 25' to'_almost vertical. are mined by open Pit methods. Mate-"',rial thickness between the seams or Interburden may
be 20 to 80 feet. Special regulations require a 20 footl
horizontal safety bench every 50 feet of vertical high- 2 . 
wall, as shown In the upper left hand corner.,.- . 

tlowest recoverable seam. All material excaaed Is 
hauled and stockpiled In a specially prepared area on
the surface. As mining ensues, the overall operation 
appears to resemble a huge hole - hence the name -
open pit. Interburden consists of consolidated mateeal.. 

y 

. 

v_. 



DRAGLINES
 

Dragline and. stripping' shovel s : are, veryIopular, in Area Mining, 

where the topography is flat.
 

,A large amount of reserves are required to justify such lage 

equipment.. 

Typically for a large, dragline: 

' * Cost + Transport + Erection $25 miiilon

These large machines would probably,not. be feasible for theAnrdean.

region.
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COAL TRANSPORT: CONVENTIONAL AND SLURRY
 

(Technical and Economic Factors in the Transport of Coal)
 

I. INTRODUCTION 

Among the -Andean nations of South America, the distribution of known coal 

reserves varies widely. Colombia and Venezuela have large re Ierves, .Chile 's are 

modest, while those of .Peru, Ecuador, and Bolivia are relatively.. small. 

Colombia will be the largest producer, but almost all, initially, for export. 

Chile has long produced its deposits near Concepcion for'the steel manufacturing 

plant at Talcahuano. Venezuela is developing its large potential, but has yet 

to reach its neighbor Colombia's scale of operation. Among the three central 

Andean countries, Peru has the longest history of coal.production, with modest
 

amounts of anthracite and bituminous coal being produced for the metals and
 

minerals industries in La Oroya and Chimbote. Ecuador has relatively low-rank
 

coal deposits, which has discouraged their exploitation in view of the greater
 

abundance of petroleum. Bolivia, similarly lacking a domestic steel industry,
 

and having sparse reserves of coal, has oriented its thermal energy requirements
 

to oil and gas.
 

The current resurgence of interest in coal is directly attributable to the
 

Arab oil embargo of 1973 and subsequent escalation of oil prices by the Middle
 

Eastern OPEC producers. Countries with ample reserves of oil (whether OPEC
 

members or not) have generally benefited from the price increases. But those
 

with limited domestic supplies have been obliged to face the dilemma of dedi

cating their production to exports, in order to earn foreign exchange for other
 

necessities, while penalizing the pace of their economic development with inade

quate supplies of energy. Alternatives to oil have been sought: conservation
 

(already carried to the maximum), hydroelectric power (for those fortunate
 

enough to have favorable climatic conditions), and such combustibles as coal,
 

wood, bagasse, and other bio-mass materials. The latter have provided only a
 

small part of total requirements, however.
 

For those countries with coal deposits, the primary concern is how to'get it
 

from the ground to the point of use as cheaply and efficiently as possible.
 

Depending on distance and terrain between the deposits and the points of use,
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the cost of moving the coal :can approach or even greatly exceed the costs of 
mining. And, finally, the delivered cost of the energy content of the coal has 

to be compared with the energy value of competing fuels (including oil and gas 

as 'well as imported coal), to ensure that allocating resources to coal utiliza

tion will not jeopardize achievement of other goals having higher real economic
 

and social returns.
 

Coal utilization requires capital-intensive processes which cannot easily be
 

converted to other uses if the 
coal activity turns out to be non-economic. Of
 

the various factors determinig coal economics--reserve size, deposit charac

teristics, demand requirements, heat content, impurities, cost, availability of
 

alternative energy forms and requirements' for handling and transportation--the
 

latter probably have the greatest impact on total cost of utilization. We shall
 
now look at 
the specific technical and economic factors that characterize coal
 

transportation. Once these details are presented, we can then look at the
 

Andean countries' situations and assess the problems and opportunities asso

ciated with moving their coal to market.
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II. TECHNICAL AND ECONOMIC FACTORS Ib lEa TRANSPORT OF COAL 

Coal Transport Modes: Capabilities and Costs
 

For coal to be a useful source of energy, it must be supplied in large quan
tities with little variation in the rate of delivery or the quality of the fuel.
 
An electric power generating station of 300,000 kilowatts (.KW) capacity, which
 
would supply the electrical energy needs of a city of around 300,000 residents,
 
would require approximately 750,000 
tons of coal per year. For steel making,
 
depending on the technology involved, anywhere from 0.5 to of coke
0.8 ton is
 
needed to produce one ton of steel. The in turn,
coke, comes from'a larger
 
quantity of bituminous coal (the coking coal,is reduced by 15 to 30 percent in
 
volume in being converted, depending on the 
content of volatile substances).
 
Thus, a steel mill of 300,000 tons per year capacity would require approximately
 
150,000 tons per year of coke, if a high-efficiency basic oxygen or electric arc
 
furnace is used. Assuming the mill 
has its own coke ovens, it would require
 
upwards of 180,000 to 200,000 tons per year of coking coal. 
 Smaller but still
 
significant amounts of coal would be consumed by such industrial activities as
 
cement manufacture, ceramics (stone, clay and glass), and sugar refining.
 

In the major industrialized economies, the quantities 
of coal' being
 
transported attain very high levels. 
 Electric power plants serving cities of
 
several million population consume upwards of 5 million 
tons per year. Unit
 
trains made up of 100-ton-capacity hopper cars 
of 90 to 110 cars per train
 
operate on a shuttle basis from mines hundreds of miles away. A 10-inch (25-cm)
 
slurry pipeline in the state of Arizona, USA, moves 5 million tons per year of
 
pulverized coal over a distance of 273 miles (439 km) to a single power plant in
 
southern Nevada that supplies power to Southern California. Major coal export
ing countries, such as Canada, Australia, South Africa, Poland, 
the United
 
States, and soon Colombia, have coal ports capable of loading ships at the rate
 
of 5,000 tons per hour, ani some can accommodate ships in excess of 150,000 DWT.
 

These 
transport systems require large investments of capital in order to
 
gain economies of scale and yield very low unit costs of movement. 
But even for
 
smaller volumes, such as were cited earlier for smaller-sized power plants and
 
steel mills, costs of transportation can be 
minimized by developing transport
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systems that are sized to the operation. The objective, is to identify which
 

combination of handling and transportation facilities will yield,the least total
 
cost of delivery. Of necessity, consideration must be given to the specific
 

characteristics of each coal supply situation: volume, terrain, distance, and
 

condition of the existing transport infrastructure are the most important, with
 

the delivered cost of the next best fuel alternative setting the upper limit on
 

the costs of developing the coal supply.
 

Rail 	Systems
 

Railroads are the primary mode of transportation of coal. In the United
 

States, more than 60 percent of total coal production is moved by rail (about
 

500 million tons out of a total production of more than 800 million tons), and
 

the commodity is the railroads' single largest source of revenue.
 

Rail 	shipment of coal is attractive because of several factors:
 

1. 	 The marginal cost of rail transport tends to drop as the size and
 

distance of the haul increase, and facilities are dedicated to the coal
 

traffic (or other major bulk commodity);
 

2. 	 Ti~e fixed costs of the railroad are shared among all types of traffic;
 

3. 	 Cars can be added to a train in whatever numbers are necessary to move
 

the scheduled shipment;
 

4. 	 It is relatively easy to load and unload dry bulk coumoditieslike coal
 

in open-top hopper cars with suitable equipment.
 

5. 	 The coal can be shipped,in the form it comes from the-mine.
 

There are, however, some disadvantages in using railtransport of coal:
 

1. 	 Possible lack. of transport alternatives leaves shippers vulnerable to
 

monopoly tariffs;
 

2. 	 Railroad operating costs are mostly Variable (fuel, labor, maintenance
 

materials) and therefore are difficult to control in an inflationary
 

economic environment;
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3. 	 Shippers may have to supply their 
own hopper cars 
to assure availabi

lity 	of service; and
 

4. 	 Existing rai!road trc.;k.-and equipment",may bei,,i.nadequate :to 'provide
 
desired levels of service, thus 
necessitating major improvements;: and
 

investments.
 

Rail tariffs and costs vary"widely wIth !the conditionsof service. For
 

example, 
the tariff per ton of coal, shipped only a few,cars at -a time, such as
 
occurs with the production of "a.small mine, is much higher 'than the tariff for
 
large shipments covered by guaranteed"minimum annual volumes and specified maxi
mum periods of time 
for loading and unloading. This latter situation--typical
 
of a unit train operation for a million tons per year or 
more--would have a
 
tariff of $US 0.015 to 0.025 per ton-mile ($0.010-0.017 per MT-km). 
 The lower
 
volume case would have tariffs two to three times hivher' fihqn tha ,,n4 'mn
 

rate.
 

The unit train tariff ,cited above would apply toan existing rail service
 

Yt'n xsin i evc

with adequate track and equipment' to handle 100-car trains moving 50 miles per
 
hour (80 km/hr). In a region where either a new rail system hae to 
be con
structed to gain access to 
a coal deposit, or the existing system would require
 
extensive upgrading handle loads,, then
to the 
 the costs of the improvements
 
would have 
to be borne largely by the coal traffic. In such a case, the tariff
 
could be several times higher. Some 
recent studies have estimated that a new
 
railroad service constructed for development' of newly discovered coal deposits
 
in Indonesia 
would have costs of service totaling $US 0.05-0.08 per MT-km).
 
This new line would involve construction of a line through rough jungle terrain.
 

Table 1 summarizes three estimates. Those for a newly 
constructed or
 
upgraded line 
are speculative, owing to wide differences. that may.'exist with
 
respect to construction conditions and costs of finance. 
 The..major difference
 
between the rates for existing versue new lines is due to 
the capital recovery
 
costs, to 
amortize new debt and generate equivalent return on equity funds
 
invested in the improvements. For existing routes, often much of the original
 
investment in track and right-of-way has been recovered.
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For purpoes o f .reference,- cost, of' improvements :in route and equipment are 

typified by the following values: 

o New right-of-way, grading, track and controlbfacilities: US $1 milion 

per mile ($621,500 per km).,
 

o Diesel locomotives (3,000 HP)US$1.;3 million (c.I.F.). 

o Hopper (self-unloading) coal cars, 1000-ton capacity: US $100,000 
(c .I.F. )• 

These figures are for high capacity operations, and are based on a variety 

of sources. Smaller-size oparations could :use less: powerful 'locomotives and 

smaller-capacity coal cars, and the carrying capacity of the rail line could be, 

reduced by using lighter rail than the 100-pounds p'-r foot (and higher) rail 

'
used for unit train lines. Also, the rail route could be designed for lower 

operating speeds (i.e.,. tighter curves and steeper grades); thus, allowing for 

greater flexibility in selecting the most direct route from mine to market.'' 

Truck
 

Trucks are used for hauling coal over relatively short distances-typically
 

between mines and rail loading terminals (where terrain prevents extension of 

the railroad to the mine), or to power plants or factories within 10 to 20 miles
 

(16 to 32 kin) of the mine. The vehicles used for commercial hauling of coal 

typically have a capacity of 20 to 26 short tons (18 to 24 metric tons) and cost
 

about $US 130,000 (C.I.F.). Total costs of operction (including capital reco

very) run 10 to 15 cents per ton-mile (6 to 10 cents/MT-km).
 

Trucks have the advantages of high operating speeds, ability to. handle 

steeper grades than railroads, and flexibility of scheduling. These advantages 

have a cost, of course, because a truck requires more power per ton of payload 

to accomplish its speed changes and climb steeper grades. Labor cost per ton of 

payload is also higher for the truck vis-a-vis the railroad. (The 25-ton 

truckload requires one driver, while a trainload of coal requires only four or 

five crew members.)
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TABLE I 

ESTIMATED RAIL TARIFFS FOR 
TRANSPORTING COAL 

(In U.S.'cents per short ton-mile and metric ton-km) 

Level 	of Service
 
Unit Train 

Status of Route 
(>1,000,000 TPY) 
10,000 tons/train 

Single Car 
(<100,000 TPY) 

Existing Line 
per ST-mile 1.5 - 2.5 3.0  5.0 
per MT-kn 1.0 - 1.7 2.1 - 3.4 

Newly Constructed or 
Upgraded Line 
per ST-mile 8.0 -1i.( 15 0--;5'!A t' 
per MT-km 5.5 % 10-37.10,? 

Note: 	ST -.short ton -(2,000lb.)
 
MT -metric ton (2,205 lbs)
 

Sources: 
 Unit' train, existing route: Mining Engineering, 198,
 
Unit train, new route: Dames & Moore, 1984
 
Single car, existing route: Dames & Moore, 1976, Mining
 

Engineering, 1982
 
Single car, new route: 
 Dames 	& Moore projection
 



Costs of truck operation vary widely with differences in road conditions.
 

The smoother, flatter, and straighter a road surface is, the more time a truck
 

can operate at its most efficient speed. Hills, curves, and rough road surface
 

markedly reduce a truck's performance. The following table illustrates the
 

variations in operating (variable) costs for a Volvo N-12 medium truck of 16 MT
 

capacity, as a function of road conditions.
 

TABLE 2
 

16-TON TRUCK: VARIABLE OPERATING COSTS
 
(in U.S. cents per metric ton-ku)
 

Type of Road Surface
 
Terrain Paved Gravel Dirt (Rough)
 

Flat 3.1 4.1 7.2
 
Rolling 3.2 4.4 7.3
 
Steep 3.5 5.8 7.4
 

Source: CONREVIAL, 1981.
 

The data are for 1981 and are based on surveys of vehicle operating costs in
 

Peru by CONREVIAL (Consorcio de Rehabilitacion Vial).., Capital icosts and taxes
 

are not included.
 

In a developing country, -trucks often are the only %way'of transporting
 

minerals from smaller mines,,because the volume of production does not justify
 

the up-front investment costs of rail, conveyor belt, or slurry pipeline
 

systems. The versatility of truck transport compensates for its higher unit
 

costs of operation. The higher operating coets are somewhat mitigated, however,
 

by the generally low cost of using public roads in developing countries* User
 

charges in the form of tolls and fuel taxes rarely cover the real costs of main

taining the highways.. Thus, the motoring public, including truck operators,
 

receives a subsidy to the extent that highway maintenance work is fundedfrom
 

general revenues.o
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Ship
 

ngbuk ca
Shipment of coal by water is the least costly mode of transport. Unit costs
ru typcal 

of barge or ocean-going bulkcarrier run 
"ie 

typically between 0.5 and 1.0 US cents 
per ton-mile (0.3 to 0.7 cents/MT-km) exclusive -of .terminal costs.. 
Figure 1 
illustrates the full range of operating costs for different sizes of vessels 

Waterborne transport of 
coal offers the greatest advantages when both the
 
origin and the destination of the shipment 
are located near deep water and the 
volume of coal to be shipped is large. These conditions imply that there is a 
minimum of rehandling of the coal and that the fixed costs of:the system can be 
spread over a long service life and a large volume of throughput.
 

Ships have low costs of operation because their carrying capacityjincreases
 
by a multiple of their displacement. The power requirements do not irncrease in
 
proportion to 
increases in displacement because resistance to movement 
through
 
the water increases fractionally (at lower speeds). 
 The trade-off, however, is
 
with port costs. Large ships are energy-efficient and have low running costs,
 
but they need deep harbors and expensive cargo handling equipment 
to load and
 
unload quickly.
 

Smaller coal 
ships and barges can 
be used for shorter distance, shallower
 
water, and lower volume operations, but 
there is the'penalty of reduced econo
mies of scale (upwards of arn additional I cent per ton-mile). On the other 
hand, port costs are lower because of less need for dredging and high volume 
loading/unloading systems. 

In recent years, self-discharging bulk carriers have been built 
to provide
 
service to users at ports which lacked deep water, or whose volumes of consump
tion did not justify installation of shore-based
large unloading facilities.
 
rhese self-unloading ships (see Figure 2) have an extendable boom that 
can reach
 
)ver the wharf to receiving facilities (storage areas conveyor
or systems).

rhey are capable of discharge rates of upwards of 4,500 short 
tons (4,082 HT)
 
er hour. 
The cost of operation of such ships is higher than for a ship without
 
inloading gear (there 
is a penalty for the carrying capacity lost to the weight

)f the unloading gear), but that is made up by the ability of the shin to servP
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customers who otherwise would have to incur greater expense to bring bulk com
modities overland from more distant, deeper draft ports.
 

A major consideration in planning of waterborne 
bulk materials ,transport
 

operations is the depth of water available 
for navigation over the intended'
 
routes. The deeper the navigable water, the 
larger the ship and its"carrying
 

capacity 
can be. And, as size and volume increase, unit costs of movement
 
decline. Table 3, below, illustrates the relationships. The data assume one
way movement of cargo (i.e., no backhaul) and no excessive downtime due to port
 
delays and unscheduled maintenance. The required freight rate includes fixed
 
costs 
(notably capital recovery charges for 20-year economic life with 10 per
cent interest), fuel, crew maintenance, and port charges. The freight rate data
 
are 
from a 1979 study and have not been corrected for price changes. Of prin
cipal interest is not the exact 
values, but the inverse relationship between
 
vessel size, draft, and unit cost operation and ownership.
 

Slurry Pipeline
 

The 	coal slurry pipeline offers the 
lowest cost per ton-mile for transport

ing coal overland (see Figure 3) providedia number of conditions are met.
 

1. 	 The user requires a continuous- supply of a relatively constant, large
 

volume of coal for many years;
 

2. 
 The length of transport is relatively long (several hundreds of miles).
 

Alternatively, 
if the pipeline route is significantly shorter than 
an
 
alternative rail or highway route, the slurry pipeline may be more eco
nomical over short distances; and
 

3. 	 There is an adequate supply of water 
(up to 100 percent equivalent of
 

the weight of coal to be moved).
 

Slurry pipelines are highly capital-intensive, costing several millions of
 
dollars -per mile, including equipment for coal preparation, water supply,
 
pumping stations, dewatering at destination, and disposal of transport water.
 
To cover these costs, there must be a large, uninterrupted flow for many years.
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Photo credit: General Dynamics, Inc. 

In 1983 this U.S.-flao coastal coal-carrier was built to use Its own cargo as fuel 
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TABI 3 

COMPARISON OF OPERATING 
CHARACTERISTICS AND COSTS
 

OF BULK CARRYING VESSELS 

Required
Capacity 
 Freight Rate
 
Cargo DWT
Type of Vessel (short tons) 

Draft (US cents)l

(feet) (meters) (ST-mile) (MT-k)
 

River barge
 2 	 1,500 
 9 2.7 0.150 0.102
 

Ocean-going barges2 
 30,000 
 22 6.7 0.100 0.068
 

Self-unloading collier 3 
 60,000 
 40 :12.2' 0.022 
 0.015
 

Conventional bulk
 
carriers 3
 

Medium 60,0001' 40 12.2, 0.019 003
 
Large 
 50,000' 551 16.8 0.012 .0.008-: 

Notes::
 

Irncludes allowancei for fixed costs.
 
Propelled by separate pusher-typettugboat:. 
 avera2e 6nA-vnvv a.nn, ;.& Af 

miles (324 km).

Self-propelled;'
 

Sources: 	 Minerals Transportation, 1979. 
Dames & Moore, 1984 
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Distribution of slurried coal to multiple destinations is possible, and it
 

is possible to move different qualities of coal to different customers, by 

separating shipments with "slugs" of water and controlling off-take valving at 

distribution points. 

Considerable research development gone into the
and have technology of
 

moving coarse coal and reducing the amount of water in the slurry (through addi

tion of substances that keep the coal particles in suspension). But the only
 
operating coal slurry pipeline (Black Mesa in Arizona in the United States)
 

operates with finely pulverized coal in a 50 percent (by weight) water slurry.
 

The slurry is centrifuged at the Hojave Power Station and dewatered coal is fed
 
directly to the boilers. The line has been operating for over 10 years and has
 

a reliability factor in excess of 98 percent.
 

A number of new coal slurry lines have been planned in the United States,
 
but none have started construction. These would involve annual volumes ranging
 

upwards of 25 million tons per year. Opposition from railroads, fearful of
 

losing profitable traffic, and from environmental interests concerned about the
 
impact on regional water supplies have prevented the pipeline developers frcm
 

acquiring routes and permits. Also, the decline in the 
rate of expansion of
 
demand for electric power and the decline in inflation rates has reduced some of
 

the economic advantages pipelines have over railroads. Under current economic
 

conditions, slurry pipelines appear to be economically superior to railroads
 
when there is either no existing railroad to serve the traffic, or an existing
 

line would need very substantial upgrading to carry the amount of coal involved.
 

The economic minimum for the size of.a coal:slurry pipeline appears to be
 

about 5 million tons per year 
over a distance of at least 200 miles (324 km). 

At volumes and distances greater than these values, the unit cost of slurry 

transport drops rapidly. This is due largely to the volumetric ecoromies of 
scale and lower unit power requirements of larger diameter pipelines. Also,
 

pipelines require few operating personnel. Thus, upwards of 70 percent of unit
 

costs are non-escalating capital-related costs, which remain fixed over the life
 

of the facility regardless of inflationary trends. This is in contrast to
 

railroads, whose ratio of variable to 
fixed costs is typically on the order of
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80:20. As a result, unit costs.-of . riil t r i n s port tend-to flatten out beyond 

haul distances. of around 200'mies while those. of slurry .pipelines conitinpe't-o 

decline. 

Despite these long-term cost advantages, the slurry pipeline entails con

siderable risk because of its dependence on large continuous volumes. Financial
 

support depends on guarantees of debt service whether or not the line stays in
 

operation (lenders prefer "take or pay" contracts to support the project financ

ing). In a developing country, the foreign exchange requirements are con

siderable, unless the domestic steel pipe manufacturing enterprises can meet
 

strict specifications for large diameter, high-pressure pipe.
 

In summary, a coal slurry pipeline can yield significant economic benefits
 

if it is designed to move a specific volume of coal between two fixed points
 

over a long period of time. Its flexibility to accommodate fluctuations in use
 

are very limited, and the fixed costs of the system can quickly erode the profi

tability of the operation if throughput volumes and revenues are not maintained
 

at design levels.
 

Coal by Wire
 

An alternative to transporting coal is to transmit its energy over high
 

voltage power lines from mine-mouth power plants to population centers or major
 

industrial installations. In this sense, a coal-fired power plant is analagous
 

to a hydroelectric plant, which uses long distance transmission lines to
 

transport the kinetic energy of falling water. If coal reserves are large, con

sideration should be given to locating the power generation facilities at the
 

mine, thus avoiding the necessity of developing high-volume coal transportation
 

facilities.
 

On the basis of cost-per-kilowatt hour of electrical energy delivered to:the.
 

power distribution grid, high voltagetransmission lines can have totalcdosts in
 

the same range as railroads and highways. In very mountainous terrain the
 

transmission line can be the most economical because it does not require- a
 

routing that is transitable by wheeled vehicles. Therefore, the line,islikely
 

to be considerably shorter than a vehicular route.
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Siting conditions will play a major role in determining the feasibility of a
 
mine-mouth power plant: 
suitable geotechnical conditions, adequate supplies of
 
water for boiler 
feed and condenser cooling, suitable facilities for personnel
 
housing, ash disposal, plant security, 
and adequate for
access transport 'of
 
construction materials and plant machinery.
 

Coal Handling and Storage Facilities: Capabilities and Costi
 

Wherever it is necessary to transfer coal from one mode of transport to 
another in its journey from mine to user, facilities must be provided to physi
cally move the coal from on2 conveyance to the other. Also, space and equip
merit must be provided to store coal that may accumulate when the capacities and
 
frequencies of the various modes 
are not synchronized. 
 In other words, buffer
 
stock or surge storage facilities must be provided.
 

For high volume operations, where throughputs measure in 
the millions of
 
tons per year, transfer and storage facilities are largeand complex. Such faci
lities are primarily located at 
power plants,, ports, 
and major, industrial
 
complexes. 
 Large coal storage and 
loading terminals are also located in the
 
coal mining 
areas where it is necessary to consolidate the production of many

small mines and to blend various qualities of coal 
to meet buyers' specifica

tions.
 

The scale of operations of a 
coal terminal depends, of course, on the
 
throughput requirements. There needs to be 
sufficient ground space to ;contain
 
several weeks' supply of stored coal 
(suitably segregated by quality), so 
that
 
loading out operations can continue in the event of a suspension of supply from
 
the mines (e.g., due to a work stoppage, or closing of a rail link). 
 Figure 4
 
depicts a major. coal terminal at Charleston, South Carolina, which' has a -coal
 
storrige area of about 25 acres (10 Ha). 
 Equipment for stacking and reclaiming
 
coal is necessary. 
Examples of some of the types of equipment for these activi
ties are shown in Figures 5 and 6.
 

Terminals with a throughput capacity of several million tons 
per year have
 
capital costs on 
the orders of US $7 to $12 ton
per of annual capacity.
 
Variations in the 
average cost of construction are 
due to differences in site
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preparation and dredging requirements. Operating costs for such a facility run
 

on the order of $2.50 to $3.50 per short ton ($2.75-$3.85 per metric ton), 

including capital charges. •Thus, a coal export terminal capable of handling 1. 

million short tons per year would cost'about US $10 million to build and would 

have gross operating costs of perhaps US $3 million per year.,, 

Terminal costs make up a significant part of the total expense of moving 

coal from mine to market. Unless the terminals' capacities are adequate to 

handle the tranefer and storage requirements, substantial extra expense can 

accrue to shippers because of delays. A 60,000 DWT coal ship has an in-port 
cost of 	perhaps US $1,500-$2,000 per day for crew wages, electricity, and port
 

fees, plus another $5,000 per day in capital charges. Delays in cargo handling
 

can quickly erase profits.
 

Summary: 	Integrated Coal Transport Systems: Capabilities and Performance
 

Trade-Offs
 

If a transportation system can be built for a single purpose--that is, to
 

move a known quantity of material from Point A to Point B--then it is possible
 

to design and construct a very cost-effective system that is configured pre

cisely to the requirements of the movement. However, if the quantities to be
 

moved and the users to be served are not known with any precision, then the
 

transport system must have some flexibility to deal with fluctuations in traf

fic. These considerations influence the choice of equipment, routes, and
 

financing arrangements.
 

As a general proposition, the larger the quantities of material to be moved
 

per unit of time, the more capital-intensive and less flexible the transport
 

infrastructure will be, in order to be able to capture economies of scale.
 

Thus, one of the first things that must be done is to forecast the volume of
 

material to be moved and then evaluate the alternative transport technologies
 

that are available. For example, for a coal movement of less than 100,000 tons
 

per year, the transportation could be accomplished in 4,000 25-ton truckloads
 

(12 to 15 per day), 2,000 50-ton rail hopper cars or, if water shipment were
 

possible, 67 1,500-ton river barges. If, however, the annual volume was
 

1,000,000 tons, then trucks would probably not serve because of congestion, and
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;192<"'.'Railed-in coal is stockpiled and reclaimed by gravity through a tunnel conveyor at Massey Coal's Shipyard River Terminal InCharleston, SC. Four grades of coal can be separately stockpiled for blending over the tunnel conveyor. 
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SLEWING AND LUFFING STACKER BUCKET WHEEL STACKER 

Figure 5 VARIOUS STOCKPILING METHODS 
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TYPES OF OPEN GROUND STORAGE FACILITIES.
 

Many types of facilities are in use today for storage and reclaim of solid bulk materials. The handling methods preferred for
a given situation will depend on numerous factors, such as quantities to be stored and reclaimed in a given time period, space available, desirable rates of stocking and reclaiming, time during which
material remains in storage, and material characteristics. Certain
reclaim and storage methods are compatible with each other, while
others should not be used together for best advantage.
 

The most common type is "open-ground-storage", whereby the
materials are placed in piles on relatively level piece of real
estate. Placing the materials in the piles is called "stockpiling"

and removing them is called "reclaiming".
 

Stockpiling Methods.
 

Stockpiles can be built using various means. Since we are concerned only with building or placing of piles, the difference
between active or passive piles (live and dead storage) is not
being considered here. The method of reclaiming determines what

portion of the total pile will be active.
 

The most common methods for stockpiling of bulk solids are
illustrated in figures 1 and 2. For each of these methods some
practical ranges of storage volumes are given in figure 3 as a
function of pile height. The angle of repose is assumed to be 40
degrees. Since the size, shape and volume of ramped piles built by
mobile equipment can vary so much, no values are 
listed for this
 
type.
 

In order to give an approximate range of required real estate
for various types of stockpiling methods, the lower table in figure
3 shows the area 
in square feet per net ton of 100# material. This
value includes the area utilization factor, which allows for the
additional land needed to locate the stacking equipment.
 

Conventional stacker-booms range in length from 50 to 150 ft.
On occasion, stacker-booms have been designed up to 250 ft in
length, but they are not too common in the industry.
 

Several means of increasing pile sizes with a given stackerboom are available, such as raising the stacker rails on a berm or
trestle; providing a retaining wall at the foot of the pile; 
or
locating partitions between piles in multiple-pile storage systems.
 

The methods listed in figure 3 should be considered only basic
and illustrative. Many combinations and variations are available.
Fo. instance, the cone-pile stacker may be combined with a bulldozer to distribute the material over a wider area, which is often
done in coal storage. The rail-mounted, single or double wing
stacker is many times combined with another self-propelled tracked
stacker (bandwagon) to extend the stacking range and increase the
 
pile width.
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BUCKET WHEEL RECLAIMER 

TRACK MOUNVED BUCKET WHEEL RECLAIMER 

Figure 6 VARIOuS RECLAIM METHODS 

195 



----------------- -------------------------------

RAMPED' CONE RADIAL SINGLE DOUBLECON RADIAL WIND ROW WIND ROW BLOCK 

-'<.:- w ,_-6w " - R=W L=6w 

U) w 

'977 Ir 
PIL HE.-IGHT;. --------------------------------------------o 

VOLUME 

IN 103 CU.YD ..35 6.8 23.5 55 5.8 48 164 385 10.5 85 94685 21 170 5881370 46 370i 12502950 
AREA-----------------------

- '-------
UTI LIZATION 75% 90% 80 % 90% 80% 

FACTOR__ 

(IOMT') 51 .61.7 8 17 .758.43 +.U f0 . ..7331'.9.4.2.4 (5.25 

VARIOUS STOCKPILING METHODS FIGURE 3.
 



larger hopper 'cars in long trains would have to be used in order to avoid
 

congestion of rail movements. Depending on distance-and terrailn, a slurry pipe

line might be economically preferable.
 

For a 1-million ton-per-year or larger., coal operation over a distance" of 

several hundred miles, the choice of systems would very muchdepend on the con-, 

dition of the existing railroad, if any, or, in the case of~waterborne move

ments, the locations and capacities of ports. For the overland haul, the 

additional coal traffic might overwhelm the existing rail facility; a study
 

would have to be made between upgrading the existing line, building a new route,
 

or building a slurry pipeline. Alternatively, if the primary use of the coal
 

was to fuel power plants, consideration would need to be given to building a
 

mine-mouth power plant and a high voltage transmission line to the demand
 

center.
 

In a developing country with the potential to expand production and domestic
 

consumption of its coal resources, the emphasis in planning for transportation
 

of the fuel should be on the side of flexibility. Because the levels of demand
 

and patterns of industrial development are changing dynamically, it is important
 

to maintain flexibility, perhaps even at some loss of economies of scale in
 

transport facilities. Ideally, facilities can be developed in stages or modu

larly, so that as demand increases, additional transport units can be added to
 

the system without disrupting existing operations. Only in cases where a single
 

user of coal, such as a steel plant or power plant, has a long-term level of
 

production that will absorb all of the output of a mine or group of mines in one
 

locality would it make sense to develop a dedicated transport system that
 

operated independently of the rest of the region's transport infrastructure.
 

Where there are multiple users of the coal--factories, cement producers, sugar
 

refineries--then the coal supply system must be able to accommodate fluctuations
 

in demand with storage areas, mobile handling equipment, and the ability to vary
 

the rate of speed of operation of facilities without excessive risk of break

downs.
 

The traue-off is generally rone of exchanging very low operating costs, with 

high volume, fixed rate 'of "operation-type equipment, for somewhat higher unit 
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cost, operations that can, be varied with demand. By using systems that do not
 

involve large up-front investment costs, the shippers and operators reduce the
 

risks of fixed costs becoming a problem during periods of low demands.
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III* 	 PROSPECTS FOR EXPANDED USE OF COAL IN TEe ANDEAN REGION: 
THE ROLE OF TRANSPORTATION DEVELOPMENT 

The Andean nations now run primarily on the energy from petroleum, natural
 

gas, hydroelectric and forest resources. A recent survey of the energy sources
 

and uses of several Latin American countries (see Table 4)showed that for
 

Bolivia, Ecuador and Peru these energy sources accounted forvirtually 100 per

cent of requirements, with coal represented only fractionally (with the excep

tion of Chile) in the total. In Chile consumption of coal has remained fairly
 

high because of the coking coal needs of the iron and stel industry located
 

near Concepcion.
 

Referring to Table 4, at the bottosa the data indicate that in terms of total
 

energy, Bolivia and Ecuador are completely self-sufficient and Peru is almost
 

self-sufficient, but Chile is more dependedt on imports. Ignoring balance of
 

payments problems for the moment, from a purely physical standpoint, Chile and
 

Peru would appear to have the best prospects for coal-substitution while Bolivia
 

and Ecuador could remain dependent on their oil and gas resources. However,
 

balance of payments concerns cannot be ignored, nor can the high proportion of
 

total energy consumption supplied by firewood. The oil and gas as well as the
 

forest resources of all the Andean countries should have higher and better uses
 

than to boil water.
 

The rapid growth of urban centers, mineral processing industries and inter

city transportation has been fueled primarily by liquid hydrocarbons and
 

hydroelectric power, because (1) these resources were originally relatively
 

cheap, and (2) they are much cleaner and easier to use than coal. Enwever, the
 

recent explosive rises in the real costs of oil and of money to invest in energy
 

development have shifted the scales somewhat in favor of coal in instances where
 

local supplies are available. Coal is a very attractive alternative fuel in
 

applications requiring high, constant volumes of fuel, such as electric power
 

generation, steel making, and cement manufacture. Electrification of transpor

tation within as well as between cities can greatly improve the quality of ser

vice and the cleanliness of the environment. Also, coal in briquettes can 

substitute for kerosene and firewood as cooking fuel. These areas offer the 

greatest opportunities for coal in the Andean countries. 
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TABLE 4 

DISTRIBUTION OF PRIMARY ENERGY 
CONSUMPTION IN ANDEAN COUNTRIES 

1981 
(In percent) 

Bolivia Chile Ecuador Peru. 

oil 48.2 51.1 71.0 60.0 

Gas 10.0 11.2 - 5.2 

Hydroelectric 6.0 6.8 8.0 7.1-

Coal 0.7 12.5 -0.7 

Firewood, etc. '35.1 1M4 21.0 27.0 

Total io! 100.0,-1100.0": 100.0 

Percent Requirements iported: 

Petroleum 0 '60 0 .0 

Coal/coke 0 30 0 67 

Source: Bundesstelle :fur Aussenhandelsinformation, 1984.: 
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The role of transportation in this process is more tharn.just complementary.
 

Transport facilities must be improved or developed in order domestic coal
dthat 


resources may be used. Without transportation, the coal has no utility or
 

value. If transportation facilities can be developed that will deliver coal to
 

major users at costs per unit of heat value that are close to what oil now
 

costs, then a case probably can be made for adding new coal-fired production
 

capability to derve future demand growth. If, on the other hand, it can be
 

shown that the delivered costs of the coal energy would be below those of the
 

oil-fired capacity now in use, then a strong case might be made to convert
 

existing production facilities to coal. Costs of extraction of the coal from
 

the ground must be considered, of course, but because transportation costs can
 

comprise the major part of total delivered costs, the transportation component
 

can make or break the venture.
 

A clear example of the possibilities for coal substitution is in the conver

sion from oil to coal of the two electric power statiorc at Tocopilla, Chile,
 

which supply electricity to the Chuquicamata copper mines. The discovery of
 

large surface coal deposits in Punts Arenas assured an adequate supply, which
 

large coal-carrying ships will transport at low cost. CODELCO, the Chilean
 

state-owned copper company that operates the large mines, plans to convert all
 

its smelting operations to coal-fired energy. When this is done, Chile's total
 

coal consumption will rise from its present level of about one million MT/years
 

(mainly metallurgical coal from Concepcion for the iron and steel industry) to
 

more than three million MT/year.
 

The Tocopilla conversions are expected to produce savings on petroleum
 

imports of US $40 million per year, starting in 1987. These plants will consume
 

about one million MT/year of Punta Arenas coal. Conversion of the other major
 

mines' power supplies (Andina, El Teniente and El Salvador) would add another
 

one million MT/year of coal consumption and oil import savings of another
 

US $40 million.
 

In Peru, because the coal deposits are inland, underground, and high in the
 

Andes, they are more expensive to produce and deliver than the Chilean coals of
 

Concepcion and Punta Arenas. The economics are less favorable, because:(1) the
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major demand centers are considerable distances overland 
from the mines, and
 
(2) low cost water transportation is not possible. 
 Under these circumstances,
 
it would appear that the more viable policy for developing Peru's coal poten
tials would be to follow an incremental program of gradually adding coal-fired
 
power plants and industrial processes to meet 
the growth of demand, rather than
 
to embark on a program of rapid conversion of existing facilities. This program
 
would permit the gradual upgrading of existing transport facilities, such as
 
straightening and widening of roads in the regions,
coal and upgrading the
 
tracks, control systems and rolling stock on the Central Railroad.
 

Converting burners 
from oil or gas to coal is very expensive, because coal,
 
as a solid, is more difficult to handle than liquids or gases. Even as a
 
slurry, coal requires considerable preparation and handling, whereas liquids or
 
gases 
can be stored in tanks and pumped through pipelines at very low cost.
 
Therefore, a decision to convert a'burner 
from oil or gas to coal can only be
 
made if it is evident that the coal will not cost more 
(after preparation,
 
transportation and handling) than the oil 
or gas it is-replacing. In Peru, as
 
noted earlier, the circumstances of the location of the coal would appear to
 
favor an approach where coal-fired processes were developed gradually, to
 
replace obsolescent boilers and to meet new demand.
 

In 1980 Peru produced 145,051 MT of bituminous and anthracite coal from the
 

following coal fields:
 

Coal Field Province 
 MT Percent
 

Goyllarisquizqa Cerro de Pasco 
 73,831 50.9
 
Alto Chicama La Libertad, 19,727 13.6
 

Oyon/Gazuna Lima 
 32,201 22.2
 
Santa Ancash 18,567 12.8
 
Santa Huanuco 725' 0.5
 

Total 145,051 100.0
 

Sources: INGEMMET, PROCARBON
 

Virtually all production went to CENTROHIN's smelters at -La Oroya and to 
SIDERPERU's coking mill at Chimbote for the. steel plant. Chimbote was supplied 

202
 



by truck while Ls Oroya was supplied by rail. Both entities also imported
 

coking coal and coke, which is estimated to have run about 173,800 MT per year
 
in the late 1970s (Min. de Energia y Minas, 1980). The data'for the tabulation
 
above did not mention the mines at Jatunhansi, in Huancayo Province, which nov
 
are supplying metallurgical coal by rail to CENTROMIN's La Oroya smelters.
 

There is a great deal of disagreement and speculation among analysts about
 
the scale and timing of development of Peru's coal reserves. Estimates for 1990
 
range from a low of 0.5 million MT to a high 1.85 million NT, and for the year
 
2000 the range is between 0.7 million and 3.05 million, according to the survey
 
of Andean countries' energy supply and demand situations cited earlier
 
(Bundesstelle fur Aussenhandelsinformation, 1984). Some Peruvian analysts have
 
projected effective demand for coal 
to exceed 7.5 million NT/year by 1995, after
 
estimating the extent that conversion of boilers and heaters from oil 
or gas to
 
coal could be economically accomplished. It is difficult, therefore, to esti
mate 
precise patterns of coal shipments: the origins, destinations, volumes,
 
routes and modes that would be involved. We do know, however, that one major
 
opportunity for increased coal utilization lies with the Lima area, for its many
 
factories producing cement, bricks, ceramics, 
fish meal and chemicals and for
 
its electric power generating plants. Coal would be shipped by rail 
from the
 
mines in Cerro 
 de Pasco, Huanuco and Huancayo Departments (the Oyon,
 
Gollarisquizga and Jatunhuasi fields) which are 
served by the Central Railroad.
 
The Lima area would also receive coal from the Alto Chicama coal fields in
 
northern Peru; collier ships or ocean-going barges could be loaded at Salaverry,
 
near Trujillo for the 560 km voyage to Callao. Trucks or, if the volume were
 
significant, a slurry pipeline could bring the Alto Chicama anthracite coal the
 

160 km from central La Libertad Department to the port.
 

A second major opportunity for coal would be the Trujillo area 
itself, for
 
its sugar, fertilizer and cement manufacturing industries, and for electric
 
power generation. The Alto Chicama anthracites would be the principal source of
 

fuel.
 

A third opportunity is the SIDERPERU steel plant at 
Chimbote. Its small
 
supply of domestic coking coal 
is brought in by truck at considerable expense
 



because of the poor condition of roads descending to the coast of, Ancash 
Department from the Cordillera. Chimbote also has a substantial fish meal see
tor that uses much fuel,
 

A fourth opportunity would occur with coal delivered by ship to the iron ore
 

concentrating (pelletizing) operation at 
the Port: of San icoias, in southern,
 
Ica Department (for electric power and heating), and to the copper smelting and
 
refining operations at Ilo, in Moquegua Department. These ports could be served
 
by colliers loading out of Salaverry, Chimbote or Callao.
 

There are 
two sets of problems to be solved to increase the transport capa
bility for coal in Peru. 
 For the Alto Chicama and Santa region coal deposits,
 
the roads from the coast to 
the coal areas are paved only in the coastal plains
 
and lower foothills of La Libertad and Ancash Departments. In the highlands,
 
however, the roads are gravel or often with
dirt, 
 narrow winding alignments
 
where very cannot Only
large trucks operate. smaller, less cost-effective
 
trucks can 
be used which have operating costs 
two to three times higher, per
 
ton-km, than larger trucks. For example, a metric ton of coal carried the 160
 
kilometers from Alta Chicama to Salaverry in a 7-ton truck, which can operate in
 
the highlands on poor roads, would cost US $15 for
about running expenses
 
(driver, fuel, tires, 
regular maintenance). With 
a 25-ton capacity truck on
 
paved roads, 
the cost per ton would be about US $5- (data from CONREVIAL,
 

1981).
 

There would have to be substantial investments in road improvements in La
 
Libertad and Ancash and storage
Departments in 
 and loading facilities at the
 
ports of Salaverry and Chimbote. Highway reconstruction and improvement in the
 
mountains can on order
cost the 
 of US $100,000 per kilometer for a well
engineered gravel highway. 
 With heavy truck traffic, annual maintenance can
 
(should) run 
US $8,000 per kilometer. However, by permitting a much larger
 
volume of traffic, the improvements can be amortized over a larger revenue base
 
and probably yield a total 
cost of transport with the large vehicles that is
 
lower than the 
cost of the small vehicles on the unimproved road. Each case
 
must be evaluated separately.
 

At the ports of Salaverry and Chimbote. storage and loading facilities would
 
have to be improved to handle large'volumes of coal'. Theconsideraion wuld b.
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to try and optimize on the costs of high capacity loading systems versus savings
 

in minimizing ship waiting time. Shoreside and dock-side improvements could
 

cost several hundreds of thousands of dollars, but the savings in ship operating
 

costs could make the entire shipping sequence economically feasible.
 

As an indication of the potential economies of loading facilities, in
 

Salaverry the traditional manual system of loading ships with mineral con

centrates would cost about US $11 per metric ton with a loading rate of 25 tons
 

per hour. A portable conveyor belt system in conjunction with more efficient
 

materials handling equipment would cost less than US $4 per ton, and have a
 

loading rate of 300 MT/hour. The costs include capital recovery for a $5.00,000
 

investment in new equipment.
 

The second major problem area for Peruvian coal transport is the capacity of
 

the Central Railroad to bring coal from the Huanuco, La Oroya and Huancayo
 

regions to the coast. A major increase in freight tonnage would place con

siderable strains on track, rolling stock and personnel. In 1982 the Port of
 

Callao exported nearly one million metric tons of mineral concentrates, most of
 

which were transported to the port by rail from the central Andes. An addi

tional million tons of coal would require major improvements in facilities and
 

control systems. Assuming 50-ton capacity hopper cars and 50-car trains, move

ment of a million tons would require about eight trains per week, which would be
 

a very large increase in operations for ENAFER, the state railroad enterprise.
 

There are no data available for estimating what the capital costs might be
 

for siuch improvements. In terms of rolling stock, the coal traffic would
 

require three or four train sets (locomotives and hopper cars). Track improve

ments would be necessary in order to preserve existing train frequencies and
 

levels of service. International development financing would be necessary, with
 

the debt servicing secured by earnings from increased exports of petroleum.
 

A coal slurry pipeline from the central Andes might be feasible, if the
 

overall volume of coal to be shipped were sufficiently large. As was noted
 

earlier, coal slurry pipelines require throughputs of several million tors per
 

year over distances of at-least several hundred miles to realize their economies
 

of scale. In cases of lower volumes and distances, the pipeline mode will be
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feasible only if the existing alternatives-rail or highway routes--are grossly
 

inadequate to accommodate 
the new traffic. Then the question must be asked
 
whether the delivered cost 
of the coal energy with, a slurry pipeline is less
 

than the cost of other domestic or imported fuels.
 

A possible mitigation of the cost ofa ccal slurry pipeline system could 
result from use of a coarse coal technology,',which would reduce the requirements 

for coal preparation. Also, some benefit could accrue from the transport water,
 
which could be used for irrigation after being purified. Consideration would
 
have to be given, of course, to the problem of obtaining an adequate water
 
supply which did not impair the rights of existing users.
 

A possible lower cost, near 
term program for developing uses of coal would
 
be "coal by wire," that is, 4evelopment of small to medium sized (50 MW to 

MW) mine-mouth power plants in one or more 
of the coal fields, and linking them
 
to the national high voltage, long distance hydroelectric power transmission
 
network. Much of the cost of energy transmission occurs in the preparation of
 
rights-of-way and erection of 
towers. There may be unutilized transmission
 
capability in existing high voltage circuits, 
or the transmission towers may
 
have the capability to carry additional conductors from new coal-fired power
 
stations. Thus, the incremental cost of transporting the coal energy to demand
 
centers would be minimal.
 

All of these possibilities would 
entail large capital investments which
 
would have to amortized over the next several decades. 
The benefits in the form
 
of lower energy costs and increased foreign exchange earnings (from petroleum no
 
longer needed for domestic energy) would appear to make these coal facilities,
 
including the transportation improvements, attractive projecsfor international
 

private and public lenders and investors.
 

S206.
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IV. -CONCLUSIONS,
 

-
Chile and Peru appear to have the strongest prospects for significantly 

expanding use of domestic coal resources. They have relatively large reserves 

of high quality coal; they have a history of using coal in the metallurgical 

industries; and, in Chile, the government-owned copper enterprise, CODELCO, is
 

developing coal-fired electric power generation to replace oil-based power for
 

the Chuquicamata copper mining complex. Use of coal has been inhibited in
 

Bolivia and Ecuador by the absence of good quality coal and the relative abun

dance of oil and gas. There has not, therefore, been much stimulus to improve
 

the coal transportation capability of these countries' rail and highway systems.
 

The feasibility of Chile's development of coal-fired electric power genera-,
 

tion for the Chuquicamata copper region, in the northern part of the country,
 

rests in large part on the ability of the power stations in the .port of
 

Tocopilla, which provide the power for Chuquicamata, to be supplied by ship.
 

The coal is transported from Punta Arenas, in the far south of the country, from
 

which there is no overland route. Only low cost waterborne bulk carriers could
 

feasibly transport the coal. Other coastal power stations, now fueled by oil,
 

will become candidates for conversion to coal.
 

The geography of Peru's coal deposits, being located in ithe high Andes, has
 

prevented the country from being able to develop waterborne transport of its
 

coal. Primary reliance has been on rail and truck, for the relatively small
 

amounts of coal that have been developed. The potential exists, nevertheless,
 

for transport improvements to be made that will facilitate expansion of coal
 

use. However, great care must be taken to avoid uncoordinated development of
 

the coal transport capability. Otherwise there is a large risk of facilities
 

being developed that will not be able to deliver the savings in costs upon which
 

the feasibility of expanded coal use will rest.
 

The principal transport problem for Peruvian coal is the relatively low
 

level of demand for coal. The volumes presently being moved will not justify
 

major capital improvements in rail and highway facilities. Additional uses for
 

coal must be identified, notably electric power generation and energy-intensive
 

industries like cement and ceramics. If the consolidation of demand can be
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accomplished at industrial centers, such as Lima, Trujillo, Chimbote, 
San
 
Nicolas, and Ilo, then the volumes of coal consumed may justify major transport
 
improvements. The question then becomes, is it more economical to upgrade the
 
Central Railroad and the major highways between the coal fields and the coast,
 
or to develop slurry pipelines, or to develop mine-mouth power plants and pursue
 
a policy of electrification for industrial users in the coastal regions?
 

An argument for upgrading the railroad and highway systems and bringing the
 
coal to the coastal regions even if the costs for movingthe energy content of
 
the coal might be higher than would be the case with a slurry pipeline or mine

mouth power plant system, would be the 
induced economic and social development
 
benefits stemming from better overland transportion. There have been instances
 

of the choice being made to develop a rail system through undeveloped country
 

for a power project, even though a water route or slurry pipeline system might
 
be cheaper, because of the regional economic development benefits.
 

In summary, coal transportation improvements cannot be considered in a
 
vacuum. The transport infrastructure has far-reaching impacts on the economic,
 

social and political structure of 
a country, because it is expensive, long
lived, and tends to shape 
the direction of the development of population and
 
economic resources. In particular, transportation of coal is of major signifi
cance because the commodity can account for a large share of the utilization of
 
all transportation facilities. Therefore, choices must be carefully made 
to
 
optimize 
the existing capabilities of the transport infrastructure, and to add
 
increments of capability that will match increases in demand but which will
 

avoid over-commitment of financial and physical resources in excess capacity.
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UTILIZACION DE CARBONES ANDINOS EN METALURGIA
 

INTRODUgCION.-


Con ciertas excepciones notables (Colombia,

Venezuela), los paises de la regi6n andina carecen de reserves
 
adecuadas de carbones coquizantes. Los carbones coquizantes se
 
definen como aquellos carbones qua sometidos a un proceso de
 
destilaci~n lenta y a alta temperature dejan reciduos porosos con
 
un alto contenido de carbono...el coque metaldrgico. En general,
 
los carbones del centro de la regi6n andina (correspondientes al
 
Perd, Bolivia, y Ecuador) poseen buenas csracterlsticss t6rmicas
 
pero bajo poder aglutinante.
 

Sin embargo, la mayoria de los paises de l regi6n
 
e incluyendo al Pere, Bolivia, y Ecuador demuestran una necesidad
 
creciente de sustituir importaciones y por lo tanto, una
 
necesidad tambian creciente de maximizer Is utilizaci6n de
 
recursos naturales como el carb6n. Haste la fecha, poco se ha
 
conseguido pare sumentar en forms substancial la utilizaci6n
 
industrial de carbones domdsticos, en parte porque is demands
 
sectorsl en aquellas aplicaciones qua requieren carb6n, c6mo la
 
generaci6n de energia eldctrica o bien los usos metalargicos, no
 
se han desarrollado en forma mes dindmica y en parte por falta de
 
tecnologia adecuada qua permita la utilizsci6n de los carbones
 
andinos. Este documento enfoca las posibilidades de aumentar la
 
utilizaci6n de carbones andinos en metalurgia.
 

USOS METALURGICOS DEL CARBON.-


Fuera del uso t6rmico del carb6n, el campo de
 
aplicaci6n maes importante es el campo metalargico, es decir, pars

la producci6n de metales.( Otras areas comprenden las
 
aplicaciones quimicas, fisicas, o mec~nicas). Conviene
 
distinguir, sin embargo, qua en los procesos de producci6n
 
metaldrgica existen dos grandes corrientes o alternatives: la
 
produccion primaria y la producci6n secundaria. Los procesos
 
primarios normalmente envuelven la extraccifn miners, los
 
procesos de concentraci6n mecAnica, y los procesos de fundici6n y
 
refinaci6n. Los procesos secundarios son aquellos basados en is
 
recuperaci6n de materias primes a partir de la chatarra.
 

* Por ejemplo, el uso del carb6n activado en sistemas do
 
adsorpci6n, o en electroquimica.
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Como as natural, la chatarra no as un alemento 
abundante en los paises do la regi6n andina, ni tampoco en otras
 
palses on via& do desarrollo. Esta tionde a acumularse en
 
relaci6n al nivel industrial de una region y , per lo tanto, los
 
mayores productores de chatarra son justamente aquellas regiones
 
quo, como los EE.UU. o bien los paluies europeos, tienen una large
 
historia de desarrollo industrial. Es per eso qua en aquellos
 
lugares de chatarra abundante los procesos de recuperaci6n
 
secundaria tengan bastante importancia y, en casas especiales
 
como el plomo, haste prevalezcan sobre el tonelage de produccifn
 
primario.
 

Tambi6n conviene recorder quo el usa principal do
 
lea carbones en metalurgia es en los procesos do fundici~n.
 
Dentro do esta categoria la siderurgia ocupa el papal mas
 
importante debido a qua en cuanto a tonelage los procesos de
 
fundicifn de hierro sobrepasan en mucho a la fundiciOn do otros
 
metales. En el caso del hierro l fundici~n so efectda
 
tradicionalmente par medio del alto horno-- -un horno vertical do
 
gran envergadura donde los minerales de hierro se calientan
 
progresivamento ,se funden y reducen, y e refinan parcialmente
 
en forma de hierro fundido (arrabie). Debido al tamaho del horno
 
asi coma su alta temperature y el nivel do turbulencia de los
 
gases, el carbon debe primero transformarse en un material de
 
alta resistencia mec&nica, de alto contenido de carbono, y de
 
alta actividad quimica: el coque. Estes propiedadas fisicas y
 
quimicaes del coque son tan importantes qua dan luger a un rango
 
de especificaciones, las qua a su vez determilnan la aceptacion o
 
el rechaso del material pare un determinado uso industrial.
 

Aun cuando las especificaciones del coque pueden
 
no reflejar la calidad intrinseca del coque, son sin embargo
 
importantes porque representan criterios ya establecidon par los
 
operadores do los altos hornos. Par lo tanto, no es do extraftar
 
qua las especificaciones del coque no seen constantes en el
 
tiempo, pero qua evolucionen en la misma medida qua las practices

industriales del alto horno mejoren. Deade un punto de vista
 
prActico, hey qua reconocer quo ningune especificaci~n en este
 
torreno puede ser demasiado rigida, ya qua ellas afectan al
 
suministro y los costoes de operacin. Naturalmente, las
 
especificaciones de coque tembi6n varian geograficamente. La
 
table 1 presenta el rango aproximado do las .specificaciones
 
quimicas y fisicas mes importantes.
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Tabla 1
 
ALGUNAS ESPECIFICACIONES QUZMICAS Y FISICAS
 

DEL COQUE METALURGICO
 

Especificaciones Espacificaciones,
 
Quimicas Fisicas
 
Rango 
 Rango 
 Rango 
 Rango
 
Ideal Aceptable Ideal Aceptable


Ceniza, % <8 <19 Tamaflo,mm 25-60 20-100
 
Azufre, % <0.6 <1.0 Estabilidad 55-60 50-55
 
Humedad,% <8 <13 Dureza 70-75 60-65
 
Alkalinos, % <0.2 <0.2 Indice M40 >80 >70
 
Volatiles, x <1.0 <1.0 Indice M10 <7.0 <10.0
 

TECNOLOGIA DE COQUEFICACION CONVENCIONAL.-


En general, el proceso de coqueficaci6n consists
 
en calentar sin aire carbones de granulometria fine por periodos

do 14 a 19 hores en hornos largos y angostoas, quo a su vez
 
conatituyen las baterias industriales de coque. Debido a quo el
 
proceso cubre un rango mas o menos amplio do temperaturas

envuelve reacciones fisico-quimicas bastante complejas, conviene 

y
 

considerar el comportamiento progresivo del carb6n en funci6n de
 
los dos pardmetros mas importantes en el proceso de
 
coqueficaci6n: los componentes del carb6n (es decir,su composi
ci6n) y la temperature.
 

Baesicamente el carb6n contiene componentes

reactivos asl como no-reactivos, y ambos tipos se comportan en
 
forma muy diferente durante la coqueficaci6n. Por lo general, los
 
componentes mas reactivos (por e3emplo: vitrinita, pseudo
vitrinita, exinita) exhiben un alto indice do reflectividad
 
6ptica y tienden a ablandarse rapidamente con la temperature,

llegando al estado liquido sobre temperatures do 300 C.,

mientras quo lo8 componentes inertes (por ejemplo: fusinita,
 
micronita, materia mineral) presentan manor reflectividad 6ptica
 
y son generalmente infusibles. Como es natural, no existe una
 
demarcaci6n abrupta quo define en forma rigida y precise las
 
propiedades de cade componente del carb6n (es decir, los
 
macerales del carb6n) ya quo cade maceral refleja diferenciad en
 
compocici6n y origen.
 

En las primeraes etapas do calentamiento, a
 
temperatures menores de 300 C, el proceso de coqueficacidn no es
 
en reelidad nada mas quo un proceso de destilaci6n, donde los
 
gases quo se desprenden incluyen como componentes principales el
 
vapor de ague y el di6xido de carbono. Esta primere etapa del
 
proceso se puede visualizar como una continuaci6n del proceso de
 
carbonificaci6n en la naturaleza--la eliminaci6n progresiva del
 
ague y C02 de residuos vegetales antiguous.
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A temperaturas mas altas, on al rengo de 300 a 400
 
C, los componente reactivos del carb6 comienzan a ablandarse.
 
Eats ablandamiento es particularmente ecentuado en la vitrinita
 
que, por lo general coamienza a emitir micro-burbu3as do gas. Este
 
gas asi coao gases similares quo se desprenden de la superficie
 
do otros macerales del carb6n contienen hidrocarburos de bajo
 
peso molecular y substancias de tipo aromAtico--el resultado !e
 
procesos do depolimerizaci6n. A medida qua la temperature
 
aumenta, las micro-burbujas de gas crecen en tamafho y, a
 
temperaturas do unos 450 C, hen crecido lo suficionto para
 
presionar los componentes inertes del carb6n on contacto dirocto.
 
Al mimo tiempo, los componentes reactivos del carbon hen
 
alcanzado bastante tluidez y logran encapsular a los inrtoes,
 
formando dispersione coloidales de particulas infusibles dentro
 
do una maa fundida y porosa.
 

Tanto el punto de fusi~n incipiente asi como el
 
rango de temperatures de fusin son extremadamente importantes,
 
ye qua esta segunda otapa de coqueficeci~n controla no solamente
 
la duraci6n de los procesos de depolimerizaci~n y de condensacin
 
posterior, sino tambi~n la naturaleza del vinculo entre las
 
particulas do carb~n inerte, es decir, la resistencia mecdnica
 
del coque. Una otapa de ablendamionto y fusi6n insuficiente suele
 
impedir la condensacifn subsequente, de gases de bajo peso
 
molecular y, por lo tanto, der luger a un coque de poca
 
resistencia mecAnice, ya quo estos procesos do condensaci6n
 
contribuyen a cementer los materiales ma inertem.
 

Mayora temperatures, on el rango de 500 a 600 C,
 
causan la solidificaci6n de lea pelicules fundidas qua contienen
 
los componentes maertes en una mesa de somi-coque. Los anillos de
 
carbono quo anteriormente se mantenian separados por Atomos do
 
hydr6geno, ehora se funden y cristalizan. Durante esta otepa, los
 
residuos de los macerales reactivos, particularmente la
 
vitrinita, desarrollan anisotropia Optica--lo qua comunmente se
 
conoce como la estructura de mosaico--que es muy coman on los
 
coques de buena calidad y qua, si se mantiene por tiempo
 
suficiente a alta temperature, da lugar a la grafitizaci6n
 
progresiva del coque. En la medida qua el semi-coque solidifica y
 
s contrae a altas temperatures, tambibn desarrolla innumerables
 
grietas y fisuras las qua posteriormente determinarAn mu
 
resistencia mecanica, su tamafno medio, y su hAbito de fracture.
 

Debido a qua el comportamiento de componentes
 
inertes asi como componente reactivos juega un papel tan
 
important. on el proceso do coqueficaci6n, se desprende qua estoas
 
components. deben existir on proporciones bastante exactas para
 
quo el coque resultante tenga las propiedades fisicas y quimicam
 
requeridas. Sin embargo, poquimimos carbones poseen estaa
 
proporciones ideales de macerales reactivos e inerte. Por lo
 
tanto, es comOn mezclar carbones de diferentes compomiciones pare
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alcanzer la proporci6n adecuada entre distintos componentes. Otre

ventaja de la mazcla de carbones es que rare vez componente

similares de diferentea carbones tionen un rango do ablandamientc
 
y fusi6n similar; por lo tento, 
 la mezcla de carbones tiende e

expandir 
 la duraci6n de la etepa de depolimerizaci6n,

condensecifn, y coqueficaci6n incipiente.
 

So desprende de lo anterior qua una de lam
propiedades qua se persigue de la mezcla de diversos carbones 
as
 que tel mezcla se ablande y ae funda dentro do un rango de
 
temperature mas o menos amplio, 
pare as mejorar los procesos de
cementaci6n de materiales inertes. 
Debido a qua el proceso do
 
coqueficaci6n es en realidad 
bastante complejo, no baste con
 
tratar de manipulear el punto y rango de fusi~n; 
 se trata de
controlar las propiedades reol6gicas de cade componente 
maceral.
 
Una buena mezcla de 
carbones no solo contiene la proporci6n

adecuada de reactivos e inertes, sino ademds las propiedades

fisico-quimicas de estos materieles son tales que facilitan al

desarrollo de una pelicula plAstics de duraci6n y grosor

suficiente pare incorporar y cementer bien todos 
 loo material.s
 
inertes.
 

Otra propiedad quo ae desprende de la etapa

plAstice del proceso (la stepa de depolimerizaci6n, condensaci~n,
 
y cristalizaci~n incipiente) es la presi6n qua el carb~n ejerce

sobre lea paredes del horno durante la coqueficacion. Este
 
aspecto es importante porque tales presiones pueden sobrepesar la
resistencia mecAnica de las parades del horno, 
 y causer dano

irreparable a la planta. La presin derive de la etapa plAstics y

de debe a que stapas posteriores de contraccifn logran
no

neutralizer la expansion de elementoa voltiles. 
En general, los

carbones de alto contenido volatil tienden 
a ejercer presiones

menores quo los de menor contenido volatil--un fenomeno contrario
 
a la intuici6n qua de debe al 
 alto contenido promedio de

macerales reactivoe on carbones de tipo volatil, lo cual hace que

dichos carbones tengan mas fluidez y distribuyan major lea
 
presiones mecAnica.
 

ParAmetros Tecno-Econ~micoa.-


Se desprende de lo anterior qua hay varias

condiciones qua facilitan lea varies etapas del proceso; estes am

pueden visualizar como los pardmetros criticos de la
 
coqueficaci6n: la temperature del proceso, la densidad de la
 
carga do carb~n, el punto esl 
como el rango de fusi£n de la carga

(quo a su vez depende de la mezcla de carbones), y el nivel de

humedad de la carqa. Naturalmente, 
todos estos factores eatdn
 
intimamente ligados de manera qua no 
se puede varier uno sin

afectar a otro. La discusi6n aiguente sin embargo trata de
 
aeparar el efecto de cade uno de estos como
factores si eatos
 
fueran independientes los unos de los otros.
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Temperatura do Coaugficaci6n. Hasta cierto punto, la 
historia de la fabricaci6n do coque eas l historia del aumento 
progresivo do la productividad del proceso a cause de mayore. 
temperatures do coqueficaci6n. La productividad del proceso, as 
decir lag toneladas diaries por dia, tiene relaci6n directa con 
la velocidad do avance del frente do ablandamiento dentro del 
horno, eas decir con la cin6tica de la segunda etapa de 
coqueficaci6n--fusi6n incipiente, depolimerizaci6n, y formaci6n 
parcial do semi-coque. Ests velocidad do avance del frente do 
fusi6n se express normalmente an mm por hora. En la prActica as 
normal encontrar ritmos de avance del orden de los 25 a 30 mm por 
hora. 

El efecto mas immediato do la temperature de
 
coqueficaci6n es econ6mico:a mayor temperature mayor producti
vidad. Sin embargo, una mayor temperature tambifn acarrea
 
beneficios do tipo t6cnico. Por e3emplo, a mayor temperature el
 
grosor de la bands de fusi6n aumenta y la fluidez de los carbones
 
tambi~n aumenta. AdemAs una alta temperature facilita la
 
grafitizaci6n del coque y, por lo tanto, su resistencia a la
 
abrasi6n. Todos estos factores facilitan l empleo de mezclas de
 
carb6n conteniendo mayores proporciones de carbones de baia
 
calidad.
 

DoificaciOn do Is Mezcla. Como so mencion6 anterior
mente, la practice do mezclar carbones de diferentes caracte
risticas fisicas y quimicas es bastante normal. El efecto mas
 
immediato de esta prActica es econ~mico, pero al igual qua en el
 
caso del factor anterior (temperature) esto tambifn acarrea
 
beneficios de tipo t6cnico. En general el uso de carbones
 
diferentes en una mozcla extiende el rango de temperature de
 
fusi6n, y por lo tanto permite el uso de carbones do menor
 
calidad sin comprometer la calidad del coque.
 

Los factores mas importantes an la dosificaci6n do
 
carbones incluyen: el nomero de carbones en la mezcla, el
 
contenido de volAtiles en la mezcla, la distribuci6n de tamaftos
 
de la mezcla (es decir, la granulometria), la humedad do la
 
mezcla, y el uso de materiales maertes (como al cisco de coque)
 
an la mezcla.
 

Densidad do Carga. La densidad do l carga de carb6n
 
influencia tanto la productividad como la calidad del coque. A
 
mayor densidad de carga, mayor productividad, pero tambi~n me3or
 
resistencia mecAnica dei coque ya quo la mayor cercania de lag
 
particulas de carb6n durante la fusi6n promueven una meor
 
cementaci6n de los granos inertes. Sin embargo, una densidad de
 
carga mayor acarrea presiones sobre lag parades del horno quo
 
pueden ser excesivas, y esto naturalmento limita el aumento
 
indiscriminado de la densidad de carga.
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Uno do los factore. qua disminuye ia densidad de
 carga ain agregar nada poasitivo al proceso s5 la humedad del

carb6n. En por eso quo el secade parcial del carb6n, o el agregar

pequeftas cantidades de petroloo generalmente resulta beneficiAoso.
 

Tambi6n so desprende do lo anterior qua las

plantas industriale. de coqueficaci6n deben optimizar 
 los

pardmetros de coqueficaci6n man importantes o, dicho en otra

forma, facilitar las varies etapas 
del fen6meno de coqueficaci6n.

Esto so puede constatar al examiner lon procesos convencionales y

las variaciones qua permiten expandir el rango de 
carbones pars

producir coque.
 

El Horno do Coue Convencional.-


El proceso convencional do coqueficaci6n so
practica en hornos rectangulare y elongados, totalmente

recubiertos de refractarios do silica. 
 Las dimensiones de stos

hoerns naturalmente varian de acuordo al fabricante y al 
 periodo

en qua tal horno entr6 en produccifn. Per lo general, 
 stos
hornos tienen dimensiones qua varian entre ls 8 y los 16 
 metros
 
do largo, 
entre los 4 y los 8 metros de altura, y entre los 35 a
 
50 cm de ancho.
 

Par lo general, el proceso comienza con la preparaci6n y molienda del carb6n. 
Se trata de conseguir un carb6n de
 
no mas de 3 mm de tamafo mdxiMo, cuyas propiedades fisicas y

quimicas a ajusten los ma 
 posible a lo discutido anteriormente.
 
Eate carb6n se introduce en los hornos generalmente deede arriba,
 
per medio de un carro cargador qua se desliza sobre rieles y qua

consiste realmente en una tolva do carga 
m6vil. Dependiendo de

las dimensiones particulares del horno, este acepta entre unas 15
 
a 40 toneladas de carb6n. 
Una vez terminada esta operaci6n, as

cierra el orificio de carga, se abren las vAlvulas qua 
 permiten

la colecci6n de gases, y comienza el ciclo de calentamiento.
 

El proceso de coqueficaci~n termina de completarse
unas 14 
 a 18 heas mas tarde, una vez qua el total do la carga

original ha 
 pasado par las varias etapas de coqueficaci6n,

incluyendo do 1 a 4 hores a alta temperature antes do la descarga

final. Esta descarga se efecta par medio de un 
aparato quo

empuja el total de la carga en forma lateral haste qua esta 
cae

dentro de un carro m6vil. Imnediatamente despu s el coque quo

estA en un estado incandescente se somete 
a un enfriamiento

rApido par ague, y posteriormente se vuelca sobre una superficie

inclinada qua permite continuar mu etapa de enfriamiento on forma
 
mas lenta.
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Lo anterior reproesenta una resefla breve del
 
proceso convencional do coqueficaci6n. Ciertas modificaciones
 
permiten extender e1 rango normal de eate proceso a carbonsa do
 
manor poder coqueficante. Tales modificaciones se basan en uno do
 
los pardmetros mas importantes de la coqueficaci6n--la densidad
 
do carga--y dan lugar a los procesos de "pre-calentamiento" y a
 
los proceson de apisonamiento (stamping en ingl6s).
 

Los Procaos de Pre-Calentamiento.-


A diferencia do los m6todos normales de coque
ficaci6n, en donde el carb6n se introduce en fric dentro de los
 
hornos, los mAtodos de precalentamiento envuelven la introducci6n
 
dentro de los hornos a temperaturas qua varian entre los 150 a
 
250 C. Como es de esperar, tales temperaturas tienden a elimnar
 
la humedad del carb6n, lo cual implicd un manor voldmen de
 
voldtiles durante la etapa de destilaci6n, as como una mayor
 
densidad do carga y un ciclo de coqueficaci6n mas rApido--ambos
 
factores de importancia en la productividad de una bateria de
 
coque.
 

La mayor productividad asociada con los m~todos de
 
pre-calentamiento de debe principaimente a la eliminaci6n parcial
 
do la etapa de secado del carb~n-- etapa qua en general puede
 
requerir del orden de las 10 horns deppu6s de la carga inicial de
 
un horno, y quo e necesitan para eliminar humedades del orden
 
del 7 a 10%. El aumento de productividad no solo proviene de la
 
abilidad de cortar el tiempo de secado a mas o menoe la mitad,
 
sinO tambi6n debido a qua los requerimientos tarmicos del secado
 
(qua oscilan alrededor de un 25% del calor do coqueficaci6n on
 
una bateria convencional) son mucho menores.
 

El otro aspecto de la productividad as el asociado
 
con la densidad do carga: s consiguen ma. toneladas de coque par
 
unidad de voltmen de horno y per unidad do tiempo con ol pre
calentamiento. Ademas del efecto de la densidad de carga on la
 
productividad, existo otro factor favorable de una alita densidad
 
de carga--la proximidad de las particulas constituyentes del
 
carb~n, la cual promueve una cementaci~n zuporior de los
 
elementos inertes del coque. Eata mayor densidad de carga so
 
consigue porque al eliminar la humedad superficial tambi~n so
 
elimina el factor aglutinante del agua sobre las particulas do
 
carbon, especialmente durante la carga del horno.
 

Fuera de las ventajas ya mencionadas arriba, otras
 
caracteristicas favorables do los matodos do pre-calentamiento
 
incluyen lam siguentes:
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o Reducci6n do las 
p6rdidas por calor. Naturalmento,

cualquier reduccin en el tiompo de coqueficaci6n
 
acarrea menores p~rdidas do calor.
 

o Aumento do la velocided de avance 
del frente

plastico durante faces
lea iniciales del proceso.

El no toner que eliminar 
gran parte de la humedad

del carb6n significa 
 que la moss plastica do
carb6n y semi-coque necesita tranamitir 
 mucho
 menos calor pare 
 subir la temperature del centro
del horno.Esto 
 permite un frente plastico man

amplio, y consecuentemente 
 leva a la formaci6n do
 
coque me, homogeneo y fuerte.
 

ReducciOn del fisuramiento durante
o el enfriamiento
 
final del coque. Este es otro aspecto de una homo
geneidad superior y moeor conductividad tdrmica.
 

Conviene 
notar que ninguna de las caracteristicas
 que so hen enumerado mas arriba dependen de uno 
u otro proceso
especifico. Ellas pueden demostrarse en mayor o menor grado
dependiendo del proceso que se halla elegid,), 
 pero existirdn en
todos los m6todos de pre-calentamiento. 
Pero, asi como existen
ciertas ventajas generales asociadas con el pre-calentasmiento

del carb6n, tambifn existen ciertas deaventajas como por ejemplo:
(1) dificultodes en introducir la mesa de carb6n caliente dentro
de un horno, (2) problemas de acarreo de polyo de carb6n 
dentro
del sistema de recolecci6n de gases, y (3)problemas do control,
especialmente en la composicifn do la mezcla y su temperature.
 

HMtodos do Apisonamiento.-


La metodologia del apisonamiento (Stamping) 
se
desarroll6 principalmente 
el los paises europeos que, como
Francia o Checoslovakia, cuentan con carbones poco coquizantes, y
hoy en dia casi no se conoce fuera de aquellas plantas antiguas

de europa. El m~todo consiste en cargar en carbon fuera del
horno, en cAmeras de dimensiones ligeramente inferiores a las del
horno mismo, de manora que la introduccin del carb6n dentro del
horno se pueda efectuar por medio do un fondo m6vil, 
 una vez que
el total de la carga se hays apisonado externamente. El mecanismo
do densificaci6n de la carga consiste, 
tel como lo indica el
nombre , en una aerie 
de martinetes que apiaonan el carb6n a
medida que este cae dsntro de 
 la camera externa, proceso quo

requiere entre 15 a 30 minutos.
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TECNOLOGIAS NO CONVENCIONALES DE COQUEFICACION.,
 

Esta categoria comprende modificaciones
 
substanciales sl proceso convencional, ya sea par medio do la
 
aglomeraci6n parcial o total de is carga, o bin par medio del
 
use de aditivoas especiale quo confieran poder coqueficante a
 
mezciaa de carbon no-coqueficable. Como on de esperar, cadm ina
 
de estas opciones confiere ciertas ventajas y desventaj; as
 
quo se discuten brovemente a continuaciOn en tdrmino, OA
 
procesoa mas conocidos.
 

Al igual quo en l siderurgis, existen dos clases
 
de procesos de tipo no convencional quo extienden el use de
 
carbones no coqueficables; amboas se basan en la aglomeraci6n del
 
carb6n. Sin embargo, una clase de procesos sencillamente utiliza
 
carb6n aglomerado en briquetas come parte de la carga total del
 
horno, supliendo el resto de la carga con mezclas de carb6n de
 
tipo normal. Estos procesos se pueden clasificar coma de
 
"aglomeraci6n de carb6n" (on ingl~s:"formed coal processes"). El
 
otro tipo de proceso mantiene el caracter aglomerado del carb6n
 
en el producto final y se conoce con el nombre de procesos de
 
aglomeraci6n de coque (en ingls:"formed coke processes")
 

Procesos do aQlomeracifn de carb6n.-


Estos procesos, quo igualmente podrian liamarse de
 
briquetado de cerb6n ya quo la formaci6n do briquetas es el
 
m~todo preferido de aglomeraci6n, generalmente envuelven mezclas
 
de carbones poco o no coquizantes y aglomerantes come la brea o
 
el alluitr&n de carbon, las cuales se introducen en hornos do
 
ccqueficaci6n junto con mezclas de carb6n molido de tipo
 
convencional. Generalmente la proporci~n dp briquetas no
 
sobrepasa el 40% de la carga, aunque en algunos enasyoa se ha
 
liegado al 80%. Y per lo general, el carb6n destinado al
 
briquetado so somete al pre-secado pars bajar su humedad a meno
 
de un 3x, y al pre-calentamiento pars aprovechar la plasticidad
 
del carbon y as producir briquetas de alta densidad.
 

Uno de los efectos favorables de una carga mixta
 
es quo la briquetas de carb6n tienden a hicharse bastante mas
 
quo la matriz de carbon durante ls primeras etapas de
 
calentamiento, y par lo tanto aumentan la compresifn de la carga
 
durante el periodo ideal--la etapa plAstica quo comienza a
 
temperaturas sobre los 300 C. El otro efecto favorable es quo
 
este tipe de proceso requiere pocas modificaciones al equipo de
 
coqueficaci6n, es decir quo la batera de coque necesitaria pocas
 
modificaciones fuera de las requeridas par el proceso de
 
briquetizaci6n mismo.
 

Procesos de Aglomeraci6n do Coaue.
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A diferencia de los procesos anteriore, en quo la
configuraci6n del equipo 
y plants de coque no difiere

apreciablemonte de lo convencional, 
 los procesos de agloneraci6n

de coque, conocidos tambidn bajo el nombre de coque formado, 
 s

caracterizan por configuraciones radicalmente distintas de las de
 
un horno convencional. Estos procesoa comparten varies caracte
risticas similare.:
 

o Todos producen un producto aglomerado do tamafto y forma,
 
constante, que por lo general es una briquets.
 

o 
Todos utilizan carbone de poco poder coqueficante o car.'.
 
bones no aetaldrgicos.
 

o Todos someten al producto a una etapa de endureciiento,
 
quo por lo general se basa en el tratamiento t6rmico.
 

Adtivos coqueficantes.-


Durante la Oltima d~cada se han investigado toda
 
una familia de sustancias quimicas--aquellas quo imparten un

carActer coqueficante a carbones 
de mala calidad. Estas sustan
cias en general se asemejan quimica y fisicamente a los carbones
 
de alto poder coqueficante, e imparten ciertas caracteristicas
 
aglutinantes a mezclas do carb6n no coqueficantes. Dentro de los

primeros tipos de substancias coqueficantes se pueden mencionar
 
los alquitranes naturales y las breas de alquitrAn quo 
 provienen

do los sub-productos del coque. Sin embargo, este tipo de aditivo
 
ha demostrado una efectividad mas bien variable, y quo depend. de
las condiciones de coqueficaci6n asi como de la mezcla de carb6n.

Por esta raz6n, se han desarrollado otros tipos de aditivos-
substancias que en general no dependen de 
 los sub-productos do
 
una batera de coque, como los siguentes:
 

- ACTIV, una substancia quo deriva de la hidrogenaci6n

catalitica del asfalto al vacio, 
y cuyo principal adherente
 
es la Nippon Mining del Jap6n. El producto se asemeja a los
 
componentes mas reactivos del carb6n, 
conteniendo deedo un

15X a un 40X de volAtilee, una reflectividad media similar a

la vitrinita, e indices de 
fluidez sumamente altos (del

orden de las 50.000 DDPM).
 

-KRP, otro producto de la hidrogenacion catalitica, pero

esta vez aplicada a los residuos del 
 petroleo. Los

principales proponentes del proceso incluyen Kureha Chemical
 
Industry, Sumikin Coke, y Chiyoda Chemical, todas compaflias

japonesas. El producto tambi6n se bastante
asemeja a la

vitrinita en cuanto al indice de fluidez, 
de reflectividad,
 
y al contenido de materias voldtiles.
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-Productoas de la refinaci6n del carb6n, en particular aque
1la8 sustanciaes qua resultan do los procesom quimicoa do 
liquefacci6n del carb6n, como por ejemplo: el proceso SRC-

NKK (desarrollado por I& Nippon Kokan del Jap6n), el proceso
 
SRC-Gulf (desarrollado en los EE.UU. por la Gulf Oil), y
 
otros procesos similares.
 

Perspectivas de las Tecnoloias No-Convencionales.-


Debido a quo los proceson anteriores difieren
 
subetancialmente del proceno convencional (proceso cuyo disefto
 
original no comprendia ni el control ni la automatizaci6n de
 
plantas) se piensa que los nuevos m~todos ofrecen potencial pars
 
mejorar tanto la calidad como la economia de la producci6n de
 
coque. Por ejemplo, la mayoria de los procesos quo se discuten en
 
Ia literatura actual se prestan bien a la automatizaci~n y al
 
control ambiental, ambos factores quo son favorables para reducir
 
los costos de capital asl como Ion costos operacionales de una
 
plants. Sin embargo, si tal potencial existe cabe preguntarse
 
porqu6 ninguno de estos procesos de coque formado ha alcanzado
 
son la etapa comercial.
 

Una raz6n poderosa tiene quo ver con la recesin
 
econ6mica reciente, y especialmente con el impacto de la recesi6n
 
en la industria siderOrgica. Tal como ha ocurrido en otros
 
sectores metalOrgico, existe una sobreproducci6n actual do
 
carbones coquizables, lo cual significa quo la necesidad do
 
substituir estos carbones por otros de monor calidad ha dismi
nuido mucho. Otra raz6n es de carActer econ6mico y financiev'.
 
Ocurre quo una demostraci6n comercial de estas tecnologias nuevas
 
requieria una cantidad de material quo sera sumamente costosa de
 
producir debido al monto de inversi6n on plants piloto. Una
 
t -- producci6n
cera raz6n tiene quo ver con las tendenciss de de
 
acero en horno eldctrico on regiones industrializadas, y con las
 
dificultades de los paises on vies de desarrollo de arriesgar
 
inversiones substanciales en tecnologias quo no so han demostrado
 
asn on forms comercial.
 

Una t1tima raz6n ne refiere a las innovaciones on
 
t6cnicas siderurgicas, quo no solo ofrecon mejorar la calidad do
 
los aceros industriales, pero tambifn extender las alternativas
 
de producci6n on base a rangos mas amplios de materias primas.
 
Las implicaciones de tales avances tecnol~gicos en la regi6n
 
andina se exploran a continuaci6n.
 



-----------

INNOVACIONES NETALURGICAS.-


Se ha mencionado anteriormente qua el uso ase
importante do los carbones coqueficantes es en campo metaldrgico,
tanto an siderurgia c6mo en 
la fundici6n do no-ferrosos. Es por
esto qua las tendencias tecnol6gicas en estos dos grandes 
campos
adquieren mucha importancia. 
El cuadro ndmero 2 cuantifica
algunas proyecciones recientes sobre 
la producci6n aiderurgica
mundial. Aun mae 
 importantes qua las proyecciones globales del
cuadro 2 son las tendencias tecnol6gicas de producci6n qua se
indican en el cuadro No3. Lamentablemente, los datos excluyen al
sector no-ferroso; 
 sin embargo 8e podria extrapolar quo las
tendencias del campo siderdrgico se extienden tambian al ambito
de otros metales bAsicos : un vuelco creciente hacia procesos
pirometaldrgicos de temperatura--los l1amados procesos de
alta 

arco o de plasma, y naturalmente el horno el~ctrico on
 
siderurgia.
 

Cuadro No 2
 
PRODUCCION SIDERURGICA MUNDIAL
 
(Milloves de Toneladas M~tricas)
 

Re-i6n 
 990 9 
 2000
 

Europa Occidental 154.3 
 157.7 162.4

Europa Oriental 215.5 
 222.7 229.8
Norte Amnrica 
 115.6 117.3 
 120.1

Am~rica Latina 
 39.1 46.4 
 53.6
Africa/Medjo Oriente 
 17.9 21.6 
 26.0
 
Asia y Oceania 212.644.6
 

TOTAL 
 762.0 810.3 854.3
 

Cuadro No 3

TENDENCIAS TECNOLOGICAS EN SIDERURGIA
 

(Porcentage do producci6n por tipo de Proceso)
 

1200
 
HE(I> LD( HE D
Europa Occidental 28.3% 
71.1% 30.8% 69.2%


EE.UU. 
 31.3 64.3 
 37.4 62.6

Jap6n 
 24.6 75.4 
 25.6 74.4
 

Los porcentages individuales 
pueden no sumar 100% debido asla
existencia do procesos residuales (Siemens-Martin).
 
(1) Horno e6ctrico
 
(2) Horno LD
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En t6rminos do crecimiento, los datos del cuadro
 
No 3 indican quoen las tres areas man importante. de producci6n
 
siderdrgica, el hormo el~ctrico aerd el proceso dominante (aun
 
cuando en t6rminos do voldmen el horno LD alga contribuyendo
 
mayor tonelage). Este fen6meno as especialmente evidente on los
 
EE.UU. donde el crecimiento del sector siderdrgico integrado (o
 
decir, alto horno + LD) as casi nulo, menor del 0.25%, mientras
 
que la producci6n do horno e16ctrico crecera cerca do saes veces
 
mas r6pido.
 

Las proyecciones anteriores asumen quo no as
 
producirdn cambios importantes tecnol6gicos quo modifiquen los
 
costos operacionales de diferentes regions&. Dentro do tales
 
circumatancias, la mayoria de los paises industrializados
 
agregaran poco a su capacidad de producci6n, y lo quo agreguen
 
serAn principalmente en el sector de hornos el6ctricos. Esta
 
visi6n as consistente con la abundancia relativa do chatarra on
 
los paSses induatrializados y con la baja rentabilidad do
 
empresas siderOrgicas integradas durante los Oltimos afos. Sin
 
embargo, cabe preguntarse si cambios importante. en los insumos
 
del sector siderdrgico convoncional no podrian influenciar
 
seriamente las proyecciones anteriores. En sate sentido, las
 
areas mas criticas son la capacidad efectiva de coqueficai~n y el
 
suministro potencial de chatarra, ya quo ambas podrian eercer
 
tal influencia quo modifiquen el ritmo de innovaci6n tecnol6gica
 
y su aceptaci6n industrial. Estos factors. s discuten brevemente
 
a continuaciOn.
 

Capacidad do Coaueficaci6n.-


Debido a la importancia critica quo reviste el
 
coque en operaciones siderdrgicas convencionales. no es do
 
extraftar que la mayoria de las plantas integradas se han
 
preocupado de contar con capacidad adecuada de coqueficaciOn.
 
Sin embargo, los Oltimos atos han danaado la capacidad financiera
 
de muchas grandes empresas siderargicas, con al resultado de que
 
algunas s han visto obligadas a posponer las operaciones
 
necesarias do mantenci6n o de reemplazo de baterias de coque.
 
Cabe destacar tambi6n quo la vide dtil normal de una bateria de
 
coque rara vez excede los 25 a 30 aftios, y qua la mayoria de las
 
plantas ubicadas en America del Norte as como muchas en Europa
 
ya han sobrepasado este limite de tiempo. De hecho, casi diez
 
aftos atrAs la capacidad do coque de los EE.UU. estaba estimadas
 
on unos 67 millones de tonelada atricas, de las cuales mAs de un
 
55% provenia de baterias do coque de mas de 21 anos. Naturalmente
 
quo deade esa fecha y a cause de la poca rentabilidad de esta
 
industria el deterioro de la capacidad instalada ha sido
 
creciente, aunquo dificil de estimar en forma exacta.
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Dismponibilidd de Chetarra.-


El otro aspecto importante de la produccifn
siderdrgica future 
concierne la disponibilidad de chatarra o,
mejor dicho, 
la posible felts de disponibilidad, 
lo quo podria
obliger a muchos productores no integrados (es decir, 
aquellos
dependientes del horne el~ctrico) a buscer substitutes.
 

Desgraciadamente son pocos los estudios 
 recientes
que intentan examinar esta materia. 
Lo quo es peor, todavla
exists una confusi6n aparente entre la disponibilidad actual de
chatarra y su disponibilidad potencial. Par ejemplo, el Institute
of Scrap Iron 
 and Steel de los EE.UU. estim6 el inventario de
chatarra en los EE.UU. en 620 millones de toneladas a comienzo de
1982, sin considerar que el inventario potencial es muy dinAmico
V que puede f1uctuar en forms considerable con cambios de precio.
Ademas existe el del
problems potencial de recuperaci6n de
chatarra--el concepto de quo existe un periodo de tiempo bastante
estrecho dentro del 
 cua1 la chatarra potencial puede 
 ser
recuperada en forma econ6mica, 
 y quo posteriormente la misma
chatarra deja de ser disponible ya sea par quo ha sido diluida, a
bien par cambios de ubicaci6n que 
 impiden su recuperaci6n

econ6mica.
 

Innovaciones tecnol6gicas.-


Se desprende de lo anterior que una posible falta
de capacidad de coqueficaci6n junto 
con una deficiencia do
chatarra 
podrian acarrear consequencia series pare toda la
industria. Sin embargo, 
 una do estas consecuencias seta la de
impulsar ciertos procesos metaldrgicos quo, c6mo la fundici6 en
base a plasma (en ingl~s, plasma smelting), ofrecen alternativas
 
pars gubstituir la chatarra.
 

La tecnologia de £undici6n en base a 
plasma
incluye varios procesos, en su mayoria 
de origen escandinavo,
aunque ninguno de estos pueda considerarse coma probado a escala
comercial. Hemos selecionado uno do estos, 
 el proceso INRED de
la compaftis Boliden, 
pare ilustrar el costo relativa de esta
alternative pare la producci6n de productos no planos 
en varien
paises. Los resultados aparecen en el cuadro No 4 quo refleja una
plants hipot~tica de 400 ml 
toneladas de producci6n de barras de
alambr6n. Se presume quo ls plants 
 incluye colada continua,
refinaci6n en cucharas, y en general 
 los 6ltimos avances
 
tecnol6gicos.
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Cuadro No 4
 
,-PRODUCCION DE ALAMBRON EN UNA MINI PLANTA
 

BASADA EN EL PROCESO INRED
 
(D6larea do 1983 por tonelada m~trica)
 

1983 1993
 
Ubicaci6n Costo Costo Costo Costo Costo Costo
 
de la planta Directo Indirecto Total Directo IndirectO Tot
 

EE.UU. 253 81 334 281 81 362
 
Jap6n 242 66 308 280 66 346
 
Francia 201 71 272 226 71 297
 
Alemania 204 71 275 234 71 305
 
Inglaterra 188 71 259 211 71 282
 

Se desprende del andlisia anterior que las
 
alternatives tecnol6gicas prentan posibilidades interesantes pars
 
los paises de la regi6n andina. Efectivamente, si los nuevos
 
procesos metalOrgicos (c6mo los de arco de plasma) parecen aer
 
atractivos an los paises industrializados, podrian ser sun mas
 
atractivos en la regi6n andina, esapecialmente si evitan
 
inversiones substanciales en plantas de coqueficaci~n, an altos
 
hornos, y en otros equipos convencionales de gran envergadura.
 
AdemAs este tipo de proceso se adapts bien a la metalurgia no
ferrosa y, lo qua as mas importante, presents la gran ventaja de
 
utilizar carbones no coqueficantes y de baja calidad.
 

CONCLUSIONES.-


So han considerado tanto los procesos
 
convencionales asi o'mo procesos no convencionalea para 3a
 
producci6n de coque en los paises andinos. En general no parecen
 
haber dificultades insuperables qua eviten la produccion de coque
 
dom6stica en la regi6n. Se trata mas bien de comparar entre lea
 
varias alternativas pars elegir aquellas(s) qua proporcione(n) ls
 
major soluci6n deade un punto de vista tecno-scon6mico.
 

Las principales ventajas de los metodos
 
convencionales de coqueficaci6n son quo tales m~todos envuelven
 
un riesgo de inversi6n bastante pequeno deade un punto do vista
 
t~cnico; as decir, tanto los procesos do pre-calentamiento asS
 
c6mo los do apisonamiento se han probado en escala comercial. Sin
 
embargo, tambibn se sabe que tales procesos tienen un tamafto de
 
plants minimo quo puede o no corresponder a las necesidades
 
internas de los paises de la regi6n. Otra posible desventaja as
 
qua todos los procesos convencionclez requieren propcrciones
 
minimas do buenos carbones en la mezcla. Es decir qua eats tipo
 
de m6todo oblige a importer ciertas cantidades minima do
 
carbones de buena class.
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Virtualmente todos los 
n6todos no-convencionales
 
pare la producc16n de coque disminuyen la dependencia do carbones
 
do buena calidad on la mezcla, 
aunque algunos m6todos lo

consiguen an mayor grado que otros. 
 Todos los mdtodos--los que

incluyen aditivos 
asi c6mo aquellos quo emplean la aglomeraci6n

de carb6n o coque--prosentan 
ciertas ventajas potenciales on
 
cuanto 
al tanafto minimo de una planta y en cuanto a los procesoa

de control. Deagraciadamente, ninguno de los 
 m6todos no
convencionales a 
 los qua 5e ha aludido anteriormente ha sido

demostrado en escala comercial y, 
 dada la situaci6n econ6mica de
 
la siderurgia mundial, serAdificil quo se demuestre 
una
 
factibilidad econ6mica en un futuro cercano.
 

Finalmente e 
han considerado ciertas alternativaes
 
fuera del campo de la coqueficaci6n: el efecto de avances
 
tecnol6gicos quo obviarlan la necesidad de contar con coque
metaldrgico, pero qua utilizarian los 
recursos dom6sticos do
carb6n de la regi6n.
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ANTHRACITE BRIQUETTING: A STRATEGY FOR THE.
 
DEVELOPMENT OF THE COAL MINING INDUSTRY INPERU
 

C- G. SOLDI
 
EMPRESA PROMOTORA DEL CARB6N:-

PERO
 

1,::..INTRODUCTION."
 

PERUVIAN COAL ,.DPOSITS,HAVE.BEEN:1KNOWN-AND STUDIED FOR'.
 

MORE THAN A,CENTURY..-BUT NO SERIOUS" EFFORT ,HAS BEEN:
 
MADE YET*,To PUT THEM INTO, OPERATION AT A, REASONABLE,
 
SCALE.,
 

PERU HAS TRADITIONALLY BEEN A MINERAL EXPORTING COUNTRY
 

AND BECAUSE OF, ITS GEOGRAPHY, MOST OF.THE ENERGY RE-

QUIRED BY ITS RELATIVELY MODEST INDUSTRY HAS BEEN SA
 

TISFIED THROUGH HYDRO-POWER GENERATION.,
 

DURING THE LAST CENTURY, A SLOW PROCESSOF INDUSTRIALI
 

ZATION TOOK PLACE BUT BECAUSE OF THE RELATIVELY LOW
 
PRICE OF OIL, MOST OF THE COUNTRY'S INDUSTRIAL INFRA.,
 
STRUCTURE WAS DESIGNED TO USE OIL AS FUEL AND LITTLE,".
 
ATTENTION WAS PAID TO COAL AS AN ALTERNATIVE SOURCE OF::
 

ENERGY.,
 

SINCE 1970, THE COUNTRY HAS MADE GREAT EFFORTS. ;"TO
 
INCREASE ITS OIL PRODUCTION, CONSIDERING THAT OIL SOLD.
 
IN THE INTERNATIONAL MARKET PROVIDES THE FOREIGN
 
CURRENCY REQUIRED TO SUPPORT THE INDUSTRIALIZATION PRO
 

CESS OF THE COUNTRY.
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UNFORTUNATELY, THIS EFFORT HAS NOT BEEN AS SUCCESSFUL
 

AS EXPECTED AND WHILST OIL PRODUCTION HAS REMAINED AT
 

AROUND 200,000 BBL/D OVER THE LAST TEN YEARS, THE INTER
 

NAL DEMAND HAS INCREASED STEADILY AT 3.5% PER YEAR AND
 

THE COUNTRY IS NOW FACING THE POSSIBILITY OF BECOMING.
 

AN OIL IMPORTER IN THE SHORT TERM IF NO URGENT ACTION
 

IS TAKEN.
 

NO PRECISE FIGURES ARE.AVAILABLE FOR' PERuVIAN COA
 
N o P E C S'SI G A V,I A N , . C O A L .-

RESERVES, BUT THESE ARE CERTAINLY WELL OVER 500 NT,
 

ANTHRACITE BEING THE MOSTABUNDANT TYPE OF COALKNOWN
 

TO EXIST IN THE COUNTRY. SEMI-ANTHRACITE AND LOW-VOLA
 

TILE BITUMINOUS COAL DEPOSITS HAVE ALSO BEEN STUDIED
 

AND WORKED ON A SMALL SCALE BASIS, BUT THEIR EXTENT AND
 
.
IMPORTANCE SEEM TO BE MODEST COMPARED TO THOSE OF,


ANTHRACITE COAL DEPOSITS$
 

WHAT IS CERTAIN IS THAT PERUVIAN COAL HAS BEENSTUDIED
 

ONLY SUPERFICIALLY AND NO FINAL WORD CAN BE SAID .ABOUT,
 

ITS-QUALITY UNTILIT IS MINED AND BURNT ON A LARGER,!
 

INDUSTRIAL SCALE.
 

EMPRESA PROMOTORA DEL CARB6N (PROCARBON) IS A STATE-:
 

OWNED COMPANY ESTABLISHED BY THE PERUVIAN GOVERNMENT
 

IN 1982 TO DEFINE A STRATEGY TO DEVELOP THE COAL MINING
 
INDUSTRY IN PERU AND THIS PAPER REFERS TO THE ACTIONSi
 

TAKEN DURING THE LAST THREE YEARS TO ACHIEVE THIS GOAL.
 



2. THE COALINDUSTRYIN PERU
 

DESPITEITS LONG MINING TRADITION, PERU HAS NEVER
 
LOOKED,AT,, COAL WITH THE SAME INTEREST I.T. .HAS DEVOTED 
TO GOLD, SILVER, COPPER, ZINC, LEAD.AND MANY OTHER ME-

TALS PRODUCED SINCE THE 16TH. CENTURY#
 

ONLY WHEN ORES OR CONCENTRATES HAD TO BE TREATED .'BY, 
PYRO-METALLURGICAL PROCESSES, SOME MINING COMPANIES
 
MINED COAL, BUT SINCE THEIR MAIN INTEREST WAS THE
 
MANUFACTURE OF COKE, THEY RESTRICTED THEIR OPERATIONS
 
TO TWO OR THREE SMALL BITUMINOUS COAL DEPOSITS WITH.
 
THE PURPOSE OF SATISFYING THEIR OWN NEEDS. THE TECHNO
 
LOGY BROUGHT TO THE COUNTRY FOR THE MANUFACTURE OF
 
METALLURGICAL COKE WAS DESIGNED 
FOR OTHER TYPES OF
 
COAL AND THIS CAUSED SERIOUS PRODUCTION PROBLEMS, SO
 
SOME OF THESE COMPANIES DECIDED TO IMPORT COAL TO
 
BLEND IT WITH THE LOCALLY PRODUCED BITUMINOUS COALS.
 

BETWEEN 1945 AND 1955, 
 SOME PERUVIAN ANTHRACITE MINES
 
WERE PUT INTO OPERATION TO SATISFY THE POST-WAR DEMAND
 
FOR THIS TYPE OF COAL IN THE INTERNATIONAL MARKETBUT
 
AS SOON AS THAT TEMPORARY ABNORMAL SITUATION ENDED,
 
THESE MINES WERE CLOSED DOWN.
 

THE. FIRST CONCLUSION THAT CAN BE DRAWN FROM.THIS.BRIEF
 
OVERVIEW IS THAT COAL MINING.IN PERU HAS BEEN RESTRIC-

TED TO A LIMITED NUMBER OF USERS FORCED TO MINE 
 COAL
 
TO SATISFY THEIR USUALLY VERY MODEST OWN NEEDS 
OR TO
 
SOME TRADITIONAL EXPORT-ORIENTED METAL MINERS WHO TRIED
 
TO,/TAKE ADVANTAGE OF A TEMPORARY SHORTAGE OF ANTHRA-

CITE IN THE INTERNATIONAL MARKET,
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TAKING INTO CONSIDERATION THESE TWO HISTORICAL FACTS,
 

PROCARBON CONCLUDED THAT NO SOUND AND SOLID COAL MI
 

NING INDUSTRY COULD FLOURISH IN PERU IF THERE. WAS NOT
 

A STABLE MARKET FOR COAL IN THE COUNTRY.
 

IN ORDER TO STUDY THE DOMESTIC MARKET FOR COAL, POTEN-.
 

TIAL INDUSTRIAL USERS WERE IDENTIFIED AMONGST THOSE
 

OIL CONSUMERS WHICH COULD EVENTUALLY UNDERGO A CONVER
 

SION PROCESS TO ADAPT THEIR INSTALLATIONS TO BURN COAL,
 

BUT THE LACK OF COAL-BURNING EXPERIENCE INTHE COUNTRY,
 

THE FACT THAT ANTHRACITE WAS THE MOST ACCESSIBLE TYPE
 

OF COAL AND THE DISTANCE FROM THE COALFIELDS TO THE
 

INDUSTRIAL CENTERS WERE THREE SERIOUS DRAWBACKS TO
 

THIS ALTERNATIVE WHICH SEEMED TO BE THE MOST LOGICAL_
 

BUT HAD TO BE LEFT ASIDE BECAUSE OF THE ABOVE MENTIONED,;I
 

DIFFICULTIES,
 

3. THE NEED FOR A SHORT-TERM STRATEGY
 

DURinG THE PROCESS OF GATHERING TECHNICAL INFORMATION
 

ON.INDUSTRIAL EQUIPMENT DESIGNED SPECIFICALLY TO BURN.I
 

ANTHRACITE AS FUEL, WE WERE INFORMED THAT.THE REPUBLIC
 

OF KOREA WAS IMPORTING'AROUND 2 MT OF ANTHRACITE PER
 

YEAR, SO WE THOUGHT THEY COULD HELP US IN SOLVING OURi.
 

PROBLEM.
 

WHEN WE FOUND OUT HOW THEY USED THE ANTHRACITE, WE
 

STARTED LOOKING AT THE POSSIBILITY OF ADAPTING THE
 

SYSTEM TO OUR COUNTRY AND FINALLY DECIDED TO GO AHEAD
 

WITH A PILOT PROJECT DESIGNED TO PROVE THE VIABILITY OF
 

THAT ALTERNATIVE,
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SEVERAL FACTORS FAVOURED THE PROJECTTHE MOST IMPORTANT
 

OF WHICH WAS THAT THE QUALITY OF THE ANTHRACITE WAS
 
NOT A PROBLEM SINCE ASH CONTENT COULD BE AS HIGH AS
 
35%j, THUS ELIMINATING THE NEED FOR WASHING THE COAL AND
 
MAXIMUM SIZE REQUIRED WAS 8 MM, THAT IS TO SAY, THE
 
FINE FRACTION OF THE MINING OPERATION COULD BE USED
 
DIRECTLY, ALMOST WITH NO TREATMENT. THESE TWO CHARAC
 
TERISTICS ALLOWED THE DEVELOPMENT OF A RELATIVELY EASY
 

MARKET IN A VERY SHORT PERIOD OF TIME FOR LOCAL COAL
 
MINERS SUFFERING FROM RESTRICTIONS IMPOSEDBYTHE EXIS-


TENT SMALL NUMBER OF USERS (MAINLY BRICK-MANUFACTURING
 
PLANTS AND SMALL FOUNDRIES), FOR WHOM THE SIZE OR THE
 

ASH CONTENT OF THE COAL COULD BE A PROBLEM,
 

THE POSSIBILITIES OF OPENING .UP A DOMESTIC MARKET FOR.
 

ANTHRACITE REQUIRING ALMOST NO TREATMENT 
WAS SEEN- AS
 
AN INTERESTING OPTIONNOT AS A FINAL GOAL, BUT AS A
 
LOW-COST, SHORT-TERM STRATEGY DESIGNED TO PUT INTO OPE
 
RATION A NUMBER OF SMALL OR MEDIUM SIZE COAL MINES AND
 

TEST THE PRODUCT ON A LARGER SCALE THAT THAT ALLOWED BY
 

THE CURRENT MARKET CONDITIONS.
 

THE-ONLY FACTOR PLAYING AGAINST THE PLANNED 
 STRATEGY
 

WAS THE COUNTRY'S CLIMATE WHICH IS MILD INMOST REGIONS
 
AND SINCE THE PROJECT CONSISTED OF BRIQUETTING THE
 
ANTHRACITE TO PRODUCE A DOMESTIC FUEL FOR COOKING 
AND
 
HEATING, THE SECOND PURPOSE HAD 
TO BE RESTRICTED TO
 
RELATIVELY FEW COLD AREAS HIGH IN THE ANDES OR TO MI-


NING CAMPS, MOST OF WHICH ARE LOCATED OVER QO000M ABOVE
 
SEA LEVEL AND OPERATE CENTRAL HEATING INSTALLATIONS,
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THE ,FACT THAT THE CONSUMER WOULD BE EVENLY DISTRIBUTED
 
THROUGHOUT THE COUNTRY WAS A GREAT ADVANTAGE, SINCE THE
 

TRANSPORT COSTS COULD BE KEPT TO A MINIMUM, THUS ELIMI
 

NATING A SERIOUS PROBLEM IN A COUNTRY LIKE PERU WHICH
 

HAS A VERY DIFFICULT GEOGRAPHY AND A POOR TRANSPORT IN
 

FRASTRUCTURE,
 

THE:ANTHRACITE BRIQUETTING PROJECT
 

HAVING IDENTIFIED ONE POSSIBLE WAY INWHICH LOW-QUALITY
 
"
 ANTHRACITE COULD BE USED, PROCARBON REQUESTED 'IN :1983
 

THE TECHNICAL ASSISTANCE OF THE KOREA INSTITUTE bF
 
ENERGY AND RESOURCES (KIER) TO CARRY OUT AJOINT'SURVEY
 
OF THE PERUVIAN ANTHRACITE FIELDS AND EXPLORE THEPOSSI
 

BILITY OF PRODUCING A BRIQUETTE FOR THE PERUVIAN LOCAL
 

MARKET. A TWO-MONTH FIELD AND LABORATORY WORK WAS
 

CARRIED OUT, CONSISTING OF SAMPLE COLLECTION OF SIX
 

MINES, BRIQUETTING OF THE ANTHRACITE AND COMBUSTION
 

TESTING OF THE BRIQUETTES UNDER SEVERAL CONDITIONS,
 

THE CONCLUSION OF THIS PRELIMINARY WORK SHOWED THAT
 

EXCEPT FOR THE LOW CLAY CONTENT OF THE ANTHRACITE ASH,
 

THE COAL QUALITY WAS VERY SIMILAR TO THE ONE USED IN
 
KOREA TO PRODUCE THE POPULAR "YONTAN", OF WHICH THE
 

KOREAN ROPULATION CONSUME 22 MT PER YEAR.
 

IN ORDER TO PRODUCE COMPARABLE RESULTSTHE TESTING WAS
 

CARRIED OUT ON STANDARP KOREAN BRIQUETTES MADE WITH
 

PERUVIAN ANTHRACITE. THESE CONSISTED OF CYLINDRICAL
 

HONEYCOMB-TYPE BRIQUETTES, 150 MM IN DIAMETER, 146 MM
 

IN HEIGHT, WITH 22 HOLES PARALLEL TO THE CYLINDER AXIS
 

AND WEIGHING 3.6 KG, VERY SIMILAR TO THOSE PRODUCED
 

IN KOREA, CHINA AND OTHER COUNTRIES OF ASIA.
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ONCE THE TECHNICAL PROBLEM WAS SOLVED, THE LOCAL MARKET
 
HAD TO BE INVESTIGATED AND THE SIMILAR!TIES 
FOUND BET
 
:WEEN THE PERUVIAN AND THE KOREAN COOKING HABITS, ESPE
 
CIALLY AMONG THE RURAL POPULATION, WERE SURPRISING
 
ENOUGH AS TO ENSURE THE SUCCESS OF THE PROJECT, IT.-WAS
 
DETERMINED THAT OVER 80% OF THE COUNTRY'S 'POPULATION
 
USED SOME TYPE OF FUEL OTHER THAN ELECTRICITY, OR GAS
 
TO COOK$
 

AMONG THESE 16 MILLION POTENTIAL USERS OF COALjA LARGE
 
PROPORTION USED KEROSENE, A POPULAR DOMESTIC FUEL HEA-

VILY SUBSIDIZED THE GOVERNMENT TO ENSURE THAT IT REACHED
 
THE LOW-INCOME HOUSEHOLDS AT A REASONABLE PRICE.
 

IT WAS FOUND THAT 8% OF THE COUNTRY'S OIL PRODUCTION
 
WAS CONVERTED INTO DOMESTIC KEROSENE AND THAT THE SUB-

SIDY TO ITS PRICE AMOUNTED TO US$ 450,000 PER DAY-, RE
 
PRESENTING A SUBSIDY OF US$ 164 MILLION/YEAR, IF.THE
 
6 MILLION BARRELS OF OIL CURRENTLY BEING CONVERTED INTO
 
KEROSENE WERE SOLD IN THE INTERNATIONAL MARKET, 'AN
 
ANNUAL INCOME OF AROUND US$ 150 MILLION WOULD RESULT,
 
BESIDES THE SAVING OF US$ 164 MILLION NOW BEING 
 SPENT
 
IN THE FORM OF SUBSIDY,
 

BUT THIS COULD ONLY BE POSSIBLE IF THE COUNTRY'S LOW"
 
INCOME POPULATION HAD ACCESS TO 
 AN ALTERNATIVE FUEL
 
OFFERING THE SAME ADVANTAGES OF KEROSENE.
 

A STUDY CARRIED OUR BY PROCARBON IN 1984 SHOWED THAT
 
IF ONLY 10% OF THE CURRENT KEROSENE CONSUMPTION WAS
 
REPLACED BY ANTHRACITE BRIQUETTES, A DEMAND FOR 400 T/DAY
 
OF COAL COULD BE ESTABLISHED AND 
 IF THIS PRODUCTION
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CAME FOR SMALL:MINES, THE.,INVESTMENT.REQUIRED TO PUT
 

THEM INTO OPERATION WOULD BE RELATIVELY L.Of.;1
 

THE SAVINGS IN KEROSENE SUBSIDY WOULD AMOUNT TO US$ 16
 

MILLION/YEAR, ALLOWING THE EXPORT OF 600,000 BARRELS
 

OF OIL.VALUFn AT US$ 15 MILLIONTHUS REPRESENTING A NET
 

BENEFIT TO THE COUNTRY OF AROUND US$ 31 MILLION IN ONE
 
YEAR.
 

HAVING PROVED THAT THE PROJECT WAS TECHNICALLY AND ECO
 

NOMICALLY VIABLE, PROCARBON IS NOW WORKING ON THE MOST
 
DIFFICULT ASPECT OF IT: THE INTRODUCTION OF A NEW PRO
 

DUCT TO A MARKET NOT USED TO COAL AND HEAVILY PREJUDICED
 

BY THE IDEA THAT COAL IS A FUEL THAT BELONGS TO THE PAST.
 

THE WORK IS NOW CENTERED ON THE MANUFACTURE OF STOVES,
 

BOILERS, ROOM HEATERS, ETC. DESIGNED TO USE COAL
 

BRIQUETTES AS FUEL, BUT BECAUSE THESE HOME APPLIANCES,
 

SHOULD FIT WITHIN THE CULTURAL BACKGROUND OF THE
 

USERS, SPECIAL DESIGNS ARE BEING DEVELOPED TOMAKE THEM
 

LOOK AS "MODERN" AS ELECTRIC, GAS OF KEROSENE STOVES OR
 

HEATERS.
 

THE SIZE OF THE BRIQUETTE ITSELF IS ALSO BEING STUDIED,
 

TO GUARANTEE ITS ACCEPTABILITY, SINCE .-
THE FACT-.THAT
 

ONCE LIT CANNOT BE EXTINGUISHED, COULD GENERATE SOME
 

DISCOMFORT BY THE FACT THAT ENERGY FOR WHICH'ONE HAS
 

PAID IS NOT BEING USED, EVEN IF THE OVERALL COST IS
 

LOW WHEN COMPARED TO ANY OTHER FUEL AVAILABLE' IN THE
 

MARKET
 

THE FOLLOWING FACTS CAN BE MENTIONED:.AS SOME. OF THE.
 
.
ACHIEVEMENTS OF THE PROJECT:,'
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A) :,,PERUVIAN ANTHRACITE IS NOW BEING CONSIDERED AS AN
 
ALTERNATIVE FUEL FOR THE COUNTRY INTHE NEAR FUTURE
 

AND THE DOMESTIC USE SEEMS TO BE THE EASIEST AND
 

MOST INMEDIATE LOCAL MARKET FOR IT.
 

B), 	ALOW-COST ANTHRACITE BRIQUETTE IS BEING PRODUCED,
 

ON A.PILOT SCALE WITH PERUVIAN ANTHRACITE., THE PI
 

LOT PLANT, INSTALLED AT THE CATHOLIC UNIVERSITY OF
 

PERU IS MANUFACTURING A BRIQUETTE DESIGNED TO BURN
 

CONTINUOUSLY FOR 12 HOURS, ITS SELLING PRICE TO THE
 

USER BEING ESTIMATED AT US9 15 EACH, 'CONSIDERING
 

THAT A LOW-INCOME FAMILY IN PERU USES AROUND TWO
 

LITRES OF KEROSENE PER DAY FOR COOKING AND THAT THIS
 
REPRESENTS A DAILY EXPENDITURE OF USe 17, THE COAL
 
BRIQUETTE IS A VIABLE ALTERNATIVE FROM THE ECONO-


MIC 	POINT OF VIEW OF THE USER.
 

C) 	THE POSSIBILITY OF SELLING LOW-QUALITY ANTHRACITE
 
IN THE DOMESTIC MARKET HAS BROUGHT A RENEWED INTE
 

REST IN ABANDONED ANTHRACITE MINES NOW BEING EXPLO
 

RED AND RE-OPENED.
 

5. FUTURE ACTIONS
 

PROCARBON IS NOW CONSIDERING THE POSSIBILITYdoF-INSTAL
 

LING A SMALL INDUSTRIAL BRIQUETTING PILOT PLANT TO MAR,
 

KET-TEST THE PRODUCT AND PROMOTE THE OPENING-UP
.-	 OF
 

SEVERAL ANTHRACITE MINES IN ONE OF;THE, BETTER-KNOWNl
 

COAL DISTRICTS OF THE COUNTRY.
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FOR THIS PURPOSE, THE UNITED NATIONS DEVELOPMENT PRO
 

GRAM (UNDP) HAS OFFERED PROCARBON TECHNICAL ASSISTANCE
 
AND A PRELIMINARY SIX-MONTH STUDY IS TO BE CARRIED OUT
 

STARTING IN EARLY 1986.
 

COAL MINERS ARE NOW LIMITED TO SELL ONLY 60%, OF THEIR , 
PRODUCTION, BECAUSE OF THE FINE SIZE AND HIGH ASH CON 

TENT OF THE REMAINING 40% OF ANTHRACITE BEING PRODUCED.
 
POTENTIAL USERS OF COAL ARE NOT PREPARED TO CHANGE
 

THEIR INDUSTRIAL INSTALLATIONS UNTIL A CONSTANT SUPPLY
 
OF COAL AT A REASONABLE PRICE IS ENSURED, WHILST COAL
 

MINERS ARGUE THAT PRODUCTION IS LIMITED BECAUSE THERE
 
IS'NO DEMAND FOR COAL AND PRICES ARE HICH BECAUSE THEY
 

HAVE TO CHARGE 100% OF THEIR COSTS TO 60% OF THEIR PRO
 
DUCTION.
 

UNDER THESE CIRCUMSTANCES, THE COAL BRIQUETTING PROJECT
 

COULD HELP TO BREAK THIS VICIOUS CIRCLE AND IF SUCCESS
 
FUL IN THE LONG TERM, GENERATE A NUMBER OF ANCILLIARY
 

LABOUR-INTENSIVE INDUSTRIAL ACTIVITIES OF WHICH COAL-


MINING ITSELF COULD BE THE LEAST IMPORTANT FROM THE
 

EMPLOYMENT GENERATION POINT OF VIEW.
 

ANY INCREASE IN THE PRODUCTION OF LOW-QUALITY ANTHRACI
 

TE WILL BRING AN INCREASE OF HIGH-QUALITY' ANTHRACITE
 

AND THIS IS EXPECTED TO GENERATE THE CONFIDENCE -IN
 
SUPPLY*REQUESTED BY THE INDUSTRIAL USER TO REPLACE ITS
 

OIL-BURNING INSTALLATIONS. AS INDUSTRIAL CONSUMERS
 
IMPOSE MORE,STRINGENT CONDITIONS ON THE ANTHRACITE
 

THEY BUY, THE NEED FOR COAL-WASHING PLANTS WILL BECOME
 
APPARENT AND THIS WOULD RESULT IN HIGHER QUALITY ANTHRA
 
CITE BEING AVAILABLE IN THE MARKET FOR SPECIAL APPLICA
 

TIONS.
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.IT.IS HOPED THAT THE FIRST STEPS ALREADY TAKEN WILL
 
RESULT IN THE PROMOTION OF THE COAL MINING INDUSTRY IN
 
PERU, WHICH IS THE FINAL OBJECTIVE OF THIS APPARENTLY
 
MODEST COAL BRIQUETTING PROJECT.CURRENTLY BEING CARRIED
 
OUT BY EMPRESA PROMOTORA DEL CARB6N. AND SUPPORTED BY
 
THE PERUVIAN GOVERNMENT$
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MOVABLE LABORATORY STOVE FOR COMBUSTION.TESTING
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,-TOP VIEW OF STOVE SHOWING REFRACTORY CYLINDER
 

*TObP.VIEWOF .ST.OVE .WITH COAL BRIQUETTE INBURNING ..POSITION
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LABORATORY BRIQUETTING MACINE
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LOW-COST ADOBE STOVE WITH COAL BRIQUETTE
 

AND METAL TONGUES USED FOR HANDLING IT
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The objective of this presentation is to give a brief description

of what is considered current practice in the area of. coal

utilization 
as a fuel for steam electric generating stations and

also for industrial 
steam generating installations.
 

The subjects I will briefly cover today are:
 

1-COMBUSTION AND STEAM PROCESS PRINCIPLES
 
2-TYPICAL EQUIPMENT AND APPLICATIONS
 
3-COAL SPECIFICATIONS
 
4-ENVIRONMENTAL CONSIDERATIONS
 
5-COAL CONVERSION ALTERNATIVES
 
6-CONVERSION PROJECT FEASIBILITY STUDIES
 

Since this objective is quite broad in scope and any of these
 
subjects 
could constitute the subject for a presentation by

itself, I will limit myself 
to an overviev of the most important

topics of 
each subject, which should be e~xamined when considering
 
new coal fired installations or the conversion of existing
 
installations.
 

I-COMBUSTION AND STEAM PROCESS PRINCIPLES
 

The 
 principle involved in the development of heat by combustion,
 
as generally accepted and applied to combustion in a furnace, can
be stated as follows. In a boiler furnace the heat energy evolved

from the union of combustible elements with oxygen depends upon

the ultimate products of combustion and not upon any intermediate
 
combinations thiat may occur 
in reaching the final result.
 

Most fuels used in industrial or 
electric steam generating

stations, coal. oil, 
gas, wood and their various derivatives have

only three elemental constituents, carbon, hydrogen and sulfur.
 
In most cases the percent of sulfur is so low that it can be

neglected in heat production calculations, c,0er thortgh it 
 must

be taken into consideration for other reasons, 
mainly physical
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and economic, such as corrosion effects, adverse environmental
 
impact and the cost of the fuel.
 

To achieve complete combustion',of the combustible elements and
 
compounds in the fuel with all the oxygen required, sufficient
 
space, time, mixing or turbulence and a temperature high enough
 
to ignite the fuel constituents must be provided.
 

A furnace for firing a fossil fuel is a device for generating
 
controlled heat for the purpose of doing useful work. In the case
 
of industrial or steam electric generating station boilers the
 
heat generated is used to produce steam to do the required work.
 
The objective of the boiler designer is to arrange the heat
 
transfer surfaces and fuel burning equipment to optimize thermal
 
efficiency and economic investment.
 

Heat generated in the combustion process appears as furnace
 
radiation and sensible heat in the products of combustion. Water
 
circulating through the tubes that form the furnace walls absorbs
 
as much as 50% of this heat, which in turn generates steam by the
 
evaporation of part of the water. In addition to the fuel type
 
and its combustion process, furnace design must consider the
 
thermodynamic principles applicable to water heating and steam
 
generation.
 

Furthermore, the design of a boiler is governed to a great extent
 
by the design of the furnace and also the other heating surfaces
 
required. The selection of the type of unit for a given service
 
depends upon many factors, such as:
 

- Main steam flow, pressure and temperature requirements.
 
- Reheat steam flow, pressure and temperature requirements.
 
- Feedwater temperature and conditions.
 
- Load characteristics
 
- Type of fuel and fuel burning equipment renuired
 
- Efficiency and economics.
 

A._-.=yICAL QU:Pt$ET-PD APPLICATIONS 

In general, steam generators have traditionally beenclassified 
into three types, according to their water and steam path 
configuration. These types are: 

- Shell type boilers: Simply a closed vessel containing water.' 
Fire tube boilers: Hot combustion gasses pass through tubes
 

located in the vessel to increase heat
 
transfer area.
 

- Water tube boilers: Water is circulated through tubes which 
are exposed to the hot combustion gasses.
 
Basically the reverse of the fire tube
 
boiler.
 

As requirements for steam capacity and pressure increased, it
 
became apparent that the water tube boiler had the advantage over
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the other types due mainly to the lower stresses from pressure
 
and temperature due to the smaller sizes of its pressure parts.
 
Also, it was more fle.xible in design and easier to adapt to a
 
variety of services and fuel types. Thus, since World War Two,
 
most industrial and steam electric station boilers, except those
 
of very small size (less than 25,000 lb./hr. steam flow) have 
been of the water tube type.
 

Depending on the size, the steam flow, pressure and temperature
 
requirements, most boiler manufacturers have developed various
 
stanoardized models of their water tube boilers to suit specific
 
needs. Depending on the manufacturer, these standard models are
 
available in sizes Lip to approximately 350,000 lb./hr. steam 
flow. Due to the variety of different models available, I will 
not attempt to describe or name them here. This information is 
readily available form any boiler manufacturer's literature. See 
Fig. 1 for some typical models of these boilers.
 

Type FP Integral-Furnace Boiler
 
Type FH Integral-Furnace Boiler Stirling
StrigTwo-Drum Bie 

I ,qI 

SECTIONAL SIDE VIEW, SECTIONAL SIDEVIEW, < ' 
PULVERIZED.COAL FIRED PULVERIZED-COAL FIRED 

IAT FLOOR FOR ASH RAKE.OUT WITH ASH HOPPER SIDE ViEW THROUGH lit PASS, 
SPREADER.STOKER FIRED I 

FIG. 1 TYPICAL STANDARD STEAM GENERATORS
 

As we have discussed before, the most common fuels for these 
boi]ers are: coal, oil or gas. Naturally, different types of
 
fuel firing equipment is needed for each of these fuels. Selection 
of oil or gas burners is relatively straightforward and simple
 
once the type of oil or gas is known. Selection of coal burning

equipment is more complicated and involves other design factors
 
in addition to the coal type and specification.
 

The three main types of coal burning equipment are:
 

- Coal spreader stoker
 
Cyclone type burner/furnace
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Pulverized coal 

The following brief. summary of the particular features and
 
details of each of the above mentioned types of coal burning
 
equipment will give some idea of the principal points affecting
 
the choice of method and equipment for burning coal.
 

- Stoker: The spreader stoker is a versatile means for burning
 
a relatively wide range of bituminous coal types and can also
 
successfully burn lignites. Ash removal may be accomplished by
 
either a dumping grate or a moving grate. With this stoker there
 
is a tendency for carry-over of fly ash and carbon particles,
 
thus it is necessary in most cases to install a fly ash
 
collection and reinjection system to reduce thermal loss from
 
unburned carbon in the ash. In selecting a boiler for spreader
 
stoker firing, care must be taken in the arrangement of the 
internal parts to avoid erosion. Boilers best suited to this
 
coal firing method are straight through, gas flow type .
 

- Cyclone furnaces: Cyclone furnace coal firing has shown to
 
be a method of firing coal parallel to pulverized coal. However
 
the range of coals suitable for this firing method is somewhat
 
more restricted and thus the method cannot be economically
 
applied to as small a boiler as pulverized coal. However, burning
 
crushed coal eliminates the high initial capital and operating
 
cost of pulverizing equipment. Since a significant portion
 
of the ash is eliminated as slag right in the burner area, the
 
furnace and stack gasses are substantially clean, thus, the 
additional costs for erosion control and fly ash collection
 
systems are reduced. One particular disadvantage of the cyclone 
furnace is that it tends to generate high levels of NOx due 
to the high temperatures at which combustion of the fuel 
takes place. Thus it has not been used in new installations 
in recent years due to environmental concerns.
 

- Pulverized coal: Pulverized coal can be adapted to almost any
 
size boiler, but its disproportionally high incremental equipment
 
price, for pulverizers and auxiliary equipment, tends to 
establish a practical lower limit of boiler size of approximately 
50,o000 to 100,000 lb/hr. steam flow. The equipment can be 
designed to burn practically any type of bituminous coal or
 
lignite. With modification, proper selection of the equipment and
 
fuel preparation, even anthracitic coals can be burned. Some
 
typical features of pulverized coal firing systems are: 

- Almost any coal available is suitable for use.
 
- Economically suitable for a very wide range of boiler sizes. 
- Wide flexibility in operation and high thermal efficiency.
 
- Proper coal preparation and handling of the pulverized coal 

are required for safety. 
- Dust collectors are required in most installations. 

These three different coal firing methods require different coal
 
characteristics and preparation methods. The following table
 
outlines the more important coal characteristics:
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TABLE 1
 
COAL CHARACTERISTICS RELATED TO METHODOF FIRING
 

Characteristic:, Method of -firing
 
Stoker Pulverized Cyclone


Total Moisture, Max. % 15-20 ' 15 
 20
 
Vol. Matter, Min. % 15 15 15
 
Total Ash, Max. % i'20 20 25;
 
Sulfur, Max. % 5 - -
Ash Soft. Temp. Max. F. - - 2400 
Coal Size: 3/4 in. top 80% 80%
 

50. through through: through
 
1/4 in.mesh 200 mesh 8 mesh
 

Traditionally., a type
spreader stoker was normally used for
 
boilers of up to 250,000 to 350,q000 lb./hr. steam flow because in
 
this size range, the benefits of using pulverized coal did. no
 
warrant the increased cost. Today, the advantages of each system

must be evaluated thoroughly during the design stage before
 
selecting a particular fuel burning system.
 

In addition to the type of coal, selection of the most suitable
 
coal burning equipment must consider the following parameters:
 

- Investment: 
 Stokers are cheaper than cyclone furnaces
 
or pulverized coal, but their use is limited by boiler si'e.
 
Pulverized coal is more we:.pensive equipment wise, but gives r 
 e 
fle'xibi !ity of operation and coal sources.
 
- Operating Characteristics: For a small plant with
 
inexperienced labor, a stoker is better suited. For a large

plant, with experienced labor, pulverized coal is preferable.
 

- Efficiency: A well designed spreader stoker will typically

have an unburned carbon loss of approximately 4 to 8%, whereas a
 
properly designed pulverized coal boiler will have a typical

unburned carbon efficiency loss of less than 0.4%. Although small
 
plants can many times tolerate this lower efficiency, in the
 
larger plants the fuel cost is so significant that efficiency may

be the controlling factor dictating the use of pulverized coal.
 

Important characteristics of an efficient pulverized coal
 
burner are:
 

- No excess oxygen or unburned combustibles in the flue gas.,
 
- A wide and stable firing load range.
 
- Fast response to changes in firing rate.
 
- High equipment availability with low maintenance.:'
 
- Good atomization and mixing of 
the fuel with the' "combustion
 

air.
 

See Fig. 2 for illustrations of typical coal burning .equipment,..

The most frequently used coal burner is the Circular. Type Burner.
 
This burner has several desirable characteristics. Some of these
 
are: It does not require much attention to obtain a'reliabl.e and
 
efficient performance. It can be equipped to burn either oil or
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gas as alternate fuels'. Individual burners of this type are
 
available in various sizes up to a maximum of approximately 200.
 
million Btu/hr. In this type of burner, tangential vanes built
 
into the air register creates the necessary turbulence to
 
adequately mix the fuel particles with the combustion air.
 

Other types of burners commonly used are the: Multiple-Intertube.,
 
Multiple Tip Burner and the Cross tube Burner. Although these are
 
different in physical arrangement,, their purpose is the same, to
 
ensure the proper mixture of fuel and air for the optimum heat'
 
release to occur.
 

The different boiler manufacturers all have their preferred burner
 
designs and arrangements. Typically burners are arranged in one
 
of three manners:
 

- Horizontally Fired Systems: Where the axis of the burner is
 
horizontal. With this system burners are usually located in the
 
bottom third of the furnace front and/or rear walls.
 

- Tangentially Fired Systems: Burners are located at the apex,
 
of the corners of the furnace, with their axis horizontally
 
oriented.
 

- Vertically Fired Systems: The burner axis is vertically
 
arranged in the boiler. They are more complex to operate and
 
maintain and are usually only used to fire low volatile so)id
 
fuels.
 

Tangential Overtfire Air-- ITangential Overfire Air 

Distributors Carbon-Recovery Nozzles 
,Drive Shaft /akSo

Back-Stop Assembly 
s=, -
Grates.= Da .. ,.TaeU 

Siftings HopperReturn Rails Drag Seals Idler Shaft 

, FIG. 2A TYPICAL SPREADER STOKER'EIUIPMENT
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CRUSHED HIGH-SPEED 

COAL SEONDARY AIR 

- HTGASES 

AIR 

SCREENED- FURNACE OPEN-FURNACE OPEN-FURNACE
The Cyclone Furnace, in the form of a horizontal ARRANGEMENT ARRANGEMENT ARRANGEMENT 

cylinder, is completely water cooled by connection to Types of boiler furnaces used 
the main boiler circulation. All combustion gases leave with Cyclone Furnaces 
through the re-entrant throat at the rear. Molten slag
drains from the bottom at the rear through a small open. 

ing into the adjacent boiler furnace 

FIG. 2B TYPICAL CYCLONE BURNER AND FURNACEI
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Air D - e 

Coal Nozzle " 
- -Distribution Vanes Burner D 

Burner C 

i :" Windbox .; Flow pattern of horizontal (wall) firing 

mer for hoirtzontal firing of coal 

FIG. 2C TYPICAL PULVERIZED COAL".BURNER"AND FURNACE
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3-COAL SPECIFICATIONS,
 

In addition to the basic design factors such as unit size, type 
of service, (industrial or electric generating station)', 
location, etc.., the designer must consider other factors which 
influence the overall design of the steam generator. Of these 
other factors the most important one is the type of fuel and its 
combustion characteristics. As an example, coal, although the 
most common fuel in many parts of the world, is the most 
difficult to burn, is lower in heat content per unit of weight 

than liquid fuels and has a much higher ash content. Typically. 
coal ash consists of a number of objectionable chemical elements 
and compounds which may adversely affect the operation of the 
boiler. Knowledge of these elements and compounds prior to design 
of the boiler is essential if the designer is to consider them in 
his design and make provisions for their handling in such a 
manner as to avoid performance and operating problems. Problems 
that can occur due to ash characteristics are slagging, -fouling, 

corrosion and plugging of boiler, superheater and air heater 
surf aces. 

Therefore, prior to designing a steam generator, or selecting a
 
a vendor's standard design steam generator, it is necessary to
 
have decided on the fuel type, or types, that will be used and
 

the 	specifications for such fuels and their components. These
 
specifications will have a direct effect on the design parameters 
which are necessary to provide the required conditions for the 
proper burning of the fuel and the liberation of heat under the 
most efficient conditions, while minimizing fuel related 
operational problems. 

Two 	major specification parameters are the heat content of the
 

fuel 	per unit weight and the ash content. These parameters will
 
have a direct effect on the quantity of fuel required and, 
depending on the fuel itself and its ash content, will have a 

direct effect on the size of the steam generator furnace and on 
the design of the required auxiliary equipment. Typical heat and 
ash content for coal, oil and gas fuels are as follows: 

TABLE 2
 

TYPICAL HEAT AND ASH CONTENT OF VARIOUS FUELS
 
(Moist and mineral matter free basis) 

COAL 	 Bituminous: 10,500 to 14,000 Btu/lb. Ash: 4 to 12% 
Sub-bituminous: 8,300 to 10,500 Btu/lb. Ash: 6 to 18%
 
Lignitic: up to 8,300 Btu/lb. Ash: 6 to 12%
 

OIL 	No. 6 Residual: I,'4150 Btu/lb. Ash: 0.1% max. 
No. 4 Residual: 18,00 Btu/lb. Ash: 0.05% max. 

No. 2 Distillate: 19,500 Btu/lb. Ash: Trace 

GAS 	Natural: 22,000 Btu/lb. (" 19000 Btu/cu-ft.), Ash: None 
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steam oenerators, see Fig.3 which graphically shows the effect of
 
the type of coal on furnace sizes required for the same heat

Output PlaNInPln 

W F 1.W AreaI1.16W Area 1.26W Area 1.29W 
*eaW -1.564 1-.s 11.631 

D 1.06D 1.00 1.24D 1.26D 

21h 

1.30H 1L 1.0D7H1.H 

Medium-Volatile High-Volatile Low-Sodium Medium- High-Sodiurr
Bituminous Bituminous Ugnite Sodium Lignite 

or Lignite
Subbituminous 

Fig. 3 EFFECT OF COAL RANK ON FURNACE SIZE(Const. heat Output)
 

Since coal performance, particularly its methods and principles

of burning are closely associated with the different types of
 
equipment and their design requirements., coals have been
 
classified to provide the necessary data to predict their
 
probable performance under various operating conditions. In this
 
area of the world the most used classification system is the
 
Classification of Coals by Rank based 
on the ASTM D-368 Method.
 
See Table 3. There also are other systems of coal classification, 
such as the International Classification into Hard Coals by Type
 
and Brown Coals by Type. For purposes of simplicity this paper

will use only the Classification byRank in its references to
 
types of coal.
 

In addition to the type of coal, its particular properties also
 
play a most important role in the design and selection of the
 
equipment. Table 4 gives a summary of the most common properties

of various rank coals. 
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TABLE'3
 
CLASSIFICATION OF COALS BY RANK, ASTM D-388
 

MC- Fixed Carbon; VM Volatile Matter; Btu - British ThermalUnits 

Class Group 

M -t t 

I Anthracitic I0Anthisacte 

.. 
3. Smian'thracite 

1. Low-volatile bituminous 

2. Medium-volatile bituminous 

II Bituminous' 
3. High-volatile A bituminous 

Umits of Fixed Carbon or Btu Requisithe Physical 
Mineral-Matter.Free Basis Properties .-

Dry FC, 98%or more. (Dry VM. 
2%or less) 

Dry FC, 92%or more and less than 
98%. (Dr' VM, 8%or less and more 
than 2%) 

Dry FC, 86%or more and less than 
92%. (Dr%' VM, 14% or less and Ndnagglonmeratingb 
more than 8%) 

Dry FC, 78%or more and less than 
86%. (Dr., VM, 22% or less and 
more than 14%) 
Dry FC, 69% or more and less than 
78%. (Dry VM, 31% or less and 
more than 22%) 

Dnv FC, less than 69T. (Dry VM, 
more than 31%); and moist' Btu, 
14,000 or more 

o BMoist' Btu, 13,000 or more and less
4. High-volatile B bituminous 

bituminous
.5. High-volatile C 

1. Subbitumninous A 

..III Subbitumin.. 2. Subbituninous B 
Ii 

13. Subbituminous C 

IV Lignitic 1. Lignite
12. Brown coal 

'Does not include a few coals of unusual physical and 

chemical properties which come within the limits of fixed 

carbon or Btu of the high-volatile bituminous and sub-

bituminous ranks. bif agglomerating, classify in low-

volatile group of the bituminous class. 'There may be 

noncaking varieties in each group of the bituminous class. 

'Moist Btu refers to coal containing only its natural bed 


than 14,000' 

Moist Btu, 11,000 or more'and less Either aggiouc, ating
than 13,000' or nonweathering' 

than 13,000'* Both weathering andMoist Btu, 11,000 or more and less nonagglomerating 

Moist Btu.100 9,500 or more and lessta 
than 11,000' 

Moist Btu, 8,300 or more and less
than 9,500" 

Moist Btu, less than 8,300 Consolidated 
Moist Btu, less than 8,300 Unconsolidated 

moisture. 'Coals having 69 per cent or more fixed carbon 
on the dry, mineral-matter-free basis shall be classified 
according to fixed carbon regardless of Btu. 'There are 
three varieties in the high-volatile C bituminous coal 
group, 1)agglomerating and nonweathering, 2) agglomecr
ating and weathering, and 3) nonagglomerating and 
nonweathering. 
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TABLE 4
 
TYPICAL COAL PROPERTrc=
 

Bituminous Subbltuminou ignit 

Hish VolatileLw Medium 
Volatile Volatile A B C A CB A 

Agglomerating 
* Non Ag.Non Noncharacter Agg. Agg. Agg. Agg. Agg. Agg.Non Agg. 

Proximate, % 
Moisture (seam) 2.0 2.0 4.0 7.0 10.0 14.0 19.0 25.0 40.0
Volatile matter, VM 21.1 38.4 35.932.3 33.8 35.3 34.5 25.8 25.9
Fixed carbon. FC 68.6 55.8 51.5 47.1 43.3 37.5 27.441.2 40.9 
Ash 8.3 9.9 6.1 11.9 10.8 9.5 9.0 8.3 6.7 
HHV, Btu/lb, As-fired 13,150 13,210 13,410 11,610 10,590 9,840' 8,560 7,500 5,940
Flammability index, F 1,010 950 9901,030 1,030 970 970" 990 890 

Ultimate (MAF), %
 
Hydrogen 5.0 5.6 5.5
5.5 4.6 5.4 5.1 5.6 4.3
 
Carbon 88.5 82.5 74.3
84.1 81.0 74.2 69.8 66.4 67.0
 
'.]lfur 0.4 2.5 4.0
11 0.9 0.5 0.8 0.6 0.9 
Nitrogen 1.3 1.7 1.5 1.3 1.4 1.2 1.1 1.3 1.2 
Oxygen 4.8 7.6 7.9 12.2 14.8 18.7 23.2 26.1 26.6 
*Agglomerating but noncaking 

As we have discussed, the single most important parameter ii
 
steam generator design is the fuel type. In the design of a coa: 
fired steam generator., the heat content and the ash 
are the twc
 
most important parameters to consider. As 
we have previously seer
 
the heat content is important from the amount of requirec
fuel 
for the generation of the required heat. However, equally as 
important, and many times more critical to the proper operation,

the properties of the coal 
must also be known and taken into
 
consideration.
 

For this purpose, the steam generator designer. uses the Proximate 
and Ultimate analysis of the coal. Some key parameters of thes 
Analysis are: 

Moisture - Heating Value 

Volatile Matter; 
 - Ash Fusion Temperature
 
- Fixed Carbon - Reactivity
 
- Ash 
 -Free Swelling 'Index
 
- Sulfur 
 - Grindability
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It would be impossible in the time and space available to discuss
 
the relative importance of each of the items in the Proximate
 
and Ultimate Analysis lists. Many of these are well known by all
 

familiar with coal and its use, and certainly are well known by
 
the boiler manufacturers. Therefore I will make only brief
 
mention of some of the more critical parameters and their effect
 
on the selection and design of the boiler and its equipment.
 

- Volatile Matter: This item refers to the amount of volatile
 
components in the coal and is of importance due to its effect on
 
the initial combustibility of the fuel. Coals with low volatile
 
matter are more difficult to ignite. Typical range of this
 
parameter for steaming coals is from 15 to 35%. 15% is considered
 
the minimum value for coals normally used as fuels for boilers.
 
- Sulfur: Important from the environmental point of view and from
 

its potential corrosive effect on the boiler components and other
 

equipment. If strict controls on the emission of S02 from the
 
unit are required, this parameter becomes a critical one,
 
requiring the use of very expensive and complicated equipment for
 
gas cleaning, or the use of coals with very low sulfur content.
 
usual range of this parameter is from < 1% up to '6%.
 
- Grindability: Indicates the relative ease with which the coal
 

can be ground or pulverized to the required size for the proper
 
operation of the handling and burning equipment. It is a primary
 
consideration in the design of the grinding equipment and the
 
pulverizer system. Preferred range for this parameter is from 60
 
to 100. Coals with grindabilities below 50 are considered
 
dif, icult to pulverize.
 
- Heating Value: As already discussed, important from the point
 

of view of quantity of coal required to supply the necessary
 
heat. It also influences the size of the required furnace. Usua
 
range for this parameter is from 6,300 Btu/lb. for the low rank
 
lignites, to 14p000 plus Btu/lb. for the higher rank bituminous
 
coals.
 
- Ash: An extremely important parameter in the design of a
 

boiler and a coal burning plant. The management of the coal ash
 
is one of the major design considerations for a coal fired steam
 
generator. The quantity of the ash and the behaviour of the
 

mineral matter in the coal, as it influences slagging reactions
 

during combustion is a significant factor in furnace sizing in
 

terms of volume, plan area, and fuel burning zone. The percentage
 

of ash in coal is significant because of the amount of slagging
 
and fouling that it can cause, the burden that it places on ash
 
handling equipment and disposal facilities, the frequency of
 
sootblowing and the rate of wear on the grinding and pulverizing
 
equipment. Typical ash content range is from 5% to 15% for most
 
coals used for steaming purposes.
 
- Ash Fusion Temperature: This parameter indicates the
 

temperature at which the mineral matter in the ash begins. to
 
hirnmi luid. 
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The test for ash fusion temperature is usually run according 
 to
 
ASTM-D-1857 Standards, and is based on using a pyramid shaped ash
 
sample 3/4 in. high with a 1/4 in. equilateral triangle base
 
width. This test can be run 
in either a reducing or an oxidizing

atmosphere. The Ash fusion Temperature most commonly reported is
 
the Softening (H = W) Temperature, obtained in a reducing

atmosphere. Typical range of this parameter is from "1800 to 2800
 
F. for eastern US coals.
 

Four stages of ash fusion temperature are usually reported in
 
American practice:
 

Initial deformation: The initial rounding of the cone
 
Softening: When the cone height has reduced to the same size
 

as the base.
 
Hemispherical: When the height of, tie lump equals one 
 half
 

the width of the base.
 
Fluid: When the mass is no higher than 1/16' inch.
 

There are various other methods for determining Ash Fusion
 
Temperature. Some of these are: The British Standard Method, The
 
German Standard Method and the International Standard Method.,
 
ISO-540. For simplicity, I will only refer to the ASTM Standard.
 

The Ash fusion Temperature is greatly influenced by the chemical
 
composition of the mineral 
matter in the ash. This is commonly
 
expressed under the heading of 
 Chemical Analysis, or
 
Mineralogical Composition of the ash. 
 The Base to Acid ratio is
 
derived from this analysis and becomes a key factor in predicting
 
the behaviour of the ash in the boiler.
 

In addition to the Ash Fusion Temperature and the Base to Acid
 
Ratio, there 
are other parameters also used for evaluating the
 
ash behaviour in the +urnace. These are: The Iron to 
Calcium
 
ratio, the Silica to Alumina ratio, the Iron to Dolomite ratio,
 
the Dolomitic percentage and the Ferric percentage.
 

4-ENVIRONMENTAL CONSIDERATIONS
 

In a coal fired powerplant, there are two main areas of
 
environmental concern. The first relates to the 
emission of
 
pollutants resulting from the combustion process to the
 
environment. The second area of concern relates to the 
safe
 
disposal of the liquid and solid wastes produced from the coal
 
handling area and the ash and ash components.
 

I will address the area of emissions first. There are three
 
classes of emissions which are considered significant in a coal
 
fired powerplant. 
These are: Particulate Emissions, Sulfur-O-xide
 
Emissions and Nitrogen-Oxide Emissions.
 

- Particulate Emissions: A pulverized coal plant can be expected 
to have approximately 60 to 80% of the coal ash normally leaving 
the furnace with the flue gas as Flyash. The previously 
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discussed variations in coal characteristics have a significant
 
effect on the control and removal of Flyash particles from the
 
flue gas. Fig. 3 shows the classification of particulate
 
emissions by size and the applicable methods of control.
 

Fo ,Mist I Rain 

Smoke HSO Mist 

OiSmoke Pulverized-Coat I 
Carbon Black I SOs Mist Stoker FlyashI I~ulverized-Coal Flyash I 

r Foundry DustIdement Dust ]

Metallurlical Fume.LIetallurgica Dus1 

.10 "3 10 "3 10 ' 1 10 101 10 

(A)Dispersolds, Radius inMicrons(/ m) 

Centrifugal (Mech.)Dust eparators
/BaghousesI " 

I Electrostatic Precipitators I 

Microporous ilters 

(B)Methods of Collection 

Fig.:3 TYPICAL PARTICULATE SIZES AND METHODS OF.CONTROL 

Methods of particulate emission control are mostly. mechanical.,
 
with the most common being:
 

- Mechanical Cyclone Collectors: These devices achieve
 
particulate removal by centrifugal, inertial and gravitational
 
forces. Efficiency of collection is very high for particle sizes
 
greater than 20 microns, but efficiency drops off rapidly for
 
particle sizes in the range of minus 10 microns. In current coal
 
fired plant design, Cyclone Collectors are seldom used as they
 
are not able to meet the required collection efficiency to meet
 
applicable environmental regulations in the US.
 

- Electrostatic Precipitators: In these devices, suspended
 
particles are electrically charged, then driven to collecting
 
electrodes by an electrical field. The collecting electrodes are
 
periodically rapped to cause the collected particles to drop into
 
collecting hoppers. There are two main designs of Electrostatic
 
Precipitators in current use, the Weighted Wire and the Rigid
 
Frame type. Precipitator design is a complex science, which must
 
consider many parameters such as coal and coal ash properties,
 
ash resistivity and size being key parameters, operational
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requirements, collection 
efficiency requirements, etc. Due to
 
environmental requirements in the US, all 
new coal fired plants
 
must have Electrostatic Precipitators, or an equally effective
 
device for removal of particulate emissions.
 

- Fabric Filtration: Fabric Filters or Baghouses have a long

history of applications in processes to control stack 
 emissions.
 
However, until reciently, available materials limited their
 
service to installations where the flue gas temperature was below
 
250 F. Since the 1970's, as new materials were developed, their
 
use 
 in coal fired power plants began to increase. They have
 
demonstrated good operating characteristics and high particulate

removal efficiency. Thus, their use is increasing, specially in
 
retrofit applications where the high cost and large space
 
requirements of an Electrostatic Precipitator presents problems.

Typically Baghouses have 
a constant collection efficiency, but
 
varying pressure drop, whereas Precipitators have a relatively
 
constant pressure drop, but varying efficiency.
 

- Sulfur-Oxides Emissions: Traditionally, sulfur-oxide emission
 
control 
has been achieved through one, or a combination of, the
 
following methods: 
 use of low sulfur coal; use of fuel
 
desulfurizing method; or, 
use of flue gas desulfurizing methods.
 
If changing to a low sulfur coal 
is not possible, then one of the
 
other methods must be used. 
 To date, the primary method used in
 
the US is that of Flue Gas Desulfurization. Various types, all
 
involving complex reactions and expensive and 
 complicated to
 
operate equipment are available. Two basically different designs
 
are available: The throwaway and the regenerative types. Most
 
types currently in use in the US are of 
the throwaway type, but
 
in many other parts of the world the regenerative type is being
 
successfully used.
 

The basic process used in the throwaway type is to spray the flue
 
gas with lime-limestone slurry, a double alkali, or dilute
 
sulfuric acid to effect a reaction with the sulfur in the 
flue
 
gas and have it precipitate into collection hoppers. 
The sludge

is then collected and disposed of in 
a safe land fill, hence the
 
name throwaway.
 

The regenerative processes are more complicated and 
involve the
 
recovery of the chemicals used for recycling and/or the 
recovery

of elemental sulfur or sulfuric acid, thereby reducing the amount
 
of waste produced and the waste disposal problem and in 
 some
 
cases, producing a potentially valuable end product.
 

Until recently, desulfurization of the fuel 
prior to combustion
 
has not been a 
 widely used method of emi ssion control for
 
steaming coals, beyond that sulfu; removal which took place

during the coal 
washing process, (removal of some of the pyritic
 
sulfur as part of the mineral matter removed in the washing

procLss.) However, in the last few years, 
 various "coal
 
beneficiation" processes have been developed, some as 
part of the
 
work done in coal water mixtures 
(CWM) fuels which allow for the
 
removal of a significant part of the pyritic sulfur. 
 Claims are
 
made by some processes developers to the effect that the total
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sulfur content of a coal can be reduced by up to 50%. I will
 
discuss this in more detail in the section on CWM fuels.
 

- Nitrogen-Oxides Emissions: To date the control of NOx 
emissions from power plants have been mainly through' better 
control and reduction of excess combustion air, use of off
stoichiometric firing and use of over-fire air to reduce flame
 
temperature and flue gas recirculation . However because of more
 
stringent controls on NOe, emissions in other parts of the world,
 
new control systems have been developed. These are really flue gas
 
treatment systems and basically fall into one of the following
 
four categories: Catalytic Decomposition. Selective Catalytic
 
Reduction, Selective Non-Catalytic Reduction and Absorption.
 

As previously mentioned the other area of environmental concern,
 
in coal fired power plant is that associated with the safe
 
disposal of liquid and solid wastes from the coal storage and
 
handling areas and the ash and ash components.
 

- Coal Handling and Storage Area: As can be expected, the
 
handling of coal can result in en'ironmental problems associated
 
with fugitive dust and rain water run off from the storage and
 
handling areas. Control of these two items is important if
 
contamination of the surrounding area and surface and ground
 
waters is to be prevented. Control of dusting is usually
 
accomplished by design features built into the unloading system,
 
such as covered rotary car dumpers, water sprays into the bottom
 
car dumping pits, spraying of the coal itself, both on the rail
 
car and/or in the coal storage pile itself and in extreme
 
situations, by the use of covered coal storage areas. Control of
 
rain water run off from the storage and handling area is usually
 
accomplished through the installation of an impervious liner on
 
the ground where the coal is to be stored and the provision of a
 
system of drains to collect the run off. The collected run off
 
water is then taken to an impoundment area, where it can remain
 
without contaminating the surrounding ground and/or surface waters
 
until it evaporates, or is treated to remove undesirable
 
contaminants prior to releasing it to the environment. Naturally,
 
if other considerations dictate the use of an enclosed coal
 
storage area, the problem with run off collection and treatment
 
is significantly reduced.
 
- Collection and Handlinc_ of Ash: Bottom ash from the furnace is
 
usually collected and conveyed away from the boiler using a wet
 
method. The ash is then sluiced to an ash pond where it is
 
impounded, again, to prevent contamination of the environment.
 
The Flyash collected from the electrostatic precipitator or other
 
particulate control system can be handled in either a wet or a
 
dry manner. If the Flyash is going to be disposed of in the same
 
ash disposal area as the bottom ash, then a wet system is the
 
most logical choice. However if there is a potential for sale of
 
the Flyash as an aggregate to concrete or some such other use,
 
then a dry handling system, based on use of storage silos is
 
preferred. Where a throwaway lime/limestone system is used for
 
removal of sulfur from the flue gas, the resulting waste must be
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collected and 
 impounded to prevent contamination of the

environment. This a very significant design problem and cost in 
a
coal fired powerplant. Its magnitude is such that 
it has prompted
the development of the renewable types of 
sulfur removal equipment.,

which although much more complex 
and capital intensive, do reduce

the magnitude of the waste handling and storage problems. 
 If the
 power plant is located in an area 
where available land is

restricted or 
 the area has a sensitive environment, then 'the
renewable type systems for removal 
of sulfur from flue gas should
 
be considered.
 

5-COAL CONVERSION ALTERNATIVES
 

There are two fundamentally different approaches to 
 converting

e;.:isting steam generating capacity from oil 
or gas fuels to .coal
 or 
coal derived fuels. This conversion can be accomplished by 'the

conversion of the boiler to 
 either the indirect, or the direct
 
firing of the coal fuel.
 

-
Indirect Firing This nomenclature applies to those conversion

alternatives that 
 involve the conversion of the coal in a
 
separate process plant to a liquid or 
gas fuel that can then be
fired in the orioinal boiler 
with essentially minimum

modifications to the boiler. 
 The most commonly known methods are

referred to as Coal 
Liquefaction and Coal Gasification.
 

- Coal Liquefaction There are various systems 
for liquefying

coal now in their commercialization stage. 
All the systems have
 
as a primary objective the removal the
of the coal ash and

increase of the hydrogen to carbon ratio of thL, 
coal. Although

this can 
 be successfully accomplished, the production plant
required 
 is quite complex and requires a significant investment

which cannot be presently justified unless there are some very

special conditions present which make this 
the only feasible
 
manner of accomplishing the conversion. Table 5 shows the typical

fuel specification derived 
from some of the best known coal
 
liquefaction processes.
 

TABLE 5
 
SPECIFICATIONS OF TYPICAL BOILER 
FUELS FROM LIQUEFACTION
 

PROCESSES
 
Process: SRC.i SRC-1 H-Coal CFFC
 
Type of Fuel: Solid 
 Distillate Distillate Heavy Oil'pe of Process: Noncatalytic Noncatalytic Catalytic Catalytic

Pour Point, OF: 50 (Melting 25 
 20 65. 

Point)
HHV Btu/lb: 15,700-16,000 17,300 [7,500 16,800 
Approximate
Boiling Range, OF 850+ 400-800 100-975 400+'
 
Weight %
 
Hydrogen 5.9 7.8 P.0 6.8
Sulfur 0.a 0.3 103 0.3 
Nitrogen 2.0 0,9 1.4 1.2
Ash 0.15 Nil 
 ,411 0.05 
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- Coal Gasification The development of the coal gasification
 
processes is now in its third generation. These processes are
 
expected to be able to supply significant quantities of
 
substitute natural gas in the next 10 to 20 years. 
Basically, all
 
these processes involve the controlled burning of coal in an
 
atmosphere deficient Typically' these
in oxygen. gasification
 
processes produce 
 low or medium Btu content gas. Gas produced
 
from the low Btu processes typically contains 100 to 125 Btu/Scf,

while the medium Btu process gas typically contains on the order
 
of 275 to 300 Btu/Scf. On the other hand, natural gas, due to its
 
high methane 
content has a heating value of 1000) Btu/Scf. In
 
general, again, this process requires the building of large

complex. gasification facilities commitment of
and the large
 
amounts of capital. Therefore, unless there are some particular

circumstances that override these factors, gasification has not
 
proven to be a financially viable means of converting existing
 
steam generating capacity to coal 
fuels. See Fig. 4 for a general
 
diagram of the gasification process.
 

Coal Drying Size Reduction 

I Pretreatment 

Gasification GasificationSteam Coal+Heat-CH,+C +2H-1-CH, C+HC Coal+ Heat-CH+ C+HC-I Steam C +21-2-- CH, 
Ox n C+HaO-CO+H3 Air C+HsO-CO+H2C+Ot CO2 - C +0O,-CO, 

Fines Removal Ash I Fines Removal Ash 

Steam Shift Conversion SRm VHS-- CO +H20-CO + H2 Removal:] 

HS +CO, Removal Low-Calorfic-Value (LCV)Gas 

SMethanati0n HO 
CO +3H, "CH4 +H0 

High-Calorific-Value (HCV) Gas 

Fig.;5
 
GENERAL PROCESS DIABRAM FOR COAL, GBASIFICATION
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- Dirct Firing This method involves the conversion of the

boiler itself to accept coal, and to successfully burn coal in thE
 
boiler. Naturally, there are many things that can be done both, to
 
the boiler and to the coal to make it 
easier to fire, reduce the
 
cost of the conversion, approximate the firing of fuel oil.and
 
enhance the reliability of the converted unit. It would be
 
impossible to address each of 
these issues in detail, therefore I
 
will describe the two basic approaches to the conversion of
 
boilers to coal fuels and in a later section of this report

address the 
study process required to determine the technical
 
feasibilty and financial 
viability of the conversion.
 

Conversion of fuel
a boiler to coal can be achieved by either a
 
conversion to the firing of 
the solid coal in a stoker, cyclone

furnace or as pulverized coal. For simplicity I will refer to such
 
a conversion as a conversion to solid coal 
 firing. The other
 
approach available is that of conversion of the boiler to the
 
firing of coal in a slurry form. 
Coal-Oil, Coal-Water and Coal
Methanol-Water Mixtures are the most common examples 
 of Coal
 
Slurry Fuels.
 

- Solid Coal Firing As previously mentioned this involves the
 
modification of the plant site to be able to receive bulk coal 
from the mine, store it, handle and prepare the coal for firing,

all on the plant site, and modification of the boiler with the
 
addition of the required 
coal burning and ash handling equipment.
Although the coal may be washed at the mine to remove some of the
 
ash and mineral matter, provision must be made in the design of 
the conversion for firing the as received coal 
and handling and
 
disposing of the resulting ash and ash byproducts, as well as the
 
wastes from the coal storage and handling areas. The addition of
 
all this 
new equipment to the plant results in a significant

capital expenditure which must be recovered during the 
 life of
 
the project from saving in fuel cost, the project is to
if be 
financially feasible. Conversion of oil and/or gas units to coal
 
is routinely done, and the technical aspects of such a conversion 
can be easily determined through studies by experienced
Architect/Engineering firms. Reliability of converted units is
 
usually good and operation of such units does not present major
problems 
 if the coal supplied meets the design specifications.

The major disadvantage of this type of conversion is the major
disadvantage of this type of conversion is the large amount of 
additional land area required and the required capital 
investment.
 

- Coal Slurry Fuels Basically, preparation of Coal Slurry Fuels
 
involves 
the grinding of the coal to a fine consistency,
 
addition of a small amount of additives and mixing it with a
 
fluid. 
 In some cases, such as Coal-Oil and Coal-Methanol
 
Slurries, this fluid is also a fuel. 
 In the case of Coal-Water,
it iii not. The main purpose of mixing the coal with a fluid is to 
make it handle and burn as a liquid fuel without going to the 
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complexity and expense of a coal liquefaction process.
 

During the past few years various proprietary processes have been
 
developed for the production of the coal slurry fuels. Each
 
manufacturer, or producer naturally promotes his process as the
 
best. A detailed comparison uf the processes would be. 
inapropriate here, as that could well be the subject of a 
discussion an presentation itself. 

Advantages of the use of Slurry fuels over Solid Coal are:
- Little, if any, additional land is required for coal handling
 
and storage.
 
- Can be handled and stored in existing fuel oil facilities
 
after minor modifications of such facilities,,
 
- Many slurry preparation processes allow the deep cleaning of
 
the coal, with a reduction of ash of up to 50% of the normal as
 
received amount in the coal.
 

reduces in_...
 - Possible reduction in the ash content of the coal 


many cases, the required boiler modifications, and the problems
 
associated with handling and disposal of the ash.
 
- It is a more environmentally acceptable fuel than solid coal.
 
- The fuel can be produced in a centrally located plant which
 
can make use of economies of scale to reduce production costs
 
and distribute fuel to a number of converted plants using
 
suitably modtfied petroleum transportation equipment.
 

TABLE 5
 
TYPICAL COAL SLURRY FUELS
 

Component, %,by wt.-...
 

COAL OIL MIXTURE: Oi1, 49 max., Coal , 49 max., Add.<2
 

COAL METH. WATER z Coal.65 max., Meth.20 max.., Water 14 
MIXTURE r. I - m.IAdd.<1 

COAL WATER MIXTURE:
 
Moder. Load, No Add. Coal, 55 max., Water, :44 max., Add.l
 
Highly loaded Coal, 70 max., Water, 27 max., Add. <3
 

- Fluidized Bed Boiiers i-or many years t1uiaizea oeo reacQoI
have been used in non-combustion reactions in which the intimate 
contact of the reactants in a fluidized bed will result in high 
product yield with improved economy of time and energy. A 
fluidized bed is a layer of solid particles kept in turbulent 
motion by bubbles created by air,or other gasses, being forced 
into the bed from below. See Fig. 6 for a schematic of a
 
fluidized bed combustion boiler. In a fluidized bed boilerg a
 
fuel is introduced into this bed and burned. All the solid
 

particles in the bed are quickly heated by the churning action of
 

the bed and if the heat absorbing surface is submerged in the
 
bed, the temperature of the solid bed particles can be controlled
 
at a pre-determined level. The intimate contact of the hot solids
 
and combustion gases with the heat absorption surfaces results in
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a high heat transfer coefficient. This is the fundamental design

principle of a fluidized bed boiler.
 

Flue Gas and Dust
Dto Particulate 

Removal System 

Furnace Waterwalls Tube Bank _ Primary Cyclone 

Submerged Tube Bank 

Co-al and-Lmestoneand Limeste Cyclone Fines 
, Feed Hopper Grid Plate,,, Z", Recycle Feed Line 

TransportAir Supply (Combustion Zone) 

irFan Plenum Chamber 
' '"" ' '" 'Bed Drain Tube 

FIG. 6 
DIAGRAM OF A FLUIDIZED BED BOILER
 

The outstanding advantage of a fluidized bed boiler •is its
 
ability to 
 burn many types of fuel, which otherwise would be
 
difficult to burn. From the standpoint of coal fuels, the
 
advantage of a fluidized bed boiler is its ability to burn many

grades of coal, including high sulfur coals in 
a bed of heated 
limestone. This results in an environmental advantage over many
of the other types of coal burning boilers in that the removal of 
the sulfur in the coal occurs in the bed and eliminates the need
 
for the complex and expensive sulfur removal equtipment necessary

with other types of boilers when using high sulfur coals.
 
Additionally, since the combustion of 
the fuel takes place at
 
relatively low temperatures formation and emission of 
 NOx is
 
significantly reduced. The two most 
common types of fluidized bed

boilers now in use are the Atmospheric Fluidized Bed Boiler
 
(AFB) and the Pressurized Fluidized Bed Boiler 
(PFB).
 

In the atmospheric fluidized bed boiler, 
as its name implies, the

combustion occurs at atmospheric pressure. Although larger 
 and
 
less efficl.nt, these AFB's are simpler to design and operate. In
 
the pressurized fluidized bed boiler, 
 the combustion reaction
 
occurs at a pressure of approximately 10 atmospheres k150 psi).
Thus, they tend to be more efficient and smaller in size for the 
same capacity, but more complex to design, build and operate. To
 
date most fluidized bed boilers in the US are of 
the atmospheric

type, with the first generation of the pressurized type now being

considered ready for utility demonstrations See Fig. 7 for 
 a
 
schematic of a proposed pressurized fluidized bed boiler.
 

Fluidized bed boilers are now being considered for the conversion
 
of existing plants to coal. 
In this case they seem especially.well

suited for repowering older, smaller boilers which may be at 
.the
 
practical end of their useful-or economic life.
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STEAM TURBINEGENERATOR 

ITACK [-___ 

C~YCLONE; 

: " COAL* S ONIIENT 

GAS TURBINE 

FIG. 7, 
SCHEMATIC OF A PROPOSED PRESSURIZED FLUIDIZED BED BOILER PLANT'
 

6-CONVERSION PROJECT FEASIBILITY STUDIES
 

As has been discussed here, there are many factors including
 
principles of combustion, fuel type and specification,
 
environmental concerns, plant and boiler modifications,
 
reliabilty of operation, capacity of the converted plant and last 
but not least, financial considerations, that must be addressed 
prior to making a decision whether to convert a plant to a 
different fuel, and to what fuel, or in this case to what coal 
based fuel. 

To address all these factors and to make sure that all key 
concerns are properly addressed prior to making a decision, it is
 
essential that technical and economic feasibility studies be
 
conducted under the direction of knowledgeable, experienced
 

personnel familiar with coal conversion work. Prior experience
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with such study programs has shown that there are 
 certain ke
 
components that must be included in 
the evaluation. These are:
 

-A detailed study of the coal 
sources available for fuel use
 
must 
 be completed to determine available reserves, mining

production costs, specifications of 

an0
 
the coal and expected quality
 

over the life of the project.
 
- An in depth engineering study of the plant or boiler to 
be
converted must 
 be made to determine the most feasible 
type of
 

coal conversion for that plant. Consideration must be given 
 to

engineering., operational, environmental and financial factors and
 
a matrix developed to select the best combination of fuel type,

modifications 
 and costs, versus operating capacity and
 
reliability.
 

- The available coal source/supply must be evaluated 
against

the plant conversion study results to determine that the
 
available coal can be processed into the desired fuel; 
 what is

the best and most economical fuel that can be made 
from the
 
available coal and determine if 
it meets the fuel requirements

assumed in the plant conversion study.
 

- Once 
the data from the above studies is available, a fuel

transportation study must be made to determine the best means for

delivery of coal
the to the plant or the coal to the process

plant and the fuel 
to the steam plant. Once the route and 
 means
 
have been determined, a cost can be calculated.
 

- When accurate cost 
estimates are available for the coal
 
supply, plant conversion, transportation of the coal and/or fuel

and the processed fuel itself (if applicable), an overall
 
financial feasibility study can be made for the project, 'taking

into consideration the converted plant's new capacity (if

derated), operating capacity factor, 
 heat rate and incremental
 
maintenance and operating costs. 
 This study will show the

financial feasibility of the project, payback period 
and total
 
cumulative savings over the life of 
the project.
 

- In many cases, the overall financial feasibility study for
 
the project may not 
show the complete economic feasibility or

benefits of a conversion project. 
 In this case an overall
 
economic feasibility study must be undertaken 
to evaluate
 
critical 
 factors which although outside of the conversion project

itself, must be considered due to their potential benefit.
 
Particularly important 
are questions regarding increased use of 
a
 
natural resource versus an imported fuel, foreign exchange

consideration, development of local
a new industry, creation of
 
new jobs, etc. Only after consideration of these factors, will

the true overall economic feasibility of the project 
 bE
 
determined.
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m ,EwtRES& 

El objetodel presente dcumento es,el de preser; t' ,
na-ndiagnostic

sob re la .produccin
y el mercadeo del ca.boncolombiano con el fin 

de'mostrar a Jos: asistentes al"Se.minari Cooperativa sob.re. utiliza 

cion del carbon como una alternativa a lashidrocarburs en la regor 

andina" Io que se ha logrado en Colombia, princpalment6, a traves 
del sistema cooperativo en la explotacion subterr nea de carb y " 

plotac~d suoncarranbon-y 

posterior comercial zacion.por part6e ,deestos productores. 

Se presenta, en.prImer lugar, -unanalisis detallado de la producci €n. 

de carbon utilizando para ello los datos del ultimo censo minero real[ 

zado en 1983 parap~!steriormente, pasar a'describir brevemente los 

sistemas de explatacin, el.nivel .de-tecntficacticn y los rendimientos 

alcanzados canclryendo con una presentacin de la estructura del sis

tema cooperativoy el de comercializacin del carbn colombianorjuntt 
conuna presentac 

q
ctuon esquematca de lasoapcanes 'ue tiehe Colombia 

en elcampode ia-susttucion de cob ustibles 
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A - LA MUINERA DEll CARBOIN 

El Carbon continua s endo un reurso natural inexplotado en ColonmibIa. , El 

'valor estimado de biapr duccon,de carbon en -1983 fi-e de US$ 100imllones 

La minerta del carbon se ico hace unos 100 ahos ut1lizando m 6odosbas

tante pr'im[lt.vos h6asta hace poco tiempo. 

El primer impulso hachidi una mine a.sem -idustrial tvo lugarenel quin

quento 1945-1950 cuando Acerfas Paz del R oy otras' rias Ingrsaron 

at mercado,:to quetraj o comoconsecuencia una duptlicacion cast inmedtata 

de la demanda. 

La juventud de esta industria, junto con una demanda tntema casi e ttt" " 

ha martenido nuestra minerfa en los ntveles de" lapeque ia y medlanaempre

sa. 

A partir.de 1973 aparecIt un nuevo.,cicto para la Industria carbmtnfera cuandc 

surgieron nuevos consumidores en el pafs (pequelias siderilrgicas, Ingenlos 

azucareros, plantas termoelectricas a base de carbon yel mercado de expor 

tactin), logrando, en solo 5 aiios, un tncremento de los prectos internos en 

et mismo porcentaje obtenido en: cast 4 qulnciuentos de exceso de demanda en 

cast todos los mercados locates de este recurso. ,, 
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.1". tribucion ala economia nactonal 

La contribuc,o del carb&n aIa ecmla nacas!les h cas argi 
a',a ecnml•a toal 6.4 hi,:" 6 1 hia 

naL. La contribucto del. carb- n a oontemo 

un escaso 010%en losuttmos ahos." 

Sin embargo, los planes de expanson tnte ma de Ia Indust*ia junto 

.con los prograas de exportacton a corto y med ,anaplazo,nos per.

miten pensar que para 1985 esta partictpacic se incrementar a veI 

les.cercanos at 3% parttendo de Ia base de que para esa echa el pafs 

estara consumiendo no menos de 5,5 miol.: detoneladas anuales de 

carbon y exportando 3 millones detteladas Dor aPio. 

El consumo de energfa en Colombia en los ultimos aos muestra una 

evolucon que puede traducirse en cifras, hasta donde.ellaq son conn.-

cidas, asi: 

Fuente_ 
 1970 i974 1979 
 1983
 

Pe,l1,o 71.9% 70.6% 
 56.2% 57.0%
 

Gas 
 19.2%, 
 18.1% :29.3% 2.2%
 

Electricidad, 
 6.8% 9.4% 12.8% 12 9%,
 

Carb~n 1.7% 5% 1.3% 41.4%1.
 

Resto". 0.4% 0. 4% 0.4% 0.5% 

,-aSr,cirras ante rtoresnos i dicanl cbom0o Ia : ldema6a dedhidrocarbUr Os: 
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aumento en forma constante durante el perfodo 1965-1974 para luego 

disminuir la participacibn porcentual del petr6leo por el paso del pats 

de exportador a importador de combustibles. Mientras esto ocurrta, 

l- participaci n del carb'n decrece en forma constante hasta 1974 paa 

luego permanecer mas o menos estable hasta la fecha. La hidroelec.tri
 

cidad en cambio, 
 muestra su tendencia propia de su crectmiento.det 6r: 

den del 8% al 10% anual durante todos estos perfodos. 

Conviene tambien anotar aquf que el nimero de personas empteadas por 

la industria minera del carb6n es de unos 16.000 mineros que trabajan 

con una baja eficiencia, aunque en algunas minas mecanizadas los pro-. 

medios sobrepasan las 2,5 toneladas 1or hombr-e-turno. Lo anterior re 

presenta que apenas un .0,002%de ia poblacin economicamente activa 

se dedica a esta actividad, siendo por tanto ste uno de los frentes mas 

promisortos para incenLivar en nuestro actual sistema econbMico, bus

cando con elo una polticade .generaciSn masiva de empleo, en zonas. 

mar-ginadas. 

El esquema orir de participaciondel carbon enla econom-a nacic 

nal y ia situacion mostrada contrastan cuando se los compara con. ilos 

otros rubros proyectados para el sector energfa, el cual demandara, 

para mantener nuestro desa-rollo. dpA urnialgran proporcin de'os guarise 

mos del mafana colombian,. 
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En efecto, si se mantienen las tasas esperadas de crecimlento eco

nnico (3y. como promedio anual) hasta 1990, la demanda de energ a 

Pasara de 300 MBPE/D en 1978 a 620 MBPE/D en 1990 que-debera 

ser fundamentalmente. servida popr hidroelectricidad, carbon, gas.y 

petroleo., 

Se espera que el pats sustituiralas actuales importactiones de pe.t"r

leo y gasolina a partir de 1987.en el equivalente a US$ 500 anuales y, 

de paso, generara divisas por las exportaci tones de crudo cuyo valor 

se estima en unos US$.1200por afio. 

AdIcionalmente,.: el aporte neto del carbon termtco a la balanza del 

sector para el periodo contemplado sera de casi US$ 6.000 millones 

mientras que el de carbon coquizable se espera que sea de US$1 500 

millones que con los otros'rubros de exportaci&, alcanzarfan"agene
rar un supe rvit a larttr de1986. 

En resumen,:el desarrollo econrmico ysocial del paes se encuentra 

bastante ligado y dependiente de, los desarrollos fiaturos del sector 

energetico, siendo el carbton y el petrleo los productos que ndlvi

dualmente aportaran, mayor numero.de divisas para equilibrar la balan 

za y sostener el ritmo actual, de crecimiento de Ia economna colombtana, 

1.2. La producct, de carb n 
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La produccion actual de carbon en Colombia se estima en cerca de 

5,3 millones de toneladas por aAo para 1983 y en 5,8 mtllones para 

el presente aiso. 

Entre 1955 y 1962, la tasa de crecimlento de la produccion fue bas
tante elevada (vease figure No. !po el |ncremento de la demanda 

causado por- el ingresoa me.rcado de algunas plantas tfrmicas y la 

ampliacoEn de algunas industrias consumidoras de este recurso ener 

getico (plantas de cemento, papel, etc). 

Durante e, periooo iwut a 19B Ia demanda permanecio cast estattca 

causando una disminucoEn en la, tasa de Ancremento de la produccGn, 

y trayendo como consecuencia un notable deter-oro en los precios in

ternos, los cuales disminuyeron, durante este perfodo, en Desos cons 

tantes. 

A partir de 1972"a 1973 se inicia un nuevo auge de Ia industria que no 

..se traduce en un desmnsurado incremento de la producci6n lo que obli 

ga a los consumidores a tener que entrar a un mercado'competidoir, 

crementindose notablemente los preclos fijndose, por primera vez, 

normas claras bajo las cuales se negoctara'el producto0,en el futuro. 
Se establecieron asf premios,castigos par ain-ldad.delcarbnt. 

centivos por mayor tonelaje entregado, ? rmulasde reajustes pe- foi 

osdeprecios, descuentos por contenido de humedad, -etc-, 
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Por ltimo, a partir de 1982 se produce un nuevo estancamiento del 

sector que ha colocado en serios aprietos a los productores Ilevando 

inclusive al cierre de varias minas. 

La producc-.n de carbon en Colombia no ha alcanzado aun niveles i|m 

portantes a escala mundial porque su mercado siempre ha estado It

gado a consuros de tipo local y regional establecidos en Bogota, Me

delltn, CalL y Boyac&. Cada uno de estos mercados crea as,, u1 'area 

de influencia que provee las necestdades de las industr'ias all( estable

cidas. El siguiente cuadro nos muestra la distribucibn de la produccion 

actual por departamentos: 

Departamento Pr'oducctin _% 

Boyach 1,00.000 285 

Cundinamarca 1'555.000. 29, 5 
Antioqula 680.000. 12 ' quia'12, 

Valle y Cauca 695.000 13,2 

Norte de Santander 2 55. 000 4,8 

Otros 580.'00011, 

Total 51265.000 100. 

La evolucton hist6rca de:ia pr "uccibndurante los ultimos35-aospue 

ser apr.Nadi.en No.11.Figura 

.cc.n.para'Antes de 5,alos, 8as tendrit que cuadruplicar Ia-actual 6ro 
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poder atender a sus necesidades internas y a la crectente demanda 

internactonal que esta buscando la manera de recibir nuestro carbon 

a corto plazo. 

registradasEn el Censo Nactonal del Carbobn 1983, lue rn I'1579mnas 

.d-s .,..regiIt 1579 mi•ag,
de lascuales 130 (el 8I%) se encuentran inactivas (V4ase cuadro No.'l 

entendtndose pormina inactiva aquella en la cual durante el aoan-, 

teror al Censo no se hab(a*adelantado ninguna labor minera. La ma

yorfa de las minas de carbon del pafs se encuentran concentradas en 

los departamentos de Boyaca* (el 47%) y de Cundinamarca (el 3%)"en 

ambos casos dispersas en gran parte de su territorto; el departamento 

de Antioquia concentra sus minas hacia el suroeste; los departamentos 

del Valle y del Cauca tienen su centro de gravedad carbonffer~o en una 

.ranja que se extiende desde Yumbo por el norte hasta el Tambo por 

el sur; la region conformada por Norte de -Santancer centraliza gran, 

parte de sus: minas en' el extremo oriental del departamento., particular 

mente en el municipto de Cucuta. 

La produccin rde carbonde tipo termico constttuye el eje de la minerta 

en el pafs, puesto que el 84%de las minas activas poseen yapcimientos 

de carbones reconocidos comode usotgrmico '(Vase-c"aro No.2);' 

un 11% de las minas corresponde a rexplotactones de carbon de tipo co

quizable. Tambie'n se advierte Ia prn.eencia de un 5% de minas princi

palmente en Cundinamarca, que cuentan tanto con mantos de carb.n ter 
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CUADRO: No.1 

COLOMBIA
NUMERO DE MINAS SEGUN EL ESTADODE LA EXPLOTACION 

1983 

Regiones Inactivas Activas Total 
Importancta 
Relativa (%) 

Bcyac& 68 676 744. 47.1 

Cundinamarca 46 478 524 33.2 

Antioqua 7 120 127 80 

Valle yCauca 2 92 94 6.0 

Norte de Santande'r 1 67 68 4. 

Resto del pals 16,16 22 1.4' 

Total 130 1449 1579 . 100.0. 
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CUADRO No. 2 

COLOMBIA 
MINAS ACTIVAS POR REGION SEGUN TIPO DE CARBON 

1983 

Ambos 
Regtones Trmico Coquizable Tipos Total:', 

Boyaca" 600 52 20. 672 

Cundinamarca 343 79 52 "474 

Antioquia 114 0, 0 114 

Valle.y.Cauca 92 .. 0 92 

Norte de Santa'der 41 20-, 5 66 

Resto del pafs 150 0 15 

Total 1205 15 7 1433 

Importancia relattiva (%)_84.1 10.5 5. .,100%..0" 

Minas sin In mac on: 16 
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mico como con mantos de carb'on coquizable. 

La producci n estinac't de carbon para 1983 asciende a 4.9 millones 

de toneladas (Vease cuadros Nos. 3 y 3A) de las cuales 300.000 se 

destinaron a la exportaclin. No obstante, la valoraci:n de la produc

cion por parte de los mineros solo alcanz' 3.9 millones de toneladas. 

Este subregistro, aun cuando puede explicarse por mas de un factor, 

se deDe en parte a la no informacion sobre este: tema en 118 minas. 

Sobresalen por su produccbin de carbon terrmIco los munictplos de: 

Socha, Topaga y Sogarnoso en Boyaca; Cucunuba*,. Guachet&; Lenguaiz 

que y Sutatausa en Cundinamarca; Amaga y Fredonia en Anttq'uia; Cali, 

Jamundf y Yumbo en el Valle., En Ia produccton de, carbon coquizable se 

distinguen los municipios de Socha y Samaca en Boyaca, asf como el de 

Guachetfi en Cundinamarca. 

POr niveles de producclon es notoria la concentracon de minas con vo

lumenes de extraccton inferfores a 2.000 toneladas-aio (VMase cuadro 

No.4); 1097 explotactones, o sea un 82% pertenecen a esta categorfa 

aportando, sinemDargo, solo el 18% de la ppduccion nacional. El resto 

de las explotaciones estan dispersas en categorfas que van de 2.000to-, 

neladas anuales en-adelante. Resalta el hechode que en los niveles com

prendidos entre las 10.000.y las 60.000 tonelasIas-aiio tansolo. se.localt. 

zan 32 minas, o sea el 2% las cuales aportan el 22% de la producclbn'to 

!tal; esta apreciaclion destaca labaja iArticipacq1on d".,,Imediam , 
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CUADRO No. 3 

COLOMBIA 
PRODUCCION SEGUN TIPO DE CARBON EN 

1983 
TONELADAS" 

Reglones 

Boyaca 

Cundinamar 

Ant- 0 qua 

Valley'Cauca 

Norte de Santander 

Resto del pats 

Total 

Importancla relattiv 

Minas sin tnformacton: 

Termico 

808.784 

713.246 

548.184 

575.446. 

1850956, 

579.120 

210.736 

-'ai 
( 83.0 

118 

'oquizable 

" 8e 219 

250.503 

.000 

0.000 

25.457 

0.000 

658. 179 

17.0 

LAS MiNASACTIVAS" 

Total 

9 .003 

963.749 

548.184 

575.446 

211.413
 

579.120 

3668.915 

100.0 
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CUADRO No. 3 A 

COLOMBIA
PRODUCCION TOTAL DE CARBoN 

-1983. ... " 
MILES DE TONELADAs 

VALORES AJUSTADOS (1) 

Regiones TSrmico Coquizable Totali
 

Boyaca" 
 920 .480, ,1400 

Cundinamarca, 1200 255. 1455 
Antioquia 620 0 620 
Valley Cauca 645.- 0 645 

Norte de Santande r' 185' 30 215 
Otras regiones '580 0 580 

Total' 4150, 765 4915, 

(1)Con base en el Censo Naconl y la tnformact~n dedeman-disponible 
en,,CARBOCOL. 
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CUADRO No. 4 

COLOMBIAPRODUCCIONY NUMERO DE MINAS SEGU'- NIVELES DE EXTRAcCION"AUAL, 

1983 

TONELADAS
 

Regiones 
. De-
2000 

2001 
A 6000 A 

6001 
10000 

10001: 
A 30000 

30001 
A e0000 

+ De: 
-01 - Total 

BOYACA
Volumen 
Minas 

345.183 
587 

104.599 
30 

35.871 
5-

56000 
3 

33.299 

1 
416.051 

1 
951.003 

627 

CUNDINAMARCA,.
Volumen 232.700 324.130 143.519 22.100: 31,000 0.000 963.749 
Minas -320 86 18 12:1 0- 437 

ANTIOQUIA
Volumen 
Minas 

46.754 

77 

53.473 

15 

57.080 

7 

63.277 0.000 327600 548.184 

105 

VALLE Y CAUCA ;0Volumen 

Minas 

52,973 ' 

61, 

4.770 

12' 

31.2 00 

4 

67.240 

35 

231.:659 143.604. 

2 
575.446 

87 

N. DE-SANTANDE 
Volumen 
Minas 

30.310 .49.293 13.517: 24.000 94.293( 0. 000 211.413 
2.. 1 4.13, 00 59 

RESTO DEL PAIS
Voluen 
Minas 11 

5.200 
3 

0.000 
0 0: 

'0.000 

0. 
570.000 579.120 

16 
TOTAL

Volumen 

Minas 
,11.840 

1097 
585.465 

159 

281.187 

36 
442.917 

23 
390.251 

9 
1457.255 

. 

Z968.915 

1331 



U;UALRO No. 4-A 

COLOMBIA
 
DISTRIBUCION PORFENTUAL DE LA PRODUCCION Y DEL NUMERO DE MINAS
 

SEGUN NIVELES 
1983 

Regiones 
- De 
2000 

2001 
A 6000 

TONELADAS 
6001 

A 10000 
10001 

A 30000 
30001 

A e0000 
+ De: 
60001 Totalo 

BOYACA" 
Volumen 
Minas 

34.7 
93.5 

10.6 
4. 

3.6 
0.8 

5.7 
0.5 

3.4 
0.2 

42.0 
0.2 

1t00.0 
100.. 

CUNDINAMARCA 
Volumen 
Minas 

24.1 
73.3 

3..7 14.9 
4.1 

24.1 
219.72.7 

3.2 
0.2 

-0.0 
0.0 

100.0 
100.0 

ANTIOQUIA 
Volumen 
Minas 

- 8.5 
73.3 

9. 
14.3 

10.4, 
6.7 

11.5 
-3.8 

0.0 
0.0 

59.8 
- 1.9 

1000 
-100.0 

VALLE Y CAUCA 
Volomen 
Miras 

9.2 
70.2 

8.5 
13.8 

5.4 
4.6 

11.7 
3.4 

40.2 
5.7 

25.0 
2.3 

100.0 
100.0, 

N. DE SANTANDER. 
Volumen 
Minas 

14.3 
69.5 

23.3 
22.0 

6.4 
3.4 

-11.4 
1.7 

:44.6 
3.4. 

-

0.0 
0.0 

100.0 
100.0 

RESTO: DEL PAI S 
Volumen 
Minas 

0.7 
68.7 

0.9 
18.9 

0.0 
0.0 

0.0 
0.0 

0.0-
0.0 

98.4 
12.5 

100.0 
100.0 

IMPORTANCIA 
RELATIVA (%) 

Volumen 
Minas 

18.4 
82.4 

15.1 
11.9 

7.3 
2.7. 

11-4 
1.7 

10.1 
0.7 

37.7 
0.6 

100.0 
100.0 
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nerta 	en el .sector carbo, del pats. 

En un nivel de observaci n mfs desagredado se aprecta una diferente 

compost'o'n de la produccton entre regiones. En Boyac y Cundinarmar 
ca en un extremo, las minas con escala de produccion inferior a2.000 

toneladas-amo aportan el 35% y 24% respectivamente del volumen: regto 

nal (Vease cuadro No.4A) en Antioquia, por el ccntrarIo, las minas con 

escala de produccin superior a las 60.000 toneadas-. ao contrlb~yen 

con el 60% 'dela producct n. La region comprendida por el: Valle del 

Cauca y el Cauca constttuye un caso intermedio en el cual las minas 

entre las 10.000 y'60.000 toneladas-afio suministran el 52% de la pro 

duccion. En el resto del pafs (especialmente en el.caso de El Cer'rejon) 

una cantidad mtntmas de minas (2) aportan mas del 99% de la produccior' 

regional. 

En cuanto a la produccton de carbon coquizable, nuevamente el mayor 

numero de dichas .mtnas (105 o sea el 65%) se localiza en niveles de 

produccion inferiores a 2.000 toneladas-afio; as( mismo, tan solo 9 

minas de este tipo se encuentran en rangossuperiores a las 10.000 

tone ladas-af, apokrando el 58% del volumnen de carbon coquizable de 

pats. 

13.. 	 Los sistemas de explotaciGn 

La explotaci~n subterranea es el tipodeminerfapredominante en e
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pass(Vase cuadrooNo.6) sietdo Iaescogida por el 99% de las minas. 
Solo existen 7 minas que cuentan con explotci a e a-le rto y 

minas que cuentan con explotacton subterranea y explotacion de suoer

(ficte simultaneamente 

En Ia mlnerfa subterranea el siste-na de explotacLon imperante es el 

de camaras y pilares, el cual alcanza un nivel del 65% (Vease Cuadro 

No.6) En Cundtnamarca y los Santanderes'el sistema de tambores pa

ralelos ocupa el segundolugar en impor'tancla. El sistema de camaras 

y pIlares es aquel que divide el yacimiento en bioques para luego ser 

trepafados teniendo eni cuenta Ia-tnclinacion del manto; el sistema de 

tarnbores paralelos desarrolla dos vas principales, stguiendo Ia.di

reccion del manto, las cuales se van uniendo luego por medio de tam

bores (raises) paralelos entre stf; los otros sistemas reunen un numero 

importante de minas y constituyen basicamente, varlaciones a los sis

temas comunes de explotaci. 

1.4. Los niveles de tecnflicacubon rendmento 

-El nivel de tecnificacitn de ja mine ra en Colombiales rudfrnentaria, 

hecho que se deduce a partir de algunos de los resultados del cuadr,. 

No.7. Como ejemplo , en Ia etapa de arranque, es decir para lalabor 

sistematica de desprendimiento del material$ Ia utilizaclin,de martillos 

neumaticos o de explosivos es Inferior al 5% y al 8% respectivamente; 
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CUADRO No. 5 

COLOMBIA 
MINAS ACTIVAS SEGUN TIPO DE MINERIA-: 

1983 

Con ambos.": 
Regiones Do superficte Subterrnea Tipos, 

Boyaca 3 672 1 

Cundinamarca 0 474 0 

Antioquia 0 118 1 

Valle y Cauca 0 92, 0 

Norte de Santander 2 61, 0 

Resto del:spars 15 03 

Total' 8' 1432- !2 

Minas sin informacion: 7 
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.UADRO No,,6 . 

COLOMBIA
MINAS SUBTERRANEA SEGUN SISTEMA:DE EXPLOTACION. 

1983 

l-IU t V z.a n 

Sistema Absofuto Relativo(%) 

Ca'maras y pilares 1014 64.9 

Escalones in ertidos 23 1.5 

Tajo largo 70',4.5 

Tambores paralelos .65 10.6 

Otros sistemas .289 18.5 

Total (1) i559 00,0
 

Minas sin informact6n: 27
 

(1)El numeru de respuestas no coincide con el total de minas subterraneas, 
dado que una misma mina puede utilizar mas de un sistema, 

;.
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CUADRO No. 7 

COLOMBIA
MINAS SUBTERRANEA SEGUN ELEMENTOS DE EXPLOTACION 

1983 

UUt 	Iizan 
Absoluto .Relativo 

1. 	Ar'ranque
 

Pica 
 1299 88.0Martitlo 63 4.3
Explosivos 

7:.07..., 

Total 1475 100.01 

2. 	 Ventilact...n 

Nautral 1292 84.3
Mecanizada 124 8. 1Otros -117 7.6 

Total 1533 100.0, 

3. 	 DesagUe 

Natural 607 45.1
Mecanizada 541 40.3
Otros 
 196 14 S6 

Total 1344 "100.0'1 

4. 	 Iluminact'&,. 

Electrica 164 10.5
Lamparas portatiles 1295 82.8,
Otros 105 6.7. 

Total 1564 . 10.0
 

Minas sin InF'ormacon': Lpara:
 

1. 	Arranque 64 
2. 	 Ventilaci'n 6
 
.3.DesagUe 6r
 
4. 	 Iluminacion 11
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a, se r:empleados stno por el 8% de las minas
 

adicionalgnte,, los sistemas de ventllacionecanizada, no alcanzan 

La disponibilidad de energfa electrica en las minas'activas esun in

dicador de la precaria infraestructura circundante a ellas. En Co

lombia, solo el 24% de las minas (Vease Cuadro No.8) disponen de 

energ(a electrica, siendo esta importancia, adictonalmente,'tndepen

diente de la importancta carbon~fera de los munictpios. Regionalmente, 

este indicador marca en cierto sentido las ventajas comparativas en el 

desarrollo minero. Mtentras que en Antioquia ma's del 50% de las mtnas 

disponen del servicto'y en Cundinamarca el 36%, en las dems gones're 

este porcentaje desciende a valores entre el 11% y el:18%. 

La 'pr'oduccbnde car'bn es ograda mediante la vinculactn de 16P.294 

personas en las diferentes labores de la minera (Vease Cuadro No.9) 

De este total el 76%(mas de' 12.000 pe rsonas) ejercen su labor en el 

subsuelo. Por supuesto, los departamentos deBoyaca y Cundinamarca, 

estos dosconcentran el mayor nuimero de trabajadores; conjuntamente .

departamentos reunen cerca de dos tercios de la ooblacion minera del., 

carbon en el pafs. 

Por muntcipios sobresalen, por su generactin de empleos mineros, los 

de Guachetf, Cucunuba, Lenguazaque y Sutatausa en Cundinamarca y Sa 

maca, Socha, Sogamoso y Topaga en Bcac.. Otra contribuclon notoria 
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CUADRONo. 8 

COLOMBIAI.
 
MINAS ACTIVA DISPONIBILIDAD DEiENER
.CON IA.ELECTRICA 

1983
 

Regiones Disponen .
 Total 

Boyaca: 
 76 674,
 

Cundinamarca 
 173 .476
 

Antioquia 1120,
 

Valle y Cauca 14;9 

Norte de Santande 11 -65 

Resto d;l pafs. 616
 

345 .1442
 

Importecia relativa.(%). 23.,9 00.0 

Minas sin tnormac n: 7,,, 
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CUADRO'No,9 

COLOMBIA 
PERSONAL EMPLEADO EN LAS MINAS ACTIVAS SEGUN LUGAR DE 

OPERACION 
1983 

Regiones En Subterranea En Superficie Total 
importanci
Relativa(5 

Boyaca 3.899 1.065 4.964' 30.5 

Cundinamarca 4.249 1.534 5.783 35.4 

AntioqUla.1.915 345 2,260 13.9 

Valley Cauca 1.429 368 1.797 11.0 

Norte de Santander 756 319 1075 6.6 

Resto del pafs ,80 335, 415 2.6 

Total 12.328 -3.966 16.294 00.0 

Minas sin informacton: 8 

Importancia relativa (%) 75.7: 24.3 100.0 
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al total de empleos generados la hacen los runcilois de Call en el 

Valle y Araga en Antioquia. 

La... ... .relacin producconaempleo aumenta considerabiemente con el . * 

nivel de extraccion (Vease Cuadro No.10) no obstante', para las mi

nas con produccton superior a las 60.000 toneladas-afio se percibe 

una caida en el Indicador., Es de anotarque la variabilidad presenta

da por esta medida es alta, principalmente para-Antiuioua en el nivel 

de 10.000 a 30.000 toneladas-aijo. 

Como, puede aprectarso(Vease Cuadro No.10) los rendimientos van 
.desde 0,35 toneladas por hombre-tuno en min rtasubterr ea de 

baja produccion hasta 5,73 toneladas por hombre-turno en las minas 

mecanizadas con sistemas de expiot' actn a cielo ab. e rto. 

1.5 i Lascooperat.v.asi- apr......... d eoacio n 

Hace escasos 20 aios se inict el. sistema cooperativo en la explotacton 

de carbon en Colombia. En 1984 casi una tercera parte (449) de las 

1449.minas activas se encontraban cooperadas (Vease Cuadr.o No. 1.) 

a traves de 12 organizaclones regionales. 

Estas 12 cooperativas controlan el 27.5%de la produccbnideStinada 

al mercado Interno (cerca de 1 '300.000 toneladas por afo) at cuaise 

han dedicado con exclusividad-desde su creact6n. 

- : • . 



CUADRO'No. 10 

COLOMBIA 
PRODUCTIVIDAD PROMEDIO EN LAS MINAS ACTIVAS SEGUN NIVELES. 

1983 

TQNELADAS/EMPLEO/ANO 

-De 2001 6001 10001 30001 + De Total 
Regiones 2000 A 6000 A10000 A30000 A60000 60001 

Boyaca, 	 131 274 311 586 178 614 143
 

104 255 407 513 352 0 -159
Cundinamarca 

Antioquia 120 210 507 .759 0 634 237 

Valley Cauca 200 448 271. 399 1.375 409 321 

Norte de Santarwi,- 105 	 240 387 304 1;.219 0 188, 

248 0 0 0. 1719 :401..Resto del pa's 91 

Total 125 267 3971 15 1.094 877: 172 

Minas con informacion 

1.042, 159 36 	 23 9 ,7, 1.276
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COLOMBIA 
,MINAS ACTIVAS COOPERADAS

1-984 

Region Co0peradas Total -

Cooqpe rativas 
en ta Region 

Boyac& 193 676. 4 

Cundinamarca 156 478 2 

Anti oquia 0 120 01. 

Valle 60 92 <5: 

Norte cle Santande r. 40 67, 1 

Resto del Pais 0 i6 0 

Total 449 1449 12 

IMportancia:relativa(%,/ 30..oR 10.0 
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El resto de la producclbn es gene rdo pot' mine ros independientes 

con operaclones intensivas en mano de obra (Un30%) y por producto

res que trabajan con sistemasrmecanizados de alta tecnologa que, ge

neralmente, extraen el carbon para su propio consumo (caso de Ace

rtas Paz del Rfo, Cementos del Valle, Cementos El.Cairo,r. CoIpeje r, 

etc). 

Existe, pues, un equilibrio muy marcado entre los productoresindepen 

dientes _Vlos co.perados en lo que hace relacion con Ia produccton de 

carbo'n, mas no asf con el nu.mero de minas trabajadas pot cada uno 

de ellos. Lo anterior debido al hecho de que las cooperativas han lo

grado mejorar sensiblemente el grado de mecanizacton y los rendi

mientos de las minas de sus cooperados utilizando para ello creditos 

de los consumidores y fondos propios retenidos de las ventas de c,' rb  . 

Ultimamente, Carbones de Colombia S.A.-.Carbocol, ha acometido un 

programa de apoyo a la pequeia y mediana minerfa del carbon iniciando 

pot la resoluci'n del problema jurtdico de, la titularidad de las minas y 

paralelamente,, a tra.,4s del establecimiento de cinco estactones reglo

nales de capacitaci~n y puntos de salvamento paa mine rfa subterranea 

situados en cada una de las zonas.carbondfer'as actualmente en explota

cion. 

Ea indudable que el s istema cooperativo debe se r e I mas conveniente 
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para orientar una sana polftica de apoyo a la pequeiia y mediana m

nerfa del carbon porque 
a traves de el es posible res6lver, en forma
 
masiva, osvproblemas jurfd.cos; los iticosy de 
 ctcreditco e sse ~

nica; los de seguridad minera; los de mercadeo del producto; los de,, 

unificaci on de equipos, maqulnaria y herramientas, enfin, todos aaue 

los que tienen que ver con esta actividad. 

A titulo simplement6 Infrmativo, .veamos cuales son los problemas 

Principales que han mantenido al sector con1p 	 tan bao nl d dr'r ;11rnct 
 r..co a aa ut 	 v '' i-qrrn 

1-	 Carencta absoluta de financiaciton o dicho de otra manera tnexisten

cia de credito adecuado para atender las necesidades del mInero co

lombiano productor de carbon. 

2--	Falta cast absouta de garanas que le permitan aIl'minero accedera 

una de las ineas.crediticas.de las existentes en el mArnarlar n , 

tales. 

3-	 Impost........ %'=pu=F-Luurtr eL cosco ae unaaststencla, tecnica ade

cuada por el bajo preclo que ha tenido el carbonen el mercado inter

no. 

I- Carenca cast absoluta de infraestructura ffsica que le permita ex

traer, en'mejor forma, su producto de las entraiias de la terra

(electrificacion,. tuneles adecuados, 
 mejor ventilaci-on, etc) y de su 

310.
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mina hacia el mercado (vfas de acceso y comunicacin con las carrm

teras troncales). 

5- Escasa preparacion,.:'fsica (sin acotrol "de su saud)y nvel'de capci

tacitontecnolgica muy precalo o"de simple obrero raso. 

311Ora~
 



mU " LA C/IMUERCHAIZACEOINI DEL CARBONi 

Aunque el carboen Colombia se ha venido comercializando desde hace m1s
 
de 100 ats, .Ia evolucion de .los sistemas de mercadeo ha sido sumamente
 

:"n erenta sedha sum 


lenta y se encuentra aun a niveles de.la epoca'de 1850 en los dems merca

dos internacionales. En efecto, el carbon colomblano stempra, ha tenido un
 

precio de venta diferente en cada uno 
de los centros de consumo (BogotA,, Me

delltn, Cali, etc) no pudiendose hablar por tanto, de un mercado nacional del 

carbon, pues.este. no existe en sentldo economico; la discriminactn de prectos 

no obedece ni ha obedecido a Ia calitdad ni a la distancia de'los centros de pro

duccic' siempre ha sido causado por la destgualdad de condictones en que se 

encuentra los productores frente a las arandesBindusitria- nnn,-mirwi :'a
 

Engeneral, puede dec.fe;ise que e 1 preclo ha sido f1jado en su g ran may' 

por los consumidores, con una ingerencta un poco mayor en los "Itimos aiios 

por parte de los productores agremlados. Mas a, a pesar del aiza notoria del 

precto en los. Cltimos aos, su valor*ha dismtnuldo en pesos constantes y apenas 

hcy si estf alcanzando el mismoprecioque tenfa en 1960 en dolares equivalen

es y, por eIlo, cCntinua slendo au'n el combustible mas barato vendido en el 

mundo entero.' 

Los me.rcados regionales del "areade Norte de Santander,, el de Boyaca, Cundi 

namarca, Antioquta y Valle!se encuentran en un, radio no mayor de.120*11ime
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tros de los centros de consumo raz~n por la cual el sistema de transporte 

no constituye ning'un impedimento para la buena atencion a los potenciales 

consumidores. Estos consumidores inicialmente acudfan al sistema de fa

cilitar creditos en herramientas y elementos de minerfa (picas, pa~lAs, rieleso, 

carburo, etc) que oebfan ser pagados en eI Futuro .mediante carbon en especie, 

razon por la cual el precto en vez de incrementr'se bajaba continuamente. 

Postertorrnente a medtados del presente siglo con la creaciln de las coopera 

tivas se vino a establecer una fuerza un poco mas coherent, que obligo a la
 

suscripcion de contratos en los cuales se establecfan condiciones mtnimas 

tales como: una duracion de un aPio de suministro con un aumento en el prec 

despues del primer semestre y se establecta por lo menos una limitante en la 

cantidad de humedad con que debta ser recibido el carbon existiendo ademas, 

un premo por Ia cantidad de calorfas contenidas en el material suministrado. 

Hasta ahora no ha sido posible establecer en Colombia contratos de suministro 

a largo plazo que son los mas recomendables dentro'de la industria y que, des 

de el punto de vista prfctico este tipo de contratos constituyen un acuerdo fir

me y obligatorto para el suministro y compra de tcanltidades espectficas de 

carbon durante un perfodo generalmente de 10 aios o mas. La duracin es. 

especialmente tmportante para el productor dentro del contexto de la mineria 

colombtana porque seest& Involucrando, desde ya i,la; preparacin y explotacion 

.Ide nuevos frentes' de trabajo y MY postblerente ia infraestructura relacionada; 

stnembargo tambien lo es para el comprador deseosode asegurase elsuminis 
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tro a largo plazo b0ajo condiciones conocidas y apropias durante el mayor 

tiempo posible permitindole realizar la olaniFlCac on financiamiento a
 

largo plazo de su produccion.
 

Existe, sin duca, una mutua desconfianza entre productores v consumidorna 

debido, Principalmente,.a que Los tntermedtarios que manejan granparte del 

mercado son los que se han encargdo de hacer quecuando seacuerda un 

precio o unas Condiciones conEractuales vengan a oFrecer condiciones Infe

riores de venta porlque ellos tienen t ien P1 margen para movilizarse dentro
 

del. sector sin que resulten lesibnados sus Intereses econ'micos
 

simplemente se lirmtan a pagarle menos 
al peqUeflo p-oductor del que ad
quieren su produccioon'. Debe si anotarse que en los ultimos5aios las coope

rativas han suscrito contratos bastante satisfactorios en los cuaies se involu
cran factores tales como cantidad mtnima a entregar mensual-ente P variacio 

nes en la cantidad y calidad, bonificaciones y multas en las cuales aparecen 

involucradas especificaciones tales como la humedad total descontandose aque 

lla cantidad de agua que supere la humedad Inherente: ms la superficLali la 

cantidad de cenizas, la cantidad'de azufre, la cantidad'de materia volatil, el 

tndice de hinchamiento, cuando va destinado a el sistema sider'rgico y el ta
marfo sobre todo para algunos consumridores que .ast ob..a.nent.e....nase 'Io recluie renm. obvia m 

ente 
que cuando se sobrepasan o se mejoran uno cualqueade estosrvaoes se pre 

:sentan las multas o las bonifLcactohes respectivas taly corno estan pactadas en 

cada uno de los contratos. Ya en Col ombia se tienen contratos establecidos a 

cinco arios con algunas de las cbooerativas min pa_,i I , ',4r.1h1_ 

314
 



11-4
 

mulas de reajuste que es.n ligadas a los costos de producclon de las minas 

en cuanto a manode obra, herramientas combustibles, electricidad, dinami. 

ta, etc, atc existiendo ademas un precto base el cual es estudiado por las 

partes cada 6 meses para ver que no se haya excedido en la formula o seest" 

muy por debaj o de los costos' reales de explotacl)n el costo bastco pactado 

inicialmente el cual es afectado obviamente.durante. cada entrega por ls pre 

cios o las muttas y ademts, por una formula que tiene que ver con la cantida 

de calorfas entregadas durante el mes respectivo. 

Una de las mane ras de Ilegar a tener, un verdadero mercadeo en el sentido 

economico de la palabra del carb~n colombianoserfa el de la eltminaci'n de 

los tntermedtarios que to untco que hacen es reducir sustancialmente rlos In

gresos del pequefio minero to que conlleva a un trabajo cada vez mas artesa

nal y mas rudimentario que va en detrimento de las reservas de carb on del 

pals. Deberfa, entonces, promoverse una verdadera accion de cooperativi

sacion de estas personas para que se encamine todo su esfuerzo comercial a 

traves de ella y perciban as' mej ores ingresos'y puedan mejorar sus condi
crones de vida y las condtctones.de minerfa en sus yacimientos; de igual form 

el sector,productor tendrf a mucha mayor fuerza paranegociar en mejores 

condiciones sus contratos con la industria quees to que no sucede hoy y que 

a veces es utilizado por las empresas para hacerreducir los precios con el 
natural detrimento en las condciones de losmItne ros y deinerfa colom

blana del carbon en general. 
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PorU,Itimo cabe destacar que una buena proporcion de las ' minas activas 

vende su carbon a trave.s del sistema cooperativo (un 24,4%de la produc 
clon total) Los intermedlartos son el grupo con el cun masmnas hacen 

su come rcializacion directa alcanzando una partic!pacion del 46% del. total 

de las minas con un aporte del 33,3%de la produccl6n, el resto (42,.3%-de 
la poducc on,total) pertenece a rmecados cautivos" (Vease Cuadro No.12) 

'en los cuales las mismas Empresas, producen el carbon que necesitan sus 
plantas como ocurre con Acerfas Paz del Rfo, Coltejer, Fabricato Cemen

tosdel Valle, Cementos Cairo y otres mas. 

2. 1. Destino de Ia producclin 

La mayor parte de la produccitn de carbon es hoy consumida porun 

numero muy limitado de industrias dentro de un mercado que'ha esta 

do sujeto a la competencia subsidiada de otras formas de energfa cu

yo precio habta permanecido est&tico hasta hace muy pocos ahos. Como 

SololTa produccibn con fines coquizables-rsultaba InsUstituible, ha sido 

ia inouscrta sicerurgica y de fUndicion la que ha venido forzando las alzas 

de precios y el desarrollo de la industria hasta 1974, aho a partir del 

cual el panorama ha dado un vuelco total apareciendo los programas de 
peneraci&ode energta termca de-gestores del nuevo auge esperado del 

sector.
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CUADRO No.:2 

LA COMERCIALIZACION 'DEL.CARBON EN COLOMBIA 
7(Miles. de: Tons/ai) 

Regiones Cooper2attvas. Otros Gr'andes Total 

Boyaca& 2" 284 183 60 

Cundinamarca 116 390 207 713 ( 

45 82.123, 250(C) 

Antioquta 156 390 548 

Valle y Cauca 303 30 242 575 

Santanderes 104 24.. '84 212 

Total",,, 710 968 11229 2'907

24,.4% 33p381 42' 3% 

El resto de la produccion: corresponde a 1"oduccton para corisumo propl 

"'mercados cautivos"l de'las grandes Industrias (Paz del R~fo, Coltejer'. Fabri. 

cato, Cementos Catirr, Cementos. del, Valle , Anchica. etc). 
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Acerias Paz del Rio consume el: 12% del total del carbon producido en 

el pats, siguiendo en orden de importancia empresarial las Centrales 

Terrnicas de ZtpaquIra, Paipa, Anchicaya, Coltejer y Fabricato y las 

empresas de Cemento tales cono Cementos del Valle, Cairo, BEoyaca 

Diarnante y Caldas. Otros consumidores Importantes son Cart n de. 

Oolombia, Propal, Celanese, Planta de Soda" Bavaria, And na, Cer

iecerfa Unini. Peldar. las ladr-i v I .n.knn AMmI^
 

Bectorialmente el consumo 
inteno del pats se-distribuye ast: 

Industria )el.Consumo % 

.Enrgtae rmtca :35% 

'Sideru rgica y fundici6n -1 

Ceme'nto 12% 

Ladrille ra .10% 

Papel. 

Textil 8% 

Soda caustica 2 

Vidrio 2% , 

Ot-os Cincluve exDortaciones. 8% 

De todo el carbon producido, sblo un escaso.6% es utilIzado para aten

der mercados externos de carb n o coque metalraico. 

A partir de 1985 esta cifra se incrementaranotablemente.v asta lleaar: 
en. 1990-,a mas de, un 50%del total del rodUcido -o.6afs.carbbn u 
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1111- LA SUSTITWCIOIuDE COMBUSTIBLES EN COLOIM1BIA 

Por ser este tema el que ha servido de marco para la organizactn de este 

Seminario,: har- uy urvve'enunctactcn ce "las opciones" 


lombia en estecampo, 


oi: que tiene Cc 

iendo Ilegar a ampltar:'culquiera d6 ella si Ia'
 

organizacion y los asistentes asf lo desean.
 

Esbiensabido que Colombia tiene una. dotacion relatIvamente privilegada 

de recursos energ ticos, tanto en lo que hace a su variedad como en :cuanto 

ocurre con la magnitud de algunos de ellos. Esta situacin aortunada multi 

plica las opciones de polttica y hace mas dilfctl de selecctonar la estrategia 

a seguir hacia el futuro. En efecto, para llegar, a tener la solucion mas con

veniente, en Lrmminos econ6micos y sociales, de sus necesidades energeticas, 

el pars cuenta con una gama muy variada de polfticas que puede adoptar sobre 

todo en un campo tan vasto como es el de la sustitucion de combustibles. 

Es por ello que resulta conveniente y necesario identificar LAS OPCIONES 

que tiene Colombia para sustituir el uso de energettcos mas costosos y menos 

abUndantes (caso de los hidrocarburos) por otros mas baratos y que el pals 

tenga en mayor cantidad (caso del carbon) situact6n esta que se presenta en 

los stguientes sectores principales de uso final de nuestros recursos energ -

ticos: 

a) En el sector resdenclal 
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En este sector es posible realizar la sustitucion del uso de energfa 

electrica y gas propano por aplicactones directas de energta solar para 

caleintlamiento de agua como o'han hecho el ICT y el BCH en ciudades 

coro Mecdellten y Bogotb; igualmente, es posible sustituir cocf- je 

es esencialmente gasolIna, por electricidad,: gas propano . bt iq. 

de carbon en ,usos de cocci n. 

b) En el sector industrial 

En este sector econornico del pats es posible Ilevar a cabo iasustitucin 

de derivados del petroleo por carbon, gas o electricidad en los siguientes 

subsectores: cemento, alimentos; y bebidas, vidrio, papel, hospitales, 

hoteles, etc. 

En el sector transporte 

Aquf esposible realizar programas de sustitucion de uso de gasolina por 

ACPM, intensificando los programas de dieselizacion del trans;porte de 

carga implantando un programa de desarrollo intensivo de los sistemas 

de trolley-buses en las principales ciudades, o de transporte r.pido ma 

sivo en algunas de ellas (casos de Medell'n y Bogota), dandole un mayor 

desarrollo al transporte fluvial y por ferrocarril ahorrando,las, energia 

en el transporte de cargary dtsminuyedo sustancialmentbe sus orecientes 

coscos .10que Ce: por st justificara Ilevar a cabo Una remodelacibn comole 

Ea.oe estoslaos ststemas ce transporte:que el,pals ha mantentdo abandona
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dos desde hice muchos aOi-s. 

Por Cltimo, bien vale la pena Iniciar en est6 sector el programa de uti 

lizaciti de gas coma comiibustible en los vehfculos de transporte publtco 

empezando esta susttucon en la costa Atlantica. 

d) En el sector de generacton de energta el~ctrica 

Es indudable que para Colomnbia representa una excelente inversion hacta 

el fUturo programartodos los desarroios tlrmicos nuevos que se instalen 

en el pats con base en la utItzactn de carbn como materia prima:paa'a 

la operacton de estas plantas. 
as dire [as
 

Alternativas para gene rar electricidad con, e diferentes a las qe 

hoy se estan utilizando como,ocurre, por ejemplo, en el sistema'de Co

relca (que opera cast exciusivamente con gas natu , elral) depende ran en I 

futuro de las polfticas de precios de los recursos energeticos que adopte 

el Goblermo Nactonal. 

Como puede aprectarse, la tarea de sugerir en donde se debe hacer una 

sustitucton o en dbnde se debe mantener un determinado consumo energe

tico no es sencilla, por cuanto al sector,, esen general muy complejo; 

mas aun, debido al gran numero de opciones de polftica, a la considera

ble interrelacion que existe entre las distintas partes del sistema energe

tico con el resto de la economfa, y al hecho de que laadopcon de una, d

.321
 



111-4 

term-inada potitica energetica tiene incidencias complejas en vartos 

subsectores del mismo sector energetico y en la economra en general, 

hacen que cualquter planteamiento que se haga resulte compl.jo y:difrct 

de sustentar.
 

Exsten, stnembargo, algunos programas que son mucho mas viables
 

que otrosy para impulsarlos, 
 muchos patses han uttizado diferentes 

caminos obteniend~oresultados alentadores como puede apreciarse enja 

Figura No.2. 
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MERCADO PARA EL CARBON PERUANO (ECUADORIANO,
 

BOLIVIANO)
 

.Ii'NDICE 

1, UNA. PROFESION CON NUCHGOS - PREDEC IR MERCADOS PARA CaRBON 
2. SCENARIO DEL MERCADO PARA CARBONES 
3. MACRO ECONOMIA - MERCADO ZIUDIAL 
4. MERCADO REGIONAL - SUR AMERICA 

5. MERCADO LOCAL PERU, ECUADOR, BOLIVIA
 

6. RECOIMACIONES 

INTRODUCCION 

El suscrito trabaJ6 como gerente de opwraciones para Acerias Paz Del Rio 
en Colombia durante 1961 - 1965. Subsequentemente se dedic6 a "Valori
zaci6nes de Yacimientos" mundialmente para "The American Appraisal 
Company"(4 alias) y Gerente de Ventas para Joy International en Latino
 
America y el.mundo entero.
 

Desde 1974 est6 en el negocio de Asesoria y Consulta en todos los Estado,
 
Unidos y Canada. INTERAMERICA Marketing fu6 formado recientemente y esta 
patronizado por cuatro companias. Un reciente viaje por Colombia, Perd,
 
Chile y Brasil en Abril/Mayo del alo y trabajos como asesor contratado
 
por El Banco Mundial el alo pasado y varios asigmaciones de ingenieria
 
adem~s de las experiencias en casi todas las dreas carboniferas en
 
Latino America, los Estados Unidos, Canada y Alemania formaron la base
 
para este informe;
 
AgradezcoaPROCARBON y al NATIONAL RESEARCH COUNCIL por el material
 
f ornecido,y esta oportunidad.
 

Bruno A. Fiohna, P.E*
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MCADO PARA L CARBON PEUANO (ECUADORIANO, BOLIVIANO 

1. UNAh PROPESION CON MUCHOS RIEGOS - PREDECIR MERCADOS PARA CARBON 

Como la mayorla de los minerales, carbon es una comodidad limitada 

a su demanda. En el mundo entero, la disponibilidad de carbones 

excede sus demandas. Esta situaci6n (mis disponibilidad que demanda 

estA cambiada y influenciada por tres grupos de factoresi
 

1.1 Bconomias etre combustibles o fuenes de enerxia.
 

Carbones estan en competencia con otros fuentes de energia como
 

uranio, fuerza hidroelectrica, viento, esquisto bituminoso, lena,
 

energia solar y una cantidad de otros fuentes de energia.
 

1.2 Comnetencia entre otrot carbones y mesclas de carbones. 
Calidades de carbones son muy variables. Factores como valor ttmal, 

soquibilidad, ceniza, azufre y muchos otros determinan la utilidad 

de una u otra clase de carbon. Tmaio, distribuci6n de tamalos, dureza 
y composici6n son factores fIsicas que determinan e influyen 

mercados.
 

1.3 Chopues enprxeticos
 

Durante el embargo de petroleo en el 1973/74, IA alza de precios para 

petroleo resulto en alzas de precios para carbones. Una escasez 
repentino de carbones, adems, result6 en una carrera.hacia nuevos 

yacimientos. Compa~ia de petroleo compraron yacimientos de carbon. 

Plantas industriales cambiaron sus calderas para utilizaci6n de 

carbon. Usinas electricas iniciaron su programa de cambio desde 

petroleo hacia carb6n. El gobierno de los Estados Unidos formo su 

Departamento de Energia. Este cre6 su programa de combustible 
sintetico. Los politicos hableron del "Proyecto de Independencia". 
1.saroll0 ede fue la: abrrtuea nuevas reservas 

y minas de carbon en los Estados Unidos y otyoas partes del mundo. 

El se~undo choque de energia, una abundancia de petroleo, durante
 

1979/80 result6 en una reducci6n drastica de precios para carbones.
 

Ningun politica habla mAs sobre el "Proyecto de Independencia".
 

El programa de combustible sintetico desapareci6. X1 Departamento
 

de Energia esta moribundo y "todos los yacimientos de carbon y tadas
 

las compaias carboniferos de los Estados Unidos" esta para vender.
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Para dramatizar la sltuaci6n en el carbon del mayor mercado Interno, 
mundial, los Estados Unidos, uin ejecutivo de una compa~ia :carbon-fera 

mayor dijo en un discursoi "Todo relacionado al carbon esta para ventat 
los yacimientos, las minas, las vias de transporte, las plantas y todas 
las casas con la excepolon de ml propia casa"e 

Como conclusi6n podemos decir que economias entr* combustibles,
 

competencia entre carbones y choques energeticos cambian drasticamente
 
mercados para arbones. PRED.IR MERCADOS PARA CARBONES es verdadera

mente UIA PROFESION CON MUCHOS RIESGOS.
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2. SCENARIO DEL MERCADO PARA CARBONES
 

Las consideraciones presentadas en el capitulo precedente entran
 

en 	mercados locales, regionales y mundiales con varios impactos.
 

La ilustraci6n siguinte (SCENARIO DEL MERCADO PARA CARBONES) indica
 

los varios impactos dentro de los varios mercados. Como mercado
 

local consideramos el Pert (o Ecuador o Bolivia), Como mercado
 

regional consideramos Sur-America. Como mercado mundial consideramos
 

los importadores de carbones. Se puede diferenciar mds entre estos
 

mercados, pero eso complicatia la presentacioni
 

CARBON 

Mercado Local Mercado Regional Mercado Mundial
 
Pera, Ecuador, Bolivia Sur-America rportadores del
Carbon comao Japon. 

l.Brazil utilizando
 Factoresi 

1. 	Precio de venta localt su propio carbon Factores,
 
2. 	Precio artificial 7 metalurgico con 1. Continuidad; 
3. 	 Subsidio ? 17 % de ceniza y 2. Presiones de 
4. 	Flete; buena coquibilidad grupos ambien
5. 	Tipo de transacci5n; necesita carbon con tales (azufre)
 
6. 	 Tipo de contratos poca ceniza (6%) 3. Vias delargo o corto plazo ? par. mezclar, transporte; 
7. 	Arreglos comerciales; 2.Los desarrollos del 4. Puertos;
 
8. 	 Comerciante intermedio norte del Brazil 5. Interrupcio

o final del productor necesitan mucha nes;
 
al consumidor ? energia. Hay planos 6. Huelgas.
 

9. Compra al precio o para plantas hidro- La confianza en 
oligopolia o monopolia? electricas y lea. una sola fuente 

Carbon puede reemplazar nersoafun
 
de energia y una
lena como combustible 

sola fuente de
 para usinas electricas, carbon puede set
 

costoso,
 

COMPETENCIA
 

- entre otros cobustibles _ _...... _ _, 

y fuentes de energia... 

______________________ _ - entre carbones 
- CHOQUES 

EGETICOS. 

CHOQUES ENERGETICOS - mayor impacto en el mercado mundial.
 

COM.PETENCIA - mayor impaoto entre mercados locales y regionales.
 

Una discusk6n sobre esto abrird mds Impactos. Interrelacion de impae6
 
adicionales siguen en los capitulos siguiented.
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3." MACRO ECONOMIA - MERCADO MUNDIAL 
3.1 Carbon Termal Para Generaci6n de Enpria Electrica 
El mercado del mayor volumen an el mundo es carbon termal; El alto 
volumen de este mercado requiere una planeaoi6n de consumo de energia 
electrica a largo plazo. Th retorno requiere una planeaci6n de minas
 
grandes de carbon a largo plazo. 
Cambias y preferencias de ciertos
 
fornecedores de carbon dependen de factores siguientesi
 
- Seguridad de materia prima - confianza continua (Mercadot Japon)
 
- Presi6n de grupos ambientales (Mercadol Europa)
 
- Economia entre combustibles diferentes (Francia y Estados Unidos)
 
- Inversiones grander de capital (-La demands' para ehergia electrtcany
 

pikra.carbon en'los Estados Unidos fue sobme estibadoo Xt resultado
.fuesobre.64pacidad-y sobre'in*ersiones de capital tanto-en usinas
 
como minas de carbon).
 

- Presi6n de grupos ambientales (Minas de carbon en el estado de Ohio
 
casi desaparecierbn por su azufre).
 

- Nonopolia de ferrocarriles (El buen y barato carbon del Oeste de los 
Estados Unidos ya no tiene mercado en el Este por la mnopolia de 
transporte por ferrocarriles). 

- Muchos otros factores. 
3.2 Carbones Dara Plantas de Cementos
 
Contrario al carbon termal, plantas de oementos 'pueden utilizar una 
variabilidad de carbones y otros combustibles. Ademvs, plantas de 
cementos tienen mayores tolerancias de azufre y ceniza.
 
3.3 Demanda Industrial
 

La demanda industrial 
se puede derivar de consumo o conversioues de
 
plartas de papel, pl?.ntas quimicas, plantas par* comestibles etc.
 
.1 evaluaci6n dl'sbctor industxial:.es micho mds dificil porque
 
peque~as calderas a veces pueden aceptar una variedad de combustibles
 
como varios carbones, lea, basura y papel desgastado.
 
3.4 Rsumen sobre el Mercado de Carbones Trmalus
 
La royecci6n-,para demanda total de carbones termales es 
relativamente 
facil. La selecci6n de carbones es relativamente dificil, porque
 
paises de exportaci6nes de carbon como los Estados Unidos, Canada,
 
sur Africa, China, Rusia, Polonia, Colombia,'Australia e Indonesia
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tienen factores diferentes con respecto a calidades de carliones y
 

su seguridad de fornecimiento continuo.
 

Ademds de los choques de petroleo de 1974 y 1980 y los factores ya 

mencionados, consumidores (mercados) de combustibles realizaron que
 

- confianza en petroleo puede ser muy costoso (1974;
 

- Por este motivo determinaron a desvlar de este fuente de energia
 

para energia nuclear y de carbon para generaci6n de energia electrica 

- Ahora - con sobre abastecimiento de petroleo mundial - la tendencia 

sigue hacia la diversificaci6n de generaci6n de energia a base de 

petroleo, uranio y carbon. 

- Importadores en particular estan convencidos que no pueden contar 

ni con fornecimiento de una sola fuente de energia, ni con estabili' 
dad de precios ni confiar en una sola fuente de carbon. 

- Importadores tampoco pueden confiar en una sola ruta de infraestrue
° tura del carbon de la mina para el puerto y hasta el consumidor.
 

La conrianza'et.una monopOlia de Infraestructura puede serrmuy
 
costoso y sujecto a interrupci6nes.
 

- Otros riesgos para mercados e importadores de carbones sons 
* huelgas en los Estados Unidos y Australiag
 

* demoras excesivas en puertos;
 

* transporte de carbon con baja prioridad en vias de ferrocarriles;
 

* escalaci6n de precios de cadenas de traLnsporte. 

Como ejemplo, el mayor mercado de importaci6n de carbon del mundo-

Japon - cambi6 su tendencia de compras en favor a los Estados Unidos 
desde Australia por motivos de huelgas en Australia.
 

I1P0RTACIONES DE CARBON TERi&L-AL JAPON (porcentaJes)
 

Fuente 18 1 1990 troyctado

Australia r7. 7.5 30- 40
 
U.S.A. 5.5 17.7 30 - 40 
Canada 6.3 10.6 10 - 2Q 
S. Africa 4.6 12.7 5 - 10 
China 11.7 10.3 10 - 20 
U.S.S.R. 4.3 0.5 5 -10 
Otros- 0.7 10 - 0 
Total 100 100 100 
Estas estlimaciones tienen conflanza solamentepara plantas electricas 

presentes. En caso que a seegund#a generaci6n ,e usinas electrlcas de I 

331
 



carbon pueden consumir mas variedades de carbones, la divercificaci6n 

para otros fornecedores puede incluir carbones de Colombia-y Peru.
 
La posibilidad de liquifaccl6n en el Japon amplifica aun mas la
 

selecci6n entre fornecedores de carbones.
 

3.5 Carbon Metalurgico
 

.Mercadoz 	 para carbones metalurgicos siguen a los productores de 

acero. Otra vez, el Japon es el importador principal del mundo. 

Los Japoneses desarrollaron teenologias para mezlar carbones de 

baja calidad con carbones de coque. En el momento pueden utilizar 

hasta 40 %. erbon con caracteristicas bajas de coquibilidad.
 

E1 motivo para estas me~clas eon precios altos de carbones de coque
 

del este de los Estados'Unidos, en particular, precios altos de
 

carbones con bajos volatiles.
 

Otros mercados de carbones metalurgicos internacionales son Korea,
 

Taiwan, Belgica, Francia, Espalia y Brazil. Este ultimo pais

consideramos como mercado regional. El analisis del mercado regional 

o mercado de Sur America sigue. 
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4.- MEICAD0 REGIOAL - SUR AMERICA
 

4.1 BRAsIL
 

4.1.1 	Mercado para Carbon IMetalirgico
 

'
Hasta 1974, plantas de acero del Brasil utilizaron pocas cantidades
del propio carbon Brasilero debido a su mala calidad (17 a 18.5 % 
de ceniza; 1.8 % de azufre; 35 % vol tiles). La expansion de la 
industria de acero en el Brasil y al mismo tiempo la escasez de 
6arbon en el mercedo mundial durante el "choaue de energia" motivo 
la industria Brasilera utilizar mas carbon local. Desde hace 1975, 
las tres mayores plantas de acero en el Brasil utilizan mas que 
40 % de carbon Brasilero en vez de 25 % antes consumido. Las tris 
compaias de acero CSN, COSIPA y USIXIMAS consumen alrededor de 
1 million de toneladas de producci6n domestica y m~s cue dos 
milliones de carbon metalurgco importado. Debido aL.., alto porcentaje
 
de ceniza (17 a 18.5%) I-azufre (1.8 %) y volatiles (35 %) del
 
carbon metalurgico domestico, Brasil tiene que importar carbones de
 
baja ceniza y bajo azufre y voldtiles. Casi todas las importaciones
 
de carbon para el mercado metalurgico Brasilero venieron de los 
Estad,. °Unidos, Polonia y dilCanada. 
Ademds de puras importaciones, Brazil esta haciendo esfuerzos de 
trueques con Polonia, Canada y los Estados Unidos. Conversaciones
 
sobre inversiones en otros paises para producci6n de carbon metalurgioc
 
se llevaron a cabo con Australia, Colombia, Polonia,. Canada y los
 
Estados Unidos. Es interesante que los Brasileros rechazaron
 
Colombia como fornecedor de carbon metalurgico. Aunque Colombia
 

tiene reservas de calidades metalurgicos, sus caracteristicas
 
geologicas y locacion en el interior fueron razones de clasificar
 
los carbones "no economicamente explotables".
 

4.1.2 Mercado para Carbon Termico - un Desafio 
Solamente 4 % de la .de.la..generaci6n de energia en el Brasil es a 
base de carbon, comparado con 30 % a base de leEa y carb6n vegetal. 
Debido al bajo valor termal del propio carb6n Brasilero (3,200
calorias/kg a 5,800 Btu/libra) 

, se olvido el desarrollo de carb6n
 
durante precios bajos de petroleo anter de 1974 y en vista de
 
energia hidroelectrica. EVaumento.de preclos pare petroleo impartado
 

333
 

http:EVaumento.de


motivo el desarrollo de minas adicionales de carbon. 
Los tres estados del sur contienen la mayoria de las reservas de
 
carb6n Brasilero. Dos de estos estados cuentan con la mayoria de la 
producci6n, Santa Catarina y Rio Grande do Sul, mientras que Parana 
solamente produce carbon termal en peque~as cantidades. Algunos
 
oficiales del Brasil reportan "reservas extensos" en los estados de 
Para y Amazonia, pero no se hizo investigaciones hasta la fecha. 
El norte del Brasil con muchos desarrollos mineros de hierro, bauxita, 
manganeso y otros requiere mucha energia electrica. Usinas electricas 
a base de lena resultan en el agotamiento extenso de selvas. En Pl 
momento solamente hay comentaros de habitantes locales sobre este 
asunto, sin movimento de grupos ambientales. El verdadero desaflio
 
esta en el futuro, reemplazer lena con otros fuentes de energia. 
Una de estos fuentes puede set carb6n. La tarea mas dificil en la 
creaoi6n de mercados es 
cambiar costumbres. Deforestaci6n en largo
 
plazo resulta en la erosion del suelo. Pero quien psta pensando en 
largo plazo ? Aun empresas en paises desarrollados piensan no en 
resultados durante a~ios sino en resultados durante cuartales. Como
 
podemes esperar que paises en desarrollo piensan en largo plazo ?
 
Deforestaci6n occurrio en los Estados Unidos y esta occurriendo en
 
el Brasil debido a la utilizaci6n de leEa. La soluci6n es desoacio 
y a largo plazo, nuevamente 'Ilustrando ;n posible mercado para carb6n 
4.2 V:.NEZUEJA 
Aunque Venezuela tiene su propio cab6n, incluyendo una mina desarrolla 
da (Naricual) y otras minas en producci6n, tiene que importar carbon 
metalurgico para su industria de acero cerca de Puerto Ordaz. 
Esfuerzos de utilizar carbones de Tachira (Lobatera) pars la 
reducci6n de mineral de hinrro tertian: exito::parcial. El carbon de 
Lobatera es coquzable, pero el coque no 
tiene la dureza necesara 
pars el alto horno. Colombia exporto carbon metalurgico a Venezuela 
desde Santander del Norte en pocas cantidades. El transporte terrestre 
sobte una distancia maypr que mil kilometrcs por camion talvez resulto 
mas caro que el transporte maritimo desde los Entador. Unidos. Otros 
factores come especificaci6n exacta, confianza de la fuente del
 
carbon y relaciones comerciales limitaron este mercado dentro de Sur
 

America.
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4.3 ARGENTINA
 

Los dos productores de acero en la Argentina, Altos Hornos Zapla y
 

Somisa uilizan carbones de lena y carbon importado. Proplo carbon de
 

Rio Turbio no tiene las caracteristicas metalurgicas necesariasi pero
 

*este-de 1n-sirve para mezclas. Altos Hornos Zapla, ademds utiliza
 

un sistema auxiliar de reducci6n con petroleo, que esta inyectado
 

en el alto horno en adici6n con so carbon vegetal. Naevos decubri

mientos de carbones en Cordoba en una profundidad de alrededor de
 
800 metrov requiere una catidad de capital, que no es disponible 

para su desarrollo. Esta situaci6n puede eliminar este yaciniento 
de la clasificaci6n "reserva economica". El desafio de reemplazar 

carb6n vegetal con carb6n metalurgico es el mismo como fue mencionado 

on relaci6n con Brasil. 
k.4 OTROS MERCADOS EN SMA A"MERICA 

Chile produce su proplo carbon en Lota Schwager. CompaFia de Acero del
 
Pacifico consume carbon Chileno con pocas cantidades importados para 
mezclas. La tendencia presente e i Chile es menos protecci6n del
 

productor interno que en otros paises Suramericanos. Esta tendencis
 

puede abrir un mercado para carbon metalurcico importado o lambien
 

la importacion de acero en vez de la propia produccion, o sea.l
 

eliminaci6n de mercado para carb6n metalurgico. Este ejemplo nuevamente
 

soporta la "volatilidad" de mercado para carb6n.
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S. MERCADO LOCAL - PERU, ECUADOR, BOLIVIA 

5.1 Motivaci6n para Cr~ar un Mercado
 
Deforestaci6n dentro de paises en desarrollo, debido a la populaci6n 
creciente, recibe una aumentada preocupaci6n, Demanda para tierra 
a cultivar para agricultura y demanda pars lena de cocira resulta 
en deforestaci6n. La utilizacion de 1ena es ineficiente. Hay bastante: 
literatura para mejorar el dise"o de estufas de cocina y al mismo 
tiempo mejorar sus eficiencias. Deforestaci6n resulta en la erosi6n-1 
de suelos y al mismo tiempo agrava la disponibilidad para tierra 
agraria. 

Consequentemente hay una necesidad intensa para encontrar un convenien 
y factible reemplazo para lena. 
5.2 Mayor Dificultad - Desarrollo del Mercado 
Cambiar costumbres es dificil tato 
en paises desarrolJados como en
 
paises en desarrollo. Quien puade convencer el Norteamericano de
 
abandonar su "fireplace" de lena y reemplazarlo por una estufa de 
carbon ? Esfuerzos dentro de los Estados Unidos fracasaron aun en
 
vista do la "crisis de energia" durante los setentas.
 
La intraducci6n exitoso de reemplazo de less 
como combustible con
 
estufas de carbon resulta en problemas tremendas de deserrollo de
 
mercado tanto en los Estados Unidos como en paises en desarrollo
 

como en el resto del mundo.
 
Problem-as tgcnicas no existen. Hay considerable experiencia
 
industrial disponible para la soluci6n de quemar cualquier carbon. 
Problemas de mercado son de naturaleza social y envueltan 
tradiciones y costumbres. 

Otro problema es la determinaci6n de precios. La materia prima de 
lena, en muchos casos, no "cuesta nada". Hay que medir el costo en 
terminos de esfuerzo humano requerido a recoger la lena. Comparaci6n 
de valor monetario con valor de esfuerzo es particularmente dilficil
 
en paises en desarrollo, porque.:hay escasez de moneda y mano de obra 
abundante. 

5.3 Mercado de Hogar 

Paises con reservas abundantes de carbon cerca a hogares domesticos 
siempre quemaron carbon Dara calefacci6n de hogares. En Colombia, 
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un meicsd --Vlr& barbon grueso.especialmente en la ciudad de Bogotl hay 

? Es el carbon que queda encima de una pala-tenedorQue es carbon grueso 

con la que se carga a mano un camion, un metodo barato y efectivo para 

colegas tieneclasificar el tamalio de carbon. Uno de mis antiguos 

tr~s minas de carbon de esta categoria, barato, efectivo y sin 

inversiones mayores de capital. EL unico problema es la venta de 

carbon fine, 1o que cae entre las agujas de la pala tenedos. Se vende 

este carbon para fabricas de cemento de Bogota con un precio muy 

reducido.
 

5.4 "Recreso al Carbon" - Mercado Industrial - Usinas Electricas 

La industria carbonifera.en los Estados Unidos con su grupo grupo 

propagandista la "National Coal Associati6n" en sus esfuerzos en 

Washington para amplificar el mercado para carbon dentro de los
 

Estados Unidos tenia exito muy limitado. El dicho "El carb6n podri
 

convertirse en una poderosa fuente de energia" tenia peso durante
 

escasez de petroleo en 1974. Roy en dia, la contribuci6n monetaria.
 

de productores de carbon en los Estados Unidos ha creado el proyecto
 

"Coalition", un proyecto educativo para convencer el publico de
 

favorecer el carbon. Advertencias de un minuto en la televisi6n
 

nacional de "Coalition" aparecen durante programas nacionales como
 

cambionatos de deporte. El 6xito de desarrollar mercado por convencer
 

el pueblo y politicos en los Estados Unidos fue muy limitado.
 

En Alpmania estan hablando de reemplazar petroleo por carbon y
 

regresar "zur guten alten Kohle" desde hace cuarenta aios, Durante
 

el mismo tiempo, hogares de carbon convertieron a gas o petroleo, 

plantae industriales convertieron a petroleo y la producci6n de
 

carbon en Alemania cayo de 125 milliones de toneladas a 80 milliones
 

de toneladas. o dificultades Para utilizar mas carb6r 

Esta dramatizaci6n de reducci6n de'-mercado en paises desarrolladas 

esta mencionado aqui para anticipar y resolver !as problemas que se
 

puede encontrar en el desarrollo de un mercado en el Peru, Ecuador y
 

Bolivia.
 

Hay una discrepancia tremenda entre "lo que se puede sustituir en
 

petroleo por carb6n" y "lo que se sustittye".
 

El factor mas sgnificante d'e frenar el mercado de carbon, .se dice,
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son grupos de presi6n a mantener un ambiente limpioi Esto lleg6
 
al extremo en la Republica Federal-de Alemania, donde "Die Grinen",
 

"los verdes" formaron un partido politico y estan representado en
 
el congreso Aleman (ImBundestag).
 
En conclusions Desarrollar mercados de carbon envuelta mas problemas
 
politicas, tradiciones y costumbres que problemas tgcnicas.
 
5.5 Precios, Comoetencia Local, Asuntos Comerciales etc, coMo Elementos
 

del Mercado
5.5.1 Preclo de Venta Local 


En Colombia, la mina ubterranea m~s grande del pais "La Chapa" de
 
la comoallia Acerias Paz Del Rio esta designado para cerrar en el
 
futuro cercano. La segunda mina de Acerias, Samacl, ya esta ce:rado.
 
Productores de minitas chiquitas podian vender carbon para Acerias
 
con precios m.s bajos que la propia prducci6n lo que result6 en el
 
cierre de las minas - el problema inherente de carbon - mds caipacidad 

que demanda. 
5.5.2 Precio Artificial
 
Precios artificiales como existen en Alemania - protecci6n de :
 

productor manttenen el mercado y eliminan competencia, tambien con
 

precios artificiales en forma de recargos aduaneros.
 

5.5.3 Subsidio 
Subsidios para fomento de mercado para carbon pueden tener varias 
formas. Impuestos y recargo al precio de fuentes de energia alternativa 

es un subsidio "escondido", Perdidas •en ° ' la venta de carbon 

en Alemania, donde el precio de venta en menor que los costos de 
producci6n estan compensados por el estado. Algunos politicos 
consideran este hecho como "premio de seguro" contra la alza de 

precios para petroleo importado. En el Pert , kerosene como combustible 

5.5.4 Flete esta subvencionado por el Estado. 

Mercados locales estan limitados por su infraestructura o fletes 
desde el productor al mercado. 

5.5.5- Tipo de Transacoi6n 
En las peque as minas de Colombia, el liente paga el minero en 
moneda efectiva antes de cargar su camion o volquets, una tranacoci6n 
de costo bajo, pero limitado a cantidades pequeFas.
 

5,5. 6 Ti~o di Contratos, largo o corto Plazo 2
 
Termoelectricas, tradicionalmente hacen contratos de muchos anos.
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Plantas metalurgicas y termoelecricas necesitan confianZa en su 

fornecedor de carbones especificos y en retorno son merc4sdos estab7*"s
 

Por ejemplo, si CENTROMIN pudiera reemplazar so carbon importado
 

de 35,000 toneladas por abo, hay que averiguar si Perd tiene un carb6n
 

util para CESTROMIN. Tambien hay que investigar de que consiste el
 

contrato vigente.
 

5.5.7 Arreglos Comerciales 

En minas pequeas:.de.qarb6n en Colombia, el comprador Li-ega a -La mlna, 

paga por su carbon en efectivo, carga su camion con pala cargador-y 

el arreglo comercial esta terminado- no costo administrativo. La
 

clasificacion de tama±o esta hecho con lu pala tenedor de agujasi.Lo 

que queda encima de la pala es carbdn grueso y vendible para el merc.d( 

domestico de hogar. Lo que cae entre las agujas de ))a pala es carbon 'f i 

y sirve para el mercado de cemento con menor precio.
 

3.5.8 Comergiante Irtemdio o Final del Productor al Consumidor ? 

Para organizar un mercado para un grupo de minas, el comerciante 

intermedio tiene su lugar. Contratos grandes,,en-general, estan hechos 

directamente entre el productor y el consumidor. 

!._.9 Compra al Precio o Oligopolia o Monopolia 

Finalmente, abundancia de carbon hace dificil la formaci6n de monopolia 

o oligopolia, como OPEP en en petroleo. Sin embargo, existen organismos 

similares, como el Alemania, donde el consumidor tiene que comprar su 

carbon Aleman con precios artificialmente altos. En el resto del mundo, 

en general, el comprador compra al precio competitivo. Este punto 

esta enfocado en el capitulo siguiente - recomendaci6nes. 

339
 



6. REcoM AcIoNs
 
S1 el termino "Economia del Productor" (Supply Side Economics)
 
tiene merito, la aplicaoi6n para desarrollar un mercado para carb6n
 
es la mds clasica.
 
Literatura sobre Peru indica .a:ausenciade tun mercado seguro. Al'
 
mismo tiempo mencionan"intenci6nes de fbricas al uso de carb6n 
a reducir *:, costos de sus productos, otra vez "Economia del 
Productor." En este sentido recomend-amos la rebaja de costos de 
producci6n en vista de.errores frequentprnmnte hechos en las catiorias 
siguientes.
 

6.1 xploraci6n 
En yacimientos de carbon con afloramiento en "condiciones inapro
piados", la mejor exploraci6n es la erp1otaci6n. Averiguaci6n del 
techo y del Piso y espesores de los mantos, tendencia de fallas .es
 
mds importante que calculo de reservas.
 
Al contrario, en yacimientos con buenas condiciones y en anticipaci6n
 
de una produccion alta y a largo plazo, definici6n y calculode '
 

reservas es el factor mls importante.
 
6.2 Alterr.tivas
 
Cu.ndo se contrata un ingeniero Americano o Aleman o Canadiense o 
Ruso o 1olaco o Sur Africano con "la ultima experiencia" en el diseio 
de minas D., un nuevo yacimiento, el resultado son seis diseior 
diferentes. Cabe la buena posibilidad que ninguno de 6stos ingenieros
 
ha considerado, alternativas de dise?ios de mira y alternativas de 
metodos de explotaci6n. Como sabe, si el diseio presentado es el
 
mejor con el costo de explotaci6n mds bajo ?
 
6.3 Gasta su Tiempo donde esta el Dinero
 
Muchos estudios de mineria enfocan, por ejemplo en procesos de
 
beneficiamiento, que tiene un costo menor en el costo total, mientras
 
la maniobra de materiales con el mayor costo no recibe atenci6n.
-
6.4 Queda dentro de sus Limites 
Limites pueden ser "capital" o ,mano de obra". 
En yacimientos como Alto Chicama en el Peru, donde ocurren mantos 
de 1.50 m de espesores y 650 de busamiento, la mano de obra barata
 

es el mejor ingrediente. Peritos del Brasil, donde estas condiciones
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estan desconocldos, consideraron yaoimientos similares de Colombia
 

"inexplotables'. En los Estados Unidos, estos recursos no son reservas 

economicas. En Alemania despuis de la segunda guerra mundial cuando 

no habia maquinaria, ,sta clase de mantos tenia el mns alto rendimiento
 

y el mAs bajo costo,.porque,.los mineros no necesitaban palas. EL
 

carb6n sali6 del frente por gravedad. 

Mantos planos yconwoel-entes conciciones geologicas come en los 

Estados Unidos no sirven para la explotaci6n manual. 

Limites de la disponibilidad de capital en muy Importante para, Str

america. El dise~o de minas y de mftodos de mineria debe estar dentro 

de estos limites, 

6.5 Briquetes de Carb6n
 

En varios paises de desarrollo, como Perli, Pakistan, Indonesia, 

tanzania y Malavi, ya se ha estudiado la fabricaci6n de briquetes 

para el. desarrollo de merado domestics pata carbon. En Alemanla, 

hace mds que 50 a~os, briquetes fueron usados ampliamente en estufas 

de hogar. Indistrias ya ezisten en India y Korea para la calefacci6n 

espacial. En Pakistan hay demanda potenolal para calefacci6n dd hogares, 

como ya existe en Korea. 

Ltacomercializaci6n de comprimidos o briquetes de carb6n sin humo como 

sustituto de le. y kerosbne puede crear un mayor mercado en dreas 

rurales. Eisten proyectos pars instalar industrias locales en los 

alrededores de las minas, alli se podrian utilizar el liolvo y residuos
 

para mezclarlos con ciertos aglutinantes (brea, asfalto liquido,
 

arcilla, etco l comprimirse esta masa con prensas especiales se
 

6btieneni pastillas ovoides de 45 a 50 gramos aproximadamente, para uso'
 

dovstico (yea "Regreso al Carbon" p$gina 31). 

6.7 Conclusi6n 

En palabras cortast 
El mercado de carbones de Pei, Ecuador y Bolivia esta limitado 

solamente port 

- bajos costos de producci6n; 

- movimientos politicos! 

- tradici6nes y 

- costumbres. 
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COAL COMBUSTION TECHNOLOGIES BECOME AN
 
IMPORTANT CONSIDERATION IN COAL MINING AND MARKETING
 

ABSTRACT
 

Combustion of coal and the resulting ash characteris
tics in coal-fired furnaces have become an increasing concei
 
for coal companies who market blends of coal from different
 
depositional environments. Deterministics formulas and
 
relationships have been developed to predict the combustion
 
characteristics of various coal blends. 
These relationships
 
have been programmed into computers to develop multiple
 
alternatives for burnability and compatibility of various
 

coal blends.
 

The general application of these predictive methods
 
should better enable coal producers to identify potential
 
markets for blended products and determine potential coal
 
blends to utilize coal seams which have previously been
 

rejected as unusuable products.
 

INTRODUCTION
 

In the past, most marketihg efforts .bymining companies
 
have been based on BTU, ash, moisture, sulfur, grindability
 

and ash fusion temperature.' Custormers who are primarily
 
power producers with large coal-fired boilers have selected
 
the lowest price coals, :with known combustion character

istics, that were proven,compatible with existinq boiler
 

344
 



design. This had, in fact, tended to regionalize the market

ing strategy of coal producers, since the electric industry
 

preferred coal from specific depositional environentsi
 

However, in the past few years there have been several 

changes in the scenario for coal marketing strategy. Some 

of these .changes are: 

A. 	 Changes in economics making low-BTU western coals
 

available to additional markets'through unit rail
 

transportation;
 

B. 	 Increased price of eastern coals through higher
 

labor costs and lower productivity;
 

C. 	A landslide of environmental laws and regulations 

many based on sulfur content, affecting the'produ._ 

tion and burning of coal, i.e.: 

- Clean Air Acts Amendment of 1977 

- Resource Conservation & Recovery Act of% 

1976 

- Toxic Substances Control Act 

Surface Mining Control and Reclamationi Act
 

of 1977
 

- Clean Water Act of 1977 

- National Environmental &.Policy Act of 1969 
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D. 	 An awareness of the micro-economics involved with 
'-determining the optimum coali transportation, .and, 

burnability for coal 	fired.:boilersi . 

w1nis new scenario' has:! not. only made a multiplicity of 

coals available from ',manynew regions, but it has 'also I 

introduced burning compatibility problems'for certain blended 
coals.and for specific boiler designs. The majority of the 
coal-fired boilers have been designed to use high-fusion
temperature coals that would produce a dry ash when burned.
 
However, the introduction of high-sodium, low-fusion coals,
 
such as Powder River Basin Coals, has created the need for 
designed blending to obtain a-product whose ash-fusion 
characteristics Will not reauire that.th 
 '
hni 	s. 'K A -f 

Thus., the cola, :producer and purchaser must be aware of
 
the implications of burning coals from different depositional
 
environments. 
The marketing strategist must analyze the
 
economical advantages of purchasing low-BTU, high-ash/high-

moisture, low-fusion, and other low sulfur coals vs. high-

BTU, low-ash/low-moisture, high-fusion and high in sulfur
 
coals. Specific consideration in this synergistic evalua

tion 	include: 

A., FOB mine cost per million BTU;
 
-B.. Transportation'cost per million BTU;
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C. Combustion characteristics of coal in large
 

utility boilers (derating.orslagging cara.cteris

tics); and
 

D. Environmental advantages of each burn. 

of these variables, the ones that have had least consi

deration in the past have been the coal ash-fusion properties
 

and the burning characteristics. Since the utilities burning
 

lower BTU coals have had to face the problem of derating
 

boilers, handling iarge amounts of slag, and minimizing
 

increases in the generating costs, all available technology
 

must be utilized to insure maximum generating capability at
 

the lowest cost. This paper will focus on the important
 

consideration of the behavior of coal in large boiler
 

furnaces and how this knowledge can be utilized by the coal
 

producer and the coal buyer.
 

Problems in burning pulverized coal involve mainly
 

furnace temperatures and ash-fusion. Since the heat releaue 

rate establishes furnace temperature and is a function of 

the heating value of the coal, the furnace dimensions and 

the firing rate, it is the ash-fusion characteristics that 

determine the maxi'mum available rating for a'given coal 

Research on the behavior of coal ash at,furnace tempe&

atures was carried on by the U.S. Bureau iof Mines beginning
 

in the 1930's. That research, plus continuina efforts bv
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the boiler imanufacturers and the coal industry, provides a
 

fund of information that-is widely use today in' selecting 

coals for steam generation. 

UTILIZATION OF INFORMATION
 

The problem of compatibility of coal blends may be'
 

critical to the producer, marketing agent and/or user. The
 

producer or mining company must be assured that the product
 

canbe efficiently burned by the user without slagging or 
fouling problems. Instances exist where boilers were slagged
 

or "thought to be slagged", by a coal from a certain company, 

resulting in expensive slag removal fees imposed upon the 

producer. Such problems may or may not be a result of the 

coal combustion characteristics of the particular producer
 

when examined in the technology oftblended coals.
 

Marketing agents and power producers must utilize all 

information possible to insure coal can be sold or purchased 

for the optimal price. Many times, industrial and electric
 

consumers burn a multiplicity of coals that must be compa

tible on a blended basis. Thus, it is in the best interest 

-of ail parties to be confident in advance of test burns that 

certain-coal can be successfullv burned on n h1 ,niA ha4a 

ASH SLAGGING AND FOULING CORRELATIONS
 

The design of large pulverized-coal-fired boiler fur

naces is established largely by the fusion characteristics
 



of coal ash. The volume of the furnace must be sufficient
 

to allow adequate space for burning the combustible matter
 

in the coal, but the burner location, the shape of the flame
 

envelope, the amount of heat-receiving surface in the fur

nace, and the location and design of connective tube banks
 

for superheaters and reheaters is fixed by ash properties.
 

Further, operating conditions and maintenance programs are
 

-
affected more by ash thanby other characteristics of the 


coal.
 

The magnitude of these differences can be judged from
 

the amount of heat-absorbing surface that must be provided
 

in large steam generators with different fuels. The maximim:
 

heat transfer rate to clean surfaces in a boiler, which is.
 

established by water conditions inside the boiler tube, is.
 

about 175,000 BTU/ft2hr., and in burning natural gas, this
 

rate can be attained. With oil firing, the rate may be
 

135,000 BTU/ft2hr. With coal having an ash-fusion softening
 

temperature above 24000 F, the rate may be 100,000 BTU/ft2hr.
 

Lower ash-fusion Pennsylvania coals may lower this to 90,000;
 

Illinois No. 6 coals may be limited to 80,000; and high

sodium lignites may permit no more than 45,000 BTU/ft2hr.
 

Since the size of the boiler furnace for a gi",en output of
 

steam depends upon this rate of heat transfer, it is evide
 

that a boiler furnace to burn high-sodium, badly fouling
 

coals would be roughly twice as big as a furnace burning an
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It is evident, then, that careful consideration must he
 
given to the quality of the ash in the coal, as well 
as the, 
quantity, in assessing the suitability of any given coal 'for. 
steam generation in large central-station boiler furnaces. , 

ver the past half century, since pulverized-coal
 

firing has largely taken over this field, many correlations
 
have been developed to predict ash behavior from the chemical
 
composition of the ash or from such laboratory measurements
 
of melting characteristics as the ASTM cone fusion determina

tion.
 

The correlation methods discussed here for assessing
 
the behavior of the ach 
are those most commonly accepted. 
All these methods can be related to the chemical composition 

of the coal ash. Different interpretations and varying 
importance are placed on some of the compositional variables,
 
but generally there is 
a broad agreement on the factors that
 

lead to operational problems.
 

Silica Percentage
 

This is the earliest of.the correlation methods,
 
:.coming from the U.S. Bureau of Mines in the late 1930's;
 

the "silica percentage" is the SiO 
 in a coal-ash anal
*2
 

ysis reclaculated so that SiO' + Fe2O3 + Cao + MgO = 

SIt is anindication of viscosity at 
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2600°F, used originally: for predicting flow of slag
 

from slag-tap furnaces, but now applied widely in
 

estimating ash behavior at temperatures higher than
 

about 20000 F. The correlation applies for wide varia
tions in iron-oxide, lime and magnesia and for nominal
 

levels of the alkalies. Viscosity varies exponentially
 

with silicapercentage, from 1 poise at 2600 F for a
 
silica percentage of 30 to 1000 poises for a silica
 

percentage of 82. 
 These are the nominal limits for
 

most coals. For slag-tap furnaces, a viscosity of 10
 

poises assures easy slag removal; for cyclonefurnaces,
 

the viscosity must not be more than 250 poises for
 

satisfactory slag flow. As for fouling, there is no
 

specific limit of silica percentage for non-fouling
 

coals; the maximum level will depend on furnace design.
 

Arbitrarily, a silica percentage of 50 (10 poises
 

viscosity) is probably the lower limit, with 75 (400
 

poises) or higher, a likely indicator of little slagging
 

or fouling in dry-bottom furnaces. Means are available
 

for converting viscosity at 2600°F to slag viscosity at
 

higher and lower temperatures.
 

Base-Acid Ratio
 

This correlation method was devised in thelate:
 
1950's by Babcock & Wilcox. . t.is an t e m t o o
1.cx-It is another method of 

predicting slag viscosity from chemical composition,
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using the ratio of the bases (Fe
203 + CaO + MgO + K20 +
 
Na20) to the acids (SiO2 + A1203 + TiO2). 
The useful
 

limits of the ratio are 0.1 and 1.0. 
 For dry-bottom
 
pulverized-coal-fired boiler furnaces, the base-acid
 
ratio should notbe greater than about 0.5; for slag
tap units the ratio should be more than 0.27. 
The.
 
base-acid ratiolis widely applied because of its simpli
city and general usefulness, but it is less precise
 

than the silica percentage for predicting slag viscosity
 
Its greatest use has been-for estimating the temperature
 

at which a slag has a viscosity of 250 poises (T
25 ).
 
Slags with a higher viscosity at furnace temperatures
 

will not flow satisfactorilyfrom cyclone furnaces, but
 

such furnaces are not being built todav.
 

Cone Fusion Temperature
 

The ASTN cone fusion determination is an empirical
 
test devised by the U.S. Bureau of Mines in 1915 to
 
indicate the behavior of coal at furnace temperatures.
 

Four stages of melting of the 3/4 inch-high triangulpa-

based cones of coal ash are observed at a constant
 

heating rate of 15 F per minute: as the tip of the
 
cones become rounded (I.T,); as the cones meltto a
 

flattened sphere with the height equal to the width
 
(H.T.); and finally as the cones melt completely (F.T.).
 
Cone fusion temperatures are only broadly useful since
 

the conditions of the test, particularly the heating
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rate,.differ,so greatly from an actual furnace environ

ment. The softening temperature (S.T.) is most widely
 

used. Small changes in S.T. are not significant.
 

Mostly, coal ash is classed as low melting if the S.T.
 

falls*between 1800 F and 2200°F as moderately fusible
 

between 2200OF and 2600°F; and,as a refractory ash
 

above'26000F
 

TemjpcLu ot urirical Viscosity (Tc) 

This parameter also was developed by theU.S
 

Bureau.of Mines. It identifies the temperature where
 

by cooling, a coal ash slag changes froma viscous
 

"glass" to a pseudo-plastic "solid", thus radically*
 

affecting slag movement on furnace walls. AlthoughTcv
 

has strong support on a theoretical basis and has been
 

the subject of extensive investigation in the laborator3
 

it has not been applied practically in the field.
 

Involved mathematical calculations can predict TCV from
 

ash composition, but is more common to be TV on the
 

cone fusion H.T. plus 2000F. Viscosity predictions'
 

have little value below TV.
 

T250
 

"
This parameter has ail eady been mentioned; it is


the temperature where a coal-ash slag has a viscosity
 

of 250 poises under mildly reducing conditions, as is
 

required for tapping the slag from a cyclone furnace.
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i, can: De caicu.area,zrom the silica percentage or from 

the base-acid .ratio,,. 

SJaggingFactora s 
Although developed"Tfor,"Eastern"coals, andhavin' 

little theoretical basis,' R5 has
'been used with 'sme
 
success to predict. slagging indry-bottom furnaces. it 

L'calculated as the base-acid ratio times the sulfur
 
:ontent of the dry coal. 
For Rs less than 0.6, slagging 
.s"minimal"; between 0.6 and 2.0, slagging is "medium"; 

'etween2.0 and2.6, "high!; and greater than 2.6 

"severe"'. Application of R to "western" coals with 
low pyritic sulfur content'is unreliable .but is often 

used.
 

Fouling Factors, Rf and-t 
ff
 

These parameters, developed empirically, are
 
Lntended to predict fouling of superheaters and reheaters
 

isa function of ash composition. Both were developed
 
for "Eastern" coals (where the Fe203 content is greater
 

than the CaO + MgO), but R1 
 is seldom used because it. 
is based on low-temperature ashing of'the coal, a 
technique requiring highlyspecialized equipment and 

long ashing periods. Wh n the fouling factor Rf iS 
.less than 0.2, foulingis low; between 0.2 and 0.5, 
fouling is medium; between 0.5 and 1.0, high; and abo%-. 

1.0, severe. Methods to calculate R. ant Ri ah .m 

in Appendix A.
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Alkalies
 

"Sodium" (Na2O) is used in calculating the Rf 

fouling factor, but K20 also is present in many,.coals, 

on the average about equal percentagewise to Na 0. 

Because of the different molecular.weights, K20 times 

0.659 is equivalent to Na2 0, hence the total alkalies
 

are often expressed as Na20 + 0.659K20. These alkalies
 

are a major factor in fouling because they lead to the
 

presence of a "sticky" layer on tube surfaces, as well
 

as lowering the temperature where ash particles will
 

sinter and thereby agglomerate to form massive deposits.
 

And since it is the alkalies in the coal that are
 

really important, because some alkalies are volatized
 

during ashing, alkalies in coal are more meaningful
 

than alkalies in ash. Reliable data is not available
 

as yet on the tendency of alkalies in "Western" coal to
 

cause fouling, hence the role of alkalies must be
 

deduced from experience with "Eastern"'coals (with
 

Fe2 03 greater than CaO + MgO). For alkalies less than
 

0.3 percent in the coal, fouling is low; between 0.3 

and 0.45 fouling is medium; between 0.45 and 0.6, high; 

and above 0.6, severe. At present, this is one of the 

most.powerful of the fouling'predictors. 
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A further yardstick is the "soclium/ash yield
 
ratio", used with great success in Australia to predict
 

fouling. The critical value of this ratio falls between
 
-sbtwe 0 

0.035 and 0.040; fouling increases rapidly at higher
 

ratios of sodium to ash yield. 
More simply, alkalies 

in ash amounting to more than 4 percent can be exDected:' 

to cause troubles. 

Ash Content
 

Obviously, the greater the amount of ash'in.coal,
 

the higher will be the tendency to foul, simply because
 

there will be more ash suspended in the furnace gases.
 

Complex relationships have been developed empirically
 

to relate fouling to ash content, but these correlations
 

rely heavily on furnace design and operation.
 

One major Midwest utility has developed such a
 
correlation for the coals available to it and burned in
 

its furnaces. Their "slagging index" modifies the
 

"slagging factor, Rs by multiplying (RS)2 by the 

pounds of ash per million BTU, and dividing this product 

by the square root of the ash softening temperature
 

(S.T.). The resulting slagging index is 
a good measure
 

ofthe problems they experience with slagging. When
 

the index is lower than 0.24, slagging is low; between
 

0.24 and 0.52, slagging is average; between 0.52 and
 

0.65, slagging is high; and above 0.65 it-is severe.
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There is no theoretical basis for such a correla
tion, which was developed from manipulating slagging
 

data over long periods with .coals that.were roughly
 

similar.
 

Potential Capture of:O2 in -FlyAsh
 

Flue gas desulfurization by the alkaline constl

tuents of fly-ash formed from burning western .coal has
 

been observed both in laboratoky studies (see Ness,
 

Sondreal and Tufte, "Symposium on Flue Gas Desulfuri

zation", March 1976, EPA-600/2-76-B6a) and in full

scaleboiler furnace operations. In these latter
 

tests, flue gas scrubbers installed primarly to control
 

particulate emissions also removed appreciable amounts
 

of SO2.
 

Capture of so2 from 'flue gas-by ;alkaline consti-'
 

tuents in the.fly ash is, accomplished,by the Ifol-owinc
 

•*reactions:
 

CaO + SO2 + 1/2 02 - CaSO4 

MgO + SO + 1/2,02 MgSO4 

Although Na20 and K20 might also be considered
 

potentially reactive material in the flue .gas. 'If
 

their levels are low, CaO + MgO ,can be used,reliably as 

a measure° of.alkalindt-y.,..
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The formula developed for this assessment assumes
 

a one-to-one mole ratio for sulfur to calcium or mag.
 

nesium. Therefore, 64 pounds of SO2 would be captured
 

by 56 pounds of CaO, or by 40.32 pounds of,MgOrolThis
 

assumption represents the theoretical maximum amount of
 

SO2 that could be,captured by the alkaline earths in,a
 

given coal. Therefore:
 

Maximum: SO2 
consumed = (64) ( lbs ash ) (%-CaO) 

(56) (million BTU ) (100) 

(l00oso3) 

( 100 

+ 64)( lbs ash (io (IO0-%SO 

(40.32) (million BTU) (100) ( 100 ) 
= (0.01143) (%CaO) + (0.01587) (%MgO) (ash burden) 

(10o-%so3)
 

( 10 ) 

The final quantity in the above expression restates
 

the percentage CaO or.MgO on an S03-free basis. 
The
 

entire expression must be multiplied by 0.8 for &y
 

bottom furnaces, because about 80 percent of the total
 

ash burden is carried up the stack as fly ash, whereas
 

the remaining 20 percent remains in the furnace as
 

bottom ash where temperatures are high enough to prevent
 

formation of sulfates.
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APPENDIX A
 

CALCULATION METHODS AND USEFUL
 

LIMITS FOR ASH PARAMETERS
 

1. 	 Silica Percentage ,=100 ( Sio2 

sio -+ Fe O + CaO - Mgo all. in percent 

Low 30 (viscosity about 1 poise)
 

High 82 :(viscosity about 1000 poises)
 

2. Viscosity, poise at 26000F
 

Log viscosity = (0.06674 x Silica Percentage) - 2.4367 + 1 

3. Total alkalies
 

- in ash = Na20 + 0.659 K20
 

- in coal = (%ash, dry basis)+ (Na-.O 40.659 K,0) 

Alkalies in coal, fouling tendency:
 

Low 0.3
 
Medium 0.3 - 0.45
 
High 0.45 -0.6
 
Severe 0.6
 

4. 	 Base/acid ratio = Fe203 + CaO + MgO + a2v 2w
 

SiO2 + AI203 + TiO2 all in percent
 

Low 0.0 - 0.5 for dry-bottom furnaces
 

High 1.0 - 0.27 for slag-tap furnaces
 

5. Slagging factor, Rs = (base/acid ratio) (% sulfur, dry basiu 

Minimal 0.6
 
Medium 0.6 - 2.0
 
High 2.0 - 2.6
 
Severe 2.6
 

6. Fouling Factor, Rf = (base/acid ratio) (Na20 + 0.659 K20 in 

Low 0.2
 
Medium 0.2 - 0.5 
High 0.5 - 1.0
 
Severe. 1.0. 
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7- Ash burden u (v'Ash, dry basis) (1,000,000)
 
(100) (Heating value, BTU per pound, dry basis)
 

Low 5 lb/million BTU
 
High 25 lb/million BTU
 

8. Pounds SO2 per million BTU, as fired
 

(20,000) (percent sulfur, dry basis)

(Heating value, BTU per pound, dry basis)
 

9. Pounds So2 captured in fly ash, per million BTU
2+
 

=A64) .(ash burden, lbs/million BTU) (%MgO)+ (100 - %SO3) 
100 100 

+ ( 64 ) (ashmburden, lbs/million BTU) (%MgO) (100 - %SO3,
40.32 
 .00 00100
 

multiplied by 0.8 for dry-'bottom surfaces;
 

multiplied by 0.5 for slag-tap furnaces.
 

10. Pounds SO2 remaining in flue gas per million'BTU
 

(Pounds SO, per million BTU as fired): -(Pounds captured in
 
fly ash, p r million BTU)
 

NOTE: 
 The material in this appendix is summarized in part from

information in "External Deposits and Corrosion: 
 Boiler ai
Gas Turbines" by W.T. Reid, Elsevier Press, New York, 1971
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UTILIZACION DEL CARBON
 

EN LA INDUSTRIA DEL CEMENTO
 

INTRODUCCION !!
 

El: costo de la energla en general y de los.combustib!es en particular
expresados en moneda de valor constante, 
se ha cuadruplicado en los
Ultimos aios. Esto ha significado que en muchas industrias el. costo
de la energia involucrada 
en el proceso se ha transformado en un

factor de mucha importancia.
 

En algunos casos la energla ha Ilegado a 
ser del orden del40%. a1.50%
de los costos directos de producci6n.
 

A partir del embargo del petr6leo en 1973-1974, se inici6 en. los
palses desarrollados la preocupacibn 
de buscar en forma Intensa,
nuevas formas de producir energfa de manera de independizarse de .tan

necesarlo elemento.
 

Es un hecho indiscutible que esta preocupaci6n hoy dia 
no debe de ser
solo en los palses industrializados, dado que 
dentro del contexto
global de crecimiento de un pals en vias de desarrollo, estos aspectos
no pueden pasar inadvertidos y mAs aOn deberlan 
considerarse con
urgencia, con 
la finalidad de conseguir un 6ptimo aprovechamiento de
los recursos naturales y econ6micos disponibles.
 

De acuerdo con cifras proporcionadas por firmas resronsables, las
reservas probadas de petr6leo en 
el mundo permitirfan abastecerse al
actual ritmo de demanda solo por unos 34 aios m~s.
 

Una parte importante de la energfa es 
consumida en la industria, en
procesos que perfectamente podrfan emplearse otros tipos de combustibles o fuentes alternativas disponibles en abundancia.
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EL CARBON COMO ALTERNATIVA
 

El carb6n ha sido un combustible normalmente utilizado en la industria
 
del cemento, prueba de ello es que actualmente exiten en el mundo
 
numerosas instalaciones que lo utilizan como fuente de energia calorf
fica y otras que se encuentran preparadas para el uso alternativo o
 
combinado de carb6n y fuel-oil o gas.
 

Reparic16n porcentual de los combustibles en In 
Indusirla del cemento entre 1960 y1980 en 

Alemanla 
Cubn Gas Fuel 

1960 o % - 20 % 
1965 48 % - 52% 
1970 10% 15% 75% 
1973 3% 25% 72% 
1975 6% 22% 72% 
1977 10% 24% 66% 
198P 40% 10% 50% 

Las previsiones actuales son indieativas que hay necesidad de diversi
ficar fuentes energdticas imponibndose como solucibn una conversibn
 
de petr6leo a carb6n en la industria cementera.
 

CONVERSION DE PETROLEO A CARBON
 

Un estudio de factibilidad tOcnico-econ6mico deberla indicarnos 1a
 
rentabilidad del camblo, considerando la fuerte inversibn que requiere
 
la transformacibn y.los aspectos t~cnicos m~s importantes a conside-.1
 
rarse, tales como:
 

- Caracteristicas del carb6n a utilizar. 

- Innovaciones o nuevos equipos a montar. 

- Influencia del uso del carb6n eniel proceso. 
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CARACTERISTICAS DEL CARBON PARA LA INDUSTRIA DEL CEMENTO
 

SerA ,equisito primario que la fhbrica tenga una 
disponibilidad
segura de abastecimiento y de 
una exigente hbmogeneidad,.para evitar.
alteraclones constantes en la dosificacibn del crudo con los consiguientes problemas en la 
conducclbn del horno y modificacibn en la
calidad del clInquer.
 

Aunque no debe olvidarse que se han utilizado carbones muy variados
 
en la 
industria del cemento, es aconsejable que adem~s del grado de
homogeneizacibn citado, el carb6n 
cumpla con un cierto grado de

calidad.
 

ANALISIS DEL CARBON
 

Para 	clasificar los carbones se utilizan dos tipos de analisis:
 

a. 
El andlisis aproximado, que comprende la determinacibn cuanti
tativa de la humedad, vol~tiles, carbono y cenizas. Este

analisis sirve para la evaluacibn r~pida, orientativa, de un
 
un carb6n.
 

b. 	El nfilisis elemental, se emplea para el c~lculo exacto de
los procesos de combustion y comprende la determinacibn de
los siguientes componentes: 
 humedad, carbono, hidr6geno,

oxlgeno, azufre, nitr6geno.
 

Estos Oltimos son los componentes combustibles del carb6n.
 

Cuanto mayor es 
la proporcibn de estos componentes en el combustible,
tanto mo' elevado es el calor de combustibn.' Cuando se valora un
combustible Onicamente se tiene.en cuenta 
el carbono y el hidr6geno
 
que contlene.
 

HUMEDAD BRUTA
 

El concepto humedau .bruta nos 
indica la cantidad de agua fisica que
se ha adherido al grano de carb6n producto de su preparacibn, almace
namlento y/o transporte.
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Incide notablemente en el consumo energdtico de la instalacibn, ya
 
que se requieren como valor medio 1.500 kcal/kg. de agua evaporada.
 

El calor necesario para el secado puede provenir de un hogar auxiliar
 
o de los gases de escape del horno o del enfriador de parrilla.
 

Cuando se emplean molinos tubulares para su refinacibn una humedad
 
superior a 8% puede ser tolerada, a valcres mayores serA necesario un,
 
secado previo.
 

TRITURABILIDAD (Dureza)
 

Esta caracterfstica influye notablemente sobre la molturabilidad del
 
carb6n.
 

La dureza se expresa en !ndice Hardgrove siendo recomendable un
 
mfnimo de 5j, y como ideal 70. En Chile se operan carbones con
 
dureza 40-50 Hardgrove.
 

CALIBRE
 

La industria del carb6n ofrece por 1o general distintas bandas de
 
granulometrfas. La Industria del cemento obligada a consumirlo en
 
polvo puede aceptar valores como mAximo de 40 mm., lo aconsejable
 
entre 20 - 0 mm.
 

Como regla general, las bandas inferiores de granulometrlas son las
 
que se compran a menor precio/tonelada.
 

DISTRIBUCION GRANULOMETRICA USUAL EN CHILE,
 

EN LA INDUSTRIA DEL CEMENTO (%)
 

MALLA LOTA CORONEL 
% ParcT.----Acum. % Parcia-%TAcumul. 

30 mm. 0 - 0 0  0 
30 -10mm. 20 - 20 15 - 15 
10- 5 mm. 23 - 43 22 - 37 
5- mm. 40 - 83 44 -81 
-0 mm. 17 -100 19 100 
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PODERICALORIFICO
 

Por definici ,i, el 
poder calorIfico representaI-a Otenerala-aulibera durante la combustion.
 

El 'poder calorffico aumenta 
con: ej mayor grado.:,-de .carbiriIzacIJ6,1(edad del carbon), es decir, desde .turba ,pas'sndo por- Ii'qriitos 'IasLta
Iaantracita. " "
 

Naturslmente es deseable, si 
es posible, obtener un carbo.6'.ncon, -arlto.
poder calorifico. Una explotacibn econ6mica 
del hornO exig. un
carb6n con un poder calorifico aconsejable de 6.000 -.6.800,,kcal/kg.

(poder calorffico inferior).
 

Los carbones con poder calorifico bajo elevan el 
consumo especifico
de calor para Iacoccibn de clinquer y rebajan el caudal del horio.
 

'1600' 

1700 

1400
 

1500
 

7060 ftJO 5000 

Hu :kcal/kg caib6n 

'Consulno especilico de calur par@ I-cucci6 del rit.: 
ker y poder calorifla del caIl6i1 aplicadu. 
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COMPONENTES VOLATILES
 

Los carbones de formaciones geolbgicas ms j6venes contienen 'mayor

proporcibn de oxigeno, hidr6geno y nitr6geno que los,.-carbones de
 
edades geolbgicas mAs antiguas.
 

Durante la combustibn, esos elementos y sus combinaciones producen
 
mas componentes volbtiles que los carbones de formaciones mas
 
antiguas.
 

El contenido de voltiles ejerce una gran influencia sobre. la
 
longitud de llama en el horno.
 

Los carbones pulverizados que poseen altos volatiles cuando se
 
inyectan como polvo en el horno rotatorio, ya caliente tendrhn
 
tendencia a quemarse con llama corta, debido a que se descomponen a
 
gran velocidad.
 

Los carbones que contienen bajos voltiles se descumponen lentamente'
 
cuando se insuflan a horno en forma de polvo, dando lugar a quemarse.
 
con llama larga.
 

El contenido 6ptimo de componentes volatiles para carb6n pulveriz

oscila entre 18-22% sin alargamiento de la llama respecto al uso de
 
fuel-oil, no obstante con una molienda adecuadamente fina es posible

utilizar provechosamente en el horno rotatorio carbones de hasta un
 
10%. Sobre el Ilmite de 22% pueden producirse problemas de combus
tibn esponthnea en el acopio, en las instalaciones de molienda y en
 
el almacenamiento de carb6n en polvo.
 

En la actualidad se han desarrollado sistemas de inertizaci~n,

fluidificacibn y protecci6n contra incendios mediante la utilizacion 
del anhidrido carb6nico (CO ) en sus estados gaseoso y liquido. 

CONTENIDO DE CENIZAS
 

Representa el residuo mineral de la combustibn del': 'arb6n',formado

principalmente por silicatos y aluminatos que intrOducen alteracio- -_
 
nes en la homogeneizacibn tan deseada del" crudoi alimentado enl. 
horno6
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Los componentes no deseados en el combustible carb6n son 
las cenizas
 
y la humedad, a las cuales se les llama componentes inertes. En el
 proceso de coccibn el clInquer absorbe casi totalmente las cenizas,

siendo un pequeflo aporte en cantidad al material producido.
 

En caso de presencia alta de cenizas hay que corregir consecuente
mente el diseio del crudo, es decir el standard de cal, elevbndolo
 
para obtener el grado de saturacibn correcto que permita neutralizar
 
su presencia hcida en el sistema.
 

ANALISIS DE CENIZAS
 

CARBONES CHILENOS USADOS EN CEMENTO (%)'
 

LOTA CORONEL COCAR
 

Si02 49.00 44.00 42.00
 

All 01 27.00 22.00 23.00. 

Fe' 10.00 20.0 6.00 

CaO 6.0 4.00 13.00 

gO 0.80 0.90 2.00' 

SO3 4.40 4.00 
 .7.00
 

TQ de fusi6n 1.350- 1.350130 

9C7O 



AZUFRE
 

El azufre en el carb6n se presenta por lo general como sOlfuro
 
(pirita, galena, calcopirita, etc.). Durante la combustion del
 
carb6n se transforma el contenido azufre en S6 de alta oxidacibn.
 
El dioxido de azufre a su vez reacciona con los 6xidos alcalinos
 
del crudo y/o propios del carb6n y el oxigeno del ambiente, formando
 
sulfatos alcalinos.
 

En el horno puede formarse lo que se llama el ciclo de azufre, es
decir, el SO y/o SO' liberado de la zona caliente del horno se 
condensa de nuevo en las zonas m6s frias del mismo y vuelve a la 
zona de fuego. 

Despu~s de haberse formado los sulfatos alcalinos y debido a la
 
escasa volatilizacibn de los sulfatos, se incorporan una gran parte

al clInquer y as! saliendo del horno. Observado el fen6meno, en
 
caso de altos contenidos de alcalis en el proceso y bajos contenidos
 
de azufre, puede ser ventajoso llevar intencionalmente el contenido
 
de azufre en el crudo y/o combustible, para que los Slcalis se unan
 
al clInquer como sulfatos.
 

En esta forma un ciclo de Slcali alto en el horno podria ser maneja
do convenientemente.
 

Con.todo lo dicho, se deberS cuidar que la circulacibn de azufre no
 
aumente demasiado, ya que al fin tendra influencia en la'estabilidad
 
de marcha del horno, de la calidad del clInquer y sobre la duracibn
 
del revestimiento refractario.
 

Valores entre 1.5 a 1.8% sobre muestra seca pueden ser tolerables.
 

En los carbones chilenos para cemento se toleran valores entre 1.5
 
a 2.0%.
 



TEMPERATURA DE IGNICION DEL CARBON
 

Se define como temperatura de ignicibn, la superficial de un combustible 
para la cual Ia reaccibn de combustibn discurre con tal
velocidad que da 
 lugar a una combustibn ininterrumpida. Para
alcanzar la temperatura de igniclbn es menester cierto intervalo de
tiempo, el detiempo ignicibn. Este es el tiempo requerid)Ilevar la superficie del combustible a la temperatura 
pora

de ignicibri;estS determinado por el gr6diente de temperatura y por las condiciones de transmisibn del calor. 
 De aquf 
se deduce que ]a temperatura
de ignicibrn est6 superficialmente condicionada; como la superficiedel combustible depende del tamaho de 
sus particulas se obtiene que
aquella depende del 
tamao de las particulas, por 1o tanto, de lafinura de molienda del carb6n. 

En ]a figura siguiente se representa la dependencia de la temperatura de ignicion en funcibn de la finura de molienda del carb6ri. Loslimites superiores valen para las antracitas; los inferioreslos carbones con alto contenido de volatilpq. 
para 

OC 
600 

:0 

E 2o 

g0 9u0 6 ,iu1cm 2 

Nr.0.2 0.09 0.08 0.063 DIN 
Nr.70 170 ZOO 230 ASITM 

Telnperatura de ignIC16Ja Paraiel olvn ie eamrhA. 
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En el diagrama se aprecia que la temperatura delgnicibn del polvo

del carb6n esta situada entre 200 y 5500 C. AdemSs, puede observa
se que la finura de molienda es de mayor influencia que7el contenido
 
de voltiles.
 

TRANSMISION DEL CALOR EN LA LLAMA DEL POLVO.DE CARBON
 

Los gases calientes de la 
llama ceden calor a su entorno de modo.

preponderante por radiacibn y solo 
una pequefla parte porcontacto

inmediato con el material que estA reaccionando, es decir por

conveccibn.
 

El horno rotatorio esta 
Ileno de material en una pequefia fraccibn
 
de su volumen (aprox. el 13%); por consiguiente, la mayor parte del

calor se cede al revestimiento refractario del 
horno y una reducida
 
fraccibn al material directamente.
 

La mayor parte de la transmisibn de calor se realiza por radiacibn.
 

Las fracciones activas la
a efectos de radiaclbn en la llama de
 
polvo de carb6n son:
 

2
 

a) El contenido de CO en los gases de la llama.
 
b) El contenido en K 0 en los gases de la llama.
 
c) El contenido de polvo en suspensibn en los
 

gases de la llama.
 

Para favorecer, entonces, la transmisibn de calor por los gases en.
 
la zona de sinterizacibn, se requiere:
 

1) Elevacibn de Iatemperatura de la llama.
 
2) Elevacibn de la concentracibn de CO- ydelH'0.
 
3) Llevar al mAximo.el difmetro-del horno..
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COMBUSTION
 

El polvo de carb6n serS insuflado dentro del horno mediante'el]aire
primarto aportado unpor ventilador. El flujo y la velocidad deeste aire primarlo son los factores mds importantes para determinar 
la forma de la llama 

Su longitud depende de los siguientes factores:
 

a) Bondad de la mezcla de combustible, aire priarlo y 

medios de oxidacibn.
 

b) Grado de calentamiento. 

c) Capacidad de reaccibn del combustible.
 

d) Finura de molienda del carb6n.
 

Como regla general puede cebirse al siguiente criterio:
 

Cuanto m~s 
antiguo es el carb6n (edad geolbgica), m~s alto es el
peso especifico y el poder calorffico, pero
en mas bajo el contenidocomponerntes volatiles. Si se quiereposible, hay que moler el carb6n 
una llama lo mws corLa

tanto m~s fino, cuanto rn~s escasosea el contenido en componentes volatiles.
 

30. 
NIVEL DEL 

- AIRE PRIMARIO 

0% 

Jo' 

uZ N. 
'' I 

is0 30 60' *90
VELOCIDAD AIRE PRIMARIO(WS). 

i k L.kWeb i I4.d 90W dt Oit r'1
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QUEMADOR 0 MECHERO
 

Los factores antes indicados' son.deteminantes."para, 1aelecci6n de
 
una forma y medidas :abopiadas Darauniauemador.ioniecherd id6rieo.
 

Un equipo decombustibn a carb6n debe tenerun quemador ,que:permi.ta:
 

a) Regular la forma y longitud de la llama. 

b) -Permitir regular la penetracibn en el horno.
 

c) Dirigir la llama en la direccibn deseada.," 

d) Permitir regular la temperatura del aire primario,; 
mejorar el rendimiento global. 

para 

e) Pemitir el uso mixto (dual) de carb6n y fuel-oi
con regulacibn de 0 - 100Q de la mezcla. 

l, 

f) Camblar de combustible sin ningOn desmontaje de la tobra. 

CUEMADOR SIMPLE 

QUEMADOR DUAL 
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---- ---------------

PROCESO DE SECADO DEL CARBON
 

Con este proceso se inicia I preparaci6n de.1 0.bftwn Da ra:'! rr dtiri ri nal estado de polvo.
 

Para carbones con humedad superi or 
al '12% 'se-usan -a ,iay ro.e"Ia.,veces secadores asde tambor rotativos, ,::sliuiiares, 'a- In.,J t 0'p':,i.iigionusarse para las materias primas.-

Son de diseno y manejo simple,,-acopjaao 'aunv -hoir ir.'n.opuede quemar carb6n.
 

SECAOOR 
 OE CARBON 

* _- I - -. ' - f ! , -

RENDIMIENTO 7la I0 T n./H 

-WMAW- Of CUJBS tONA 
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En este disei~o de secador el carb6n a secar no estS en contacto con 
la llama del hogar, ya que el tambor central conduce los gases calien
tes y por el tambor externo conc~ntrico al primero circula el carb6n.
 
Solo al retorno de los gases se justan con el carb6n avanzando cada
 

uno a contra corriente hasta abandonar el secador, o sea el aire 
caliente recorre dos veces el largo del tambor.
 

El carb6n seco se descarga a un sistema de transporte (sin fin), para
 
llevarlo hasta Ia tolva del molino.
 

La temperatura de los gases que abandonan el.sector., debe ser,,. aproxi, . 
madamente 120 C y la del carb6n Y CR." 6ara , evitarno. m6s ,':de',70' la . 
inflamacibn de 6ste.
 

Los secadores son le diseo antiguo pero .bastante til.es, permltienc-o 
secar el carb6n en forma toiLalmente separada deirocesode molienda., 

SECADOR COMBINADO CON MOLIENDA
 

Existen equlpos en que el secado se efectOa dentro del molino tubular
 
CGn la ayuda de una corriente de gases calientes suministrados por un
 
hogar auxiliar, o el calor residual de los enfriadores de parrilla.
 

Hoy se ofrecen molinos tubulares para carbones con alta humedad
 
(12%), en que la primera c~mara del molipo es un secador tubular, con
 
paletas de levante para provocar un permanente movimiento de cascada
 
del carb6n a fin de ser penetrado por la corriente de gases que
 
proviene de un hogar auxiliar. 
tabique a una especial segunda 

El carb6n seco pasa 
cAmara que trabaja 

a trav6s de 
como seccibn 

ur, 
de 

trituracibn, la que entrega el carb6n semi molido a travs de un 
segundo tabique, a una tercera cmara que trabaja como refinadora.
 

IoULNO SECADOR TIPO TIRAX 
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Estos molinos secadores son, 
PCII ,Uy ,1rlid, ue arrastre o barrido
 
mpor 'aire,(sstema Tirax)..
 

La temperatura de los gases calientes qe se i
 

clones de molienda-secado de c eb , %l:'m.--.- m n 


350-400 C.
 

La humedad del carb6n a 
moler tiene gran influencia sobre el rendimiento del molino. Con incremento de humedad de 1%al 3%, el rendimiento del 
molino desciende en aproximadamente 40%, 
con un -aumento
simult6neo del consumo 
de energfa del orden del 
 10% para una misma
granulometrfa.
 

uU 

I "S 

Uirtmitdegtl dil d |quw.,tewlo|91l,uMlilog l ti.: 
ptellk' do WuiSl, l,.d. do laan l,Ieded del ICU. 

La humedad residual del carb6n :a 
 I1a ;saItida ::del :!molino -debe ser aproximadamente de un valor entre 1'
a"1,5%; -,, hr h ...favorece ]a'combustibn.
 



SECADO NATURAL 

Bajo 	ciertas condiciones climAticas especiales, que se presentan en
 
,onas des~rticas, la ausencia de lluvios y la energla solar mAs la 
e6lica, pueden ayudar en forma muy econ6mica a secar el carb6n 
desde humedades altas (12%), hasta valores de 2%, en un plazo 
razonable.
 

En la fabrica de Antofagasta se ocupa en acopio una superficie de 
unos diez mil metros cuadrados para almacenar hasta unas diez mil
 
toneladas de carb6n, distribuidas en cuatro pilas, ubicadas a buena
 
distancia una de otra, a fin de tener acceso c6modo a ellas.
 

Cada pila deberS tener no mAs de 2,5 m. de altura y el carb6n 'se. 
compacta pisandolo con la ayuda de una mquina pesada (cargadar 
frontal, por ejemplo), para evitar autocombustibn. 

La altura de cada pila estara en funcibn inversa -al porcentajede 
contenidos voltiles del carb6n. A valores altos,.A.de.:vol&tiles .ia 
pila debe tener una altura muy reducida. 

En nuestro caso, el carb6n posee 35-40% delvolatiles, en la prhctica
 
con 2,5-m. de altura del acopio hemos tenido-.xito..
 

Existen fabricas donde es menester controlar peri6dicamente la
 
temperatura del material apilado, lo que se logra introduciendo un
 
term6metro unos cincuenta centfmetros cada tres a cuatro metros de
 
separacibn entre punto y punto.
 

En nuestro caso no hemos necesitado esta precaucibn.
 

Para 	este tipo de acopio valen dos recomendaciones:
 

1). 	 Evitar se boten basuras junto al carb6n almacenado, tales
 
como papeles, cartones, maderas, huaipe, restos de lubri
cantes, etc.
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2) 	Entre una partida de carb6n y otra, siempre

se deberh usar Iam~s antigua.
 
Esta rotacl6n del stock evitar6 resecar elcarb6n y.,

'por lo tanto, posibles incendlos.
 

En climas lluviosos sera preferible tener stock
 
c.conveniente acoplado 
en canchas baiotBhn.
 

.IIWlENDADE-I CARBON
 

TWi OS DE: MOLINOS
 

En funcibn del tipo de construccin o diseflo, 
se conocen principalmente dos tipos de molinos:
 

- Molinos horizontales, 

- Molinos verticales. 

En la Industria cementera chilena 
se 
usan 	solo molinos horizontales,
por la sencillez de su manejo y por lasimilitud con
harina cruda y/o 	 los molinos de
cemento. La 
tcnlca de mantenimiento tambibn 
es
.conocida por aflos por el personal.
 

La industria de la 
cal y de generacin de vapor suele preferir. los
molinos verticales por las razones sinldentes:
 

- Menor disponlbilldad de espacio.
 
- La nverslbn global es mas reducida.
 
- Menor nivel de ruido.
 
- Menor consumo de energla elbctrica.K
 
- Pueden Drqcesar carbones con
 

mayor grado de humedad.
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TECNICAS DE MOLIENDA
 

En cuanto a la compatibilidad de operar entre el horno rotatorio y

el molino de carbbn, existen fundamentalmente, distintos sistemas de;
 
operacibn:
 

- Sistema directo. 

- Sistema semi-directo. 

- Sistema indirecto. 

SISTEMA DIRECTO
 

El molino trabaja conjuntamente con el horno rotatorlo y se aJusta6a
 
sus demandas, usa gases calientes del enfriador de parrillao1de un
 
hogar auxiliar.
 

,IA.3RAMA DE FLUJO PLANIA DE CARBON 

' 
...... -=",,-'r
-L 


INSTALACJON b4OLINO 

HORIZONAL DIRECTO, 

El aire de arrastre 'es el propio aire primarioide.combustibn yel,

secado y molienda se realiza simultaneamente. ..
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Las ventajas.principales del slstema directo son:
 

::Manejo.muy simple.
 
Menor InversiOn de ]a planta (40%).
 
'No hay riesgos de exploslbn por no necesitarden itn
 
para amacenar carb6n pulverizado.
 

Planta limpia.
 

DESVENTAJAS
 

- Dependencia del ....... U ,,,
11, ue -u ino.;
 
- Dificultad para ajustar la cantidad de: aire primario.
 

Inyecclbn del horno del vapor de agua de laiumedad::'
 
del carb6n.
 

En nuestra 
planta de Antofagasta

razones de 

hemos pr'eerao este sistema7por
seguridad, evitando 
las posibles. ,,-Plosio 
 nes, que
usamos un carb6n de alto contenido de volatiles. 
 Un separador
estotlco completa Ia instalacibn. .
 

SISTEMA SEMI-DIRECTO
 

Este sistema fue desarrollado para evitar las desventajas del sistema
 
directo, manteniendo la seguridad y el bajo costo de inversibn.
 

INSIALACION MOLINO HOfIZONAL SISIEMA SEMIDIRECIO 

IN 
,.A [we. IUP. M 
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Este sistema difiere del directo en que posee dos ventiladores, uno
 
que trabaja para el molino y el segundo que impulsa el aire primario.
 
El primer ventilador alimenta al segundo.
 

El ventilador de tiro del molino arrastra el polvo de carb6n y los
 
gases y los conduce a trav~s de un separador estAtico, donde se
 
rechaza el material grueso, saliendo el fino y los gases en direccibn
 
a un ciclbn, lugar donde el fino es retirado del circuito de gases,

cayendo por gravedad a la tolva de acopio. Los gases impulsados por
 
el mismo ventilador se convierten en la alimentaci6n principal del
 
ventilador de aire primario del horno.
 

El polvo de carb3n acumulado en la tolva alimenta a la corriente de
 
aire primario una vez controlado por un dosificador, para luego ser
 
impulsado por el quemador al interior del horno.
 

Este sistema semi-directo lo usa una f~brica de cemento en Chile
 
desde hace 24 aflos, sin mayores problemas.
 

VENTAJAS PRINCIPALES DEL SISTEMA SEMI-DIRECTO
 

- Independencia relativa del horno con el molino..,
 
-
- Ambos ventiladores mantienen un equilibrio eptr6 el
rn e 'rdr
 

y el material circulante.
 

- No obliga a trabajar con exceso de ailre primarlo. 

DESVENTAJAS
 

- Inyeccibn al horno del vapor de agua de la humedad del
 
en proceso.
 

- Obliga, la operacibn del molino a la marcha del venti
lador de aire primario, con lo cual no se puede moler
 
a horno detenido so pena de enfriarlo.
 

Esta situacibn se hace mas crftica en perfodos de in-. 
vierno en que el carb6n estA demasiado hOmedo ( 12%). 
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SISTEMA INDIRECTO (Planta centralizada)_;
 

En este sistema el molino'.trabaja en frma totalnntp IrnndP Icionf
del horno.
 

El rendimiento del molino :es sustancia mente mayor qu'e 
el on 'du
,
carb6n en el horno.
 

Por ello se dispone entre el harno y el molino.del:c.r6n un deo6_
sito para carb6n pulverizado.
 

Es el sistema 
ideal para f6bricas .en que-funcionan varios hornos'n
forma simult6nea a distancla.
 

El o los dep6sitos para acopio ut puivu ue caroon son de una capaci-"
dad tal que, dan al horno una autonomia de marcha que puede alcanzar
 
varias horas.
 

: - NOM120:.AL . . 

I~mldk~wp dt
 

- .pb, 
 6. .
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Esta planta tiene solo el ventilador de arrastre de polvos y gases
del molino, pas6ndolas por el separador est~tico, los finos y los 
gases Ilegan al ciclbn donde los finos se separan de los gases y 
caen a la tolva de acopio; los gases son descargados a (infiltro que
puede ser de mangas o electrostAtico. , donde se precipitan las 
particulas m6s finas y escapan limpios los gases junto al vapor de 
agua.
 

VENTAJAS DEL SISTEMA INDIRECTO
 

- Independencia muy holgada del molino con el horno,
 
- Regulacibn exquisita del aire primario libre de
 

vapor de agua.
 
- Puede trabajar estando el horno detenido.
 

- Un molino puede alimentar a varios hornos'en
 
forma rotativa.
 

DESVENTAJAS
 

Mayor inversion.
 

- R gurosas medidas de segu'ridad cuando seiopera con
 
carbones altos en VolHtiles, por.pelgros de explosi6n
 

Dependencia total de lanimarcha del filtro electrostatico.
 

La finura aconsejable del carb6n a la salida del molino estarA en
 
relacibn indirecta con el contenido de componentes volbtiles.
 

Es decir, a valores bajos de volbtiles deberA aumentarse 1a flnura,
 
a fin de tener un tiempo relativamente corto de combustibn de la
 
particula de carb6n.
 

La finura del carb6n a la salda:delFmolinb, usada: en Chile,, esde
 
8-16% retenido en el tamiz:170.
 



Control 
debe 	ejercerse sobre este valor en consideracibn que una
refinaci6n excesiva innecesaria aumentara el costo 
por 	consumo do
energfa el]ctrica/tonelada de carb6n, produciendo adem~s 
una 	llama
demasiado corta que significara una zona de sinterizaci6n con una
 
carga 	tdrmica muy concentrada.
 

COMO 	PLANTEARSE LA CONVERSION DE PETROLEO A CARBON
 

La conversibn de petr6leo 
a carb6n por razones econ6micas' deberS1
 
ser analizada a lo menos, bajo los siguientes aspectos:-.. '
 

1.-	 CAlculo comparativo del valor de~la calorfa entre
 

el petr6leo y el carb6n.
 

2.-	 Disponibilidad fluida de un abastecimiento de'acrb6n,
 

3.-	 Calidad y homogeneidad del carb6n ofrecido.
 

4.-	 Estudio de ingenierla conceptual sobre los equipos

necesarios e innovaciones a realizar en la fbrica.
 

5.-	 Estudios comparativos de las ofertas por equipos,
 
en funci6n del diseo y compatibilidad cona.Ios
 
equipos existentes.
 

6.-	 Alternativas:
 

6.1 	 Con equipos nuevos ofrecidos por elfabricante
 

del horno.
 
6.2 	Con equipos nuevos ofrecidos Dor otros fahril
 

cantes.
 
6.3 	Con equipos de segundo uso existentes en eil
 

extranjero o en el propio pars.
 

6.4 	Con cquipos de segundo uso existentesen la 
propii f6brica. 

7.. 	 Asesor!a Tcnica.
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8.- Repercusiones del uso del carb6n en el proceso y 

en la calidad del producto terminado. 

9.- Toma de decisibn. 

10.- Plazos - contrato por equipos y contrato por 
abastecimiento de carb6n, comprometiendo ga
rantlas.
 

.11.- ;Resultados.
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RESULTADOS CASO INACESA
 

(Para un horno de 420 t/dla).
 

CARACTERISTICAS DE LA PLANTA DE CARBON
 

iRendimiento (t/h) 2118P 

Consumo espectfico de energla 40 
(kwh/t.) 

Finura del carb6n molido 18 
M-170 (%). 

Humedades,: (%). 

Recepcibn fAbrica 6 10 

Entrada'a molino 2,0 

P~rdida en.cancha 4 8 
Factor de marcha del molino (%). 99 

Factor de marcha del horno (%) 97 

La operacibn no necesit6 mas personal que eI,.-."asignado.

al horno cuando us6 petr6leo."
 

Ausencla total de explosiones.
 
Planta ordenada y totalmente limpia.
 

La inversion se pag6 en 12 meses.
 
El sistema dual nos permite volver a..
 
a la opcibn petr6leo en forma ocasio

nal y/o permanente.
 

-Quemador dual, telesc6pico.
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RESULTADOS ECONOMICOS
 

)ELA CONVERSION PETROLEO A CARBON
 

N HORNO Y GENERACIOd TERMO-ELECTRICA
 

ALTERNATIVA PETROLEO CARBON
 

COSTO DIRECTO/ton. cemento 701 40% 

INVERSION 1 :' 

AMORTIZACION 
 1 aflo 

GENERACION TERMO-ELECTRICA 47% ;30% 

389
 



ANEXO 1 
CAiACTERISTICAS DE ALGUNOS CAIIOIJES CIIILEI1OS 

U sados en laIndustria del Cemen.to 

ENACAR 
 SCHWAGER 
 COCAR
 
TIP0 DE CARBON 
 CTN CTE 
 CTN CTE 
 PECKET
 
ANALISIS INMEDIATO,.(%)
 

- luledad Mlgrosc6plca 1-3 1,5-3 

- Humedad superficial 1 6-1o 1,52,5 13-186-7 6-7--1
" Cenizas base seca 
 L5-17 12-14 16-1
" Vol~tlles base U-I 14-23
seca 
 40-42 
 38-43
- Azufre base seca 1-5 

33-38 40-44 33r37
1,5-2,5 
 1,0-2,0
 

PODER CALORIFICO (Kcal/kg)
 

- Superior 
 base seca 
 6650-6850 
6950-71o
- Superior corno 7040-7550,recibido .
" 6250-6500 
5900-6300 
 - 4200 

INDICE DUREZAIIARDGROVE*0-50 40-45 
 45-60 
 40-50
 

ANALISIS CENiZAS
 

Fusibilidad en atm. ox, ('C)

Punto deformacl6n InIclal 
 1100-1250 
 1080-1200 
 1210-1300 
 1250-1320
Punto fusl6n 1177-1356
1300-1450 
 1300-1480
Punto fluldez 1330-1370 1270-1340 1290-1400
1400-1500 
 1350-1500 
 1360-1410 
 1280-1350 
 1310-1410
 

" Anfllsis qumIlco, ( )
 
S02 493 42,7 440 38,0 418
 
A12 27,0 28,5
TI023 22,0 10,0 
 23,11
 
Fe203 1, 1,0 0,I 1,2
10,2 17,0
CO 20,0 28,0 
 6,o
58 3,6 3,8 5,0 
 12,5
 
0 (18 0 2
S 03 4,4 37 0 9 0,8 2,24,0
1<20 + Na2O 6,0 714
+,4 3,2 1,8 1,4 
 2,9
 

ANALISIS ELEMENTAL, (.
 
Carbono 
 65-69 78,-82 59-65
Hldr6geno 69-77 58-62
 
Oxirgeno 

5-6 6-7 4,3-4,g 5,1-5,9 4,1-4,6
7,5"9,5
Nltr6geno 9-11 . 4,1-5,3 3,7-7,6
O,8-I, 16-19

Azufre 0:4-3,3 

1-2 09-1 0,9-1,8 0,7-0,0
051-4 2,7-3,7 I,8-3,O 
 0,1-0,8 

GRANULOMETRIA
 

Tamamo nomlnal (.,) 0-20 
 !'20 -1 0-19
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PLANTA DE CARBOII 
AREA COTA Q.00 = 18'il.X 1231 216f, 
AREA COTA + 4,25"1 = 8412 

AREA CWTA + 6,5511 = 8,511 X 4i,= 3/1,1 

~ 7.11,dd,.~ ~ ~ .7C-, 21 X, 

.
/
JJl 

'"w 


J-/
" 

0.0L.
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ANEXO 	3
 

CUIDADOS Y RECOMENDACIONES PARA
 
.EL MANEJO, PREPARACION Y USO
 

DEL CARBON EN POLVO
 

PREPARACION DEL 
POLVO DE CARBON,
 

La preparaci6n del c arbn para reduc irlo ,1:estado:de
pol'vo, exige medidas partfcu 

al 


evitar explosiones.rr
 

La explosion se origi na p-or Ia con cur rencla a treSreS 
con'diclones slaulantpI 

o.oncentrac1on de polvo de. carb6n . e- ' n e are den 
tro,, d:e,-,los IMtes rde" ex os on. 

2.	 3 EXis tenc Ia de Ia f racc~i6n suficien. et de ox'rg en o en
 
I:1a(. mezcla de .gases presente.
 

3. 	 Ex Is tenc i a de rs Uf i Cl'en t.er, e ne rgia t6rmca para dar 
* uaar ala AlnCinn 

P~ra impedir te6ricamente'la explosi6n de polvo de car

b6n," basta. con que se anule una de las tres 
condIciones.
En la prgctrca sin embargo, es aceptable que se-elii mi 
nen dos y si fuera posible las tres condiciones,,., 

CONCENTRACION DEL POLVO DE 
CARBON
 

Para los carbones minerales el intervalo de explosi6n
'est situado entre 150 g. (TImite inferior) hasta apro
xlmadamente 1500 g. de carb6n (ITmite superior de explo.
si6n) por m3N de aire. Estos Irmites de concentrac onpueden variar seg'n el contenido de volatiles y la finu
 
ra del carb6n. Esta debe corresponder a un residuo'
del 10 al 15 % al tamiz de 4900 mallas/cm2 (luz.de

0,088 mm.)
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El Intervalo de concentraci6n por debajo del Ilmite in
feriorde explosi6n varfa entre 0 - 150 g/m3N que es 
bastante :corto. Por consigulente este intervalo, no 
puede utilizarse en la preparaci6n de carb6n, puesto, 
que para elo se necesitan grandes cantidades de gases. 

Tambifn se habrS de evitar el trabajo con una concentra 
ci6n de polvo de carb6n que caiga dentro de los ltmite" 
de explosi6n, es decir, entre los 150 y 1500 g/m3N, in
cluso en ausencia de los otros dos factores. La con 
centraci6n de polvo de carb6n por encima del irmite su
perior de concentraci6n para explosi6n es la Gnica zona 
en que se puede trabajar en las instalaciones de toolien
 
da-secado de carb6n. 

OXIGENO EN LA MEZCLA DE GASES
 

El contenido de oxlgeno, en el sistema de molienda-seca 
do debe alcanzar, a lo sumo, el 14 'Para conseguir
lo se aprovecha la recirculaci6n de una parte de los ga 
ses residuales para disminuir el contenido de ox~geno. 

A veces el contenido de oxrgeno puede dar lugar a situa
 
clones peligrosas al poner en marcha )as instalaciones
 
de preparaci6n. Rebajando el contenido de oxrgeno se
 
eleva el itmite inferior de explosl6n y se rebaja el It
 
mite superior, con ello el intervalo entre ambos se ha
ce sustancialmente m9s corto. Con esas medidas tam 
bifn se eleva )a temperatura de inflamabilidad de ia 
mezcla de gases. 

ENERGIA TERMICA SUFICIENTE'
 

La energta tfrmica necesaria para que se inicie una ex-!
 
plosi6n puede ser originada por , : 

a. 	 Autoencendido del carb6n.
 
b. 	 Sobrecalentamlento local del carbon, debido a ga 

ses de secado excesivamente calientes. ' 
c. 	 Por sobrecalentamiento de elementos de las miquinas 

que intervienen. 
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ALMACENAMIENTO DEL CARBON EN 
CANCHA
 

La capacidad mtnima aconsejable en los parques de alma
cenamlento de carb6n es ]a equivalente a dos meses del
 
consumo en fabrica. Naturalmente, esto sera dificil
 
de conseguir en algunas Instalaciones, por lo que se ve 
r~n obligadas a recurrir al fuel-oil como
o gas combus
tibles de ante
reserva una eventualidad en el suininis 
-
tro de carb6n.
 

El mayor riesgo que presenta el parque se deriva de la 
posible combusti6n espontanea del carb6n. Adem's de
 
este fen6meno, en el carb6n almacenado tienen lugar los
 
siguientes: aumento de peso, de contenido de oxdgeno y

de su temperatura de ignici6n y disminuci6n en el conte 
nido de hidr6geno, en el poder calorr'fico y en el tamafio 
medio de la granulometrIa. 

Las causas que producen todos estos problemas se pueden
reducir a dos: las por lareacciones provocadas oxida 
c16n del carb6n y los efectos de )a humedad. 

Un trozo de carb6n expuesto al aire se combina con el

oxTgeno a una 
velocidad inedible. De esta "combust16nil
 
a baja temperatura resultan los 
mtsmos productos que de
 
una combusti6n ordinaria (anhrdrido carb6nico, 6xido de
 
carbono y vapor de agua). 

La 
diferencia entre ambas combustiones estriba en que 
a
 
bajas temperaturas la velocidad de combusti6n sera me 
nor y adem~s aproximadamente la mitad del oxrgeno perma
 
nece unido a la mol~cula del carb6n, lo que origina 
un
aumento de peso.
 

La velocidad de oxidaci6n aumenta 
con la temperatura.
Ademas, se ve Influenciada por el tamafio de las partrcu
)as expuestas a la misma y por )a concentrac16n del oxi
 
geno. 
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Estos fen6menos van acompaiados de calor Io que hace au
 
mentar la temperatura y con ello la velocidad de oxide
 
ci6n. Se trata por tanto de un proceso en cadena que"
 
puede terminar en Ia autoignicI6n.
 

T EMPERATURAS 

- 400oC 

300* C 

-5
 

• TIEMPOS 

Zona 1:. - Absorci6n de oxigeno. 
2.- Zona peligrosa entre esos Irmites indicada 

por la elevaci6n rapida de la temperatura. 
3. - Desprendimiento notable de CO y C02. 
.. - R~pida elevaci6n de temperatura. 
5. - Se inicla el proceso.
 
6. - Se veriflca el encendido. 

Para que el autoencendido tenga lugar es preciso que la
 
velocidad de calentamlento prevalezca sobre la de enfria
 
mlento.
 

La temperatura a Ia que se puede producir la combusti6in
 
espont;nea se sltda en el entorno de 70 -'80 0C.
 

Debe tenerse en cuenta que un carb6n con gran cantidad
 
de tamanlos gruesos facilita el acceso de aire atmosfe'ri
 
co en el interior y por el contrario s-'el ndmero de fil
 
nos es muy elevado aumenta la react ividad del carb6n cap
 
tando'oxtgeno de la atm6sfera yformando gases.
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El apilamlento en Spocas o zonas 
geogr~ficas con tempe
raturas elevadas, 
en donde el calor acumulado en las
 
partes bajas de la pila puede ser otra 
causa de Incen 
dio. Para evitarlo, debe disponerse el carb6n ton 
 su 
menor superficle dirigida hacia la 
direcci6n del viento
 
p re dom inante. 

El efecto de superficle de contacto elevada tlene lugar
tambien cuando existen "chfmeneas" ocanales en las pi
las de carb6n, por ]as 
 que clrcula m~s intensamente el
 
alre. 
 Ademas de los tamafios gruesos este fen6meno pue

de ser debido a las impurezas del carb6n (trozos de ma
dera y/o grandes pledras).
 

Las conclusiones y recomendaciones de 
muchos autores,
 
para evitar la combusti6n de carbones 
son las siguien 
tes 

El suelo sobre el que descansan las pilas debe es
tar bien nivelado, ser firme, 
no tener grietas y
 
estar bien drenado. 

Cuanto menor sea la alturade las pilas tanto me 

nor es el peligro de combusti6n ya que el calor se
 
disipa m~s f5cilmente, el carb6n no tiene tanta
 
tendencla a deshacerse en tamahIos menores y es m~s
 
f~cil evitar o retirar los focos de calentamlento.
 

Debe evitarse la separacl6n natural por tamaflos por. 
que en las zonas de tamafios mas gruesos se forman 
chimeneas que establecen "tiros" de aire en las pi. 
]as.
 

- Preferiblemente el carb6n no debe apilarse durante
 
'un tiempo muy caluroso, ya que muchos incendios pro

ceden de este hecho. 

- Los carbones de distintas p rocedenc-las deben apilar 
se sepa radamente. 

- Una carga de carb6n 'demasiado h medo no debe apllar" 
se con otro mgssec... .- . 
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Es muy Importante la observaci6n peri6dica de las
 
piles de carb6n, maxime cuando exista peligro de
 
incendlo, con term6metros introducidos en:.eI mon
 
t6n con separaciones de 3 6 I metros.
 

La existencia de un foco con temperatura superior
 
a 60 *C debe ser motivo para aislarle. :Espeli
 
groso usar un riego de agua.
 

Procurar el libre acceso por todos los lados: del
 
almacdn, de forma que, en caso de Incend 1, pueda
 
entrarse a ccmbatIr el fuego.
 

El apisonado con tongadas de poca altura:que evite
 
el paso del aire a trav~s del carb6n se a prob
do como 
 L
remedlo muy eficaz para evIfa'r:aaI utnenm
bustl6n.
 

-- ~Debe tenerse en cuenta lo"y indicado, de queel
 

contenido de vol~tiles no es aconselable ci ue sobre 
pase el 22 ;. 

.En el caso de dlmacenar grandes cantidades de carb6n en
 
fibrlca, se dispondr; como precaucl6n ante el autoence-n
 
dido, dividir las existenclas en dos almacenes : un al
mac6n destinado a un largo pertodo y un almac6n pequefio
 
para consumo.
 

En el. almac6n a largo plazo se tendrS en cuenta ]as re
 
comendaclones anterlormente citadas, y.adem s debe pen

•sarse 	que por regla general un Incendlo se.produce an 
tes, de los dos primeros meses de almacenamiento. 
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PHUU@J1u1A Illl10lNIOI 

COAL PRODUCTION
 

CObALPRODUCTION IN PERU HAS BEEN VERY IRREGULAR DURING
 
THIS CENTURY AND THIS CAN BE ATTRIBUTED TO THE RELATIVELY
 
SMALL LOCAL DEMAND.
 

THE MAIN LOCAL CONSUMERS HAVE TRADITIONALLY BEEN TWO
 
STATE-OWNED COMPANIES: CENTROMIN PERU FOR ITS SMELTER
 
AT LA OROYA AND 
SIDER PERU FOR ITS STEELMAKING PLANT
 
AT CHIMBOTE, BOTH OF WHICH REQUIRE COKING COALS,
 
WHICH ARE SCARCE IN THE COUNTRY@
 

CENTROMIN PERU's COKING PLANT ISFED WITH COAL PRODUCED
 
AT ITS GOYLLARISQUIZGAMINE.,WHICH ISMIXED WITH BRADFORD
 
COAL IMPORTED FROM THE U.S. AND 
 SIDER PERU HAS ALWAYS
 
IMPORTED COKE, UNTIL ITS BLAST FURNACE WAS STOPPED AND
 
REPLACED BY ELECTRIC FURNACES, ALTHOUGH THE COMPANY IS
 
NOW CONSIDERING PUTTING 
BACK INTO OPERATION ITS BLAST
 
FURNACE, THUS RE-OPENING AN IMPORTANT LOCAL MARKET FOR
 
COKE.
 

BESIDES THESE TWO LARGE CONSUMERSp THERE ARE OTHERSMALL
 
INDUSTRIES WHICH CONSTITUTE A::RELATIVELY STABLE MARKFT-

FOR ANTHRACITE.
 

COAL MINING IN PERU ISCARRIED OUT AT A SMALL SCALE AND.
 
EMPLOYING A RELATIVELY SIMPLE TECHNOLOGY, BEING SOMETIMES
 
A SEASONAL ACTIVITY.
 

CURREN' LOCAL COAL PRODUCTION IS ESTIMATED BETWEEN 50 000
 
AND 80,O00T/y, GOYLLARISQUIZGA BEING THE LARGEST OPERATING
 
UNIT PRODUCING AROUND 17,#000 T/Y.
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COAL CONSUMPTION
 

THE.COUNTRY'S LOCAL-COAL MARKET CAN BE DIVIDED INTO
 

TWO DISTINCT GROUPS: CENTROMIN PERU AND SIDER PERU,
 
BOTH REQUIRING COKING COALANDTHE REST OF THE USERS
 

(SMALL SMELTERS, BRICK PLANTS, ETC),WHICH CONSTITUTE 
THE MARKET FOR ANTHRACITE. CENTROMIN PERU IMPORTS
 
AN AVERAGE OF 35,000 T/Y OF BRADFORD COAL TO COVER
 

ITS ANNUAL DEMAND OF 55,000 T/Y, WHICH REPRESENT
 

AROUND 50% OF THE CURRENT COAL MARKET, THE REMAINING 
INDUSTRIES CONSUMING APPROXIMATELY 45,000 T/Y OF
 

ANTHRACITE SUPPLIED BY LOCAL PRODUCERS, THIS MAKING
 

AN OVERALL DOMESTIC MARKET OF AROUND 100,000 T/Yl-.
 

DESPITE THIS RELATIVELY SMALL MARKET, THERE:;ARE
 

INDICATIONS THAT SOME IMPORTANT INDUSTRIES SUCH.AS
 

THE CEMENT PLANTS, ARE NOW CONSIDERING TO CONVERT
 

THEIR INSTALLATIONS FROM OIL TO COAL, WHICH WOULD
 

INCREASE THE LOCAL DEMAND BY 150,000 T/Y IN A VERY
 

SHORT PERIOD IF THE CONVERSION OPERATION IS CARRIED
 

OUT AS FAST AS EXPECTED,
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PRESENTATION
 

THIS BRIEF DOCUMENT HAS BEEN PREPARED BY EMPRESA PROMOTORA
 

DEL CARB6N S.A. (PROCARBON-) AS A GENERAL GUIDE TO THE COAL
 

SITUATION IN PERU.
 

IT CONTAINS INFORMATION ON THE COUNTRY'S COAL PRODUCTION
 

CONSUMPTION AND POTENCIAL RESERVES (SEE TABLES 1 TO 6)
 
PROVIDING AN OVERALL VIEW THE GEOGRAPHYCAL DISTRIBUTION
 

OF THE KNOWN COALFIELDS". AND--T.I;TYPES OF COAL FOUND IN 
EACH OF THEM,
 

IT MUST BE STRESSED THAT MOST OF THE COAL RESERVES FIGURES
 

QUOTED HERE, SHOULD BE CONSIDERED AS "SPECULATIVE RESERVES"
 

UNDER THE COAL RESOURCE CLASSIFICATION SYSTEM SUGGESTED BY
 

THE U.S. BUREAU OF MINES AND GEOLOGICAL SERVICEj BUT THIS
 

IS MAINLY DUE TO THE FACT THAT NO SERIOUS EFFORT HAS BEEN
 

MADE YET TO CARRY OUT A SYSTEMATIC COAL EXPLORATION WORK,
 

EXCEPT FOR ONE OR TWO OFTHE MOST OBVIOUS LARGE COALFIELDS, 

WHERE COAL SEAMS OUTCROP ALONG SEVERAL KILOMETRES AND SMALL 

MINING OPERATIONS HAD BEEN CARRIED OUT IN THE PAST, SOME 

OF WHICH BEING STILL ACTIVE TODAY, 

WHAT IS CERTAINLY CLEAR IS THAT COALRESERVES ARE IMPORTANT, 

AND THAT THE COAL MARKET IS POTENTIALLY LARGE IF e'CONSUMERS 

DECIDE TO LOOK FOR AN ALTERNATIVETO PETROLEUM'FUELs. 
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TABLE N°I: LOCATION OF MAIN PERUVIAN COALFIELDS 

TYPEOF
(CALFIELDS DEPARIIVENT PROVINCE DISTRICT COAL ACCESS TO PORT 
TlMB TLmBES QMDTE, VILLAR ZORRITOS-CASITASYANACANCHA CAJAlvlRCA CAJAMARCA LIGNITE 150 WS FROM TALARALA ENCAiRADAPIRIPATA ANTIRACITECAJI4ARCA 228 Kqs FROM PACASMAYo 
CUPISNIQUE 

HULGAyoc HUALGAYOC ANTHRACITECAJAMARCA CONTLmAZA 310 KMS FROM PACAAYOTRINIDAD ANTHRACITEALTO CHICAM LA 72 KMS FROM PACASMAYOLIBERTAD OTUZCO Y USQUIL YSTGO.DE CHLuco QUIRUVILCA ANTHRACITE 160 ms FROM SALAVERRY 
SANTA 

LA GALGADA ANCASH PALLASCA TAUCA ANTHRACITE 114 iS FROM CHIMBoTEANCIS ANCASH PALLASCA TAUCA ANTHRACITELA LiMELA ANCASH 104 KMS FROM CHIMBOTEPALLASCA STA, ROSA ANTHRACITESAN CARLOS PALLASCA 103 ws FROM CHIMBOTE-BuEN PMIGO ANCASHANCASH CARAZ STA, ROSA SEMI-ANTHRACITE 104 MSCARAZ FROM CHIMBOTEANTHRACITETARICA ANCASH SI HUAS 135 M.S FROM CHIMBOTESIHUAS ANTHRACITE 191 KMS FROM CHIMBOTESIHUAS ANCASH SIHUAS QuICHES ANTHRACITE 213CONCHUCOS i<M FROM CHIMBOTEANCASH PALLASCASAN MARCOS ANCASH HUARI CONCHUCOS ANTHRACITE 240 msSN.MARCOS-HUANTAR, FROM CHIMBOTEHUALLANCA ANTHRACITE 495 n1s FROMHuANUco CALLAODOS DE MAYO HUALLANCAOBAS ANTIRACITE 450HuANuco IM FROM CALLAODOS DE MAYO BITLh1INOUSMARGOS HuANuco HuANuCo 
OBAS 502 KMS FROM CALLAOMARGOSGOYLLARISQUIZGA PASCO D.A. BITUMINOUS 455 ms FROM CALLAoCARRI6N GOYLLARISQUIZG 1 SUBBITLMINOUSQUISHARCAMCHA PASCO D.A. 3141 KMS FROM CALLAOCARRION VILCABAMBAPILLAO PASCO SUBBITLMINOUS 330 IM FROM CALLAOD.A, CARRION S.P.YANAHUANCA PASCO CALLAO SUBBITIINoUS 375 WS FROM CAUAO

ALPAMARCA D.A, CARRI6N YANAHUANCA SEMI-ANTHRACITEPASCO 367 WD.A, CARRI6N YANAHUANCA SEMI-ANTHRACITE 
FROM CALLAO 

3142 K1S FROM CALLAO 



TABLE N°1
LOCATION OF MAIN PERUVIAN COALFIELDS,..... PAGE 2 

0YON 


PN4PAHUAY 
SAQUICOCHA 

GAZUNA 

COCHAQUI LLO 
MATICHACRA 

ATACOCHA 

PARQUIN 

MARAY 

JATUNHUAS I 
CtLICA-NEGRO BUENO 
CACHI N Y S 

CHONWS ALTO 
AlELIA 

ZEPELIN 


MJRC0 

SAY 

CARLIY\S 
PEBAS 

CHAHBARA 

* ROUTE: LIMA -

DEPARTmENT 


LIMA 
LIMA 
LIMA 
LIMA 
LIMA 

LIMA 
LIMA 
LIMA 

JUNIN 

JUNIN 


JUNIN 


JUNIN 


AREQUIPA 

AREQUIPA 
MOQUEGUA 

LORETO 
LORETO 


PROVINCE 


CAJATMBO 
CAJATAPMBO 

CAJATAMBO 
CAJATAMBO 

CAJATAMBO 
CAJATAMBO 
CHANCAY 

CHANCAY 

CONCEPCI6N 

HUANCAYO 

HUANCAYO 


HUANCAYo 

CAYLLOMA 
AREQUIPA 
MCAL. NIETO 
[ORETO 

LORETO 


LA ORoYA - CERRO DE PASCO -

DISTRICT 


(YON 

OYON 

0YON 

0NON' 
YON 


0YON 
STA. LEONOR 
STA. LEONOR 

SNJ. DE QuEIo 
YANACANCHA 

CHDNGOS ALTO 

CHONGOS ALTO 

HuANcA 
YURA 

CARUMAS 
INTuro? 

INTuro? 


HUANUCO
 

TYPE OF
 
COAL 


BITLMINOUS 

SUBBITUMINOUS 

ANTHRACITE 
ANTHRACITE 

ANT-RACITE 
ANTi-RACITE 
ANTHRACITE 

ANTiRACITE 

SUBBITLmINOUS 
SUBBITUINOUS 

SUBBITUMINOUS 

SUBBITUMINOUS 


BITUMINOUS? 

BITUMINOUS? 
SEI-ANTHRACITE 
LIGNITE
 
LIGNITE 

ACCESS TO PORT 

250 is FROM CALLAO 
2/46 IKS FROM CALLAO 
255 KMS FROM CALLAO 
274 iM FROM CALLAO 
250 I FROM CALLAO 
250 Kms FRoM CALLA 
252 qS FROM CALLAO 
255 I FRoM CALLAO 

366 Kms FROM CALLAO 
386 iS FRom CALLAO 

35 !4S FROM CALLAO 

3/45 I*s FROM CALLAO
 

15 Iqms FRom MLLENDo
 
210 jqM FROM MLLENDO 
210 iQm TO IL 



--- 
--- 
--- 

COAL FIELDS 

TLIS 

PIIPATA

YANACANCHA 

CUPISNIQUE

ALTO CHICAMA 

SANTA
 
LA GALGADA 
MINCOSLA LivE&A 
SN CARLOS 
BUENAVENTURA 

TARICA 

SIHUAS 
CONCHUCOS 

SAN MARCOS 

HUALLANCA 

GOYLLARISQUIZGA
PILLAO 
YANAHUANCA 

QUISHUARCANCHA 


TABLE N*2: 

TYPE OF-
COAL 

LIGNITE 


ANTHRACITE

BITUMINOUS 

ANTHRACITE 
ANTHRACITE 

ANTHRACITE 
ANIHRACITE
ANTHRACITE 

A---CE 


ANTHRACITE 

ANTHRACITE 

ANTHRACITE 

ANTHRACITE 

ANTHRACITE 
AmTHRACITE 
SUBBITLMINOUS 
SUBBITMINOUS 

SEMI-ANTHRACITE 

SUBBITMINOUS 


POTENTIAL COAL RSERVES OF KNOWN DEPOSITS
 

(INMETRIC TONS)
 

DEGREE OF CERTAINTY 

DEMONSTRATED INFERRED SPECULATIVE TOTAL 
il000000 100'000,000 i01'000,Ck" 

--
25'222.,741 

-- -50000.,000
25'00,oj 

- 24'000,OQ0
34'478,764 211' 000,00 

50'000.,000
25'O0O,000 
24'000,000

270'000.,000 

800,000 
 4
41 000 4'800000600.,000
500.,0005 20, 00,000 20'600,000 
-- 1,000 11'500,0j--- 2'(Uo, 000 2'000,(00

18,000 15,000 15'300,000 15'000,000
27_0_,_ 27'00,00
27'O00,000 27'000,000
26000,000 26'00)0,000

--- 25000,000 25'0,000
o40,000-.... 3"000-- 25'000,000 28'000,000
1'521,000 900,000 5'000,000 7'421,00012,000 2'000,000 2'012,0004,000 20,000 500,000 524,00020,000 15,000 
 2'000,000 2'035,000
 



PoEmCIALCOAL RESERVES OF KNON DEPOSITS.. TABLE N02
 
PAGE.N-2 

DEGREE OF CERTAINTY 
TYPE OF 

ODAL.FIELDS COAL DMONSTRATE INFERRED SPECULATIVE.. 0TAL 

OYON- --

S/ UICOCHA 
COCHAQUI LLo 
GAZUNA 
PARQUIN 
PAMPAHUAY 

SUBBITLMI NOUS 
ANRAITE " 

NTIHRACITE 
ANTHRACITE 
BITUMINOUS 

.... 
-

--

26'000,000 

10'000,000 

1'800,000
20'250.000 
82'000,000
4'000,000

24'000,000 

1'800,000
20'000,000

108'000,000 
4'000,000

34'O00,000 

JATUNIASI 

CALICA-NEGRO SUBBITLMINOUS 703,000 - 30'0,00 307'703,W 

CACHI N Y S SUBBITLuINOUS 165m000. 135000-- 30'000,000 30'300,00 

CHONWS ALTO 

AMELIA 
ZEPELIN 

SUBBITUMINOUS 
SUBBITLMINOUS 

-
r-

--
---

'500,000
80,000 

1'500,000 
8i0,000 

CAMMS SEMI-ANTHRACITE - .- -- 3'000.000 3'000,000 

605,741 75,563,764. 808'50:000 914'319,505 



TABLE N°3: RESERVES BY TYPE AND QUALITY OF MXAL
 

DEGREE OF CERTAINTY
 

TYPE DEM)NSTRATE INFERRED SPECULATIVE 

LIGNITE -- 1'C00,000 100'000,000BITUMINOuS 2'421.000 11C5O.,000 122,100.,000,ANTHRACITE 27'184,74 63'513.764 586'750,000 
TOTAL 29'605,741 75'563,764 808'C50,000 

TYPE (BITUMINOUS AND SUB-BITUMINOUS) 
COKING COAL" 2'256,000 10'915,000 64'4800,000 
NON-COKING COAL 165,000 135,000 . 

TOTAL 2'421,000 110'50,000 1100,000 

TOTAL 

101,000,000
135'571,000
677,748505 
914'319,5(C5 

77'971,000 

57'600.000 
135'571,000 



TABLE N°4: PROXIMATE ANALYSES OF TYPICAL SAPLES
 

-OISTURE
COL 
DEPOSIT 

KN0W 
SEAMS 

CONTEf 
W 

FIXED 
CARBON 
() 

VOLATILE 
MATER 
_._(). 

ASH 
(%) 

SULPHUR 
(%) 

CALORIFIC 
VALUE 
KCAL/KG 

MELING 
INDEX 

CUPISNIQUE 
PIfIPATAYANACANCHAALTO CHI CPIA 

435 
3 
15 

-in 

5.0 
'4.3LO.08.5 

25,0 
75.0 
68.445070.5 

29.0 
6.0 
5.7'29.02.4 

28.0 
10.0 
20.711.020.0 

5.0 
0.6 

-1.51.89 

3,500 
6,750 
7,0007,0006.846 

0 
0 
000 

SANTA 

LA GALGADA 
LA LIMERIASAN CARLOS 
BUENAVENT~ ~frIJRA 
TARICA-SIHUAS 
G0YLIAIISOUIZGA 
QUISHUARCANCHA 

8644.0 84.0 
-,5 -45 70.06 

4.5 85.0 
2!, -5.5 -
4-45.0,
2 22.8 

5.75 
.03.5 
3.5 
5.0 

27.0 
29.31 

9.0 
14.09.5 
'8.5 
10.0 
31.0 
47,8 

0.75 
0.700,6 
08 
-

-3.0 
2.8 

6,750 
6,2506,750 
6,750 
6,650 
6,100
3,.500 

0 
0w 

0 
0
3-7 
?. 

QYON 
PAMPAHUAY :50 70.0 190 9.0 -0.75 7,300 2.59.0 
GAzuNA -5- :6.0 -7795: 10.0 7.5 0.75 17.30 0 

JATUNHUASI 

C.LicA-NEGRO 
CACHI N Y S 

BLEN " 
4-

8.0
55 

47.54212.5
"477 

.o29.3 -23.0 1.55670 6,5006,500 3.5-7,01-0-1.5 

CHONOS ALTO 

AmELIA3 
ZEPELIN 

-

2...44.4 
44.55 

35, 4 
-4239 
20':4 

1.5
0.6 

5,060
5-380 

CARIS .3- -4.0 "62.0 420 - " 0. 



TABLE N°5: QUALITY OF PERUVIAN COALS
 

COP'PARATIVE TABLE OF QUALY WITH SOME COALS FORM OTHER COUNTRIE
 

%INWEIGHT CALORIFIC VALUE 
COUNTRY VOLATILE MOISTURE-___ASH_" MATTER SULPHUR CONTENT U/LB KCAL/KG 

AUSTRALIA 7-14 20-35 0.3-0.8 1-3 11,000 - 12,500 6,105 - 6,940SUD-AFRICA 20-32 50-60 0.5-2.0 11-30 10,000 - 13,000CANADA 5,550 - 7,2158-20 20-35 0.3-0.8 6-8 11,.509 - 14,000 6,382 - 7,770COLDMIA 8.5 0.6 9.3 I1,800 6,549 

PERUVIAN COALFIELDS 

ALTO CHICAMA 6-10 2--4 0.5-3.0,. 4-6 12,615 - 13,500 7,000 - 7,500JATUNHUASI 
OYON 

9-16 34-37 0.6-2,5 5-6 10.,800 - 12,615 6,000 - 7,000 
DEL SANTA 

6-12 16-22 0.5-1.0 6 12,615 - 13,700 7.,000 - 7,6006-12 5.6.5 0.5-1.0 :: 4 10.,800 - 13,500 6,000 - 7,500 



___ 

TABLE N°6: MAIN PRODUCTIVE DEPOSITS 1983() 

ANNUAL PHYSICAL AND CHEMICAL CHARACTERISTICS 
PRODUCTION
 

COAL ..DEOST R
COAL DEFOSITS iD ATMENT" (T.M,) FIXED VOLATILE MOISTURE CALORIFICCALORIFIC
 

(**) CARBON MATTER ASH CoNTENT SuLPHUR VALUE(%) (%) (%,) (%) (%) KCAL/KG 

GOYLLARISQUIZGA MINE "1C.-DE PASCO 90,000 45.0 27.0 31,0 20-3.0 6000-6500 
ALTO CHICA, AMINES LA IBE 'd--AD 27,000 70-75 2-3:. 25-30 8.0 0.5-3.0 7000-7500
OYON MINES LIA 16,000 70-80 12-22 612 6.0 0,5-1.0 7000-7500 

SANTA MINES 4CAH 12,000 70-82' 5-7 ..:6-12: 40.0. .0,5-1.0 6000-7500 

* MOST OF THE MINES ARE SMALL PRODUCTION UNITS AND EL Y,"RDIMENTARY MININGb fT OS 

ESTIMATED PRODUCTION*-. 



OVERALL PERUVIAN COAL PRODUCTION (1979 - 1980),
 

(INMETRIC TONS)
 

ANTHRACITE BITUMINOUS COAL 

YEAR (WASHED) (R.LO.M. TOTAL 

1970 20,069 136J000 .56,069 

1971 16,259 (*) 16,259 

1972 29,344 29,344 

1973 1O,220 ib,220. 

1974 NA, 

1975 22,929 --- 22,929 

1976 21,471 21471 

1977 29,352 29,.352... 

1978 N.. 

1979 34,300 (+) 6,000 40,300_ 

1980 25,000 17,525 42.525 

(*) GOYLLARISQUIZGA ,STOPPED PRODUCTION. 

(+) COMBUSTIBLES S6LIDOS.DEL.PERO SAA EXPORTED 
21,700 MT 

.SOURCES: -ANUARIO MINERO DEL.PERO( 970-1976) M.E.M. 

- OTHER SOURcES. 
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COALMPROUCTION AT. GOYLLARISQUIZGA: 

(IN-METRIC 

YE .... 'U'IONR
YEAR PRODUCTION 


1979 1,685 

1980 17,526 

1981 26,450 

1982 17,114 

1983 16,668 


TONS) 

CENTROMI N 
CONSUMPTION
 

1,627
 

15,684
 

22,706
 

19,807 

17,378
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.APPENDIX B
 

..SEMINARIO REGIONAL SOBRE LA UTILIZATION DEL CARBON COMO
 
.ALTERNATIVE A LOS COMBUSTIBLES DERIVADOS DEL PETROLEO
 

BOLIVIA - ECUADOR - PERU
 

24-28 de Junio de 1985
 

Lima, Peru
 

PROGRAMA
 

LUNES'. 24 DE JUN10
 

9:0.0,a.m. 	 Inscripcin de' os Participantes,
 

Sesion de Inauguraclon
 

10:00 a.m. Ing. Luis F. Moran
 
President PROCARBON
 

Dr. Alberto Sabadell
 

USAID Washington
 

lug. Luis Chang / 

Vice-Ministro de Energia,
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Dr. Ulrich Petersen
 
Coordinator General 

del Seminario
 

11:00 a.m. 	 Intermedio
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Dr. Ulrich Petersen 

/ 

11:15 	a.m. Politica de petroleo y E. Thiers
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carbonifero el caso de Consultor
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12:15 p.m. 	 Discusion
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Sesion de la Tarde 


2:45 p.m. 


3:30 p.m. 


4:15 ip.m! 


4:30 p.m. 
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/
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de Bolivia 
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b •eusa
....
 
0:0aRecuros carbonLeros .del 
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Intermedio
 

Tecnologia minera del 

carb6n .. 
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Presidente:
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J.I. Yang
 
KIER
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Kentucky,: U.S.A
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2:00 p.m. 


2:45 p.m. 


3:30 p.m. 
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4:30 p.m. 
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3:30 p.m. Intermedio 
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Sesion de la Tarde 


2:45 p.m. 


3:00 p.m. 


4:00 p.'m. 


4:15 p m. 
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