








-382~

rNorthwestern New Mexico, San Juan County

Land

Arid plateau,
1675-1770 m altitude

Slight relief, numerous
flats of barren shale
frequently adjacent to
shallow sand dunes

Several local drainage
systems (generally dry)
cut steep gullies

Soils: mostly alluvial
or eolian; from coarse
to deep

Existing use-grazeland
(poor)

AALNavajo In

Total lea
Total coa
Strippabl
Stripping

dian Reservation

se ~ 160 km2

1 reserves 750 Mt
e coal reserves 615 Mt

ratio: 4.9 Depth <50 m

Deposit Parameteff}

Subbitumi
Fruitland

nous coal 2300 kcal/kg
formation: shale beds

interbedded with sandstones; about

75 m thick;

coal beds

Genetics:
unstable

contains at least 10

relatively short period of

conditions, alternating

swamps of shallow fresh water occasion-
ally invaded by salt water and river

flood pla

in deposits

0.72% S; 22% ash; 17% moisture
Environment
Stratigraphy: -
Quaternary: alluvim (sand
& gravel) and dune sand
Upper Cretaceous:

Kirtland shale
Fruitland formation (coal -

bearing

)

Pictured cliff sandstone
Lewis shale

Exploitationl

Strip mining (start up>1982)

4441 Water |

San Juan River Basin
(one of the few
perennial streams

in this part of

New Mexico)

Principal tributaries :

Navajo

Los Pinos

Animas

La Plata

9 3 R

1.83%10° m™ /yr in
1974 at Shiprock (NM)

Groundwater:
shallow: meager
deeper water-
bearing sandstone
formations

Complex water rights
Upper Colorade River
Basin Compact 1948

Figure 2. Burnham coal gasification mine: location and

identification.
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The Basic Materials and Equipment Data Base (CDB, Components Data
Base)

In these files are gathered the WELMM, or "“WELMMITE", con-
tents of basic materials--e.g., steel, metal alloys, cement,
glass, and concrete (for various manufacturing processes)--and
of basic equipment--e.g., pumps, turbines, and heat exchangers.
These data are collected from the literature, through direct
analysis with the help of materials producers and equipment manu-
facturers, and through input/output tables using energy or re-
sources multipliers.

The Facility Data Base (FDB)

The basic data of the CDB are aggregated for typical energy
facilities. An energy chain from the resource in the ground to
final use can be divided into various steps such as mining (sur-
face or underground); fuel cleaning, transportation, or conversion
to a secondary energy such as synthetic natural gas, electricity,
or methanol; distribution; and waste disposal. Each step can be
characterized by a process--say, longwall or hydraulic mining--
and an energy facility can be associated with each process.
Fortunately, at least in the downstream parts of an energy chain
there is a tendency toward size standardization, which favors
WELMM resource accounting: for instance, coal gasification plants

3 m3/year (250 x

106 st.ft3/day), and coal power plants are built or planned in
the 600 to 800 MW(e) range. The situation is more complex for
mining, for which most of the facilities are more or less site
specific.

are generally considered at a level of 2.5 x 10

WELMM analysis for energy facilities gathers details on con-
struction (for the facility as a whole and per unit of capacity)
and operation of the facility (annual requirements and per unit
of output), on the following:

- Water requirements Intake, consumption and quality;

- Energy requirements Electricity (in kwWh), motor fuel
and process heat fuel (in kcal
or kJ);

- Land requirements Temporary and permanent use,

exclusive and nonexclusive use;

Materials requirements All materials problems, from
consumption and handling of mate-
rials to recycling potential and
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waste production and disposal.
Analysis of these requirements

is generally expressed in commer-—
cial products (steel plate, cop-
per wire, concrete, etc.), and
then converted into basic metals
(iron, nickel, molybdenum, cement,
aggregate, etc.) and finally into
the true mineral ore requirements,
based either on commercial grade
values or, in a longer-term per-
spective, on cutoff grades.

- Manpower requirements Generally estimated for miners
(or analogous or associated pro-
fessions, such as geologists,
drillers, etc.), in terms of
skilled and unskilled workers.

Data are acquired as for the CDB, from literature surveys (of
great value are Environmental Impact Statements) and directly

via questionnaires. All the data are collected in standard files,
which include supplementary information and all source references.
The files are being published in a series of IIASA reports.

APPLICATION PROGRAMS

Numerous application programs can combine the WELMM data in
a static or dynamic way to compare various energy strategies on a
local, national, regional or global basis. Some of them are being
developed at ITIASA.* Local applications are, for instance, de-
tailed assessments of coal mining projects, as will be shown
later. The WELMM approach is also being used to compare various
methods of coal mining, such as future potential in situ energy
extraction (underground gasification, pyrolysis, complete combus-
tion, quenched combustion, solvent digestion, aqueous phase lique-
faction, supercritical gas extraction, chemical comminution,
microbiological degradation, etc. [2]). The WELMM approach helps
in making detailed energy and material balances, and in assessing
the impacts of global energy scenarios, such as the 35 TW Refer-
ence Scenario being developed at IIASA. Whether we are dealing
with the 12 plus 5 TW fossil fuels of that scenario or with the

8.7 x 109 t of coal assumed for the year 2020 by the Coal Resources
Assessment Group of the Conservation Commission of the World Energy
Conference [3], the global impacts of such large-scale mining and
subsequent fuel conversion and/or use are worth a thorough examina-
tion.

*As an institution one of whose main purposes is to advance
methodologies, IIASA naturally attaches as much importance to
developing the method as to its applications, which by their
nature are generally shared with other institutions.
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Some energy conversion facilities or the harvesting of a
new energy resource like the sun require huge amounts of materials
and equipment. Large~scale mining, especially surface coal mining,
involves the moving and- handling of tremendous amounts of material,

fuel, and spoil. The 8 to 12 x 109 tons of coal supposed to be

handled in 2020 as mentioned above compare with the calculated

amount of 12 x 109 m3 of solids transported annually by rivers,

of which some 90% are deposited on continental shelves. This
huge volume of rocks moved, added to the vast areas of land
disturbed and reclaimed and the great impact on water resources,
of course raises enormous problems, but also offers a unique pos-
sibility of reshaping parts of the earth for more optimal utili-
zation. To study the systems aspects of such a perspective is
the aim of the WELMM approach.

Two papers in this volume illustrate the WELMM method: this

paper on coal mining, and Klitz's paper on WELMM Analysis of Coal
Processing, Transporting, and Conversion.¥*

THE WELMM APPROACH TO COAL MINING

Contrary to many energy conversion facilities where most of
the WELMM data are process (and size) specfific, most of the WELMM
impacts of coal mining are site specific. However, some inter-
esting aggregated data have been developed recently by Hittman
Associates [4], the Council for Environmental Quality [5], the
Stanford Research Institute [6], Bechtel Corporation [7], and
others, on a national and/or regional basis (mainly for the USA).

In order to afford a better understanding and illustration of
this method, this report analyzes and compares the WELMM aspects
of three coal mines: the Selby underground mine being developed
in the UK [8], the Garsdorf surface mine in operation in the FRG
[9], and the planned Burnham surface mine in the USA [10]. Table
1 gives the main characteristics of these mines. The detailed
Resource Data sheet for the Burnham mine (Figure 2) and similar
sheets for the Selby and Garsdorf mines are summarized in Table 2.

*In addition to Ken Klitz, I am indebted to Bruno Lapillone, Martin
Cellerier, and Arnulf Grubler for their help in developing the
WELMM approach, and to R. Levien and W. Hdfele for their contin-
uous support and interest.
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Main mine characteristics.

Location

Selby,
N. Yorkshire, UK

Garsdorf,
Rhine area, FRG

Burnham,
NW New
Mexico, USA

Coal Characteristics lignite sub~bituminous
Calorific value 1900-2100 2300
[kcal/kq]

Sulfur content [%] low 0.72
Ash content [%] < 20 8 Lo 8 22
Moisture content [%] 50-60 17

Deposit Characteristics
Estimated resources 600+ 1000 615
[Mt]

Seam thickness [m] 2.75-3.35 45-60 3.50 (in 4
seams)
Depth [m] ~ 750 up to 300 up to 50

Type of Mining Underground Open pit stripping
Main equipment Long wall Bucket wheel Dragline and

excavator power shovel

Annual Production max. 10 42 in 1974 max. 17
[Mt/year] around 1987-1988 | 50 forecasted |in 1982+

Status Start in 1980- Started mid- Planned

1981 1960s (~ 1980)
Table 2. Some environmental characteristics of the Selby,
Garsdorf, and Burnham Mines.
Selby Garsdorf Burnham
Total area [km?] | 390 162
Area mined [km?] | 290 25-26 89

Type

Rural

Main problems

Very rich farmland

Disturbs tradi-
tional rural area

Very rich farmland

High population
density

Large cities
nearby

Deepest open pit
water table

Resettlement of

Subsidence of agri-~
cultural and his-
torical land

communities

Poor grazeland

Scarce population

Indian reserva-
tion

Uncertainty of
reclamation
potential
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SHORT DESCRIPTION OF THE MINES

Selby

Although sporadic mining began in Roman times, the North
Yorkshire coal field became particularly active in the nineteenth
century, proceeding eastwards as depths increased and mining be-
came more difficult. In the 1950s came evidence of a consider-
able extension of the Barnsley seam under the Selby area; this
new coal field, confirmed in 1972, has "clean” coal, good enough
to send straight to the power stations without washing.

On the western edge of the proposed mining area, good-class
coal found at a shallower level will allow access to the main
coal by a sloping drift connected to an underground road system
that will lead to the five prime mining areas. Shafts are still
necessary for ventilation and carrying men and materials, but
the handling facilities for the coal, traditionally associated
with spoil, huge areas of unsightly buildings, and industrial
mess, will be concentrated in Gascoigne Wood, a set of disused

sidings 0.22 km2 in area.

The mining area will be divided into five blocks, each with
its own deep shafts, the sites of which can be kept to about 8 ha
each in each block. There will be two shafts per block, each
about 7.3 m in diameter--one shaft for normal winding operations
for men and materials and for taking fresh air to those working
underground, and the second for air to return to the surface and
for standby winding capacity. Each shaft site will work an area
roughly 8 km in diameter, using the "retreat" method, with sub-
sequent collapse after the powered supports have been moved, and
will produce around 2 Mt per year (10 Mt per year maximum in
total). The coal will be extracted in panels, pillars of un-
touched coal being left between each two panels to match detailed
calculations on surface subsidence.

The Selby project has been described as possibly the biggest
single (underground) coal-mining operation in the world.

Garsdorf

The Rhineland brown coal area (between Cologne and Aachen)

covers about 2500 km2 with coal seams up to 100 m thick at some
points, although the average thickness is 50 m split up into as
many as five seams in some regions. The heat content of the raw
coal ranges from 1600 to 2900 kcal/kg, increasing by about 200
to 250 kcal/kg per 100 m increase in depth; the water content is
45% to 63%, decreasing by about 3% per 100 m increase in depth.
This coal has been exploited since the beginning of the century;
the manufacturing of briquettes (with about 18% moisture content)
has largely given way to power production in mine-mouth plants.
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9 9

Total reserves have been estimated at 55 x 10 t (18 x 10° t of
coal equivalent at 7000 kcal/kg), of which 35 x 109 t (11 x 109
tce) are economically recoverable under 1974 conditions and with
known or foreseeable technology.

The shallowest deposits have already been exploited through

surface mines. The large Garsdorf deposit (109 t of brown coal
reserves) was studied initially for underground mining. Too
high wages and high drainage costs led to the conclusion in the
1950s that there was no alternative to deep opencast mining. The
coal seam (45 to 60 m thick, divided into strata by several faults)
is located near the surface in the eastern part of the field but
sinks to nearly 300 m in the western region. To maintain the
stability of the open-cut escarpments, efficient drainage is
required.

With its 109 t coal reserves and its associated 2 X 109 m3
of overburden of gravel, sand, and clay, and with its 45 to
50 Mt annual production, Garsdorf appears to be the largest
material-handling operation on earth, nearly twice as large as
its closest competitor, the Kennecott Copper Bingha pit in Utah
in the USA.

Burnham

The Burnham coal mine project of the El Paso Natural Gas
Company and Consolidation Coal Company is associated with a

9

proposed coal gasification plant of 2.9 x 10 m3/year initially,

and ultimately 4.1 x 109 m3/yr of synthetic pipeline gas to be
developed in the Navajo Indian Reservation 56 km southwest of
Farmington, New Mexico. The total coal reserves under the

161 km2 of leased land are estimated at about 750 Mt, 615 Mt
of which are recoverable by stripping. The coal has a heat
value of 2300 kcal/kg. The average stripping ratio is about

4.9 m3/t (overburden to coal). There are four major coal seams
of a minimum thickness of 0.90 m each, outcropping in the lease,
dipping to 50 m, and continuing to dip beyond the lease boundary.

Coal production, supposed to start around 1980, will ini-
tially be 11.7 Mt per year, rising to 17 Mt possibly in 1982
(including 25% fines not at present gasifiable) to feed the coal
gasification plant and nearby coal power plants (San Juan and
Four Corners).

The three mines selected, which may be counted among the
most modern in coal exploitation, thus differ widely in the
characteristics of their coal and deposits and in their environ-
ment. Their various WELMM aspects are no less different and
provide useful information for further aggregation at higher
levels.
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THE WATER ASPECTS

The Rivers Ouse and Wharf flow along the eastern edge of the
Selby area, much of which is low-lying, The Ouse sometimes floods;
the surrounding fields of the Vale of York are criss—crossed by
drains and dykes to try to dry them in the spring. The water
table is very close to the surface, and the major problem——and
the biggest fear of the Selby community--is subsidence and the
threat of fine fields turning into marshes.

The water problem was crucial for the Garsdorf project.
Since brown coal seams are interbedded in unconsolidated water-
bearing formations, opencast mines had to be kept completely free
of underground water and protected against flooding by means of
submersible pumps. In order to lower the ground water levels,

about 12 m3 of water have to be pumped for every ton of usable

coal, and 32% of the environmental costs (which themselves rep-
resent about 9% of production costs) are for the withdrawal of
water.

In the Garsdorf open pit, the west escarpment also had to
be protected against the ground water of the Erft river basin.
The Erft had to be diverted toward the west in a new sealed river

bed. Subsoil water pumps (15 m3/min, lifting head 300 m) are
suspended in wells and run continuously to lower the subsoil
water level to below the deepest open-cut level (maximum well
depth 360 m). Moreover, the Erft--an obvious natural drainage
channel for subsoil water--did not suffice for all the open-cut
work in the Rhine area, and a 17.6 km long canal was built lead-
ing to the Rhine. At present, 1100 wells are in continuous op-
eration for the six surface mines in the Erft region. For Gars-

dorf alone, 4.56 x 109 m3 of water have been pumped in 13 years.

The future successor to Garsdorf, the recently approved
Hambach mine (up to 600 m deep), has been proposed for use after
mining as a possible storage space for water (residual hole of

2.51 % 109 m3). This is an interesting example of landscape

remodeling through water and mining co-management .

The water problem for the Burnham project is of a different
nature, and closer to scarcity than to surplus (see Table 2).
The allocation of water in the San Juan River Basin is made through
the Colorado River Compact of 1922 and the Upper Colorado River

Basin Compact of 1948. 1In fact, of the 18.3 x 106 m3 required
for the project (2% annual diversion of the River San Juan, and
7% diversion at the period of minimum flow), only a small part

is for the mining operation itself: about 1.5 x 106 m3/year at
full production for sprinkling roads, dust abatement in crushing
and screening operations, potable water supply, irrigation for
reclamation, etc. Some of this water can also come from a deep
well (Morrison formation) or from the Navajo Reservoir.
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Although the gasification plant is planned to be a "zero
liquid effluent", the groundwater quality could be affected in
the long term by the disposal of ash and solid wastes buried in
the mined-out area.

THE ENERGY ASPECTS

Contrary to extraction operations requiring a measurable
amount of the energy content of the fuel produced (oil or uranium
shale or steam—enhanced recovery), coal mining needs only a small
percentage of the energy extracted, generally in the order of
1% or 2%, including reclamation of the disturbed land. These
operations thus appear to be among the most energy efficient in
the whole energy industry.

THE LAND ASPECTS

Coal mining has caused major disturbance to the land. 1In
fact, its effects can be direct or indirect: they can result
from mine development (access roads, new housing settlements),
occur during the mining itself, or be delayed by as much as sev-
eral decades (subsidence in o0ld mined areas). Impressive pro-
gress has been made in understanding the land subsidence asso-
ciated with underground coal mining, as well as in reclamation,
rehabilitation, and restoration techniques* for surface mining,
to the point that temporary land disturbance can become a posi-
tive factor allowing beneficial reshaping and landscaping. And
the potential for progress is still considerable, mainly in arid
or semi-arid areas where many fuel or mineral deposits occur.

The main land problems for the Selby project were associated
with subsidence of agricultural land, as was mentioned above,
and of the community of Selby, especially the historically valu-
able Selby Abbey. A limit of 0.9 m has been set for subsidence
with plans to extract a maximum of 2.4 m of the coal in most
parts of the field, and pillars of unworked coal have been left
at intervals (notably, the Selby Abbey pillar). Possibly, trenches
around buildings such as old churches will be either left open
or filled with compressible material so that ground pressure--
the push and pull--will be reduced.

*According to the Energy Policy Project of the Ford Foundation,
"restoration®™ implies that the site conditions before distur-
bance will be replicated after the action; “reclamation" implies
that the site is habitable to organisms that were originally
present or to others that approximate them (in fact, reclamation
is the term normally used); "rehabilitation" implies that the land
will be returned to a state and productivity conforming to a

prior land use plan, including a stable ecological state that

does not contribute substantially to environmental deterioration
and is consistent with surrounding esthetic values.
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Among the other problems related to land, it is worth men-
tioning that British Railways will have to reroute the line
because of the coal field, so that Selby will no longer be on
the London-Edinburgh line--a serious consequence for the commun-
ity.

The Rhine brown coal area, which includes Garsdorf, covers

2500 km2 and has a population density of about 410 inhabitants
per square kilometer, one of the highest in the world. It con-
sists mainly of farmland of very fertile loess soil (wheat and
sugar beet are the principal crops). As a result there is man-
datory land reclamation and total resettling of communities
(including rerouting railways, highways, and rivers across the
mining area). Since coal mining first started, 43 villages with
a total population of 19,500 have been resettled in the region,
and the number is expected to reach 30,000 by the end of the
century.

While resettlement measures change the landscape before
mining, reclamation measures restore it after mining. As a
rule, reclamation is done in two stages--mining and biological
reclamation. The former creates the conditions needed for the
latter, i.e. plant cultivation, town planning, etc. Biological
reclamation calls for the creation of agricultural areas and
forests (on 3 to 5 m of so-called forest gravel). Immediately
after mining, overburden is dumped into the pit, thus building
up the raw spoil bank. On top of this bank, the loess (con-
sidered as a valuable mineral) or forest gravel is immediately
spread, and finally reclamation is carried out. Initial agri-
cultural reclamation is followed by five years of intermediate
farming. By cultivating certain plants and using fertilizers,
the humus content is raised to 1.5% during this period. 1In the
southern mining district a forest-lake area for recreational
purposes has been created.

To put such a task into perspective, note that before re-
clamation techniques were introduced in 1960, the restoration
costs were far higher than the worth of the reclaimed land.

While the "economic benefit", even today, is still very minor,
the social impact is of much greater importance. But although
the brown coal mining industry "consumes" about 240 ha of farm-
land annually, some 120 ha of farmland are lost each week to
city growth, highway construction, and industrial expansion [12].

In the Burnham project on the Navajo reservation, on the
other hand, population density is very low and the soil is poor,
with sparse vegetation. On the existing lease, land use is
limited to livestock grazing¥* and the land value is relatively low.

*Generally speaking, in the semi~arid areas of the western USA
about 12 ha are needed to support a cow. Assuming a 15 m coal
seam, this area lies over almost 2 Mt of coal.
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However, since a number of Indian families live on the lease
area, its value is also influenced by family tradition, esthetics,
and family ties. (48 families will be displaced over 25 years.)
The land disturbance would, at least temporarily, also destroy
wildlife habitat and grazing; if the planned mining reclamation
is not successful, this could be permanent. Restoration will aim
to bring the area back to as close to its undisturbed condition
as practicable (which means to rangeland use), although overall
elevation of the affected area will be increased from 3 to 10 m
because of the swell factor resulting from disturbing the over-
burden during mining.

MATERIALS ASPECTS

Two main aspects of the materials problem are linked to
coal mining: materials requirements and materials handling. The
second generally tends to dwarf the first, especially with the
new giant surface mines requiring super-giant handling equipment
for the overburden and for the coal itself. The handling prob-
lem is somewhat less spectacular for underground mining but be-
cause of the limited space available, it is no easier. A few
figures for Selby illustrate this:

At any of the five sites, there will be four coal
faces. The total weight of equipment on any such face
is about 1000 tons. This equipment includes 200 pow~-
ered supports weighing at least four tons each. 1In
addition to these four working faces there will be
probably another three faces in the process of being
equipped. Besides this, there will be a large number
of conveyor drives each weighing up to 10-15 tons.
Heading machines weighing up to 25 tons each will be
used to drive the tunnels. Each mine will operate four
mining locomotives and standby locomotives will be
available. Each locomotive will weight 21 tons.....
Besides this, about 80 tons daily of materials such as
girders, bricks, cement, rail, timber, etc., will need
to be transported underground.....[8].

During the building of the mine, about 500 t/day will have
to be taken out of each shaft by truck for between 18 months and
three years.

Incidentally, underground transportation of materials is
one of the difficulties of managing such an enterprise. The
related surface handling and transportation--most of it by
truck--creates another difficulty because it is one of the visible
interfaces between the developing mine and the surrounding com-
munity, especially in a previously quiet and rural area like
Selby.

The Garsdorf mine has already been mentioned as probably the
biggest material handling enterprise in the world because of the
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amount of coal produced annually and the associated overburden
and topsoil. The dramatic increase with time is illustrated for
the whole Rhine area and for Garsdorf by the following figures.

- In 1950, lignite production was 60 Mt (Rhine area); and

45 x 106 m3 of overburden were handled--an overburden to

coal ratio of 0.75:1.

- In 1974, 110 Mt of lignite was produced. But 226 x 10°
m3 of overburden was handled, and the overburden to coal
ratio had increased to more than 2:1 (incidentally, the
number of mines has decreased from 19 to 5, which also
illustrates higher concentration and unit size).

- Of these amounts, Garsdorf accounted for 42 Mt of lignite

and 77 x 106 m3 of overburden, a total output of 196 Mt

of material.

- The Hambach open-pit mine now being developed will sur-
pass these figures, with 45 to 50 Mt of brown coal plus

270 to 300 x 106 m3 of overburden per year (overburden

to coal ratio about 6:1).

This output is due to the continuous and spectacular devel-
opment of materials handling equipment*, which includes some of
the biggest mobile pieces of equipment on land ever built. Some
experts claim that an upper limit has been reached as with the
biggest prehistoric animals of the secondary era.

By Garsdorf or Hambach standards, Burnham is a relatively
small operation; but because of its isolation and environment,
most of the operations have to be self-sufficient. For illus-
tration, Table 3 lists the equipment necessary for development
and operation of the mine for 25 years (together with some fi-
nancial indications).

MANPOWER ASPECTS

The total ultimate labor force for Selby has been estimated
at 4000; starting with 2000, presumably with about 200 miners
per shift at each mine. The resulting fear of "depopulation" of
the West Yorkshire mining area and of "overpopulation" of the
Selby area led to the decision to scatter the miners around the
villages and Selby itself (no "mining suburb").

*Details are given in the papers of N.V. Melnikov and K.J. Benecke,
in this volume.
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Table 3. Burnham I gasification mine--mine equipment capital
requirements.

Number Depreciation
period {years]

7 70 to 85 m3 Dragline 25
5 Overburden Drill 25
3 Parting Drill 25
3 Shop~Office-Warehouse Complex 25
- Shop Equipment 25
- Electrical Distribution System 25
1 Haul and Access Roads (20 km each) 25
4 Coal Loading Shovel 25
- Training Facilities 25
2 100 t Crane 25
2 90 t Lowboy Trailer 25
23 135 t Haulage Truck 10
76 yd3 Truck 10
4 Front-End Loader 10
3 Water Truck 10
4 Rubber-Tired Dozer 10
2 Road Grader 10
4 Coal Drill (twin mast) 10
2 Ambulance 10
- Miscellaneous Pit Equipment 10
4 Bulk Anfo Trucks 10
5 Spare Dragline Buckets 10
4 D-4 Bulldozer 5
30 D-9 Bulldozer 5
4 Welding Truck 5
4 Electrician Truck 5
4 Fuel Truck 5
4 Lube Truck 5
7 Wheel Scraper 5
Year -3 -2 -1 1 2
Annual Total
Direct Cost: $24,008 $55,238 72,236 37,776 3,426

(thousands of 1975 dollars)
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The problems are completely different in the Rhine area
because of the density of population and the proximity of large
cities, and also becuase of the skill required for open-pit min-
ing. A giant excavator can be operated by two men only: the
driver, who raises and lowers the bucket wheel, pivots to and
fro, and drives the caterpillars, and the man who guides the flow
of mass to the conveyor and drives his loading device. Continuous
operation, however, requires additional greasers, fitters, and
electricians.

For Burnham, the problems are also related to its isolation
and the environment of the mine. Table 4 gives the personnel
requirements for the Burnham project as an example of such min-
ing operations.

CONCLUSIONS

The above examples illustrate the WELMM approach to coal
mining. They provide a basis for better understanding of the
systems aspects of water, energy, land, materials, and manpower
resources. As more data are collected, detailed statistics are
progressively being applied to the energy strategies of the IIASA
Energy Program.

Table 4. Burnham I gasification mine-~mining personnel require-
ments,

Clerical & Equip. Maint. ‘Construction
Year | Quarter | Supervisory | Secretarial | Technical Security Other*| Operators| Mechanics| Skilled Unskilled
-2 1
2 2 1 4 15 7 6 6
3 2 1 4 15 7 39 31
4 2 1 4 15 7 45 25
-1 1 n 4 6 7 4 27 14 201 62
2 26 6 10 7 7 54 24 402 132
3 41 17 14 7 22 138 59 558 207
4 57 23 18 7 41 221 98 273 128
1 1 57 23 18 7 41 246 106 121 46
2 57 23 18 7 41 246 106 102 38
3 57 23 18 7 41 246 106 102 38
4 57 23 18 7 41 246 106 102 38
2 1 5 23 18 7 41 344 148 88 32
2 75 23 18 7 41 344 148 88 32
3 75 23 18 7 41 344 148 88 32
4 75 23 18 7 41 344 148 88 32
3 1 75 23 18 7 41 442 190 5
2 75 23 18 7 41 442 190
3 75 23 18 7 41 442 190
4 75 23 18 7 41 442 190
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WELMM ANALYSIS OF COAL PROCESSING,
TRANSPORTING, AND CONVERSION SYSTEMS

J.K. Klitz

Introduction

An energy supply chain consists of a network of facilities
that extract, process, transport, and convert energy for final
end use. The chain begins with the basic fuel resource and
terminates with various desirable energy products. Each energy
chain is complex, has varying degrees of efficiency, and is
capable of being altered as technologies change or as resources
are depleted or developed.

The energy chain system of the world has always been dynamic,
but is presently undergoing changes as the efficiencies of some
of the links are being scrutinized, some being stressed or
unstressed, and new links are being added or proposed.

WELMM

It is within this context that the WELMM approach has been
developed as a means of analyzing such complex energy supply
chains. The WELMM approach is an impact matrix concept and
mainly focuses on five limited resources: Water, Energy,

Land, Materials, and Manpower. The basic objective is to assess
the natural resource requirements of various energy production
strategies. The WELMM requirements are those items necessary to
construct and operate a particular facility found within the
energy chain system. For a more detailed description of the
WELMM approach one should refer to Professor Grenon's paper

also presented at this conference.

Coal Energy Chain

The coal-to-electricity chain is a well established and
employed fuel chain. It is the major foreseeable outlet for
coal in the next and coming decades. It is also one of the most
complex chains due to events that have transpired in the last
decade. Compexities in the coal fuel chain have been added with
the increased amount of environmental controls of conventional
power plants and the advent of mine mouth power plants and gasifi-
cation plants.

Potentially, the chain could continue to be expanded as coal
liquid refining facilities are added along with combined cygle
and fluidized-bed power plants. In addition, as the potential
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reliance on coal increases, the transportation of coal is being
altered as larger quantities of coal are to be transported via
unitized train or possible new slurry pipelines.

Hence, it is within this framework that this paper attempts
to show the results of applying the WELMM approach to evaluating
a portion of the coal-to-electric¢ity chain. A comparison has
been made of nine such chains by alteration of the various trans-
portation and conversion systems. Figure 1 illustrates a
portion of the coal-to-electricity chain system and those chains
evaluated.

Processing and Transportation

The process for producing steam coal acceptable for power
plants consists of preparing run-of-the-mine coal by crushing,
screening and gravimetric beneficiation. This process is
assumed to be a mine-mouth facility.

Being a solid, coal has always been transported in relatively
small batch quantities. The size of those quantities continues
to be expanded as more unitized coal trains are employed. The
advent of the coal slurry pipeline allows for an efficient method
of transfer of a solid and a continuous supply method. Conse-
quently, three modes of coal transportation have been considered
for comparison: slurry pipeline, unitized trains of 105 hopper
cars each, and the same unitized train system but including the
expenditure of a single-use, single-track rail line. The
distance selected for transfer of coal from processing to the
coal-fired power plants is 965 km (600 miles). Tables 1 and 2
give the WELMM resources requirements to construct and operate
the processing and transportation systems respectively.*

Conversion to Electricity

For comparison, the following three types of coal-fired
power plants were evaluated within the coal-to-electricity
chain: conventional-uncontrolled, conventional-controlled, and
fluidized-bed.

Environmental constraints continue to be a limiting factor
on the use of coal to generate electricity, especially in the
USA. Where low sulfur coals (less than or equal to 0.7% sulfur
for bituminous coal) are utilized to fire steam boilers,
conventional power plants equipped with particulate-removal equip-
ment will continue in use.

*A majority of the data in these and subsequent tables have their
origins in WELMM summary analysis sheets for coal production

facilities researched and prepared by Arnulf Grubler of the
ITASA staff. This earlier work provided the data necessary for
this study.
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Table 1. Direct resource reguirements to construct
coal processing and transportation

facilities.
Coal Transportation System--965 km
Resource Processin
J Slurry Unitized | Single Purpose
Pipeline Train Rail Bed
Water [m3] 3,916 78,728
Energy 5
Electricity [GT] 33.86 % 10
Motor Fuels  [aJ] |5.84 x 10% | 6.21 x 10°
2
Land [xm“] | 0.04 .64 9.15
Exclusive
Nonexclusive 35.50
Man Power 138 3,809 30 2,421
(Man-years)
Materials [t]
Concrete 15,807 65,766
Pipe Tubing < 61 cm Dia 263 3,894
Pipe Tubing > 61 cm Dia 5 222,650
Structural Steel 749 5,367
Reinforcing Steel 789 7,209
Carbon Steel 3,864 114,217
Alloy Steel 64
Wood 95, 268
Crushed Stone 1,388,000

The environmentally controlled power plant selected for com-
parison is of the type of technology available in 1985, employing
a lime/limestone scrubber process to remove sulfur dioxide from
the stack gas. The disposal of the sludge via a settling pond
continues to present a major "solid" waste problem.

The coal-fired, fluidized-bed boiler allows for sulfur to be
removed in the combustion process itself. Combustion is accom-
plished in an inert bed of coal ash or lime that rests on a plate
of nozzles. Combustion air passes through the nozzles and into the
bed causing it to move much as a liquid. The air serves as a
combustion source for the finely ground coal that is injected near
the base of the fluidized bed. Low operating temperatures between
870 and 980 °C (1600 and 1800 °F) allow for reduced nitrogen oxide
emission as compared to conventional boilers. The burning of coal
in the presence of limestone is an effective method of removing
the sulfur.

Tables 3 and 4 give the direct WELMM resource requirements
to construct and operate the above described types of coal-~fired
power plants respectively.
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Table 2. Annual direct resource requirements to operate
coal processing and transportation facilities.
Transportation System--965 km
Resources Processing
Slurry Unitized Single Purpose
Pipeline Train Rail Bed
Waterl [m3] 9.05 X lO5 2.43 x lo7
Energy [ca] 5 6
Electricity 1.47 x 10 3.34 x 10
5
Motor Fuels 1.85 x lo3 0.22 X lo4 3.75 x 10
Land [km2]
Exclusive 0.04 0.64 9.05
Nonexclusive 35.50 16.0
Man Power [Man-years] 237 214 124 271
Materials (US $ 19'75)2 Negligible
Metal Products 63,115 2,9,105 54,360
Equipment 228,510 1,546,290 2,385,800
Chemicals 10,037 1,072,036 -
Misc. 15,384 79,704 116,874

1 . . .
Water intake; not necessarily consumption.

2Cost data were provided here and in some of the subsequent tables because the

actual quantities of material and equipment to operate the transportation

facilities were not available.

Comparison of Chains--Construction/Operating

The cost data are later used in Table 8 to gain
some insight in the comparison of chains over a thirty year operating period.

For comparison purposes, each chain contained only one coal-

fired power plant of a normalized size of 800 MW(e). Hence the
demand for coal from the mine for each chain is dependent upon
the operating efficiency of each facility of the chain (see
Table 5) and the resources recovered from each stage. As a
result, the number of facilities for each chain (excluding the
power plant) was adjusted to provide the necessary coal demand
of one power plant.

Table 5 also indicates the weaker links of the coal-to-
electricity chains, relative to the efficiencies of each stage.
If significant improvements of efficiencies of the chain are to
be made they must come in the areas of deep mining processing,
and conversion.
seen in the area of mining and not specifically reflected in
Table 5.

Already there are examples of improvements being
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Table 3. Direct resource requirements to construct
different types of coal-fired power plants.
Coal-fired Power Plant (800 MW(e)) Type
Resource
Conventional;| Conventional;
Uncontrolled, | Controlled, Fluidized-Bed
High Energy High Energy
Water ] 56,421 66,813 45,800
Energy [ca] 5 5 4
Electricity 2.32 x 10 2.96 x 10 1.00 X 10
Motor Fuels 7.39 x 105 8.18 x 105 6.57 X 105
Land [kn]
(Exclusive) 0.8 3.44 1.32
Man Power [Man-years] 2499 3047 2500
Materials [t]
Concrete 103,401 100,954 87,500
Finished Steel 7,561 9,992 8,660
Reinforcing Steel 13,055 26,308 16,990
Nonferrous Metals 48 800 783

Table 4. Annual direct resources to operate different
types of coal-fired plants.
Coal-fired Power Plant (800 MW(e)) Type
Resources Conventional; | Conventional;| Fluidized-Bed
Uncontrolled Controlled Atmospheric,
High Energy High Energy High Energy,
1981
3
Water [m™] 6 6 6
Intake 14.6 x 10 9.35 x 10 11.82 x 10
Consumed 7.0 x 106 7.8 % lO6 7.39 x lO6
Energy [ca]
Electricity 3 5 5
Motor Fuels 8.44 x 10 2.80 x 10 1.82 x 10
Process Heating 5.82 X 105
Land [km2]
(Exclusive) 0.8 3.44 1.32
Man Power [Man-years] 109 120 119
Materials
Limestone [t] 333,000 506,142
Metal Products [US $ 1975)| 1,201,300 1,799,547 962,845
Equipment [US $ 1975] 750,710 1,124,563 942,407
Chemicals [US $ 1975] - - 324,733
Misc. Materials [US $ 1975] 65,190 95, 654 40,875
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Using Table 5 and the data provided in the previous tables,
one can now determine the total adjusted resources required to
construct and operate the various coal chains. Such results
follow in Tables 6 and 7. It must be_ emphasized that these two
tables provide the total direct resources to construct or operate
the entire quantities of facilities or partial facilities repre-
sented in each chain and necessary for coal processing, trans-
portation, and conversion.

Total WELMM Systems Analysis

Again, from the data developed in the previous tables one
can make a comparison of the various chains over the operating
lifetimes of the facilities--assumed to be 30 years. Table 8
gives such results with the replacement of facilities being
taken into account where necessary, such as the replacement of
hopper cars of the unitized trains. Hence, Table 8 includes not
only the resources operating requirements but also the initial
and subsequent facility construction requirements. Several sig-
nificant conclusions may be developed from the WELMM analysis
summarized in Table 8, including:

Transportation:

- The slurry pipeline is the lowest consumer of resources
over the total thirty year period except for water intake.
The water intake for a chain utilizing a slurry pipeline
is 1.2 times greater than a chain using a rail system.

- Chains that employ a unitized train system for transport-
ing coal consume twice as much energy, 1.6 times more
labor, and incur higher operating expenses for materials
than comparable chains that use slurry pipelines.

Conversion to Electricity:

- Chains that employ the conventional controlled power
plants with scrubbers consume more than twice as much
nonelectrical energy and 4.1 times as much exclusive use
land than comparable chains using conventional uncon-
trolled plants.

- Operating expenses for equipment, materials, and con-
sumables for a conventional controlled power plant
employing a unitized train is 1.2 times greater than a
noncontrolled chain, and 1.4 times greater for a
similar comparison but using a slurry pipeline.

General:

- The total quantity of construction materials is approxi-
mately the same when one compares chains of similar power
plants or of similar transportation systems, if one ex-
cludes the wooden railroad ties and crushed stone to build
the single-use rail line.
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Table 8. Summary comparison of resources required to construct
and operate and facilities of alternative coal energy
chains (processing, transportation and conversion)
for thirty years.

Coal-fired Power Plant (800 MW{e)}) Type

Conventional; Uncontrolled
High Energy

Conventional)

Controlled

High Energy, 1985

FPluidized-Bed
Atmospheric, 1981

Rasources Unit Unit Unit
. R rrai
E:::t:' Unit Trains, E::a::; Unit Trains éxI:t:ég Unit Trains
Slurry Eail—ng Plus Single| Slurry Rggl- 9 |plus Single| Slurry " Rail- Plus Single
Pipe~ 1 Use Rail- Pipe- 1 Use Rail- Pipe- 1 Use Rail-
lines | lines lines lines lines lines lines | lines lines
8 8
water (]| 4.99x10%| 4.48x10%| 4.48x10% | 3.41x20%| 2.91x3c®| 2.91x10° | 4.10x10% | 3.66x10%| 3.66x10
Energy {ca] 6l 6 6
Electricity 9.14X106 1.88X106 1.88X106 9.08X106 1.98X106 1.9BX106 9.43x10 1.8x10 1.8x10
. - 6 6
Motor Fuels 0.84x10%|18.25x10°%| 18.26x10° | 9.31x10%|26.28x10°| 26.28x10° | 6.62x10° | 24.41:18°| 24.41x10
Process Heat 3 17.46X106 17.46X106 17.46X106 g
tand [¥km™]
(Exclusive) 0.86 0.81 1.45 3.50 3.46 4.08 1.38 1.34 2.01
(Nonexclusive) 2.46 2.44 2.58
Man Power
[Man-years) 9,297 14,253 14,989 10,111 15,070 15,805 9,796 15,101 15,877
Materials {103 t)
Concrete (103 t]| 114 109 109 111 107 107 99 | 100 100
Finished 3
Steel [10° t] 24 16 24 26 18 26 26 11 19
Reinforcing
3
Steel [l07 t] 14 13 13 27 27 27 18 17 17
Nonferrous
3
Metals [l0” t] 1 1 1 1 1 1
Wood (103 t] 7 6 7
Crushed Stone
[0’ ] 95 94 101
Limestone
3
[107 t} 9,990 9,990 9,990 |5,184 15,184 15,184
Total Operating
Material
[106 us $ 1975)
Equipment Expenses 69 181 181 100 210 210 78 196 196

Assumes 52% of cars and locomotives require replacement during 30 year
per Project Independence Study.

2 . R
These dollar values represent operating expenses only and do not include
the above metric tons of construction materials, excluding limestone.

Summary and Conclusions

Summarizing the above, one
fer of coal via slurry pipeline
terms of resource requirements,
In addition, as is obvious,

the

can generally state that the trans-
is the least costly method in
with the exception of water intake.
conventional power plant with

environmental controls is a greater consumer of resources than a

comparable noncontrolled conventional plant.

The advanced tech-

nology of the fluidized bed plants would provide the benefits of
environmental control at a reduced resource cost.
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No attempt was made in this paper to differentiate between
the quality of water or land nor was any consideration given to
the scarcity of water, land, or materials. For our initial
purposes this is adequate in providing the necessary data for
IIASA's global/regional energy models for the reference case
evaluation. But it is continually recognized that as we complete
studies of a regional or local nature we must differentiate bet-
ween the quality and scarcities of such resources. Consequently,
in such regional studies, one or more of the general conclusions
and summary statements from above could be invalidated. But, in
regional as well as global studies the WELMM approach provides an
opportunity to evaluate the specific advantages of various pro-
cesses that are not always self-evident and to quantify those
advantages or disadvantages.
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FUTURE ASPECTS OF COAL IN AUSTRIA

I. Schmoranz

INTRODUCTION

Energy has achieved a prominent status in today's political
and economic discussions. The oil embargo of 1973 did not create
this discussion but it helped to focus public and scientific
opinion on the field. Today, energy policy and energy modeling
is a subject with one of the highest priorities, of which the
conferences and seminars dealing with the subject give ample
evidence.

What are the specific characteristics of energy that have
given it such vital importance?

- Energy is not only an essential factor in the production
sector, it is also directly connected with the standard
of living. 1In other words, a cut in energy supply would
at least in the short run hinder economic activity with
all the problems connected with it, plus have a lowering
effect on the standard of living.

- The accelerated development and the changing pattern of
the economies in the industrialized countries has had
very strong consequences on the development of energy
demand. With fixed resources of some energy components
it is not difficult to compute how long these reserves
will last.

- From the medium and long term point of view we observe
a scientific and technological revolution resulting in
a transition process. More and more traditional energy
is being replaced by nuclear fuel and other new energy
sources. Exploring this transition process, we are
entering a new area and cannot refer to conclusions
drawn from earlier experiences.

- Although the energy sector has some independent features,
it is very strongly connected with the other sectors of
the economy. The most important link is through supply
and demand of energy, the constraints on capital and
manpower, and on trade balances.

- The individual consumer or producer does not demand
energy as such, but demands the services or characteris-
tics delivered by the energy.
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The last point mentioned is important for understanding the
transition process in the energy sector, especially the substitu-
tion of coal by other energy sources. The services delivered by
coal, e.g. heating, are not the only factors influencing its
demand. Another is what we call an "index of comfort". Since
in an industrialized society with a high standard of living the
latter is of increasing importance, the demand for coal, which
has in relation to other energy sources such as electricity or
heating o0il a low index of comfort, will be very strongly af-
fected by it.

INTERNATIONAL ASPECTS

Estimates of world coal reserves vary widely. The
Organisation for Economic Co-operation and Development (OECD),

estimates the resources at 8700 x 1012 toe [1], H. Kahn at

4250 x 1012 toe [2].

The absolute level of estimated stock reserves is, however,
of secondary importance, since only a small fraction of the es-
timated resources are interesting from an economic point of view.

Though these reserves amount only to 690 x 1012 toe, this stock

is generally considered to be large enough to meet the coal demanc
for the next century [3]. The local distribution of coal re-
serves, which is given in Table 1, shows that about 90% of total
reserves are to be found in three countries, namely the USSR, the
USA, and China. The important conclusion for the Austrian energy
sector is that it is highly unlikely to expect a recessive effect
on the economy as a result of shortages of coal.

Table 1. Distribution of world reserves of coal
(bituminous and brown coal).
Source: [1]
Proven Potential Total

Region
(1022 tcel  [8] | [10%2 tcel [%] | [10%2 tcel [%]
America 1175 38 1158 17 2333 24
USA 1062 35 1140 - 2202 23
Africa 55 2 9 - 64 -
Australia/Oceania 260 9 - - 260 3
Asia 416 14 1200 18 1616 17

Peoples Republic

of China 300 10 1200 18 1500 15
Europe 542 18 60 1 602 6
USSR 577 19 4328 64 4905 50
World Total 3025 100 6755 100 9780 100
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ENERGY PROJECTIONS FOR AUSTRIA

General Economic Development

General economic development strongly influences energy
demand. Naturally the overall growth rate of the economy, the
changing structure of the economy, and the development in per-
sonal disposable income with the induced changing of consumer
habits have considerable consequences on energy demand. It is
beyond the scope of this paper, to analyze all these effects.
We therefore concentrate on the energy coefficient (i.e. the
energy input per unit of output of the different sectors) and
the energy demand per capita for the private household sector.
These coefficients are a function of all the developments men-
tioned above and can thus be regarded as a good proxy for them.

The Austrian Economy in the Next Decade

Official estimates for the Austrian economy, which form
the basis for the energy projections, give an optimistic picture.
Annual growth rates for the next decade (i.e. from 1975 to 1985)
of 4% and 3.5% for the following five years are estimated. The
economic development of the last half year in Austria and the
changing prospects of the economic situation in the world as a
whole has had a dampening effect on this optimism. However,
growth rates of 3% are still expected to be possible in the
long run.

The growth of industrial production, which largely deter-
mines the general economic development, will be 5% for the next
decade and a little more than 4% for the following half decade.
The energy intensive industries will, with the exception of the
aluminum industry, grow with a higher rate than the average for
industry. This will result in a relatively higher energy demand
than would be the case with an unchanged industrial structure.

Projections for Energy Demand

The results of the energy projections are given in Table 2.
Total energy input will increase by about 4%, the energy demand
of industry by about 2%. These results reflect a declining
energy coefficient, since the growth rates for industry will be
about 5%.

The increase of demand of the transportation sector is less
than the average, whereas households, services, agriculture, and
administrations account for increasing shares in energy demand.

The high growth rates in energy demand by the household
sector is because the standard of living in Austria has risen
substantially in the last decade. At the 4% expected annual
increase in GNP, household demand for energy intensive goods--
larger flats, better heating, household equipment, more and
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larger private cars, etc.--will expand thus leading to a more

than proportional rate compared with aggregate energy demand.

Table 2. Energy demand projections.

Source: [4,5,6]

Average annual increase [%]

1974-1980 | 1980-1985 | 1985-1990
Gross domestic demand +3.8 +4.1 +3.9
Net domestic demand +3.2 4.1 3.4
Transformation process 4.5 3.0 3.9
Industry 1.3 2.2 2.1
Transportation sector 3.9 3.6 2.7
Others* 4.8 4.7 5.1

*Households, manufacturing, agriculture, administration,
and services.

The increase in industrial demand for energy is unexpectedly
low. The latter tendency can partly be attributed to current
energy saving measures, which would result in a declining energy
coefficient. It is hoped that special effort will be made to
introduce such measures in the energy intensive industries.

Energy demand in the transportation sector has been revised
slightly in the last years. Two developments make it difficult
to estimate the exact future demand. On the one hand, the ten-
dency to larger cars with a higher fuel demand, which is the
result of larger incomes per capita, is observed. On the other
hand, there exists a tendency to cut down the fuel demand of
larger cars. This, in connection with the lower distances
traveled per capita, which is certainly the effect of the higher
0il prices, works in the opposite direction. Both tendencies
together result in an increase in energy demand that is only
slightly lower than the increase in total demand.

The structure of the future energy input is given in Table 3.
This table shows the declining importance of bituminous coal and
lignite as well as that of oil. Water power and natural gas will
account for a slightly bigger share, whereas nuclear energy's
share will increase from its present 0% to 12.6%. However, these
figures were published in September 1976 and since that time a
strong antinuclear movement has been formed in Austria, whose
activities have led the government to reconsider their projec-
tions.
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Table 3. Structure of future energy
demand in Austria.

Percentage of total demand
Results Projections

1973 1974 1980 1985 1990
Bituminous coal 12.7 13.7 10.6 9.2 7.8
Lignite 6.5 7.0 5.1 3.6 2.7
0il 56.1 51.1 53.3 48.2 48.3
Natural gas 15.5 17.4 15.9 19.2 18.6
Water power 9.0 10.5 10.6 10.3 9.6
Nuclear energy 0 0 4.2 9.2 12.6
Other 0.2 0.3 0.3 0.3 0.4

To avoid the sharp increase of nuclear energy, considera-
tions are made in two directions. First, to dampen energy demand
and to promote energy saving measures, especially in the house-
hold sector. Second, to look for alternative energy sources,
especially in the direction of new and renewable energy sources.

The Demand for Coal

The projected demand for coal is shown in Tables 4, 5, and
6. They indicate an overall decreasing importance of all sorts
of coal with one exception. Coke input into the transformation
process shows an increase which means that the demand for pit
coal will only decrease by about 10%. The demand of industry
and households will decrease substantially, and the demand of
the transportation sector will be reduced to almost nothing.

Table 4. Demand for pit coal [109 kcall].

Results Projections
1973 1974 1980 1985 1990

Industry 308 546 245 175 105
Transportation 1,043 763 175 98 91
Rest 2,562 2,121 1,200 1,750 1,750
Transformation

Coke production 16,051 16,268 16,100 16,100 16,100
Electricity production 161 560 70 70 70
Total 20,125 20,258 18,690 18,193 18,116
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Table 5. Demand for brown coal [109 kcal].

Results Projections

1973 1974 1980 1985 1990
Industry 777 1,295 1,085 630 350
Transportation 70 70 35 28 21
Rest 4,410 4,312 3,500 2,800 2,100
Energy 189 16l 105 70 70
Transformation
Gas production 203 182 0 0 0
Electricity production 8,204 8,666 8,666 7,910 7,910
Total 13,853 14,686 13,391 11,438 10,451

Table 6. Demand for coke [109 kcall.

Results Projections
1973 1974 1980 1985 1990
Industry 8,645 10,122 10,500 10,150 9,975
Transportation 98 84 84 70 35
Rest 5,453 4,914 4,200 3,500 3,500

Transformation 4,851 5,285 6,160 9,310 10,500

Total 19,047 20,405 20,944 23,030 24,010

The same development is projected for brown coal, where
the input of brown coal for electricity production accounts for
nearly 80% of the total.

Estimated Coal Reserves in Austria

The estimated coal reserves for Austria are given in Table
7. Only half of the indicated reserves, however, are economically
interesting, since the extraction costs of most of the known re-

serves are too high. Fettweis [7] suggests only 51 x 109 t with
a resultant average extraction lifetime of 13.5 years. The future
extraction of coal is therefore going to decline according to the
planning figures of the mining enterprises. These are, however,
guestionable especially because of the uncertain future prospects
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of nuclear energy. Coal is one possible substitute and thus,
the development of nuclear energy also affects the development
of coal.

Estimated coal reserves for Austria [109 tl.

Table 7.
Identified , .
and inferred Hypothetical Prospective
Bituminous 1 3 6
Brown coal 152 58 159

Imports of Coal

The projected import of coal is given in Table 8. Pit coal
must be imported completely, since no domestic production exists.
The import of brown coal and coke will rise, the latter by about
50%.

Table 8. Imports of coal [103 t].
1976 1980 1985
Bituminous 2800 2670 2599
Coke 1000 1292 2590
Brown coal 650 828 718

SUMMARY

The projections for global energy demand of Austria,
covering the period 1975 to 1990, show an annual increase of
4%, which is about the same as the expected growth rate of the
GNP.

This average figure is the result of diverse tendencies
exhibited by the different sectors in the economy. A more than
average increasing demand for energy is expected in the private
household and service industry sector, and a less than average
increasing demand is expected in industry. The latter tendency
can partly be attributed to current energy saving measures in
the industrial sector, which would result in a declining energy
coefficient (i.e. energy input per unit output of industry).

At the 4% expected annual increase in GNP households demand
for energy intensive goods--larger flats, better heating, house-
hold equipment, more and larger private cars, etc.--will expand
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thus a leading to a more than proportional rate than the rise
in aggregate energy demand.

The projected structure of energy supply shows a decreasing
importance of coal. The percentage of coal in total energy
demand which at present is about 10%, will fall to about 5% in
1990. This 5% figure is, however, slightly misleading, since
4% out of the 5% will be required as an input into the trans-
formation process, especially in electricity generation. Only
1% of total energy demand by the final users will be covered
by coal.

In addition, the progressively decreasing importance of
coal as an energy source reflects the fact that coal seen from
a purely economic point of view is certainly an inferior good.
That means that with rising national income, both industry and
the private sector will tend to substitute coal by superior
energy sources. However, existing coal resources should be
considered as a strategic reserve good, important in cases of
supply shortages in other energy sources or retardations in the
development and utilization of new energy sources, e.g. nuclear
and solar energy.
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OUTLINE OF A MATHEMATICAL-LOGICAL MODEL
OF THE FUEL-ENERGY SYSTEM

V. Ehrenberger, A. Fajko%, and L. Petras

INTRODUCTION

A system-theoretic analysis of problems, characteristic
for the designing of energy resources development models, pro-
vides several important requirements to be satisfied by any
applicable modeling approach. Two aspects of this fact will
be introduced, of both practical and theoretical importance.
Further, some conclusions will be drawn in terms of requirements
to be imposed on the modeling techniques. Finally, a few examples
of handling conditions and relations are given, rather typical for
the existing energy system and its development.

Mining Technologies

A major portion of the country's primary energy resources
is provided by the coal mining industry and this will be true
for the foreseeable future. The modeling of reasonable ways
and possibilities of coal output development is characterized
by the existence of specific conditions which are due to current
mining technologies. Such conditions are sometimes called
"mining-logic" [2,3,4,5]. This term stands for clear-cut qual-
itative (logical) conditions and relations--usually very impor-
tant--that if neglected would cause (and, in fact, often do
cause) an unacceptably large distortion of the situation to be
modeled and would thus lead to inapplicability of the resulting
model. Naturally, quantitative conditions and restrictions are
also present so that conditions of both types must be incorporated
into our mathematical model.

Modeling Complex Economic Systems

The development of energy resources represents a complex
economic system. A systematic and effective application of both
modeling techniques and computers to the control of vast economic
systems requires the solution of many problems. These problems
could not be completely solved in the past and relatively short
time period but their solution was then not as urgently needed
as may be the case now. Some work in this direction has been
done by J. Boufka and interesting results can be found in [1].
It is evident that designing a large single model to describe
an extensive economic system is impracticable, extensive as the
model may be, for various reasons:
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- The excessively laborious and hard to survey design of
an extremely extensive model entails difficulties not
easy to overcome, connected with the debugging of a
defective model with many faults.

- There are difficulties in the numerical specification
of very extensive models.

- The numerical work with the model is not detailed
enough.

- It is difficult to interpret the computated results.

- There is a hierarchical structure of economic problems
necessitating several organizational levels to be
incorporated in the model.

A natural approach to this situation is the design of a
system of models, i.e. a set of both models and relations between
them defining the interdependence between the inputs and outputs
of individual models. The system of models reduces the natural
incompatibility of practical managerial requirements with the
capabilities of modeling techniques and computers [1].

PROPERTIES OF MODELING METHODS

We are not going to consider in any detail the interesting
and complex questions involved in calculating a system of models,
but will confine ourselves to some characteristic requirements
for the design of the top level (pilot) submodel of the system.
The realization of these requirements should (as a consequence
of the hierarchical structure of the modeled system) also facili-
tate substantially both the design of the system of models and
its operational application.

Any useful modeling technique should:

- Enable a ready and lucid formalization of a very wide
area of real-life situations, conditions and relations
of diverse nature; the logical conditions and relations
should be stressed (universally):

- Promote an active and systematic collaboration between
the professional system analysts, etc., and the respon-
sible manager of his staff (proper distribution of work,
interpretation of results, even partial ones, and/or
preliminary formulation of substantial circumstances);

- Be sufficiently uniform to facilitate the transition
between individual submodels, above all those of dif-
ferent hierarchical (organizational) levels and to
promote the necessary aggregation (uniformity).
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METHOD OF MATHEMATIC-LOGICAL MODELING (MLM METHOD)

The above requirements are well satisfied by the MLM method
described in more detail in [2,3,4,5]. It consists of a set of
algorithms and computer programs and its frame is produced by a
system of logically related procedures based on a suitable com-
bination of mathematical-logic and Boolean algebra.

The basic steps of the entire procedure can be formulated
as follows:

Step 1

Analyze the whole problem and formulate verbally (as
precisely as possible) all substantial circumstances, require-
ments, conditions, and relations.

Step 2
State and define "partial variants", i.e. alternative
possibilities of the partial links (in our case the partial

links of the resource side and of the consumption side are
taken separately).

Step 3

Formalize the verbally stated conditions etc. from Steps
1 and 2, i.e. write them in one of the following forms:

- logical (PL),

- Boolean (B),

- combined (C),

- pseudo-Boolean (PB), see [6].

The particular form is chosen from among the four possibili-
ties in such a way that the respective formalization is as simple

and easy as possible. The rewriting, if necessary at all, is
left for the next step.

Step 4

If there are conditions of the PL, B, or C form, they are
all rewritten in the PB form.
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Step 5

Solve the system of pseudo-Boolean equations and/or inequali-
ties obtained in Step 4, with the use of a set of computer pro-
grams described in [7].- This results in the set of all feasible
variants that appear in a very convenient form from the viewpoint
of the subsequent economic interpretation of results, namely, the
form of "disjoint families of solutions" [6]. The term "feasible
variant" stands for every combination of the partial variants
from Step 2 that satisfy the system of conditions of Steps 1 and
2, formalized in Step 3.

Step 6

Interpret the set of feasible variants that can be substan-
tially facilitated by the convenient form of solution set of
Step 5.

Step 7

If the analysis of feasible variants brings about the need
to revise the conditions originally assumed (such as adding new
conditions or changing some of the conditions of the original
system, or canceling some restrictions, etc.), go back to Step 1.

Step 8

If the analysis of Step 6 proves the adequacy or even
necessity of optimizing calculations (preceding the inter-
pretation of variants), appropriate criteria are defined in
order to facilitate a comparison of the variants of Step 5.

Step 9

Formalize the criteria of Step 8 analogously with the
conditions and relations formalized in Step 3. This procedure
produces a pseudo-Boolean function (generally nonlinear).

Step 10

Perform optimization calculations by using the above
mentioned set of programs [7].

Step 11

Interpret the results obtained, etc.--see Figure 1. This
concise description should be supplemented by a few remarks.
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It can easily be proved that every function £:{0,1}™ > {0,1}
can be given an equivalent PB form [6,8]. This fact is of ex-
treme importance because it ensures applicability of Steps &
and 6.

Much more difficult is the problem presented by Step 5.
Here systems of pseudo-Boolean equations and/or inequalities
are computed by using programs based on the Hammer-Rudeanu
algorithm [6]. This is still a disputed point among specialists
[9], but unsettled as it may be, the programs have proved reli-
able and given faultless results whenever applied [7,9]. The
set of programs is capable of further development. Such devel-
opment must be very effective being promoted by the rapid pro-
gress in computers.

The third point relates to Steps 3 and 5 jointly. Speaking
about a system of equations and/or inequalities, we usually have
in mind a system of stmultaneous relations. If there are n such
relations with Mi' the solution set of the i-th, then the solu-

tion set of the system is
n
M= N M, (see Figure 2a).
i=

Real situations connected with the development of a fuel-energy
system often lead to a system of conditions (and thus also of
PB relations) with another, more complicated logical structure.

Using a quite simple illustration, we can take a system
as shown in Figure 2b. 1In this case one gets

8 10 13 18
M= N M N (N MUMIN(U M)N N M .
i=1 1 jmg 17 M i=12 1 ioqg 1

The system of programs described in [7], however, enables the
solution of even more general systems of equations and/or
inequalities. Numbering the individual relations in a corre-
sponding manner is all that is needed in this case (see Figure
2b) :
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(1) - (M (P12) - (10.1)
(P2) - (2) (P13) - (10.2)
: (P14) - (11)
(P8) - (8) (P15) - (12)
(P9) - (9.1.1) (P16) - (13)
(P10) - (9.1.2) (P17) - (14)
(P11) - (9.2) (P18) - (15)
(P1) till (P8)
(1) till (n)
\(P9),(P10)
(P11)
(P12)
(P13)
}(PM) till (P18)
a) b)

Figure 2. Structure of the PB relations system;

n
(a) Simultaneous system, M = _ﬂl M
'l=

(b) System of a more general logical structure,
i P‘ 10 13 18
= NN MU Ny JyNn.n M. .
M= 0 M0 (0 M UM ) 0 G, M0 M

=14
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Now the given system can be immediately punched for the
computer. The relations have to be written in a way ensuring
the pair-wise disjointness of corresponding branches. The
following is an example for the case shown in Figure 2b:

M90M100M11=¢ ’ M120M13=¢ .

One can see from the expression for M and from Figure 2b that
designing the feasible solution set M consists in our case in
the solution of four pair-wise disjoint PB equations and in-
equality systems and in taking unions of these four sets (pos-
sibly empty).

The typical features of the MLM method significant for the
structure and numerical solution of the model can now be sum-
marized:

- Requirements for the incorporation of various conditions
and relations into the model (logical and quantitative
conditions) can be properly satisfied;

- Conditions leading to nonlinearity of resulting relations
need not be avoided, nor do constraints on the form and
outputs of the submodels used have to be prohibitively
strict (linearity, continuity);

- The system of restrictions need not be logically decom-
posed with the aim of obtaining an admissible type of
resulting models;

- The numerical solution can be considerably demanding
(computer time, capacity, computer reliability, etc.)
and the scope (volume) of the results increases according
to the model extent. For this reason it is vital to
choose and to define the variables and partial variants
as well as the aggregation degree most carefully.

EXAMPLE

The form of the model and the way it is compiled can be
best shown by an example. Anyhow, it is evident that the defi-
nition of the single partial variants and relations must be pre-
ceded by a detailed subject analysis (see Steps 1 and 2).

Changes accepted during the analysis of Steps 1 and 2 and
entailing a revised definition of partial variants, another
aggregation degree, a change of conditions imposed on feasible
variants, perhaps some additional conditions (which essentially
leads just to a change in the form and numerical values of ma-

trices A and Bk in Tables 1 and 2) should cause no particular
difficulties.
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The form of the model, the way it is compiled, and its
numerical solution, and the form of the results and the way
they are interpreted will remain unchanged.

A reliable basis for specifying research tasks to corre-
spond with the model conception will be given. (Contents and
form of the outputs of the individual submodels are derived
directly from the requirements of the top level (pilot) sub-
model.)

The symbols used in the formalization of conditions and rela-
ions are defined in Tables 1 and 2. The symbols Xy (i=1,2,...,n)

represent the Boolean variables (n is the number of development
variants at the source side - Federal Ministry of Fuel and Energy
(FMPE) ) defined as follows:

{1 for variant i
x. =

0 for any other case .

Quite analogous are the variables y? introduced where k gives

the number of the sector (consumer). The system of 1 + r equa-
tions follows directly from the definitions

(sq)

k
Y; = 1 k =1,2,...,x) ,

T
)
i=1

where r is the number of consumers (sectors) with the exception
of FMPE, and m, is the number of variants of the consumer k.

The feasible variants are, generally speaking, defined by various
limits such as:
The limit of the total investments involved is L,. This

condition has the following form:

n r
x,12 k,12
12 S 21 by Yy, <L, . (1)

)
1 1421 k=
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Similarly, let the number of workers in the sum for all sectors
be limited by L2. Then

n
I ¥ Ve, v 7 1 oMy, cn, (2)
: L

i=1 o k=1

The overall limits for imports--see columns 16 and 17 of Table
2--are written in the same way.

The next series of conditions must ensure that consumer
requirements do not exceed the availability of resources. Let
us take the following situations as an example: sectors k1,

k2, and k3 require brown coal. The following inequalities must
hold; for the tonnage:

mk1 k1,5 k1 me k2,5 k2 mk3 k3,5 k3
Lobiove LB oyt i£1 by ¥y
(3)
n n
Xx,5 5
+ ) by'7x, - ] aix. <0 ,
FE-CREE T PR A |
and for the quantity of heat:
m
M, k,o5 K, M, KyiS ky K3 kg5 Ky
1} b, y. + } b, y.“+ ) b, Y.
e e = I = E
(4)
n n
+ .Z b’.‘l’sxi - a).;’sxi <0 .
i=1 i=1

The relations between the variants of individual sectors, however,
may differ substantially from those mentioned here as typical
examples and written in the form of PB relations (S1), (1), (2),

(3), and (4). They can be "deeper" and need only have the char-
acter of quantitative constraints and conditions. Nevertheless,
they can well be equally important in relation to a suitable
representation of reality.
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Let us give an example for such a "logical" or "qualitative"”
relation: variant 3 of sector 1 and variants 1 and 2 of sector
2 are based on an extensive and expansive development of produc-
tion technologies. Such development requires both high invest-
ments and import means. On the other hand, these variants entail
a reduction of specific fuel-energy consumption and an increase
in labor productivity. To be reasonably utilized, such new pro-
gressive technologies must be applied also in other suitable
sectors, say in sector 3, i.e. in sector 3 variant 1 cannot be
applied with a less progressive production process.

This condition can be written in PL form (Step 3)

1 2 2 3
(Y3 VY]V Y2) =Yy

and rewritten (Step #) into equivalent PB form

1 =12 =1=2_2 =3
Y3 + Y3Y1 + Y3Y1YZ - Y1 <0 ’ (5)
where by definition
y=1-y . (6)

Based on Steps 1 and 2, all other conditions and relations
considered essential for the model (Step 4) can be written in

a similar way and one obtains the model in the form of a system
of PB equations and/or inequalities, i.e. a system of relations
each of which has the form:

(7)

vilA
=3
-

I a.%, %, ... ii

i 2 n(i)

where ai, ai are real numbers,
%X = x or x (see also (6)), and
X is a Boolean variable.

If we denote the system of remaining PB relations by (Sz), the
resulting model receives the form of the PB relation system

{s), (M, (2), (3), (B), (5), (s,)1}
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with the total number of variables

n+mn, +m, + °** + mr .

CONCLUSION

The MLM method leading to a system of BP relation of type
(7) seems to be an adequate technique for the modeling efforts
in question. It appreciably facilitates the incorporation of
diverse types of real system conditions into the model to be
built.

A system of computer programs has been worked out that
makes the use of the compiled model possible in practice [7,9],
although opinion is not yet uniform on the efficiency of the
numerical solutions of more extensive systems [6,7,9]. However,
one can expect that the ongoing development of computer programs
coupled to rapid computer development should bring a positive
answer to this question.
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EVALUATION OF MODELING EFFORTS IN THE DEVELOPMENT
OF CZECHOSLOVAKIA'S FUEL-ENERGY SYSTEM

V. Ehrenberger, A. Fajkos, and A. Rocek

INTRODUCTION

The Sixth Five-Year Plan of Czechoslovakia's national
economy has already included the first stage of the solution
to the problem connected with the changed external conditions
of the fuel-energy system development. But the solution as a
whole, covering a time period of 15 to 20 years, represents a
most complex problem and the related work has to be intensified
and deepened substantially. The fuel-energy system of the coun-
try has always been considered one of the most complex facets of
economic development [3,4,5,6,7,8].

The past development of the fuel-energy system has some
outstanding features of great significance to its future direc-
tion. During the first 10 to 15 postwar years the development
of the fuel-energy system was secured solely by increments of
the domestic fuel and energy sources by the enormous extent of
construction of deep and opencast coal mines. 1In the 15 year
period ending in 1975, the role of external relations increased
considerably. During 1965 to 1970 the increment of imported
fuel-energy sources (realized mostly in hydrocarbons) was higher
than the overall increase in the consumption of fuels and energy
of the national economy.

Let I be the initial import of fuel-energy sources,
AI, the import increment,
D, the initial domestic fuel-energy sources,
AD, the domestic sources increment,

S, the initial overall consumption of fuel and energy
in the national economy, and

AS, the overall increase of fuel and energy consumption
in the national economy.

Then for the time period mentioned

AT > AS .
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Since

S+ AS =D+ AD + I + AT ,

and since also

we get

AsS = AT + AD ,

and thus also

AD = AS - AT < 0 .

As can be seen the volume of the domestic fuel-energy sources
in the national economy decreased during the time period in
absolute terms.

This relation did not continue in the next time period.
On the contrary, in 1976 to 1980 the following situation is
supposed:

AS” 248,

whereas

AD”

The individual components of the fuel-energy system develop-
ment are interrelated. These relations have some generally valid
features as well as some specific qualities due to local condi-
tions. Some of these relations will be dealt with in the next
section. There it will be evident that any chosen system-
theoretical or modeling approach will be generally acceptable
only if it enables the principal relations and conditions to be
expressed sufficiently accurately.
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PRINCIPAL RELATIONS IN CZECHOSLOVAKIA'S FUEL-ENERGY SYSTEM

The development shown in Table 1 may provide the preliminary
basic orientation.

Table 1.
Year 1960 1965 1970 1975 1980
100 1I/s 10.9 18.7 25.7 34.0 39.7

Even for the forseeable future a decisive role is to be
maintained by coal production which has its specific trend
given by

- the present state of coal output development at
individual coal deposits,

- the exhaustion rate of coal reserves (the method of
evaluating coal reserves in the Czechoslovak region
of the Upper Silesian Basin is described in [2]),

- technical progress in coal production, and
- dependence on the whole national economy.

The increase of resources is concentrated in brown coal,
the total output of which should approach 100 Mt as early as
1980. This increase is all by opencast mining. At the same
time coal output will decline at some expiring deposits. The
opencast mines' output of brown coal is further characterized

by the growth of the overburden coal ratio (m3/t) which will
be about 50% between 1970 and 1990.

To achieve the required coal output it is necessary to
extend the mechanization of mining; in system-theoretical and
modeling efforts the real relation between the mining subsystems
and the subsystem represented by the production of machine equip-
ment for opencast mining must be respected. An analogous relation
concerns underground coal mining too. This implies that the model
has to be built in a way ensuring that the resulting variants
include only possible combinations of variants of all relevant
subsystems.

We are not going to deal systematically with the definition
of all essential relations of this kind--it would require too
much space. However, some significant relations are worth
mentioning.

Let us adhere to coal production for the moment. At pres-
ent, the following problem is being studied: a reevaluation of
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exploitation of black coal reserves under more difficult
conditions and from seams of lesser thickness is being carried
out. As a result new variants arise characterized by different
output volumes in the fixed years and associated with other
subsystems variants.

Similarly, system relations connected with problems of a
radical increase in the utilization of o0il as a chemical raw
material are being studied. Outstanding and broad interrelations
occur in the field of rationalization of electric energy produc-
tion with the aim of reducing the specific consumption of primary
energy sources.

It is evident that even the above mentioned interrelations
could not be completely realized in models constructed up till
now. We come back to this guestion later in the paper where
the cooperation of individual links of the Czechoslovak scientific
research basis acting, to some extent, in the field of modeling
the development of the fuel-energy system will be discussed.
Before doing so, we shall characterize briefly some model solu-
tions.

CHARACTERISTICS OF SOME MODELS

Mathematical Model of the Power Economy as a Whole and of its
Main Components [1]

The task was to find a model that gave the optimum structure
of the energy balance, i.e. a balance that would cover the given
fuel and energy demand of the national economy at minimum cost
without violating the constraints on individual energy sources.

Here, the existence of variants is to be understood as
follows:

- Deriving some energy forms and carriers from various
technological processes or with different parameters
(electricity, heat, gas).

- Possible substitution of fuel bases for gaining some
energy forms and carriers (electricity, heat, the raw
material basis for pyrolysis, coke oven heating, coal
gas production).

- Possible substitution of some energy forms and carriers
in the final consumption in some processes and services
(pig iron, rolling mills, forges, cast iron, cement,
ammonia, road transportation, etc.).

- Different possible patterns of the yield of some energy
processes (hard and brown coal preparation).

- Possibility of various proportions between domestic and
imported energy sources, etc.
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The above problem was formalized as a minimization problem
of linear programming. The constraints used were of two types,
the requirement vector, determined by the final effective con-
sumption of energy forms and carriers, and the vector of limiting
energy sources. The objective function was set up as the sum of
social expenses. The optimization model consists of 89 equations
(energy forms and nonenergy products) and 176 variables. The
number of technical coefficients in the matrix amounts to 676.
The model variables describe the energy and nonenergy processes
as well as variants defined within these processes.

By using this model, computations of the optimal variant,
according to several scenarios were carried out. This work
represents the first attempt at applying an optimization model
to the energy economy of Czechoslovakia as a whole.

Mathematical Model for the Future Development of a Coal
District [12]

This model is representative of models for the development
of coal production subsystems. It was designed for application
to the north Bohemian brown coal district, i.e. the country's
largest coal district where at present 65 Mt of brown coal yearly
are being produced mainly by opencast mining.

The model consists of 5 submodels covering the decisive
areas for future coal district development up to the year 2000.
It was designed as a linear programming model with mixed variables
(continuous and Boolean ones). The Boolean variables apply to
every supplying sector. Three types of constraints were set:
production capacity, consumers' requirements, and the volume of
investments and labor. The objective function is the sum of
investment, production, and transportation expenditures.

Basic input data:

- suppliers of solid fuels and variants of their develop-
ment in time series,

- consumers of solid fuels and their consumption in time
series,

- technical coefficients dependent on possible new
production of solid fuels,

- labor volume pertaining to the given time interval,
- fixed expenditure for the construction of new coal mines,
- variable costs (depending on the output) of new mines,

- transportation costs for each path connecting producer
with consumer, and

- effective investment volume for the specific time
interval.
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Output data:
- chosen way of development,

- considered volume and pattern of the production and
transportation of solid fuels, and

- minimum expenditure applied to the proposed solution.

Evaluation of Expert Estimates [9]

In [9], the problem of an optimal evaluation of a family
of expert estimates has been solved with the aim of ordering
the given families of the development variants according to the
usefulness of individual variants.

The required evaluation method should objectively, i.e.
based on reasonable, stated, and unchangeable principles, process
several orderings proposed by individual experts. The expert
evaluations (orderings) usually contain sensible subjective
elements. The required optimal ordering, however, has

- to make full use of the results of the expert evaluations
presented,

- to result exclusively from the reasonably chosen, stated,
and unchangeable general principles, without any ad hoc
additional "rules", and

- to be immediately realizable in practical cases; this
is to say that the search for the optimum ordering must
be precisely algorithmized and, if necessary, capable
of being carried out by the computer.

In [14], a definition of optimal ordering has been given
that meets the first two requirements very well. However, the
authors do not treat the practical realization problem of the
defined optimal evaluation, i.e. the third requirement. Our
attention concentrated therefore in [4] just on compiling a
suitable algorithm. For this purpose a distance was defined on
the set of all orderings and the required algorithms were compiled
for two optimal criteria: the median and the mean value [14].

The derived algorithms described in [9] are based on design-
ing the set of all evaluations given in the form of a pseudo-
Boolean equation, as well as the criteria i.e. median or mean
value in the form of a linear or nonlinear pseudo-Boolean func-
tion [13]. Thus the problem was transformed into a pseudo-
Boolean programming problem [13]. Hence advantage can be taken
of the apparatus expanded in [10] and [11] which includes the
relevant computer programs of J. Linhartovd [15].

It can be proved [9,14] that the above distance between
two expert evaluations A, B is
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d(a,B) = ] (a,. +b.,. - 2a,.b..) ,

J

)

i3 ij ij 13713

(bij) are incidence matrices of evaluations A, B.

Under the same assumptions, it can be shown that finding

the median of an evaluations family A yeeoy

(M A(s) is equivalent

to the following pseudo-Boolean programming problem:

To find the minimal points of the function

i

v 3

aijxij (xik € Bz; i,j=1,...,n)

with the restriction

i<j

) Xi4%51

XL X, LaX X X =0
k;i j;i g xljxjkxlk + k;i j;i g xljxjkxijlk !
k#3j k#3j

where n is the number of variants (orderings) to be evaluated

and

Other Submodels

An additional series of submodels has been worked out.
They are focused on

the
the
the
the
the

the

structure of the fuel and power economy,
development of the electric power system,
prediction of sulfur dioxide and fly ash emission,
development of the electrification system,
development of transmission systems,

influence of mine-technical and geological parameters

on the costs of coal production, and

the

preliminary development of Czechoslovakia's gas supply

system.
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OBJECTIVES OF THE SCIENTIFIC RESEARCH BASIS IN THE FIELD OF
MODELING THE FUEL-ENERGY SYSTEM

The organizations that participated in modeling the develop-
ment of Czechoslovakia's fuel-energy system are listed in Table 2.

Table 2.
Set corresponding
. . k withi e
Organization Central Organ to work within th
fuel-energy system
modeling
Power Research Institute FMPE* A
i F
Research InstltuFe of Fuel FMPE* B
and Power Economics
Institute for Fuel Research FMPE* o]
Institute for Development
of the Fuel-Energy Basis FMTIR** D
Research Institute for
Planning and Management SPK*** E

*Pederal Ministry of Fuel and Power
**rederal Ministry for Technology and Investment
***State Planning Commission

Considering the systems approach [16] as a basis, we can
see that many essential requirements within the modeling of the
fuel-energy system development has not yet been met. As a measure
of fulfillment of these requirements, the function (measure) f
subjoining values to the corresponding work volumes is defined
in Table 3.

Table 3.
Set of work:
required from realized
Area the view-point
of systems-
theory
hol

Coal as a whole Hl Gl
Traditional resources H2 G2
Nuclear energy H3 G3
Other nontraditional resources H4 G4
Top-level model HS G5
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Let

M=AUBUCUDUE

and N be other efforts.

Some significant facts resulted from the analysis and must
be respected in future work. These facts are primarily conse-
quences of the following (see also Tables 2 and 3):

f(G1 N M) f(G1 Nn(AuBUC) < f(H1) ’

f(G2 Nn M) < f(Hz) ’
£(Gg N M UN)) < f(H5) .

CONCLUSION

The above brief survey provides a picture of the present
state of modeling the development of the fuel-energy system and,
furthermore, it indicates an orientation of the work to be done
with regard to the proper subject matter, to the mathematical
and organizational aspect, and to the necessary collaboration
and cooperation.

It is fairly obvious that most attention must be paid to
interconnections of individual activities performed by the
various organizations. In this context the role of IIASA and
its Energy Program comes to the fore and it is remarkable that
the Institute has succeeded in developing broadly its intended
activity in such a very short time.

As far as modeling efforts are concerned, necessary measures
are under way to strengthen the system ties in the fuel-energy
system models. We should like to follow at an early stage (pos-
sibly together with IIASA) with model studies of the coal pro-
duction development related to the whole fuel-energy system.
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STATUS AND PERSPECTIVES OF THE HARD COAL
MINING INDUSTRY IN THE FRG

E.E. Anderheggen

In four mining districts, Ruhr, Saar, Aachen, and Ibbenbiiren,
the FRG has deposits of bituminous coal and anthracite totaling
230,000 Mt, of which about 24,000 Mt are economically workable.
This is the result of investigations on world coal resources for
the World Energy Conference 1977 in Istanbul, about which Dr.
Schilling reported here.

At present an annual output of about 90 Mt is produced in
underground mines from these deposits. The case study on coal
for the FRG comes to the conclusion that the primary energy de-
mand for hard coal can be covered up to about 1990 from this
production capacity but it will then have to increase rapidly
and reach about 200 Mt by the year 2000. The economically
workable coal deposits of about 24,000 Mt would cover the annual
demand of 200 Mt from 1990 for more than 100 years.

Before I discuss whether and how this increased demand can
be met technically, I will describe further developments of the
conventional mining technique. The predominant coal winning
method in the FRG coal industry is longwall mining. Technical
and machine features and the prospects for this method under
FRG conditions have been described by Ostermann. Daily coal
outputs of 3000 t and more from one longwall face are regularly
attained in several FRG workings. Although above the high
average daily coal output of all working districts of 1207 in
1976, longwall mining can still permit further increases in
coal output. Indeed a double coal face in Ensdorf colliery in
the Saar had a maximum daily output of 11,000 t in August 1977.

For the working of steeply dipping or very disturbed coal
seams, an efficient mining method is available with the hydro-
mechanical coal winning system in use in the USSR and in Canada.
In November this year, the first colliery in the Ruhr--Hansa
Colliery in Dortmund--took up hydromechanical production with
a daily output of 3500 t. ’

The high outputs already achieved in several peak faces
will become the targets for many similar mines. The present
peak performances have been reached by comprehensive mechaniza-
tion. But they can be reached permanently only when the effi-
ciency of the operating sectors before and after the coal faces
is similarly high.
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As the result of the development of mining technique during
the last 20 years, hard coal production in the FRG has been con-
centrated in a small number of efficient mines. In the period
1957 to 1976, the number of collieries diminished from 173 to
43 while daily output per colliery increased from 2978 to
8137 tons. As for the output per manshift underground, often
considered a yardstick for the state of mechanization and ratio-
nalization, there has been a leveling off in recent years in the
FRG as in other West European countries and the USA to 4068 kg/
manshift in 1973, despite steady efforts for further development
of mining technique in all operational sectors. The Saar coal
mines with an annual coal output of about 9 Mt show what modern
methods of coal getting achieve under generally favourable con-
ditions: the five Saar collieries had a monthly average in 1976
of 4521 kg/manshift, and this was increased to 5536 kg in August
1977; the Ensdorf colliery reached an underground output of 12.3
t/manshift and a daily coal output of more than 11,000 tons in
August 1977 and the GOttelborn colliery more than 10 t/manshift
in June 1977. These clearly show the prospects for existing
coal getting technology in the German hard coal mining industry.
Just by application of already available methods and processes,
together with common efforts to solve the still outstanding
technical problems, it will be possible to become even more
efficient.

By such a further development of conventional mining tech-
nique, the demand of the FRG for coal can be covered without a
reduction in its competitiveness until 1990. From 1990 on, it
is necessary that new production capacities of at least 100 Mt
per annum must be established to cover the FRG's projected coal
demand of 200 Mt of hard coal equivalents in the year 2000,
because an increase of coal imports cannot be reckoned with.

In order to reach this new coal capacity, new mines are to be
constructed. These will have to work coal from the few good
coal deposits left, but also achieve an increase in productivity
of 40% per worker; novel processes for a utilization of coal
deposits must be developed and applied. These include, in par-
ticular, processes for extraction of coal deposits that do not
involve men working underground.

Reports have been presented at this Conference about coal
gasification in situ in the USSR, the USA and in Belgium. The
FRG's Federal Ministry for Research and Technology has a project
for gasification at great depth. It is characterized by:

- Coal gasification under pressure that is variable from
20 to 60 bar,

- Testing coal gasification with different gasification
agents including hydrogen,

- Coal gasification at greater depths than 800 m, and

- Long-term coal gasification by means of filtration
gasification.
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Methods of microbial leaching have obtained technical
importance recently for the extraction of poor ores, for example
copper ores. A first study of microbial coal extraction has been
carried out by the Bergbau-Forschung GmbH in Essen. A large
technical application of microbial coal extraction is not alto-
gether out of the question, but not to be expected in the near
future.

I would like to summarize the results of my paper:

The primary energy demand for hard coal in the FRG can be
covered with the present production capacity of 95 to 100 Mt
until about 1990. The systematic further development of con-
ventional mining technique gives reason to expect an increase
in productivity, by which the competitiveness of coal against
other energy sources can be maintained and possibly even im-
proved.

New production capacities must be established, in case the
demand for hard coal increases suddenly from 1990 to about 200 Mt
in the year 2000, as the FRG case study shows, and if this addi-
tional demand cannot be met by coal imports.

The economically workable coal deposits in the FRG, amounting
to about 24,000 Mt, would be sufficient to cover such a demand.
The coal deposits to be extracted in future will probably have
a less favorable formation.

Increased production even with such less favorable coal
deposits, and maintainance of competitiveness of the additionally
produced in view of the high capital cost for new collieries,
can be achieved presumably only by application of novel coal
winning processes. Wide difficulties will have to be overcome
to make such new coal winning processes--especially coal gasifi-
cation in situ--economical in practice.
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A SCENARIO FOR A MEDIUM-TERM REVIVAL OF COAL
IN THE FRG: RESULTS OF A CASE STUDY*

W. Sassin

INTRODUCTION

Global coal resources are very large and will have to be
exploited more extensively in order to satisfy future energy
needs of mankind. Yet the coal industry in many countries faces
severe economic difficulties despite the fact that the main
competitor of coal, crude oil, experienced a fourfold price
increase in 1973/74.

IIASA's Energy Program is analyzing the various alternative
sources of energy that can contribute significantly to a long-
term global energy supply. In this perspective past trends of
coal deployment and future necessities clearly diverge. Such a
historic situation does not exist for the other two principal
options, nuclear and solar energy. Concentrating on coal as the
closest option at hand, we decided on some medium-term studies
first. Detailed investigations on a regional level were considered
necessary to clarify the possibilities of reversing the trend of
a declining or stagnating coal consumption. As a second step we
planned to integrate the results of the specific analyses into
a more long-term and globally consistent coal option. This
approach led to the methodology finally adopted for our national
case studies. Two studies were performed, one for the UK and
one for the FRG.

The FRG was selected mainly for the following reasons:
- It has a significant coal mining industry.

- Because of the high import rates of crude oil and natural
gas, a need exists to substitute alternative sources of
energy as early as possible.

- A fairly advanced economy exists that requires modern
forms of secondary energy; these must be derived from any
primary energy input, including coal.

- Access to the main indigenous coal resources is quite
difficult. It necessitates a high degree of mechanization
in mining and has led to a high output per manshift; still
the cost of coal is fairly high, compared internationally.

*The case study was performed in collaboration with Dr. F. Hoff-
mann, Gesamtverband des Deutschen Steinkohlenbergbaues, Essen,
and Dr. R. Hildebrandt, Steinkohlenbergbauverein, Essen, FRG.
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- Because of the high population density, environmental con-
straints play a major role, influencing both conversion
processes and siting decisions.

The FRG therefore represents a crucial case for an early revival
of coal under conditions that can be expected to develop in
other regions with some time delay.

The study was performed in close collaboration with the
Gesamtverband des Deutschen Steinkohlenbergbaues and the
Steinkohlenbergbauverein, Essen, FRG. The results summarized
here are published in more detail in [1].

PRESENT ENERGY SUPPLY SITUATION AND PROSPECTS
THROUGH THE YEAR 2000

In 1974 the FRG had a primary energy consumption of 366 x 1O6

tce. More than half of this was accounted for by crude oil, 95%
of which had to be imported, mainly from OPEC countries. Nearly
one third of the primary energy demand was met by coal, which
came almost exclusively from domestic production. Moreover,

35 x 106 tce was exported, the predominant share to EC countries.

The share of natural gas in primary energy consumption was
about 13%. Since domestic supply is limited, more than half had
to be imported. Nuclear energy, with a share of approximately
1%, played only a minor role in meeting primary energy demand.
Altogether, about 60% of the primary energy consumed was imported.

Before the o0il crisis, primary energy demand was estimated

to rise to approximately 600 x 106 tce by 1985. The effects of
the o0il crisis and a reassessment of economic growth prospects

have led to reduced estimates: now only 480 to 500 x 106 tce is

expected by 1985. This would constitute a rise of 120 to 140 x 10
tce above the 1974 level.

6

It is still unclear how this additional demand can be satis-
fied. Nuclear energy is expected to experience the highest growth
rate. However, it will not be possible to achieve by 1385 the
amount of 45 to 50 GW that was projected in the first revision
of the energy program of the Federal Government (erste .
Fortschreibung des Energieprogramms). Estimates in 1977 foresaw
an installed nuclear capacity of 30 to 35 GW(el); present fore-
casts are even lower. In view of the results of studies on
the international energy supply [2,3], a difficult oil supply
situation around 1985 cannot be ruled out. Consequently the
earlier estimates are used in this study so as not to overestimate
the need for coal. 30 to 35 GW(el) nuclear power plants would
produce 200 TWh of electricity, which translates into an equiva-

lent of 60 x 10§ tce primary energy supply.
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The supply of lignite is expected to rise only slightly
because its production is constrained by geological conditions.
The potential for producing energy from water power has been
almost fully realized. It seems then that at least half of the
expected additional demand for primary energy must be met by
fossil energy sources, such as natural gas, crude o0il, and hard
coal. Because of existing contracts, natural gas supply is ex-

pected to increase by almost 40 x lO6 tce to 85 x 106 tce. This
rise is guaranteed by increased imports from the Netherlands and
the USSR and by new imports from Norway (North Sea) and Iran. The

remaining additional demand of 20 to 40 x lO6 tce must be met by
crude oil and hard coal.

The original projections for the year 2000 centered around

an energy demand of 1 X 109 tce. After a significant downward
revision of the economic growth rates and allowing for effective
conservation measures, a demand of 700 X lO6 tce for the year 2000
appears more likely. 1In this case 200 x lO6 tce over and above
the 1985 figure will be needed, a major part of which could again
come from nuclear energy if the optimistic estimates of an
installed nuclear capacity of 130 GW(el) in 2000 can be realized.
Environmental concerns and a growing opposition to nuclear energy
might lead to a significant reduction of this estimate; but it

is used here in order to arrive at a conservative potential coal

demand. This leaves a gap of another 70 x lO6 tce that must be
added from natural gas, crude o0il, or hard coal between 1985
and 2000. Most existing contracts for natural gas expire after
1990. Since from that time on, domestic production must also

be expected to drop, new contracts for the import of 60 x 109 m3
are required if the level reached in 1985 is to be maintained.
Possible suppliers are the North Sea countries, but above all the
USSR and the OPEC countries. Even if the necessary gas quantities
could be supplied, serious problems are foreseeable:

- The dependence on imports would continue to increase.

- The dependence on OPEC countries would then extend to
natural gas, a substantial part of which these countries
would have to provide in spite of continued supplies
from the North Sea.

- Due to the distances to be covered, much more liquid
natural gas (LNG) would have to be imported at costs
considerably higher than those of pipeline gas.

- Transportation costs, combined with the generally strong
increase in natural gas demand, would likely cause con-
siderable price increases for this energy source.

The supply risks of crude oil, which are the result of the
great amounts imported from OPEC countries, are not likely to
be eliminated. The petroleum discoveries in the North Sea, which
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might bring temporary relief, are of only minor importance for
the FRG. Thus a further extension of oil and gas imports seems
an undesirable but unavoidable consequence, unless more coal can
be absorbed by the market.

ASSUMPTIONS AND RESULTS OF MARKET ANALYSIS FOR COAL

Since 1960, coal in the FRG lost a significant share in
primary energy consumption. The absolute production of coal

went down from 180 x 106 tce in 1956 to 125 x l®6 tce and has

nearly stabilized now. The technical potential to produce sig-
nificantly more coal exists; the real bottleneck obviously derives
from the difficulties in coal use at the consumer end. The

study thus started from consumer needs and proceeded backward

to the possible coal input that could be absorbed by the

economy. The following steps will be briefly summarized:

- Projection of volume and structure of final energy
demand;

- Determination of substitution possibilities by coal
and selection of the necessary conversion processes;

- Time requirement for the introduction of these new
technologies and determination of possible growth rates
for new coal products;

- Effects on primary energy demand.

Projection of Final Energy Demand

From 1960 to 1973, final energy consumption rose by an
average of 4.4% p.a. According to recent studies [4,5,6],
significantly lower growth rates are projected for the period
until the year 2000. Starting with an average of 2.5% p.a.
between 1974 and 1980, the growth rate is assumed to fall to
1.4% p.a. around 2000--due partly to saturation tendencies,
partly to an anticipated decrease of overall economic growth, and
partly to conservation efforts, resulting in more efficient use
of energy.

Final energy demand is an aggregate of the demands of various
consumer groups requesting a spectrum of special forms of final
energy. Specific estimates were derived for:

- Fuels in the transportation sector,

- Coke in the steel industry,

- Coke-oven and blast furnace gas.
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A significant substitution of these energy carriers within
the time horizon of this study is either impossible or very
unlikely. The remaining energy carriers in other markets are in
principle interchangeable and compete at least to a certain extent.

These are:

- Liquid fuels (for heat production);

Solid fuels;

- Gaseous fuels;

Electricity;
- District heat.

Gaseous fuels, electricity, and district heat form the group
of energy carriers supplied by grids. In the past there were
distinct and regular changes in the market shares of these inter-
changeable final energy forms. Figure 1 contains past data and
projections made by accounting for potential tendency changes.
Straight lines in the logarithmic plot of Figure 1 represent
logistic (S shaped) curves, a functional relationship that holds
extremely well for many commodities including energy products
[7.8].

The steady growth of final energy supplied through grids
reflects the long-term consumer preference for clean and comfort-
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Figure 1. Market shares (F) of final energy forms (substitutable fraction. FRG).
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able energy forms, a trend that will probably continue. By 2000
gaseous fuels, electricity, and district heat could have reached
more than 60% of the interchangeable forms of final energy.

This is still less than is found in some large conurbations today,
where 50% of the total population lives [6]. It is worth mention-
ing that this projection by and large coincides with detailed
investigations carried out elsewhere for electricity, gas, and
district heat. It implies, for example, that the growth rates

of electricity consumption will fall from the average 7% p.a.
between 1960 and 1970 to an average of 4.6% p.a. between 1974

and 2000.

Figure 1 shows a remarkably fast decline of solid fuels,
compensated by an equally remarkable growth of liquid fuels.
Already in 1970 this switch from solid to liquid experienced a
kind of saturation effect. It is not due to the oil crisis, but
simply to the fact that solid fuels have practically left this
submarket. In view of the anticipated difficulties in maintaining
an adequate crude oil supply, the inherent trend toward a further
increase in the share of energy supply via grids is likely to
continue.

Figure 2 summarizes the various projections defining final
energy demand. Apart from the shaded areas, submarkets with
distinctive requirements are thus established that can in
principle absorb final energy forms to be derived from coal.
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Figure 2. Projection of final energy demand--structure and growth rates.
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Possible Substitutions and Selection of
Coal Conversion Technologies

We will briefly consider the three submarkets for:

~ Liquid fuels, except for transportation purposes;

- Gaseous fuels;

- Electricity, including co~generation of district heat.

Of the numerous possibilities to convert coal into suitable
products that could penetrate these submarkets, we have screened
out those where early availability, cost calculations, and environ-
mental acceptability appear most promising with respect to present
conditions in the submarkets.

Liquid Fuels

At present, final energy demand for liquid fuels is exclus-
ively met by crude o0il products. Although the chemical compo-
sition of coal would make it possible to produce syncrudes, an
indirect substitution appears more promising. It is certainly
easier to shift heavy distillates from crude by hydration to
light fractions than to liquefy coal. For an indirect sub-
stitution, heat is derived from "fluidized coal"” instead of
heavy fuel oil. Two processes remained, the fluidized bed
process and solvent refined coal.

As the fluidized bed process may be used for all forms of
heat production above a certain minimum unit size and as it can
accept a broad spectrum of coal gqualities, it was chosen as the
reference technology for the liquid fuels sector.

Gaseous Fuels

For the production of a substitute natural gas (SNG) there
are a number of gasification processes. In addition to conven-
tional processes (Lurgi, Koppers-Totzek, and Winkler), which are
being improved, new processes are being developed whose main goal
is to obtain more favorable product gas composition and greater
efficiency (e.g. synthans, hygas, bigas, Rummel-Otto). The most
recent projects concern third generation processes where the
process heat is held in from the outside (e.g. from a high-
temperature nuclear reactor).

In this case study we took only the conventional processes
into account, and an adjustment to the most recent state of tech-
nology is taken for granted. The reasons are the following:

- Only the conventional processes mentioned can be put into
operation within a very short time without a major
additional R&D input.
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- The economically promising third generation processes
depend on the development of the high temperature
reactor (HTR). Here.numerous problems still have to be
solved. Moreover, the gasification process itself also
requires comprehensive research efforts; we therefore
assume that an important contribution of the process to
the replacement of natural gas cannot be expected before
the year 2000.

- For the other processes, only demonstration plants are
in existence and it is uncertain when industrial exploita-
tion can be expected.

The conventional processes can be used for the gasification
of hard coal or lignite. Because of the product gas composition
(relatively high content of methane), the Lurgi process offers
the most favorable conditions for the production of SNG. 1In the
following, we therefore assume that this process will be the one
most used.

Electricity, Including Co-Generation of District Heat

From our present point of view, there are essentially two
new technologies suitable for electricity production from coal:

- Pressurigzed coal gasification (PCG) with combined gas/
steam turbine process. This process is being tested at
a demonstration plant with a capacity of 170 MW. It is
best suited for power stations with medium to high
capacities (800 to 1000 MW blocks).

- Fluidized bed process under pressure with combined ex-
haust gas and steam turbine. While fluidization will
be ready for operation within the short term, the process
under pressure still requires development work. This
technology is suitable for medium-sized to big plants as
well as for small plants (50 to 100 MW) and serves for
the decentralized supply to consumers with electricity
and district heat (co-generation of electric power and
heat) .

Both processes can be developed to such a degree that they are
ready for industrial use within the period considered, whereby
pressurized coal gasification has a time advantage.

We finally chose the following reference technologies for
the introduction of "new coal” to feel into the three submarkets
described above:

- Fluidization (pressurized and nonpressurized) for
industrial heat;

- Coal gasification by conventional methods (Lurgi) for
the production of SNG from lignite and from hard coal;
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=~ Electricity production by means of pressurized coal
gasification and, at a later stage, fluidization under
pressure for central stations;

- Co-generation of electricity and heat in small fluidiza-
tion units under pressure for decentralized supply.

Figure 3 illustrates the cost situation of "new coal" with
respect to the present final energy forms with which it has to
compete in the different submarkets. The cost of the hard coal
input is given as a parameter.
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Figure 3. New coal conversion technologies--costs.

Estimates of product costs for the individual technologies
depend on assumptions on plant size and possible load factor.
Both were chosen to be consistent with the situation in the
specific submarkets and in line with the supply possibilities of
other primary energy sources, especially with nuclear base load
preferences. The estimates contain some uncertainties, mainly
because such plants are not in operation yet. This uncertainty
is overshadowed by the large price variations in the necessary
coal input. Present prices for indigenous steam coal are at
21 DM/Gcal¥*; imported coal is available at lower prices.

In general it is clear that the technologies selected can
lead to competitive products; in the case of SNG produced from

¥10 DM/Geal = 1 US $/10° Btu
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lignite, a competitive situation can be expected at least
toward the end of the time period considered here.

Time Requirement for Introducing New Coal

Figure 4 lists the four reference technologies selected as
prime candidates to feed into the submarkets shown in Figure 2.

FINAL ENERGY

SUBMARKETS
COAL SUBSTITUTES NEW
B PENETRATION TECHROLOGY 2000
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Figure 4. Channels for new coal (FRG).

The volumes of the submarkets will change over time. Figure 4
indicates the width of the expected channels through which coal-
derived products could be fed into the final energy market of

the year 2000. The main forms of primary energy that would pre-
dominantly be replaced by coal are also given. Crucial points
are the availability and possible rates of commercial introduction
of the new coal conversion technologies. The earliest commercial
availability of each reference technology was estimated from the
present state of development, the R &€ D still required, and the
time necessary to design, plan, license, and construct plants

of suitable unit size.

There are good reasons to assume that the commercialization
of the new coal conversion technologies will follow the same
functional relationship as was observed in the past 25 years in
the respective submarkets. Taking similar penetration mechanisms
in the past as an indication of the readiness of a particular
submarket to adopt a technological change, estimates of possible
penetration speeds for new coal were derived. Natural gas,
for example, required a time span of 18 years (equivalent) to
take over 50% of the market of town gas. Such short introduction
times depend on the availability of the distribution and consumer
infrastructure. We projected a similar development for the
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introduction of synthetic pipeline gas from coal, as can be
seen from Figure 4. Characteristic time constants for the other
three technclogies in Figure 4 were estimated in a similar way.

Effects on Primary Energy Demand

On the basis of the projected introduction of new coal
conversion technologies, coal requirements can be calculated as
a function of time. Taking into account the probable conversion
losses of coal, and including the traditional uses of coal for
steel and electricity production in existing power plants, Figure
5 gives the total coal demand that can be expected in the FRG
up to the year 2000. Because of the limited availability of
lignite, its present use for base load electricity generation
would gradually shift to gasification.
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Figure 5. Coal option scenario: total coal demand (FRG).

The results of the market penetration projections were care-
fully checked against the anticipated supply situation for
alternative primary energy sources. No inconsistencies appeared.
The maximum possible growth for nuclear power is not constant.
The necessary extension of the park of conventional coal-fired
power plants between now and 1990 does not restrict the later
addition of new coal conversion technologies.

Figure 6 puts the increase of coal in perspective with the
development of other primary energy inputs. The primary energy
balance in this figure was calculated backwards from the final
energy demand projection with the appropriate entries for non-
energetic uses of o0il, gas, and coal and likely improvements in
the efficiencies of noncoal conversion processes.
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The resulting 720 x 106 tce primary energy demand is in fair
agreement with projections derived by other groups [9] using
different approaches.
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Figure 6. Coal option scenario: primary energy consumption (FRG).

Figures 5 and 6 indicate that under realistic conditions
coal consumption could be revived significantly from 1990 onward.

The projection for 2000 is 240 x 106 tce, twice the present

figure. 1In parallel with this marked growth of coal, an ambitious
nuclear program will have to be implemented if o0il and gas imports
are to remain roughly at the present level.

Extrapolation of the results of our analysis beyond the year
2000 shows that coal could further increase its market share.
The channels to the consumer are not fully used in 2000.
Additional coal conversion technologies, e.g. the production of
methanol, would open additional channels.

IMPLICATIONS OF A COAL REVIVAL

The positive outlook for reintroducing large amounts of coal
into the market immediately raises the question whether sufficient
coal can be supplied in time. The capital requirements for pro-
duction and conversion and the related infrastructure were
estimated. Together with consideration of the manpower problem,
they make it possible to judge the coal-related difficulties of
an energy policy heading for the scenario quantified in Figures
5 and 6. Detailed environmental considerations had to be put
aside at this level of investigation. Pollution problems are
strongly related to local conditions and would raise questions
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of local siting policies. As the reference technologies have
the inherent potential to reduce the level of chemical emissions
below that of present technologies based on coal, the environ-
mental impacts will be limited. Two problems of the conversion
step remain open, however: increased production of waste heat
and availability of new sites close to consumer centers.

If we assume that the future coal supply would have to rely

exclusively on indigenous resources, the additional 100 x 106 tce

must come from deep mines. The present capacity of hard coal
mines is approximately 100 x 106 tce per year; 90 x lO6 tce is

actually produced. 20 new pits, each with a capacity of 5 x lO6
tce per year, would have to be in operation between 1990 and 2000.

On the basis of present costs this amounts to DM 40 to 45 x 109,

including financing costs. In view of the lead times of 10 to
15 years, planning of new pits would have to start immediately.
The average investment per year for the 20-year period between

1980 and 2000 is DM 1.3 x lO9 above the normal investments of
approximately DM 1.0 x lO9 to maintain present output of the
existing mines.

Without investments for coal transportation, conversion
facilities would require an aggregate investment of roughly
9

DM 80 x 10~. The total capital required to introduce an
additional 100 x lO6 tce of new coal per year significantly
9

exceeds DM 100 x 107.

Equally impressive are the manpower requirements of the
coal scenario. At present about 200,000 people are employed in
hard coal mining; 60% work underground. Assuming a 40% increase
in coal output per manshift, 300,000 employees were needed by

the year 2000 to produce an annual 2 x lOgt of hard coal. This
implies new mining technologies with a consequent need for highly
skilled labor. Because of the opening of new pits, manpower
requirements would increase from the mid-eighties, so that new
training programs would have to start soon.

CONCLUSIONS

The results of the analysis of final energy demand and the
supply situation for crude oil, natural gas, and nuclear energy
indicate that a revival of coal must be considered a real
possibility for the FRG. The assumptions used to quantify a
coal scenario were consistently chosen to give a low estimate
for the market potential of new coal. Possible lower growth
rates for nuclear energy or a further increase in crude oil prices

would increase the calculated total coal demand of 240 x lO6 tce

by the year 2000. The estimated capital and manpower requirements
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indicate the sizeable economic problem of providing another

100 x 106 tce from indigenous hard coal converted into final

energy forms suitable for the consumer. In view of the antici-
pated oil supply gap--which might develop in the eighties--it
would be difficult for coal to act as the main substitute for
0il that early. The far-reaching commitments of a coal option
stem from the large capital investments needed and the special
requirements on the labor force. Imports could possibly improve
the chances of a coal option. The main reason for a revival of
coal clearly is to prepare for future global energy supply
shortages. Within the time horizon of this study, the decision
to count on imports of coal would certainly depend on stable and
reliable political relations between potential coal exporters
and the FRG.
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SYSTEMATIC ANALYSIS OF HOME PRODUCED
COAL IN HUNGARY

L. Kapolyi, G. Réczey, and G. Szentgy8rgyi

VERTICAL PRODUCTION FLOWS AS ELEMENTS OF
THE SYSTEMS ANALYSIS METHOD

National production flows as a result of production growth in
all directions become ever more complex. For this reason a larger
share of the limited material resources available--here the accent
is on mineral resources--are drawn into production. Parallel to
this, the technical basis of mineral raw material processing and
utilization is also enlarging. Hence an economically effective
technique is generated to fulfill the dynamically growing needs
in a complex way. In studying this process systems theory is
indispensable especially in view of the complex sophisticated
activities.

Based on systems analysis the vertical flows of processing
mineral raw materials are discussed according to Figure 1. Column
A of Figure 1 shows the vertical flowchart of mineral raw material
processing (see also the notes underneath the Figure); column B
is the general scope of these activities; columns C and D contain
examples. The procedure that is being followed employs functions
to set the elements of the system against each other for the pur-
pose of dynamically representing the technical level and economic
efficiency of vertical production flows.[1,2,3].

With the use of appropriate mathematics it is possible for
all the elements of the flowchart to have horizontal relations in
the national economy. In this way an optimum efficiency can be
attained at the national economy level. The use of complex systems
analysis in this case--in view of the home production of coal
in Hungary--is warranted by the fact that the use of coal for
power and industrial production purposes has changed considerably
compared with other imported alternatives. 1Its role may be a
determining factor in the development of the national economy.
Its significance cannot be accentuated enough in the light of
present and future growth of energy needs.

The decision making method chosen takes into consideration
the change of the techniques of raw material exploration, pro-
duction, and utilization processes and follows them through tech-
nical and economical parameters in a complex way. The energy
technology activity to be based on mineral resources--one of
these being coal--is developed on a variable base. The production
and processing activity already available in the energy technology
is also taken into account. Thus the unified logical system of
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the energy industry is formed on the basis of proven and future
mineral raw material resources and the kind of energy industry

that is or may be at our disposal:
systems analysis.

this is the basis for the
The parameters of system models may be varied
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Signs and Abbreviations: Each symbol represants a vector and vector function. The components
of the vectors are qualitative and quantitative parameters, Q, mineral resource; Xq, X2, X3, X4,
Xg, vectors of the main products; Y4, Y2, Y3, Y4, feedback along the main process; Uq, U2, U3,
Ug, Us, expenditure of the processing phases, in natural units; W1, Wa, W3, Wq, W5, emission of
the processing phases in natural unit; Py, Py, Py, Pw, prices; Ky, Ky, Ky, Ky, costs; and Zix,yu,
w,p,k) > Extr., final function optimization.

Figure 1. The block scheme of the vertical processing of mineral resources.
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according to functional aspects and by utilizing the possibilities
of mathematics they can be optimized by taking into account the
known limiting factors. This way the decision making can be
forced in between two asymptotes: the nearly exponentially
growing mineral raw material demand and the geological reserves
being limited in the long run.

RELATIONSHIPS BETWEEN VERTICAL ENERGY FLOWS

The basis for the relationships between energy flows is the
technical replaceability of energy carriers [4]. Figure 2 shows
an easy and characteristic example of the classical technologies
of electric power production. For the purpose of numerical
expression of technological relationships an "interpretation"
is made about the future of electric power production on the basis
of all mineral raw material resources. At different times--e.g.
in 1990, 2000, etc.--on the basis of proved and future resources
the profiles of different energy strategies must be sketched based
on the technical and economical parameters of the vertical flows.
Then operators ensuring the optimum conditions at the national
level must be accepted.

Figure 3 illustrates two specific questions. One of them
is the incorporation of vertical flows into the national economy.
First a view was taken about the actual balances (e.g. capacity
utilization of various branches, unit investment coefficients
of increment, capacities, etc.). Then future profiles were drafted
including "adequate" plan balances. It can easily be realized
that by viewing the various energy sources in electric power pro-
duction flows there is a difference in utilization and these
differences may be a determining factor in decision making at
the national level. The other question is the utilization of
home produced energy sources or imported energy sources in general

(5].

The Hungarian government and the competent authorities of
COMECON have accepted the idea of development of home raw material
and energy production sources. The available systems analysis
makes it possible to determine the limits of "self supply" and
its changes over time in view of the national interest. The
balance of intersectoral relations clearly illustrates what
branches of the open Hungarian economy are producing export goods
for meeting the cost of imports--naturally, this statement is
valid for all open economies. The computations must be done in
the areas of marginal relations. If the prospective efficiency
of the foreign economy and the technical and economic parameters
of utilization of foreign energy sources are known as-well as the
trend of energy demand, then, and only then, can decision making
be realized concerning the ratio of home and imported energy
source utilization.
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ENERGY AS A SUBSYSTEM OF THE NATIONAL ECONOMY

The description of the complete vertical flow on the basis
of systems analysis from the exploration phase to the utilization
of mineral resources examines the material, cost, and value flow
as one unit. In the interaction of the national economy and
energy this means that the consumers are a fixed limiting condition
to all developments. For them energy utilization is something
of a "necessary evil" since their primary interest is in some
utility or production object and quite often energy utilization
is rated after other national needs with their totally variable
conditions at a time given and future. The accent is on the
time and variability factors.

The major aim of the national economy is the rapid increase
in national income for which the present state of the complex
branch system and infrastructure provides the starting base.

Hence systems analysis detects among other things that several
energy supply systems may belong to all possible alternatives of
increasing the national income. The right decision making requires
that the analysis should not stop at the optimization of the

energy system but always with the change in national income as a
whole. In this respect the energy industry will be a subsystem

of the national economy that covers large volumes and is basically
significant.

THE ROLE OF MODERN TECHNOLOGY FOR COAL PRODUCTION
IN THE FUTURE ENERGY SUPPLY

Within the framework of systems analysis, the flow of coal
from the in situ state to the consumer is set in one vertical
flow and all processes that are involved in the exploration,
production, and utilization phase of coal are analyzed and made
suitable for development from the point of view of up-to-dateness,
i.e. all technical and economic parameters are improved. This
process cannot be represented with a "smooth curve": innovations
may create steep sections both in the technical and economic
parameters.

Moreover, the question must be viewed for the long run:
international reserves of coal are two orders of magnitude higher
than the known reserves of hydrocarbons that are used at present
as energy carriers. Although the prospective reserves of hydro-
carbons do not yet show the end of the "economic" hydrocarbon
recovery period--this phrase has a special meaning since 1973~-

a statement like it has a much lesser meaning in the case of coal.
For a number of reasons energy experts do not think of a special-
ization to any one of the energy sources in the next 50 to 100
years and do not make strategies for the realization of one but
think rather of a balance of all energy sources. "Development"
will be achieved by the continuous technical progress. In com-
petition to local potentialities a major role will be played by
the up-to-dateness of the energy sources in the total vertical
flow or in certain parts of the vertical flow. The final decision
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can only be made by taking into consideration all phases
simultaneously.

The technical improvement itself without any economic back-
ground is not a solution. In this respect too the many sided
dynamic development process must be followed. At a given time
and place for a given consumer the use of coal-based synthetic
natural gas may be economic. Yet, at other places its economic
use may be attained at a later date or never. The rate of
development may be decisive in choosing between the different
energy branches and it may be influenced to a certain extent
by development strategy. The "most likely" consequences of
various development strategies must be foreseen to prepare for
the correct decision making.

THE COAL AS VIEWED FROM THE WELMM ASPECT IN HUNGARY

The wide ranging research program that IIASA carries out
within the framework of the WELMM project makes it reasonable to
express certain qualitative statements about coal utilization
since the analysis of coordinated work has just begun in Hungary.

The maximum coal consumption was reached in 1964 in Hungary
(about 100 Pcal/year). At present the coal production is under
70 Pcal/year. But, as a result of the reconstruction process
that is underway in the coal production industry it may reach or
even exceed the prewvious maximum by the turn of the century. The
composition of production will be changed, nearly 50% of the
previous underground mining will be changed to opencast mining.
Most underground mining in Hungary is below the karstic water
level. As a result coal mining--as a necessity--is supplemented
by "water mining"” which is significant for the public water supply
system.

As far as the base energy source production and self consump-
tion are concerned, the following changes may be expected:

- 1in the coal production process the extent of mechanization
will increase and decrease the amount of human labor;

~ secondary and tertiary production methods will be
implemented in hydrocarbon production since it could be
economic; and

- natural gas stored underground within the natural gas
system will be utilized for balancing the load.

Figure 4 illustrates the occurrences according to geograph-
ical areas. It can clearly be seen that there is a wide distri-
bution of major coal and hydrocarbon occurrences in the country.
This also means that the temporary utilization of valuable agri-
cultural area in the country never creates a problem. Coal
mining mechanization has not fully utilized the possibilities
given by modern technology. There is no doubt that in the future
a strong equalization process is going to take place between coal
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and hydrocarbons and in the field of base material processing
and transformation where at present there is no doubt the hydro-
carbons have the advantage. New technologies in coal utiliza-
tion have to overcome this advantage.

CONCLUSION

In the last 10 years a change of attitude has taken place
in the world economy on the management of raw materials. This
change of attitude was especially pronounced in the recent past
in the most important raw materials: the energy carriers. The
concept that favored production and thus processing of mineral
raw materials with the largest economic efficiency due to the
"favorable" raw material supply was succeeded by the apparently
similar "economy principle" but with a much longer time scale.
With the present economy principle the raw material producing
states and raw material importing states take the view that raw
material and energy sources in the world--including all “"conven-
tional" raw materials and "new" raw materials that will be
produced in great quantity in the next 30 to 40 years--are
limited. For this reason special care must be taken in the
utilization of existing reserves.

The harmony between the proved mineral raw material reserves
and the requirement for raw materials is to be achieved through
good management of raw material resources. The theoretical and
methodological bases for these are set by the economic environment
and the time horizon considered. The economic environment in-
cludes major economic policy aspects, foreign trade policy, the
level of development of the national economy, etc. The effect of
the time horizon shows itself in the need for structural changes
and the time limit for the realization of technical development.
Results of the present technical-scientific revolution also signifi-
cantly influence the management of raw material resources. Thus
the technologies of some industries are basically changed and
preliminary conditions for the improvement of the economic
efficiency of the complete vertical flow are created. Moreover,
the number of new types and kinds of end products replacing materi-
als that are in use now are being increased.

Thus the static concept of raw material economy management
cannot be accepted. The supply and the optimization of this
has to be analyzed dynamically as a function of time.

The use of mineral raw materials and end products made
from them or from other outside products is always in relation to
the technical, technological, and economic environments that
affect production, processing, and utilization.

Relations may be revealed between the mineral raw material
resources which are classified according to geological age,
the industry to be assigned to them, and their partial and unified
development possibilities. These relations essentially have a
dynamic character and can be characterized by the economic
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effectivity attributable to the basic mineral resources and to the
production technology.

It is evident that this effectivity is influenced by numerous
factors like: the time factor in general, quantitative and
qualitative changes in mineral resources, technical standards of
production and processing, quality standards of intermediate and
end products, related trends of demand and supply, etc. These
factors are also characterized by a dynamism in their inner
relations, e.g. the general effect of the time factor, the economic
environment of development processes related to the method of
utilization, and economic trends influencing the environment.

For this reason the prevailing economic efficiency of mineral
resources depending on this complex dynamism has a potential
character.

Concrete analysis is always carried out in geographical
areas selected according to administrative, economic-geographical
or geoeconomic aspects and it is based on the complex raw material
resource base aggregated in respect to the operating production
systems, and industrial development possibilities. For this
reason engineering, geological, physical, mineralogical, chemical,
physicochemical, geochemical, and material structural analysis
of raw material resources and basic technical, economical, tech-
nological, and international aspects of new production processes
necessary for the industrial development are investigated. Based
on the above, a unified and closed production system can be
developed from the production of raw materials up to the pro-
duction of end products taking into account the operating base
product production and processing activity. These independent
systems may be regarded as subsystems and at the end they can be
aggregated into a comprehensive system.

It may be concluded from the above that for the discussion of
an industrial activity system based on given complex mineral
resources and of its functional analysis, some formal basis must
be developed for the dynamic description of the utilization of
mineral raw material resources. The systems model of the
utilization of mineral resources creates a dynamic relation of
functions between the quantitative and qualitative parameters of
the mineral resources, the technical and economic characteristics
of their extraction system, the variable possibilities of their
utilization under the conditions of the technical and economic
environments. As a result it can be integrated into the national
economy and comparisons made with other activities.
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COAL RESOURCES AND EXTRACTION TECHNOLOGY
IN INDIA

T.N. Basu and T.P. Basu

INTRODUCTION

The major workable coal deposits occur in two stratigraphic
horizons--the Lower Gondwanas of Permian age and the coal and
lignite deposits of Tertiary age. The bulk of the coal and lig-
nite resources are located in peninsular India with relatively
minor occurrences of Tertiary coal in either extremities of extra-
peninsular India (Figure 1).

Permian coals are largely confined to the peninsular area
and constitute about 99% of the total coal resources of the
country. They are located within the "golden triangle" in the
southeastern quadrant bounded by 78° E longitude and 24° N
latitude, leaving three quarters of the country practically devoid
of any major source of energy. Of the lignite deposits, the most
important one is located in south India (in the State of Tamil
Nadu). Of the Tertiary coal deposits, those in the northeastern
region, covering the States of Assam, Arunachal, Nagaland and
Meghalaya, are more important.

The differences in geological age are attended by differences

in chemical composition--the Gondwana coals being largely bitu-
minous and the Tertiary coals largely lignitic and lignite.

DISTRIBUTION AND OCCURRENCE

The distribution of coal and lignite in the various strati-
graphic horizons is given in Table 1.

GONDWANA COALS

Geological Setting

The Gondwana coalfields occupy basin-shaped depressions in
the older formations and are aligned along four prominent river
valleys, Damodar-Koel, Sone-Mahanadi, Pranhita-Godavari, and
Satpura. Outside these alignments occur the coalfields of
Rajmahal Hills and the Deoghar group (Figure 2).

It can be seen from Table 1 that the workable coal deposits
of the Gondwanas occur in three distinct formations, the
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Table 1.
Geological
Age 97 Occurrence
Formation
Pleistocene Karewas Kashmir lignite
T Upper Micene Cuddalore bed South Arcot lignite
E to Pliocene (Tamil Nadu)
R Oligocene Tikak Parbat Forma- Coals of Upper Assam,
T tion of Barail Group Arunachal and Nagaland
I . . . . .
A Eocene Laki and Jaintia Lignites of Rajasthan
R Group and Gujrat and coals of
v Jammu, Lower Assam, and
Meghalaya
Lr. Cretaceous Umia stage, Jabalpur Thin coal seams in
Gujarat
G .
o Lr. Jurassic Kota and Chikiala Thin coal seams in
N Formation Satpura and Godavari
D Upper Permian Raniganj Formation and
W the equivalents (Upper
A Coal Measures) Lower Gondwana coalfields
N . . i i
Middle Permian Barren Measures of pe?lnsula? India and
A foothill region of the
Lr. Permian Barakar Formation eastern Himalayas
(Lower Coal Measures)
Basal Permian Karharbari Formation
(Basal Coal Measures)

Karharbaris (Basal Coal Measures), the Barakars (Lower Coal
Measures) and the Raniganj (Upper Coal Measures). The Karharbaris
and the Barakars are more extensively developed wherever the
Lower Gondwana rocks are exposed. The Barakars exhibit prolific
coal seams, which are at the height of their development in the
Damodar Valley but considerably reduced in thickness elsewhere.
The Raniganj Formation is well developed in the Damodar Valley
from the point of view of workable coal deposits. Sandwiched
between the Upper and the Lower Coal Measures are the Barren
Measures, a formation largely composed of shales and fine-grained
micaceous sandstones and devoid of any workable coal deposits.
This formation, too, has restricted development but is well
developed in the Damodar Valley.

Lithological Characters

Basal Coal Measures (Karharbari)

The Karharbaris are extensively developed based on studies
[1,2] carried out on the quality and characteristics of the coals
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Figure 2. Gondwana coalfields of India.

occurring therein. They are composed mainly of coarse sandstones,

grits, and conglomerates and generally a few thin to moderately
thick coal seams. The thickness of the formation varies from
about 65 to 290 m and the coal to noncoal ratio from about 1l:4
to 1:59.

The coals, which are dull-looking with a very faintly
developed laminated structure, are normally of better guality
(as measured by ash) and have low phosphorus content. The bulk
of the coals occurring in this formation are noncaking but those
occurring in many of the coalfields of the Damodar Valley are of
the caking variety.
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Lower Coal Measures (Barakars)

Based on the quality and the characteristics of the coals
contained therein, a subdivision was first proposed into the
Lower, the Middle and the Upper Barakars [1,2]. While the Lower
Barakars are extensively developed, the occurrence of the Middle
and the Upper Barakars is mostly confined to the Damodar Valley
Coalfields.

Lower Barakars

The Lower Barakars are mainly composed of coarse-grained
sandstones with subordinate shales/carbonaceous shales and a
number of coal seams. The sandstones are mostly light in color
with brownish red, yellow, and other tints varying to pure white
and are highly current bedded.

The thickness of the formation varies from about 60 to
470 m and the coal to noncoal ratio from 1:2 to 1:21.

The coal seams are mainly moderately thick to thick, the
maximum thickness of an individual seam being as much as 42 m
in the Sone-Mahanadi Valley. The seams are generally interbanded
with dirt bands of shales and carbonaceous shales. The coals have
high ash content and the mineral matter associated with the coal
is very much intergrown, as a result of which the coals have
difficult washing characteristics [1,2]. The quality of the coals
deteriorates further on inclusion of the dirt bands. The coals
show well developed laminated structure.

While most of the coal is of Lower rank and noncaking, that

occurring in many of the coalfields of the Damodar Valley is
of higher rank and of the caking variety.

Middle Barakars

The Middle Barakars of the Damodar Valley are composed of
sandstones that are largely medium to coarse grained with increas-
ing proportions of finer clastics compared to those of the Lower
Barakars and a number of other coal seams.

The thickness varies from about 96 to 371 m, and contains
moderately thick to thick coal seams varying from about 2 to
24 m. The seams, however, contain coals generally of better
quality and have better washing characteristics. The coals
have well developed laminated structure. The coal to noncoal
ratio varies from 1:2 to 1:7.
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Upper Barakars

The Upper Barakars are composed of sandstones that are
largely medium to fine grained with increasing proportions of
finer clastics compared to that of the Middle Barakars. The
thickness varies from about 136 to 406 m. The coal to rock ratio
ranges from 1:3 to 1:35.

The associated coal seams are generally thick or moderately
thick--in the Singrauli Coalfield the Jhingurdah Top Seam, about
134 m thick, is the second thickest seam in the world.

The coals exhibit quality and cleaning characteristics some-
what similar to those of the Middle Barakars. This holds good
for the eastern coalfields of the Damodar valley, namely
Raniganj and Jharia, but there is a tendency for the coals to
deteriorate in quality westwards of Jharia.

Upper Coal Measures (Raniganj Formation)

The Raniganj Formation is composed mainly of fine-grained
sandstones and shales and thin to moderately thick seams. The
clastic sediments are definitely finer than those of the Barakars
and the felspar content is also considerably reduced. The thick-
ness of this formation is 642 m and 454 m in the Raniganj and
the Jharia coalfields respectively of the Damodar Valley where
this is mainly developed. The coal to noncoal ratio is 1:27 and
1:21 in the Raniganj and the Jharia Coalfields respectively. The
coal seams are mainly moderately thick and provide the major bulk
of superior quality coals in the country. This formation also
contains some excellent semicoking coals in the Raniganj Coalfield
and medium coking coals in the Jharia Coalfield which are used
by the steel industry in blends for the manufacture of metallur-
gical coke.

The broad quality data of the coals of the Karharbaris, the
Barakars, and the Raniganj Formations are given in Table 2.
The sulfur content of all the coals is generally low--of the
order of 0.5 to 0.7%

TERTIARY COAL AND LIGNITE

Coal

The Tertiary coals are best developed in the northeastern
region and there are a number of coal occurrences. The coals occur
in two groups of formations--the Jaintia Group and the Barail
Group, the former being of Eocene age and the latter of Oligocene
age. The most important coalfields are Daranggiri and Langrin of
Eocene age and Namchik-Namphuk, Makum, Dilli-Jaipur, and Nazira
of Oligocene age.
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Table 2. Quality characteristics of
coals of different formations.

Analysis (Excluding Dirt)

Formation M. [3]
Ash V.M. C.V.
at 60% RH Sly]** Ply]**
oo M Il | a1 | [keal/kgl| ST¥ [+
Karharbari 0.4~11.0 10-26 | 20-39 | 4373-6923| 0.2-1.6 | 0.002-0.173

Lower Barakars 0.3-10.0 21-40 | 22-36 | 3425-6875| 0.2-1.6 | 0.002~0.248
Middle Barakars | 0.8-11.0 | 12-36 | 25-40 | 4110-4800( 0.2-0.7 | 0.010-0.440
Upper Barakars 1.0-8.0 13-31 | 22-30 | 3593-4680(0.33-0.76| 0.010-0.546

Raniganj 1.0-10.0* | 10-30 | 24-39 | 4450-7000| 0.3-0.8 |0.006-0.252

*Air dried basis
**The S and P contents are on air dried 60% RH and 40 °C.

In both groups, the number of coal seams is small and the
majority of them are relatively thin, particularly in the coal
measures of Eocene age. Of the seams that occur in the Barail
Group, there are two that are fairly thick, the 6 m seam and
the 18 m seam (Makum Coalfield).

The coals are characterized in general by high moisture,
low ash and high sulfur content. The bulk of the sulfur is
organic: the total sulfur content generally varies from 2 to 7%,
of which 40 to 90% is organic. On account of this high organic
sulfur content, the coals from some of the areas (Makum Coalfield)
exhibit dual properties of high and low rank coals and have
strongly caking properties. While the major part cannot be used
in coking blends for the manufacture of metallurgical coke on
account of their high sulfur content, some (having less than 3%
sulfur) may be so used. Such coals are a "hybrid" between coal
and oil and are eminently suitable for liquefaction to oil by
hydrogenation.

The thickness of the formations varies from 66 to 600 m.
The coal to noncoal ratio ranges from 1:14 to 1l:44.

Lignites

The major deposit of lignite occurs in the South-Arcot
District of Tamil Nadu. The other occurrences in Rajasthan and
Gujrat are of minor economic significance. The chemical composi-
tion of the various lignites of the country is given in Table 3.
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Table 3.
Analysis (as received basis)
Lignite .
. Thickness ) F.C. Cc.V.
deposit M. [%] Ash [%] V.M, [%] [%] [kcal/kg]
Neyveli 0.3-23.0 52.0 3.0 25.0 20.0 | 2500-3000
(Tamil Nadu)
Kutch 0.4-11.0 35.0 8.5 33.0 23.5 [ 3600-4200
(Gujrat)
Broach 2.0-3.0 32.5 12.5 33.1 21.8 3700
(Gujrat)
Palana 1.2-16.0 45.0 10.3 28.0 16.7 3000
Kashmir 0.03-1.7 | 4.0-17.0 | 30.4-55.0 | 11.7-20.5 [ - |1700-2200

PETROGRAPHIC COMPOSITION OF INDIAN COALS

The depositional history and the conditions of sedimentation
leading to the formation of coals are reflected in the petrographic
composition of the coals of the various formations. The coals of
the various formations are characterized by a certain petrographic
make-up (in terms of macerals) as summarized in Table 4 [3].

Table 4.
Petrographic composition % vol.
R (visible mineral-matter-free basis)
Formation
vitrinite Exinite Inertinite
Karharbari 35-55 <11 35-55
Barakar 60-75 < 11 20-35
Raniganj 70-84 <11 12-20
Tertiary 81-88 < 11 < 10
(Makum Coalfield,
Assam)

The petrographic make-up is very revealing in as much as
the Karharbari Formation is characterized by a high inertinite
content of 35 to 55% (and higher), the Barakar Formation by 20 to
35%, the Raniganj Formation by 12 to 20% and the Tertiary coals
of Assam by less than 10%. The high inertinite content of the
Karharbaris lends support to the view that the coal was formed in
shallow waters--a condition extremely favorable for oxidative
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dehydrogenation by aerobic microbial population leading to the
concentration of subhydrous macerals. The low phosphorus content
of the coals lends further support to the view.

The lower degree of concentration of inertinite in the Barakar
and the Raniganj coal seems to suggest that the conditions of trans-
formation of vegetable matter to coals of these formations were
perhaps not as favorable for oxidative dehydrogenation as those of
the Karharbari coals.

Unlike the fresh water Gondwana coals, the Tertiary coals
were laid down in the shallow waters of the sea, probably in coast-
al lagoons. While it is clear that the immersion of vegetable
matter in either salt or fresh water does not affect the process
of coal formation, the marine waters appear to affect the nature
and the characteristics of the resultant product. It would appear
that the shallow waters of the sea (into which the inland vegeta-
tion drifted to form the coals of the Barail group of Upper Assam)
were, perhaps, more preservative in character. This has resulted
in the low inertinite content of the coals.

Rank and Kinds of Coal

Coals of practically all ranks occur in India except peat
and anthracite. The classification as adopted by the Indian
Standard Institution is shown in Table 5 and the composition of
the coals in Table 6. The broad chemical characteristics of the
various kinds of coal used for metallurgical purposes are shown
in Table 7.

Noncoking coals

All coals that are either poorly or feebly caking or
noncaking, whether of high or low volatile types, and that do
not fall under the categories mentioned above have been grouped
under this category.

Resources of Coal and Lignite

Classification and Category of Reserves

Category of Reserves:

With a view to having a uniform procedure for coal reserve
estimation, a standard procedure was laid down by the Committee
on Assessment of Resources* of the Coal Council in the late 1950s.
By this procedure, reserves have to be classified under three
categories--"proved", "indicated", and "inferred" depending on
their reliability as shown below:

*of which the senior author was a member.
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Table 6. Composition of Indian coals.

Percentages in Unit Coal
Type Sulfur
Ca i
rbon Hydrogen Nitrogen (organic) * Ooxygen

Anthracite Al > 93 3 -4 1 0.5 1 -2

A2 93 - 92 3 -4 1 0.5 1 -2

Bl 92 - 91 | 4.4 - 4.6 1.5 0.5 1 -

B2 91 - 87 |.4.5 - 5.3 1.5 0.5 2 -6
Bituminous B3 87 - 84 [5.0 - 5.8 2 0.5 5 -

B4 84 - 82 |5.0 - 5.5 2.5 0.5 8 - 11

B5 82 - 80 |4.5 - 5.5 2.5 0.5 10 - 15
Subbitumi- BG 80 - 76 (4.5 - 5.0 2 0.5 15 - 17
nous
Lignites Ll 75 - 65 |4.5 - 5.5 1 1 20 - 30
(normal)
(canneloid)L2 75 - 65 S -6 1 1 20 - 30
Peat 60 - 50 {5.5 - 6.5 |1 to 3 0.5 30 - 40

*Some (Tertiary) coals from Assam contain up to 4% of organic sulfur.
The carbon percentages of Assam coals that have developed caking
properties are lower than those shown against the groups.

- Proved reserves are those estimated from dimensions re-
vealed in outcrops, trenches, mine-workings, and bore-
holes and their extension for a reasonable distance not
exceeding 200 m on geological evidence. Where little or
no exploratory work has been done and where the outcrop
exceeds 1 km in length, another line drawn roughly
200 m in from the outcrop will define a block of coal
that may be regarded as "proved" geologically.

- Indicated reserves. For these the points of observations
must be 1000 m apart but may be 2000 m for beds of geo-
logical continuity. Thus, a line drawn 1000 to 2000 m
in from the outcrop will demarcate the block of coal to
be regarded as indicated.

- Inferred reserves are those for which quantitative
estimates are based largely on broad knowledge of the
geological character of the bed but for which there are
no measurements. The estimates are based on an assumed
continuity for which there is geological evidence and
more than 1000 to 2000 m in from the outcrop.
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Table 7.

Air Coal properties on D.M.M.F. Basis
Type of Dry . Calorific
+ Re
Coal Basis | v.M.[%] | cC[3) H[s] Value marks
m [%] [kcal/kq]

Prime coking 1 22 - 32|88 - 91| 4.8 - 5.3 |8700-8850 | For best cok-
ing coals VM%-
25-30%,C%-88-
90%,H%-4.9-5.2%

Medium coking

[a] High volatile |1 - 2|32 - 37 |86 - 88 | 5.1 - 5.4 |8500-8700

coals

[b] Low volatile |1 - 2|20- 22 |90 - 91| 4.7 - 4.9 |8700-8800

Semi-coking 2 - 3137 - 44183 -85]5.4 - 5.8 |8200-8500

coals

Weakly coking 3 - 5[(38-46 |83 -84 (5.1 - 5.6 |8200-8400 |[On the low vol-

coals* atile side the
VM% would be
18-20% and
M-1.0%

*Some of the Karharbari coals of Central India are, however, likely to have
lower volatile matter and hydrogen contents and higher carbon and energy
values than the limit specified above.
sulfur Assam coals, the air-dry moisture and carbon content (unit cocal) will

The hydrogen content (unit coal), on the

be lower than stipulated above.
other hand, is likely to be higher.

In the case of the abnormally high

Proved coal reserves of bituminous coals {(for which reliable
quality data become available) have to be classified according
to the quality on the basis of the analysis of seam sample as

shown below:

- Low to medium volatile coals or coking coal (air-dried
moisture up to 2% and volatile matter on unit coal basis
up to 35%):
between 17 and 24%; class III, ash between 24 and 35%;

class 1V,

class I,

ash between 35 and 50%.

- High volatile and high moisture coal
2% and volatile matter exceeding 35% on unit coal basis):

class I,

ash + moisture not exceeding 19%; class II,
moisture between 19 and 28%;

between 28 and 40%;

and 55%.

- High sulfur coal:

class 1V,

class III,

ash not exceeding 17%; class II,

ash

(moisture more than

ash +

ash + moisture
ash + moisture between 40

no quality classification needed.
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Classificatiton of seams according to the
thickness for the purpose of mineability:

The Indian Standard Procedure (ISP) lays down that the
reserves are required to be estimated for the thickness groups
0.5-1.5m, 1.5-3.5m, 3.5-5.0 m, 5.0-10.0 m, and above 10.0 m.

The minimum thickness of a seam considered workable in India
is 1.2 m in view of the fact that mining of thinner seams is
costly and that moderately thick to thick seams do exist. Thinner
seams have been worked in parts of the Tertiary coalfields of
Northeastern India but their production is nominal. Under special
circumstances, thinner seams could be worked depending on the
quality and special properties, but development in general in seams
thinner than 1.2 m would mean less production per cut, extra
stone work, and difficulties in ventilation and transport of coal.
The prevalent method of mining in India is board and pillar and
this is likely to continue for a few decades more as the most
popular method.

For this mining method the classification of seams is as
shown below:

- A thin seam is 1.2 to 1.83 m thick,
- A moderately thick seam is 1.83 to 4.57 m thick, and
- A thick seam is more than 4.57 m thick.

The ideal thickness for longwall mining with caving is reck-
oned as 1.5 to 2.4 m. The following classification may be adopted
in future for longwall mining:

- Thin, 1.2 to 1.5 m
- Moderately thick, 1.5 to 2.4 m

- Thick, more than 2.4 m.

Coal Resources:

The total reserves of coal in India have been recently
estimated [5] for seams 1.2 m and above in thickness and generally
down to a depth of 600 m to be of the order of 83,745 Mt. The
reserves of lignite are of the order of 2099 Mt (see Table 8).

However, there are many coalfields and parts of developed
coalfields that are still lying virgin and unexplored. The
reserves are, therefore, likely to change when additional data
become available. Additional resources are not only likely to be
available from depths beyond 60C m, but also from seams of 0.5 m
to 1.2 m thick. 1In fact, resources of coals from such thin seams
from three coalfields of the Damodar Valley alone are of the order
of about 1500 Mt down to a depth of 600 m.
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Table 8. India's coal reserves (Mt).

Location Proved Indicated Inferred Total

GONDWANA COALS

Damodar/Koel 13,507.56 21,604.32 15,963.10 51,074.98
Valley
Outside Damodar 119.76 989.78 2,157.78 3,267.32
vValley
(Deoghar group
Rajmahal)
Sone-Mahanadi 4,839.20 6,471.71 9,203.71 20,514.62
valley
Satpura Basin 391.98 403.35 1,643.47 2,438.80
Pranhita- 1,718.53 2,413.35 1,344.06 5,475.94
Godavari Valley
Total 20,577.03 31,882.51 30,312.12 82,771.66
TERTIARY COALS
Northeastern 161.21 191.71 549.06 901.98
India
Northwestern - - 71.00 71.00
India
Total 161.21 191.71 620.06 972.98

Grand Total | 20,738.24 32,074.22 30,932.18 83,744.64

LIGNITE

South India 1,717.00 202.00 - 1,919.00
(Tamil Nadu)

Rest (western 141.56 - 28.70 180.26

and north-
western India)

Total 1,858.56 202.00 28.70 2,099.26
hxge of Coal
Prime coking 3,251.89 1,586.26 460.73 5,298.88
Medium coking 3,793.33 4,275.20 1,308.03 9,376.56
(high and low
volatile)
Semi~ to 1,206.16 2,600.98 914.79 4,721.93
weakly coking
Noncoking 12,486.86 23,611.78 28,248.63 64,347.27
Total 20,738.24 32,074.22 30,932.18 83,744.64

Of the lignite deposits in the country, the most important one,
constituting about 91.4% of the reserves, occurs in one state only
(Tamil Nadu) in fuel-starved south India.
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COAL PRODUCTION IN INDIA

Production of coal in India has grown substantially in the
last few years to about 102 Mt in 1976-1977 from a level of
72 Mt in 1971-1972. The average growth rate is about 8.2% per
annum during this period.

India's First Five Year Plan started in 1950-1951 and contin-
ued up to 1955-1956 and, thereafter, the planned growth followed
successively in the form of Second, Third, and Fourth Five Year
Plans. The total built-up capacity of coal in India at the end of
successive plan periods continued increasing, but the actual
production had to be kept below the optimum levels due to the
inability of other industries to consume this coal. The reasons
are obvious and characteristic of a developing economy highly
influenced by the interaction of general global economic pressures.

1973-1974 witnessed one of the world's worst periods of eco-
nomic recession and inflation which even affected the developed

countries.

Thus, though the built-up capacity may attain a level of
about 125 Mt per annum in 1978-1979, production may necessarily
have to be pegged down to a lower level commensurate with demand.
It is expected that the demand may pick up by the end of 1978-1979
to 114-115 Mt and 213-215 Mt in 1987-1988.

Use of Coal in Different Industries

The country has substantial reserves of coal and occupies
8th position in the world with about 0.8% of the world's total
reserves. The industries are more or less getting oriented toward
using coal as a basic fuel.

Resources of the Good Quality Noncoking Coals

It is estimated that a total 3762 Mt of good quality non-
coking coals (6100 t 200 kcal/kg) will be available. Of this,
a total of 1205 Mt are in the proved category and the rest in the
indicated and inferred categories. Of the proved reserves again,
471 Mt of coal are likely to have a gross energy value of 6300
+ 200 kcal/kg. About 65% of the good quality coal estimated occurs
only in the Raniganj Coalfield in the eastern part of the country.
The sulfur content of the good quality coals is also low—-0.5 to
0.7%.

Additional reserves of good quality noncoking coals are
expected to occur in the Tatapani-Ramkola, Hasdo-Arand, and
Mand-Raigarh coalfields in the Sone-Mahanadi Valley in the central
part of the country. These coalfields are still lying virgin.
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Table 9 (cont'd)

The following conversion factors have been used
to arrive at coal equivalent:

Fuel Unit Coal egquivalent
Average Indian coal 1t 1t
(5000 kcal/kg)
0il 1t 2 t
Electricity 1O9 kWh -
Firewood 1t 0.95 t
Cowdung (dry) 1t 0.56 t
Vegetable Waste 1t 0.78 t

The commercial energy under coal and oil do not
include the nonenergy sector.

The demand for oil and hydel/nuclear and noncommercial
energy has been taken as Case II from the Fuel Policy
Committee report.

Resources of Metallurgical Coals

While the resources of such coals are inadequate compared to
the vast iron ore resources of the country, a recent study [4] has
shown that it should be possible to produce more than 4200 Mt of
hot metal with the indigenous resources of metallurgical coals by
taking to both conventional and nonconventional techniques of coal
carbonization and beneficiation.

The country, therefore, possesses a great asset in her ample
reserves of coal which can make a significant contribution not
only to the growing energy needs but also to meet the foreseeable
demands of the metallurgical, chemical, and gas industries.

IMPORTANCE OF COAL IN NATIONAL ENERGY SCENE

Coal provides and will continue to be the major source of
commercial energy in India due primarily to the availability of
large reserves, favorable mining conditions, and limited resources
of petroleum. The national energy policy adopted by the Gov-
ernment of India highlights, amongst other things, the follow-
ing:

- 0il will be substituted wherever technically and econom-
ically possible by other forms of energy.

- The exploration, exploitation, and utilization of coal
will be programmed according to this policy, while
indigenous production of 0il is maximized and imports
reduced by that extent.
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- The national energy policy will require production of
electricity from water, coal, and nuclear resources.

The consumption of commercial and noncommercial energy (in
million tonnes of coal equivalent) from 1950-1951 to 1970-1971
and the projected demand up to 1990-1991 is shown in Table 9.

The largest single industry using coal is the power sector.
This is followed by the steel industry. Consumption of coal by
the Indian railways, who were formerly the largest buyers of coal,
has been declining because of dieselization and electrification.
On the other hand, the requirement of coal by the power sector,
the steel industry, and by other industries is likely to go up.

Organizational Set-Up for Coal Mining Industry in India

Till 1956, the coal industry in India was largely in the
hands of private companies. This gave a rather retarded growth
of this basic industry. In view of this and a few other reasons,

the Government had to come in to exploit coal reserves that so
far had not been worked due to difficult mining conditions, loca-
tion, nonavailability of essential infrastructure, etc. The
first public sector enterprise--the National Coal Development
Corporation (NCDC)--was set up in October 1956 with a nucleus of
12 mines owned by the then State Railways. Another public sector
company (under Andhra State)--Singareni Coal Co. Ltd.--had been
set up earlier. Later, in 1971, all the coking coal mines were
natiocnalized and a new company--Bharat Coking Coal Ltd.--was
formed. Subsequently, in 1973, all the remaining noncoking coal
mines with the private sector were nationalized. At present, the
entire coal mining in India is vested with the five public sector
coal producing companies. These are Bharat Coking Coal Ltd.,
Western Coalfields Ltd., Eastern Coalfields Ltd., Central
Coalfields Ltd., and Singareni Coal Co. Ltd. The first four are
under Coal India Ltd., the holding company. However, a few cap-
tive mines, owned by the two major steel plants belonging to very
large industrial houses were not nationalized and were left to

be operated by these companies.

Simultaneously, the Government set up another company--the
Central Mine Planning and Design Institute (CMPDI)--for comprehen-
sive long - and medium-term planning, project design and appraisal,
research, development, geological exploration, detailed engineering
design, and scientific processing of geological data for all
future plans of action in the coal sector and related jobs to give
total planning support to the entire coal industry.

The coal industry is also supported by the Central Mining
Research Station. Recently, the Trial, Research and Development
Department of CMPDI under Coal India Ltd. has also started various
field trials. CMRS has provided research in almost all fields of
mining. Safety 1s enforced statutorily by the Directorate General
of Mines Safety. Mining education of a high order is provided by
about 20 Institutions located in various parts of the country.
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Coal Exploitation

Coal is exploited by both underground and open-pit mining.
About 25 to 27% of the total production comes from open-pit mines.
The pit-head cost of production is quite low mainly due to cheap
labor and the incidence of less capital. The sizes of the under-
ground mines are quite small with an area varying between 1 and

y km2 and average production between 2 and 5 Mt/year. The size
of the mechanized open-pit mines varies between 3 and 25 Mt/year.

India has followed a technology best suited to its socio-
economic and technoeconomic conditions as listed below:

Soeioeconomic

- Lower wage costs and the necessity to create employment.
- Scarcity of capital.

Technical
- Hard coal seams; Protodykanov index generally 1.5 to 2.5.
- Dip generally 2° to 20°.
- Thickness 1.2 to 15 m.

- 1500 to 2000 Mt coal standing on pillars due to board and
pillar mining.

- Multiple and contiguous seams.

- Seams liable to spontaneous heating.

- Present depth of mining in most of the mines 100 to 240 m.
- Generally less gassy seams.

- Considerable underground mining operation is below coal
seams on fire and old goaves sometimes containing water.

- Shortage of stowing materials in most of the coalfields.

- Generally massive hard sandstone roofs.

- Easy mining conditions compared to coalfields in the UK,
the FRG, France, Poland, the USSR, and China, but not as
good as in the best coalfields of the USA.

- Quality of coal--both coking and noncoking--generally
with ash from 13 to 45%.

- Difficult washing characteristics.
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- Generally in-seam mining due to shallow depths and require-
ment of less development cost.

Opencast Mining

Wherever there is a single seam and a dip less than 10°,
draglines are used at most of the places. Electric shovels with
dumpers are the main equipment because of the presence of a
number of seams and rather steep gradients. Recently, some
scrapers have also been introduced. At present, 4.6 to 8.0 m

capacity shovels and 17 and 23.5 m3 dumpers are in use in a fairly

large number of mines. The capacity of the largest dragline in

use is 30 m3.

In future, it is proposed to increase the stripping ratio of
opencast mines to 5:1 from the present day 3:1. The depth of
mechanized opencast mines at present varies from 30 to 60 m. In
another two decades, the maximum depth of mining will be about
150 to 180 m, for which belt conveyors and skips with crushers
near the face are contemplated.

Opencast mines have also been planned for working of devel-
oped coal reserves of the Jharia Coalfield which are on fire in
places.

The manufacture of opencast mining equipment, including

shovels, dumpers, drills, and dosers, has already started and
these are currently being used in the Indian mines.

Underground Mining

The board and pillar system of mining has long been in
vogue-—-about 97% of production from underground coal mines is
by this method. Although it is associated with numerous disad-
vantages such as low productivity, low production from the
districts, greater loss of coal in the underground working, etc.,
because of its lower capital requirement and wage costs and
because of its greater employment potential, this method was and
is predominant in India. It is applied to thick coal seams
either by using hydraulic stowing or by working in two lifts
leaving a minimum of 3 m parting between two such working hor-
izons. Location of working horizons was generally in good
quality coal sections. Extraction of pillars is done either
with open caving or stowing depending on the surface conditions.
Reserves of 1500 to 2000 Mt, mostly in thick seams, are still
standing in pillars lying developed.

So far, manual loading of coal into the tubs has been prac-
ticed. The country also manufactured all the machines required
for board and pillar mining. Earlier, NCDC and a few other
companies had introduced shuttle cars with "gathering arm loaders".
and continuous miners. Both the technical and the technoeconomic
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results were found to be just compatible with manual loading, but
with today's higher cost of imported equipment, mechanized mining
is likely to be costlier. The same is also true for using the
shearer on stowing faces.

A fairly large number of trial longwall faces are envisaged.
At present five longwall faces with caving are being worked using
4O t friction props; and within a year a few more faces with
shearers will be commissioned. For thicker virgin seams, succes-
sive descending slices using wire netting with caving and sub-
level caving using wire netting are being adopted.

Output per manshift in the coal industry is now about 0.7 t
and it is envisaged to improve it to 0.84 t by 1983-1984. While
the technical competence to exploit the coal reserves by newer
mining technology is available, the latter is proposed to be intro-
duced in a phased manner for obvious reasons. Introduction of the
mechanized longwall system in selected mines, improvements in
hydraulic sand stowing techniques, methods of dealing with under-
ground fires, and many other schemes have been initiated as a part
of RED efforts. Trials with scrapers, side loaders, and load haul
dumper in board and pillar mining are being increasingly encour-
aged.

Underground Horizontal Transport and Winding

About 85% of coal production from underground mines is handled
by rope haulage. Use of belt conveyors and locomotives has been
made only when the production is higher and the technoeconomics
justified it. However, diesel, battery, and trolley~wire loco-
motives are also being used in certain mines working flat coal
seams. In the reorganized mines, the transport system is being
modified to meet current requirements. The proportion of produc-
tion handled or proposed to be handled by 1985-1986 is given in
Table 10.

Table 10. Trend of types of main under-
ground horizontal transport [%].

Method 1976-1977 1985-1986
Rope haulages 85 66
Belt conveyors 12 26
Locomotives 3 8

No facility for the transport of people underground is
required in view of the short traveling distances. A few installa-
tions have been planned during the next decade for the transport of
men in mines involving traveling over long distances and steep
gradients.
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Both steam and electric winders are in use. A few large mines
also have Koep wheel (friction) winders with skip installations.

Coal Beneficiation

Run of mines coal is being beneficiated in 14 washeries having
a total input capacity of about 26 Mt per year. At present about
72% of the total production of prime coking, medium coking and
blendable coal is beneficiated in the various washeries. In
respect of noncoking coals a number of beneficiation/deshaling
installations are being developed.

Transportation, Coastal Shipping, and Export

Indian Railways constitute the primary mode for movement of
coal to the consumers, the next important mode of transport being
by road. Consumer's own railway systems, belt conveyors, and
aerial ropeways are the other means of transport where geograph-
ical location of the points of production and consumption makes
such means of transport convenient and economic. About 78% of
the total production is moved by rail, 16% by road and the
remaining 6% by other means. Due to the scarcity of crude oil,
movement by road will gradually be restricted.

Having a long coast.line, India takes advantage of it to
supplement coal transport by coastal shipment specially for
southeast and southwest consuming points. Shipping facilities
presently available at the Indian ports are as shown in Table 11.

Table 11.
Port Draft [m] Average Loading Capacity
Haldia 12 3000 t/h (40,000 to 60,000 DWT ships
can be accommodated)
paradeep 10 2500 t/day (40,000 to 60,000 DWT
ships can be accommodated)
Vishakapatnam 9 (Suitable for 30,000 DWT ships)
Calcutta Limited Manual loading (only ships of 8000-
{Diamond~ 9000 DWT can be accommodated)
Harbour)

Welfare Amenities

The coal mining industry in India provides welfare amenities
of a high order in the shape of houses, colonies, schooling and
medical facilities; scholarships and provision of holiday homes
to its employees apart from providing a fair wage structure.
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THE PRESENT SITUATION OF THE JAPANESE COAL INDUSTRY
AND THE OUTLOOK FOR THE EXPANSION OF COAL
SUPPLY AND DEMAND IN THE FUTURE

T. Ishihara

HISTORY OF THE JAPANESE COAL INDUSTRY

Before the 0il Crisis

Domestic coal resources played a significant role in
primary energy supplies and furnished the foundation for
industrial rehabilitation; history underwent a dramatic
transition.

Coal production was only 10 Mt in 1945 and increased year
by year; the peak of production was attained in 1961, when 55
Mt was produced by 800 cocal mines in Japan.

The number of laborers engaged in the coal industry was
280,000, while those in related enterprises exceeded one million.

However, due to the liquid energy revolution, a decision
was taken in 1955 to decrease the cost of coal by $3.50/t to
maintain the competition. The government rendered assistance
to the coal industry five times but in spite of this, the coal
industry went into a decline.

In 1973, just before the o0il crisis, only 30 coal mines
existed and the percentage of domestic coal in the primary
energy supply decreased sharply to 3.8% (21 Mt) compared with
about 35% in 1960.

Laborers in coal mines dropped to 24,000--less than one
tenth of before. The reason why this level of production could
be maintained with less laborers was due to a significant im-
provement in productivity to 70 t per man per month from 16 t.

Japanese coal mines operating underground provide quite
bad natural conditions; a half of the production is mined from
under the sea.

- Coal in Japan was created in the Tertiary period, a newer
era than that in the main coal producing countries.

- The geological conditions are bad; that is, the roof and
floor of coal seams, in general, are soft and coal seams
have many faults and foldings, which separate into small
blocks.
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- The average depth of mining faces is 540 m, and hence
the earth pressure is high and the methane gas gushing

increases to average 45 m3/t of produced coal bringing
problems of safety. Water effusion, gas gushing, spon-
taneous combustion, etc. are overcome technically.

A productivity of about 30 t of raw coal per man per
shift is attained by the application of self-advancing
supports for the long wall and by machanization at the
mining faces.

After the 0il Crisis

Coal policies before the oil crisis were social policies
in the direction of reducing production mainly by "scrap and
build”. However, coal policies after the crisis have been
given another look as a part of the total energy policy in the
following way:

- to maintain a domestic coal production of 20 Mt;

- to proceed smoothly and efficiently to the import of
overseas coal by development; and

- to promote research on technologies for the efficient
use of coal.

Consequently, there was a significant modification from a
direction of calm retreat to one of positive reconstruction.

National assistance to the coal industry amounted to $440 x 106

per annum, but the subsidy related directly to production is

about $230 x 106.

TRANSITION OF COAL DEMAND

The demand for the 55 Mt of domestically produced coal in
1961 was as follows:

Mt for the steel industry;

Mt for the gas industry:

Mt for the coke manufacturing industry;
Mt for electric power;

Mt for home heating; and

Mt for other industries (cement, etc.).

1
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In all, the use for fuel purposes was 60%, while 12 Mt of metal-

lurgical coal were imported for the steel, coke manufacturing,
and gas industries.

Thus the total demand was 67 Mt, of which 51% was for coke
manufacturing and 49% for fuel. The coal amounted to about 37%
of the primary energy source.
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Thereafter, the availability of cheap 0il and severe restric-
tions on pollution, etc. had the effect of decreasing the demand
for steam coal year by year.

The production of domestic coal in 1975 amounted to 19 Mt,
which was used as follows:

3 Mt for the steel industry;

0 Mt for the gas industry;

.7 Mt for the coke manufacturing industry;
0 Mt for electric power;

0 Mt for home heating; and

0 Mt for other industries.

Steaming coal and metallurgical coal had about an equal share.
The import of coal increased sharply because of the expan-
sion of the steel market and amounted to 62 Mt, most of which

was metallurgical coal but including some 500 kt of steam coal.

Total demand of coal was 81 Mt, out of which about 81% was
metallurgical coal, and steam coal decreased its share to 18%.

The percentage of coal in the primary energy supply was
16.5%--45% of the share recorded 14 years ago.

FUTURE OUTLOOK FOR COAL SUPPLY AND DEMAND

On the basis that the o0il supply will be increasingly re-
stricted in the long term, the target is to switch to alternative
energies to lower the ratio dependent on oil in Japan.

According to an interim report by the General Energy Council
in June, 1977, another look must be given to the significance of
coal and it is necessary to expand the demand for fired power
plants.

The supply and demand for coal in 1985 will be 113 to 122 Mt
and in 1990, 144 Mt.

Therefore, the percentage of coal in the primary energy
supply will be 11.9 to 14.5% in 1985 and 15.9% in 1990.

From the viewpoint of supply, it is the present intention
to maintain 20 Mt of domestic coal production, so that most of
the increase will come by the importation of coal--93 to 120 Mt
in 1985 and 144 Mt in 1990, out of which steam coal is 6 to 16 Mt
and 40 Mt respectively.

The expansion of demand for imported steam coal is expected
to result in new coal-fired power plants being constructed near
the sea.
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The followings are themes to be discussed as measures to
promote the importation of coal from overseas:

- Acquisition of stabilized supply sources and diversifi-
cation of sources;

- Rationalization of transportation;
- Reception system and consolidation of facilities;
- Acquisition of sites for coal-fired power plants;

- Countermeasures against legislation on coal industrial
pollution by SOx, NOx, etc;

- Acquisition of an ash disposal area; and

- Financing.

The development of technologies for the changeover to coal
is proceeding in both the government and the private sector.
They are:

- Low temperatured gasification of coal;

- Extraction of SRC as a binder for coke manufacturing;
and

- Liquefaction of coal.
Japan with 30% of the world's coal trade wants to promote

stabilized sources with regard to quantity, quality, and price
with the cooperation with coal producing countries.
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POLAND'S ENERGY RAW MATERIALS--RESOURCES, EXTRACTION,
AND UTILIZATION UP TO THE YEAR 2000

Z. Nowak, T. Muszkiet, and Z. Gendek

INTRODUCTION

A policy of maximum satisfaction of the growing energy needs
of Poland by domestic primary energy carriers has been carried out
since 1945. Hence, prospecting for energy raw materials and de-
velopment of mining of these materials occupied the top position
in the government's raw material policy and numerous new bitu-
minous and brown coal deposits were discovered (Figure 1). Other
organic energy raw materials are insignificant (Figure 2).
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Figure 1. Location of the main Polish coalfields.
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Figure 2. Energy resources of Poland—distribution.

The development of mining brought about an increase in the
extraction of energy raw materials (Figure 3), both for home
needs and for export. Poland occupies second place in the world's
bituminous coal exporters with an export of about 40 Mt per year.

The limited resources of natural gas and particularly of
crude oil constrains Poland to import these raw materials in
quantities indispensable for the correct development of the
economy though the principle of maximum utilization of home
energy raw materials in the fuel and power balance still per-
sists.

The latter policy has been reflected in the development of
advanced methods for an integrated coal exploitation. Poland
is one of the leading countries using combined heating and
electricity generation for towns and big housing estates. The
production of pelletized coke from noncoking coals is on com-
mercial scale. And some years ago research work on new coal
conversion methods was also started.

These techniques will be continued at higher intensity
because of the need for further increases in energy consumption
in the national economy up to about 300 Mt/year of bituminous
coal and about 150-200 Mt/year of brown coal in 2000.
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Figure 3. Primary energy production—1950 to 1975.

CHARACTERISTICS OF POLISH BITUMINOUS COAL DEPOSITS

The bituminous coal deposits in Poland are associated with
the Carboniferous system which is some thousands of meters thick.
Three coal-bearing formations are known so far:

- The foredeeps with which the Upper Silesian Coalfield
is connected;
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- The interplatform depression with which the Lublin
coalfield is connected;

- The coal-bearing formations of intermountain depression
with which the Lower Silesian Coalfield is connected.

Reconnaissance of coal measures to a depth of 1000 m is
precise, while to the depth of 2000 m it is sufficient to assess
the state of potential resources. The aggregate bituminous coal
resources according to actual reconnaissance and assessment of

geologists are about 250 x 10 t. Details of the bituminous
coal resources are shown in Table 1: the whole range of rank
occurs. Polish bituminous coals have favorable characteristics
for their use, namely, low ash content and therefore good wash-
ability, good grindability, and low sulphur content (about 1%,
except for coals of the Siersza, Jaworzno and Libiaz areas), and
this gives a relatively clean energy supply from coal.

Table 1. Bituminous coal resources of Poland.

Type of resources 107 t

To a depth of 1000 m

workable* 51.5
nonworkable 9.7
estimated 5.3
Explored, total 66.5

Possible to a

depth of 1000 m 69.1

Possible to a

depth of 2000 m 74.5
Potential, total 210.1

*Criterion for workability: depth of seam not
greater than 1000 m, seam thickness not less
than 0.8 m for power coals and 0.6 m for
coking coals, dip not more than 20°.

The geological and mining conditions vary in particular
coalfields and also within a coalfield.

In the Upper Silesian coal field the formations occur in

an area of 5400 km2 and about 4500 m in depth; the rank increases
with depth. Generally, power coals occur in the eastern and
central part of the coal trough, while coking coals mainly in

the western part.
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The Lower Silesian coal field is the least important with
respect to rich coal and has exceptionally hard geological and
mining conditions--highly variable and irregular. These coals
are worked primarily on account of their very high quality: they
are coking coals with a very low sulphur content (0.1 to 0.9%),

a very low phosphorus content (0.01 to 0.015%), and a very low
ash content. The deposit is in two separate areas, the Walbrzych
and the Nowa Ruda area.

Lublin Coalfield (Figure #4) is an extension of the north-
western part of the Leopol-Wolynian coalfield where coal has
already been worked. It is a very deep-lying deposit extending
in Poland from the frontier with the USSR to the Vistula--an area

of about 5000 km2. The workable resources to a depth of 1000 m

are about 40 x 109 t by present-day estimates, although only the
central part of the coalfield, the Central Coal Area with reserves

of about 4 x 109 t is being developed. The Lublin coals, both
power and coking, do not differ from the Upper Silesian coals in
quality.

CHARACTERISTICS OF POLISH BROWN COAL DEPOSITS

These occur in Poland mainly in Tertiary formations, and
those of Miocene age are of the greatest commercial importance.
They are found mostly in western, central, northern, and partly
eastern Poland (see Figure 1). It is hoped that current inten-
sive prospecting will lead to further discoveries.

A number of brown coal areas are distinguished:

- The Wroclaw Area covering the Turédw, Babina, Scinawa,
Legnica, and Mosty deposits;

- The Poznad Area including, for example, the Patnéw,
Adaméw, Mosina, Czempin, Krzywin, GostyA, Naramowice,
Trzcianka deposits;

- The L6dZ Area covering, for example, the Belchatéw,
RogoZno and Szczercdw deposits; and

- The Zielona Géra Area covering the recorded deposits of
Sieniawa, Gubin, and Cybinka.

These commercial deposits have different richness varying

from some tens of millions to some milliards (109) of tons. The

total proven and recorded deposits is about 14 x 109 t.

Brown coal deposits are highly differentiated with respect
to geological and hydrogeological structure and this frequently
calls for an individual approach to choice of methods for opening
the deposit and for its working. The depth of seams is from some
tens to more than 200 m (Figure 5). The ratio of overburden to



coal varies from 2.6 to 9.0.
as earthy coals with an insignificant content of lignites.
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The Polish brown coals are classed

They

contain about 50% water and their energy value varies from 1600

to 2400 kcal/kg.
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1. The area of the occurrence of the Carboniferous deposits.
2. The occurrence of commercial coal seams.
3. The occurrence of numerous commercial seams (the
area for coal mining prospects).
4. Borehole.
5. Cross-section line.

Figure 4. Lublin coal basin.
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Figure 5. Profiles of the Polish brown coal basins.

TECHNICAL CONDITIONS FOR THE DEVELOPMENT OF BITUMINOUS COAL
PRODUCTIONS

The development of the Polish coal mining industry after
the second world war was characterized by a change of geological
and mining conditions of mining coal deposits. At present, the
average mining depth is more than 400 m: in the next decade it
will increase to 500 m except for deeply lying seams in the Lublin
Coalfield.

More than 40% of coal production is from seams of 3.5 to
more than 20 m thick. They are worked by lifts with the use of
hydraulic stowing. Most production comes from seams inclined
up to 20°.

The problem of gassiness has appeared with the construction
of new mines in Rybnik Coal Area and with the deepening of old
mines.

The development of bituminous coal production in Poland
during the past 15 years is shown in Table 2. This period showed
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a large increase in production, particularly in the past ten
years during which intensive introduction of mechanized longwall
working has taken place. The mechanical working index increased
by about 3% per year on average and has virtually reached a limit
of about 94%--hence the high productivity. Possibilities of fur-
ther increases in productivity are to be expected from the use of
longwall sets, i.e. of sets of equipment and machines allowing
the mechanization (and partly automatization) of coal extraction
and transport and of protection of the mine workings. The use

of longwall sets and of machines for mechanization of development
work is the highest stage of orthodox underground coal mining in
Poland and determines the limit of productivity.

Table 2. Basic technical and economical indices of bituminous

coal mining.
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1960 104.4 61.9 256 - - 32 318 328
2.6 2.0
1965 118.8 66.7 403 - - 66 328 362
3.3 3.2
1970 140.1 78.3 608 22 3.8 83 330 424
4.1 2.9
1975 171.6 88.6 750 218 39.3 94 340 504
1980 207.5 110 1100 70.0 95

The quantity of bituminous coal in Poland allows its pro-

duction to be further developed. The programs anticipate three
lines of development:

Extension of current mines with suitable coal resources;

Development of a Central Coal Area in the Lublin Coal-
field with a final coal production of 4 Mt/year; and

Construction of new mines in the Upper Silesian Coalfield.

The training of miners for future mines will be a more

serious problem. Modernization of existing mines and construc-
tion of new ones should result in an increase in productivity
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that will ease the problem of employment. But it seems improbable
that a further increase in production will be attained without
increasing employment. Effort made in this field during the past
15 years (1960 to 1975) resulted in an increase in production of
about 70 Mt (65%) and this was obtained with an increase in em-
ployment of only about 7%. This exhausted the majority of re-
serves created as a result of application of integrated mechani-
zation of coal mining. Poland is one of the leading countries of
the world in productivity of underground working of coal.

The development of coal production will be accompanied by
other activities:

- Extension and modernization of a transportation system
to ensure the transport of about 1 Mt of coal per day
from the most populated area of the country;

- Further development in coal cleaning techniques with
particular reference to their desulfurization and cor-
responding technologies for industry:

- Construction of new settlement districts, municipal
projects, services, etc.

The problem of the protection of the environmental from the
effects of mining specific to the Upper Silesian area are in
particular:

~ Prevention of uncontrolled subsidence by appropriate
control of the coal production process;

- Elimination of the contamination of water courses by
saline mine water. At present, there are a number of
ideas on how to prevent this;

- Utilization of about 100 Mt of waste material per year:
it is hoped that this waste can be left underground more
than at present, and that the rest can be used as building
and road material.

TECHNICAL CONDITIONS FOR THE DEVELOPMENT OF BROWN COAL PRODUCTION

The geological structure of the overburden and of the deposit
determines the mining conditions and the technology for extracting,
transporting, and dumping. Usually, removal of overburden is pos-
sible with high-capacity bucket ladder excavators: in some cases
blasting (compact boulder clays and cohesive rocks), or hydraulic
mining are also necessary.

Protecting the stability of open pit slopes and dumps is a
basic problem calling for a detailed analysis and prediction for
safe working, sizing slopes, and the technology of dumping.

Brown coal mining was unknown in Poland before the last war,
but has developed into a large industry (see Table 3). There are
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several possible ways that brown coal production could be in-
creased and these will be the subject of further analyses as
the balance of power and energy of the country become more
precisely defined.

Table 3. Basic indices of brown coal mining.
Annual Annual increments Overburden
| removed
‘ production
’ per man per ton
Year | Production Emp{;yment employed production employment| volume |of coal
[Mt/year] | [10” men] [t] [%] [%] [106 m3] [m3]
1960 9.3 9.6 967 20 2.1
[
1965 22.6 13.2 1712 19.4 6.6 60
n970|  32.8 13.1 2503 7.7 - 85 2.6
1975  39.9 12.9 3093 4.0 - 117 2.9
H980 41 13.0 3150 0.6 - 230 -
|
Figure 6 shows one possible development of brown coal
production. Although inadequate for needs in the year 2000,

its implementation will require a twofold increase in employ-
ment for the more than 2.5 times increase in production.

The increasing mining depth, in spite of higher coal con-
centration, will bring about an increase in coal production costs
and capital expenditure. The necessity for full land reclamation
after mining will be a substantial problem determining the rate
of development of brown coal production. Particularly important
is the further concentration of output and the use of machines
with much higher capacities.

THE FUTURE STRUCTURE OF THE ENERGY BALANCE OF POLAND

The program of energy development involves a reconstruction
of fuel and energy consumption in the following way:

- considerable development of electric energy industry;

- wider application of combined heat and electricity
generation;

- gradual elimination of coal as a fuel used in a noncon-
verted form.
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Figure 6. Brown coal production—1950 to 1990.

The implementation of these assumptions for energy develop-
ment should bring a considerable proportion of so-called pure
energy carriers in covering the fuel and power needs of the
country and a reduction in losses during energy conversion.

Figure 7 shows the expected modification of structure on the
basis of results obtained so far.
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THE COAL OPTION: A CASE STUDY OF THE UK

M.J. Sadnicki and R.J. Ormerod

ENERGY OPTIONS

There are only a few known sources of primary energy that
would make a significant contribution to world energy demand
when we look ahead to the time when global resources of oil and
natural gas are nearing exhaustion. They are coal, nuclear fis-
sion, nuclear fusion, solar, and geothermal. IIASA's approach
to energy systems is shown simply in Figure 1. Usually analysis
proceeds from given demands and constraints to the evaluation of
strategies in terms of resources and hence to the development of
options. An alternative approach featured in the IIASA Energy
Project reverses this procedure and specifies primary energy
"options" in order to explore the special requirements and con-
straints that would result from major reliance on one particular
energy source on a regional and global scale. Analysis of an
option needs to include documentation of the global resources of

the primary fuel, analysis of the technologies required to extract
and convert the primary energy to the required form, and quantifi-

cation of resource requirements and environmental consequences.

OPTIONS
CONSTRAINTS

— ™~

RESOURCE —» (  DEMANDS

Figure 1. The IIASA approach to energy systems.

Source: [6]
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THE COAL TASK FORCE

To facilitate the study of the coal option, IIASA formed a
Coal Task Force in October 1975. Representatives of those insti-
tutions and nations most involved in coal production assemble at
IIASA from time to time for peridds of between one week and three
months. At such sessions a common approach to the problem is
discussed, and the initial groundwork performed. Membership of
the Task Force was initially drawn from institutions representing
two major coal-producing nations, the UK (Operational Research
Executive, National Coal Board) and the FRG (Gesamtverband des
Deutschen Steinkohlenbergbaus and Steinkohlen Bergbauverein).
More recently we have been joined by representatives from the
USA and the USSR.

This paper describes work carried out within the Coal Task
Force by the British representatives in the initial period October
1975 to March 1976. A fuller account, now available from the
authors, will be published [1]. The main aim is to illustrate
the methodology, which has been agreed with representatives of
the FRG coal industry and with scientists at IIASA. The UK energy
economy is used as an example but it must be remembered that the
analysis does not necessarily represent the views of either the
UK Government or of the National Coal Board.

THE COAL OPTION

World coal resources could theoretically satisfy demand for
many hundreds of years, and coal has shown in the past that it
is flexible in use. Technologies exist for conversion to all
the forms of energy that the consumer might require. However,
up to 1973 the market share of primary energy supplied by coal
had been declining in western Europe, the USA, and the world.
The end of the era of cheap o0il has meant a break in this trend,
but the future role of coal is still not clear. It is the objec-
tive of the Coal Task Force to analyse by how much and how quickly
the historic trend could be reversed.

Thus the underlying assumption is that o0il and gas prices
will continue to rise as world resources become scarce and the
Coal Task Force analyses whether the disposition of coal resources
and the availability of new extraction and conversion technologies
will be such that coal can fill the gap between supply and demand.
Thus a 100§ reliance on coal is not implied and the use of other
primary sources is not excluded.

In the UK the coal industry must negotiate a change of
direction from contraction to expansion. Even if the analysis
demonstrates the feasibility of a medium or long term option in
the region, there will be special problems to be faced during
the transition to such an option. How quickly can it be achieved?
What are the research and development (R & D) implications? Such
gquestions are particularly important when we consider the long
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lead times required to develop new energy technologies. The R & D
that must be commissioned now might need to ignore current short
term trends in the pattern of energy distribution and consumption.
Because these factors are so important, this case study concen-
trated on the transition through to a coal option in the medium
to long term (up to the year 2020).

THE METHODOLOGY

Any analysis that looks 50 years ahead is bedevilled by
the wide range of uncertainties that must be considered. These
uncertainties range from general guestions as to the future
life-styles that will be adopted to quite specific technological
questions as to whether this or that process will be commercially
viable. However, even given this uncertainty, it is still pos-
sible to derive robust conclusions, as long as the analysis is
structured carefully. We have found that the structure that best
fits the requirements of the coal option is a step by step analy-
sis as follows:

Step A: Project Final (Supplied) Energy Requirements in Relation
to Consumer Technologies

Future levels and patterns of energy demand are amongst the
most important of the uncertainties referred to above. Ideally,
analysis of future energy demand should be in terms of useful
energy. However, current data on the uses of energy are still
insufficient, especially in the industrial sector. 1In this study
we have used instead final energy which gives an understanding of
the form of energy required by the consumer and thus the implica-
tions for coal conversion processes can be analysed.

The carriers of final energy employed in this study are
electricity, centrally supplied (high energy) gas, liquid, direct
solid, and other (usually locally) networked heating. This last
category includes any low or medium energy gas networks. We
employ six market sectors, which fall into two distinct groups.
The first group consists of two sectors where demand is freely
substitutable between many carriers: residential space and water
heating, industrial space and low temperature process heating.
The second group comprises those sectors where specific usage
does not allow free substitution: residential lighting and ap-
pliances, industrial motive power and high temperature process
heat, chemical feedstock, and transport.

In order to arrive at the demands in each of the above
sectors a view has to be taken as to the impact of past and
future o0il price rises on the trends of growth in, for in-
stance, overall demand for energy and the use of electricity
and liquid fuels. Different views can be taken resulting in
a number of scenarios specifying the demand for each carrier
of final energy.
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Step B: For Each Final Energy Carrier, Identify the "Attraction
Potential" for Coal-Based Technologies

The attraction potential is used to set up a hierarchy of
the likelihoods that different coal-based energy carriers will
be required in the future. This potential depends on:

- The availability of a suitable coal conversion technology;

- A possible shortfall in the supply of alternative primary
energy to the energy carrier (e.g. scarcity of indigenous
hydrocarbons, or lack of development of nuclear technol-
ogy) ;

- The existence of a supply infrastructure to handle the
coal-based energy carrier;

- The efficiency of the coal conversion technology (in~-
cluding, in the case of direct solid, the final effi-
ciency of utilization at the consumer); and

- Anticipated comparability of possible costs of the coal-
based final energy form and that of the alternative
primary energy.

In further work it might be possible to analyse coal-based
conversion processes in terms of a score obtained for each of
these points, arriving at total scores for the potential of the
process under different scenarios. 1In this way a ranked list
of R € D priorities might be produced. For the moment, our scale
is simpler, and potentials are categorized as high, medium, or
low.

It should be noted that from the above definitions, the
potential in any one energy carrier can change with time.

Step C: Introduce the Appropriate Coal-Based Conversion
Processes with Penetration Rates Assessed from the Nature of
the Process and the Nature of the Relevant Market.

In this step we draw on the research carried out at IIASA
by Marchetti [2] and Peterka [3] to characterize the penetration
of coal-based technologies. Thus for each penetration of a new
technology into its market (final energy carrier) the problem
is to establish tq the year of introduction of the first plant

of commercial scale; tz, the year when the process achieves a

significant proportion (10%) of the market; and p, the allowable
penetration rate after t2 (which will be expressed as the time

taken to go from 10 to 50% of the market). It is not necessary
to estimate t, if it is clear that the technology will be avail-

able before the attraction potential indicates that it is required.
We believe that this step rightly puts the emphasis in the analysis
on timing possibilities and constraints and is a positive outcome
of IIASA's research efforts.
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Step D: Deduce the Requirements of Coal or Coal-Based Energy to
be Extracted; Consider the Technologies to Extract This and Their
Rates of Introduction.

Coal resources can be regarded as being distributed in a
three-dimensional space [d,s,k], where d is depth, s, effective
thickness, and k, knowledge. We change the distribution of re-
sources in this space by two activities, extraction and explora-
tion. Extraction may both remove quantities of coal from the
"best~-known" resources and render others unmineable (i.e. greatly
reduce their effective thickness). Exploration causes a redis-
tribution along the k axis in the direction of increasing know-
ledge.

At any one time we may require a measure of how much of
the resources is available for extraction. This measure, usually
called reserves, can be defined in a number of ways. The defini-
tion must encompass considerations of the mix of extraction tech-
nologies available, and of some external energy price. Both for
physical reasons, and because of this external price, specific
extraction technologies can only win coal at certain depths or
thicknesses--for example, even the most modern opencast mining
methods do not usually go beyond 1000 ft; current deep mining
(which whether hand-filled or mechanized longwall involves manual
labour at the coalface) is restricted to depths up to around 4000
ft and seam thicknesses of greater than 2.5 ft.

Extraction technologies cannot take all the coal available
at appropriate depths and thicknesses, and an important parameter
of any technology is the "recoverability". This is a measure of
how much coal must be left in the ground for geological reasons,
for organizational reasons (the disposition of the resources
does not readily fit the necessary production layout), and safety
reasons (e.g. pillars, roof coal left to protect the underground
workings and/or surface structures).

The mixture of coal technologies must be consistent with the
type of coal demanded as well as the distribution of reserves.
A simple example is that of coal quality; the manufacture of coke
currently requires a particular type of coal which occurs only in
specific locations.

Finally, analysis similar to Step C for conversion technolo-
gies must be introduced, and likely penetration rates of new
mining technologies must be estimated.

Step E: Consider the Likely Resource Requirements and Environ-
mental Consequences for Coal Extraction and Conversion

One of the eventual aims of the Coal Task Force is to
document coal strategies in terms of the resource requirements
and environmental consequences associated with the use of coal
technologies. Such documentation will be essential when a region
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comes to choosing the option, or mix of options, that will form
a long term energy policy. The decision making will still be a
political process-~it is difficult to foresee any completely

satisfactory analytical method for balancing, say, 502 emission

and the stockpiling of nuclear waste. However, thorough documen-
tation will allow the removal of factors common to alternative
options, so that the real issues can be identified.

The "impact" or "technology" matrix we intend to document
is as follows:

Resources Environment

1. Capital 10. Air pollutants--CO

97 co, NOx, SOZ’

2 Labour particulates-- (centralized)

3. Materials 11. Air pollutants (decentralized)

4. Land (area used) 12. Water (pollution)

5. Water (use of) 13. Radioactive emissions

6. Consumer capital 14. Heat dissipation (centralized)

7. Energy use 15. Heat dissipation (decentralized)

16. Solid waste
17. Occupational health and safety

18. Subsidence and effects on water
table

The above list is based on that in the US ERDA study [4].
A separate IIASA project is investigating an important subset
of the problem. The project uses the input-output based WELMM
method (water, energy, land, materials, and manpower), and
further details can be found in [5].

ENERGY IN THE UK

Consumption of primary energy in the UK since 1950 is shown
in Figure 2. It can be seen that there have been several distinct
phases. At the beginning of the period coal supplied most of the
energy needed until in the late 1950s o0il started to be imported
in large quantities from the newly discovered Middle East oil
fields. B2n early start was made with nuclear energy but this had
little impact and we had essentially a two fuel economy until the
late 1960s when North Sea gas started to come ashore in signifi-
cant quantities. Throughout this period consumption of primary
energy had been growing more or less steadily at about 2% and
consumption of coal was falling until the 1973 oil price rises.
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Today 37% of primary energy is supplied by coal, 41% by oil,
by gas, 4% by nuclear, and 0.5% by hydroelectric stations.
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Figure 2. UK primary energy consumption.

18%

The next phase of the UK's energy development will be domi-
nated by the North Sea. The supply of gas will continue to grow

and its impact in final and useful energy terms will be very

great. North Sea o0il will have a large impact on the UK economy
and hence energy demand but as it will be priced at world prices
should not affect consumption. Projected North Sea oil and gas

profiles are shown in Figure 3.
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Figure 3. North Sea oil and gas production.

Source: [1]



-519-

SCENARIOS OF THE UK

Several scenarios of the UK energy future have been analysed
by the methodology established in the previous sections.
Scenario 1 has been used as the base case from which the others
are derived. It is the closest of the four to "business as usual”,
although this does not necessarily imply that it is regarded as
the most likely. Final energy grows at 1.25% per annum, all
electricity is centrally generated, oil and gas are increasingly
reserved for premium use as indigenous supplies decline, and the
nuclear industry gathers momentum once the next reactor type is
proven.

Scenario 2 is identical to Scenario 1 except that it varies the
proportions of final demand of the various market sectors of
residential, industry, and transport.

Scenario 3 is more in the spirit of many commentators' view of
a possible coal option--there will be pressure to provide energy
from coal in a form other than electricity and where there must
be electricity, local combined heat and power schemes will be-
come increasingly important.

Scenario 4 investigates the possibility of no further nuclear
power stations being built. Thus Scenario 4 is similar to
Scenario 3 in that local power schemes assume in importance,
but differs in that the energy carrier and coal attraction po-
tentials alter.

RESULTS FROM THE SCENARIOS

The scenarios enabled us to develop broad conclusions on
the viability of the coal option and the overall requirements
for coal to regain a dominant share in the energy market. We
emphasized earlier the importance of the availability of new
technologies and the rate at which they could penetrate. Table
1 shows our estimates of the attraction potentials and the market
penetration parameters. The timings indicate that there is some
urgency in developing central electricity (coal-based combined
cycle fluidized bed) but that all of the other new utilization
technologies should be available by the time that they are needed
in the UK. This is primarily caused by the depletion curve for
North Sea gas which results in coal being market restrained until
the mid-1990s. This is illustrated in Figure 4 which also shows
the changing uses of coal. Up until 2000 coal is used for central
electricity generation and direct burning in industry, thereafter
the production of substitute gas and liquid rapidly builds up and
to a lesser extent combined heat and power on a local basis.

Whilst up to the mid-1990s coal is likely to be market
constrained, from then on the rate at which supply can be in-
creased will be the constraint. Figure 5 shows that new mining
processes and methods of extracting inferior coal will be re-
quired if the potential demand is to be met.
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Table 1. Summary of attraction potentials, timings and
penetration rates for coal based technologies.

Attraction| Potential Timing Rate

2000 2020 (tl or t2)* p*

Central electricity high low t1 = 1990 17
Central gas medium high t2 = 1995 17
Liquid low high t2 = 2010 | 17
Direct solid high high t2 = 1990 | 16
Other networked heating f{residential) medium medium t2 = 2000 80
Other networked heating (industrial) medium medium t2 = 2000 16

*See text for definition.
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Figure 4. UK uses of coal 1975-2020: scenario 1.

Source: [1]
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Figure 5. UK coal supply 1975-2020: scenario 1.

Source: [1]

In summary, analysis of the case study leads us to conclude
that the following are the essential facets of the coal option:

- Up to the year 2000 the most important uses of coal will
continue to be electricity generation and direct use in
industry. Increased R & D in new conversion processes
is required.

- Around 2000, the conversion of coal to substitute gas
and liquid will become increasingly important. R & D
in liquefaction should have the objective of producing
the first commercially operating plant by the year 2000.

- Existing methods of mining will support an output of
around 200 Mt per annum, providing there is continuing
research in further automation and a continuing program
of creation of capacity in new locations.

- To satisfy the full potential of coal demand, a completely
new mining process will be required, for resources that
cannot be recovered by existing methods. A pilot scheme
demonstrating such a method would have to be available by
2000.
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- The use of resources (labour, capital) in such a coal
option does not, on a preliminary assessment, seem
excessive. There will be major organization problems
in mobilizing these resources.

The above points would add up to an extremely demanding
task for the UK coal industry. The ability to develop new
technologies, use new reserves, and mobilize resources of man-
power and capital would be the limiting factor of the coal option.
Such a task would have to be considered within a national energy
strategy that might include shifts in R & D and investment pri-
orities, conservation programs, and controlled depletion of North
Sea 0il and gas.

FUTURE RESEARCH

We have described the first of the case studies carried out
by the Coal Task Force and it has necessarily been broad and
lacking in detail in certain respects. It has dealt with a
reasonably compact region and the question of transport has not
been important. The US and USSR case studies will have to tackle
this important dimension. We would see the way ahead as involving
integration with other IIASA research such as the Resources, WELMM
and Energy modelling efforts and the following additional steps:
Step F: Consider the implications of global coal trading on an
appreciable scale.

Step H: Compare coal option strategies with strategies based on
other primary fuels.

Step I: Suggest mixed energy options that seem good in the medium
term by reason of generally lower resource requirements, or of
flexibility in relation to the uncertainty of future estimates.
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THE NEAR-TERM ROLE OF COAL IN THE
US NATIONAL ENERGY PLAN AND
CONSTRAINTS IN COAL INDUSTRY DEVELOPMENT

S. Boshkov, G. Barla, and G. Zahariev

Although the imminence of the energy problem in the USA was
forecast and discussed at length in some government and industrial
circles many years ago, the seriousness of it was not recognized
or admitted generally until its magnitude descended forcefully
upon the country, aggrevated by the oil embargo to the USA by
the Middle East Arab States and the ensuing energy shortages of
1973-1974. At that point the problem reached crisis proportions
and signalled the beginning of a concerted effort to effect a
workable solution to a complex riddle. O0ld studies were reviewed
and updated in the light of changing conditions and recent trends
and experience, and a multitude of new studies and proposals
spawned in Washington and elsewhere. The population was innundated
with a rehash of good, old, doubtful, meaningful, unreliable, and
incomplete projections of energy data, all purportedly in support
of the evolvement of an optimal national energy policy, designed
to bring security and tranquility to the common citizen.

This enormous effort in searching for a prescription ultim-
ately led to an obvious course of action put forth by the new
administration of President Carter upon the serious study of a
special task force.

This presentation will deal, in a very cursory manner, with
the causes of the problem, the salient strategies of the national
energy policy, which prescribe for the coal industry of this
country a specific role, and examine, in greater detail, the
problems and constraints that face this industry in achieving
the objectives posed for it.

The diagnosis of the US energy crisis is quite simple; demand
for energy is increasing, while supplies of oil and natural gas
are diminishing. If a timely adjustment is not made before world
0il becomes scarce and very expensive, the nation's economic
security and the "American way of life" will be gravely endangered.

The crisis came about through lack of foresight. Americans
have become accustomed to abundant, cheap energy. During the
decades of the 1950s and 1960s, the real price of energy in the
USA fell 28%. And from 1950 until the quadrupling of world oil
prices in 1973-1974, US consumption of energy grew at an annual
rate of 3.5 to 3.7%. As a result of the availability of cheap
energy, the USA developed a large stock of capital goods, using
energy quite inefficiently.
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Figure 1 shows that the USA, which with less than 6% of the
world's population consumes more than 30% of the world's energy,
uses more energy per dollar of gross national product than any
other industrialized nation. The USA consumes twice as much
ipeggy per capita as the FRG, which has a similar standard of

iving.
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' Figure l. Energy consumption per unit GNP.
Source: UN Statistical Yearbook, 1975.

The relative inefficiency of use of this energy is exemplified
in Figure 2 which relates to the industrial uses of energy, which
amount to 37% of the nation's total energy consumption.

The US energy consumption by sector is shown in Figure 3,
pointing out the heavy dependence on o0il and gas as primary fuels.

Historically the fuel use pattern in the USA has shifted as
shown in Figure 4. The immediate years ahead portend a crucial
adjustment which is presently debated on the highest government
levels.

The National Energy Plan is an outgrowth of some basic real-
izations and assessments:

- The principal oil-exporting countries will not be able to
satisfy all the increases in demand expected to occur in
the USA and other countries throughout the 1980s.

- Within about four generations, the bulk of the world's
supply of 0il will have been consumed.
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Figure 2. US industry energy efficiency compared to the FRG
for major energy intensive-industries.

Source: Comparison of Energy Consumption Between the FRG
and the USA, Stanford Research Inst., June 1975.
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Figure 4. The USA has shifted to different fuel use patterns.

Source: US Bureau of Mines and Federal Energy Administration.

The world now consumes about 20 x 109 bbl of o0il per year.

To maintain even that rate of consumption and keep
reserves intact, the world would have to discover another
Kuwait or Iran roughly every three years, or another Texas
or Alaska every six months. Obviously, continued high
rates of growth of o0il consumption simply cannot be
sustained.

Projected US o0il consumption is shown in Figure 5 and the

future of the US gas supply is projected in Figure 6.

These

illustrate the energy dilemma.

The three overriding energy objectives are:

In the immediate future, to reduce dependence on foreign
0il and vulnerability to supply interruptions;

In the medium term, to keep US imports sufficiently low
to weather the period when world oil production approaches
its capacity limitation; and

In the long term, to have renewable and essentially '
inexhaustible sources of energy for sustained economic
growth.

Without belaboring the broad methodology to be pursued in
accomplishing these objectives in all spans of time, we can
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Figure 6. US gas supply without the National Energy Plan.

Source: Federal Energy Administration.
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confine our discussion to a target date of 1985 and focus our
attention to the main topic under discussion at this meeting;

namely, the role envisaged for the coal industry and its short-
and medium-term development.

The known reserves and present consumption of energy sources
in the USA are shown in Figure 7 and the future total energy
demand is depicted in Figure 8. It is evident that coal is the
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Figure 7. Reserves and consumption of energy sources.
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and that it is underutilized. One also sees the
0il embargo of 1973-1974 on the energy use growth.

supply is forecast to increase by #40% between 1975
the main growth prescribed for coal and nuclear

energy, as shown in Figure 9.
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Figure 9. Future energy sources.

The pivotal energy sector is electricity. It is a supplier
of energy as well as a consumer of primary fuels. The Atomic
Energy Commission only several years ago projected the future
demand for electricity as depicted in Figure 10, an obviously
biased assessment. The nuclear energy industry is beset by
numerous problems that are stunting its expected growth. Its
share of electrical energy generation is expected to increase
from 8.6% at present to 26% by 1985.

The inefficiency of primary fuel utilization in electrical
generation is shown in Figure 11, suggesting that improvements
in efficiency are needed and will help in alleviating the energy

problem.

A more sober and more recent depiction of the future sources
for electricity is shown in Figure 12. The use of coal in elec-
trical generation could increase by about 80% in the next ten

years.
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The present supply-demand relationships of the three primary
fuels and their projected roles without and within the constraint
of the present national energy plan are shown in Table 1. The
part coal is expected to play is obviously most vital and central.
Whether the coal industry can respond fully to the challenge of
doubling productive capacity within a ten-year span will depend
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on its ability to effect a beneficial solution to the many
formidable problems that face it. These problems have not only
technological and financial components but also political, social,
environmental, and labor facets that are hard to forecast and
define. A short review of the problems facing the coal industry
of the USA follows.

The known coal reserves in the USA can be roughly grouped
into two major areas, namely eastern and western. Present pro-
duction comes mainly from the eastern deposits. The known coal

resources of the country include 394 x lO9 t readily available
for mining under very favorable economic conditions.

Because of major commitments by the Federal Government to
preserve the quality of life, the sulfur content of coal exercises
a major constraint on its availability for direct utilization
without the need for upgrading by beneficiation on the employment
of clean-up devices after burning. The sulfur content of the US
coal resources is depicted in Figure 13. It is evident that low-
sulfur coal predominates in the west, where production is low
at present, and where deposits are distant from industrial centers.

If the US coal supply is to reach the targets prescribeq for
it in Figure 14, the envisaged expansion of productive capacity
will have to derive from the sources given in Figure 15. This
blueprint for action suggests a very large increase in surface
mining of the western deposits.
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Table 1. Balances by fuel [lO6 boe/day].l
1985 1985 1985 Plan plus
1976 without with additional
Plan Plan conservation
0il: 5
Consumption 17.4 22.8 18.2 17.0
Domestic supply 9.7 10.4 10.6 10.6
Refinery gain 0.4 0.9 0.6 0.6
Imports 7.3 11.5 7.0 5.8
Natural gas:
Consumption 10.0 9.4 9.4
Domestic supply 9.5 8.2 8.8
Imports 0.5 1.2 0.6
Coal:
Consumption 6.8 10.9 13.3
Domestic supply 7.9 12.2 14.5
Exports 0.8 1.2 1.

lDetail may not add up to total due to rounding.

Assuming compliance with automobile efficiency standards under
current law, and reduced driving as a result of higher gasoline
Without these assumptions, consumption would be 25

million barrels per day.

prices.

3

Includes natural gas liquids.
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Figure 13. Sulfur content of US coal resources by region.

Source: US Bureau of Mines.
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Figure 14. US coal supply.
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The obstacles facing the coal industry will now be briefly
summarized.

Environmental Policy

Attainment and maintenance of the environmental goals set
out in the Clean Air Act and its Amendments of 1970, the Federal
Water Pollution Control Act, and the National Environmental
Policy Act are high national priorities.

One specific of the Clean Air Act requires that all new coal-
burning plants do not emit more than 1.2 1lb of sulfur dioxide

(0.6 b of sulfur) per 108 Btu. For coal with 24 x 10° Btu, this

is equal to a maximum sulfur content of 0.7%. Eastern coals, in
general, have higher energy content as well as higher sulfur
content than western coals. 8000 Btu/lb western coal must possess
a maximum of O0.48 1b sulfur in order to meet the "new plant”
government standard.

As of June 1, 1975, primary ambient air quality standards for
public health became effective, limiting sulfur oxides to an

annual average of 80 ug/m3 of air. 1In addition, secondary stand-
ards, for the protection of property and wildlife, are set at

60 ug/m3, and are to be met within a reasonable time, defined as
14 to 3 years, after the primary standards are implemented.
Because each area of the country has different atmospheric con-
ditions, this standard cannot be readily translated into a
corresponding coal sulfur content limit. Many States have passed
unnecessarily restrictive sulfur content standards surpassing the
Federal edicts. It has been estimated that over one half of the
coal currently produced in the east would fail to qualify for

use if the State sulfur content standards are implemented,

The standards can be met by either burning low sulfur fuels
directly or burning high sulfur coal in conjunction with sulfur
removal devices--principally stack gas scrubbers at present.
Stack gas removal, although technically feasible, is not expected
to be commercial before the late 1970s, because its use has not
been sufficiently well proved for use by utilities.

Surface Mining Legislation

On the fourth try, the US Congress finally found a President
receptive to the passage of a surface mining bill. The latter
prohibits surface mining on lands where reclamation is not feasible
and requires that surface mined lands be restored to their approx-
imate original topography (unless there is inadequate soil to
achieve this, as in the west).

Land reclamation as presently practised involves removal og
topsoil for storage, leveling the highwall and overbgrden left in
the mining process, to restore original contour or, in some cases,
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create a more useful terrain, replacing the topsoil, and revege-
tation of the area. Reclamation follows mining by a few months.
Reclamation costs per acre are $1000 to $4000 in the west and
$3000 to $5000 in the east. Because of the thicker coal deposits
in the west, the cost per ton of coal mined is much lower.
Although relatively high in the east, this cost related to the
kilowatt hour charge to the electrical consumer would add only

2 to 3% to the average residential electric bill.

Government Leasing Policies

The US government owns over #40% of all western coal reserves,
including an estimated 85% of all US low sulfur reserves. The
Bureau of Land Management .of the Department of the Interior has
been slow in issuing leasing permits. Aside from its desire to
assure maximum environmental protection and provide for an orderly
development of coal resources, the Department has also been con-
strained to a great degree in its leasing policies by the National
Environmental Policy Act, which requires an environmental impact
statement to be filed prior to any significant federal action.

The delays in compliance with this Act are lengthy, often
resulting in postponements of commencement of mining for periods
longer than two years.

Aside from the three items of constraint listed above, all
of which are related to political decisions and, therefore, subject
to revision or relaxation by political action, there are several
other constraints upon the productive capacity of the coal indus+
try that relate to technological and operational abilities.

Improvements in Mining Technology to Arrest
Recent Sliding Productivity and Escalating Costs
Brought about by Conformance to the Health and Safety Act of 1969

The impact of the Act has been far-reaching for the coal
industry, especially for the segment dealing with underground
mining. It was precipitated by increased public awareness of the
plight of the miner, the depressed mining activity in some sections
in the Appalachian region, and the unfortunate occurrence of a
disastrous mine explosion about the time of decision. The product
was a very stiff set of federal regulations, which, by and large,
neglected industry opinion in their passage.

It is a basic premise of life that one does not speak against
motherhood, the flag of the country, or the safety of the coal
miners. There was no objection to the spirit of the Act, but
there were numerous objections to the timetable prescribed for
meeting many of the objectives set forth. The timetable forced
changes in operational procedures, decreed changes in equipment
design, and imposed financial burdens on the mine operators.

Enforcement of the provisions of the Act fell on the shoulders
of an inspectorate that, at the time, was quite limited in manpower.
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Demand for additional inspectors was partially met by raiding

the middle management personnel in industry ranks, thus compound-
ing the existing lack of trained and competent men needed to
effect the changes mandated by the legislation. Although this
factor cannot be quantified, there is little doubt that it con-
tributed to a general polarization between the government and

the coal mine operators. Arbitrary enforcement by overzealous
inspectors also took its toll in productivity.

The result of the Act was to cause underground productivity
to plummet as shown in Figure 16. The present underground produc-
tivity is 8.5 tons per man shift. It is difficult to say precisely
what this Act cost the industry. A number of studies have at-
tributed a 15 to 25% production loss to compliance with the pro-
visions of the Act. As a result of this loss of production and
additional labor and supply requirement, as reflected in Figure
17, underground mining costs have increased 20 to 30% over the
cost of production before the Act.

Figure 18 exhibits the immediate short history of coal pro-
duction and number of operating mines in surface and underground
mining and the increasing spread in costs between the two types
of mines.
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Figure 16. Bituminous coal and lignite underground and

surface mining trends.

Source: US Bureau of Mines and Mining Enforcement and
Safety Administration.
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Labor Stability and Manpower Shortage

Labor-management relations in the coal industry have histor-
ically been poor, and organized and wildcat strikes have been
A statistical measure of worker attitude may be

commonplace.

gathered from Figure 19,
industry due to strikes.
can be easily identified.

1971,

the early 1960s,

showing the number of man-hours lost by

The big industry strike years,
It is also noteworthy that,

there has been a gradual increase in wildcat

1959 and
since

strikes which generally result from local disputes at individual

mines.

In addition, with coal mine labor in short supply and

wages rising to the forefront of workers in basic industries, a
sociological-psychological outcome of high absenteeism has resul-

ted.

because of labor shortages on these days.

Mondays and Fridays are notoriously poor production days,
It is not uncommon to

find a 25 to 30% absentee rate at some coal mines.
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Source: US Bureau of Labor Statistics.

December 6, 1977, marks the date for the renewal of the
three-year labor contract in the coal industry. We may be headed
for another peak on the chart.

There is a most critical shortage in the US coal industry
of both experienced mine workers to take on supervisory positions
and new labor to staff new mines. There is also an acute shortage
of mining engineers and other technical support staff.

These shortages are the outgrowth of the general lack of
interest in coal mining since the early 1960s until recently,
resulting in a peculiar demographic make-up of today's work force
in coal. The age distribution is bi-polar with the peaks occurr-
ing in the over 45 and under 30 age groups, and a deep gap present
in the 30-45 category. The labor force thus lacks the basic
component of labor stability and exhibits a grandfather-grandson
distribution.

The industry must look to an increasingly younger work force
at all levels and to some means of substituting training and
development for years of experience. Whether this can be done is
one of the most crucial issues affecting coal development on the
scale necessary to make the nation self-sufficient in energy.

Adequate Transportation Facilities, Supplies
and Equipment

Transportation is a vital part of the coal industry and is
often a substantial portion of the total coal cost to the consumer.
In 1975, bituminous coal and lignite, loaded for shipment, used
the following carriers:
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Railways 66%
Waterways 12%
Truck 11%
Other 1%

Transportation to Electric Utility 10%

(Plants Adjacent to Mine)

The four largest coal carriers, all located in the eastern
half of the USA, together account for over one half of total
railroad coal loadings. Transportation bottlenecks are becoming
commonplace despite the innovation of the unit-train practice,
which accounts for slightly over one third of coal transport by
rail. The bottlenecks are particularly critical in the northeast,
where the rail system is in virtual collapse because of bankruptcy
proceedings, thus suffering the disadvantage of inability to
attract capital in order to develop additional coal carrying cap-
acity. Transport of coal to electric utilities adjacent to or
near mines is growing in importance, with high voltage power
generating stations sited near coal mines in order to eliminate
the need to ship over great distances.

Water transportation is relatively low in cost, averaging
around 2.5 mills per ton-mile. This compares to 5 mills/ton-
mile for unit-trains and 10 mills/ton-mile for usual rail haul.

It is axiomatic that if coal production is to advance mater-
ially, the industry's equipment and supply requirements will
rise sharply, especially for surface mining equipment. Any short-
fall in availability could significantly hamper expansion.

Capital Availability

The coal industry's projected financial requirements are
simply staggering. The National Energy Plan estimates coal's

capital needs to be $18 x lO9 by 1985, projected on the basis of

1975 dollars and on the assumption that Mid-East oil would con-
tinue to be available. For an industry with a current capitaliza-

tion of about $6 x 109, the magnitude of the task seems almost

unattainable.

Coal must compete for investment funds. To do so success-
fully it must be an attractive investment opportunity with a
competitive short- and long-term rate of return. Recent history
has shown that the rate of return on net worth rose from 6.6%
in 1960 to 10.6% in 1965, declined since then, except for 1970,
and rose again after 1974.

The latest study projects the capital requirements for
successful attainment of the National Energy Plan to be as.depicted
in Figure 19. The requirement investment of $580 billion in
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Figure 19. Estimated investment cost.

the next 10 years seems large. It represents about 30% of fixed
business investment, which is energy's historical share. It may
not be difficult to attain.

The above presentation is a short summary of the problems and
constraints facing the US coal industry in fulfilling the pre-
scribed role for it during the coming 10 years. Acceptable
resolutions to these problems may allow the industry to reach

the lO9 t per yvear production level by 1985. The road ahead,
however, is fraught with uncertainty.

Source Material

Executive Office of the President, US Department of the
Interior, National Petroleum Council, Federal Power Commission,
Federal Energy Administration, United Nations Statistical
Yearbooks, US Bureau of Mines, National Coal Association,
Engineering and Mining Journal, Coal Age, Private Reports of
Investment Houses.
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ENERGY STRATEGIES AND OPTIONS:
AN ANALYSIS OF COAL IN THE USA

G.C. Ferrell

INTRODUCTION

Recent events, such as the peaking of domestic US gas and oil
reserves, the oil embargo of 1972, and the subsequent price in-
creases for formerly accessible and economic fuels, have had
substantial impacts on the US coal industry. In order to meet
national policies for decreasing dependence on imports while pro-
viding reliable and economic US domestic energy supplies, goals
commensurate with prospects for future world oil trade and for the
long-term health of the global energy and economic systems, the
US coal industry has been gearing up for a major revival. 1In
light of recent events, and given the fact that the coal industry
has declined relative to other energy industries during the past
several decades, this paper examines some major energy strategies
and options for coal in the USA.

The IIASA Energy Systems Program is studying the possibili-
ties of strategies and options on global and regional scales. 1In
this effort a Coal Task Force has been formed to conduct method-
ological investigations and case study analyses within national
contexts, in order to identify potential strategies and options
for coal on a global scale. This paper is a summary of investiga-
tions that characterize the role of coal in the USA and that have
been conducted at IIASA and within the USA during 1977. A full
report on this case study is to be published during 1978. 1In order
to characterize a national view of coal that matches with global
considerations, the long-term and large-scale perspective is
addressed. The paper includes a brief review of the historical
role of coal, a report of important recent events affecting the
coal industry, and an assessment of future US coal options as
embodied in several major national planning efforts. 1In con-
clusion, a 200 year summary of the history and possible future
options for coal in the USA is presented, including an analysis
of the consumption and depletion of coal in comparison to present
characterizations of resources and reserves.

THE HISTORICAL ROLE OF COAL

Coal has been the keystone of energy resources for the USA,
providing the power that industrialized the American economy during
the 19th century. Beginning in the 18th century, coal production
increased by several orders of magnitude into the early 1900s,
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reaching a level of over 600 Xx 106 short (s.) tons per year by

1920 [1,2]. During this time, the increase in coal consumption
exceeded that of energy consumption as a whole, and the fraction

of primary energy provided by coal rose from about 9% in 1850 to
over 75% in 1910. From the early 1900s until about 1970, the
relative role of coal diminished. Beginning with the commercial-
ization of o0il and gas around the turn of the century, the share

of primary energy from coal declined during this period to a level
of about 20% in 1970. This long-term pre-1970 role for coal in the
USA has been studied at IIASA using a market share characterization
as shown in Figure 1 [3]. By contrast, more recent trends for
primary energy consumption (see Figure 2, which includes the dates
of recent major economic- and energy-related events) show the
beginning of a revival for the US coal industry.
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Figure 1. Historic trends for primary energy consumption in the USA.

Source: [3]

Long-Term Energy Demand Substitution

Before discussion of recent coal industry events, a longer-
term perspective of energy demand is presented with emphasis on the
substitution of fuels. For the three major economic sectors--
household/commercial, transportation, and industrial activities--

a major long-term solid-liquid-gas-electricity substitution phgnome—
non has been occurring with different rates of market penetration.
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Figure 2. Trends of primary energy consumption in the USA, 1960 - 1980.
and starting periods [4]. It is important to gain a perspective

on this changing preference for fuels in order to develop strate-
gies and options for the utilization of coal.

Household/Commercial Sector

For the past two decades, energy consumed by household and
commercial activities in the United States has more than doubled,
reaching 20 quads* per year, and averaging about 30% of the final

¥1 quad = 1015 Btu.



-545-

energy total. However, the fuel mix used in this sector has
changed dramatically, as shown in Figures 3 and 4. Before 1950,
the market share for coal exceeded 50% of the total, but by 1960,

FINAL ENERGY CONSUMPTION [QUADS]
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Figure 3. Household and commercial final energy consumption, 1950 - 1972.
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Figure 4. Trends for household and commercial final energy consumption.
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this decreased to less than 10%. O0il and gas replaced coal over
this time period, and now have a market share of around 80%. The
balance of final energy consumption is supplied by electricity.
Thus, in this sector, a solid-liquid-gas-electricity substitution
has taken place, a process occurring because of the progressive
increase in convenience, and because of the progressive decrease
in envirommental impact and direct cost for the consumers. (The
solid-liquid-gas-electricity substitution process is character-
ized by the increased use of secondary energy forms over primary
forms at points of final energy consumption. In this process,
the burden of energy supply and the control of environmental
impact is shifted away from the consumer toward the producer.
This is desirable for the consumer, who is able to reduce his
overall cost, even at the expense of increasing delivered fuel
prices.)

Transportation

Consumption of energy in the transportation sector accounts
for about 30% of the final energy, and has reached some 20 quads
per year today. As shown in Figures 5 and 6, the use of coal has
been discontinued, while o0il has dominated the sector for the
past two decades. Unlike the fuel substitution in the household/
commercial sector, no major substitution for oil is occurring.

(A minor but increasing use of gas and gas-liquids has been occur-
ring in the transportation sector, but thus far no significant
use of gas-driven modes is evident--about 4% in 1972.)
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Figure 5. Transportation final energy consumption, 1950 - 1972.
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Industry

The largest of the three major sectors for energy consumption
is industry, which accounts for about 40% of the final energy
total, or some 24 quads per year today. Long-term trends reveal
that the use of coal has declined relative to other fuels as shown
in Figures 7 and 8. Gas now accounts for one half of final energy
consumption by industry, which was the level for coal in 1950,
0il has gradually increased from 20% in 1950 to about 25% today,
while the use of electricity has steadily increased to a share of
over 10%. The industrial sector, more than any other consumer
group, has a relatively complex market structure. Many industrial
categories use only selected fuels, and major industrial processes
are "fuel specific". For example, the iron and steel industry
consumes about 16% of total final uses, but over 40% of all
industrial-related coal. Still, on an aggregate industrial level,
the solid-liquid-gas-electricity substitution phenomena has been
evident over the long term.

Recent Coal-Energy Industry Developments

In light of the long-term fuel substitution trends, recent
energy developments have significantly influenced the US coal
industry. Because coal may be used directly or may be converted
to liquids, gases, and electricity, it has a unique position as
an energy resource for the USA, and will have an increasingly
important role in the future.
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The production of coal in the USA has increased steadily

since 1960 from about 420 x 106 S. tons per year to over 700 x 10
S. tons per year today, an average annual growth rate of about 3%.
This expanding capacity has supplied a growing electric utility
market which now consumes over two thirds of the total coal pro-
duced. The rest is used by industry and for export, with very
little coal consumed by the household, commercial, and transporta-
tion sectors. Recent US coal industry trends are shown in

Table 1.

Table 1. US coal industry trends*

Sources: Statistical Abstracts of the United States, US Department of Commerce,
Washington, DC, 1976.
Coal Mine Development and Expansion Survey, Coal Age, p. 83,
February, 1977.

1960 1965 [1970]1971 1972|1973 1974[1975|1976**|1977**

Production
[106 s.tons/year] 416 512 | 586| 561| 573| ©609| 611| €21| 657 707
Annual change [%#] (-1.2 [+3.6 [+1.5(-4.3/+2.1/+46.3{+0.3|{+1.6{+5.8 +7.6

Consumption

[lO6 s.tons/year]
Electric Utilities 174 243 | 319| 326| 349 387| 388| 403| 444 480

Industry 205| 219 196| 178 168| 169] 163 152| 153 162

Export 37 sol 71| 57| 56| 53] 60| 66| s0 65
Total [10  s.tons/

year] 416| 512 586 561| 573| 609| 611 621| 657 707

Consumption [%]

Electric Utilities 42 47| 54| 58| 61 64 63| 65 68 68

Industry 49 43| 34| 32| 29| 27 27| 23] 23 23 ]

Export 9 10| 12| 10| 10 of 10 11 9 9
Total [%] 100| 100]| 100| 100| 100] 1o0| 100| 100 100 100

*Excludes Pennsylvania anthracite which accounts for about 1% of total
production.
**Coal industry estimates, Coal Age, p. 83, February, 1977.

t, ,
t 3 year moving average.

Electric Power Production

The importance of coal for electric power production is
displayed in Table 2. Since 1960, the amount of coal used by the
electric utility industry has steadily increased from 180 x

106 s. tons per year to 400 x 106 s. tons per year in 1975, an

average annual growth rate of over 5.5%. By contrast, the use of
0il and gas for electric power production increased at a much
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Source:
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Fuel consumption by US electric utilities.

Commerce, Washington, DC, 1975 and 1976.

Annual Fuel Consumption

Statistieal Abstracts of the United States, US Department of

Fuel 1960 | 1965 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975

Coal 177 245 321 326 352 390 392 406

6
[107 s. tons]
0116 85 115 336 400 494 560 536 507
[10” bbll]
Gasg 5 1724 2321 | 3932 3991 | 3977 3644 3429 3147
[107 £t7]

Annual Change [%]*
Coal st | 453" | 436 | +1.6 | 4.0 | +11.0 | +0.5 | +3.6
0il +a.17 |+16.57 | +28.3 | +21.8 | +23.2 | +13.3 | -4.3 | -5.4
Gas +8.0" | +8.77 | 411.7 | +2.5 | -0.4 | -8.4 | -5.0 | -8.2
- X
(£,,,~F,) /€, X 100

+3 year moving average

faster rate throughout the 1960s, but has experienced a remark-
able trend reversal since about 1970,

for electric power production is now declining significantly

The use of these fuels

since the peaking of US domestic o0il and gas reserves in 1967
and 1970 respectively, and because of other international events

and rather dramatic price changes for fuels used to produce
electric power have occurred (see Table 3)
the cheapest domestic fossil fuel for electricity production.

[51.

Table 3. Relative fuel costs for electric utilities
1973-1976 [1975 cents/10° Btu].
Source: [5]
Fuel | 1973 1974 1975 1976
Coal 52.7 77.4 81.4 81.9
0il 104.4 209.5 202.0 191.0
Gas 43.9 52.4 75.4 98.8

Today, coal is




=551~

Nuclear energy is the major national alternative for
generating electric power. Recent events related to environ-
mental, safety, risk, and legal concerns, however, have made the
nuclear future unclear at present [6] and discouraged nuclear
power plant capacity additions during the mid-1970s (see Table 4).
The long-term role for nuclear power will undoubtedly be influ-
enced by these recent events, but the US electricity industry has
made a substantial commitment to nuclear power, so that future
capacity additions will probably increase again. The future of
electric power generation in the USA belongs to coal and nuclear;
some of the options are outlined in the next section.

Table 4. Nuclear power capacity in the USA.

Source: FEA, 1977

Number of Plants Capacity [MW]

Annual Cumulative Annual Cumulative
Year Additions At Year End Additions At Year End
1965 0 12 0 1,052
1970 2 16 987 5,160
1971 5 21 3,572 8,722
1972 6 26 4,367 13,028
1973 6 35 7,021 20,049
1974 12 44 10,044 29,698
1975 10 54 8,870 38,568
1976 2 56 1,709 40,277

Direct Coal Utilization

As shown in Figure 8, the long-term direct use of coal by
industry has declined. In contrast, the prospects for greater
use of coal by new boilers has recently changed. In 1973, only
6% of the total capacity of new industrial boilers were coal-
fired [7]. However, estimates for new steam-generating boilers
ordered by industry in 1976, reveal that as much as one third
were coal fired. This is an increase in capacity by a factor
of five in three years, but much of it is to replace older equip-
ment, which will limit the net increase of direct industrial
coal-fired capacity. Other important areas of recent interest
for the direct use of coal by industry include the possibility
of increased industrially generated electricity, and the use of
coal for cogeperating both electric power and heat for industrial,
commercial, and residential customers. This interest is in part
generated by recent price differentials for fossil fuels as shown
in Table 3. However, even with these developments, the immediate
prospects for the substitution of coal for direct utilization in
the industrial sector may be still somewhat limited [5].
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ASSESSMENT OF FUTURE US COAL OPTIONS

The future for coal in the USA will very much depend on how
the long-term preferences for clean and efficient energy forms
are modified by recent energy resource and economic events.
Also, in addition to influences due to the final energy substi-
tution process, absolute levels of future coal use will be af-
fected by the rates of growth of population and the overall
economy, differences in output between economic sectors, the
cost of energy relative to that of other commodities, and the
domestic awvailability of oil, gas, and other resources in rela-
tion to imports. Lastly, and as important as these factors, is
the influence of government policy on every aspect of the coal
industry from mining to utilization. US Government decisions
affect everything from the type of mining allowed, and the rate
a railroad can charge for hauling coal, to the sulfur content
of coal a utility is allowed to burn. The current administration's
National Energy Plan for example proposes a number of policies
including a regulatory program to require coal use by utilities
and large industries, and an oil and gas users tax and rebate/
investment tax credit system to provide economic incentives to
convert to coal.

In order to assess future coal options for the USA, several
extensive national planning efforts have been reviewed and sum-
marized. These studies were conducted between 1975 and 1977,
and include the work of the US Bureau of Mines (BOM-1975) [10],
the US Federal Energy Administration (FEA-1976) [11], the Workshop
on Alternative Energy Systems (WAES-1977) [12], the National
Energy Plan for the Executive Office of the President (NEP-1977)
[9]1 and the Panel on Demand and Conservation of the Committee on
Nuclear and Alternative Energy Systems (CONAES-1977) [13]. The

data from NEP-1977 were converted at 5.85 x 106 Btu/bbl, with
electricity calculated at 3412 Btu/kwh, assuming 34% conversion
efficiency.

The key areas for the future of coal are its use by industry
and its use for electric power generation. Industrial uses are
here categorized as the direct utilization of coal in processes
such as steelmaking, the direct combustion of coal to produce
process steam and heat, the on-site combustion of coal for self-
generation of electricity, and the on-site conversion of coal to
synthetic fuels such as low energy gas. Electric power genera-
tion from coal will continue to be by conventional methods until
around the 1990s, whén fluidized beds and combined cycle gasifi-
cation systems will become commercially available. Central
station conversion of coal to synthetic fuels is also an import-
ant aspect for the US coal future, but, as discussed below, with-
out favorable economic incentives or government policies, this
industry will experience little growth for several decades.

Coal-related aspects of several of the US national planning
efforts are briefly summarized in this paper according to three
categories: final energy consumption by industry, primary energy
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consumption by electric utilities, and primary coal consumed for
central station synthetic fuel production. This terminology is
defined in Figure 9, and has been adopted for use at IIASA [14].
Along with a quantitative comparison of future projections for
energy consumption, the factors that have been assumed to influ-
ence each forecast are briefly highlighted. A summary of these
forecasts in contrast to historical trends, and in comparison

to US coal resource availability is included in the next section.

Final Energy Use by Industry

A comparison of several recent forecasts of final energy
consumption by US industries reveals that the share of coal may
range from 15 to 50% of the total by the year 2000. This wide
possibility spans the range of forecasts from the "business as
usual” declining industrial market for coal, to scenarios that
represent vigorous government policies and maximum direct use
of coal or coal converted to secondary energy forms. More recent
forecasts have stressed the latter considerations.

As shown in Table 5, total industrial energy consumption in
the USA has been forecast to grow at a rate of between about 3
and 4% per year. "Business as usual" forecasts conducted by the
US Bureau of Mines [10] and by the US Federal Energy Administration
[11], portray the decline of coal's share to about 15% of final
energy consumption by the year 2000. Even with a doubling of the
price of imported oil from $8 to $16 per barrel, the substitution
of coal in the FEA reference case only increases coal's share by
about 1%. There is a major dependence on oil and gas in these
scenarios, with a strong trend for industrial electrification.
However, even these "business as usual"” forecasts are above the
historical trend for industrial coal consumption as shown in
Figure 10.

Also shown in Table 5 and Figure 10 are more recent fore-
casts of industrial energy consumption by US industry. These
projections suggest that coal's share could well reach 50% by
the year 2000 if options for increasing both the direct combustion
and the production of secondary energy forms from coal are pursued.
For the WAES Scenarios C and D [12], coal substitutes for oil and
gas by its conversion to synthetic fuels. This provides one half
of the US industrial energy needs by the turn of the century, and
reduces o0il's share to about 15%. As the cost of coal-synthetic
fuels will likely exceed that for oil and gas, even after the
year 2000, this option could require a major economic incentive
or government subsidy to industry.

In a more recent analysis, the National Energy Plan indi-
cates a vigorous policy oriented toward the substitution of @il
by coal. With the plan, coal provides 31% of industrial energy
consumption by 1985, whereas coal's share could decline to 16%
without the suggested governmental incentives. Incentives in
the plan include a regulatory program to require coal use by
large industries, and an oil and gas users tax and rebate/
investment tax credit system to provide economic incentives to
convert to coal.
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Figure 10. Prospects for final energy consumption of coal by industry in the USA
to the year 2000.

The direct industrial use of coal may also be influenced
by the degree to which industries will generate their own elec-
tricity in the future. This degree of self-generating capacity
is affected by several factors including the cost of industrial
scale steam-electric plants, and the long-term availability of
fuel supply, both of which favor coal-fired units. In addition,
conservation of energy by the use of coal-fired steam and electric
cogenerating facilities for industrial applications could be a
major option. With an emphasis on conservation, the Panel on
Demand Conservation of the Committee on Nuclear and Alternative
Energy Supply Systems has forecast that coal may provide over 55%
of industrial energy consumption by the year 2010 [13]. This
panel assumed that industrial steam generation, which accounts
for more than 40% of all industrial fuel consumption, will ex-
clusively utilize coal by this time. The additional 15% is
accounted for by the use of coal in the iron, steel, and other
industries.

In summary, options for the direct use of coal by industry
appear to be brightening. The use of coal in industrial boilers
for producing process steam and self-generated electricity, as
well as for its conversion to synthetic fuels, could increase
coal's share of the industrial energy supply market to 50% by
the year 2000.
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Primary Energy Use by Electric Utilities

A comparison of several recent forecasts of primary energy
consumption by US electric utilities reveals that the share of
coal may range from as low as 20-30% to as high as perhaps 50%
or more in the year 2000. Today, coal's share is about 45%. The
major question facing the utility industry that influences these
figures is the relative roles for coal and nuclear in the future.

Traditional planning for the electric utility industry has
given a high priority to nuclear, as shown in Table 6. Growth
rates of over 10% per year have been suggested for nuclear
capacity additions, while coal-fired capacity has been planned
to increase at about a maximum of 6%. The overall rate of growth
of US electricity demand has historically been 7%, while most
of the present forecasts for future electricity consumption range
around 5 to 6% for the near-term, with declining growth rates
over the long term. The 28th Annual Electrical Industry forecast
assumes a 6% national electric growth rate for the next few years,
which gradually declines to 4-4}% in the 1990s [15]. Fossil and
nuclear steam capacity net additions are 19,120 MW for 1990, and
28,500 MW for 1995.

Factors that most directly influence coal-fired capacity
forecasts include the price of alternative fossil fuels and the
vigor of government policy. For example, as shown in Table 6
for the Federal Energy Administration's reference case, the
future annual growth rate for coal-fired plants increases from
2.4%, for imported oil at $8 per barrel, to 6.3% when oil prices
double to $16 [11]. Also, the share of coal remains high for
government policies directed at the conversion to coal, as illus-
trated by the forecast of 54% coal-fired generation in 1985 with
the National Energy Plan, an increase over today's share of 45%.

Coal-fired capacity as a fraction of steam-electric fossil
units increases at nearly every forecast (see Figure 11). Very
little o0il and virtually no gas-fired units are currently being
planned for installation in the USA, in light of recent events
and government restrictions.

In summary, the electric utility future belongs to both
coal and nuclear. Traditionally, nuclear has been given a
priority but coal could continue to provide perhaps 50% or
more of the required primary energy. Indeed in the most recent
electrical industry forecast, fossil and nuclear-steam electric
capacity additions are equal in magnitude for 1990 and 1995 [15].
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Figure 11. Prospects for coal consumption in fossil-electric power plants in the USA
to the year 2000.

Primary Energy Use for Synthetic Fuels

Synthetic fuels from coal have been relatively important
for the United States. The low energy gasification of coal to
produce "town gas" was practiced before the advent of less ex-
pensive and higher energy content "natural gas". For some time,
forecasters have been predicting a return to coal-based synthetic
fuels, as nature-made o0il and gas reserves diminish. Within the
concept of a centralized coal-synthetic utility industry, the US
National Petroleum Council in 1972 predicted that by 1985, as

much as 3.3 quads per year of coal (about 130 x 106 s. tons per
year at 25.2 x 106 Btu/s. tons) might be used to produce synthetic

high energy gas, and perhaps 2.2 quads per year (87 x 106 s. tons)
for synthetic liquids. The US Bureau of Mines in 1975 also re-
flected this thinking at a reduced scale, and forecast that coal-
synthetic gas production could require 0.52 quads per year of
primary coal in 1985, and perhaps 6 quads by the year 2000. With
the addition of coal liquefaction (Table 7), the Bureau of Mines

forecast that as much as 320 x 106 s. tons of coal per year could
be converted to synthetic fuels by the turn of the century. Al-
though significant, this would represent only about 5% of primary
energy supply.
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Table 7. Comparison of coal-synthetic fuel options for

the USA* [Quads/year = 1015 Btu/year]}.

. Primary Fuels for Primary Fuels for
Scenario Year Coal Gasification Coal Ligquefaction
NPC-1972%
I 1980 0.77 0.27
1985 3.32 2.24
II 1980 0.50 -
1985 1.82 0.30
BOM-1975 [10] 1980 - -
1985 0.52 -
2000 6.00 2.14

*National Petroleum Council, U.S. Energy Outlook, December, 1972.

Recently, the interest in centralized facility coal-based
synthetic fuels has somewhat diminished. This is based perhaps
on a realization that the economic viability of coal-synthetic
fuel production in central facilities, as suggested by the rela-
tive price forecasts in Table 8, may not be proven for several
decades. If these facilities are to become commercialized before
the next century, government incentives may be required, or
alternatively, the prices of conventional fossil fuels will have
to rise considerably. 1In contrast to this, and perhaps as a
leading indicator, the use of ccal gasification for specific
industrial and commercial purposes on a localized scale is gain-
ing some interest. 1In special situations, especially as a sub-
stitute for industrial gas consumption, the use of coal solves
the long-term fuel availability problem in the USA [16-18].

Table 8. Estimates of fossil fuel
prices [$1975/106 Btu].

Source: [7], p. 2.31.

Fuel 1985 2000
0il 2.24 2.87
Gas 1.93 2.19
Coal 0.61 0.69
Synthetic crude 3.45 3.57
High energy gas 3.54 3.65
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In summary, the prospect for central station coal-based
synthetic fuels does not appear promising, especially from an
economic standpoint. However, the use of coal for site- 'and
process~specific industrial application is gaining some attention.

TWO CENTURIES OF US COAL SUPPLY AND DEMAND

To assess national strategies and options for coal within
a global context, a long-term time perspective is necessary.
In addition, a perspective on long-term resource availability
is required. This includes a look at the past century of coal
use in the USA, as well as the prospects for the 21st century
and beyond.

US Coal Supply: 1850-2050

From the early 1800s until about 1910, the supply of coal
in the USA grew at an average annual rate of about 6.5%. As
shown in Figure 12, with the commercialization of oil and gas
at the turn of the century, the US coal industry began to grad-
ually decline. However, with the increased use of coal-fired
electric power generation since 1960, the production of coal
has risen again. Prospects for the revival of coal have con-
tinued to mount throughout the 1970s, because of the peaking
of US domestic oil and gas reserves, the oil embargo of 1972,
and the relative rise in price of non-coal fossil fuels.

Several alternative national plans for coal supply in the
USA have been summarized relative to the long-term historic
trends. These plans are displayed in Figure 12. Projected
growth rates for the expansion of the US coal industry range
from a low of perhaps 2% (WAES-D, FEA/76-$8 o0il), to a high of
over 6% (NEP-77). These growth rates range over the types of
forecasts from near "zero energy growth", and "business as
usual”, to strong futures for coal, with major programs by
industry and government. The latter type of forecast predicts
that the supply and utilization of coal will "double by 1985",

so that over 109 s. tons per year will be produced by the middle
of the next decade.

As suggested by the range of projections, the contest over
coal in the USA is the subject of much discussion. A current
debate is whether the US coal industry can achieve the goals
of the National Energy Plan. Many have their doubts (cf. the
GAO analysis [5]) but the coal industry itself, through its
spokesman the National Coal Association, believes that the goal

of reaching 1.2 to 1.3 x 109 t per year by 1985 can be achieved
[19]. The switch to coal will involve many elements of society
that will require changes of a structural nature. In any event,
the outlook for coal is positive, and a long—-term expansion with
a growth rate of perhaps 3 to 5% per year is most likely.
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US Coal Resource Consumption: 1850-2050

A national strategy and option for coal in a global context
must also be assessed within the perspective of long-term resource
availabilities. To gain this view, it is necessary to integrate
the area under the curve of Figure 12, and add up all the coal
that has been consumed in the past, as well as that which may be
consumed according to future projections. This is illustrated
in Figure 13.

Through the early 1900s, coal resources were consumed at
an exponential rate, so that by 1910, approximately 200 quads
of coal had been mined and utilized. This represented approxi-

mately 9 x 109 s. tons. The rate of coal consumption then de-
clined, so that by 1960, a total resource of about 900 quads

(42 x 109 s. tons) had been consumed, which increased to some
1100 guads (50 x 109 s. tons) by 1975.

From the range of growth rates expressed in the forecasts
of Figure 12, resource consumption options resulting from extrap-
olated future coal production scenarios have been calculated. It
should be stressed that these extended scenarios no longer corre-
spond to the characteristics of the plans shown in Figure 12, but
are simple extrapolations in order to determine possible future
coal options in the light of estimated coal resources and reserves.
Beginning in 1975, coal supply scenarios ranging over annual ca-
pacity increases of from 1.5 to 6.5% generate the range of future
consumption options shown in Figure 13.

Under the assumption of large annual production capacity
additions represented by scenario a in Figure 13, the lifetime
of the estimated surface reserve base extends to approximately
the year 2010, while the total reserve base is consumed by about
the year 2035 [20]. For the low production scenario, surface
reserves last until about the year 2040, while total reserves
are not consumed until well past the year 2100. If the medium
range scenario c is extrapolated, surface reserves are exhausted
by about 2020, while total reserves last until the year 2060.
The characteristics of these scenarios are summarized in Table
9. The major point of this exercise is to estimate the possible
durations for the US coal option, and to compare the relative
variations so that potential key dates may be established.

With the coal resource and reserve estimates represented
in Figure 13, it is clear that even with moderate long-term
growth rates in production capacity of 3 to 4% per year, the
reserves of US coal will last beyond the middle of the next
century. By comparison, the reserve base of surface mineable
coals may not last beyond the year 2025, if exploited at moder-
ate rates, and may be exhausted by 2010 for high growth rates.
Thus the US coal option is characterized by a lead time of not
more than about 50 years for the use of its surface reserves,
and perhaps by as much as 100 years or more for the use of its
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Table 9. US coal resource consumption scenarios.

Year by which Resource is Consumed
Scenario* Surface Reserves Total Reserves
a (6.5%) 2010 2035
b (4.8%) 2015 2045
c (3.7%) 2020 2060
d (3.0%) 2025 2075
e (2.7%) 2025 2080
£ (1.5%) 2040 >2100

*Scenario defined in Figure 13.

total present reserve base. These are considerable lead times
that depend significantly on the assumed coal reserve estimates,
the rate at which different reserve classifications are consumed,
and the overall rate of coal use. The times may be considerably
extended by advances in coal mining technology or by reductions
in assumed growth rates due to energy conservation and reduced
population growth. A glimpse of the potential for extending

the US coal option is possible by calculating the lifetime of
the total identified resources for various future rates of
growth. At a moderate growth rate in production capacity of

3% per year, the total identified resources, if exploitable by
technological advances, would provide energy for the USA into
the middle of the 22nd century. For a long-term growth rate

of 1%, which has been the historical difference between the rate
of growth of energy consumption and population growth, or the
rate of growth of energy consumption per capita, the total
identified coal resource could supply energy for the USA almost
indefinitely.

CONCLUSIONS

Recent events affecting the availability of oil and gas
have had a significant impact on the US coal industry, and have
signaled the beginning of a major coal revival in the United
States.

A long-term fuel substitution trend in final energy markets
has led to the decreased direct use of coal. Recent coal industry
developments suggest a modification and-likely reversal of the
long-term fuel substitution trends, especially for fossil-fuel
electric utilities and industrial markets. The relative fossil
fuel cost for electric utilities now favors coal.

Several alternative national energy plans for the USA are
summarized that for the most part show a major revival for coal
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in electric utility and industrial markets. The essential fore-
cast for several of these plans is that coal will in principle
replace all other fossil fuels for electric power generation,
and could provide up to about 50% of all primary energy needs
for electric utilities through the year 2000. The industrial
use of coal may also reach a share of some 50% by the year 2000,
which could provide energy to industry directly or in the sec-
ondary forms of electricity and synthetic fuels.

Centralized coal-synthetic technology may not become
commercialized before the year 2000 because these fuels could
continue to be more expensive than nature-made fossil fuels.

A two century summary of historical and possible future
coal supply and demand trends in the USA lead to the conclusion
that surface reserves of coal will last approximately 50 years
at moderate annual growth rates of 3%, while the lifetime of
total reserves will be extended for some 100 years at the same
rate. Technological advances and reduced energy growth rates
could extend these lifetimes considerably, so that the US coal
option could extend even into the 22nd century.

Environmental considerations were not mentioned specifically
in the text but are the subject of much discussion and current
activity. An overview of the technologies that control environ-
mental emissions in the coal-fuel cycle may be found in [21].

The author feels that although environmental considerations are
a concern, advances in technology and modest increases in energy
prices will essentially solve any potential problem.
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PROSPECTS AND PROBLEMS OF A RAPID
INCREASE IN ENERGY FROM COAL

S.W. Gouse

The energy situation in the USA, as in the whole world,
is changing very rapidly. More now than perhaps ever before,
national leadership is required to help direct our countries'
energy policies toward the use of more abundant and more secure
energy resources. This energy will not be cheaper, but ideally
the quantity of these resources will be sufficient to allow
reasonable economic growth at costs that are neither restrictive
nor burdensome. Such a policy should also minimize the burden
placed on the environment.

A shift in the source of energy from oil and gas to more
abundant resources and eventually to renewable or nonexhaustible
resources is inevitable. Because this change may be rapid and
in any case will require large financial commitments, our govern-
ment will have to assist in the transition.

In the USA we have recently adopted a National Energy Plan
[1]. The cornerstone of that plan is conservation. But it also
contains a major commitment to the transition from oil and gas
to coal since coal is our largest fossil resource as shown in
Figure 1. Shale and peat are also major resources but have not
yet been selected for major development.

As you can see, oil and gas account for only about 11 per-
cent of known US recoverable reserves while they account for
about 75% of US energy consumption. Coal on the other hand,
makes up about 77% of national recoverable reserves, while con-
stituting less than 20% of energy used. Shale represents roughly
another 8% of the US energy recoverable reserves and currently
it makes virtually no contribution to satisfying energy demands.
The energy resource situation presents a very different perspec-
tive as shown in Figure 2. The USA has large amounts of enerqgy
resources that are not now considered to be economically recover-
able. These are primarily unconventional natural gas (gas in
geopressurized zone, methane in coal seams, gas in tight sands
and shale), peat and oil shale. A major part of our research
is directed towards shifting these energy resources to economi-
cally recoverable reserves.

To give you a better idea of the absolute magnitude of
our reserves, Figure 3 shows known world coal reserves. As many

of you know, world coal reserves are estimated at 1.5 X 1012 t.

Of this, approximately 30% is found in the USA.
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Nuclear &

Nuclear 3%  Gther 4% Geothermal 4%

Energy Consumption (1975) Proved Reserves Recoverable With
Existing Technology (1975)

Oil 47%

Coal 77%

Figure 1. US energy consumption and reserves by fuel source.

Source: [10]

The primary intent of the National Energy Plan is to avoid
major energy problems between now and 1985. However, it is well
recognized that our energy problems will not end in 1985 and so
programs exist to develop new and improved technologies that will
be needed in the years beyond 1985. The shift to a more coal-
based energy system is important for the near-term and it becomes
increasingly so as we get farther into the future.

Recent Congressional actions on environmental matters will
effect the expansion of coal utilization. The Clean Air Act
Amendments of 1977 require the use of pollution control tech-
nologies regardless of coal sulfur content [2]. This will reduce
the premium paid for low sulfur coal and will probably result in
increased utilization of high sulfur coal. The legislation also
calls for the prevention of serious deterioration of air quality.
This will probably restrict the location of coal conversion facil-
ities. 1In areas that currently fail to meet pollution standards,
it means that no factory can switch to coal unless another one
reduces its emissions by a greater amount.

The Surface Mining Control and Reclamation Act of 1977
mandates increased reclamation efforts [3]. This will result
in a small increase in the cost of surface mined coal. It may
also delay the opening and development of new surface mines.
Overall, these two acts will probably reduce somewhat the rate
of conversion to coal and raise the cost of using coal. However,
coal use will still increase.
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Figure 2. US energy resources (quads).

Sources: [10]. Peat and Unconventional Gas Estimates
from Unpublished US Department of Agriculture
Soil Survey Data and ERDA Studies.

Accomplishing the objective of conversion to coal is a
much bigger problem than simply mining the additional coal.
Increased use of coal will affect all aspects of our energy
system. For example: How do we get the coal mined? At what
cost to the natural environment? At what cost to nearby com-
munities? In what form will energy from coal be used? Where
will coal gasification/liquefaction/electrification occur? How
will the energy be transported? What investment will have to be
made in conversion and end use facilities?

The complexity of the problem makes it difficult to deter-
mine the "best" solutions. The first part of our strategy has
been to try to identify available options for satisfying end use
service demands--as well as the consequences of each option in
terms of social, institutional, and economic impacts. The second



-572-

Figure 3. Recoverable coal reserves of the world.
Source: National Coal Association, Coal Facts 1974-1975.

is to provide the information to stimulate a productive national
debate which we hope will lead to a consensus on acceptable
alternatives. It is only after these initial steps have been
taken that an adequate research and development program can be
designed.

There are several dimensions to the energy picture, and
that fact accounts for much of the complication. Two basic
dimensions are the energy resources and the activities required
to use them. These are effectively shown by the fossil pathways
diagram in Figure 4 for coal, natural gas, o0il shale, and petro-
leum. This figure also shows options associated with the fossil
fuel cycles. For example: surface or deep mined coal; crushed,
clean, or direct conversion; transport by rail or slurry pipelines;
conversion to liquid or gas; and so on.

In the USA we are using a large number of analytical tech-
nigues and models to assist in developing energy policy and
establishing an energy research program. These techniques range
from a comprehensive assessment of the market potential for all
of the developing technologies to a detailed model that estimates
the cost of coal from a strip mine.

One comprehensive model was developed by Stanford Research
Institute and is an equilibrium model of energy use [4]. The
model covers all major energy forms, conversion technologies,
transportation modes, demand sectors, and US geographical regions.
It explicitly models supply elasticity, interfuel competition and
demands for energy services. It also treats energy market dy-
namics such as investment, financing, technological change, demand
growth, and resource depletion from the present to the year 2025.
Perhaps most Significantly, given supply and demand curves by
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region, and transportation and conversion costs, this model com-
putes market clearing prices and quantities for each energy re-
source in each region. An example of the output is shown in
Figures 5 and 6. A recent comprehensive Energy Research and
Development Administration (ERDA) market oriented study also
provides some insights into which options for meeting end use
energy demands are preferable [5]. It is an interactive technique
that integrates analytical model results with the judgments of
scientists. This project, which started about a year ago, was

an attempt to provide information to be used in developing this
year's energy research and development plans. It included the
three end use sectors--transportation, residential and commercial,
and industrial--and a supply sector consisting of electric utili-
ties, oil and gas transportation, coal and oil shale conversion,
and primary energy production.

The amount of service demand by the end use sectors was
determined in advance. The Stanford Research Institute model,
described above, was used to provide the first estimate of
equilibrium prices. With that information, each sector esti-
mated the potential market penetration of all technologies
(including conservation technologies) applicable to that sector.
For all sectors this was done with some kind of computer analyt-
ical model. 1In some cases several models were used and integrated
or consensus solutions were generated. The results suggest that
by the year 2000, up to 40% of the potential energy demand could
be avoided by the use of conservation technologies. It also
demonstrated that the market penetration potential for most of
the supply technologies was highly sensitive to the availability
of natural oil and gas {whether produced in the USA or imported).
In turn, the availability of natural oil and gas was discovered
to be extremely uncertain.

The results indicated a significant increase in the demand
for coal, mostly for direct combustion. There was limited demand
for low energy gas from coal and an even smaller demand for syn-
thetic medium and high energy gas. Nonetheless, it is most likely
that the use of coal in the short term will be constrained by
demand, not supply. In the long term there appear to be no real
constraints to producing enough coal to satisfy the projected
demand. Sample results are shown in Table 1.

Another analysis of the systems problems created by increased
coal production was obtained by using a linear programming model
developed by Bechtel Corporation that analyzes the response of
the national energy system, particularly the coal sector, to
changes in energy supply and demand [6].

Given energy end use service demand by regions, the Bechtel
model predicts the least-cost method of utilizing coal and other
energy sources to satisfy the demand. Outputs of the model in-
clude: the quantity and type of coal mined in each supply region;
the load on coal and other energy transport systems; the usage
pattern for existing energy conversion facilities and the pre-
ferred location of additional facilities; a determination of the
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Sample ERDA market oriented study output.

Fuels Delivered to End-Use Sectors

Liquids
Residential/
Commercial
Industry
Transportation
Liquified
Petroleum Gas

Gas

R/C
Industry

Transportation

Electricity

R/C
Industry

Transportation

Coal

R/C

Industry
Transportation
Metallurgical Coal¥*

Industrial Waste

*Excluding exports

Primary Fuels Demanded

1985 2000 2010 1985 2000 2010
——————— QUADS ~-———-- —=-—=-—-— QUADS -——--=—--
5.000 3.780 3.720 7.107 4.424 4.310
4.089 5.174  6.654 5.964 5.844 7.289
18.990  17.990  23.250 20.151 19.005 24.544
1.346 1.159 0.999 1.416 1.220 1.052
29.425 28.103 34.623 34.638 30.493 37.195
8.200 7.780  8.070 9.398 8.640 8.967
6.464 6.925  8.526 7.439 7.694 9.473
0.770  0.540 _ 0.700 0.880 0.613 0.778
15.434  15.245 17.296 17.717 16.947 19.218
4.800  6.490 7.131 - -— -—-
4.288  5.842 7.465 - --- ---
0.420 1.000 1.290 -—= --- —
9.508 13.332 15.886 0.0 0.0 0.0
0.250  0.460  0.840 8.656 9.603 9.067
4.716 11.476 17.484 12.358 20.301 27.071
-— -— -— 0.725 1.385 1.460
3.588 4.368 _ 4.975 3.777 4.598 5.237
8.554 16.304  23.299 25.516 35.887  42.835
1.833 2.631 3.807 1.833 2.632 3.807
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Table 1. (cont'd)

Fuels Delivered to End-Use Sectors Primary Fuels Demanded

1985 2000 2010 1985 2000 2010

Muclear 0o-—-—-——- QUADS =~--==== = ——m————— QUADS -~------
R/C ——- -— —— 3.614 8.985 10.488
Industry -— 0.008 0.028 3.228 8.101 11.008
Transportation —-— 0.010 0.010 0.316 1.375 1.881
0.0 0.018 0.038 7.158 18.461 23.377

Solar, Geothermal,
Biomass, etc.

R/C 0.124 0.697 0.799 1.507 2.762 4.206

Industry 0.096 0.560 1.233 1.127 2.470 4,766

Transportation — 0.010 0.010 0.101 0.324 0.608

Lubricant/Coal

0il 1.900 2.460 2.710 1.900 2.460 2.710
2.120 3.727 4.752 4.635 8.016 12.290

Total 66.874 79.361 99.701 91.497 112.436 138.722

incremental value of additional fuels, and amount of conversion
facilities and transportation capacities. Both current technol-
ogies and those that might be brought on line in the next two
decades are considered by the model. Sample results are shown

in Tables 2 and 3.

Other studies examine smaller pieces of the coal fuel cycle.
A model developed by Fluor Utah, Inc., for example, focused on
the economics of large-scale surface coal mining [7]. Fluor
has developed micromodels--which provide detailed information
on mining systems and equipment to assist in mine design and
equipment selection--and broad macromodels--which provide a
first order evaluation of new ventures for an entire coal mining
complex. The models have been used to estimate mining costs for
hypothetical situations in each of the eight major surface mining
regions in the USA. Combinations of the most applicable mining
method and region were used in this exercise. The results of
the test cases show potential coal prices for a range of geolog-
ical and economic assumptions. Each major operation in the coal
mining process is represented in these models so that the best
methods and equipment may be selected and so that the impact of
such selection will be reflected in estimates of capital invest-
ment, operating costs, and sales price. Sample results are shown
in Table 4.
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1985 energy supply.

Sample Bechtel model output base case

Table 3.

: [6]

Source
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A variety of studies have attempted to predict underground
coal mining costs. The Bureau of Mines has issued a series of
documents on estimated capital investment and operating costs
for underground bituminous coal mines of various sizes using
continuous and longwall mining [8]. The NUS Corporation has
developed detailed underground and surface coal mining production
cost models [9].

These cost studies are all useful inputs into national or
regional models. They provide information that is helpful in
choosing desirable fossil pathway options.

The models and analysis help set energy policy and select
research and development programs, but the solution to the energy
problem lies in the implementation of energy technology. We have
a very broad program to develop and demonstrate energy technolo-
gies. We are actively supporting coal conversion, magnetohydro-
dynamic (MHD), in situ coal gasification and other programs as
shown in Figure 7. Coal research is the major part of our pro-
gram and most of the attention here is on technologies that
convert coal to some other fuel form. In addition, other agen-
cies have programs for the development of technologies to extract
methane from coal seams and to improve existing mining technolo-
gies.

The information developed by our research program provides
the basis for decisions to implement the technology and produce
needed energy. It also provides information that is fed back
into the models and analyses. This, in turn, leads to changes
in energy policy and in the research and development programs.

The set of models and analytical techniques we have out-
lined allow us to consider the energy system from several per-
spectives. This provides many insights intod the nature of the
energy problem and possible solutions. The models and techniques
are evolving and becoming more comprehensive and detailed with
respect to the entire energy system. The major shortcoming of
all these techniques is the lack of precise input information.
This is because many aspects of the energy system have not been
adequately characterized and information on future technologies
is not known.

For example, detailed characterization of the fossil resource
base is not yet available. There is great uncertainty about the
extent of natural gas and oil resources, about the amount of coal
available of given characteristics and at given costs. Also,
estimates, and often crude estimates, have to be made about the
economics and performance characteristics of future technologies.
All the models and analytical techniques are sensitive to these
parameters and as long as there is great uncertainty about them,
there will be great uncertainty in the results of the analysis.

Now that energy has been recognized as a major problem,
major efforts are underway to obtain the needed information.
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Magnetohydrodynamics (MHD) programs. Coal gasification programs:

Hygas

Bi-gas

Synthane

Hydrane

Fixed bed

Fluidized bed
Entrained bed
Molten salt
Hydrogen from coal

® Open-cycle plasma
® (nert gas plasma
® Liquid metal

In situ coal gasification programs: Coal liquefaction programs:
® Linked vertical wells/medium thick seams ® Direct hydrogenation
® Packed bed/thick seams ® Solvent extraction
® | ongwall generator/thin seams ® Pyrolysis
® Steeply dipping bed ® Indirect liquefaction
ADVANCED RESEARCH
PETROLEUM AND AND SUPPORTING
NATURAL GAS TECHNOLOGY

OILSHALE
AND IN SITU
TECHNOLOGY

COAL
UTILIZATION

12.0%

DEMONSTRATION
PLANTS

COAL
GASIFICATION

19.2%

19.2%

COAL

MODIFICATIONS F;lg#(ED-N
AT ERCs
1.5% 6.3%

PERCENTAGE DISTRIBUTION
OF FOSSIL ENERGY BUDGET

ESTIMATES IN

FY 1978 SHOWN AS FOLLOWS

FY 1978%

Figure 7. Fossil energy fiscal year 1978 funding percentages.
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As these efforts proceed, the models and analytic techniques
will improve. International conferences like these help to
communicate new information about energy systems and energy
technologies. This will help us all to improve our analytic
capabilities and make more intelligent choices between national
energy options.

REFERENCES

[1]

[2]
[3]

(4]

[5]

(6]

(7

(8l

(91

[10]

Executive Office of the President, Energy Policy and
Planning, The National Energy Plan, US Government
Printing Office, Washington, D.C., 1977.

Clear Air Act Amendments of 1977. Public Law 95-95.

Surface Mining Control and Reclamation Act of 1977.
Public Law 95-87.

Energy Research and Development Administration, Unpublished
report.

Cazalet, E., A Western Regional Energy Development Study:
Economics, Stanford Research Institute, Menlo Park,
California, 1976.

Bechtel Corporation, Regional Energy System for the Planning
and Optimization of National Scenarios, FE 1552-18,
National Technical Information Service, Springfield,
Virginia, 1976.

Fluor Utah, Inc., Economics of Large-Scale Surface Coal
Mining Using Simulation Models, FE-1520-101, Fluor
Utah, Inc., San Mateo, California, 1977.

Duda, J.R., and E.L. Hemingway, Basic Estimated Capital
Investment and Operating Costs for Underground
Bituminous Coal Mines, Information Circulars: 8689,
8682A, 8715, 8720, US Department of The Interior,
Bureau of Mines, Morgantown, West Virginia, 1975, 1976.

Toth, G., Coal Mining Cost Models - Underground Mines,
NUS Corporation, Rockville, Maryland, 1977.

US Department of Interior, Energy Perspectives, Washington,
D.C., 1976.



-585-

ENVIRONMENTAL IMPACTS OF INCREASED MINING
AND USE OF COAL IN THE USA

R.S. Greeley

INTRODUCTION

A major aspect of the National Energy Plan (NEP) published
by the Carter Administration on April 20, 1977, is the stimulation
of an increased use of coal for US energy supplies. The most
recent projections of existing trends would envision the increased
mining and use of coal from the current roughly 600 Mt/year (the

equivalent of about 15 x 1015 Btu or 15 Quads) to about 1000 Mt
(24 Quads) in 1985 and to 1500 Mt (38 Quads) in the year 2000.
The regulations and incentives proposed in the National Energy
Plan would increase this coal utilization to nearly 1200 Mt (28
Quads) in 1985 and about 1800 Mt (45 Quads) in the year 2000.
Coal would then represent over 36% of the total energy supplies
in the year 2000, in contrast to the projection of current trends
under which it would represent only 27% of the energy mix. Cur-
rent coal use is about 21% of the energy mix.

There are two major questions with these projections from
the NEP. First, what are the environmental, economic and
sociological impacts of such a rate of coal use? Second, can
the environmental, economic, and sociological constraints to
such a prpduction and use rate be overcome and such rates actu-
ally achieved?

The MITRE Corporation has been involved in studies evaluating
answers to these two questions for a number of years. 1In 1975 we
published An Analysis of Constraints on Increased Coal Production
(MITRE Technical Report 6830) for the Department of the Interior,
Bureau of Mines. In August 1977 MITRE assisted in preparing the
Preliminary Draft Environmmental Impact Statement (WP-12517) for
the Energy RED Administration Coal, Research, Development and
Demonstration Program. This impact statement considers in depth
the environmental impact of producing 18, 36 or 67 Quads of energy
from coal, the equivalent of between 1000 and 3000 Mt of coal per
year during the early part of the 21st century. Finally, in a
September 1977 document, MITRE assisted the Assistant Administrator
for Environment and Safety of the Energy R&D Administration in a
Preliminary Environmental Analysis of Energy Technologies using
the assumptions of the National Energy Plan (Annual Environmmental
Analysis Report, MTR-7626). In this latest effort we were assisted
by the CONSAD Research Corporation, Control Data Corporation, and
the International Research and Technology Corporation.



~586-

The environmental impacts described below are taken primarily
from the latter report. To prepare this report a comprehensive
simulation model was calibrated to represent the Energy Plan
energy and environmental control initiatives and economic assump-
tions for the period 1975 to 2000. The model was developed pre-
viously for the Environmental Protection Agency. The model
calculates the pollution residuals firom the mining, transport,
and use of fuels throughout the USA together with estimates of
land use, occupational accidents and other environmental impacts
on a regional and national basis.

To sum up briefly, the major expected results of adopting
the NEP: by the year 2000 it is projected that coal production
will increase by a factor of 3 compared to 1975; uranium produc-
tion will increase by a factor of 10; gas production will decline
by 18%; oil production will remain about the same; o0il and gas
imports will increase 18%; and energy used in producing electricity
will increase from about 28% to 38% over the period 1975 to 2000.

A major NEP initiative to mitigate air pollution is the
stipulation that the “best available control technology" (BACT)
be applied to all new electric utilities and industrial boilers
to reduce sulfur oxide and particulate emissions instead of the
less stringent new source performance standards and state imple-
mentation plans currently in effect. The use of BACT to the year
2000 and beyond results in reduced emissions of particulates,
carbon monoxide, and hydrocarbons, but still permits slightly
higher emissions of sulfur oxides and nitrogen oxides. Regarding
water pollution, dissolved solids in the year 2000 exceed the
1975 level, primarily due to the major increase in coal mining.

COAL PRODUCTION--ENERGY SECTOR CONTRIBUTIONS TO ENVIRONMENTAL
IMPACTS

According to the NEP scenario, coal production in 2000 will
increase to 2.9 times the 1975 level, primarily for use by utili-
ties and other industrial boilers. Without the NEP, an increase
to 2.5 times the 1975 value is expected. It is anticipated that
the mining, cleaning, and transport of this coal will have the
following significant environmental effects:

- Dissolved solid effluents will increase significantly
due to increased coal mining activities. Coal mining
has a relatively low dissolved solid removal rate (6%)
compared with other industrial sectors (58%), and ac-
counts for 31% of national total net dissolved solids
emissions in the year 2000. The most significant in-
creases will be experienced in the North Central and
Middle Atlantic Regions (Regions 8 and 3).

- Mining wastes from coal extraction will increase from
50 Mt in 1975 to 130 Mt in 2000. According to the NEP
scenario, the larger portion of this waste in any year
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is from underground mining, although strip mining wastes
grow more rapidly during the study period. 1In 2000,

more than half of the wastes are in the Appalachian area
(Regions 3 and 4). Because of the abundance of rainfall
in this area, rapid reclamation will be required to avoid
significant runoff and leaching. The most rapid increase
from 1975 to 2000 is in the North Central Region (Region
8) where coal mining wastes increase from 1 to 11 Mt.
Because this region has areas with a limited water sup-
ply, significant reclamation efforts will be required

to restore the strip-mined area.

- Increased occupational health and safety incidents will
result from increased coal production primarily due to
increased underground coal mining and coal transportation
activity. Accidents along railroad beds are responsible
for many of these incidents. Because of the large rail
volume in the midwest Region 5, this region is projected
to have the largest number of deaths and person-days
lost (29 and 25% of national totals, respectively) and
a significant portion (21%) of injuries.

Table 1 summarizes the preceding and other major environ-

mental factors and regional impacts associated with coal mining,
beneficiation and transportation.

COAL COMBUSTION CONTRIBUTIONS TO ENVIRONMENTAL IMPACTS

According to the NEP scenario, coal consumed in combustion
systems for industrial boilers and electric utilities is expected
to double from 1975 to 1985 and nearly triple by 2000. Without
the NEP, this use is expected to increase to 2.5 times the 1975
level by 2000. Conventional and new combustion systems are
responsible for the dominant environmental impacts of the entire
coal fuel cycle and include the following:

- Conventional coal combustion systems are responsible
for sustained growth of SOx and NOx air residuals, even

with mandatory BACT for these facilities. Nox emissions

are not affected by BACT, and particulate releases are
still more than 80% of those without BACT. If S0, and

NOx are to be reduced and the growth in particulates

reversed, BACT will require continued improvement.
Areas currently showing high levels of SOx and particu-

lates--the Midwest Region (Region 5) and the states of
Pennsylvania and New York--do not show major decreases
from 1975 to 2000, while surrounding areas--the Southwest
Region (Region 6) and parts of the South Atlantic and
Central Regions (Regions 4 and 7)--show large increases
in these residuals. The result may be an increasing
portion of the country troubled by high SO_ and particu-
late levels. X
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Increasing amounts of sludges, spent sorbents, and
ashes from new and conventional coal combustion tech-
nologies may present a solid waste disposal problem;
further, these wastes may cause a significant potential
leachate problem. In 2000, noncombustible solid wastes
from coal and industrial boilers increase to 2.7 times
the 1975 level; sludges increase to 8.5 times the 1975
level, primarily due to the introduction of scrubbers
for industrial boilers. Many of these facilities will
be in . urbanized areas where land-fill property is ex-
pensive and scarce. The South Atlantic and Midwest
Regions (Regions 4 and 5) together produce nearly half
of all coal combustion solid wastes and sludges.

Table 2 summarizes the major environmental factors and
regional impacts associated with coal combustion.

COAL LIQUEFACTION AND GASIFICATION CONTRIBUTIONS TO ENVIRONMENTAL

IMPACTS

According to the NEP scenario, approximately 3.8 quads of
energy will be provided as liquefied and gasified coal in the
year 2000. This is a 50% larger output than is projected with-
out the NEP. In addition to the indirect environmental effects
of extracting the coal for these processes, coal conversion to
gaseous and liquid fuels has the following significant environ-
mental impacts:

Water use for coal conversion processes is much greater
than that required for conventional combustion. Water

is a major process feedstock and is also required for
cooling. In the North Central Region (Region 8), coal
gasification is responsible for over half of the region's
energy-related water consumption in 2000.

Coal gasification will cause substantial increases in
residual releases to water. Gasification in the North
Central Region (Region 8) causes substantial increases
in nutrients, oils and greases, and biological oxygen
demand in surface water. Gasification in the South
Atlantic and Southwest Regions (Regions 4 and 6) is
projected to cause substantial increases in dissolved
solid releases, particularly dissolved cyanide.

Net air residuals (criteria pollutants) for most con-
version processes are lower than coal combustion since
only one fifth of the coal is actually consumed in the
process and other emissions are captured. SOx emissions

may be significant in proposed areas of gasification
development.

Ashes and chars from gasification and liquefaction may
pose solid waste disposal problems. The presence and
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amount of hazardous trace materials in these chars may
make their disposal a more difficult problem than dis-
posal of conventional combustion wastes.

Table 3 summarizes the major environméntal factors and
regional impacts associated with coal liquefaction and high
and low energy gasification.

CONSTRAINTS TO ACHIEVING THE PROJECTED INCREASE IN COAL MINING
AND USE

The General Accounting Office in a very recent study has
said, "The environmental issue is paramount. We cannot use 1
billion tons of coal per year without harming our environment -
at least not with current technology."* 1Installing the best
available control technology will necessitate scrubbers and
desulfurization techniques for essentially all coal burning
industrial and utility plants. The General Accounting Office
estimates that the cumulative additional capital costs for

controlling emissions will be 19 x 109 $ and 26 x 109 $ in 1985
and 2000 respectively. Annual operating costs would be 1.3 and

2.3 x 109 $ per year respectively. Even with these planned
controlled facilities there will be vigorous opposition to the
use of coal in many sections of the country. If the coal utili-
zation goals are to be met, the provisions of the National Energy
Plan for stimulating increased use of coal by converting existing
facilities and building new coal-fired facilities will have to be
vigorously implemented.

If these provisions of the NEP are successful there will
be additional environmental problems to be solved. The Bureau
of Mines estimates that between now and 1985 surface mining will
disrupt over 150 square miles of land per year. The recent
Surface Mining Control and Reclamation Act prohibits such mining
in certain areas, such as steep slopes, and requires that surface
mined land be restored as nearly as practicable to its original
contour. Underground mining results in land subsidence in cer-
tain cases and in acid drainage in other cases. The Bureau of
Mines estimates that total surface and underground mining recla-

mation costs would be about 1.2 x 109 $ in 1985 and 1.9 x 109 $

in 2000, almost as much as the annual cost of operating emission
control scrubbers. Furthermore, enormous quantities of sludge
from air pollution control devices will have to be disposed of.
By 1985 the amount of sludge generated per year could be about
the same as the total municipal solid waste produced in the USA
per year. The costs and the enormous physical bulk handling of
material will act as severe constraints on achieving the coal
mining production and use anticipated.

*S Coal Development - Promises, Uncertainties, EMD-77-43, GAO,
Washington, D.C., September 1977.
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When these constraints are overcome, then to achieve the
coal production levels the USA will have to open as many as
800 new coal mines, recruit and train 300,000 to 500,000 new
miners, manufacture enormous quantities of mining equipment,

obtain 25 to 50 x 109 $ in capital and overcome labor and manage-
ment problems that might result in extensive strikes. To trans-
port the coal to the point of use railroads will carry over two
thirds of the coal production. The railroads will require exten-
sive upgrading as well as adding as many as 200,000, 100 t hopper
cars, 10,000 locomotives and improved system control equipment.

On top of these pollution, financial, and equipment problems
there are social problems to be overcome. Much of the increased
mining will be in depressed areas of Appalachia and sparsely
populated areas of the west. The people brought to these com-
munities by coal development projects may well outnumber the
original residents. They will bring their own social, political,
and moral values and may change the character of the communities.
The newcomers will need additional public facilities and services
immediately, but the revenues to pay for them will not be avail-
able until the mines, power plants and new citizens begin paying
taxes. To meet this time lag communities will need advanced
financing. On a nationwide basis these costs might run as high

as 4 x 109 $ by 1985 and 10 x 109 $ between 1985 and 2000. There
are provisions in the Act to provide some of these funds. How-
ever, the states and communities will have to plan very well to
meet the problems and obtain all of the funds necessary.

Finally, there is the role of research, development, and
demonstration to produce new technology to improve coal produc-
tion, coal utilization, and pollution control. Aalthough tech-
nology cannot solve all of the financial and social problems,
it can lead to lower costs and cleaner products and hence
markedly improve the capability of the USA to meet its goals
through the use of coal. The Department of Energy has a vigorous
coal mining and utilization research and development effort under
way. Transferring the new technology from the Federal R&D pro-
gram to wide-scale use by the coal mining and utilization indus-
tries is currently of major concern and will continue to be of
concern throughout the balance of the century.

Although reaching the goals will be extremely difficult,
there appears to be little choice for the USA beyond further
reliance on imports of oil from the members of the Organization
of Petroleum Exporting Countries. Developing a secure energy
source from US domestic coal reserves to decrease o0il imports
from insecure sources will certainly remain a number one priority
in any national energy program.
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AN INTEGRATED APPROACH TO COAL-BASED ENERGY TECHNOLOGY
ASSESSMENT IN THE USA AND THE INTERNATIONAL IMPLICATIONS

K. Chen, A.N. Christakis, R.S. Davidson,
R.P. Hansen, and K. Kawamura

INTRODUCTION

Traditionally, environmental research programs in the USA
have been concerned primarily with the physical impact of new
energy plants and technology. In December 1973, Dr. Dixie Lee
Ray, théen Chairman of the US Atomic Energy Commission, reported
to President Nixon on the Nation's Energy Future [1]. This
report stimulated a broader-based look at the effects of energy
technology and provided the impetus for a government interagency
program on energy and the environment. As a result, two inter-
agency panels, dealing with control technology development and
environment effects research, developed the program suggested
in the Ray report in greater detail [2].

From the reports of these panels, often referred to as the
Gage report and the King-Muir report, the Office of Management
and Budget established an interagency task force on the Health
and Environmental Effects of Energy Use. This task force was
to (a) examine ongoing federal research in the energy/environmental
field and (b) recommend an allocation of research funds for a
more effective research program.

A major conclusion of the energy/environment task force was
that the social and economic consequences of alternative energy
and environmental policies had to be considered along with the
more traditional health and enviromment impacts. The King-Muir
report recommended the formation of a research program to identify
"environmentally, socially, and economically acceptable (energy
development) alternatives" [3]. From this recommendation, the
Environmental Protection Agency (EPA) launched their Integrated
Assessment (IA) program, which we are going to discuss in this
paper.

Concurrent with these events, coal was emerging as a primary
future energy source in the USA. Coal remains as a vast natural
resource in the USA and, with the increasing shortage and rising
prices of oil and natural gas, the USA will rely heavily on coal's
contribution to her energy supply. The present US Administration
has emphasized coal and conservation as the cornerstones of the_ US
natural energy strategy.

Although coal has been used extensively in the past, it is
clear that the enormous scale and the complex form of coal utili-
zation in the future will bear little resemblance to that in
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earlier US history. The broad environmental and socioeconomic
effects of unprecedented coal extraction, processing, transporta-
tion, conversion, and the end-use activities must be assessed

now before the national energy and environmental policies can be
appropriately modified. EPA has a major responsibility for con-
ducting this assessment on sectoral, regional, and national levels
and coal-based technology has become an important part of their
IA program.

This paper will briefly describe that program; identify
several sectoral and regional coal assessment projects already
in progress under it; discuss the approach to be used in the
national coal-technology assessment project that just started;
and consider the international implications of coal technology
development.

EPA'S INTEGRATED ASSESSMENT PROGRAM

Traditional EPA environmental research programs have followed
the same trend noted in our introduction. They have been "waste
stream" oriented, confining the environmental analysis to direct
effects of pollutant emissions and discharges from industrial
facilities. Adequate attention frequently has not been given to
"nonpollutant" effects such as noise, land use, employment, com-
munity services, and esthetics. The Gage report reoriented this
program by calling for a series of "environmental assessments"
designed to go much further in utilizing chemical and biological
analysis, as well as existing health/ecological effects data, to
assess the impacts of industrial discharges on air, water, and
land. The report also recommended that limited attention be
given to nonpollutant effects, i.e. social and economic. These
environmental assessments are now under way for high- and low-
energy gasification, liquefaction, fluidized-bed combustion,
coal cleaning, and fuel cells.

The Integrated Assessment (IA) based on the King-Muir
recommendations take a further step forward by analyzing social
and economic consequences not only of energy development but
also of alternative policy options and implementation strategies.
This means that legal, institutional, and political aspects of
the problem will be examined. In addition to the effects of
waste streams on all media, matters to be considered include:
employment, capital costs, "boom-town" effects, community ser-
vices, scenic and recreation resources, wildlife habitat, mined-
land reclamation, and environmental laws and regulations. The
policy analysis component of integrated assessments is particu-
larly challenging.

Technology assessment (TA) provides the methodological
framework for the IA program. Thus, we are really talking about
integrated technology assessment (ITA). As defined by Coates
[41:
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"Technology assessment is a class of policy studies
directed to examining the broadest social implications
of the introduction of a new technology or the expan-
sion or extension of an existing technology. It is
intended to provide the decision-maker with useful
advice and guidance on policies, programs, plans and
alternative actions."

The components of the EPA/ITA programs and their status
are:

- ITA of Electric Utility Energy Systems being conducted
by Teknekron, Inc., Berkeley, California. This sectoral
assessment effort will soon issue an interim report [5].

- A TA of Western Energy Resource Development being under
way as part of the University of Oklahoma's Science and
Public Policy Program, Norman, Oklahoma, assisted by the
Radian Corporation, Austin, Texas. The first year's
Progress Report on this regional assessment program was
issued mid-year 1977 [6].

- A TA of the Development of Large-Scale Energy Facilities
in the Ohio River Basin known as the Ohio River Basin
Energy Study (ORBES) Program. This regional assessment
program is being conducted by a consortium of mid-west
universities which includes the Universities of Illinois,
Indiana, Kentucky, Louisville, Pittsburgh, Ohio State,
and Purdue. It has just completed the first year's
effort [7].

- A TA of Energy Development in Appalachia, another regional
assessment program initiated mid-1977 by Battelle-Columbus
Laboratories, Columbus, Ohio.

- A plan for a National Technology Assessment of Coal-Based
Energy Technologies, developed by Battelle-University of
Michigan. The study was initiated in late 1977.

The ITA program comprised 3.1% of the total funding for the
Interagency Environment Program for fiscal year 1976. About two
thirds of the ITA program is supervised and contracted by EPA
but is coordinated with the US Departments of Energy, Agriculture,
and Housing and Urban Development, the Tennessee Valley Authority,
and the Appalachian Regional Commission. Most of the activities
in the program relate to coal development.

AN INTEGRATED METHODOLOGY FOR NATIONAL COAL ITA

For the fifth project listed above, the year 2030 has been
chosen as the time horizon, when coal will almost definitely have
replaced oil and natural gas as the major fossil fuel in the USA.
The project will synthesize relevant inputs from the four sectoral
and regional ITA projects at the national level and will consider
national coal energy and environmental policy options.
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To assure comprehensibility, ITA involves an analysis of
technological choices and their potential impacts. Technological
choices and societal reactions to technological impacts are depen-
dent on social values and institutions which may change signifi-
cantly over the next 50 years. Thus, as illustrated in Figure 1,
our technology assessment is embedded in alternative futures, i.e.
hypothetical scenarios of future society. The procedure by which
we show the relationship of "choice space" to "impact space",
actually by which we assess impact, is called mapping and may
involve both qualitative and quantitative analysis.

POLICY OPTIONS

FOR EPA & OTHER
AGENCIES
CHOICE | SPACE IMPACT | SPACE
[
COAL-BASED IMPACTS OF
TECHNOLOGIES COAL-BASED
— TECHNOLOGIES
MAPPING
SOCIAL IMPACTS OF
ENERGY ALTERNATIVES L SR

Figure 1. Embedding the integrated technology assessment in alternative futures (to 2030).

The development of an integrated methodology for the assess-
ment of coal-based energy technologies will start by investigating
four principal dimensions of the choice space. These are:

- Resource dimension: coal, extending from extraction
(source) to end use (sink);

- Technology dimension: alternative configurations of
existing or forecast technological options, including
combinations of "capital intensive" and "labor intensive"
trajectories;

- Temporal dimension: choices to be made between short-
term (present) and long-term (future) benefits and costs,
including considerations of inter-generational equity [8];

- Spatial or "geographic" dimension: complex trade-offs
between local, regional, national, and international
perspectives.
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During the past 70 years, capital intensive (hard) technolo-
gies, short-term benefits, and local interests have been empha-
sized at the expense of long-term and global concerns. One of
the primary objectives of the integrated technology assessment
of coal-based energy technologies is to explore these more far-
reaching concerns--the international, less capital- and energy-
intensive technologies, and long-range future issues--through
the use of scenarios. In this manner, we intend to explore the
consequences of policy choices that do not necessarily correspond
to the extrapolation of perceived historical trends.

In the resource utilization dimension, resource is visualized
as a "resource system" that extends from "source" to end product
or "sink". The resource system can be subdivided into the pro-
curement subsystem, the transformation subsystem, and the delivery
subsystem. Each subsystem requires supplementary inputs that
might come from other resources and relevant factors; also, each
subsystem generates supplementary outputs. For coal, the delivery
subsystem might include trains, slurry pipelines, or a combination
of the two. Depending on the choice of the "mix" for the delivery
subsystem, different assumptions must be made about the supplemen-
tary inputs from other resources. In conducting the integrated
TA, the dominant interactions within the coal resource system
will be identified and examined through the application of ex-
isting "net energy" models.

The technology dimension includes the whole spectrum--low
technology, moderate technology, and high technology. Seven
significant attributes will be considered: energy efficiency,
capital-use efficiency, productivity, quality of goods, environ-
mental soundness, worker satisfaction, and labor intensity.
Alternative technological mixes are assigned different ratings
along each one of the seven attributes. For example, low tech-
nologies are rated as "very high" in terms of energy efficiency
and labor intensity, while high technologies are rated as "medium"
in energy efficiency and "medium/low in labor intensity" [9].

By means of this kind of rating, the TA team can conceptualize
technological trajectories based on configurations of low-
technology and high-technology choices.

The next dimension of the choice-situation space is the
temporal dimension; that is, to what extent can one develop and
apply a long-range planning methodology that can take into ac-
count the long-term consequences of the choices. One of the
major points that will be stressed in our approach is that the
classical concept of discounting is questionable if applied to
nonrenewable resources and also if applied across generations.
Insofar as long-range societal decisions are concerned, dis-
counting is applicable in two instances:

- If the decision will improve the welfare of future
generations;

- If future generations will be substantially better off
than the present generation so that transferring resources
from the future to the present improves the equality of
welfare.
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The fourth dimension of the choice-situation space is the
spatial dimension, which focuses on the integration and coordina-
tion of local, regional, and national issues. It is very important
to integrate all the findings of these studies in a coherent way.
Meaningful interactions between the ongoing regional IAs with the
national-level ITA, as well as interactions and communications
across different geographical (spatial) levels, can be established
through the adoption of a hierarchical system model.

The second space to be organized and explored in the conduct
of the TA is the "impact assessment space". This multidimensional
space will include not only the physical and ecological components,
but also the social, political, economic, and legal components as
well.

Ideally, one would like to have gqualitative measures for
each of these components and be able to aggregate all the impacts
and derive the overall value of each alternative configuration
identified in the choice space. However, such an aggregated
numerical measure of value is not feasible since many kinds of
impacts cannot be quantified. Nevertheless, for purposes of
conceptual clarity and graphic representation, it has been as-
sumed that for each component, an acceptable/feasible region can
be delineated in the impact space. That is, it is assumed that
certain physical, ecological, social, political, and economic
limitations should preclude the study of infeasible alternatives.
Good judgment about the political acceptability should preclude
the adoption of an obviously unacceptable alternative. It should
be clear, however, that within the acceptable/feasible region,
difficult choices will need to be investigated by the study team.
This will involve the participation of interested parties.

ESSENTIAL LINKS IN THE INTEGRATED APPROACH

Although an integrated technology assessment is by definition
comprehensive, in practice, it is not feasible nor desirable for
an ITA project to be all-encompassing. In designing the national
coal ITA project, we have given special attention to the following
kinds of essential links in the integrated approach:

- Substantive,

- Methodological,

- Process,

-~ Temporal,

- Spatial.
These five kinds of links are themselves linked to one another
and should not be treated separately. The following discussion

points out how these essential links are considered in the inte-
grated approach.
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Temporally, for a very long time frame, such as that
projected for the cocal ITA (to the year 2030), a strictly
"exploratory forecasting" approach, based on mathematical ex-
trapolation of historical trends, would not be credible by itself.
A "normative forecasting" approach [10] is also needed. Such an
approach emphasizes the use of alternative assumptions about
dominant "alternative futures", including social value patterns;
a process "openness" based upon the need for extensive involve-
ment of interested parties; and a decision analysis framework
that explores the way in which the major interested parties
view trade-offs between the impacts identified.

Figure 2 is an overall "road map" of the principal procedures
to meet these needs. Three important points are illustrated by
this diagram. First, the technological choices are dependent
on the alternative future scenarios hypothesized. Second, an
analytical procedure is needed that allows both gqualitative and
quantitative analysis. And third, the value-oriented social
decision analysis [11] provides an iterative link to the whole
process.

Initially, we will conceptualize and delineate two sharply
contrasting scenarios. These scenarios will be based on:

- A clear understanding of the energy situation, scientific,
technical, and institutional "reality";

Interpretations of relevant survey data;

- A review of the appropriate futures research literature;
and

- An interactive process involving interested parties.

Later in the project, we will produce more plausible scenarios,
somewhat between the two contrasting extremes, based on a clear
understanding of the important societal dynamics over the next
50 years.

Within the framework of each alternative scenario, the
mapping from technological choices to their impacts will be
carried out both qualitatively and quantitatively. An inter-—
disciplinary team including ecologists, economists, engineers,
lawyers, physicists, and political scientists will handle the
mapping. Involvement of interested parties will make the mapping
both more comprehensive and more credible. Computer models such
as the EPA's TA Modeling Project (TAMP) model {12] and the
Battelle Energy Residuals Model [13] will be used to assist in
quantitative mapping. If necessary, the computer models will
be modified so that their underlying (often hidden) assumptions
will be consistent with the alternative futures, i.e. the struc-
tural changes in society forecast by each of the alternative
futures must be represented by the computerized mathematical
models.
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It will be important throughout the procedure outlined in
Figure 2 to integrate qualitative and quantitative assessments.
This integration requires the linking of various models; for
example, certain residuals projected by TAMP may be translated
into biophysical impacts through environmental quality index
functions [14]. Qualitative and quantitative impacts will be
combined by generating composite impact scenarios in which the
impacts are transformed into a prose form substantiated by
quantitative indicators. The impact description, one for each
alternative future in combination with a specific policy package,
will include inputs of interested parties through value-oriented
social decision analysis (feedback path at the bottom of Figure
2). From this, we will modify the choice of alternative futures
to be addressed in the next iteration. Several iterations are
deliberately planned for the 2} year national coal ITA project.

Spatially the national coal ITA project will, of necessity,
link to regional and site-specific levels on the one hand, and
international levels on the other hand. The ongoing regional
coal ITA projects will generate a large amount of information
useful in the national coal ITA project. The exact aggregation
and disaggregation of impacts, however, will be oriented toward
national policy decisions. Thus, the level of aggregation and
disaggregation must be flexible and must make sense to policy
makers or those who influence policy in the USA. For example,
when policy makers are concerned about who is to gain and who
is to lose in a typical "boom town", the "site-specific" impacts
must be determined on a local level. On the other hand, when
policy makers are concerned about the impact on the global
climate, for example, how much coal and other fossil fuel con-
sumption is too much, CO2 impacts must be aggregated to the

national level and international considerations must be included.

The overall conceptual framework to6 be used in this study
for interrelating the choice space to the impact space was
illustrated in Figure 1. As shown in that figure, the scenarios
provide the most all-encompassing context for the ITA. 1In fact,
the scenarios embrace: the choice of energy alternatives and
coal-based technologies corresponding to the "choice space",
and the social impacts of energy alternatives and the impacts
of coal-based technologies corresponding to the "impact space".
The indicated "mappings" between the choice space and the impact
space can be performed through the use of quantitative models,
opinions of interested parties, and expert judgment. For
example, TAMP developed by EPA could be useful in performing a
portion of these mappings.

Alternative societal futures, similar to those described by
Lovins [15], establish an interesting framework for the conduct
of the TA. The study team will use such diverse societal futures
to study in-depth alternative choices in terms of trajectories of
coal-based energy technologies and their impacts. The policy
options for EPA and other agencies within the context of the
alternative societal futures will be identified and assessed.
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INTERNATIONAL IMPLICATIONS

In general, technology and its impacts do not respect
national boundaries. This is especially true in the case of
coal-based energy technology. For example, many of the coal
conversion technologies (e.g. ligquefaction and gasification)
now being used or under further development in the USA were
originally developed in Germany. - International transfer of
coal technology will expand, either through intergovernmental
cooperation or through transnational enterprises.

Energy systems are clearly global. The extraction, pro-
cessing, transportation, and end use of petroleum have involved
many countries in an interdependent fashion. 0il pricing and
import—-export policies have played a significant role in inter-
national relationships: balance of payments, transfer of wealth,
rate of techno-economic development, political power, and inter-
national alliance. With global o0il production peaking and
declining during the next 10 to 25 years, it is likely that
coal will replace o0il as an important factor in the international
energy situation. The fact that China, the USSR, and the USA
account for nearly 60% of world output of coal, approximately
in proportion to their known reserves and economic reserves of
coal [16], indicates a future world geopolitical balance or
imbalance between large and small countries. 1In the long run,
the relative economic development and social/environmental con-
sequences in many countries and the international trade pattern
may be affected by thé availability of coal and coal-based
technology.

Carbon dioxide resulting from large-scale fossil fuel
utilization could have far-reaching impacts. These could
include the "greenhouse effect" of increased CO2 in the global

atmosphere with consequent melting of the polar ice cap and
inundation of coastal zones around the world [17]. The impli-

cations of national and international policy on co, could have
many ramifications. When and if the CO2 content in the global

atmosphere approaches the danger level, would all countries
acknowledge the danger to the same extent? Would land-locked
countries care about the danger to countries whose coastal
cities are threatened by the melting of the polar ice cap? If
such a hazard materialized, would coal-rich countries unilater-
ally refrain from increasing use of coal without other countries
doing the same?

The effect of coal consumption on the global climate could
become a typical case of the "tragedy of the commons" [18], in
which the pursuit of near-term interests by individual countries
leads to long-term peril for all. However, this kind of warning
is usually not heeded by those who are in dire need for subsis-
tence, or who feel they must maintain their living standards or
catch up with the materially advanced countries. Even the most
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advanced countries may feel that they must maintain the lead in
economic and technological development. Countries with little
coal and other energy resources would press for nuclear power.

A strong pro-breeder reactor argument current in the USA is that
other countries will proceed with breeder reactor development
and deployment even if the USA halted its own development in

this area. Thus, the US national coal and environmental policies
in the future cannot be considered in isolation from those of
other countries.

In the context of the national coal ITA project, all of the
above international considerations must be included. 1In fact,
they may command a larger proportion of the total effort than
we initially anticipated. To maintain a proper international
perspective, effective "two-way" communications with the inter-
national community is imperative for the coal ITA throughout
the project. The integrated approach has sufficient openness
and flexibility to incorporate changes as a result of what will
be learned from the international community as well as domestic
interested parties. That is why a two-way communication with
the international community is sought now as the national coal
ITA project has recently commenced. Through the International
Institute for Applied Systems Analysis (IIASA) and other organi-
zations and channels, continuing communication with the inter-
national community throughout the project will be possible.
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LARGE-SCALE COAL USE IN THE USSR
FUEL/ENERGY COMPLEX

V.A. Shelest

The USSR fuel/enerqgy complex--one of the most intricate com-
plexes in the national economy--is a single system of fuel and
power resource extraction and production, transport, distribution,
and use. It has multiple ties with the other branches of the
national economy, which determine the pattern of the economy as
a whole and the development rate, structure, and distribution of
the fuel/energy complex.

Conversely, the development level of the fuel/energy complex,
the degree to which it meets the requirements of the national econ-
omy, and the economic indicators of extraction, transport, and
consumption of fuel and power resources all have a decisive in-
fluence on the development of the national economy.

The present stage of world economic development is character-
ized by comparatively high energy consumption. Energy consumption
(in conventional fuel) has grown from 4700 Mt in 1960 to 7600 Mt
in 1970 and 8900 Mt in 1975 (Table 1)--an average annual growth
rate of 4.3% (1961-1965, 4.2%; 1966~1970, 5.5%; and 1971-1975,
3.2%). World energy consumption will presumably increase by
2.5 times by the end of the twentieth century.

Table 1. World energy consumption [Mt].

Source: [1]

Type of resource 1950 1960 1965 1970 1975
Coal 1544 2223 2166 2285 2506
0il 680 1400 1988 3058 3560
Natural gas 256 622 952 1405 1700
Peat 18 20 20 22 22
Wood and substitutes 167 200 305 314 320

Hydraulic, geothermal,
and nuclear energy 187 265 367 496 747
Total 2852 4730 5808 7580 8855




-614-

The structure of energy consumption has changed drastically.
From 1950 to 1973 the share of oil in the world fuel/energy bal-
ance increased from 23.8% to 42.6%, and that of gas from 9% to
20%. The low oil prices that obtained in the world market until
1973 gave rise to irrdtional o0il use by a number of industries
in some countries (for example, electric power stations and in-
dustrial and municipal heating systems), and inhibited capital
investment in the exploration of o0il resources. Thus a number
of industrially developed countries faced a shortage of proved
0il and gas deposits. The situation of the last decade led to
a considerable rise in the price of many fuels, primarily oil
and gas, and affected the whole pattern of expenditures in energy-
producing and energy-consuming industries.

Along with the elaboration of measures for greater economy
and increased efficiency of fuel and energy consumption, the de-
velopment of nuclear power engineering, and the invention of new
energy sources, further development of the world fuel/energy econ-
omy presupposes large-scale use of coal beyond its substitution
for 0il and gas in certain branches of industry. The possibil-
ities of extensive efficient use of coal to a large degree depend
on technological developments that will make its mining, trans-
port, and use economic, on devising and putting into operation
the comprehensive processing of coal, and on setting up major
energy bases and power-engineering complexes near coal mines.

The fuel/energy complex of the USSR now faces these tasks.
It is one of the main production complexes that form the pattern
of the national economy. It has a continuously growing role in
stimulating scientific and technological progress, raising labor
productivity, improving the location of the productive forces,
and contributing to the development of the economies of the
Republics and economic regions of the country.

Significant results have been achieved in developing the
fuel/energy complex. In 1975 the volume of primary fuel and
energy resources (discounting exports) increased sixfold as com-
pared with 1940, reaching about 1700 Mt of conventional fuel
(Table 2).

The characteristics of the development of fuel and energy
resource consumption are: a sharp increase in per capita con-
sumption (from 1.46 t of conventional fuel in 1946 to 7.2 t in
1975); the enlargement of the share of the converted types of
energy; an increase in electric energy consumption per unit of
gross national income coupled with a decrease in total energy
and fuel consumption per unit, the same relation holding for
major industrial products; a growth in the power and electric
energy potential and hence in labor productivity; and increased
provision of fuel to the utilities.

The pattern of the fuel/energy balance of the national econ-
omy has greatly changed due to the increased share of oil, gas,
and coal from opencast mining. The rates of extraction of the
main power and fuel resources are shown in Table 3.



Table 2. Fuel/energy balance of the USSR [Mt].

Source: [2, p. 112]
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1913 1940 1965 1970 1975

Resources - total 64.4 283.8 1121.5 1399.8 1850.7
Production (extraction)
of fuel 48.2 237.9 966.6 1221.8 1590.3
Hydroelectric energy 0.0 0.6 10.0 15.3 15.5
Imports 8.0 3.1 9.1 14.1 35.1
Other receipts 2.4 10.2 35.5 36.5 41.0
Remainder at beginning
of year 5.8 32.0 100.3 112.1 168.8
Distribution - total 64.4 283.8 1121.5 1399.8 1850.7
Expended 57.6 249.7 897.8 1117.9 1436.1

Production of electric

energy and fuel 2.0 44.7 335.0 452.5 569.7

Production and tech-

nical needs 55.6 205.0 562.8 665.4 866.4
Export 1.2 1.1 116.7 167.0 237.7
Remainder at end of
year 5.6 33.0 107.0 114.9 176.9

Table 3. Energy resource extraction rates.
Source: (2, p. 204]
1940 1950 1960 1970 1975

0il [mt] 31.1 37.9 147.9 352.6 482.0
Gas [10° w3] 3.2 3.8 45.3 198.0 | 289.0
Coal [Mt] - Total 165.9 26l1.1 509.6 624.1 701.0

Share of opencast

mining 6.3 27.1 102.6 166.6 208.0
Peat [Mt] 33.2 36.0 53.6 57.5 78.3
Electric power [10% kwWh] 48.6 91.2 292.3 740.9 | 1038.6

Share of hydraulic

energy 5.7 12.7 50.9 124.4 143.0
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The coal industry is of major economic importance to stable
and efficient development of the fuel/energy complex in the USSR.
Its development is accompanied by a continuous absolute growth
in the volume of coal extraction--from 578 Mt in 1965 to 624 Mt
in 1970 and 712 Mt in 1976. The share of coal in the fuel/energy
balance is 34%. The USSR has led the world in coal extraction
since 1958, and the rate of extraction is growing faster than in
the world as a whole.

In recent years comprehensive measures have been taken in
the USSR for development of the coal industry in keeping with
the requirements of the national economy. There is an increase
in the rate of construction and remodeling of mines, pits, and
concentration plants; and extensive work has been carried out on
the technical reequipment of plants, modernization of technology,
concentration and comprehensive mechanization of production, and
improvements in industrial management. Over the past 15 years,
the rate of the most economic extraction method--open-pit mining,
which accounts for 32% by weight of all coal extracted--has grown
by 2.3 times (as against 1.4 times for total coal extraction).
The technical and economic indices of the coal industry have also
improved: the average monthly labor productivity has risen by
1.3 times for the five-year period 1970-1975.

Coal is widely used in the national economy, about one third
going to electric power plants. Nearly 60% of the electric energy
from coal-fired load power stations comes from regional ones. The
share of coal in the fuel balance of the electric power plants of
the eastern regions is particularly large: coal is virtually the
only fuel used in the regional power systems of Siberia.

Large quantities of coking coals meet the needs of the iron
and steel industry. Lump coke is used in machine building (for
casting), the nonferrous industry (production of nickel, copper,
and lead), and the chemical industry, and for building materials.
Limited quantities of lump coke go to the utilities. Coal is a
technological raw material for the production of a number of goods
of the chemical industry: fertilizers, dyes, pharmaceuticals.

It is also widely used for everyday communal needs.

The USSR coal industry faces great tasks and must solve major
scientific and technical problems in the long term. These arise
from the changing conditions of energy provision of the national
economy: the growth in specific cost of production (extraction
and transport) of oil and natural gas that accompanies the trans-
fer of extraction to the northern regions of West Siberia, far
from the main consumption centers; the increase in the value
of 0il, o0il products, and gas due to changes in their prices on
the world market; the growing role of the ecological aspects of
fuel/energy complex development, and so forth. In these circum-
stances the main guidelines for further development of the USSR
fuel/energy complex could be the following: rapid development
of nuclear power engineering for the production of electric and
thermal energy; large-scale use of cheap coal as a fuel, based
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on new large deposits where coal can be mined by the efficient
open-cut method; speedy development of gas and oil extraction;
comprehensive use of hydro-energy resources; and maximum substi-
tution of hydroelectric power for more expensive sources of
energy. Today, as well as in the future, coal remains one of
the main elements of the fuel/energy complex of the USSR and its
most significant reserve.

The main fuel coal utilization will continue to be at thermal
power plants. The share of coal in the overall volume of fossil
fuel will rise steadily. Large power plants and power engineering
complexes are being built on the basis of coal deposits. The
ferrous metal industry (production of coke) will remain the big-
gest consumer of coal. Coal use in the national economy will ex-
pand due to the introduction of power-technological methods of
coal processing with simultaneous manufacturing of high-energy
solid, liquid, and gaseous fuels and of products for further
chemical processing, and to the use by the nonferrous and the
building materials industry of reject coal and power station and
boiler ash.

Coal plays an enormous role in the fuel/energy balance of
the USSR because of its considerable reserves, great number of
fields and deposits, and comparative ease of access and exploi-
tation. The overall geological coal deposits in the USSR account

for 6.8 x 106 Mt, of which in present conditions 5.7 X 106 Mt are

accessible and 0.425 x 106 Mt are economic [3, p. 112]. This
makes it quite safe to plan for the development of coal mining
to correspond to the requirements of the national economy.

Technological progress in the coal industry will concentrate
on the development of open-cut coal mining with powerful extrac-
tion and transport equipment and the use of equipment of large
unit capacities and great reliability; extensive use of continuous-
flow production with conveyor and other types of nonstop transport;
maximum reduction of labor-intensive auxiliary processes; solving
the problems of dust, gas, spontaneous blowout of gas and coal,
rock outburst, high temperatures, and noise; and protection of
the environment from the harmful effects of production activity.
Progress in open-cut mining will be made through wider use of
rotary bucket excavators, which provide the needed grades of coal
with high efficiency of production; increased non-transport ex-
traction; the use of continuous-flow techniques in hard-rock min-
ing with the application of the conveyor and combined systems of
transport; and comprehensive mechanization and automation of tech-
nological processes and whole plants. The basis of coal extrac-
tion technology will consist in destroying coal layers and rock
while preserving the working space during the period needed, and
transporting coal and rock by various means. The space-technolog-
ical pattern of the future coal mine will not visibly differ from
the present one, but the technological level and exploitation
parameters of equipment will improve considerably.
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Development of the coal industry presupposes an improved
pattern and location of coal extraction and the building of large
new mines and quarries at the deposits with the most suitable
mining and geological conditions. It also presupposes the closing
down of technically and economically inefficient mines whose re-
construction is impractical. The old coal fields of the European
part of the USSR must be reconstructed and enlarged to compensate
for those that have to be closed. New capacities will be put
into operation in the Donetsk, Moscow region, Lvov-Volzhsk,
Dnieper, and Pechora coal basins.

The greater part of the coal resources is concentrated in
the eastern regions. It is here that the deposits most suitable
for extraction by the economic open-cut technique are situated.
The following coal basins have the greatest possibilities:
Kansk-Achinsk, Kuznetsk, Irkutsk, and South Yakutsk in Siberia,
and Maikyuben and Turgai in Kazakhstan. A considerable number of
proved deposits are already earmarked as the sites of coal mines
more powerful than present ones.

Further development of the coal industry will be connected
with more complex mining and geological conditions. in the main
coal basins, with the necessary reconstruction and technical re-
equipment of mines, and with major building projects for new
basins and deposits with the specific conditions of Siberia,
Kazakhstan, and other regions of the Asian part of the USSR.
Providing the coal industry with all the necessary equipment
will be a major task.

In accordance with the plan established, coal extraction in
the USSR will grow by 1980 to 850 Mt: 233 Mt in the Donetsk
basin, 158 Mt in the Kuznetsk basin, 74 Mt in the Ekibastuz basin,
and 42 Mt in the Kansk-Achinsk basin.

The Kansk-Achinsk basin has lignite geological resources

(0.6 x 106 Mt), which are mainly flat-lying and gently dipping.

The thickness of strata fluctuates by deposits: 2 to 24 m at
Abakan; 10 to 21 m at Nazarovsky; 20 to 50 m at Irsha-Borodinsky;
40 to 50 m at Uryupsky; 8 to 70 m at Beryozovsky; and 30 to 96 m
at Itatsky. The depth is from 5 to 30 m [3, p. 222]. The dis-
tance between deposits of the western and eastern parts of the
basin is 600 to 800 km.

A major task is the speedy development of the Kansk-Achinsk
resources. The potential of this coal field is much larger than
that of other deposits. Studies of the basin show the extent of
the separate deposits: in the western part, Itatsky with 362 Mt
(12 quarries), Beryozovsky and Uryupsky with 280 Mt (8 quarries),
Nazarovsky with 10 to 16 Mt (1 quarry), Bogotolsky with 68 Mt
(6 quarries); in the eastern part, Abakan with 290 Mt (14 quarries);
Irsha-Borodinsky with 65 Mt [3, p. 223]. The scales of exploita-
tion of these deposits are determined by the requirements of
Siberia (mainly by the whole Angara-Yenisei region) and by the
necessity to eliminate the fuel/energy deficit of the European
part of the USSR.



-619-

The first main step in utilization of the Kansk-Achinsk coal
is its burning in thermal power stations close to the extraction
sites. A cluster of thermal power stations is to be built in the
basin whose unit capacity for ecological reasons should not exceed

7 to 8 x 106 kW. At the power stations first put into operation,
energy blocks of 800,000 kW unit capacity can be built. The pos-
sibility of transition to energy blocks of greater unit capacity
is now being studied.

On the basis of coal pits and thermal power stations, large
energy-intensive enterprises can be opened in the Kansk-Achinsk
basin.

In building the Kansk-Achinsk complex, particular attention
is devoted to sanitary-hygienic protection of the air. The coal
of the basin is characterized by a very low ash content and small
quantities of sulfur; but possible future large-scale burning of
coal demands extensive environmental protection measures.

An important means of involving Kansk-Achinsk coals more
widely in the fuel/energy complex of the country is preliminary
comprehensive processing of the coal into high-quality fuels for
different uses and into valuable raw materials for industry and
agriculture. The following directions of thermal "enriching" of
Kansk-Achinsk coal are of interest: energy and technological pro-
cessing by high-speed pyrolysis, with the production of pulverized
semicoke and tar; thermal processing by gas, with the production
of so-called thermocoal (part of the liberated gas would provide
fuel for the process); the autoclave method of processing lump
coal by steam for raising the combustion heat and assuring the
safety of lumps during transport and storage. The main and most
efficient method is the energy-technological one. Research into
all these methods is now being carried out.

A major role in the development of the USSR coal industry is
played by the large Kuznetsk coal basin, whose geological reserves

account for 0.725 x 106 Mt, in the Kemerovo region. The basin is

famous for the size of the overall and proved resources of high-
quality coals and the accessibility for industrial mining. Further
mine construction in the basin will be oriented, in the main, to-
ward coking coals; fuel coals should be mined primarily in quar-
ries, and open-cut mining used in new regions--Erunakovsky,
Leninsky, and others.

A large fuel/energy complex of interregional importance can
be set up in northern Kazakhstan on the basis of the Ekibastuz
coal deposit and the Maikyuben and Turgai lignite basins. The
Ekibastuz deposit is characterized by three seams merged into one
of 140 to 170 m thickness. The coal of the Kamenny high-ash de-
posit is a very good fuel. The resources and mining and geological
conditions potentially allow future extraction up to 150 Mt an-
nually--and including coal extracted from the nearby Maikyuben
basin, up to 170 Mt. Major thermal power stations for providing
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energy to the regions of Kazakhstan and the Urals, and for energy
transmission to the central areas of the European USSR, can be
built on the basis of the Ekibastuz and Maikyuben deposits.

In the future, the Turgai lignite basin can be of interest.
It is characterized by very complex hydrogeclogical conditions.
In the foreseeable future it could yield up to 100 to 120 Mt of
lignite annually. The project of prime importance here could be
the Orlovsky mine (25 Mt per year).

An important reserve for the foreseeable future is the
Tunguska anthracite basin (the largest in terms of overall geo-
logical reserves), which is not yet sufficiently developed.

The transfer of the coal industry to the eastern regions of
the country causes great problems in organizing the transport of
large quantities of coal (raw or processed) over long distances
(3000 to 4000 km) from Siberia and Kazakhstan to the European
USSR or the Urals. A task of prime importance is the further
development of rail transport by strengthening the existing lines
(Siberia to the European USSR), converting the Central Siberian
railway into a super-railway line with heavier trains, or building
a modern specialized coal transport line. Both the strengthening
of the existing railway lines and the building of a new line will
demand development of the present rail framework of the European
part of the country for transporting fuel to the major consumers.
Kuznetsk coal could be transported by rail without special enrich-
ment, but lignite (for instance, from Kansk-Achinsk) only after
concentration (semicoke dust or lump semicoke).

One of the most efficient uses of the fuel coals of Siberia,
the European USSR, and the Urals is the transmission of electric
energy. It is common knowledge that the capacity of power trans-—
mission lines grows with increasing voltage: 1000 kV a.c. trans-
mission lines can carry 4500 MW over a distance of 1000 to 1500
km), and a 1200 kV a.c. line 6000 MW. Other possibilities for
increasing carrying capacity are opening up with the use of d.c.
transmission lines. The capacity of the 1500 kV (* 750 kV) d.c.
lines is 6000 MW, and that of the 2200 kV lines (* 1100 kV)
13,500 MW. 1In the future a very powerful 2500 kV d.c. line with
a capacity of 40,000 MW can be built [3, p. 274]. East-west d.c.
lines will have some evident advantages: they will establish
independent ties between the European and Asian parts of the
unified power grid; provide the possibility of redistributing
current between parallel electric lines; and ensure the stability
and independent work of different power systems. The economic
efficiency of the long-distance d.c. lines is determined by the
low cost extraction of the Siberian and Kazakhstan fuel coals.

Accelerated cdevelopment of natural resources on the basis
of power production is one of the main prerequisites for a speedy
economic advance of the nation. Thus comprehensive investigation
of this problem and a long-term scientific and technological pro-
gram are major and urgent tasks.
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MINE PLANNING IN THE USSR

V.F. Krylov

The USSR possesses vast hard and brown coal resources.
Proved coal reserves alone (categories A + B + C4)* are estimated
at more than 270 x 102 t, and probable reserves }Cz) in excess of
140 x 109 t. 66 x 109 t of these reserves are coking coals. The
percentage distribution of coal reserves by regions is as follows:

Total proved reserves (categories A + B + C4q)

The European part of the USSR
(primarily the Donetsk and Moscow
regions and the Pechora basins) 27%

The eastern part of the USSR 73%

Brown coal reserves (categories A + B + Cy)
The European part of the USSR 9.2%
The eastern part of the USSR 90.8%

Hard coal reserves (categories A + B + C1)
The European part of the USSR 38.2%
The eastern part of the USSR 61.8%

The coking coal reserves of the European and the eastern
regions are 34 and 66% respectively. A new potential source of
coking coal supply is the South Yakutsk basin, where 2.5 x 107 t,
or 3.8%, of the total coking coal reserves (categories A + B + C1)
are concentrated.

Proved coal reserves workable by opencast mining methods
amount to 111.5 x 102 t, of which brown coals account for 75% and
hard coals for 25%. Virtually all the coal reserves suitable
for opencast mining--98% of the total--are located in the eastern
regions: 33.7% in West Siberia, #45.3% in East Siberia, 4.1% in
the Far East, 9.2% in Kazakhstan, and 1.1% in Central Asia.

The coal basins and deposits of the USSR are characterized
by a great diversity of seam bedding, number of seams, and seam
thickness and depth of occurrence, as well as by variable coal
properties, tectonic structure, and hydrology. The development
of some deposits is complicated by weak adjoining strata and
adverse hydrological conditions (the Dnieper and Moscow region
basins, Far East brown coal deposits), high natural methane

*For details of coal reserve classification, see Modelevsky et al.,
this volume.
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content (the Karaganda, Donetsk, Kuznetsk, Pechora, and Suchan
basins), low specific coal reserves per unit area and low thick-
ness of seams (the Donetsk basin), complexity of tectonic struc-
ture (the Suchan basin), and other factors.

Coals in the USSR also differ in quality, depending on the
petrographic structure and the degree of metamorphism. Of the
USSR total reserves, steam coals account for 78%, the share of
brown coal and anthracite being 37.4 and 3.0% respectively. The
remaining 22% are coking coals, three fifths of which are coals
of "zh", "K", and "OS" grades.

Proved coal reserves would provide for an economically
efficient source of heat. In the future, hard and brown coals
will be used for energy, for ferrous and nonferrous metal and
rare element production, in the brickmaking and cement industries,
and as a raw material for products for nonenergy-producing use--
adsorbents, soot, graphite carbon materials, specially processed
anthracite, and coal powder.

The technical and economic study of fuel consumption for the
period up to 1990 indicates that the USSR energy industry and
coking plants will remain the primary users of coal. Steam coals
will be consumed by thermal power stations, expanded or newly
built, with generating units of 500, 800, and 1200 MW capacities,
and by industrial and local/central boiler plants, the public/
domestic sector, agriculture, and so forth.: On account of the
anticipated considerable growth in the thermal power station share
over the next 15 to 20 years, steam coal demand is expected to
increase. Practically the whole of the increase in steam coal
supply is intended to meet power station requirements.

In the long term, the coal basins in the eastern part of the
country--the Kuznetsk, Kansk-Achinsk, and Ekibastuz basins--will
be of growing importance as a source of fuel for power stations.

A marked growth in coal demand for industrial boiler plants is
expected over 1975. Heat for the public/domestic sector will be
provided through direct combustion of fuel in public/domestic
facilities, as well as by central thermal power stations and large
boiler plants. Direct fuel consumption in the public/domestic
sector is expected to continue primarily in rural areas and small
towns. :

Some of the coal produced in the USSR will be used for car-
bonization. Its consumers are ferrous metallurgy (blast furnaces,
ore agglomeration, lime and dolomite kilns, the ferrocalloy in-
dustry), machine manufacturing (casting), nonferrous metallurgy,
and the chemical industry.

In view of the resources of some coal grades and their
geology, the increase in gas and weakly caking coal consumption
for metallurgical coke production in the long-term future should
be accompanied by a reduction in the use of coking and fat coals.
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According to experts, meeting the needs of the national
economy for coal fuel will require a twofold increase in coal
output during the next 15 to 20 years. This increase is to be
achieved through the operation of existing underground and open-
cast mines, coupled with reconstruction and development of new
mines, mainly in the eastern regions of the country. Here high-
output opencast mines are planned to be put on stream as a fuel
source for large industrial and energy complexes in West and
East Siberia. Such projects for the integrated development of
new areas and basins is a qualitatively new phase in development
planning.

The Fifteenth Congress of the Communist Party of the Soviet
Union decreed that a large interregional fuel/energy complex is
to be constructed, based on the unique deposits of the Kansk-
Achinsk coal basin (KATEK). Basin development plans include
reconstruction of opencast mines so as to expand their capacity,
construction of new large opencast operations, coal preparation
and conversion plants, and infrastructure, provision of building
and maintenance services, and realization of housing projects.

In the Ekibastuz and Maikyuben basins in Kazakhstan, the
Ekibastuz fuel/energy complex is planned, where large opencast
coal mines with a total annual capacity in excess of 100 Mt will
be developed. The South Yakutsk fuel/energy complex with the
dedicated Neryungry opencast mine is scheduled for construction
in the South Yakutsk basin, whose coking coals will serve as a
reliable source of supply for the Far East metallurgical industry.

Acceleration of fuel/energy complex development rates is
considered a problem of primary importance to all branches of
the national economy. Its solution will substantially affect the
fuel and energy consumption pattern of the country.

Notwithstanding the high rate of opencast mining development,
increased production efficiency in the coal industry as a whole
depends critically on improved underground mining technology.

The structure and performance of coal mining enterprises are
greatly influenced by the diverse geological conditions through-
out the country, which require a wide range of engineering
approaches to solve the problems of working coal deposits. The
near future will be marked by more complicated geological and
mining conditions due to increased working depths and mine gas
content, and decreased average seam thickness. These unfavorable
conditions will be a major factor determining progress in under-
ground mining technology. Consequently the efforts of scientists,
designers, and planners are concentrated on solving such problems
as development and introduction of high-performance techniques and
of methods of working deep, thin, and steeply pitching thick seams,
which are mainly found in the Donetsk and Kuznetsk basins. Im-
proved mining technology will provide the following gains:

- Reduction of roadway construction and maintenance
work;
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- Complete mechanization and automation of produc-
tion processes, with removal of workers from the
coal face;

- Adequate quality of coal won;
- Adequate surface protection.

The opening up of mines at depths exceeding 600 m will be
done mainly by vertical shafts, whereas at shallower depths in-
clined shafts will be favored, providing for continuous flow of
coal to the surface by means of conveyors.

At most new and reconstructed mines, takes extending long
distances to the strike will be opened up in separate blocks.
The changeover to the progressive opening up and development of
mines will reduce the length of workings driven per 1000 of out-
put and the extent of workings maintained. In flat seams, main-
entry development will be prevalent, allowing for single-level
opening up of mine takes. In inclined seams, panel development
schemes are widely used. Just as at present, the horizon sys-
stem of mining will be used for working steeply inclined and
steeply pitching seams.

Longwalling with preliminary construction of entries up to
the border of the panel will be practiced for working seams under
most geological conditions. The mode of winning the thick and
steeply pitching seams of the Kuznetsk basin by multislice long-
walling with goaf stowing is expected to become popular.

In the USSR various types of complexes are commercially
available for working seams 0.7 to 5.0 m thick and dipping up to
35%, as are complexes for steeply pitching seams ranging in
thickness from 0.65 to 2.2 m. At present such techniques account
for more than 60% of coal production from flat seams and almost
7% of that from steeply pitching seams. In the near future,
complexes and aggregates for the entire range of geological
conditions are to be developed and introduced.

At deposits with disturbed geology, where conventional coal-
winning techniques have proved inefficient, extensive use of
underground hydraulic mining is envisaged. The capacity of
existing hydromines will be increased, and reconstructed mines
will change over to hydraulic mining or hydraulic transport, sys-
tems. Implementation of a long-term program will ensure the
development of hydraulic mines with an annual capacity of 4 to 6
Mt in the Donbass (thin seams) and of 9 to 12 Mt in the Kuzbass.

Extensive experience in hydraulic coal mining, coupled with
project feasibility studies based on an analysis of geological
conditions, make it possible to forecast the rate of increase
in hydraulic coal mining for the next 15 to 20 years.

The Ministry of the Coal Industry of the USSR pursues a
persistent policy directed toward planning high capacity coal
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mines. This can be illustrated by a number of underground mines
with the following annual output: in the Kuzbass, the V.I. Lenin
mine (12 Mt) and the Raspadskaya mine (7.5 Mt); in the Donbass,
the Dolzhanskaya-Kapitalnaya mine (2.2 Mt), the Krasnoarmeyskaya-
Kapitalnaya mine (4 Mt), and the Zhdanovskaya-Kapitalnaya mine
(3.6 Mt). The present. annual output of the Bogatyr opencast mine
amounts to 30 Mt, while the projected capacity is 50 Mt per year.

Modernization of existing coal mines usually provides for
output expansion attained by merging small, low-capacity, and
unprofitable enterprises. In most cases, level development work
at operational underground mines allows for expanded outputs.
This policy trend--along with the application of revolutionary
new modes of opening up, development, and mining operations, and
a sustained improvement in the arrangement and appearance of the
underground coal mine--has resulted in sharply increased daily
coal face output and high productivity per worker, amounting to
200 per month or more (Raspadskaya, Dolzhanskaya-Kapitalnaya, and
Zhdanovskaya-Kapitalnaya underground mines). The planning concepts
realized in the Zhdanovskaya-Kapitalnaya N1 and Krasnoarmeyskaya-
Zapadnaya N1 underground mines have resulted in a fundamentally
new type of mine surface layout, based on separate zoning of in-
dustrial/administrative buildings and providing for maximum com-
pactness within each zone. Industrial and administrative build-
ings are grouped into one or two blocks, as against three or
more blocks in the past. This accounts for a sharp decrease in
labor consumption during construction, a reduced intra- and inter-
shop communication and transport network, and maximum continuity
of operations. New solutions of surface layout problems, mecha-
nization of ancillary operations, and centralization of warehouse
facilities, maintenance, and other auxiliary services have re-
sulted in the improvements described.

The operation of underground and opencast mines and prepara-
tion plants has an adverse environmental impact: disturbed
land due to mining activities, water stream pollution by mine
drainage and coal preparation plant slime waters, and emission
to the atmosphere of dust and gases from boiler plants and dry-
ing sections of coal preparation plants; waste spoil fires and
coal lost during transport are also sources of air pollution.
Thus, the coal industry of the USSR faces the need to work out
a program for further conservation of mineral resources. The
program should provide for accelerated rates of developing and
introducing new high-productivity methods of coal mining and
preparation, and expansion of R&§D work on the most urgent
problems concerning the conservation of mineral resources.

In the USSR mine planning for the coal industry is carried
out by 17 planning institutes with 5 affiliates situated in the
main coal-producing basins of the country, and by the planning
branches of 2 research institutes and 7 planning offices of the
coal Production Units. The 14 main planning institutes are com-
bined into the All-Union organization "Soyuzshakhtoproyekt".
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Planning institutes offer services to the coal basins near
them and are responsible for all planning operations dealing
with the development of new coal enterprises and reconstruction
of those in operation--underground and opencast mines, prepara-
tion plants, maintenance shops, coal machinery plants, transport
facilities, energy and water supply systems, and so forth.

Planning offices are responsible for servicing the coal
mines of Production Units and designing schemes for opening up
new levels, and for the development of new mine takes, mechaniza-
tion and automation of certain links of production processes,
and similar tasks.

Both types of organization deal with all facets of the coal
industry via specialized departments--mining, electromechanical,
construction, sanitary engineering, exploration, geological sur-
vey, transport.

Specialization of the main planning institutes is under way,
with the aim of increasing their effectiveness. In the western,
eastern, and northern regions of the country, specialized planning
institutes are responsible for designing coal preparation plants.
Institutes for planning machinery and repair plants, and auto
repair plants, are located in the western and eastern regions,
as are planning institutes for construction/assembly plants.

The network of coal industry planning organizations also
comprises a Central Research and Planning Institute, the lead-
ing establishment dealing with the following matters: the up-
grading planning technology, working out scientific principles
for planning, development, and improved planning standards, and
module and experimental planning for complete mechanization and
automation of all stages of planning and construction. The
Institute also coordinates work on the development of standard
layout and design patterns for the surface buildings of the coal
industry.

To enable them to furnish the estimates and design data
needed in connection with the program for creating additional
and reconstructing existing coal mines, the planning organiza-
tions should be expanded. The planning system structure and
optimum quantitative parameters are the subject of a "scheme for
and distribution of coal industry planning organizations for the
period up to 1990", which outlines the possibilities for further
development of all operational planning establishments.

The most essential capital investments to be made during
the period considered are in the coal basins of the eastern and
northern regions. This in turn will stimulate the development
of planning organizations in these regions. Thus, an affiliate
of one of the planning institutes, "Sibgiproshakht", has been
set up in the center of the South Yakutsk fuel/energy complex;
and an establishment of a similar affiliate in the Kansk-Achinsk
basin is being considered. But on the whole, the scheme for
geographical distribution of planning organizations is not expected
to undergo essential changes before 1990.
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In connection with the need for specialists for planning
establishments, it was stated that the growth in the scope of
planning should exceed that in the number of planners. This
could be achieved by measures aimed at productivity growth:
improving working conditions through construction of new build-
ings for planning institutes and expansion of existing ones;
mechanizing calculation, graphic, and reproduction operations;
upgrading the organization of planning activities and planning
technology; designing module projects; developing standard
engineering patterns and standard specifications, and the like.

In recent years planning technology has undergone substantial
change, markedly affecting the quality of projects. These changes
were brought about by wide application of economic and mathemati-
cal simulation techniques and multiversion planning, based on
computerized technical and economic feasibility studies of pro-
jects, and by changeover to computer techniques for most engi-
neering and economic estimates.

Within the coal industry automated planning system (SAPR-coal),
more than 50 sets of software (algorithms and programs) for com-
puterized planning have been developed (mine hoisting, under-
ground transport, coal preparation flow sheets, etc.). This
trend is considered to have great potential and is to be further
developed. Thus, most planning organizations will be furnished
with third-generation computers in the near future.

At the same time a three-dimensional planning method will
be further developed. Work is under way on elaborating standard
engineering patterns and technical and economic parameters for
separate parts of projects, and on improving the information
service for planning.

The progressive trends in USSR coal mine planning that have
been described ensure a sustained improvement in the guality of
projects, thus facilitating the expansion of coal output.
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THE ROLE OF COAL IN THE EVOLUTION OF THE GLOBAL
ENERGY SYSTEM: A REFERENCE CASE

W. Sassin and W. Hafele

INTRODUCTION

The energy community has changed its attitude toward coal
in the last few years: coal has attracted new attention. This
is not the result of a spectacular breakthrough in modern coal
technologies; rather, it is the combined effect of supply con-
straints for cheap crude oil and an unexpected opposition to
nuclear energy, which has led to a marked downward revision of
many national nuclear programs.

The improved situation of coal is not a sufficient basis,
however, for judging the future importance of this traditional
energy source. Detailed national case studies leave no doubt
that there is a significant potential for increased coal use;
but many of the side-effects attributed to nuclear energy will
also appear with an energy strateqgy favoring coal. Furthermore,
with coal it would be difficult to quickly meet the challenge
of the fast-growing energy supply/demand gap [1,2] that with
high probability will develop in the next twenty years. Fig-
ure 1 displays some results of the Workshop on Alternative
Energy Systems which has analyzed the global energy prospects
until the year 2000 [3]. In many cases considered there, supply
begins to lag behind demand because of possible limitations on
the production capacities assumed for OPEC oil. High limits for
the OPEC supply would postpone an imbalance between demand and
supply, but at the price of a dramatically fast widening of the

supply gap.

The severe energy problems of mankind that are hidden be-
hind the few curves of Figure 1 demand a careful assessment of
the long-term future of all energy sources. Initial difficul-
ties accompanying a revival of coal are not of prime concern in
this context; in view of the large resources of coal, such an
analysis is an important element of a solution, and we will try
to outline the basic role coal could play in the evolution of
the global energy system.
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Assumptions: High economic growth rate, rising energy
price, vigorous government response, coal as the
principal replacegnent fuel, and gross additions to oil
reserves 20 x 107 bbl/year.

A GLOBAL ENERGY DEMAND SCENARIO

The yardstick for evaluating an energy source is the ex-
pected energy demand. Extremely long periods were necessary
in the past to switch from one basic primary energy source to
another. We must therefore choose an appropriate time horizon
for our analysis. Figure 2 summarizes the history of coal and
its competitors. The market shares F of each primary energy
form are given in a special logarithmic plot, in which a straight
line represents a logistic (S-shaped) curve. The regular pattern
of new energy forms supplanting old ones is quite remarkable.
It was only slightly disturbed by drastic economic and techno-
logical changes such as those between 1914 and 1945,

Globally, roughly 100 years were obviously needed for a new
source to gain 50% of the market. A transient advantage, even
over one or two decades, of one competitor might therefore not
be sufficient to change the secular trends.

The need for much more energy is not a transient require-
ment, however. Three reasons contribute to a continued growth
of global energy demand for 50 years and more: the increase in
global population, the development of developing countries, and



-633-

10 {+ 0.90

wO00oD COAL F

100 L 0.50
F
1-F

1071 Y 0.10

162 — e ———————————4 0.0

1850 1900 1950 1975

Figure 2. Energy market penetrations: world.
F. market share.

the continuing industrialization of developed nations. In view
of these long-term processes we will focus on the next 50-year
period. Figure 3 lists world energy demand projections (minimum
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VZ 3700 14 52
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Figure 3. Reference demand scenario, world, 2030.
Population: 8 x 109;energy: 35 TW, or 4.4 kW/cap.
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estimates) for the year 2030 [4]. A comparison of the per cap-
ita consumption specified for various regions with consumption
today shows that a global energy demand of 35 TW is an extreme-
ly conservative figure for 2030. An increase by a factor of

4 over the present consumption level of 7.5 TW reduces roughly
to a doubling of the average per capita consumption of a global
citizen over 50 years. Much higher demand estimates can easily
be obtained and indeed are implied in the request of developing
nations for a new economic order to expedite their general de-
velopment [5]. The scenario of Figure 3 should not be considered
the most likely nor a particularly attractive development; it
was designed to put energy supply possibilities in perspective
with a still conceivable minimum demand. The scenario excludes
catastrophic situations in major parts of the world which might
certainly translate into even lower global energy demand figures.

COAL, A LONG-TERM FOSSIL PRIMARY ENERGY OPTION?

With the reference demand scenario as a background, we will
first address the question whether coal can regain the position
of main primary energy source. Figure U4 contains the results of
a recent survey, presented at the World Energy Conference, of

global coal resources and reserves [6]. The geological resources
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Figure 4. Recent additions to coal resources/reserves.
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of 10 x 1012 t of hard coal equivalent are indeed very large¥*,
dwarfing present estimates of conventional o0il and gas resources,
which are smaller by at least a factor of 10. The economically
recoverable reserves of coal, 6.5% of the resources in Figure 4,
are of the same order of magnitude as the ultimately recoverable
amounts of oil and natural gas up to a price level of $20/bbl.

We have tried to gquantify the resource requirements for a
global coal option. Figure 5 summarizes the results of some
straightforward calculations. Coal now meets 2.5 TW or roughly
30% of the global energy needs. Fifty years ago coal held a
much larger share: more than 80% (Figure 2). 1In line with past
trends, considerable time would be needed to promote coal back
into the position of main primary energy source. We have fixed
a figure of 80% of the total demand to be reached sometime in
the future. This is somewhat artificial, but helps to bring out
the salient points.

As we were strongly in favor of coal in this example, we
assumed that a coal revival would begin at once, neglecting the
enormous R&D efforts still to be made before a responsible deci-
sion toward this end could be made.

With a market penetration speed equal to that of oil in the
past, and after correction for the conversion losses incurred in
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Figure 5. A global primary energy option based on coal?

*109 tce = 0:93 T™Wa = 1 TWa.
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providing oil equivalent primary energy, roughly 100 years were
needed to phase in coal. Allowance for these losses increases
minimum primary energy demand to 50 TW in 2030 (see Figure 3).

In view of the dramatic rise in coal production displayed in
Figure 5, two additional assumptions appeared necessary. First,
coal resources are large but not unlimited. A zero growth of
global energy demand was therefore' fixed from 2030 onward, limit-
ing primary energy consumption to 50 TW. That is, the minimum
demand of Figure 3 (an oil equivalent supply of 35 TW) would
never be exceeded. The coal production curve in Figure 5 reaches
80% of the total demand in 2080; 40 TW, or slightly more than
40,000 mtce per year of coal, would go to the global economy by
then. Our second additional assumption (Figure 5) is that after
the year 2100, an unspecified nonfossil primary enerqgy source
would take over the market share of coal with the same speed with
which coal came in.

The results of this hypothetical undertaking are prohibitive:

4300 TwWa, or roughly 45% of the geological resources of coal,
would have to be produced cumulatively. Taking recovery factors
into account, practically the total resource base of coal would
be consumed in this scenario. Some 2500 TWa would have to come
from other sources, mainly from oil and gas until 2100. They
make up for the difference between a coal supply according to
Figure 5 and the total supply of energy necessary to meet the
requirements of the minimum energy demand scenario.

Of the many difficulties of a global coal option, the CO2

dilemma should be briefly discussed. Combustion of coal leads
to C02. Once given to the atmosphere this gas can be regarded

as a permanent waste heat source. CO2 changes the infrared

radiation balance of the upper layers of the troposphere. The
climatic consequence of a certain increase in atmospheric CO2

content cannot be accurately predicted today. Expert opinion
tends to expect a significant increase in mean temperature of
the polar regions if the pre-industrial €O, level doubled [7].

Figure 6 relates possible energy production based on coal to
arbitrary upper limits for the increase in atmospheric CO2 con-

tent. A detailed analysis would have to account for the actual
split between coal and hydrocarbons. A first-order correction

is already included in the model illustrated in Figure 6 [8].
Therefore the total fossil energy consumption, given in terawatts
in Fiqure 6, appears to be lower at the beginning of the upward
curve than the real figures to be found in energy statistics,
because the contribution of hydrocarbons is still large in the
early years.

If we consider a tripling of atmospheric CO, content as a

tolerable upper limit, the coal scenario of Figure 5 would have
to be drastically revised between 2050 and 2100. Lower CO2
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Figure 6. Necessary control of fossil energy consumption,

if supplied in the form of coal, to stay below
certain COy levels in the troposphere.

Source: [8]

limits must be envisaged, however. Even if we allow for the in-
stallation of fossil fuel cycle centers, which would dump Co,

directly into the deep sea [9], only a fraction of the co, emis-
sions to the atmosphere can be avoided.

Both the analysis of the resource question and the treatment
of the CO2 problem given here are only rough. But when taken to-

gether with other considerations, some of which will be touched
upon later in connection with a more modest role of coal, one
must expect that in the long run coal cannot supply the bulk of
man's energy needs--it is not a global primary energy option for
a world with eight billion people.

COAL, THE MAIN PARTNER FOR NONFOSSIL PRIMARY ENERGY SOURCES

The exercise we have just performed for coal throws some
light on the enormous requirements any primary energy source
will have to satisfy. Given a 35 TW minimum demand, only two
sources do not suffer from severe resource constraints: nuclear
and solar energy. Nuclear energy comprises fission and fusion
and in both cases depends on the breeding principle. Solar
energy in this context is to be understood as a hard technology,
using the energy available in large desert regions [10]. In the
extreme position to which we promoted coal, nuclear or solar
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energy would no doubt also face extreme environmental problems,
though proper siting can most probably deal with these [11,12].
Nuclear and solar energy do have one distinct disadvantage,
however. They cannot directly provide a material energy carrier
that could be easily stored, shipped over global distances, and
finally distributed in small quantities to the end user at rea-
sonable cost--all properties that are inherent to fossil energy,
especially oil. This limits the economic use of nuclear and
solar energy today. Commercial nuclear energy therefore has
concentrated from the outset on the production of electricity,
and it is interesting that coal, under strong competition from
oil, has maintained its position only in the electricity sector,
leaving metallurgical applications aside (see Figure 7). The
necessary replacement of oil as our main primary energy source
will create a gap in the supply of secondary energy. The pro-
duction of hydrogen by splitting the water molecule with energy
derived from nuclear and solar heat appears as the ultimate
solution. The difficulties of a hydrogen society suggested
many years ago by C. Marchetti have since become evident. Hy-
drogen production still awaits a breakthrough in thermochemical
engineering [13]. Furthermore, hydrogen is a gas and would
easily replace natural gas in its own market, which is tied to
the existence of pipelines and distribution grids. The largest
single market for secondary energy, that for liquid fuels, will
suffer most from a shortage of oil. Direct replacement of oil
by nuclear and solar energy is therefore badly needed, and it
appears possible that coal can meet the interim energy demand.

For various reasons, methanol (CH3OH) is the prime candi-

date for a synthetic liquid secondary energy carrier [14]. Coal
would have to provide the carbon for methanol synthesis. Because
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Figure 7. A widening gap between primary and secondary energy.
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of the energy value of a CH3OH molecule, which is twice that of

a single C atom, coal would essentially act as a lost storage

material for the H atoms carried in the CH3OH molecule. If the

necessary energy to synthesize methanol is taken from other
sources, e.g. nuclear reactors or solar concentrating devices,

1 t of hard coal could provide roughly 2 tce methanol. 1In view
of both the resource limitations of coal and the CO2 constraints,

such an efficient use of the C atom appears mandatory.

Figure 8 shows a nuclear system combined with a chemical
reactor, capable of producing very large amounts of methanol.
Efforts to step up the nuclear supply fast enough to meet the
demand for ligquid fuels in our reference demand scenario are
quantified elsewhere [4,15]. The limited cheap uranium resources
enforce early introduction of breeders, which is less necessary
if nuclear energy is considered merely an input for electricity
production. The box "chemical reactor" in Figure 8 comprises
all processes to convert coal into methanol. We have based our
calculations on a two-step system. First coal is oxidized in a
molten iron bath using pure oxygen from an electrolysis unit to
produce CO + 1} H,. Another } H, can be produced by chemical

reactions from the 30 kcal released at 1400 °C. Second, the
deficiency of hydrogen is compensated by enriching the synthesis
gas with H, from the electrolysis unit before methanol is pro-

duced catalytically at low temperatures and high pressure [16].
This concept is not demonstrated experimentally, but the major
elements of it do exist in large-scale units. Other combinations
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Figure 8. Transformation of fuel resources and capital into an endowment.
Maximum yield: continuous 3 TW(e) + 10 TW(meth) from 2030

onward related endowment: 10 x 100t U (RICH) +17 x 1012 $.
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of processes are also conceivable. The choice of reference tech-
nologies is therefore not crucial for our further arguments.

We will assume from now on that coal, now used as a primary
energy source, will gradually concentrate on its role as a feed
material for producing synthetic liquid secondary energy. After
recalculating the necessary amounts of coal for this more real-
istic supply scenario, we will then analyze some constraints
likely to determine the future deployment of coal.

A GLOBAL COAL DEMAND SCENARIO

Present annual coal production amounts to 2.6 x 109 tce or

2.4 TW. Coal thus supplies roughly one third of the global en-
ergy needs (cf. Figure 2). Medium-term studies indicate that
coal can essentially maintain a 30% share of the primary energy
balance if it substitutes for nuclear energy in the electricity
sector and for natural gas in the heat supply sector. Only a
small indirect replacement of oil is likely in the case of heavy
fuel o0il [1,2,17]. Prime uses of coal will ultimately be con-
fined to steel production and the chemical industry. Figure 9
exemplifies this trend for the FRG.
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Figure 9. Market shares (F) of coal in the FRG.
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Contrary to the technological direction selected in [1] and
[2] for a fast revival of coal up to 2000, we assume that metha-
nol production after 2000 will quickly absorb the available coal.
To determine the possible development of synthetic methanol as
a function of time, one can again use the market penetration
concept (Figure 2). It turns out that the limiting constraints
are to be expected from the maximum possible growth rates of
the nuclear part, not from those of coal. Yet "new coal"--com-
prising first electricity, gas, and industrial heat production
and later synthetic methanol--would again have to enter the
global market with the speed of crude o0il or natural gas in the
past. This is certainly an ambitious goal. If we fix a target
of 17 out of 35 TW to be supplied in 2030 in the form of liquids
--the fraction that crude o0il now supplies--then 15 TW of metha-
nol would require a coal input of approximately 7.5 TW. Another
2 TW of liquid demand would still have to come from crude oil.
Adding 3 TW for steel production and another 3 TW for chemical
or other prime applications like intermediate heat demand for
medium-size consumers, a total of 13.5 TW of coal consumption
in 2030 is conceivable. It is important to recall here that
dramatically large amounts of 0il and gas reserves are needed
to fill the gap between any coal demand scenario and the global
reference demand scenario of Figure 3 (cf. Figure 5).

CONSTRAINTS FOR A GLOBAL COAL SUPPLY SCENARIO

How feasible is our coal demand scenario? A basic check
is to compare the required coal production level with the coal
reserves needed. We proceeded similarly when we analyzed the
possibility of a primary energy supply based on up to 80% coal.
Again we assume that a substitute for methanol, the main product
derived from coal, could enter the market at some time beyond
2030 and phase out coal at the same speed at which it came in.
The results of these calculations are given in Figure 10. Curve
(a) shows the start of a substitute for methanol, say hydrogen
in 2035. Because of the gradual penetration of this substitute,
the maximum coal production of curve (a) occurs 10 years later.
Curve (b) fixes the same penetration event around 2045, leading
to maximum coal production shortly after 2050. The coal produc-
tion levels necessary for a primary coal option (Figure 5) are
shown as curve (c). Despite all efforts to concentrate coal use
in our coal demand scenario to areas where a minimum input has
the maximum effect, a large part of the total coal resources
would be needed. Curve (a) leads to a cumulated requirement of
1200 TWa of reserves, curve (b) to 2400 TWa, or roughly 25% of
the present stated geological coal resources.

The figure published at the World Energy Conference for
economically recoverable coal reserves is 600 TWa; 1200 TWa were
stated as possible with a further significant increase in coal
prices [6]. Curves (a) and (b) in their initial part are also
compatible with the anticipated maximum coal production. Figure
11 is taken from the same source [7], and by and large supports
our coal demand scenario up to the year 2020.
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Careful analysis reveals a number of inconsistencies, how-
ever, between our global approach and the long-term national
estimates for an extension of the coal supply. Figure 11 gives
the expected amounts of coal that could be exported according
to present national plans. The coal exports of the three main
coal-producing countries--the USSR, the USA, and China, which
dispose of roughly 90% of world coal resources--amount to 255 x

106 tce in 2020, and would not have changed dramatically one
decade later. According to our reference scenario, the aggre-
gate energy demand of these three countries is nearly 18 TW, or
50% of the total, 35 TW, in 2030. It is certainly an oversimpli-
fication to allocate resources in proportion to the aggregate
demand estimated for each region, but it helps to establish the
size of the supply problems. Thus, the world outside these three
countries, assuming that they have 10% of 10,000 TwWwa, i.e. 1000
TWa, geological resources of coal, would have to produce as much
as 600 TWa of coal, if we follow the example of curve (a) in
Figure 10. If we fix the percentage of ultimately recoverable
reserves at the still acceptable high level of 30% of these geo-
logical resources, we can hope that 300 TWa could be produced
outside the USSR, the USA, and China. A minimum demand for coal
exports from these three countries can then be estimated within

the limits of our exercise: 3.6 X 109 tce per year in 2030,
which is approximately 14 times the export capacity envisaged
at the World Energy Conference.

An equally important inconsistency between our coal demand
scenario and actual planning results from Figure 11. The low
estimates for coal exports indicate that the large coal-producing
countries envisage using a significant share of -their coal pro-
duction more traditionally: partly for electricity production,
and partly for gasification, taking the necessary conversion
energy also from coal and thus not implementing the most re-
source-efficient strategy. Our own findings in the medium-term
studies, based on economic considerations, support these appli-
cations [1,2]. The consequence of such a strategy, maintained
well beyond 2000, would be negative, however. Coal would be
converted into secondary energy forms with only very low effi-
ciencies. Moreover, the demand for o0il could be reduced only
comparatively slowly, as other secondary energy forms depend on
the buildup of costly distribution grids, which happens only
slowly. Thus the pressure on o0il as a source of liquid fuels
would increase; and this in turn would favor not so efficient
early use of coal, mentioned above, in other sectors not depend-
ing on liquid secondary energy. Thus coal would directly compete
with nuclear energy and delay its penetration even in the elec-
tricity sector. 1In fact that seems to be what is happening
today.

As the purpose of this analysis is to describe a global use
of coal that is in some sense optimum, we will not adapt our coal
demand scenario to the constraints that are obviously imposed by
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adding up the results of national or regional optimizations.
Figure 11 shows the main uses of coal in our scenario. We fur-
ther assume that coal exports up to 3.5 TW in 2030 will not be
blocked by alternative planning in the main coal-producing coun-
tries. Still the question remains whether such exports are
economically feasible.

The buildup of coal mining capacity and long-distance coal
transport systems is time-consuming and capital-intensive. Size-
able efforts are needed, especially for deep mining, which trans-
late into high coal costs. It is impossible to estimate a future
price level for coal that would increase the demand for imports
to or even beyond 3.5 TW. Yet clearly the coal price cannot
exceed a certain fraction of the oil price if methanol is to
replace light fuel oil and gasoline in large quantities.

Future increases in oil price will also allow for higher
coal prices. A comparison of energy prices and their economic
value, measured by the GNP produced from that energy, points to
a major obstacle to extension of the international energy trade.
A country that had imported 100% of its energy needs in 1970
when oil was $3/bbl could have compensated this trade flow by
exporting 3% of its GNP. At a reference price of $20/bbl ($15
to 20/boe are typical for synthetic fuels derived from cheap
coal only), that country would find it very difficult to main-
tain its balance of payments: it would have to export more than
20% of its GNP. The situation is even worse if methanol from a
combined nuclear and coal plant (cf. Figure 8) must be envisaged.
The present terms of international economic cooperation thus seem
to exclude on-site liquefaction of cheap coal for large-scale
export, which would quite elegantly solve the transport problem
and which suggests itself for the deployment of coal basins far
from the large consumer centers.

An outline of the relationship between mining costs and
transport modes of coal and methanol, and their related costs
for a fixed distance of 1000 km, is shown in Figure 12. The
data were taken from various sources [18,19,20] and repeat the
well-known fact that liquids can easily be transported over con-
tinental distances, whereas solids require sea routes. In line
with our national case studies [1,2] and with cost estimates

for a nuclear methanol plant [16],.a ceal price of $1.5/106 Btu
delivered to the consumer is an upper limit for a broad revival
of coal, for both the medium- and the long-term applications in
our coal demand scenario. We have chosen the coal slurry pipe-
line as the cheapest mode of transport for the very large amounts

of coal involved. Even if pipelines of 30 x 106 tce transport

capacity per year are combined with the cheap coal from large
surface mines, a surface transport distance of 1000 km is the
upper limit for coal supplied to a world market.
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Figure 12. Mining, transportation, and conversion costs of coal.

SYNTHESIS AND CONCLUSIONS

Coal transport, as far as we can see at present, constitutes
the main technical constraint for long-term intensive use of coal.
Some maps displaying the location of the main coal basins (Fig-
ures 13, 14, and 15) show immediately that only a small fraction
of world coal resources is situated within 1000 km of navigable
coastal waters. Only these resources can be classified in a
global coal supply scenario as potentially accessible. It re-
mains to be seen what quantities will emerge from a more detailed
investigation of the transport that is planned at IIASA. The
limitations, just discussed, to stepping up the coal supply apply
mainly to the fraction of coal that must be exported by the main
coal countries in our scenario. If we take into account the
waste heat disposal problem and the enormous capital require-
ments for conversion of coal into methanol, large energy centers
in an oceanic environment offer many advantages. They could be
organized as joint ventures, the coal-producing nations bringing
in coal and the energy-importing nations supplying most of the
capital for building conversion plants, including nuclear reac-
tors. Methanol would then flow back to the coal suppliers.

Such joint ventures might be particularly beneficial to develop-
ing regions with severe capital constraints. This concept would
maximize the output of secondary energy or, expressed differently,
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minimize the requirements for coal; yet it increases transport
requirements. Some part of the coal requirements of the coal

countries would also have to come from deposits less than 1000
km from the coast.

In our as yet preliminary analysis of the possible long-
term role of coal in a global context, we arrive at the follow-
ing conclusions.

First, it is highly unrealistic to interpret the large
global coal resources as sufficient for a long-term primary
energy option. Coal is not a real competitor or alternative to
other primary energy sources. Second, coal offers the strategic
link for transition from a fossil-based global energy system to
one that must rely also on nuclear and solar energy. Third,
even assuming the most efficient use of coal as a feed material
for synthetic liquids, the required coal supply exceeds present
maximum production estimates for the next 50 years. This sce-
nario would obviously place an extreme burden on the coal re-
sources accessible with present mining and transport technolo-
gies, even if we allow for substantial improvements within our
time horizon.

For a still broader justification of the natural role of
coal described here, coal must be seen in conjunction with the
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potential of other primary energy sources, as was recently done
at the World Energy Conference, where the 35 TW supply scenario
was developed [4]. That scenario corresponds to our more de-
tailed one described above. From the more general reasoning of
the global supply scenario, it becomes clear to us that any
decision on the deployment of coal in the next few years will
have far-reaching and profound consequences for man's ability
to master the energy problems of the globe.
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COAL DEMAND AND SUPPLY IN 1985: AN APPRAISAL
OF THE NEW COAL POLICIES IN THE ECE REGION

K.J. Brendow*

INTRODUCTION

A host of motivations has induced governments of the
Economic Commission for Europe (ECE) region (covering North
America and Europe, including the USSR) to reformulate their
coal policies after 1973/1974. As a result, coal production
and demand are likely to grow annually till 1985 by about 2.7%
for the ECE region as a whole. Although this is an acceleration
of three to four times in comparison with the 1960s and the early
1970s, it will not suffice to provide for substitution for oil,
natural gas, and nuclear power, either in the overall energy
balance or as regards the raw material basis for electricity
generation. It is true that coal resources and technologies
would seem able to sustain a further acceleration. But because
of worsening geological conditions, growing distances between
new mines and industrial/metropolitan areas, lead times, manpower,
and productivity constraints such further acceleration could be
reached only in the longer term and would presuppose a further
(likely) improvement of coal's competitiveness, the broad appli-
cation of new technologies, an intensification of international
trade and scientific and technological cooperation.

These were the major findings of a secretariat analysis**
of an exchange of information on new coal policies that ECE
governments undertook between December 1974 and July 1977 in the
Working Party on Coal Trade, a subsidiary organ of the ECE Coal
Committee. This exchange had been launched in response to the
so-called oil crisis of 1973/1974, but it rapidly became evident
that other motivations as well had prompted a reassessment of
the role of coal. Certainly, further adaptations will become
necessary in the future. It should, therefore, be clearly under-
stood that the findings reflect an appraisal of coal's future at
a given moment; while they certainly remain essentially valid
in the short and medium term, they are subject to periodic review.

*The paper whilst based on the findings of a secretariat study,
represents the views of the author. Paper presented by U.P.
Chestnoi.

**+A revised version entitled Coal 1985 and Beyond - The
Perspectives of the Coal Industry im the ECE Region can be
obtained from Pergamon Press, Oxford, UK.
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MOTIVATION FOR A NEW POLICY FOR COAL

No doubt the "oil crisis" of 1973/1974 with the quadrupling
of crude o0il prices had been a major cause for the formulation
of new energy policies after 1973/1974 in the majority of ECE
countries. It demonstrated the vulnerability of the energy
economies, of balancés of payment, of employment and growth
targets to substantial price increases and supply disruptions,
and prompted a reconsideration of the role that imported oil
and other energy sources were to play in future energy balances.

But while the o0il crisis was a most powerful motivation,
it was not the only one; doubts had developed about the avail-
ability of nuclear power, its competitiveness, safety, and
resource base. Considerable delays had occurred in the com-
missioning of nuclear fission plants as a result of increasingly
stringent safety regulations and public resistance. Construction
and raw material costs had increased under the impact of infla-
tion, new regulations, unsatisfactory progress in standardization
of equipment and low profitability of exploitation. The margin
of competitive advantage was reduced and in certain cases even
disappeared; the coming on the market of breeder and nuclear
reactors on an industrial scale was again postponed and inter-
mediate technologies--high temperature reactors—-became necessary
to reduce the strain on uranium resources which otherwise were
likely to disappear before the end of the century. These were
matters of considerable concern to governments. While some
governments strengthened their involvement in nuclear programs
to overcome these difficulties and to become less dependent on
0il, others began to reconsider their nuclear programs and re-
duced them drastically. For these countries the balancing of
energy supply and demand in 1985 and 2000 were additional prob-
lems to those caused by the oil crisis.

Doubts had also developed with respect to the way in which
the Earth's energy resources were put to use. The perception
of the finite character of conventional forms of energy and of
their present wastage gained ground not only in environmental
circles but also in governments. It appeared unacceptable to
a growing number of countries to perpetuate energy demand/supply
systems which "lost" 85% of the energy content of their energy
resources on the way from extraction to final use [1].

Whereas these motivations prompted a reappraisal of energy
and coal policies after 1973/1974, two reasons were lacking that
had dominated energy and coal policies in many western European
countries during the 1960s: employment and regional development
policies. The tightness of the labour markets during the years
immediately preceding and following the oil crisis had rendered
such policies less urgent. Also, another reason--earning foreign
currency through coal exports--quite powerful in the past, seemed
of less importance during the formulation of the new coal policy
after 1973/1974. Less easily available investment funds and a
desire to export high-value products based on coal (electricity,
synthetics), rather than coal, seemed to be the basis of this
somewhat more hesitant attitude.
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These changes in emphasis and the new reasons were so
important that they necessitated and, indeed, prompted the
formulation of an altogether new coal policy in the ECE region
during 1974 and 18975. However, born out of a crisis and drafted
in a situation of uncertainty these policies have a strong short-
and medium-term connotation. They would be subject to further
change, as the future of the world energy economy becomes clearer
and as constraints affecting coal mining and use are lifted. The
following analysis will, therefore, not only describe and assess
the policies formulated in 1974 or 1975, but also indicate the
margin of manoeuvre that governments have or could gain in future
with respect to coal, and that may be the basis of a further
adaptation of their coal policy.

MAJOR FACTORS DETERMINING THE FUTURE OF COAL

It appeared from the exchange of views that government
planners in the field of coal considered the following factors
as essential for coal's future:

- Competitiveness,

- The resource base,

- Availability of manpower and labour productivity,

- Managerial and technological progress,

- Capital availability,

- Environmental constraints,

- Institutional factors,

- Lead times.

To what extent were these factors considered to limit future

production growth?

Competitiveness

The actual competitive position of coal has improved since
1973/1974. A substantial competitive advantage over oil was
gained in the power station market, particularly in the UK and
the USA. Submarginal coal fields or seams have become visable
under the impact of the fourfold increase in crude o0il prices;
losses (and hence the burden on public budgets) were reduced.
However, since 1974 a considerable portion of the competitive
edge gained over oil as a result of the o0il price increases has
been lost. Higher coal prices had been introduced in the cen-
trally planned economies of the ECE region, to induce industrial
consumers to greater economy. In the market economies, the
substantial rise in coal prices was motivated partly by increased
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labour costs (accounting for up to 50% of production costs) and
inflation and partly by the desire to reduce loss and government
assistance. Coal's competitive advantage was further reduced by
the greater ability of the o0il industry to optimize dits operation
over a range of countries and limit price increases in particular
markets in line with expected competition from coal. These
various interactions are best illustrated by the developments

in the FRG, a country in which world market changes are rather
easily felt: in this country crude oil prices went up by 309%
during 1970 to 1976, while the price of heavy fuel oil which
competes with coal in the power generation market, went up by
only 145%; the price of indigenous coal rose by 92 to 95% in the
same period*. In general, the short-term price formation on the
ECE energy market resulted in a smaller improvement of coal's
competitive position than expected immediately after the four-
fold increase in crude oil prices in 1973 to 1974.

No statements were made with regard to the long-term
competitiveness of coal. Indeed, it appeared out of order to
speculate about future price relationships. However, attempts
seem justified and have indeed been made to evaluate the long-
term relationships of production costs of coal relative to
competing forms of energy, particularly nuclear power, oil,
and natural gas. The assumption underlying such considerations
is that in the long run the relative physical scarcities of the
various forms of energy become the decisive factor for their
extraction costs and hence total costs, and that these relation-
ships could not be ignored continuously during price formation.
Taking into account that the economically recoverable reserves
are much bigger in the case of ccal than in the case of oil,
natural gas, and uranium, this school of thinking concludes that
the production costs of coal will fall relative to those of oil,
natural gas, and uranium. It would depend on the importance of
production costs in total costs and of the relation between
total costs and market prices when, and to what extent, coal
becomes cheaper than its competitors.

An attempt to quantify this argument has been undertaken
in a United Nations report entitled The Future of the World
Economy prepared under the direction of Professor W. Leontief
(ST/ESA/u44, New York 1977). This study, the particularities
of which have to be well understood to assess its conclusions
correctly, relates the cost-based prices of coal, oil, and
natural gas to the general price level of the economy and con-
cludes that relative to this general price level, cost "prices"
for coal will slightly fall, oil "prices" will increase approxi-
mately threefold, and natural gas "prices" will increase approxi-
mately sixfold between 1970 and the year 2000. It may be added
that the cost relation between nuclear power and coal is also
expected to develop in favour of coal. Thus, to the extent that
physical scarcities affect earlier or later production costs,
and that production costs affect earlier or later prices, the

*Handelsblatt, 21 December 1976.
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acceleration of coal supplies will exercise a generally moderating
influence on price increases for energy. This moderating influ-
ence will gain momentum in the 1980s, but its full impact will
only be felt from the late 1980s onwards.

The Resource Base

However incomplete and uncertain our knowledge of the struc-
ture, location, volume, and properties of coal reserves* may be,
all the regions and major coal-producing countries of the ECE
area are endowed with huge reserves of economically recoverable
coal. These reserves would last 230 years at the 1973 production
level and 75 years at a production growing at the rates estab-
lished after 1973/1974. Even at double these growth rates the
reserves would prove sufficient to cover demand for 30 to 60
years in the major coal-producing countries of the ECE region.

One factor that will play a growing and limiting role
already in the medium term is the growing distance between coal
producing and consuming areas. It can be estimated that between
1973 and 1985, 76% of the net increase in coal production will
be in "distant" coal basins.

The economically recoverable reserves of high energy coal,
coking coal, and low sulphur coal (less than 1% sulphur content
by weight) do not seem to constitute a limiting factor for coal
supply growth. For the ECE as a whole, 70% of the economically
recoverable reserves are above 5700 kcal/kg. Approximately 20%
are said to be of coking quality. Hard coals with less than 1%
sulphur content represent about 10% of the reserves in western
Europe and 15% of the reserves in North America; low sulphur
brown coal/lignite holds an even bigger share: more than 33%
of the reserves in western Europe and more than 90% in North
America are low sulphur.

But problems may arise in smaller countries or those having
a less favourable geological spread. Out of the 22 ECE countries
having coal reserves considered economically recoverable, only
16 possess high energy (hard) coal reserves and only 12 possess
coal reserves of coking quality (the bulk of which--95%--is
located in four countries: the FRG, Poland, the USA, and the
USSR). As regards low sulphur coals, they seem to be lacking
only in Yugoslavia, Portugal, and Norway.

An encouragingly high proportion of coal reserves is suit-
able for opencast mining: in western and eastern Europe 80% and
more of the economically recoverable reserves of brown coal/
lignite are suitable for opencast mining; in North America the

*Sources used: World Energy Conference, Survey of Energy
Resources 1974, New York, 1974, p. 50-60 and 307-321, as
well as information directly supplied by governments.
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percentage is lower, 30% or so. As concerns hard coal reserves,
24% in North America and 1% in western Europe are suitable for
opencast mining; the western European ratio may also be repre-
sentative for eastern Europe, except in the USSR where huge
reserves of hard coal are suitable for opencast mining.

In conclusion and with due regard to the reservations made,
economically recoverable coal reserves in the ECE area and its
major subregions proved sufficient to sustain an accelerated
growth of coal demand which could even go beyond the rate of
increase currently envisaged in the ECE region.

Availability of Manpower and Labour Productivity

Owing to demographic and social factors, the coal industry
will have to compete for new labour in a much tighter labour
market. All other factors remaining equal, the growth of active
population could sustain a rate of coal production of only 0.7%
in the coal-producing countries of western Europe during 1970
to 1985, of 0.8% in eastern Europe, excluding the USSR, of 1.2%
in the USSR and of 1.3% in North America. A higher coal. produc-
tion growth would require greater internal and external mobility,
and/or a shift of occupational patterns in favour of coal.

Under European conditions, these prerequisites are not
likely to be fulfilled: internal mobility is very limited;
migration seems subject to increasingly restricted policy, even
in boom periods; the recruitment of young labour (15 to 19 years)
may pose in some countries problems due to demographic factors
and an increased length of education. It is therefore not sur-
prising that European governments generally expect no increase
in employment in the coal industry. On the contrary, western
European coal producers expect continued absolute decreases in
the number of men employed and east European coal producers
consider a stagnation more realistic than an expansion. Under
North American conditions, the recruitment of new labour seems
less critical. The projected growth of active population is
higher than in Europe and the mobility of labour is traditionally
high. The increase in the labour force in the US coal mines,
corresponding to an expansion of coal production to around 940
mtce would be 36,000 men; problems could arise locally and tem-
porarily if production were to double in comparison with the
currently envisaged tonnage, in which case 177,000 men would
have to be added to the labour force by 1985.

In view of the poor prospects for employment growth, most
European coal-producing countries have to raise labour produc-
tivity to raise coal production. During 1960 to 1975, output
per man-year underground increased at an average rate of 3.7%
in western Europe, 3.3% in the USSR and 2.7% in eastern Europe,
excluding the USSR. Since the early 1970s, productivity growth
rates have become erratic and tended to slow down. The level
of underground productivity reached in 1973 was fairly similar:
706 per man-year underground in western Europe, 674 in eastern
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Europe, excluding the USSR, and 600 tons in the USSR. 1In the
US, productivity trends were different from Europe. As a
result of labour disputes and new safety and health regulations,
productivity fell during 1967 to 1975 on the average by 4.9%
annually. The level recorded in 1973 was still high in com~
parison with European standards: around 2600 t per man-year
underground.

No evaluation of the results of productivity-raising
measures were ventured, but it could be concluded from employment
and production plans that during 1973 to 1985, the potential for
annual productivity gains in underground mining would be around
3.5% in western Europe, 3.3% in eastern Europe, including the
USSR and 3.1% in the United States, if production and employment
grow at the expected rates.

Managerial and Technological Progress

Since the improvement of labour productivity will be largely
the result of technical progress (and managerial improvements),
the growth rates mentioned provide a rough indicator for the
benefits expected to be derived from the numerous measures cur-
rently envisaged by industry and supported by governments. These
include:

- a switch to opencast, in situ gasification, hydraulic
and chemical mining;

- a refinement of existing technologies through complex
mechanization, automation and remote control;

- the adaptation of mining management and operations, in
particular the concentration of workings, and the com-
bination of operations, for example in "coalplexes";

- the greater efficiency of coal extraction through the
exploitation of thin seams, inclined seams, seams
beyond 2 m thickness, safety pillars, and through the
replacement of room-and-pillar working by short- and
longwall mining;

- the orientation of R and D towards new mining methods
such as in situ gasification, solvent extraction, con-
tinuous haulage, greater attention paid to mining at
greater depth or off shore, application of new tech-
nologies to mining such as interface sensing devices:

The potential of these measures will not be fully tapped
by 1985, which therefore provide for further productivity gains
in the long term.
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Capital Needs and Resources

Coal mining and preparation are capital-intensive activities,
and investments per ton of output grow under the impact of dete-
riorating geological conditions, substitution of capital for
labour, growing sophistication of equipment, higher degree of
mechanization and automation, and escalating construction costs.
The capital necessary for supporting the anticipated growth of
coal production between 1973 and 1985 has been estimated at

around 20 X 109 US$ of 1975 value for North America and 13 x 10

units of account for the European Community.* No figures are
available for eastern Europe and the USSR, but they have been

? US$ [2]. This would bring the total
9
Us$ or

9

estimated at nearly 17 x 10

in ECE capital needs for coal expansion up to 50 x 10
71 $ per ton of new capacity.

These impressive absolute figures appear less in relative
terms: investments in coal production and preparation during
1975 to 1985 would amount to only 0.1% of total energy invest-
ments in Canada, 3% in the USA and 5% in the European Community,
compared with 19% for oil and 28% for nuclear power [2].* Some
countries, particularly the USA, Canada, Poland, Romania, and
the USSR have the possibility of reducing the financial burden
by increasing the share of coal production from opencast mining,
for which investments per ton may be only half those for under-
ground mining. This ratio is derived from a comparison of two
model mines in the USA, a deep mine with an annual production of

106

215 m, and a strip mine with an annual production of 106 s. tomns,
from a 1.83 m thick seam and a 10:1 overburden ratio.*

s. tons from a 1.83 m thick seam at a depth of approximately

The fact that coal requires less capital per ton produced
than any other fossil form of energy within the ECE region,
renders financing problems less stringent. Accordingly, no
major concerns have been expressed by those governments who
addressed this issue, although the extraordinary capital needs
of the energy economy as a whole, including transport and con-
version of coal, may have a side effect on the coal industry's
capability of attracting the necessary capital. In countries
with capital markets, the share of funds supplied by public
authorities may therefore tend to rise. However, such an in-
crease would not seem to reflect a shortage of capital, but the
desire, on the part of governments, to control any rise of the

*For the USA, Federal Energy Administration, National Energy

Outlook, p. 306 (17.7 x 10° US$ at 1975 value); for Canada:
Ministry of Energy, Mines and Resources, An Energy Strategy for
Canada - Policies for Self Reliance - Summary; Ottawa, 1976,

P. 18 (2.3 x 109 Canadian $§ at 1975 value); for the European
Community: see [2].
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price of coal or of the influx of foreign ownership. This being
stated, it is also obvious that investment funds are not plentiful
and that priorities have been established in favour of investments
serving domestic needs. A risé of coal production in response to
foreign demand would increasingly require a financial commitment
on the part of the importer.

Environmental Constraints

The activities of the coal industry, in spite of considerable
progress in the control of subsidence, noise, and dust can still
pose important environmental problems, particularly through the
release of heat, carbon monoxide and dioxide, nitrogen oxide,
and sulphur dioxide from coal-fired power stations, the release
of toxic effluents from coking plants and mines, and the destruc-
tion of the flora and fauna of opencast mining.

The means at the disposal of the coal industry to reduce
the environmental consequences of its activities are generally
considered compatible with the needs [3]. They comprise new
technology (fluidized bed combustion and desulphurization,
hydrogenation, in situ gasification, improved preparation tech-
niques, recultivation) and operational changes (preferential
production of low sulphur coals, use of waste heat for district
heating, etc). Constraints may appear locally as the result of
specifically stringent air/water/reclamation standards, or tem-
porarily as a result of the time needed to adapt to production
and conversion techniques. More serious problems may appear in
arid areas if coal slurry pipelines are envisaged for the long-
distance transport of coal, and in the long term, if the com-
bustion of coal (as the combustion of any other fossil fuel)
prejudices the carbon dioxide balance of the globe.

The proportionate increase in coal production costs can be
substantial, depending on local conditions, the characteristic
of the deposit, the properties of the coal and the technologies
applied [4]. For example, the recultivation of excavated areas
in the UK has been estimated to account for 4% of production
costs, and for up to 8% of production costs in the USA depending
mainly on seam thickness. The cost of environmental control in
coal gasification and liquefaction is estimated at about 10 to
20% of total gasification/liquefaction costs. The reduction of
the sulphur content of high-sulphur coals for deep mines, by 40
to 60% is estimated to cost around 5 to 6% of total production
costs of high-cost western European coal and around 15% of
total production costs of comparatively cheaper US deep-mined
coal. Flue gas desulphurization with efficiencies of up to
90 per cent are estimated to cost about 15 to 20% of production
costs in western Europe and up to 50% of production costs for
high-sulphur US coal [5].

These impressive figures should not obscure the fact that
the economically recoverable reserves of low sulphur coal consti-
tute a notable share of the coal resources of the ECE region and
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that accordingly the financial burden of environmental protection
on the coal industry as a whole is much lower; for the FRG envi-
ronmental protection required 1.5 to 1.8% of total production
costs and 2.2% of total investment costs of the hard coal industry
in 1974, shares that will increase to 3.1 to 4.3% and 1.6 to 3.2%
during 1975 to 1979 [6]. Thus, it may be concluded that generally
environmental considerations are not a limiting factor to coal
expansion--physically, technically, or financially.

Institutional Factors, Lead Times, and Other Factors

In their reports governments have made no allusions to
possible constraints resulting from the organization of the coal
mining industry in their respective countries. This may be
interpreted as meaning that generally no major problems are
expected to result from institutional factors. However, the
expansion of the industry is not insensitive to ownership pat-
terns and organizational structures: large new mines that could
draw maximum benefit from economies of scale, are not likely to
be opened if reserves are owned and exploited by a great number
of companies, or if coal mining companies are integrated into
other industries such as electric utilities or steelworks.

A major limiting factor is the lead time required to
increase capacity. The short-term flexibility of production
under normal economic and operational conditions is limited
to a few percentage points. The opening of new mines requires
at best four to seven years, and the planning and building of
coal-fired power stations five years, but longer lead times must
be anticipated for high-capacity installations, openings in
remote or densely populated areas or if difficult geological
and climatic conditions prevail.

There are further determinants of future coal production
that need at least to be mentioned: land-leading policies;
the ability of manufacturers to supply the required underground
and surface mining equipment, preparation and conversion tech-
nologies and transport equipment; an appropriate expansion of
rail and water transportation fleets, including ocean transport;
the standardization of equipment; the facilitation of interna-
tional trade, particularly harmonization of regulations applic-
able to equipment use. None of these factors has been singled
out as limiting the expansion of coal production, but it is
also evident that an active intergovernmental cooperation with
regard to the last-mentioned areas could have only a beneficial
effect on expansion programs.

ANTICIPATED CHANGES OF DEMAND/SUPPLY TRENDS AND PATTERNS

In the preceding chapter, the major factors determining
coal demand and supply in the ECE in the medium term have been
assessed. What will be their combined effect on coal consumption,
production, and trade?
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Overall Growth Rate of Coal Demand in the ECE as a Whole

According to government plans and programs, coal demand
will rise from 1738 mtce in 1973 to 2370-2410 mtce in 1985 in
the ECE region as a whole, i.e. 38% or 630-670 mtce more than
in 1973. The average annual growth rate of coal demand during
the twelve-year period 1973-1985, is 2.7%, compared with 0.9%
during the preceding twelve-year period 1961-1973. Thus, coal
demand growth is expected to increase threefold. The expected
long-term growth rate of 2.7% has never been achieved in the
ECE region since 1950; the maximum hitherto achieved was 1.5%
(during 1954 to 1966).

Regional Growth Rate of Coal Demand

All coal-consuming regions of the ECE area will increase
coal demand and will accelerate demand growth. Western Europe,
which presently shows a continued high reliance on imports of
0il will reverse the decline in coal consumption. A substantial
acceleration is anticipated in the USA (which under "business
as usual" conditions would rely on foreign oil to an extent of
23% of its total energy demand in 1985). An acceleration of
the ECE region which reflects the expectation that the present
comfortable position of this group of countries with regard to
hydrocarbons might fade away as a result of the continued high
rate of economic growth and growing costs and difficulties of
tapping new reserves.

Change of Sectoral Supply Patterns

Changes in the pattern of supply are in line with past
experience: a relatively and absolutely considerable increase
in the coal supply will take place in the power station sector;
the amount required by the iron and steel and coking industries
will continue to grow in absolute terms, but its share in the
total coal supply remains practically unchanged; small absolute
but important relative losses will affect the remainder of the
market mainly accounted for by households, small consumers and
in the USA by coal gasification and liquefaction plants. The
trend towards concentrating the coal supply in two consuming
sectors continues: 84% of all supplies in 1985 will be earmarked
for use by the electric power and iron and steel industries,
compared with 77% in 1973 and 57% in 1967.

Supply Strategies

The coal supply strategies chosen by the three major ECE
regions are quite different. One might have expected that an
increase in production would be the most important avenue for
meeting increased demand. This is true for the ECE region as
a whole where the increasing coal production (660-690 mtce) will
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be bigger than the increase in coal demand (630-670 mtce). This
will be true also for North America and eastern Europe where
production growth will cover all the internal coal demand increase
as well as new foreign requirements. But for western Europe, the
most important parameter for procuring the required new coal sup-
plies of about 40 to 45 mtce, will not be production, but imports
which increase by 36 to 41 Mt. These different supply strategies
are important indicators of the medium-term competitiveness of
coal in western Europe, eastern Europe and North America, the
first ranging at the lower end, the latter at the higher end.

Overall Growth Rate of Coal Production in the ECE as a Whole

In 1985 production of hard coal and brown coal in the ECE
region will be higher by about 40% than in 1973 and reach 2405
to 2440 mtce. The net increase in coal production is about 660
to 690 mtce. The annual growth rate of coal production during
the twelve-year period 1973 to 1985 is 2.8% and compares with
0.8% in the preceding twelve years. Thus, coal production growth
is expected to accelerate three to four times. The anticipated
medium-term growth rate of 2.8% has never been achieved in the
ECE region after the Second World War.

Production Growth by Type of Coal

In the ECE region as a whole, production of hard coal and
brown coal (on an energy content basis) will grow at practically
the same rate of 38%. This balanced growth pattern is due to
the extraordinary development of hard coal production in the
eastern parts of the USSR and to the steep increase in brown
coal/lignite mining in southern Europe, the Balkans and North
America. Production of hard coal will grow by about 550 Mt
and production of brown coal/lignite by 125 mtce or 260 Mt in
the ECE region as a whole. The share of brown coal/lignite will
remain at 19%. Eastern Europe will remain the most important
producer of brown coal/lignite (1973: 79% of ECE total; 1985:
65%) , but brown coal/lignite mining is expected to undergo a
fast absolute and relative growth in North America (1973: 2§
of ECE total; 1985: 17%).

Production Growth by Mining Techniques

The share of opencast mined coal in total production will
grow from 37% in 1973 to 48% in 1985, i.e. almost half of the
1985 production will be by surface mining. Out of the new coal
production of about 660 to 690 mtce, 75% will be by opencast
mining-—-an extraordinary challence to equipment manufactures.
All ECE regions will expand surface mining. 1In southern Europe,
almost all the increases in coal production will come from such
mines.
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Regional Production Growth

All ECE regions anticipate a growth of coal production.
In all regions the growth rate lies above that suggested before
the o0il crisis. But the rate anticipated for the various ECE
regions is quite different:

+0.01% for western Europe for 1973 to 1985 compared with
-3.1% for 1961 to 1973;

+2.4% for eastern Europe, including the USSR, compared
with 2%;

+4.5% for North America, compared with 3%.

Overall Growth of Exports from, Imports to, and Intraregional
Trade within the ECE

By 1985, coal imports by ECE countries and coal exports
from ECE countries will grow by between 40 and 56 mtce. The
region will remain a net exporter of coal of between 20 and 45
Mt. North America will increase net exports by between 30 and
4o Mt, and eastern Europe by between 5 and 15 Mt, whilst western
Europe will increase net imports by 45 to 50 Mt. Intra-ECE coal
trade will certainly grow substantially, but figures supplied do
not allow one to quantify the increase.

Coal's Role in the Energy Balance of the ECE

In 1973, the share of coal in total primary energy supplies
of the ECE region was 28%. Without a change in coal policies,
the share of coal would have fallen to 18% in 1985, in western
Europe even to 10%.

However, governments have changed their policies as a
result of which coal will play a greater role than anticipated
before the o0il crisis. The extent of coal's additional contri-
bution depends not only on the tonnage of coal produced and
supplied, but also on the future rate of growth of energy demand:
if energy demand continues to grow at the 1961 to 1973 rate, which
was 4.9% for the ECE region as a whole, coal's share in the total
ECE balance in 1985 would be 22%. If energy demand grows at a
reduced rate resulting from a slowdown of economic growth and
greater energy economy and efficiency, the share of coal in 1985
would be 26% in 1985 compared with 28% in 1973. Only in North
America would coal's future share be higher than the present one.

Thus, the new coal demand policies as they took shape after
1973/1974, substantially contribute to the diversification of
energy supplies in all ECE regions if compared with pre-crisis
policies. However, they are not sufficiently vigorous to main-
tain the level of diversification that actually existed in 1973
in western and eastern Europe. Maintaining the 1973 level of
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28% would either require a further acceleration of coal demand or
a further slowdown of energy demand or a combination of both.
Unless such a further review of coal policies take place, oil
supplies, particularly, would have to be increased, not only in
absolute terms, but would also have to take over market shares
from coal in western. and eastern Europe.

Coal's Role in the Electric Power Market

As a result of the new coal policies, supplies of coal to
power stations will increase between 1973 and 1985 in western
Europe by 55 mtce, in eastern Europe by 215 to 240 mtce, in
North America by 286 mtce, and in the ECE region by 556 to 581
mtce. This increase is not sufficient to maintain the share of
coal as an input for power generation: the growth rates of coal
supplies to power stations however big and impressive they may
be from the point of view of the coal industry, lie below the
growth rate of electricity demand in eastern Europe, western
Europe and the ECE region as a whole; only in North America
might the share of coal, as an input for power generation, in-
crease and hence contribute to the diversification of the supply
base. Thus the concentration of coal supplies to power stations
does not provide a potential for substitution for oil, nuclear
power, natural gas, or other energy supplies in Europe, and
provides only a marginal improvement in the USA.

CONSEQUENCES FOR LONG~-TERM POLICIES

The conclusion that emerges from the above analysis that
the new coal policies enhance coal's role relative to pre-crisis
plans but not in comparison with the 1973 situation, raises the
question whether the constraints on coal expansion mentioned
could not be overcome in the long term. Apart from pointing to
the potential of coal gasification/liquefaction, governments have
not addressed this issue. But others suggested that the scarcity
of hydrocarbons relative to coal will inevitably, particularly
after 1985, improve coal's competitiveness. Also new technolo-
gies and management techniques seem to carry promise of relieving
constraints on labour productivity, without requiring too big a
contribution from the capital markets. It would seem to be the
essential role of international cooperation to assess the poten-
tial of new opportunities and to shorten lead times, through ex-
change of experience, joint R and D, trade promotion, standard-
ization, investment sharing, joint infrastructure projects such
as long-distance transmission lines, coal slurry pipelines, coal
loading/unloading facilities, unit trains, etc. The prospects
for successful cooperation are bright: the similarity of problems
and approaches is striking. Whilst coal policies had been in the
past an example of variety and even divergence, they have appeared
after 1973/1974 as an example of similarity and convergence.
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PROSPECTS FOR COAL

P. Kelly

It is a great pleasure for me to be here today. I am very
honoured to have been invited to take part in this Conference
and, most particularly, to have this opportunity to re-examine
the role of coal resources in the light of our work at the
International Energy Agency. It has become increasingly appar-
ent to us that, if we are to make a successful transition from
present oil-based economies, coal must be utilized more exten-
sively as an energy resource in the medium term.

Though estimates of economically exploitable reserves vary
widely, one fact stands out clearly: coal is our most abundant
fossil fuel and there is no doubt that coal resources are avail-
able to meet the energy requirements of the world for several
hundred years. The World Energy Conference put total reserves

at over 10 x 1012 tce, economically recoverable reserves at

640 x 109 tce and 1976 world production was about 2.7 x 109 tce.

Until around 1920, coal covered almost the total world
energy demand but today it accounts for only about 32 per cent
of total primary energy. By the early 1950s, oil and natural
gas had competitively outstripped coal as primary energy sources
and this trend has continued. The statistical picture is clear:
world energy demand grew by around 6-7 per cent per year between
1950 and 1975 while coal production increased by only 2.2 per
cent during the same period.

The reasons for this shift in demand patterns are manifold:

- O0il was cheaper. Production costs, investment require-
ments for the development of production capacity and
transport costs were lower.

- The flow of o0il is comparable to the flow of a fully
convertible currency; oil was available wherever it
found its market. For the consumer this meant a high
flexibility with regard to the choice of supply sources,
which is not the case with regard to coal.

-~ 0il is easier, cleaner, and cheaper to handle without
large space requirements for stocks and without large
manpower requirements for handling.
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- The use of 0il means a lesser burden on the environment
in both production and consumption. This advantage
enabled industries to move into densely populated areas
close to the necessary work-force.

- Compared with coal, oil production, transportation and
processing are much less labour intensive. Thus oil
does not create, in times of economic recessions or
temporary decreases in demand, insoluble problems of
far above average unemployment in specific regions.

Obviously oil offers a number of important advantages over
coal as an energy resource and these factors have not altered
during the past quarter century. Nevertheless, price factors
and the perception today of the all-too-finite limits of oil
supplies make it clear that coal can no longer be considered a
fuel of the past but very much a fuel of the future.

Before examining future prospects for coal resources, I
think it will be instructive to examine the present energy
market situation.

Over the long term, 0il will no longer be available in
sufficient quantities to meet the world energy demand. It is
idle to speculate or to question whether 0il reserves will last
for the next 30 or 50 years--the fact is that the oil resources
of the world will be depleted in the foreseeable future and that
we have to look for substitutes. The more time we have for this
transition the easier and less costly it will be.

The inevitable depletion of world oil resources has a great
impact on the present situation as far as the development of
costs for marginal oil supplies is concerned. The average size
of newly discovered reservoirs is decreasing and exploration
has to be carried out in more and more physically difficult en-
vironments such as the North-Slope, the North Sea, and Alaska.
The production of Alaskan oil, for example, costs 50 to 60 times
more than o0il produced in Saudi Arabia and the investment require-
ments for 1 bbl/day capacity in Alaska are 15 times higher than
in the Middle East. It is easy to see, therefore, that economic
considerations will force us, long before the definite depletion
of the world oil resources, to search for cheaper types of energy
as substitutes for increasingly expensive oil. The growing trans-
ference of wealth from oil consuming to o0il producing countries
initiated by abrupt price increases on the world oil market since
1973 will speed up this process in the oil consuming countries.

The increasing geographical, technical, and financial dif-
ficulties of finding and developing new oil fields and the asso-
ciated transport systems have led to prolonged lead times and
reduced or less successful exploration activity so that, since
the end of the sixties, 0il demand is growing at a quicker rate
than discovered and developed reserves. Thus, despite present
adequate world oil reserves, we might well run into an oil
shortage simply because these reserves cannot be developed and
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made available to consumers in time. 1Indeed, if present trends
continue, this situation might very well be upon us within the
next decade. The World Energy Outlook published by the Organisa-
tion for Economic Co-operation and Development (OECD) in early
1977 forecasts that world demand for OPEC o0il in 1985 will be

about 40 x 106 bbl/day, whereas the production capacity of OPEC

would be around 45 x 10G bbl/day. These figures as they stand
may not seem too alarming but two aspects should be considered.

The demand forecast of 40 x 106 bbl/day is very optimistic.
It is based on the assumption that developing countries will not
increase their OPEC o0il imports but develop their own energy
resources to meet their increasing energy needs. This would
require a huge effort and it seems more realistic to assume that
in total the OPEC oil imports of developing countries will in-

crease by 2-4 x 106 bbl/day by 1985. Another assumption of the
OECD forecast has already been rendered obsolete by more recent
studies. The forecast is based on a nuclear contribution (in

OECD countries) of 464 mtoe in 1985. Realistically, we should
expect something like 100-150 mtoe less than that figure which

would increase demand for OPEC oil by another 2-3 x 106 bbl/day.
In other words, there is a real risk that demand for OPEC oil

might actually increase to 44-47 x 106 bbl/day and exceed the
physical production capacity of OPEC.

Furthermore, there are uncertainties as to whether the oil
exporting countries have the technical ability to use their
production capacities fully and as to whether it is in their
national political and economic interests to make full use of
this potential. The forecast assumes, for example, a production

potential of 15 x 106 bbl/day for Saudi Arabia, the full use of

which would result in a per capita income, at today's oil prices,
of about US$ 25 daily or US$ 9000 per year for 8 million Saudis.
It is obvious that such an inflow of money raises very serious
questions for the country.

To sum up, let me stress that we must recognize that we
have to shift long-term energy demand away from oil since re-
sources are being depleted and costs of marginal production are
already increasing rapidly. The problems we face in the medium
term, however, are even more serious. Demand for oil by the
middle of the next decade might very well have already overtaken
production capacity not because world oil resources are depleted
but because we have failed to develop them in time.

what then, are our options for coping with the energy
problem?

First of all we must learn to regard conservation as an
energy resource in its own right. To strike a balance between
energy demand and supply we must make meaningful efforts to cut
waste. Measures which might be implemented now, such as pricing
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energy at world market levels, improved automotive and other
transportation efficiency standards, monitoring of industry
conservation, as well as building insulation standards and
construction codes, provide substantial scope for increased
energy savings. For the OECD countries we estimate the maximum

conservation potential to be about 4 x 106 bbl/day in 1985. Other
measures of a more structural nature in the transportation, in-
dustry and residential/commercial sectors will take more time

and effort but could enhance even further the long-term prospects
for achieving high energy savings.

We must take steps to accelerate development of oil and gas
resources. The potential for this accelerated development in OECD
countries is estimated at 4.5 mtoe by 1985. A note of caution is
necessary here to stress that while such action will contribute
to the solution of our medium term problems, it will obviously
not facilitate the transition from o0il to other fuels.

A related resource is liquefied natural gas. World gas
resources are quite considerable but sources usually are located
far away from consumer markets. Some gas can be transported by
pipeline but in most cases liquefaction and transport by ship
will be necessary. This requires highly capital intensive infra-
structures such as liquefaction plants, ships, re-gasification
plants and special pipelines and, because of long lead times on
such construction, we cannot expect to have infrastructure in
place by 1985 that has not already entered the planning stage.

Another option open to us is the development of non-
conventional energy sources. Such non-conventional sources as
solar energy, oil shale and tar sands, geothermal energy, wind
energy, wave energy, and biomass conversion will not very likely
contribute significantly to energy production in the next decades
but might, nevertheless, be of some significance towards the end
of this century. Even then, we should not expect them to be a
main source of energy.

Finally, we come to nuclear power which could play a sub-
stantial part in the future. At the present time, however,
development in this sector is lagging badly. Some 20 years
after the first large nuclear plant came on stream, the Western
industrialized countries are still discussing whether nuclear
power is really needed and whether the risks of nuclear power are
acceptable. 1In point of fact, nuclear power development efforts
have in the past concentrated on reactor safety with less atten-
tion being paid to the question of handling and disposal of spent
fuels and radiocactive waste. On the other hand, there has been
no co-ordinated public information policy on the part of govern-
ments and utilities with the result that the public is now shocked
by the prospect of a world that will soon have not tens, but hun-
dreds of nuclear power plants. A third issue in this context is
the question of secure supplies of nuclear fuel which has become
clouded by problems concerninc reprocessing and non-proliferation.
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Given the present state of nuclear power development and con-
sidering the long lead times for the construction of nuclear
power plants, we cannot expect that nuclear power will substan-
tially increase its contribution to the total energy supply by
1985. We can only concentrate our efforts to ensure that present
nuclear programs are implemented without further delay.

Broadly speaking, these are all the key options we have
available to cope with the energy problem. Still I am convinced
that these alternatives are not sufficient--the main contribution,
in the medium term at least, must be made by the increased utili-
zation of coal.

Many discussions of energy policy implicitly convey the
impression that coal is a fuel of the past. On the contrary,
the need to expand production of energy sources other than oil
combined with the enormous resource base of world coal reserves
indicate that a new and enhanced role can and should be developed
for coal. Coal resources can be counted in centuries rather than
in decades. Nevertheless, at the present time, coal is far less
flexible as a fuel and cannot readily be used to "balance" short-
falls of energy in other sectors. 1Indeed, demand essentially
limits coal supply so that future changes in supply are dependent
on long-term measures affecting demand.

Electric power generation and the iron and steel industry
together account for three quarters of coal consumption in the
member countries of the International Energy Agency, and prospects
for a substantial increase of coal consumption in other sectors
are limited. There is the possibility, however, that successful
technological advances in the fluidized bed combustion process
could stimulate industrial demand.

Expansion of coal production on a substantial scale is
intimately linked to the growth of electricity demand and
electric power generation facilities. The basic thrust of a
new coal policy should be to ensure that as much as possible of
new electrical generating capacity be provided by coal-fired
plants. In addition, policy measures should aim to encourage
wherever possible substitution of coal for heavy fuel oil in
existing electric power facilities. Much of the increase in
0il consumption forecast over the next decade is due to the
commissioning of oil-fired power stations ordered before 1973/
1974. It is difficult to change the picture for 1980 due to the
long lead times required for construction in the electricity
industry in general and, unless major decisions are made soon
involving a large scale reorientation of policy over the long
term, the scope for changing the 1985 outlook will diminish as
well.

The range of uncertainties concerning electricity demand
and possible alternative fuels for generating electricity are
substantial. Given some of the limitations facing the develop-
ment of nuclear and hydro power, unforeseen increases in the
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growth of electricity demand will have to be met by conventional
thermal power stations. An underestimate of the growth rate of
electricity demand could be dangerous in that it would very
likely stimulate a further increase in oil imports, since unex-
pected demand could only be met by oil.

In order to reduce the uncertainty faced by electrical
utility planners and, at the same time, enhance the role of
coal, clear-cut concerted policy measures should be taken by
all industrialized countries. These may prove in the short run
to be inconvenient for electrical utility managers, who find
that o0il may be easier to handle and to use. They may also
prove unwelcome to some oil companies who seek ready markets
for the heavy fraction of the barrel rather than change refinery
industry structures so as to produce a greater proportion of
lighter distillates. But in the long run it will be more secure
and economical to embark on these structural changes in order
to enhance the contribution of coal and reduce dependence on
0il imports. It has been estimated that, by 1985, such measures
could reduce the use of oil and gas in power stations in coun-

tries by about 3 x 106 bbl/day which would be equivalent to 200
Mt of coal a year.

Side by side with these efforts to meet electricity demand
for increased coal production, policy measures will also be
necessary to create secure long-term conditions for an expanded
world coal trade. The potential is immense but a substantial
increase in trade will regquire favourable conditions for both
producers and consumers. Currently, the landed price of imported
coal in western Europe is competitive with that of oil even when
the additional costs of burning coal are considered. It may be,
however, that under long-term contractual arrangements coal
consumers in western Europe and Japan could obtain more favour-
able prices. If a large trade in steam coal is to be developed,
the construction of unloading facilities might raise difficulties
in certain cases. Support and co-ordination between national
administrations for installations designed to serve a wide region
might be required.

A stronger policy in favour of coal utilization would also
remove uncertainties facing coal producers. Greater confidence
thus created in the long-term prospects of the coal industry
would also work to reduce such constraints as shortage of equip-
ment in some countries and shortage of skilled manpower in others.
Many hesitations and doubts concerning environmental constraints
would be eliminated if the industrialized countries were to take
joint action to harmonize environmental regulations affecting
coal; such hesitations and doubts in one country are liable to
affect coal prospects in another. 1International cooperation can
enable us to press on with the speedy development of these tech-
nologies as well as the use of coal feedstocks for the chemical
industry.

What do these recommendations for a stronger coal policy
mean for coal producers? An internationally agreed strategy to



-672-

encourage dgreater coal utilization can help to resolve individual
national policy issues by removing uncertainties and laying a
solid basis for large scale coal development. This would benefit
producer countries such as the USSR, Poland, the USA, and Canada
by opening expanded and secure markets in Japan and western Europe.
Internationally agreed support measures would safeguard existing
investments in the coal industry and stimulate increased capital
investment. Consuming countries would benefit through availabil-
ity of secure energy supplies.

The case for a strong coal policy which should form an
integral contribution to greater international cooperation on
energy rests not only on energy grounds but also on the broader
economic and political well-being of the world.

I should now like to turn to the specific actions that
could be taken by my own organization, the International Energy
Agency (IEA).

Firstly, IEA countries have already recognized that an
enhanced role for coal must play a prime role in the task of
reducing dependence on excessive o0il imports. As part of its
long-term cooperation program the IEA has established a minimum
safequard price below which imported o0il will not be sold in
their domestic economies. This will have the effect of guaran-
teeing against the so-called downside risk and is designed to
provide long-term security for investments in alternative sources
of energy including coal.

In the energy R § D area, five implementing agreements
relating to coal have already been concluded among certain IEA
countries. These provide for cooperative activities in some
key areas of coal development:

- A coal technical information service to collect and
disseminate scientific and technical data on coal
research and development;

- An economic assessment service for coal to assist in
the formulation of new research projects and the eval-
uation of existing technologies;

- A world coal resources and reserves data bank service;

- A mining technology clearing house service to collect
and disseminate information on research on deep and
surface coal mining;

- A project on the fluidized combustion of coal to design,
construct, and operate an experimental fluidized bed
combustion rig.

But much important work remains to be done.
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The IEA is but an instrument to be used to implement the
political commitments jointly undertaken by the participating
countries. Although I cannot claim to be an unbiased observer,
I think it can be justly claimed that the IEA, which was born
out of the chaos of the oil crisis, has registered an impressive
record of concrete international energy cooperation measures.
The IEA is currently engaged in a major exercise designed to
elaborate in detail collective and individual objectives to
reduce dependence on oil. Stimulation of member countries to
more intensive use of coal in electricity generation will be
an important component of this effort.

I would put forward the following list of measures for
implementation by IEA member countries:

A commitment to develop the use of coal for electricity
production under appropriate economic conditions. This
would oblige countries with coal resources to encourage
production, use, and export of coal. Other countries
would be obliged to import and use more coal to meet
their electrical generation needs.

A commitment to curtail or eliminate the construction
of new oil-fired power stations once stations now
ordered have been completed. It would be made clear
to utilities that a shortfall in nuclear generation
capacity in the mid 1980s would not be covered by new
0il- or gas—=fired stations.

A recognition of the need to remove uncertainty caused
by different national regulations affecting the mining
and the use of coal. This would involve a possible
exchange of experience on relevant regulations with a
view to establishing a common code or set of guidelines
to ease the acceptance of coal.

An agreement to accelerate the development of technologies
capable of easing the environmental problem of coal pro-
duction and use. Land reclamation techniques, for in-
stance, and improving scrubbers in respect to their
effectiveness, reliability, and cost.

Creation of a climate of confidence between sellers and
buyers in the government bodies charged with responsi-
bility for international coal trade. This would mean
easing import and export restrictions with due regard
to the need to safegquard indigenous coal production.

A commitment to foster the growth of coal trade through
negotiation of long-term contracts; purchasers' financial
participation in coal mining, including "joint ventures";
"joint venture" participation in coal transport; and
equipping ports for exporting and importing coal.
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- A regular assessment by governments of coal trade
prospects includipng expected availability of coal for
export, of infrastructure problems relating to transport,
etc.

- Incentives for using more coal in power plants and for
building coal-fired stations in appropriate sites by
means of fiscal measures or financial support. Some
incentives could not only cover the construction of new
coal-fired power plants but also in certain cases addi-
tional costs of burning more coal in existing plants,
modernization and adaptation of plants for coal burning.

- Assistance to developing countries to develop their coal
resources, transport infrastructures and use of coal.
This would lessen developing countries® dependence on
imported oil and contribute to a viable coal trade
infrastructure.

- Support for further R & D efforts into fluidized bed
combustion, coal mining techniques and transport, and
coal conversion techniques-~-gasification and liquefaction.

Finally, each country should be encouraged to develop targets
for reduced oil consumption in the electricity sector by 1985 and
corresponding targets for coal consumption.

The energy challenge facing the world today is no easy task.
I have attempted to illustrate the kind of actions that could
enhance the contribution of coal resources. I have deliberately
placed these actions in an international context for I believe
firmly that it is only in such a context that stronger energy
policies can be ultimately successful. The consequences of not
working cooperatively will in the end prove to be self-defeating
for all countries, energy-rich or not. On the other hand, par-
allel cooperative efforts can reinforce domestic energy aims
all round and bring wider benefits in the form of enhanced
economic and political relationships.
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APPENDIX. INTERNATIONAL ENERGY AGENCY RESEARCH AND DEVELOPMENT
PROJECTS RELATED TO COAL (AS OF 1 SEPTEMBER 1977)

Background

A number of IEA countries have the potential to significantly
increase the proportion of energy supplied from coal resources.
The principal medium- and long-term opportunities for expanded
coal use are in electricity and heat generation, and in producing
gaseous and liquid fuel substitutes. Existing technologies for
coal mining, combustion, gasification, and liquefaction involve
economic and environmental uncertainties. Consequently, coal-
producing countries have embarked on large R & D programs directed
at the development of technologies that will improve techniques
for direct combustion of coal and for converting it to easily
transportable liquids or gases.

To date, five IEA "Implementing Agreements" on cooperative
R & D projects on coal have been signed, all of which are oper-
ated on behalf of the participants by a subsidiary company of
the UK National Coal Board. Other cooperative IEA projects are
now being considered in the fields of gasification and liquefaction.

Data Bank of World Coal Reserves and Resources

The objective of this project is to build a comprehensive
computerized data analysis and retrieval facility that will
generate assessments of world coal resources and reserves, with
the capability for continuous updating and revision. In partic-
ular, analytical assessments will be made of coal reserves and
their sequential exploitation that take into account new data,
changing economic factors, and new techniques.

Mining Technology Clearing House Service

The basic aim of the Mining Technology Clearing House
Service is to collect, collate, and disseminate information on
research and development in all aspects of coal mining (both
surface and underground) and coal preparation technologies,
including the improvement of operational efficiency and safety,
and health; research into the physics and chemistry of coal;
and demonstration of new methods and equipment. As it develops,
the Service will cover all relevant R &€ D and will arrange con-
tacts between experts in particular disciplines, and assist in
the formulation of new cooperative projects.

Coal Technical Information Service

The purpose of this international service will be the
selective dissemination of information relating to all aspects
of coal technology that can assist in promoting greater utiliza-
tion of coal in meeting future energy needs.
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The Service will first survey and report on existing coal
science and technology information services, and on the basis
of this survey, will then establish any new facilities or ser-
vices required for a central storage and retrieval system, and
an active register of all ongoing research in coal science and
technology. The Service aims to deal with enquiries ranging
from simple specific questions to comprehensive briefs.

Economic Assessment Service for Coal

The Service will assist the participating countries' coal
industries by making studies on the economics of coal production
and utilization, and with the identification of new research
areas. These studies will be specifically related to the eco-
nomics of coal-based energy, to forecasting world coal production
and use, and to differing standards for coal utilization plant
and the associated plant costs. The economics of pollution con-
trol, coal transportation, and conversion of coal to other pro-
ducts will also be examined.

Fluidized Bed Combustion of Coal

Fluidized bed combustion of coal is a technique whereby
finely crushed particles of limestone mixed with cocal have air
blown through thém so that the mixture behaves like a turbulent
fluid. During combustion the limestone chemically captures the
sulphur in the coal, and because combustion temperatures are
lower than in current techniques, nitrogen oxide emissions are
also lower. There is also better contact between the burning
fuel and boiler tubes, improving heat transfer and, thus, effi-
ciency. A fluidized bed boiler is also capable of burning various
grades of coal and other combustibles.

Fluidized bed combustion, if successfully developed, thus
offers several advantages over conventional coal combustion
technigues, namely, a reduction in the size of installation;
an efficient method of reducing atmospheric pollution; and the
ability to use a wider range of fuels.

There are two basic classes of fluidized bed combustion
systems; one operates at atmospheric pressure and the other at
high pressure (8-12 atm) which allows further reductions in size
as well as the possibility of dual cycle energy generation with
both gas and steam turbines. The IEA project now underway pro-
vides for the design, construction, and operation, beginning in
1979 at Grimethorpe in Yorkshire, UK, of a flexible experimental
facility for investigating combustion, heat transfer, gas clean-
up, corrosion and energy recovery in the pressurized class of
system. The design also includes provision for the later addition
of a gas turbine. Results from this experiment will be used in
the design of commercial-scale plants.
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OPTIMIZING THE USE OF COAL RESOURCES

W.L.G. Muir

The new awareness of the need to conserve non-renewable
energy resources requires that the most effective use be made
of them. At the same time advances in coal technology have
increased the number of options from which to choose.

The main options are conventional uses in power generation
and steel-making; new uses in fluidized bed combustion, gas
turbines, and formed coke; and treating the coal as raw material
for the manufacture of gas, o0il, and chemicals, separately or
together in a coalplex.

The criteria that determine the optimum use of coal include:

- Natural conditions--the quality and quantity of the coal
and the geological conditions that influence the cost of
mining.

- The nature of the market, which is determined by the
degree of industrialization of the country concerned
and the kind of alternative energy sources it possesses.

- Economic and political considerations which, since the
0il crisis of 1973, have almost equal weight. The
relative prices of alternative energy sources must be
weighed against considerations of national self-
sufficiency and security.

- Environmental considerations, which are constraints

against opencast working and the direct use of high
sulphur coals.

THE USE OF COAL IN POWER GENERATION

The low thermal efficiency of the coal-fired power station
has led to a search for improved processes, and a number are now
at various stages of development. Direct comparison of the
thermal efficiency of a conventional plant with that of processes
still in the pilot plant, or even the laboratory stage, must be
made with care since pilot plant performance may not be attained
in industrial scale operation. However, the following figures
are an indication of the position:
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- Present stations 33%
- Fluidized bed 43%
- Low energy gas, existing turbines 39%
future turbines 43%
- Magnetohydrodynamics 50% or more.

Of the new technologies the fluidized bed is the most
promising. Its importance to the coal industry is that it can
burn coal that is unusable in conventional plant either because
of high ash or high sulphur content. Its use will therefore
result in a significant increase in the world reserves of recov-
erable coal. Its most important use may well be in the pressur-
ized system, to drive gas turbines, with the waste heat used
either for further power generation in a combined system or for
district heating. The fouling and erosion of the gas turbine
blades is greatly reduced when the fluidized bed is used because
its low temperature of operation produces a less abrasive and
less corrosive ash than is produced by conventional coal firing.

The use of low energy gas in turbines is likely to increase,
especially in conversion plants or coalplexes where surplus gas
will be available as an economic fuel.

Magnetohydrodynamics is a third generation process based
on the direct conversion of heat to electricity by passing a
high temperature, high velocity, electrical conducting fluid
through a magnetic field. Research is now being done in several
countries.

THE USE OF COAL IN STEELWORKS

In steel making, prime coking coal (low volatile, low ash,
low sulphur) has an assured market for an indefinite future, but
one that will grow more slowly than in the past, and at a slower
rate than the increase in steel production. This will arise
from: a progressive reduction in the coke to hot metal ratio
due to better blast furnace practice and the growing use of
supplemental fuels; the use of formed coke; and increasing steel
production by direct reduction.

In Japan the requirement of coking coal is expected to
stabilize between 1980 and 1985 considerably above the present
level. In the European lron and Steel Community it is expected
to stabilize near its present level. This is based on a 2% a
year expansion of the Community steel production, which can be
offset by the trends mentioned above. The market for coking
coal in the main industrial nations is therefore moving towards
stability. The movement is likely to be slower in other nations.

The use of formed coke is growing more slowly than might
have been expected from a process that promised cost savings and



-679-

the conservation of scarce coking coal reserves. Several near
commercial scale plants are now in production or under construc-
tion and its use is likely to increase. 1Its usefulness has not
yet been demonstrated in continuous operation in the largest
types of modern blast furnace.

It should be noted that a substantial tonnage of medium

and high volatile coking coal is used as boiler fuel in elec-
trical generation.

THE USE OF COAL IN CHEMICAL MANUFACTURE

The use of coal as a feedstock for the chemical industry
may take one of three forms: the production of synthesis gas
(medium energy) from which mainly ammonia and methanol are
derived; the production of solvent refined coal from which a
range of carbon-based chemicals are derived; and the full
conversion process to produce hydrocarbons, when a wide range
of chemicals can be recovered as by-products.

The first of these processes is quite widely done now and
is likely to increase since the possibility of using methanol
as an additive to petrol, or even, by some modification of engine
design, as a substitute for petrol, is attractive.

The use of coal, or coal-derived oil, as a direct feedstock
for the chemical industry is some way off. The first contribution
of coal to 0il conservation will be in electric power generation,
and, after conversion, by providing fuel for the internal com-
bustion engine.

THE USE OF COAL IN CONVERSION TO HYDROCARBONS

Conversion to hydrocarbons is done now in South Africa but
the conversion plants of the future are likely to be based on
second generation technology now in the pilot plant, or demon-
stration plant, stage. The first such '‘plants should be ready
for production in the period 1990-95, except for substitute
natural gas (SNG) plants using a modification of existing tech-
nology, which should be in production in 1980/85.

The many second generation processes now being researched
give a wide range of thermal efficiencies. For conversion to
SNG they range between 65 and 77%, and for conversion to liquid
hydrocarbons, between 63 and 78%. Coal ranging in rank from
brown coal to bituminous have given results within these ranges.

SNG made from coal is an efficient boiler fuel but not on
that account cheaper than the direct use of coal. According to
the energy value of the coal and the yield of gas the cost per
heating unit of SNG at the conversion plant is at least three
times the cost in the coal. The use of SNG in competition with
coal depends on other considerations than a direct cost comparison.
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The manufacture of SNG is one way of converting a high-
sulphur coal to a pollution-free fuel. The low transport cost
of gas will give some cost advantage against coal brought from
afar. SNG will become important only in those countries that
have natural gas and an extensive network of pipelines to dis-
tribute it. Where that situation does not exist medium energy
gas from coal is likely to be preferred. The lower transport
cost per heating unit of SNG does not in itself justify the cost
of the extra methanation process unless long distances are in-
volved. This is confirmed by South African practice, where the
SASOL conversion plant produces as a by-product medium energy
gas which is distributed to the Witwatersrand some 50-100 miles
away. Where a country has natural gas and coal amenable to low
cost mining, SNG from coal can be cost competitive with imported
liquid natural gas and is therefore an attractive alternative
for when the natural gas supply begins to decline.

Solvent refining may be a means of obtaining pollution-free
fuel from high sulphur coal, or it may be a stage in conversion
to oil.

It is not possible at this stage to gauge the guantity of
coal that will be needed for comnversion, or how soon the need
will become acute. When the supply of natural oil and gas begins
to wane, as some day it must, the demand for the synthetic pro-
ducts will be great. 1If, at the same time coal has to meet an
increasing demand on its conventional uses, the mining industry
will be stretched to the utmost. There is a strong case for the
first conversion plants to be in operation as soon as possible
to reduce the rate of run-down of the natural products, and to
perfect the technology and train the manpower against the day
when the need becomes urgent.

THE COALPLEX

The coalplex (Coalcom in South Africa, COG in the USA) may
become the most general answer to optimizing the use of coal.
All the incoming raw coal would be treated by one or several of
the processes available. The range of products and their uses
would include the following:

- Low ash char--formed coke, conventional coke, pulverized
fuel, gasification.

- High ash char--fluidized bed combustors, gasification.

- Medium energy gas—--turbines, production of ammonia and
methanol, and of SNG by methanation, domestic supply.

- Syncrude--production of petrol and fuel oils, and a
wide range of chemicals.

- Solvent refined coal--steam raising, and a range of
carbon chemicals.
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The range of products taken from a coalplex would be
determined by the requirements of the market and the nature of
the coal. Considerable flexibility in production will be re-
gquired to meet fluctuations in demand for the various products,
but the processes lend themselves to that. A plant of this
kind offers the possibility of economies by heat transfer from
one process to another.

THE CRITERIA OF SELECTION

In preparing the long-range plan of a coal basin all of
these options have to be considered and tested against the cri-
teria that determine the optimum use of the total resources of
the basin. Market requirements will be easily determined by the
usual market survey and need no further discussion. The main
criteria are now described.

Natural Conditions

It is not appropriate to go into detail on the chemical,
physical, and maceral qualities that will point to the most
effective use of any one type of coal. The subject is not yet
fully understood especially in regard to conversion. What can
be said is that in the future the classification of coal re-
serves will have to be carried further than has been necessary
up to now. They will be classified by .their most effective end
use. The work now being done by the Joint Coal Board of New
South Wales and the Queensland Coal Board is a pointer. The
conversion potential of a number of Australian coal seams is
being measured by extraction using the hydrogen donor process
to find the quantity and quality of oil produced. The options
now open to the uses of coal require this detailed classification
as an aid to determining which is the most effective.

The quantity of coal available has greater significance
than in the past. 1If the coal is to be used in a large and
costly plant, whether a power station, a steelworks, or a con-
version plant, there must be enough of it to ensure a life for
the plant commensurate with its cost. It is possible to bring
in coal from other fields, but at a cost that is better avoided.

In a new power station to be based on brown coal in Victoria,
Australia, the supplying opencast mine has a reserve of 1000 Mt
to give a life of 30 years to a 4000 MW generating plant. The
Petrick Commission on South African coal mining stipulates a
reserve of 800 Mt, if underground mining has to be used, to give
a life of 50 years to a power station of 2000 MW capacity. This
is based on a 40% recovery and an annual coal requirement of 6 Mt
of hard coal. Opencast mining could have a recovery of 90%,
requiring a reserve of some 350 Mt.
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Economic and Political Considerations

True cost comparisons between the alternative sources of
energy are often concealed by ‘the effect of taxation. Comparison
between coal, 0il, and natural gas is made difficult by the much
greater range of the price for coal.

The drive to maximize the use of coal in the generation of
electricity is not primarily based on the relative cost of the
alternatives but on wider considerations of economic and politi-
cal advantage, and the now apparent need to conserve resources
of o0il and natural gas. Even so, under some conditions, for
example in a country that has to import its oil but has reason-
ably low cost coal, coal based power is cost competitive with
0il and should become more so as new processes come into operation.
It is also cost competitive with nuclear power with an advantage
in the capital cost per unit of power produced.

The position is less clear in regard to the products of
conversion. Table 1 shows the effect of the price of coal on
the cost of SNG and Table 2 on the cost of synthetic crude oil,
and the effect of adding various rates of discounted cash flow
(DCF) yield to find an economic selling price. These figures
are from the USA and the costs and prices are in mid 1975 cur-
rency. To be competitive the price of coal must be at the bottom
end of the price range within which the world coal industry can
provide it, and DCF yields must be modest by commercial standards.
It remains true in general that economic considerations must be
reinforced by political ones to justify conversion processes.
It becomes a governmental responsibility to create a price struc-
ture covering all energy sources that gives the economic incentive
to develop those that the nation's strategy needs.

Table 1. Cost estimate for Lurgi plant producing 250 x 106

st. ft3/day gas.

Source: Preliminary economic analysis of Lurgi plant producing 250 million
SCFD gas from New Mexico coal. US Bureau of Mines, Pittsburgh,
Pennsylvania, March 1976. ERDA 76-57, US Energy R&D Administration,
Washington, D.C., 1976.

Selling Price $/106 Btu
Cost of Coal Operating Cost DCF yield
6
s/t $/10° Btu 12 15 20
5.5 1.82 3.43 3.99 5.02
2.03 3.63 4.20 5.22
9.9 2.23 3.84 4.40 5.44
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Table 2. Cost estimate for Synthoil plant producing 50,000
bbl/day of liquid fuels.

Source: 50,000 barrels a day liquid fuels plant: an economic analysis:
US Bureau of Mines, Pittsburgh, Pennsylvania, 1975.

Operating Cost Selling Price $ per
$ per DCF yield
Cost of Coal 12 15 20
$/t
6 6 6 6

bbl 10" Btu bbl 10 Btu bbl 10~ Btu bbl 10 Btu
5.5 8.95 1.42 15.69 2.48 18.03 2.85 22.37 3.53

10.19 1.61 16.92 2.67 19.27 3.04 23.60 3.73
9.9 11.43 1.80 18.16 2.87 20.50 3.24 24.84 3.92

The capital cost of a conversion plant in 1976 currency
values is of the order of $2000 million, including the supplying
mine and local infrastructure costs, for a plant with a capacity

of 50,000 bbl/day of oil, 7 x 106 m3 of SNG. The capital cost of

SASOL II, now under construction in South Africa is estimated as
$2180 million excluding the cost of the township and houses,
based on prices in October 1975.

Environmental Considerations

There is a growing confrontation between the world's
energy needs and the need to conserve land and quality of life.
Its influence on the coal mining industry is perhaps most serious
in the long term by the opposition to opencast mining. The prob-
lems of atmospheric pollution can be met by a combination of flue
gas scrubbing, fluidized bed combustion, and conversion to clean
gaseous and liquid fuels. Until these remedies are available
in guantity the need to confine direct combustion of coal to
qualities low in sulphur is a serious constraint where rigorous
standards of air cleanliness have been set, but the solutions
are known.

The same does not apply to environmental objection to open-
cast mining, which is growing in strength. It has already been
mentioned that the products of conversion are competitive only
if the coal is produced at a cost that in most countries can be
met only by opencast mining. Conservation of coal reserves
requires maximum recovery and this again requires maximizing
opencast mining within the economic limits of depth. There is
no way of mining by opencast methods without infringing the
requirements of environmental protection during the period of
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mining. When mining is finished it is possible to restore the
land to its original condition and usage unless a very thick
seam has been extracted and natural drainage upset.

The only suggestion that might meet the conflict of interests
is that environmentalists might take a long term view by accepting
opencast mining on the assurance that the ultimate restoration of
the land will be complete.

CONCLUSION

In Table 3 the main uses of coal have been put on a time
scale up to the end of the century. It presupposes that govern-
ments will respond to the total energy problem by formulating
policies and providing incentives that will encourage the coal
industry to make its best contribution. The time scale is not
a prediction of what will happen, but rather shows the earliest
time at which the various technologies can be in industrial-
scale production to judge by the present state of research and
development and plant construction times.

The compression required leads to oversimplification. For
example, the fluidized bed is the only process where the amount
of ash is of little significance. 1In the other processes which
can tolerate high ash, it is at the expense of some loss of yield
and consequently higher cost.

An encouraging aspect brought out by the table is that the
new technologies embrace all ranks of coal and a wide range of
gualities.
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NOTES ON TABLE 3

Metallurgical coal: a decelerating growth rate towards stability in
the main industrial nations 1980-1995, but more slowly in others. If formed
coke is wholly successful an eventual decline may be expected.

FPormed coke: subject to demonstrated success in modern large-scale
blast furnaces, a progressive increase in use will result.

Electricity generation:

Conventional--short to medium term increase to conserve oil, stabilizing
as new coal systems and other forms of power increase.

Fluidized bed--progressive increase in steam-raising generally,
exploiting its versatility in accepting all qualities of coal.

Pressurized fluidized bed--progressive increases, exploiting the above,
its thermal efficiency, and freedom from corrosion of turbine blades.

Chemical feedstock:

Medium energy gas--increase in use for the manufacture of ammonia
and methanol. Large increase if methanol is developed as a substitute for
petrol.

Conversion:

Solvent refined coal~-main use in providing carbon based chemicals
and feedstock for conversion, but used as clean fuel in special circumstances.

SNG, present technology modified--limited number of plants, mainly in
the USA to overcome natural gas deficiency until second generation plants

are ready.

SNG, second generation--progressive increase to replace declining
natural gas supply, and eventual substantial usage.

0il--progressive and eventually rapid increase to replace declining
natural oil supply.

Coalplex--possibly the final answer to optimizing the use of coal from
about the turn of the century.

All ranks include lignite and brown coal.
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CHALLENGES OF EXPANDING COAL PRODUCTION
IN THE MAIN COAL MINING COUNTRIES

A.A. Arbatov and A.F. Shakai

Coal is considered one of the most probable alternatives
in the reconstruction of the world energy balance. These struc-
tural modifications are expected in 30 to 50 years as natural
hydrocarbon reserves are depleted. The coal demand and supply
situation is not so unbalanced as that of oil and natural gas,
since coal reserves are abundant and more evenly distributed
throughout the world.

Coal also is bound to play an important role as chemical
raw material used for numerous purposes.

There is a moderate growth in coal mining and consumption
at present, due to a certain degree to the fivefold oil price in-
crease and the continual expansion of energy demand.

The main coal mining countries have reached their present
level of development in different ways. The capitalist States
have suffered a serious depression in coal mining after World
War II. During the postwar period coal production and research
in that field were sharply curtailed due to competition from oil
and gas. By contrast, planned-economy countries—--the USSR and
Poland--exhibited a stable rapid tempo of coal mining consump-
tion and research.

In the current serious energy situation, with warnings of
inevitable o0il and gas shortages, one cannot doubt the absolute
growth of coal production. Coal may be a rational alternative
in a medium-term perspective because it is the only fossil fuel
resource we have in abundance, even with existing technology.
However, it is not clear whether there will be slow growth as at
present, or rapid expansion over a short period in which mining
output will double. To a large extent this depends upon the
world oil and gas situation and progress in the development of
nuclear, solar, and geothermal technology.

Coal mining and consumption are connected with certain tech-
nological, ecological, and social problems, which had already
arisen in an earlier epoch when coal was the main energy resource.
Mankind did not succeed in removing these constraints, because
more convenient and cheaper energy sources became available:
oil and gas. If the world accepts the coal alternative and large-
scale mining begins, the leading coal powers would again meet
some of these as well as new obstacles.
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The possibility of solving these problems may seriously
influence decisions to increase coal production in most States
possessing large coal reserves. The identification difficulties
will permit attention and efforts to be appropriately focused
in each country and to use the opportunities of international
cooperation.

Relaxation of technical constraints is of course closely
connected with social aspects, but in this paper we deal only
with technological questions. Figure 1 is an attempt to formu-
late these problems generally. Acceptance of the coal alterna-
tive is considered as one way to find a large-scale source of
energy in a deteriorating energy situation. The main stimulus
for mining expansion would be an increase in world and local
coal consumption. The scales of coal consumption within countries
may be limited by economic infrastructure orientation toward oil
(intensive automobilization, and railway, sea transport, and
aviation development). This is typical for the USA, where o0il
and gas dominate (80%) in energy consumption, and to a lesser
degree for the UK, the FRG, Canada, Australia, and the USSR:
gas and oil meet from 45 to 60% of the total energy requirements
of these States. Reconstruction of the economy of these States
in order to reorient the energy balance toward coal would take
more than 20 years and bitTions of dollars. It can also lead
to decreased labor productivity and weaken the competitive posi-
tion of these States in world markets. China's position is better
in this respect, because its economy is based on coal.

It is worth mentioning that the progressive energy balance
of the developed countries has permitted them to raise labor
efficiency, and that therefore no considerable change in energy
balance need be expected from the increased share of coal.

A serious handicap to expanded coal mining is connected with
air quality standards. This limitation has reached considerable
scales in the USA, the UK, the FRG, and other countries, where
air pollution regulations are primarily concerned with particu-
lates, nitrogen oxides, and sulfur dioxides. For example, in
most States in the USA, plants should have low-sulfur coal in
order to meet strict emission standards. As a result the USA
is facing an ever—growing shortage of low-sulfur coal. In December
1970, the US Congress issued the Clean Air Act, the most compre-
hensive air pollution bill in US history. The bill is intended
to develop and use effective environmental protection systems
and to restrict the burning of high-sulfur coal.

However, there is still a wide gap between the rising trend
of sulfur dioxide emissions and the technological capability for
bringing the problem under control. Even with rapid application
of control techniques now being developed, it is unlikely that
sulfur dioxide emissions will be greatly reduced. At the same
time the process of coal desulfurization is rather expensive
and difficult.
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Air pollution standards caused a situation where several US
electric generating plants could not burn high-sulfur coal and
were compelled to use o0il. In the FRG, due to the high density
of industry and population, environmental problems are also of
great importance. The government of that country passed an en-
vironmental protection bill, which turned out to block the way
to expanded coal mining and consumption. The construction of
new mines is also complicated by the lack of available land.

The building of new coal facilities is possible here mainly by
means of uniting mines in operation, a rather expensive and com-
plex operation. In the UK, air pollution is a serious problem
and one of the chief obstacles to widespread coal consumption.

In Canada, the USSR, South Africa, and Australia, pollution
is becoming an issue as well. The situation there is better,
due to their vast territories and some other reasons, than in
the USA, the UK, or the FRG; but it is obviously a question of
time.

Because of the chronic aggravation of this problem, the
governments of the main coal mining countries are beginning to
relax ecological limitations. Research to develop technology for
removing sulfur dioxide from gases generated during coal com-
bustion is promising. At present, the USA, the FRG, Canada, and
the UK are planning to install commercial scrubbing systems. In
the medium-term future we envision solid absorbent regenerative
systems application and other sulfur-removing technology.

Another significant drawback of large-scale coal mining is
stripping. Nothing and no one can live long in stripped areas
where the vegetation has been destroyed, the water poisoned by
mine acid, and the soil made infertile. Stripping disturbs about
0.6 acres per 1000 of mined coal. Most of the USA coal-producing
States have tried to pass laws to control strip mining to some
degree. The same is true in Australia and Canada. This problem
has not yet become critical, but in case of coal mining expan-
sion it will be a serious obstacle. Stripping is a real disas-
ter to plantlife, wildlife, fish, and human beings. More than
40% of the total stripped land is of surface coal mining origin.

The problem is how to balance energy needs with environmental
protection. The gap between stripping and reclamation must be
diminished. One can expect that in 20 years, the mining industry
of the developed States will be able to make total restoration
of the land to its original condition or better.

Another problem limiting the production capability of the
‘coal mining States is that of effective and cheap transport
from mine to consumer. The costs of transport may be so high
that the whole enterprise becomes noncompetitive. This is typical
for countries with large territories. Long distances from the
coast coupled with low efficiency of railroads and ports not
only cause diminishing export but also curtail the State’s own
coal consumption. This is the case in China, Canada, the USA,
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the USSR, and South Africa. The US railroads have suffered a
serious crisis, and hence the development of the coal industry
in the western regions may be limited. The USSR faces the same
problem in transporting coal from Kuzbass and Kansk-Achinsk to
the European USSR.

China's railroads are in poor condition. In Australia,
insufficient port capacity may limit increasing coal export.
South Africa was compelled to begin the construction of a special
seaport at Richard Bay for coal loading. India, having no ports
where coal can be kept, cannot become a large coal exporter in the
near future.

Another limitation is the lack of water for pipeline trans-
port and underground hydromining. The FRG, the USA, the UK, and
Australia are facing a growing shortage of water resources. In
time, improvement of the transport system and the distilling
process will encourage coal mining, thus compensating for the
negative effects.

An important drawback to expanded coal mining in some coun-
tries is a higher production cost than that in States with more
favorable geological conditions. For example, US coal is cheaper
than West European, though it is transported across the ocean
and US miners are better paid. The same applies to Australia,
successfully competing on Asian coal markets.

In this connection, the rapid decline of the coal industry
of France, caused by cheap coal import, is natural. The FRG is
preparing to increase coal imports from South Africa, which may
decrease domestic mining. Due to geological conditions, progres-
sive mining methods such as stripping are not widely developed
in the UK and China. That fact in some respects weakens the com-
petitive position of these States in world fuel markets.

Nevertheless, continuing progress in mining technology will
compensate the influence of unfavorable geological conditions.
For example, the innovation of mechanical timbering, elaborated
in the USSR, permits increased coal production despite difficult
geological conditions.

A serious limitation for coal production growth is an equip-
ment deficit. A great deal of time and capital are needed to
produce bulldozers, giant earthmoving machines, huge power shovels,:
and big auger drills. Thus, being a very capital-intensive in-
dustry, coal mining can cause considerable economic change and
imbalance. A lack of modern equipment is critical for China and
India. Most mines in these countries are of medium or small
size, which is often a barrier to more economic operation.

In India the most pressing need is that of total mine recon-
struction and implementation of automation. The USSR and Poland
are facing a growing shortage in some kinds of earthmoving machines,
particularly rotor excavators used during stripping and large
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trucks. A relative shortage of mining equipment may occur in
Canada. Complicated geological conditions in South Africa require
specific and expensive equipment, which cannot be developed in

a short time.

These facts compel the coal mining States to work out tech-
nological innovations. Some of the most promising applications
concern the economic impact of full cycle automation control
processes in the main coal mining States. A completely automatic
control system must use advanced IBM technology; the FRG, Poland,
and the UK are carrying out research in that field.

Among the factors limiting coal mining expansion is the
growing lack of manpower. In spite of the mechanization and
automation that has taken place in the USA, the UK, the FRG,
Australia, and other States, the number of labor conflicts is
increasing. Work in mines is well paid but less attractive than
before. One can see a tendency toward decreasing labor productivity
in the FRG, the UK, the USA, and Australia. In the eastern USSR,
the lack of skilled manpower has been felt. China's and India's
position is better because of their enormous manpower resources,
but these States need skilled technical personnel.

The experts reckon that with the help of complex mechaniza-
tion the negative effect of growing manpower deficit can be com-
pensated for. Moreover, large-scale production of synthetic oil
and gas will make the coal industry more attractive.

One more obstacle to coal mining expansion is the compara-
tively modest scientific and technological potential of the coal
industry and the lack of capital for long-term investments.
Private companies financing the coal industry prefer to have
guarantees of long-term rentability and protection of their in-
vestments. During the postwar period, oil and gas were replac-
ing coal, and the attention paid to nuclear energy prevented
adequate RED financing in the coal industry.

Such financing policies in the USA, the UK, Australia, and
Canada prevented rapid innovations. Furthermore, the outlook
for large-scale investment in the main coal mining States is
gloomy. A good example is the state of the art of synthetic
fuels produced from coal. Although the feasibility of coal con-
version into synfuel was demonstrated 40 years ago in Germany,
there is still no large commercial plant that can produce com-
petitive o0il and gas from coal. US and European corporations
are in no hurry to invest in synfuel enterprises, demanding
broad government support.

It is no secret that one needs not less than 100 billion
dollars and a great deal of time to establish a new industry;
and the task is very hard for any country other than the US and
the USSR. But large-scale synfuel production is rather promising,
and the FRG and the US are moving toward commercial plants.
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In South Africa, with cheap and abundant manpower, conditions
are favorable for large-scale industrial coal gasification. 1In
the USSR a plant has been in operation for more than 20 years.

It belongs to the Sasol Corporation and produces synfuel from
coal. In other States, competitive synfuel production may begin
in the mid-1980s. The ultimate commercialization of synthetic
fuel depends very heavily upon process efficiency. Recently
growing attention has been paid to underground gasification,
research and development being financed in the USSR, the USA, the
FRG, and the UK.

The FRG and Poland are developing coal-based chemical in-
dustries on a large scale, and there is no doubt that other States
will do so as well.

Joint research programs of the International Energy Agency
(IEA) have had a stimulating effect. The concentration of finan-
cial and scientific resources of the IEA member countries com-
pensates the relatively low level of national efforts to develop
new coal conversion technologies.

All the factors described undoubtedly help to relax the
constraints posed by ecological, economical, and social concerns.
Our report cannot embrace all the problems of large-scale coal
mining: each of the main coal powers has its own specific prob-
lems, which are naturally better known to the scientists of
these countries. We can merely highlight the questions that
are most urgent. The problems must first be analyzed, and this
conference is a good opportunity to discuss them. We hope that
with the help of effective international cooperation, mankind
will in the long run solve problems it now faces in the field
of optimal coal use.
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ECONOMIC PROSPECTS FOR SYNFUEL
PRODUCTION FROM COAL

A.K. Arsky

Economic prospects for the coal based synfuel industry are
closely connected with the increase in world oil prices, the
depletion of low-cost oil resources, the need for new capital-
intensive oil and natural gas resources, and strong market trends
toward the use of a clean and versatile form of secondary energy.
The USSR, the USA, and China, with abundant cheap coal resources,
have the best possibilities for developing a synfuel industry.

In Western Europe, and more still in Japan, coal resources may
be recovered only at high cost. However, in the more distant
future synfuel production may be developed in Western Europe,
but not on the scale expected in the USA and possible in the
USSR and China.

In the long run, during the transition to non-fossil-fuel
energy, coal may become one of the main sources of synfuel liquid
and gaseous fuels--clean fuels of desirable quality. Synfuels
from low-cost coal will be much more economic than hydrogen or
hydrogen-based synthetic liquid fuel. According to [1], specific
hydrogen costs are 1.7 to 2.7 times higher than coal-based syn-
fuel costs.

Synfuel production from coal is capital-intensive. Specific
investments proved to be much higher than was estimated in the
early 1970s. The sharp growth in costs cannot be explained only
by inflation factors, as for example in [2], since it has by far
exceeded inflation.

In the USA in the early 1970s, investment costs per unit of
daily capacity were estimated at $800 to 1200/ft3 for syngas from
coal and at $5500 to 6000/bbl for syncrude (in 1971-1972 dollars),
or, in_terms of yearly capacity and metric units, $80 to 120 per
1000 m3 and $110 to 120/t, respectively. Those appraisals were
published as long ago as 1972-1973 [3]. But since 1975, specific
investments (in 1975 dollars) were estimated at $320 to 400 per
1000 m3 of yearly capacity for high-energy gas and at $400/t for
syncrude. Thus estimates of spcific investments in current
dollars increased by about 3.3 to 4.0 times from 1971 to 1975,
while despite high rates of inflation the cost index of construc-
tion and of the basic equipment for coal-based synfuel plants*
increased only by about 1.5 to 1.8 times over the same period.

*Chemical equipment, pipes, tanks, pumps, compressors, electro-
technical equipment, and communication systems.
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Environmental and safety standards for coal-based synfuel
production have not generally been changed recently*. The
considerable growth in the estimated specific costs of synfuel
production may be explained mainly by more accurate calculations
when the first commercial synfuel plants are projected. Apparently,
earlier estimates were to a considerable extent based on subjec-
tive considerations as well: the desire of synfuel's promoters
and planners and of interested companies to emphasize its economic
attractiveness.

A commercial coal-based synfuel industry will be developed
after commercialization of more economic o0il production based
on high-yield tar sands and oil shales accessible for strip
mining. Apart from production of synthesis gas already under
way for the petrochemical industry (ammonia and methanol) and
reducing gas for blast furnaces, a synfuel industry based on coal
cannot be developed without a considerable rise in world oil
prices. Commercialization of syncrude production, for example,
would entail an increase of roughly 1.5 to 2 times in world oil
prices (in constant dollars). Plans in the USA to develop a
coal-based synfuel industry in 1990-2000 may not be feasible if
present world oil prices remain.

World oil and natural gas prices in the next 20 to 25 years
will depend mainly on the policy of OPEC with respect to oil
prices, and on growth rates in extraction of the available low-
cost oil and gas resources, which are substantial but limited.

In the more remote future, with depletion of low-cost resources,
world oil prices will be determined by the costs of finding and
extracting of those conventional petroleum resources now regarded
as uneconomic, and by the cost of exploiting unconventional
resources (primarily heavy oil, shale oil, and tar sands)**. For
that reason a further rise in world oil and gas prices is in-
evitable in the long run, and this will make the coal-based syn-~
fuel industry profitable.

Statements about the near-complete exhaustion of petroleum
resources neglect the availability of extensive resources that
are economically unrecoverable or marginal at present world prices
and often technically inaccessible at present [#4]. Such resources
are not included by most geologists in their resource estimates.
Their development will presumably extend nature-made oil (crude
and gas) production far beyond the twentieth century.

*Specific investments in electric energy generation were largely
affected by environmental (coal and nuclear plants) and safety
(nuclear plants) standards.

**The high costs of petroleum substitutes, including coal-based
synfuels, and the high marginal petroleum costs in conjunction
with the shortage of low-cost resources, and also the reason
for the present high world oil prices.
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During the transition to the use of unlimited energy re-
sources, a large-scale coal-based synfuel industry will develop
side by side with o0il production. Nature-made oil and synfuels
from coal will jointly provide world petroleum supplies and will
compete with one another. In the remote future, well-developed
synfuel production based on coal may to some extent curb the
further increase in world oil and gas prices, and through its
cost and scale of development affect the volume of petroleum
production.

In this connection, the world oil price in 2025, set in the
Pestel-Mesarovic model at $66 per barrel in 1975 dollars ($460/t),
seems to be greatly overestimated. A vast amount of coal-based
syncrude can be produced at much lower cost, not only in countries
with abundant low-cost coal but in Western Europe and elsewhere,
even when rather expensive coal is used. It should also be taken
into consideration that, as o0il prices rise and development of
recovery processes advances, more and more resources now dis-
regarded (e.g., conventional oil that may be recovered by ter-
tiary methods, heavy o0il and gas resources of tight formations)
become economic and may be brought into production. Enlargement
of the oil and gas resource base will obviously delay price
escalation.

Synfuel costs are very sensitive to the price of feed coal,
as shown in Table 1. The cost of high-energy gas or syncrude
produced from more expensive coal (calculating per 1000 m3 or
1 t, respectively) will differ from the cost of synfuel from
lower-priced coal by about twice the difference in coal price
per ton of coal equivalent. But even synfuel production based on
$60/t coal may be profitable (at a 12% return) at a price less
than half that of the Pestel-Mesarovic forecast (see Table 1).

If we assume the capital cost for a synfuel plant to be half
as much again as the base cost data [5]*, and a cost of $40/t
of coal, the syncrude price (under complete equity financing at
12%) would be $230/t ($33/bbl)--half the Pestel-Mesarovic esti-
mate of the world oil price for 2025.

In transition to a non-fossil-fuel economy, coal-based syn-
fuel will supplement nuclear energy rather than compete with it.
Synfuel will meet transport and domestic** fuel requirements,
and nuclear energy will provide electric energy supply and dis-
trict heating. The two will, however, compete in high-~temperature
heat applications.

*Uncertainty concerning syncrude specific investments justifies
this assumption when attempting to determine the possible upper
level of syncrude prices at an assumed rate of return.

**For detached houses and low buildings.
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Table 1. Estimated synfuel prices as a function of coal cost
(in 1975 dollars)*.

Coal Syncrude High-energy gas
cost Estimated Ratio of Estimated Ratio of
[$/tce] price synfuel price price synfuel price
[$/t] to coal cost [$/¢] to coal cost
5-10(lignite)| 130-150 7-4 117-135 6.5-4
20 150 4 140 3.5
30 170 3 160 3
40 190 2.4 180 2.2
50 210 2 200 2
60 230 2 220 2

*As base cases, price estimates for syncrude and high-energy
gas calculated [5] under complete equity financing at a 12%
return were assumed.

Low- and medium-energy gas from coal for electricity genera-
tion will compete with nuclear energy at the beginning of the
transition to a non-fossil-fuel economy; but here too they may
supplement each other. Plants using low-energy gas (with com-
bined gas turbine/steam turbine cycle), with their rather high
fuel costs, will do better for peak and intermediate loads. At
nuclear plants, as is known, the lowest electricity cost is
achieved for base load. With advanced technology, synfuel and
nuclear energy may mutually improve their economics. Heat from
nuclear plants used at synfuel plants allows increased thermal
efficiency of both synfuel and nuclear energy production and
decreases heat disposal problems. That will be especially effec-
tive after commercialization of high~temperature reactors.

A coal-based synfuel industry need not compete even with
hydrogen production. Comparatively low-cost synfuel from coal
will of course hamper the development of hydrogen production as
a main source of substitute hydrocarbons; but syncrude produc-
tion based on coal will be a very large hydrogen consumer for
hydrogenation and purification of synfuel. 1In situ coal gasifi-
cation may become the biggest consumer of by-product oxygen.
The use of hydrogen in coal-based synfuel production will sim-
plify it and may reduce its costs. At the same.time such use
of hydrogen will considerably enlarge its market and improve
nuclear plant loads.
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While minimum specific water requirements for coal-based
synfuel production, with optimization toward reducing water re-
quirements, are quite substantial, they are--in terms of equiv-
alent energy output-—-generally lower than for conventional coal-
burning steam electric plants with wet cooling towers. A gasi-
fication plant with dry cooling might require as little as 25§,
and a plant with wet cooling 50%, as much water as a steam-coal-
burning plant using wet cooling towers for the same output. For
comparison in terms of equivalent coal input, these figures
should be doubled, in view of differences in thermal efficiencies.
Coal-based synfuel production when using dry cooling towers
would require about 2.5 tons of water per ton of hard coal.

Water constraints on the growth of a coal-based synfuel
industry may be substantial in the case of large-scale synfuel
production in areas with water shortage. A possible way to avoid
these constraints is to transport coal by rail or coal slurry
pipelines to locations with abundant water. Shipment of coal
by rail would have negligible water requirements. Coal slurry
pipelines are also favorable, requiring about a ton of water
per ton of coal. But mass transport of high-energy gas, and
especially of o0il, is less costly than transport of coal.

The possibility of converting low-energy coal, which is
expensive and often unsuitable for long-distance transport, into
high-energy gas and crude is a great advantage of coal-based
synfuel production, allowing the development of huge low-cost
coal resources in remote areas of the USSR and the USA.
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ATMOSPHERIC CARBON DIOXIDE:
IMPLICATIONS FOR WORLD COAL USE

G. Marland and R.M. Rotty

It has been almost 40 years since Callendar [1] first wrote
that fossil fuel burning was leading to an increase in the con-
centration of CO2 in the atmosphere. Chamberlain and Arrhenius

had suggested around the turn of the century [2] that such an
increase in CO2 could lead to significant climate changes and

Callendar maintained that the global temperature increase was

then (1938) already measurable. Callendar believed that a tem-
perature increase was "likely to prove beneficial to mankind..."
by stimulating plant growth, retarding the return of glaciers,

and encouraging higher-latitude cultivation. However, Callendar's
conclusions were questioned by others [1,3,4] and as recently as
20 years ago Revelle and Suess [2] concluded that while an in-
crease in atmospheric CO2 was to be expected, the data available

to them were not adequate to define a baseline. Revelle and
Suess also noted carefully the importance of potential feedback
mechanisms to the climate system and pointed to the "far-reaching
insight into the processes determining weather and climate" which
could be obtained if this "large scale geophysical experiment”
were properly documented.

In the late 1950s the International Geophysical Year provided
the stimulus to begin accurate monitoring of atmospheric CO2 [5]

and the manner by which the infrared absorptive bands of Co2 af-

fected the radiative balance of the Earth were reexamined [6].
Now, with 18 years of continuous records from Mauna Loa Observa-
tory [7] and extensive data sets from the South Pole [8], Point
Barrow, Alaska [9], Swedish aircraft [10], and Australian air-
craft [11], at least one of the fundamental questions has been
unequivocally answered--the concentration of CO2 in the atmosphere

is increasing (Figure 1). At Mauna Loa Observatory the concentra-
tion has risen from 315.53 ppm in 1958 to 332.29 ppm in 1976.

Rust et al. [12] have demonstrated that growth is occurring at

an exponential rate very nearly the same as that for the expanding
rate of fossil fuel consumption. Debate continues on the role of
the land biota and the oceans and their effect as sources and
sinks for atmospheric CO2 [13,14]. Some insist that a major

portion of the anthropogenic co, input to the atmosphere has

come from changes in the biota--largely through clearing of
tropical forests [15].
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Figure 1. Atmospheric concentration of CO9. Data are from Air Resources Laboratory,
NOAA [9] (Barrow, Alaska), Bolin and Bischof [10] (Scandanavian Aircraft),
Keeling et al. [ 7] (Mauna Loa), Keeling et al. [8] (South Pole), and Keeling,
personal communication (Mauna Loa, and South Pole, 1972 -1975).

At the same time that monitoring of CO2 levels has been

progressing, the physical understanding and mathematical sophis-
tication for modeling the climate system have been progressing
as well. Complex models like those of Manabe and Wetherald [16]
and Augustsson and Ramanathan [17] (see also Schneider [18]) now
suggest that if the atmospheric CO2 concentration were to double,

the mean temperature of the troposphere would increase by 1.9-
2.9 °C and the temperature of the high latitude surface layers
would increase by two or three times as much as the mean (Figure 2).
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Figure 2. Changes in atmospheric zonal mean temperature for a doubling of CO9
concentration in a general circulation model.

Source: Manabe and Wetherald [16]

These models still contain simplifications. For example,
the Manabe and Wetherald [16] model contains fixed cloudiness,
a swamp ocean, and no seasonal variation. Presumably the models
do predict the direction and order of magnitude of changes which
can be expected but refinement is still needed to deal adegquately
with the many feedback mechanisms. A very important aspect of
these calculations is that the predicted climate changes will
interact with the complex atmospheric circulation patterns and
yield drastically different changes in various localized climates
[19,20,21].

Over the last 2 years, visibility of and concern about the
CO2 issue have increased dramatically. This seems to have been

stimulated, at least in part, by an article in Seience [22].

Since then (1975) we have witnessed the Dahlem Conference on
Global Chemical Cycles and Their Alterations by Man [23], a US
Energy Research and Development Administration workshop on En-
vironmental Effects of Carbon Dioxide from Fossil Fuel Combustion
[24], a SCOPE (Scientific Committee on Problems of the Environment)
Workshop on Biogeochemical Cycling of Carbon, an IAMAP (Inter-
national Association of Meteorology and Atmospheric Physics) Sym-
posium on the Carbon Dioxide Cycle, a major US National Academy of
Sciences release on energy and the climate [25] and when President
Jimmy Carter gave his energy message to the US Congress, in April
1977, the accompanying fact sheet issued by the White House [26]
mentioned "almost $3 million to study the long-term effects of
carbon dioxide from coal and other hydrocarbons on the atmosphere".
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The evidence is not yet compelling that CO2 is going to

cause major climate changes, but the consensus leans heavily in
that direction and the issue is being treated quite seriously.
A very real part of the CO2 problem is that climate theory may

be insufficient to provide this compelling evidence for decades
[27]. Because of the long lead times required to alter social
systems, we will need to continue to examine alternative strate-
gies as a hedge against consequences not yet fully understood.

The evidence that atmospheric CO, is increasing and appre-

2
hension about the future have prompted efforts to project future
CO2 concentrations. In general, these involve models of the

global carbon cycle and efforts to understand the sizes of actual
reservoirs and the fluxes between them. Virtually all models
incorporate rates of ocean-atmosphere and biosphere-atmosphere
exchange, and ocean mixing, and many incorporate the complexities
of carbonate-water chemistry. The models differ in the complexity
of the formulation, and the details of the exchange processes,
such as consideration of short-lived and long-lived biota and
interactions with living versus dead organic carbon. The relative
importance of various exchange processes varies from model to
model [13,28,29,30,31].

To estimate future levels of CO, in the atmosphere requires

2
information on likely rates of CO2 injection into the atmosphere

(mostly from fossil fuel burning and forest clearing) and on the
partitioning of this CO2 among the various natural reservoirs.

Historically, CO2 from fossil fuel burning and cement manufacture

have increased at 4.3% per year [32] (except for the periods of
the two world wars and the global economic depression of the
early 1930s). Cumulative CO2 production from these sources since

the beginning of 1958 and observed increases in the atmospheric
CO2 burden are compared in Figure 3 [33]. If, as a first approxi-

mation, we assume that CO2 from forest clearing is balanced by
enhanced photosynthesis from higher atmospheric CO2 concentrations,
then 54% of the industrial CO2 produced since the beginning of

1958 have remained in the atmosphere. It seems reasonable to
project that for the next several decades the airborne fraction
will continue near 54% (although some oceanographers suggest that

the capacity of surface ocean waters to accept co, will decrease

and hence the airborne fraction will increase with time).

If 46 percent of the CO2

atmosphere, the problem of estimating atmospheric concentrations
reduces to predicting global fossil fuel use. (This statement
will, of course, require modification if we demonstrate that
man-induced changes in the biosphere are, in net, a major time

dependent source or sink for C02.) CO2 production is clearly

goes to reservoirs other than the
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Figure 3. Cumulative COg production and the observed increase in atmospheric COg
concentration since the beginning of 1958. Points to 1974 are based on
historical data. For the projections to 2025, the center curve for cumulative
production conforms to the scenario described in the text (1250 quads of global
energy in 2025). The bands shown represent from 20% more to 40% less fossil
fuel burned and the corresponding atmospheric COg concentrations if 54% of
the CO9 produced remains in the atmosphere.

tied to energy consumption and, on a national scale, to economic
development. Rotty [34] has calculated the rate at which 002

is now [1974] being produced by various world subdivisions and
shows rather dramatically (Figure 4) that whatever the conse-
quences are, the phenomenon is being imposed on the world
principally by the USA, the USSR, and western Europe. On the
other hand, Rotty has also projected a very simple model of
world economic growth to the year 2025 and demonstrated the
extent to which the CO2 problem is tied to the growth aspirations

of the entire world community. Briefly summarized, the model
assumes that: US energy growth is from 73 quads* in 1975 to 125

*¥1 quad = 1015 Btu; 1 quad per year = 0.033 TW.
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Figure 4. Global production of COg from fossil fuel burning, by world segments; A, for 1974;

B, for 2025, according to the growth scenario described in the text. The 1974
diagram is reproduced to illustrate the relative dimensions of the global emission
rate.
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quads in 2025 with 15% being nonfossil energy; western Europe,
Australia, and Japan have 2% per year growth in energy use with
15% of the total being nonfossil energy; the centrally planned
economies of Europe grow at 4% per year in energy consumption
with 15% being nonfossil; the centrally planned economies of
Asia increase energy consumption at 5.1% per year and this is
almost exclusively fossil energy; and the developing countries
of the world average 5.5% per year in energy growth and this is
almost exclusively fossil. The consequence of this calculation
is a world consuming some 1250 quads of energy in 2025 (42 TW)
--compared with 240 quads in 1974 (8 TW)--with CO2 production

as illustrated in Figure 4.

Whether one is prepared to accept such a scenario (a point
to which we will return briefly later) the point is amply made
that if economic growth is to continue throughout the world, if
the economic gap between developed and developing nations is to
close at all, and if a sizable fraction of growth occurs through
fossil fuel burning, then the CO2 problem must be recognized as

a genuine global problem. (For comparison, a working paper for
the World Energy Conference in Istanbul in September 1977 [351},
projected that world energy demand in 2020 would reach 760-1025
quads with 60-65% of that fossil energy.)

To examine what this 1250 quad scenario means in terms of
atmospheric CO2 concentration, we have calculated the cumulative

production of CO, beginning in 1958 and assumed that 54% remains

2
in the atmosphere (Figure 3). By 2025 the atmospheric concentra-
tion will have undergone a truly significant change and any
climate changes should be clear.

We need to recognize, also, that the CO2 problem is, to a

large extent, a coal problem. Burning of o0il and natural gas
and man-induced changes in the mass of the terrestrial biosphere
have certainly contributed CO2 to the atmosphere and will likely

continue to make sizable contributions for decades. Nonetheless,
when we assess the total masses of carbon, it is obvious that

coal alone is a large enough source to produce a truly substantial
change in the atmospheric CO2 concentration. While the total mass

of carbon as live organic matter is about the same as the mass of

carbon in the atmosphere (about 700 x 109 t) and the mass of car-
bon in that portion of dead terrestrial organic matter which ex-
changes with the atmosphere (humus and new peat) is half again

as large (1080 x 109 t) [19], we cannot realistically envision a
large fracion of this being oxidized as a result of man's acti-
vities. Recent calculations do suggest that this organic reser-

voir has already been depleted by as much as 70-120 x 109 t or

more [14,36].
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To illustrate how coal, as opposed to oil and gas, is tied
to the CO2 problem, we can examine the potential CO2 level if

the various fossil fuel reservoirs were burned and 54% of the
released carbon were retained in the atmosphere (Table 1).

Table 1. Projected atmospheric CO2 concentration from fossil

fuel consumption if 54% of the released carbon remains
in the atmosphere.*

Carbon Retained in Atmospheric Concen-
the Atmosphere tration CO2
Fuel Burned [109 t] [ppm]
(Present concentration) (706) (332)
Coal reserves 310 480
Ultimately available coal 1470 1030
World resources of coal 5640 2990
World resources of oil 95 380
World resources of natural gas 58 360

*Numbers for the various categories of coal were achieved by taking Averitt's
estimate of world coal resources [37] and subdividing that number in the
same proportion that Averitt catalogued total US coal resources. 0il and
natural gas resource estimates are from Moody and Geiger [38]. This simple
table does not include the possibility that we may ultimately see extensive
development of large but relatively dilute fossil fuel sources such as oil
shale and geopressurized methane.

Returning to our 1250 quad scenario for 2025, we recognize
that a critical element is the availability of fuel. The scenario
presupposes that all of the countries either have fossil fuel--
i.e. coal--resources, or can obtain access to them in world
markets. Despite the inadequacies and inconsistencies of the
World Energy Conference data on energy resources, and despite the
large discrepancy between these data and the Averitt data on
which we based our CO2 calculations (the primary difference is

a much smaller number for the USSR), the World Energy Conference
data [39,40] do give some idea of the distribution of known coal
resources (Table 2). Acknowledging some major differences, the
coal resource percentages bear (probably not surprisingly) a
qualitative resemblence to the current C02-production contribu-

tions. The conclusion then is that most of the developing areas
of the world, in order to develop long-term, fossil-fuel-based
economies, will have to either discover new resources or import
coal from those few nations that are well endowed.

An important question that remains unanswered is whether
the dearth of coal resources in, for example, South America,
really represents a lack of coal or simply a lack of exploration.
While Grossling [41], for example, maintains we simply have not
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Table 2. World coal resources.

Source: World Energy Conference [39,40]

Coal Rifources Coal Resources

World Region [107 t] [¢ of world totall
USA 3598 30.7
Canada 103 0.9
Western Europe 573 4.9
USSR 5710 48.7
CTP Europe 126 1.1
Japan 9 0.1
Australia, New Zealand 351 3.0
Developing America 41 0.3
Developing Africa 96 0.8
Developing Asia 105 0.9
Developing Middle East <1 0.0
CTP Asia 1003 8.6

11,715 100.0

looked, others seem to believe as strongly that the coal simply
is not there. A recent UN study [42] does point out that re-
sources in many countries may be very significant in relation

to internal demands and long-term needs. They list more than

30 developing countries with either existing or promising coal
potential. At present less than 10 percent of world coal pro-
duction enters international trade and only about 3 percent—-
mostly coking coal--enters intercontinental trade. The other
side of the coin is that if many developing countries are suc-
cessful in identifying large, new coal resources, then the total
potential for altering the atmospheric CO2 concentration will be

increased correspondingly. (This discussion ignores, of course,
such potentially important issues as the availability of capital
to buy coal and the willingness of potential exporters to bear
the other environmental consequences of coal development.)

Harrison Brown [43] has proposed a series of syndromes for
world disaster, one dealing with C02. He raised the very import-

ant query whether the developing nations, for example, would be
willing, or able, to curtail fossil fuel burning or to implement
expensive CO2 control measures. It is doubtful that all nations

would assign equal priority to concerns about climate changes.
Economit growth, social stability, etc. might be of greater con-
cern to some nations than changes in climate. Also, it. seems
likely that as the climate changes related to the atmospheric-
CO2 increase become well defined, some nations may perceive the

changes as being to their benefit while others perceive them as
being to their detriment. We have already seen that any climate
change is likely to be more pronounced at higher latitudes and,
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as an extreme example, Kopec [44] has calculated that a complete
melting of polar ice would inundate 16.8% of North America but
only 7.2% of Africa.

In this same vein, Dyson and Marland [45] have posed a very
critical question. 1If, in the future, we demonstrate that the
atmospheric Co, level is leading to an acute ecological disaster,

we will have to switch to alternative energy-supply systems.
However, would it be possible to halt or reverse the rise in C02,

within a few years, by means less drastic than the shut-down of
industrial civilization? After examining a science-fiction
sounding array of "technical fixes", ranging from CO2 scrubbers

on power plants to vast tree plantations, the inescapable con-
clusion was that any conceivable solution would be immense in
scale and require virtually unprecedented global cooperation.
For example, in a tree planting scenario undertaken at some
unspecified time in the next 25 years, the USA could provide
only one tenth of the required planting. Although some locali-
ties might realize benefits from climate changes, Budyko [46]
has pointed out that "an essential change in global climate
would not be desired because national economies of different
countries of the world are adapted to present climate".

While it seems likely that, regardless of the total impact
on humanity, global agreement will be difficult to achieve if
the costs and benefits of fossil fuel burning are unequally
distributed on this political Earth, it is possible that global
agreement may not be required. If, as suggested by Table 2, the
USA, the USSR, and China control almost 90% of the world coal
resources, these three countries may be able to manipulate world
coal markets according to their perceptions of the danger to
their particular interests. If these three high-latitude coun-
tries conclude that impending climate changes would be to their
disadvantage, they could presumably restrict the long-term avail-
ability of coal. Examples for such an effort to control inter-
national trade for the benefit of national interests are already
available in the OPEC o0il cartel and US efforts to discourage
nuclear proliferation by restraining trade of nuclear materials
and technology.

On a shorter time scale there is probably enough fossil fuel
available to nearly all nations, and the world commitment to
economic growth and a fossil-fuel-based economy may be so strong,
that decisions will be extremely complex and involve more partic-
ipants. Our concern is that some commitment may be required in
the relatively near future and that the time scale for action may
be relatively short--of the order of a few decades. Such a com-
mitment will have major implications for the socioeconomic systems
in the developed countries and for the growth aspirations of the
developing countries.
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There is ¢ on and interest in the re-emergence into ti 01
‘King Coal Coal, as it is produced today and, still more, as it will be d tomor
row and in the next century, | many new features. Reserves and resources are revised

I, by jumps greater than the total estimated world oil resources. Production tech

niques are shifting from fully automated underground mines to gigantic

with annual capacities of 1s. Coal slurry pipelines will be used

some tens of millions of

for transportation, and sophisticated processes can transform coal into almost any other
Tuel gas syncrude, methanol gdsoiine, and so on,
react to these

How do the various nations, whether producers or consumers or hoth
changing conditions? And what could be the effects on the future world energy balance

and on a potential world coal market trying to compete with the world oil market?

Il these questions—and many others—were raised and dealt with during the Third I1ASA
Conference on Energy Resources, devoted to Future Coal Supply for the World Energy
Balance. More than seventy experts from East and West—technicians, economists, futurol
ogists, madelers—contributed. The papers presented in this book treat technical aspects

and prospects and economic (national, international, and global) problems and perspec-
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