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ABSTRACT
The increasing divergence of coal consumption and 

production centers will lead to an increase of global 
coal trade to meet growing steam coal demand. The United 
States will be a major exporter and the Federal Republic 
of Germany one of the larger importers.

German consumers, mainly utilities, will be oriented 
towards the high quality of domestic sources and will 
supplement them with low sulfur bituminous coal imports.
Likely coal sources in the US will be the predominantly 
underground coal reserves of the central/southern 
Appalachias and parts of the bituminous western fields.
The increases in the price of this coal will depend mainly 
on the production costs, the interaction of domestic and 
export markets for low sulfur specifications and the trans
portation costs in the US. At the consumer location, US 
coal will be cheaper than German coal, unless drastic 
exchange rate shifts occur, but more expensive than Australian 
or South African coal of comparable quality.

The volume of German imports could reach 30-40 million 
tons (Mtons) in 1995, depending on the development in the 
utility and other consumer markets and the price development 
of other import fuels. The high direct investments,
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geographic proximity, and established trading ties indicate 
a continued overproportionate US share among the German 
import coals. Most of this will come either from operations 
where German consumers or mining companies hold equity 
positions or from short term purchases. Long term contracts 
with third parties will remain limited to avoid over
commitments as long as coal consumption levels are highly 
uncertain and imports restricted to a supplementary role.
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1. INTRODUCTION

Global coal production has steadily increased over 
the last decade. This was caused both by the overall 
growth of energy consumption and by a shift to petroleum 
substitutes as a result of the rapid rise of oil prices 
after 1973. Numerous prominent studies in the last years 
(e.g. Wilson, 1980 ; IEA, 1978; DOE*, 1981) have predicted 
further large increases of steam coal demand for the next 
decades. The forecast volumes themselves depend strongly 
on the underlying assumptions about overall economic growth 
and its relationship to energy consumption and on the inter
fuel mix. Based on a ’pro coal’ attitude, most of these 
studies are overly optimistic about coal's prospects.

The geographical dispersion of coal reserves (compared 
with oil) and the concentration of coal use in producer 
countries prevented a large scale coal trade beyond neighbor
ing countries in the past, with the exception of metallurgi
cal coal specifications. The growth of global coal 
consumption and the increasing divergence between producer 
and consumer centers will, however, lead to a strong increase 
of global coal trade over the next decades, with a dominant

*For frequently used abbreviations see 'List of 
Abbreviations'
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steam coal share. Appendix 1 shows the overseas trade 
volumes and flows between the western countries in 1979 
and illustrates the prominence of the US in the global 
coal trade (DOE, 1982a; NCA, 1982).

The United States has traditionally been the world’s 
leading coal exporter and is eager to keep a large share 
of the future coal export market. The domestic debate 
about the export potential of this country so far has con
centrated on the likely overall export volume, on the 
elimination of bottlenecks in the transportation chain, 
as they became obvious in the coal export rush of 1980/81, 
and to some extent on the political factors which affect 
competitiveness vs. other potential exporting countries.
Most US sources have been optimistic about the prospects for 
American coal sales overseas and have depicted the US as 
a stable supplier of practically unlimited sources and 
capability.

The European Economic Community (EEC) is the world’s 
largest coal import market and has established a policy 
of both increased domestic coal production in countries with 
sufficient coal reserves and of additional coal imports from 
non-EEC sources. The Federal Republic of Germany (sub
sequently referred to as Germany) is presently the second
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largest European coal consumer (after Great Britain) 
and traditionally acquired the largest share of its 
import coal from the US. It expected strong increases 
in the coal import volume over the next decades and made 
provisions for that through changes of the import regula
tions. Together with France and Italy, Germany could 
become one of the largest customers of American steam coal 
in the future.

Intentions and scope of the thesis
For a commodity as heterogeneous as coal, which 

enters the market at different producer prices and 
conditions, a trade analysis has to cover

- the matching of potential supply sources 
with the quality requirements of the 
consumer,

- the effects of location, production conditions 
and quality dependent correctives on the 
supply prices,

- the factors which influence the trade volume, 
and

- the regulatory and institutional framework 
of coal procurement.
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A detailed assessment of the various export markets 
for US coal or the different sources for German imports 
would require a country-by-country study of all major 
exporters and importers due to the strong diversification 
pattern in the coal market. With respect to the above 
named areas of analysis and the diversity of the countries 
involved this would be both very voluminous and eventually 
repetitious.

This thesis will therefore pursue a more exemplary 
approach which is less common among coal market studies.
It will identify and analyze the major issues of the bi
lateral trade between the US and Germany and cover other 
countries only to the extent necessary for comparative 
reasons. This approach is justified by the mutually strong 
influence of the two countries on their coal trade patterns 
and permits focusing on those aspects which arise from 
the specific coal production and consumption conditions.

A further distinction from most export studies will 
be the emphasis on qualitative aspects. This is considered 
more important in dealing with the numerous uncertainties 
of this trade than all attempts of quantitative trade 
volume forecasts beyond the short term range. It takes 
into account
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- that coal imports to Germany are limited 
to a unstable supplementary role and have 
to match the requirements of consumers who 
are oriented predominantly towards domestic 
supplies, and

- that the US is not only a country with 
very diverse coal qualities and production 
conditions but is also a large coal con
sumer where the domestic markets will 
influence the conditions of export coal
availability as much as the export demand
itself.

Throughout the thesis it will be assumed that German 
coal importers don't gain a dominant buyers’ position but 
remain price takers in the various export markets. They
will, however, have the choice of meeting their qualitati
and quantitative requirements through flexible sourcing 
among the potential supply regions. This matches the 
present market conditions and is consistent with the 
general expectation that cartel formation, the boycott 
of certain consumers and other market abnormalities are 
unlikely.
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The analysis will cover only the trade with steam 
coal, i.e. coal used for combustion in thermal processes, 
and exclude metallurgical coal. The distinction between 
these coal groups is based mainly on consumer destination 
rather than physical/chemical coal properties. Preparation, 
blending and new coking techniques allow the use of an 
increasing range of coals for coke production, while the 
quality requirements for steam coal have grown. This 
weakens the traditional quality based distinction between 
the two markets. 'Coking coal', in the US synonymous for
low ash/sulfur bituminous coal, will therefore not be 
excluded per se as potential export steam coal. The 
conditions of its availability outside the steel industry 
will, however, be considered.

No lignite imports from overseas sources have taken 
place in the past or are planned in the near future. The 
import potential of lignite will therefore not be discussed 
here.

The organization of the thesis will follow the 
analytical approach listed above. Chapter 2 will determine 
the likely US supply regions through the evaluation of coal 
quality and reserve characteristics of the US coal fields. 
Chapter 3 will analyze the production costs and market
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conditions for these coals and their attractiveness for 
the consumer at mine mouth. In Chapter 4 the total supply 
costs for imported US coal for the German consumer will 
be calculated and compared with coal from other sources. 
Chapter 5 will describe the regulatory environment and 
provide estimates for import volume requirements in the 
different German coal consumer markets. Chapter 6 will 
analyze the possible procurement of this coal and the 
institutional conditions for German importers which will 
affect coal trade with the US.



T-2707 8

2. US SUPPLY SOURCES FOR GERMAN IMPORT COAL

Coal is a commodity with heterogeneous chemical com
position and burning characteristics, depending on the 
geologic conditions during the carbonization phase. The 
coal consumer, therefore, cannot be indifferent to coal 
characteristics. He is limited to a certain range of 
input fuel, either through the specifications of his 
capital intensive coal burning equipment or through 
regulatory constraints for emissions from coal combustion. 
Any coal trade analysis will therefore have to give strong 
consideration to the matching of qualitative requirements 
with supply characteristics.

German steam coal consumers, especially the utility 
sector, will prefer those import coal sources where major 
changes of existing coal burning equipment are unnecessary 
for either operational efficiency or regulatory adherence. 
The first section of this chapter therefore describes 
the German quality requirements and uses them to identify 
possible supply regions for US-German steam coal trade.

In the later sections the reserves and production 
capacity of these regions will be analyzed because the lack 
of either would also make an area irrelevant for coal trade.
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2.1 Coal Quality Aspects and German Requirements
Design and operation of coal boilers are affected by 

a wide variety of coal characteristics (OTA, 1979).
These go beyond the chemical composition which gives a 
sufficient description of most other minerals.

Coal characteristics are determined by standard 
testing procedures (ASTM, 1974). They are reported as 
1 proximate' analysis, which includes the major ignition 
and combustion characteristics, and as ’ultimate’ and 
’ash chemical' analyses, which list the chemical composi
tion of the coal and its combustion residuals. Important 
characteristics for combustion processes are

- heating value (Btu/lb),
- ash content (%),
- moisture content (%),
- volatile matter (%),
- grindability (Hardgrove) ,
- sulfur and other impurities (%),
- elementary composition (%), and
- ash composition and behavior.
Other coal properties, which affect the suitability 

for coke making, are disregarded here. Sulfur, ash and 
other impurities also affect the levels of emissions. A
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brief description of the various coal characteristics and 
their influences on the operation of large boilers is 
given in Appendix 2.

The purpose of this section is not a listing of 
individual consumers' specific requirements but the estab
lishment of a feasible quality range for import coal.
This range will depend strongly on the requirements of 
German utilities, by far the largest customers of domestic 
and import coal at present and in the foreseeable future. 
It is influenced by typical supply sources, environmental 
regulations and existing technical installations. These 
are interrelated because technical installations and 
emission regulations take the dominant supply sources 
into account.

2.1.1 Technical Installations for Coal Combustion
Large conventional power plant boilers, industrial 

boilers and fluidized bed combustion are the main boiler 
types aside from small household installations (ITE,
1982).

Power plant boilers can be categorized by dry bottom 
or wet bottom discharge, i.e. the ash is removed either 
with the fumes or as molten slag, and by the feedstock 
grain size (pulverized or crushed). Most new boilers are
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dry bottom units with pulverized coal firing and therefore 
require easily grindable coal with high melting ashes.
Wet bottom boilers, which prevailed in the past, are seldom 
built anymore. This applies both to the US and Germany 
(Pacer et al, 1982).

Industrial boilers are usually smaller than power 
plant installations, have a higher flexibility of input 
fuel and are operated mostly with crushed rather than 
pulverized coal. The diversity of industrial consumers 
is reflected in the different boiler designs. With the 
exception of some high process heat applications, most 
generate steam as a heat transfer medium.

Fluidized bed combustion is a technique of burning 
pulverized or crushed coal in an ash/limestone bed under 
fluidlike conditions (Mesko, 1980). The coal content in 
the bed is very limited at any time (<1%) and the inert 
material keeps the combustion temperatures low.

This technique has a number of both economic and 
ecological advantages. The investment costs are low due 
to simple boiler construction. The high efficiency and 
low coal quality requirements reduce the fuel costs. Low 
combustion temperatures and desulfurization in the fluidized 
bed prevent NO - and S09-emissions. Its disadvantages are
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the limited unit sizes (presently <120 MW) and higher 
transportation and waste disposal costs for low quality 
coals.

Overall, fluidized bed combustion has a high develop
ment potential for low quality coal utilization by small 
and medium scale coal consumers.

2.1.2 Traditional Supply Sources
German coal consumers have traditionally relied mostly 

on domestic sources and will continue to be oriented 
towards German coal qualities.

Germany has substantial bituminous coal deposits 
(Ruhr, Aachen, Saar, Ibbenbueren) which are part of the 
western European carboniferous belt (Fettweis, 1979).
They are characterized by exclusively deep underground 
multiseam mining (presently averaging 900 m) in depth.
The Ruhr area is the dominant deposit with 80% of present 
production.

The adverse German mining conditions are partially 
compensated by the high coal quality (Leonhardt, 1981).
Ruhr coal, for example, ranges stratigraphically from 
anthracite to high volatile A, with a large proportion of 
medium and lower volatile coals and 85% of the area's 
production either prime or marginal coking coal quality.
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Major coal properties (after preparation) of this deposit 
are

- lower heating values of 11,000-14,000 Btu/lb 
(as received) and 14 ,500-15,200 Btu/lb 
(m&af),

- flexible, but homogeneous water/ash levels 
due to product manipulation in multistage 
preparation plants (7% ash and 8-10% 
water for high quality steam coal),

- grindability of 50-80 Hardgrove for 
high volatile coal,

- average sulfur content of 1-2% (.8-1 .0% 
organic) prior to and 1-1 .2% after 
preparation,

- an ash composition with typical base/ 
acid ratios of .35 and fouling/slagging 
indices of .35 and .42 (i.e. low and 
medium),

- high ash softening (>2500°F) and fusion 
temperatures for high volatile coals.

With some differentiation due to rank the other 
deposits have similar characteristics. Typical present 
supplies of German consumers are therefore coals of
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bituminous rank (or anthracite) with high heating values, 
low sulfur and inherent ash content and strong product 
homogeneity.

2.1.3 Environmental Restrictions for Coal Combustion
The combustion of fossil fuels leads to the emission 

of particulates (mainly fly ash) and harmful gases (COu,
SC>2 , N0x , hydrochloric and hydrofluoric acids). The accept
able amount of these emissions is controlled by two major 
regulations. The Bundesimmissionsschutzgesetz (Federal 
immission control law) of March 4, 1974, established 
the legal framework for the prevention of harmful environ
mental effects by emissions and mandates state-of-the-art 
emission control for industrial plants (Schwab, 1980).
The Technische Anleitung zur Reinhaltung der Luft 
(Technical regulations for air quality) of September 28,
1974, sets standards for the issuance of new boiler permits.

These regulations establish absolute emission limita
tions rather than relative removal percentages, as do com
parable US regulations. The emission standards change, 
however, with location, type and age of the emissions source. 
Areas with high source concentration, which include the 
location of many large coal consumers, will have the tightest 
environmental standards.
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3The fly ash content has to be kept below 150 mg/m 
flue gas volume. Limited stack filter and ash disposal 
capacity can therefore cause constraints of the coal’s 
ash content.

Restrictions of NO^-emissions presently don’t exist, 
but their introduction is planned as part of new regulations 
for large coal boilers (N.N., 1982a). This would affect 
low volatile or high ash coal users and speed up the 
replacement of wet bottom boilers.

The legal amount of SC^-emissions will have the 
largest regulatory effect on the utilization of sulfurous 
coal or hydrocarbons. Existing new power plants with 
flue gas desulfurization reduce emissions to approximately

3850 mg SOg/m . For planned installations this will be
3 3lowered to 650 mg SC^/m , with 400 mg SC^/m as a long run

target level. These emission levels mandate low sulfur
input coal and flue gas desulfurization of at least a
partial flue gas volume for all new boilers.

Exact sulfur limits depend on the efficiency of the 
scrubbing system (70-90%). The 400 mg level, for example, 
would require input coal <1.0% sulfur in addition to 
100% flue gas scrubbing at 80% efficiency (Ruhrkohlen- 
handbuch, 1969). Coal above 1.2% sulfur will be infeasible 
for most new power plants and large variances in sulfur
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content, typical for unprepared sulfur, would require even 
lower limits to avoid illegal short term emission peaks.
On a Btu basis, analogous to US standards, the emission 
limit for existing installations is 2.75 g S02/MWh, equiva
lent to approximately 1.12% sulfur.

For smaller boilers (<150 MW capacity) the standards 
are more relaxed but here the lack of expensive scrubbing 
systems will prevent the use of high sulfur coal.

The chlorine and fluoride contents of coal can con
tribute to water pollution through acid formation in the 
scrubbing system. This hasn’t been regulated in the past 
but could restrict the future use of high chlorine coal.

2.1.4 Quality Requirements of Import Coal
The supply specifications of major German coal mining 

companies to large customers (mainly power plants) provide 
reasonable approximations for the requirements of import 
coal quality. Appendix 3 shows the standard steam coal 
supply range of Ruhrkohle AG, by far the largest German 
coal company. The acceptable quality range for import coal 
is listed below (Table 2.1). It is wider than the 
Ruhrkohle AG specifications to account for other German coal 
companies and higher flexibility of some consumers.
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TABLE 2.1
Quality Requirements for Import Steam Coal

Higher heating value
Moisture content
Ash content
Volatile matter
Sulfur content
Chlorine content
Ash softening temperature
Slagging index
Fouling index
Grindability

>10,600 Btu/lb 
<12%
6- 12%
20-40%
<1.1% (1.2%)
<0.3%
>2400°F 
low/medium (<2.0) 
low/medium (<0.5) 
50-100 Hardgrove

Not all coal within these ranges will be attractive 
or even suitable for every German coal customer. Individual 
marketing efforts will therefore be necessary to match 
specific boiler conditions.

Coals with <20% volatile matter, which are common 
among German coals, won't be considered. They require 
special boiler types and aren't traded internationally 
on a large scale anyway. Size specifications weren’t 
included because they depend solely on production and 
transportation treatment. Customer demand for larger 
grain sizes will be limited to portions of the heating 
markets, but handling requirements of the transportation 
chain will prevent the shipment of extensively pulverized
coal.
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An exception of the tight sulfur criteria is the 
cement industry which accepts high sulfur coal. The import 
of high sulfur, low Btu coal for fluidized bed combustion 
is unlikely due to the abundance of domestic, low quality 
feedstock (e.g. preparation middlings).

2.2 Determination of Feasible US Coal Supply Regions 
Coal deposits are widely spread in the US and about 

13% of the country is underlain by coal bearing strata 
(Averitt, 1975). These deposits form the Appalachian 
Province in the East, the Interior Province on both sides 
of the Mississippi, and the Rocky Mountain/Northern Great 
Plains Province in the West (Figure 2.1).

The overall economic and subeconomic resource base 
includes approximately 2,300 billion tons, while the 
'measured' and 'demonstrated' reserves were estimated at 
473 billion tons in 1980 (DOE, 1982c).

Not all of the US reserves are recoverable, however, 
and much less meets German import quality requirements.

2.2.1 Screening Process
Coal properties may change from deposit to deposit, 

from seam to seam and even within a seam if it extends over 
larger areas. Within a coal field the changes occur mainly 
for ash, sulfur and other impurities which subsequently
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affect the heating content. Major changes of rank within 
a limited area are exceptions, due either to partial 
metamorphism or to overlapping deposits of different 
geologic age (e.g. subbituminous/bituminous seams in 
Wyoming).

The level of disaggregation for quality dependent 
screening has to take this into account to avoid a mis
representation of actual qualities. Excessively detailed 
data will, however, require reaggregation for analysis 
and evaluation purposes.

Possible aggregation units for the various coal re
lated data range from coal province down to the individual 
seam. Wherever possible, county level data were used for 
this section and subsequent parts of the thesis. They 
are available for reserve volume and qualities, size of 
mines, production patterns and mine mouth prices for the 
nearly 280 coal producing counties of the US. It is assumed 
that they give an accurate picture of the eastern US.
In the West data on a coal field/region level compensate 
for the geologic indifference of county borders.

The data for the quality evaluation depend on USBM 
data files with 'proximate’ and 'ultimate' analyses of 
coal samples (as received). They were available directly
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from USBM tapes, from government publications and from 
industry reference services. These analyses are considered 
representative for the original in-place qualities of the 
reserves and possibly for past production. Recent utility 
deliveries showed strong differences of analysis results, 
however (see Chapter 3.4). It is therefore unlikely that 
the USBM data match the quality characteristics of today’s 
production.

Rank, heating value and sulfur content were used as 
the major evaluation criteria while grindability, ash 
softening temperature and volatile matter had a supplementary 
role. Ash and moisture content weren't used because of 
their strong discrepancies with today's production. This 
is also reflected in the high heating values. For easier 
comprehension the quality characteristics are illustrated 
in appendices rather than described extensively in verbal 
terms.

2.2.2 Results
The screening process led to the elimination of 

numerous coal sources which wouldn't comply with German 
import requirements.
Sulfur (Appendix 4 )

The sulfur content of US coal varies strongly. The 
coal regions of the western US generally have sulfur
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contents below 1% (except central Montana, Southwest 
Utah and part of North Dakota). Sulfur content wouldn’t 
pose restrictions for export oriented coal.

The Midwest is characterized by very high sulfur 
levels, mostly >3%. Low sulfur coal makes up less than 
2% of the reserves in Illinois, Indiana and West Kentucky 
(USBM, 1975). Limited reserves are found only along the 
Oklahoma/Arkansas border. Therefore the whole Midwest 
becomes a very unlikely source for exports to Germany and 
won’t be discussed further, in spite of sufficient heating 
values and other characteristics.

The sulfur content of Appalachian coal isn’t uniform 
and decreases from northwest and southeast. The sulfur 
level in Ohio coal is mostly 2-3% and Pennsylvania has 
bituminous coal reserves with 1-2% sulfur, while the low 
sulfur deposits are concentrated in eastern West Virginia, 
Virginia, eastern Kentucky and parts of Tennessee and 
Alabama.
Heating value (Appendix 5 )

The heating values of western coal vary strongly 
with coal rank. The large subbituminous coal fields of 
Wyoming, Montana and the Southwest have heating values 
below German requirements. Only the bituminous coals of the
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Uinta Region, Raton Mesa Region, Green River Region and 
small parts of other deposits will fulfill them.

The Appalachian coal is of exclusively bituminous 
rank with heating values above 11,000 Btu/lb. The heating 
values follow a pattern opposite the sulfur content 
and increase from Ohio (11,000-12,000 Btu/lb) towards the 
southern and eastern parts of the Appalachian province 
(>12,500 Btu/lb).
Grindability (Appendix 6 )

The grindability analyses showed a strong dependence 
on coal rank. The medium and low volatile coals in the 
eastern Appalachias have grindabilities > 60 Hardgrove 
while the higher volatile coals are harder. This is most 
obvious for parts of eastern Kentucky (<50 Hardgrove).
The same observation holds for the western bituminous coals. 
Most coal is below 60 Hardgrove and locally below the German 
limit of 50 Hardgrove (western Uinta Region). Exceptions 
are the small low volatile/anthracite deposits in Colorado.

For comparison with Ruhr coal the average grindability 
of US coals were plotted against volatile matter (Figure 2.2). 
Most higher volatile US coals are harder than comparable 
German ones but stay within the Ruhr coal range.
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Figure 2.2 Grindability of US coals.

Volatile matter (Appendix 7 )
The analyses confirmed the dominant position of high 

volatile ranks among the bituminous US coal deposits 
(Averitt, 1975). Substantial low and medium coal reserves 
occur only in the easternmost counties of the Appalachian 
basin. The coals in the central and western part of the 
eastern province exceed 30% volatile matter and rank as 
high volatile A and B .
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The cretaceous western coals are mostly high volatile 
B and C with >35% volatile matter. Average values exceed 
40% in the northern part of the Uinta Region and southern 
Wyoming (high volatile C).
Ash softening temperature (Appendix 8 )

The ash softening temperature was used as a standard 
indicator of the coal’s ash melting behavior and its 
compatibility with dry bottom boilers.

With the exception of most Ohio counties, northern 
West Virginia and the edge of Alabama’s Warrior Field most 
Appalachian coal has ash softening temperatures above 
2300°F. Coals with ash softening temperatures >2500oF , 
comparable to Ruhr coal, are found only in the eastern 
part of central Appalachia. In the western bituminous 
coal fields ash softening temperatures >2300°F prevail. 
Exceptions are the southwestern part of the Uinta Region and 
the Canon City Field.

Overall, the subbituminous coal deposits of the West, 
the Midwestern Coal Region, Ohio, most of Pennsylvania and 
northern West Virginia are unlikely coal sources for 
German consumers because they don’t match the requirements 
for either heating value, rank or sulfur content.
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Volatile matter, grindability and ash fusion behavior 
won't justify the elimination of coal from all export 
availability considerations. They will, however, affect 
its compatibility with a typical boiler and therefore 
its export likelihood. The survey showed that major coal- 
bearing areas exist in the US where bituminous coal meets 
German consumer specifications for the above named factors. 
The most suitable ones are the eastern part of the central 
Appalachias in West Virginia and Kentucky, the central 
Warrior Field in Alabama and some of the Uinta Region.
These coals are usually high volatile bituminous A (>35%), 
harder to grind than German coal and have medium or high 
melting ashes. The sulfur content ranges from .5% in the 
West up to 1.2% (1.5%) in the East. Other areas (e.g. 
southern Wyoming, northern Uinta Region) are on the border
line of acceptance because they don't meet all criteria.

2.2.3 The Role of Coal Preparation
No major beneficiation efforts after mining (aside 

from oversize prevention through coarse crushing) are 
required before marketing coal and the previous section 
implicitly assumed stability of coal properties from 
reserve in the ground to final consumer.
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Coal preparation beyond the initial stages can, however, 
decrease the level of coal impurities (mainly ash and 
sulfur) and subsequently raise heating content, volatile 
matter, ash melting temperature and Hardgrove. It will 
also decrease the variability of the coal’s characteristics. 
The coals’ preparation potential and the capacity of 
preparation plants could therefore affect the supply 
sources for export coal.

The USBM performed numerous washability tests of coal 
samples in the past (Deurbrook, 1972 ; Cavallaro, 1976).
The purpose of these tests is to determine the coal's 
amenability to improvements in quality. The results are 
the percentages of impurity removal at various stages of 
crushing and specific gravity fractioning. Fine crushing 
leads to a larger liberation of impurities while a lower 
float density yields a cleaner product (at higher Btu 
losses).

Results of washability tests at different separating 
densities are shown in Figure 2.3 for Appalachian coal.
In the North, the high organic sulfur content prevents 
the attainment of German sulfur requirements without major 
Btu losses and extensive crushing. No significant increase 
in reserve availability for export specifications can be
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expected from this area. In the southern Appalachias the 
low sulfur content are mostly unwashable, inorganic 
components of the coal matrix. Here physical coal prepara
tion will only reduce the sulfur variability.

In the Midwest even full preparation with large Btu 
losses wouldn't reduce the average sulfur content below 
2.5%. In the West preparation for sulfur removal purposes 
is largely unnecessary.

The potential for ash removal is considerable for 
most Appalachian coal. 50% ash reductions are possible 
at separating densities of 1.5 and crushing to -3/8".
For the West insufficient data are published but overall 
the composition of most coal beds should pose few constraints 
for ash removal.

Costs for coal preparation are approximately $1.20/ton 
for the crushing stage, $3.50/Ion for partial and $5.25/ton 
for intense cleaning (Bechtel, 1981). Btu losses can 
raise these costs substantially as long as the market for 
preparation rejects is limited.

Official statistics on coal preparation were dis
continued in 1978, thus no recent data are available.
Below the volumes for partially and totally cleaned coal 
in the 1970s are shown (Williams, 1981). The amount of
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processed coal decreased strongly while the yield went 
down with the increase of ultrafines and dilution from 
mechanized winning.

TABLE 2.2
Volume of Intensive Coal Preparation 
_____________ in the 1970s_____________

Year Underground Surface Mines Yield
_______ Mines_________ _____________________

  (Mtons ) % of total (Mtons) % of total %
1972 204.9 67.4 87.8 30.2 73.4
1975 179.4 61.9 87.6 26.6 71.4
1978 147.0 60.7 77.8 18.4 70.1

Today a substantial underutilized coal cleaning 
capacity of uncertain size exists. Table 2.3 gives two 
estimates.

With the exception of Tennessee and Colorado, virtually 
all present production could be handled by the present 
preparation capacity. Actual availability will be lower 
due to ownership, transportation and other constraints.
The trends in preparation volume are unclear, but German 
importers will prefer prepared coal of higher homogeneity.
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TABLE 2.3
Comparison of Estimated Coal Cleaning Capacity

State
# of 

Plants
Estimate^1)

Annual 
Capacity 
(1000 tons)

Est imate( 2 )
# of 

Plants
Annual 

Capacity 
(1000 tons)

Alabama 21 19,166 27 30,808
Kentucky 124 145,183 78 97,830
Pennsylvania 109 114,402 84 103,038
Tennessee 3 2,160 3 3,240
Virginia 58 58,290 46 54,460
West Virginia 188 217,736 173 211,960
Utah 17 21,481 9 13,861
Colorado 10 6,000 3 2,232
(1) Green, J . et al, 1982
(2) Keystone, 1981

2.3 Reserve Evaluation 
Limited reserve size of a coal deposit may indicate the 

pending depletion of the more easily accessible seams. The 
consequences can be either the development of new capacity 
under deeper, less favorable conditions or a regional 
decrease of production.

Difficulties in reserve evaluation arise from the 
criteria of reserve classification and from the estimating 
procedure. This section is therefore based consistently 
on the USBM classification system. Only the 'measured' 
and 'indicated' reserves were considered which form the 
'Demonstrated Reserve Base'. This includes mainly those 
coal beds >28" thickness and <1,000' overburden where rank,
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quality and quantity estimates within a 20% margin or 
reasonable geologic projections could be made (DOE,
1982d).

Major shortcomings of the USBM reserve data arise 
from the depth limitations and the use of outdated sources 
for reserve delineation (v.Rensburg, 1982). The depth 
restrictions eliminate deep Appalachian coal beds which 
are still shallow by German standards and are likely to 
become economically recoverable in the future. They also 
exclude most bituminous coal reserves in the West where 
mountainous terrain makes the overburden criterion mis
leading. The use of outdated historical reserve surveys, 
some dating back many decades, and adjustments for past 
production with standardized recovery factors (50% under
ground, 80% surface) will also provide misleading results.

Most reserve figures are therefore useful only as 
indicators for the magnitude of reserves which are recover
able without major deep mine development. They don't 
allow conclusions about physical coal availability in the 
future.

Only 75-90% of the surface mineable reserves (1980 
average 83%) and 30-65% of the underground reserves (1980 
average 63%) are expected to be recoverable with today’s 
mining techniques (DOE, 1982c).
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Calculation
County level USBM data for 'measured' and 'indicated' 

reserves in 1974 were used for the Appalachian part of the 
analysis (USBM, 1975). Adjustments to 1982 were made for 
each county based on recent production statistics and the 
underground/surface recovery rates in each state. Major 
new reserve discoveries within the 1000' depth limitation 
are unlikely in the Appalachias, a state level comparison 
with the 'demonstrated reserve base' of 1980 confirmed this. 
The only state with large changes in the reserve base was 
Alabama where deep seams below 1000' in the central Warrior 
Field entered the statistics (DOE, 1982d).

Misleading USBM data prevented county level calcula
tions in the West. Therefore estimates of other sources 
were compiled on a coal region level.

Results
The Appalachian coal province has bituminous coal 

reserves of approximately 105 billion tons at depths 
<1,000'. Their geographic distribution is shown in 
Figure 2.4 . Large reserves exist in

- the upper part of the Ohio coal field,
- the main bituminous field of Pennsylvania,
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- the eastern half of West Virginia,
- the eastern most part of Kentucky, and
- the central part of Alabama’s Warrior Field.
Areas with very limited reserves and therefore low

production potential are the minor coal fields of 
Pennsylvania, the western Appalachias in Kentucky, Tennessee 
and most of Alabama.

Similar reserve calculations, based on sulfur content, 
confirmed,both on a relative and absolute basis the dominance 
of low sulfur reserves in central Appalachia and Alabama 
(Appendix 9 ) (USBM, 1975).

The states in the Rocky Mountain region hold bitumin
ous coal reserves of 14-25 billion tons. They are listed 
by coal field in Table 2.4. The largest concentrations 
occur in the eastern and western Uinta Region, the Raton 
Region and southwest Utah. Limitations for production 
potential due to reserve size are unlikely. Nearly all 
of the reserves (except for southwest Utah) are low sulfur 
coal.
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TABLE 2.4 
Estimates for

Western Bituminous
Coal Field State

Raton/Trinidad CO/NM
Canon City CO
Northern San Juan CO/NM 
Eastern Uinta CO
Western Uinta UT
Southwest Utah UT
Rock Springs WY
Hanna WY
Hams Fork WY
(1) Boreck et al, 1979
(2) Fillmore, 1969
(3) Doelling, 1979
(4) Keystone, 1982

Coal Reserves (Mtons)
 _________ Est imates_________
USBM Other (sources)
2,170 5,381 1,2178 103 1540 1,354 1
2,775 2,986 1867 11,141 1
2,950 4,881 33,400 —  — -

39 390 4
1,049 —  —

2.4 Production Patterns of Bituminous Coal 
The present production capacity and future expansion 

plans can be used as further criteria for the likelihood 
of export coal availability.

While past and present production are historic facts, 
both the future production and capacity are subject to 
uncertain market and regulatory developments. This 
is reflected in the changes of the frequently published 
mine expansion surveys (e.g. Nielsen, 1982; DOE, 1981a; ICF, 
1980).
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2.4.1 Production and Capacity Development in the 
Appalachias__________________________________

Among the 205 coal bearing counties in the Appalachias 
only 146 produced enough coal in 1980 to be recorded by 
DOE (DOE, 1982c). Less than a third of them produced 
approximately 83% of the total output (Figure 2.5).
The three major production centers are northern Appalachia 
(eastern Ohio, northern West Virginia and parts of 
Pennsylvania), the tri-state corner of West Virginia, 
Virginia, and Kentucky, and the central Warrior Field in 
Alabama. The fringes of the Appalachian basin and 
the areas between the production centers are of minor 
importance (Appendix 10).
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Figure 2.5 Concentration of 1980 Appalachian Production 
(based on DOE statistics).
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The use of present production of an area as an 
indicator for continuous future production is valid, if 
a steady production pattern existed in the past and neither 
rapid reserve depletion nor major demand shifts are pending. 
Therefore, the records of the 52 largest coal producing 
counties were used to determine the extent of recent 
production trends in this province. Each county's relative 
share of the state’s production was calculated for 1970,
1975, 1978 and 1980 and compared with the averages of 
previous decades.

The analysis showed large changes of relative pro
duction shares on a county level. These fluctuations are 
leveled to ±5%, however, on a regional intra-state basis 
(except Kentucky). Overall, the small magnitude of rela
tive shifts supports the assumption of production continuity 
in areas with sufficient reserves.

On a state level both Kentucky and Alabama gained 
strongly over the last decade while Ohio and West Virginia 
decreased in relative importance.

Capacity development
Mine expansion plans change, as mentioned before, 

with economic expectations. The voluntary nature of
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surveys will also affect their accuracy. A 1980 expansion 
survey was chosen as source because the optimistic attitude 
in this coal boom year probably compensated partly for 
the incompleteness of data (Nielsen, 1982). It is very 
doubtful, however, that only the 82 responding companies 
had larger expansion plans in 1980. Figure 2.6 shows the 
cumulative new Appalachian capacity and illustrates the 
importance of the province's central part.

Scheduled annual capacity additions of 20-25 Mtons 
were planned for the years beyond 1980. The curve flattens 
3-4 years ahead, an indication of generally limited 
planning horizons or the unwillingness to provide informa
tion beyond that time. Capacity surveys with other base 
years showed similar characteristics. Most of the new 
capacity will be in counties with large present production. 
Hardly any expansion plans were listed for counties with 
little or no present production.

Part of the new capacity will be necessary as replace
ment for reserve exhaustion at existing mines. An annual 
capacity decrease of 5% through closure of old plants has 
been estimated for established mining areas in this province 
(Price, 1977). That would require annual capacity additions 
of 20-25 Mtons to maintain present production levels, 
i.e. most of the expansion volume.
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Excess capacity at existing facilities is a further 
component in all capacity considerations. Even in 1980 
the utilization of Appalachian coal mines averaged only 
90.5% (DOE, 1982c). Based on the differing rates for the 
individual states an excess capacity of 55 Mtons was 
calculated for 1980. At present market conditions the 
number will be much higher. This confirms the NCA's 
claim of 100 Mtons national production overcapacity.

Several coal projections were checked to verify the 
previous assumptions about future production potential 
(e.g. NCA, 1982; DOE, 1982e). They were inconclusive, 
however, about the magnitude of the expected overall 
growth and whether it will take place in northern or 
rather central Appalachia. In all cases a stabilization 
or decrease of the production volume in the southern part 
was expected.

2.4.2 Production and Capacity Development in the West
Western bituminous coal production grew strongly 

during the last decade (Table 2.5). Most of this growth 
can be attributed to the Uinta Region of Colorado/Utah, 
where production tripled from 6.71 Mtons in 1970 to 
19.99 Mtons in 1980.
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TABLE 2.5
Bituminous Coal Production in the West (Mtons)

State 1970 1975 1980
Colorado 2,980 3,207 12,433
New Mexico 1,000 1,200 1,499
Utah 4,733 6,961 13,263
Wyoming 120 436 1,169

8,833 11,804 28,364

The rapid changes of western production patterns 
don't allow conclusions from past production. Expansion 
plans were therefore used as major criterion for future 
export coal availability. The data are taken from DOE's 
Western Coal Survey 1980 (DOE, 1981a) (Table 2.6).

Major capacity expansions are planned for the Uinta 
region and for the coal fields of southwest Utah which 
have no present production and where environmental re
strictions make large-scale mining doubtful. Actual 
production levels may be somewhat lower than planned 
capacity due to market development.

Most future coal production in Wyoming and the southern 
coal fields is contracted already and thus not available 
for new customers. Unless present contracts change, the
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TABLE 2.6
Expansion Plans for 

Western Bituminous Coal (Mtons)
Coal Region 1985 1990 1995

1 2 1 2 1 2
Raton/Trinidad 2.5 2.5 2.5 4.5 2.5 4.5
San Juan 4.0 4.0 3.2 8.4 3.2 11.1
Uinta
(Utah) 12.3 12.3 13.5 34.0 15.0 44.0
(Colorado) 7.3 7.3 8.4 15.6 7.9 20.6

Southwest Utah 0 0 1.3 1.9 11.4 12.0
Green River 1.1 1.1 2.7 3.8 2.7 5.8

Total 27.2 27.2 31.6 68.2 42.7 86.0
1 contracted
2 total

Uinta region will be the prime source for still uncommitted 
coal and thus of major relevance for export customers.

2.5 Conclusions 
As long as German steam coal consumers rely predom

inantly on German coal supplies, the characteristics of 
domestic sources will set the standards and expectations 
for import qualities. The most desired import qualities 
will be bituminous coal with high heating values, low 
sulfur and limited ash content, suitability for dry bottom 
boilers and strong product homogeneity. Regulations for
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SOg-emissions will in most cases prevent the use of coal 
with a sulfur content >1.2%.

These quality requirements can be matched by coals 
from the Central Appalachias (West Virginia, Kentucky), 
parts of the bituminous deposits in Alabama and of the 
western coal province. Most supplies from these areas will 
be high volatile bituminous coal in the upper part of the 
acceptable quality range. Only limited reserves along 
the eastern rim of the Appalachias would match the 
average of the Ruhr deposit, the dominant German coal 
source. The subbituminous reserves in the West and the 
high sulfur coal deposits of Midwest and northern Appalachias 
remain unlikely German supply sources in the foreseeable 
future. The limited potential of sulfur reduction through 
physical coal preparation, along with the past trend 
towards more unprepared coal, won’t change this.

The reserve size of the likely supply regions depends 
largely on the classification criteria. DOE's 'Demonstrated 
Reserve Base’ shows that the central Appalachias have large 
reserves at depths <1,000' while the shallow reserves 
of the southern part of this province are limited. In 
the West the divergence of USBM and other surveys' data 
don't allow estimates of exact reserve size. Physical
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coal availability will, however, be an unlikely constraint 
to increased production, especially in the Uinta Region.

Stability and a strong regional concentration of 
production allow the conclusion that present production 
centers in the Appalachias will continue as major coal 
sources in the future. Surveys of new capacity expansion 
plans indicate that most of the new capacity will be in 
the central and northern part of the region in areas with 
strong present mining activities. Most of it will be 
replacement investments. The rapid capacity growth of 
western bituminous coal, especially in the Uinta region, 
indicates the availability of large amounts of yet uncom
mitted coal which could enter the export market.

Overall, the central Appalachias and parts of the 
Uinta Region and Alabama are the most likely sources for 
German coal supplies under the criteria of this chapter.
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3. ECONOMIC EVALUATION OF COAL FROM 
VARIOUS SUPPLY REGIONS______

The screening process in the last chapter reduced the 
likely US supply regions for German steam coal consumers 
to parts of the central/southern Appalachias and of the 
bituminous western coal fields. It didn't, however, 
attempt to evaluate the economic attractiveness of coal 
from these regions.

The purpose of this chapter is an assessment of the 
economic costs for the coal from the various US sources 
at mine mouth. In a balanced market these costs will 
depend strongly on the production costs including a normal 
rate of return. Actual supply prices may deviate due 
to market imbalances, quality dependent price differ
entiation in the US and the interaction between the various 
markets for US coal.

The chapter will analyze the mining conditions and 
costs in the bituminous coal fields of the Appalachias and 
the West and compare them with the present mine mouth 
prices. The costs will then be adjusted with quality 
corrections to reflect the coal's attractiveness from a 
consumers' perspective and compared with the results of 
an empirical, quality based pricing model for the US steam
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coal market. The final section will investigate the affects 
of purchase trends by US utilities and of the metallurgical 
coal market on the conditions of export steam coal avail
ability .

3.1 Supply Prices Based on Production Costs 
Production costs are valid tools for price prediction 

where price setting is mostly cost dependent. This holds 
for the German coal industry where production costs can 
be passed on to the major consumers under legally sanctioned 
contract terms. The same is assumed by most authors for 
price formation in this country.

Cost based price models are built on the conditions
of a competitive market in the long run where the marginal 
new producer will determine the price and where supply is 
elastic to price changes. If the production conditions 
are rather homogeneous, then the costs of the typical mine
become an approximation to the mine mouth price.

Based on these assumptions numerous price prediction 
models have been built. They either construct a typical 
mine for a supply area and determine its costs by engineer
ing estimates or derive statistical relationships between 
geologic conditions and actual costs. Examples of the first 
type would be DOE's 'model mines' or the coal mining cost
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models of NUS Corp. (Duda, 1978 ; Berkshire, 1979 ; NUS,
1977). The second approach is less common (e.g. Zimmerman, 
1981), mostly due to insufficient statistical data.

Shortcomings of solely cost based pricing models are 
their explanatory weaknesses in stages of frequent short 
run market equilibria, their complexity in areas with 
heterogeneous production conditions, and their disregard 
of quality based price differentiations.

In the short and medium run, major deviations from the 
assumed market balance will occur. The coal industry, 
in particular, has traditionally been plagued by chronic 
overcapacity. Short run demand surges have been followed 
by extended periods of excess capacity. In the last years 
coal companies made provision for or implemented capacity 
increases in anticipation of demand and price increases 
which from today's perspective will exceed the actual 
growth. The resulting deviations of contract prices from 
costs for ’typical new mines’ can be substantial.

Production costs for the likely export supply areas 
can therefore be used only as a base approximation to mine 
mouth prices and will be described without the extensive 
details of technical studies.
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3.1.1 Production Conditions and Costs
Coal reserves aren’t uniformly distributed according 

to those seam characteristics (mainly depth of overburden, 
seam thickness and gradient) which influence mine type and 
size, applied production techniques and subsequently the 
production costs.

Depending on the depth of cover and the overburden 
ratio either surface or underground mining techniques 
can be applied. The cutoff surface mine depth in 
the US is presently about 200 feet and increasing.
Surface mining usually enjoys a cost advantage due to 
fewer production constraints and higher mechanization 
potential. Thus the overall mine mouth price ratio for 
surface to underground US coal production is 1:1.8 in the 
US (1:1.25 in the Appalachias) (DOE, 1982c).

The specific surface mining techniques depend on seam 
thickness, gradient and the topography. Relatively flat 
topography and small seam gradients allow area strip 
mining with large draglines/bucket wheel excavators. 
Mountainous terrain leads to contour mining along the 
outcroppings of the seam or to mountain top removal where 
possible. Here the production units are usually smaller 
and conventional earth moving equipment is used.
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Underground mines can be either drift or slope mines 
if the deposit is shallow or accessible from the outcroppings. 
Deep deposits require either long drifts or shafts as mine 
access. The mining and haulage systems (conventional, 
continuous, longwall; belt vs. track haulage) depend 
largely on roof and floor conditions, potential gas emis
sions, seam height and faulting.

Auger mining is an extension of contour mining beyond 
the cutoff overburden ratio. Large diameter boreholes, 
drilled up to 200 feet into the seam outcrops, give a 
partial recovery of additional coal. This technique is 
applied in parts of the Appalachias and has limited overall 
importance.

Central/southern Appalachias
The Appalachias are characterized by multi-seam strata 

of moderate depth, limited seam thickness, little faulting, 
low gradients and partial seam exposure due to erosion.
Average seam thickness isn't recorded on a disaggregated 
basis but the seam distribution for the 1980 coal production 
gives an approximation to prevailing seam thicknessses 
(DOE, 1982c). Most Appalachian coal is mined in seams 
from 36"-72" with large seams mined more in the North. 
Frequency maxima are 49-60’ for coal from underground and 
25-48' for coal from surface operations.
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Partial surface erosion and varying seam depths allow 
both surface and underground mining. Underground operations 
are accessed mostly from drift or slope mines, a few shaft 
mines exist in Virginia and new ones are being constructed 
in Alabama. Continuous mining (66%) is the major production 
technique, the rest being produced mainly through con
ventional (25%) or longwall mining (5%). Surface mines 
apply mostly contour mining along the seam outcrops and 
increasingly mountain top removal for higher recovery where 
the topography allows it.

The overall share of surface mining gained from 
30.1% in 1970 to 36.9% in 1980 for central/southern 
Appalachia and accounted for 75% of the decade’s production 
increase. Most of this occurred in East Kentucky. Table 3.1 
shows production, reserves, productivity and prices for 
the region.

Surface mines operate at both a much higher labor 
efficiency and lower costs than underground mines in spite 
of lower seam thicknesses mined. In addition, contour 
mining allows for adjustment of operating costs by varying 
the cutoff overburden ratio. In a regionalized market 
surface mine operators can mine to higher overburden 
ratios in states with high underground mining costs and
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still be competitive. This is evident for high priced 
Alabama and low priced East Kentucky (average overburden 
ratios of 32:1 vs. 12.5:1 in 1978) and applies especially 
to the many small operators of this region.

Major cost factors in underground mining are
- depletion effects which cause a move 

into deeper or less favorable deposits 
with higher operating and capital costs.
The new deep mines development in Alabama 
is an example.

- labor costs and relations. The decrease of 
productivity by nearly one half due mainly
to new regulations and a generation change of 
the work force increased the labor costs to 
approximately 45% of total costs (Gordon,
1981). They rise overproportionately where 
thin seams are mined. A high level of 
unionization in West Virginia (87.1%) and 
Alabama (77.6%) has additional impact on 
labor costs and the possibility of industrial 
disputes in these states.

- equipment costs. The costs of mining equip
ment have risen overproportionately in the
last decade. Large new equipment (e.g. longwall)
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with better productivity becomes increas
ingly unaffordable for small operators in 
an uncertain market.

- dilution in production. Bad roof conditions 
and seam impurities may reduce the quantity 
of saleable coal largely below the mined 
raw coal volume. The dilution related costs 
can largely exceed the actual preparation 
costs (Bechtel, 1981).

Cost development in surface mines depends on
- the development of overburden ratios 

which is mainly a function of the market.
- environmental regulations. Additional 

costs of up to $ll/ton are incurred at 
central Appalachian mines under the Surface 
Mine Act of 1978, mainly for topsoil handling 
and reclamation (Consol, 1980).

Actual costs fluctuate largely with these factors, 
the resulting labor productivity and capital costs. Cost 
breakdowns for new underground mines in western Pennsylvania 
(mine A with 13.65 tons/man-day) and West Virginia (mine B 
with 8.25 tons/man-day) would be (Gordon, 1981 ; escalated 
to 1982):
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Mine A Mine B
Capital costs 
at 20%

Direct wages 
Indirect labor and 
administration 

Fuel and supplies 
Local taxes and 
insurance

12.65$/ton 
10.75$/ton
4 .69$/ton 
6.92$/ton
.70$/ton

16.93$/ton 
13.45$/ton
8.63$/ton 
3.26$/ton
.70$/ton

Total costs 35.71$/ton 42.94$/ton

Table 3.2 shows a list of ’required prices’ for 
steam coal from new mines which was excerpted mostly from 
a 1980 survey and adjusted to 1982 (Gordon, 1981 ; ICF,
1981).

TABLE 3.2
Coal Company Estimates of Required 1982 

Selling Prices for New Coal Mines
Region

South 
West Virginia 

East Kentucky 
East Kentucky 
East Kentucky 
East Kentucky
Virginia
Virginia
Alabama

Type of Mine

underground/ 
prepared 

underground 
shaft mine 
mountain top 
mountain top/ 
prepared 

underground/ 
non union 

underground/ 
union 

underground/ 
prepared

Required Price 
($/ton)

37-39 
38 
40 
32 
37

38-40 
42-43

53
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The spread is due to differences in mine type and coal 
treatment. Except for Alabama, however, the cost range 
for prepared underground steam coal from central/ southern 
Appalachia should be $37-42/ton, with surface production 
$5-7/ton lower. These figures would be the price setters 
for long term contract prices in a balanced market.
Actual mine mouth prices (including metallurgical coal) are 
3-5$/ton lower and confirm the previous statements about 
temporary market imbalances.

Cost trends depend largely on the development of 
labor productivity which has stabilized after the decline 
of the 1970s, on possible revisions of the Surface Mining 
Act and on a possible domestic demand shift to low sulfur 
reserves with subsequent scarcity effects. According 
to planned and potential expansion plans, 77.4% of the new 
capacity in this region will be underground. The trend 
towards surface mining won't continue, at least among the 
large producers (Nielsen, 1982).

Western bituminous fields
The western bituminous coal fields are characterized 

by high overburden due to mountainous terrain, greater 
seam thickness and partial seam pitching. Surface 
mineable reserves are limited and mining is mostly underground



T2707 57

by relatively large drift mines (Table 3.3). Exceptions 
are the large surface mines in Northern Colorado’s Yampa 
River Field (high volatile C coal). The dominance of 
underground production will increase in the future with 
80% of the planned and potential new capacity in Colorado/ 
Utah underground (ICF, 1980).

TABLE 3.3
Characteristics of Bituminous Coal Fields

in the West
State Demonstrated Production Mine Mouth

Reserves 1980 Prices 1980
(Mtons)(*) (Mtons) ($/ton)
1 2 1 2 1 2

Colorado 8,444 662 6.17 6.26 27.24 16.43
New Mexico 1,254 588 .91 .59 n . a. n.a.
Utah 6,232 268 13.26 25.63 —  —

Wyoming 3,904 577 .94 .23 n . a. n.a.

Total 19,834 2,095 21.27 7.08
1 = underground
2 = surface
(*) DOE’s reserve definitions exclude most 

of the western underground reserves.

The mines are relatively new which is reflected both 
in work force age and equipment standards. They are above 
average in size (69% of production from mines >500,000 tons/ 
year), achieve a higher productivity than eastern underground
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mines (1.57 tons/man-hour vs. 1.13), and have less production 
losses to industrial disputes (229 work days in 1980 vs.
202 for eastern underground mines). In the domestic 
utility market these mines have to compete against the low 
cost surface mines of the West.

No exact cost data for western underground steam 
coal operations are available. Operating costs of $15/ton 
for western Colorado and $19/ton for central Utah were 
considered representative by a consulting firm in Denver. 
According to another source $25 and $27/ton would be the 
required prices for western Colorado and Utah steam coal 
to ensure reasonable rates of return. The costs at 
metallurgical coal mines are considerably higher and 
shift the overall average upward.

Mineral severance taxes might become a larger cost 
factor for production from these states. They presently 
apply mostly to Wyoming and Montana and have little effect 
on coal from the large bituminous fields (e.g. 30c/ton 
for underground coal in Colorado) (WESTPO, 1982).

The production costs are projected to rise at the 
industry average. No depletion effects in the near 
future or excessive reclamation costs are expected. Addi
tional capital and operating costs will occur only if an
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increasing proportion of the output will be produced 
from pitching seams.

3.2 Quality Dependent Supply Price Evaluation From 
 an Importer's Perspective______________

Coal doesn't enter the market as a uniform product, 
analogous to standardized metal concentrations. Neither 
production conditions nor costs, however, are directly 
related to specific coal qualities (with the partial ex
ception of preparation costs). From a consumer's perspective, 
this makes a quality dependent adjustment of supply prices 
necessary for evaluation and comparison of sources, 
although it has little effect on actual price formation in 
the US steam coal market. The main purposes of this 
section are therefore to determine acceptable supply prices 
through adjustments of the coal regions' average prices 
and to distinguish between supply areas of higher/lower 
relative attractiveness.

No standardized quality evaluation method exists , 
but two evaluation approaches are considered suitable here 
from an importer's perspective :

- Mining companies acting as importing agents 
would apply their internal evaluation 
criteria.
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- Consumers, i.e. mainly utilities, would 
be oriented solely towards quality 
related costs of the fuels.

The second form will be emphasized and only quality 
deviations within the feasible range around the ideal 
specificiations will be covered. Major quality deviations 
don’t lend themselves to a generally applicable evaluation 
and led already to the elimination of various supply 
regions.

3.2.1 Internal Evaluation by German Coal Companies
German mining companies are expected to have a 

dominant role as importing agents in the future. Their 
internal evaluation of coal quality could gain importance

- if it is applied in the evaluation of 
investments of German mining companies 
in the US,

- if it indicates trends in the contract 
price formulas between German consumers 
and their suppliers, or

- if it is applied to evaluate those coals 
which are blended by German coal companies 
with their domestic production.
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The internal evaluation of Ruhrkohle AG and other 
coal companies for prepared steam coal incorporates a 
reference price and correctives for volatile matter, 
sulfur content, heating value, and ash/water deviations 
(Ruhrkohle AG, 1982). A reference coal without penalties 
would have the following properties (Table 3.4).

TABLE 3.4 
Reference Qualities for Evaluation

Higher heating value (Btu/lb) 12,780
Volatile matter content (%) 30
Ash content (%) 6.65
Moisture content (%) 9.20
Sulfur content (%) 1.00
Mine mouth price (7/82) DM/lgt 225
Mine mouth price (7/82) $/ton 85

Despite some arbitrary elements for penalizing the 
ash/moisture content, the Ruhrkohle AG internal evaluation 
approaches the aim of a comprehensive evaluation scheme. 
The high base price reflects the level of German mining 
costs.

Within this evaluation scheme typical US steam coal 
deliveries would have the following relative values 
(reference quality = 100%, Table 3.5).
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TABLE 3.5
Relative Values of US Coals by 

German Mining Companies' Standards
Northern Appalachia
(Ohio) 76. 3%

Northern Appalachia
(Pennsylvania) 83.5%

Northern Appalachia
(northern West Virginia) 84.1%

Central Appalachia
(southern West Virginia) 89.0%

Central Appalachia
(East Kentucky) 92.4%

Central Appalachia
(Virginia) 91.1%

Southern Appalachia
(Alabama) 84.7%

Central Utah 92.5%

These percentages show the quality divergence between 
different sources. They can be used to determine the com
petitiveness of import vs. German coal fas consumer.

The external evaluation of German coal traded 
presently between producer and utilities is based solely 
on the heating value. Slight modifications reflect heating 
value changes due to volatile matter content.

3.2.2 Cost Based Evaluation
A cost based evaluation has to reflect both the 

available heating value of the coal and the additional 
costs of utilizing less than optimal fuel. The use of
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this evaluation in actual price determination would require 
market conditions where the consumer can pass the costs of 
lower quality supplies back to the producer via price 
reductions. From an importer’s perspective it would be 
the most rational and desirable evaluation method. It 
could also be a logical extension of the present trend 
towards long term contract arrangements on a cost plus 
basis.

Quality dependent costs of steam coal and resulting 
premiums/penalties are discussed below for ash/moisture 
content, sulfur content, and grindability of the coal.
Since the coal will be used predominantly for combustion, 
a linear relationship between costs and heating value is 
implicitly assumed, analogous to contract price quotations 
in ç/MMBtu.

Ash/moisture content
An increase of the ash/moisture content causes both 

decreases of the coal's heating value and additional fixed 
and variable costs for boiler operation.

Fixed additional costs result mainly from the necessity 
for larger investments to match projected capacity and 
anticipated heating content of the input fuel (Hampel,
1982).
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Variable costs depend more on the actual rather than 
the projected ash/moisture level and originate from 
(Blackmore, 1980; Phillips et al, 1980).

- higher internal electric consumption,
- heat losses with the slag and decreasing 

thermal efficiency,
- lower availability of the power plant on 

an annual basis,
- increased maintenance costs,
- costs for ash disposal and process water.
Recently the ratio between fixed and variable costs

has been estimated at about 1:3 for German power plants 
(Kubitza, 1982).

The 'attributable heat content’ will be used here for 
evaluation calculations. This considers both the ash/ 
moisture dependent boiler efficiency and operating costs 
(Hampel, 1982). Beginning with an ash/moisture content 
of 14% first a slow, then a rapid decrease of heating 
content dependent ’value' of the coal can be expected 
(Figure 3.1). This 'value' decrease will accelerate, if 
the coal has unfavorable ash properties (i.e. high slagging/ 
fouling indices).
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Figure 3.1 Attributable Heat Content (Hampel, 1982).

Other methods which are presently applied in Germany 
for the evaluation of high ash/moisture coal are based 
on outdated technical assumptions.

Sulfur related costs
Both in past and present, the sulfur related costs 

haven't been part of steam coal price determination (as 
they have been for heating oil). Given their increasing 
levels under tightening environmental restrictions, cost
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dependent sulfur premiums/penalties could become very 
common in the future.

Sulfur reduction can be achieved through the following
measures or a combination thereof

- selective mining (in the extreme the 
elimination of whole coal fields),

- sulfur reduction prior to combustion 
(coal preparation),

- sulfur elimination after combustion 
(flue gas desulfurization).

The first option was used in the screening process.
It should be used only where a sulfur reduction to a 
legally prescribed level is either technically impossible 
or uneconomic. Its costs are infinite because of the coal's
lacking market value for the customer.

Coal preparation
The costs and effectiveness of desulfurization through 

coal preparation depend largely on the composition and dis
tribution of sulfur in the raw coal and the level to which 
the coal matrix must be broken up to liberate it. They 
rise exponentially with size reduction due to increased 
power consumption, coal losses with the refuse and drying 
expenses after the sulfur elimination (DOC, 1978).
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German studies in 1979 showed preparation costs of 
1,000-3,500 DM/ton of sulfur depending on the size reduction 
(v.d.Gathen, 1979). These costs are roughly equivalent 
to $10/ton for 1% sulfur reduction (at crushing to <3mm) 
and thus well beyond the Ruhrkohle AG interval sulfur 
penalties of $3.50/ton for each % of sulfur (Figure 3.2). 
They could be applied where washability curves indicate 
a sulfur reduction to German reference level without major 
Btu losses (Deurbrook, .1972) but won’t be used here be
cause presently no precombustion preparation of coal takes 
place after importing.

•o 3000

/ / / / / [ / / / /  
flue gas desulfurization

2000
coal preparation

1000

0 330
upper grain size (mm)

Figure 3.2 Desulfurization Costs (v.d. Gathen, 1979).
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Flue gas desulfurization
New German power plants require desulfurization of at 

least a partial flue gas volume, with similar measures pend
ing for existing power plants. Otherwise, neither German 
nor most import coal could comply with new air standards.

Flue gas desulfurization doesn't depend on sulfur com
position in the coal or on coal treatment prior to combustion. 
Its costs are influenced mainly by the processed flue gas 
volume, by the sulfur amount in the coal and the required 
removal efficiency. Efficiencies beyond 80-85% would require 
several consecutive processing stages (Trisko, 1982).

The costs of this technology vary widely with the 
applied techniques and the operating conditions. Diminish
ing rates of return occur the lower the input sulfur level 
and the higher the required sulfur removal percentage are.
For evaluation, various German and American quotes were 
converted to a $/ton of removed sulfur basis (e.g. Pacer 
et al, 1982; v.d. Gathen, 1979; CBO, 1982). This led to 
approximate total sulfur reduction costs of $1400/ton of 
sulfur, equivalent to $14/% of sulfur deviation from 
standard (for coals <2% sulfur).

Grindability
The grindability of coal influences the capital and 

operating costs of pulverization prior to combustion. It 
depends on the coal’s hardness and is related to its ash
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corrosiveness. High grinding costs arise, if 
strong deviations from German coal of the same rank 
require the purchase of additional grinding equipment.

No exact relationship exists, however, between the 
grindability index and the costs of coal utilization.
For this evaluation it is assumed that the costs of coal
pulverization at a power plant are 27% higher at 45
Hardgrove than at 90 Hardgrove (Marcus, 1981). In 
most cases the resulting penalty is a small amount.

Calculât ion
Based on typical 'as received’ USBM analyses, 

premiums/penalties were calculated on a county level for 
deviations from the reference specifications (see Table 3.3). 
These were added/subtracted as adjustments for the average 
mine mouth prices of bituminous coal in the different 
coal provinces. The resulting values were then compared 
with the actual mine mouth prices for each county. A 
positive difference, i.e. actual prices below the adjusted 
values, would indicate attractiveness from a consumer’s 
perspective, and vice versa.

All figures are based on 1980 figures adjusted to 1982
with the Producer Price Index for coal.
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Results
In the Appalachias the actual mine mouth prices are 

highest along the eastern edge of the basin. Prices 
reach levels above $45/ton in Virginia, southern West 
Virginia, northern Alabama and parts of Pennsylvania 
(Appendix 11 ). Lower prices prevail in most of Kentucky 
and Tennessee, in Ohio and northern West Virginia.

In the West the price of coal is lower, averaging 
about $27/ton. This was calculated from data for Colorado 
and Utah which make up more than 90% of the western bitumin
ous coal production. Data from the other states was 
proprietory due to the limited number of operators.

The difference between eastern and western production 
decreases when quality adjusted values for the 2 provinces 
instead of prices are used, mainly due to the large sulfur 
premiums/penalties which entered the calculations. Even 
excluding the high sulfur deposits of Ohio, the mine mouth 
prices of average Appalachian coal would receive penalties. 
Western coal would at the same time gain $5.60/ton in 
value (Table 3.6).
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TABLE 3.6
Comparison of Mine Mouth Prices 

With Quality Adjusted 'Values' ($/ton)
State Price

1980

Price

4/1982

Quality 
Adjusted 
’Value’ 
4/1982

Alabama 37.01 42.15 38.37
East Kentucky 28.73 32.73 37.19
Maryland 28.47 32.42 34.49
Ohio 27.82 31.69 not

meaningful
Pennsylvania 30.34 34.56 26.25
Tennessee 27.54 31.37 32.96
Virginia 34.58 39.39 42.17
West Virginia 34.88 39.73 31.37

Appalachia 31.87 36.30 33.46

Colorado 22.17 25.25 29.78
Utah 25.63 29.20 35.48

West 23.78 27.09 32.72

On a county level the results show the attractiveness 
of various areas in the Appalachias (Appendix 12). The 
higher price of some areas are compensated only partially 
by adjustments due to higher quality. In spite of premiums 
for lower sulfur content, the actual price for coal from 
Alabama and southern West Virginia is still higher than the 
quality adjusted one. For Ohio, northern West Virginia and 
parts of Pennsylvania the sulfur penalties reduce the 1 value’ 
largely below actual prices.
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From a quality conscious consumer’s perspective and 
with regard to the reserve conditions, the coal from 
East Kentucky, central West Virginia and selected counties 
in Pennsylvania and Alabama would be most attractive. They 
combine good quality with acceptable prices and have sub
stantial reserves at depths <1,000’. Acceptable reserves 
and low prices make other parts of Alabama and Pennsylvania 
attractive, too. Here shallow reserves are limited, how
ever, and could lead to overproportionate rises of future 
costs and prices.

In the West the quality adjusted 'values' reflect the 
potential savings of emission control expenditures ($1-6 /ton 
compared to reference sulfur content). Under the criteria 
of this evaluation, most western bituminous coal would thus 
be attractive on a mine mouth basis, in addition to lower 
mine mouth prices than in the East. The lack of price 
data beyond state level prevented a more detailed evaluation.

3.3 Quality Dependent Price Differentiation in the US 
German steam coal import specifications differ 

strongly from average characteristics of coal deliveries 
to American utilities, mainly in sulfur and heating content.
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Sulfur Heating Value 
(%) (Btu/lb)

US steam coal 
(average 4/82) 1.6 10,700

Appalachian 
steam coal (1980) 1.74 12,050

German import 
specifications 
(ideal) < 1.1 >12,500

Quality dependent price differentiation in the US 
steam coal market would therefore be a major concern for 
high quality export coal customers. This does not refer 
to arbitrary contract clauses which merely enforce an 
adherence to the negotiated specifications (e.g. the quotes 
for ash/sulfur penalties in Coal Week).

The production costs of coal are practically unrelated 
to raw coal quality. A quality dependent economic rent 
could therefore be charged by producers as long as regulatory 
externalities exist and major consumers with existing 
capital installations are limited in their purchase 
flexibility.

According to coal traders and existing contracts, 
no quality criteria besides heating value establish price 
differences on a general basis. This applies both to 
American and to German utilities’ deliveries. Frequently,
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it has been charged, however, that large sulfur and other 
premiums affect coal prices. For example, a 55c/MMBtu 
price differential (35% premium) existed for low sulfur vs. 
high sulfur coal delivered to the 15 largest power plants 
in the eastern US in April 1982 (Trisko, 1982). Quotes in 
trade magazines for high vs. low sulfur coal and a study 
by the Congressional Budget Office indicate the same 
(CBO, 1982).

Quality rents are difficult to assess and may change 
with market conditions. Nevertheless, the extent of price 
deviations for ash, sulfur and heating value can be analyzed 
at various regional and functional disaggregation levels 
and used for modeling of pricing characteristics. These 
models are solely price dependent and don’t incorporate 
production costs.

Winter and Green recently derived a linear short run 
projection model for contract purchases (Winter, et al,
1982).

P=-30.79+.014X1-11.07X2-.006X3+6.98X4+13.3X5

where
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P = price (c/MMBtu),
XI = Btu content (Btu/lb),
X2 = sulfur content (%),
X3 = size of shipment (Mtons),
X4 = projection period into future 

(1980=1),
X5 = dummy variable for number of UMW 

contracts in projection period.
This was based on the nationwide purchase patterns 

in the utility sector over the last decade and covers 
80-90% of the utility coal consumption. A corresponding 
price projection model for spot purchases emphasizes 
impending or past labor negotiations.

The model formulation is plausible because most 
utility supply contracts include a base price for certain 
quality specifications and escalation clauses tied to 
inflation indices and the terms of labor agreements.

The contract price model suggests that both Btu and 
sulfur content influence the price of utility coal linearly 
on a c/MMBtu basis (i.e. nearly linear on a $/ton basis). 
That is illustrated in Figure 3.3. Within the feasible 
region of this study (10,500-13,000 Btu/lb) the price 
changes due to sulfur and Btu would be
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U.S. STEAM COAL CONTRACT PRICES
(Winter et al, 1982 )

% sulfur
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Figure 3.3 US Steam Coal Contract Prices 1982.
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A 1,000 Btu/lb —  $/ton 2.94-3.64
A 1% sulfur —  $/ton 2.66
Both Btu and sulfur content are significant factors 

for price determination in the utility market. The in
fluence of sulfur content is, however, well below the 
numbers cited above. Remarkable is the strong influence 
of UMW contract terms on the price development.

The 1982 mine mouth prices would be $38.24/ton 
(153Ç/MMBtu) for German reference quality and $26.14/ton 
(122£/MMBtu) for typical US steam coal.

The limitations of this market demand oriented 
modeling approach arise from its sole dependence on historic 
data and its decreasing explanatory power upon disaggrega
tion below national level (Michelsen, et al, 1982).

When plotted against sulfur content, large fluctua
tions of delivered coal prices occurred on a state level 
(Figure 3.4 ), but the underlying trends were relatively 
small for coals with lower sulfur content. The fluctua
tions would probably increase if the levelizing domestic 
transportation costs were subtracted.

It is likely that the previously described price 
model actually reflects the production costs of various 
unrelated sources of distinctively different qualities 
(i.e. low cost/low Btu Texas lignite vs. high cost/high
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COST OF DELIVERED STEAM COAL vs. SULFUR CONTENT-I960
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Figure 3.4 Cost of Delivered Steam Coal vs. Sulfur Content 
1980.
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Btu bituminous Appalachian coal) while quality dependent 
price effects are limited to a supplementary role.

The initially cited 'sulfurr and other premiums are 
thus largely caused by varying production costs in the 
relevant mining districts and only to a smaller amount 
an inherent quality rent. There are no supply models, 
however, which explicitly consider both of these price 
components.

3.4 Assessment of Other Market Factors
This chapter has thus far looked at evaluation con

cepts on the basis of present price and market conditions 
for steam coal. The final section will cover two areas of 
significant influence for the price development and 
availability of high quality export coal

- the purchase trends within the domestic 
US steam coal market, and

- the role of the metallurgical coal 
market.

3.4.1 Purchase Trends in the Utility Market
The purchases of US utilities aren't identical with 

the quality distributions of US coal reserves (as derived 
from USBM files). For purposes of comparison,
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Table 3.7 shows the qualities of 1980’s utility purchases 
and of the coal reserves for various states.

TABLE 3.7
Comparison of Average Analysis for US 

Bituminous Coal Reserves and Utility Purchases 1980
Region of 

Origin
Sulfur

(%)
Ash
(%)

Btu/lb Mois
ture
(%)1 2 1 2 1 2 1 2

Pennsylvania 1.80 1.91 9.7 13.1 13,280 12,076 3.2 8.1
Ohio 2.80 3.06 10.1 13.6 12,070 11,338 6.4 8.3
Maryland 1.30 1.80 9.3 14.3 13,680 12,236 2.7 7.3
West Virginia 1.50 1.88 8.2 11.9 13,540 12,210 2.9 8.3
East Kentucky 1.00 1.07 7.2 11.0 13,110 12,191 4.5 7.2
Virginia .70 .97 8.7 12.0 13,530 12 ,440 2.9 7.0
Tennessee 1.30 1.00 9.1 11.7 13,250 12,209 2.7 7.3
Alabama 1.00 1.44 7.7 12.9 13,410 11,845 3.0 8.7
Appalachia 1.74 12.2 12,047 8.2
Ut ah .50 .53 6.9 10.5 12 ,660 11,569 5.0 9.2

1 = USBM analyses
2 = utility purchases 1980
all analyses 'as received1
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US utilities typically purchase coal that is higher 
in sulfur, ash and moisture content and has lower heating 
values than the averaged core, preparation plant and tipple 
samples which constitute the basis for USBM’s reserve 
characteristics. This doesn't imply that low quality 
coal is mined overproportionately. Contaminations in pro
duction are a more likely reason. No exact analyses are 
available for deliveries to other market sectors (industrial, 
metallurgical, export) but their qualities are higher than 
US utility deliveries.

More important for the export trade is the trend in 
the US utilities’ purchase behavior towards cleaner coal 
(Michelsen et al, 1982). Both on a national and a 
regional level, sulfur and (in most regions) ash content 
declined over the last decades while the Btu content rose 
correspondingly. Table 3.8 shows the quality development 
for Appalachian steam coal. The development for the western 
region isn't shown here because the available data didn’t 
distinguish between bituminous and subbituminous production.

The quality differences between surface and under
ground mined Appalachian coal are noteworthy. They support
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the assumption that higher quality coal is predominantly 
mined underground (central/southern Appalachia) and will 
command ’sulfur premiums’. Since these figures are 
aggregates, they could be explained by two possible trends :

- increased mining of low sulfur, low 
ash coal for domestic utility purposes, 
and

- increased preparation of utility 
destined coal.

The first trend is amply documented by the output 
increases of low cost East Kentucky coal and the production 
shift to the Western US. The second one has to be dismissed 
due to the actual decline in utilization of preparation 
plant capacity (Williams, 1981).

The move towards utilization of cleaner steam coal 
is largely a result of legislation on air quality which 
started with the passage of the Clean Air Act in 1968 
and with the establishment of New Source Performance 
Standards (NSPS) in 1971 (Trisko, 1982). These have since 
gone through major changes, the most notable ones being 
the Amendment to the Clean Air Act in 1977 and the Revised 
NSPS in 1978.
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In 1977 the US Congress changed the criteria of 
establishing limitations for coal power plant emissions, 
mainly due to political concern about the effects of 
production decline in high sulfur coal regions 
(Zimmerman, 1981). The new rules establish both relative 
sulfur removal levels and absolute emission limits 
and eliminate the possibility of avoiding the installation 
of scrubbing equipment by moving to low sulfur western coal 
sources. Nevertheless, the incentive to use cleaner input 
coal still remains, due to the lower scrubber operating 
costs with low sulfur input coal.

The lack of historical data prevents the establishment 
of long term trends for the above mentioned purchase 
patterns. The hypothetical linear extrapolation of past 
trends of contract qualities for Appalachian coal (Table 3.9) 
will most likely exceed actual characteristics of future 
deliveries. A continuity of these trends in direction can 
be expected, however.

A decrease from the present average ash/moisture 
content of >20% would bring proportionate decreases in 
quantity shipped and thus transportation cost savings. 
Together with the cost savings at the power plant, this 
should be a continuous incentive towards higher domestic
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TABLE 3.9
Quality Characteristics Forecasts for 

Appalachian Steam Coal 
 (domestic contract deliveries)

1980 1985 1990
Sulfur
(%) (1)(2)

1.77
1.40

1.29
1.07

.89

.70
Heating value (1) 
(Btu/lb) (2)

12,020 12,230 12,525
12,060 12,405 12,750

Ash content
(%) (1)(2) 13.6

12.2 9.6
broken trend

7.0
(1) surface
(2) underground

utilization of upgraded steam coal. Its realization will 
be slow, however, due to the large number of existing 
long term supply contracts with fixed quality specifica
tions .

Most US coals don’t have a high inherent ash content 
anyway. Therefore, scarcity effects for low ash specifica
tions which might affect the export market can’t be 
expected.

The sulfur emission issue reaches further. Implicitly 
it also affects the ash content trend in steam coal 
deliveries because physical sulfur removal is always 
combined with ash removal.
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Sulfur related trends in coal purchases will depend 
largely on the future status of the Clean Air Act and the 
introduction of acid rain legislation which are presently 
being discussed.

The various legislative initiatives pending in 
Congress present basically two regulatory options compared 
with the status quo. Option 1 would modify the relative 
sulfur removal clauses while maintaining or even slightly 
lowering, absolute emission limits for new power plants.
It is favored by the utility industry and would cause a 
demand shift from high sulfur midwestern and Ohio coal to 
western subbituminous supplies (CBO, 1982). The effects 
on the export market would be limited.

Option 2, the enactment of a major acid rain control 
program, would cover both new and existing power plants 
and could cause a major additional demand for bituminous 
low sulfur blending coal from the central/southern 
Appalachian and the Rockies. Projections were made that 
the production growth in these areas would reach 200 million 
tons (instead of 110 million under present Clean Air Act 
provisions). This would both put production constraints 
onto these regions and bring price increases of up to 
30% for their coal (ICF, 1982 ). It would thus have a major



T-2707 87

impact on both the export availability and the competitive
ness for coal from these sources. The National Coal 
Association and industry sources claim that in the medium 
run such legislation would decrease US steam coal exports 
by one third (Bagge, 1982c).

3.4.2 The Role of the Metallurgical Coal Market
As outlined at the beginning of the thesis, no clear 

quality distinction between metallurgical and steam coal 
exists. Due to blending techniques and new coking 
technologies, the percentage of coal with coke manufacturing 
potential is increasing. Estimates have been made that up 
to 35% of the US reserves could contribute in major or 
minor portions to coking coal blends (Averitt, 1973; USBM, 
1979) .

Parts of the central/southern Appalachian and western 
reserves which would fulfill the German steam coal require
ments for ash and sulfur are largely utilized for premium 
or marginal grade metallurgical coal production. Table 3.10 
shows the amount of coal used in coking plants vs. utilities 
vs. total production in 1981 (DOE, 1982a). A high export 
share is another indicator for metallurgical coal production 
because steel companies were the predominant export 
customers in the past.
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TABLE 3.10 
Coal Production 1981 by Destination*

Coal Domestic Domestic Export Total
)istrict Steel Utilities Overseas

1 4,219 38,214 11,215 60,308
2 9,609 11,334 1,784 27,936

3+6 1,564 27,930 6,104 41,747
7 10,923 377 15,499 27,872
8 22,745 113,349 40,251 203,923

13 2,731 13,378 8,059 26,743
16+17 2,527 8,472 1,411 13,950

20 1,046 7,516 3,470 13,808
(xlOOO tons)
*for district definition see Appendix 13

Western Pennsylvania (district 2) and the tri-state 
corner of West Virginia, Kentucky and Virginia (districts 
7 and 8) contribute most to the metallurgical coal production 
of the Appalachian. Lower volatile coal, the most valuable 
metallurgical coal ingredient, comes from Pennsylvania and 
southern West Virginia, the second area being the country's 
prime source for these specifications. Higher volatile 
premium grades are mined mainly in central/southern 
Appalachia while the Pennsylvanian supplies are marginal 
due to higher impurities.

County level data for the last year available (1976) 
were used to determine the large producers of metallurgical 
coal and relative shares in their production (USBM, 1976).
The 1976 metallurgical coal production in the Appalachian
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was concentrated in approximately 20 counties (>1 Mtons/ 
year, Figure 3.5).

In 8 of these counties the domestic steel industry 
purchased more than 50% of the total production and in 
another 7 counties more than 25%. Here a large share of 
captive production and reserve ownership and therefore some 
availability limitations for export steam coal can be 
assumed.

In the West there are three main metallurgical coal 
fields. The Somerset/Carbondale Fields in Colorado have 
traditionally produced 40% of the western premium grade 
and some of the marginal metallurgical coal (medium/high 
volatile). The Brook Cliff Field (Sunnyside) of central 
Utah provided the balancing premium and the Eaton Mesa 
Region of Colorado/New Mexico the balancing marginal grade 
coal (Murray, 1982). The Durango Field is an insignificant 
producer.

Originally all these western fields were predomi
nantly metallurgical coal oriented. By now, only the Raton 
Mesa Region retained that dependence, new steam coal 
capacity dominates the other ones.

Metallurgical coal has traditionally been more expen
sive than steam coal, attributable to higher quality and 
higher production costs for certain limited specifications.
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C oal producing counties in the Appalachias

border of coal bearing 
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Figure 3.5 Coking Coal Production in the Appalachias 
1976.



T-2707 91

In 1982 the prices for metallurgical coal were approxi
mately $15/ton higher than the ones for bituminous steam 
coal. Most eastern counties with strong metallurgical 
coal production were therefore among the less attractive 
sources according to the evaluation of section 3.2, where 
higher quality didn’t compensate all of the metallurgical 
coal price differential.

Trends
The future production of metallurgical coal will be 

strongly tied to the demand of the steel industry. From 
a present low level of 61 Mtons (1981) it may pick up again 
with an upturn of the steel industry. But the shift 
towards lighter-than-steel substitutes, new technologies 
in steel making and a decreasing coke-to-pig iron ratio will 
limit future demand for metallurgical coal. Forecasts by 
the National Coal Association predict a domestic metallurgi
cal coal demand of 75 Mtons in 1985 and 72 Mtons in the 
years after 1990 (NCA, 1982), both a relative and absolute 
decline from historic levels. The scheduled and potential 
capacity additions for the 1980s are listed below (potential 
ones in brackets) (ICF, 1980).



T-2707 92

TABLE 3.11
Capacity Additions by Destinations (Mtons)

Metallurgical Steam Coal Total
Coal

Appalachia
North 9.8( 4.5) 31.3( 8.1) 41.1(12.6)
Central 28.3( 5.9) 31.1(18.4) 59.4(24.3)
South 7.0( 3.0) 6.1( 0.0) 43.1( 3.0)

West 3.3( 1.0) 39.9(31.4) 43.2(32.4)
(bituminous )___________________________________________________

Total 48.4(14.4) 108.4(57.9) 156.8(72.2)

They show that approximately half of central and 
southern Appalachia's scheduled capacity additions are 
designated for metallurgical coal while the other regions 
will become more utility oriented. The move towards steam 
coal is stronger when the potential new capacity is 
added. Also, some capacity which previously was planned 
for metallurgical coal production is now listed as 
a potential steam coal supplier (Nielsen, 1982). Most new 
metallurgical coal capacity will be in those counties 
which presently produce predominantly for the steel 
industry.
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3.5 Conclusions
Mine mouth prices are a major cost factor both for 

export and domestically used coal supplies and depend 
mostly on the production costs in the different mining 
districts. Coal which matches German requirements would 
enter a balanced market at $38-42/ton for eastern and 
$25-27/ton for western underground production, with 
surface mined coal 20% lower. The difference is due 
largely to bigger seam thickness, economies of scale and 
higher labor productivity in the western coal fields.
It will persist or even grow in the future, mainly due to 
depletion effects in the East.

The current coal prices, especially in the eastern 
coal fields, are below total costs, reflect the present 
coal oversupply and make increases with a market recovery 
likely.

Quality dependent factors are further components 
of price determination. Both heating value and sulfur 
content strongly influence mine mouth prices of steam 
coal for the large US utility market. Their price 
contribution, on a more disaggregated basis, is lower, 
however, than often claimed and becomes supplementary 
to production costs of the different coal regions.
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The importing consumer will have limited impact on 
price determination in the predominantly domestically 
oriented US steam coal market. He can, however, evaluate 
producer prices by comparing them with regional average 
prices and the savings/additional costs of utilizing coal 
qualities other than the ideal specifications. From a 
German consumer's perspective, with emphasis on heating 
value and sulfur content, parts of the Appalachias (East 
Kentucky, parts of West Virginia) and of the Uinta Basin 
in the West would be overproportionately attractive. In 
other areas the good coal qualities don't compensate for 
high prices (e.g. southern West Virginia) or impurities 
depress the coal's value below actual sales prices (e.g. 
most of Pennsylvania).

Future developments in the US coal market and their 
influence on both the availability and export price 
conditions of export coal are difficult to project. If 
the past domestic steam coal trend towards higher quality 
producers, rather than more coal bénéficiâtion, continues, 
then increased competition and higher prices for export 
qualities are likely. Stringent acid rain legislation 
would have a major effect in that direction.
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The metallurgical coal market isn't likely to grow, 
but will continue to overlap with the steam coal market 
and partially affect its export availability. Among the 
major Appalachian metallurgical coal producers the strong 
orientation towards customers in the steel industry will 
continue in the future. In these areas German steam coal 
customers have to compete in the higher priced metallurgical 
coal market. Under aspects of resource conservation it 
is doubtful whether the limited low and medium volatile 
Appalachian coal reserves should be diverted from coke 
production. In the West, metallurgical coal demand and 
supply commitments pose few constraints on coal avail
ability for foreign steam coal customers.
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4. SUPPLY COSTS FOR IMPORT COAL TO THE 
FEDERAL REPUBLIC OF GERMANY______

Based on the previous survey of potential supply 
regions for US coal exports to German consumers and the 
discussion about price determination in the US coal industry, 
the supply costs from US coal producing districts to dif
ferent German customer locations will be determined. In 
addition, the competitiveness with domestic German coal 
and imports from other countries will be assessed.

The major cost components for internationally traded 
coal are production and transportation costs in the 
producer country, at sea and in the consumer country.
No major marketing costs are associated with this trade 
and transaction costs are limited to commissions and handling 
fees for intermediaries when the sales arrangement isn't con
cluded directly between producer and consumer.

Future market conditions are a major factor of un
certainty in this analysis. In a balanced market, long run 
marginal costs will determine future supply prices. These 
costs can also be used to evaluate the relative competitive
ness of various supply sources and the market strategies 
which they subsequently might pursue. Current rates and 
prices will deviate from the supply costs and reflect the 
prevailing market conditions. They aren't temporary
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phenomena, however, in the domestic transportation of 
several exporters and generally in price determination 
of East Bloc coal. This will be taken into account by 
emphasizing which price components are cost based and 
which are determined predominantly by market conditions.

All values are calculated on a US$/ton basis unless 
otherwise noted. A DM/$2.40 ratio was used for currency 
conversion which reflects the strong US$ position of the 
last year.

Coal is a bulk commodity of relatively low unit value, 
and transportation costs are crucial parts of the cost of 
delivered export coal. This chapter will therefore 
concentrate on the components of the transportation chain. 
Production costs and mine mouth prices were discussed 
in detail in the last chapter and will be listed briefly.

4.1 Production Costs in the US
The long run marginal production costs will be used 

as approximations of the mine mouth prices (Gordon, 1981; 
ICF, 1981). Most of them exceed the prices for coal 
delivered under recent contract agreements. In case of 
Alabama coal this discrepancy is significant.
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TABLE 4.1
Long Run Marginal Production Costs 

in the US
State

Pennsylvania 
South 
West Virginia 

East 
Kentucky 

Alabama 
Colorado 
Utah

Estimated Marginal 
Production Costs

35$/ton
42$/ton
38$/ton 
53$/ton 
25$/ton 
27$/ton

Contract Prices 
7/82 (*)

30-34$/ton
31-38$/ton

35$/ton
30-35$/ton

25$/ton
27$/ton

(*) Coal Week, October 20, 1982

4.2 Inland Transportation in the US
Inland coal transportation is typically handled by 

the four modes
- trucks,
- railroads,
- barges, and
- others (pipelines, conveyors, etc.).
Figure 4.1 illustrates the contribution of each mode 

to the 1981 overall coal transport volume in the US and 
shows the overwhelming role of rail transport (63% of total 
coal traffic) (DOE, 1982b). Railroads dominate those parts 
of the Appalachias and the West which are of major interest 
for exports to Germany.
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Figure 4.1 1981 Coal Transportation in the US (Smith, 1982).

Both truck and conveyor transportation are uneconomic 
for the relatively long distances to export harbors and 
will be disregarded here. Their role is limited to 
intermediate linkage between mine and rail or water 
system.

4.2.1 Rail Transport
The US has an extensive railroad system with the 

capability of large bulk volume movements. Figure 4.2 shows 
the major rail links from mining districts to export harbors 
(DOE, 1980).
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The haulage volume from the eastern coal fields to 
the coast doesn’t pose serious constraints for the existing 
capacity. Railroad representatives expect that major 
increases in coal traffic can be handled with present 
equipment or through additions to the rolling stock 
(Fishwick, 1981). For more efficient transportation major 
improvements and partial automatization of the existing 
track system will be necessary, however. Capacity expan
sions are required for those routes between central/southern 
Appalachia which handled little coal traffic in the past. 
Overall the eastern carriers are expected to invest at 
least $3.8 billion by 1990 to accommodate the projected 
traffic growth (Coal Outlook, 1982).

In the West haulage capacity has been increased with 
the growth of production but excess capacity is limited. 
Capacity constraints for deliveries from West Colorado/
Utah to the Gulf coast are tied to train passage through 
the Rocky Mountains.

There are two basic types of coal movement by rail - 
single train (bulk rate) and unit train. Bulk rate trains 
are the traditional railroad pattern and deliver from one or 
more points of origin on varying schedules. Rates range 
from 2.5-4c/ton-mile and depend on distance, route and
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volume of transport and on the ownership of the rolling 
stock - with 20-25% lower rates for producer rather than 
carrier owned rail cars (Byrden, 1980).

Unit trains are dedicated to carrying a single 
commodity from a single source to a single destination 
and return empty. They presently account for 55% of the 
coal traffic volume and their share is increasing. The 
large unit size (8,000 - 12,000 tons) and fast turnaround 
allow for economies of scale which benefit large producers 
and long haulages. Present rates are in the 1.5-2.5c/ton- 
mile range and significantly below bulk rates. Not all 
export coal producers have access to unit train rates, 
however, due either to limited production capacity or to 
discriminatory differential pricing for export coal.

85% of the coal shipped by rail is captive, i.e. 
navigable waterways are unavailable nearby and long distance 
truck haulage would be uneconomic (Bagge, 1982a). Here the 
development of rail tariffs is a major concern. Rates for 
coal haulage have increased 50% over the last 3 years, 
compared to 19% in coal mine mouth prices, and at a pace 
largely above the overall rate for rail transport. This 
led to charges of unfair ’joint production costs’ calcula
tion, i.e. subsidies for other commodities at the expense of 
the increasing coal traffic.
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A central problem in tariff regulation is the creation 
of a mechanism enabling the railroads to finance necessary 
capital investments while protecting captive producers 
from abuses of their monopolistic power. In 1980 the US 
Congress passed the Staggers Rail Act which commits 
government to ’promote a safe and efficient rail trans
portation system by allowing rail carriers to earn 
adequate revenues’. The Act strongly increased the 
bargaining position and pricing flexibility of the carriers 
and enabled them to establish previously forbidden long 
term contract rates which include both specified rates of 
return and automatic inflation adjustments (Smith, 1982). 
Price increases of 25% in real terms for rail transportation 
in the East and 33% for transportation along western routes 
are expected as a consequence of the Act (ICF, 1981).
The railroads consider such contracts essential in providing 
adequate means for future expansion of coal transportation 
facilities. Opponents, notably the National Coal Association 
and domestic utilities, claim that the Staggers Rail Act 
intended to maintain regulatory protection for captive 
producers and that the competitiveness of US coal will be 
severely affected both in the domestic and the export 
market. Final decisions of the Interstate Commerce
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Commission about the maximum reasonable rates and their 
determination are still pending.

The controversy over rail rates illustrates the 
possibility of lasting discrepancies for parts of the 
actual supply prices from cost based estimates due to 
market structure.

4.2.2 Barge Transport
An alternative to rail transport is the utilization 

of barges on natural or artificial waterways. Barging 
offers several inherent advantages in bulk transportation:

- large unit size in product shipment,
- high fuel efficiency,
- environmental safety, and
- low transportation costs.
Barging is, however, constrained to the existing 

waterway system, it doesn’t follow direct routes from 
loading to discharge port, is time consuming and usually 
requires bimodal transportation to cover the distance from 
mine to sea port. In 1981 17% of the nation's domestic 
coal consumption was barge transported, mainly on the 
Mississippi/Chio River system (Figure 4.2) (Doe, 1982b).
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Barging costs depend largely on the number of 
barges handled by a single tow boat which in turn depends 
on the size of the waterway. Several outdated locks in 
the upper part of the Mississippi River system prevent 
large barge assemblies for coal from parts of the northern/ 
central Appalachias. This constraint is less severe in 
the southern Appalachias. Presently costs approach
1-1.5c/ton-mile for a 4 barge tow and .8-1.2c/ton-mile for 
6 barge tows (Lee, 1981). In the competitive barging 
market, where market entry isn't constrained by track 
ownership or other factors, these costs approximate the 
actual freight rates.

Cost development for this mode will depend on
- fuel prices, and
- improvement of the waterway system and 

its financing.
Improvement of the present bottlenecks at outdated 

river locks have repeatedly been recommended by federal 
agencies and private interests (Faig, 1982). Substantial 
increases of waterway user fees would, however, probably 
eliminate savings through economies of scale. If the 
lock improvements and parallel deepening of the lower 
Mississippi are accomplished, the Gulf ports could handle
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up to 50% of future US steam coal exports and a substantial 
part of the exports to Germany. Otherwise the New Orleans 
market share will remain at the present 20% level.

In 1981 only a small portion of western coal was 
transported by waterway (5.5%). A possible transport 
route for European exports could be rail shipment to the 
lower Missouri and further barge transport to New Orleans.

The existence of a water transport system serves a 
secondary purpose, too. In areas where barge shipments 
are feasible for coal transportation, rail rates are 
competitively low.

4.2.3 Slurry Pipelines
Slurry pipelines are another large volume transport 

mode for long haulage distances. Presently only one such 
pipeline exists in the US (Black Mesa Pipeline in 
Arizona/Nevada), but numerous studies for additional ones 
have been made (Figure 4.3) (Link, 1982). In the unlikely 
case that all plans are realized, their capacity would be 
100-125 Mtons/year and thus still less than a third of 
the next decades' additional expected coal transport 
volume.
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Figure 4.3 Proposed US and Canadian Coal Slurry Pipelines 
(Line, 1982).

The San Marco Pipeline (southern Colorado/Gulf coast), 
Pacific Bulk Transportation (Utah/Los Angeles) and Vepco 
(West Virginia/Norfolk) would deliver from areas which 
match German quality requirements. The ETSI-Project, 
presently the most advanced one, will be of little relevance 
due to the carried coal qualities.

The costs of pipeline transport decrease with haulage 
distance and volume and provide advantages over rail trans
port at distances over 1,000 miles. The attainment of
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critical volume levels is essential in making slurry 
transport ventures profitable and may lead to increased 
gathering costs. Exact levels of delivery costs are 
strongly tied to the financing conditions for capital 
costs which make up most of the projects overall costs.

Major obstacles in realization of new slurry pipe
lines are

- uncertainty about rights of way due to 
the resistance of rail carriers,

- water availability in the West,
- environmental objections, and
- legal uncertainties about their status 

as public transport system.
Among these the availability of water is the most 

serious issue, while the other ones can be solved through 
court action or technological modifications. At this 
time it is neither known to what extent nor at what future 
schedule slurry pipelines will actually be realized.
They will therefore not be considered in the transportation 
calculations. One of their main benefits, similar to 
barge transport, will be an incentive for competitive rail 
rates.
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4.2.4 Calculation of Domestic Transportation Costs
Rail rates differ with the carrier, exact location 

of the mine and transport volume. Therefore representative 
estimates for various routes, rather than current freight 
rates were used for calculation.

ICF Inc. made calculations in 1981 for various routes 
from Appalachian producers to eastern ports. These 
reflect 1981 tariffs and include adjustments for expected 
escalations due to the Staggers Rail Act, for increased 
economies of scale and improvements in the track system (ICF, 
1981). For the other distances estimates of the International 
Energy Agency (IEA) were escalated and applied (Lee,
1981). These estimates cover the full costs of rail trans
port on upgraded existing trackage for unit trains in the 
West and bulk trains in the East (Figure 4.4).

For waterways IEA cost estimates for various barge 
configurations were used, depending on the specific 
constraints along the Ohio/Mississippi River. $2/ton 
were added each for expected user fees and for transfer 
mine/river.

Table 4.2 shows the costs of domestic coal transporta
tion based on the above described assumptions. For compari
son present freight rates are given. Present single car
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Figure 4.4 IEA-Estimates for Inland Transportation 
Costs (Lee, 1981).
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rates, as quoted by a major rail carrier for November 
1982 , are usually much higher and show little relationship 
to actual transport distances and costs while unit train 
rates are lower than the TEA estimates.

TABLE 4.2
Domestic Coal Transportation Costs 
__________in the US ($/ton)_________

Source Distance Port Costs Quotes
Nov.82

(miles) ($/ton) ($/ton)
Pennsylvania 350(B) Baltimore 8.30 17.50(8)
South
West Virginia 500(B) Norfolk 13.30 17.10(8)

East
Kentucky 540(B) Norfolk 14.40 26.15(8)

East
Kentucky 1,300(B) New Orleans 12.20

Alabama 425(B) Savannah 13.00 15.90(8)
Alabama 310(B) Mobile 12.30 15.20(8)
Colorado 1,080(B) Galveston 25.00 36.35(8)
Utah 880(B) Long Beach 21.00 18.70(U)
(R) rail transport 
(B) barge transport 
(S) single car rate 
(U) unit train rate

4.3 Maritime Transportation 
Maritime transportation connects supplier and consumer 

country in most global trade and is the link for the coal 
trade between the US and Germany. This section will cover 
both harbor handling and the actual sea transportation.
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4.3.1 Sea Transportation
The necessity of increasing bulk trade volumes and 

transportation distances led to a growth in ships' unit 
size and subsequently to capacity increases of harbor and 
handling facilities. An example of this is the spread of 
large bulk carriers in the iron ore trade. In coal 
transportation unit sizes have traditionally been smaller, 
partly due to the lower specific weight of this commodity 
and to the blending requirements in the metallurgical coal 
market. Table 4.3 shows the development for ship size 
over the last decades and for the carrier fleet presently 
in construction or on order (WESTPO, 1982):

TABLE 4.3
Development of Ship Sizes 

(Relative Distribution in %)
Size 1965 1970 1975 1977 1980

(1,000 DWT) ____ ____  ____  ____ (on order)
< 25 63 40 29 23 5.7

25- 40 23 21 12 10 23.1
40- 60 11 21 24 21 10.6
60-100 3 12 25 29 39.5

>100 —  — —  — 10 19 21.1

Overall the economies of scale at long distances 
exceed the disadvantages of decreased flexibility, limited
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backhaul opportunity and higher fees for harbor, insurance, 
etc. Among the various ship types a trend towards bulk/oil 
carriers took place, capable of carrying dry bulk and oil 
in flexible ratios. The universal applicability of these 
vessels makes up for their slightly lower space utilization.

The German/Dutch harbors which traditionally handle most 
coal imports have the capacity to unload larger ships 
(ITE, 1982). Especially the coal terminal Rotterdam/ 
Maasvlakte with its ambitious expansion plans for handling 
and storage facilities will become a major center in the 
import chain (Table 4.4).

TABLE 4.4
Harbor Capacity of the Hamburg/ARA Range

Harbor Maximum 
Draft 
(feet)

Ship Size 
(DWT)

Hamburg 52 100,000
Wilhelmshaven 48 80,000
Bremerhaven 42 80,000
Emden 35 55,000
Rotterdam 71 280,000
Antwerpen 44 100,000

Limitations in ship size for coal transports from 
the US arise from
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- the depth of eastern sea ports,
- passage limitations of the Panama Canal.
Contrary to South African/Australian harbors, which

can handle ships beyond 150,000 DWT, US ports are shallower 
and limit ship size (Table 4.5).

TABLE 4.5
Depth and Maximum Ship Size in US Ports

Harbor Draft Maximum
Ship Size 

______________  (feet) (DWT)
Philadelphia, PA 40 60,000
New York, NY 45 80,000
Baltimore, MD 42 80,000
Hampton Roads, VA 45 80,000
Charleston, NC 35 40,000
Savannah, SC 38 50,000
Mobile, AL 40 60,000
New Orleans, LA 40 60,000
Galveston, TX 40 80,000
Long Beach, CA 51 100,000

Possible solutions to accommodate larger ships
are :

- harbor dredging,
- offshore loading,
- shallow draft, wide beam ships.
Most of the eastern and Gulf coast harbors have plans 

for dredging to depths of 50-60', their implementation in
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the foreseeable future is uncertain, however. The major 
constraints are environmental issues and financing of the 
projects. Costs of $150 million for dredging New York’s 
harbor to 60' and $500 million for deepening the Hampton Road 
channel to 55' have recently been estimated (Yu, 1982) .
While coal industry and local authorities favor a financing 
scheme through public expenditures, the federal government 
insists on 100% user fee financing. This would eliminate 
most of the larger vessel's advantages. Even if a financing 
mode could soon be found, the completion of any dredging 
project will take a decade or longer.

Offshore loading has been discussed in combination 
with slurry transport to a mooring buoy (Cosmos System of 
Wheelabrator Frye Inc.). Ships of unlimited size could 
load the slurry directly with dewatering on the ship itself.

Shallow draft designed ships are larger and wider, 
but shallower than conventional bulk carriers of their 
size. The deadweight can thus be increased by 50%. Such 
trends in construction took place for crude tankers.
Presently there is little movement, however, towards their 
actual implementation in bulk carrier construction.

Passage of the Panama Canal is presently restricted 
to ships <70,000 DWT and currently no plans for a canal
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expansion exist. Thus, coal traffic from the West coast 
ûf the US to Europe will remain limited to 50,000-70,000 
DWT ’Panamax' ships.

4.3.2 Calculations
The calculation of the sea transport costs were based 

on the following shipping characteristics (Lisnyk, 1981; 
WESTPO, 1982):

- vessel size 60,000 DWT (100,000 DWT),
- vessel speed 15 knots,
- foreign flag ownership,
- 5 days loading + unloading/voyage,
- 2 days contingencies,
- return voyage in ballast,
- port charges $20,000 ($25,000^ at each end,
- 1 day Panama Canal passage, $40,000 per 

passage,
- daily capital costs $10,300 ($14,100)*,
- daily fuel costs at sea $17,400 ($21,600)*,
- daily vessel expenses $3,900 ($4,500)*.
*( costs for 100,000 DWT vessel )
Based on the transport distances to ARA the following 

costs/ton of coal were calculated (Table 4.6). Additional
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costs of $1/ton are incurred for deliveries to Hamburg due 
to the longer transportation distance (375 miles).

TABLE 4.6
Maritime Transportation Costs to ARA

Port of Distance Duration of Costs
Departure Round Trip
____________  (miles) (days) ($/ton)
Norfolk 4,100 27 12.85
Savannah 4,900 31 14.95
Mobile 5,700 35 17.05
Galveston 5,850 36 17.60
Long Beach 8,750 52 26.75

Richards Bay 8,125 47 23.20
(SA) (17.60)*
Queensland 13,750 74 37.48
(ADS) (29.00)*
Roberts Bank 10,500 61 31.40
(CAN)
X costs for 100,000 DWT vessels)

4.3.3 Influences on Actual Charter Rates
It is important to distinguish between the costs 

which occur during the shipping and the freight rates 
charged. Since the bulk shipping market is open and 
unrestricted, ships will move to more lucrative freight 
routes if operating costs will exceed the freight rate. On 
the other hand, they can operate in the short run at rates
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half the above calculated ones because that would still 
cover their operating costs.

Freight rates depend largely on the charter arrange
ment. Single voyage charters cover the transportation 
of one ship load and contract terms usually follow the 
standardized American Welsh Charter clauses. The risk of 
port delays and subsequent demurrage payments rests with 
the charterer. Overall single voyage charters are character
ized by high volatility which has little relationship with 
actual transportation costs (Figure 4.5). The high level of 
flexibility between freight markets and the strong competi
tion are indicators that charter rates reflect the 
momentary demand for transportation services and global 
supply of shipping capacity. Grain and oil are the major 
other competing freight markets.

More stable rates occur in longer term contracts 
where vessel capacity is hired by the charterer for a 
certain time period, i.e. one or two years. The rate 
level does, however, depend partially on the spot rates 
at the time of contract agreement.

Contracts of Affreightment (COA) cover the transporta
tion of a specified volume over a certain period at fixed 
freight rates. The delivery pattern is left to the shipowner.
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Figure 4.5 Single Voyage Rates Hampton Roads - ARA Ports. 
Adopted from Batzel, 1982.

COAs usually have lower freight rates than other charter 
arrangements. They require longer commitments by the 
consumer and foreclose the advantages of spot rate slumps.

A further form of transportation arrangement is the 
direct carrier ownership by a trading house associated 
with either an export oriented producer or the consumer. 
Several examples for this vertical integration exist 
among German companies.
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90% of the maritime coal trade takes place under the 
various forms of longer term charter agreements. Their 
share has increased largely due to the volatility of single 
voyage rates. Consequently, the remaining spot market 
reflects the temporary market conditions even stronger. 
Overall shipping rates decreased in real terms over the 
last 15 years.

Major influences on charter rates are fuel costs and 
backhaul opportunities. The share of fuel in overall 
costs increased from 13 to 36% over the last decade 
(Giles, 1981). Thus oil prices will have a large impact 
on shipping costs. If backhaul opportunities exist, the 
fixed costs can be spread over a greater cargo load.
There is limited bulk cargo volume, however, that is 
transported westbound from Europe. Thus, part of the 
transatlantic coal trade will be carried out with ships 
under ballast upon return.

Unconventional designs like coal slurry ships, shallow 
draft bulk carriers, self-unloading or coal fired ships 
won't be dealt with because an assessment of their future 
market share is premature. As long as the present bulk 
carrier fleet and its planned additions don't constrain 
a steady growth in coal trade, unconventional constructions 
will remain the exception.
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Substantial additional costs could arise from the 
implementation of a cargo preference system. At present 
only a minor portion of US coal exports is handled by 
American flag ships while the majority of coal carrying 
vessels are registered under third flags. Both on an 
international level (UNCTAD) and a national one (HR 4627), 
initiatives for a cargo preference system have been 
introduced. They would require a large share of the transport 
volume to be handled by unsubsidized ships of the importing/ 
exporting country and cause a partial shift to more costly 
American vessels. The National Coal Association predicts a 
subsequent rise in transportation costs high enough to 
virtually eliminate export competitiveness of US coals 
(Bagge, 1982b). The outcome of these initiatives is 
still uncertain. Preference regulations for port handling 
of American vessels could have a similar impact.

4.3.4 Ports
Port requirements both increased and changed with 

the demand for a larger maritime transportation volume.
Traditionally coal export facilities have been 

oriented towards the handling of metallurgical coal 
with its complex blending requirements. Storage has been
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mostly in rail cars and blending takes place on a hopper- 
by-hopper basis.

Steam coal isn’t subject to the diversity of quality 
and extent of blending requirements as metallurgical coal. 
Storage and blending in steam coal terminals are simplified 
and ground storage will prevail here.

Major expansion plans of US port facilities were 
announced upon the optimistic trade projections and the 
sudden increase of export volume in 1980, which led to long 
waiting lines in East coast harbors. The combined new 
capacity of 258 Mtons would have largely exceeded the 
expected trade volume. These plans were scaled down upon 
the introduction of more realistic forecasts. Presently 
the following new or expansion projects are planned or 
under construction :
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TABLE 4.7
New Coal Export Harbor Capacity

Port

Newport News, VA 
Curtis Bay, MD 
Canton, MD 
New York, NJ 
Philadephia, PA 
Charleston, SC 
Mobile, AL 
New Orleans, LA 
Long Beach/
Los Angeles, CA

Annual Capacity
(million tons)

10- 15 
7- 10 

10 
10-  20 

10 
3 

15 
12

2- 5

Year of 
Completion

1983
1983
1983
1985
1982
1983 
1983 
1982
1982

79-100

Including the existing capacity, US ports could thus 
handle 200-220 Mtons annual export volume by 1985. Harbor 
facilities should therefore not impose major bottlenecks 
for coal expofts.

Handling costs on the export and import side depend 
largely on the side specific installations and increase 
progressively at annual throughputs below 10 Mtons. Capital 
costs for new US export facilities have been estimated 
at $7-12/annual ton, while direct operating costs are 
$.80-1.50/ton (WESTPO, 1982). For calculation $2.50/ton 
were used for larger and $3.50/ton for smaller ports.

On the import side typical costs for coal handling 
in ARA ports are (Schwenke, 1981):
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- discharging
df1/lgt $/ton

5.10 1.72
15 days temporary
stockpile .45 .15
reloading of
smaller vessel 5.10 1.72

10.65 3.60
(calculated at df1 2.70/$)

These costs can be reduced significantly if coal 
is loaded directly into smaller ships or railcars without 
rehandling from temporary stockpiles. This applies mainly 
to bulk carriers <65,000 DWT which will deliver most of 
the US exports. Thus the following rates will be applied:

- US deliveries $2.00/ton(no rehandling)
- SA/AUS deliveries $3.60/ton(with rehandling) 
Demurrage costs had been covered already with the

transportation contingencies.

4.3.5 Summary of Calculated Supply Costs cif ARA
Table 4.8 summarizes the cif ARA supply costs for 

US coals, as calculated under the assumptions of the last 
sections. These costs were subsequently adjusted by 
quality dependent cost factors (see Chapter 3) with premiums
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as deductions and penalities as mark ups. All costs were 
converted to the heat equivalent of the German reference 
quality (12,780 Btu/lb) for later comparison.

On a cif ARA basis US coal costs range from $60-80/ton 
(with the exception of high cost Alabama). The coals 
from northern and central Appalachia have a cost advantage 
over imports from southern Appalachia and the western 
states. On a quality adjusted basis the costs for most 
coals increase, largely due to lower heating values and 
deviations from the standard ash levels.

The transportation costs will cause major uncertainties 
for the cif ARA prices. They comprise between 41% of the 
delivered costs for bituminous coal from Pennsylvania and 
65% for coal from the Rocky Mountain region. Uncertainties 
for the quality adjusted prices arise from the differences 
between domestic US steam coal qualities, as used for the 
calculations, and delivered export qualities. The export 
prices may not reflect all of this. The effects of market 
conditions on contract prices had been described before.

4.4 Evaluation of US Coal Competitiveness 
From a consumers' perspective the fuel costs at the 

plant are more important than the costs cif ARA or cif 
German border. In addition, the competitive position
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of US coal vs. other supply sources will have a major 
influence on the actual import volume. Therefore supply 
costs of other potential coal sources and domestic German 
transportation costs will be used to determine the relative 
competitiveness of US coals vs. other sources of the con
sumer location.

4.4.1 Other Steam Coal Sources
Potential competitors for US steam coal are coals

from
- South Africa,
- Australia,
- West Canada,
- Poland,
- other EEC countries, and 

domestic German sources.
Imports from other EEC countries (mainly Great Britain) 

won't be considered here. Neither will be imports from 
Poland and other East Bloc countries, due to the mainly 
political price setting for export coal. Other countries 
(Colombia, China, etc.) aren’t likely to be large suppliers 
in the near future.
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Imports from South Africa
South Africa has approximately 120 billion tons of 

coal reserves in the north eastern provinces ( Figure 4.6), 
45% of which are high grade steam coal (ICF, 1981).
Reserves are characterized by seam thicknesses >4’ and 
by shallow depths <7001. Nearly half of the reserves are 
extractable by surface methods. Labor intensive mining 
methods prevailed up to the present but more mechanization 
will be introduced both above and underground as wages 
are increasing rapidly. The major export oriented companies 
are among the technologically most advanced producers. No 
government levies affect the levels of export prices but 
the artificially low domestic prices force the export 
coal producers to obtain most of their profits in overseas 
sales.

Imports from Australia
Australia has roughly 100 billion tons of reserves, 

half of which are bituminous. Most of these reserves 
are in Queensland/New South Wales in the eastan part of 
the country ( Figure 4.6). Thickness of seams and limited 
depth favor both large scale open cut surface mining and 
mechanized underground operations. Labor costs are a 
significant cost contributor due to high wage levels and
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frequent industrial disputes, the same applies to infra
structure costs.

Government policies lead to price levels which don’t 
reflect the actual production costs. Through rail rate 
setting $4-5/ton above actual costs, export levies and 
other measures prices are kept at levels not far below the 
marginal high price producers in the international coal 
market. Administrative controls prevent coal exports 
at prices below a ’fair’ level.

Imports from Canada
Canada has approximately 31 billion tons of demonstrated 

bituminous reserves, nearly all of which are in the western 
provinces Alberta and British Columbia ( Figure 4.6).
Most of these reserves consist of steeply inclined thick 
seams and will require additional technological efforts 
if production is to be significantly expanded. Mining 
conditions, high wages and infrastructure expenses due 
to remote location are expected to bring cost escalations 
beyond the rates of other major coal producers.

Long term marginal supply costs for coal delivered 
from these countries to ARA are (ICF, 1981 ; WESTPO, 1982):



T-2707 131

TABLE 4.9
Long Run Marginal Supply Costs cif ARA ($/ton)

SA AUS CAN
Mine mouth
costs 20 22 30
Inland transport 
distance(miles) (300) (200) (725)

Costs 8 10 12
Sea transport 
ship size(DWT) (100,000) (100,000) (60,000)

Costs 17 29 31
Port handling __6 _6 __5

51 67 78
cif border prices 
1981 (contracts) 50.5 57.0 48.6

Both the Canadian and Australian steam coal prices 
cif German border were below the calculated costs, partly 
due to the lower levels of actual shipping and port rates. 
For South African coal actual prices and calculated costs 
coincided.

Delivered qualities
Table 4.10 shows typical qualities for steam coals 

delivered from South Africa, Canada and Australia and 
their relative 'values' based on the reference quality 
and cost dependent evaluation. Canadian and Australian 
qualities are substantially higher than the one of 
South African coal.
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TABLE 4.10
Steam Coal Qualities

Source Heating Sulfur Ash Relative
Value Value
(Btu/lb) (%) (%) (%)

(Reference 
quality=        100%)

South Africa 11,000 1.2 17 82..6
Queensland 12,000 0.8 12 92 .6
West Canada 12,500 0.8 9 99,.6

Domestic German coal
The domestic German coal reserves were described in 

Chapter 2. They are characterized by increasingly difficult 
mining conditions and subsequently high levels of production 
costs. These can be passed on to consumers under 
existing long term contract agreements. Decreasing mining 
conditions will eliminate all or most productivity advances 
which can be expected from mechanization. In the short 
and intermediate run, German coal will be subject to a 
modest increase of prices in real terms. These increases 
are, however, expected to be much slower than the ones of 
the 1970s.

For comparison, the external June 1982 price quotes 
of Ruhrkohle AG, the largest domestic producer, were 
used. Steam coal prices for reference qualities reached
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DM 225/lgt, equivalent to $85/ton. This is a bias in favor 
of German coal because the marginal costs of coal from 
new mines are substantially higher. Due to the longevity 
and stability of existing mines this assumption stays valid, 
however. Actual German prices will be lower because most 
utility coal will deviate from the reference qualities.

4.4.2 Domestic Transportation to German Customers
Domestic German transportation is a substantial part 

of the overall supply costs to the consumer and has to 
be considered for an evaluation of import coal vs. domestic 
coal production.

The domestic coal transportation modes to German 
consumers are either rail or ship. All large consumers 
are tied to at least one of these transportation networks 
( Figure 4.7 ). Other transportation means (truck, pipeline) 
are of little or no relevance to larger consumers.

The water system consists mainly of the Rhine River 
and its contributaries in the western/southern part of 
the country, the Elbe in the North and a network of 
efficient canals. Coal entering through Rotterdam 
would be moved along the Rhine in large barges or standard
ized river ships of 500-1,500 DWT. The German North Sea 
ports would supply mainly the coastal areas and Berlin.
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Figure 4.7 Major Railroads and Y/aterways in Germany 
Adopted from ITE, 1982.
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The public rail system is capable of serving all 
parts of the country. Most coal transports are handled 
in unit trains which are, however, considerably smaller 
than the American ones (2,500 tons maximum). Customers 
with access to water delivery nearly always have rail 
connections, too.

Domestic freight rates for ship transport depend 
largely on

- draft limitations due to customer location,
- transport volume available,
- seasonal changes of water levels,
- canal fees, and
- fuel prices.
Overall, the market is very competitive and dominated 

by short term market factors.
Standard rail rates for coal haulage depend largely 

on transportation route and volume, and decrease from 
13c/ton-mile (50 miles) to 4.5c/ton-mile (500 miles) 
(Taschenbuch Brennstoffhandel, 1982). A distorting factor 
is that customers with waterway access are served at 
competitive rail rates. Thus, shipping rates have a dominant 
influence on German coal transportation costs.
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For calculation representative freight rates of 
September 1982 to major consumer locations, as provided 
by a major coal company, were used to determine domestic 
transportation costs. These costs increase from 
negligible amounts for customers near sea ports to 
>$22/ton for ship/rail transport to southern Germany. 
Table 4.11 compares them to the delivery costs from the 
Ruhr area.

TABLE 4.11
Domestic German Transportation Costs ($/ton)

Import Coal Domestic Coal
Customer
Location Rotterdam Hamburg Ruhr Area

Port of Entry

Duisburg
Duesseldorf

3.40(S/R)
Frankfurt
Stuttgart
Munich

2.25(8)
5.40(8)
8.05(8)

8.90(8)
11.12(8)
14.22(8)

Hannover
Hamburg
Berlin

22.67(S/R) 19.27(S/R) 
5.05(8) 8.00(8)

11.80(R) 
7.40(8) 13.76(8)

(8) ship 
(R) rail

For most locations, transportation costs for import 
coal are lower than the corresponding ones for domestic 
coal. This is due to the favorable transportation network
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without further rehandling beyond Rotterdam/Hamburg, to 
the harbor proximity of northern German customers, and 
to the fact that the higher level of German shipping 
tariffs don’t cover ships loaded at ARA. This cost 
advantage is reversed only at customer locations off the 
main waterways and in the direct proximity to mining dis
tricts where German coal doesn’t bear the delivery costs 
from Rotterdam.

Handling charges at the customer’s discharge location 
depend on the transportation mode and discharge facilities. 
They approximate $1.40-2.00/ton for ship unloading and 
$.40/ton for rail car unloading (Schwenke, 1981). They 
aren’t considered further, unless the transport modes for 
domestic and import coal differ.

4.5 Supply Costs to German Customers
The calculation is based on the outlined long run 

marginal costs for the supply chain to the Federal Republic 
of Germany. Exceptions are the domestic transportation 
costs in Australia and the US where differences between 
costs and rail rates will continue in the foreseeable 
future. Non-US imports were also adjusted for deviations 
from German reference qualities. All costs were converted 
to $/ton.
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Table 4.12 shows the cif ARA and the quality adjusted 
delivered costs of import coal to various German consumer 
locations. For comparison,delivered costs of German 
reference qualities were converted at various exchange 
rates.

Imports (except from Alabama) are competitive with 
German coal at all German consumer locations, even the 
Ruhr area itself. The amount of this competitive advantage 
does, however, depend largely on the DM/$ exchange rate.
It increases rapidly, if the lower exchange rates of the 
last years are used for calculation. An exchange rate of 
DM/$2.8-3.0 which is unlikely in the foreseeable future, 
would be necessary to make domestic coal competitive on a 
cost basis with most imports. Even at the present level 
the US$ is considered overvalued.

Compared with coal from South Africa and Australia,
US coal is always at a cost disadvantage. This disadvantage 
isn't as large on a quality adjusted basis as usually 
claimed but leaves the US as the high price supplier for 
German consumers. The price difference towards other supply 
sources would grow if present single car rates were used 
in the calculations for eastern US coal. Coal imports 
from the US would also be affected overproport ionately by
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high $/DM exchange rates, because this would increase 
the cost differential to coal from other countries 
for the consumer.

Table 4.13 shows the development of actual steam 
coal import prices cif ARA/Hamburg for contract purchases. 
For comparability they were adjusted to the reference 
heating content of the previous calculations.

TABLE 4.13
Development of Steam Coal Prices 
_____ cif ARA/Hamburg ($/ton)____

Year USA AUS SA CAN DM/$
1975 37.98 2.4631
1976 32.47 34.42 —  — 31.10 2.5173
1977 37.32 35.52 31.81 30.53 2.3217
1978 —  — 37.75 36.28 35.30 2.0084
1979 50.50 45.80 43.62 42.04 1.8330
1980 56.94 53.69 54.77 47.31 1.8158
1981 74.95 68.19 68.19 59.52 2.260
4/81 74.08 67.23 67.23 51.10 2.1602
7/81 74.26 67.40 67.40 59.33 2.4399
4/82 71.90 64.72 64.72 60.60 2.3966
7/82 72.74 65.15 65.15 61.35 2.4638

In the cases of most Appalachian, and of Austral:
and South African coal,prices are reasonably close to present 
delivery costs. Deviations occur for Alabama, as mentioned 
before and for Canadian coal where German customers have
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access to low cost supplies. Contracts between Canadian 
developers and Japanese customers for new projects will, 
however, lead to prices of $85-90/ton fob Roberts Bank for 
high quality coal (Schneiderman, 1981).
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5. GERMAN IMPORT CONDITIONS FOR NON-EEC COAL

The last chapters outlined both the likely sources 
of German import coal and their relative competitiveness. 
This chapter will investigate the conditions for non-EEC 
coal imports to Germany which subsequently affect both 
the volume and the procurement of steam coal trade with the 
US. It won’t, however, be specific to this trade because 
neither an institutionally preferential status nor superior 
competitive conditions favor the US.

Coal imports of significant volume can be evaluated 
only in the context of the respective national energy 
policies. The chapter will therefore discuss the current 
German energy policy, its provisions for coal utilization 
and the regulations which affect non-EEC coal. Based on 
the present German coal consumption and past development 
of imports, the requirements of the various consumer sectors 
are discussed to determine likely import coal volumes.
The emphasis is put on the various factors which affect 
the import volume rather than exact quantitative forecasts. 
The institutional influences and constraints on coal pro
curement will be analyzed separately in Chapter 6.
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5.1 Energy Policy of the Federal Republic of Germany 
Energy policies reflect the availability and economic 

costs of domestic and import sources, the prevalent con
sumption patterns and their possible or desired changes. 
This section will therefore first outline the role of the 
various fuels in the German economy before describing 
the federal energy program and the coal import regula
tions .

5.1.1 Energy Consumption
The energy consumption of an economy can be described 

under various criteria. At the consumer level (industry, 
households, transportation) the amounts and forms of 'final 
energy' consumption can be analyzed. This will consist of 
either transformed (e.g. electricity) or non-transformed 
(e.g. natural gas) energy. With few exceptions the fuel 
input will depend only on economic and institutional 
rather than technical factors. Consumer analyses usually 
provide the basis for energy demand forecasts. For the 
purposes of fuel trade and international comparison, the 
economy's primary energy consumption by fuel type is more 
important.
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The German primary energy consumption in 1981 amounted 
to 374.1 Mlgt coal equivalent and was composed of (Verein 
Deutscher Kohlenimporteure, 1982):

- 44.8% petroleum which went mostly into the 
traffic and heating market and to a smaller 
extent into power generation,

- 20.9% bituminous coal which went into the 
utility, steel and heating markets. 12.4% 
of it was imported,

- 16.0% natural gas which was used mainly in 
the heating and the utility sectors. 2/3 
was imported, mostly from the Netherlands,
Norway and the Soviet Union,

- 10.7% lignite, nearly all of which was 
domestic production for power generation,

- 4.7% nuclear power for electricity generation,
- 2.3% hydropower for electricity generation, 

and
- .6% from minor other energy sources.
The structural changes in fuel consumption over the 

last 25 years have been substantial. While lignite 
output stayed constant, the bituminous coal production 
decreased from 165 Mtons to 96 Mtons, mainly due to
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substitution by petroleum products. Petroleum consumption 
grew from 21.6 Mlgt coal equivalent in 1957 to 196 Mlgt 
in 1972 and has fluctuated around that level since. In the 
last decade a strong increase of natural gas consumption 
occurred (Gesamtverband, 1981). The reliance on oil/ 
natural gas (60% of total energy consumption) has been 
lower than in most western economies.

Overall, the German economy experienced an average 
primary energy growth of 4.7%/year until 1970 and 1.5%/year 
until 1979. It shrank 4.4% in 1980, 5% in 1981 and isn’t 
expected to grow much in 1982 (Gabel, 1982). 61% of the
1981 energy demand was imported.

5.1.2 The German Federal Energy Program
Most energy and raw material policies of import 

oriented consumer countries employ a number of stabilizing 
instruments on both the supply and the consumption side 
(BMWI, 1981; ITE, 1972).

On the supply side these instruments can be
- the support and protection of the domestic 

production,
- diversification of foreign supply sources,
- cooperation in existing and new foreign 

mineral ventures,
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- stockpiling programs, and
- bilateral or multilateral mineral trade 

treaties.
On the consumption side they can include the support

for
- conservationist and technological innova

tions ,
- the substitution of scarce by plentiful 

raw materials, and
- recycling and research.
With the exception of bilateral-multilateral treaties 

and recycling (due to the final consumptive nature of 
fuels) these instruments are reflected in the federal 
German energy program (3. Fortschreibung des Energieprogramms 
der Bundesregierung vom 4 November, 1981) (BMWI, 1981).

The program emphasizes safe energy supplies for the 
German economy and calls, in coherence with the energy 
policy of the EEC Commission, for a lessening of oil 
dependence through conservation and oil substitution 
(Commission der EG, 1982).

Changes in the fuel consumption pattern are supposed 
tô occur mainly through market forces with government 
measures providing only additional incentives rather than
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dirîgistic intervention. Therefore, no detailed targets 
for primary energy consumption at certain future dates 
are established.

The energy program announces efforts to
- limit oil use through price disincentives, 

disallowance of new oil-fired power plants 
and financial encouragement of their re
placement ,

- diversify and moderately expand natural 
gas consumption,

- stabilize domestic coal production, 
provide for its optimal use and increase 
the share of import coal, and

- promote nuclear energy to the extent
of excess demand in the utility sector.

5.1.3 Support Measures for the Domestic Coal Industry
While oil replacement measures have been announced 

only in the last decade, an elaborate support program for 
the domestic coal industry dates back to 1958 when the 
first protective measures were enacted. Support measures 
cover both direct financial support for the coal industry 
and indirect support through assistance of domestic coal 
consumers.
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Financial support for modernization investments is 
given from domestic and EEC funds. A major part of the 
costs of industry concentration and output reduction in 
the past was also covered by public expenditures. In 
addition,a publicly financed coal stockpile of 10 Mlgt 
has been established.

The competitive position of domestic coal was improved 
by a preference system for German coal among the major 
consumer groups, utilities and steel companies.

The utility industry is obliged to purchase certain 
minimum amounts of domestic coal for electricity generation 
(42 Mtons in 1982) and can pass the resulting additional 
costs on to the consumers.

The German steel industry has to purchase all of its 
coking coal demand from domestic sources. If the domestic 
price level is above the world market reference price, the 
difference is partly covered by public expenditures to 
avoid competitive disadvantages for the steel industry. 
These payments have been in effect through most of the 
last decade but their level ($0-35/ton) has fluctuated 
largely with exchange ratio and world coal prices. Similar 
compensation arrangements exist for German coking coal 
exports to EEC countries.
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5.1 ,.4 Coal Import Restrictions
As an additional supportive measure protectionist 

coal import regulations were imposed (Gatzka, 1980).
They were designed to limit import coal to a supplementary 
role and have been in effect ever since domestic coal 
production started to exceed domestic demand for coal.

German import regulations had been liberal in the 
first decade after WWII. High domestic demand and 
delivery obligations to EEC countries led to increasing 
import quantities in the 1950s, mainly from US producers 
through long term delivery contracts.

An economic recession in 1957/58 and falling energy 
demand threatened to move import coal into baseload while 
the domestic coal industry would have to bear the full 
impact of decreasing demand. Consequently, in 1958 
arrangements were made for a domestic replacement of import 
contracts under identical conditions while traders and 
other parties in previous import agreements would be com
pensated. Overall 23 Mlgt of import coal were taken off 
the domestic market.

In the following years a system of import regulations 
was installed which

- introduced high tariffs for import coal beyond 
a specified duty-free quota,
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- - limited import handling exclusively to coal 
traders, and

- established regional restrictions for import 
coal use (mainly northern Germany).

De facto imports were reduced to the duty free quota 
and competition between domestic and import coal eliminated. 
The quotas could be adjusted for ’ general economic reasons’ 
and fluctuated from 6-12 Mtons/year. They were never 
actually claimed to their full extent, however. This can 
be attributed both to the flexibility in quota setting and 
the German mining companies’ ability to deliver the desired 
quantities.

The changing quota levels didn’t allow importers 
to establish longer delivery commitments in the 1960s 
until quotas were set for 5-year periods starting in 1971. 
This was intended to give consumers of import coal a higher 
degree of supply safety and expand the contractual flexi
bility of importers.

Present import regulations
The new coal import law of August 25, 1980, which 

became effective in 1981, brought major changes 
(Bundesgesetzblatt, 1981).
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In spring 1980 a long term purchase agreement between 
domestic utilities and coal industry was concluded.
It covers 704 Mtons of coal sales until 1995, with addi
tional quantities tied to the growth rate of electricity 
consumption (’15 year contract'). The agreement eliminated 
most previous anxieties about displacement of domestic by 
import coal, and includes provisions for import coal use 
by traditional users of domestic coal.

At the same time projections for an increased import 
coal demand were especially high. Major applications 
would be power generation and synfuel feedstock, i.e. 
large and stable consumers with a demand for long term 
supply commitments.

Consequently, the new coal import law brought the 
following major revisions for non-EEC coal :

- substantial increases of the import 
quotas,

- extensions of quota regulations to 
1995,

- consumer access to import coal directly 
instead of through importers, and

- elimination of regional user limitations.
The possible import quantities are shown in Figure 5.1.
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A stepwise increase of quotas, segmented into the 
different consumer sectors, was established. The original 
base quota of 5.1 Mlgt/year will remain a domain of 
importers until 1986 and then become accessible directly 
to consumers. Quotas for the utility and heating market 
will each increase from 4 to 12 Mlgt by 1991. The utility 
industry has access to imports only through additional 
purchases of domestic coal on a 1:2 ratio (1:1 after 1987). 
Import quotas can be transferred, however, to other 
utilities. In the heating market requests for import 
allowances are limited to actual consumers or their agents, 
subsequent trading among consumers isn’t allowed.

To date, import permits under the utility quota have 
been requested at levels of 2.5 Mlgt annually for 1981/85, 
3 Mlgt for 1986/90 and 5.8 for 1991/95 (Verein Deutscher 
Kohlenimporteure, 1982).

In addition, there are quota provisions for the steel 
industry (3 Mlgt) and for synfuel generation (5 Mlgt).
For additional flexibility,quotas can be increased by 
20% through administrative and another 30% through parlia
mentary action.
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5.2 Development of Coal Imports and Their Role 
 in the German Energy Supply___________

The development of German coal imports is shown in 
Figure 5.2 (Batzel, 1982). They have averaged 7.8 Mlgt 
annually over the last century and were traditionally used 
to supply customers off the major mining districts in 
northern Germany and Berlin. The actual volumes have 
fluctuated from 3-10 Mlgt with major excesses only in 
the years bèfore WWI and 1956/57 when imports peaked at 
18.9 Mlgt. They always have been much below the level 
of domestic production (Figure 5.2).

GERMAN COAL IMPORTS 1885-1980
Mgt

20-

IMPORTS
10-

AVERAGE7.8-
5-

1930 '38 49*55 1965 1975*801885 1900 1915

Figure 5.2 German Coal Imports 1885-1980. Adopted from 
Batzel, 1982.
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In the last decades Germany has exported 20-30 Mlgt 
annually, mainly coking coal to member countries of the 
EEC. It has thus been an overall net exporter (Statistik 
der Kohlenwirtschaft, 1981).

The supplementary role of import coal in Germany is 
in strong contrast to the major other western importers 
(exception Great Britain). These countries have only 
limited domestic coal productions and rely heavily on 
import energies for their utility and heating markets 
(Table 5.1).

TABLE 5.1
Comparison of Imports, Exports, and 

Domestic Coal Production in 
Various Western Countries 1980 (*) 
____________ (NCA, 1982)______________

Country Imports Exports Production

Belgium 10,606 352 6,752
France 30,187 577 20,515
Italy 12,936 — — —
Japan 64,545 65 19,447
Netherlands 7,016 1,150 — —
Spain 4,621 — — 8,591
UK 4,823 2,579 132,934
Germany 9,215 16,507 87,414
(*) 1,000 Igt, bituminous coal and anthracite
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So far, the liberalization of German import regulations 
hasn't led to a rapid increase of actual imports. German 
imports in 1981 were 11.3 Mlgt (7.6 Mlgt from non-EEC 
sources). Besides the importers' quota,only .4 Mlgt 
of the utility quota and .9 Mlgt of the heating market 
quota were used. Economic rather than regulatory con
straints limited the actual import volume. Preliminary 
figures show that the same will apply to 1982.

84% of the import coal went into the utility industry 
(Verein Deutscher Kohlenimporteure, 1982). Not all of it 
was used for electricity generation, however, because the 
legal definition of power plants covers all installations 
which generate electricity, even if the main purpose of 
operation is steam generation for heating.

5.3 Factors Affecting the Volume of Import Coal 
The actual levels of import coal over the next decades 

are highly uncertain. They will depend largely on the 
development of coal demand in the major consuming sectors 
and on the interaction between import coal and the other 
domestic and import fuels in the German import market.



T-2707 -157

5.3.1 The Future Coal Demand in the Major Consuming Sectors
The largest unknown factor in determination of the coal 

import volume is the demand development in the major coal 
consuming sectors of the German economy. The uncertainty 
about overall economic development, elasticity between 
GNP and primary energy consumption, and structural energy 
consumption changes would limit the validity of detailed 
forecasts. This section will outline only the potential 
development in various sectors.

The major areas of steam coal consumption are utility 
market, heating market and synfuel market. Due to its 
relative importance the utility market will be emphasized. 
Both the heating and synfuel market have to be evaluated 
with regard to the price development of other fuels 
(see section 5.3.2).

Utility sector
The level of coal consumption in the utility sector 

will depend both on the overall growth of electricity 
generation and the power plant structure by fuel source.

9In 1980, 369 x 10 kWh electric energy was produced 
in Germany, with coal contributing 31%, lignite 25%, 
natural gas 18% and nuclear power 12%. Coal-fired power 
plant capacity amounted to 28,600 MW, most of it older than
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10 years and 40% in units < 100 MW. With the anticipated 
increase of domestic coal utilization, additional capacity 
of at least 10,000 MW will be necessary by 1995. Conse
quently, numerous coal fired power plants are plannêd 
(Table 5.2) (VIK, 1982).

TABLE 5.2
Planned New Power Plant Capacity (MW)

Start of Bituminous Coal Nuclear Other
Operation Fuels

New -■ "T ■' New I New
1981 747 747 1,300 1,300 220
1982 1,022 1,769 —  — 1,300 215
1983 1,355 3,124 1,316 2,616 --
1984 1,760 4,884 4,289 6,905 350
1985 2 ,677 7,561 2 ,670 9,575 —  —

1986 2,594 10,155 1,608 11,183 --
1987 2,844 12,999 1,362 12,546 —  —

1988 750 13,749 1,300 13,846 —  —

1989 740 14,489 1,300 15,146 2,400
1990+ 10,272 24,761 6,598 21,744 --

(installations > 100 MW only)

Decreases in energy consumption and environmental suits 
may lead, however, to delays or cancellation of some 
projects. Thus, only 6,800 MW of coal-fired capacity presently 
under construction can be considered as 'sure' capacity 
additions. Part of that will be necessary to replace 
existing obsolete installations.
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The future use of lignite for electricity generation 
won't increase much. Only moderate growth from 34 Mlgt 
coal equivalent to 37 Mlgt is expected and the high level 
of present utility orientation may even decrease slightly.

The use of oil in power generation (7%) will decrease, 
mainly due to its competitive disadvantages on a Btu-basis. 
The cif border prices in 1981 were $146/lgt coal equivalent 
(heavy crude) and $187/lgt (light crude). Oil-fired power 
plants have moved mostly into peak load operation. Price 
increases of natural gas, most of which is indexed to 
oil prices, makes future increases of gas consumption in 
power plants unlikely. No new gas fired power plants 
beyond 1982 have been planned.

A major uncertainty is the development of nuclear 
power. The official energy policy calls for nuclear power 
to the extent that electricity generation can’t be accom
plished by other fuels. It thus is neither a policy of 
active encouragement nor one of rejection. Nuclear power 
remains a highly contested political issue, however, and 
the economic attractiveness of new reactor types is doubt
ful due to large cost overruns. Nevertheless, construction 
plans and most forecasts indicate that few alternatives 
to increased nuclear power generation exist.
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The quantitative forecasts of fuel requirements in 
the utility sector depend largely on electricity growth 
in the future. It is unlikely that the annual growth rates 
of the 1950/60/70s (10%, 7.3%, 4.1%) will continue in the 
next decades. A limited overall economic growth, a 
saturated demand for new electric appliances and efficiency 
increases in new power plants (24% over last 20 years in 
coal fired installations) indicate lower growth rates.
The major German forecasting institutes used 2.7% in the 
cautious version of their latest comprehensive forecasts 
(DIW et al, 1982) prepared for the federal energy program 
(see Table 5.3). The Deutsche Shell AG assumes growth 
rates of 1.9-2.2% in its 'realistic' version (Deutsche 
Shell, 1982). These forecasts were considered realistic 
by several German mining companies. Their major differences 
are the assumptions about the growth of nuclear energy.



T-2707 161

TABLE 5.3
Forecasts of Energy Consumption for 
 Electricity Generation (*)_____

Shell Institutes
1980 1990 1995 2000 1985 1990 1995

Bituminous
coal 38.9 52.6 60.7 64.1 39.6 47.5 51.2

Nuclear 14.3 36.8 46.3 58.6 33.9 51.9 75.8
Others 65.8 69.7 56.5 56.0 63.9 60.8 53.9
Sum 119.0 150.0 163.5 178.7 137.4 160.2 180.9
(*Mlgt coal equivalent)

These projections are much lower than the optimistic 
ones that were issued several years ago and which served 
as the basis for the formulation of both the '15 year 
contractr between domestic coal and utility industry and 
the import coal law.

The actual level of coal imports for utility consumption 
depends largely on the provisions of the ’15 year contract' 
between German mining and utility industry. For calculation 
the Deutsche Shell’s forecasts and the ’contract’s ’ pro
visions were used.
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TABLE 5.4
Projection for Import Steam Coal Demand for 
________ Electricity Generation (*)__________

1985 1990 1995
Domestic sales 
to utilities 40 45 45 (**)

Demand for 
heating 4.5 5.0 5.0

Available for 
electricity
generation 35.5 40 40

Demand for 
electricity
generation 45.5 52.6 60.7
Import Demand 10 12.6 20.7
Deliveries from 
EEC countries 3 3 3

Non-EEC imports 7 9.6 17.7
(*) Mlgt
(**) electricity growth < 3% assumed

The calculations show that non-EEC import quantities 
of 7 Mlgt in 1985, 9.6 Mlgt in 1990 and 17.2 Mlgt in 1995 
can be expected, if inter-EEC trade stays at the present 
level. If the institutes' pronuclear figures are assumed, 
the growth of demand will be much lower.

The actual imports for utilities in 1981 were 
5.27 Mlgt and thus stayed 25% below the permissible level. 
The validity of these calculations depends on the continued 
conversion to coal fired power plants and an end to the
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current recession. The figures can therefore be regarded 
only as general estimates about the magnitude of imports 
for German utilities.

Heating market
The heating market includes all coal consumers except 

electricity producers, synfuels industry, and the steel 
industry's coking coal demand. It is basically a final 
consumers’ market as opposed to the intermediary role of 
the utility industry and more heterogeneous than the other 
consumption sectors. A common disaggregation scheme in 
this market is households, small users and industrial 
users. The dominant energy use among these groups is for 
heating and process heat (89%). They consume 47% of the 
German primary energy consumption.

Figure 5.3 shows the distribution of the various energy 
sources in the heating market and the dominant role of oil. 
Coal presently has a share of only 8.2%. Since all processes 
of heat generation are principally interchangeable, a high 
level of interfuel competition can be expected here.
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Due to the heterogeneity of consumers only some 
general assessments will be made here (ITE, 1982 ; Deutsche 
Shell, 1982 ; DIW et al, 1982).

Among households and small consumers the direct con
sumption of coal is constrained by environmental restrictions, 
existing installations and inconveniences of coal handling. 
Supply safety and price advantages will therefore not lead 
to a rapid reconversion. An increase from currently
5.6 Mlgt coal to 8 Mlgt over the next decades is possible 
but still optimistic.

A stronger move towards coal can be expected in 
district heating which is actively encouraged by federal 
and state energy programs, A doubling of the present rate 
to 13 Mlgt coal equivalent is considered possible, with 
coal providing most of the increase.

Among the industry users a reconversion is most likely 
where fuel is used solely for heating and not for conversion 
(e.g. chemical industry), where the industry is energy 
intensive (e.g. cement industry) and where boilers are 
operated continuously. On average the fuel costs in the 
industry are only 3-4% and in most branches the incentive 
for conversion is therefore low. Environmental constraints, 
not yet amortized oil burners and uncertainty of fuel 
price development are further constraints.
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The cumulative consumption of primary energy among 
industry users isn't expected to grow significantly 
(Deutsche Shell, 1982). Therefore, projections about 
higher coal consumption by industry users reflect expecta
tions about future substitution. Recent forecasts spread 
from 8 Mlgt to 21 Mlgt by 2000 (Wilson, 1980; ITE, 1982). 
Based on a level of 4.4 Mlgt in 1980 these numbers reflect 
conservative or very optimistic assumptions.

Overall, the potential for coal use in the heating 
market is large and its volume could increase from 15 Mlgt 
in 1980 to 25-40 Mlgt in 2000. If the more optimistic 
assumptions hold, a major market for import coal could 
arise here. The import quotas in the heating market 
reflect that.

The actual use of import coal in this market has been 
low so far. In 1981 only 2.03 Mlgt were used, i.e. 
a quantity much below the allowances of the combined base 
and heating market quotas.
i

Synfuel market
Feedstock for synfuel production could be another 

market for import coal. An annual 5 Mlgt import quota 
acknowledges that.
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In synfuel production, a conversion of solid fuels in 
various stages of carbonization to gaseous and/or liquid 
hydrocarbons takes place. Those can subsequently be 
processed analogous to natural gas and petroleum.

Various autothermic gasification methods have been 
commercially tested and are further developed in Germany, 
partially with government support for pilot plants 
(Schilling et al, 1981). Allothermic processes, where 
high temperature reactors provide the process heat, aren't 
likely to be realized in this century anymore.

In coal liquefaction, either a synthesis of coal gas 
or direct liquefaction through catalytic hydration can 
be performed (Krieb et al, 1978). Both principles are 
technically advanced enough to be applied within the next 
decade through a number of processes.

The main uncertainty about the introduction of large 
scale coal gasification or liquefaction are less technical 
than economic. Coal gasification on the basis of domestic 
lignite or imported bituminous coal would be competitive 
as a raw product for methanol/ammonium synthesis, while 
syngas with natural gas quality would still be uncompetitive 
(Specks et al, 1981).
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The price of synthetic petroleum destillates (1,000 DM/ 
ton) would be at least 50% above the market price for 
similar imported petroleum products. Coal liquefaction 
will therefore be non-competitive in the near future 
unless major petroleum price increases occur.

Major gasification plants are presently in the planning 
stage at several northern German locations (Brunsbuettel, 
Wilhelmshaven, Bremerhaven). If realized, proximity to 
harbors, absence of domestic purchase obligations and 
price advantages would make an operation with import coal 
likely. Under these assumptions most of the synfuel quota 
would be used by 2000.

The actual volume and time frame of plant construction 
is a matter of speculation due to environmental concerns 
at most proposed locations and uncertainty about the price 
development of conventional fuels.

5.3.2 Interaction Between Import Coal and Other Fuels 
in the Energy Market_____________________________

The future coal demand of the German economy minus
the expected domestic, non-export production will give
only an upper bound for the import coal volume. The
actual level will depend largely on

- the competitive position of import coal vs.
other import fuels,
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- the development of domestic coal production, 
and

- the export volume of German coking coal.
These factors will be discussed mainly in qualita

tive terms.

The internal competition between import fuels
In the market-oriented German energy economy, import 

coal isn't covered by the preferential treatment that 
protects domestic coal and has to compete against other 
fuel sources, mainly imported oil and gas.

In the utility sector, many new and existing boilers 
have combination boilers for coal and oil or natural 
gas. The capacity of bivalent boilers in the heating 
market is significant, too. The higher the demand fluctua
tions in these markets,or the perception thereof, the higher 
the attractiveness of hydrocarbons with their better 
handling and storage characteristics. Gas especially has 
strongly penetrated market areas with high seasonal demand 
changes.

Another factor is the uncertainty about future 
fuel prices. The virtual stop of nominal and de facto 
decrease of real oil prices (1.6% nominal increase cif 
border from 12/80 to 6/82 compared to 78% in the previous 
18 months) (Vik, 1982) has partially delayed
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conversion of oil boilers in the heating market. At 
present fuel costs (250 DM/lgt coal vs. 650 DM/lgt oil), 
a new coal boiler would be 30% cheaper for a small and 26% 
for a large industrial boiler on an annualized basis, 
compared to new oil fired boilers due to the fuel cost 
advantage on a Btu-basis (ITE, 1982). The high investment 
costs of coal burners (2.5-3 fold of oil boilers) will, 
however, prevent a rapid conversion, unless oil prices 
climb again.

The availability of natural gas at competitive rates 
will also influence the import coal volume. Some quantities 
without oil price indexation could be obtained at present 
production capacities of major exporters (notably Norway, 
Soviet Union) but aren't under purchase obligations by 
German gas distributors. It is likely that parts of 
these additional quantities (4.4 Mlgt coal equivalent) 
will enter the German energy market and compete against 
import coal in oil substitution. These quantitites are 
likely to grow upon the completion of increased gas 
delivery capacity from the Soviet Union.

They could also impede the production of syngas from 
coal. Some studies therefore expect a synfuel coal demand 
of only 1 Mlgt/year due to lasting competitive advantages 
of natural gas (Schwab, 1980).
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Domestic coal production
The federal energy policy calls for a preservation 

and possible expansion of domestic indigenous energy 
sources, notably coal (BMWI, 1981). Concurrently the 
institutes’ forecasts predicted a stable domestic coal 
production of 90 Mlgt for 1990 (DIW et al, 1982).

Large continuous efforts will be required to uphold 
the present production level at 85-90 Mlgt. Any increase 
would require the construction of a greater number of new 
deep mines. With present development costs for new annual 
capacity estimated at $250-400/ton, an increasingly difficult 
geological environment and future constraints in German 
public finances, a major domestic expansion is unlikely.

A policy less favorable to the domestic coal industry 
could be more likely. If reliable import coal sources 
can be secured,and employment conditions in German mining 
districts ease, support for the present production level 
may decrease. An expansion of the existing quotas and a 
subsequent inflow of larger coal quantifiés would be the 
consequence. Expansion or contraction of domestic pro
duction are rather speculative at this moment, however, 
and won’t be pursued further.
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Export of German boking coal
Traditionally 20-30 Mlgt of coking coal have been 

sold annually to neighboring EEC-countries. This accounts 
for 20-35% of German production and is the third major 
market besides domestic utilities and steel industry.

The development of the European coking coal market 
will determine the potential extent of domestic surplus 
production. Most forecasts expect strong decreases of 
German deliveries to these markets (e.g. DIW et al, 1982). 
As long as quantity adjustments are difficult in the highly 
inelastic German mining industry, unexpected decreases 
of foreign demand will lead to supply pressure on the 
domestic utility market where little distinction between 
coking and steam coal qualities exists. The same applies 
to the domestic coking coal market.

Two consequences of coking coal market slumps are 
conceivable :

- a reduction of domestic production levels.
This would contradict both the official 
energy policy and public sentiment.

- a reduction of imports via substitution 
through domestic coal. The coal import law 
of 1980 allows for downward quota setting.
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A reduction of utility quotas could be 
enacted through administrative procedures 
similar to the previously mentioned 
additions. The other option would be 
domestic coal sales at competitive rates, 
i.e. $10-20/ton below present reference 
prices as an alternative to extended 
stockpiling. In either case,domestic 
coal would replace part of the short 
term imports.

An example of the latter approach is a recent steam 
coal sale by Ruhrkohle AG to VEW Westfalen, a large German 
utility, at competitive rates below reference level.
The main reason was the present slack of both domestic and 
foreign coking coal demand.

The opposite possibility would be a system of active 
export support for parts of those German coking coal 
quantities which are presently used in domestic utilities. 
This would be compensated by an increase of cheaper 
steam coal imports. As long as acceptable steam coal 
qualities are cheaper in the world coal market than 
premium grade coking coal, the German economy as a whole 
would gain.
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The possibility of such a trade increase with non- 
EEC countries, including the US, was considered likely 
by a major German coal trading house. It will depend 
largely on the development of demand and prices for 
metallurgical coal outside the EEC.

5.4 Conclusions 
German energy policy calls for increased use 

of coal in the various consumer sectors, with domestic 
coal providing the base and import coal the remaining 
demand. The coal import law of 1980 therefore didn’t 
liberate coal imports totally but rather tied them to 
demand development while providing flexibility in the 
import pattern. The actual import volume will be less 
the result of regulatory constraints but of interacting 
and yet uncertain economic factors.

The coal import level will depend mainly on
- the growth in the utility sector through 

increased electricity consumption and 
possible delays of nuclear power plant 
construction,

- the pace of oil substitution in the 
heating market,
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- the development of coal gasification,
- the competition of other import fuels 

(notably natural gas), and
- the development of German coal production 

and its traditional non-utility markets.
The following ranges of import steam coal quantities 

are considered realistic (EEC and non-EEC):
1985 1990 1995

Mlgt 12-15 17-22 30-40
(utility sector) (10) (12.6) (20 .7)
On the basis of the calculations in section 5.3.3, 

utilities will be the dominant consumer group for import 
coal (EEC and non-EEC). In later years, a higher heating 
market share is likely and possibly substantial imports 
for synfuel feedstock.
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6. PROCUREMENT OF IMPORT COAL FOR THE 
FEDERAL REPUBLIC OF GERMANY_____

The procurement of import coal is part of the overall 
fuel supply strategy of an economy. Due to its economic 
importance this strategy is usually influenced by govern
ment policies. These may address

- the security of supplies and the protection 
against supply interruptions,

- the stability and attractiveness of supply 
through long term commitments between producer 
and consumer, and

- the minimization of balance of trade dis
crepancies .

The official German policy towards coal imports 
specifies neither procurement conditions nor trade patterns 
nor import sources for balance of payment reasons. It 
calls, in general terms, for the establishment of longer 
term purchase agreements within the quantitative import 
framework but doesn't exert regulatory influence on actual 
purchases (BMWI, 1981). These are left in the domain of 
the various importing parties.
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This chapter will analyze the various import procure
ment forms and their advantages and limitations when applied 
to German coal imports. The emphasis will be put on long 
term contracts and direct investment as the major forms 
of long term supply arrangements. In addition, the diversi
fication of sources will be discussed as a possibility 
of hedging against supply interruptions. The last part 
of the chapter outlines the import coal strategies of 
other western countries and the limitations of their 
transferability to German conditions.

6.1 Direct Investments in the US Coal Industry 
A major form of long term supply procurement is 

capital investment by private companies in the production 
facilities of the targeted supplier country. This multi
national corporation approach has traditionally been a very 
common part of the mineral procurement strategy of the 
western countries, especially if the supplier is a less 
developed country.

6.1.1 Volume and Purposes of Direct US Investments
Past investment of German companies in overseas coal 

production had concentrated on coking coal properties. 
Overall, the dominance of coking coal trade and the large
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domestic coking coal reserves made the necessity for 
overseas investments less apparent.

This changed in the later 1970s due to the increase of 
oil substitution efforts by steam coal and the optimistic 
projections for steam coal trade. A number of German 
mining companies/utilities have since invested in the US 
and other coal exporting countries (see Appendix 14) 
(Sullivan, 1982; N N . , 1982) . While not actively supporting 
it, the German federal government welcomes such investments.

French, Dutch, Italian and British companies also 
made larger investments in the US coal industry. Overall 
3.2% (23.6 Mtons) of the 1980 US coal production was 
produced by foreign controlled companies. Relative foreign 
investment in coal is at approximately twice the overall 
level for all nonresidential business capital in the US.

Part of the investments were made to obtain supply 
security for import coal. HEW and RheinBraun, a subsidiary 
of the largest German utility, are directly affiliated 
with steam coal consumers. The same motif probably applies 
for Exploration und Bergbau's Canadian coking coal invest
ments .
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Overseas investments by German mining companies will 
serve several purposes :

- capital investment gains,
- retaining of domestic market control 

through active participation in 
import trade,

- exposure to and increased experience 
with foreign technology and markets, 
and

- application of advanced domestic 
technical knowledge,

This applies to Ruhrkohle AG, Eschweiler Bergwerksverein 
and Saarbergwerke AG.

Other companies, e.g. Flick KG, hold mainly portfolio 
investments without supply intentions for German customers.

6.1.2 Forms of Direct Investment
Direct foreign investment in the US may take a number 

of distinctive forms which can overlap. All of them 
are applicable to the mining industry (WESTPO, 1982).

- PORTFOLIO INVESTMENTS are acquisitions of 
assets solely for appreciation in value.
They usually involve only a small part
of the outstanding stock volume. They
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will, due to their indifference to the 
trade pattern, be disregarded in the 
further discussion.

- PARTIAL ACQUISITION implies the infusion 
of new capital and management and leads 
to partial control of the acquired firm.

- TOTAL ACQUISITION involves complete control 
and financial responsibility over the 
acquired firm.

- JOINT VENTURES are usually separate enter
prises and formed by the US and the foreign 
firm to pursue specific projects. Their 
attractiveness arises from the independence 
of other parent company activities and the 
local expertise that is contributed by the 
American partner.

- The creation of a new SUBSIDIARY of the 
foreign company is the riskiest form of direct 
investment. It requires the building of a 
new business organization by a company which 
is less familiar with US conditions.

In practice, all forms of investment have been 
pursued. Earlier investments aimed at total acquisition
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and control over US production but didn’t bring the 
expected success. The adjustment from German mining 
conditions to vastly different situations overseas proved 
more difficult than expected. The same applies to other 
European investors. Later investments have been either 
partial acquisition (HEW, Saarbergwerke AG, Veba AG) 
or joint ventures (RheinBraun) where the actual operation 
is left mostly to the American partners.

The ownership and production conditions in the US 
(numerous firms of limited size, small production units 
by German standards) eliminate the necessity for large 
investment consortia that are typical for large metal 
mining projects or coal development in other countries.

Despite the large number of potential acquisition 
candidates, the targeting of suitable companies remains a 
crucial issue, especially for investments by German coal 
producers. Ideal candidates will be producing companies 
rather than development projects with

- presently marketed production,
- partial expirement of present contracts 

in the intermediate future,
- sufficient reserves for production increases, 

and
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- reserve qualities that are marketable to 
German customers.

Especially the last criteria are important, if larger 
supply contributions to German import requirements are 
planned. The inaccessibility of federal coal leases and 
nature of coal deposits make investments at exploration 
or very early development stages less likely in the US.

6.1.3 Financing Foreign Investments
The amounts necessary for acquisition of US coal 

properties are mostly proprietory. Among the known 
cases with foreign involvement are the acquisitions by

- SOHIO (BRITISH PETROLEUM) which paid 
$700 million for 640 Mtons of coking and 
steam coal reserves plus operating 
facilities of US Steel;

- SAARBERGWERKE AG which paid $102 million 
for 25% of Ashland Coal, a company with 
384 Mtons steam coal reserves and 4.8 Mtons 
production in 1981.

These figures, $1.0-1.1/ton for reserves of present 
producers, may provide a rough estimate of investment 
volumes. Actual acquisition prices will fluctuate with 
the economic situation in the coal industry, location and
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quality of reserves and operations. Overall the investment 
volume for partial acquisitions of larger US coal companies 
will exceed average foreign investment in the US ($31.8 million 
in 1981)(Sullivan, 1982).

Traditional financing sources in the mining industry 
have been retained earnings along with commercial borrowing. 
These will remain the dominant methods for investments in 
the US and provide the highest degree of flexibility 
in production and marketing arrangements. Due to the 
strength of the German financial markets and the status 
of German coal companies financing itself for the investment 
size of typical US coal projects shouldn’t cause major 
problems. The same applies to the financially stronger 
German utilities.

Project financing, with loan securement by the project 
itself, is increasingly applied where conventional credit 
sources would be inadequate to cover the capital requirements. 
It permits financing the development of a project independent 
of the developer’s credit base and thus avoids impacts 
on his credit rating. It can also partially circumvent 
acceptability problems for German overseas investments.

Project financing is pursued by German mining companies 
for projects in Canada and Australia. It always requires a
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marketing guarantee, however, and therefore finds its 
limits in the perceived potential of German companies' 
traditional markets.

The use of this financing method for German coal 
investments in the US will probably remain limited. Here 
the acquisition of producing companies rather than specific 
projects is pursued and the inherent inflexibility of this 
financing method may make it less attractive.

Other financing forms, as available for German 
mining activities in less developed countries, depend on 
an active federal role through loan subsidies, tax in
centives and development aid funds (ITE, 1974). Statute 
limitations of the various funding agencies make them 
unapplicable to investments in the US. Government insur
ances against political risk would be of little relevance 
anyway.

The tax laws between the two countries follow standard 
procedures of foreign tax credit and deductability of 
foreign losses. German tax law ties the percentage of 
loss deductability to the percentage of acquisition, 
however, and will therefore favor majority investments.
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6.1.4 Investment Regulations in the US
The US is the only major coal exporter without 

equity restrictions for foreign investment, this includes 
the coal industry. Exceptions are national defense, 
communications and part of the transportation sector. 
Restrictions by state law are limited and have frequently 
been overruled by the US Supreme Court.

The official federal policy towards foreign investment 
is neutral, but most state governments actively solicit 
foreign investment. A major reason is the slow rate of 
capital formation in the US. Most investment incentives 
(tax exemptions or deferrals, cheaper financing through 
industrial bonds, assistance in employee training) are, 
however, directed towards new industrial development 
rather than acquisitions of existing companies. The coal 
mining industry itself welcomes foreign investors, especially 
in the present buyers’ market.

Foreign investment is monitored by several federal 
laws. Under the International Investment Survey Act of 
1976 a regular and comprehensive data collection 
program of direct and portfolio investment was initiated.
The Domestic Act of 1977 expanded the disclosure require
ments for owners of >5% of certain securities. Further laws 
cover foreign holdings of real estate (DOC, 1976).
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Under the Commerce Clause the US Congress could use 
its exclusive power to 'regulate Commerce with Foreign 
Nations' by influencing or restricting the modalities of 
foreign coal trade. The US Congress might also cite 
reasons of national defense, if extensive foreign owner
ship of US reserves is considered detrimental to national 
security. Measures to restrict such ownership are 
speculative at most, however, at the present investment 
climate and level.

Antitrust laws will also apply to foreign acquisitions 
and joint ventures. Based on the Sherman Act of 1890,
(15 USC Section 1-7) the US has developed a set of strong 
antitrust laws to promote competition and prevent re
straints upon free trade in all sectors of the economy.

In the past, antitrust laws have had little impact on 
the coal industry which by all conventional standards is 
competitive. Antitrust laws de facto favor the foreign 
over the domestic investor, because in most cases he pre
viously has neither been a competitor, supplier or customer 
of the acquired US company and therefore won't lessen 
competition. This applies both to horizontal divesture 
by mining companies and vertical integration of German 
consumers. Joint ventures are subject to investigation 
under similar aspects.
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Overall, the antitrust and disclosure laws may impose 
time consuming bureaucratic burdens, before foreign 
acquisitions become effective. But neither of them should 
be a major constraint to German investments in the US 
coal industry.

6.2 Advantages and Limitations of Direct Investment 
 by German Companies_________________

Advantages and limitations to direct investment in 
foreign coal production exist both for consumers and 
mining companies, the two likely German investor groups.

6.2.1 Consumers
Backward integration of coal consumers has been wide

spread in domestic coal markets of various countries.
German and US steel companies have used captive production 
facilities to ensure supply safety of scarce coking coal 
qualities. In the 1970s, a strong trend towards 
captive mine ownership by US utilities occurred, either 
directly or through separate subsidiaries. Their production 
share will reach 21% (145 Mton) in 1985, according to 
Federal Power Commission estimates (CRA, 1977).

Direct investment in production facilities ensures 
stable supplies to the consumer at prices equal to the 
costs of mining, including an adequate rate of return. If
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the mine is properly managed, the price of captive production 
will approach the competitive market price of long term 
contracts and provide a higher degree of security through 
ownership.

There have been, however, frequent charges that 
captive ownership, together with monopolistic power of the 
utility, will encourage inefficient production. A $2.50/ton 
price difference of captive to open market production in 
the US supports this charge (although part of it is 
attributable to a higher captive coking coal share)
(DOE, 1982c).

Similar drawbacks could apply to direct investments 
by German utilities. Otherwise their investment criteria 
will focus on matching reserve characteristics with 
quality requirements and finding an efficient operating 
company capable to guarantee the agreed deliveries. This 
will usually require a larger coal company by US standards.

6.2.2 Mining Companies
Limitations for mining companies' direct investments 

arise from 2 interrelated sources : capital availability
and marketing coordination of foreign and domestic pro
duction .
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Capital for foreign investment has to compete with 
funds for domestic investments. As long as German coal 
companies receive considerable public support and investment 
aid for domestic purposes, foreign investment financing 
from retained earnings is under intense scrutiny. Since 
federal investment aids were seriously curtailed in 1982, 
the availability of capital for foreign investments has 
been limited. This will be reflected either in a minority 
ownership share and reduced influence or the affiliation 
with smaller companies with lower production potential.

The integration of foreign and domestic production 
creates both market advantages and constraints.

For German mining companies a major advantage of 
horizontal integration is the higher level of supply safety 
which they can offer to their European customers through 
backup guarantees with domestic production. This can cover 
both German overseas production and coal obtained under 
preferential option from the foreign partner. Consequently, 
supply contracts have been made by German mining companies 
which include substitution clauses for import coal inter
ruptions. The competitive advantage of this possibility 
is reflected in a higher market share or sales at prices 
above average.
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Limitations arise from the substitution risk for 
domestic through import coal and the internal relationship 
with the US partner.

A guaranteed or preferential access to certain 
production quantities will in most cases require a marketing 
guarantee for this coal by the German mining company. As 
long as the future development of coal demand is highly 
uncertain and the companies have to give priority to the 
sale of domestic production, they will be reluctant to 
accept long term marketing obligations and risk stockpiling 
of domestic production. Parallel to that German mining 
companies have traditionally not taken positions of third 
party coal in transactions of their affiliated trading 
houses. Companies without domestic production are less 
affected by those considerations.

Another difficulty arises from differences of ob
jectives. The American partner won’t have any inherent 
commitments to specific customers. He will rather be inter
ested in maximizing revenues by selling all production at 
full market value. The German partner, on the other hand, 
is both a producer and a customer for at least the guaranteed 
purchase quantity. He will handle its marketing through
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his own trading house and is mainly interested in pricing 
flexibility through low internal transfer prices. Only a 
substantial share of the American company will give the 
German partner sufficient leverage to achieve satisfactory 
terms for his guaranteed share and for the conditions 
which give him preferential purchase options for additional 
quantities.

The amount of actual leverage will depend on size and 
ownership structure of the US company. One German mining 
company official suggested that in most cases a 50% 
acquisition will be necessary to secure a high level of 
supply safety. Then the previously described capital 
constraints become vital.

The notion about the necessity of high ownership share 
for supply safety isn’t undisputed, however. The tradi
tionally low level of venture capital of German metal 
mining companies never led to serious supply interruptions 
of these commodities (ITE, 1974). Equity ownership will 
influence the terms of mineral supply rather than its 
availability.
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6.3 Contractual Arrangements
Besides direct investment and deliveries from overseas 

’captive’ mines, contractual purchase arrangements are the 
main method of procuring import coal. Coal contracts 
usually specify the following points in detail (Scott,
1977):

- length of contract,
- coal quantity and timing of delivery,
- price and price adjustment clauses,
- coal specifications and penalties for 

noncompliance,
- payment modalities.
This section will emphasize long term contracts 

as a mean of providing secure and stable supplies.

6.3.1 Long Term Contracts
The exact definition of long term vs. medium vs. short 

term isn’t uniform. Most coal traders consider contracts 
beyond 3 years as ’long term’, while standard examples 
for this contract type are domestic utility purchases 
and Japanese mineral supply agreements which extend beyond 
10 years.
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No major industry handles such an extent of its trade 
through long term contracts as the coal industry and its 
customers do. The major contracts of the German coal 
industry with utilities and steel companies cover periods 
of 15 and 20 years, respectively. Similarly most larger US 
utilities now receive 90% of their noncaptive coal through 
this purchase method and obtain only 10% through short 
term or spot sales (Coal Outlook, 1982).

Long term contracts attempt to reduce the risks of 
quality, price and flow instability which are associated 
with shorter transaction arrangements. They bring cost 
savings through standardized transaction handling and enable 
larger customers to design capital equipment to the supply 
specifications.

On the other hand, long term contracts tie the con
sumer for an extended period to a specific producer, 
his price development, the agreed coal quality and often 
a specific transportation link. For the producer they 
provide advantages both in planning and financing through 
stability of future operations and cash flows. With the 
increase of capital intensity and nonequity financing 
they often serve as a collateral. The US coal industry 
has a strong interest in stabilizing its export volume 
through long term contracts.
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The price of coal sold under long term contracts 
has to cover the full production costs, including an 
adequate return on investment. Therefore, most new con
tracts include sophisticated price escalation clauses 
which are either part of a cost plus arrangement or based 
on indices for the various components of the base price 
(labor, fuel, material, taxes, regulatory changes, etc.) 
(Carney, 1978). Production incentives and 'market reopener 
clauses’ for renegotiation of uncompetitive base prices can 
also be included. No standard form of long term contracts 
exists because specifications and escalation clauses are 
geared to the specific production conditions.

In the long run, prices under this contract form should 
be lower than the average spot market price because an 
optimal scale and steady rate of production allow for cost 
decreases. In addition, the stability of these transactions 
eliminates the risk premium attached to the rate of return 
by companies that are solely spot market oriented. A 
survey concluded that this difference amounts to 5-8%
(CRA, 1977).

Historically, average spot prices exceeded average 
contract prices but in the last years this hasn't been 
consistent either in the domestic or the export market.
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A major difficulty in comparison arises from the quality 
differences between contract and spot market coal, the 
latter usually being of higher quality (see Table 3.7).

The lengths of contracts vary and are usually longest 
in agreements involving large utilities. In any case 
they are longer than short term business cycles and thus 
entail commitments for future periods with yet unknown 
demand levels.

Most long term contracts are concluded on a fixed 
tonnage basis with options to purchase ±10% of the contract 
volume. Even in a severe market slump they won't allow 
further reductions. That would contradict the main idea 
of this contract form, i.e. to give both the consumer and 
producer the desired level of security through fixed 
commitments.

This wasn't a major concern in the 1960/70s when 
coal consumption in the utility sector grew continuously, 
i.e. under circumstances when utilities were more concerned 
with hedging against supply interruptions rather than 
oversupply.

6.3.2 Limitations for Long Term Contracts in the US- 
German Coal Trade____________________________ ___

Long term contracts in international commodity trade 
have been the subject of intensive debate in the last
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decade. Usually their successful application in the 
procurement of Japan's large import needs is cited 
(Kojima, 19 78).

Japanese long term contracts were successful due
to

- a domestic demand large enough to induce 
large scale development with economies 
of scale,

- a demand level dominant enough to 
exercise a stabilizing influence on 
the market through these arrangements, 
and

- an environment of steady growth and 
stability for major commodities.

Subsequently, long term contracts proved most success
ful in iron ore and coal trade where Japan was by far the 
largest single importer in the past.

Neither of the above listed conditions will apply 
to the steam coal trade between the US and Germany. 
Therefore, the applicability of long term contracts 
has to be evaluated critically .
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A principal limitation of long term contracts arises 
from their buyer/seller relationship. They define inten
tions and obligations and create claims between the trading 
partners, but aren't a guarantee for their actual purpose, 
the safe delivery of specified mineral quantities. As 
long as ownership and end use of the resource are separated, 
both parties must rely on the willingness and the ability 
of the other to fulfill its obligations.

There have been prominent cases when neither condition 
prevailed. For example, export obligations were annulled 
in the 1960s by a number of US producers who switched to 
more lucrative domestic utility markets. In 1980/81 
internal unrest led to severe interruptions of the Polish 
coal exports destined for western Europe. In either case, 
the customers faced adverse spot market conditions upon 
contract cancellations.

Specific limitations for these agreements in the 
US-German coal trade arise from the supplier size, and 
uncertainty of German quantity and quality requirements.

Size of suppliers
Most of the coal regions feasible for German steam 

coal requirements are characterized by highly fragmented



T-2707 198

ownership patterns. Table 6.1 shows the size distribution 
of coal companies by state in the eastern US for 1980 
(calculated from Keystone Coal Industry Manual). Only 
some larger companies with operations in several states 
aren’t shown in their true size.

The number of companies with a production size suffi
cient to fulfill larger contracts without overproportionate 
force majeure risks and with the ability to deal directly 
with foreign customers is limited in the East. In the 
other cases the coal would be marketed through sales 
organizations, where blending requirements and insecurity 
of price development and delivery will make long term 
contracts less likely. The higher concentration level 
favors long term contracts with western producers more.

Uncertainty about quantity and quality requirements
The main limitation for the use of long term contracts 

in this trade is the uncertainty about future demand levels 
and quality requirements. Coal purchased under the present 
import law is effectively limited to a supplementary role 
for most utilities. Even under optimistic conditions 
import coal will cover only the final 20-30% of consumption 
in this sector. Extended commitments for the last portion 
of demand could easily become liabilities with stockpiling 
costs.
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Regulatory changes of SOg- and possibly N0X -emissions 
may have, as analyzed earlier, a strong impact on the 
attractiveness of various coal sources. The consequences 
for a long term contract strategy would be a preventative 
high quality preference, elimination of quality restricted 
small producers and yet uncommon renegotiation clauses for 
quality specifications.

Overall, it is unlikely that many long term contracts 
will be concluded by German utilities in addition to 
existing commitments under the base quota and deliveries 
from overseas production of direct investments.

The heating market will remain less suitable for long 
term contract arrangements anyway - due to its consumer 
structure, volatile demand shifts and interfuel flexi
bility. In the synfuel market the potential of this contract 
form is higher.

Long term contracts will gain wider acceptance only 
if they are modified from fixed tonnage to requirement 
contracts where the coal producer agrees to fill all 
consumer’s requirements during the contract period. Such 
arrangements (i.e. German coal/steel treaty) limit the 
consumer in his source but put most contractual obligations 
on the producer and reduce him to a partially captive status.
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A modified version of these demand oriented contracts 
would tie purchase/delivery obligations to the growth 
of economic indicators, i.e. electricity consumption.
Such clauses are included in the ’15 year contract' between 
German coal industry and utilities where purchase obliga
tions rise stepwise with electricity growth. Their 
implementation in the international coal trade will depend 
on the bargaining position of the potential buyers.

Similar trends are presently pursued by US utilities 
who want to have contracts based on their needs rather 
than a base tonnage with ± provisions. In addition, most 
of these utilities have moved more towards contracts with 
3-year price reopeners and provisions for contract 
termination (Coal Outlook, 1982).

6.3.3 Short Term/Spot Contracts
In an environment of fluctuating demand, the consumer 

needs some purchase flexibility to allow for temporary 
market slumps without extensive stockpiling or contract 
violations and to have the chance of utilizing short term 
market opportunities.

This requires partial procurement by contracts which 
cover only a limited time period (1-3 years) or one shipload
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(spot). The present volume of these transactions differs 
between domestic (approximately 10%) and export markets 
(20-30% according to coal traders).

The major difference between contract and spot markets 
is their price behavior. In a balanced market average 
spot prices,will over, time tend towards the contract 
price and thus follow the long run supply curve. In the 
short run, however, they will fluctuate along the less 
elastic short run supply curve (ICF, 1980). Nearly always 
a discrepancy between contract and spot prices will 
exist. German steam coal imports from the US show differ
ences of ± $2-10/ton cif ARA (Figure 6.1).

The volatility of short term markets is largely 
influenced by

- their relative market share. Past growth 
of long term contracts and captive pro
duction decreased the short term
market share where small discrepancies 
between supply and demand have caused major 
price reactions.

- production conditions in supply regions.
Small mines with low capital intensity



T-2707 203
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Figure 6.1 Contract and Spot Prices for US Steam Coal 
cif ARA.

and easy access to mineable seams are 
more flexible in demand adaptation than 
larger ones. Small eastern drift and 
surface mine operators will have an 
overproportionate share of the open 
short term market and a balancing 
market influence.

- speculation and anticipation. T h e  timing 
of labor negotiations and anticipation of
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developments in other countries will 
cause speculative demand and price fluc
tuations. (on average ± 18Ç/MMBtu due
to UMW strike likelihood) (Winter et al, 1982)

No constant responsiveness of output to price changes
exists over time. For example, the short run supply
elasticities of surface mined coal, computed on a yearly 
basis, fluctuated over the last decades between 4.09 
in the 1940s and .3 in the 1970s. Their overall decrease 
indicates the growing volatility in this market (CRA,
1977).

Dependence on short term contracts is therefore 
acceptable only to those consumers who have sufficient 
capacity for speculative or risk averse stockpiling, 
flexibility of quality requirements, and access to detailed 
market information. This favors experienced, large trading 
houses and to some extent import oriented power plants 
with flexible boilers and blending capacity.

Dependence on short term contracts does not inevitably 
mean higher insecurity or actual deliveries when possible 
interruptions of long term contracts are taken into account. 
The high level of underutilized US coal capacity and the 
flexible production conditions in the Appalachias make
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that unlikely. Within efficient markets some diversifica
tion through short term purchase patterns is also likely.

6.3.4 Coal Futures Trade
Another form of coal procurement in short and inter

mediate run could be the introduction of a coal futures 
exchange similar to the futures markets that exist for a 
variety of commodities (Shapiro, 1981).

The establishment of such a market would require the 
introduction of a universally accepted, detailed classifica
tion system for the various coal qualities, i.e. much beyond 
the standardized concentrations in metal trading. Standard
ization is presently favored mainly by the smaller firms 
while larger producers with standardized products oppose 
it, and some antitrust constraints might arise. Supplier 
and quality reliability in the fragmented coal market would 
also be doubtful.

The possibility of coal futures trading has been 
accepted with mixed reactions by various interest groups.
Most coal traders expressed scepticism about its feasibility, 
while commodity investment houses have actively pursued 
it in the past (i.e. Merrill Lynch).
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If a coal futures trade materializes, it could 
establish a reference price system for short and medium 
term contracts and become a focal information exchange.
Its status remains speculative, however.

6.3.5 The Role of Trading Houses
In the absence of a centralized purchase agency 

different classes of importers will participate in the coal 
trade. Besides large customers and mining companies, 
coal traders will have an important role as intermediates 
in the market.

Trading houses handle the imports for large industrial 
consumers and partially for import oriented utilities.
They also provide technical intermediary services in direct 
customer/producer trade. Most of the large German ones 
are affiliated with steel (Mannesmann, Krupp, Thyssen) 
or energy companies (Stinnes). Financial strength, 
market knowledge, transportation and storage facilities 
make them vital for purchases by small consumers without 
direct producer contact and vice versa for small producers. 
Their high flexibility and quality consciousness favors 
them in the European market over the export subsidiaries 
of US producers.
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Trading houses profit from market imbalances where 
either producers or consumers have difficulty meeting their 
purchase or sales targets. In times of oversupply they 
also provide export outlets for American producers who 
want to bypass their own 'official’ price quotes. Through 
taking positions and stockpiling at ARA ports trading 
houses will smoothen supply shortages, at the expense of 
considerable transaction costs. Depending largely on the 
volume of their own shipping fleet, they will arrange more 
cif or fob contracts.

Their volume of German imports will depend on demand 
levels in the heating market and the import policies of 
the utility sector. In addition, until 1986 they have 
exclusive access to the 5.1 Mlgt base quota as members 
of the traditional importers's group (Gatzka, 1980).

Trading houses affiliated with German mining companies 
will gain a significant share of third party import trade 
due to extensive domestic marketing experience. Volume 
expectations up to the level of import quantities from 
direct investments were expressed. Their constraints 
risk aversion, and domestic coal preferences, were discussed 
above.
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Oil company affiliates will dominate among the non- 
German trading houses. Their vertical integration, large 
investments in international coal development and over
proportionate share in US coal export growth indicate that 
(Batzel, 1981; DOE, 1981). They are likely to concentrate 
their marketing efforts on areas of oil substitution, i.e. 
heating market and replacement of utility oil boilers.

A number of small importers will continue to serve 
limited markets in Germany and neighboring countries.
Capital constraints will prevent a strong growth in their 
trade volume unless they become marketing agents for 
large coal exporters.

6 .4 Diversification of Import Sources 
The chapter so far has concentrated on the types of 

procurement arrangement and their application to the US- 
German coal trade. In parallel, the diversification of 
sources, independent of trade arrangement, will be pursued to 
increase the supply security. As long as supply crises 
don’t occur worldwide, a wider regional spread will allow 
for easier compensation of disruptions. Any diversification 
strategy will strongly affect the trade volume of an exporter 
It will be vital to the US which is competitively dis
advantaged against other exporters on a production cost basis
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Diversification preferences depend largely on the 
importer , from government agency to final consumer, 
they are highly subjective and may change rapidly.

Explicit diversification strategies exist only in a 
few countries. ATIC (France), CARBOEX (Spain), Japanese 
trading houses and Elkkraft (Denmark) expressed intentions 
to reduce perceived overdependence from main suppliers 
and partially their dominant customer status in these 
countries.

Lack of a national import agency and the evolving 
diversity of consumers prevents a coordinated diversifica
tion of German import coal. Spreading the import sources 
will remain mainly the task of private enterprise, with 
only modest indirect government incentives.

Table 6.2 shows the sources of German import coal 
over the last years and their high overall diversity.
NWK, the largest single customer of import steam coal, 
used coal from no less than 10 countries in 1979, with 
none of the foreign sources contributing more than 20% 
of total purchases. The experience of Polish delivery 
interruptions will encourage a continuation of this 
pattern.



T-2707 210

TABLE 6.2
German Coal Imports by Countries (*)

1979 1980 1981
Poland 2 ,473 1,942 1,014
South Africa 1,058 1,492 1,825
Canada 551 493 689
Australia 640 579 607
United States 1,538 1,990 3,046
Others 575 764 429

non-EEC 6,835 7,260 7,610
EEC 2,075 2,938 3,693

Total 8,910 10,198 11,303
(*) x 1000 Igt

The future distribution of German import coal among 
supply countries remains unclear.

- The level of US investments by consumers 
and mining companies indicates a stable 
or growing share of US coals. The tradi
tional location of German coal traders in 
New York City may contribute to that.

- The political unacceptability of investments 
by rpublic' German mining companies and 
utilities in South Africa may limit 
imports from that country.
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- The long transport distances from 
Canada and Australia and uncertainty 
about the respective investment and 
export policies will limit commitments 
to coal from these countries.

- The development of new exporters 
(Colombia, China, etc.) in the inter
mediate future may bring further welcomed 
diversification.

Table 6.3 shows representative import ranges which 
were forecast in studies for the Interdepartmental Coal 
Export Task Force (Schwab, 1980).

Projected German Coal Imports by Supply Country (*)
TABLE 6.3

Source 1985 1990 1995
EEC
Poland
South Africa
Australia
Canada
United States
Colombia
Others

.5-1.0 
2.0-3.5
1.5-3.0
1.5-2.5 
.5-1.5

1.5-4.0

.5-1.5
2.0-5.0
3.0-6.0 
2.5-4.0
.5-2.5

2 .0-6.0

1.0- 5.0
2 .0- 6.0
5.0-11.0
5.0-11.0
1 .0- 10.0 
5.0-10.0

0- 1.0
0- 1.0

0 - 1.0 
1.0-3.0

0- 5.0 
1.0- 5.0

Total 10-10.5 20.0 35.0
(*) in Mtons
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These forecast ranges reflect the expectation that 
the diversification pattern will continue but also the 
uncertainty about the actual quantities from the various 
countries. Those will depend largely on the political 
and price developments of the exporters and the strategies 
for setting the clearing price in the world coal market.
The recent increase of imports from the US indicates that 
they will probably be at the upper end of the respective 
forecast ranges. The total volumes confirm the results 
of Chapter 5.

6 .5 The Procurement Strategies of Other Countries
The various European countries and Japan have developed 

different procurement methods to provide their economies 
with the required import coal. These range from centralized 
monopolistic import agencies to complete absence of visible 
coordination or influence, and from short term to extremely 
long term orientation. They will be described as alterna
tives to the German import approach.
France

France is the classical example of coal procurement 
through a central government agency. All coal imports 
are handled by ATIC, a subsidiary of Charbonnage de France 
(CdF), the state owned coal company. CdF and ATIC are
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part of a comprehensive system of government controlled 
or owned monopolistic energy companies which follow a 
centralized energy planning policy (Doerell, 1982).

The French are strong advocates of bilateral trade 
and favor supply contracts with countries that take French 
technology and equipment in exchange. Thus economies 
with one or few trading partners are preferred over the 
myopic US conditions.

ATIC has relied mostly on medium term agreements 
(2-3 years) (Schwab, 1980). The lack of a long term 
import strategy led to high costs in 1980/81 upon the 
disruptions of Polish coal and US port congestions. Only 
recently an active investment program was initiated to 
accommodate the rapid increase of French coal demand.
A CdF spokesman announced plans to control 10 Mtons/year 
overseas capacity through investments in Canada, Australia 
and the US by 1990 (Coal Out look, 1982).

A transfer of the French import organization to 
German conditions would be impossible due to the limitations 
of federal authority, and infeasible for the present 
ownership pattern among German consumers. In addition, 
government import agencies bear the danger of bureaucratic 
inefficiency and inflexibility to match the consumers’
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requirements. In most countries they were abolished as 
postwar relicts.
Italy

Italy is another example of a centralized energy 
economy with AGIP Carbone, a subsidiary of ENEL, the national 
utility company, having a practical buyer’s monopoly. The 
lack of preferential trade barriers and the direct 
affiliation with the consumer make AGIP Carbone more flexible 
and effective than ATIC. The procurement approach of the 
Italian and German utilities have similarities, with the 
distinction that most Italian 'domestic' production will 
come from large overseas investments. Due to the lack vs. 
abundance of domestic reserves neither approach is trans
ferable, however.
Spain has a similar central importing agency (CARBOEX). 
Netherlands

The Netherlands have relied on fuel imports and 
natural gas since Dutch States Mines closed all Dutch 
coal mines in the 1970s. Lately the decision to conserve 
domestic gas reserves led to increased reconversion to 
coal in the utility sector.

The Dutch government takes an active role in energy 
planning, but leaves actual coal procurement mainly to
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large private enterprises (Shell, SHV, Anker, etc.) with 
both the marketing experience and global information and 
transportation network. Aside from political reservations 
against South African coal, they are unrestricted in their 
business methods. Coal requirements are specified by the 
power plants and handled by the trading house on a cif 
or fas plant basis. This favors the large, vertically 
integrated coal traders and relieves the consumer from 
stockpile logistics.

The companies’ overseas investment volume is unknown. 
Shell has substantial controlling ownership over US pro
duction capacity through Shell Oil Co. and is the seventh 
largest world coal trader (Sullivan, 1982). Anker operates 
several eastern US mines through Vebe Inc. and is one of 
the largest US coal exporters. Direct consumer investment 
is limited so far, except for Holland Carbon Fuels, a 
recently formed joint venture of steel and utility com
panies. Consumers will prefer long term cif contracts 
with large traders.

The Dutch import handling is an example for efficient 
procurement outside the public domain, based on good 
transportation facilities and large trading companies.
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Japan
Based on a limited domestic production, Japan has 

been the largest single coal importer in the past 
(75 Mtons in 1980) and is expected to double or triple 
that amount by 2000 (NCA, 1982).

Its coal procurement method, as part of the country's 
raw material purchase strategy, has been shaped by the 
large dependence on imports and centered around long term 
raw material contracts with major supplier countries, as 
discussed above. Historic reasons for this approach 
were the rather late emergence of Japan as large raw 
material importer, capital exports controls to the 1960s 
and potential resentment of host countries against direct 
Japanese investment (Keran, 1978). Long term contracts 
helped smooth out demand induced price cycles once Japan 
had moved to a role of price maker in major raw materials 
markets.

Purchase commitments have usually been accompanied 
by non-equity financing arrangements through Japanese 
banks for mine and infrastructure development. A recent 
example is a development loan by Nippon Steel to Jim Walter 
Resources in Alabama along with long term coal purchase 
agreements (Sullivan, 1982). Large integrated trading 
houses do much of the actual trade handling.
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The previously discussed drawbacks of long term 
contract strategies in cyclic markets have led to 
shortening of contract lengths and some direct investments 
by Japanese companies and limit an adoption of this approach 
for German coal procurement.

6.6 Conclusions
This chapter analyzed the various forms of coal pro

curement and how they can be applied to the German import 
needs and criteria.

Neither sole reliance on direct investments nor on 
long term contracts or spot/short term markets will be 
optimal if,simultaneously, a high level of supply safety, 
flexibility in quantity adjustment, short term market 
opportunities and protection of domestic production shall 
be pursued.

An ideal procurement will include a spread of purchase 
commitments both geographically and by contract length.

Present trends show that the German consumers/ 
importers are pursuing a wide diversification course, 
with the US being a major supplier. The decentralized 
structure of German consumers, the global activities of 
trading houses and direct investments in major exporting 
countries will strengthen this trend.
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A large part of the utility imports will be procured 
under long term arrangements, mostly from production in 
overseas investments of German mining or utility companies. 
Long term contracts with third parties will, depending on 
the quantity adjustment clauses available, be limited to 
avoid lasting overcommitments. The rest would be purchased 
mainly through medium term contracts.

The extent of shorter term purchases will depend 
largely on the heating market requirements, with trading 
houses acting as intermediaries. Long term contracts 
wouldn't match the demand volatility of this market 
segment and are less likely.

The share of shorter term contracts in import arrange
ments for US coal will be overproportionate. As long as a 
highly competitive spot market and production overcapacity 
exists in this country, the US will remain the preferred 
swing supplier, contrary to the coal industry’s export 
strategy. The extent of long term purchases beyond the 
substantial production from direct investment will depend 
on the price behavior of other exporters with lower marginal 
supply costs (South Africa, Australia).
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A general prognosis or recommendation for the share 
of the various contract types is impossible due to the 
uncertainty of import requirements among the different 
consumer groups. A German move towards long term commit
ments without equity participation will be smaller, however, 
than in countries without large domestic coal production.
The adoption of other countries' procurement mechanisms, 
especially centralized import agencies, would neither 
fit the German consumers' structure nor bring major 
advantages.
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7. CONCLUSIONS

This final chapter will summarize the major con
clusions of the thesis and indicate further areas of analysis.

The growth of expected coal demand led to an increase 
of German import quotas and brought direct import coal 
access to German coal consumers. These will continue 
their present orientation towards domestic supplies, 
i.e. mostly high Btu, low sulfur bituminous coal from the 
Ruhr area. This will strongly influence the desired 
import coal qualities. Tight environmental standards, 
especially for SOg-emissions, will further limit the 
consumers' flexibility in utilizing lower quality coals.

Likely US sources for the desired coal qualities 
will be parts of the central/southern Appalachias and of 
the bituminous coal fields in Colorado/Utah. In either 
case import specifications will be mostly low sulfur 
coal, feasible for combustion in dry bottom boilers, but 
of lower heating content, higher volatility and harder 
grindability than comparable German specifications. Most 
of this coal will be mined underground at costs of 
$38-42/ton in the central Appalachias and $25-27/ton 
in the West, with surface mined coal 20% lower. Present 
mine mouth prices are lower due to soft market conditions.
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US coal prices reflect mainly the production costs 
and show some price differentiation for heating value and 
sulfur content. This allows high quality producers to 
mine coal at higher costs without becoming uncompetitive.
The quality dependent price differentiation would increase 
upon a tightening of environmental legislation and a 
subsequent demand shift towards low sulfur coal in the 
US.

The regional fluctuations in mine mouth prices don't 
coincide completely with corresponding differences of 
quality dependent attractiveness for the steam coal consumer. 
Most of the western bituminous reserves, East Kentucky 
and selected other areas of the Appalachias would be 
more attractive while most high sulfur specifications and 
most premium grade coking coal have actual prices in 
excess of attributable value.

Mine mouth prices constitute only 30-60% of the overall 
delivered costs of import coal, the rest are transporta
tion costs in the US, at sea and in Germany. Deregulated 
US rail tariffs are expected to increase the most among the 
components of the transportation chain and could jeopardize 
the competitiveness of US coals. Harbor capacity won't 
cause major bottlenecks in the future and the ship size
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limitation to approximately 60,000 DWT is partially compen
sated by the shorter distance to Europe and by smaller 
handling costs in ARA ports. When adjusted to German 
reference quality, US coal could be delivered at 
$70-90/ton, i.e. approximately $10/ton below German coal 
(at the present exchange ratio) but $5-10/ton above coal 
from other major exporting countries. The US will there
fore remain the high cost import coal supplier for German 
consumers.

The German coal import law provides sufficient 
flexibility to allow for all conceivable future demand 
levels. It does, however, include provisions to prevent 
the replacement of domestic through import coal. The 
import volume could reach 30-40 Mtons/year by 1995 but the 
actual levels are highly uncertain and make all forecasts 
difficult. In the next years the import volume will depend 
largely on the demand growth in the utility industry, in 
the later years also on the rate of oil replacement in 
the heating market. The high volume projections of 1980, 
which influenced both the 115 year contract’ and the quota 
levels of the coal import law, will be unrealistic unless 
a continued strong demand growth in the utility market, 
construction delays of nuclear power plants, rising
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petroleum prices and continuity of German coal sales to 
the European steel industry coincide. The present economic 
outlook makes lower volumes likely.

The priority for German coal and the uncertainty of 
demand levels will influence German coal procurement.
In the absence of a central purchasing agency mining 
companies and large utilities will be the major importers. 
They are actively pursuing direct investments in the major 
coal exporting countries, mostly through joint ventures 
with preferential access to the projects' production. The 
lack of equity restrictions favors such investments in the 
US. Further fixed quantity long term contracts with third 
parties will be limited to avoid possible supply over
commitments. Most of the heating market imports and 
shorter term purchases of large utilities will be handled 
by trading houses, which are affiliated with German 
mining, steel or energy companies. The decentralized 
consumer structure will prevent a transfer of other 
countries' more centralized procurement measures. 
Diversification motives, established trading ties, geo
graphic proximity and short term supply flexibility 
indicate a continuous large US share of the import volume 
despite higher costs.
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Further Analysis
The analysis in this thesis was based on the present 

German coal import regulations and preferences. In the 
absence of major disruptions of world coal trade these 
premises won’t change before the expiration of the 
present coal import law in 1995. At the same time the 
competition in utility and metallurgical coal markets for 
high quality specifications is expected to increase with 
subsequent pricing effects. Therefore the trade-off 
between continued reliance on high quality sources and the 
import of lower qualities with subsequent bénéficiât ion 
should be evaluated further. This requires a detailed 
assessment of the consumers' technical potential rather 
than the presently consumed qualities.

Another field of analysis would be the import feasi
bility of those coals which are incompatible with most 
present German utility boilers but would comply with 
environmental standards. This includes the vast sub- 
bituminous coal reserves of the western US. The reliance 
on such coal would, however, forfeit the backup possibility 
with German coal in case of supply interruptions. It 
would also prevent a switchback to domestic sources in 
times of domestic oversupplies, contrary to the intentions 
of the coal import law.
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Any detailed forecasts of actual import volumes are 
limited to the accuracy of their underlying assumptions.
The uncertainty about future prices of competing fuels 
and about the economic development of major consumer sectors 
makes them extremely difficult and has an impact on their 
validity.

The major underlying and most contested issue of 
German coal imports will always be the determination of 
an ideal balance between ’safe’ domestic and ’cheap' 
imported fuel supplies at minimal overall costs to the 
German economy under conditions of uncertain expectations. 
The debate about this is strongly influenced by changing 
expectations based on recent events in the energy markets, 
by financial constraints for supporting domestic coal pro
duction and by the coal industry's economic impact on 
traditional German mining districts. Its outcome is 
uncertain at the present time and depends mainly on 
political considerations which go beyond all quantitative 
analyses.
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APPENDIX 1
International Coal Flows 1979 

(Mtons Coal Equivalent)(DOE, 1982)
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APPENDIX 2 
Major Coal Characteristics 

The MOISTURE CONTENT (%) of coal consists of equilibrium 
and surface moisture and depends mainly on the coal’s rank.
It can range from <5% for bituminous coal to >40% for 
lignite. It is further affected by the coal treatment 
during mining, preparation and also during transportation.
The moisture content influences the heat content of coal 
and determines the amount of hot air necessary for pre
heating and drying during pulverization.

The ASH CONTENT (%) describes the amount of noncom
bustibles of the coal (fly ash or molten slag). A high ash 
content increases the input necessary to achieve a required 
level of heat generation, makes larger emission filters 
necessary and increases disposal costs.

The VOLATILE MATTER of coal includes organic 
gases and vapors formed during anaerobic heating. It 
ranges from <5% (anthracite) to >40% (high volatile 
bituminous C) and affects the ignition and burning 
behavior of the individual coal particles and thus the 
burner layout. High volatile coals ignite at lower 
temperatures and vice versa. For lower percentages 
the fixed carbon content is substituted as an indicator of 
coal rank.
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The GRINDABILITY is measured by the Hardgrove Index 
which relates to the exposed surface of the material. A 
low index (<60% Hardgrove) indicates hard coal. The 
index is a measure of the effort necessary to pulverize 
the coal prior to combustion and determines the number, 
type and size of pulverizers. Grindability is related to 
the coal rank.

SULFUR (% or lb SO^/MMBtu) in coal can be either 
organic components of the coal matrix or discrete pyrite 
particles. Only the latter can be removed through physical 
coal treatment. Sulfur contributes to corrosiveness in 
boiler and auxiliary equipment and reduces the heating 
value. SOg is the prime pollutant in coal combustion and 
may require expensive scrubbing devices.

The HEATING VALUE (Btu/lb) is the most important 
criterion of coal combustion and the major layout factor 
to achieve a given boiler capacity. The heating value 
of coal is quoted either ’as received' or 'moisture & ash 
free' (m&af) after adjustments for inherent ash and moisture 
M&af quotes are significantly higher than raw coal specifica 
tions. US quotes refer to ’higher heating values' while 
'lower heating values’ are quoted in Europe. They differ 
by the condensation heat of water vapor during combustion 
(3-5% for bituminous coal m&af).
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The ASH COMPOSITION and BEHAVIOR are important for 
the design of burner furnace, convection tube passes and 
the ash removal system of large boilers. The base/acid 
ratio of the mineral oxides in the ash is used for estimating 
the slagging and fouling behavior of the ash particles. 
Slagging refers to the accumulation of ash on the heat 
transfer areas of the furnace, while fouling describes the 
deposition of fly ash in the convection tube passes. Both 
are detrimental to heat transfer and boiler efficiency.

Ash behavior (initial deformation, ash softening, 
fluidity) indicate the points where ash changes from solid 
to fluid stage take place. Low melting temperatures lead 
to 'wet bottom' discharges of molten slag from the furnace.
In 'dry bottom’ boilers only a small percentage of the ash 
goes to the furnace floor, the rest becomes fly ash.
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APPENDIX 3
Standard Specifications of 

Steam Coal Deliveries by Ruhrkohle AG
General Characteristics
Grain size 
Moisture
Ash (as received) 
Volatile matter (m&af) 
Sulfur
Lower heating value 
Grindability

Unit
mm
% of weight 
% of weight 
% of weight 
% of weight 
Btu/lb 
Hardgrove

Ash Behavior (oxydizing atmosphere)
Initial deformation 
temperature 

Ash softening 
Fluidity temperature 
Slagging index* 
Fouling index*

°F
of
oF

-10 
9-11 
6-8 
25-38 
1 .0-1.1(1.2) 
12,060-12,600 
>60

2100-2280
2460-2640
2550-2730
.42
.35

Elementary Composition
Hydrogen (H) (m&af) % of weight 4.5-5.5
Oxygen (0) (m&af) % of weight 3.0-6.0
Nitrogen (N) (m&af) % of weight 1.5-1. 7
Carbon (C) (m&af) % of weight 85.0-89.0
Fluorine (F) (as received) % of weight <.015
Chlorine (Cl) (as received) % of weight <.2

* calculated from ash composition
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Coal producing counties in the Appalachias

, —  - — v / 7

Pennsylvania )
—  border of cool bearing

s tra ta

West
Virginia

Kentucky
Virginia

Tennessee /

Georgia

N. Carolina

AVERAGE SULFUR CONTENT

Alabama

□ < 1.0%
0 1.0-1.5%
□ 1.5-2.0%
□ > 2.0%

APPENDIX 4a Average Sulfur Content of Appalachian Coal.
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W e s te rn  bituminous coal f ie ld s

Wyoming

Green River

Colorado

Raton/M esa

Arizona

Mesa
San Juan

FvTS bituminous

subbituminous

New M exico

AVERAGE SULFUR CONTENT 

□ < 10%
□  1.0-15%

□  1.5-20%
■  > 2.0%

APPENDIX 4b Average Sulfur Content of Western Bituminous
Coal.
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Coal producing counties in the Appalachias

border of coal bearing 
s tra ta

Pennsylvania /

Md.

W est
Virginia

Kentucky
Virginia

Tennessee /  %
j

Georgia

N. Carolina

HIGHER HEATING VALUES  
(as received, B tu /lb )

E3 < 12,000 
ESÜ 12,000 —13,000
□  > 13,000Alabama

APPENDIX 5a Heating Values of Appalachian Coal.
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W e s te rn  bituminous coal f ie ld s

Wyoming

Colorado

R a to n /M e s a

Arizona

Mesa

bituminous  

K X J  subbituminous

New M exico

San Juan HIGHER HEATING VALUES 
(as re c e iv e d ,B tu / lb )

m  < 11,000
E5 11,000-12,000 
□  I2P00-13,000
a  > 13,000

243

APPENDIX 5b Heating Values of Western Bituminous Coal.
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Coal producing counties in the Appalachias

-------------- border of cool bearing
strata

West
Virginia

Kentucky
Virg in ia

Tennessee /  /

Georgia

N. Carolina

Alabama

AVERAGE GRINDABILITY 

I I <50 Hardgrove

D  50-60 Hardgrove

I | >60 Hardgrove

APPENDIX 6a Average Grindability of Appalachian Coal.
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W e s te rn  bituminous coal f ie ld s

Wyoming

Colorado

Green River

Raton/M esa

S.W.Utah

A rizona

San Juan

bituminous

subbituminous

New M exico

AVERAGE GRINDABILITY 

I | < 5 0  Hardgrove

5 0 -6 0  Hardgrove 

□  > 6 0  Hardgrove

APPENDIX 6b Grindability of Western Bituminous Coal
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Coal producing counties in the Appalachias

—  border of cool bearing
s tra ta

— —» v/7
z Pennsylvania /

Virginia

Kentucky
Virginia

Georgia

N. Carolina

AVERAGE VOLATILE MATTER CONTENT

Alabama

□ <20%
0 20-30%
0 30-35%
0 >35%

APPENDIX 7 Volatile Matter Content of Appalachian Coal.
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C oal producing counties in the Appalachias

—  border of coal bearing
s tra ta

Pennsylvania /

West
Virginia

Kentucky
Virginia

Georgia

N. Carolina

AVERAGE ASH SOFTENING TEMPERATURE

<  2300°F

_

□
2 3 0 0 -2 5 0 0 °F 

>  2 5 0 0 °F

Alabama

APPENDIX 8 Ash Softening Temperature of Appalachian Coal.
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Coal producing counties in the Appalachias

border of coal bearing 
s tra ta

Pennsylvania /

West
Virginia

I__

1

Kentucky
Virg in ia

Tennessee /  /

Georgia

N. Carolina

RELATIVE SHARE OF RESERVES WITH <1.5% SULFUR
< 2 5 %

Alabama □
□

25-60% 
60-80% 
> 80%

APPENDIX 9 Relative Share of Appalachian Coal Reserves 
<1.5% Sulfur.
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Coal producing counties in the Appalachias

—  border of coal bearing
s tra ta

Pennsylvania /

Md.

West
Virginia

Kentucky
Virginia

N. CarolinaTennessee /  /

Georgia
PRODUCTION 1980 (Thousand Tons) 

< 100
100- 1,000
1,000-5,000 
> 5,000Alabama

APPENDIX 10 Appalachian Coal Production 1980.
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Coal producing counties in the Appalachias

  border of coal bearing
s tra ta

z Pennsylvania )

West
Virginia

Kentucky
Virginia

Tennessee /

Georgia

N. Carolina

Alabama

AVERAGE MINE MOUTH PRICES 196

<  20 $/Ton

2 0 -3 0  $/Ton

3 0 - 4 0  $/Ton 

□  > 4 0  $/Ton

APPENDIX 11 Average Mine Mouth Prices 1980 for Appalachian
Coal.
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Coal producing counties in the Appalachias

border of cool bearing 
s tra ta

Pennsylvania

West
Virginia

Kentucky
Virginia

Tennessee /  /

Georgia

N. Carolina

COMPARISON OF QUALITY ADJUSTED VALUES WITH 
ACTUAL MINE MOUTH PRICES

Alabama

□ VALUE «  PRICE 1982

□ VALUE < PRICE 1982

D VALUE + / - PRICE 1982

D VALUE > PRICE 1982

□
*

VALUE »  
NO PRICES

PRICE 1982 

QUOTED

APPENDIX 12 Comparison of Quality Adjusted Values with 
Actual Mine Mouth Prices.
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APPENDIX 13
Coal Producing Districts in the US 

(DOE, 1982)
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APPENDIX 14
German Capital Investments in 

Overseas Coal Projects____
United States
ESCHWEILER BERGWERKSVEREIN
27% of Coal Arbed Inc., operations in West Virginia,
500.000 tpy
HAMBURGER ELEKTRIZITAETSWERKE AG (HEW)
50% of Vebe International Inc., operations in 
Appalachias, 2,000,000 tpy
RHEINISCHE BRAUNKOHLENWERKE AG
24% of Consolidation Coal Co., operations planned 
in Pennsylvania, >2,200,000 tpy
RUHRKOHLE AG (*)
100% of RuhrAmerican Coal Co., reserves in West Virginia, 
no present production ; Riverton Coal Co., production n .a .
SAARBERGWERKE AG
25% of Ashland Coal Inc., operations in Appalachias,
5.800.000 tpy (1980)
VEBA AG
15% of Westmoreland Coal Inc., delivery of 500,000 tpy 
FLICK KG
31% of W.R. Grace, which owns 47% of Colowy Coal Co., 
Colorado, 2,430,000 tpy (1980)
Canada
EXPLORATION UND BERGBAU GMBH
operator of development, Elk River Project, British 
Columbia
METALLGESELLSCHAFT AG
20% of Teck Corp., development of Bullmoose and Burnt 
River Projects, British Columbia

(*) RUHRKOHLE AG was reported to be actively interested in 
further acquisitions of US steam coal properties.
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RUHRKOHLE AG
6.25% of Elk River Project, British Columbia
13.5% of Saxon Coal Ltd., Vancouver, British Columbia
Australia
RUHRKOHLE AG
10.77% of German Creek Project, 3,250,000 tpy after 1982


