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The United States has over 1 trillion tons of identified low-rank 
coal resources; the strippable reserve base exceeds 100 billion 
tons. Major lignite deposits exist in the Fort Union Region and the 
Gulf Coast Region. The largest subbituminous coal deposits are in 
the Powder River Region, the San Juan Basin, and Northern 
Alaska. 
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HIGHLIGHTS 

The U.S. energy economy must undergo fundamental changes if it is 
to provide a renewed foundation for national security and economic progress. 
In the immediate future, coal must play a much greater role than it does 
today. Development of low-rank coal resources in the west and gulf coast 
regions is key to achieving this goal. 

This 11 Low-Rank Coal Study .. was initiated in 1979 by the Grand Forks 
Energy Technology Center to contribute to the development of subbituminous 
coal, lignite and peat. Factors considered to be critical at the beginning 
of the study were: 

1 The huge unexpl oited resources of economically 
recoverable low-rank coals 

1 Substantial barriers to rapid and orderly de­
velopment of these. resources - including tech­
nical, environmental. policy, and market prob-
1 ems . 

1 Lack. of attention in ·many existing coal R&D 
programs to the unique and specific problems 
of low-rank coals 

The production and use of low-rank coals for electric power gen­
eration has increased tenfold in the last decade, and now totals over 
150 million tons per year. Successful establishment of a synthetic fuels 
industry along with continued growth in power production could push the 
use of low-rank coal to 1 b1111on tons per year· by the yeat· 2000. It 
is essential that this growth occur in an environmentally acceptable 
manner. 

This rerort documents the extent of thP. low-rank coal resources, 
their unique characteristics, and their problems. It explains the market 
forces. behind the recent rapid growth in low-rank coal production, and. 
outlines the course of possible future market developments. It examines· 
regulatory and environmental concerns to see if they can be res~lved 
in a way that will meet national and regional objectives. Finally, it 
shows how the solutions to these problems are related to key low-rank coal 
technology issues. 

Dased on this analysis~ a national program is recommended for 
research, development, and demonstration of improved technologies for 
the environmentally acceptable use of low-rank coals. The plan recognizes 
that without improvements in operability and economics for the application 
of the following technologies to low-rank coals, the needed growth will 
not occur: 
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1 Surface m1n1ng anQ advanced underground coal 
extraction methods 

e Coal slurry pipelines 

• Preparation, handling, and storage techniques -
for both conventional and advanced transport and 
utiliiation systems 

• Conventional combustion and environmental control 
technology 

• Advan~ed combustion and conversion techniques, 
with emphasis on synthetic fuels 

As. part of the RD&D program, basic research studies on low-rank 
coal properties and behavior are strongly recommended. This work will 
pay off in a fundamental understanding of the technology; and in future 
innovative developments. 

This program is designed as a national effort 1n. which a large 
number of organizations must become involved. The Department of Energy, 
through the Grand Forks Energy Technology Center, will serve as a reposi­
tory for the technical data base for low-rank coal development. But, it 
will take the whole spectrum of federal, state and local agencies, together 
with private energy production and engineering companies to make the 
P.roposed program a . rea 1 i ty. 
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PREFACE 

This is volume one of a six-volume "Low-Rank Coal Study." Over­
a 11, the report presents ~ comprehensive analysis of the techni CQ 1, en ... 
vironmental, and economic constraints to expanded development of U.S. 
lignite, subbituminous coal, and peat reso~rces. The primary objective of 
the study was to propose a comprehensive national research,· development, 
ancl demonstration (RD&D) program focusing on technology development for 
enhanced utilization of these resources. The report is organized as 
fallows:~ 

Volume 1 - Exec~tive S~mmary 
Volume 2 - Resource Char~cterization 
Volume 3 - Technolqgy Evaluation 
Volume 4- Regulatory, Environment~l, 

and Mqr~et ~nalyses 
Volume 5 RD&D Program Evalua~iqn 
Vol~me 6 - r>cat 

This study w~s directed by the Orand Fqrks Energy Technology Center 
(GFETC), which hps ~he lead mission within the DepS!rtment of Energy for 
technology "applications for low-ranK coals." ·G. 11. Gronhovd (Director) 
and E.A. Sondreal (Deputy Director) of GFETC provided technical direction 
and review of all aspects of the study. The work was performed by Energy 
Resources Company, Inc. (ERCO) under a contract initiated on May 16, 1979, 
and completed on September 30, 1980. The study approach is summarized in 
Taple P-1, which shows the eight major contract tas~s and the approximate 
percentage allocation of funds to each. The study schedule is summarized 
on Figure P-1. 

·Because of th~ scope and complexity of the effort, GF~TC enlisted a 
task force of recogni ~eel experts on th~ technical and regi ana 1 issues 
germane to the study. These individuals are listed in Table P-2; their 
q>ntributions to the quality and direction .of the study were highly sig­
nificant. The task fn~r.P. met .with the stud1 team at four critical points to 
revi~w interim results and to lead work1ng groups wh1ch estCiul ished the 
emphasis, priorities, and methodolog1E~S 1dr the dfr~lysis. flrim~rily 
through the efforts of the task force members, useful data inputs and 
critiques of working draft materials were received from a number of organi-
zations as the study progressed. · 

Individual contacts and .contributions made during the course of 
the study are too numerous to list. The following (in addition to the task 
force members) contributed significantly to the review of part or all of 
the document: G.H. Gronhovd, E.A. Sondreal, W.G. Willson, and H.H. Schobert 
of GrETe; W.R. Kube of the llniversity of North Dakota a·nd GFETC; s. ~lpert. 
K. Clifford, S. Ehrlich, T. Lund, C. Aulis.io, D. Giovanni, and R. Wolk of 
the ElectriC Power Research Institute; H. McCurdy, S. Freedman, L. Miller, 
M. Kopstein. L·. Ludwig, E. Burwell, w. Schmidt, M.N. Rosenthal, 
J. Nardella, and ·J. Turner of DOE; W.R. Kaiser of the University of Texas 
at Austin; and P. Averi-tt (retirP.d) of the U.S. Geologi~al Survey. . 

·a Volumes 2 throug/h 5 a~dress lignite and subbi.tuminous coal; 
Volume 6 addresses peat; and Volu~e 1 summarizes t~e conclu~ions ~nd 
recommendation~ of the total ·study. 
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ABSTRACT 

The findings and recommendations of a comprehensive 11 Low-Rank Coal 
Study 11 are presented. The factors analyzed include the occurrence and 
properties of low-rank coals; technologies for their use; existing and 
potential markets and economics; regulatory and environmental issues; 
and RD&D program recommendations. A similar but less detailed review of 
the potential development of U.S. peat resources for energy use was also 
included. 

Major low-rank coal deposits in the United States include Fort 
Union Region and Gulf Region lignite, and the Powder River Region, San Juan 
Basin, and Northern Alaskan subbituminous coal. These coals are distin­
guished from eastern bituminous coal by lower heating value, higher mois­
ture content, physical properties, generally 1 ower sulfur content and a 
predominance of alkaline rather than acidic ash components. These and 
other properties of low-rank coal affect the technologies for their extrac­
tion, preparation, direct use, and conversion, and justify a separate focus 
on 1 ow- rank coa 1 S· in the nation a 1 RD&D efforts. 

The overall emphasis of the recommended RD&D program is on explora­
tory, technology, and engineering development efforts which make systematic 
use of the knowledge and understanding gained from basic and applied 
research on low-rank coals. Priority-ranked RD&D projects specific to 
low-rank coals are listed in all major technology areas: extraction; 
transportation; preparation, handling, and storage; conventional combustion 
and environmental control technology; fluidized bed combustion; gasifica­
tion; liquefaction; and pyrolysis. Basic coal science investigations for 
low-rank coals are also recommended. 
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1. EXECUTIVE SUMMARY 

1.1 INTRODUCTION 

Low-rank coals -- lignite and subbituminous -- are those which have 
been subjected to the least amount of metamorphic change during the coal­
forming process. As such, they retain greater fractions of moisture and 
volatile matter from the original peat material, and contain less fixed 
carbon, than the high-rank coals -- bituminous and anthracite. The primary 
measure used to classify the lower ranks of coal is heating value. Lignite 
is defined (in this country, by the American Society for Testing and 
Materials) as coal with a heating value less than 8,300 Btu/lb, on a moist, 
mineral-matter-free basis (m,mmf). Subbituminous coal ranges in heating 
value from 8,300 to 11,500 Btu/lb (m,mmf). By comparison, bituminous coal 
and anthracite range from 10,500 to over 15,000 Btu/1 b (m,mmf). Other 
important characteristics distinguish the low-rank coals from high-rank 
coals, as will be discussed in following sections of this report. 

Low-rank co a 1 s represent a m.1jor, and 1 argely unt apped, t;>nPr9J 
resource for this country. Very extensive deposits of 1 ignite and sub­
bituminous coal exist in the western states, the Gulf coast, and Alaska, as 
shm-m on Figure 1. Major deposits of low-rank coal are also found in many 
other countries, most notably the USSR, Australia, Canada, and the central 
and eastern European nations. Horldwide coal statistics indicate that 
low-rank coals account for roughly one-third of the total resource and 
current production tonnages. 

Figure 1 

Low-Rank Coal Regions of the United States 
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This report recommends a comprehensive national research, develop­
ment, and demonstration (R'D&D) program to enhance the development of 
low-rank coals. The major conclusion of this study is that the unique 
properties of these co a 1 s affect the techno 1 ogi es for their extraction, 
preparation, direct use, and conversion and justify a separate focus on 
low-rank coals in the national RD&D efforts. 

Why are the recommendations produced from this study important 
now? The timing appears critical for several reasons: 

1. Large quantities of economically recoverable 
reserves make coal one of the few indigenous 
energy sources capab 1 e of re 1 i evi ng our over­
dependence on imported oil during the next 20 
years. 

2. Expanding the use of coal rapidly enough to make 
a difference (e.g., tripling by the year 2000) 
wi 11 necessarily require that much of the new 
production come from western 1 ow- rank coa 1 
areas. 

3. Accomplishing this kind of growth in coal 
production and use without unacceptable delays 
and damage to the environment will severely 
challenge the technical and financial capa­
bilities of the industries and governments 
involved. 

4. Very little attention has been paid to the 
special problems of low-rank coals in previous 
and existing national coal RD&D programs. 

The lack of attention to low-rank coal is not surprising when U.S. 
historical coal production rates are examined, as in Figure 2. Prior to 
1970, low-rank coals accounted for 1-2 percent of the total annual U.S. 
coal production • Utilization of these resources was important only in 
local areas and was at small scale. Production of low-rank coals mush ­
roomed d11ring the 1970's, acc:uunting for nearly all of the grm'lth in coal 
production achieved during that decade. In 1980, low-rank coals account 
for 24 percent of the total U.S. coal production, and are poised for 
further growth. By 1990, these coals may account for 40 to 50 percent of a 
greatly expanded total. 

-3-



Figure 2 

Hi stori ca 1 U.S. Co a 1 Produ'cti on 
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Sections 1.2 through 1.6 below summarize the key findings and 
recommendations of the low-rank cual development annlysis. All the infor­
mation presented is explained, documented, and referenced in Volumes 2 
through 5 of the report. 

As an adjunct to the low-rank coal study, a similar but less 
detailed review of potential peat energy development in the U.S. wr~s 
performed. The findings and recorrvnendations of the peat analysis are 
summarized in Section 1.7 below. A separate volume contains the complete 
peat analysis and documentation. 

1.2 OCCURR~NCt AND PROP[RTIES OF LOW-RANK I.OALS 

The quantities of lignite and subbituminous coal in the U.S. are 
vast, as ~U11111arizerl in Table 1. Over 1 trillion tons of identified re­
sources have been 1 ocated and inferred by geologists. Over· 100 hi 11 ion 
tons occur close enough to the surface in favorable mining areas to be 
classified as the economically recoverable strippable reserve base. 
Another 108 billion tons of subbituminous coal are classified as the 
economically recoverable reserve hase by underground mining. (It should be 
noted that these quantities are roughly comparable to the bituminous coal 
resources in the U.S.: 0.75 trillion tons of identified resources, 47 
billion tons of strippable reserve base, and 182 billion tons of under­
ground reserve base.) 
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Notes: 

.. 

Region 

Table 1 

United States Low-Rank Coal: 
Identified Resource and Reserve Base Estimates 

(Billion Short Tons) 

LIGNITE 

I dent ifi ed Strippable 
Region Resource6a Reserve Baseb 

Fort Union 465.3 26.3 

Gulf 68.3 11.6 

Denver 10.0 2.9 

Others 0.2 n.a.c 

TPTAL 543.8 40.8 

SUBBITUMINOUS COAL 

Identified Strippable 
Resources a Reserve Baseb 

Powder River 238.1 57.5 

San Juan 50.6 5.5 

Alaska 110.2 0.5 

Others 147.2 4.4 

TOTAL 546.1 67.9 

Underground 
Reserve Baseb 

97.2 

0.9 

4.8 

4.8 

107.7 

aidentified resources include Demonstrated (measured and indi­
cated) and inferred resources 2-1/2 feet or more thick to an 
overburden depth of 3000 feet. 

bThe Reserve Base includes coal that is technically and econo­
mically minable at this time. Criteria for minimum seam thick­
ness and maximum overburden thickness vary from state to state. 

CEstimate not available. 
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When these reserve base quantities are multiplied by appropriate 
recovery factors (i.e., about 50 percent for underground mining and 90 
percent for surface mining) and by average heating values, a comparison of 
recoverable reserves on a Btu basis can be made (see Figure 3). As indi­
cated, the recoverable reserves of 1 ow-rank coals and peat together are 
greater than the reserves of high-rank coal; these in turn are vastly 
larger than our remaining reserves of oil and gas. 

0 

Figure 3 

Recoverable. Fossil Fuel Reserves 
in the Un1ted States 

(U.S . TOIAL t.NERGY CONSUMPTION, 1980) 
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Fi!)urPs 4 and 5 present a sull11lary classification of the strippable 
reserve base quantities of 1 ignite and subbitumi nous coal ctccording to 
three important characteristics: thickness of the coal seams, sulfur 
content, and ash content of the coal. These yent!ralized clJ!j!;ifications 
serve to illuslrate some of the ravorable attrihut~~ of the U.S. lnw-rank 
coals. 
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Fig• ·e 4 

Classification of U.S. Lignite Strippable Reserve Base 

Percent of Strippable Reserve Base 
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Strippable Reserve Base, Billion Short Tons 

Fi!Jure 5 

Classification of U.S. Subbituminous Coal Strippable Reserve Base 

Percent of Strippable Reserve Base 

10 20 30 40 50 70 80 90 100 

lU 20 30 40 50 60 67.9 

Strippable keserve Base, Billion Short Tons 
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Many of the low-rank coal seams (particularly subbituminous) are thick in 
comparison to eastern bituminous coal seams. The low-rank coals are 
generally low in sulfur content compared to eastern bituminous coal (less 
than 1 percent sulfur compared to 2-5 percent on a weight basis; on a Btu 
basis, the difference is smaller because of the lower heating value of 
low-rank coal). Ash content is more difficult to generalize: Fort Union 
lignite and Powder River Basin subbituminous coal tend to be low-to­
moderate in ash; Gulf lignite and San Juan Basin subbituminous coals tend 
to be moderate-to-high in ash content. 

One universal property of coal (all ranks) is variability. Not 
only are there significant variations in the physical and chemical pro­
perties of different coal deposits; there are usually wide variations 
within a given coal seam as \'lell. This fact should be recognized when 
interpreting any summarized data about the characteristics of coals, 
such as the data in this section on U.S. low-rank coals. 

Examirlii·Jg the composition of r:-n<'~l more specifically, differences in 
both the organic matter and the inorganic matter distinguish U.S. low-rank 
coals from bituminous coal. Table 2 shows properties of vitrinites (the 
predominant form of pure organic matter in coal) as a function of rank. 
The effects of metamorphic change on heating Vdlue, and moisture content, 
as well as on the carbon/oxygen ratio, are evident. 

Table 2 

Selected Properties of Vitrinites (Pure Organic Matter) 
In U.S. Coals of Different Ranks 

I iy11ite Subbituminous Rit.uminou~ 
------~-~~--~~~ --------------~~---

Moist, Mineral-Matter-Free Basis: 

Heating Value, Btu/lb 

Moisture> Ht.% 

6,700 

1!) 

Dry, Mineral-Matter-Free Basis: 

Carbon, Wt.% 

Hydrogen, Wt.% 

Oxygen, Wt.% 

69 

5.0 

24 

-8-

9,000 

~5 

74.6 

5.1 

18.5 

12,500 

<10 

83 

G.5 

10 



The low heating values of low-rank coals affect the costs (per Btu) 
of extraction, transportation, combustion, and conversion processes. The 
high oxygen content tends to be present in· functional forms such as 
hydroxyl and carboxyl groups; these are generally much 1 ower. or absent in 
bituminous coal. Hydroxyl groups are believed to lie a major cause of the 
very high reactivity of low-rank coals. The carboxyl groups tend to occur 
fn salt form; protons have been replaced by met~l cations ~uch as calcium 
and sodium,· leading to an important form of 11 inherent mineral matter 11

• in 
lm'l-rank coals. 

the moisture content iri low-rank coals is partly trapped in pores 
and capillaries, and partly bound in the molecular structure. Application 
of heat is the only practical means for removing this inherent moisture. 
Depending on the s:Jryi ng method eml'l oyed, the resulting changes in the coal 
structure and physical/chemical properties can be very significant. When 
exposed to the air, the surface of low-rank ·coal dries and slacks, pro­
ducing dust which can cause fugitive emissions problems. 

The properties of inorganic matter (ash-forming minerals) in U.S. 
low-rank coals are in many respects unique, and are at least as important 
as the organic matter in affecting combustion and conversion technologies. 
Table 3 presents average chemical compositions of ash samples from lignite, 
$Ubbjtuminous, and bituminous coals. 

ro2 Acidic Al203 
Components Fe203 

Ti02 

P205 

r·o Alkali MgO 
Componen~s Na20 

~20 

J 

Table 3 

Average Ash Compositions from 
U.S. Coals of Different Ranks 

(Weight Percent of S03 - Free Ash) 

Lignite Subbituminous 

24.9 39.4 
14.1 21.1 
11.5 10.1 
0.5 0.8 

0.4 0.4 

31.2 20.1 
8.7 5.6 
8.2 2.1 
0.5 0.3 

Bituminous 

48.1 
24.9 
14.9 
1.1 

6.6 
1.7 
1.2 
1.5 

One important difference is the much higher proportion of alkali 
elements in the ash from low-rank coals. These components (particularly 
sodium) alter the melting behavior of ash and lead to unique boiler fouling 
and slagging problems. Alkaline ash reacts with sulfur compounds, a 
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property that can be used to reduce S02 control costs in wet scrubbing of 
flue gas, as well as in fluidized bed combustion. Fly ash from low-rank 
coals often has high electri-cal resistivity, making it difficult to collect 
in electrostatic precipit~tors. 

. ,, 
The alkali elements in low-rank coals are believed to have cata­

ljtic properties, speeding up gasificatio~ and possibly liquefaction 
reactions.·· .The alkaline mineral matter in low-rank coals tends to be 
largely inseparable from the organic matter by standard coal washing 
(float/sink) techniques. 

These comments, and Table 3, ·are generally more applicable to the' 
northern low-rank coals (Fort Un.ion li.gnite·and·Powder River Region sub­
bituminous coal) than to those farther south (such as San Juan Region 
subbituminous coal and Gulf lignite). Occurrences of high-silica ash and 
largely extraneous (separable) mineral matter are relatively common in· the 
1 atter regions. 

Fort Union Region Lignite 

The Fort Union Region has been referred to as the largest coal 
basin on earth. Very large strippable lignite deposits are found in 
western North Dakota and eastern Montana. The seams are moderately thick, 
and stripping ratios are very favorable in areas currently being mined. 
The lignite is primarily used as boiler fuel by minemouth utility plants, 
and by industrial and institutional steam plants. Many of these boilers 
experience severe ash fouling on the convection sect.i on tubes, due to the 
prevalence of high sodium. contents in much of the Fort Union Region lignite 
ash. · 

Table 4 presents average analyses rif lignite samples from mines in 
the region. As an indication of the variability of these sample analyses, 
mo1sture cunlent ranged from 32.5 to 43.6 perc~nt.; ash content ranged from 
3.2 to 12.1 percent; a~d the lignite heating value ranged from 5880 to 7580 
Btu/lb. 

Proximate Analysis, Wt.% · · 
(As Received) 

Moisture 
Volatne Matter 
Fixed Carbon 
Ash 

37.2 
26.3 
30.3 
6.2 

Heating Va1ue, Btu/lb 6,820 

Table 'I 
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Region 

·Ultimate Analysis, Wt.% 
(Dry, Mineral-Matter-Free) 

Hydrogen 
·carbon 
Nitrogen 
Oxygen 
Sulfur 

4.9 
71.9 
1.1 

21.0 
1.1 



Gulf Lignite 

Lignite deposits in the Gulf Region occur primarily in Texas, 
Louisiana, Arkansas, Mississippi, and Alabama. The largest present com­
mercial deposits are found in sediments of the Wilcox Group with thin 
overburden. Seams are quite irregular in thickness, . and generally less 
than 10 feet thick. Some of the Texas deposits have very favorable, 
mining and reclamation conditions, and are being rapidly exploited ·bY 
utility companies to feed minemouth electric power plants. Most of these 
plants have not experienced the severe ash fouling problems associated with 
high-sodium Fort Union lignite. However, the ash content of the Gulf 
lignite is generally higher than the Fort Uni'on lignite, and in some plants 
the ash is quite abrasive due to high silica levels. 

· Table 5 presents average analyses of Gulf lignite samples, repre­
senting a composite from all of the states mentioned.above. The average 
properties shown represent somewhat poorer quality 1 ignite than is cur-

"rently being mined by utilities in Texas. As a general rule, the quality 
of Gulf lignite improves in moving from east to west. For example, lignite 
samples from Alabama average about 4,600 Btu/lb; from Arkansas, about 5,000 
Btu/lb; and from Texas• Wilcox Formation, over 1;ooo Btu/lb. 

Table 5 

Average Analyses of Gulf Liynite Samples 
(495 samples_ 

Proximate Analysis, Wt.% 
·(As Received) 

Ultimate Analysis, Wt.% 
(Dry, Mineral-Matter-Free) 

Moisture 
Vo 1 at il e Matter 
Fixed Carbon 
Ash 

30.8 .~ 

30.8 
24.9 
13.5 

Heating Value, Btu/lb 5,803 

Powder River Region Subbituminous Coal 

Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 

6~1 
62.1 
1.1 

28.8 
1.9 

.The Powder River Region lies just to the southwest of the Fort 
Union Region, in the states of Montana and Wyoming. The Wyoming portion of 
the region contains the thickest coal seams in the U.S., with some seams 
averaging 70 feet in thickness. The largest-producing coal mines in the 
country are also found in this region. 
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The subbituminou·s coal in the Powder River Region is generally of 
high quality, and is particularly valued for its low sulfur content. A 
large portion of the coal produced in this region is transported to mid­
western and south central utilities for use as 11 Compliance 11 coal in meeting 
so2 emissions standards. . 

Table.6 presents average analyses of subbituminous coal mine 
samples from the Powder River Region. Variability of the coal properties 
is wide, as in other-regions: moisture content of the samples ranged from 
20 to 31 percent; ash content, from 3 to 16 percent; heating value, from·· 
7,360 to 9,610 Btu/lb; and sulfur content ranged from 0.1 to 3.5 percent • 

Table 6 

Average Analyses of Powder River Region 
Subbituminous Coal Mine Samples 

(79 sample locations) 

• .f.' 

Proximate Analysis, Wt.% 
(As Received)·· 

Ultimate Analysis, Wt.% 
(Dry, Mineral-Matter-Free) 

Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

25.4 
29.6 
38.7 
6.3 

Heating Value, Btu/lb 8,820 

San Juan Basin Subbituminous Coal 

Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 

5.1 
75.6 
1.2 

17.3 
0.8 

The San Juan Basin in New Mexico and Colorado contains both sub­
bituminous and bituminous coal. The low-rank coal is near the top of the 
heating value range for subbituminous coal. Samples range in heating value 
from 8,900 to 11·,900 Btu/lb, and in moisture content from 10 to 20 percent. 
Ash content of the coal is generally greater than 10 percent; the ash tends 
to be relatively low in alkali elements compared to other low-rank coals. 
Table 7 presents average analyses of subbituminous coal samples from the 
San Juan Basin. 
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Table 7 

ses of Coal Sam les 

Proximate Analysis, Wt.% 
As Received 

Ultimate Analysis, Wt.% 
(Dry, Mineral-Matter-Free) 

Moisture 12.8 
Volatile Matter 33.1 
Fixed Carbon 40.6 
Ash 13.5 

. 
Heating Value, Btu/lb 10,020 

1.3 MARKETS AND ECONOMICS 

Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Sulfur 

5.5 
77.6 
1.4 

14.3 
1.2 

During the past 60 years, the markets for coal in the United States 
have shifted substantially, while the total consumption has remained 
generally between 400 and 600 million tons/year. Rail road and res iden­
tial/commercial direct use of coal -- two very large markets at one time -­
have all but disappeared. Industry use has been relatively constant for 
the last 30 years, with about half being coking coal for metallurgical 
production-- a market reserved for high quality bituminous coal • 

• Electric Utilities 

Electric utility use of coal has grown steadily for the last 30-40 
years. Low-rank coals played a minor role in that market until the late 
1960's, p~imarily because the low-rank coal resources are remote from 
industrial centers, and cheap oil and gas were abundantly available. 
£eginning in the late 1960's, electric utility use of low-rank coals began 
to grow very rapidly, as shown on Figure 6. 

Hhy did this happen? Several technolog ·icdl dnd regulatory de­
velopments changed the relative economics of low-rank coal use by the 
electric utility industry: 

1. Very large pulverized coal boilers, as well as 
extremely large strip mining machines, were 
adapted for low-rank coals. These allowed the 
industry to realize the economies of scale 
required to make low-rank coal use competitive. 
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Low-Rank Coal Production by Region, 1968-1978 
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2. Electric power transmission systems and regional 
reli~hility councils developed to the point that 
vast reqions of the U.S. became interconnected 
and interdependent in terms of f-lOwer supply. 
Thus, minemouth power plants in the low-rank 
coal regions could penetrate large markets for 
the first time. (See Figure 7}. 

3. Limits were placed on emissions of S02 from 
coal-fired power plants in the early 197o•s. 
This created a huge demand in the midwest 
for low-sulfur western coal, despite the high 
transport costs. 
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Figure 7 

Major Electric Interties in the u.s. 
(mid-1970's) 

~ Subbituminous Coal 

4. The price and 1 ong-term supply uncertainty of 
OPEC oil and domestic gas rose rapidly in the 
early 1970's. This created a strong incentive 
to switch from these fuels to coal for power 
generation, particularly in Texas. 

In this dramatic growth process (generally 15-20 percent per year 
for low-rank coal overall), lignite has remained a regi onal fuel, used 
almost exclusively within the borders of the Fort Union and Gulf lignite 
regions. In contrast, subbituminous coal has penetrated markets far from 
the coal mines. About 18 percent of the Powder River Region subbituminous 
coal produced in 1978 was used in power plants in Montana and Wyoming. The 
remainder (65 million tons of "compliance" coal) was shipped by unit train 
to power plants in twenty other states.(see Figure 8). During the same 
year~ about 92 percent of thP. s~n Juan Region subbituminous cudl production 
was burned by utilities in New Mexico and Arizona; small amounts were 
shipped to Missouri and Texas. 
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Figure 8 

Shipments of Powder River Re~ion Subbituminous 
Coal to Electric Util1ties, 1978 

Table 8 summarizes fossil fuel deliveries to electric utilities in 
1978. Two of the major reasons for rapid penetration of the utility market 
hy low-rank coals are evident on the table: low delivered fuel cost com­
pared to all alternatives, and low sul rur content compared to bituminous 
coal. The figures shown reflect national averages; substantial regional 
variations occur. For example, the cost (per Btu) of subbituminous coal at 
the 111 i r1e111Uuth is compJrab 1 e to th~? volue shown for 1 ignite; depending on 
the distance shipped, transport costs c:nn double or triple the delivered 
cost of subbituminous coal. 

TablP R 

Fossil Fuels Uelivered Lo Electric Utilities, 1978 

Average 
Fuel Delivered Weight Aver·age 

Average Btu Percent Price 
1Q15 Btu {1000 tons) Per Pound Sulfur t/l06Btu 

Oi 1 3.74 lR,OOO 1.0 215.6 
Gas 3.12 21,800 143.8 
Coal: 

Bituminous 8.05 354,019 11,368 2.2 121.8 
Subbitumi nous 1.66 90,519 9,169 0.57 79.1 
Lignite 0.40 30,611 6,605 0.68 45.0 
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Table 9 shows in round numbers the cost incentive for midwestern 
utilities to use western low-sulfur coal rather than local high-sulfur coal 
plus scrubbers. (Tables 8 and 9 do not account for differences in the 
boi'ler plant costs caused by differences in coal properties. For a given 
steam output, boilers and pulverizers are larger and more expensive when 
low-rank coal is used.) 

Without question, the electric utilities· will continue to be the 
most important market for low-rank coals. Coal and nuclear power represent 
the only proven and domestically abundant options that can be relied upon 
to meet growing electricity demand during the next several decades. 

The challenges will be: 1) to improve the reliability and environ­
mental performance of conventional pulverized coal-fired plants, and 2) to 
introduce new technologies (e.g., gasification/combined cycle, fluidized 
bed combustion) that substantially improve overall conversion efficiency, 
environmental control capability, water consumption, and other such factors. 

A key question affecting future utility demand for low-rank coal is 
whether the 1979 revised New Source Performance Standards for S02 emi s­
sions from new coal-fired power plants will negate the advantage that 
western low-sulfur coal has had in midwestern markets. The new standard 
requires scrubbers {or other sulfur removal systems) on all new plants, 
with a sliding scale of 70 to 90 percent removal (see Figure 9). 

Low-sulfur coals will have a cost advantage in the FGD portion of 
new power plants due to the lower sulfur removal requirement. However, 
this advantage will be much less than it is for existing plants, and may or 
may not outweigh the long-distance delivery costs of western coal, plus the 
incremental costs of handling, storing, pulverizing, and burning low-rank 
coal. 

Table 9 

Low-Sulfur Illinois 
Hestern Coal Bituminous Coal 

Coal Cost, f.o.b. mine 40 80 

Transport Cost (unit train, 
Decker, MT to Chicugo, IL) 90 

FGD Levelized 30-yr cost 80-130 

TOTAL 130 160-210 
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New Source Performance Standards for S02 Emissions from 
Electric 'Utility Steam ·Generators 
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Another critical factor affecting the tuture use of western low­
sulfur coal in distant markets will be transportation costs. Deregulation 
of railroad ratemaking is proceeding. This is likely to result in even 
larger increases in coal transportation rates than have occurred recently. 
If coal slurry pipelines are built, this would tend to decrease rates. 

In addition to the New Source Performance Standards, ambient air 
quality standards will constrain new power plant construction in areas 
where concentrations of pollutants are close to the established limits. 
Western North Dakota already has such a problem with respect to S02 
concentrations. · 
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Industrial Markets 

Industrial markets for low-rank coal are currently very small, 
amounting to only about one percent of total production, or 1-2 million 
tons/year. This utilization is primarily in industrial or institutional 
boilers near the coal deposits. There is some use of subbituminous coal in 
the midwest and west by industrial companies, including some non-boiler 
applications such as cement plants. 

The basic problem for low-rank coal in penetrating industrial 
markets is the inability to compete with oil and gas in most regions, even 
though the cost of the fuel (per · Btli) is lower. An industrial-size coal­
fired boiler (either stoker or pc) is about 3 times higher in capital 
cost than an oil- or gas-fired boiler. 

Even in cases where the total calculated costs to produce a pound 
of steam from coal are comparable or slightly better than from oil or gas, 
many firms reject the coal option. Reasons most frequently cited are the 
uncertainties and difficulties in meeting environmental regulations, and 
the inconvenience of handling solid fuel. The cost incentive has to be 
strong before low-rank coal can penetrate this market. 

For industrial areas distant from the low-rank coal deposits, a 
major impediment is the inability of relatively small coal consumers to 
achieve the economies of scale that utilities achieve. These economies 
apply to the whole extraction and delivery, utilization, and cleanup 
system. For example, single-car rail rates per ton of coal delivered are 
double (or more) the unit train rates negotiated by utilities. 

Solving this problem would require the development of a "whole­
saling" infrastructure for low-rank coal -- large, efficient delivery 
systems to industrial distribution centers. Options to consider would 
be: 1) central combustion facilities feeding a steam and power distribution 
network (a natural extension of electric utilities• current operations); 
and 2) central gasification facilities feeding syngas to individual 
boilers. One advantage of these options compared to individual direct use 
waul d be the convenience and economy of centra 1 i.zi ng all important en­
vironmental control and disposal operations~ Alternatively, minemouth coal 
conversion operations, combined with long-distance product transporta­
tion, might achieve similar economies of scale. In any uf these cases, a 
prerequisite to raising the capital required for such projects would be the 
existence of a firm market for the p·roducts. Ensuring this steady, long­
term demand in compact areas may require the development of new cooperative 
investment and financing approaches. 

Calculations show that the one major indust . i al area \'lhere coal is 
currently cost-competitivP with oil and gas fm industrial-scale steam 
generation is the industrial midwest (i.e., Illinois, Michigan, Ohio). 
However, in the absence of S02 emission regulations fur such plants, 
local bituminous coal has a cost advantage over western subbituminous coal 
in this market. 
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During the 198o•s (and beyond), oil and gas prices will continue to 
rise faster than coal prices. As this occurs, the cost of steam from coal 
will eventually become competitive with steam from oil and gas in a·reas 
other than the midwest. 

One high-potential growth area for industrial use of low-rank coal 
is the Gulf coast. By the mi d-1980 • s it is. projected that Gulf 1 ignite 
will be competitive with oil and gas as conventional boiler fuel. And, if 
fluidized bed combustion technology proves out, the cost incentive to use 
Gulf lignite (as well as 11 imported 11 western coal) could be substantial. 
The huge petrochemical industry in the Gulf region also represents a very 
good potential market for low-rank coal {via synthesis gas) in the next 
10-20 years. 

Synthetic Fuel Markets 

Coal-based synthP.tic fuels are expected to begin contributinq to 
our energy supply in significant amounts starting in Lhe 199o•s. The 
elec.tric utility industry may be a major customer, using coal-derived gas 
in h1ghly efficient combined cycle plilnts. and coal liquicis in existing 
oil-fired boilers and new peaking units. Once synth.etic tuels pas!> Lhe 
cost 11 Crossover 11 point with respect to petroleum and natural gas, pene­
tration of synthetic fuels into many of the markets now served by oil and 
gas could occur rapidly. The transportation anci distribution infra­
structures for oil and gas products from coal are in place. 

Several characteristics of low-rank coals (e.g., high reactivity, 
1 ow sulfur content, non-caking properties) make them generally favor.ab 1 e 
feedstocks for many of the coal conversion processes. This fact, coupled 
with the low extraction cost per Btu, indicates that low-rank coal could 
account for a very large portion ot the evenluctl synfuels market. 

rhP firsl commercial SNG-from-cor~l plant in the U.S. is expected to 
be the Great Plains Gasification Assoc1rttP.s IJI"O.iect, which wi II uc:;P Norlh 
Uakota lryrlite. Almo!;t all of t.he SNG projects that have been proposed 
during recent years (most of which have been cancelled or deferred due to 
high costs and the regulatory climate) intended to utilize western low-rank 
coals. 

The prospccb for cnmmr.rcial production of synthetic liquids from 
r.nill appear to be farther in the future than for SNti. In dddition, the 
advantages of low-rank coals as ft!edstocks to direct lirprPfilction processes 
are not as obvious as the advantages in first-generation gasification 
processes. Prel1m1nary ecullOI11ic tradeoff stLrdiPc:; indicate that low-rank 
coals could be at lt!ast as ut.tractive a~ hituminous coal for liquefaction, 
but these ca 1 cul at ions are based on inadequate process data. The future 
market for low-rank coals as liquefaction feedstocks must be considered 
highly uncertain until more RD&D has been performed. 

Summary 

One scenario for the future use of coal -- derived from Air Elec­
tric Power Research Institute long-range planning study-- is shown on Fig­
ure 10. Other forecasts {by DOE, the National Coal Association, and others) 
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are similar. (The low-rank coal share shown on the graph is an estimate 
produced in this study. It is not intended as a forecast, but rather as an 
indication of the potential for growth.) 
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A Future Scenario for the U.S. Coal ·Industry 
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Under this scenario, total U.S. coal production would triple by the 
year 2000 to about 2 billion tons/year. This is an average annual grm'lth 
rate of 4.7 percent -- much higher than tne historical rate. 

The low-rank coal portion of the total could grow to the order of 
50 percent, or 1 billion tons/year, by 2000. To achieve this production 
rate, 1 ow- rank coa 1 use would have to cent i nue growing much faster than 
total coal use, at a rate of approximately 8-10 percent per year for the 
next 20 years. 

Major conclusions of the market analysis for low~rank coals are as 
fellows: 

1. Low-rank coal growth is mainly constrained by 
demand. Competing fuels have the Prlge. in many 
111arkets. Low-rank coal mining capacity current­
ly exceeds production by a substantial amount, 
and is projected to do so at 1 east through the 
mid-198o•s. 
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2. The primary demand constraints are caused by: a) 
the location of low-rank coal reserves far from 
major markets; b) the high cost per Btu of 
transporting low-rank coals over long distances; 
c) the costs and uncertainties of using coal due 
to environmental standards; and d) the lack of a 
coal distribution infrastructure for industry; 
and e) the high cost of converting oil-or-gas­
fired equipment to coal. 

3. In the recent past, demand for low-rank coal 
in the electric utility market ha's been created 
by a combination of regulatory and technological 
developments. These encouraged the utilities to 
exploit the basic advantages of low-rank coals: 
low extraction costs and low sulfur content 
compared to bituminous coal. 

4. The first-generation technology for low-rank 
coal development -- large-scale surface mining, 
unit train transport, lnrge pc-fired boilers, 
and major regional power grids -- is likely ,to 
continue as the major low-rank coal utilization 
system for some time. However, the cant i nued 
rapid growth of this existing market and techno­
logy is being challenged by new, more stringent 
environmental control requirements. Cost-effec­
tive solutions to these problems require techno­
logy development. 

5. Similar considerations will apply in the longer­
range future. Even though the nation needs 
rapid coal development to reduce its dependence 
on imported oil, demand for coal-derived substi­
tute fuels in major oil markets will be con­
strained. Product quality and cost. anrl P.nviron­
mental, health, and safety issues associated 
with synfuels could limit their marketability. 
GovPrnment policy initiatives and new waves of 
techno 1 ogy wi 11 be the , keys to removi uy these 
constraint5. 

6. As coal use expands, supply-side constraint5 
will also emerge. Impacts of greatly expanded 
surface mining and cual use in the arid and 
semi-arid we~t, water availability, nnd in­
adequate coal tran~portation capabilities are 
the major factors that could hold back continued 
growth. Cost-effective solutions to these prob­
lems also require technology development. 
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1.4 REGULATORY AND ENVIRONMENTAL ISSUE~ 

All energy production, delivery, and utilization systems in the 
U.S. are being increasingly shaped by the actions of the federal government 
and state regulatory agencies. For example, implementation of the Fuel Use 
Act by the Department of Energy will have wide-ranging effects on the 
selection of fuels and boilers by utilities and industry. Currently the 
federal government is establishing the Synthetic Fuels Corporation to 
initiate the large-scale production of oil and gas substitutes. 

Coal is inherently a dirty fuel. Each step in the sequence from 
extraction through utilization involves some environmental risk. These 
ri~ks have come under increasing regulatory scrutiny -- a trend that can be 
expected to continue as coal use expands. Technology development is being 
forced; costs are being driven up. 

In both of these areas -- government policies regulating production 
or use of fuels, and environmental standards -- the requirements represent 
moving targets to those who must comply. The uncertainty created in 
industry by constantly changing public policies tends to retard decision-

·making, and affects research and development needs • 

. . ·. Low-rank coals share many generic envi ronmentalfregul atory issues 
·with all coal~ There are also sam~ unique considerations due to the 
location and properties of the coal. Table 10 summarizes the major issues 
of concern. · 

. . . Much of the western 1 ow- rank co a 1 is mined in a rea~ that possess 
.:natural beauty but lack rainfall. In some areas of the west, water re­
_sautce allocation decisions that will significantly affect coal development 

· ·. 'wi.ll. be made only with great difficulty due to the many competing uses. 

Reclamation is difficult in many of the arid low-rank coal-bearing 
·regions, and its ultimate success may require many years to ascertain. At 

.. th~ other extreme, such as the current lignite mining area in Texas, 
·reyeg~tation occurs quickly with abundant rainfall. In this region, there 
is no need for segregi'ltion of topsoil during mining (J5 there is in most 
·ather are~s} to aid in re-establishing ground cover. 

Transportation of western subbituminous coal has -been a regulatory 
:issue since th~ .mid-197o•s due to the monopqlistic position of some rail­
.. roads, th~jr pricing policies and merger applications, and their opposition 

to pr.oposed slurry pipeline projects. ·Deregulation of rail rates is being 
considered in Congress. Higher rates would enable the railroads to improve 
and rnairitai n unit train trackage, but would tend to depress demand for 
low-rank coal in the midwest and south. Convcr5cly, lower transportatioir 
rates and additional competing capacity (i.e., slurry pipelines} would 
increase both demand and suoply. 

Federal and state air quality regulations are major technology­
forcing issues for coal-fired power plants. The tightening of air emission 
standards for new boilers in the 1979 NSPS has sent low-rank coal-fired 

.power p'la.nt designers back to the drawing boards to .mprove the control of 
S02, NOx, and particulate emissions (see Table 11}. Continued tighten-
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Table 10 

Environmental Issues in Low-Rank Coal Development 

Air Quality 

1. SOx, NOx, and particulate emissions. from power plants and conver-
sion plants. 

2. Odors, hazardous trace organic emissions from conversion plants. 
3.; Fugitive dust from mining, preparation, storage piles, rail cars. 
4. Visibility; ambient pollutant concentrations; acid rai'n; C02 buildup. 

Hater Quality 

1. Leaching to aquifers from.minP.d or gasified areas. 
2. Liquid effluent disposal from conversion processes. 
3. Water from ~lurry pipAlines and coal prP.paratioh plants. 

~Jater Quantity 

1. Coolin~ water required for combustion and conversion plants. 
2. Process water required for gasification plants. 
3. Hater required for slurry pipelines. 

Land Productivity 

1. Productivity of reclaimed mined land in arid and semi-arid regions of 
the \1est. 

Solid Waste Disposal 

1. Ash disposa·l from combustion and conversion processes. 
2. Sludge disposal from wet and dry S02 scrubbers, and and coal prep­

aration plants. 
3. Mine spoil piles. 

Land Use 

1. Land out of agricultural production or other use during mining or 
underground coal gJsification. 

2. Plant site area required for combustion and conversion. 

Noise --·-
1. Combustion, convers1on, mirriny, and tr·ansportation f~r.iliti~!'i. 

Public Safety 

1. Potential exposure to hazardous material in conversion plants and UCG. 
2. Grade c.rossing hazards and derailments in rail transport. 
3. Subsidence following underground mining and UCG. 
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Table 11 

New Stationary Source Performance Standards 
For Electric Utility Steam Generating Units, December 1971 and June 1979 

December 1971 
Standards 

1.2 lb/106 BTU 

0.1 lb/106 BTU 

20% 

(i) 0.70 lb/106 from the combustion 
• of coals except lignite. 

(ii) 0.80 lb/106 BTU from the combustion 
in a cyclone furnace of any fuel con­
taining more than 25 ~ercent, by weight, 

. lignite which has been mined in North 
Dakota, or Montana. 

(iii)· Combustion of a fuel containing more 
than 25 percent, by weight, coal refuse 
is exempt from the NOx standards and 
monitoring requirements. 

(iv) 0.60 lb/106 BTU from the combustion of 
lignite except as stipulated in (ii) 
above. 

June 1979 
Standards 

1.2·lb/106 BTU (based on a 
30-day rolling average) 

90% when emissions are 0.6 lb/ 
106 BTU or greater 

70'.t when emissions are less 
than 0.6 lb/106 BTU 

0.03 lb/106 BTU 

20% (based on a 6-minute average) 

Based on a 30-day rolling average: 

(i) 0.50 lb/10~ BTU from the combus­
tion of subbituminous coal, shale 
oil, or any solid, liquid, or 
gaseous fuel derived from coal. 

• 

(ii) ~.80 lb/106 BTU from combustion in a 
slag tap furnace of any fuel containing 
more than 25 percent, by weight, lig­
nite which has been mined in N. Dakota, 
S. Dakota, or Montana. 

(iii) Combustion of a fuel containing more 
than 25 percent, by weight, coal 
refuse is exempt from the NOx 
standards & monitoring requirements. 

(iv) 0.60 lb/106 BTU from the 
combustion of any solid fuel 
not specified in (i), (ii), 
or (iii) above. 

Motes: 1. These standards apply to electric utility steam generating units capable of combusting more than 73 megawatts heat input (250 
million BTU/hour) of. fossil fuel. 

2. A major difference between the December 1971 and June 1979 NSPS is in compliance testing. The June 1g79 NSPS re~ui~e continuous 
stack monitoring and a 30-day rolling average for the S02 and.NOx emissions. The December 1971 required that em1ss1on 
monitorlng only be performed at th~ beginning of plant operation and thereafter when the EPA deemed it necessary. 



ing of some Of these standards {i.e., NOx) as well as development of new 
standards for hydrocarbons, trace elements and solid waste can be expected 
to force additional changes -- not only in add~on cleanup modules, but in 
the combustion units themselves. Ambient air quality standards and visi­
bility rules may also add to technology requirements. 

A major thrust in the recommended Rb&D program for low-rank coal is 
to develop improved combustion environmental control technology (ECT). On 
one hand, it should be possible to take advantage of some of the unique 
properties of low-rank coal in meeting the standards (i.e., S02 removal 
by alkaline ash). On the other hand,·certain aspects of ECT for. low-rank 
coal {i.e., particulate capture and disposal) may present more difficult 
technical problems compared to bituminous coals. 

Similar needs for focused research apply to the ECT requirements 
for low-rank coal gasification, liquefaction, and pyrolysis processes. The 
u11ique phy~ical and chernir.rtl properties of the coal, as well as western 
location factors, create special pr·oblems and opportunities in contrnll irr!J 
air, water, and lOlid emissions. 

Nearly ali recent studies of our nat·Jorral E!nergy future and jMrnal 
articles on Federal coal-related issues cite the need for expeditious new 
leasing programs for western coal. This is basically a "get on with it" 
versus "ban development and pollution" political issue. Similar (but 
global rather than national) concerns surround the acid rain and upper 
atmospheric C02 phenomena. Acid rain and C02 buildup are not unique to 
low-rank coals, nor to this.country's policy agenda. 

1.5 KEY LOW-RANK COAL TECHNOLOGY ISSUES 

If ·low-rank coal use is to continue its rapid expansion, improve­
ments are needed in existing technology to meet tightening standards and to 
enhance efficiency and reliability. There is also a need for new waves of 
technology which will allow coal to plaY the transition role expected of it 
in. the next 40-50 years. These needs are· dri verr by the market forces 
discussed. earlier, as well as the environmental and regulatory require­
ments and constraints. 

A thorough nnalysis of the technology currently applied (or poten­
tially applicable) to low-rank coal development has been per·for-med. 
EIIIJJhct:>i!> was placed on the uniqtl€' physical and chemical properties of 
low-rank coals, and the effects or· requirements imposed on technologies by 
these properties. The conclusion is· that the key ·technical issues for 
low-rank coals a.re different from those for bituminous coal, and require a 
separate focus. 

Figure 11 illustrates in shorthand form some .of the important 
effects of low-rank coal properties on various technologies. When examined 
in conjunction with the specific needs for improvement of the technologies 
themselves, these effects generate a long llst of key iSsues, which are 
summarized below. These issues, in turn, dictate the major elements of the 
recommended RD&D program for low-rank coals; these are presented in the 
next section. 
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OCCURRENCE 

Figure 11 

Effects of Low-Rank Coal Properties on Technology 
As Compared to Bituminous Coal 
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Conventional combustion and associated environmental control 
technology is the area of most urgency. Pulverized coal-fired boiler 
techno-logy is well-developed and has for the most part been adapted suc­
cessfully to low-rank coals. Utilities in general need to improve the 
reliability and availability of boilers due to rising cost pressures. 

One coal-specific issue affecting boiler reliability is ash fouling 
of boiler tubes. This problem is most st:!vere with high-sodium lignite from 
the Fort Union Region. The costs of downtime in these boilers are being 
determined. A key question now is whether any of the proposed solutions -­
such as revised boiler design, ion exchange removal of sodium, or injection 
of additives to the boiler -- are cost-effective. 

In the area of sulfur emission control from power plant stacks, the 
combination of low sulfur content and high ash alkalinity frequently found 
in low-rank coals prc~cnt!; i·nteresting opportunitiec;. A~ i'l general stra­
tegy. it would be desirabl~ to get away from conventional wet scrubbing 
with its many operuting problems. Dry scrubbing ofters lower r.ap1tal costs 
and, potentially, better reliability. The higher reagent costs compared to 
wet scrubbing can be tolerated if the sulfur content of coal is suffi­
Clently low • Field tests of Llu? first commerical 3pray dryer!:; ·in power 
plants, plus bench-scale research to develop improved sorbents or systems, 
should advance this technology. 

Meeting New Source Performance Standards for S02, NOx, and 
particulate emissions are not the only questions utilities will face in 
building new plants. Ambient air quality standards could force utilities 
to consider retrofitting existing plants to obtain S02 emission offsets. 
Different control options would apply to retrofit situations as compared to 
new plant designs; these need to be developed, taking advantage of the 
favorable low-rank coal properties. 

The new particulate emissions standard of 0.03 lb/106 Btu is 
expected to present a major problem to util'ities but'ning low-rank co<1ls. 
Electrostatic precipitators have a difficult t'irne collecting high-re­
sistivity, fly ash from low-rank coals. Various techniques and devices 
have been proposed to improve ESP performance, but it is not clear yet if 
they can meet this standard. Alternatives to ESP 1 s, such as fabric filters 
and various novel devices, have little or no experience on low-rank coal 
fly ash; basic data are needed. Special attention should be given to 
sampling, analyzing, and designing collection systems for very fine par­
ticulate matter. 

Severc;ll aspects of NOx emissions control from low-rank coal 
combustion may be unique: 1) conventional NOx control techniques such as 
overfire air and low excess air could make ash fouling problems worse; and 
2) dry sorbents used for S02 control may absorb some NOx· 
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Disposal of solid wastes from power plants is an area where stan­
dards are currently evolving and data are needed. Specific questions about 
low-rank coal include: 1) leachability of high-sodium fly ash; 2) ash­
alkali scrubber sludge fixation requirements; and 3) disposal methods for 
soluble (sodium-based) spent sorbents from spray dryers. 

Trace elements and organic compounds can be emitted from coal-fired 
power plants. The nature of these emissions, and their f•te and effects in 
the environment are not known. The unique compositions and forms of 
minerals in low-rank coals suggest that these compounds might be distri­
buted differently in the effluents from low-rank coal plants. A basic 
problem in this area is the lack of adequate sampling and analytical 
procedures. 

Technologie-s that are expected to be important to low-rank coal 
utilization in the future include fluidized bed combustion, gasification, 
liquefaction, and pyrolysis. In each of these technologies, there are 
specific concerns relating to the properties of low-rank coals. 

Fluidized bed combustion offers a number of potential .advantages 
over conventional pulverized coal combustion. These include flexibility to 
handle widely varying fuels, capture of sulfur by limestone in the fluid­
ized bed, high combustion efficiency, compact size, and lower NOx 
emissions due to redtJced combustion temperatures. Lm-1-rank coals with high 
alkali-td-sulfur ratios offer a significant. additional advantage: th~ 
ability to absorb sulfur on the alkaline ash and meet emissions standards 
with little or no added limestone (see Figure 12). 

Optimization of FBC technology for low-rank coals involves several 
key issues: selection of the best overall design configuration for a highly 
react;ve, sulfur-retaining fuel; understanding the properties of an ash­
rich fluidized bed with no limestone; preventing agglomeration of solids in 
the bed due to high-sodium content; and understanding sulfur retention as a 
function of coal and ash properties and operating conditions. For pressur­
ized FBC, there is a question concerning the effects of alkaline ash 
(particularly, high-sodium ash) on hot gas cleanup systems. 

' 

Coal gasification technology involves many types of processes. 
Low-rank coals are preferred feedstocks to the first-generation, fixed-bed 
gasification pr·ocesses such as Lurgi. This is due primarily to the non­
caking behavior of ·low~rank coa·rs; high reactivity and low-sulfur content 
are also· advantageous. On the negative side, very high-moisture coals are 
not desirable· for fixed-bed gasification. Because the first commerical 
gasification plants are likely to use low-rank coals, any of the residual 
problems with the technology (such as ~aste water treating) are important 
for low-rank coals. 
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Figure 12 

Percent Sulfur Retention as a Function.of Total Alkali-to-Sulfur Ratio in AFBC 
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The major drivin'g force behind the ·development of advanced flllid­
ized bed and entrained flow gasification processc5 ha$ been the de$1rP to 
use caking bituminous coals. Thus, data on how to 5clect and apply nE:'w 
technologies for low-rank coal tend to be unavailable. For these emerging 
technologies, the 1 ow-rank coal issues are process-specific and detailed, 
rather than large central issues. For example: slurry feeding a high­
moisture coal to a Texaco gasifier could be a problem; or the alkali 
recovery un·ft ir1 the l:.xxon cutalyti~ gasification. pror.c$~ could be arl­
versely affected by the inherent alkali elements in low-rank coals. 

The behavior of low-rank coal (especially lignite) has been shown 
to be different ~rom bituminous coal 1n all of the developing direct 
liquefaction processes~ H1gh moisture content increases the reactor 
pressure requirement. High oxygen content leads to. high C02 production, 
which also increases· pressure requirements. Low-rank coal reacts readily 
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with carbon monoxide, possibly favoring the use of syngas rather than pure 
hydrogen. The high calcium cont.ent in low-rank coal ash causes depositior, 
of calcium carbonate solids in liquefaction reactors. Quality of the 
liquid products appears to differ for low-rank coals, particularly the high 
viscosity of the bottoms fraction (see Figure 13}. 

Figure 13 

Effects of Coal ·Type and Process.Condit1ons on Viscosity of EDS Residual Liquefaction Bottoms 
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The implication is that low-rank coal. liquefaction, once optimized, 
will involve different process design ~arameters and operating procedures 
from those for bituminous coal. There is .need for additional RD&D work on 
low-rank coal liquefaction, including basic research i.nto process mechan­
isms and product properties, engineering/economic optimization studies, and 
testing of low-rank coals in the large existing pilot plants. . 

Coal pyrolysis is a technology that can be used. if the objective 
is to make a .combination of products:· fuel gas, liquid fuels or specialty 
chemicals, and char for.direct use or briquetting. Data from early studies 
on low-rank coal pyrolysis indicate problems with both the yields and 
quality of liqu-id products. A complete review of existing data and an 
evaluation of the feasibility of low~rank coal pyrolysis would be worth.:. 
while. 
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In the areas of preparation, handling, and storage, a number 
of problems and opportunities exist due to the generally unfavorable 
handling characteristics of low-rank coal. 

The high moisture content causes problems in many areas, and 
suggests the need for coal drying, processes to meet specific needs. These 
include: 1) drying to improve transport economics, where overall system 
cost tradeoffs and dried coal stability are the key questions; 2) drying 
techniques that 1 imit rnoi sture reabsorption to. prepare coa 1 for slurrying 
into pipelines or entrained flow gasifiers; 3) drying techniques that 
preserve the coal reactivity for liquefaction instead of collapsing active 
surface area; and 4) drying to very low levels of moisture as required for 
feed to magnetohydrodynamic reactors. 

Incentives also exist to develop low-rank 'Coal cleaning processes 
for sodium, sulfur, or ash removal. Conventional gravity separation 
techniques can be usefully adapted to some low-rank coals which have 
appreciable extraneou~ ash contents. In gene1·al, the potential for sulfur 
removal from low-rank coals by washing is low. Ion exchange has been shown 
to be feasible for sodium reduction, and may find applications in the Fort 
Union Region to alleviate boiler fouling problems. 

Low-rank coal extraction and transportation technologies are 
generally well-deve 1 oped. Most of the techni ca 1 issues involve optimi za­
tion of systems and cost reduction. Reclamation of surface-mined land in 
arid regions continues to provide research challenges. Dewatering of coal 
slurries and treatment, reuse, or disposal of water are areas of concern 
for proposed coal slurry pipelines. 

1.6 RO&D PROGRAM RECOMMENDATIONS 

Based on a detailed review of the key technical issues, market 
needs, and various constraints to development, a national RD&D program for 
low-rank coal is n:!cornmended. The approach taken was t.n identify major 
research topics, state Lheir objectivc!i; identify supporting data and/or 
ongoing related research, and indicate how the results of the research 
would be integrated with other work to advance low-rank coal development • 
. within each research topic the approach to the work has been stated only in 
general terms. Definition of the step-by-step details of the work has been 
left to the organizations that will perform the RD&D. 

To indicate the genera 1 1 eve I of importance or urgency associ ilted 
with each recommended project, "Priority I" and "Priority II" designations 
have been assigned. Taken as a whole, ihe Priority I program represents 
RD&D that is considered essential to the advancement of low-rank coal 
development. It is in essence a zero-base program recommendation. The 
Priority II program represents RD&D that is considered very important, and 
could greatly enhance the longer-term development of low-rank coal. Other 
worthwhile ideas and projects were considered, but were relegated to 
a lower priority level and excluded from the recommended program. 

The overall emphasis of the program is on exploratory, technology, 
and engineering development efforts which make systematic use of the 

• 
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knowledge and understanding gai.ned from basic and applied research. This 
emphasis is illustrated on Figure 14, which classifies the recommended RD&D 
in each technology area into various phases, defined briefly as follows: 

1. Basic Research - efforts to increase knowledge 
and quantitative understanding of natural 
phenomena. An example is the recommendation for 
improved petrographic characterization of 
1 ow-rank coals. 

2. Applied Research - systematic study to devise 
processes or systems of possible (but uncertain) 
practical utility. An example is the recom­
mended development of standard analytical 
methods to characterize coal-derived liquids. 

3. Exploratory Development - efforts to explore 
possible innovation in a particular technology 
area, and to assess whether further development 
is warranted. An example would be the study of 
coal mineral catalysis in recycle liquefaction 
processes. 

4. Technology Development - development of proces­
ses or subsystems at 1 aboratory seale, as well 
as preliminary studies encompassing systems 
analysis, trade-offs, cost-benefits, and en­
vironmental analyses. An example is the recom­
mended small-scale testing to select additives 
for ash fouling control in boilers. 

5. Engineering Development - detailed design, 
construction, and test for performance, produci­
bility, and reliability of system prototypes and 
pilot plants. An example is the recommended 
acquisition and testing of novel devices for 
fine particulate collection. 

6. DcmonstrJtion - verification of economic and 
environmental viability for commercial applica­
tion, through design, construction, test and 
evaluation of large-scale systems. An example 
would be the recommended demonstration pf a 
direct ignition system for pulverized low-rank 
coal fired boilers. 
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7. Commercialization, Production, and Operation -
self explanatory. An example would be the 
recommended systematic eva 1 uat ion of the first 
utility spray dryer FGD units. 

Brief summaries of the recommended RD&D in each major technology 
area are presented below. 

Extraction 

As shown on Table 12, the Priority I recommendations for low-rank 
coal extraction involve reclamation techniques for surface mined land, new 
and improved surface mining techniques, and underground coal gasification. 

Reclamation studies should involve a combination of field work and 
monitoring, laboratory or controlled growth experiments, and modeling. 

Improvement of surface mining .. techniques requires the application 
of open pit or other methods to difficult mining situations such as multi­
ple seams, thick or pitching seams, and deeper seams. European techniques 
such as bucketwheel excavators combined with conveyor belt systems are 
difficult to apply to t~e overburden and climate conditions in the Northern 
Great Plains, for example.· Design and operation of earth-moving machinery, .. 
as well as overall mine planning, could be enhanced by the development of 
computerized design, monitoring, and control systems. 

Table 12 

Recommended RD&D For low-Rank Coal · 
Extraction 

1. Surface Mined land Reclamation 

2. Surface Mining . 
a. Techniques for multiple thin 

seams. thick seams and deeper 
Ovl!rhurtfpn 

b. Optimization of equipment 
specifications 

c. Cost reduction through 
operations research and 
systems engineering 

3. Underground Coal Gasification 
a. Aquifer disruption and groundwater 

contamination 
b. Subsidence and gas leakage 
c. L;nkfng techniques . 
d. Coal seam characterization and 

process monitoring 

· Priority II 

4. Dewatering of Mine Area and Groundwater 
Control · 

5. .Underground Mining 
a. Mining thick seams• 
b. M1n1ng under unconsol;dated overburden 
c. Dewatering·and groundwater control 
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Underground coal gasification has future potential as a method for 
extracting coal energy from deeper seams that would be uneconomical to 
mine. It also promises to provide a relatively inexpensive source of 
coal-derived syngas. Several major areas of·research need to pursued, as 
noted on the table, before this technology can be considered sufficiently 
reliable or environmentally sound. DOE has an ongoing program addressing 
these research needs, and several industry projects are underway as well. 

The Priority ir recommendations in Extraction include: 1) develop­
ment of better mine dewatering methods and groundwater control systems, 
especially for deeper coal seams; and 2) development of appropriate under­
ground mining technology for thick western coal seams, which often have 
unconsolidated overburden and act as major aquifers. 

Transportation 

The recommended RD&D for low-rank coal transportation is limited to 
one transport mode-- coal slurry pipelines (see Table 13). Rail, barge, 
truck, and conveyor systems will continue to evolve and improve, but do not 
generate any major research needs (with the exception of coal dust, reac­
tivity and freezing problems, which ·are addressed under Coal Preparation). 

Table 13 

Recommended RD&D For Low-Rank Coal 
Transportation 

Priority I 

1. Slurry Dewatering 
a. Separation of coal fines 
b. Treatment of ~cparated water 
c. Utilizat1on of treated slurry water 

z. Slurry Pipcl1ne Water Requir~mPnts 

Priority 11 

3. Slurry Pipeline Reliability 
a; Restarting slurry flow 
b. Freeze protect i.on 
c. Ruptured slurry p1pel lne~ 
d. Di~tances over which r.nal suspension 

can be mainta1ned. 

In Lire Pi iority I area; ~lurry dewaterina .;~.t t.hP n~ce1v1ng end of a 
coal pipeline is a problem that could benefit from s~ientific investiga­
tion. Laboratory tests indicate that during transport some low-rank coals 
(especii'llly lignite) become very finely divided, making separation by 
standard gravity techniques ineffective. lnvestigat1on of the surface 
properties of coal fines and of chemical means to enhance separatton 
processes would be worthwhile. Site-specific studies of the treatment and 
utilization alternatives for the separated water should aiso be made. 
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A major issue. with respect to slurry pipelines in arid region~ 
of the west is the utilization of large amounts of water to transport 
t~e coal.· Studies to minimize water requirements should include in­
vestigations of slurry media other than water -- oil, methanol, or C02, 
for example. • 

In the Priority II area for low-rank coal transporation, the 
recommendations include systems studies, simulations, and some laboratory 
research to address questions about slurry pipeline reliability. 

Preparation, Handling, and Storage 

The Priority I recommendations for low-rank coal preparation 
research include two projects on coal drying, two on coal cleaning or 
beneficiation, and an investigation of fines generation during crushing 
and handling (see Table 14). 

Drying of low-rank coals for use in conversion processes requires 
that different techniques be used to meet different process requirements. 
Techniques that limit reabsorption would be useful for processes u·sing 
slurry feed systems: drying to very low moisture levels is required by the 
MHO process; drying the coal without collapsing its pore structure is 
required for liquefaction. Techniques exist or have been proposed for all 
of these purposes; they need to be verified. 

Chemical cleaning processes for low-rank coals would include: 1) 
ion exchange for sodium removal; 2) ·removal of potentially hazardous 
elements; and· 3) sulfur and ash removal. Processes have been partially 
developed for several of these ptJrposes, but need further testing and 
economic tradeoff studies· to verify their u~efulness. · 

Table 14 

Recommended RD&D for Low-Rank Coal 
Preparation, Handling, ijnd Storage 

--············-· ?~t~!'.!.)::.L....!I..._·_. -~--------------__;r:...:.r_,_; o::..:.r....:..it::.L....;I:..:.I ______ _ 

1. Coal Drying For Conversion Processess 

2. Chemical Cleaning Processes for Low-Rank Coals 

3 •. Physical Cleaning Processes for Low-Rank Coals 

4. Coal Drying to Improve Transport Economics 

5. Optimized Crushing & Handling Equipment to 
Minimize Fines Generation 
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6. Briquetting or Pelletizing 

7. Preparation and Beneficiation Techniques 
Applied to Slurry Pipeline Systems 

8. Waste Disposal from Coal Beneficiation 

~. Control of Dust, Oxidation and Sponfaneous 
Combustion 

10. Freeze Control 

11. Cun1ni nut ion Techniques 



Physical coal cleaning processes· would be applicable to low-rank 
coals containing significant amounts of extraneous mineral matter. Multi­
solvent approaches have been suggested, and should be investigated. Tech­
niques applicable to separation of fine particles, as well as magnetic 
separation techniques, should be tested for applicability to low-rank 
coals. To determine the overall potential or need for this technology, an 
assessment of the trend towards extraction of lower-grade low-rank coal (as 
better deposits are mined out) should be done. 

Drying of 1 ow-rank coal to improve 1 ong-di stance transport econom­
ics has two major problems: high costs, and difficulty in handling and 
storage of dried coal. A state-of-the-art review of various therma 1, gas 
and 1 iquid phase drying techniques is needed. Effects of dried coal on 
boiler design need to be determined. Cleanup and utilization of the 
separated water should be investigated • 

. The yt:!rterdLiun or coal fine3 during low-rank coal hanrlling nnd 
crushing needs to be studied to: 1) determine the specif1c procedures 
that generate fines, and 2) develop modifications to reduce production of, 
and/or utilizQ fines. 

A 1 arge number of Priority J I projects are recommended in Prepara­
tion,- Handling, and Storage, reflecting the need for improvement in the 
physi.cal and handling properties of low-rank coals. Briquetting technology 
has been developed and applied to many types of.coal, and could be appli.~c;! 
once again in this country if markets for the product existed. 

The study of slurry preparation technjques should incorporate the 
results of coal drying studies to limit moisture reabsorption, as well as 
other means to improve the properties of low-rank coal sl~rri.es. The 
concept of incorporating thermal, chemical, and mechanical beneficiation· 
techniques into a slurry pipeline system should be investigated. 

· Con cent rated wastes from coi:f 1 h~nef·i dati on proee3se:; should be 
characterized to determine RCRA requirements applying to their disposal. 

Techniques to control dust, oxidation, and spontaneous combustion 
problems have been developed, but these problems .still occur. Additional 
work on new cost-effective solutions would be wprthwhiJe! 

Control of freezing problems in coal transport and hand'ling systems 
1s a persistent pruulen• that could be amenable to !iolution by novel t~ch­
niques. 

Finally; improvement of low-rank c.o.nl comminution (crushing and 
grinding) technology is a continuing need. 
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Conventional Combustion 

·Table 15 lists the recommended RD&D for improvement of conventional 
low-rank coal combustion technology. The Priority I proj~cts address the 
problems of ash fouling and slagging, and the opportunity to 9ecrease our 
oil consumption by developing a direct coal ignition system. 

Table 15 

Recommended RD&D For Low-Rank Coal 
Conventional Combustion 

Priority I 

1. ·Ash Fouling and Slagging Mechanisms 

2 •. Control of Fouling and Slagging With 
Additives 

3. Direct Ignition of Pulverized Coal 
Without Oil 

Priority II 

4~. Improved Boiler Cleaning Procedures 

5. Temperature Limitation Vs. Boiler 
Corrosion 

6. Improved Stoker Furnace for Small 
Applications 

The study of ash fouling and slagging mechanisms builds on the 
knowledge gained from years of research at the Grand Forks Energy Techno-. 
logy Center •. · Recommended research elements include developing analytical· 
techniques to preqict the.·.fouling and slagging potential of coal samples, 
and t~e effec~s of boiler design or operating procedure modifications. . . . 

One potential method to ease removal of ash fouling deposits would 
be the injection of additive~ to the boiler. This require~ a sequence of: 
1) basic studies to determine mechanisms of additive reactions with ash; 2) 
sm~ll-scale testing to screen and select promising additives; and 3) 
demonstration of t~~ best additives in operating boilers. · 

A direct ignition method to replace the current oil ignition 
systems in pulver.ized-coal-fjre9 boilers would be designed to take ad­
vanta~e of the high reactivity of low-rank coal. 

Th~ Priority II recqll1}1lendations for Conventional Combustion i'nclude 
the develcipme~t of i1nproved boiler cleaning procedures, an investigation of 
extending tube metal temperature llmits, and development of an improved 
stoker f~rnace for small institutional uses. 

Improye~ent of boiler cleaning procedures (on lire) requires 
developing criteria for predicting the ease· of d¢po~it removal as well as 
methods .fpr more accurately determining sootblower requirement~. Improved 
metho~s for deposit removal during boiler outages would be us~ful. 

Reseat·ch to determ1ne the temperature limitat1ons of alloys in 
relation to external corrosion in the convection pass of low-rank coal­
fire9 !>oilers might lead to the ability to op~rate at higher steam tempera­
tures, thus increasing the steam cycle efficiency. Probes could be uti­
lized to measure corrosion rates i~ operating boilers. Experiments should 
be conducted with additives that might extend the upper temperature limit­
ation of aJ]oys. 
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Studies to develop an environmentally, economically, and techni­
cally acceptable stoker furnace for in~titutional use of. low-rank coals 
shou~d be initated. These studies would include an evaluation of currently 

. avai 1 ab 1 e stokers to identify needed improvements; deve l'opment of improved 
furnace designs, as well as improved low-rank coal fuels; and demonstration 
of the operability of prototype systems. 

Combustion·Environmental Control Technology (ECT) 

As shown on Table 16, the Priority I recorgmendations for low-rank 
coal combustion ECT involve the key areas of stack gas cleaning for S02, 
NO~, and particulate emissions controls and solid waste disposal. A sys­
tems analysis project is recommended to evaluate integrated environmental 
control systems for low-rank coals. The tendency has been to add control 
~y~tems to power plants in· series without much regard for their in~er­
actions. ·By considering the interactions amol'}g alternative control sys­
tems, it might ·be ·po~sible to devise more effh.:·ient, reliable, and cost­
effective methods to achieve the multiple cleanup objectives. 

Table lli 

Recommended RD&D For Low-Rank Coal 
Combustion Environmental Control Technology 

Priority 1 

1. Integrated fnvironmental Control 
Systems 

2. Improved Spray Dryer and Dry Sorbe~t 
Systems 

3. Improved Particulate Control Methods 

4. Fine Particulate Control Technology 

5.· Solid Waste Disposal Procedures 

6. Improvod Reliabilit¥ of Ash Alkali Wet 
Scrubbing · 

7. Trace Elements and Organic Compounds 
in Flue Gas 

8. Improved Procedures for NOx Control 

Priority II 

9. Solid Waste Utilization 

10. Retrofit S02 Reduction Techniques 
5uch as Lime/Limestone Injection 

Spray dryer and dry sorbent systems are believed to be capab~e of 
meeting S02 removal standards for many luw-rdrrk. coals; and to be prefer­
able to wet scrubbers in terms of c~st and reliability. A research project 
should be conducted to: 1) evaluete the performance of t~e first commercir~l 
units; arid 2) devclu~ improved system5 K~ both hardware and sorbents -­
through a combinatioP of laboratory, pilot, and field tests. 

Research into improved particulate control methods for low-rank 
coal involves a numb~r of critical elements: 1) contfnued ·investigation of 
me~ns to improve ESP perforwar~ce, such as udvanccd charging techniques. fly 
ash co~ditioning, and improved fly ash removal methods;. 2) testing and 

. improvement of orfabric filter technology, including improved bag cleaning 
methods, fabrics and fabric finishes, and reduced baghouse size and pres­
sure drop;·and 3) dev~loping and proving new concepts. 
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The study of fine particulate control technology is given separate 
emphasis because ·regulations are still evolving and sampling, analytical, 
a·nd control methods· for very fine particles are not well developed. 

Solid waste disposal procedures are being scrutinized in general, 
due to the new RCRA regulations and concern about hazardous wastes. The 
solids from low-rank coal-fired power plants -- bottom ash, fly ash, and 
wet or dry scrubber sludges -- tend to have unique characteristics and 
require focused research. 

The ash alkali wet S02 scrubbing pr6cess has significant cost 
advantages over conventional lime/limestone scrubbing for low-rank coals 
with high alkali-to-sulfur ratios. However, continui-ng work to improve 
the reliability and efficiency of the process is needed. 

An irea of growing concern, but lacking data, is the emission 
of trace elements and organic compounds in the- flue gas of coal-fired 
power plants. The first step is to develop samplingoand analytical pro­
cedures that can measure these emissions from low-rank coia'J11-fired plants. 

Another area of growing concern for fossil fuel combustion plants 
is NOx emissions. Increasingly stringent standards for this difficult­
to-control combustion product are anticipated. Possible emission control 
techniques include both comb~stion system modifications and add-on flue gas 
treating devices. In both cases, the unique burning properties and emis­
sions associated with low-rank c:oals could impact the NOx control system 
design. · 

The. Priority II recommendations for combustion ECT include: 1) 
investigation of· possible ways to utilize, rather than dispose· of, solid 
wastes from low-rank coal combustion; and 2) development of effective 
retrofit S02 reduction techniques ;hat could be applied to existing power 
plants. 

Fluidized Bed Combustion 
Gl 

The Priority I recommendations for.RD&D on fluidized bed combustion 
of lo\'e-rank coals deal primarily with the spel!ial proble~ns assoCiated with 
alkaline ash (see Table 17). 

Table 17 

·Recommended RD&D For Low-Rank Coal 
Fluidized Bed Combus~ion (FBC) 

Priority I 

1. Agglomeration of Solids in Fluidized 
Bed. 

2. Sulfur Retention by Inherent Alkali 
in Low-Rank Coals · · 

3. Design Confi9uration of FBC 
Optimized f~ Low-Rank Coal 

~. Properties of Limestone-Deficient,. 
Ash-Rich Fluidized Bed 

5. Hot-Gas Cleanup and Turbine . 
Reliability fnr Prei;suri ~~n FRC: 

6. Materials Prohlems ~nn S~lection 
for Low-Rank Coal F8C 
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Priority II 

7. 4oal and Sorbent Feeding and Distribution 

8. Staged Combustion for NOx Control 

9. Temperature, Gas, and Solids Distribution 
in Low-Rank Coal FBC 



Tests on some low-rank coals with high sodium content have shown a 
tendency for . the bed sol ids to agglomerate into 1 arge chunks. Further 
studies are needed to determine the conditions and mechanisms that cause 
or prevent agglomeration, including the selection of bed materials and 
sorbents. 

Additional information is needed on sulfur retention in low-rank 
coal FBC, as a function of coal and ash properties, pressure, other oper­
ating conditions, bed materials, and sorbents. 

Studies to determine the best design configurations for different 
coals and for different applications (j.e., large utility versus small 
industrial boilers) are needed. These include evaluation of different 
overall systems (i.e., fluidized bed versus circulating bed) as well as 
identification of optimal design parameters for low-rank coals (e.g., bed 
depth, velocity, and heat transfer surface). 

The ability of many low-rank co.:ds to ahsorb S02 on the a1ka11ne 
ash creates a need for studies on the properties of an ash-rich ·bed with 
little or no added sorbent. Data needed include the long-term operability 
of an ash-rieh bed, phy5ical and chemical pr.operties, heat transfer co .. 
efficients and thermal diffusivity. · · 

A critical R&D area for pressurized FBC is hot gas cleanup, which 
is required to protect turbine blades from corrosive/erosive attack •. It is 
expected that low-rank coals, with highly alkaline ash, present· unique hot 
gas cleanup problems. · · ·. 

Because of the unique chemistry of low-rank coal FBC, studies to 
identify if problems exist with materia'ls of construction in these systems· 
are needed. This would include in-bed and above-bed heat transfer sur­
faces, as well as air distributors and cyclones. 

In the Pr·iority II area for FBC, the recoiTUTlended RD&D includes: 1) 
optimizing coal and sorbent feed1ng and distribution systems; 2) eva·luating 
staged combustion systems for NOx control; and 3) basic studies of tem­
perature, gas,· and solids distributions in fluidized beds. In all of these 
areas, the high reactivity and alkalinity characteristic of low-rank coals 
are expected to have significant effects. 

Gasification 

As shown in Table 18, the Priority I recoiTUTlendations for RD&D on 
low-rank coal gas1t1cation cover a number of top1c:s. The fln;L J.u·uj~t:L i~ 
an engineering/economic analysis of both existing and developin~ ~asifi­
cation processes to .select and optimize process(es) for low-rank coals. 
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Table 18 

Recommended RD&D. For Low-Rank Coal 
Gas1fication 

Priority- I 

1. Process Adaptation for Low-Rank Coals 

2. WasteWater Treatment for Process Effluent 

3. Slag Behavior 

4. Catalytic Effects in Low-Rank Coal 
Gasifka~ion 

5. Slag. Ash. and Residue Leaching Characteristics 
and Immobilization · 

6. Minimizing Health Effects of Coal Liquids 

Priority II 

7. Effects of Pressure. Temperature. and 
Atmosphere on Evolution and Destruction 
of Volatile Matter 

8. Distribution Coefficients of Soluble 
Organics in Wastewater 

9. Slurry Feeding of Low-Rank Coal to 
High-Pressure Gasifiers 

Wastewater treatment studies are ~eeded ~o determine whether 
differences in coal properties or gasification processes affect the quality 
of the wastewater and the required treatment. This wouldinclude develop­
ment of laboratory methods for screening novel treatment techniques, as 
well as demonstration of new methods at pilot scale. 

Slag behavior is important in a number of high-temperature gasifi­
cation processes. Critical areas include the effects of slag on refractory 
materials, as well as flow properties (viscosity) as a function of temper­
ature. The alkali-rich mineral matter in low-rank coals causes different 
slag behavior compared to the iron- and silica-rich slags from eastern 
coals. · · 

Studies of catalytic effects in low-rank coal gasification could 
lead to improved processes. This would include both the catalytic activity 
of inherent mineral matter in the coal, plus possible interactions between 
the inherent mineral matter and added ~atalysts. 

Proper disposal df ·solid wastes from gasification plants requires 
that data be obtained on the leaching ch~racteristics of slags, ashes, and 
wastewater treating residues. As required, techniques to immobilize 
leachable components should be developed. 

Some coal liquids produced as gasification by-products are known 
to have carcinogenic or toxic effects. Characteri.zation of these liquids 
from low-rank coal gasification should be pursued, as well as methods to 

·insure that humans are not exposed. 

In the Priority II area for gasification, some basic studies are 
recommended that could result in significant improvements in the tech,.. 
nology. These include: 1) studies of the effects of pressure, temper­
ature, and· atmosphere on evolution and destruction of volatile matter from 
low-rank coals; 2) determination of distribution coefficients of soluble 
organics in gasifier wastewater streams; ~nd 3) methods to increase 
the solids content of high-moisture coals in slurry feeding systems to 
high-pressure gasifiers. 
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L i guefact ion · 

A large number of RD&D efforts are recommended in the area of 
low-rank coal liquefaction, reflecting both the many unresolved issues for 
liquefaction technology in general, and the unique problemG associated with 
the properties of lm<1-rank coal organic and mineral matter (see Tabl'e 19). 
In the Priority I group, the first proje!Ct is an engineering/economic 
analysis of the best process configuration and operating conditions for 
·low-rank coals. This wt>uld utilize results from many of the other recom­
mended projects. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Table 19 

Recom;ended RD&D For Low-Rank ~oal 
Li<l\lefaction 

Prioritl I Prioritl II 

Pr·ocess Adllptation for Lcr.!•Ri!nk 
~oal · 

9. Bottoms Viscosity Studies 

10. Effects of Staged or.l:orit1nuous Removal 
Recycle Solvent Studies of Gas 

!:>yngas anc.l Hidr·uger. [ffceti,veno&£ Stu.;ii@~ 11· Fate of Nitrogen 

Cakium Carbonate Formation in Reactors 12. Effects of Staged Temperature Exposure 

Coal Moisture Content and Drying 13. Disposable Catalyst Approaches 

Coal Mi~ral Catalysis in Recycle 14. Corrosion of Stain1ess.Steel by coal 
Liquids 

Bottoms Recycle 
15. Erosi~n in Liquefaction Systems 

Minimize Health Effects of Coal 
Liquids 16. Mathematical Reactor Model to Account for 

Mixing and Turbulence Effects 

Recycle sol vent studies ar~ needed to determine the effects of 
so 1 vent composition on the rate of hydrogenation of the co a 1, .and on the 
yiP.lds and quality of products • 

.. 
Building on earlier work using syngas (CO + H2) for low-r~nk coal 

liquefaction, more detailed studies cd'fnparing the pros and cons of syngas. 
versus hydrogen should be conducted • 

. Additional effort~ are needed to determine the conditions unde1~ 
which calcium carbonate reactor solids are formed (i.e., effects of p~es­
sure) in liquefaction reactor~. 

More data are needed to understand· the effects of coa 1 moisture 
content {as fed to the reactor), and the effects of various mithods of coal 
drying, on liquefattion yields und products. 

An evaluation of catalytic effects of.coal mineral matter in 
recyc.le liquefaction needs to be made \'lith regard to the unique low-rank 
coal mineral forms. • 

• 
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Recycle of heavy b~ttoms material has been shown in limited testing 
to ~ignificantly improve yields of distillate products from lignite. Add­
iti.,lal work on this concept. should be done. 

Health effects of coal liquids must be minimized in coal lique­
faction processes, as in other conversion systems. 

The Priority II RD&D recommendations ·for liquefaction include: 1) 
liquefactiQn bottoms viscosity studies (effects of coal and recycle sol­
vent, proce~s conditions, nitrogen, oxygen, and hydrogen content); 2) 
reactor configuration studies, such as staged removal of gas, staged 
temperatur~s, and effects of mixing and turbulenGe; 3) nitrogen fate 
determinations in both hydrogen and syngas liquefaction; 4) evaluations of 
disposable catalyst approac:hes for low-rank coals; and 5) corrosion and 
erosion in liquefaction systems. 

Pyre lysis 

In the ·priority I area for coal pyrolysis, an evaluation of the 
feasibility of low-rank coal pyrolysis is recommended (see Table 20). This 
wo~ld include a review of data from earlier studies, selection of process 
configurations for analysis, and engineering/economic tradeoff studies of 
potential ·processes. 

Studies to minimize tlealth effects of coal liquids are required­
for·coal pyrolysis processes as well. 

Priority I 

1. Feasibility of Pyrolysis for 
Selected Low-Rank Coals 

2. Minimizing Health [ffects 
__ of Coal Liquids 

Table 20 

Recommended RD&D for Low-Rank Coal 
Pyrolysis 
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3. Improved Analytical ~~thods for LRC 
Pyrolysis Studies 

4. Improved Pyrolysis Product ProperQies 
and Y1elds 



In the Priority II. area, the recorrmendations include:· 1) develop ... 
ment of improved analytical methods for pyrolysi.s studies, such as tests 
for char reactivity and pyrolytic oil characterization; and 2) investi­
gation of methods to improve the chemical and physical properties of 
lm-1-rank coal pyrolysis products as well as product yielc!s~ including 
maximization of BTX chemical feedstocks by flash hydropyrolysis. 

Basic Research 

As indicated on Table 21, there are many basic research studies 
that could enhance low~rank coal and peat technology significantly in the 
long run. In generalJ there is a basic need in al~ coal regions for 
detailed resource and ·coal seam characteri-zation efforts. These would 
delineate the properties of specific reserves and resources in terms of 
geology, organjc and mineral ma.tter composition, variability, :washability, 
and .so on. There is also a need for establishing a suite of standard 
lm-1-rank t:udl ::.ampl~s for reference and r::ompnrison purposes among coal 
research laboratories. 

Petrographic characterization Of low;.rank coals must start with 
development of techniques and classification systems that apply to these 
coals. Then, systematic efforts can begin to relate petrographic data on 
low-rank coals to reactivity and yields in conversion systems. 

Basic studies on the reactions between alkali elements and sulfur 
that occur in low-rank coals could .have applicability in a numper of areas, 
such as conventtonal combustion, fluidized bed combu.stion, wet qnd dry flu.e 
gas scrubbing. 

Table 21 

Recommended Basic Research for Low-Rank 
Coals and Peat 

Prlur·if" I 

1. Resource and Coal Seam Characterization 

2. Standard Low-Rank Coal Samples 

3. Petrographic Characterization 

4. Reactions Between Alkali Materials and Sulfur 

5. Surface Tension of Coal Slags 

6. Composition and Characteristics of Ashes and Slag 
from Low-Rank Coals and Peat o • 

7. Analytical Characterization of L iquefattron 
$nlvP.nt3 

8. Coal Liquefaction Catalysis 

9. Oxidative Depolymeriza.tion of 
Low-Rank Coal · 

10. Toxicity of Coal Liquids 
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n. 8onJa'e Char!lo:i;rl"ir.tic& of Low-R~n~- Cnal and 
Peat Fine.s 

12. Reactivity of Low-Rank Coals at 1200-lSOOOF 
in FBC 

13. Impacts of Drying Methods on Rheological · 
Properties of Low-Rank Coal-Water Mixtures 

14. Kinetics and Reaction Mechanisms of Low-Rank 
Coals and thefr ~;herr's with 1120, Hz• co and· 
C02 . 

15. Fate Df Oilygon ind Nit rl)!)4ln (:rmponents ; n 
Coal and P.eat Conversion Systems 

16. Reactivi-ty of Peat in Various Atmospheres 
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Similarly, exploratory studies on surface tension of low-rank coal 
slags could lead to chemical or physical improvements in wet-bottom com­
'bustion or gasification systems. 

In a similar vein, experimental and theoretical studies on the 
composition and characteristics of ashes and slags from low-rank coals and 
peat will improve our understanding of why they behave as they do and how 
their properties can be altered or used to advantage. 

Standard analytical methods, which are consistent. among labora­
tories, for characterizing solvents derived. frorn low-rank coals would 
be very helpful to all of the researchers in coal liquefaction. A re .... 
pro9ucible measure of solvent quality (hydrogen donor ability) would allow 
for better cbmparison among alternative processes. 

A state-of-the-art review of low-rank coal liquefaction catalysis 
is needed to understand possible .catalytic mechanisms and to formulate a 
catalyst develapment prQgram. 

Oxidative depolymerization processes should be explored as a 
concept for convertin~ low-rank coals to liquid fuels or chemicals. 

Toxicity studies on coal liquids are needed to provide basic 
data to help in devising means for minimizing adverse health effects. 

In the Priority II area, a number of additional basic research 
projects are recommended for low-rank coals and peat. These include: 
1) studying the surface characteristics of 1 ow- rank co a 1 and peat fines 
with regard to the applicability of froth flotation beneficiation pro­
cesses; 2) evaluating the reactivity of low-rank coals at 1200 - 18000F 
in fluidized bed combustion; 3) studying the effects of various drying 
methods on the rheplogical properties of low-rank coal-water mixtures for 
slurry pipeline and high-pres.~ure feeding application; 4) conducting 
comprehensive basic studi~s of the tinetics and mechanisms of reactions of 
low-rank coals and their ch~rs with H20, H2, CO and C02, including cata­
lyst effects; 5) determining the fate of oxygen and nitrogen components 
in coal conversion systems (and their roles in product quality); anG 6) 
studying the reactivity of peat in various gaseous a!1d 1 iquid atmospheres 
to support process development efforts. 

1. 7 PEAT 

Peat is gen~ra.lly considered a .. young .. coal; it is part.ially 
decomposed plant matter that repre~ents an early stage in the coali·fication 
process. Most peat deposits ·are less than ·sooo years old, whereas coal 
deposits are generally 50-100 milli~n years old. 
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Occurrence a~d Properties 

Peat accumulates in water-saturated environments that inhibit 
active biological decomposition of the plant material anel promote the 
retention of carbon and oxygeft. As-received peat samples can contain up to 
95 percent water. Even after drainage and solidification, peat can still 
retain over 70 percent of its weight as water •. Air drying will reduce the 

. wat~r content to between 30 and 50 percent. 

A typical composition of air-dried peat is shown on Table 22. 
At a 50 percent r.t..tisU.re level, the energy content of a pound of fuel peat 
is 4000-5000 Btu. The chemical composition of peat and its energy content 
cai'f vary -- both between separate deposits and within the same deposit. 
Compared to lignite, peat contains about 60 percent more volatile matter 
and has about half as much fixed carbon (on a dry, mi n~ra 1-matter-free 
basis). • 

Table 22 

Typical Composition of Air-Dried Peat 

Component 

Ash 
Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Moisture 

Percent By 
Height 

3.86 
26.39 
2.77 

15.63 
1.23 

• 12 
50.00 

Peat. i's typically lower in sulfur and higher in nitrogen than 
most coals. Sulfur concentration generally varies from negligible to less 
th~n one .P£!rcerrl ir1 dried peat. On thE' othP.r hand, the ash content of peat 
can vary greatly as a result of the mc1nncr in which water is supp11"ed lo 
the pGlat hng. If water comes. purely fl"om precipitation, the ash will be 
very .low. If the bog is fed by surface .wdters that' pcriodicall): flood and 
carry hP.avy sediment loads, the ash will be high. Ash contents vary from 2 
percent to 70 percent in reported assays of dry peat from n vari et.Y of 
sources. 

The composi.tion of peat ash, like the total percentage of ash, 
will depend on thehistory of the peat bqg. Very little information is 
currently available on peat ash analyses. 
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United States peat resources are 1 ocated primarily within three 
geographical regions: the Atlantic coast, the Great Lakes, and Alaska.­
Other regions also contain peat, as indicated on the resource map (Figure 
15}. Excluding permafrost areas, Alaska contains over half of the nation•s 
peat (see Table 23). ~Jithin the contiguous U.S., the deposits in Minne­
sota, Michigan, Florida, and Wisconsin are the largest. Peat represents a 
very large potential energy resource for the U.S. (refer back to Figure 3 
for a comparison with other fossil fuels). 

In terms of total world resources of peat, the u.s.• 52.6 million 
acres are second only to the 228 million acres of peat in the Soviet Union. 
Finland, Canada, East and West Germany, Sweden, Poland, Ireland, Great 
Britain, Indonesia, and Norway all have significant peat resources. The 
Soviet Union accounts for 95 percent of the total world • s annual peat 
harvest (primarily for burning in power plants). The U.S. accounts for 
0.2 percent of the world 1 s annual harvest -- all for agricultural purposes 
at this time. 

Markets and Economics 

Unlike the Soviet Union, Ireland, and Finland, the U.S. has not yet 
begun deve 1 oping its peat resources for energy production. Experimental 
programs have been conducted for several decades, and coiTITierci al projects 
are now being considered. 

The conventional technologies appi .~able to energy production from 
peat are quite similar to those for lignite once the peat has been extrac­
ted from the bog and dried to a level of 30-50 percent moisture. From this 
perspective, technical, market, and economic considerations would be very 
similar to those for 1 ignite if 11 peat fuel .. caul d be produced at a com­
par~ble cost {roughly $0.50-1.00 per million Btu in 1980}. 

The most critical differences between peat and lignite development 
occur in the extraction, dewatering, and peatland reclamation phases. 
If the environmental concerns about · harvesting and reclamation can be 
resolved, and technology for cost-competitive production of peat fuel 
proves out, then peat waul d have very favorable market prospects compared 
to Fort Union Region lignite. Like lignite, peat would have to be utilized 
loca'lly to produce steam~ electricity, or synthetic gases or liquids. 
Unlike Fort Union Region lignite, large peat resources are located very 
close to major eastern and midwestern energy markets where high-cost oil 
and gas are currently used heavily. Low sulfur content might help to give 
peat a significant competitive advantage over east~rn and midwestern 
bituminous coal in these areas. 

Regulatory and Environmental Issues 

Peatland development will impact the local aquatic and terrestrial 
plant and wildlife ecosystems. Of particular concern is the fragile 
ecology of pe.at bogs, which may in some locations be considered protected 
wetlands. 
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State 

Alaska 
Minnesota 
Michiqan 
Florida 
Wisconsin 
Louisiana 
North Cr~rolina 
Maine 
All Other States 

Total 

Figure 15 

Geographic Regions Containing Significant Amounts of Peat Resources 

Table 23 

United States Peat Resources 

Acres 
(Mill ions} 

27.ob 
7.2 
4.5 
3.0 
2.8 
1.8 
1.2 
0.78 
4.3 

52.6 

Quantitya 
(Billion Tons) 

61.7 
16.5 
10.3 
6.9 
6.4 
4.1 
2.7 
1.8 
9.9 

120.3 

aAssumes peat dried to 35 weight percent moisture; deposits arr 
7 feet thick, and have a bulk density of 15 lbs per cubic foot. 

bExcludes peat in permafrost areas. 
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The acidic qualities of peat bog waters may be toxic to downstream 
aquatic ecosystems unless suffiCient dilution occurs. Such contamination 
could occur during initial bog drainage procedures prior to harvesting. 
Similar toxification could occur if peat dewatering pressates were released 
untreated into receiving waters. Preliminary studies have found concen-
trations of heavy metals such as mercurY" in peat. · 

Peatland harvesting will affect water flows through the bog. 
Vegetation removal, drainage, and peat extraction· will affect discharge 
rates. 

Large-scale peat development presents an opportunity to transform 
areas of unused land into productive agricultural areas or high-diversity 
wildlife refuges, with the option of retaining some of the original char­
acter of the peat bog areas. 

Environmental and regulatory concerns associated with the use 
of peat in boilers. or convers1on plants are generally similar_ to those for 
coal. New source performance standards specific to peat processes do not 
exist, but can be expected to follow similar patterns to those for coal. 
Areas of possibly unique concern are the water- and solid waste-related 
impacts associated with the wet peat conversion processes. 

Key Technology Issues 

Harvesting 

European harvesting methods for peat fuel include the sod peat 
and milled peat methods. Both approaches first require the construction 
of ditches to drain the bog. After draining, the bog surface can support 
machinery for tree removal, levelling, and finally, extraction of peat. 

An alternative to these drained-bog methods -- hydraulic har­
vesting -- is currently being investigated by U.S. and Canadian a~encies. 

·rn the proposed approach, peat would be harvested directly from the cleared 
bog as a peat-water slurry. This approach circumvents the problems asso­
ciated with draining large acreages of wetlands. 

Dewatering 

Use of peat as a fuel requires that its moisture content be reduced 
to about 50 percent for combustion, and 35 percent for gasification pro­
cesses. The drained-bog harvesting methv..!s (soc' and milled peat)· can 
achieve these values, given suitable dry weather. Mechani-cal dewaterin~ 
can reduce the moisture content to about 60-70 wt.%, using a filter press 
concept similar to ones used to dewater washed coal and pulp. 
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Wet carbonization is an alternative to ·mechanical or solar de­
watering, and has been used commercially by the Soviets. In this process, 
high pressure steam ,heats a water-peat slurry to a point where the colloi­
dal bonds breaK. The resultin~ peat ~lud@e can then be mechanically 
pressed to remove much more. water . than if the incoming peat s 1 urry was 
filtered by the presses alone. 

Wet Conversion Processes 

Wet carbonization, described above, is one of a famil~, of biomass 
energy conversion processes that caul d use hydraulically harvested peat 
directly in slurry form. Other processes of this type are wet oxidation 
and bi omethanat ion (anaerobic digestion). Both of these processes. are 
commercially used with other fuel sources -- for example, in treating 

.sewage waters or siudges. Some exper1mer1tation and small-scale process 
d~VP.l opmen L wor·k has been done cin peat, 

Solvent extraction is another possible means of dewatering peat, 
while prMur.ing a bitumen product of high energy content. In.this process, 
a peat-water slurry is heated under pressure and mixed with an organic 
solvent. Water is extracted from the peat by' the organic phase; hydrogen 
and C02 are rel~ased. 

Combustion 

Peat has been used successfully in var1ous types of furnaces 
in Europe. The choice of sod peat, ·milled peat, peat briquettes, or 
pellets depends upon the furnace design. The established trends in Europe 
favor sod peat for small stuke~·-fit·ed boiler~ {5-20 Mw). and milled peat 
for pulverized boilers (20-40 Mw). Conversion of boilers now firing .coal· 
to use with peat (or peat/coal blends) may encounter problems with ash 
fouling, lower ash softening temperatures, and incomplete combustion. 
C02 and NOx emission<: from peat ~ill generally be higher thar1 from 
lignite combustion. Cyclone furnaces appear to be well su'ltetl for p~at 
combustion. Fluidized bed combustion is ~nother potential firing method. 

Gasification 
lJ 

Tests cumluc.ted at the Institute of Gt!<: Technoloq.v (IGT} show 
that peat has a higher reactivity for gasification than lignite, and more 
carbon is converted directly to hydrocarbon gases in a short-residence time 
hydt·ogasifier than is convertP.d by gasifying coal. Therefore,' less severe 
operating conditions are ~dequate for converting peat to synthet1c natur·al 
gas (SNG). Also, peat hydrogasification gives· a high yield of hydrocarbon 
gas at relatively low hydrogen partial pressures. 
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RD&D Recommendati~ns 
• 

The Department of Energy is providing funding for peat RD&D activ­
ities in the follm'ling areas: resource characterization; harvesting; 
dewatering; gasification; envi.ronmental; and socioeconomic evaluations. Of 
these areas, the primary support has been dir.ected towards developing a 
large-scale peat gasification technology. The Minnesota J'epartment of 
Natural Resources has afso been a major supporter of peat RD&D, including 
environmental, socioeconomic, technologiGal and reclamation studies. 

Recommended RD&D projects for peat are shown .en Table 24. In the 
priority I area, environmental impact studies of large-scale peat har­
vesting and utilization operations are needed. Harvesting techniques need 
developCJent for application to U.S. peatlands. Dewatering techniques 
should be studied. 

Conversion processes to derive energy from ~eat that deserve 
high-priority attention are the wet peat conversion processes, combustion 
processes, and gasifir.ation. 

Peat resourc<Ps in the U.S. need to be characterized in detail to 
pr~vide data for harvesting and envir6n~ental impact studies. 

Effluents from peat processing, across the board, need to be 
characterized, and control systems need to be adapted to any special 
problems. 

Hea~th and safety aspects of peat harvesting and utilization 
need to be studied to determine if ~ny special problems exist. 

Priority I I recoinmendat ions for peat RD&D include: 1) deveeop-
merJt of crushing and grinding techniques; 2) briquetting and pelletizing 
of peat fuel; 3) handling and stora~e of dried peat, to prevent dust 
or spontaReous heating problems; 4) solid waste disposal from peat util­
ization; and 5) development of liquefaction processes for peat, including 
dire~t hydrogenation and oxidative depolymerization. 
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T!ible 24 

Recommended RD&D for Peat 

Prior;ty I 

1. Environmental Impacts of Large-Scale Peat 
UtiHzation · 

2. Harvesting Techniques: Hydraulic, ~ill~d, Sod. 

~- Peat Oewaterfng Tec;hni~~~~s · 

4. ~let Peat Conversion Pr.9c~~ses: 
- Wet Oxidation, Wet Carbonization, 

Anaerobic Dig~stiqn, ~qu~~us Phase Ljquef~cti~n. 
~ ' . . . - ' . 

5. Peat Combustion Techniques: 
- Stoker, Pulverized--Peat, Fluidized Bed 

COmbustton. · 

6. Gasification of Peat: 
-High-Btu Gas, Hedium-Btu.Gas, Low-Btu Ga&. 

7. Peat Resource Characterization .. · . ' 

8. Characterization and Control 01 
Effluents frorn Peat Processing: 
- Heavy Metals, S02, NOx, Particulate, 

Organics. 

9. Health and Safety Aspects of Peat 
Harvesting and Utilization 

Priority II 

10. Peat Comminution Techniqu~~ 

11. Briquetting j~nd Pelletizing of 
Pe_at Fuel · · 

12. ~andling apd ~t~rjlg~ of Drie~ Peat 

1~. Solid Waste Disposal from Peat 
l.iti11z~tiorl · · 

14. ~i~uefaction of Peat by Dire~t Hy~ 
~rogen~tion an4 by Oxidativ~ " 
Depol)'merizat iol) · 

\~ 




