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EXECUTIVE SUMMARY 

This report presents an overview of the subst i tut ion 
of coal for natural gas and o i l  as a fuel at Army ins ta l l a t i ons ,  
and of the existing and developmental technologies which can 
be used to accomplish this t rans i t ion .  At present, coal is 
of minor importance to the Army as a fuel, but due to declining 
supply and increasing prices associated with natural gas and 
o i l ,  i t  has become the only available replacement for them. 

Several coal-based technologies have been rejected as 
inappropriate to exist ing needs. Coal l iquefact ion is one 
such technology, rejected because of process complexity, 
economics, and unfavorable scale-down parameters. Coal/oi l  
s lur r ies  as a substitute or supplement to o i l  have been 
rejected because the reduction in o i l  consumption does not 
j u s t i f y  the needed addit ional equipment and operating changes. 
Technologies under development for the primary purpose of 
e lec t r i ca l  power generation have not been considered because 
the objectives of this developmental area are not consistent 
with Army needs. 

The areas showing most promise are direct combustion and 
coal gasi f icat ion technologies. Conventional direct combustion, 
stokers and pulverized coal f i red units, and the developmental 
f luidized-bed combustion system both appear highly suitable 
to Army ins ta l la t ions .  Low-Btu and near commercial high-Btu 
gas i f ica t ion,  both based on Lurgi technology, are near-term 
(3-5 years) candidates for synthetic fuel gas.  Developing 
high-Btu technology is more d i f f i c u l t  to predict,  but C02 
Acceptor and HYGAS may be applicable i f  cost and technical 
complexity can be control led. Other high-Btu processes may 
appear more favorable with further development. 

Recommendat ions have been made based upon the c h a r a c t e r i s -  
t i c s  o f  the processes and o f  the p a t t e r n s  o f  f u e l  use i d e n t i -  
f i e d  in  t h i s  r e p o r t .  In summary, these recommendat ions  are to 
emphasize r ep l acemen t  o f  o i l - a n d  g a s - f i r e d  equ ipment  w i t h  coal  
as equ ipment  s e r v i c e  l i f e  ends, and to a c t i v e l y  m o n i t o r  the 
p rog ress  in  the  s t a t e  o f  the a r t  o f  f l u i d i z e d - b e d  combus t ion  
systems and in d e v e l o p i n g  commerc ia l  g a s i f i c a t i o n  sys tems.  



TABLE OF CONTENTS 

DD FORM 1473 

FOREWORD 

EXECUTIVE SUMMARY 

LIST OF TABLES AND FIGURES 

I. INTRODUCTION, 

2. COAL COMBUSTION TECHNOLOGIES 

3. COAL CONVERSION TECHNOLOGIES 

4. SELECTION OF COAL TECHNOLOGIES 

5. IMPLEMENTATION STRATEGIES AND IMPACTS 

6. ECONOMICS OF COAL TECHNOLOGIES 

7. CONVERTIBILITY OF TYPICAL ARMY BASES 

8. CONCLUSIONS AND RECOMMENDATIONS 

APPENDIX A: COAL CONVERSION TECHNOLOGIES 

APPENDIX B: SELECTION OF COAL TECHNOLOGIES 

APPENDIX.C: LOW- AND MEDIUM-BTU GASIFICATION 
PROCESSES 

APPENDIX D: HIGH-BTU GASIFICATION PROCESSES 

APPENDIX E: PYROLYSIS AND HYDROCARBONIZATION 
LIQUEFACTION PROCESSES 

APPENDIX F: HYDROGENATION LIQUEFACTION PROCESSES 

APPENDIX G: EXAMPLES OF BOILER CONVERSION 

REFERENCES 

DISTRIBUTION 

i 
: 

3 

4 

6 

13 

22 

28 

30 

32 

75 

87 

I03, 

I07 

123 

137 

163 

200 

214 

238 

241. 



Number 

5 

6 

7 

lO 

I I  

12 

13 

14 

15 

16 

]7 

TABLES 

6 Fuel Consumed by Combustion Units 3.5xi0 
Btu/hr 

Total Natural Gas and Oil Used in Units > 
3.5 x lO 6 Btu/hr 

Natural Gas and Oil Consumed, lO 9 Btu/yr 

Daily and Monthly Energy Use of a Large- 
and Medium-Sized Army Post 

Size Dis t r ibu t ion of Combustion Units at 
Army Fac i l i t i es  

Comparative Furnace Dimensions 

Implementation and Impact of Conversion or 
Replacement of Oi l -  or Gas-Fired Units to 
Stokers 

Implementation and Impacts of Conversion 
or Replacement of Oi l -  or Gas-Fired Units 
to Pulverized Coal-Fired Units 

Implementation and Impact of Conversion or 
Replacement of Oi l -  or Gas-Fired Units to 
Fluidized-Bed Boiler 

Implementation and Impact of Conversion or 
Replacement of Oi l -  or Gas-Fired Units to 
Coal/Oil Slurry 

Technical Factors, Low-Btu Gasif icat ion 

Process Factors, Low-Btu Gasif icat ion 

Equipment Modif icat ions, Low-Btu Gasif icat ion 

U t i l i za t i on  Factors, Low-Btu G a s i f i c a t i o n  

Economic Impacts, Low-Btu Gasif icat ion 

Operational Impacts, Low-Btu Gasif icat ion 

Process Related Impacts, Low-Btu Gasif icat ion 

Page 

15 

17 

18 

20 

21 

37 

46 

47 

48 

49 

51 

53 

54 

55 

58 

59 

60 

D 



Number 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34' 

35 

36 

TABLES (CONTINUED) 

Technical  Factors in High-Btu G a s i f i c a t i o n  

Process Factors in High-Btu G a s i f i c a t i o n  

Equipment Mod i f i ca t i on  in High-Btu G a s i f i c a t i o n  

U t i l i z a t i o n  Factors A f f e c t i n g  High-Btu 
G a s i f i c a t i o n  

Economic Impacts, Lurgi  High-Btu G a s i f i c a t i o n  

Process Related Impacts, Lurgi  High-Btu 
G a s i f i c a t i o n  

Operat ional  Impacts, Lurgi  High-Btu 
G a s i f i c a t i o n  

Process Factors, CO 2 Acceptor Gasif ication 

U t i l i za t i on  Factors, CO 2 Acceptor 

Operational Impacts, High-Btu Gasif ication 

Economic Impacts, High-Btu Gasif ication 

Capi ta l  
D i rec t  

Capi ta l  

Low-Btu 

Capi ta l  

High-Btu 

High-Btu 

High-Btu 

Re la t ive  

Costs of Converting Coal - Near-Term 
Combustion 

Costs, Low-Btu Gasif ication 

Gas, Lurgi Operating Costs 

Costs, Lurgi High-Btu Gas Gasif ication 

Lurgi Operating Costs.. 

Capital Costs of CO 2 Acceptor 

CO 2 Acceptor Operating .Costs 

Prices, 1976 

Gas, 

G a s  , 

Gas, 

Fuel 

62. 

63 

64 

, 6 5  

67 

68 

69 

.70 

71 

73 

74 

76 

77 

.78 

79 

80 

81 

82 

86 

7 
v 



Number 

37 

38 

39 

40 

41 

42 

43 

44 

A-l 

A-2 

A-3 

B-l 

B-2 

B-3 

TABLES (CONTINUED 

Convert ib i l i ty  of Medium-Sized Personnel 
Instal lat ions to Coal as a Pr mary Energy 
Source: Near-Term Alternatives 

Convertib l i t y  of Large-Sized Personnel 
Ins ta l la t  ons to Coal as a Prlmary Energy 
Source - Near-Term Alternat ves 

Convertib l i t y  of Medium-Sized Industrial 
Ins ta l la t  ons to Coal as a Primary Energy 
Source: Near-Term Alternat ves 

Convertib l i t y  of Large-Sized AIF/GOCO 
Ins ta l la t  ons to Coal as a Primary Energy 
Source: Near-Term Alternat ves 

Conver t ib i l i ty  of Medium-Sized Personnel 
Instal lat ions to Coal as a Primary Energy 
Source: Long-Term Alternatives 

Convert ib i l i ty  of Large-Sized Personnel 
Instal lat ions to Coal as a Primary Energy 
Source: Long-Term Alternatives 

Convert ib i l i ty  of Large-Sized Industrial 
Instal lat ions to Coal as a Pr mary Energy 
Source" Long-Term Alternatives 

Conver t ib i l i ty  of Medium-Sized Industrial 
Ins ta l la t  ons to Coal as a Pr mary Energy 
Source: Long-Term Alternatlves 

Commercial Gasification Processes 

Developing Gasification Processes 

Coal Liquefaction Processes 

Factors Influencing Appl icab i l i ty  of 
Technologies to Army Use 

Summary of Factors in Direct Combustion 
Application 

Product Factors Affecting the Low-Btu Gas 
Appl icab i l i ty  to Army Bases 

Page 

90 

91 

92 

93 

94 

95 

96 

97 

I I0 

I I0 

116 

124 

127 

129 

8 



Number 

B-4 

B-5 

B-6 

B-7 

TABLES (CONTINUED) 

Equipment Factors A f f e c t i n g  A p p l i c a b i l i t y  
o f  Low-Btu Gas to Army Use 

Product ,  By-Product ,  and Waste Factors 

Product and Process Factors A f f e c t i n g  
A p p l i c a b i l i t y  of  High-Btu Gas to Army use 

Equipment Factors A f f e c t i n g  A p p l i c a b i l i t y  
o f  High-Btu Gas to Army Use 

Page 

130 

131 

133 

134 



Number 

A-I  

A-2 

A-3 

A-4 

C-I 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

D-I 

D-2 

D-3 

D-4 

D-5 

D-6 

D-7 

D-8 

FIGURES 

F l u i d i z e d - B e d  B o i l e r  

F lowsheet  f o r  Coa l -Hand l i ng  Storage and 
P r e p a r a t i o n  

Basic Features of  Low-Btu G a s i f i c a t i o n  
Processes 

Basic Features of  H igh-Btu  G a s i f i c a t i o n  
Processes 

Basic Features o f  P y r o l y s i s  Processes 

Basic Features of  Hydrogenat ion  Processes 

Lu rg i  Low-Btu G a s i f i e r  

Lu rg i  Low-Btu Process Flow Sheet 

Koppers-Totzek  G a s i f i c a t i o n  Process 

Wink le r  Coal G a s i f i e r  Process Schematic 

Wel lman-Galusha G a s i f i e r  

Low-Btu G a s i f i c a t i o n  of  Coal f o r  E l e c t r i c -  
i t y  Genera t ion  in the Combustion 
Eng inee r ing  Process 

Advanced Coal G a s i f i c a t i o n  System f o r  
E l e c t r i c  Power Genera t ion  in the 
West inghouse Process 

Lurg i  H igh-B tu  G a s i f i e r  

Lurg i  H igh-B tu  G a s i f i c a t i o n  Process 

CO 2 Acceptor  G a s i f i c a t i o n  Process 

HYGAS Process 

BIGAS Process 

SYNTHANE Process 

HYDRANE Process 

Agg lomera t i ng  Burner  Process 

I0 

Page 

25 

35 

l l 2  

l l 4  

I f8  

122 

142 

143 

148 

i 53 

156 

159 

162 

168 

169 

174 

180 

185 

190 

193 

1 96 



Number 

D-9 

E-I 

E-2 

E-3 

F-I 

F-2 

F-3 

F-4 

F-5 

FIGURES (CONTINUED,) 

M,W. Kellogg's Molten Salt Process 

COED Process Flow Diagram 

Coalcon Hydrocarbonization Process 

Fischer-Tropsch Process 

SRC Process Flow Diagram 

H-Coal Process Flow Diagram 

EDS Process Flow Diagram 

SYNTHOIL Process Flow Diagram 

Costeam Process 

Page 

199 

206 

210 

213 

220 

225 

229 

234 

237 

I I  



Paqe Intentionally Left Blank 



1 INTRODUCTION 

R a t i o n a l e  For C h a r a c t e r i z a t i o n  o f  I n s t a l l a t i o n s .  The Un i ted  
Sta tes Army is  r e l y i n g  h e a v i l y  on n a t u r a l  gas and o i l , f u e l s  
at  m i l i t a r y  i n s t a l l a t i o n s .  Coal has d e c l i n e d  in  impor tance  
as a fue l  in  a l l  but  a few cases. Reasons f o r  t h i s  d e c l i n e  
i n c l u d e  the convenience and c l e a n l i n e s s  o f  gas and o i l  and 
the economic advantages they  o f f e r e d .  P r i ce  i nc reases  have 
reduced the economic advantages,  and, i f  i t  occu rs ,  d e c o n t r o l  
o f  n a t u r a l  gas we l l  head p r i c e s  w i l l  f u r t h e r  reduce those 
advantages.  U n c e r t a i n t y  o f  the f u t u r e  a v a i l a b i l i t y  o f  both 
n a t u r a l  gas and o i l ,  due t o  both p o s s i b l e  d e l i b e r a t e  i n t e r r u p -  
t i o n s  o f  f o r e i g n  s u p p l i e s  and decreas ing  r e c o v e r a b l e  r ese rves  
in  the Un i ted  S t a t e s ,  add to the loss  o f  advantages these 
f u e l s  possessed. 

Coal is  the  on l y  f o s s i l  f ue l  p resen t  in  s u f f i c i e n t  
q u a n t i t i e s  to  be cons ide red  as a rep lacement  f o r  n a t u r a l  gas 
and o i l .  The use o f  coal  poses problems which may l i m i t  i t s  
a p p l i c a b i l i t y  to  m i l i t a r y  i n s t a l l a t i o n s .  I t  is  less  con- 
v e n i e n t  to  handle  because i t  i s  s o l i d ,  r a t h e r  than f l u i d .  
Combustion o f  coal is  best  e f f e c t e d  in  moderate to l a r g e  
c a p a c i t y  f u rnaces .  Governmental  r e s t r i c t i o n s  on d i scha rges  
of  p o l l u t a n t s  e x i s t  and many types o f  coal  cannot  meet these 
r e s t r i c t i o n s  w i t h o u t  e x t e n s i v e  p r e p a r a t i o n  or  c o n t r o l  m e a s u r e s .  

There are techn iques  to avo id  or  r e d u c e t h e  problems 
assoc ia ted  w i t h  coal  as a f u e l .  These i n c l u d e  use o f  coal 
s e l e c t e d  f o r  min ima l  i m p u r i t i e s ,  use of  emiss ions  c o n t r o l s  
on c o a l - f i r e d  u n i t s ,  new combust ion t e c h n o l o g i e s ,  and conve rs ion  
o f  coal to  s y n t h e t i c  f u e l s .  Not a l l  o f  these w i l l  be a p p l i c a b l e  
to m i l i t a r y  i n s t a l l a t i o n s ,  due in p a r t  to the  na tu re  o f  the  
i n s t a l l a t i o n s .  M i l i t a r y  i n s t a l l a t i o n s  t y p i c a l l y  i n c l u d e  
heating units and steam generating units ranging in size 
from individual dwelling heating units to industr ial boilers. 
There are two d is t inc t  types of ins ta l la t ions,  those primari ly 
oriented toward personnel and those oriented toward industr ial  
operations. Personnel-oriented f a c i l i t i e s  are defified as 
Forces Command posts, Training and Doctrine Command posts, 
and specialty and miscellaneous i n s t a l l a t i o n s .  Industrial 
f a c i l i t i e s  are defined as Materiel Development and Readiness 
Command f a c i l i t i e s ,  whether government-owned and contractor- 
operated or operated by the Army Industrial Fund. Differences 
in patterns of fuel use between these two types occur. The 
personnel posts generally provide individual dwelling units 
for large numbers of families. Industr ia l ly  oriented ins ta l la -  
tions have few individual dwelling units, but have a greater 
number of large-sized high-pressure steam boilers. 

13 



Natu ra l  gas and o i l  are used in d i f f e r e n t  p r o p o r t i o n s  between 
these two types of  i n s t a l l a t i o n s .  Coal has on ly  minor  
impor tance  in  both t y p e s ,  w i t h  the excep t i on  of  a few i n d u s t r i a l  
i n s t a l l a t i o n s .  

In t h i s  s tudy  the f o r t y  l a r g e s t  Army i n s t a l l a t i o n s ,  in 
terms o f  f ue l  consumpt ion ,  have been used to c h a r a c t e r i z e  
the f ue l  use at personne l  and i n d u s t r i a l  bases. The ten 
l a r g e s t  i n s t a l l a t i o n s  in  each of  the two major  personnel  
o r i e n t e d  and i n d u s t r i a l l y  o r i e n t e d  bases were s e l e c t e d .  Basic  
data was ob ta ined  from the "Red Book ' ' I  C o r r o b o r a t i v e  i n f o r m a -  
t i o n  was ob ta ined  th rough  d i r e c t  post  communicat ions w i t h  
Fo r t  George G. Meade, Mary land,  and For t  Knox, Kentucky.  I t  
must be emphasized t h a t  the " t y p i c a l "  Army i n s t a l l a t i o n s  
d e s c r i b e d  in  the f o l l o w i n g  s e c t i o n s  are t y p i c a l  in the sense 
t h a t  they  p rov ide  a model o f  the two types of  pos t s ,  but  do 
not  match e x a c t l y  any i n d i v i d u a l  pos t .  

Summary o f  M i l i t a r y  Fuel Use. For the 40 l a r g e s t  m i l i t a r y  i n -  
s t a l l a t i o n s  the t o t a l  annual energy use ranges from 0 .344x i012  
B t u / y e a r  to 5 ,063x i012  B t u / y e a r . 2  The t o t a l  energy use is  
summarized in Tables 1 and 2 f o r  the 40 l a r g e s t  Army 
f a c i l i t i e s .  I nc l uded  in t h i s  l i s t  are the ten l a r g e s t  bases 
d e d i c a t e d  to both personnel  and i n d u s t r i a l  f u n c t i o n s .  

Over 85 percent of the total energy consumption (excluding 
e lec t r i c i t y )  goes to heating. Of th is,  approximately 32 
percent is consumed by centralized systems, consisting of 
units of 3.5xi06 Btu per hour or greater, and 25 percent is 
consumed by area heatin~ plants having capacities in the 
range of 0.75 to 3.5xi0 Btu per hour. Total annual consump- 
tion by units of capacity greater than 3.5 M Btu/hr, the 
breakdown by fuel type (natural gas, o i l ,  and coal), and the 
percent of total mi l i tary  post's fuel consumed in these 
u n i t s  is  summarized f o r  the 40 l a r g e s t  posts in Table I .  

Coal i s  a r e l a t i v e l y  minor  f ue l  at personnel  pos t s .  I t  
r e p r e s e n t s  a g r e a t e r  f r a c t i o n  of  the t o t a l  f ue l  used at 
o t h e r  i n s t a l l a t i o n s .  The va lues repo r ted  in Table 1 were 
genera ted  from data ob ta i ned  from the "Red Book," on t o t a l  
energy consumed by each pos t .  Thus the q u a n t i t i e s  o f  n a t u r a l  
gas, o i l ,  and coal as shown are in the same p r o p o r t i o n  f o r  
each of  the personne l  and the i n d u s t r i a l  pos ts .  These 
t a b l e s  are f o r  the purpose of  d e m o n s t r a t i n g  average p r o p o r t i o n s  
of  the f u e l s  used and do not r e f l e c t  ac tua l  p r a c t i c e  at each 
post  l i s t e d .  

Facilities Engineering Annual Summary of Operations Fiscal Year 
1975 (Department of the Army, Office of the Chief of Engineers). 

2(US Army Engineering Support Agency, 1974) H. D. Hollis and 
V. Nida, Characteristics of Energy Usage on Military Installa- 
tions. 
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m 

Instal I ation 

Fort Bragg 
Fort Lewis 
Fort Carson 
Fort Hood 
Fort Wainwright 
Fort Riley 
Fort Campbell 
Fort Meade 
Fort Richardson 
Fort Devens 

Fort Knox 
Fort Benning 
Fort Bliss 
Fort Ord 
Fort Dix 
Fort Leonard Wood 
Fort Si l l  
Fort Jackson 
Fort Gordon 
Fort Belvoir 

TABLE I. Fuel Consumed 

Total 
Installa- 
tion 
Fuel Use 
I06 Btu/hr 

Percent 
of Total 
Fuel Used 
by Units> 
3.6xi0 U 
Btu/hr 

2,731,465 
2,129,508 
l ,698,861 
l ,819,675 
l ,598,832 
l ,512,818 
l ,423,750 
l ,487,886 
l ,452,41 5 
l ,046,177 

by Combustiqn Units 3.5xi06 Btu/hr 

2,390,814 
2,046,959 
l ,758,287 
l ,500,319 
l ,486,003 
l ,480,627 
l ,359,812 
l ,262,891 
l ,261,710 
l ,  084,899 

Total 
Fuel Used 
by Units> 
3.6xi06 
Btu/hr 

Breakdown of Consumption by Fuel Types 

Natural Gas Oil 
lO 9 Btu/yr lO 9 Btu/yr 

45.6 1245.5 859.4 323~8 
35.5 766.0 521.6 196.6 
26.3 444.8 308.3 80.2 
15.0 273.0 188.3 71.0 
98.3 1571.6 I084.4 408.6 
33.5 506.8 349.7 90.9 
47.3 673.4 464.7 175.1 
33.6 499.9 345.0 130.0 
95.7 1423.9 982.5 370.2 
31.7 331.6 228.8 86.2 

18.5 442.3 305.2 l l5.0 
48.1 984.5 679.4 256.0 
19.4 341.I 235.4 88.7 
21.6 324.1 223.6 84.3 
67.2 998.6 689.0 259.6 
28.5 422.0 291.2 I09.7 
20.7 281.5 194.2 73.2 
63.4 800.7 552.5 208.2 
64.2 810.0 558.9 210.6 
49.5 537.0 370.5 139.6 

Coal 
109 Btu/~_r 

62.3 
37.8 
22.3 
13.6 
78.6 
25.3 
33.7 
65.0 
71.2 
16.6 

22.1 
29.2 
17.1 
16.2 
49.9 
21 .I 
14.1 
40.0 
40.5 
26.9 

Prepared from data for 1975 



TABLE I .  Fuel Consumed by Combustion Units 3.5xi0 6 Btu/hr C Continued) 

Percent 
Total of Total Total 
Installa- Fuel Used Fuel Used  Breakdown of Consumption by Fuel Types 
tion by Units by Units Natural 
Fuel Use 3.6xi06 3.6xi06 • Gas Oil Coal 
106 Btu/hr Btu/hr Btu/hr lO 9 Btu/y [ lO 9 Btu/yr lO 9 Btu/yr 

Aberdeen PG 
Redstone AR 
Picatinny AR 
Rock Island AR 
Tobyhanna AD 
Letterkenny AD 
New Cumberland AD 
Frankford AR 
Tooele AD 
Pine Bluff AR 

1,920,712 61.5 I180.9 318.8 708.5 153.5 
1,872,455 91.5 1713.3 462.6 I028.0 222.7 

934,853 98.3 919.0 248.1 551.4 I19.5 
722,482 95.8 692.1 415.3 415.3 889.8 
519,495 95.0 493.5 296.1 296.1 64.2 
432,213 82.5 356.6 213.9 213.g 46.4 
430,806 92.8 399.8 239.9 239.9 52.0 
344,263 78.0 268.5 161.1 161.1 34.9 
378,919 99.9 378.5 227.1 227.1 49.2 
352,877 78.3 276.3 165.8 165.8 35.9 

Holston AP 
Radford AP 
Badger AP 
Johiet AP 
Iowa AP 
Volunteer AP 
Lone Star AP 
Twin Cities AP 
Lake City AP 

5,062,633 99.9 5052.5 1364.2 3031.5 656.8 
3,882,947 lO0.O 3882.9 I048.4 2329.8 504.8 
1,087,733 lO0.O 1087.7 293.7 652.6 141.4 
1,417,423 lO0.O 1417.4 382.7 850.5 184.3 
I,II0,278 lO0.O l l lO.3 299.8 666.2 144.3 

856,037 lO0.O 856.0 231.I 513.6 I l l . 3  
651,530 97.6 635.9 171.7 381.5 82.7 
628,530 lO0.O 651.5 175.8 390.7 84.6 
539,503 lO0.O 539.5 145.7 323.7 70.I 

Reference: Facil i t ies Engineering Annual Survey 
of Operations Fiscal Year 1975 
Department of the Army, Office of 
the Chief of Engineers 



TABLE 2. Total Natural Gas and Oil Used in Units >3.5xi06 Btu/hr 

Fort Bragg 1183.2 

Fort Lewis 718.2 

Fort Carson 388.5 

Fort Hood 259.3 

Fort Wainwright 1493.0 

Fort Riley 440.6 

Fort Campbell 639.8 

Fort Meade 475.0 

Fort Richardson 1352.7 

Fort Devens 315.0 

Subtotal 7265 

Fort Knox 420.2 Aberdeen 

Fort Benning 935.4 Redstone 

Fort Bliss 324.1 Picatinny 

Fort Ord 307.9 Rock Island 

Fort Dix 948.6 Toby Hanna 

Fort Leonard Wood 400.9 Letter Kenny 

Fort Sil l 267.4 New Cumberland 

Fort Jackson 760.7 Pine Bluff 

Fort Gordon 769.6 Frankford 

Fort Belvoir 510.1 Tooele 

5645 

Personnel To£al 12910 

Overall Total 31974 

I027.3 Holston 4395.7 

1490.6 Radford 3378.2 

799.5 Badger 946.3 

602.2 Johet 1233.5 

429.4 Iowa 966.0 

310.2 Volunteer 744.7 

347.8 Lone Star 553.2 

233.6 Twin Cities 566.5 

329.3 

• 240.4 Lake City 469.4 

5810 

Industrial Total 19064 

13254 

All values are in Btu x 109 



The d is t r i bu t ion  between natural gas and o i l  consumption 
is summarized in Table 3. Substitution of coal or coal-derived 
fuels for natural gas and o i l  at a l l  40 posts would 
effect a reduction of approximately 32xi012 Btu annually 
consumed by these fuels. Of this amount, 19xlOl2 Btu per 
year as natural gas and o i l  would result from conversion to 
coal at industr ia l  ins ta l la t ions  and 13xlO 12 Btu per year 
from conversion at personnel posts. Table 2 summarizes the 
natural gas and o i l  consumption by post. I f  d i rect  combustion 
of coal were to replace natural gas and o i l - f i r e d  equipment, 
the overall e f f ic iency would not vary greatly from exist ing 
systems, and the total  thermal input would be roughly equal 
to the current values. Conversion of coal to gas or l iqu id  
fuels, however, is subject to s ign i f i can t  energy losses due 
to process ine f f ic ienc ies .  Coal conversion processes range 
in ef f ic iency from under 50 percent to an opt imist ic  
estimated high of 80 percent. This ~nefficiency w i l l  
result  in an increase in the quantity of coal needed (as 
measured by heating value) over the equivalent natural gas 
and o i l  when synthetic fuels are produced. 

TABLE 3. Natural Gas and Oil Consumed, 109 Btu/yr 

Natural Gas Oil 

Personnel 

Forces Command 5333 

Training & Doctrine Command 4100 

Subtotal Personnel 

Industr ial  

Materiel Development and 
Readiness Command 1803 

Army Industr ial  Fund 4113 

Subtb~al Industr ia l  5916 

Total 

1933 

1545 

Total 

7266 

5645 

19433 3478 12911 

4007 

9140 

13147 

5810 

13253 

19063 

15349 16625 31974 
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On the basis o f  t o t a l  fue l  consumption repor ted,  l a r g e l 2  
m i l i t a r y  i n s t a l l a t i o n s  have been de f ined as consuming 5xlO 
Btu annua l l y  and m@dium-sized i n s t a l l a t i o n s  have been de f ined  
as consuming 5 x l O l l  Btu annua l l y .  While t h i s  de f ines  the 
t o t a l  energy consumpt ion,  i t  does not de f ine  maximum or 
minimum ra tes .  For t h i s  purpose i t  has been assumed t h a t  
th ree  peak months w i l l  each requ i r e  one-e igh th  (or  a t o t a l  
o f  t h r e e - e i g h t h s )  o f  the annual consumption. Six months 
w i l l  r equ i re  o n e - h a l f  the annual fue l  and the remain ing fue l  
w i l l  be equa l l y  d i v i ded  among the remain ing 3 months. 
Table 4 shows the r e s u l t i n g  breakdown by month ly  and d a i l y  
u s e .  

C h a r a c t e r i z a t i o n  . . . . . . . . .  o f  Army I n s t a l l a t i o n s .  The numbers and s izes 
o f  u n i t s  to be conver ted from n a t u r a l  gas and o i l  to coal 
are a prime c o n s i d e r a t i o n  in p lann ing and implement ing such 
cenvers ion .  Factors  a f f e c t i n g  t h i s  d i s t r i b u t i o n  o f  s ize and 
type inc lude  the kind o f  Army f a c i l i t y  and the s ize  in terms 
of  fue l  consumpt ion.  Personnel posts show a numer ical  
predominance o f  small  heat ing  u n i t s ,  f o r  d w e l l i n g s ,  w i th  the 
energy consumed in these un i t s  being a majqr  f r a c t i o n  o f  
t o t a l  post consumpt ion.  I n d u s t r i a l  i n s t a l l a t i o n s  use most 
of  the fue l  in l a rge  h igh -p ressu re  b o i l e r s ,  consuming only  a 
few percent  of  the t o t a l  i n  i n d i v i d u a l  . bu i l d ing  u n i t s .  

Table 5 has been syn thes ized  from a v a i l a b l e  data to 
de f ine  " t y p i c a l "  medium and la rge  i n s t a l l a t i o n s  o f  the two 
types f i r s t  d iscussed.  The la rge  and medium personnel posts 
l i s t e d  in Table 5 have severa l  thousand un i t s  o f  capac i t y  
less than 0.75 xlO 6 B t u / h r .  ( In f a c t ,  nominal ra ted c a p a c i t i e s  
have been assumed to be I00,000 B t u / h r ) .  Corresponding 
u n i t s  at  i n d u s t r i a l  f a c i l i t i e s  number I00 or l ess .  Cen- 
t r a l i z e d  b o i l e r s  o f  capac i t y  0 .75x i06  to 3 .5x i06  B t u / h r  show 
the same d i s t r i b u t i o n  p a t t e r n .  For b o i l e r s  w i th  c a p a c i t i e s  
g rea te r  than 3 .5x i06  B t u / h r ,  the personnel  posts also have a 
l a r g e r  number o f  u n i t s ,  but the ra ted c a p a c i t i e s  are con- 
s i d e r a b l y  sma l l e r  than those at  i n d u s t r i a l  f a c i l i t i e s ,  
g e n e r a l l y  by f a c t o r s  o f  5 to 25. 
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TABLE 4. Daily and Monthly Energy Use of a LarBe-and Medium-Sized Army Pos_t 

C~ 

Fraction Medium Post 5xlO II 
of Natural 

Number Total Gas 
of Annual Monthly* Daily Equ iva len t  Monthly Daily 
MOnths Rate RateBtu RateBtu (SCFD) Rate Btu Rate Btu 

Peak month 3 I/8 

Average month 6 l/]2 

Minimum month 3 1/24 

625xi09 2 0 . 8 x i 0 9  2 0 . 8 x i 0 6  62.5x i09  2.08xi09 

417xlO 9 1 3 . 9 x i 0 9  13.gxlO 9 41.7xlO 9 1.39xlO 9 

208xi09 6.9xi09 6.9xi09 20.8x i09  0.69xi09 

Btu/yr 
Natural Gas 
Earn 
~CF~ .... 

2.08xi06 

1.39xlO 6 

0.69xi06 

*30 day month 



TABLE 5 .  S ize D i s t r i b u t i o n  o f  Combust ion U n i t s  a t  Army F a c i l i t i e s *  

M~ 
, . . J  

Ins ta l la t ion  
Type and Size 

Total 
Annual Fuel 
Consumption (Btu) 

Personnel 2.4xi012 
Large 

Personnel 
Medium 

l .5xlO 12 

Industr ial  5.0xi012 
Large 

Industr ia l  0 . 5 x l O  12 
Medium. 

Nominal 
Size Range No. of Average Btu/hr 

(I06 Btu/hr) Units Rated C~pacity 

>3.5 25 5 x 106 

0.75-3.5 90 3 x 106 

<0.75 6100 100 x 103 

>3.5 45 5 x 106 

0.75-3.5 80 3 x 106 

<0.75 2000 lO0 x 103 

>3.5 5 125 x lO 6 

0.75-3.5 4 3 x lO 6 

<0.75 100 lO0 x lO 3 

>3.5 3 25 x 106 

0.75-3.5 2 3 x lO 6 

<0.75 80 100 x lO 3 

Load 
Factor 

25% 

25% 
25% 

25% 

25% 

25% 

90% 

25% 

25% 

90% 

25% 

25% 

Total 
Average 

_Btu/h~ 

52 

68 

153 

56 

63 

51 

572 

3 

3 

56 

-I 

2 

Data derived from Tables I-4 



2 COAL COMBUSTION TECHNOLOGIES 

Introduction. Coal is a complex and highly variable fuel.  
I t  is the nation's most p lent i fu l  developed energy source. 
Many problems are encountered in the direct combustion of 
coal, however, because of the va r iab i l i t y  of i ts constituents 
and properties. Impurities such as ash and sulfur add 
pollution and waste handling to the problems encountered 
in using coal as a fuel. 

Direct combustion of coal as a primary energy source is 
one of several ways to use coal in place of natural gas and 
o i l .  A number of possible combustion systems may be considered, 
both existing and developmental technologies. Various 
combustion technologies such as conventional coal-burning 
furnaces, fluidized-bed combustion systems, and coal /o i l  slurry 
f i red boilers are among potent ial ly viable alternatives. 
Support systems, such as mechanical and chemical coal cleaning 
which can reduce air  emission levels, also may be applicable. 

Direct combustion and conversion processes require 
coals with specific physical and chemical properties, such 
as moisture content and part ic le size. Coal preparation 
can reduce ash, moisture, and py r i t i c  sul fur ,  and l im i t  
potential solid waste and sulfur dioxide emissions. 

Methods o f  chemica l  removal o f  p y r i t i c  and o r g a n i c  
s u l f u r  from coal  are in  the deve lopmenta l  s tage ,  but  no 
p r a c t i c a l  method e x i s t s  at  t h i s  t ime because of  both t e c h -  
n o l o g i c a l  and economica l  reasons.  A f t e r  p r e p a r a t i o n ,  the 
coal may be d e l i v e r e d  to the user by t r a i n ,  t r u c k ,  barge,  or 
a new t e c h n o l o g y ,  s l u r r y  p i p e l i n e .  The coal  is  unloaded and 
s to red  f o r  use in  open p i l e s  or c losed s to rage  f a c i l i t i e s  
such as b ins  or  conc re te  s i l o s .  A d d i t i o n a l  p re -use  p repa ra -  
t i o n  to  s i z e  or  dry  may be necessary~ 

D i r e c t  Combust ion of  Coal .  Each d i r e c t  combust ion system 
must be des igned s p e c i f i c a l l y  f o r  the coal t h a t  w i l l  be 
u t i l i z e d .  Reduced c a p a c i t y  and e f f i c i e n c y  w i l l  r e s u l t  i f  
the system and coal p r o p e r t i e s  are not matched. P r o p e r t i e s  
of  coal  wh ich must be cons ide red  i n  system s e l e c t i o n  and 
des ign i n c l u d e  hea t i ng  va lue ,  m o i s t u r e ,  ash, and s u l f u r  
c o n t e n t ,  g r i n d a b i l i t y ,  and ash c h a r a c t e r i s t i c s  such as 
f u s i o n  t e m p e r a t u r e .  
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Several d i r e c t  combustion systems are d iscussed below. 
Convent ional  systems such as s tokers  and pu l ve r i zed  coal 
un i t s  are only  b r i e f l y  ment ioned,  s ince these combust ion methods 
are wel l  documented. Other newer processes such as f l u i d i z e d -  
bed combust ion and c o a l / o i l  s l u r r i e s  are covered in g r e a t e r  
d e t a i l .  

Conventional Combustion Systems. Stokers were an e a r l y  
development in steam b o i l e r  techno logy .  These un i t s  p rov ide  
cont inuous feed ing ,  ash removal ,  and h igher  combustion ra tes  
than h a n d - f i r e d  b o i l e r s .  Because they requ i re  minimal space, 
s tokers  are used today w i th  many small and medium-sized 
b o i l e r s .  

Pu lve r i zed  c o a l - f i r e d  un i t s  c u r r e n t l y  o f f e r  the maximum 
f l e x i b i l i t y  in coal s u b s t i t u t i o n .  In a d d i t i o n  to the b o i l e r  
i t s e l f ,  coal p u l v e r i z e r s  are necessary to gr ind  and prepare 
the coa l .  Pu lve r i zed  c o a l - f i r e d  un i t s  are Bometimes more 
economical than s tokers  f o r  p lan ts  l a r g e r  than 200,000 Ib o f  
steam per hour. Both s tokers  and pu l ve r i zed  c o a l - f i r e d  
b o i l e r s  are w ide ly  used. Much i n f o r m a t i o n  is a v a i l a b l e  on 
these systems and there  are numerous supply  and c o n s t r u c t i o n  
sources.  

Fluidized-Bed Combustion (PBG). The f l u i d i z e d - b e d  com- 
bus t ion  concept c u r r e n t l y  being developed in the Uni ted 
States and B r i t a i n  promises to prov ide h igher  energy convers ion  
e f f i c i e n c y  than convent iona l  c o a l - f i r e d  systems (up to 40% as 
opposed to 33 to 37%). Lower s u l f u r  d i ox ide  and n i t rogen  
oxide emiss ions ,  even when burn ing h i g h - s u l f u r  coa ls ,  a lso 
are expected.  FBC equipment can burn many types and grades 
o f  coal as wel l  as munic ipa l  sludge and re fuse ,  o i l  sha le ,  
i n d u s t r i a l  and a g r i c u l t u r a l  waste m a t e r i a l s ,  and o t h e r  low- 
grade f u e l s .  In bench-sca le  t es t s ,  FBC has removed over 
90 percent  o f  the s u l f u r  d iox ide  p o l l u t a n t s  no rma l l y  
expected from coa l .  This may e l i m i n a t e  the need fo r  expensive 
and massive s u l f u r  d iox ide  s tack gas c lean ing  or coal desu l -  
f u r i z a t i o n .  Other advantages o f  FBC i nc l ude :  

L o w - q u a l i t y  h i g h - s u l f u r  coal can be burned w i t h o u t  
danger o f  s l agg ing ,  due to low combustion tempera tu res .  

The hea t  re lease and heat t r a n s f e r  c o e f f i c i e n t s  
are h igh ,  reducing requ i red  b o i l e r  s i z e ,  we igh t ,  
and cos t .  

0 The m u l t i c e l l  design lends i t s e l f  to mass p roduc t i on  
assembly of  the major  components, f a c i l i t a t i n g  
sh ipp ing  and saving p lan t  c o n s t r u c t i o n  t ime.  On- 
s i t e  f a b r i c a t i o n  o f  components can be e l i m i n a t e d .  
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I t  is  a n t i c i p a t e d  tha t  use of the f l u i d i z e d - b e d  
b o i l e r ,  r a t h e r  than a convent iona l  c o a l - f i r e d  
b o i l e r  r e q u i r i n g  a f l u e  gas cleanup system, w i l l  
r e s u l t  in an o v e r a l l  cnst  savings f o r  the b o i l e r  
o f  up to 35 percent  3. 

The o v e r a l l  opera t ing  e f f i c i e n c y  of the m u l t i c e l l  
f l u i d i z e d - b e d  b o i l e r  power p lan t  is p ro jec ted  to 
be 39 percent  compared to approx imate ly  37 percent 
f o r  a convent iona l  c o a l - f i r e d  p lan t  w i th  stack gas 
cleanup equipment 4. 

In a f l u i d i z e d - b e d  b o i l e r  (F igure  I ) ,  small p a r t i c l e s  of 
a l imes tone  or do lomi te  sorbent  are f l u i d i z e d  by hot a i r .  
This f l u i d i z e d  bed is  heated to approx imate ly  1600°F. 
F i n e l y  crushed coal is  fed i n to  the f l u i d i z e d  bed. The feed 
ra te  is such t ha t  the amount of  combust ib le  ma te r ia l  in the 
bed is  u s u a l l y  less than 1 percent .  Turndown is accom~lishea 
by reduc ing a i r  and coal f l ow i n to  the bed. The s u l f u r  in 
the coal which comes o f f  as a s u l f u r  d iox ide  is captured by 
the sorbent  as ca lc ium s u l f a t e .  Powdered do lomi te  or l imestone 
sorbent  is  c o n t i n u o u s l y  removed. The low combustion temperature 
min imizes fo rma t ion  of  n i t r ogen  oxides and prevents ash 
agg lomera t ion .  Calcium s u l f a t e  is  d ischarged w i th  the ash. 

A m u l t i c e l l  f l u i d i z e d  bed b o i l e r  is being developed and 
i n s t a l l e d  at R i v e s v i l l e ,  West V i r g i n i a ,  by Pope Evans and 
Robbins, I n c . ,  in c o n j u n c t i o n  w i th  Foster  Wheeler Energy 
Corp. and Champion Cons t ruc t i on  and Eng ineer ing ,  Inc .  This 
p r o j e c t ,  sponsored by ERDA, is  designed to develop a 30-MW 
m u l t i c e l l  f l u i d i z e d - b e d  b o i l e r .  The m u l t i c e l l  bed operates 
at a tmospher ic  pressure.  The f l u i d i z e d - b e d  b o i l e r  {F igure  
I )  cons i s t s  o f  four  separate c e l l s ,  three of which are 
app rox ima te l y  equal in s i ze .  These three c e l l s  burn f resh 
coal in 18 percent  excess a i r  at a temperature of 1500°F. 
Unburned carbon, approx ima te l y  10-15 percent of the heat ing 
value of the feed coa l ,  along w i t h  f l y  ash is c o l l e c t e d  in 
cyc lones and sent to  the narrower f o u r t h  c e l l ,  the carbon 
burn up c e l l  (CBC), where the remaining carbon is  burned at 
2000°F in 25 percent  excess a i r .  At t h i s  temperature most 
o f  the ash s i n t e r s ,  producing round p e l l e t s  tha t  can be used 
as f i l l  or aggregate m a t e r i a l .  Plume opac i t y  and p a r t i c u l a t e  
emissions can be c o n t r o l l e d  by an e l e c t r o s t a t i c  p r e c i p i t a t o r .  
Q u a n t i t i e s  o f  s o l i d  waste can be g r e a t l y  reduced i f  the 
sorbent  is  regenera ted .  Several processes to rec la im the 
s'orbent are under s tudy .  

3power and Combustion, Q u a r t e r l y  Report _(Of f ice of Foss i l  
Energy, ERDA, October-December 1975),  p 8. 
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P r e s s u r i z e d  f l u i d i z e d - b e d  systems are in an e a r l i e r  
s tage o f  deve lopment .  These systems would p rov ide  a d d i t i o n a l  
economic sav ings and inc reased  thermal  e f f i c i e n c y .  The 
fu rnace  s i ze  can be reduced because of  decreased gas volume 
and a d d i t i o n a l  s u l f u r  d i o x i d e  can be removed. However, the 
u n i t s  appear more a p p r o p r i a t e  f o r  l a rge  i n s t a l l a t i o n s  such 
as 200 MW or g r e a t e r  power p l a n t s .  

Emiss ion C o n t r o l s .  R e g u l a t i o n s  l i m i t i n g  a tmospher i c  d i scha rges  
from f o s s i l - f u e l - f i r e d  equipment have been proposed and 
adopted by most s t a t e s  and the Un i ted  S ta tes  Env i ronmenta l  
P r o t e c t i o n  Agency. In genera l  the most i m p o r t a n t  m a t e r i a l s  
cons ide red  have been s u l f u r  d i o x i d e ,  p a r t i c u l a t e s ,  and 
n i t r o g e n  ox ides .  

The c u r r e n t  EPA l i m i t a t i o n s  on s u l f u r  d i o x i d e  app ly  
on l y  to equipment bu rn ing  f ue l  at  a r a te  of  250,000,000 Btu 
per hour or more. Equipment at  Army f a c i l i t i e s  is  ra ted  
below t h i s  r a t e ;  however,  c e n t r a l i z e d  systems may exceed i t .  

For c o a l - f i r e d  u n i t s  the l i m i t  on S02 is  1.2 I b / m i l l i o n  
Btu.  P a r t i c u l a t e s  are l i m i t e d ,  r e g a r d l e s s  o f  u n i t  s i z e ,  to 
0 . I  I b / m i l l i o n  Btu.  The s tandard  f o r  NO is  0.7 I b / m i l l i o n  
Btu.  x 

Sulfur Dioxide Controls. The Clean A i r  Act charges the 
Un i ted  S ta tes  Env i ronmenta l  P r o t e c t i o n  Agency w i t h  the 
r e s p o n s i b i l i t y  f o r  e s t a b l i s h i n g  n a t i o n a l  per formance s tandards  
f o r  new s t a t i o n a r y  sources based upon the best  system of  a i r  
emiss ion  r e d u c t i o n  t h a t  has been adequa te l y  demons t ra ted .  
A l l  new c o a l - f i r e d  steam p l a n t s  ra ted  at 250,000,000 B t u / h r  
or g r e a t e r  are r e q u i r e d  to l i m i t  emiss ions  o f  SO 2 to 1.2 
I b / m i l l i o n  Btu.  Each s t a t e  is  r e q u i r e d  by law to implement  
emiss ion  c o n t r o l  r e g u l a t i o n s  t h a t  w i l l  ach ieve and m a i n t a i n  
n a t i o n a l  ambient  a i r  q u a l i t y  s t anda rds .  Most s t a tes  have 
found i t  necessary  to e s t a b l i s h  s u l f u r  d i o x i d e  l i m i t a t i o n s  
a p p r o x i m a t e l y  e q u i v a l e n t  to those of  EPA. A few s t a t e s  have 
more l e n i e n t  s tandards  and some s t a t e s ,  such as New J e r s e y ,  
have imposed more s t r i n g e n t  emiss ion  s t a n d a r d s .  As a r e s u l t ,  
most s t a t e s  r e s t r i c t  coal  combust ion to f u e l s  w i t h  min imal  
s u l f u r  c o n t e n t .  S u l f u r  con ten t  is  l i m i t e d  to anywhere from 
0.2 pe rcen t  to 2 p e r c e n t .  
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Conventional furnaces, such as stokers and pulverized 
coal furnaces, use two primary methods for reducing sulfur 
dioxide emissions. Limestone injection into the furnace, 
followed by wet scrubbing of the flue gas, is one. The 
more popular method is wet limestone scrubbing. 

In the limestone inject ion system, ground limestone is 
mixed with the coal and injected into the combustion zone. 
Part of the sulfur is absorbed by the calcium in the limestone. 
I t  is estimated that 40-50 percent of the sulfur i s  
removed. The remainder must be eliminated from the flue gas 
as SO 2 by wet scrubbing. Reduced boiler ef f ic iency, due to 
ash accumulation on the boiler heat transfer surfaces, is a 
major problem with this system. 

The second control method, wet limestone scrubbing, 
uses a ground limestone/water slurry that is contacted with 
the flue gas, removing 90-95 percent of the S02. The spent 
limestone is removed as a sludge and the water is recycled. 
In regenerable processes the alkal~ is reclaimed and used 
again in the system. Sulfur is recovered as elemental 
sulfur or su l fur ic  acid. 

Particulate Controls. The EPA Standard for atmospheric 
emission of particulate matter from fossi l  fueled power 
plants was established at a maximum of O.l Ib /mi l l ion Btu of 
heat input per hour. Individual state regulations for 
smaller plants (less than lO mil l ion Btu/hr) permit on the 
average 0.6 Ib /mi l l ion Btu input. Particulate control 
equipment consists basically of one of four general categories: 

( I )  dry mechanical . co l lec to rs  

(2) wet scrubbers 

(3) fabric f i l t e r s  

(4) e lectrostat ic  precipitators 

NO Emissions. Although there currently are no restr ic t ions 
on emission of oxides of nitrogens for boilers under 250,000,000 
Btu/hr, i t  has been suggested that these oxides constitute a 
serious pollution problem. I t  is anticipated that regulations 
wi l l  be established in the near future. N i t r i c  oxide levels 
can be minimized by keeping the combustion temperature as 
low as possible. The NO x concentration is sensitive to the 
amount of excess air  present during combustion. 
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COAL CONVERSION TECHNOLOGIES 

Introduction. Appendix A discusses various coal conversion 
technologies under development or commercially available. 
Fuels produced by these processes include low-, medium-, and 
high-Btu gas, l iquid fuels, and clean burning coal or char. 
All of these processes convert coal, an inherently d i r ty  
fuel, into a re la t ive ly  clean fuel which can be used as a 
substitute for depleted oi l  and natural gas supplies. 

Gasification. During gasif ication coal is reacted with 
steam and oxygen. Particulates and condensibles carried 
with the gas from the reactor are removed by quenching. 
Sulfur compounds are removed later in the process. The 
crude gas consists basically of H2, CO, C02, CH4, H20, and 
N2 and has a heating value of lO0 to 500 Btu/SCF. The 
heating value of natural gas is approximately lO00 Btu/SCF. 
The crude low- to medium-Btu gas can be converted to high- 
Btu gas ( ~950 Btu/SCF). Commercial low- and medium-Btu 
gasif icat ion plants exist in most parts of the world but 
none are Operating in the United States. In this country 
low-Btu gas use was phased out with the advent of trans- 
continental natural gas pipelines. Most developmental Iow- 
Btu e f fo r t  in the United States is currently aimed at 
producing a fuel gas for high-temperature combined gas-steam 
turbine e lect r ic  generators, making fuel gas for captive 
indus t r ia luse ,  and production of synthesis gas for chemical 
processing. Current available commercial processes for low- 
and medium-Btu gas production include Lurgi, Winkler and 
Koppers-Totzek as the major systems. Low- and medium-Btu 
processes are described in Appendix C. 

High-Btu gasif ication processes require additional 
steps to be added to the low-Btu gasif icat ion processes. 
The f inal  product is composed mainly of methane and can be 
transported in existing natural gas pipelines. No modifi- 
cations to existing combustion equipment are necessary in 
using synthetic high-Btu gas. 

To produce high-Btu gas, the coal is reacted with steam 
and oxygen. The part iculates, condensables, and sulfur 
compounds are eliminated. Carbon dioxide is removed and the 
hydrogen to carbon monoxide rat io is adjusted to three to 
one. The CO and H 2 are then ca ta l y t i ca l l y  converted to 
methane. 
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The Lurgi  h igh-Btu  process is the most promising com- 
m e r c i a l l y  a v a i l a b l e  system. C02 Acceptor ,  Synthane, and 
HYGAS are the developmental processes t ha t  are probably  
c l oses t  to commerc ia l i za t i on .  Desc r ip t i ons  of  these and 
o ther  h igh-Btu processes are presented in Appendix D. 

L i q u e f a c t i o n .  Coal l i q u e f a c t i o n  processes f o r  conver t ing  
coal i n to  l i q u i d  fue ls  f o r  use as a u t i l i t y  f u e l ,  s y n t h e t i c  
crude,  and/or  petroleum feeds tock ,  are being developed. By 
inc reas ing  the weight  r a t i o  of  hydrogen to carbon, through 
( I )  p y r o l y s i s  and hyd roca rbon i za t i on  or (2) c a t a l y t i c  o r  non- 
c a t a l y t i c  hydrogenera t ion ,  the coal can be converted i n t o  a 
l i q u i d  f u e l .  

( i )  Pyro l ys i s  and Hydrocarbonizat~on.  During p y r o l y s i s  
coal is  heated in the absence of  d i r e c t  hydrogen 
con tac t .  The v o l a t i l e  ma te r i a l s  and n a t u r a l l y  
occur r ing  o i l s  are dr iven o f f .  The product  o i l  is 
hyd ro t rea ted  to remove i m p u r i t i e s  such as n i t r o g e n ,  
s u l f u r ,  and oxygen. Hydrocarbon iza t ion  on the 
o ther  hand, reacts  heated hydrogen- r i ch  gas wi th  
the coa l ,  d r i v i n g  o f f  the v o l a t i l e  gases. The 
char is reacted wi th  steam and a i r  (or  oxygen) to 
produce the requ i red  hydrogen. 

(2) C a t a l y t i c  and Non -Ca ta l y t i c  Hydrogenat ion.  Hydro- 
genat ion of  coal is another method of  l i q u e f a c t i o n .  
Coal is  d i r e c t l y  contacted wi th  hydrogen at  e levated 
temperature and pressure.  C a t a l y t i c  hydrogenat ion 
has a h igher  l i q u i d  product  y i e l d  than n o n - c a t a l y t i c  
hydrogenat ion .  At ambient temperatures the product  
may be e i t h e r  s o l i d  or l i q u i d .  

Solvent  Ref ined Coal, a hydrogenat ion process, is  the 
most advanced Uni ted States l i q u e f a c t i o n  techno logy.  H-Coal 
and the donor so lven t  process also show great  promise. A 
number of  l i q u e f a c t i o n  techno log ies  are descr ibed in 
Appendices E and F. 

29 



4 SELECTION OF COAL TECHNOLOGIES 

R a t i o n a l e .  Many f a c t o r s  w i l l  i n f l u e n c e  the u l t i m a t e  means 
by which m i l i t a r y  i n s t a l l a t i o n s  reduce t h e i r  dependence upon 
n a t u r a l  gas and o i l .  W i th in  the range of t e c h n o l o g i e s  pre-  
sented in  t h i s  r e p o r t ,  on ly  a few are s u i t a b l e  f o r  c o n s i d e r a -  
t i o n .  No a t tempt  is  being made to i d e n t i f y  the optimum 
process because such o p t i m i z a t i o n  would r e q u i r e ,  among o the r  
t h i n g s ,  a s i t e - s p e c i f i c  approach. 

The overv iew approach taken dur ing  t h i s  s tudy does a l l ow  
s p e c i f i c  t e c h n o l o g i e s  to be excluded from f u r t h e r  c o n s i d e r a t i o n .  
This can be done on the bas is  of  economics,  mismatch of  
c a p a c i t y  vs. r e q u i r e d  q u a n t i t i e s  of  f u e l ,  process c o m p l e x i t y ,  
and o the r  f a c t o r s .  A l a r g e  number of  t e c h n o l o g i e s ,  p a r t i c u l a r l y  
those under development ,  can be e l i m i n a t e d  in t h i s  way, 
a l l o w i n g  the problem to be de f i ned  in less vague terms.  

More d e t a i l e d  d i s c u s s i o n  of  the r a t i o n a l e  and c r i t e r i a  
used to s e l e c t  t e c h n o l o g i e s  appears in Appendix B. 

D i r e c t  Combustion Techno log ies .  D i r e c t  combust ion of  coal 
is  the s i n g l e  most e s t a b l i s h e d  techno logy  area i d e n t i f i e d  
d u r i n g  t h i s  s tudy .  Both s toke rs  and p u l v e r i z e d  coal systems 
are w i d e l y  used f o r  commerc ia l ,  i n d u s t r i a l ,  and power 
g e n e r a t i o n  purposes.  There is  no ques t ion  t h a t  one or more 
d i r e c t  combust ion systems can be t a i l o r e d  to Army i n s t a l l a t i o n  
a p p l i c a t i o n s .  

Two rou tes  to conve rs ion  to coal by e x i s t i n g  d i r e c t  com- 
bus t i on  t echno logy  have been i d e n t i f i e d .  These are:  ( I )  re -  
p lacement o f  n a t u r a l  gas and o i l - f i r e d  u n i t s  by new coa l -  
bu rn ing  u n i t s ;  and (2) conve rs ion  of  e x i s t i n g  n a t u r a l  gas and 
o i l - f i r e d  u n i t s  to c o a l - f i r e d  systems. Each has advantages 
and d isadvanages.  

Only one deve lopmenta l  d i r e c t  combust ion techno logy  has 
been i d e n t i f i e d  as a p p l i c a b l e  to Army needs. This is the 
a tmospher ic  f l u i d i z e d - b e d  b o i l e r .  (The MIUS 5 system, 
based on f l u i d i z e d - b e d  combust ion not on ly  of  coa l ,  but a lso 
o f  m u n i c i p a l  wastes,  is  not cons idered  a p p l i c a b l e  to e x i s t i n g  
i n s t a l l a t i o n s ) .  Development of  the f l u i d i z e d - b e d  combust ion 
b o i l e r  is be ing sponsored by the Energy Research and Development 
A d m i n i s t r a t i o n ;  demons t ra t i on  u n i t s  e x i s t .  

5power and Combustion, Q u a r t e r l y  Report ( O f f i c e  o f  Foss i l  
Energy,  ERDA, October-December 1975), p 8. 
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Fur the r  d i scuss ion  of  f a c t o r s  a f f e c t i n g  m i l i t a r y  a p p l i c a -  
t i ons  f o r  d i r e c t  combustion of  coal appears in Appendix B. 

Coal G a s i f i c a t i o n  Techno log ies .  Only low- and medium-Btu 
gas can be produced by e x i s t i n g  g a s i f i c a t i o n  t e c h n o l o g i e s .  
High-Btu processes are under development and commercial 
f a c i l i t i e s  are in the p lann ing s tages.  One ope ra t i ona l  
g a s i f i c a t i o n  system e x i s t s  at  Holston Army Ammunit ion p lan t  
but no i n f o r m a t i o n  could be obta ined on t h i s .  

The Lurgi and the Koppers-Totzek systems are the two 
which are most applicable to Army ins ta l la t ions  in the low- 
to medium-Btu category. Lurgi has d i s t i nc t  advantages over 
Koppers-Totzek. None of the developmental processes appear 
to of fer  any advantages over these two systems. 

A l l  h igh -B tu  systems are deve lopmenta l .  Plans f o r  near -  
term commercial h igh-B tu  gas p roduc t ion  are based upon 
o x y g e n - f i r e d  Lurg i  techno logy .  This was found to be the 
only  near - te rm process s u i t a b l e  f o r  a p p l i c a t i o n ;  however, 
economics s t i l l  may make i t  unacceptab le .  Developing 
techno log ies  se lec ted  were the C02 Acceptor  and HYGAS 
processes,  but the s ta tus  could change as a r e s u l t  o f  work 
on o ther  processes.  Fur ther  d i scuss ion  appears in Appendix 
B. 

Coal L i q u e f a c t i o n  Techno log ies .  Coal l i q u e f a c t i o n  techno log ies  
have been r e j e c t e d  from c o n s i d e r a t i o n  because of  the comp lex i t y  
o f  the systems and because, in the s ize  range a p p l i c a b l e  to 
Army i n s t a l l a t i o n s ,  the economics would be p r o h i b i t i v e .  
This does not imply  t h a t  f u t u r e  developments w i l l  not occur 
to change t h i s .  One p o t e n t i a l  a p p l i c a t i o n  o f  l i q u e f a c t i o n  
would be imp lementa t ion  as a reg iona l  f a c i l i t y  supp ly ing  
numerous bases, but t h a t  is not w i t h i n  the scope o f  work o f  
t h i s  s tudy .  
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5 IMPLEMENTATIDN STRATEGIES AND ~IMPAC%S 

I n t r o d u c t i o n ,  The net e f f e c t  of  a change to coal from 
na tu ra l  gas and o i l  w i l l  d i f f e r  f o r  var ious types of posts 
and fo r  d i f f e r e n t  posts of  the same type.  This is due to 
the wide v a r i e t y  of  systems c u r r e n t l y  in use and to the 
d i f f e r e n t  use pa t te rns  between types of i n s t a l l a t i o n s .  Some 
elements o f  the e x i s t i n g  systems w i l l  remain e s s e n t i a l l y  
unchanged wh i l e  o thers  may be d r a s t i c a l l y  a f f e c t e d .  Under 
c e r t a i n  c o n d i t i o n s  i t  may be poss ib le  to rep lace only  s p e c i f i c  
na tu ra l  gas and/or  o i l  un i t s  w i th  coal or c o a l - d e r i v e d  
f u e l s .  

Some items which may be impacted by changes to coal are 
fue l  s torage and hand l ing f a c i l i t i e s ,  s o l i d  waste d i s p o s a l ,  
and gas d i s t r i b u t i o n  systems. The kind and ex ten t  of impact 
w i l l  depend upon the p a r t i c u l a r  coal u t i l i z a t i o n  system 
i n s t a l l e d .  Uni ts  such as b o i l e r  water  t rea tment  ( d e m i n e r a l i z a t i o n )  
and c e n t r a l i z e d  d i s t r i c t  heat ing systems may be l i t t l e  a f f e c t e d  
by convers ion to coal as a pr imary  f u e l .  In these cases the 
type of  f ue l  does not a f f e c t  the s p e c i f i c a t i o n s  f o r  example, f o r  
b o i l e r  feedwater  or c i r c u l a t i n g  heat t r a n s f e r  medium. 

The complex ques t ion  of impacts r e s u l t i n g  from convers ion 
to coal is  ev ident  when i n d i v i d u a l  f a m i l y  dwe l l i ngs  are con- 
s ide red .  These are i n v a r i a b l y  na tu ra l  gas-or  o i l - f i r e d  u n i t s .  
There is  no p r a c t i c a l  way to conver t  these to c o a l - f i r e d  
systems. Conversion of  the la rge  c e n t r a l i z e d  b o i l e r s  w i l l  leave 
them una f f ec ted .  Conversion to low-Btu gas generated from 
coal w i l l  r equ i re  app rop r i a t e  burner convers ion of the la rge 
g a s - f i r e d  heat ing  un i t s  but probab ly  w i l l  not be adv isab le  f o r  
i n d i v i d u a l  d w e l l i n g s  un i t s  due to sa fe t y  c o n s i d e r a t i o n s .  High- 
Btu gas from coal w i l l  have no e f f e c t  on e x i s t i n g  g a s - f i r e d  
u n i t s .  E s s e n t i a l l y  the same changes f o r  o i l - f i r e d  un i t s  w i l l  
be needed f o r  convers ion to e i t h e r  h igh-  or low-Btu gas. 
High-Btu gas can be used w i t h o u t  change in na tu ra l  g a s - f i r e d  
d w e l l i n g  u n i t s .  

One major impact r e s u l t i n g  from convers ion to coal on a 
la rge sca le  may be the need f o r  emission c o n t r o l s .  Due to the 
s u l f u r  and n i t r ogen  conten t  of  coal and to atmospher ic  d ischarge 
l i m i t a t i o n s ,  p o l l u t i o n  abatement may be requ i red  f o r  la rge  un i t s  
and, under extreme c o n d i t i o n s ,  f o r  sma l l e r  un i t s  as w e l l .  S u l f u r  
d i ox i de  from convent iona l  coal combustion may requ i re  stack 
gas scrubbing to reduce d ischarge l e v e l s  to acceptab le  va lues.  
Contro l  of  furnace temperature and excess a i r  may be necessary 
f o r  n i t r o g e n  oxide r e d u c t i o n .  In g a s i f i c a t i o n  systems, 
s u l f u r  and n i t r ogen  w i l l  appear in the gas as hydrogen 
s u l f i d e ,  ammonia, and organ ic  compounds. S o p h i s t i c a t e d  
techn iques are requ i red  to remove these components from the 
fue l  p r i o r  to d i s t r i b u t i o n .  
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Coal Handl ing and Storage F a c i l i t i e s .  A l l  coal combust ion and 
convers ion  techno log ies  requ i re  coal r e c e i v i n g ,  hand l i ng ,  and 
s torage f a c i l i t i e s .  Some coal p r e p a r a t i o n ,  such as c rush ing ,  
also may be necessary.  Regardless of  the volume of  fue l  con- 
sumed, the coal must be d e l i v e r e d ,  t r a n s p o r t e d ,  s to red  in  open 
p i l es  or s i l o s ,  and t r a n s f e r r e d  to un i t s  f o r  p r e p a r a t i o n ,  com- 
bus t i on ,  or convers ion .  Phys ica l  space must be a v a i l a b l e  f o r  
necessary equipment and s torage areas. Envi ronmenta l  impacts 
i nc lude  increased dus t ,  n o i s e , ,  and r u n o f f .  Cap i ta l  expenses, 
temporary d i s r u p t i o n s  of  o p e r a t i o n ,  and comp lex i t y  o f  the 
opera t ion  r e q u i r i n g  opera to r  r e t r a i n i n g ,  are o the r  f a c t o r s  
t h a t  must be cons idered.  

Coal w i l l  be d e l i v e r e d  e i t h e r  by t r u c k ,  r a i l ,  or barge.  
E x i s t i n g  t r a n s p o r t a t i o n  l i n e s  can be used but an inc rease  in 
t r a f f i c  w i l l  occur .  In o the r  i ns tances ,  new roads,  r a i l r o a d s ,  
or docks may be needed. Increases in t r a f f i c  can cause con- 
g e s t i o n ,  no ise ,  and a i r  p o l l u t i o n .  Coal s l u r r y  p i p e l i n e s ,  at  
p resent  not in w i d e s p r e a d u s e ,  could a l l e v i a t e  most o f  these 
problems, but c a p i t a l  costs are h igh,  p i p e l i n e s  must be con- 
s t r u c t e d ,  and impacts such as increased water  consumption w i l l  
be f e l t .  

Equipment must be i n s t a l l e d  to e f f i c i e n t l y  unload the fue l  
sh ipments.  C a p a b i l i t y  o f  un loading a 3-day s u p p l y o f  coal 
in an 8-hour  per iod  t y p i c a l l y  is;recommended: : ' ~ o s i t i o n i n g  ' 
systems are o f ten  used f o r  l oca t i ng  and unloading r a i l r o a d  
cars .  Dump t rucks  are adequate f o r  road d e l i v e r y .  Coal is 
then conveyed from the r e c e i v i n g  po in t  to  s to rage areas. 

Coal is  o f ten  s to red  in open p i l e s .  T y p i c a l l y  a 30 to 
90 day i n v e n t o r y  o f  coal is  des i red to o f f s e t  s t r i k e s ,  i nc lement  
weather ,  t r a n s p o r t a t i o n  problems, or u n a n t i c i p a t e d  fue l  
shor tages.  The p i l e  must be p rope r l y  cons t ruc ted  to p rov ide  
fo r  c o n t r o l l e d  dra inage and to l i m i t  the danger o f  f i r e .  Small 
t r a c t o r s  are o f ten  used to ma in ta in  a proper coal p i l e .  

The s torage p i l e  sometimes is sprayed w i th  o i l  or polymer 
or covered to  l i m i t  weather ing  and dus t i ng .  The area should 
be e i t h e r  we l l  paved or we l l  dra ined to min imize r u n o f f .  
Holding or s e t t l i n g  ponds may be needed to r e s t r i c t  water  
p o l l u t i o n .  P r o t e c t i v e  enclosed s torage bins or s i l o s  a lso 
may be used. Increased c a p i t a l  costs and maintenance are the 
major  drawbacks to c losed systems. 
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B e l t s ,  bucket conveyors,  or o ther  means of conveyance must 
be erected f o r  t r a n s f e r r i n g  the coal i n to  feed hoppers at the 
furnace or i n i t i a l  process ope ra t i on .  Small t r a c t o r s  are 
sometimes used to aid in t r a n s f e r r i n g  the f u e l .  Often coal 
which is  ordered in a des i red s i ze ,  s t i l l  must be c l a s s i f i e d  
and reground.  This requ i res  a d d i t i o n a l  equipment such as 
hammermi l ls ,  conveyors,and screens.  Such process ing o f ten  
increases the need f o r  p a r t i c u l a t e  and noise c o n t r o l s .  

In an a r t i c l e  in Power Magazine, February 1974, a f l ow -  
char t  s i m i l a r  to the one shown in F igure 2 was inc luded .  Two 
scenar ios  f o r  coal t r a n s p o r t ,  hand l i ng ,  p r e p a r a t i o n ,  and 
s to rage ,  a p p l i c a b l e  to t y p i c a l  Army f a c i l i t i e s ,  have been 
abs t rac ted  from t h i s  re fe rence  and are discussed below. 

In a s imple system coal f o l l o w s  the route in F igure 2 
i d e n t i f i e d  by A - 2 - 5 - 6 - 7 - 9 .  Trucks dump the coal in p i l e s  
which are t r a n s f e r r e d  by bucket e l e v a t o r  to a bunker. From 
there i t  is  fed by chutes to s toker  hoppers. 

In a more complex system, where coal is s tored ou tdoors ,  
i t  is unloaded by t r ack  hopper and then t r a n s f e r r e d  by conveyors 
to crushers which reduce the s ize of the coa l .  Screw conveyors 
send the s ized coal to s torage p i l e s  where bu l l doze rs  are 
used to ma in ta in  the p i l e .  The coal is conveyed by bucket 
e l e v a t o r  to hoppers where i t  is  then fed i n to  the p u l v e r i z e r  
u n i t  p r i o r  to coal p u l v e r i z a t i o n .  This f low is B -2 -3 -5 -7 -8 -9  
in F igure 2. These two systems i l l u s t r a t e  the v a r i a b i l i t y  of 
the equipment needed f o r  coal p r e p a r a t i o n .  Each p o t e n t i a l  
a p p l i c a t i o n  must be c l o s e l y  examined to determine the optimum 
system from e f f i c i e n c y ,  economic, env i ronmen ta l ,  and o ther  
impact s t a n d p o i n t s .  

D i r e c t  Combustion Systems. Both imp lementa t ion  s t r a t e g i e s  and 
impacts of  convers ion or replacement of  gas-or  o i l - f i r e d  
b o i l e r s  w i t h  c o a l - f i r e d  un i t s  are presented.  Conversion or 
replacement o f  o i l - a n d  g a s - f i r e d  b o i l e r s  to c o a l - f i r e d  systems 
is expensive and d i f f i c u l t .  Numerous f a c t o r s  should be con- 
s idered to determine the p r a c t i c a b i l i t y  of any a l t e r a t i o n s .  

The f i r s t  step in convers ion of a gas-or  o i l - f i r e d  f a c i l i t y  
to coal is  to determine i f  the u n i t  can be adapted to burn ing 
coa l .  Space is  requ i red  f o r  coal t r a n s p o r t a t i o n ,  un load ing ,  and 
storage f a c i l i t i e s .  Phys ica l  c o n s t r a i n t s  in the v i c i n i t y  of  
the b o i l e r ,  such as duct work, b u i l d i n g  w a l l s ,  and foundat ions  
may r e s t r i c t  a l t e r a t i o n s  or a d d i t i o n s .  A i r  emission con t ro l  
equipment such as p r e c i p i t a t o r s  and wet scrubbers may be 
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necessary .  I f  p u l v e r i z e d  coal f i r i n g  is  the se lec ted  t e c h n o l o g y ,  
space is r e q u i r e d  f o r  e r e c t i o n  of  p u l v e r i z a t i o n  equipment .  
Ash d i sposa l  and s to rage  f a c i l i t i e s  must be designed and 
opera ted  e f f e c t i v e l y .  

Convers ion of  an o i l - o r  g a s - f i r e d  b o i l e r  to coal f i r i n g  
u s u a l l y  r e s u l t s  in a r e d u c t i o n  of  c a p a c i t y ,  or " d e r a t i n g , "  
o f  the b o i l e r  e f f i c i e n c y .  B o i l e r s  are designed f o r  a s p e c i f i c  
f ue l  and purpose. Any change in the fue l  w i l l  a f f e c t  e f f i c i e n c y .  
Coal combust ion ,  in c o n t r a s t  to combust ion of  o the r  f o s s i l  
f u e l s ,  needs inc reased b o i l e r  volume to c o n t r o l  s l agg ing  and 
f o u l i n g  of  heat t r a n s f e r  su r faces .  Flue gas v e l o c i t y  th rough 
tube banks and the tube spacing a lso  a f f e c t s  the degree of  
d e r a t i n g  and va r i es  acco rd ing  to the type of  fue l  burned.  

H i s t o r i c a l l y ,  the type of  coal se lec ted  has been ma in l y  
dependent upon the geograph ic  l o c a t i o n  of  the steam p l a n t .  
However, r e s t r i c t i o n s  o f  s u l f u r  d i o x i d e  emiss ions have made 
low s u l f u r  coa ls  d e s i r a b l e .  I f  h i g h e r  s u l f u r  coals are used, 
expens ive  S02 removal systems may become necessary .  Coal 
s e l e c t i o n  is  t y p i c a l l y  based upon hea t ing  va lue ,  mo i s tu re  
c o n t e n t ,  m ine ra l  ma t te r  c o n t e n t ,  g r i n d a b i l i t y  ( f o r  p u l v e r i z e d  
c o a l ) ,  ash f u s i o n  t e m p e r a t u r e ,  and ash chemical  c h a r a c t e r i s t i c s .  
The heat con ten t  of  the coal de termines  the q u a n t i t y  o f  f ue l  
consumed. Mo is tu re  con ten t  a f f e c t s  combust ion gas w e i g h t ,  
gas pass v e l o c i t y ,  e f f i c i e n c y ,  and heat t r a n s f e r  ra tes  as 
we l l  as degree of  low tempera tu re  c o r r o s i o n ,  o f  e x i s t i n g  
u n i t s  conver ted  to coal f i r i n g .  

The fu rnace  s e c t i o n  o f  a b o i l e r  is  designed to supp ly  
r a d i a n t  heat and hot gases to tube banks f o r  convec t i ve  
h e a t i n g .  P u l v e r i z e d  c o a l - f i r e d  burners  (as we l l  as o i l  and gas 
bu rne rs )  are u s u a l l y  l o ca ted  in the f r o n t  face of  the b o i l e r .  
In c o n t r a s t ,  coal fed to s toke rs  is  p laced on a g ra te  across 
the r a d i a n t  f l o o r  s e c t i o n .  Bottom ash is removed from the 
f l o o r  or  ash hopper.  P r e c i p i t a t o r s  or cyc lones reduce 
f l y a s h  emiss ions  th rough the s tack to d e s i r a b l e  l e v e l s .  
Soot b lowers are r e q u i r e d  in  the tube banks to p revent  
c l o g g i n g  o f  the spaces. 

C o a l - f i r e d  fu rnaces are l a r g e r  than o the r  fu rnaces of  the 
same c a p a c i t y .  The f u r n a c e ,  b a s i c a l l y  a box w i th  a r e f r a c t o r y  
or water  t u b e - l i n e d  f l o o r ,  a lso  has t u b e - l i n e d  w a l l s .  At the 
en t rance to the convec t i on  s e c t i o n ,  s tack gas tempera tu res  
must be at  l e a s t  IO0°F below the ash s o f t e n i n g  t empe ra tu re .  
The lower  tempera tu re  requ i remen t  d i c t a t e s  an inc rease  in 
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radiant surface area. Table 6 indicates comparative furnace 
dimensions for gas, o i l ,  and coal. Furnace volume is affected 
by the properties of the specific fuel type and ash properties. 

TABLE 6. Comparative Furnace Dimensions 

Rela t i ve  
B o i l e r  Width 

Relative 
Boiler Length 

Gas 1.0 1.0 

0 i l  1.05 • 1.2 

Coal 1 . I 0  1.5 

A. W. Bel l  and B. P. Breen, "Conver t ing  Gas B o i l e r s  
to 0 i l  and Coa l , "  Chemical Engineering ( A p r i l  26, 1976). 

GaSZ -, o i l Z ,  and c o a l - f i r e d  b o i l e r s  of  i d e n t i c a l  dimensions 
hour ly  produce, f o r  example, 60,000 Btu, 48,000 Btu, and 35,000 
Btu, r e s p e c t i v e l y ;  t h i s  is another way of  comparing sur face 
area requ i rements .  

By inc reas ing  the amount of  heat absorbed in the r a d i a n t  
sec t ion  of  the fu rnace,  the f l yash  temperature can be kept 
below the so f ten ing  temperature.  Coal p a r t i c l e s  r e q u i r e  a 
g rea te r  combustion time than gas. There fo re ,  convers ion of  a 
b o i l e r  from gas or o i l  to coal would e i t h e r  reduce the load 
capac i t y  o f  the b o i l e r ,  or requ i re  a d d i t i o n a l  combustion 
equipment to increase the r a d i a n t  heat ou tpu t .  

Pulverized Coal and Stoker-Fired Units. To.determine 
whether to replace or convert o i l -  or gas-fired boilers with 
pulverized coal units, detailed study of the boiler is needed. 
Generalizations, however, can usuallylbe made. Coal-fired 
boilers that have been converted to oil or gas often can be 
more easily reconverted. Top-supported boilers are usually more 
adaptable to conversion than others. Bottom-supported boilers, 
around 25 years old, are usually better suited for conversion 
than new boilers, because of more conservative design. However, 
since the physical condition probably is worse than newer units, 
additional work wi l l  be required to operate the unit e f f i c ien t -  
ly, A rough estimate is that approximately one-third of al l  
non-coal-fired boilers can be converted.to coal. 
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The purpose of the convective section of the boiler is 
to col lect  heat from the flue gas. Gas, oil~and coal systems 
require d i f ferent  flue gas veloci t ies,  f ins,  and tube spacing. 
Ash is highly abrasive and the flue gas velocity for coal-f i red 
boilers should be approximately 60 f t /sec as opposed to gas- 
f i red flue gas velocit ies of 120 ft /sec and o i l - f i r e d  velocit ies 
of lO0 f t /sec.  Conversion of oi l  or gas to coal requires 
increased spacing between the tube f ins.  I f  these modifications 
to the convective section are not performed, boi ler load 
capacities may be reduced as much as 50 percent. 

Ash deposits on tube surfaces reduce heat transfer co- 
e f f i c ien ts ,  cause higher power requirements for fans, and 
increase abrasion of tubes. Soot blowers are used to blast 
these deposits from the tubes. Either steam, a i r ,  or water 
jets are used. Boilers must be shut down for soot removal by 
water je ts .  Although soot blowers are required for both oi l  
and coal, some modification may be necessary during conversion. 
Switching from gas to coal can cause more serious problems. 
Ins ta l la t ion of blower mechanisms and required clearance 
between tubes and soot blowers equivalent to approximately 
half the width of the boiler on each side are the two major 
complications in this conversion. 

The purpose of the burner is to proportion the fuel and 
air  feed, adjust to load change, and stabi l ize igni t ion.  
Gas~ coal~ and o i l - f i r e d  burners vary in design characteristics 
and operation. Since the overall eff ic iency and r e l i a b i l i t y  
are dependent upon the burner, replacement is mandatory. 

Gas burners, which usually are ring-shaped, are simple 
to operate and are v i r t ua l l y  maintenance free. On the other 
hand, oi l  burners must be purged after shut down to prevent 
caking of the t ip  and the supply boxes. Frequent inspection 
of the flame quali ty is necessary to insure e f f i c i en t  com- 
bustion. Routinely, worn parts must be replaced and oi l  
guns cleaned. Neither of these burners can be used with 
pulverized-coal and stoker systems. 

Pulverized coal-f i red boilers use f ine ly  ground coal 
that is combined proportionately with a i r .  The burner 
usually consists of a ceramic quarl, flame-shaping vanes, 
air  registers, and a coal supply tube that fee~ into the 
burner throat. Boilers with capacities less than 200,000 
Ib/hr of steam, do not normally use pulverized-coal burners. 
Because the fuel supply lines from the pulverizer to the 
burner can be eroded by coal and impurit ies, annual repair 
or replacement is usually required. Often oi l  or gas auxi l iary 
burners are required to preheat the furnace prior to i n i t i a l  
coal ign i t ion.  
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Smal ler  b o i l e r s  o f ten  are s tokers  desp i te  the d isadvantage 
of  incomplete  combustion r e s u l t i n g  in accumula t ion o f  unburned 
carbon and ash. E f f i c i e n c y  o f  the  b o i l e r  can be s l i g h t l y  
improved by r e i n j e c t i o n  i n to  the furnace of  recovered carbon 
p a r t i c l e s .  An advantage of  s toke r  f i r i n g  is the a b i l i t y  to 
burn v i r t u a l l y  any s o l i d  f u e l .  The one major  except ion  is 
caking coals s ized to less than I - I / 4  inches in d iameter .  

Fuel feed systems also must be replaced w i th  more com- 
p l i c a t e d  s o l i d s  hand l ing  systems. A d d i t i o n a l  mechanical equ ip-  
ment is necessary and the abras ive  nature o f  the coal inc reases  
maintenance and r e p a i r  f requency.  

Stokers burn coal w i t h i n  s p e c i f i e d  s ize  l i m i t s ,  but some 
de l i ve red  coal may be ou ts ide  s p e c i f i c a t i o n s .  Large f a c i l i t i e s  
may i n s t a l l  c l a s s i f i e r s  and crushers to e l i m i n a t e  overs ized 
lumps. This improves fue l  economy and m i n i m i z e s s t o k e r  
" jamming. "  

W~th pu l ve r i zed  coal systems, a v a r i a b l e  r a t e  f e e d e r  
d e l i v e r s  coal i n t o  the p u l v e r i z e r .  Coal from the p u l v e r i z e r  Is 
then pneuma t i ca l l y  conveyed by exhaust or ~orced d r a f t  fans 
to the burner .  A i r  is  the t r a n s p o r t  medium from p u l v e r i z e r  
to burner .  Exhaust fans requ i re  increased maintenance due to 
the abras ive  nature o f  the coa l .  

There are fou r  basic types o f  p u l v e r i z e r s ;  ba l l  m i l l s ,  
impact m i l l s :  a t t r i t i o n  m i l l s ,  and r o l l e r - a n d - r a c e  m i l l s .  
R o l l e r - a n d - r a c e  m i l l s  gene ra l l y  r equ i re  r e p l a c e m e n t ~ b i a n n u a l l y .  
They are economica l l y  i m p r a c t i c a l  f o r  un~t~ below 3,000 Ib .... 
per hour.  Ba l l  m i l l s  are inexpens ive .  Impact m i l l s ( h a m m e r  
m i l l s )  and ba l l  m i l l s  have low c a p i t a l  cost  per ton o f  ou tpu t  
f o r  small m i l l s  and are q u i e t e r  than o the rs .  Al though high 
maintenance costs occur w i th  abras ive  coa l s ,  hammers are 
e a s i l y  rep laced.  A t t r i t i o n  m i l l s  have high ra tes  o f  r e p a i r  
due to e ros ion .  

Gas-and o i l - f i r e d  un i t s  are designed f o r  p ressu r i zed  
f i r i n g  opera t i ng  under a p o s i t i v e  pressure o f  10-20 inches 
o f  water  gage; s toker  un i t s  f u n c t i o n  under a very s l i g h t  
negat ive  pressure of  less than 0.5 inches of  water  gauge. 
Induced d r a f t  fans ,  used i n  a d d i t i o n  t o  fo rced  d r a f t  fans~ 
are requ i red  f o r  any convers ion from gas or o i l  to c o a l .  In 
order  to couple the forced d r a f t  and induced d r a f t  fan 
o p e r a t i o n ,  a d i f f e r e n t i a l  pressure c o n t r o l l e r  is  necessary.  
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Air preheaters are mandatory for pulverized coal f i r i n g .  
The temperature must be adequate to achieve desired moisture 
content and a i r  flow. D i rec t - f i red  a i r  heaters are used i f  
the preheater cannot achieve the required temperature. Pre- 
heaters are optional for stokers (temperature is l imi ted to 
350°F to minimize damage to stoker parts). Generally every 
lO0°F r ise in a i r  preheat temperature increases the overall 
e f f ic iency about two percent. Because erosion can be a 
major problem with coal f i r i n g ,  low al loy steel is used in 
preheaters, and lower stack gas veloci t ies are necessary for 
coal - f i red units. 

There are three basic fuel conversions that can take 
place: (1) reconverting a boi ler  back to coal f i r i n g ,  (2) 
converting or ig inal  o i l - o r  gas-fired boilers to coal and (3) 
i ns ta l l a t i on  of a new boi ler .  

( I )  Some o l d e r  b o i l e r s  o r i g i n a l l y  were c o a l - f i r e d  u n i t s  
but were conver ted  to gas or o i l  f o r  economic and /o r  e n v i r o n -  
mental  reasons .  S tokers  were removed, ash p i t s  were e l i m i n a t e d  
when unnecessa ry ,  and new burners  were i n s t a l l e d .  In recon-  
ve r s i on  from gas back to c o a l ,  soot  b lowers  and s tack  gas 
c o n t r o l s  are necessary .  The s t o k e r  must be r e p a i r e d  or re -  
p laced ,  new ash hand l i ng  f a c i l i t i e s  i n s t a l l e d ,  soot  b lowers  
r e h a b i l i t a t e d  or  r e p l a c e d ,  and in some cases s tack -gas  c l e a n i n g  
equipment i n s t a l l e d .  Necessary a u x i l i a r y  equipment such as 
f ans ,  hoppers ,  f o u n d a t i o n  m o d i f i c a t i o n s ,  and so f o r t h  w i l l  a l so  
be added. These m o d i f i c a t i o n s  are in  a d d i t i o n  to i n s t a l l i n g  
bas ic  coal  h a n d l i n g ,  t r a n s p o r t a t i o n ,  and s to rage  f a c i l i t i e s .  
One major  problem w i t h  r e c o n v e r s i o n  is  t h a t  the o r i g i n a l  
boi ler  pulverizers, ash~handling system, and other equipment 
may have been designed for coal with properties d i f fe rent  from 
coal now available. 

(2) Un i t s  o r i g i n a l l y  f i r e d  by o i l  or gas sometimes can 
be conver ted  w i t h  m o d i f i c a t i o n s .  U s u a l l y  these u n i t s  are 
l a rge  volume b o i l e r s ,  w i t h  induced or balanced d r a f t .  O i l -  
f i r e d  u n i t s  u s u a l l y  have soot  b l owe rs .  Mechanical  s t o k i n g  
equipment can be i n s t a l l e d  w i t h  a min imal  loss  in load c a p a b i l i -  
t i e s .  

Along with i ns ta l l a t i on  of the spreader-stoker, duct 
work must be revised to provide necessary a i r  through the grates 
and side ports. An ash-handling system including ash p i t  and 
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removal equipment must be added. Stack gas c o n t r o l  equ ipment ,  
a d d i t i o n a l  soot  b l owe rs ,  and equipment to i nc rease  a i r  feed 
a lso  i s  necessary .  Basic coal h a n d l i n g ,  s t o rage ,  and t r a n s p o r -  
t a t i o n  f a c i l i t i e s  are e s s e n t i a l .  I n s u f f i c i e n t  a v a i l a b l e  space 
f o r  m o d i f i c a t i o n s  and downra t i ng  o f  b o i l e r s  are two l i m i t a t i o n s  
to t h i s  a l t e r n a t i v e .  

(3) The t h i r d  o p t i o n  is  complete rep lacement  of  an o i l -  dr  
g a s - f i r e d  b o i l e r  system w i t h  a c o a l - f i r e d  system. This  can be 
e i t h e r  a p r e f a b r i c a t e d  shop assembled package u n i t  or o n - s i t e  
c o n s t r u c t i o n  o f  a c o a l - f i r e d  b o i l e r .  Ex tens i ve  e n g i n e e r i n g  
is  i n v o l v e d  in  conve rs ion  o f  a b o i l e r  system. P r i o r  to  any 
f i n a l  d e c i s i o n  on c o n v e r s i o n ,  rep lacement  o f  the e n t i r e  system 
should  be cons ide red .  

Appendix  G presents  two examples o f  convers ion  o f  o i l -  
or  n a t u r a l - g a s - f i r e d  b o i l e r s  to coa l .  

Fiuidized-Bed Combustion. Fluidized-bed combustion 
(FBC) (Figure l~ currently under development, w i l l  require 
coal receiving handling and storage f a c i l i t i e s ,  and ash 
disposal capabil i t ies similar to those with other coal-f ired 
operations. Boiler water treatment capabil i t ies at existing 
instal lat ions should be adaptable to the new system. 

Conven t iona l  o i l ~  gas~ or c o a l - f i r e d  b o i l e r s  cannot be 
conver ted  to  f l u i d i z e d ~ b e d  combust ion .  Proposed FBC u n i t s  
w i l l  be p r e f a b r i c a t e d  modules,  w i t h  c a p a c i t i e s  o f  300,000 Ib 
o f  steam per hour .  For a l a r g e  c e n t r a l i z e d  system, t h r e e  o f  
these u n i t s  would be r e q u i r e d .  One c e n t r a l i z e d  u n i t  i s  
adequate f o r  s m a l l e r  bases. D e c e n t r a l i z e d  systems would 
a lso  r e q u i r e  one FBC module.  

S ince shop-assembled package b o i l e r s  can be mass-produced,  
c a p i t a l  costs  w i l l  be l ower .  The u n i t s  are modu la r ,  and 
inc reases  in  requ i remen ts  can be made by a d d i t i o n  o f  one or 
more modules.  F l u i d i z e d - b e d  combust ion ,  which i n h e r e n t l y  
l i m i t s  s u l f u r  d i o x i d e  em iss i ons ,  e l i m i n a t e s  the need f o r  
s u l f u r  d i o x i d e  s tack  gas removal equipment .  I t  has been 
es t ima ted  t h a t  o v e r a l l  c a p i t a l  costs o f  the b o i l e r  w i l l  be 
35 pe rcen t  less than those o f  c o n v e n t i o n a l  c o a l - f i r e d  u n i t s .  
For r e l a t e d  reasons,  o p e r a t i n g  costs a lso  should  be l owe r .  
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Since FBC b o i l e r  tubes are in d i r e c t  con tac t  w i th  the 
s o l i d  p a r t i c l e s  of the bed, the ra te  of heat t r a n s f e r  is 
several  t imes g rea te r  than t ha t  f o r  convent iona l  b o i l e r s ,  
and the u n i t s  are more compact. This is an advantage where 
space is  at  a premium or f o r  f u t u r e  a d d i t i o n  of modules to 
meet increased demand. 

Another advantage is  increased o v e r a l l  opera t ing  e f f i c i e n c y  
of  the b o i l e r .  Thus, sma l le r  q u a n t i t i e s  of  cheaper coal can 
y i e l d  the same heat ou tpu t  as more convent iona l  c o a l - f i r e d  
u n i t s ,  reduc ing opera t i ng  cos ts .  

F l u i d i z e d - b e d  combustion has the a d d i t i o n a l  f l e x i b i l i t y  
of  burn ing an assortment of  s o l i d  fue ls ,  i n c l u d i n g  s o l i d  
waste. Coals having a wide range of phys ica l  and chemical 
p r o p e r t i e s  are accep tab le .  Even l o w - q u a l i t y ,  h i g h - s u l f u r  
coals can be burned w i t h o u t  danger of  s l agg ing .  

In order  to rep lace  a convent iona l  b o i l e r  u n i t  w i th  a 
m u l t i - c e l l  f l u i d i z e d - b e d  b o i l e r ,  s p e c i f i c  equipment a d d i t i o n s  
and m o d i f i c a t i o n s  are necessary:  

e The old b o i l e r  must be replaced w i th  FBC modules 

I f  coal was not p r e v i o u s l y  used, coal hand l ing and 
s torage f a c i l i t i e s  must be i n s t a l l e d .  

Coa l - c rush ing  equipment such as hammermi l ls ,  must 
be i n s t a l l e d  to reduce coal to the des i red s ize  
(maximum I / 4  i n . )  

Limestone or do lomi te  sorbent  s torage f a c i l i t i e s  
and t r a n s f e r  equipment such as conveyors must be 
i n s t a l l e d .  

• Crushers are needed f o r  l i m e s t o n e / d o l o m i t e .  

E l e c t r o s t a t i c  p r e c i p i t a t o r s  or o ther  e f f l u e n t  
p a r t i c u l a t e  c o n t r o l s  must be i n s t a l l e d  to remove 
f l y  ash. 

Fuel and so l ven t  feeders are requ i red .  

Combustion and sa fe t y  c o n t r o l s  must be mod i f ied  
or rep laced .  
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Bottom ash c o l l e c t i o n ,  and Spent sorbent  removal 
s t o r a g e / d i s p o s a l  f a c i l i t i e s  are needed. 

An ash r e i n j e c t i o n  system to take the high carbon 
f l y  ash from the p a r t i c u l a t e  c o l l e c t o r  and i n j e c t  
the ash i n t o  the carbon burnup c e l l s  of  the f l u i d i z e d -  
bed b o i l e r s  is necessary.  

The a i r  p reheater  must be m o d i f i e d .  

a o a l / O i l  S l u r r i e s .  Burning c o a l / o i l  s l u r r i e s  in convent iona l  
o i l - f i r e d  b o i l e r s  has been proposed to extend o i l  supp l ies  by 
combining suspended pu l ve r i zed  coal and o i l .  T h i s  techno logy  
is c u r r e n t l y  in the developmental  s tage.  Coal m ix tu res  are 
prepared by f i r s t  p u l v e r i z i n g  coal to 70-95 percent  through 
200 mesh and then mix ing  the coal w i th  No. 6 res idua l  fue l  
o i l .  A d d i t i v e s  are used to ma in ta in  the coal in suspension.  
I t  has been es t imated t h a t  success fu l  imp lementa t ion  o f  coal 
and o i l  m ix tu res  could reduce impor ts  o f  o i l  s i g n i f i c a n t l y ,  
but t h i s  remains open to ques t ion .  

Bene f i t s  o f  us ing c o a l / o i l  m ix tu res  i nc l ude :  

© Extens ion o f  fue l  o i l  supp l ies  

Minimal c a p i t a l  expend i tu re  - can be burned in 
commercial o i l - f i r e d  b o i l e r s .  

m Operat ing cost  sav ings .  

v e r s a t i l i t y  o f  opera t ion  - o i l  alone s t i l l  could 
be burned. 

Minimal bottom ash fo rmat ion ,  meaning reduced 
d isposa l  requ i rements .  

© No s lagg ing .  
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Coal is  unloaded i n t o  the coal s to rage  b in .  I t  is  then 
ground to 70-95 percent  through 200 mesh. The p u l v e r i z e d  
coal  then is  s to red  in a supp ly  hopper and fed by conveyor 
to  a m ix ing  tank .  No. 6 fue l  o i l  from s to rage  is  heated to 
a p p r o x i m a t e l y  IO0°F and pumped to the m ix ing  tank .  An emu l s i -  
f i e r  may be added to keep the coal in suspens ion .  A f t e r  
m i x i n g ,  the fue l  is  conveyed to a s l u r r y  hold tank from the 
p r o p o r t i o n i n g  feeder  tank .  The fue l  m i x tu re  is a p p r o x i m a t e l y  
40 percen t  coal and 60 percent  o i l .  The s l u r r y  is  pumped 
th rough a 300°F s l u r r y  p rehea te r  i n t o  the bu rne rs .  Combustion 
a i r  b lowers supp ly  a i r  f o r  combust ion.  

The coal p u l v e r i z e r  r e q u i r e s  a cyc lone s e p a r a t o r  and 
bag house. The hot f l u e  gas from the combustor r e q u i r e s  
f l y  ash removal .  I t  is  es t ima ted  t ha t  99 percen t  of  the ash 
fed to the b o i l e r  is  d ischarged through the s tack .  There is  
l i t t l e  bot tom ash d e p o s i t i o n .  

To conver t  o i l - f i r e d  u n i t s  to c o a l / o i l  s l u r r i e s  would 
r e q u i r e  e s t a b l i s h m e n t  o f  c o a l - h a n d l i n g ,  s t o r a g e ,  and p repa ra -  
t i o n  ( i n c l u d i n g  p u l v e r i z e r s )  equipment and the fue l  m ix ing  
equipment d iscussed in the process d e s c r i p t i o n .  

I t  i s  i m p r a c t i c a l  to conver t  g a s - f i r e d  u n i t s  to o i l ,  and 
then use the s l u r r y  as a f u e l ,  due to p o t e n t i a l  f u t u r e  shor tages 
o f  o i l .  I t  would be more prudent  to conve r t  the u n i t s  to 
d i r e c t  coal  f i r i n g .  Convers ion o f  gas to o i l / c o a l  s l u r r i e s  
would i nc rease  dependence of  o i l ,  d e f e a t i n g  the o b j e c t i v e  of  
independence f rom o i l  s u p p l i e s .  

Coal Desulfurization, O n - s i t e  removal o f  o rgan i c  and 
p y r i t i c  s u l f u r  is  a p o t e n t i a l  a l t e r n a t i v e  to s tack  gas 
c l e a n i n g ,  use o f  low s u l f u r  c o a l ,  or f l u i d i z e d - b e d  combust ion.  
At t h i s  t ime ,  however, the t echno logy  is at such an e a r l y  
stage o f  development t h a t  i t  is  premature to d iscuss  imp le -  
men ta t i on  s t r a t e g i e s  and impacts .  Cost is an a d d i t i o n a l  
unknown f a c t o r .  
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Summary of Implementation Strategies and Impacts for 
Direct Combustion of Goal. Tables 7 through I0 l i s t  r e q u i r e -  
ments fo r  implementat ion of th6 var ious d i r e c t  combustion 
techno log ies .  Also inc luded are corresponding economic, 
physical ,  or environmental impacts,  r e s u l t i n g  from implementa- 
t i o n .  Genera l l~  coal combustion r e s u l t s  in increased p a r t i c u -  
l a te  and s u l f u r  d iox ide  emissions, increased phys ica l  space 
requi rements ,  cap i t a l  expend i tu res ,  revamping, r e l o c a t i n g  or 
replacement of p ip ing  systems, foundat ions ,  and b u i l d i n g  
s t r u c t u r e s ,  and magni f ied s o l i d  waste p roduc t ion .  

In Table 7 stoker-fired boiler technology is discussed. 
As with al l  other coal technologies, fuel handling and storage 
fac i l i t i es  require space, and potential lyproducewaterandair 
pol lut ion, greater t r a f f i c ,  air pol lut ion, congestion, and so- 
forth. Modifications or adaptation of boilers can increase 
maintenance, retraining of operators, capital expenses, re- 
p]acement of equipment, feed systems, fans, and development of 
ash-handling and disposal equipment. 

P u l v e r i z e d - c o a l - f i r e d  systems b a s i c a l l y  requ i re  s i m i l a r  
types of m o d i f i c a t i o n  and p r o d u c e s i m i l a r  impacts. A d d i t i o n a l l y  
p u l v e r i z i n g  equipment is needed to gr ind the coal to the proper 
p a r t i c l e  s ize .  This increases noise anddus~problems aswelT as 
r e q u i r i n g  add i t i ona l  space and increased con t ro l  measures. 
Improved fue l  combustion e f f i c i e n c y  and reduced ash are two 
advantages of t h i s  system (see Table 8).  

As shown in Table 9, implementat ion of f l u id i zed~bed  
combustion necess i ta tes  complete replacement of the b o i l e r  
system in add i t i on  to t y p i c a l  coal hand l ing ,  s to rag~  and 
prepara t ion  systems. Dolomite hand l ing ,  c rush ing ,  and storage 
equipment is  necessary. Increased p a r t i c u l a t e  emissions 
and s o l i d  waste accumulat ion are the major environmental  
impacts. Su l f u r  d iox ide  leve ls  are min imal ,  thus e l i m i n a t i n g  
the need fo r  s tack -gas -c lean ing  equipment. The techno logy,  
which is  s t i l l  developmental ,  would requ i re  r e t r a i n i n g  of 
operators .  
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TABLE 7. Implementation and Impact of Conversion or Replacement of Oil- or Gas-Fired 
Units to Stokers 

IMPLEMENTATION IMPACT 

A. Evaluate abi l i ty  to convert f ac i l i t y  to coal 

B. Coal handling and storage fac i l i t i es ,  traff iC 

C. Coal crushing equipment and storage fac i l i t i es  

D. Adapt or replace boiler 

I. Replace burner, feed system, etc. 

2. Add or adjust soot blowers and blower 
mechanisms 

3. Replace fans 

4. Revise air feed duct work 

5. Change the spacing and fin placement 

6. Install new foundations, support steel, etc. 

7. Modify or replace combustion and safety 
controls 

E. Ash collection, handling and disposal equipment, 
structural modifications 

F. Add necessary particulate and sulfur oxide 
stack-gas-cleaning equipment 

G. Worker health and safety controls 

H. Train operators 

A. Physical space requirements, adaptability of 
system, avai labi l i ty  of fuel, output requirements 

B. Coal pile runoff, particulate emissions, t ra f f ic  

C. Particulate emissions, noise 

D. Reduced Btu output capacity, i f  converting from 
oil or gas 

I. Increased maintenance due to corrosion and 
erosion of metal surfaces and plugging 
of tubes, grates, etc. 

2. More complex fuel system 

3. Up to 2 years downtime during conversion 
or replacement, and capital expenditures 

4. Increased space requirements for all equipmenl 

E. Increased solid waste, runoff, landf i l l  requiremer 

F. Controls increased particulate and sulfur oxide 
emissions. May result in solid waste or water 
pollution 

G. Particulate, noise pollution, sulfur oxides 

H. More complex operation 



TABLE 8. Implementation and Impacts of Conversion or ReplacemenL of 
O i l -o r  Gas-Fired Units to Pulverized Coal-Fired Units 

IMPI, EMENTATION IMPACTS 

Am 

B. 

C. 

D. 

El 

F. 

G. 

H. 

Evaluate abi l i ty to convert fac i l i t y  to coal 

Coal handling and storage fac i l i t ies  t r a f f i c  

Crushers, pulverizers, and drying equipment, 
storage fac i l i t ies 

Adapt or replace boiler " 

I. Replace burners, feed systems, etc. 
2. Add or adjust soot blowers, blower 
3. Replace fans 

4. Revise air feed duct work 

5. Change tube spacing and f in placement 

6. Install new foundations, support steel, etc. 
7. Modify or replace combustion and safety 

controls 

Ash collection, handling and disposal equipment, 
structural modifications 

Add necessary particulate and sulfur oxide 
stack gas clean~ng equipment 

Worker health and safety controls 
Train operators 

A. Physical space requirements, adaptability of system, 
avai labi l i ty  of fuel, output requirement 

B. Coal pile runoff, particulate emissions, t ra f f ic  
C. Particulate emissions, noise 

D. Reduced Btu output capacity, i f  converting from 
oil or gas 

I .  Increased maintenance due to corrosion and 
erosion of metal surfaces and plugging of 
tubes, grates, etc. 

2. More complex fuel system 

3. Up to two years down-time during conversion 
or replacement, and capital expenditures 

4. Increased space requirements for al l  equipment 

E. Increased solid waste, runoff, landf i l l  requirements 
F. Controls increased particulate and sulfur oxide 

emissions. May result in increased solid waste or 
water pollution 

G. Particulate, noise pollution, sulfur oxide 
H. More complex operation 



TABLE 9. Implementation and Impact of Conversion or Replacement of O i l -  
or Gas-Fired Uni ts  to Fluidized~Bed Bo i l e r  

O0 

A. Evaluate ab i l i t y  to convert f ac i l i t y  to 
coal 

B. Coal handling and storage fac i l i t i es  coal 

C. Crushers, storage fac i l i t ies  

D. Replace boiler 

E. Sorbent handling and storage fac i l i t i es ,  
crushers, feeders, etc. 

F. Install ash reinjection system 

G. Replace combustion and safety controls 

H. Ash and spent sorbent handling and 
disposal fac i l i t i es  

I. Add necessary particulate stack gas 
cleaning equipment 

J. Worker health and safety controls 

K. Train operators 

A. Physical space requirements, adaptability of 
system, ava i lab i l i ty  of feed, output requirements 

B. Coal pi le runoff, particulate emissions, t ra f f ic  

C. Particulate emissions, noise 

D. High capital expenditures 

E. Particulate emissions, noise 

F. No major impact other than expenditures 

G. No major impact other than expenditures 

H. Increased solid waste, runoff, landf i l l  
requirements 

I. Control particulate emission. May result in 
increased solid waste or water pollution 

J. Reduced noise, particulate matter 

K. More complex operation, new technology 



TABLE I0. Implementation and Impact of Conversion or Replacement 
of O i l -  or Gas,Fired Units to Coal /Oi l  S lu r ry  

A. 

B. 

C. 

D. 

Eo 

F. 

G. 

IMPLEMENTATION 

Evaluate .ability to convert oil fac i l i t y  
to coal/oil slurry 

Coal handling and storage fac i l i t ies,  
t raf f ic 

Coal crushers, pulverizers, storage and 
• feed systems 

Coal/oil mixing systems including tanks 
and feed lines 

Burner modi f i  cati ons 

Ash handling and disposal equipment 

Add necessary particulate and sulfur 
.oxide, cleaning equipment 

H. Worker health and safety controls 

I. Train operators 

A. 

B. 

CQ 

D. 

E. 

F. 

G. 

H. 

I. 

IMPACTS 

Physical space requirements, adaptabil ity 
of system, avai lab i l i ty  of feed, output 
requirements 

Coal pile runoff, particulate emissions, 
t ra f f ic  

Particulates emissions, noise 

No major impacts known except expenditures 

Occas,~onal clogging of burners 

Increased solid waste, runoff, landf i l l  
requirements 

Controls increase sulfur oxide and particulate 
emissions,, which may result inincreased solid 
waste or water pollution 

Reduced noise, sulfur oxides, particulate 
matter 

More complex operation 



C o a l / o i l  s l u r r y  techno logy ,  also under development,  
s i m i l a r l y  requ i res  coal hand l ing ,  s to rage ,  and p repara t i on  
f a c i l i t i e s .  Conversion of  o i l - f i r e d  systems, the un i t s  which 
can be p r a c t i c a l l y  conver ted ,  requ i res  burner m o d i f i c a t i o n s ,  
c o a l / o i l  mix ing systems, and a d d i t i o n a l  s o l i d  waste con t ro l  
and d isposa l  equipment (Table 34). 

Coa l -Der ived Gas. Systems fo r  r ep lac ing  na tu ra l  gas and o i l  
w i th  s y n t h e t i c  gas der ived from coal have been descr ibed 
p r e v i o u s l y .  Of those p o t e n t i a l l y  app l i cab le  to m i l i t a r y  needs, 
only  the Koppers-Totzek and Lurgi  processes f o r  low-Btu gas 
have been commerc ia l l y  proven. Lurgi  h igh-Btu  gas p roduc t ion  
is expected to be commer ica l l y  demonstrated in the near f u t u r e ,  
and HYGAS and C02 Accep to r ,  under development,  are p o t e n t i a l  
second-genera t ion  systems. 

Commercially Available Processes. Only low- and medium- 
Btu g a s i f i c a t i o n  systems have been commerc ia l l y  e s t a b l i s h e d .  
Any convers ion to gas from coal in the immediate f u t u r e  w i l l  
n e c e s s a r i l y  be based on low-Btu techno logy .  Two systems 
p r e v i o u s l y  i d e n t i f i e d  as compat ib le  w i th  Army i n s t a l l a t i o n  
needs are Koppers-Totzek and Lu rg i .  Koppers-Totzek has the 
advantage of  ope ra t i ng  at s u f f i c i e n t l y  high temperatures to 
avoid fo rma t ion  o f  s i g n i f i c a n t  amounts of  t a r  and o i l .  
Lurg i  has the advantage of  opera t ing  on a i r  f o r  low-Btu gas 
p roduc t i on .  

Implementa t ion  o f  e i t h e r  o f  these systems to rep lace 
na tu ra l  gas and o i l  w i l l  r equ i re  changes in e x i s t i n g  equipment 
and ope ra t i ons .  S u b s t i t u t i o n  of  low- or medium-Btu gas w i l l  
impact the end-use equipment as wel l  as r e q u i r i n g  i n s t a l l a t i o n  
of  the gas-produc ing system. Conversion to c o a l - d e r i v e d g a s  
f o r  fue l  w i l l  r equ i re  eva lua t i on  of  many f a c t o r s .  These 
w i l l  i nc lude  s e l e c t i o n  o f  the app rop r i a te  process,  design 
and i n s t a l l a t i o n  of  the system, m o d i f i c a t i o n  of  e x i s t i n g  
equipment,  u t i l i z a t i o n  o f  the system, and p o t e n t i a l  f u t u r e  
a l t e r a t i o n s  to the system. 

In s e l e c t i n g  the most app rop r i a te  system fo r  a given 
f a c i l i t y ,  both t e c h n i c a l  and economic f a c t o r s  must be i d e n t i f i e d .  
For gas from coa l ,  i tems of  major c o n s i d e r a t i o n  w i l l  inc lude 
the gas heat ing value and compos i t i on ,  process comp lex i t y ,  
coa l ,  wa te r ,  and o ther  resource requ i rements ,  and c a p i t a l  
and opera t ing  costs assoc ia ted  w i th  the system. Table I I  
l i s t s  the major t echn i ca l  f a c t o r s  fo r  Koppers-Totzek and 
Lurgi  as app l ied  to la rge and medium Army f a c i l i t i e s .  Inc luded 
in these comp i l a t i ons  are g a s i f i e r  c o n d i t i o n s ,  es t imates  of 
the number and s ize  of  g a s i f i e r s  requ i red  fo r  each system, 
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TABLE I I .  Technical Factors, Low-Btu Gasification 

(31 

TECHIIICAL FACTORS 

Prnduct Gas }{eating Value 

Gas Components" (Vol. %) 

Processing Steps 

Gaslfier Conditions 

Overall Thermal Efflclency 

Steam to Gasifler 

Air/Oxygen 

Coal Required, Peak Itonth, 
Tons Per Day 

Large Instal. 5xlO 12 Btu/yr 

Hedium Instal. 5x]o 11 Btu/yr 

Gasifier Required 
K-T= 400 TPD and 800 TPD 
Lurgt: Coal 0300 l b / h r - f t  ~, 

6 ' ,9 ' ,  and 121 diam. 

Large I .s ta l .  5xlO 12 gtu/yr 

Fledium Insta l ,  GxlO 11 Btu/yr 

KOPPERS-TOTZEK 

300 Dtu/SCF 

CH4 0.I 
G2 32,6 
CO 60,g 
CO 2 6.2 

Coal Drying end Pulverizing 
Oxygen Generation, Steam Generation 
Gasification, Waste Heat Recovery 
Quench 
Sulfur Removal and Recovery 
Gas Coollng and Compression 
Slag quench and Dtsposal 
Slag quench Water Treatment 

2700°F, 1 arm. 

55 to 70% 

0.18 lb H2O/lb Coal 

0,68 lb O2/lb Coal 

Lignite Subbttumtnous 
8000 Dtu/lh lOOOO Btu/lb 

1850 1490 

185 149 

Bituminous 
12000 Btu/lh 

1240 

124 

20800 TPD 
10400 TPg 

NA 

20000 TPD 

tlA 

lOBOQ TPD 
10400 TPD 

NA 

LURGI 

230 ~tu/SCF 

CH4 11.2 
R2 5.0 
CO 19,5 
CO 2 29.0 

Coal Drying and Crushing 
Steam Generation, Air Compression 
Gasification, Waste Heat Recovery 
quench 
Sulfur Removal and Recovery 
Gas Cooltng~ Pressure Reduction 
Ash Quench and Disposal 
Ash Quench and Gas Quench Water 

Treatment 

IlOO°F to 140O°F, 285 psia 

70 to 75% 

0,60 lb H20/lb Coal 

1.4 lb A i r / l b  Coal 

Lignite Subbltumlnous Bituminous 
80OO Btullb lOOOO Btu/lb " 12000 Btu/lb 

1385 lISO 

139 l ib 173 

6' dlam 18 14 12 
9' dlam 8 6 5 

12' dlam 5 4 3 

G' dlam 2 2 2 
9 ' dlam fiA flA rlA 

12' dlam RA NA HA 

rlOTE: 

The capacity of a single Koppers-Tetzek Unit exceeds the capacity 
requirements fo r  medium-sized Army ins ta l la t ions  



and est imated o v e r a l l  thermal e f f i c i e n c y .  Q u a n t i t i e s  of  
coal and g a s i f i e r  s ize  and number have been es t imated fo r  
" t y p i c a l "  l i g n i t e ,  subb i tuminous ,  and b i tuminous coal 
heat ing  va lues.  

In addition to direct process factors, conversion to 
low-Btu gas from coal w i l l  require numerous anc i l la ry  systems 
and equipment. Table 12 presents a l i s t i ng  of major factors 
in this category. Lurgi and Koppers-Totzek both require coal 
receiving and preparation f a c i l i t i e s .  An oxygen plant w i l l  
be required for Koppers-Totzek. Water and wastewater treatment 
systems w i l l  be needed, with Lurgi requiring somewhat more 
extensive wastewater treatment. Solid waste disposal f a c i l i t i e s  
or contract removal by private waste disposal contractors 
also are necessary. Cooling water is needed in both systems. 
Cooling towers may be an additional requirement. 

Conversion to low- or medium-Btu gas w i l l  e n t a i l  m o d i f i c a -  
t i o n s  to e x i s t i n g  equipment. Natura l  gas has a heat ing  value 
on the order  of  I000 Btu/SCF wh i l e  the low- or medium-Btu 
replacements considered here have 200 to 500 Btu/SCF. Thus 
two to f i v e  t imes low- or medium-Btu gas is requ i red  f o r  the 
same t o t a l  heat re lease .  

E x i s t i n g  g a s - f i r e d  equipment w i l l  r equ i re  m o d i f i c a t i o n s  
to or replacement of the burners to permit combustion of the 
greater volume of fuel .  Under some conditions, stack modifi- 
cations also may be required. Local gas d is t r ibu t ion  systems 
generally operate at pressures of lO psi or less. In order 
to achieve the higher flow rates needed to compensate for 
the reduced heating value, higher pressures may be necessary. 
Depending upon the individual d is t r ibu t ion  system capab i l i t i es ,  
this may lead to the replacement of part or a l l  of the 
piping, pressure reducers, valves, gauges, and contro l lers .  

O i l - f i r e d  equipment w i l l  r equ i r e  burner m o d i f i c a t i o n  or 
replacement and, in a d d i t i o n ,  w i l l  r equ i r e  i n s t a l l a t i o n  of 
gas mains to the s i t e .  Coa l -burn ing  fu rnaces ,  i f  converted 
to gas, w i l l  r equ i re  ex tens ive  m o d i f i c a t i o n .  A l t e r n a t i v e l y ,  
i t  may be more p r a c t i c a l  to r e t a i n  c o a l - ~ i r e d  equipment 
unchanged. Table 13 l i s t s  a c t i v i t i e s  necessary to conver t  
e x i s t i n g  equipment to low- or medium-Btu gas. 

Operat ion of  the system and u t i l i z a t i o n  of the fue l  gas 
c o n s t i t u t e  another  ca tegory  of f a c t o r s  to be considered in 
implement ing low-Btu gas from coa l .  Table 14 i d e n t i f i e s  
major i tems of the c l ass .  
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TABLE 12. _P.roc.ess Fa_ctors, Low-Btu Gas i f ica t ion 

GASIFICATION INSTALLATION 

Coal Receiving and Storage 

Coal Preparation 

Gasifier System 

Water and Wastewater 
Facilit ies 

Solid Waste Facil it ies 

Air Pollution Control 
Facil i t ies 

Ut i l i t ies  

Koppecs-~o~zek, 

Rail, Barge or Truck Delivery 

Open Storage, 30-90 days, Acres 
or Silo storage 

Stockpile feed and reclaim 

Coal crushed, dried, and 
ground to 70% 200 mesh 

Oust control equipment 

Ent.rained bed, oxygen fired, 
slagging operation 

Requires oxygen plant 

Low pressure operation, farm. 

Gas requires quench, particulate 
removal, sulfur removal, cooling, 
and compression 

Low pressure steam to gasifier 
requires minimal boiler feed- 
water treatment 

quench water contains only 
particulates, essential ly no 
organics. Slag quench water 
contains only slag. 

Slag (non-leaching), sulfur 

Required for particulate and 
sulfur removal 

Steam required, low pressure 

Oxygen required 

Cooling water 

Rail, Barge or Truck Delivery 

Open Storage, 30-90 days, Acre 
or si lo storage 

Stockpile feed and reclaim 

Coal is dried and crushed 
to 1 3/4 x 3/16 

Caking coals are pretreated 

Fixed bed, air fired 

Pressurized system, 15-20 arm. 

Gas requires quench, tar and 
oil  removal, sulfur removal, 
cooling 

Moderate to high pressure 
steam to gasifier may. 
require high amount of 
boiler feedwater treatment 

Quench.water contains tars an 
and oi ls,  particulates. Ash 
quench water conta ins  ash and 
unburned coal .  

Ash (leachabie), sulfur 

Required for particulate and 
sulfur removal 

Steam required, moderate to 
high pressure 

High pressure, air required 

Coo l i ng  water 
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TABLE 13. Equipment Modifications~ Low-Btu Gasificatio~ 

crl 

Distribution System 

Gas-Fired Equipment 

Oil-Fired Equipment 

Coal--Fired Equipment 

Koppers-Totzek 

To del iver same heating value 
per unit volume, pressure must 
be increased by factor of 3,3. 

Approximately 3.3 times the 
volume at ST&P required for 
same heat release 

Existing dist r ibut ion system 
may require modification to 
operate at higher pressure 
and flow rate 

Where no gas dist r ibut ion 
system exists,  construction 
w i l l  be required 

To deliver same heating value 
per unit volume pressure must 
be increased by factor of 5.6. 

Approximately 5.6 times the 
volume at ST&P required for 
same heat release 

Existing d is t r ibut ion system 
may require modification to 
operate at higher pressure 
and flow rate 

Where no gas d is t r ibut ion 
system exists,  construction 
w i l l  be required 

Burner modification w i l l  be 
required to accomodate the 
increased gas volume 

Control system modification 
may be needed 

Stack modification may be 
required 
Boiler derating is l i ke l y  

Burner modification w i l l  be 
required to accomodate the 
increased gas volume 

Control system modification 
may be needed 

Stack modification may be 
required 
Boiler derating is l i ke l y  

Burner replacment or modifi- 
cation needed 

Control system modification 
required 

Structural changes to firebox 
necessary in some cases 

Combustion a i r  system and 
stack modifications required 

Burner replacement or modifi- 
cation needed 

Control system modification 
required 

Structural changes to firebox 
necessary in some cases 

Combustion a i r  system and 
stack modifications required 

Coal f i red equipment either 
w i l l  be retained as is or w i l l  
require extensive modification 
or replacement 

Coal f i red equipment either 
w i l l  be retained as is or w l l l  
require extensive modiflcation 
or replacement 



TABLE 14. Utilization Factors, Low-Btu Gasification 

Utilizatlon.Factors 

Safety Considerations 

Operational Factors 

Pollution Controls 

Koppers-Totzek 

Fuel gas contains 60% CO, 
Not acceptable for domestic use, 
May not be acceptable for use 
in areas devoted to personnel 
activit ies. Can be used in 
isolated boiler to generate steam 
and hot water. 

Gas must be pressurized, may need 
to be dried. Larger volume re- 
quired for sam~ heat release. 
Gasifier(s) must operate contin- 
uously due to impracticabity of gas 
storage. Requires Oxygen plant. 

Trained operators required. 
Total of approximately 4 to 5 men 
required per shift, plus l shift 
per day coal preparation 

Suitable only for completely centra- 
lized operation, large scale fac i l i ty .  

Conversion of system to produce high- 
Btu gas not attractive due to low 
~ethane content of gas. 

Can operate on any coal, does not 
require long term guaranteed supply 

High temperature operation mini- 
mized formation of tars, oils and 
other organics. Mineral matter 
is converted to Slag. Waste water 
treatment consists mainly of solids 
removal via settling and thicken- 
ing. Slag is essentially non- 
leaching. Annonia may be present- 
ing gas quench water stream but 
at low levels. 

H2S and sulfur compounds are re- 
moved from gas stream. Sulfur 
recovery is required. Sulfur 
wi l l  be produced in proportion to 
the amount in the incoming coal. 
Most practiced method is to pro- 
duce elemental sulfur. 

Solid wastes are slag and elemental 
sulfur. Both are inert. Slag can 
be disposed of in landf i l l .  Sulfur 
may have market value or can be dis- 
posed of in landf i l l .  

Coal storage, handling, and prepar- 
ation may require controls. Open 
storage may prouuce runoff which 
must be impounded, settled, and in 
some cases treated. Silo storage 
avoids this. Handling, stGrage and 
crushing operatioins, produce dust, 
and particulates which must be con- 
trolled to prevent release. 
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Lur_~ 
Fuel gas contains 20% CO. 
Not acceptable for domestic use, 
May not be acceptable for use 
in areas devoted to personnel 
activit ies. Can be used in 
isolated boiler to generate steam 
and hot water. 

Gas generated at high pressure, 
must be reduced in pressure for 
distribution, may need to be dried. 
8asifiers must operate continuously 
due to impracticablity of gas stoTage, 
may operate with one unit under mn- 
imum load. Uses air'a~ oxidizer. 

Trained operators required. Total 
of approximately 5 men required per 
shift ,  plus l shift  per day coal 
preparation. 

May be used in centralized or decen- 
tralized configuration in large scale 
faci l i ty .  Centralized is preferable. 
For medium scale fac i l i ty  only cen- 
tralized operation appears feasible. 

Conversion of system to produce high- 
Btu gas is feasible. Methane content 
is fa i r ly  high. Would require addi- 
tional gasifiers, oxygen plant, CO 
shift  reactor, CO removed, and 
Methanatron reactor. Additional coal 
would be needed as well. 

Generally restricted to non-caking 
coals unless pretreat~nent can be 
used. Must have long-te~ supply 
of coal with specific properties. 

Gas exit temperature favors formations 
of tars, oils and other organics. 
A~nonia may be formed in significant 
quanties. Mineral matter exists as 
ash to ash quench. Gas exits to gas 
quench. Ash quench water wi l l  con- 
tain suspended solids and dissolved 
solids both requires treatment. Gas 
quench water wi l l  require extensive 
trea~ent to remove organics, oi ls, 
tars, and ammonia. Disposal of tars, 
oils and organics by recycle to gasi- 
f ie f  or by in cineretion is required. 
Recovery of an~nonia from water and 
subsequent incineration may be needed. 

H 2 S and sulfur Compounds are removed 
from gas stream. Sulfur recovery is 
required. Sulfur wi l l  he produced in 
proportion to the amount in the in- 
coming coal. Most practlcal m~thod 
is to produce elemental sulfur, 

Solid wastes are ash and elemental 
sulfur. Sulfur is inert and disposal 
by landfi l l  or marketing is possible. 
Ash may leach, with require sealed 
landf i l l  disposal site. 

Coal storage, handling and preparation 
may require controls. Open storage may 
produce runoff which must be impounded 
settled, and in some cases treated. 
Silo storage avoids this. Handling, 
storage and crushing operations, 
produce dust and particulates which 
must be controlled to prevent release. 



One key l im i ta t ion  to complete conversion to low- or 
medium-Btu gas is the presence of carbon monoxide in the fuel. 
This discourages i ts  introduction into heating systems 
associated with personnel ac t i v i t i es .  The tox ic i t y  of carbon 
monoxide res t r ic ts  application gas to large attended units, 
physically separated from occupied f a c i l i t i e s .  Thus a dual 
gas system is necessary at Army insta l la t ions which u t i l i ze  
natural gas for heating individual dwellings, barracks, And 
other personnel buildings. 

Specially trained operators w i l l  be needed for either 
of the systems considered. Coal preparation w i l l  require 
one operator, nominally one sh i f t  per day. The operation of 
the gasi f iers,  subsequent processing t ra in ,  and various 
supporting systems w i l l  involve four men per sh i f t  with 
Koppers-Totzek and five men per sh i f t  with Lurgi. I t  should 
be noted that no reduction of boi ler operators w i l l  occur, 
since the gas w i l l  simply replace natural gas and oi l  in 
existing furnaces. 

Coal type requirements impose an additional considera- 
t ion. Koppers-Totzek reportedly can operate with any coal. 
Thus, suppliers can be varied to achieve optimal price, 
del ivery, and qual i ty to meet changing situations in the 
future. Lurgi has more stringent coal requirements and with 
this system i t  w i l l  be necessary either to assure long term 
coal supplies or to have alternative equivalent sources 
available. 

Pollution controls and environmental considerations 
d i f f e r  for the two systems. Both require sulfur recovery 
units. Lurgi requires more extensive wastewater treatment 
than Koppers-Totzek. Both systems w i l l  require a water 
supply with Koppers-Totzek reportedly using less water. 
Cooling towers may be needed to l im i t  thermal discharges. 
Final ly ,  noise levels associated with solids handling may 
require control. 

Impacts result ing from substitution of low- or medium-Btu 
gas from coal for natural gas and oi l  are both favorable and 
unfavorable. Favorable impacts include the elimination of 
multiple fuels (coal, o i l ,  and gas) for steam generation at those 
Army f a c i l i t i e s  which use more than one fuel. Reliance upon 
natural gas is reduced, thus reducing the poss ib i l i t y  of cu r ta i l -  
ment and price increases. Simi lar ly,  o i l  consumption is reduced 
and oi l  storage f a c i l i t i e s  can be eliminated, and the chances of 
price increases or interruption of oi l  supplies are reduced. 
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Unfavorab le  impacts r e s u l t  l a r g e l y  from the comp lex i t y  o f  
the g a s i f i c a t i o n  system and from the need to process s o l i d  fue l  
con ta i n i ng  s i g n i f i c a n t  l eve l s  of  i m p u r i t i e s .  A d d i t i o n a l  un- 
f avo rab le  impacts r e s u l t  from the d i f f e r e n c e s  between low- or 
medium-Btu and h igh-B tu  gas. These d i f f e r e n c e s ,  the lower 
heat ing  va lue ,  and the CO con ten t  l i m i t  low- and medium-Btu 
a p p l i c a t i o n s  to s p e c i f i c  b o i l e r s  and may r e s u l t  in dual d i s t r i -  
bu t ion  systems where na tu ra l  gas is e x t e n s i v e l y  used. 

Tables 15, 16, and 17 i d e n t i f y  economic, o p e r a t i o n a l ,  and 
p r o c e s s - r e l a t e d  impacts which w i l l  be assoc ia ted  w i th  convers ion 
from na tu ra l  gas and o i l  to c o a l - d e r i v e d  low- and medium-Btu 
gas. I t  can be seen t h a t  in many cases, imp lementa t ion  and 
impacts are e i t h e r  i d e n t i c a l  or are c l o s e l y  r e l a t e d .  

Developmental Processes (High-Btu). All high-Btu coal 
gasif icat ion processes must be considered developmental at 
this time. While there are plans for several commercial 
high-Btu gasif ication plants based on Lurgi technology, 
these f a c i l i t i e s  have been repea ted l y  delayed by permi t  
problems and env i ronmenta l  c o n s i d e r a t i o n s .  El Paso Natura l  
Gas and Transco P i p e l i n e  have both committed ex tens i ve  
p lann ing ,  des ign,  t ime :  and o ther  resources to complexes to 
be loca ted  in New Mexico and to serve West Coast marke t  
areas.  Even under  the best  o f  c o n d i t i o n s ,  these f a c i l i t i e s  
stand l i t t l e  chance o f  being in p roduc t ion  dur ing  the seven t i es .  

Lurg i  t echno logy ,  however, does appear to be the most 
a v a i l a b l e  f o r  near - te rm h igh -B tu  gas p roduc t i on .  I t  w i l l  be 
necessary ,  o f  course,  to  use oxygen ins tead  o f  a i r  and to 
i nc lude  CO s h i f t  and methanat ion un i t s  in the system. One 
added advantage o f  Lurg i  is  the p o t e n t i a l  a b i l i t y  to conver t  
a low-Btu  system, i n s t a l l e d  in the immediate f u t u r e ,  to 
h igh -B tu  s e r v i c e  l a t e r .  This would e s s e n t i a l l y  i nvo l ve  the 
a d d i t i o n  o f  the un i t s  p r e v i o u s l y  ment ioned,  but a l lowance 
f o r  t h i s  f u t u r e  change could be made in the i n i t i a l  i n s t a l l a t i o n .  
While t h i s  would requ i re  mod i f y ing  e x i s t i n g  equipment to 
burn low-Btu gas fo l l owed  by a second m o d i f i c a t i o n  to h igh-  
Btu gas ope ra t i on  ( in  the case of  o r i g i n a l l y  n a t u r a l - g a s -  
f i red equipment, this is a reco~.version to o-rigi-n.a-I ~tate), 
i t  is possible that the advantages gained from an early 
switch away from natural gas and oi l  could outweigh the dis- 

$ 
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TABLE 15. Economic Impacts~ Low-Btu Gasi f icat ion 

O0 

Gasif icat ion Plant - Large capi ta l  expenditure required. Expected 
plant l i f e  must be 20 years or more to j u s t i f y  i n s t a l l a t i o n .  

Supporting F a c i l i t i e s  - Exist ing water supply may need to be increased. 
Exist ing wastewater treatment may require expansion or separate 
treatment plant may be required. Koppers-Totzek w i l l  require 
oxygen plant.  Coa l  storage~and preparation plant w i l l  be 
needed. Solid waste disposal area or contract hauling of 
sol id wastes are required. 

Operating Costs - Coal, water, and oxygen or a i r  are required. Five 
to six operators per s h i f t  are needed as well as supervisory 
personnel. Maintenance, u t i l i t i e s ,  and insurance costs w i l l  
add to gas cost. 

Low-Btu Gas Costs - The cost per m i l l i o n  Btu of low-Btu gas is greater 
than the present cost of natural gas and o i l .  Future price increases 
could s h i f t  th is  s i t u a t i o n ,  making low-Btu gas more economically 
a t t r ac t i ve .  In the event of cur ta i led  supplies of natural gas and 
o i l ,  cost may not be a fac to r .  

Other Costs - Modi f icat ions to ex is t ing gas, o i l ,  and c o a l - f i r e d  equipment 
and to gas d i s t r i b u t i o n  systems w i l l  be an i nd i rec t  cost resul t ing 
from use of low-Btu gas. Where gas is used in personnel-occupied 
bui ld ings,  the need to reta in  natural gas for these services w i l l  
impose the addi t ional  cost of operating separate d i s t r i b u t i o n  systems. 
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TABLE 16. Operational Impacts, Low-Btu Gasification 

L. 
LD 

Natural Gas-Fired Equipment - Equipment operating on natural  gas w i l l  require as a minimum burner 
modi f ica t ions ,  Control system changes and a l t e ra t i on  to the stack ma'yalso be needed. Aside 
from the i n i t i a l  changes no s i g n i f i c a n t  permanent impacts are l i k e l y ,  

Oi l~Fired Equipment - O i l - f i r e d  equipment w i l l  require replacement of the burners, and probable 
changes in control  and stack systems. No s i g n i f i c a n t  permanent impacts are l i k e l y .  

Coal Fired Equipment - Major modi f icat ions w i l l  be needed fo r  coal f i r ed  equipment to permit 
operation on low-Btu gas, Under many sets of cond i t ions ,  re ten t ion  of the coal f i r ed  
equipment unchanged may be the best opt ion, 

Resident ia l /Personnel Units - Due to the CO content of the low-Btu gas conversion of these uni ts 
does not appear feas ib le ,  Whether o i l  or natural gas f i r e d  they w i l l  be retained i n t ac t ,  

Dist r ibut ion System - Where natural gas is currently not in use, i ns ta l l a t i on  of a gas d is t r ibu t ion  
system w i l l  be necessary. I f  an exist ing system can be adapted to the higher gas volume/ 
pressure i t  may be used, otherwise, modification or replacement w i l l  be indicated. For systems 
serving residential/personnel uni ts,  that portion associated with the personnel buildings must 
be isolated from the low-Btu gas and retained on natural gas. 

Personnel - No reduction of operating personnel w i l l  occur because a l l  converted boilers w i l l  s t i l l  
require operators. Additional personnel.wil l be needed to operate the gasi f icat ion system and 
support f a c i l i t i e s .  

Regulatory Considerations - No Federal regulations have been proposed by the Environmental Protection 
Agency for Coal d is t r ibut ion plants as of December 31, 1976. State and other local res t r ic t ions 
on discharges from coal', o i l ,  and gas f ired equipment may apply in individual cases. In most 
instances mi l i t a ry  boi ler  units w i l l  be below the size covered by EPA regulations. Wastewater 
discharges and sol id waste disposal practices w i l l  be subject to state regulations. 

Health and safety regulations, including noise, are covered by OSHA. 



T.ABLE 17. Process Related Impacts, Low-Btu Gasification 

o 

Coal Storage, Handling and Preparation - Receiving f a c i l i t i e s  adequate to handle code del iver ies of up to 
2000 TPD for the large case and 200 TPD for the medium case are required. Coal storage for 30 to 90 
days supply w i l l  occupy 2 to 4 acres of open storage. Coal preparation w i l l  include crushing and 
drying and may include pulverizing. 

Land Requirements - Plant land requirements w i l l  be approximately 3 to 5 acres, exclusive of coal storage. 

Energy Consumption - Gasif icat ion processes considered range from 70 to 75 percent maximum overal l  thermal 
e f f ic iency.  Thus i f  bo i le r  e f f ic lenc ies  are normally 70 to 80 percent for steam generation, the coal 
u t i l i z a t i o n  ef f ic iency w i l l  range from 50 to 60 percent when converted to low-Btu gas, assuming optimal 
gasi f icat ion e f f ic iency.  

Solids Disposal - Disposal of ash (Lurgi) or slag (Koppers-Totzek) ranging from 120 to 450 TPD for the large 
case and from 12 to 45 TPD for the medium case w l l l  be required. This w i l l  involve establ ishing an 
approved l a n d f i l l  s i te  to the f a c i l i t y  grounds i f  the disposal is handled by the i n s t a l l a t i o n .  The 
a l ternat ive is contract disposal by local hauling f i rm to approved l a n d f i l l s .  Sulfur w i l l  also be produced 
in elemental form, ranging from 20 to 40 TPD for the large case to 2 to 4 TPD for the medium case. While 
su l fur  has potential market value, acutal disposal of su l fur  as a saleable commodity w i l l  depend upon the 
speci f ic s i tuat ion and w i l l  require indiv idual  evaluation. Since elemental sul fur  is i ne r t ,  l a n d f i l l  
disposal or stockpi l ing w i l l  present no problems other than s i te  selection. 

Wastewater Treatment - Koppers-Totzek wastewater used for slag quench and transport w i l l  contain suspended solids. 
Slag should in most cases be unleachable presenting l i t t l e  problem wlth dissolved sol ids.  Setting and recycle 
of this water appear feasible.  Gas quench water from Koppers-Totzek may contain traces or organics and small 
quanti t ies of ammonia and sul f ide.  The l a t t e r  may require str ipping and subsequent treatment or incineration 
Organics in trace amounts may be compatible with exist ing wastewater treatment; however, recycle of the water 
or reuse in the system should be considered. 

Ash quench water from Lurgi w i l l  have both suspended and dissolved sol ids. Recycle af ter  se t t l i ng  and ultimate 
disposal in f ina l  evaporation ponds appears to be the most feasible disposal method. Gas quench water w i l l  
contain s ign i f i can t  quant i t ies of organics tars and o i ls  and ammonia as well as sul f ides.  I t  w i l l  be necessary 
to t reat  this water in a system dedicated to the Lurgi operation before f ina l  discharge or reuse. 

Atmospheric Emission - Coal storage, handling, and preparation w l l l  a l l  produce dust, and control of part iculate 
emissions w i l l  be needed. In addition open storage of coal exposes i t  to the action of a i r  and water, and 
runoff from the coal storage area w i l l  require impounding and treatment i f  i t  is of s ign i f i can t  quanti t ies. 

Various vents in the system, i f  of s i gn i f i can t  magnitude, may require controls. As an example, t a i l  gas from 
sul fur  recovery units contain $02 and i f  these are excessive w i l l  require control such as scrubbing of the $02 
or recycle to the system. 

Organics removed from quench water w111 requlre d isposal .  Three methods may be used: recycle to the gas i f i e r  
with feed coal; Inclnerat ion to C02 and H20; and contract dlsposal. Ammonia stripped from the wastewater 
can, l f  present in small quant l t ies,  be dispersed to the atmosphere. I f  quantit ies are too large for ef fect ive 
dispersal,  incinerat ion to N2 and H20 is possible but requires controls to avoid formation of NOx. Ammonia 
may have marketable value, but this is doubtful. 



advantage of  a second l a t e r  mod i f i ca t i on  to s y n t h e t i c  high- 
Btu gas. 

A l l  other h igh-Btu g a s i f i c a t i o n  processes must be con- 
sidered second generat ion and commercial app l i ca t i ons  of  these 
are f u r t h e r  in the fu tu re  than Lurg i .  The four  pr imary h igh-  
Btu processes have been i d e n t i f i e d  as Synthane, BIGAS, CO 2 
Acceptor,  and HYGAS. Other processes are under development but 
are at too ear ly  a stage to warrant cons idera t ion .  P i l o t  p lants  
have been b u i l t  f o r  a l l  four  of the processes named. Success- 
fu l  operat ion has been achieved fo r  the C02 Acceptor and HYGAS 
p i l o t  p lan ts .  The Synthane p i l o t  p lant  has recen t l y  begun 
operat ion and BIGAS is approaching the operat ional  stage. 

Lurgi h igh-Btu al ready has been i d e n t i f i e d  as a p o t e n t i a l l y  
app l i cab le  technology f o r  Army use. Se lec t ion of any of  the 
second-generat ion processes must be considered a r b i t r a r y  at t h i s  
t ime. C02 Acceptor has been selected on the basis of  having 
been success fu l l y  p i l o t e d ,  not requ i r i ng  oxygen, and a c c e p t i n g  
most coals,  and HYGAS is in t h i s  category a lso.  

The three cases considered are Lurgi h igh-Btu ,  convers ion 
of p rev ious ly  i n s t a l l e d  Lurgi low-Btu to h igh-Btu ,  and CO 2 
Acceptor.  Because the two Lurgi-based systems have more 
immediate r e a l i z a t i o n  p o t e n t i a l ,  these w i l l  be considered 
together .  The second-generat ion system w i l l  be t rea ted  
separa te ly .  

Factors warrant ing cons idera t ion  in implementing a con- 
version to coa l -der i ved  high-Btu gas using Lurgi technology 
are l i s t e d  in Tables 18, 19, 20, and 21. Except fo r  the need 
fo r  oxygen, CO s h i f t ,  and methanat ion, the Lurgi h igh-Btu 
process w i l l  requ i re  changes almost i d e n t i c a l  to those needed 
fo r  the Lurgi low-Btu systems. (Compare these tabu la t i ons  
wi th Tables 11-14 fo r  Lurgi  low-Btu gas). The major d i f f e rences  
r e s u l t  from the lower overa l l  thermal e f f i c i e n c y  of h igh-Btu 
g a s i f i c a t i o n  which increases by approx imate ly  17 percent the 
amount of coal to be processed. This in turn increases the 
requi red capac i t ies  of most of the equipment and the t o t a l  
number of g a s i f i e r s  needed. Capi ta l  costs are higher due to 
both the add i t i ona l  processing steps and the increased coal-  
handl ing c a p a c i t y .  Conversion of o i l -  a n d c o a l . f i r e d  equipment 
to  use h igh-Btu  gas w i l l  a lso  be s i m i l ~ r  to  the Lurg i  low~ 
Btu case. 
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TABLE 18. Technical Factors in High-Btu Gasification 

Lurgi Hlgh-Btu Conversion of Lurgi Low-Btu to HiBh-Btu 

Processing Steps Coal drying and crushing 
Oxygen Generation, Steam Generation 
Gasification, Waste Heat Recovery 
Quench 
CO Shift 
Sulfur Removal and Recovery 
Methanation 
Gas Cooling, Pressure Reduction 
Ash Quench and Disposal 
Ash Quench and Gas Quench 
Water Treatment 

Oxygen Generation 
CO Shift 
Methanation 

Gasifier Conditions 

Overall Thermal Efficiency 

Steam to Gasifier 

Oxygen 

Coal Required, Peak Month 
Tons per Day (60% Themal 

Efficiency) 

Large Installation, 
5 x 1012 Btu/yr 

Medium Installation, 
5 x lOll Btu/yr 

llO0 to 1400°F, 420 psia 

53 to 67% 

1.0 Ib/Ib coal 

0.27 Ib/lb coal 

Lignite Subbituminous 

8000 Btu/Ib lO000 Btu/Ib 

1400 to 1400°F, 420 psia 

53 to 67% 

l.O Ib/Ib coal 

0.27 Ib/Ib coal 

Bituminous Lignite Subbituminous 

12000 Btu/Ib 8000 Btu/Ib lO000 Btu/Ib 

2170 1740 1450 2170 1740 

220 175 145 220 175 

Bituminous 

12000 Btu/Ib 

1450 

145 



TABLE 19. Process Factors in HighcBtu,.Gasificatipn, 

Lurgi High-Btu 
Conversion of Lurgi low-Btu 

to High-Btu 

Coal Receiving and Storage 

Coal Preparation 

Gasifier System 

Water and Wastewater Facilities 

Solid Waste Facilities 

Air Pollution Control Facilities 

Ut i l i t i es  

Facilities already on-site 
may require moderate 
expansion 

Facilities already on-site 

Fixed bed, oxygen fired 
CO shift, and methanation 
required 

Facilities already on-site 

Facilities already on-site 

Particulate and Sulfur 
Removal required 

Steam required, moderate 
to high pressure, 
Cooling water 

Facilities already on-site 
may require moderate 
expansion 

Facilities already on-site 

Requires oxygen plant, 
CO Shift and methanation 
to be added. 
Other units on-site 

Facilities already on-site 

Facilities already on-site 

Facilities already on-site 

Facilities already on-site 



TABLE 20. Equipment ModiFication in High-Btu Gasif.icatio.n 

Lurgi High-Btu 
Conversion of Lurgi Low-Btu 

To High-Btu 

Distribution System Existing Distribution System 
can be used unchanged 

Distribution System must be 
modified to operate at lower 
through put and lower pressure. 

Gas Fired Equipment 

Oil Fired Equipment 

Where no distribution 
system exists, construction 
wil l be required 

No modifications required Reconversion of gas fired 
equipment to operate on 
high-Btu gas is required 

Control system modification 
may be needed. 

Burner Replacement or 
Modification Needed 

Control System Modification 
Required 

Structural changes to firebox 
necessary in some cases 

Coal Fired Equipment Coal-fired equipment either 
wil l  be retained as is or 
wil l  require extensive 
modification or replacement 

Combustion air system and 
stack modifications required 
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TABLE 21, Ut i l izat ion Factors Affecting High-Btu Gasification 

(Jrl 

Safety Considerations 

Operational Factors 

Conversion of Lurgi Low-Btu 
Lurgi High-Btu. To H i.gh-Btu 

Safety Considerations 
are those for normal 
use of natural gas 

Gas produced at high 
pressure, must be 
reduced for distribution. 
Gasifiers must operate 
continuously, may operate 
one unit under medium 
load. 
Oxygen required. 

Trained Operators 
required, 5-6 men 
per shift, l shift 
per day coal 
preparation 

Most operators already 
trained, wi l l  need 
3-4 additional operation 
one man per shift 

Centralized operation 
is preferable. 

Generally restricted to 
non-caking coals unless 
pretreatment can be used 
must have long term 
supply of coal with 
specific properties 



The paral le l  case, conversion of a previously insta l led 
Lurgi low-Btu system to a high-Btu system, has far fewer 
required changes, since most of these w i l l  have been accomplished 
during the or ig inal  conversion. In par t icu lar ,  the oxygen, CO 
sh i f t ,  and methanation units must be added, as w i l l  additional 
gas i f iers .  Reconversion of equipment operating on low-Btu 
gas to high-Btu operation is required. In addit ion, introduction 
of high-Btu gas into systems which were excluded from low-Btu 
gas service (due to the CO content) is possible. 

I f  the orginal low-Btu system is designed for ultimate 
conversion to high-Btu gas production, the changes needed during 
that modification can be minimized. Further, the economic 
factors which include i n i t i a l  Iow-Btu cost, equipment modifica- 
t ions, interim operating costs, and subsequent conversion to 
the high-Btu systems and reconversion and modifications of 
equipment, may favor this two-step approach to high-Btu gas. 
This w i l l  require a detailed s i te -spec i f i c  study, however. 

Impacts resul t ing from the conversion to Lurgi high-Btu 
gasi f icat ion w i l l  also be s imi lar  to those described in the 
low-Btu discussion. Such items as sol id waste disposal and 
wastewater treatment w i l l  increase s l i gh t l y  in response to 
the increased quantit ies of coal. Somewhat more water w i l l  be 
needed as wel l .  The added operations (oxygen production, 
CO s h i f t ,  and methanation) s l i gh t l y  increase the complexity 
of the system and w i l l  necessitate additional manpower. The 
a b i l i t y  to safely use high-Btu gas in individual dwellings 
w i l l  enable a complete conversion to gas, rather than l imited 
appl icat ion. I f  coal - f i red units are converted to gas, sol id 
waste handling w i l l  be confined to a single source (the gasi- 
f i ca t ion  system) s impl i fy ing col lect ion and disposal. Tables 
22, 23, and 24 summarize the impacts ident i f ied  for these two 
Lurgi a l ternat ives.  

Factors influencing implementation of the CO 2 Acceptor 
process to high-Btu gas production for m i l i t a r y  applications 
are l i s ted in Tables 25 and 26. The effect of using COg 
Acceptor are the same as those resul t ing from Lurgi high-Btu 
implementation. The major factors warranting consideration are 
the disposal of sol id waste, both ash and spent dolomite, the 
complexity of the high-temperature transfer of solids between 
the reactor and regenerator, and the possible l imi ta t ions on 
the type of coal which is acceptable. 
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TABLE 22. Economic Impacts, Lurgi Hi qh-Btu Gasification 

0 

Gasification Plant - Large capital expenditure required. 
must be 20 years or more to j u s t i f y  ins ta l la t ion .  

Expected p l a n t  l i f e  

Supporting Faci l i t ies - Existing water supply may need to be increased. Existing 
wastewater treatment may require expansion or separate treatment plant may be 
required. Oxygen plant is required. Coal storage, and preparation plant wi l l  
be needed. Solid waste disposal area is required, or contract hauling of solid 
wastes, 

Operating Costs - Coal, water and oxygen are required. 
sh i f t  are needed as well as supervisory personnel. 
insurance costs w i l l  add to gas cost. 

Eight to ten operators per 
Maintenance, u t i l i t i e s ,  and 

High-Btu Gas Costs - The cost per mi l l ion Btu of high-Btu gas is greater than the 
presen~ cost of natural gas and o i l .  Future price increases could sh i f t  this 
s i tuat ion,  par t icu lar ly  deregulation of natural gas. In the event of curtailed 
supplies of natural gas and o i l ,  cost may not be a factor. 

Other Costs - M o d i f i c a t i o n s  to  e x i s t i n g  o i l ,  and coal  f i r e d  equipment  w i l l  be an 
i n d i r e c t  cost  r e s u l t i n g  from use o f  h i g h - B t u  gas. 



TABLE 23. Process Related Impacts, Lurgi High-Btu Gasification 

Coal Storage,  Handl ing and P repa ra t i on  - Rece iv ing  f a c i l i t i e s  adequate to handle coal d e l i v e r i e s  
of  up to 2000 TPD f o r  the l a rge  case and 200 TPD f o r  the medium case are r e q u i r e d .  Coal 
s to rage f o r  30 to 90 days supp ly  w i l l  occupy 2 to 4 acres o f  open s to rage .  Coal p r e p a r a t i o n  
w t l l  i nc l ude  c rush ing  and d ry i ng  and may i n c l u d e  p u l v e r i z i n g .  

Land Requirements - P lan t  land requ i remen ts  w i l l  be a p p r o x i m a t e l y  3 to 5 ac res ,  e x c l u s i v e  to 
coal s to rage .  

Energy Consumption - G a s i f i c a t i o n  processes c o n s i d e r e d ' r a n g e  from 70 to 75 percen t  maximum o v e r a l l  
thermal e f f i c i e n c y .  Thus i f  b o i l e r  e f f t c i e n c i e s  are no rma l l y  70 to 80 percen t  f o r  steam 

g e n e r a t i o n ,  the coal u t i l i z a t i o n  e f f i c i e n c y  w t l l  range from 50 to 60 percen t  when conve r ted  
to low-Btu gas, assuming opt imal  g a s i f i c a t i o n  e f f i c i e n c y .  

Solids Disposal Disposal of ash Lurgi ranging from 120 to 450 TPD for the large case and from 
12 to 45 TPD for the medium case w i l l  be required. This w i l l  involve establishing an 
approved land f i l l  s i te to the f a c i l i t y  grounds i f  the disposal is handled by the ins ta l la t lon  
The alternative is contract disposal by local hauling firm to approve land f i l l s .  Sulfur 
wi l l  also be produced in elemental form, ranging from 20 to 40 TPD for the large case to 
2 to 4 TPD for the medium case. While specific si tuat ion and w i l l  require individual 
evaluation. Since elemental sul fur is inert ,  l and f i l l  disposal or stockpil ing w i l l  present 
no problems other than site selection. 

Wastewater Treatment - Ash quench water from Lurgi w i l l  have both suspended and dissolved sol ids. 
Recycle after set t l ing and ultimate disposal in f inal  evaporation ponds appear to be the 
most feasible disposal method. Gas quench water w i l l  contain s igni f icant  quantit ies of 
organics tars and oi ls and ammonia as well as sulf ides. I t  w i l l  be necessary to treat 
this water in a system dedicated to the Lurgi operation before f inal  discharge or reuse. 

Atmospheric Emission - Coal storage, handling, and preparation wi l l  al l  produce dust, and 
control of part iculate emissions w i l l  be needed. In addition open storage of coal exposes 
i t  to the action of a i r  and water, and runoff from the coal storage area wi l l  require 
impounding and treatment i f  i t  is of s igni f icant quanti t ies. 

Various vents in the system, i f  of s igni f icant  magnitude, may require controls. As an 
example, ta i l  gas from sulfur recovery units contain S02 and i f  these are excessive w i l l  
require control such as scrubbing of the S02 or recycle to the system. 

Organics removed from quench water w i l l  require disposal. Three methods may be used: 
recycle to the gasi f ier  with feed coal; inclneration~to C02 and H20; and contract disposal. 
Ammonia stripped from the wastewater can i f  present in small quanti t ies, be dispersed to 
the atmosphere. I f  quantities are too large for ef fect ive dispersal, incineration to NZ 
and H20 is possible but requires controls to avoid formation of NOx. Ammonia may have 
marketable value, but this is doubtful. 
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TABLE 24. Operational Impacts, Lurqi H i.gh-Btu Gas.if ication 

LC) 

Natural Gas-Fired Equipment - No impacts 

Oil-Fired Equipment - Oi l - f i red equipment wi l l  require replacement of the burners, and 
probable changes in control and stack systems. No signif icant permanent impacts 
are l ike ly .  

Coal-Fired Equipment - Major modifications w i l l  be needed for coal f ired equipment to 
permit operation on high,Btu gas. Under many sets of conditions, retention of the 
coal f ired equipment unchanged may be the best option. 

Residential/Personnel Units - Oil f ired units wi l l  require alterations to burners or 
replacement. 

Distributioq System - Where natural gas is currently not in use, instal lat ion of a gas 
distr ibut ion system wi l l  be necessary. 

Personnel - No reduction of operating personnel wi l l  occur because al l  converted boilers 
wi l l  s~ i l l  require operators. Additional personnel wi l l  be needed to operate the 
gasification system and support f ac i l i t i es .  

Regulatory Qonsiderations .- No Federal regulations have been proposed by the Environmental 
Protection Agency for Coal gasification, plants as of December 31, 1976. State and 
other local restrictions on discharges from coal, o i l ,  and gas fired equipment 
may apply in individual cases. In most instances mi l i tary boiler units w i l l  be 
below ~he size covered by EPA regulations, Wastewater discharges and solid waste 
disposal practices wi l l  be subJ.ect 'to state regulations. Health and Safety 
regulations, including noise, are covered by OSHA. 



TABLE .25.. Process Factors, C02 Acceptor Gasification 

Coal Receiving and Storage 

Coal Preparation 

Acceptor 

Gasifier System 

Water and wastewater f a c i l i t i e s  

Solid Waste Faci l i t ies 

Air Pollution Control 
Faci l i t ies 

U t i l i t i es  

Rail, barge, and truck delivery 
Storage, 30-90 days supply 
open coal piles or silos 

Stockpile feed and reclaim 

Coal dried and ground to 
I/8" x O. 

Dust Control Equipment 

Requires receiving f a c i l i t y ,  
bin or si lo storage 
Crushing and transport 

Complex high temperature 
solids transfer 

Ai r Fi red 

Gas requires particulate and 
sulfur removal and methanation 
cooling 

Low organics content of water 
used in process reduces 
treatment 

Ash and spent dolomite 
may leach sulfur 

Required for particulate 
and sulfur removal 

Steam and cooling water 
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TABLE 26. Utilization Factors C02 Acceptor 

Utilization Factors 

Safety Considerations 

Operational Factors 

Pollution Controls 

C02 AcceptorGasificati~n 

Can replace natural gas with 
no changes. Oil and coal 
must be modified. 

Gas generated at moderate 
pressure, must be reduced in 
pressure for distribution, may 
need to be dried. Gasifiers 
must operate continuously due to 
impacticability of gas storage, 
may operate with one unit under 
minimum load. Uses air as oxidizer. 

Trained operatorsrequired. Total 
of approximately men required per 
shi f t ,  plus shif t  per day coal 
preparation. 

Suitable only for completely centra- 
lized operation, large scale fac i l i t y .  

Generally restr ic tedtolow rank 
coals. Must have long-term supply 
of coal with specific properties. 

High temperature operation minimized 
formation of tars, oils and other 
organics. 

H2S and sulfur compounds are removed 
from gas stream. Sulfur recovery is 
required. Sulfur wi l l  be produced 
in proportion to the amount in the 
incoming coal. Most practiced method 
is to produce elemental sulfur. 

Solid wastes are ash, spent dolomite, 
and elemental sulfur. Both are inert. 
Ash and dolomite can be disposed of 
in landf i l l ,  but may leach. Sulfur 
may have market value or can be dis- 
posed of in landfi l l .  

Coal storage, handling, and preparation 
may require controls. Open storage 
may produce runoff which must be 
impounded, settled, and in some cases 
treated. Silo storage avoids this. 
Handling, storage and crushing 
operations, produce dust, and parti- 
culates which must be controlled to 
prevent release. 



These tabulations show that, except for minor differences, 
implementation of each of the high-Btu gasif ication processes 
is nearly identical. Similarly, the impacts are essentially 
the same. Impacts resulting from C02 Acceptor are l isted in 
Tables 27 and 28. Process-related impacts are essentially 
identical to those resulting from Lurgi high-Btu technology 
(Table 23) and are not repeated here. 
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TABLE 27. Operational Impacts, High-Btu Gasif icat ion 

(~ 

Natural Gas-Fired Equipment - No impact on natural gas fired equipment. 

Oil-Fired Equipment - Oil-fired equipment wi l l  require replacement of the burners, and 
probable changes in control and stack systems. 

Coal-Fired Equipment - Major modifications wil l  be needed for coal-fired equipment 
to permit operation on high-Btu gas. Under many sets of conditions, retention 
of the coal fired equipment unchanged may be the best option. 

Residential/Personnel Units - Oil fired units require modification. 

Distribution System - Where natural gas is currently not in use, installation of a 
gas distribution system will be necessary. 

Personnel - No reduction of operating personnel wil l  occur because all converted boilers 
wil l  s t i l l  require operators. Additional personnel wi l l  be needed to operate 
the gasification system and support fac i l i t ies .  

Regulatory Considerations - No Federal regulations have been proposed by the 
Environmental Protection Agency for Coal gasification.; plants as of December 31, 1976. 
State and other local restrictions on discharges from coal, o i l ,  and gas fired 
equipment may apply in individual cases. In most instances military boiler units 
wil l  be below the size covered by EPA regulations. Wastewater discharges and solid 
waste disposal practices wil l  be subject to state regulations. Health and Safety 
regulations, including noise, are covered by OSHA. 



TABLE 28. Economic Impacts, High-Btu Gas i f i ca t i on  

Gasification Plant - Large capital expenditure required. Expected plant l i f e  must be 
20 years or more to jus t i f y  instal lat ion.  

Supporting Facil it ies - Moderate expansion of existing water supply. Existing wastewater 
treatment may require moderate expansion or separate treatment plant may be required. 
Coal storage, and preparation plant w i l l  be needed. Solid waste disposal area is 
required, or contract hauling of solid wastes. 

Operating Costs - Coal, water, dolomite, and a i r  are required. Five to six operators 
per shi f t  are needed as well as supervisory personnel. Maintenance, u t i l i t i e s ,  and 
insurance costs wi l l  add to gas cost. 

High-Btu Gas Costs - The cost per mil l ion Btu of high-Btu gas is greater than the present 
cost of natural gas. Future price increases could shi f t  this situation. In the event 
of curtailed supplies of natural gas cost may be a factor. 

Other Costs - Modifications to existing oil  and coal f ired equipment wi l l  be an indirect 
cost. 



6 ECONOMICSOF COAL TECHNOLOGIES 

Tables 29 through 35 present  cost  es t imates  f o r  the 
va r ious  coal t echno log ies  d iscussed in t h i s  s tudy.  Cap i ta l  
costs and ope ra t i ng  costs are presented where a v a i l a b l e  and 
p r a c t i c a l .  Costs l i s t e d  i nc l ude  coal r e c e i v i n g ,  s to rage ,  
p r e p a r a t i o n :  and hand l i ng ,  as wel l  as combustion or convers ion  
techno logy  expenses. Also inc luded are a u x i l i a r y  equipment 
such as necessary a i r  p o l l u t i o n  con t ro l  equipment.  Cap i ta l  
expend i tu res  i nc l ude  the cost  of  i n s t a l l a t i o n .  

When de te rm in ing  whether or not to conver t  from o i l  or 
gas, the p r i ce  o f  f ue l s  must be cons idered .  T y p i c a l  p r i ces  
f o r  these f u e l s  (December 1976) are shown in Table 36. These 
p r i ces  vary ,  o f  course,  depending upon l o c a t i o n ,  fue l  grade,  
and numerous o ther  f a c t o r s ,  and Table 29 should be cons idered 
on ly  t o  r e f l e c t  r e l a t i v e  costs between o i l ,  gas, and coa l .  

Economics of Direct Combustion of Coal. Table 29 shows 
the c a p i t a l  costs f o r  new s tokers  and p u l v e r i z e r s ,  as wel l  
as the cost  o f  c o a l - r e c e i v i n g ,  hand l i ng ,  s to rage ,  and prepara-  
t i o n  equipment.  As exp la ined e a r l i e r ,  the coal t ype ,  age 
type and c o n d i t i o n  o f  e x i s t i n g  equipment,  the type o f  r ep lace -  
ment equipment,  phys ica l  c o n s t r a i n t s ,  a v a i l a b i l i t y  o f  e x i s t i n g  
c o a l - p r o c e s s i n g  equipment,  and o ther  f a c t o r s  a f f e c t  the 
s e l e c t i o n  o f  equipment and the cor respond ing cos ts .  

Since de te rm ina t i on  o f  the cost  o f  conve r t i ng  e x i s t i n g  
o i l -  or g a s - f i r e d  un i t s  to c o a l - f i r i n g  is unique to the s p e c i f i c  
s i t u a t i o n ,  es t imates  of  the general  convers ion o f  e x i s t i n g  
f a c i l i t i e s  to coal are not d e f i n i t i v e .  These costs vary g r e a t l y  
so t h a t  a t tempts  at  cost  e s t i m a t i n g  f o r  m o d i f i c a t i o n  or 
replacement  are es t imates  at  best .  
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TABLE 29. Capital Costs of Converting to Coal - Near-Term - 
Direct Combustion 

Type of Insta l la t ion 

Cost of Coal 
Handling Storage 
and Preparation Stoker Pulverizer 

Industrial Insta l la t ions;  

Industrial Ins ta l la t ions;  

Personnel Insta l la t ions;  

Personnel Insta l la t ions;  

L a r g e  1 ,700,000 900,000 975,000 

Medium 130,000 0 0 

Large 940,000 2,100,OOO 2,500,000 

Medium 280,000 2,900,000 3,200,000 

Cost of equipment includes al l  aux i l l i a r y  equipment needed. 

NOTE: Due to the fact that conversion costs are extremely variable and are 
dependent upon the specif ic s i tuat ion,  estimates of costs of converting 
existing units are not ident i f ied .  



TABLE 30. C..a..pi.tal Costs, Low-Btu Gas i f i ca t i on  

•l 

Total Direct Costs 

AII Indirect Costs 

Total Constructinn 

Initlal Supplies 

Total Plant Cost 

Interest (Con- 
struction) 

Depreciation Base 

Working Capital' 

Total Investment 

Koppers-Tetzek (1), 5xlO 12 Btu/yr 
~ n i t e  Subbituminous 3ituminous 

Lur~i Low-Btu? 5xlO 12 Btu/yr. 
L in~i te Subbituminous 

. . . . . . .  L . . . . . . . . . . . . . . .  28,520,000 21,390,000 

. . . . . . . . . . .  = . . . . . . . . . . .  22,650,000 17,010,O00 

. . . . . . . . . . . . . . . . . . . . . . .  51,200,000 38,400,000 

. . . . . . . . . . . . . . . . . . . . . . .  15,000 15,000 

95,000,000 70,000,000 60,000,000 51,215,000 38,415,000 

14,250,000 I0,500~000 9,000,000 7,682,000 5,762,000 

109,250,000 80,500,000 69,000,000 58,897,000 44,177,000 

3,1o2,ood 21 3,13o,o0o ~1 3,545,00G (21 3,102,000 3,130,000 

I12,352,000 83,630,000 72,545,000 61,999,000 47,307,000 

Bituminous 

Lurgl Low-Btu~ 5xlO 11Btu/~r 
S ~ b b ~  Bituminous 

17,830,000 3,681,000 3,681,000 3,681D000 

14,180,000 2,908,000 2,908,000 2,908,000 

32,010,000 6,589,000 6,589,000 6,589,000 

15,000 2,000 2,000 2,000 

32,025,000 6,591,000 6,591,000 6,591,000 

4,804,000 989,000 989,000 989,000 

36,829,000 7,580,000 7,580,000 7,580,000 

3,545,000. 736,000 745,000 745,000 

40,374,000 8,316,000 8,325,000 8,325,000 

~.(I) Total plant cost provided by Koppers-Totzek 

(2) From Lurgi Low-Btu Case 



TABLE 31. Low-Btu Gas, Lurgi Operating Costs 

CO 

12 5 x lO Btu/yr 

Lignite Subbituminous Bituminous Lignite 

Direct C o s t s  4,492,000 

Direct Labor 485,000 

Maintenance 810,000 

Overhead & Supplies 416,000 

Total Direct Cost 6,203,000 

Indirect Costs 583,00 

Fixed C o s t s  3,969,000 

Annual Operating I0,755,000 
Costs 

4,629,000 5,535,000 466,000 

423,000 365,000 303,000 

810,000 810,000 420,000 

397,000 380,000 283,000 

6,259,000 7,090,000 1,422,000 

558,000 535,000 323,000 

2,977,000 4,482,000 508,000 

9,794,000 lO,107,000 2,303,000 

5 x IO I I  Bt.u/yr 

Subbituminous 

484,000 

303,000 

420,000 

283,000 

1,490,000 

323,000 

508,000 

2,321,000 

Bituminous 

571 ,000 

303,000 

420,000 

283,000 

1,490,000 

323,000 

508,000 

2,321 ,000 



TABLE 32. CapiCal Costs, Lu.r.gi High-Btu Gas Gasi f icat ion 

Total Direct Cost 

All Indirect Costs 

Total Construction 

In i t ia l  Supplies 

Total Plant Cost 

Interest (Construc- 
tion) 

Depreciation Base 

Working Capital 

Total Investment 

Lignite 

56,620,000 

44,730,000 

101,350,000 

30,000 

101,380,000 

15,210,000 

I16,590,000 

3,783,000 

120,400,000 

'5 x 1012 Btu/yr 5 

Subbituminous Bituminous Lignite 

44,030,000 

34,78O,OOO 

78,810,000 

30,000 

78,840,000 

II,830,000 

90,670,000 

3,848,000 

94,520,000 

37,740,000 

29,8i0,000 

67,550,000 

30,000 

67,580,000 

lO,140,O00 

77,720,000 

4,384,000 

82,100,000 

9,144,000 

7,698,000 

17,442,000 

3,000 

17,445,000 

2,617,000 

20,062,000 

941,000 

21,000,000 

x ]0 I I  Btu/yr 

Subbituminous 

6,709,000 

5,301,000 

12,010,O00 

3,000 

12,013,000 

l ,802,000 

13,815,000 

947,000 

14,760,000 

Bituminous 

6,709,000 

5,301,000 

12,010,O00 

3,000 

12,013,000 

l ,802,000 

13,815,000 

998,000 

14,810,000 



CO 
C~ 

Direct Costs 

Direct Labor 

Maintenance 

Overhead & Supplies 

Total Direct Cost 

Indirect Costs 

Fixed Costs 

Operating Costs 

TABLE 33. High-Btu Gas, Lurgi Operating Costs 

5 x 

Lignite Subbituminous 

5,427,000 5,557,000 

606,000 606,000 

1,013,000 l,Ol3,000 

520,000 520,000 

7,566,000 7,695,000 

729,000 729,000 

7,858,000 6,11.1,O00 

16,153,000 14,536,000 

1012 Btu/yr 
Bituminous 

6,629,000 • 

606,000 

I ,013,000 

520,000 

8,767,000 

72g,000 

5,238,000 

14,734,000 

5 x 1011 Btu/yr  
L ign i te  Subbituminous Bituminous 

579,000 590,000 692,000 

428,000 428,000 428,000 

510,000 510,000 510,000 

365,000 365,000 365,000 

l ,882,000 l ,893,000 1 ,ggs,000 

416,000 416,000 ' 416,000 

1,352,000 g31,000 g31,000 

3,650,000 3 ,240 ,000  3,342,000 



TABLE 34. High-Btu Gas, Capital Costs of CO 2 

5 x ...l..O 12 B'tu/yr 

Lignite Subbituminous 

Acceptor 

5 x 

Lignite 

iO II Btulyr 

Subbituminous 

Total Direct Cost 

All Indirect Costs 

Total Construction 

In i t i a l  Supplies 

Total Plant Cost 

Interest (Construction) 

Depreciation Base 

Working Capital 

Total Investment 

27,390,000 

21,635,000 

49,025,000 

35,000 

49,060,OO0 

7,359,000 

56,420,000 

3,156,000 

59,576,000 

32,400,000 

25,595,000 

57,995,000 

35,000 

58,030,000 

8,705,000 

66,740,000 

3,176,000 

69,920,000 

4,333,000 

3,424,000 

7,757,000 

18,000 

7,775,000 

l ,  166,000 

8,941,000 

734,000 

9,675,000 

5,130,000 

4,052,000 

9,182,000 

18,000 

9,200,000 

l ,380,000 

I0,580,000 

728,000 

II ,308,000 



TABLE 35. High-Btu Gas, C02 Acceptor Operating Costs 

Direct Costs 

Direct Labor 

Maintenance 

Overhead and Supplies 

Total Direct Costs 

Indirect Costs 

Fixed Costs 

Operating Costs 

Working Capital 
(50% of total direct) 

5 x 1012 Btu/y.r 5 x I0 I I  

Lignite Subbi tuminous Lignite 

4,785,000 4,825,000 538,000 

550,000 550,000 355,000 

608,000 608,000 320,000 

368,000 368,000 255,000 

6,311,000 6,352,000 l ,468,00 

572,000 512,000 300,00 

3,802,000 4,497,000 603,000 

I0,625,000 II,361,000 2,371,000 

3, 156,000 3,176,000 734,000 

Btu/yr 

Subbituminous 

526,000 

355,000 

320,000 

255,000 

l ,456,000 

300,000 

713,000 

2,469,000 

728,000 



Cap i ta l  costs f o r  new un i t s  can be es t ima ted .  The c a p i t a l  
costs i nc lude  the p r i ce  of  equipment,  fue l  hand l i ng ,  s to rage  
and p r e p a r a t i o n ,  and the cost  of  i n s t a l l a t i o n  which inc ludes  
both ma te r i a l  and l a b o r .  A l l  costs encompass the e n t i r e  
process from r e c e i v i n g  the coa l ,  fue l  p r e p a r a t i o n ,  combust ion 
equipment,  b o i l e r s ,  and env i ronmenta l  c o n t r o l s .  Cap i ta l  costs 
o f  combustion un i t s  are manufac tu rer  es t ima tes .  Cost o f  
coal hand l i ng ,  s to rage ,  and p repa ra t i on  were der ived  from 
es t imates  i n  Preliminary Economic Analysis of CO Acceptor. 
Process~ Producing 250,000 Million Standard CuBic Feet Per 
Day of High-Btu Gas From Two Fuels, Bureau o f  Mines, ERDA 
1975. 

Several assumptions were made in d e r i v i n g  c a p i t a l  c o s t s :  

No c o a l - h a n d l i n g ,  s to rage ,  and p repa ra t i on  f a c i l i t i e s  
e x i s t  on the base. 

0 Size o f  se lec ted  d i r e c t  combustion u n i t s  requ i red  
are: ( I )  3xlO 6 B t u / h r , ~ ( 2 )  5xlO 6 B t u / h r ,  (3) 25xi06 
B t u / h r ,  and (4) 125xI0 ~ B t u / h r .  

® No SO 2 c o n t r o l s  are requ i red  on d i r e c t  combust ion 
equipment s ince the c a p a c i t i e s  o f  £he un i t s  are 
sma l le r  than those regu la ted  by EPA. 

© E l e c t r o s t a t i c  p r e c i p i t a t o r s  are used on a l l  
c o m b u s t i o n  u n i t  s tacks .  

Economics of Coal Conversion Processes. Economic studies 
have been made by the Bureau of  Mines ( i n  the " P r e l i m i n a r y  
Economic Ana lys i s "  Ser ies )  f o r  severa l  coal g a s i f i c a t i o n  
and l i q u e f a c t i o n  processes.  These have been based, on a s tandard 
p lan t  s ize  o f  250 MSCF/D f o r  g a s i f i c a t i o n  p lan ts  and 50,000 
Bbl/D f o r  l i q u e f a c t i o n  p l a n t s .  Cap i ta l  and opera t i ng  costs 
were es t imated  and the s e l l i n g  p r i ce  o f  the product  was 
determined as a f u n c t i o n  o f  var ious  ra tes o f  r e t u r n  and coal 
p r i ce  assumptions used in these s t u d i e s .  S u f f i c i e n t  d e t a i l  
is presented in these s tud ies  to permi t  sca le down of  the 
commerc ia l l y  s ized p lan ts  to c a p a c i t i e s  a p p l i c a b l e  to Army use. 
The exponen t ia l  r e l a t i o n s h i p s ,  wh-er~ " r "  is  the sca-l ing ~xponen~ 

r 
cost (2) : cost ( I )  Fcapacity (2)] 

Lcapacity Yl - I 
was used. The es t imates  r e f l e c t  c u r r e n t  costs (1976) and 
can be ad jus ted  f o r  e s c a l a t i o n  w i th  ,measonable r e l ~ a b i l i t y .  
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The processes selected for app l i cab i l i t y  to Army use are 
Koppers-Totzek, Lurgi high- and low-Btu, and C02 Acceptor 
high-Btu. (Costs for Koppers-Totzek were obtained from the 
system licensor and were not available in detail comparable 
to the other systems.) 

To obtain the capital cost of each plant i t  was necessary 
to make various assumptions for each process configuration. 
These assumptions are described in the following pages for 
each system considered. In addition to the assumptions made, 
capital costs were estimated for systems operating on l i gn i t e ,  
subbituminous, and bituminous coals with nominal heating values 
of 8000, lO000, and 12000 Btu/Ib, respectively. 

Koppers-Totzek gasif iers are available on two- and four- 
burner configurations, handling 400 and 800 TPD of coal, 
respectively. Two-burner systems are priced at $25,000,000 
and four-burner systems at $35,000,000. For l i gn i t e ,  2 four- 
burner and l two-burner units are necessary. Two four-burner 
units are needed for subbituminous coal, and one each of the 
two-burner and four-burner units are needed for bituminous 
coal. 

Capital costs for Lurgi low-Btu gas were developed from 
the Bureau of Mines studies for high-Btu by deleting sections 
not needed for high-Btu production. The method used to scale 
down was based on determining the number and the size of 
gasif iers needed for each coal. Assumptions made were: 

The thermal eff iciency of the process is 65 
percent. 

Coal feed rate through the gasi f ier  is 300 
Ib/hr-sq f t .  

Gasifier diameter is 9 feet. 

CO sh i f t ,  oxygen, methanation, and u t i l i t i e s  
services are not needed. 

The exponent, r ,  in the cited equation was taken 
as 0.8, as explained in the text. 
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The Bureau o f  Mines s tudy assumed 45 g a s i f i e r s ,  each 12 
f t  in d i ame te r .  A f t e r  d e t e r m i n i n g  the number and s i ze  r e q u i r e d  
f o r  the es t ima te  the u n i t  g a s i f i e r  cost  used in  t h a t  s tudy  was 
ad jus ted  by the e x p o n e n t i a l  r u l e  to the s m a l l e r  s i z e .  (The 
h i g h e r  than u s u a l  exponent was used to  a l l o w  f o r  g r e a t e r  s o l i d s  
h a n d l i n g  c o n t r i b u t i o n  to  c o s t ) .  The g a s i f i c a t i o n  s e c t i o n  was  
then syn thes i zed  us ing the p r o p o r t i o n a t e  c o n t r i b u t i o n  o f  each 
u n i t  to i t s  t o t a l  cost  in  the s tudy .  Th is  was f o l l o w e d  by a 
s i m i l a r  t r e a t m e n t  f o r  the  p l a n t  process u n i t s ,  i . e . ,  coal  

I r e p a r a t i o n ,  gas p u r i f i c a t i o n ,  e t c .  F i n a l l y  the  i n d i r e c t  costs  
f i e l d  e n g i n e e r i n g ,  e t c . )  were added as pe rcen t  o f  d i r e c t  cos ts  

to  ob ta i n  t o t a l  c a p i t a l  cos ts .  

For Lu rg i  h i g h - B t u  g a s i f i c a t i o n ,  a s i m i l a r  p rocedure  was 
used. However, two v a r i a t i o n s ,  one c o n s i d e r i n g  a c o m p l e t e l y  new 
i n s t a l l a t i o n  and the o t h e r  c o n s i d e r i n g  conve rs ion  o f  a p r e v i o u s l y  
i n s t a l l e d  low-Btu  system to  h i g h - B t u ,  were t r e a t e d .  Assumpt ions 
used f o r  the c o m p l e t e l y  new i n s t a l l a t i o n  were the  same as those 
used in the Lu rg i  l ow-Btu  e s t i m a t e  except  t h a t  the thermal  
e f f i c i e n c y  o f  the process is taken as 60 pe rcen t .  In a d d i t i o n ,  
u n i t s  not  i nc l uded  in  the l ow-B tu  case (CO s h i f t ,  m e t h a n a t i o n ,  
oxygen, e t c . )  were,  o f  course ,  i n c l u d e d .  

The CO 2 Acceptor  process presented  a s i m p l e r  s i t u a t i o n  
than L u r g i .  O n l y  f o u r  g a s i f i e r s  were s p e c i f i e d  in  the Bureau 
o f  Mines s tudy .  I t  was assumed t h a t  the same number would be 
used in the s m a l l e r  p l a n t  and a d i r e c t  sca le-down was used. 

Opera t ing  costs  were p a t t e r n e d  on the a p p r o p r i a t e  s t u d i e s .  
Coal p r i c e s  were assumed as: 

© L i g n i t e :  
© Subb i tuminous :  
® B i tum inous :  

$7.00 per ton 
$9.00 per ton 

$13.00 per t o n *  

Opera t ing  costs  i n c l u d e  l a b o r ,  m a i n t e n a n c e , . o v e r h e a d ,  i nsu rance ,  
and d e p r e c i a t i o n .  No b y - p r o d u c t  c r e d i t  was assumed. Since 
these systems are " c a p t i v e "  and are not  p roduc ing  a s a l e a b l e  
p r o d u c t ,  s e l l i n g  p r i c e  was not  c a l c u l a t e d .  

T a b l e  31 s u ~ r i m e ~  c e p i t a ]  costs  f o r  Kop~m~-To~ze~ ~nd 
Lu rg i  processes g e n e r a t i n g  low-Btu  gas. These have been s ized  
to meet t o t a l  base requ i remen ts .  Koppers -To tzek  is  not  f 
s u i t a b l e  f o r  sca le-down to the medium-s ized i n s t a l l a t i o n .  
Opera t ing  c o s t s  f o r  Lu rg i  are summarized in  Tab le  32. No 
o p e r a t i n g  costs  were es t ima ted  f o r  Koppers -To tzek .  

*Based "'o~'~"li'~nite and "s~bbituminous only 
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Capi ta l  and opera t ing  costs fo r  h igh-Btu  gas via the 
Lurgi  system are shown in Tables 33 and 34. Tables 35 and 
36 present  the cor responding est imates fo r  h igh-Btu  gas 
using the CO 2 Acceptor  process. 

Comparison of  the es t imates  in these tab les  shows tha t  
c a p i t a l  investment  i s ,  as expected,  g rea te r  f o r  h igh-Btu  
g a s i f i c a t i o n  than f o r  low-Btu g a s i f i c a t i o n .  Fu r the r ,  Lurgi  
h igh-Btu  g a s i f i c a t i o n  appears to have h igher  c a p i t a l  r e q u i r e -  
ments than the CO 2 Acceptor .  Operat ing costs are s i m i l a r l y  
h igher  fo r  the Lurgi  process. 

Table 36. Re la t i ve  Fuel P r i ces ,  1976 

O i l :  $13 /bar re l  ($2.00/MBtu)  
Gas: $ I / I 0 0 0  cu f t  ($1.O0/MBtu) 
Coal: $15/ ton ($O.70/MBtu) 
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7 CONVERTIBILITY OF TYPICAL ARMY BASES 

C h a r a c t e r i s t i c  Army Bases. Four " t y p i c a l "  m i l i t a r y  bases 
have been c h a r a c t e r i z e d :  l a r g e  and medium personnel  and la rge  
and medium i n d u s t r i a l .  Wi th in  these c a t e g o r i e s ,  fue l  use break-  
down by ra ted capac i t y  o f  the hea t ing  or s team-genera t ing  un i t s  
has been i d e n t i f i e d  t oge the r  w i th  the number o f  un i t s  in each 
s ize  range and the t o t a l  Btu consumption f o r  each s ize  range. 
A load f a c t o r  has been app l ied  to a l l ow f o r  probable i n t e r -  
m i t t e n t  ope ra t i on  of  the equipment.  

Reference to Table 5 shows t h a t  the major  d i f f e r e n c e s  
between medium and la rge  personnel i n s t a l l a t i o n s  is in the 
q u a n t i t y  of  small  ( >0 .75  x 106 B tu /h r )  - h e a t i n g  u n i t s  in use. 
The number o f  mid-range un i t s  is app rox ima te l y  egual f o r  the 
two c a t e g o r i e s .  Large un i t s  (>3.5 x 106 B t u / h r )  ~ are fewer in 
number at  the l a r g e r  posts. This may appear c o n t r a d i c t o r y ;  
however, the two i n s t a l l a t i o n s  se lec ted  as data f o r  t h i s  
ana lys i s  a c t u a l l y  r e f l e c t  t h i s  s i t u a t i o n .  For these two 
c a t e g o r i e s ,  t o t a l  B t u / h r  consumed in 0.75 to 3.5 and >3.5 
m i l l i o n  B t u / h r  un i t s  is app rox ima te l y  equal ,  wh i l e  the con- 
sumption in smal l  un i t s  d i f f e r s  by a f a c t o r  of  t h ree .  

The medium and la rge  i n d u s t r i a l  i n s t a l l a t i o n s  show no 
s i g n i f i c a n t  d i f f e r e n c e  between number o f  un i t s  and energy 
consumption in the capac i t y  range less than 3~5 x 106 B t u / h r .  
In the capac i t y  range >3.5 x 106 B t u / h r ,  however, the l a rge  
i n s t a l l a t i o n  has s i x  b o i l e r s  nomina l l y  ra ted  at  125 x I0 ~ 
B tu /h r  and the medium i n s t a l l a t i o n  has fou r  nomina l l y  ra ted  
at  25 x 106 B t u / h r .  Tota l  energy consumption by the la rge  
i n s t a l l a t i o n  in t h i s  s ize  range is app rox ima te l y  ten t imes 
as la rge  as t h a t  o f  the medium i n s t a l l a t i o n .  

Comparing personnel  and i n d u s t r i a l  i n s t a l l a t i o n s ,  sma l l -  
c a p a c i t y  un i t s  predominate in the fo rmer ,  and la rge  un i t s  are 
almost e x c l u s i v e l y  used in the l a t t e r .  

Conversion A l t e r n a t i v e s .  The process o f  matching one or 
more coal u t i l i z a t i o n  techno log ies  to Army requ i rements  is 
n e c e s s a r i l y  s i t e - s p e c i f i c .  Some g e n e r ~ l i z ~ t i o n ~  can b~ made, 
however, by cons ide r i ng  the reduc t i on  in o i l  and na tu ra l  gas 
consumption r e s u l t i n g  from convers ion  to coal as the p r imary  
f u e l .  To make t h i s  eva lua t ion~  the fou r  t y p i c a l  i n s t a l l a t i o n s  
have been used as examples f o r  the var ious a p p l i c a b l e  techno-  
log ies  p r e v i o u s l y  d iscussed.  
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Rationale and Assumptions. In a p p l y i n g  the t e c h n o l o g i e s  
to  the  t y p i c a l  i n s t a l l a t i o n s ,  the f a c t o r  which has been used to 
i l l u s t r a t e  the  e f f e c t  is  the r e d u c t i o n  in  o i l  and gas consumed. 
P r e v i o u s l y  i t  has been s t a t e d  t h a t  not  a l l  u n i t s  on an Army 
i n s t a l l a t i o n  are amenable to c o n v e r s i o n  to c e r t a i n  t e c h n o l o g i e s .  
Th i s  w i l l  r e s u l t  in  p a r t i a l  c o n v e r s i o n  in  most i n s t a n c e s ,  and 
one measure o f  the e f f e c t i v e n e s s  o f  the c o n v e r s i o n  to coal  
i s  the r e d u c t i o n  in  o i l  and gas Btu va lue  consumed. 

To carry out th is  hypothetical evaluation, various assump- 
t ions have been necessary. Since the typ ical  Army i ns ta l l a t i ons  
characterized here are not detai led representations of actual 
i n s t a l l a t i o n s ,  the assumptions are of a general nature. The 
in tent  is to i l l u s t r a t e  the in teract ion between exist ing con- 
d i t ions  and those which would be real ized as a resul t  of con- 
version to coal. 

Assumptions which have been used in this evaluation are: 

Coal u t i l i z a t i o n  at  pe rsonne l  i n s t a l l a t i o n s  is  
c o n f i n e d  to u n i t s  r a t ed  at  > 3 . 5  x 106 B t u / h r .  

One coa l - f i red  uni t  is in operation at each of 
the large and medium indus t r ia l  i n s t a l l a t i o n s .  

Large (>3.5 x lO 6 Btu/hr) units are equally divided 
between o i l  and gas operation. Of these, 20 percent 
previously have been converted from coal to o i l  or 
gas, and the remainder are o r i g i n a l l y  designed to 
operate on o i l  or gas. 

Medium (0.75 to 3.5 x lO 6 Btu/hr) units have a 
ra t io  of 3 to l of o i l  to gas as fue l ,  50 percent 
of these previously have been converted from coal 
to o i l  or gas, and the remainder are o r i g i n a l l y  
designed to operate on o i l  or gas. 

Small (< 0.75 x lO 6 Btu/hr) units operate exclusively 
on o i l  or gas in the ra t io  of o i l  to gas of l to 2. 

O Conversion of o i l  or gas to coal operation is 
feasible for one out of ~hree units having 
capacit ies of >0.75 x lO Btu/hr.  

Where feas ib le ,  to ta l  conversion to coal is assumed. 

Small units (<0.75 x 106 Btu/hr~ cannot be converted 
to d i rec t  combustion of coal except through 
central ized d i s t r i c t  heating. 



Near-Term Alternatives. D i r e c t  combustion o f  coal using 
pu l ve r i zed  coal or s toke r  un i t s  and p roduc t ion  o f  low-Btu  gas 
by the Lurgi  or Koppers-Totzek processes are the most p ro-  
mis ing near=term techno log ies .  The reduc t i on  in o i l  and 
na tu ra l  gas consumption and the numbers o f  un i t s  which can be 
conver ted ,  which must be rep laced ,  and which must remain on 
o i l  or gas fue l  have been es t imated upon the basis o f  the 
fo rego ing  assumpt ions.  Reduct ion in o i l  andgas  consumption 
also has been es t imated .  Tables 37, 38, 39,-and40 summarize 
the e f f e c t s  of  implement ing the convent iona l  d i r e c t  combust ion 
o f  coal and low-Btu gas from coal t echno log ies  f o r  ~he f ou r  
t y p i c a l  Army i n s t a l l a t i o n s .  

Using the o v e r a l l  f r a c t i o n  o f  o i l ,  na tu ra l  gas, and coal 
repor ted  in Chapter I ,  the percent  r educ t i on  in na tu ra l  gas 
and o i l  consumption has been c a l c u l a t e d .  This is based on 
conver t i ng  a l l  un i t s  g rea te r  than 0.75 x I06 B tu /h r  to c o a l ,  
e~ther  by convers ion to coal f i r i n g  or by complete rep lacement .  
Uni ts  sma l le r  than 0.75 x 106 B tu /h r  are assumed to be non- 
c o n v e r t i b l e  to coa l .  

With t h i s  h y p o t h e t i c a l  s i t u a t i o n ,  the o i l  and gas r educ t i on  
r e s u l t i n g  from convers ion to coal at  personnel posts ranges 
from 40 to 70 percen t .  At i n d u s t r i a l  i n s t a l l a t i o n s  i t  is  
e s s e n t i a l l y  comple te- -99 percen t .  The t o t a l  f ue l  requ i red  
increases s l i g h t l y  because of  de ra t i ng  when conve r t i ng  o i l  ~ 
and g a s - f i r e d  un i t s  ( o r i g i n a l  equipment) to coa l ,  and somewhat 
more when conve r t i ng  to low-Btu gas because of  the thermal  
e f f i c i e n c y  loss of  the g a s i f i c a t i o n  process.  

There are a number o f  v a r i a t i o n s  poss i b l e .  Some o f  these 
would permi t  near - te rm convers ion o f  the un i t s  s ized less than 
0.75 x I06 B tu /h r  as wel l  as the l a r g e r  u n i t s .  From the hypo- 
t h e t i c a l  example g iven,  i t  appears t h a t  s i g n i f i c a n t  r educ t i ons  
in o i l  and gas consumption can be achieved at  personnel i n -  
s t a l l a t i o n s  e i t h e r  by conve r t i ng  on ly  un i t s  g rea te r  than 
0.75 x i06 B t u / h r  or by conve r t i ng  a l l  un i t s  less than t h a t  
s ize .  Fu r the r  d i scuss ion  o f  the s t r a t e g i e s  appears l a t e r  i n  
t h i s  sec t i on .  

Long-Range Alternatives. F lu id i zed -bed  combust ion,  c o a l /  
o i l  s l u r r i e s ,  and the p roduc t ion  of  h igh-B tu  gas e i t h e r  by 
convers ion o f  p r e v i o u s l y  i n s t a l l e d  Lurg i  low-Btu gas or CO 2 
Acceptor  appear to be the p o t e n t i a l  l ong - t e rm  a l t e r n a t i v e s  
to o i l  and gas. U t i l i z i n g  assumptions o u t l i n e d  e a r l i e r ,  
Tables 41, 42, 43, and 44 summarize the q u a n t i t y  t h a t  can be 
conver ted to coal or replaced w i th  coal -based u n i t s .  
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TABLE 37. Convert ibi l i ty  of Medium-Sized Personnel Insta l la t ions 
Coal as a Primary Energy Source: Near-Term Alternatives 

to 

Personnel I ns ta l l a t i o~  - Medium: l.Sx10 

EXISTING EQUIPMENT 

Type, Number and 
~ a c i t y  of Units 

3.5x]06 Btu/hr 

45 Units Total 

5xlO 6 Btu/hr 
Average Rated 
Capacity 

12 Btu/year (1.425xl012 

PULVERIZED COAL AND/OIL SLURRY 

as Oil and Gas, 0.075xl012 as Coal) 

LOW-BTU GAS 

6 tu /y r  of Number Btu/yr of 
Number of Units on Number Number of Oil and Gas Number of Units Oil and Gas 
Fuel Currently of Units Units to be Replaced of Units to be Replaced 

In Use Convert ible Replace.d By Coal . Convertible Replaced By Coal icoa fredunt ] j 
@(.05x]012) Btu/yr 0 0 0 0 

8 Units Converted from B 0 g 0 
Coal to Oil/Gas 0.44x]012 

18 Oil Fired Units 5 13 18 0 

18 Gas Fired Units 5 13 18 0 

0.46xl0 )2 

IjC) 

0.75-3.5x106 
Btu/Ib 

80 Units Total 

3xlO 6 B t u / h r  
Average Rated 
Capacity 

0.75x106 B t u / h r  

2000 Units Total 

lOOxlO 3 B t u / h r  
Capacity 

40 Units Converted roco oo I } or Gas 40 0 40 0 

30 Oil Fired Units 9 21 0.55xi012 30 0 
lO Gas Fired Units 3 7 lO 0 

670 Oil Fired Units 

1330 Gas Fired Units 

o o }  o ° ° 1 
0 0 0 0 

Total Oil and Gas Replaced by Coal. Btu/yr  

Equlvalent Btu value of Coal Required 

Total Coal Requirement including Present Coal Use, Btu/yr 

Estimated Annual Coal Required, Tons 

@ 8000 Btu/Ib 
@ lOOOO Btu/Ib 
@ 12000 Btu/Ib 

~.~SxlO 12 

0.gBxlO 12 

1.06xi012 

05 0-7x105 
0.5x~05 
O.4xl 

0.52xi012 



TABLE 38, Convert ib i l i~y of  Large-Sized Personnel Ins ta l la t ions to 
Coal as a Primary Ener~y Source -,,Near-Term Alternatives 

to 

Personnel Installation - Large: 2.4xi012 Btu/year (2.28xi012 as Oil and Gas, 0.12xi012 as Coal) 

EXISTIN.G.....EqUIPME~IT PULVERIZED COAL AND/OR STOKERS 

Btu/yr of 
Number of Units Number Number Oil & Gas Number 

Type, ~lumber and on Fuel Currently of Units of Units to Replaced of Units 
Capacity of Units. In Use Convertible Be Replaced By C o a l  Convertible 

2 Coal Fired Units 1 
(.12xi012) 0 0 0 

4 Units Converted 4 0 J 4 
from Coal to 
0i i  or Gas 0.34xI012 

lO Oil-Fired Units 3 7 lO 
I0 Gas-Fired Units 3 7 I0 

>3.5xi06 Btu/lb 

45 Units Converted 45 0 1 45 
from Coal to 
Oil or Gas O~;'60xlol2 45 
35 Oil-Fired Units lO 25 ':~ 
lO Gas--Fired Units 3 7 lO 

2000 Oil-Fired Units 0 0 I 0 

i 0 
4100 Gas-Fired Units 0 O. 0 

6 Units Total 

5xlO 6 Btu/hr 
Average Rated 
Capacity 

0.75-3.5xi06 
Btu/hr 

90 Units Total 

3xi06 Btu/hr 
Average Rated 
Capacity 

>0.75xi06 Btu/hr 

6100 Units Total 

lOOxlO 3 Btu/hr 
Capacity 

LOW BTU GAS 

Number 
of Units to 
be Replaced 

Btu/yr of 
0i i  & Gas 
Replaced 
By Coal O] 

0 

0 

0 

0.34x1012 

o} 
0 

0 

O. 60xi 012 

Total 'Oi l  and Gas Replaced b~ Coal, gtu/yr 

Equivalent Btu Value of Coal Replaced 

Total Equivalent Coal Requlrement Including Present Coal Use 
Btu/yr 

Estimated Annual Coal Required, Tons.' 

@ 8000 Btu/lb 
g 10000 Btu/lb 
0 12000 Btu/lb 

0.94x1012 

1.00xlO 12 

I .12xi012 

0.7x10~ 
0.6x10~ 
0.5x10 ~ 

} 

o.g4xlO 12 

1.54x1012at 65~: 
Gasification 
Efficiency 

1.66x1012 

1.0x105 
0.8x10~ 
0.7x10 



TABLE 39. Convert ib i l i ty  of Medium-Sized Industr ial  Ins ta l l a t ions  
to Coal as a Primary Energy Source: Near-Term Alternatives 

~0 
PO 

AIF/GOCO Ins ta l l a t f on  - Medium: 0.5xi012 Btu/Year, (0.435xi012 as 0i1 and Gas, 0.065 as Coal) 

EXISTING EQUIPMENT 

Type, Number and 
Capacity of Units 

>3.5xI06 Btu/Ib 

4 Units Total 

25x106 B t u / h r  
Average Rated 
Capacity 

PULVERIZED COAL ArID/OR STOKERS LOll BTU GAS 

0.75-3.5xi06 
Btu/Ib 

2 Units Total 

3xlO 6 Btu/hr 
Average Rated 
Capacity 

Btu/yr of Btu/yr of 
Number of Units Number Number Oil & Ga~ Number Number Oil & Gas 
on Fuel Currently of Units of Units to Replaced of Units of Units to Replaced 

In Use Convert ible Be Replaced By Coal Convert ible be Replaced By Coal 

I Coal Unit 0 O 
(0.06xi012) 

1 Unit Converted 
From Coal to 1 
Oil or Gas 

] Oil--Fired Unit 1 0 

I Gas-Fired Unit l 0 

0.43x10 

! 

12 

i 0,005x1012 

I Unit Converted 
From Coal to l 0 
0i1 or Gas 

I Oi l -F i red Unit l O 
0 Gas-Fired Unit 

O 0 

0 0 

l 0 

l 0 

l 0 

0.43x1012 

l 0 

I 0 

O.OOgx1012 

>0.75xi06 Btu/hr 

80 Units Total 

lOOxlO 3 B t u / h r  
Capacity 

25 Oi l -F i red Units 0 0 

55 Gas-Fired Units 0 0 

o o } 
0 0 

Total 011 and Gas Replaced By Coal, Btu/yr 

Equivalent Btu value of Coal Required 

Total Equivalent Coal Requirements Including 
Present Coal Use, Btu/yr  

Estimated Annual Coal Required, Tons 

@ 8000 Btu/ lb 
@ 10000 Btu/ lb 
@ 12000 Btu/Ib 

0.435x1012 
0.43x1012 

0.50xlO 12 

05 0.3x105 0.3xl 0.2x105 

0.44x1012 

0.66x10 Iz at 
65% Gasi f icat ion 
Ef f ic iency 

12 0.73xi0 

0.5x10~ 
0 4xlO. 
0 3x10 ~ 



TABLE 40. Conver t i b i l i t y  of Large-Sized AIF/GOCO Ins ta l la t ions  
to Coal as a Primary Ene,,r,,gyL,,Source: Near-Term Alternatives 

Lo 
f~ 

AIF/GOCO Installation - Large: 5.0xlO 12 Btu/year (4.35xi012 as Oil and Gas, 0.65x1012 as Coal) 

EXISTING EQUIPMENT PULVERIZED COAL AND/OR STOKERS LOU BTU GAS 

Type, Number and 
Capacity of Units 

3.5xlO 6 Btu/hr 

6 Units Total 

125xlO 6 Btu/hr 
Average Rated 
Capacity 

Btu/yr of Btu/yr of 
Number of Units Number Number Oil & Gas Number Number Oil & Gas 
on Fuel Currently of Units of Units to Replaced of Units of Units to Replaced 

In Use Convertible Be Replaced By C o a l  Convertible be Replaced By Coal 

1 Coal-Fired Unit 
(O,64xlO ]2) 0 0 "~ l ] Unit Converted 
from Coal to 1 0 
0i i  or Gas 

2 Oil-Fired Units 1 I 
2 Gas-Fired Units 0 2 

0.75-3.5xi06 
Btu/hr 

4 Units Total 

3xlO 6 Btu/hr 
Average Rated 
Capacity 

2 Units Converted 
from Coal to 
Oil or Gas 2 0 

1 Oi l -F i red Unit 1 0 
I Gas-Fired Unit 

0 l 

0.75x106 Btu/hr 

100 Units Total 

100x103 Btu/hr 
Capacity 

30 Oi l -F i red Units 0 0 

70 Gas-Fired Units 0 0 

4.35x1012 

o o} 
1 o 

2 0 4"35x1012 

2 0 

' ]  0.01x1012 1 " 0 
1 0 

0.01x1012 

}o 0 0 

0 0 

Total Oil and Gas Replaced by Coal, Btu/yr 
Equivalent Btu Value of Coal Required for 

Replacement. 

Total Cdal Requirement including Present 
Coal Use, Btu/yr  

Estimated Annual Coal Required, Tons 

@ 8000 Btu/ lb 
@ 10000 Btu/ lb 
@ 12000 Btu/ lb 

4.36x1012 

4.35x1012 

5.0X1012 

3.1xlO~ 
2,5x10~ 
2.1xlO ° 

4.36x1012 

6.69x1012 
@ 65% Gasi f i -  
cation E f f t -  1~ 
ciency 7.34x10"" 

4.GxlO 5 
3,7x10,~ 
3.1xlO 



TABLE 41. Convert ibi l i ty of Medium-Sized Personnel Instal lat ions 
to Coal as a Primary Energy Source: Long-Term Alternatives 

4~ 

Personnel I n s t a l l a t l o n  Medium 1.SxlO 12 B tu / y r  (1,425xi012 as Otl and Gas, 0 ,075xi012 

Type, Number and 
Capacity of Units 

3.5x106 Btu/hr 

46 Units Total 

Sx106 Btu/hr 
Average Rated 
Capacity 

0,75-3.5x106 
Btu/hr 

80 Units Total 

3xlO 6 Btu/hr 
Average Rated 
Capacity 

EXISTING EQUIPMENT - FLUIDIZED BED COAL OIL SLURRY 

Btu/yr Btu/yr 
Number of Oll Number of 011 

Number of Number Units and Gas Number Units and Gas r 
Units on Fuel Of Units To Be Replaced Of Units To Be Replaced 
Currently In Use Convertible Replaced By Coal Convertible Replaced By Coal ICo If,edun t } ) 
(O.05xlO 12 Btu) 0 0 0 0 

8 Units Converted 0 0 
from Coal to 1012 
Oil or Gas 0.44xi012 4 0 0.0~ 

18 Oil-Fired Units 0 18 8 0 

IG Gas-Fired Units 0 18 0 0 

from Coal to 011 0 40 30 0 
0.55xi012 o.OgOxlO 12 

or Gas 0 30 14 0 
30 Oil-Fired Units 
lO Gas~Fired Units 0 lO 0 0 

0.75xi06 Btu/hr 670 Oil-Fired Units 0 0 0 0 ] 

I o f o 2000 Units Total 1330 Gas-Fired Units 0 O 0 0 

100xlO 3 Btu/hr 
Capacity 

Total 011 and Gas Replaced by Coal, Btu/yr 

Equivalent Btu value of Coal Required 

Total Equipment Coal Requirement, including Present 
Coal Use, Btu/yr 

Estimated Annual Coal Required, Tons 

@ 8000 Btu/lb 
@ lO000 Btu/Ib 
@ 12000 Btu/Ib 

0.49xi012 

0.99xi012 

1.07x1012 

0.7xlO) 
O.SxlO~ 
0.4x10 ~ 

O.13xlO 12 

O.13xlO 12 

0.21xlO 12 

0.1xlOs S 
0.1x10 S 
0.8xlO 

Assumptions 

50% of the units converted from coal were converted to olI- fired 
All units converted from coal to oil can fire coal/oll slurry 
45% of all units originally oil-fired can be converted to coal/oll slurry 
30% of Btu's attributable to oil will be replaced by coal in coal/oil slurry 

(40% by weight coal) 

as Coal 
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TABLE 42. C o n v e r t i b i l i t y  of  La rge -S ized  Personnel  I n s t a l l a t i o n s  to  
Coal as a Pr imarv  Energy Source: Long~Term A l t e r n a t i v e s  

Personnel Installation Large 2.4xi012 Bt~/yr (2.28xi012 as oi i  and was, O.12x1012 as coal. 

EXISTING EqUIpMENT FLUIDIZED BED 

Number 
Number of Number Units 

Capacity and " Units on Fuel Of Units To Be 
Number of Units Currently In Use Convertible Replaced 

3.5xi06 Btu/hr 2 Coal fired units 
(0.12x1012) 0 0 

26 Units Total 4 Units Converted 0 4 
5xlO 6 Btu/hr from Coal to Oil 
Average Rated o r  Gas 
Capacity 10 Oil-Fired Units 0 lO 

I0 Gas-Fired Units 0 lO 

0"75"3"5×106 45 Units Converted 
Btu/hr from Coal to 0fl 0 
go Units Total or Gas 

35 Oil-Fired Units 0 
3xi06 Btu/hr 10 Gas-Fired Units 0 
Average Rated 
Capacity 

0.75xi06 Btu/hr 

6100 Units Total 2000 Oil-Fired Units 0 
4100 Gas-Fired Units 0 

lOOxlO 3 Btu/hr 
Capacity 

35 
lO 

o} 
0 

Total 011 and Gas Replaced by Coal, Btu/yr 
Equivalent Btu value of Coal Required 
Total Equivalent Coal Requirement Including 

Present Coal Use, Btu/yr 

Estimated Annual Cost Required, Tons 

@ 8000 Btu/Ib 
@ 10000 Btu/Ib 
@ 12000 Btu/Ib 

COAL/OIL SLURRY 

ntu/yr Btu/yr 
of Oil Number of Oil 
and Gas Number Units and Gas 
Replaced Of Units To Be Replaced 
By Coal Convertible Replaced By Coal 

0.34x1012 
0 0 

4 0 
5 0 

0 0 

l 0,038x1012 

0.60xlO 12 23 

16 
0 

0} 
0 
0 

0.077x1012 

O,g4xlO 12 
0.94×1012 

1.00x1012 

0.6x101 ' 

0.5x10~ 
0.4x10 

0 

0 0 

0.12x1012 
0.12x1012 

0.24x1012 

0;2x10~ 
0.1x10~ 
0.1x10- 

Assumptions 

50% of the units converted from coal were converted to oi l  ftred 
All units converted from coal to oll can f i re coal/e11 slurry 
45% of al l  units original ly oi l  fired can be converted to coal/otl slurry 
30% of Btu's attributable to oi l  w l l l be  replaced by coal in coal/oi l  slurry 

(4N~ hv u~Jnht mal l  



~0 
C~ 

TABLE 43. 
to Coal 

Convertibil ity of Large-Sized Industrial Installations 
as a Primary Energy Source: Long-Term Alternatives. 

Industrial Installation Large 
EXISTING EQUIPMENT 

Capacity and 
Number of Units 

3.5xi06 Btu/hr 

6 Units Total 

125xi06 Btu/hr 
Average Rated 
Capacity 

0.75-3.5xi06 
Btu/hr 

4 Units Total 

3xlO 6 Btu/hr 
Average Rated 
Capacity 

0.75x106 Btu/hr 

lO0 Units Total 

lOOxlO 3 Btu/hr 
Capacity 

5xlO 12 Btu/yr (4.35xi012 as oll and gas, 0.6SxlO 12 as Coal) 

FLUIDIZED BED COAL/OI L SLURRY 

Btu/yr Btu/yr 
Number of Oil tlumber of Oil 

Number of Number Units and G~s Number Units and Gas 
Units on Fuel Of Units To Be Replaced Of Units To Be Replaced 
Currently In Use Convertible Replaced By Coal Convertible Replaced By Coal 

1 Coal flBed unit 
(0.65x10 "~) 0 0 ~ 0 0 

l Units Converted 
from Coal to Oil 0 I 0 l 
or Gas 
2 Oil-Fired Units 0 2 4.35xi012 l 0 

2 Gas-Fired Units 0 2 0 0 

2 Units Converted 
from Coal to Oil 
or Gas 0 2 l 
1 Oil-Flred Unit 0 l I o'OlxlOl2 l 

l Gas-Fired Unit 0 ] 0 

30 Oil-Fired Units 0 0 ) 0 
0 

70 Gas-Fired Units 0 0 0 

Total Oil and Gas Replaced by Coal, Btu/yr 
Equivalent Btu Value of Coal Required 
Equivalent Btu Value of Coal Required Including 

Present Coal Use 
Estimated Annual Coal Required, Tons 

@ 8000 Btu/Ib 
@ 10000 Btu/Ib 
@ 12000 Btu/Ib 

0.52xi012 

0 O.O01S xlO12 

0 

o I 
o $ 

4.36xi012 

4.36xi012 

5.0xlO 12 

3.1xlO) 
2.5xI0 ~ 
2.1xlO 5 

0.52xi012 
0.52xi012 

1.17x1012 

0.7xlO 5 _ 

Assumptions 

50% of the units converted from coal were converted to o i l ~ f i r ed  
A11 units converted from coal to o i l  can f t r e  coa l /o t l  s lurry 
45% of a l l  units o r i g i n a l l y  o i l - f i r e d  can be converted to coa l /o i l  s lurry 
30% of Btu's a t t r ibu tab le  to o i l  w i l l  be replaced by coal in coa l /o i l  s lurry 

(40% by weight coal) 



TABLE ~4. C o n v e r t i b i l i t y  o f  
Coal as a Pr imary, ,Enerqy 

Medium-Sized I n d u s t r i a l  I n s t a l l a t i o n s  
Source: Lon q--Term A1Le,rnat ives 

to 

Industr ia l  I ns ta l l a t i on  - Medium 

EXIST.I.NG EQUIPMENT 

Number of 
Capacity and Units on Fuel 
Number of Units Currently In Use 

0.SxlO 12 Btu/yr (0.435xi012 as oi l  and gas, 0.065xi012 as Coal) 

FLUIDIZED BED COAL OIL SLURRY 

Btu/yr Btu/yr 
N~mber of Oil Number of Oil 

Number Units and Gas Number Units and Gas 
Of Units To Be Replaced Of Units To Be Replaced 
Convertible Replaced By Coal Convertible Replaced By Coal 

3.5xi06 Btu/hr 1 Coal-Fired Unit 
(O.OfxlOl2) 

4 Units Total l Units Converted 
25x106 Otu/hr from Coal to Oil 
Average Rated or Gas 
Capacity l Oil-Fired units 

l Gas-Fired Units 

0 ~0 

0 1 
0 1 

O 1 

0.7B-3.5xlO 6 
Btu/hr l Units Converted 
2 Units Total from Coal to Oil O 

or Gas 
3xlO 6 Btu/hr l Oil-Fired Units 0 
Average Rated 
Capacity l Gas-Fired Units 0 

0.75xi06 Btu/hr 

80 Units Total 25 Oil-Fired Units 0 
5B Coal-Fired Units 0 

lOOxlO 3 Btu/hr 
Capacity 

Total Oil and Gas Replaced By Coal, Btu/yr 
Equivalent BLu Value of Coal Required 
Total Equivalent Coal Requirements, Including 

Present Coal Use, Btu/yr 
Estimated Annual Coal Required, Tbns 

@ 8000 Btu/Ib 
@ lO00O Btu/Ib 
@ 12000 gtu/Ib 

1 °  / 
0.43x1012 0.07x1012 

0 0 
0 0 
0 0 

1 / , o 
1 O.OO5x1012 O 0 

0 0 O. 

o} o o} 
0 0 0 0 

0.435×1012 
0.435x1012 

O. 5x1012 

0.3x10~. 
0.3xlO~ 
0.2x10" 

'O.O02xlO 12 

0.072x1012 
0.072x1012 

O.14xlO 12 

O.O4xlOSn 
O.04xlO~ 
O.03xlO 5 

Assumptions, 

50% of the units coqverted from coal were converted t o o t l ,  fired 
Al1 units converted.from coal to oil can f i re coal/oil slurry 
45% of all units originally oi l . f i red can be converted to coal/oil slurry 
30% of Btu's attributable t oo i l  wil l  be replaced "by coal in coal/oil slurry 

(40% by welght coal) 



Also i nc luded  in these t a b l e s  are the impacts  on o i l ,  
gas, and coal consumpt ion of  the d i f f e r e n t  a l t e r n a t i v e s .  
These c a l c u l a t i o n s  are based on conve rs ion  or rep lacement  o f  
a l l  n o n - c o a l - f i r e d  u n i t s  g r e a t e r  than or ~qual to 0.75 x 106 
B t u / h r .  A l l  u n i t s  s m a l l e r  than 0.75 x I0 B t u / h r  are assumed 
to be n o n - c o n v e r t i b l e  e c o n o m i c a l l y ,  or t h a t  the f ue l  sav ings  
would be r e l a t i v e l y  i n s i g n i f i c a n t .  The r e d u c t i o n  in o i l  and 
gas consumpt ion was de te rmined to be 40 to I00 pe rcen t  in  terms 
o f  B tu ' s  f o r  f l u i d i z e d  bed or h i g h - B t u  g a s i f i c a t i o n .  The 
i n d u s t r i a l  f a c i l i t i e s  would be t o t a l l y  conve r ted .  

Convers ion of  o i l - f i r e d  u n i t s  to c o a l / o i l  s l u r r i e s  can 
reduce o i l  consumpt ion up to 24 pe r cen t .  Th is  i s ,  however,  
on l y  5 to 14 pe rcen t  of  the t o t a l  f ue l  consumpt ion at the 
base. I t  appears t h a t  c o a l / o i l  s l u r r y  combust ion would best  
supplement  o the r  c o a l - f i r e d  a l t e r n a t i v e s  to o i l  and n a t u r a l  
gas. 

S t r a t e g i e s .  Var ious  p lans f o r  conve rs ion  from o i l  and gas 
to coal as the p r ima ry  f ue l  at  Army i n s t a l l a t i o n s  can be 
deve loped.  These s t r a t e g i e s  range from i m m e d i a t e l y  e f f e c t i v e  
changes to l ong - range  p lans .  Depending upon i n d i v i d u a l  s i t e  
c h a r a c t e r i s t i c s ,  they  may r e s u l t  in  moderate r e d u c t i o n  in o i l  
and gas u t i l i z a t i o n  or t o t a l  independence from these two f u e l s .  
S e l e c t i o n  of  the most p rom is ing  s t r a t e g y  w i l l  be i n f l u e n c e d  
by economic c o n s i d e r a t i o n s  as w e l l  as t e c h n i c a l  f a c t o r s .  Among 
the p o s s i b l e  s t r a t e g i e s  which may be developed are :  

Complete or p a r t i a l  conve rs i on  of  e x i s t i n g  
equipment to c o n v e n t i o n a l  c o a l - f i r e d  sys tems.  

I n s t a l l a t i o n  of  c e n t r a l i z e d  c o a l - f i r e d  sys tems.  

Use of  c o a l / o i l  s l u r r i e s  in e x i s t i n g  equ ipment .  

Replacement o f  o i l ,  n a t u r a l  gas, and coal  w i t h  
c o a l - d e r i v e d  l ow-B tu  gas. 

I n s t a l l a t i o n  of  F l u i d i z e d - B e d  Combust ion Systems. 

Replacement of  o i l ,  n a t u r a l  gas, and coal  w i t h  
c o a l - d e r i v e d  h i g h - B t u  gas. 

• L i q u i d  f u e l s .  

W i th in  each o f  these a l t e r n a t i v e s  severa l  d i f f e r e n t  
o p t i o n s  may be a v a i l a b l e .  
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Gomplete or Partial Gonversion of Existin# Equi2ment to 
Conventional Goal-Fired Systems. This  a l t e r n a t i v e  assumes t h a t  
no change in  the p a t t e r n  o f  f ue l  use w i l l  be made w i t h  r espec t  
to s i ze  and l o c a t i o n  o f  the hea t i ng  u n i t s .  Those u n i t s  
c u r r e n t l y  o p e r a t i n g  on o i l  or  gas e i t h e r  w i l l  be conver ted  
to coal or  r ep laced  by new c o a l - f i r e d  systems.  Under t h i s  
s t r a t e g y  smal l  u n i t s  o f  less  than 0.75 x 106 B t u / h r  w i l l  
remain on o i l  or  gas. 

Un i t s  ra ted  at  g r e a t e r  than 0.75 x 106 B t u / h r  may be 
s e l e c t i v e l y  sw i t ched  to coa l .  Convers ion may be done in  one 
i n t e n s i v e  program, a f f e c t i n g  a l l  c o n v e r t i b l e  u n i t s  at  the same 
t ime ,  or  i t  may be phased over  a long t ime span. Immediate 
a l t e r a t i o n  o f  a l l  u n i t s  capable o f  be ing  conver ted  would 
p rov i de  a nea r - t e rm  p a r t i a l  r e d u c t i o n  in  o i l  and gas consumpt ion .  

Those u n i t s  which are not  s u i t a b l e  f o r  conve rs ion  w i l l  
r e q u i r e  rep lacemen t .  Th is  e f f o r t  w i l l  be a l onge r~ te rm  p r o j e c t ;  
I t  may be l o g i c a l l y  t i e d  to  the e x p i r a t i o n  o f  the equipment  
s e r v i c e  l i f e .  However, costs o f  con t i nued  o p e r a t i o n  on h i g h e r -  
p r i c e d  f ue l  as opposed to the c a p i t a l  o u t l a y  to  rep lace  non- 
d e p r e c i a t e d  equipment  must be compared. 

Installation of Centralized Goal~Fired Systems. Large 
c e n t r a l i z e d  systems may be used to r e p l a c e  seve ra l  e x i s t i n g  
u n i t s .  Expansion o f  c e n t r a l  d i s t r i c t  hea t i ng  to  i n c l u d e  areas 
not p r e s e n t l y  served can be used to e l i m i n a t e  i n d i v i d u a l  
b u i l d i n g  i n s t a l l a t i o n s .  Under t h i s  s t r a t e g y ,  a few l a r g e  
systems cou ld  r ep lace  numerous med ium 's i zed  u n i t s .  

Small u n i t s  ( l e s s  than 0.75 x 106 B t u / h r )  used in  i n d i v i d u a l  
d w e l l i n g s  consume 30 to 60 pe rcen t  o f  the personne l  base f u e l  
as o i l  and gas. Replacement o f  these by a s i n g l e  l a r g e ,  or  
severa l  s m a l l e r ,  c e n t r a l  c o a l - f i r e d  d i s t r i c t  hea t i ng  systems 
w i l l  e f f e c t  a major  r e d u c t i o n  in  o i l  and gas consumpt ion at  
personnel  i n s t a l l a t i o n s .  This o p t i o n  d i s c o n t i n u e s  the use 
o f  a l l  i n d i v i d u a l  o i l  and gas u n i t s  and r e q u i r e s  a hot  wate r  
(o r  o the r  heat t r a n s f e r  medium) d i s t r i b u t i o n  system. By 
i n s t a l l i n g  dual d i s t r i b u t i o n  systems,  c o o l i n g  as w e l l  as 
h e a t i n g  can be accomp l i shed .  
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Use of Coal/Oil Slurries in Existing Equipment. A l i m i t e d  
reduc t i on  in the amount of  o i l  consumed can be obta ined by 
t h i s  o p t i o n .  I t s  a p p l i c a t i o n  to a l l  e x i s t i n g  la rge un i t s  would 
r e s u l t  in  l i m i t e d  fue l  sav ings .  The maximum savings to  be 
r e a l i z e d  from t h i s  s t r a t e g y  w i l l  be less than 30 percent  of 
the o r i g i n a l  o i l ,  Equipment f o r  prepar ing the s l u r r y  and 
m a i n t a i n i n g  the coal in suspension w i l l  r u le  out the use of 
c o a l / o i l  s l u r r i e s  in small  u n i t s .  Ash content  also w i l l  l i m i t  
i t s  use. 

Replacement of Oil, Natural Gas, and Coal With Coal- 
Derived Low-Btu Gas. This s t r a t e g y  can be implemented by 
var ious  t a c t i c a l  means. In one a l t e r n a t i v e  the convers ion to 
low-Btu gas can be an end in i t s e l f  wh i l e  a second a l t e r n a t i v e  
would use t h i s  as the f i r s t  phase in an u l t i m a t e  convers ion to 
h igh-B tu  gas from coa l .  

Conver t ing  on ly  to low-Btu gas requ i res  i d e n t i f i c a t i o n  
of those o i l -  and c o a l - f i r e d  un i t s  which can be conver ted.  
In most cases convers ion to gas w i l l  be f e a s i b l e .  For gas- 
f i r e d  u n i t s ,  burner m o d i f i c a t i o n s  w i l l  be the on ly  major 
change. O i l - f i r e d  un i t s  may r e q u i r e ,  in a d d i t i o n ,  changes in 
con t ro l  systems, wh i l e  convers ion of c o a l - f i r e d  b o i l e r s  may 
invo l ve  s t r u c t u r a l  m o d i f i c a t i o n s .  I n d i v i d u a l  d w e l l i n g  un i t s  
probab ly  would not be converted to low-Btu gas. The gas 
d i s t r i b u t i o n  system needed to supply p r e v i o u s l y  non-gas equip-  
ment must be i n s t a l l e d  and the necessary changes made to 
e x i s t i n g  mains which are to be used. Segregat ion of  e x i s t i n g  
mains con t i nu i ng  to d e l i v e r  na tu ra l  gas w i l l  be necessary as 
w e l l .  

The g a s i f i c a t i o n  p l a n t ,  t oge the r  w i th  coal s torage and 
p repa ra t i on  f a c i l i t i e s ,  w i l l  be located on a s i n g l e  s i t e .  Gas 
process ing w i l l  be i nc luded .  Ra i l road  or t r uck  access f o r  coal 
d e l i v e r y  and a main to ca r r y  the gas to the d i s t r i b u t i o n  
system must be i n s t a l l e d .  

This a l t e r n a t i v e  prov ides a p a r t i a l  r educ t i on  of  o i l  and 
gas dependency f o r  personnel posts .  On i n d u s t r i a l  i n s t a l l a t i o n s  
i t  e s s e n t i a l l y  e l i m i n a t e s  the use of na tu ra l  gas and o i l .  

The second a l t e r n a t i v e  requ i res  p lann ing f o r  f u t u r e  con- 
vers ion  of  the low-Btu g a s i f i c a t i o n  system to h igh-Btu  produc- 
t i o n .  A l lowance can be made in the i n i t i a l  design f o r  the 
l a t e r  increased capac i t y  needed in those u n i t  opera t ions  and 
processes common to both h igh-  and low-Btu systems. A l l  steps 
needed f o r  the low-Btu a l t e r n a t i v e  are requ i red  i n i t i a l l y  in 
t h i s  v a r i a t i o n  as w e l l .  A d d i t i o n a l  g a s i f i e r  capac i t y  s i m i l a r l y  
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can be b u i l t  in i n i t i a l l y .  I n s t a l l a t i o n  of un i ts  such as an 
oxygen p lant  and CO-shi f t  and methanation reactors  w i l l  be 
deferred u n t i l  the l a t e r  conversion to h igh-Btu gas is 
implemented. However, the pr ice  esca la t ion  which w i l l  
i n e v i t a b l y  occur may favor  i n i t i a l l y  i n s t a l l i n g  the higher 
capac i ty  equipment f o r  coal p repara t ion ,  gas cleanup, and 
other systems which w i l l  be used both fo r  low- and high-Btu 
gas. 

When the changeover to high-Btu gas product ion is made, 
a l l  un i ts  at the i n s t a l l a t i o n  w i l l  be converted to g a s - f i r i n g .  
Small n a t u r a l - g a s - f i r e d  heaters w i l l  need no changes, but o i l  
burners w i l l  be modi f ied.  Large equipment converted o r i g ~ n a l l y  
to low-Btu gas then w i l l  be converted to the high-Btu f u e l .  

Replacement of Oil, Natural Gas, and Goal Pith Coal: 
Derived High-Btu Gas. One s t ra tegy  fo r  implementing coa l -  
der ived high-Btu g a s i f i c a t i o n  systems has al ready been 
discussed. That is the near- term conversion to low-Btu gas 
fo l lowed by subsequent mod i f i ca t i ons  to produce high-Btu gas. 

As a long-range s t ra tegy ,  h i g h - B t u g a s i f i c a t i o n  systems 
may be i n s t a l l e d  in a s ing le  step. This may be phased wi th  
the re t i rement  of large obsolete coa l -  or o i l - f i r e d  uni ts  so 
that  gas - f i r ed  replacements would be operated on high-Btu 
gas. Expansion of the d i s t r i b u t i o n  system may be car r ied  
out in advance to minimize l a t e r  d i s rup t ions  and cost 
esca la t ion .  

A f t e r  gas is in product ion ,  un i ts  not then f i r e d  by gas 
could be converted or replaced to eventua l l y  e l im ina te  a l l  
non-coal fue ls .  

Installation of Fluidized-Bed Combustion System#. A: long-  
range s t ra tegy  cons is ts  of planning fo r  replacement of e x i s t i n g  
equipment wi th  coa l~# i red f l u i d i z e d - b e d  systems. While t h i s  
technology has not been f u l l y  demonstrated, i t  is p resent ly  
h igh ly  promising. The capac i ty  of the cur rent  demonstrat ion 
module exceeds the requirements of  most m i l i t a r y  bases. 
However, there appears to be no techn ica l  reason to preclude 
scaledown to more~sui table s izes .  
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Because o f  the thermal  e f f i c i e n c y  advantage and the 
c o m p a t i b i l i t y  w i t h  a p p l i c a t i o n  demands, f l u i d i z e d - b e d  combust ion 
systems shou ld  be eva lua ted  in d e t a i l .  S u i t a b l e  s i ze  re-  
d u c t i o n  e v a l u a t i o n  can be ob ta ined  du r i ng  the immediate f u t u r e  
so t h a t  when the systems have been f u l l y  demons t ra ted ,  des ign 
and f a b r i c a t i o n  can beg in .  Replacement o f  e x i s t i n g  u n i t s  
then cou ld  occur .  

A l t e r n a t i v e  t a c t i c s  at t h a t  t ime cou ld  i n c l u d e  e i t h e r  
c e n t r a l i z e d  d i s t r i c t  hea t i ng  served by a s i n g l e  u n i t  or 
severa l  s m a l l e r ,  d e c e n t r a l i z e d  systems.  The same changes to 
smal l  i n d i v i d u a l  d w e l l i n g  systems w i l l  be necessary  as w i t h  
conve rs i on  to c o n v e n t i o n a l  c o a l - f i r e d  systems.  

Liquid Fuels From Coal. While l i q u i d  f u e l s  from coal 
t e c h n o l o g y  has been r e j e c t e d  as a p p l i c a b l e  to i n d i v i d u a l  
Army i n s t a l l a t i o n s ,  some f u t u r e  p o t e n t i a l  e x i s t s .  The s t r a t e g y  
w i t h  respec t  to t h i s  o p t i o n  would eva lua te  the concept  o f  coal 
l i q u e f a c t i o n  p l a n t  combined w i t h  subsequent  r e f i n i n g  to a 
range o f  f u e l s .  Th is  complex cou ld  serve as the f ue l  source 
f o r  a l l  Army f a c i l i t i e s  in a g iven geograph ic  area.  Motor  
v e h i c l e  f u e l s  as we l l  as hea t i ng  f u e l s  would be produced. 
E v a l u a t i o n  of  t h i s  concept  is  not  w i t h i n  the scope o f  t h i s  
s tudy .  
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8 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions. Several coal technologies e x i s t  which can 
replace natura l  gas and o i l  at Army i n s t a l l a t i o n ~ .  These have 
been described in previous sect ions of t h i s  repor t  and 
s t ra teg ies  fo r  implementing them have been presented. Impacts 
r e s u l t i n g  from a change to coal have been i d e n t i f i e d .  S im i l a r  
i n fo rmat ion  has been assembled f o r  technologies which are not 
commercia l ly  ava i l ab le  but may become so w i t h i n  a 5- to 15-year 
t ime span. 

A l t e r n a t i v e  forms of d i r e c t  combustion of coal appear to 
be a favorab le  near-term s t ra tegy .  Economics and the proven 
s ta tus of d i r e c t  combustion systems are two fac to rs  favor ing  
th i s  technology.  Various types of equipment are ava i l ab le  to 
meet s p e c i f i c  needs. One disadvantage is the need to handle 
coal at m u l t i p l e  u n i t s ,  but th i s  can be reduced by using 
cen t ra l i zed  systems. Ind iv idua l  dwel l ings would requ i re  
conversion to cen t ra l i zed  systems to be p r a c t i c a l l y  heated by 
coal .  

Low- and medium-Btu gas from coal also warrant  considera-  
t i on .  Low- and medium-Btu gas are, f o r  p r a c t i c a l  purposes, 
near- term techno log ies .  The advantages inc lude c e n t r a l i z i n g  
coa l -hand l ing  equipmentand min imiz ing the impact upon un i ts  
p resen t l y  burning natural  gas and o i l .  Probable i n c o m p a t i b i l i t y  
wi th  i nd i v i dua l  dwel l ing un i ts  is the major disadvantage. 
High cap i t a l  and operat ing costs w i l l  be incur red wi th Iow- 
Btu gas and coa l -der ived fue l s .  

High-Btu gas from coal is more wide ly  app l i cab le  to 
Army i n s t a l l a t i o n s  than low-Btu gas and does not impact 
equipment now using natural  gas. Implementat ion is f u r t h e r  
in the fu tu re  than fo r  low- and medium-Btu gas, however, and 
the economics are less favorab le  than low-Btu gas. 

F lu id ized-bed combustion systems appear h igh ly  promising 
fo r  near- term app l i ca t i on .  D i s t r i c t  c e n t r a l i z a t i o n  would 
reduce on -s i t e  coal d i s t r i b u t i o n .  The modular c a p a b i l i t i e s  
permi t  expansion of  a p a r t i a l  system at i n t e r v a l s  to match 
increased needs. No cost data are ava i l ab le  but p re l im ina ry  
in fo rmat ion  ind ica tes  s i g n i f i c a n t  cap i t a l  reduc t ion .  
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C o a l / o i l  s l u r r i e s  do o f f e r  some advantages such as minimal 
c a p i t a l  expend i t u re ,  v e r s a t i l i t y  of  ope ra t i ons ,  and ex tens ion  
of  fue l  o i l  s u p p l i e s .  However, s ince coal hand l i ng ,  s to rage ,  
and p repa ra t i on  equipment are necessary and the p r o b a b i l i t y  
of  f u t u r e  fue l  o i l  shortages e x i s t s ,  i t  probably  would be 
best to conver t  the u n i t  to d i r e c t  coal f i r i n g .  F u r t h e r ,  
the ac tua l  r educ t i on  in o i l  consumption by t h i s  method is 
l i m i t e d  to we l l  under 25 percen t .  

Due to a wide v a r i a t i o n  in coal types ,  e x i s t i n g  equipment;  
and i n s t a l l a t i o n  requ i rements ,  i t  is imposs ib le  to be s p e c i f i c  
about c o n v e r t i b i l i t y  or replacement w i th  coal-based t e c h n o l o g i e s .  
Coal techno logy is ex t remely  complex. Requirements and 
s p e c i f i c a t i o n s  are unique to the i n d i v i d u a l  case being s tud ied .  
When s tud ied  in d e t a i l ,  a techno logy  tha t  may be optimum 
f o r  one convers ion or replacement could s imply  be p h y s i c a l l y ,  
t e c h n o l o g i c a l l y ,  or economica l l y  u n s u i t a b l e  in another apparen t l y  
s i m i l a r  s i t u a t i o n .  The d e t a i l  of  t h i s  study is n e c e s s a r i l y  
general  and conc lus ions  about p a r t i c u l a r  s i t u a t i o n s  can be 
drawn on ly  w i th  extreme cau t i on .  

Conclusions based on t h i s  s tudy are l i s t e d  below and 
apply s p e c i f i c a l l y  to Army bases: 

Q D i r e c t  combustion of coal o f f e r s  the h ighes t  
thermal e f f i c i e n c y  and r e s u l t a n t  l eas t  fue l  
consumption of  the techno log ies  cons idered.  

Convent ional  d i r e c t  combustion systems are 
t e c h n i c a l l y  proven and economical .  

F l u i d i z e d - b e d  combustion of coal is near ing com- 
merc ia l  a p p l i c a t i o n ,  o f f e r s  several  advantages 
over conven t iona l  systems, and appears to be a 
near - te rm (3-5 years)  a l t e r n a t i v e  to o ther  systems. 

Conversion of e x i s t i n g  o i l -  and n a t u r a l - g a s - f i r e d  
u n i t s  to d i r e c t  coal f i r i n g  is t e c h n i c a l l y  
f e a s i b l e  f o r  on ly  a few types of u n i t s .  This 
cannot be g e n e r a l l y  app l ied  and must be considered 
on a case by case bas is .  

Coa l -de r i ved  gas ( l o w - ,  medium-, and h igh -B tu )  is 
economica l l y  less f avo rab le  than d i r e c t  combustion 
at the sca le  a p p r o p r i a t e  to Army i n s t a l l a t i o n .  
High-Btu processes are commerc ia l l y  unproven at 
t h i s  t ime.  Low- and medium-Btu processes have 
more favo rab le  economics but may be less u n i v e r s a l l y  
a p p l i c a b l e  than h igh-B tu  processes. 
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Coa l /o i l  s l u r r i e s ,  as a s u b s t i t u t e  or supplement 
fo r  o i l ,  o f f e r  i n s u f f i c i e n t  bene f i t s  to j u s t i f y  
f u r t h e r  cons ide ra t ion .  

For d i r e c t  combustion, d i s t r i c t  systems are more 
p r a c t i c a l  due to the need fo r  coa l -hand l ing  
equipment. 

Coal~derived gas systems are of  necess i ty  d i s t r i c t -  
based, wi th  the gas being d i s t r i b u t e d  to e x i s t i n g  
combustion un i t s .  

Recommendations. An immediate e f f o r t  to reduce o i l  and gas 
dependency is ind ica ted  by the data presented on m i l i t a r y  fue l  
consumption. Spec i f i c  act ions can be taken at present ,  and 
preparat ion fo r  a l t e r n a t i v e s  can begin. Recommendations f o r  
immediate cons idera t ion  include the f o l l ow ing  s t r a t e g i e s :  

O Medium- and l a rge -capac i t y  o i l  and n a t u r a l : g a s - f i r e d  
un i ts  nearing the end of normal u~eful serv ice  
should be replaced by convent ional  c o a l - f i r e d  
equipment. 

Units which were o r i g i n a l l y  c o a l - f i r e d  but had been 
converted to o i l  or gas should be evaluated on a 
case by case basis and where feas ib le~ r e c o n v e r t e d  
to coal .  

A program to f a c i l i t a t e  and expedi te commercial 
development of  the f l u i d i z e d - b e d  combustion system 
should be supported wi th the o b j e c t i v e  of achiev ing 
the i n i t i a l  app l i ca t i on  of t h i s  technology to Army 
use w i t h i n  3 years.  

D i s t r i c t  c e n t r a l i z a t i o n  of heat ing systems should 
be emphasized. 

Long-term a v a i l a b i l i t y  of coal should be assured 
by i n i t i a t i n g  communication wi th the coal~mining 
i n d u s t r y ,  so tha t  pro jec ted Army coal consumption 
can be matched by advanced planning fo r  i ndus t r y  
capac i ty .  
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For l o n g e r - t e r m  p l a n n i n g ,  a d d i t i o n a l  ac t i ons  should be 
taken .  These are:  

R e - e v a l u a t i o n  of  c o a l - d e r i v e d  gas should be a con- 
t i n u i n g  a c t i v i t y ,  and changes in the s ta tus  of  
l o w - ,  medium-, and h i g h - B t u  processes should be 
m o n i t o r e d .  

A d e t a i l e d  s i t e - s p e c i f i c  s tudy ,  comparing a l t e r n a -  
t i v e  conve rs ion  s t r a t e g i e s ,  i n c l u d i n g  g a s i f i c a t i o n  
and d i r e c t  combust ion ,  should be under taken to 
d e f i n e  s p e c i f i c  t e c h n i c a l  and economic parameters .  

R e - e v a l u a t i o n  of  c o a l - d e r i v e d  l i q u i d  f u e l s  should 
be made f o r  s i t u a t i o n s  o the r  than s i n g l e  i n s t a l l a -  
t i o n  a p p l i c a t i o n s .  

The r a t e  at  which t echno logy  f o r  coal u t i l i z a t i o n  is  
deve lop ing  r e s u l t s  in a c o n s t a n t l y  and r a p i d l y  changing 
s c e n a r i o .  Th is  a p p l i e s  to both combust ion and c o a l - d e r i v e d  
s y n t h e t i c  f u e l s .  For t h i s  reason c o n t i n u i n g  awareness of  
the s ta tus  o f  coal t echno logy  is  necessary ,  and the f l e x i b i l i t y  
to  adapt p o l i c y  to changed c o n d i t i o n s  must be m a i n t a i n e d .  
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