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PREFACE 

The Energy Information Administration of the U.S, 

Department of Energy has been asked by the'secretary of. 

Energy to prepare a study report in.responseto Section 

747 of the Powerplant and Industrial Fuel Use Act of 

1978 (PIFUA). This study report evaluates the technical 

and economic feasibility of using alternate fuels - fuels 

other than oil and natural gas - -  in combustors not 

regulated by PIFUA. The combustors considered in this 

report comprise approximately 45 percent of the industrial 

fuel demand projected in 1990. The report was prepared by 

Energy and Environmental Analysis, Inc. (contract No. 

DE--ACO,l-79EI10547) under the technical project guidance of 

Barry N. Cohen. 
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1. EXECUTIYE SUMMARY 

1.1 SCOPE 

This report evaluates the technical and economic feasibility of using al- 

ternate fuels -- fuels other than oil and natural gas -- in combustors not 
regulated by the Powerplant and Industrial Fuel Use Act of 1978.(FUA). 

FUA requires coal or alternate fuel use'in most large new boilers and in 

some existing boilers. Section 747 of FUA authorizes a study of the poten- 

tial for reduced oil and gas use in 'combustors not subject to the act: 
L 

small industrial boilers with capaciti.es less than 100 MMBtu/hr, and pro- 

cess heat applications. 'his report examines alternative fuel use in 

combustors not regulated by FUA, analyzes the impact of several measures 

to 'encourage the substitution of alternative fuels in these combustors, 

arid identifies the primary processes in which significant fuel savings can 

be achieved. Since feedstock uses of oil and natural gas are considered 

raw materials, not fuels, feedstock' applications are not examined in this 

analysis. 

The combustors evaluated in this study comprise approximately 45 percent of 

the fuel demand projected in 1990 (see Table 1.1). These uses would account 

for more than 3.5 million barrels per day equivalent fuel demand in 1990. 

1.2 BACKGROUND 

, Hi.storically, process heaters and small boilers primarily have burned oil 

and natural gas., In small boilers, coal has comprised only i3 perceril. 01 

total steam capacity. Other than the use of wood waste in the paper in- 

dustry, most of the remaining fuel demand has been 'satisfied by oil and 

gas. In process heaters, less than 10 percent of the fuel demand has been' 

met with coal. Byproduct fuels, refinery gas, coke oven gas, and blast 

furnace gas have accounted for an additional 20 percent of demand. The 



TABLE 1.1 

COMPARISON OF FUEL USE COVERED IN THIS STUDY WITH 
FUEL USE TARGETED BY FUA: 1990 

Targeted Study 
b FUA 2- - coverage I n d u s t r i a l  Applicat ions 

Boi lers  

New b o i l e r s  (bui l t  be twen  1982 
and 1490) 

Energy Demand_ 

(% 1 (quads) - 

Large (>lo0 MMBtu/hr) 2 .'6 13.0 
x ~ n i a l l  (<lo0 MMBtu/hr) 0 . 7  3.0 

Exis t ing  b o i l e r s  ( b u i l t  p r i o r  
t o  1982) 

Oil/aa.s-fired (ncrn-coal 
capable) 

Large 
x Sma 1 1 

Process Heaters 

x New ( b u i l t  between 1982 and 3.6 17 .0  
i99o) 

x Exis t ing  ( b u i l t  p r i o r  t o  1982) . 4.2  20.0 

Feedstocks c / 5.1 25.0 

12.5% 45% T o t a l  d/ -,..... 

a' Boi lers  between 50 a n d  100 ~ ~ ~ t u / h r  a r e  covered by FDA i f  t o t a l  p lan t  
capac i ty  exceeds 250 MMBtu/hr. 

b/ Very few small b o i l e r s  have p r i o r  coa l  c a p a b i l i t y .  '' Liquefied gas, o i l ,  and natura l ,  gas feedstocks.  Does not  inc lude  metal- 
l u r g i c a l  c o a l .  

Does no t  include e l e c t r i c i t y , .  me ta l lu rg ica l  coal ,  o r  miscellaneous pro- 
ducts  (naphtha, L.BQ except where indica ted  i n  feedstocks . These products 
would account f o r  an  add i t iona l  nine quads i n  1990. 



remaining 70 percent  of process hea t  energy requirements have been met by 

o i l  and gas.  

Projected f u e l  use es t imates  f o r  these  combustors through 1990 show con- 

t inued r e l i a n c e  on o i l  and gas a s  primary energy sources.  Under cu r ren t  

economic and regu la to ry  condi t ions ,  small b o i l e r s  a r e  p ro jec ted  t o  r e q u i r e  

0.7 quads of new f u e l  from 1982 t o  1990, 80 percent  of which w i l l  be o i l  o r  

gas. New process h e a t e r  growth is  p ro jec ted  t o  r e q u i r e  3 . 6  quads of f u e l .  

Byproduct f u e l s  w i . 1 1  maintain t h e i r  share  of  new f u e l  use,  and' d i r e c t  coa l  

w i l l  meet 15 percent  of t h e  new f u e l  demand. 

1 . 3  FACTORS CONSTRAINING ALTERNATIVE FUEL USE 

Al te rna te  f u e l  use i n  small b o i l e r s  and process hea te r s  i s  l imi t ed  by 

t echn ica l  c o n s t r a i n t s ,  lead  time f o r  development of  new technologies,  and 

economics. In  small b o i l e r  use ,  t h e  major c o n s t r a i n t  t o  increased a l t e r -  

n a t e  f u e l  use i s  economics. Direc t  coal  i s  t h e  primary nonscarce f u e l  

a l t e r n a t i v e  i n  small b o i l e r s ,  with atmospheric f l i i d i z e d  bed combustion 

competing i n  the  por t ion  of the  coa l  market sub jec t  t o  s t r i n g e n t  environ- 

mental r egu la t ions .  Low-Btu gas and e l e c t r i c i t y  a r e  proven a l t e r n a t i v e  

f u e l s ,  but  they a r e  not  now economically competi t ive with coa l ,  o i l ,  o r  

gas. Wood waste and municipal waste a r e  compet i t ive ly  p r i ced  i n  s i t u a t i o n s  

i n  which s i t e - s p e c i f i c  c o n d i t i o l ~ s  are favorable.  

Replacement of  sca rce  f u e l  use i n  process h e a t e r s  is  seve re ly  l imi t ed  by a 

combination of t echn ica l ,  economic, and lead time f a c t o r s .  The following 

d iscuss ion  i l l u s t r a t e s  how d i r e c t  coa l ,  a competi t ively-priced a l t e r n a t i v e  

f u e l  i n  some  application.^, i s  competi t ive i n  only 29 percent  of  the new 

process hea t  market due t o  t echn ica l  l i m i t a t i o n s  (see Table 1 . 2 ) .  This  

d iscuss ion  a l s o  i l l u s t r a t e s  how s i t e - s p e c i f i c  economics, lead  time t o  com- 

merc ia l i za t ion ,  and indus t ry  c h a r a c t e r i s t i c s  i n t e r a c t  with t echn ica l  f e a -  

s i b i l i t y  judgments i n  t h i s  ana lys i s .  



ALTERNATE FUEL CONVERSION CAPABILITY AS A PERCENT OF 
TOTAL FUEL USE I N  NEW AND RETROFIT PROCESS HEATERS: 1990 

(percent) , .  

AlternaLe 'Fuel 

Luw-' a i d  medium-Btu gas 

Met hano 1 

Liquid solvent  r e f i n e d  coal  

Coal/oi l  mixture 

So l id  so lvent  r e f i n e d  coa l  

Direc t  coal 

Municipal s o l i d  waste 

Atmospheric f l u i d i z e d  bed 
c v~llbus t i on 

I n d i r e c t  hea t  

E l e c t r i f i c a t i o n  

New - R e t r o f i t  

71 

71 

2 8 

19 

18 

18' 

- 



The' technical feasibility judgments in Table 1.2 were developed by matching 

the heat and process requirements of seyeral applications with the heat 

delivery properties and operating characteristics of each fuel alternative. 

This table does not reflect accurately the lead time associated with adop- 

tion of new fuel technologies in applications in which alternate fuels have 

not been burned. Even in some cases in which a fuel. is listed as "techni- 

cally feasible," lead time will be required to prove the technical'feasi- 

bility and verify the cost and reliability of the process. For example, 

direct coal use in tubbstill heaters used in 'atmospheric distillation is 

listed as feasible in new applications in ,Table 1.2. Before coal can be 

burned in these processes, however, the following steps would have to be 

taken : 

a Furnace redesign - solid fuel burners would have to be fired 
vertically downward as opposed to the upward or horizontal 
firing used to increase safety and reliability in modern refin- 
eries 

a Operation of a burn test facility to determine critical operat- 
ing parameters, fuel characteristics, and control requirements 

a Experience on a commercial-scale test facility to prove feasi- 
bility in large-scale operations, reliability, and commercial 
availability 

a Introduction to industry - to increase market penetration while 
the industry operators gained experience. 

This series of steps would have to be duplicated for each alternative 

energy technology currently not operating. Although it is difficult to 

estimate accurately the lead time required, it is optimistic to assume that 

this process can be accomplished by 1990 for those fuel uses that are,not 

already in the burn. test. stage'today. 



Table 1.2 does illustrate accurately the importance of industry growth in 

eyaluating alternate fuel feasibility. Except for coal gases and methanol, 

the technical feasibility of retrofitting most technologies is considerably 

lower than the feasibility of using alternative technologies in new.appli- 

cations.' This is because new applications can be designed to accommodate 

the .undesirable features of alternative fuels, while existing combustors 

are much less flexible in their redesign and might suffer substantial de- 

rating, furnace wear, plugging , or even spacc 1j.mit.atiotls. 

Since two 01 ~ l l e  ~lrajor process heat industries - -  petroleum and steel --are 
expected to grow slowly in. the 19801s, it is important to evaluate 'the 

potential for o i l .  and gas reduction in retrofit units in 1985/1990. 

In addition to lead time and industry growth characteristics discussed 

above, site-specific.. factors affect the econo~liic feasibility of alternative 

fuel use. For example, in petroleum refineries, where facilities sprea? 

out over several miles, the dispersion of small process hea.ters throughout 

the facility limit3 alternative fuel use more than in boilers, which often 

'are consolidated in a separate powerhouse. To adopt a solid. fuel such as 

direct coal or solid solvent refined coal, a costly fuel handling system 

that traveled throughout the plant network might have to be developed. 

Although this would not limit the technical feasibility, this fuel handli~lg 

system would increase substantially the fuel conversion costs. 

The technical applicability, technology lead time, and cost factors shown 

in Table 1.3 provide a usefi.11. framework to discuss the 'various'fuel tech- 

nologies considered in this study. As' shown in the table, low-Btu gas, 

mediwn-Btu gas, and methanol technically can compete in a broad range of 

markets (over 70 percent of industrial processes), but the lead time re- 

quired for .development of medium-Btu gas and methanol is expected to be 

eight to 10 years. Low-Btu gas, currently being tested in several appli- 

cations, is a near-term alternative, although the application costs are 

high relative to current oil and gas prices. As mentioned, dirgct coal use 



TABLE ,1.3 

TECHNOLOGY RANKING FOR USE IN PROCESS HEATERS 

Technical Technolog9 
Appl icabi l i ty  Lead Time Cost b/ Fuel Technologies 

Broad 0-10 years May bc corn- LBG, MBG, meth- 
p e t i t  ive  ano 1 

Moderate 0-5 years Competitive COM, d i r e c t  coal  

Moderate 

Broad 

5-10 years May be com- 
p 'e t i t ive  

0-3 years High E l ec t r i c i t y ,  in -  
d i r e c t  heatc/ 

Limited 0-10 years High So 1 a r  

Limited None Low Wood waste, AFBC, 
municipal waste 

a/ Technology lead t h e  i s  only an est imate of the  time r e @ i r e d . t o  develop 
a commercially-available a l t e rna t i ve .  I t  does not include commercial 
t e s t i n g  and adoption by industry.  I t  does not .include the conversioli 
time f o r  a spec i f i c  user .  

" cos t s  comparison : High cos t  = $ t l - . l S / ~ ~ ~ t u  
Competitive cost  = $5-8/MMBtu 
Low. cos t  = $ ~ - ~ / M M B ~ u .  

For a l imited number of options,  e l e c t r i c i t y  and i nd i r ec t  heat  a r e  com- 
p e t i t i v e  fue l  a l t e rna t i ve s .  E l e c t r i c i t y  used i n  e l e c t r i c  a r c  furnaces 
o r  g l a s s  melting boosters cur ren t ly  i s  ava i lab le  a t  a  competitive p r ice .  
Ind i rec t  heat  i s  used extensively i n  t e x t i l e s  and food processing. Be- 
yond these app l ica t ions ,  e l e c t r i c i t y  and i nd i r cc t  heat  can supply a 
broad range of proccss hea te r s  with heat  a t  a high cos t .  



has a moderate technical applicability C29 percentl'and a zero to five year 

lead time for development, depending on the current status of each. process, 

and is competitively priced in some applications. 

Solvent refined coal in solid and liquid form technically can he used in a 

moderate number of processes but will not be commercially available until 

1988-1990 at. tlle earliest. Electricity and indirect heat compete economi- 

cally in a limited number of processes such a s  glass melting and textile 

drying, respectively. For the majority of the processes shown as t.echni- . 

cally feasible in Table 1.2, electricity and indirect heat are high-cost 

alternates. Even where technical feasibility is possible, lead time and 

costs will limit the adoption of several alternatives in the 1985/1990 

time frame. 

1.4 POLICIES TO STIMULATE SUBSTITUTION OF QIL AND NATURAL GAS 

The two po,licy alternatives considered in t h i s  ana,lyr,i.g art all iriveseiiient 

tax credit (ITC) and extending the FUA coverage to include small boilers 

and process heaters. While small ITC's are relatively ineffective, a large 

(50 percent) ITC could double the alternative fuel demand 'in small boilers 

built between 1982 and 1990. An ITC also could provide a significant in- 

centive for industry to scrap existing oil- and gas-fired boilers and re- 

place them with new. coal-fired boilers. The ITC will be less effective, 

however, as a measure.to discourage oil and gas use in process heaters 

because most of the coal-capable combustors (cement and lime kilns) are 

using coal under existing economic conditions. The ITC does not provide a 

sufficient incentive to oncoilrage widespread use uf low-Btu gas or elec- 

tricity. - Although capital-intensive fuel alternatives such as methanol or 

liquid solvent refined coal would receive substantial incentives from an 

ITC, their market penetration is 1imi.t.ed by a five to 10 year lead'time. 

The difficulty with an ITC in both boiler and process heater applications 

is that it effectively subsidizes the expected conversions in additton to 



the increased conversions that result from the program. For new combustors 

built between 1982 and 1990,.base case coal use is Q.7 quads, while the 

alternative demand stimulated by the ITC is 0:3 quads. 

An extension of the regulatory program also is more effectiye for small 

boilers than for process heaters. An extended regulatory program potenti- 

ally could decrease new oil and gas demand by 50 percent in new.small 

boilers (0.5 to 0.25 quads) . However, most of this decreased demand is in 

boilers between 50 and 100 MMBtu/hr which already might be covered by FUA 

if their plant capacity is greater than 250 MMBtu/hr. 

An.extension of the .FUA coverage to process heaters would pose several 

problems. The regulation could not target broad process groups since tech- 

nical feasibility is often a site-specific determination. The costs of 

implementing a regulatory program would be high because the design dif- 

ferences in process heaters would require case-by-case consideration. The 

final problem would be to det.ermine the technically proven alternatives 

that could compete in process heaters. Even direct-fired coal use is not 

technically proven in most process heat applic'ations. 

End-use incentive programs could effectively.reduce oil and gas use by only 

0.3-0.5 quads by 1990. Either option considered in this analysis would 

incur either high administrative costs or subsidies to users who would 

select alternative fuels in any case. Other alternatives beyond the scope 

of this study, such as increased research and development programs and fuel 

subsidies, may increase the practical number of alternative fuels available 

to the industrial market. 



2. INTRODUCTION AND OVERVIEW 

The Powerplant and Industrial Fuel Use Act of 1978 (FUA) requires coal use 

in most large new.boilers and some existing boilers. Although FUA does 

not regulate fuel consumption in small boilers and various other combus- 

tors, Section 747 of the act calls for a study of the use of oil and natural 

gas in combustors not subject to FUA. 

This report discusses the technical and economic feasibility of using 

alternative fuels (fuels other than oil or gas) in combustors not regulated 

by FUA: small industrial boilers with capacities less than 100 MMBtu/hr and 

process heaters. This report also describes the expected impacts of several 

possible measures to encourage the substitution of alternative fuels in 

these combustors and identifies the primary processes in which s.i.gnificant 

conventional fuel savings can be realized. The use of oil and natural gas 

as feedstocks is not discussed because oil and gas are considered raw 

materials, not fuels, in feedstock applications. . 

There are several stages to the following discussion of the primary issues 

associated with stimulating alternative fuel use in process heaters and 

small industrial boilers. First, the quantity and nature of energy use in 

the industrial sector are characterized, fucusing on process heaters and 

small boilers. Second, each alternative energy technology option is des- 

cribed, i t.s status of development su-rized, the range of available cost 

estimates given, and the critical technical and environmental issues af- 

fecting further development mentioned. The applicability of each alter- 

native technology then is examined to determine where new energy sources 

can be used and what the potential for their use is. Finally, some possible 

policy measures designed to encourage substitution for oil and gas are 

discussed, and the range of resultant oil and gas savings is estimated. 



The fuel conversion alternatives analyzed in this report are listed below: 

Coal - conventionally fired 
Coal - atmospheric fluidized bed 
Low- and medium-Btu coal gasification 

Indirect heat substitution 

Electrification 

Solvent refined coal - solid 
Solvent refined coal - liquid 
Coal/oil mixture 

Solar 

Wood waste 

Municipal waste , 

Methanol. 

The ability of each of these technologies to displace current oil and gas 

cons;mption is analyzed in general technical terms for 17 representative 

process categories in the seven most energy-intensive industries: chemi- 

cals, petroleum, primary metals, payer, food, textiles, and stone, clay and 

glass. 

l'his report is presented in seven sections. Section 3 characterizes 

energy use in the industrial sector, particularly in process heaters and 

small boilers. Section 4 describes the fuel conversion alternatives con- 

sidered. The technical feasibility of using alternative technologies in 

specific industrial processes and in small boilers is covered in Section 5. 

Section 6 identifies the primary economic factors that affect fuel switch- 

ing and estimates the penetration of alternative energy sources under base 

case assumptions. Finally, Section 7 discusses the potential oil and gas 

savings that could result from implen~enting economic or regulatory incen- 

tives to encourage alternative fuel use in boilers and process heaters. 

Specific categories of process heaters are identified according t o  their 

economic and technical capability to shift away from scarce fuels in the 

1985/1990 timeframe. 



3. CHARACTERIZATION OF INDUSTRIAL ENERGY USE 

3.1 INTRODUCTION 

This section characterizes industrial energy use by industry, fuel type, 

and functional use, focusing primarily on energy consumed by process heaters 

and small boilers. The following discussion of current energy use is based 

on 1974 data, the most recent year for which comprehensive and disaggregated 

industrial energy data are available. Projected 1985/1990 energy require- 

ments in process heaters.and small boilers were estimated using the Mid- 

range Energy Forecasting System (MEFS) model to provide the macroeconomic 

and multisectoral data and the 'Industrial Fuel Choice Analysis Model (IFCAM) 

to provide industry sector detail. 1 / 

3.2 GENERAL OVERVIEW OF 1'974 ENERGY CONSUMPTION 

* .  Net energy consumption* in the U.S. in 1974 was approximately 70 quadril- 

lion ~tu.~' The industrial sector (excluding fuel use for transportation) 

accounted for 36 percent of total fuel consumption in 1974. Table 3.1 

summarizes net energy consumption in 1974 by fuel type and sector. Petro- 

leum products provided 46 percent of the nation's total heat, power, and 

feedstock requirements in 1974. Natural gas contributed 29 percent and 

coal provided 10 yerccnt of the energy cnns~imed. The manufacturing sector 

was the largest consumer of natural gas and electricity and the second 

largest consumer of coal and oil. The manufacturing sector is, then, the 

leading energy consumer among all economic sectors in the U.S. 

3.2.1 Functional Uses of Energy in the Manufacturing Sector 

Energy is used in the manufacturing sector as a means to generate process 

heat, as a boiler fuel, and as feedstock. Examples of process heaters 

*Consumption less production. 



TABLE 3.1 

Sector 

a/ 1974 NET ENERGY CONSUMPTION IN THE U.S. 

(10" B~U) 

Natural Elec- 
Coal Oil - - Gas tricity NSK/NEC~/ Total 

Commercial 0 . 1, 1.1 

Industrial: 

Manufacturing 

Mining - 0.3 

Cons truc,t i ~ n  0.0 1.8 

Agriculture - 1.1 

Transportation: - 0.0 16.1g/ 

Private (residential) 0.0 10.3 

Industrial/commercia1 0.0 5.8 

Electric utilities I I/ 8.6 3.3 

SOURCE: Energy.Consumption Data Base, vol. I, Summary Document, prepared for 
FEA by EEA, Inc., Arlington, Vi,rginia, June 9, 1977. 

a' Consumption less production. The energy used to produce electricity, steam, 
coke oven gas, and blast furnace gas is counted only once. 

b/ Not specified by kind/not elsewhere classified. NSK can contain coal, oil, 
gas, electricity, or at.hes fuels, An c x ~ m p l e  01 NEC would be black liquor 
used in the pulp and paper industry. 

'/ Denotes less than 50 trillion Btu. 

Excludes 231 trillion Btu of asphalt. 

Includes 865 trillion Btu of wood residuals and 1042 trillion Btu of refinery 
(still) gas. The balance may be natural gas. used in small industries. 

f/ May be understated by nearly half a quad. 

g/ Excludes approximately 0.9 quads of military consumption. 

h/ Approximately 152 trillion Btu are unaccounted for. 



include furnaces, ovens, dryers', kilns, and tubestill heaters. Boilers are 

used to generate hot water and steam for space heating, process steam, and 

electricity generation. Other minor functional uses (primarily of elec- 

tricity) include electrolytic proc.esses, machine drive, cooling, and 

lighting. . . . - - . . 

The primary feedstock uses of fuels occur in the chemicals and iron and 

steel industries. Metallurgical coal is used as a raw material 'in the iron 

and steel industry to produce coke. Natural gas, liquified peTroleum gas 

(LPG), naphtha, and gas/oils are used as feedstocks in the chemicals indus- 

try to produce such chemicals as ammonia, ethylene, and methanol. 

Table 3.2 characterizes industrial energy consumption in 1974 by functional 

use and fuel type. Current legislative initiatives have Eocused primarily 

on the large boiler population because they have the maximum flexibility 

to fire a variety of fuels. However, Table 3.2 illustrates tha't small 

boilers and selected process heaters potentially could provide significant 

oil and gas savings. Process heat equipment requires nearly 25 percent of 

industrial fuel requirements. Boilers consume an additional 25 percent of 

industrial fuel, with small boilers (below 100 MMBtu/hr) accounting for at 

least a third of t.hat total. Therefore, the current regulatory program 

addresses only 17 percent of total industrial fuel use, omitting 33 per- 

cent of the industrial fuel use that may have conversion capability. 

3.2.2 Major Energy-Intensive Industry Groups 

This analysis focuses on the seven major energy-intensive manufacturing 

groups that accounted for roughly 68 percent of total coal, natural gas, 

and distillate and residual fuel oil consumption (excluding raw material 

and feedstock uses) in the manufacturing sector in 1974 (see   able 3.3). 
Most of the major process heat uses of energy within these groups were 

characterized. Since small boilers are common in the less energy-intensive 

industries, small boiler energy use was analyzed for a broader group of 

industries, including those listed in Table 3.4. 



TABLE 3 . 2  

Fuel Type 

Coal 

Funct ional  Use 

Raw Process 
B o i l e r s  Ma te r i a l s  Heat . .- 0tNa/ . Tota l  

0i . l .  . 1 . 2  2.1 7.6 - 2.8 - 1 .6  - .  - - 

D i s t i l l a t e  f u e l  o i l  0 . 2  - . 0 .2  0 . 7  1.1 

Residual  fue l  o i l  1 .0  ' - 0 .6  - 1 . 5  

Uther  b / - 2.8 0 . 8  1 . 4  5 .0  

Natural '  gas 

E l e c t r i c i t y ,  

c/ Other . 

TOTAL 6 . 8  5 .6  5 .6  7 . 6  25.3  

SOURCE: Energy Consumption Data Base, ' p r epa red  f o r  FEA by EEA, I n c . ,  Ar l ing ton ,  
V i rg in i a ,  June 9 ,  1977. 

a'. Miscellaneous and u n c l a s s i f i e d  uses .  . . 

b/ Inc ludes  LPG, gaso l ine ,  d i e s e l  f u e l ,  a s p h a l t ,  and miscel laneous petroleum 
products .  

I i icludcs 0 .9  quads al wuud r e s i d u a l s  and 1 .0  quads o f  r e f i n e r y  ( s t i  1 1 )  gas.  
The ba lance  may be n a t u r a l  gas used i n  smal l  i n d u s t r i e s  i n  small  b o i l e r s .  



TABLE 3.3 

INDUSTRIAL FOSSIL FUEL CONSWPTION I N  1974 BY MAJOR I N D U S T R Y ~ ~  

Y (1012 Btu) 

Indus t ry  

Food 

Na tu ra l  D i s t i l l a t e  Residual  
Coal Gas Fuel O i l  Fuel O i l  T o t a l  

T e x t i l e s  ' 22.0 102.1 26.0 36.7 186.8 

Paper 208.8 414.3 25.2 488.6 1,136.9 

Chemicals 322.2 1,.617.2 120.1 165.1 2,224.6 

Petroleum r e f i n i n g  5 . 3  1,111.4 50.3 281.5 1,448.5 

Stone,  c l a y  and g l a s s  234.0 696.3 76.0 49.5 1,055.8 

S t e e l  170.3 681.9 14.8 249.6 1,116,. 6 

A 1  urn inum 

I Other  b / 

TOTAL 

SOURCE: Energy Consumption'Data Base, p repared  f o r  FEA by EEA, Inc . ,  Ar l ing ton;  
V i rg in i a ,  June  9,  1977. 

a/ Excludes raw m a t e r i a l  and fee.dstock u s e s .  $ 

b/ Inc ludes  misce11aneous manufactur ing,  a g r i c u l t u r e ,  mining, and c o n s t r u c t i o n  
i n d u s t r i e s .  



TABLE 3.4 

Indus t ry  
. . 

Tobacco 

Appare 1 

INDUSTRIAL FOSSIL FUEL CONSUMPTION IN MISCELLANEOUS 

INDUSTRIES I N  1974 

(1012 Btu) 

Natural  D i s t i l l a t e  Residual 
Coal . Gas Fuel O i l  Fuel O i l  Total  ....- 

Lumbcr 2 . 8  

Furn i tu re  2 ,8  

Rubber 29.6 

Leather  1 . 3  

Primary meta ls  a/ 74.8 

Machinery 20.1 164.3 17.0 16.5 217.9 

E l e c t r i c a l  machinery . 13.2 96.9 11.1 10.3 131.5 

Transpor t a t ion  equipment 47.6 144.1 16.7 23.8 232.2 

Measuring equipment - 15.8 3 .3  9.4 28.5 

Miscellaneous manu- 
f a c t u r i n g  f-1 . 8 18 ,8  ' 4 .4 4 . 1  28.1 

SUBTOTAL 199.5 871.7 127.7 123.9 1322.8 

Unaccounted f o r  10.6 239.5 27.7 18.3 296.1 

TOTAL MISCELLANEOUS 
MANUFACTURING 210.1 1111.2 155.4 142.2 1618.9 

Agr icu l tu re  

 ini in^ ' 

TOTAL 

SOURCE: Energy Consumption Data Base, prepared f o r  FEA by, EEA, Inc . ,  Arl ington,  
Virg in ia ,  June 9, 1977. 

a/ Excludes s t e e l  and aluminum i n d u s t r i e s .  

b/ Includes 1046.7 t r i l l i o n  Btu of l e a s e  and p lan t  f u e l .  



In 1974, the seven major manufacturing groups identified relied on natural 

gas as their primary fossil fuel for heat and power except for the paper 

industry. Paper plants on the east coast relied primarily on residual fuel 

oil in 1974; paper plants in the midwest, south, and west, however, pur- 

chased more natural gas than any other fuel type (except wood wastes). 

Coal was used primarily as a boiler fuel except in the stone, clay and 

glass industry in which coal was burned in kilns to calcine raw materials 

for cement and lime production. 

3.2.3 Trends in Industrial Fuel Use 

Table.3.5 illustrates overall fuel switching trends that have developed 

from 1974 to 1978. During this time, state and Federal environmental 

regulations were revised, a strike disrupted coal availability, several 

areas of the country experienced significant gas curtailments, and imported 

oil prices remained roughly constant in real terms. As a result, coal and 

gas consumption has.dec1ined'j.n recent years while oil and electricity use 

has risen slightly. .. Total energy demand has declined overall since 1974. 

It is too early to predict accurately the impact of the National Energy 
< \ 

Act (NEA) on fuel choice patterns. The incremental pricing provisions of 

the Natural Gas Policy Act (NGPA) should reinforce the trend away from 

natural gas use even though more gas will be available under the new well- 

head pricing provisions. The combination of FUA requirements, the finan- 

cial incentives under the Energy Tax Act (ETA), and the increased gas price 

under NGPA should reverse effectively the trend away from coal use in 

large industrial boiler applications. The impact of these regulations on 

small boilers and process heaters involves much uncertainty and is discussed 

in detail in Section 6. 



TABLE 3.5 

Year Coal 
Natura l  

Gas E l e c t r i c i t y  Tot a1 

1974 
(ECDB) 

SOURCE: Of f i ce  o f  Energy Data,  Energy Information Adminis t ra t ion ,  DOE, 
Monthly Energy Review, March 1979, p .  25.  

a/ Excludes wood r e s i d u a l s  and r e f i n e r y  gas .  

b/ Inc ludes  1 .0  q u a d  of n a t u r a l  gas e l a s s i I i t f d  a5 l lbther '!  Luel i l r  Census 
dara. 

Excludes 1.4 quads o f  g a s o l i n e  and d i e s e l  f u e l  c l a s s i f i e d  a s  o i l  i n  
t h e  t r a n s p o r t a t i o n  s e c t o r  i n  t h e  DOE es t ima te s .  



3.3 ENERGY CONSUMPTION IN SMALL BOILERS 

3.3.1 General 

Historical fue1,use in boilers is shown in Table 3.6. 'Natural gas was the 

dominant boiler fuel in 1974. During the past three years., however, more 

new oil boilers have been purchased than either gas- or coal-fired boilers. 

Figure 3.1 shows the decline of natural gas boiler purchases and the rise 

of oil boilers since 1975. 

Table 3.7- present+, the projected fuel requirements for boilers in the 

seven major industry classifications. , Most of the growth shown in this 

table for 1985 is in the industries which have large boiler fuel demand in 

1974. Those indust.ries (food, paper, chemicals, and petroleum) comprise 

over 80 percent of the new boiler growth in 1980-1990. 

3.3.2 Small Boilers 

Unlike large boilers which have been studied and surveyed extensively, no 

comprehensive data on small boiler distribution exist. The Major Fuel 

Burning Installation .Survey3/ (MFRT)  conducted by FEA in 1974 characterized 

boilers over 100 MEIBtulhr. By combining the detailed characterization of 

the MFBI with the knergy Consuluption Data Base (ECDB) data, small boilers 

(below 100 MMBtu/hr) can be estimated to comprise roughly one-third of the 

total boiler fuel use in 1974. American Boiler Manufacturers Association 

(ABMA)sales data4/ for watertube boiler sales also show small boiler sales 

(below 100 MMBtu/hr) to be'one-third of the total sales in 1965-1977. The 

National Emissions Data .System5/ (NEDS) , the only survey of existing boiler , 

use to cover small boilers, agrees with the MFBI and ABMA data; None of 

these data sources include firetube boilers. The PEDCo data,6/ which cover 

, 'both firetube and watertube boilers, suggest that small boilers actually 

may comprise close to 50 percent of total installedLboiler capacity. The 

actual share of small boilers is probably between one-third and one-half of 

the total boiler population. Due to the uncertainty involved in all the 



TABLE 3.6 

FOSSIL FUEL CONSUMPTION IN INDUSTRIAL BOILERS BY INDUSTRY I N  19 74a/ 

- (10" Btu) 

Indus't r y  

Food 

T e x t i l e s  

Paper 

Chemicais 

Petroleum r e f i n i n g  . .  

Stone,  c l a y  and glass 

S t e e l  

Aluminum 

Orher 

TOTAL 

Natural  D i s t i l l a t e  Residual 
Coal - Gas Fuel O i l  Fuel. O i l  Tota l  

a,' Excludes about 0 .8  quads o f  hood. r e s i d u a l s  i n  t h e  paper  i ndus t ry  and about 0 . I  
quads of r e f i n e r y  gas i n  t h e p e t r o l e u m  r e f i n i n g  indus t ry .  

h / 
U I  May be unde r s t a t ed  by as  much as 1 . 0  quad i n  small  bui lcrs .  
c,' May be unders ta ted  by as much a s  0 . 4  quads i n  small b o i l e r s .  

SOURCE: E ~ ~ e r g y  Consumption Data Base, prepared f o r  FEA by EEA, Inc . ,  Arl ington,  
V i r g i n i a , ,  June 9-, 1977. 



FIGURE 3 . 1  

BOILER SALES BY FUEL  TYPE^' 

Year of Purchase .------ All conventional 
fuels 

SOURCE: American B ~ i l e r  Manufacturers Association. ,---. Oil 

a' The difference between conventional fuel boiler sales and total sales is sales -----. Coal 

of-boilers fired with waste and byproduct fuels. 



Indus t ry  

Food 

T e x t i l e s  

Paper 

Chemicals 

Petroleum 

Stone,  Clay, G Glass 

S t e e l  

Aluminum 

PROJECTED BOILER FUEL .REQUIREMENTS , BY INDUSTRY 

( l o U  Btu) 

Boiler  b u i l t  p r i c e  ' t o  1982 

735 

4 0 
. . 

770 

1617 

439 

3 9 

145 

165 

Boiler  b u i l t  between 1982-1990 

556 

L 6 

471 

1638 

214 

3 3 

A l l  Other 426 2 1  9 

TOTAL - 4376 33.30 

SOURCE: EEA, I n d u s t r i a l  Fuel Choice Analysis Model. Run generated December 17,1979. 

Tota l  

1391 



Boiler Size 
(MMBtu/hr) 

TABLE 3.8 

INDUSTRIAL B ~ J  LER CAPACITY a/ 

(percent) 

MFBI 
b/ 

a/ MFBI, ABMA, and NEDS data exclude capacity in small firetube boilers. 
PEDCo data include firetube boilers and therefore show more capacity in 
the small size range. 

b' These figures, represent energy use. Data for boilers with heat input 
greater than I00 MMBtu/hr are from DOE'S MFBI survey. The data for total 
energy consumptiu~l come from the ECDB. 

American Boiler Manufacturers Association, watertube boiler capacity sold 
1965-1977. 

Environmental ~rotection Agency, National Emissions Data System. 

PEDCo Environmental, Inc . , "The Population and Characteristics of Indus- 
trial/Commercial Boilers," prepared for EPA, May 1979. 



estiiates, the MFBI estimate was assumed to be reasonably indicative of the 

large versus small boiler mix, while the PEDCo data were used to describe 

the distribution of boilers in the small sizes. 

Table 3.9 shows the distribution of small industrial boilers by size and 

primary fuel type, and Table 3.10 shows the distribution by size and boiler 

type. These data were compiled by PEDCo Environmental, Inc. from several 

previous studies and data sources. The data shown probably are based on 

fuel consumpLiorl patterns in 1994. Natural gas-fired boilers account for 

almost 50 percent of the industrial small LuiEer capacity, followed by 

residual ojl-fired boilcrs at about 30 percent. The top four capacity 

ranges shown in Table 3.9 all have a relatively even share of the total 

small boiler capacity. 

Table 3.10 shows that while 75 percent of small boilers have capacities 

below 1.5 MMBtu/hr, only about 12 percent of the small boiler capacity 

comes from these boilers. Approximately 50 percent of total small boiler 

capacity is in watertube boilers, although these boilers comprise only 

aLuuL 6.5 percent of small boiler units. Firetube boilers represent about 

40 percent of total small boiler capacity, while smaller cast iron boilers 

comprise roughly percent of that total.. 

3.4 ENERGY CONSUMPTION IN PROCESS HEATERS 

3.4.1 General 

Process heaters comprise a large portion of industrial energy demand as 

discussed in the previous.sections. The major uses of fuel in process : 

heaters can be identified in the seven major induslry groups shown in Table 

3.11. These industries consume over 70 percent of the total process heater 

fuel requirements. Despite the c.oncentration of process heaters in sevsn 

industry groups, process heaters are a. difficult .subset of col~~bustors t.0 

affect through regulatory or financial incentive programs. This difficulty 



TABLE 3.9 

CAPACITY DISTRIBUTION OF SMALL INDUSTRIAL BOILERS BY SIZE AND FUEL TYPE 

(MMB t u/ h r )  

Primary 
<0.4 1.5-10 10- 25 25-50 50- 100 T o t a l  Fuel Type 0.4-1.5 % 

Coal 4,100 . 14,260 25,250 26,280 75,980 95,200 241,070 13.0 

Residual 10,300 . '  42,520 117,840 98,660 , 154 ,120  121,650 545,090 29.5 

D i s t i l l a t e  6,400 22,740 63,180 ' 47,170 35,010 14,660 189,160 10.2 

Natural  Gas 26,400 88,830 199,740 164,700 210,810 182,880 873,360 47.2 w I 

C-L 
Ul 

TOTAL 47,200 168,3508 406,010 336,810 475,920 4 14,390 1,848,680 99.9 

Percent  2 .6  9 . 1  22.0 18.2 25.7 22.4 100.0 

SOURCE: PEDCo Environmental,  I nc . ,  "The Populat ion and C h a r a c t e r i s t i c s  o f  Industr ia l /Commercial  B o i l e r s ,  
prepared f o r  Environmental P ro t ec t i on  Agency, May 1979, Tables 2-9, 2-11, 2-13. 



TABLE 3.10 

DISTRIBUTION OF SMALL INDUSTRIAL 30ILERS BY SIZE AND BOILER TYPZ 

(capacity i n  MMBtu/hr) 

Capacj t y  Range (MMBtu/hr) 

Boiler  Type (0.4 0.4-1.5 1.5-10 10-25 25-50 50-100 Tot a1 % 

Cast ir'bri'. . 

# u n i t s  

Capacity 

Firetube 

ff u n i t s  

Capacity 

Wat er tube  

# u n i t s  

Capacity 

TOTAL 

# u n i t s  194,196 183,362 86,300 19,508 12,879 5,640 501,885 100.0 

Capacity ' 47,200 168,350 406,010 336,810 475,920 414,390 1,848,680 100.0 

% u n i t s  38.7 36.5 l 7 . 2  3.9 2 . 6  1.1 100.0 

% capacity 2.6 9; 1 22.0 18.2 25.7 22.4 100.0 

SOURCE: PEDCo Environmental, Inc. ,  "The Population and Charac te r i s t i c s  of Industria~/Commercial Boilers ,  
prepared for  Environmental Protect ion Agency, May 1979, Tables 2-3, 2-11, 2-13. 



Indus t ry  

TABLE 3.11 

COAL, GAS, AND FUEL O I L  CONSUMPTION I N  PROCESS HEAT 

APPLICATIONS I N  1974 BY INDUSTRY 

(1012 Btu) 

Food 

T e x t i l e s  

Paper 

Chemicals 

Ammon i a 

Met hano 1 

Other 

.Petroleum r e f i n i n g  

Natural  D i s t ' i l l a t e  Residual To ta l  
Coal Gas Fuel O i l  Fuel O i l  Fuel O i l  

Stone,  c l a y  and g l a s s  - 258 688 - 
Glass 234 

Cement 167 205 

Lime 8 8 6 2 

Brick 3 54 

Clay r e f r a c t o r i e s  

Other 

Primary meta ls  - 6 687 - 
sted'l  468 

Aluminum 167 

Foundaries 6 5 2 

Other N A N A 8 2 

TOTAL 264 2790 156 627 783 

SOURCE:. Energy Consumption Data Base, prepared f o r  FEA by EEA, Inc . ,  A r -  
l i n g t o n ,  V i rg in i a ,  June  9,  1977. 
' ~ ~ e c h n i c a l  F e a s i b i l i t y  of  Coal Use i n  I n d u s t r i a l  Process Heat 
Applic.ations,I1 d r a f t  r e p o r t  prepared f o r  DOE.by EEA, I n c . ,  Ar l ing-  
ton ,  V i rg in i a ,  May 22 ,  1978. . . 

a/ Not a v a i l a b l e .  



occurs because there are well over 100 distinct combustor types with widely 

varying technical requirements (often depending on the age of the unit or 

the plant that is using .it) and economic differences. 

Furnaces, kilns, and other process heaters have widely varying charac- 

teristics due to the diversity of their applications. Some major process 

heat uses include the following: heating, melting, and treating in the 

primary metals industry; transforming feedstocks in the chemicals and 

petroleum refining industries; singeing, drying, and heat. setting in the 

textiles industry; baking and cooking in the food industry; and calcinirlg, 

drying, firing, and melting in the stone, clay and glass indiistry. 

process Energy Use Characterization 

Energy use in process heaters can be described by examining process heat 

.use first in boiler-intensive industries and then in the industries that 

primarily use process heaters. The boiler-intensi.ve industries include . 
food, tex,tiles, paper, and the chemical industries while industries with 

large process heat loads are petrnleum; stono,  clay and glass; sreel; 

and aluminum. Although most of the data shown in the following section are 

from 1974, process heat energy use patterns probably have 'not shifted 

significantiy since then. 

3.4.2.1 Process Heat Use in Boiler-Intensive Industries 

Iri 1974, 94.1 trillion Btu of natural gas wcrc cnnsumeil i r l  Lhe food in- 

dustry in direct process heat applications. Table 3.12 summarizes tlie dis- 

tribution of gas consumption by major application in this industry. As 

shown in the table, the predominant direct heat requirement in food manu- 

faeturirig is drying, with cooking as a secondary energy requirement. These 

processes are low contamination, low temperature processes. 

The textile illdustry consumed 27 trillion Btu of natural gas in process 

heat applications in 1974. 7' Most of .this energy consumption was for 



TABLE 3 . 1 2  

ENERGY CONSUMPTION IN SELECTED DIRECT HEAT APPLICATIONS 

I N  THE FOOD INDUSTRY IN 1974 

( 1 0 ' ~  Btu) 

Applicat ion 

Cooking and smoking sausage and prepared meats 

~ r y i n g  'whey 

Drying powdered milk 

'Dehydrating f r u i t s '  and vegetab les  

Drying corn f i b e r  

Dehydrating a l f a l f a  

Baking bread 

Drying b e e t  pu lp  

Drying soybeans and soybean meal 

Drying b a r l e y  g r a i n  

M i s c c l l a n ~ o u s  

TOTAL 

SOURCE: "Technical" F e a s i b i l i t y  of Coal Use i n  I n d u s t r i a l  
. Process  Heat Appl ica t ions ,"  d r a f t  r e p o r t  prepared 

f o r  DOE by EEA, Inc . ,  Arl ington,  V i rg in i a ,  May 22 ,  . , 

1978. . . 



drying and heat setting fabric; a smal1,amount also was used to singe 

fabrics8/ Like the food industry, these processes are low temperature, low 

contamination processes. 

In 1974-, the paper industry consumed 80 trillion Btu of gas and 67 trillion 

Btq of residual fuel oil in direct hedt applications9/ for pulp' and paper 

drying and to fuel lime kilns. Paper is the one industry in which the 

fuel mix has changed significantly in the past few years. Since 1974, pulp 

and paper mills have moved from 42'percent oil and gas to only 38 percent. 

Wood waste and pape-1: byproducts have displaced most of this gas .and oil. 

Natural gas is used extensively in the chemicals industry to fuel reformers 

and tubular pyrolysis furnaces. In 1974, 252 trillion Btu of natural gas 

were corisumed in process heat applications for ammonia production and 53 

trillion Btu in the production of methanol. lo/ These two chemicals ac- 

counted for 70 percent of the natural gas used in process heat applications 

in the chemicals industry in 1974. In addition, 31 trillion Btu of dis- 

tillate fuel oil and 42 trillion Btu of residual fuel oil were cnns~lmerl i,n 

direct heat applications in the manufacture of othcr chemicals in 1974. 

3.4.2.2 Fetroleun Refining 

Direct heat has two principal uses in petroleum refineries: 1) to preheat 

the process feedstocks to a temperature sufficient for physical separation 

by distillatyon and 2) to initiate a chemical reaction 'such as cracki.ng, 

which uses heat to break down large branched molecules into lower weight 

molecules. These direct heat applications accounted for over 70 percent of 

total fossil fuel consumption at oil refineries in 1974. Tables 3.13 and 

3.14 siu~u~~arize rhis oil and gas consumption by fuel type and by major pro- 

duction process. A critical element of fuel consumption in refineries is 

that refinery off-gas comprises a large share (over 40 percent) o f  the fuel 

used in process heaters.. Refinery gas and natural gas are interchangeable, 

and together they comprise a large majority of the fuel fired in refinery 

process heaters. \ 



TABLE 3.13 

ENERGY CONSUMPTION IN DIRECT HEAT APPLICATIONS IN 

PETROLEUM REFINERIES IN 1974, BY FUEL TYPE 

(1012 Btu) 

Crude oil. 

Distillate fuel oil 

Residual fuel oil 

Natural gas 

LPG 

Refinery gas 

TOTAL 

SOURCE: "Technical Feasibility of Coal Use in Industrial 
Process Heat Applic~tinns," draft report prepared 
for DOE by EEA, Inc., Arlington, Virginia, May 22, 
1978. 



TABLE 3.14 

O I L  AND GASEOUS FUEL CONSUMPTION IN DIRECT HEAT APPLICATIONS 

I N  THE PETROLEUM REFINING INDUSTRY I N  1974, BY PROCESS 

(1012 Btu) 

Process  

C a t a l y t i c  reforming 

Atmospheric crude d i s t i l l a t i o n  

Hydrocracking 

Hydrot r e a t i n g  

Vacuum d i s t i l l a t i o n  

Hydrore f i n i n g  

I-lydl-sgtn e l a~~ufac r i i r e  

Delayed coking 

Visbreaki~lg  

Thermal c racking  

Other processes  

Not accounted f o r  a/ 

TOTAL 

SOURCE: "Technical Feasihi . l . i ty  of Coal Use i n  I n d u s t r i a l  . .  

. Process  Heat Appl ica t iuns ,"  d r a f t  r e p o r t  prepared 
for,DOE by EEA, IIIC., Ar l ing ton ,  V i rg in i a ,  May 2 2 ,  
1978. 

a/ Energy i n  t h i s  ca tegory  may inc lude  o i l  and gaseous f u e l  used 
i n  t he  11 processes  g i v e n . i n  t h e  t a b l e ,  s i n c e  " t y p i c a l w  process  
con f igu ra t ions  were used t o  d e r i v e  t h i s  t a b l e .  



3 . 4 . 2 . 3  Stone, Clay and Glass 

The stone, clay and glass industry includes a variety of establishments 

producing cement, lime, glass, brick, clay, and other products. In the 

stone, clay and glass industry, fossil fuel is consumed almost exclusively 

for direct heat purposes. Boiler heat consumption for this industry is 

minimal (see Table 3.6). In addition, cement and lime kilns in this in- 

dustry group are the only significant users of coal among industrial pro- 

cess heat applications. 

Natural gas is the preferred fuel type in the glass industry for melting 

and annealing. Primary combustors in this industry include unit and re- 

generative melters and annealing lehrs. In the cement and lime industries, 

fossil fuels are used exclusively in the calcination process and primarily 

in rotary kilns. Other major process heat uses include drying and firing 

bricks and clay refractories in tunnel and periodic kilns. 

3 . 4 . 2 . 4  Steel 

The iron and steel industry also uses more oil and natural gas in process 

heat equipment than in boilers. In 1974, 468 trillion Btu of natural gas, 

13 trillion Btu of distillate fuel oil, and 208 trillion Btu of residual 

fuel oil were consumed in process heat applications. Table 3 .15  summarizes 

oil and natural gas consumption by major process heat equipment. 

A significant amount of byproduct fuels supplement oil and gas consumption 

in the steel industry. Coke oven gas is used to fuel soaking pits, blast 

furnace hydrocarbon injection, and reheat, annealing, and open hearth fur- 

naces as well as coke ovens. Much oZ the natural gas used in steel pro- 

duction is blended with the in-hous'e generated coke oven gas to produce a 

cheap, high-quality gas for use in steel industry processes. Blast furnace 

gas is used to fuel coke ovens, soaking pits, and heat treating furnaces as 

well as blast furnace stoves. Tar and pitch, byproducts from coke pro- 

duction, also are used for blast furnace hydrocarbon injection and to fuel 

opcn hearth furnaces. 



TABLE 3.15 

MAJOR PROCESS HEAT EQUIPMENT CONSUMERS OF O I L  AND NATURAL GAS 

IN THE IRON AND STEEL INDUSTRY I N  1974 

(10'' Btu) 

O i l  and 
Natural  Gas 

Consumed Process  Equipment. -- 

Reheat furnaces  

B la s t  furnaces  

S toves  24 

Hydrocarbon i n j e c t i o n  100 

Open h e a r t h  furnaces  9 0 

Annealing and o t h e r  h e a t  t r e a t i n g  furnaces  62 

I ron  o r e  agglomeration 3 8 

Soaking p i t s  17 

Ot.hcr 39 

TOTAL 6 36 

SOURCE: "Technical F e a s i b i l i t y  of  Coal Use i n  I n d i l s t r i a l  
Process  Heat ~ p p l i c a t i ' o n s , "  d s a t t  r epo r t  prepared 
f o r  DOE by EEA, Inc . ,  Ar l ing ton ,  V i rg in i a ,  May 22, 
1978. 



3.4.2.5 Aluminum 

The major uses of oil and gas in direct heat applications,in the aluminum 

industry are listed in   able 3.16. In this industry, slightly more oil and 

gas were consumed in boilers in 1974 than in process heat equipment. In 

addition, a significant amount of electricity was consumed in the reduction 

of alumina to aluminum. As a result, natural gas use ranks second to 

electrical'energy consumption in this industry. 

3.5.2.6 Foundries 

Energy consumption, in independent foundries1'' totaled about 200 trillion 

Btu in 1974. Oil and gas supplied over half of this total; electricity and 

coke contributed most of the balance. Melting, molding and coremaking, and 

heat treating are the process heat applications that account for nearly 

haif of the total oil and gas process use in this industry (see Table 
, 

3.17). 

There are four types of melting furnaces in foundries: the cupola, open 

hearth furnace, electric arc, and air (reverberatory) furnace. Cupolas 

(vertical shaft furnaces) are the largest consumers of oil and gas among - 
these furnace types. Oil and gas are consumed primarily to preheat com- 

bustion air; these fuels also are used, to a small extent, to ignite the 

coke bed in the cupola, to fire forehearths (holding furnaces), and to 

preheat scrap. 

Oil and gas are consumed,in molding and coremaking ovens to bake cores 
' 

(sand shapes which form the contours of castings for complex cavities) and 

to dry molds. Fuel also is required to dry and preheat ladles, molds, and 

runners and to dry sand in casting, shakeout, and cleaning processes. 

3.4.3 Technical Characteristic's'of Fuel Consumption i n  Process Heaters 

The process heaters described in the preceding section are summarized in 

Table 3.18. This list was shortened to a more manageable number of pro- 



TABLE 3.16 

O I L  AND NA'I~JRAL GAS CONSUMPTION I N  PROCESS 'HEAT EQUIPMENT 

I N  THE ALUMINUM INDUSTRY I N  1974 

(lo1* Btu) 

Equipment 

Lime r o t a r y  ' ca l  c i n e r  

Aluminum r o t a r y  c a l c i n e r  

' Anode prebak,e oven 

I Reverberatory furnace  

Heat t r e a t i n g  furnace  

TOTAL 

Natura l  Gas 

: 3 

Fuel O i l  

SOURCE: "Technical F e a s i b i l i t y  of  coa l  Use i n  I n d u s t r i a l  Process  Heat 
Appl ica t ions ,"  d r a f t  r e p o r t  prepared f o r  DOE by EEA, I nc . ,  
Arl ington,  V i rg in i a ,  May.22, 1478. 



- TABLE 3.17 

O I L  AND NATURAL GAS CONSUMPTION I N  PROCESS HEAT EQUIPMENT 

IN ME IRON AND STEEL FOUNDRIES INDUSTRY I N  1974~ '  

(1012 Btu) 

Process  O i l  . . - 

Me 1 t i n g  2 

Molding and coremaking 3 

Cast ing ,  shakeout ,  and c leaning  1 

Heat t r e a t i n g  3 

TOTAL 

Gas - 

SOURCE: "Technical F e a s i b i l i t y  of Coal Use i n  I n d u s t r i a l  Process 
Heat Appl ica t ions ,"  d r a f t  r e p o r t  prepared f o r  DOE by EEA, 
Inc . ,  ArLington, V i rg in i a ,  May 2 2 ,  1978. 

a' Independent foundr ies  only .  I 



TABLE 3.18 

I n d u s t r y  

ESTIMATED 1974 PROCESS FUEL CONSUMPTION 

I N  MAJOR PROCESS'HEAT APPLICATIONS 

1974 Energy Consumption (1012 Btu) 

Process  O i l  and Gas 

1:ood Miscel laneous 94 94 

T e x t i l e s  

S tone ,  Clay and 
Glass  

Chomi c a l s  

Petroleum . 

S t e e l  

Miscel laneous 

Glass  Unit  Melter  

Regenera t ive .Glass  Melter  

Glass  Annealing Lehr 

Lime Rotary Kiln 

Cement ~ o t a r ~  K i  l n  

Re f r ac to ry  Kiln 

Face Brick Kiln 

high Kisk ~ u b e s t i l l  507 

D i s t i l l a t i o n  - Fi red  Heater  ,368 

Refi.nina - F i r c d  I l e a t e ~  4 t; ',' 

F i r e d  .Hea te rs  Used t o  
Manufacture S p e c i a l t y  
Products  63 

T rave l ing  Gra te  Furnace 10  

S i n t e r i n g  Furnace 6 

Coke Oven 2 

Hydrocarbon I n j e c t i o n  - 
- B l a s t  Furnace 100 

- I r o n  Cupola 14 



TABLE 3.18.(Continued) 

Industry 

Aluminum 

ESTIMATED 1974 PROCESS FUEL CONSUMPTION 

IN MAJOR,PROCESS -HEAT APPLICATIONS 

1974 Energy Consumption (lo1' Btu) 

process Oil .and Gas 

Blast Furnace Stove. 24 - 

Vertical Shaft Furnace Stove 7 

Pelletizing Grate Kiln 2 0 

Open Hearth Furnace 90 

Soaking Pit 17 

Reheat Furnace 266 

Heat Treating Furnace 80 

Coremaking Oven 2 0 

Aluminum Rotary Kiln 3 8 

Anode Pebake Oven 8 

Heat Treating Furnace 67 

Total a/ 

a/ Difference in total column and oil and gas columns reflects coal 
used or byproduct fuel use. 

SOURCE: IfTechn5cal Feasibility of Coal~se in Industrial Process Heat 
Applications," draft report prepared for DOE by EEA, Inc., 
Arlington, Virginia, May 22, 1978. 



cesses before the technical and economic attractiveness of alternative 

fuels was assessed. The major energy-intensive processes were grouped into 

17 categories based primarily on characteristics that affect the feasi- 

bility of burning various alternative fuels. ' While grouping the processes 

will reduce the number of technical and economic assessments, it should not 

reduce greatly the accuracy of the data. 

The following criteria were used to evaluate the techni.ca1 feasibility of 
d 

burnirig alternate fuels in industrial processes and to group process heat 

applications : 

Heat flux 

Heat distribution 

e Fuel contaminants 

s Process temperature 

Mode of material charging 

Form of fuel 

Firing rate. 

The importance of these criteria, the rationale used for grouping the in- 

dustrial processes, and the groups themselves are described in Section 5. 

The oil and gas consumed in the processes considered in this study equal 

about 64 percent of the total industrial process heat oil and gas use in 

1974. These same processes consumed about 73 percent of the total fossil 

energy consumed in industrial process heaters. Coal and byproduct fuels 

account for the nine percent difference. The remaining 36 percent (or 

roughly 1.6 quads) of the oil and gas use was consumed in miscellaneous 

processes in the energy-intensive industries and i n  smaller, 1~3.3 energy- 

intensive industries. This unspecified energy consumption is very diffi- 

cult to assign to spec.ific processes because it was consumed in a large 

variety of primarily small process units. 



3.4.4 Projected Process Heat Energy Requirements 

New process heaters represent a potentially large market in which. coal or 

alternative fuels could displace oil and gas use. Table 3.19 shows that 

fired heaters in the petroleum and chemical industries,and furnaces in the 

stone, clay and glass industries are the fastest-growing process uses. 

Although the steel industry comprises several of the largest current energy- 

consuming process heaters, low overall industry growth probably will limit 

the number of new steel furnaces built between 1985 and 1990. 

These energy ~o~sumption estimates are based on the following projections: 

growth in industrial output, energy conservation by industry, and total 

energy demand. 

3.5 SUMMARY 

Table 3.20 summarizes the projected .fuel demand in combustors that are in- 

cluded within the scope of this study. Roughly 45 percent of industrial 

fossil fuel and feedstock use is included in small boilers and process 

heaters. By comparison, the existing FUA covers only 12.5 percent of the 

projected 1990 fossil fuel and feedstock demand. The following sections 

will define several alternative fuel techniques that could penetrate the 

small boiler and process heater market as well as the.technica1 and economic 

difficulties .that limit fuel switching pdtential. in those markets. 



TABLE ,3.19 

Industry 

Food 

Textiles 

Paper 

Chemicals 

Petroleum c / 

PROJECTED NONBOILER DEMAND IN 1974. AND 1990 

(10'~ Btu) 

1974 1990 

-Oil/Gas - ,*- Coal -- ~ x i ,  st ingal Ncw b' Total 

94 101 2 30 331 

Stone, .clay and glass 791 258 798 809 1557 

Steel 

Aluminum 

Other 

Total 3573. 264 ,4197 3607 ,7804 

a' Built before 1982. 

b' Built between 1982 and 1990.. 

12 12 1ncludek refinery gas : 755 i 10 . Rtu in 1974 and 1034 x. 10 - Btu in 1990. 

Excludes metallu~gical coal or coke bve? gas. 

SOURCE : "Industrial Fuel Choice Analysis Model, " draft report prepared for 
DOE by EEA, Inc., Arlington, Virginia, January 8, 1979. 



TABLE 3.20 . 

COMPARISON OF FUEL USE COVERED IN THIS STUDY WITH 
FUEL USE TARGETED BY FUA: 1990 

Energy Demand 
Targeted Study 
by FUA Coverage "Industrial Applications (quads) - (%I 

Boilers 

New boilers (built between 1982 
and 1990) 

Large (?I00 MMBtu/hr) 2.6 .13 .o 
Small (-<lo0 MMBtu/hr) 0.7 3.0 

Existing boilers (built prior 
to 1'982) 

Oil/gas-fired (non-coal 
capable) 

Large 
small 

Process Heaters 

x New (built between 1982 and 3.6 .17.0 
1990) 

x Existing (built prior to 1982) 4.2 20.0 

. Feedstocks c / 

d/ 12.5% 45% Total . . 2Q.7 . 

a/ Boilers between 50 and ,100 MM~tu/h* are covered by FUA if total plant 
capacity exceeds 250 MMBtu/hr. 

b/ Very few small boileis have prior coal capability. 

Liquefied gas, oil, and natural gas feedstocks. Does not include metal- 
lurgical coal. - 

Does not inClude electricity, metal l ~ l r g i c a l  coal, or miscellaneous pro- 
ducts (naphtha, L.BG) except .where indicated in feedstocks. These products 
would account for an additional nine quads in 1990. 



FOOTNOTES 

1. EEA, Inc., "Industrial Fuel Choice Analysis Model," .draft report-prepared 
for DOE, January 8; 1979. MEFS is a.DOE model used to\forecast energy 
demand. 

2. Energy Consumption Data Base, vol. I, Summary.Document, prepared for 
. FEA by E R A ,  Ins., Arlington, Viryi~~ia,,JUrie 9, 1977. 

3 .  FEA, Office of Fuel Utilization, Major Fuel Burning 1nit-allation Coal 
Conversion-Report, FEA C-602-S-0.. 

4. All ABMA data were derived from confidential sales records. 

5. These data are from the NEDS computer file and are not available in 
printed form. 

6 .  PEDCo Environmental, Inc . , "'me Population and Characteristics of 
Industrial/Commercial Boilers," prepared for EPA, May 1979. 

7.. ECDB, % cit. 

8. EEA, Inc., "Technical Feasibility of Coal Use in Industrial Process 
Heat Applicati~ns,~~ draft report prepared for DOE, May 22,, 1978. 

9. ECDB, op. cit.. 

10. ffrl'echnical Feasibility of Coal Use," 3. cit: 

11. Foundries which manufacture castings on a job-order basis for sale to 
others. This category does not include captive foundries which pro- . 
duce castings only for in-house use. . 



4. ALTERNATIVES TO OIL AND GAS IN THE INDUSTRIAL SECTOR 

This section characterizes 12 alternative fuel sources and sourc,es of heat 

that could substitute for conventional fueis in industrial process heaters 

and small boilers. The folldwing fuel and heat sources are .discussed: 

Alternative fuel sources 

- Low- and medium-Btu gas 

- Solid solvent refined coal (SRC-1)' 

- Liquid solvent refined coal (SRC-2) 

- Coal/oil mi-xtures 

- Methanol 

- Direct coal 

- Wood waste 

- Municipal waste ' 

a Alternative sources of heat 
- ~tmos~heric fluidized bed combustion (AFBC) 

- Indirect heat 

- Electrification 

- Solar technology. 

Each alternative fuel source or energy technology is discussed generically, 

apart from:any specific application. The discussion of -each fuel source is . 

divided into. five subsections. The first provides an overview of the 

processes involved and the general characteristics of each technology. The 

next subsection explains the 'combIustion --.._.. characteristics that ,are important 
..-...... 

in determining the.technica1 feasibility of burning the alternative fuel. 

. Any technical issues that may constrain or delay the commercialization of 

each technology are highlighted in the third subsection. The fourth sub- 

section describes the status of development of each technology, including 

the pilot plants that may.be planned or operational and the groups with 



interests in those projects. Finally, the range of estimated costs for 

each technology is shown in addition to the parameters influencing these 

costs. 

Each cost section discusses the major factors affecting the cost of each 

fuel and then presents the fuel.cost (in $/MMBtu) and the cost of raising 

steam (in $/KPPH) using that technology or fuel. The fuel cost shown 

represents a selling price to an industrial user excluding transportation 

charges. The steam cost represents the total cost of producing steam from 

a boiler fired with the specific fuel. Steam costs may be a better basis 

for, economic comparisons among technologies becausethey in.r.Ji-ide all the 

costs associated with burning each fuel. 

The cost figures shown for each alternative technology should not be re- 

garded as precise estimates of future costs due to the difficulties in 

predicting costs for technologies still being developed. As each tech- 

nology is developed further, it is likely that engineering problems will be 

handled differently, and expected costs will change. AccordingLy. the costs 

shown in this report should be used to indicate the relative costs of each 

alternative. For a more detailed explanation of the costs shown for each 

fuel source and energy technology, see Appendix D. 

4.1 ALTERNATIVE FUEL SOURCES 

4.1.1 Low- and Medium-Btu Gases 

4.1.1. ,1  Technology Description 

~1l"coal-derived gases are produced by injecting a hot bed of .coal with . 
oxygen and steam. Medium-Btu gas (MBG), manufactured using oxygen from an 

oxygen plant, has heating values ranging from 200-500 Btu/scf (Rritish 

thermal unit/standard cubic foot). Low-Btu gas (LBG), manufactured using 
- .  

air as the source of oxygen, has a heating value between 100 and ZOO 



Btu/scf. The lower heating value of LBG is due primarily to the nitrogen 

content of the air used in the process. Nitrogen, comprising approximately 

80 percent of air, is carried along in the gasification process, diluting 

the concentration of the combustible constituents [carbon monoxide, hydro- 

gen, and methane). Heat for the reaction is produced internally so that 

the steady-state operation of the process requires no fuel use other than 

the coal being gasified and the fuel required to produce the steam. 

The efficiency of the gasification process generally varies between 65 and 

92 percent. The degree of efficiency depends on the design of the coal bed 

and the composition of the coal being gasified. The overall efficiency of 

LBG is higher than that of MBG since the energy required to produce oxygen 

for the latter process is not consumed in the former. 

There are three major types of coal beds that have been developed for gasi- 

fying coal: 

o Fixed bed gasifier 

o Fluid bed gasifier 

o Entrained bed gasifier. 

The first type of gasifier, the fixed bed, currently is used in the U.S. 

The bottom of the gasifier consists of a revolving grate through which 

steam and air/oxygen enter the bed. This grate also facilitates ash re- 

moval from the bed. Coal is loaded to the top of the gasifier. The general 

flow of gas is upward in the reactor; the flow of coal is down through the 

reactor. The fixed bed reactor generally has a'long residence time, low 

capacity, low temperature, and high conversion efficiency. Although the 

gasifier typically requires noncaking coals, eastern caking coals could be 

used with a stirrer in the gasifier. Lurgi, Wellman-Galusha, and Willpute 

produce fixed bed gasifiers. 

In a fluidized bed gasifier, the steam and air/oxygen are introduced at the 

bottom of the bed at a sufficiently high velocity to suspend the coal par- 



ticles, thus forming an ebullient bed. The size of the feedstock is 10-20 

mesh. The fluid bed gasifier has a shorter residence time and a higher 

temperature than the fixed bed gasifier. The conversion efficiency of the 

fluid bed gasifier (approximately 67 percent1/) is lower than that of the 

fixed bed because some unreacted coal unavoidably is carried off from the 

bed by the high velocity gas. Winkler gasifiers are fluid bed combustors, 

best suited for reactive coals such as subbituminous coals and lignite. 

Entrained bed gasifiers are significantly different in design from the 

Lixed or fluid 'bed gasifiers described above. In entrained bed gasifiers, 

pulverized coal is mixed with oxygen and st.eam and injected at high veloc= 

iey into the reaction chamber. Gasifiers of this type have multiple burn- 

ers positioned opposite one another on the same axis to ensure that their 

discharge will converge. Entrained bed gasifiers (also known as suspension 

flame gasifiers) operate with short residence times, high capacity, and 

high temperatures. The conversion efficiency of the entrained bed is 

estimated to be between 61 and 78 percent,2/ depending on design and oper- 

ation. These processes usually use oxygen rather than air and producc MDC. 

The most prevalent type of entrained bed gasifier is the Koppers'-Totzek 

design. These gasifiers can use a wide range of coals, including untreated, 

highly caking coals. 

The composition of LBG and MBG varies significantly both among and within 

processes, depending on the type of coal fed to the gasifier and the way in 

which.the gasifier is operated. The primary advantage of coal gas is that 

it enables the use of coal in furnaces designed for oillgas. Coal gas can 

be cleaned of particulates, sulfur, tars, and oils to minimize contamina- 

tion and degradation of furnn.cer; and furllace-products. 

LBG is considered an onsite technology due to the cost of transportation 

and the need for preventing condensation of tars and oil that may be formed 

during transportation. MBG is considered an offsite technology. Due to 



its oxygen requirements, only large production of MBG will make this 

technology competitive; MBG facilities probably would serve an industrial 

park. 

4.1.1.2 Combustion Properties 

The distinction between gases combusted straight from the gasifier (raw 

coal gas) and those which are cleaned before combustion is sufficient to 

warrant separate consideration of their combustion properties. The dif- 

ferences between LBG and MBG, although significant in some areas, are not 

considered sufficiently significant to require a distinction when evalu- 

ating generic technical feasibility. Table 4.1 lists typical combustion 

characteristics and properties of both LBG and MBG. 

4.1.1.2.1 Raw Coal Gas 

Raw coal gas is LBG combusted directly from the gasifier without any sulfur 

or particulate clean-up. To maximize fuel efficiency and minimize opera- 

tional problems, the gasifier usually is located close to the combusto;. 

Raw gases are cornbusted at high temperatures (600-900'~) and, because they 

do not cool, they contain heavier tars and oils that are in the vapor state. 

As a result of these heavier constituents and carbon particles in the gas 

stream,.raw coal gas produces a flame more luminous than the flame pro- 

duced by clean coal gas and sometimes more luminous than natural gas flames. 

Thc flame produced by raw cna l  gas is typically short, characteristic of 

most gaseous fuels. Generally, good turndown ratios can be achieved due to 

the gaseous nature of the fuel. 

The flame temperature of hot raw gases from coal, especially LBG, typically 

is 'lower than. the flame temperature of natural gas, resulting in lower 

furnace efficiency. The volume of combustion products from coal gas usu- 

ally is larger than that from natural. gas or fuel oil. Coupled with the 

low radiance of the gaseous fuel flame, the conversion of a combustor to 

coal gas usually reduces or "derates" the productive capacity of the unit. 



TABLE 4.1 

,FUEL GAS COMPOSTTIONS AND PROPERTIES 

Fue 1 

Natural gas 

(percent) 

Heating Value b / 
Molecular Species a/ (Btu/scf) 

CO C 0 3 -2- H 0 3- N CH Other LHV -2 -2- 4 - HHV 

- =race - - trace - 0.97 0.02 920 1022 

MBG- 1 (Koppers-Tot zek) 0.53 0.09 0.35 0.02 0.01 0.01 - 267 287 

MBG- 2 (Lurgi) 0.19 0.29 0.40 0.01 0.01 0.09 - 255 287 

LBG-1 (Wellman-Gals er and 
CP other fixed bed) 0.26 (1.07 0.14 0.02 0.47 0.05 - 149 159 

LBG-2 (Winkler) 0.21 C.07 0-13 0.02 0.57 0.01 - 109 117 

a' Totals across rows may not total to 1 due to rounding. 

0 
b/ Standard temperatuze is 60 F. 

LBG compositions are for cold clean gas. Sensible heat of hot gas is about 20 Btu/scf. 

SOURCE: "Technical Design Evaluation of Costs and Markets for Low- and Medium-Btu Gas from Coal in 
Direct-Fired Industrial Proces~es.'~ Table [I-1, p. 135, prepared for DOE by EEA, Inc., 
Arlington, .Virginia, October 23, 1979. 



. The level of sulfur and particulate emissions from raw.coal gas combustors 

depends on the sulfur in the parent coal and the particulate and heavy 

fractions carried from the gasifier to the combustor. The' formation of NOx 

is greater in burning hot 'raw gas than in cold raw gas due to the higher 

flame temperatures of the former. 

4.1.1.2.2 Clean Coal Gas 

Clean coal gases are LBG and MBG that have had the sulfur, particulates, 

and NO removed between gasification and combustion. Clean gas processing 
X 

will reduce the temperature of the gases to ambient temperature prior to 

the fuel's arrival at the combustor. In addition, this gas processing will 

diminish variability in the composition of the product gas resulting from . 
short term variations in gasifier operation. 

The .flame produced by clean coal gas is short and non-radiant. During the 

gas clean-up phase, the heavy tars and oils which cause some radiation con- 

dense and are removed from the gas. Therefore, clean gases are less radiant 

than raw coa1,gases and thus transfer energy less efficiently. . A  wide 

turndown ratio usually can be achieved with clean coal. gas. 

The flame temperature of clean coal gas, especially LBG, can be as much as 

400-500'~ lower than that of natural gas. As with raw coal gas, the volume 

of combustion products 'per Btu of clean coal gas is higher than that for 

natural gas or fuel oil. As a result of large combustion volume, non- 

radiant flames, and low flame temperature, clean coal gases can cause a 

significant derate, more significant than raw coal gas, in the .productive 

capacity of a furnace. 

The advantage of clean coal gas is that it is c'lean. . Sulfur, ash, and 

particulates are .removed prior to combustion, as is NOx formed in the 

gasification step. The formation of NOx in combustion also is reduced due 

to the low flame temperature. 



4.1.1.3 Technical Issues 

Low- and medium-Btu gasification has existed for se~eral decades, and no 

.significant technical problems remain unresolved. Some of the technical 

issue.s requiring further investigation include use of a wider range of 

coals, the optimization of gasifier parameters to yield higher throughputs, 

and lower costs. These factors, however, do not inhibit the commerciali-. 

zation of coal gas as an industrial fuel. 

4.1.1.4 Technology Status 

Coal, gasifiers producing coal gas for use as an.inclustria1 furnace fuel are 

a commercially proven and a v a i l a b l e  tochnology. Frese~rtly, rhere are four 

types of coal gasifiers commercially available in the U.S.: 

o Wellman-Galusha fixed bed 

o Lurgi fixed bed 

o Koppers-Totzek entrained bed 

o Winkler fluidized bed. 

In addition, some other types of gasifiers have been dosigncd and are being 

operated on a small scale. 

Orie of the barriers, in addition t.o p r i ce  and avai lnhi~lity, to the produe- 

tion of alternate fuels is the lack of design and operating experience. 

The government has initiated a "gasifiers-in-industrytl.program to produce 

data to evaluate the feasibility of gasifying-coal, part'icularly different 

types of coals, and using different types of gasifiers. Entrained bed 

gasifiers offer greater flexibility in turndown and type of coal than do 

fixed' and fluidized bed gasifiers; therefore, the RGD presently focuses on 

.developing entrai.nad bed gasifiers. The lead time for, the design, con- 

struction, and start-up of LBG gasifiers ranges from,two to three years. 

Presently, there are 40-50 We1 lmnn-~alushn~' gasifiers in the world, in- ' 

cluding 15 in the U.S. There are 60-70 ~ u r ~ i ~ '  gasifiers and six Winkler 



gasifiers in the world, none of which are in the U.S. There are 50,'Koppers- 

~otzek" gasifiers presently operating .. 

4.1.1.5 Technology Cost 

The operating and capital costs of the gasification and gas cleaning equip- 

ment constitute the major cost. factors in MBG and LBG ~roduction. The 

cleaning equipment removes tars, oils, and sulfur which can be sold to re- 

duce operating costs. Significant economies of scale are realized with in- 

creased plant capacity. The cost of feedstock coal is another important 
> 

cost component. 

The costs for onsite LBG plants from studies by Radian, Gilbert/Common- 

wealth, and Brewer, et al, are shown and referenced in Table 4.2. These 

costs are for cold clean gas produced in various sizes of fixed bed gasi- 

fiers. The costs reflect the gasifier economies of scale. 

The steam costs are estimated using a new natural gas-type boiler with no 

pollution control equipment. For the sample economic comparisons, MBG 

was used at a cost of '$4.34/MMBtu. This cost is based on DOE estimates 

(referenced in Table 4.2) for the MBG produced from a plant using the 

commercial Lurgi technology and eastern coal. The plant is assumed to 
6 produce 50 x 10 MMBtu of MBG per year at a 75 percent conversion effi- 

ciency and 90 percent capacity utilization. 

Sol.id Solvent Refined Coal 

4.1.2.1 Technology Description 

Solid solvent refined coal CSRC-1) is produced by blending pulverized coal 

with a coal-derived so1,vent. The coal solvent (40 percent coal to 60 per- 

cent solvent) slurry is pumped in the pre3ence of hydrogen at a pressure 

of 1500 pounds per square inch over atmospheric pressure (pskg) through a 

gas-fired preheater. After b.eing heated to 750-780°~, the slurry flows 



TABLE . 4 . 2  

COAL GASIFICATION COSTS 

Plant 
Production Boiler 

Rate Adjusted Fuel Cost Size Steam Cost 
Source (MMBtu/hr) (1978 $/MhlBtu) (KPPH) (1978 $/MMBtu) 

Radian a/ 75 (6.58-6.86) 175 (8.40-8.73) 

200 (5.01) 325 (6.54) 

Brewer b/ 

Gilbert/ 
Commonwealth 104 

a' William C. Thomas, "Synfuels from Coal as Emission Control Techniques for 
Industrial Boilers," prepared for EPA by Radian Corporation, Austin, Texas, 
January 1979. I 

b/ Brewer, Rucker, and Moore, llEconomic Evaluation of ATC/Wellman Incandes- 
cent Two Stage LPG Gas Producer," presented at Coal Technology Converence . 
1918,  Houston, 'l'exas. 

"Fixed Bed Coal Gasification for Production of Industrial Fuel Gas," 
prepared for ERDA by Gilbert/Commonwealth, July ,1977. 

Based on interim costs used in analysis of National Energy Plan TI, A 
Keport to Congress, prepared by U.S. Department of Energy, May 1979. 



into a vessel allowing sufficient time for the coal to dissolve in the 

solvent. In the dissolving step, the coal molecules are broken down, 

freeing organic sulfur compounds. This reaction is exothermic (heat pro- 
0 ducing), raising the temperature of the mixture to about 850 F. 

The coal solution then is cooled to 600-650°~, and the pressure is reduced 

to 200 psig. Gases are flashed (released) and separated from the liquid 

for recycling back to the slurry charge. The liquid is filtered to sepa- 

rate it from the undissolved matter which then is distilled to recover the 

solvent and to produce an additional side stream of distillate liquid. The 

remaining liquid is SRC, which can be solidified at about 355'~. 

The energy efficiency of the conversion plant is expected to be approxi- 

mately 65 percent.. When made from high sulfur bituminous coal, SRC-1 con- 

tains approximately 0.15 percent ash and 0.84 percent sulfur on an as- 

received basis. SRC-1 has a higher heating value of 15,700 Btu/lb, melting 

point of 35o0I?, bulk density of 35 lb/ft3, and a hardgrove index (measure 

of hardness) of 180. 

'I'he principal advantage of SRC-1 over coal is that it contains smaller 

amounts of ash and sulfur. The smaller ash content prevent's the fouling/ 

s lagging of combustors and, therefore, would potentia.l.ly increase the 

availability of each boiler. This lower ash content also makes the use of 

SRC-1 possible in some combustors in which coal use is infeasible because 

of the quantities of ash produced during combustion. The lower sulfur 

content eliminates the need to install a'flue gas desulfurization (FGD) 

system. Due to its low ash and sulfur content, SRC-1 use in new and exist- 

ing units complies with New Source Performance Standards (NSPS). Whether 

SRC-1 is cost effective with competing technologies such as direct coal 

combustion with FGD, however, remains to be determined. 



SRC-1 has been transported in open-top hopper rail cars. A Latex coating 
must be sprayed to minimize windage loss. SRC-1 has been handled by con- 

ventional unloading and conveying equipment. 

4.1.1.2 Combustion Characteristics 

The combustion characteristics of SRC-1 were observed in an 18-day test at 

Georgia Power's Plant Mitchell facility. SRC-1 produces a long, lazy, 

radiant flame that is a combination of a pulverized c.oal and a fuel oil 

flame; the SRC-1 flame can be characterized as a hybrid between a liquid 

and solid diffusion flame. Initially, SRC-1 burns similarly to No. 6 oil, 

with vapors being distilled from each parti.cle and igniting immediaLt;ly as 

they travel from the core of the particle. After all the volatiles are 

driven off and combusted, the flame becomes a solid diffusion flame similar 

to that produced froiu coal burning. 

An SRC-1 flame is relatively stable but not highly controllable; thus, even 

heat distribution may be difficult to achieve. The minimum size of a 

burner combusting pulverized SRC-1 must be appro.ximately 36 E.@4Btu/hr, a11d 

it must be water-cooled due to the low nlelting temperature (350'~) of the 

solid. 

The burn tests of SRC-1 indicate that the ash contained in the fuel is com- 

posed of 77-89 percent carbon. This high carbon content minimizes the . 

amount of ash adhering to walls and tubes, and the ash's light weight 

prevents a~c~ulation of dust in the furnace. Al.though this high carbon 

content is beneficial, it could be reduced somewhat to decrease unburned 

carbon loss, With suitable burner adjustments, the producers of SRC-1 ex- 

pect that the carbon in t.hc ash could bc reduced Lu approximately 75 per- 

cent, an amount still sufficient to prevent adherence and accumulation of 

ash. During the burn tests, th.e firebox and superheater sections of the 

boiler were relatively clean and required no sootblowing; in addition, 

little bottom ash was collected. These observations jndicate that the SRC-1 



ash particles are light and not corrosiye or erosiye and thus .may reduce 

the possibility of checkerwork plugging . . and refractory wall slagging . . in 

industrial combustors. An effective electrostatic precipitator (low re- 

sistivi'ty of high carbon ash) or a baghouse, however, would be needed to 

control particulate emissions. Soot formation is not considered to be a 

problem in SRC-1 combustion. 

4.1.2.3 Technical Issues 

The major technical areas to be addressed in developing designs for com- 

mercial facilities are: 

o Solids separation 

o Primary reactor scale-up 

o Equipment life, maintenance, and operating difficulties. 

None of these areas are viewed as barriers to the construction and opera- 

tion of commercial facilities. Since SRC-1 use has been demonstrated 

suffjciently at the pilot plant stage, engineers are able to define poten- 

tial problems and suggest feasible and effective solutions. Much of the 

remaining uncertainty involves scaling up to commercial size a unit oper- 

ation that which has been proven on the pilot plant scale. The following 

details the major technical issues listed above. 

Solids Separation. Solids separation is the key step in the SRC-1 

process. A t  the p i l o t  plant scale, the process generally used filtration 
at high temperature and moderate pressure to separate ash from the SRC-1 

product. Four filtration systems have been tested at the pilot plant 

stage: two rotary drwn filtration units and two pressure leaf filtration 

units. All have required significant amounts of filter aid precoat, al- 

though the filter aid required for leaf filtration has been greatly reduced 

from that required in early experience. Efforts to improve filtration and 

to develop other mechanical systems such as hydroclones, centrifuges, and 

combined systems are continuing. There are also several non-mechanical 



systems with considerable promise. P.resent engineering studies are being 

conducted so that either a continuous de-ashing system or a pressure leaf 

filtration system can be installed in a,demonstration plant. 

Primary Reactor Scale-up. Scale-up of the primary reactor is a sig- 

nificant technical challenge. Flow patterns of a three-phase (gas, liquid, 

and solid) mixture through the reactors, uncertain reaction rates, catalytic 

effects of the ash, and other factors make it difficult to predict the 

performance of a large-scale reactor. These problems, however, are typical 

of reactor design problems that have been resolved by the petroleum indus- 

try in large catalytic hydrocracking units. A continuing research program 

at the pilot plant level will improve the reliability of designs in this 

area. 

Equipment Life, Maintenance, and Operating Difficulties. The abrasive 

nature of slurries produced in the SRC-1 process can cause rapid wear and 

equipment malfunctions in components such as heat exchangers, slurry pumps, 

pressure letdown valves, and flow control valves. This problem has been 

identified at the pilot plant, and effective improvements have been achieved 

by the use of special valve seats, pump impellers, and other fittings. 

Work at the pilot plant continues to provide further solutions to these 

prob 1 ems. 

4.1.2.4 Status of the Technology 

The SRC-1 process has been developed at two pilot plants. A six ton per 

day (TPD) pilot plant was completed in 1973 at Wilsonville, Alabama, under 

the sponsorship of the electric utility industry, initially through the 

Edison Electric Institute (EEI) and later through the-Electric Power Re- 

search Institute (EPRI). A 50 TPD pilot plant later was completed at Ft. 

Lewis, Washington (near Tacoma), under the sponsorship of the U.S. Energy 

Research and Development Administration (ERDA). Operation of the Wilson- 

ville facility is continuing for the'purpose of testing new ash separation 



processes, investigating fundamental 'principles of reaction chemistry, and 

attaining process optimization. 

In an effort to promote alternate energy technologies, DOE contracted with 

Southern Company Services, on July 10, 1978, for a four-part demonstration 

program to prove the technical, economic, and. commercial feasibility of 

SRC-1. The SRC-1 contract with DOE is intended to result in the full 

commercialization of the technology by the late 1980's. Under Phase 1 of 

the contract, the team will prepare a detailed design of a 6000 TPD dimon- 

stration plant to be built on the Green River near Newman in Davies County,' 

Kentucky. The demonstration. will be,, replicated, without further scale-up 

of components, to a multi-module commercial plant consisting of five modules 

with a capacity to process approximately,30,000 TPD of coal. 

4.1.2.5 Technology Cost 

The total cost of SRC-1 production is histributed fairly evenly between 

capital, operating, and coal feedstock costs. Since no commercial plants 

are in operation, cost estimate's are relatively uncertain. Larger offsite 

production plants will be favored by economies of scale. 

The cost estimates of Wheelabrator-Frye and Radian are presented in Table 

4.3. The steam costs assume that the SRC-1 is fired in a new pulverized 

coal boiler. Since.SRC-1 estimated costs have increased recently, two 

cost estimates were used for the SRC economic analysis in Section 6. One 

estimate reflects the higher capital costs now expected. The lower $4.06/ 

MMBtu estimate is based on capital and OIM'figures shown in the Radian 

Corporation report for a plant producing 168 x 1012 Btu/yr of SRC-1 at 70 

percent conversion efficiency and 80 percent capacity utilization.61 This 

$4.06 ,figure used in the economic analysis in Section 6 is higher than the 

two original estimates shown in Table 4.3 for two reasons: the annualized 

fuel cost stream is higher, and the original estimates excluded the 'cost 

of transporting the SRC-1. to an industrial end-user. ?he higher $4.85/MMBtu 



TABLE 4.3 

SRC- 1 . COSTS 

Plant 
Production Adjusted Boiler Steam 

Rate Fuel Cost Size Costs 
Source (MMBtu/hr) (1978 $/MMBtu) (KPPH) ($/KPPH) 

Air Products b/ 27,803 . 

Radian c / 24.042 

a/ William C. Thomas, "Synfuels fromcoal as Emission Control Techniques 
for Industrial Boilers," draft report prepared by Radian Corporation 
for EPA, January 1979. 

b' A.P.  Flask and J.A. Pryor (Air Products/Wheelabrator Frye), "SRC solids; 
,Boiler Fuel and Building Block," paper presented at the Sixth Energy 
Technology Conference, Washington, D.C., February 1979. 

Costs used in economic analysis in Section 6. Radian's costs were 
' 

adjusted further to include transportation costs and h highcr fuel cost 
stream. The second estimate also includes a higher capital cost es- 
t inla t e . 



TABLE 4.4 . 

COMPOSITION OF SRC 

Parent Parent 
SRC- 1 . c o d  SRC- 2 ~oalb/ 

Ultimate analysis (%) 

' Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Higher heating value (HHV) 
(Btu/lb) 15,800 14,480 17.,040 13,150 

API gravity (60'~) N/A N/ A 8.3 

Viscosity SUS (140'~) N/A 

a' Western Kentucky bituminous. 

,b' Kentucky bituminous. 

Moisture- and ash-free analysis. 

SOURCE: SRC-1 composition derived from Babcock and Wilcox Company, and 
Gilbert/Commonwealth. SRC-2 composition derived from KVB, Inc. 



estimate assumes that capital costs are 70 percent higher than those in the 

$4.06 estimate. 

4.1.3 Liquid Solv.ent Refined Coal 

. - 

4.1.3.1 Technology Description 

The liquid solvent refined coal (SRC-2) process is a modification of the 

SRC-1 process. SRC-2 starts with the blending of a recycled coal/coal 

liquid slurry into the incoming p ~ ~ l v e r i z e d  coal stream. The resu l r ing  

slurry then is heated and reacted with hydrogen at about 875'~ and ' 2000 

psig pressure. As the coal molecules are broken down in this reaction, 

organic sulfur and light hydrocarbons are released and evolved as gases. 

The liquid product of this step then is separated.by vacuum distillation to 

produce the liquid fuel products and the heavy bottoms that are gasified to 

produce hydrogen for the process. Vacuum distillation also is used to 

separate the ash from the fuel. This process is estimated to be about 65 

percent efficient, i.e., 65 percent of the energy in the coal remains in 

the product fuels. . 

The product slate can be altered by changing the operating conditions. 

Typically, 75 percent of the liquid product mix can be used for low sulfur 

industrial fuel, 19 percent for refinery feedstocks, and six percent for 

residential and commercial heating oil. This study will consider only' 

the percentage used for low sulfur industrial fuel. The composition of 

SRC-2 is listed in Table 4.4. The low sulfur (0.26 percent.) 'and ash (0.008 

percent) contents should be noted. The nitrogen and oxygen contents are 

relaLlvely higher than in petroleum-based fuel oils. 

The reduced ash and sulfur composition of SRC-2 alleviates operational and 

air pollutio~i problems experienced with r,aw coal combustion. SRC-2 is con- 

sidered to be a low sulfur, low ash fuel; it usual.1y does not require the 



installation of an FGD unit. The liquid form of the fuel also allows the 

use of coal-derived energy in equipment which does not have the capability 

of using coal directly. 

4.1.3.2 Combustion Characteristics 

Several test burns of SRC-2 have been conducted, including a test by Con- 

solidated Edison of New York in a large utility boiler. In general, SRC-2 

burns with a long, luminous flame similar to the flames established by No. 

2 or No. 6 fuel oil. The handling systems and burners used for SRC-2 are 

similar to those used for fuel oil and are subject to the same burner size 

and control constraints. 

Particulates, sulfur, and unburned hydrocarbons have not been a problem in 

SRC-2 burn tests. However, NO emissions in these tests have been higher 
X 

than NO emissions usually resulting from fuel oil combustion. Measures to 
X 

reduce NOx emissions, specifically two-stage combustion, have produced 

"smokyI1 flanies, also an undesirable environmental characteristic. The high 

NOx emissions are primarily a result of the higher composition of nitrogen 

in the fuel. Mixtures of SRC-2 with petroleum fuel oil, which is lower in 

fuel nitrogen, have produced environmentally acceptable emission rates. 

NOx emissions also are increased if the air for combustion is preheated, a 

common energy conservation procedure. 

For the purposes of this study, the combustion characteristics of SRC-2 

will be considered similar to residual (No. 6) fuel oil when assessing the 

technical feasibility for SRC-2 use. 

4.1.3.3 Technical Issues 

Since the SRC process is related to. the Bergius process developed in Germany 

in the early 19001s, the chemistry is well known. However, as with any 

emerging . . process, there are areas which require further investigation and 

development. These areas are: 



o Reactor scale-up 

-0 Erosion/corrosion of process equipment. 

Although not trivial, these issues are not expected to pose major technical 

barriers to the further development of SRC-2 to a' commercial process. These 

areas are being examined in the pilot plant and will continue being inves- 

tigated in the demonstration plant. A more detailed discussion of these 

issues follows below. 

Primary Reactor Scale-IJp. It is difficult to understand the gas, 

liquid, and solid flows in the dissolver unit due to the uncertainty about 

the reactions occurring in the vessel. Experimental work at the pilot 

plant will increase the accuracy of the design models and reduce the un- 

certainty in the larger demonstration plant unit. 

Erosion/Corrosion of Process Equipment. The chemical and physical na- 

ture of the materials handled in the process has caused both erosion and 

corrosion of process equipment. This problem has been especially acute in 

valves, pumps, heat exchangers, and the vacuum distillation unit. Although 

progress has been made, further work is required to insure the reliable 

operation of a commercial facility. This effort will involve f i n d i n g  the 

proper materials for the equipment and redesigning certain pieces of 

equipment to minimize destructive situations. 

J 4.2.3.4 Technolugy Status 

The bulk of the development work on SRC-2 has been conducted at a 30 TPD 

pilot plant at Ft. Lewis, Washington, by the Gulf Mining and Resources 

cornpan) (a subsidiary of Gulf Oil) under contract t.n IME. The F t ,  L c w i s  

facility originally was constructed to produce SRC-1 and was converted to 

SRC-2 in early 1977, So far, the facility has used 'only eastern bituminous 

coals, primarily from Gulf's resources in western Kentucky, as feed coal 

for the process. The performance of the process using other types of coal 



is unknown. Experimental work is continuing at the plant to resolve some 

of the existing technical problems and to optimize the process. 

In July of 1979, Congress decided to provide funds for the design phase of 

a project to construct a 6000 TPD demonstration plant, probably to be 

located near Morgantown, West Virginia. The construction of a full-scale 

commercial facility would not require any development work other than the 

demonstration plant since it will consist of five modules similar in size 

and operation to the demonstration plant. The capacity of the commercial 

plant is expected to be about 30,000 TPD of coal, which would produce 

80,000 barrels (bbl) of liquid products. 

4.1.3.5 Technology Cost 

The costs of an SRC-2 production facility are uncertain since there cur- 

rently are no commercial SRC-2 operations. Estimates indicate that fuel 

and capital costs will constitute about 75 percent of fuel production 

costs. Large offsite facilities will be favored by economies of scale. 

Many of the factors affecting costs in the production of SRC-2 lie in the 

results of the operation of the demonstration plant. Solutions to problems 

encountered in the pilot,plant and problems anticipated in the demonstra- 

tion plant may or may not prove adequate. If the solutions are not ade- 

quate, the costs of SRC-2 could rise rapidly. The primary areas of concern 

are the material requirements of the liquids processes and refining equip- 

ment. If these units require high-grade stainless steels to perform ade- 

quately, their cost could increase more than twofold, in addition to the 

availability problems encountered with some grades of high quality alloys. 

An estimate of SRC-2 costs by Air Products/Wheelabrator-Frye is shown in 

Table 4.5. The steam cost assumes that the liquid SRC-2 is fired in a new 

residual-oil type boiler without any pollution control equipment. 



TABLE 4.5 

SRC-2 COSTS 

Plant 
Production Adjusted 

Rate Fuel Cost Boiler Size Steam Cost 
Source \ (MMBtu/hr) (1978 $/MMBtu) (MMBtu/hr) (1978 $/KPPH) -- . . 

Air Prvducts a' 23,072 3.78 5 0 

175 

a' A. P . Flask and J .A. Pryor ( A  Products/Wheelabrator. Frye) , "SRC Solids, 
Boiler Fuel and Building Block.," paper presented at the Sixth Energy 
Technology Conference, Washington, D.C., February 1979. 

b' Based on interim costs used in analysis of National ~nsr~y'plan 11, A 
Report to Congress, prepared by U.S. Department of Energy, May 1979; 
The higher estimate reflects recent higher capital cost es.timates. 



Due to recent increases in SRC-2 cost estimates,'two costs for SRC-2 were 

used in the sample economic comparisons, one based on existing DOE data and 

one'on which the same capital costs.were increased by 70 percent. The 

older estimate is $3.99/WBtu based on an average cost to produce coal 

liquids from three processes now under development:' SRC-2, H-Coal, and 

Exxon Donor Solvent (EDS).   he plant is assumed to produce 118 x lo6 MMBtu/ 
year at a 70 percent conversion efficiency and 90 percent capacity utili- 

zation. The higher estimate is $5.14/MMBtu. 

Coal/Oil Mixtures 

4.1.4.1 Technology Description 

Coal/oil mixtures (COM) have been developed as a hybrid fuel to enable the 

use of significant amounts of coal in,processes otherwise incapable, with- 

out major renovation, of using solid fuels. To form COM, finely pulverized 

coal (200 mesh) is blended with residual oi1,in a homogeneous slurry. The 

coal composition of the mixture usually varies.between 20 and.50 percent, 

depending on process requirements. When heated, this mixture shares many 

.characteristics with residual oil and can be pumped using similar equipment. 

A t  higher coal compositions, however, the mixture behaves less like oil and 

is more difficult to handle. This can 'iricrease costs and the potential that 

the fuel will be incompatible with specific processes. . 

If COM is allowed to stand, the coal particles in the mixture settle. Since 

a nonhomogeneous mixture can cause problems in storage, pumping, and com- 

bustion, the mixture must be agitated constantly or constituents must be 

added to the mixture to increase the ability of the coal to remain in sus- 

pension, thus maintai.ning homogeneity. 

Varying types of additives are used to maintain the coal in suspension. The 

most prevalent type of additive contains about six percent water and an 



emulsion agent. (These additives displace oil rather than coal.) Other 

suspension processes involve a surfactant which constitutes only about.one 

percent of the mixture. 

COM can be produced both onsite and offsite. Use of an offsite facility 

requires trains, trucks, or barges to transport the COM. The decision to 

produce COM onsite or offsite depends on several.economic.-related factors 

which are discussed at the end of this technology section. 

4 ..I. 4.2 Combustion Properties 

Since COM is a slllrry mixturc in whicli Lhe coal p a r t i c l e s  aro hcld in sub- 

pension, the more homogeneous the mixture, the better the fuel performs 

both in combustion and in handling. Residual, rather than distillate, oil 

IIIU~L be used since the viscosity of distillate oil is too low to maintain 

the coal particles in suspension. Like residual oil, COM must be heated to 

150-170'~ to be pumped and to about 220'~ to be sent to the burner. The 

heating value of the fuel is somewhat lower than that of residual oil due 

to the lower heating value nf coal on a Btu/val~ve basis. 

The conibustion characteristics of COM with coal fractions varying between 

20 and 50 percent resemb1.e the  comb~~~~tio~l charictcristfcs of .the parent 

fuels. A long, luminous flame resembling a residual oil flame is estab- 

lished near the burner; as the lighter fractions of the fuel burn off, 

leaving the solid coal particles, the flame becomes mnre like a pulverized 

coal flame. The length of the flame varies between that of a residual oil 
flame and a coal flame, depending on the coal composition of the mixture 

and the conditions under which combustion occurs. It is estimated that the 

mi.nimum rate uf heat: input from a single burner would vary from 20 MMBtu/hr 

with a low percentage of coal to 40 MMBtu/hr with a high percentage of 

.coal. The higher the firing rate, the more stable the flame will be. 

There should be no ins.tability or variability from the fuel if it is handled 

properly, but the flame pattern will change if the mixture is allowed to 

settle or agglomerate. 



Because COM requires a larger volume for complete combustion than either 

gas or oil require, a furnace originally designed for,oil/gas firing may 

undergo derating (burn fewer Btu's per unit time than the design capacity). 

The extent of derating can vary from one to 10 percent, depending on many 

factors. Insufficient burn tests have been conducted 'to facilitate sys-' 

tematic evaluation of the derating process. 

The ash and sulfur emissions from the combustion of COM will vary directly 

with the amount and type of sulfur and ash that are in the coal and resid- 

ual oil that make up the mix. .Nevertheless, these emissions almost always 

will be high enough to. raise concerns about ash deposition and sulfur- . 

induced corrosion. NO formation in COM combustion is much the same as in 
X 

combustion of the parent fuels; the mixture is somewhat higher than fuel 

oil and somewhat lower than coal on a per Btu basis. 

4.1.4.3 Technica.1 Issues 

There are no major engineering problems.which seriously impede the use of 

COM. However, there are two problems which make the use of COM somewhat 

difficult and costly: fuel handling and system wear problems. 

The solid particles contained in CUM present several problems. If the fuel 

is allowed to sit, the coal particles can settle or agglomerate, making 

si~hsequent handling difficult and causing uneven combustion. Alternative- 

ly, if the additives in the mixture are sufficient to hold the mixture in 

suspension, the fluidity of the mixture could be reduced greatly after long 

periods of standing. 

The severity of erosion in pipes and pumps resulting from fuel handling and 

the ef fec ts  of this erosion on plant operation are unknown. Nevertheless, 

pumps designed to handle abrasive fluids wkll be required in the COM plant. 

In addition, the piping configuration of the plant will have to be eval- 

uated and possibly redesigned to minimize bends and low spots that cause 

erosion and particle sedimentation. 



4.1.4.4 Technology Status 

COM is not a new technology; ,research was initiated several' de,cades ago and 

still is continuing. Two projects which yielded significant data on the 

characteristics of COM are the Florida Power ~or~oration/~ravo~' and the 

General ~otors~' projects. Although both projects provided valuable in- 

formation on handling and combustion of COM, neither project was operated 

at full-scale commercial levels. Furthermoge, there have been no tests 

that have burned COM for prolonged periods of time. Due to this lack of 

data, questions persist about COM system wear (erosion/corrosion), de- 

rating, reliability (plup~ing) , fucl h a n d l i l ~ g  (settling) , a11d emissions. 

Several projects are underway to test COM performance in commercial boiler 

operations; only one currently .is testing COM performance in a process 

heater. The major boiler research effort is a long-term test of a 50 per- 

cent COM mixture prepared onsite. The test is being performed by the 

Acurex Corporation on an 80,000 PPH boiler that was designed for only gas 

and oil firing.'/ A major industrial furnace test is being conducted by 

Interlake, Inc., in which a 50 percent COM is beirlg used as a'hydrocarbon 

injectant in a blast furnace that processes 1200 tons. of metal per day. 

The COM used In the Interlake project also is prepared 0nsi.t.e. 

Presently, there are 110 commercial plants using COM. Although there are no 

major unresolved engineering problems constraining this technology, it is 

considered unproven due to remaining questions relating to burn tests. 

4.1.4.4.1 Lead Time Issues .- - 
The lead time to commercialization of a COM facility depends on several 

variables, primarily whether the COM is proparcd onsiLw or ofssite. If COM 

is produced onsite, the lead time is projected to be two to three years, 

compared to a lead time of one to two years for conventional oil. If COM 

is prepared offsite, the combustor modifications at the facility could bc 

implemented in six months to one year. The major lead time constraint 



would be the development of COM producing facilities. DOE currently is 

compiling a list of COM producers, but production capacity in the next five 

to 10 years is unclear. 

4.1.4.5 Technology Costs 

Technology costs for COM depend on a variety of factors. Since COM is most 

economically viable in the retrofit market, technology costs and the fac- 

tors affecting these costs will be examined in existing combustors. Re- 

gardless .. of how the mixture is produced, equipment changes will be required 

to burn COM in combustors previously designed to fire only conventional 

fossil fuels. These costs have been estimated at around $300,000-500,000 

($0.10-0.20/MM~tu) for a 100 KPPH boiler. System response, i. e., increased 

downtime and/or derating, also will contribute to the cost of burning COM. 
I 

The annualized per MMBtu conversion costs may double if 20 percent derating 

occurs . lo/ 

The cost of preparing and transporting COM depends on whether the mixture 

is produced onsite or offsite. This discussion does not provide either 

definitive cost estimates or the precise .combustor size dictating the 

economic feasibility of onsite or offsite production, but rather provides 

a range of cost estimates to illustrate the magnitude of that range and 
u 

the factors that affect costs. Table 4.6 illustrates the conversion costs 

for a 500 KPPH boiler burning COM produced offsite and a 100 KPPH boiler 

burning COM produced onsite. In the case of the onsite preparation, the 

table shows that COM preparation and fuel handling contribute over half of 

the total capital costs; actual boiler retrofit costs comprise a very small 

percentage of total costs. Therefore, items that affect COM preparation 

and handling, i.e., use of wet or dry grinding, coal type, and storage, 

will affect significantly the economics of COM use in onsite applications. 

For the'offsite case, the table illustrates that the total conversion cost, 

$303,000, is small relative to major boiler investments. The operation 



REPRESENTATIYE COSTS OF CONVERSION TO COM.FOR 
I 

TWO SAMPLE SIZE UNITS 

C$ 1978) 
I 

Equipment 50.0 KPPH Boiler 
- '  Onsite COM 

Coal receiving, storage, 
reclaim .350,00.0 

COl4 grcparatioi~ ' I , 'WJ., 00.0 

Stack gas cleanup 500,000 

Boiler retrofit . 50,000. 

Plant facility .165,000 

Plant utility 235,000. 

Total corlstruction 2,600,000 

I ,  . . 
Initial coal and sodium 
bicarbonate requirements 230,000 

Indirect charges a/ 59b, 000 

TOTAL INYESTMENT 3,420,000 

,100 KPPH Boiler 
O.f,fs i t e ' COhl 

, a' Interest, working capital. 

SOURCE: Arthur McKee & Company, "Coal-Oil Mixture (COM): A Preliminary 
U.S. Market Study," First International Symposium on COM Combus- 
tion, St. Petersburg, Florida, May 1978. 



and maintenance (OGM) cost (including fuel) of using COM will be the pri- 

mary determinant of COM economics. For a 100 KPPH boiler, the OGM costs of 

burning COM generated offsite can be characterized roughly on a percentage 

basis as follows: 

Cost of COM 86% of total OGM 

NaHC03 6% 

Variable OGM costs 5% 

Fixed OEM costs 1 % 

Ash disposal 1 % 

Power less than 1% 

The major consideration in reviewing COM costs is the cost of the mixture 

itself. Even in an onsite facility, the cost of coal and oil used to pro- 

duce COM accounts for over 80 percent of the annual O ~ M  costs. 

A COM preparation plant is subject to significant economies of scale. Both 

annual operating and capital costs per barrel of COM produced decrease sig- 

nificantly as the production capacity of a facility increases. This factor 

favors large offsite COM production facilities. However, the costs of 

feedstock coal and oil constitute the major fraction (over 70 percent) of 

total COM production costs. Since COM is a liquid fuel in which coal is 

substituted for residual oil, the economics of COM improve as the price 

diffcrcntial between residual oil, and coal increases. 

Table 4.7 reflects the plant economies of scale in the original cost esti- 

mates presented in COM studies by the.Pittsburg Energy Research Center 

(PERC) and McKee for offsite production facilities (see references in Table 

4.7). Also shown are the costs adjusted to incorporate current prices of 

coal and residual oil. The costs do not include transportation of COM. 

These c0st.s are for a 50 percent [by weight) coal fraction. The cost of 

additivcs to enhance coal suspension i s  assumed to be $O.lO/MMBtu. The 

steam productinn cos ts  assume that COM is fired in a new residual oil-type 



TABLE 4.7 

Source 

McKee b/ 

Mc Kee c / 

COAL/OI L MIXTURE COSTS 

Production Adjusted Boiler Steam 
Plant Size Fue 1 Cost Size Cost 
(gal/hr) (1978 $/MMBtu) (KPPH1 (.$/KPPH) 

a/ P .D. Bergman (Pittsburg Energy Research Center) , "Economic Considerations 
for Industrial Firing of Coal-Oil Mixtures," presented at First Inter- 
national Symposium on COM Combustion, St. Petersburg, Florida, May 1978. 

b' Christie, Wills, and Winklepleck (Arthur G. McKee E Co.), "Coal-Oil 
Mixture (COM): A Preliminary U.S. Market Study," presented at First 
International Symposium on COM Combustion, St. Petersburg, Florida, May 
1978. 

Cost used in economic analysis in Section 6. Cost includes transporta- 
tion costs and higher fuel price streams not included in initial McKee 
data. 



boiler with FGD and electrostatic precipitation (ESP] pollution control 

equipment. The total steam cost is the sum of unit fuel, capital, and 

operating costs for the boiler. 

The COM,price used for economic comparisons with existing technologies is 

$3.94/MMBtu. Although thi~~figure is based on McKee's capital and OGM cost 

data,fuel cost projections were made independently and then annualized. 

The conversion plant is assumed to produce 1.5 x lo6 MMBtu/year of COM fuel 

at 70 percent capacity utilization. 

4.1.5 Methanol 

4.1.5.1 Technology Description 

The derivation of methanol from coal processes involves three major steps: 

e Gasification: forming synthesis gas (a mixture of carbon 
monoxide -- CO --  and hydrogen -- H ) by partial oxidation 
of coal using oxygen and steam as tie oxidizing agents 

a shift reaction: increasing the ratio of H to CO in the 
gaseous mixture by the synthesis gas shift reaction 

a Methanol synthesis: catalytically synthesizing the H-enriched 
gases to form methanol. 

Although there are a number of subprocesses involved in the production of 

methanol, ranging from the preparation of coal at the input stage to the 

refining and storage of the methyl fuel, the three processes listed above 

are of major technical concern in a commercial coal conversion facility. 

Thus, each of these three steps is detailed below. 

To formulate synthesis gas, washed and prepared coal is pumped into the 

gasifying unit and oxidized at high temperatures in a ,combustion chamber. 

The pressure in the gasifying unit depends on the design of the gasifier. 

This process produces synthesis gas containing a mixture of CO.and H. This \ 

raw synthesis gas is washed and scrubbed to remove fly ash and other pol- 

lutants. A number of coal gasifier designs are available for the gasifi- 



cation process. Each design differs in regard to operating conditions, 

peripheral equipment design, and capacity. Several gasifier designs- are 

compared in Table 4.8. 

In the shift reaction stage, the cleaned synthesis gas from the gasifier 

is enriched with H in the shift unit. This enrichment is required to give 

a high yield in the methanol synthesis reactor downstream of the shift 

unit. The enrichment process, which increases the H-to-CO ratio from 0.5 

to 2.0, takes place at. a.pproximately 9 0 0 ~ ~ .  This enriclunent is achieved 

by shifting most (approximately 70 percent) of the CO to carbon dioxide 

(C02). The resulting enriched gas contains certain acid gases and thus is 

fed through an acid gas removal process before entering the met.hanoi syn- 

thesis reactor. 

Methanol synthesis oc-curs when, in the presence of a catalyst and under 

high temperatures, the purified synthesis gas is combined with hydrogen 

under pressure and synthesizes .to form methanol vapor. This vapor is puri- 

fied and liquefied to produce various grades of methyl fuel. There are 

several variati~ns of the methanol syrithecis reactor. These ~iiliaLiorls 

result Irom the degree of efficiency that can be obtained by using differ- 

ent catalysts and different reaction conditions. The overall thermal effi- 

ciency of the methanol conversion plant varies betwcen 45 and 55 percent. 

Methanol combines with other higher alcohols to form methyl fuels. The 

Wentworth, Inc. versiori of methyl fuel contains 97.5-98.5 percent methanol, 

one to two percent higher alcohols including ethanol, propanol, and butanol, 

and up to 0.5 percent water. The physical and chemical properties of 

methanol and methyl fuel are basically the same. The properties of methanol 

relevant to this study are listed in ?'able 4.9. 

The advantages of using methanol over coal are the ease with which it is 

transported, lower emissions,12/ and the use of the liquid fuel in most 



Manufacturer 

Davy Corp. 
/ 

BCG/ Lurgi 

Koppers-Totzek 

HY GAS 

Atomics 
1nt ernational 

Texaco 

TABLE 4.8 

GASIFIER DESIGNS 

Oyerall 
Thermal 

Efficiency a/ Type 

Fluidized 69% 
bed 
Winkler 

Fixed bed 69 % 

Fluidized - - 
bed 

Molten 73% 
carbonate . - 

Entrained 70% b I 

Operating 
Pressure Capacity 

Atmospheric Moderate . . 

450 psi Moderate 

Atmospheric Moderate 

, 

, 1000 psi High 

Atmospheric Moderate 

1550 psi High 

HHV of net roduct gas 
a' Overall thermal efficiency = HHV of 

b1 Estimate. 



TABLE 4.9 

PROPERTIES OF METHANOL (CH3QH) 

Molecular weight 

Specific gravity (60'~) 

Density (16/gal) 

0 Boiling temperature ( F) 

Plash point (OF) 

0 Automotive ignition temperature ( F) 

Flammability limits (volume percent 
of a i r )  : 

Lower 

Higher 

Stoichio~lletric air/fuel ratio 

HHV (Btu/lb) 

Latent heat of vapor (Rtl.i/lb, at 65'~) 

Uctane NU (research) 

vapor pressure at 70'~ (psi) 

SOURCE: American Petroleum Institute,: Alcohols, A Technical Assessment 
of their Application as Fuels, Publication No. 4261, July 1976 



combustors designed for gas use. 13' The major disadvantage of the tech- 

nology is th.e 45-55 percent loss of heating value in the conversion pro- 

cess. 

4.1.5.2 Combustion Characteristics 

Fuel grade methanol or methyl fuel is predominately methyl alcohol with 

some heavier hydrocarbons present in small amounts. The flames produced 

from methanol combustion are relatively short for a liquid fuel. In addi- 

tion, methanol does not produce the soot or unburned carbon which cause the 

luminous characteristic of heavier liquid fuels. The flame temperature of 

methanol is about 100'~ lower than that of natural gas, a relatively minor 

difference. 

The rate of heat release from the burner is highly controllable so that the 

fuel creates no problems with heat distribution and heat flux. Burner 

design does not present any major obstacles, atomization of the liquid is 

relatively easy due to its low viscosity. 

Methanol is an extremely clean burning fuel. The formation of particulates 

is negligible, and low NOx formation can be achieved. (To increase the 

radiance of methanol flames, the mixture of pulverized coal particles has 

been proposed; however, this would increase NO formation due to the in- 
X 

crease in fuel-bound nitrogen. 14' No sulfur .is emitted from combustion 

since the fuel has had all sulfur removed. 

4.1.5.3 Technology Status 

As mentioned earlier, the most sensitive area in a coal-to-methanol con- 

version process is the coal gasification step. currently, there are no 

commercially operative coal gasification plants in the U.S. There are, 

however, several units in Europe and India which gasify coal to produce 

varlous chemicals and synthetic fuels. Presently, the only commercially 

operati.ve indirect coal liquefaction plant (capable of producing methyl , 



fuels] is the SASOL facility in South Africa. Details concerning the ope?- 

ations of the plant are not well documented. Wentworth Broth.ers, Inc., 

Davy McKee cdrp., and ~ a d ~ e r ,  Inc. have produced conceptual designs of 

coal-to-methanol conversion facilities. No such methanol production 

facility currently is operating in the U.S. 

4.1.5.4 Technology Cost 

Coal-to-methanol conversion facilities are very capital-tntensive; Annu- 

alized capital costs, which are dependent upon the method of financing, 

may constitute 30-50 percent of the total annualized costs. This capital 

cost is subject to economies of scale, favoring large of fs i . t e  prnduction 

facilities. The cost of coal feedstock is the other major methanol cost 

factor. 

The. estimated costs for offsite fuel-grade methanol production from Badger 

and McKee are shown in Table 4.10 (see table for references). The normal- 

ized costs have been adjusted with respect to coal costs .and financing, so 

that the estimates are more directly comparable. The large difference in 

the cost estimates can be attributed partly to the economies of scale 

achieved by the Badger plant. However, different assumptions concerning 

capital and operating c.osts probably are the most important factors. 

In the sample economic calculations, methanol was assumed to cost $5.63/ 

MMBtu. The coal-to-methanol conversion plant was,assumed to use an advanced 

gasifier producing 32 x lo6 MMBtu of methanol per year at 60 percent effi- 

ciency and 90 percent capacity utilization. Steam costs also are shown in 

Table 4.10 as the sum of methanol costs and capital and operating costs 

f0.r.a new residual oil-type boiler with no pollution control equipment. 



TABLE 4.1Q 

METHANOL COSTS 

1. FUEL COSTS 

Source 

Plant 
Production 

Rate 
(MMBtu/hr) 

a/ Davy McKee 5,728 

Badger b/ 43,756 

DOE'' (used in eco- 
nomic calculations) 4, Q59 

2. STEAM COSTS 

Boiler Size 
(KPPH) 

Adjusted 
Fuel Cost 

(1978 $/MMBtu) 

Steam Cost (1978 $/KPPH) 

Davy McKee Badger - DOE 

8.31 4.75 7.47 

8.19 4.63 7.34 

a' Based on, E.E; Bailey, 1Methanol from Coal : An Adaptation from the Past ,I1 

presented at the Sixth Annual International Conference on Coal Gasifi- 
cation, Liquefaction, and Conversion to Electricity, at the University 
of Pittsburg, Davy McKee Corporation. 

b/ Based on "Conceptual Design of a Coal to Methanol Conversion Plant," 
Executive Summary of Interin.Fina1 Report prepared for DOE by Badger 
Plants, Inc., Cambridge Massachusetts, February 1978. 

Based on costs from unpublished DOE estimates used in developing the 
second National Energy Plan. Includes small transportation charge. 



4.1.6 Direct Coal 

Coal is one of the most abundant and least expensive energy sources in the 

U.S. Although U.S. reliance on coal has declined from nearly one-half of 

our energy supply after World War I1 to less than 20 percent today, 16/ 

coal use is expanding in both the industrial and utility sectors due to 

increasingly expensive and scarce oil and gas supplies. To help evaluate 

the feasibility of direct coal use in process heaters and small boilers, 

the following describes the physical characteristics of coal, particularly 

its combustion and heat delivery prnperties; technical issucs that con- 

strain coal use; the current status or commercial avai1abili.t.y o f  coal 

co~~~bustion; and any geographical, transportation, or cost factors that 

affect coal ILSP.. 

4.1.4.1 Combustion Characteristics 

Although coal has the same combustion steps as oil, the reactions involved 

in cdal burning are more complicated, and combustion time is longer. Coal 

can be burned on a grate in lumps or in suspension as a powder. Grate 

firing is quite slow due to the low surface to volume ratio of the coal 

lumps. Pulverized solid combustion is faster than grate firing but slower 

than heavy oil firing due to the solid particle size and the number of steps 

between the initial heat input and final combustion. Combustion time can 

be increased by grinding the powder to a smaller size and by using turbu- 

lence to burn the flame. . 

Coal has difficulty meeting heat distribution reqpirements due to flame 

size and instability. In order for coal to produce a steady flame pattern, 

it must be fired in burners larger than SO MMBtu/hr. Coal can be used in 

burners smaller than 50 MMBtujhr only if a short turbulent flame pattern 

is not required. For many applications, such as petroleum refirling and 

chemical industry process heat applications, coal use is preclude3 due to 

the minimum burner size requirement. 



Coal also has more difficulty meeting h.eat distribution requirements than 

do gaseous and liquid fuels because heat released from an individual coal 

burner cannot be held constant. This is because coal, like all solid fuels, . 
is an heterogeneous mixture. The fuel delivery system cannot control the 

amount of fuel delivered within the accuracy needed for some heaters because 

the pulverized particle size varies with the quality of the coal feed. 

Furthermore, coal feed distribution systems are less reliable and more dif- 

ficult to control than feeding systems for other fuels. The varying Btu 

content of coal also results in swings of heat input into the burner des- 

pite a steady fuel feed rate. In some installations, such as brick kilns, 

only the average heat.release is important. Furnaces such as the ethylene 

furnace, however, cannot tolerate fluctuating heat release rates. 

Coal combustion emits large amounts of particulate matter, SO2, and NOx. 

NO and particulate emissions are greater for pulverized coal firing than 
X 

for stoker firing, but in process heaters, coal almost always will be fired 

in suspension. ESP and FGD units can be used to reduce emissions, but the 

use of FGD adds significantly to the cost of coal firing. 

4.1.6.2 Technical Constraints to Coal Use 

There are several technical issues constraining coal use in some furnace 

applications. As discussed above, burner size limitations and uncontrolled 

heat distribution are two major factors impeding coal use. The third major 

factor inhibiting coal use is its fuel contaminants, primarily sulfur, 

vanadium, and ash. These contaminants can impair product quality, accel- 

erate the corrosion of the furnace interior, and clog parts of the furnace 

and heat recovery systems. These adverse effects tend to increase costs, 

decrease equipment durability, and impair equipment safety and reliability. 

In some applications, these problems result only in increased costs and 

maintenance problems; in others, they prohibit coal use. 



a Coal has more severe contamination problems than do gaseous and oil fuels. 

For example, the sulfur content of coal varies between 0.5 and five percent 

and.the ash content ranges from.four to.20 percent of the fuel by volume. 

In contrast, heavy fuel oil contains a maximum of two percent sulfur and 

0.015-0.02 percent ash. Technical difficulties caused by coal ash include 

product contamination, furnace corrosion, accumulation on refractory walls, 

and plugging. 

4.1.6.3 Current Status of Coal Use 

Despite a 30 year decline in its use, coal once again is becoming an impor- 

tant energy source. Although projections vary depending on energy, envi- 

i'o~uiie~ital, aild cost scenarios, coal use is expected to increase to approxi- 

mately one billion tons in 1985 and 1.1-1.3 billion tons by 1990. 17'  he 

utility sector, already heavily dependent on coal, is expected to continue 

dominating coal demand. In.1985 and 1990, utility coal demand is estimated 

to account for two-thirds or more of all coal cons'umption. 18/ . 

The use of coal in the industrial sector has grown more slowly due tn high 

capital costs and operating prohJ.ems. From the currcnt level of 60 liiillion 

tons per year, industrial coal demand could increase to 105 million tons 

per year in 1985 and 165 million tons per ycar in 1990. 19' Much of t h l ~  

, growth will occur in industrial boilers, which comprise most of the indus- 

trial market in which coal use is technically feasible. The boilers most 

likely to use coal are large new boilers in whic.h coal is econ.omically at- 

tractive and boilers subject to Federal legislation mandating coal use. 

A proven technology in only a few process h.eat applications and technically 

infeaslble in 45 percent o f  new process heat applj.cat-ions, cual is not 

likely to be a significant energy source in industrial process heaters 

until after 1990. Approximately 37 percent of fossil fuel'demand in new 

process heaters is considered technically low- or high-risk, thus requiring 

the development of new process designs 'and a demonstration period before 



acquiring commercial availability. It should be emphasized that th.e time 

from inception of development to commercial implementation ranges from 
49 three to 10 years. This time frame includes.the inception of active de- . 

velopment programs (initiated by either the public or private sector], the 

preparation of new equipment designs, the building and successful operation 

of demonstration facilities, and commercial implementation. In addition to 

proving technical viability, technology development programs also must con- 

firm economic viability and must consider environmental control problems. 

4.1.6.4 Technology Cost 

Unlike other alternative supply sources considered in this study, there are 

no technological barriers to th.e supply of coal. Coal currently is used 

primarily beca~lse of its low cost. On a Btu basis, the fuel cbst of coal 

is less than half that of any conventional fuel substitute such as gas or 

oil. Coal costs may rise due to possible transportation cost increases and 

possible stricter environmental ,requirements, but the large difference 

between coal costs and oil and gas costs is not expected to diminish sig- 

nificantly. For this study, the coal costs used were those projected in, 

DOE'S MEFS model. 20/ 

The costs that will determine how economically attractive coal use will be 

are those extra costs associated with coal firing over those associated 

with oil or gas firing. Although OEM costs also are high, the capital 

cost of coal-capable process heaters and boilers currently is the major 

factor that constrains coal use in proven applications. Since coal con- 

tains many contaminants and is burned in a solid form, it requires more 

auxiliary equipment than the other fuels considered in this study. The 

capital cost of coal-fired boilers, when required auxiliary equipment is 

included, can be more than three times the total capital cost of oil-fired 

boilers. Coal-fired process heater costs also are significantly higher 

than oil- or gas-fired heater costs. The capital costs for process heaters 

and boilers used in this study are taken from IFCAM. 21/ 



4.1.7 Wood and Wood Waste 

P& 
4.1.7.1 Technology Description 

The major source of wood fuel is the residues which result from manufac- 

turing processes in the forest products industries (FPI). The FPI includes 

the pulp and paper, liunber (sawmills, boards, plywood, etc.), and furni- 

ture industries. The manufacturing residues may be bark, wood chips, 

shavings. sawdust, ~ndtrims, or pulping l iquors. There is a substantial 

volume of forest residues that currently are not utilized. W h ~ n  trees are 

harvested for pulp or lumber, residues ranging from small, crooked, or 

rotten material to large tree sections just below the limits of morchan- 

tability are left on the harvest site. In addition to harvest residues, 

there are rough, rotten, and dead trees standing throughout forest regions 

that are available for use as, fuel.. The third existing source of wood fuel 

is standing forests that are more valuable as fuels than as raw materials 

for forest products. In standing forests, whole trees could be harvested 

and chipped specifically for fuel. The creation of energy plantations in 

which trees are grown for their canergy valuc may provide additional wood 

fuel in the future. The plantations would employ high yield, short rota- 

tion tree varieties, and intensive management practices to maximize energy 

production. Although energy plantations have not yet been develuped in the 

U.S., the following aspects of energy-plantations are being researched: 

tree varieties, management practices, land requirements and avai.la.bility, 

and the overall economics'of energy plantations. 
' 

4.1.7.2 Combustion Characteristics 

Wood may be used as either a solid fuel in direct combust.inn or as a feed- 

stock for thermochemical conversion processes. There is significant vari- 

ation in the moisture content and physical size of wood residues suitable 

for use as a fuel. The wood must be homogeneous in size to ensure com- 

patibility with combustion equipment. The larger pieces are passed through 

a hogger or chipper. Stoker-spreader boilers are designed to handle this 



chip size material. Further size reduction is required for suspension 

firing. The advantages of direct combustion of wood include low energy 

conversion costs, extensive experience with wood combustion systems, and 

the cleanliness of wood emissions relative to coal. The disadvantage of 

hogged wood fuel is that it is more difficult to handle, transport, and 

meter than fossil fuels because its density, size, and moisture content 

are variable. 

The density and consistency of wood fuel can be increased by densification. 

The densification process produces a homogeneous fuel with a density 1.3 
3 times that of hogged fuel (30-40 lb/ft ) and a moisture content of about 12 

percent. The wood residues are dried, shredded, and fed through a density 

mill under pressure to produce small pellets. The pellets flow freely and 

can be metered easily by volume. Densification increases the economical 

transportation distance of wood fuel. The pellets may be burned directly, 

ground for suspension firing, or used for feedstock in a gasification or 
22/ pyrolysis process. 

Commercial processes are available which produce gaseous and liquid fuels 

fromwood. LBG with a representative heating value of 140 Btu/scf could be 

produced in a gasifier using wood as feedstock. 

Pyrolysis, the heating of wood in the absence of oxygen, produces LBG, 

pyrolytic oil, and char. The proportions of these products are determined 

by the design of individual systems. These derived wood fuels could be 

used in several applications. This study, however, will focus on the use 

of wood in direct combustion rather than as a feedstock. 

4.1.7.3 Technical Issues 

The heating value of wood depends on the wood's fiber, resin;. and moisture 

content, all of which vary with tree variety. Dry wood, which is rarely 

available, has an average heating value of 8800 Btu/lb, while wood with a 



40 percent moisture content has an average heating value of 5400 Btu/lb. 

Freshly-cut wood usually has a moisture content between 35-50 percent. In 

comparison, coal has a heating value of 8500-12,500 Btu/lb. 23/ 

There are about 1500 industrial wood waste boilers operating in the U.S. 

with a total capacity of 200,000 MMBtu/hr. The boiler capacity is distrib- 

uted in the FPI sectors as.follows: 54 percent in pulp and paper, 39'per- 

cent in lumber, and seven percent in furniture. 24/ There are three general 

design categories of boiler systems: spreader-stoker, suspension firing, 

and fluidized bed combustion. Spreader-stoker systems acc.ount for over 50 

percent of the boilers in use. Most of the boilers are co-fired with oil, 

coal, or natural gas. 25/ 

Spreader-stoker boilers range in size from 25,000-500,000 lb/hr of steam. 

Most of the boilers are designed to fire chip size pieces or smaller. In a 

spreader-stoker boiler, the chips are spread pneumatically or mechanically. 

Some of the wood burns in suspension, while the larger pieces burn on the 

floor grate. If the fuel is processed to very small pieces with a low 

moisture content, suspension fj .r j .ng i z s  possible. The primary ad.vanfage of 

suspension firing is low capital costs due to the elinlination of grate 

cleaning. However, suspension firing increases fuel processing and fly ash 

control costs. 

Fluidized bed systems are more tolerant of nonuniform fuels containing 

noncombustible materials whose moisture content is greater than 50 percent. 

The fluidized bed is established and maintained by air flowing through an 

inert material, such as sand or pebbles. Fuel is fed slowly into the bed 

from above, and air is introduced from the bottom. Technological advances 

in.fluidizc$ bed colllLustion are occurring rapidly. 

The average properties of dry wood and bark are: 51 percent carbon, six 

percent hydrogen, 0.1 percent sulfur, 40 percent oxygen, 0.2 percent ni- 



trogen, and 2.9 percent ash,. The low sulfur content of wood eliminates SOx 

control problems. Only particulate and visible emissions currently are 

regulated for wood-fired boilers. Slagging and fouling may occur when bark 

is fired due to the presence of sand, salt, and dirt picked up in harvest 

and storage. In addition, slagging may be increased by the combination of 

wood or bark ash with that of another fuel to form ash that has a low 

melting point and, hence, adheres easily to furnace walls. 26/ 

4.1.7.4 SUDD~V Potential 

Manufacturing residues are the most accessible source of wood fuel. The 

cost of the fuel is low because the harvest and transportation costs are 

paid for by the production of primary products. Manufacturing residues 

also are suitable for some fiber product uses. The increasing value of 

these residues for fuel and fiber products will promote the full utili- 

zation of these wastes in 'the near future. 

I 

After manufacturing residues are utilized fully, the next increment of 

supply will be harvest residues that are not profitable 'for use under - - 

current costs and prices.27' The harvest residues are relatively concen- 

trated and accessible. Cull and dead trees, however, are scattered too 

widely to be recovered economically. Deterrents to the economical utiliza- 

tion of harvest residues are low volumes per acre, access difficulties, 

small wood pieces, and long distances to residue use sites. 

Energy plantations could be expected to yield five to 12 dry tons per acre- 

year or 16-20 dry tons per acre-year under intense management. Tremendous 

areas of land would be required to produce a significant amount of energy. 

With a yield of 9.5 dry tons per acre-year, about 4.5 million acres (7000 

sq mi) would be required to provide one percent of U.S. energy require- 

ments. An ERDA study in 1977 estimated that only three million acres were 

available for wood  plantation^.^^' The shortage of land available for 

energy plantations will limit the future production of wood fuel by this 

method . 



The supply of wood energy available each year in the future will have a 

significant impact upon energy use in the FPI. The FPI is a prime can- 

ditate for using the wood fuel supply because it has a large energy need, 

access to the wood, an established materials flow system, and the technical 

expertise to convert economically thk wood to suitable energy forms. In 

1978, bark, hbo-d, and spent pulping liquors provided 45.9 percent of the 

total energy requirements of the U.S. pulp, paper, and paperboard indus- 

try. The impact of wood energy in other industries will be significant 

only in locally forested areas where fossil fucls are relati.vely expensive. 

4.1.7.5 Technology Costs 

Costs incurred in the harvest and transportation of wood represent the 

major components of the delivered price of wood fuel. The low energy 

content and wide scattering of wood in the field are responsible for this 

cost structure. The cost and availability of wood fuel is subject to 

tremendous variation with geographical location. ~urrentlg, the only wood 

fuel source with the potential for supplying large boilers outside the FPI 

is standing forests. The forests could be harvested and chipped for boiler 

U S t .  

Cost estimates for whole tree chips from Mitre, Battelle, and the USDA 

Forest Service are shown in Table 4.11. The Mitre 1978 costs are for wood 

fuel in the FPI. The Battelle costs are from studies for 50 MW wood-burn- 

ing powerplants in Vermont. The steam costs are calculated assuming the 

wood is fired in a stoker-fired boiler with a 65 percent efficiency. 

4.1.8 Municipal Solid Waste 

4.1.8.1 Technical Description 

Municipal solid waste (MSW) is defined in this paper as the residential and 

commercial refuse normally collected by a municip'ality or private collec- 

tion firm. .Industrial wastes are not included. The average composition of 



TABLE 4.11 

WOOD COSTS ' 

Source 

Adjusted Steam Costs ($/KPPH) 
for Boiler Sizes Fuel Cost 

Region Wood Type (1978 $/MMBtu) 50 KPPH 175 KPPH 

Forest Service 1978 a/ Great Lakes WTC~/ 2.57 4.75 4.13 

c/ Mitre 1977 South ' WTC 2.10 4.29 3.67 

Mitre 1978 dl FPI~/ Forest/plant 1.39-2.67 3.58-4.86 2.95-4.24 
residues 

Battelle 1977 f / Vermont WTC 

a/ USDA Forest Service 1978, Forest Resources Energy Program - North Central ~brest Experiment Station, 
St. Paul, Minnesota. ERDA Contract No. E-(49-26)-1045. 

b/ Whole tree chips. 

MITRE Corporation, 1977, Silvicultural Biomass Farms, vol. I, Summary, MITRE Technical Report 7347. 

d/ D. Salo, L. Gsellman, D. Medville, and G. Price (The MITRE corporation), "Near Term Potential of 
Wood as a Fuel," prepared for DOE, July 1978. 

- - 

Forest products industry. 

f' E-attelle Columbus Laboratories, 1976, Comparison of Fossil and Wood Fuels (available through NTIS) . 



MSW as collected is shown in Table 4.12. Raw MSW can be expected to vary 

in piece size, heating value, chemical composition, moisture content, and 

physical characteristics. Significant variations also can occur due to 

seasonal and geographical changes. 

The following discusses the energy recovery processes in which raw MSW 

is converted to a useful fuel. The following discussion is categorized 

into the three forms of the resultant fuel: solid, liquid, and gaseous. 

The discussion'focuses primarily on the physical conversion processes 

that produce a solid fuel because that tec.hnology is more highly developed 

and commercialized, more reliable, and less expensive than the thermo- 

chemical conversion process used to produce liquid and gaseous fuels from 

MSW. 

4 . 1 . 8 . 1 . 1  Solid Fuel Forms 

The simplest solid fuel process is mass burning. Mass burning is the com- 

bustion of raw, unsorted refuse on a grate in a stoker-fired boiler or 

waterwall incinerator. Prior to comb~rst.inn, the r e f ~ ~ s e  may he  roducod eo a 
uniform size. The refuse is fed continuously onto a traveling or reciy- 

rocating grate for combustion in the furnace. ~errous material recovery by 

magnetic separation may occur before incineration j..f the wa.ste is shredded 

or from the ash after incineration. The energy product of mass burning 

usually is steam. 

Smali-scale modular incineration has been used in small communities gen- 

erating less than 150 TPD of MSW. In this method, small modular furnaces 

are grouped together to achieve the desired capacity. Raw MSW is burned 

to produce a combustible gas and solid residue. The gas ther~ is burned 

with an auxiliary fuel (oil or gas) in a secondary combustion chamber. The 

hot combustion gases pass on to a boiler or heat cxchanger to produce 

steam, hot water, or hot air. The two-stage combustion helps to rcducc 

particulate emissions. 29/ 



TABLE 4.12 

MATERIAL COMPOSITION OF MUNICIPAL SOLID WASTE 

% of Tota l  Weight 
(approximate) 

Paper 

Glass 

Ferrous Metal 

Aluminum 

Other nonferrous metal 

P l a s t i c s  

Rubber 

Leather 

Tex t i l e s  

Wood 

Food Waste 

Yard Waste 

Other 

TOTAL 



Sol id  refuse-der ived f u e l  (RDF) is  produced when t h e  organic combustible 

f r a c t i o n  of  MSW i s  separa ted  by a wet o r  dry process. Most RDF p l a n t s  a l s o  

recover one o r  more of  t h e  following mate r i a l s :  f e r rous  metal,  aluminum, 

g l a s s ,  o r  mixed nonferrous metals .  RDF provides a more cons i s t en t  heat ing  

value  and chemical composition than the  raw re fuse  used i n  mass burning. 

The f i n a l  f u e l  product can be f l u f f ,  powdered, dens i f i ed ,  o r  "wet" RDF. 

In a d ry  RDF process,  t h e  raw re fuse  f i r s t  i s  shredded t o  p ieces  e igh t  

inches  or  l e s s  i11 s ize .  The r e f u s e  then i s  passed through an a i r  c l a s s i -  

f i e r  which separa tes  the J.i.ght and heavy f r a c t i o n s .  The l i g h t  f r a . c t i on  

con ta ins  87 percent  of  t h e  raw re fuse  by weight and c o n s i s t s  mainly of  

cunibusrible 0rgani.c ma.teria1. The l i g h t  f r a c t i o n  then goes through a 

r o t a t i n g  screen o r  trommel t o  remove abras ive  f i n e  sand, g l a s s ,  and g r i t .  

The f e r r o u s  metals a r e  removed by magnetic sepa:r.a.t,fi on from the  heavy ma- 

t e r i a l s  i s o l a t e d  by t h e  a i r  c l a s s i f i e r  and trornmel. Aluminum, g l a s s ,  and 

mixed nonferrous metals  a l s o  mayobe removed. The l i g h t  f r a c t i o n  then goes 

t o  a secondary shredder which reduces t h e  p iece  s i z e  t o  1'.5 inches o r  l c s s .  

The r e s u l t i n g  mate r i a l  i s  c a l l e d  f l u f f  RDF and has a heat ing  value of 5500 

BLu/lb. RDF ( e i t h e r  f l u f f  o r  with only primary shredding) can be f i r e d  

a s  t h e  s o l e  f u e l  i n  a semi-suspension b o i l e r  o r  co-f i red  wit.h coal  i n  a 

suspension, semi-suspension, n r  spreader-stokcr f i r c d  boi ler . '  

F lu f f  RDF can be mechanically p e l l e t i z e d  o r  b r ique t t ed  t o  produce dens i f i ed  

RDF (d-RDF), which has a heat ing  value of 7700 Btu/lb. l 3 e  increased 

d e n s i t y  and homogeneous s i z e  of d-RDF imprn~res t r anspor ta t ion ,  s torage ,  and 

handling.  The d-RDF p e l l e t s  can he  s toker - f i r ed  o r  ground f o r  s u s p e l ~ s i u ~ i  

f i r i n g .  Powdered RDF i s  produced by adding a chemical embr i t t l ing  agent t o  

f l u f f  RDF which then i s  ground t o  a f i n e  powder i n  a b a l l  m i l l .  

p r o p r i e t a r y  process produces a dry,  free-f lowing f u e l  with a p a r t i c l e  s i z e  

of about 0.15 mm. powdered RDF may be suspension-fired with coa l  o r  pe l -  

l e t i z e d  t o  form d-RDF. 0, 
- 



A wet process has been developed to produce RDF with a heating value of 

4100 Btu/lb. Initially, the refuse and process water are fed continuously 

to a hydrapulper resembling a giant blender. The waste is shredded to 

about one sq in. The waterwaste slurry leaves the hydrapulper and is 

passed through a magnetic separator. A cyclone is used to separate the 

heavy fraction of noncombustibles. The light fraction is sorted into 

organic and inorganic matter by liquid, heavy med'ia separation. Aluminum 

and glass are separated from the inorganic stream. The glass is color- 

sorted as well. The light organic fraction is dewatered prior to com- 

bust ion. 

The refuse sent to the landfill is reduced 97 percent by volume and 85 

percent by weight. The energy recovery process produces a fuel with a 

heating value of 4100 Btu/lb and a moisture content of 50 percent while 

recovering 48 percent of the glass, 80 percent of the aluminum, and 90 

percent of the ferrous metals. Although this fuel is lower in heating 

value than the dry process fuel, the consistency in heating value and 

moisture content aids in process control. This wet RDF can be burned alone 

or as a supplement to coal. 

4.1.8.1.2 Liquid and Gaseous Fuel Forms 

Pyrolysis systems produce both liquid and gaseous fuels. Pyrolysis gener- 

ally can be defined as thermal decomposition in an oxygen-starved environ- 

ment. High temperatures and an oxygen-deficient environment cause a break- 

down of organic materials into three parts: a gas consisting primarily of 

hydrogen, methane, and carbon monoxide; a liquid fuel containing acetic 

acid, acetone, and methanol; and a char consisting of pure carbon plus in- 

organic impurities.. The design of an individual pyrolysis system deter- 

mines which of the above outputs will be dominant. Principal character- 

istics of pyrolysis processes include bed type, heating method, tempera- 

ture, and pressure. 30/ 



The potential advantages of waste pyrolysis systems include the production 

of storable fuels, the conversion of char to activated carbon or synthesis 

gas, lower air pollution control costs than for refuse combustion, and a 

residue that is environmentally more acceptable than refuse ash. An or- 

ganically contaminated wastewater stream and fine particulate emissions 

represent potential disadvantages of pyrolysis. 31/ 

Two systems, anaerobic digestion and methane production 'from landfills, 

employ biological decomposition nf MSW to produce rncthane. Anaerobic di- 

gestion is a process whereby organic matter decomposes i 1 1  a replaled 

oxygerl-deficient environment. The products of the decomposition are 50-60 

percent methane and 40-50 percent carbon dioxide. An anaerobic digestion 

system consists of feed preparation, digestion in a large tank, gas treat- 

ment, and effluent disposal. Digestion requires about seven days at 140'~ 

About three scf of gas (600 ~tu/scf), can be expected from one pound of 

refuse. The solid residue occupies 25 percent of the feedstock volume. 32/ 

A 50-50 mix of methane and carbon dioxide produced by the decomposition of 

MSW can be recovered from landfills. The gas tan be withdrawn from wells 

dr.illed into the landfill if geological characteristics are satisfactory. 

The gas must be treated to remove moisture, hydrogen sulfide, other con- 

tamina~\ls, and the carbon dioxide to provide pipeline quality methane. 

4.1.8.2 Technology Status 

Only the solid fuel technologies described above are commercially opera- 

tional. There are existing full-scale commercial plants in continuous, 

operation employing mass burning, modular incineration, and solid RDF 

technologies. There are four proprietary pyrol.ysis processes currently in 

the developl~ient phase. Three of the processes are being demonstrated in 

the U.S. in Baltimore, Maryland; San Diego County, ~alifornia; and South 

Charleston, West Virginia. The methane recovery from landfill processes is 

being developed in Palos Verdes, California. A demonstration facility for 

anaerobic digestion of MSW currently is operating in Pompano Beach, Florida. 



Table 4.13 lists the status, number of operational facilities, and number 

of planned facilities for each of the energy recovery processes. 33/ 

4.1.8.3 Status of Development 

Nashville, Tennessee, was the first U.S. city to sell steam produced from 

its MSW. A mass burning facility has been in operation since 1974. In 

1972, Nashville was. planning a district heating and cooling plant for 28 

downtown office buildings. A solid waste disposal problem.created by a 

tougher Tennessee landfill law led to the decision to use MSW as a fuel for 

the new plant. 

The combustors used in the heating and cooling plant are two Babcock and 

Wilcox boilers with Detroit Stoker Co. reciprocating grates. Each of the 

boilers, after recent modifications, has a capacity of 530 TPD. At this 

rate, each will produce 135,000 lb/hr of steam at 400 psig and 600'~. The 

raw refuse is discharged from delivery trucks into an 8500 yd3 storage 

pit. The refuse is fed to the furnace grates without processing. The 

reciprocating grates tumble the refuse to improve combustion. Oil and gas 

backup burners are used only for extremely wet refuse. Combustion tem- 
0 peratures are maintained in the range of 1400-1800 F, and the overall 

efficiency is 67.7 percent. The combustion gases pass through a four-field 

ESP to reduce particulate emissions. Measured emissions are reported at 

0.024 lb/MMBtu, well below the Federal standard of 0.094 lb/MMBtu. In the 

past two years, MSW has provided 94 percent of the fuel used in the heat- 

ing and cooling plant. In 1978, the plant operated at 400 TPD, seven days 
34/ per week. 

Fluff RDF is prepared for co-firing with coal at a resource recovery plant 

in Milwaukee owned and operated by the Americology Division of American Can 

Company. The plant has a design capacity of 1600 TPD but currently is 

operating at 600-900 TPD. Refuse processing consists of primary shredding, 

air classification, and secondary shredding of the light fraction. The 

light fraction then is passed through magnetic separation and screening 



TABLE 4.13 

SUMMARY OF MSW ENERGY RECOVERY PROCESSES 

Operational Planned 
Status Facilities Facilities 

Anaerobic Digestion 

Methane from Landf i 11 

P y r u l y s f  s 

Mass Burning 

RDF 
- fluffRDF 

- d-RDF 

~ c o - ~ u e l  IT 

Wet -RDF 

Experimental 1 '7 

Developmental 1 1 

Developmental 3 ? 

Commercial 6 5 

Commercial 9 8 

Commercial. * * 

Commercial 2 1 

Commercial 1 1 

* Commercial pelletizing process available. No information available 
on current or planned facilities. 



s t e p s .  Ninety-five percent  of t h e  f l u f f  RDF f u e l  i s  under 3/4  inch.  The 

f u e l  has' an ash  content  l e s s  than 20 percent and a heat ing  value over 5000 

Btu/lb. About 50 percent  of  t h e  incoming re fuse  becomes f u e l .  The f l u f f  

RDF i s  trucked t o  a u t i l i t y . p o w e r p l a n t .  The f u e l  i s  fed  pneumatically i n t o  

t h e  b o i l e r  by means of sepa ra te  nozzles above the  pulver5zed coal  feed 

po in t s .  The RDF i s  f i r e d  a t  f i v e  t o  15 percent  of the  hea t  input .  The 

b o i l e r  produces 2000 KPPH of  sfeam a t  2620 ps ig  and 1 0 5 0 ~ ~ .  The f i n a l  

screening of the  RDF i s  done t o  a l l e v i a t e  a s lagging problem caused by t h e  
3 5/ high ash  content  (30 percent)  of the  unscreened f u e l .  

The Black-Clawson wet process method of RDF prepara t ion  is  employed a t  a 

2000 TPD p l a n t  i n  Hempstead, New York. The f a c i l i t y  pulps r e fuse  i n t o  a 

water s l u r r y  which then passes through severa l  sepa ra t ion  s t e p s .  The f u e l  

then i s  mechanically dewatered t o  a 50 percent  moisture content  and has a 

heat ing  value of 4'100 Btu/lb. The wet RDF i s  f i r e d  alone in two Babcock 

France b o i l e r s  generat ing 4 0 0  KPPH of steam a t  600 ps ig  and 750'~. The 

f u e l  i s  fed  t o  the  spreader-stoker b o i l e r s  t h o u g h  airswept  spouts .  The 

steam powers two o n s i t e  20 MW turbogenera tors .  The e l e c t r i c i t y  i s ,  sold  t o  

Long Island Lighting Company. A 3000 TPD wet RDF p l a n t  i s  under construc-  

t i o n  i n  Dade County, F lor ida .  

combustion Equipment Associates developed t h e  p ropr ie t a ry  process t o  manu- 

f a c t u r e  ECO-FUEL 11. A p l a n t  i n  East Bridgewater, Connecticut, c u r r e n t l y  

i s  producing the  powdered*RDF f u e l  from 1200 TPD of MSW. The MSW i s  

shredded, a i r  c l a s s i f i e d ,  magnetical ly separa ted ,  chemically embri t t led ,  

and pulverized.  'The ECO-FUEL I1 produced i s  being shipped t o  a CEA p l a n t  

which provides e l e c t r i c i t y ,  steam, and hot  water t o  Century Brass i n  

Waterbury, Connecticut.  

ECO-FUEL I 1  has an ash content  of n ine  percent ,  a s u l f u r  content  of 0.3-0.5 

percent ,  and is  claimed tu have a higher heat ing  value  .of 7740 Btu/lb. The 

moisture content  i s  only  two percent  and the  dens i ty  i s  about 32 lb/cu f t .  

Thc f u e l  i s  susperlsion-fired i n  pulverized coal  b o i l e r s ,  e i t h e r  a lone  o r  



'with coal or oil. It also can be,compacted into briquettes and fired like 

lump coal. ECO-FUEL I1 plants are being planned in Bridgeport, Connecti- 

cut, and Newark, New Jersey. 

The most promising nonboiler RDF application is the firing of RDF in cement 

kilns. Browning-Ferris lndustrries is testing the use of fluff RDF in a 

Houston cement kiln. Testing also is being done by Blue Circle Group in ' 

Shoreham Works, Sussex, U.K. The RDF is co-fired with coal. Whatever ash 

is formed from the fuel. becu~nes part of the clinker. The manufacture of 

cement is very energy-intensive, providing grcat pote~ltial for KLIF applica- 

tion. In addition, every large population center, where large quantities 

of MSW arc produced, has at l e a s t  onc ccment kiln nearby. 

Both raw refuse and RDF are nonhomogeneous fuels with respcct to muisture 

content and heating value. The average heating value of raw refuse is 

about 4700 Btu/lb but may vary from 2300-7600 Btu/lb. Fluff RDF has an 

average heating value of about 5500 Btullb with less variation. The non- 

homogeneity of the fuels decreases process control. In addition, the 

metals and other inorganic constituents present in the fuel contribute to 

corrosion. Each step in the preparation of RDF improves the fuel quality 

and reduces corrosion potential. Co-firing with coal l~elps r6 neutralize 

corrosive'refuse ash. 

Data have been collected on corrosi.on and emis3ions aL aiany facilities in 

the ,U.S. At an Ames, Iowa, co-fired uti1it.y boiler, slagging and fouling 

were found to increase relative to coal firing alone. 'Illis is due to a 

decrease in ash softening temperature with an increase in RDF. Improved 

front end glass removal helps alleviate this problem. 'The polvinyl 

chloride in refuse increases halogen (chlorirle) corrosion. In general, 

furnace temperature must be lower when refuse is fired to reduce corro- 
36/ sion. 



Uncontrolled particulate emissions from the Nashville mass burning inciner- 

ator were measured to range from 1.105-1.97 lb/MMBtu. SO2 emissions were 

measured at an average of 0.0557 lb/MMBtu. Data concerning RDF emissions 

relative to coal have been obtained at the Ames and St. Louis co-fired 

powerplants. Particulate emissions increase with RDF due to lighter par- 

ticulates and greater air flow. In addition, the fly ash content of lead, 

zinc, chromium, antimony, arsenic, barium, cadmium, copper, bromine, and 

chlorine increases with RDF. SO and NO emissions decrease with an in- 2 X 

crease in RDF. CO emissions are unchanged by an increase in RDF; hydro- 

carbon emissions are reduced by the use of RDF. 37/ 

The greatest potential for an energy recovery facility is in an area where 

both conventional fuels and landfill disposal are expensive. The first 

step when considering such a facility is to determine who owns the waste. 

In New York State, for example, once refuse is placed on the curb it be- 

comes the property of the municipality (if it does its own collection) or 

the private collection firm. This is not true in all states. The waste- 

to-energy facility may be owned, operated, and financed either publicly or 

privately. 

When regional facilities are being considered, additional complications may 

surface. For example, some state and local governments prohibit the trans- 

port of wastes across their boundaries,. These laws originally were enacted 

to prevent another jurisdiction's refuse from entering for disposal in a 

landfill. 

The key to the feasibility of any facility is the establishment of a relia- 

ble refuse supply and a secure market for the energy product. Long-term 

contracts of at least 10 years should be acquired. This may present a 

problem in some communities in which the length of waste disposal contracts 

are limited by law. 



4 ..I. 8.4 Technology Cost 

The economics of an energy and materials recovery facility depend on sys- 

tem costs and on the revenues generated from three sources: the sale of 

steam, electricity, and/or 'RDF; the sale of recovered materials such as 

metal and glass; and tipping fees. As discussed earlier, it is best to 

tailor the energy product to the available customers. The refuse should be 

processed as little as possible to reduce costs. When an existing boiler 

is used to fire the fuel, capital costs are decreased' greatly. 

The only commerc:S.a~ly operated material recovery techno1ogi.e~ are for 

ferrous metals and low-grade fiber. Aluminum and glass recovery systems 

have yet to maintain continuous operation in a facility.. The revenues from 

materials recovery vary due to fluctuating scrap prices, the cost of de- 

livery to buyers, and the potential for beverage container deposit legis- 

lat ion. 

. . 

Tipping fees are the charges for dumping MSW at a landfill or energy re- 

covery facility. These fees must be kept low for an energy recQvery f a c i l -  

lty ra compete with other disposal practices.. Typical processing costs- 
(operating plus capital) for material recovery and RDF preparation are $15- 

2l/input ton. Energy and ferrous metal revenues are $5-9 and $1-3/inpllt. 

ton. 'rhe resulting tipping fees which must be charged are $4-lb/input ton. 

Tipping fees for a mass burning facility are $9-17/input ton. 381 

The tipping fee is determined by the difference in processing costs and 

energy and materials revenues. Under average conditions, no system can 

produce sufficient revenues from recovered energy and materials to be eco- 

, nomical without charging a substantial t.i.pping fee, 
I 

The decision by a community to recover energy from wastes is an economic 

one. Under most local conditions, traditional disposal practices are less 

cost.1~ at the present time. However, as the price of fossil fuels in- 



creases, so does the value of, the energy content of MSW. Resource recovery 

practices are relatively new in the U.S. and are approached with caution by 

industry, utilities, and municipalities. However, the implementation of 

new facilities should increase as existing facilities demonstrate the 

reliability and cost effectiveness of resource recovery. 

Two cost estimates presented in an Office of Technology Assessment (OTA) 

study of municipal waste-to-energy systems are shown in Table 4 .14 .  The 

capital and operating costs are combined with high and low values of tip- 

ping fees to provide bounds for estimated steam production costs. Also 

shown in the table are the 1978 capital and operating costs and tipping fee 

of a waterwall incinerator in Nashville, ~ennessee. The higher steam cost 

for this facility is due to operation at a low load factor. These costs 

have been normalized with respect to financing method. 

ALTERNATIVE SOURCES OF HEAT 

4 . 2 . 1  Atmospheric Fluidized Bed Combustion 

4 . 2 . 1 . 1  Technology Description 

Atmospheric fluidized bed combustion (AFBC) consists of burning coal or 

other fuels in a bed of non-combustible material maintained in a fluid-like 

state by the flow of combustion air through the bed. The particle bed may 

consist of inert materials such as sand or a reactive material such as 

limestone used to capture SO2 as it is generated during the combustion 

process. AFBC can be used for various applications such as steam genera- 

tion and heating process fluids. 

AFBC originally was developed to reduce the boiler size required for coal 

combustion and, therefore, reduce cost, lessen fuel preparation needs, and 

produce a system capable of burning a diversity of fuels. Due to recent 

attention to environmental regulations, the intent has shifted toward 



TABLE 4.14 

NEW STEAM COSTS 

Source 

Plant Capital Operating 
Capacity Cost Cost Tip Fee Steam Cost 

(TPD) ($/ton) . ($/ton) ($/ton) ($/lo3 ib) 
'C 

' al Nashville 1060 28.56 9.31. 3,87 b / 

OTA- SChultz c/ 1000 17.26 12.60 8.49 3.7.4 

17.26 12.60 16.04 2.42 

OTA - Black 
veatchd/ 1000 17.18 8.14 8.49 2.95 

17.18 8 ..I4 16.04 1.63 

a' J. Frank Bernheisel, "Nashville - A Successful Refuse to Energy Pro- 
gram," Natiunal Center for Kesource Recovery Bulletin, Washington, 
D.C.: March, 1979. 

b' In 1978, steam from the Nashville incinerator was sold to a customer 
buying less than 200,000 lb/month for 5.73/103 lb. 

Helmut W. Schul z , et . a1 . , "Resource Recovery Technology for Urban - - 
Decisionmakers," prepared for the NatTonal Sc-ience Foundation by the 
Urban Technology Center, Columbia University, January' 1976. 

Black, Veatch, and Franklin Associates, Ltd., "Detailed Technical and 
Ecvr~u~~~ic Analysis of Selected Resource Kecovery Systems," report to 
the Mid-~merica Kegional Council, Kansas City, Missouri, 1978. 



evolving AFBC as a potential alternative to FGD in coal-fired systems. In 

addition to firing all grades of coal, some AFBC designs can fire wood, 

wood w\aste, fuel oils, and natural gas; a combination of fuels also may be 

fired simultaneously. 

Figure 4.1 is a generalized schematic of a coal-fired AFBC system. Typical 

system components are those.-linked by solid lines; key components include 

the bed, primary cyclone, and secondary dust collection ' device. Coal is 

introduced above, below, or directly into the bed by mechanical or pneu- 

matic-type feeders. Ash and spent bed material continuously are removed 

through downcomers in the bed. Combustion heat is absorbed by boiler tubes 

immersed in and above the fluidized bed. The combustion gases, containing 

fly ash, some unburned coal, and entrained bed material, flow oierhead to 

particulate removal equipment. The unburned carbon in the particulates 

collected overhead is either burned in a separate':cell (commonly known as a 
I 

carbon burnup cell) or recycled to the bed. 

AFBC systems for production of steam have the following advantages over \ 

conventional coal boilers: 

o High heat transfer coefficients and volumetric heat release 
rates (about three times or more compared to conventional pul- 
verized coal which can: 

- reduce boiler size by one-half or two-thirds of a conven- 
tional unit 

- enable units generating up to 200 KPPH of steam to be 
shop-manufactured (conventional coal-fired units above 
50 KPPH steam cannot be shop-manufactured) 

o The use of limestone as bed material, which provides a means of 
situ SO2 removal (removal efficiencies of 90 percent or more 
can be achieved by using appropriate amounts of limestone) 

o The high heat transfer coefficien&s in the bed allow lower 
operating -temperatures (1500-1750 F), which potentially can 
decrease NO emissions 

X 

o The firing of a variety of fuels, including.al1 grades of coal, 
wood and wood waste, fuel oils, and gas. 
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4.2.1.2 Combustion Charhcteristics 

Most of the AFBC systems being developed are coal-based and utilize water/ 

steam as the medium of heat transfer. In these systems, the heat transfer 

surface is immersed in the fluidized bed, via vertical or horizontal tubes, 

and the heat is transferred to a fluid flowing within the' tube. The heat 

transfer surface serves two functions:' extracting the heat of combustion 

from the bed and controlling the bed temperature to a desired level. Since 

the heat release rates in the bed are quite high, it is essential that the 

heat transfer medium extract a sufficient quantity of heat to maintain the 

bed temperature within desired limits. 

The maximum temperature to which fluids can be heated depends on the bed 

temperature. A fairly narrow range of operating temperatures has been es- 

tablished for the fluidized bed boilers burning coal. A bed temperature of 
0 approximately 1500 F is considered optimum for SO2 removal. Temperatures 

over 1 4 0 0 ~ ~  are desirable to achieve rapid combustion and SO2 removal; at 

temperatures above 1600°~, however., sulfur removal activity of the lime- 

stone drops. At even higher temperatures, alkali metals volatilize and NOx 

generation increases rapidly. Deposition of ash on the heat transfer 

surface also poses a potential problem. 

Bed temperatures higher than 1 6 0 0 ~ ~  can be employed, however, when burning 

fuels containing relatively low amounts of sulfur. This would reduce the 

ncad for SOZ removal and enhance the rate of combustion and heat trahsfer, 

thus reducing the AFBC size. 

In terms of heat'delivery, AFBC offers two advantages over conventional 

combustion systems burning the same fuels: 

o High heat release rates per unit volume of the combustor 

o High heat transfer coefficients (for a given heat transfer sur- 
face result in more heat delivered to the heat transfer fluid). 



Two disadvantages of the AFBC heat delivery system include the following: 

o Heat can be transferred only to fluid media 

o High local heat transfer coefficients can adversely affect 
certain process fluids such as heavy petroleum feedstocks when 
there is possibility of Coke formation inside the heat transfer 
tubes. 

4.2.1.3 Technical Issues 

In most cases, optilnwn energy performarlce must be balanced carefully with 

pollution control objecti.ves. Several technical factors influence both the 

.energy and environm6ntal of the coal-fired AFBC system. These 

critical operational parameters include bed design, operating temperature, 

superficial bed velocity, coal and additive characteristics, and fuel 

de 1 ivery . 

The bed design, perhaps the most important aspect of an AFBC unit, is res- 

ponsible for the unit's key performance characteristics. The critical 

parameters of bed design are temperature, particle size of coal and bed 

material, superffcfai bed velocity, and excess air ratio. Due to its bed 

design, an AFBC unit can obtain higher fuel throughput than comparably- 

sized conventional coal boilers, 

r r (  There are some technicil uncertainties regarding coal feeding mechanisms 

which influence particle distribution and sorbent (reactive bed material 

that removes sulfur) utilization. It is necessary for the AFBC coal- .. 
feeding mechanisms to provide reliahle and uniform fucl distriluliun over 

the bed cross section. Although both mechanical and pneumatic feeders . 

are being used with AFBC units, the use of mechanical feeders ma.y be limitad 

to smaller size units. 

4.2.1.4 Status of Development 

Although no major technical obstacles appear to bar the commercial appli- 

cation of AFBC units, coal-fired AFBC units with sulfur removal have been 
\ 



demonstrated only on a small scale. Due to the lack of operating experience 

with large-scale commercial units, uncertainties exist concerning long-term 

operating performance. In addition, the performance of AFBC SO2 removal 

has not been proven reliable, especially at high degrees (over 90 percent) 

of sulfur removal. To obtain industrial'experience with AFBC, the govern- 

ment has issued cost-sharing proposals to industry. The results of this 

initiative would be significant in the commercialization of this tech- 

nology. , 

A large number"of AFBC units of varying sizes are in operation or in the 

design/construction stage in the U.S. and abroad. A partial list of manu- 

facturers'offering AFBC boilers commercially in the U.S. includes the fol- 

lowing : 

Energy Resources Company, Inc. (Cambridge, Massachusetts) 

Fluidyne Engineering Corp. (Minneapolis, Minnesota) 

Foster Wheeler Corp. (Livingston, New Jersey) 

Johnston Boiler (Ferrysburg, Michigan) 

Babcock and Wilcox, Ltd. (England) 

Mustad and Sons (Norway) 

Stone-Platt, Ltd. (England) 

Jolak zinc (Ok 1 ahoma) 

Babcock Contractors, Inc. (Pittsburg, Pennsylvania) 

Riley Stoker Corp. (Worcester, Massachusetts). 

Although most manufacturers offer units capable -of supplying up to 60 KPPH 

(75 MMBtu/hr), some companies are willing to offer units as large as 500 

KPPH (steam capacity) . 

The'major government support of AFBC in this country is provided by EPA and 

DOE. EPAts involvement primarily stems from the environmental evaluation 

program, and DOE'S involvement has culminated. in the construction and ini- 

tial start-up of a 30 MWe pilot AFBC plant at Rivesville, West virginia 

(presently in a shakedown phase).   he Rivesville plant is a multicell unit 



containing three primary cells and one carbon burnup cell. It is the 

largest AFBC unit in the world, having an input rate of 15 tons/hr (de- 

signed for utility applications). Thus far, start-up problems.have hin- 

dered base-load testing of the system. 

DOE also .sponsors a "Component Test and Integration Unit" (CTIU) which is 

to be constructed at the Morgantown Technology Research Center. This plant 

(sized at six MWe) will have a number of vertically-stacked beds and a wide 

flexibility for handling technical problems which may arise during testing 

of the Rivesville unit. The CTIU is expected to begin operation i,n late 

1979 or.early 1980. -A 100 KPPH AFBC industrial-type unit has just started 

up at Georgetown University, Washington, D.C. Other institutions in the 

U.S. involved in FBC development include TVA (funding preliminary design of 

a 250 MWe FBC unit), EPRI (funding a nine sq ft AFBC combustor development 

facility), and American Electric Power (planning a 170 MWe pressurized 

AFBC demonstration plant in Brilliant, Ohio). Development of AFBC under 

these programs is directed primarily toward utility applications; In ad- 

dition, Johnston Boilers has operated a 10 KPPH firetube boiler, as a 

prototype, since September 1977. A 20 MMBtu/hr unit is operated by Babcock 

and Wilcox Company in Alliance, Ohio. Several pilot-scale test units also 

are in operation. 

Outside of the U.S., the mafor'funding for AFBC development originates in 

the United Kingdom. The Babcock and Wilcox plant at Renfrew, Scotland, 

operating for more than 5000 hours as a prototype and test unit, has demon- 

strated 90 percent SO2 retention and a steam generating capacity of over 40 

KPPH. A plant raising 80 KPPH of steam by Mustad, at Enkoping, Sweden, 

currently i s  operating. 

'l?!e environmental implications of AFBC have been discussed extensively, 

parlticularly its SO2 removal capability while burning coal. Basic re- 

search.in this area is concentrated around'improving sulfur retention 

ability of the sorbent. Although considerable research has been directed 



to studying the regeneration potential of the limestone, it is unlikely 

that AFBC will be operated with regeneration of limestone, mainly because 

sulfur retention activity of regenerated sorbent decays very rapidly as it 

is recycled. The potential for regenerable synthetic sorbents also is 

being studied. 

Several RED and demonstration programs also have been undertaken to. ascer- 

tain the potential of AFBC for diverse industrial applications. These 

applications include use of AFBC for process heating (e.g., heating of 

crude oil), cogeneration, and heat treatment of steel. 

Packaged AFBC units with capacities up to 60 KPPH of steam are available 

commercially. The procurement, installation, and commissioning time for 

small packaged AFBC units probably will be similar to that for conventional 

packaged boilers once there is a substantial market. This lead time cur- 

rently is longer, primarily because most of the AFBC units manufactured 

are being produced for the first time. 

4.2.1.5 Technology Cost 

The annual operating, capital, and fuel costs of an AFBC unit all are 

significant factors in the total steam production costs. The capital costs 

are subject to economies of scale and should decrease as experience with 

AFBC increases. Included in the operating costs is the cost of limestone, 

which is proportional to the level of SO2 removal. 

Cost estimates by McKee, Exxon, and GCA are shown in Table 4.15. The Exxon 

costs are substantially higher due to the inclusion of a full-time backup 

AFBC unit. 



Source 

McKee a/ 

Exxnn ! 

GCA" 

TABLE 4.15 

AFBC COSTS 

Boiler' Size Steam Cost 
(KPPH) (1978 $/KPPH) 

a' "100,000 Pound per Hour Boiler Cost Study," prepared for DOE . 
by Arthur G. McKee & Company, June 1978. 

b' M.H. Farmer, E.M. Magee, and F.M. Spooner, "Application of 
Fluidized-Bed Technology to Industrial Boilers," prepared for 
FEA, ERDA, and EPA by Exxon Research and Engineering Company, 
Linden, New Jersey, January 1977. 

'' Charles W. Young, et., al., llTerhnology Assessment Report for 
Industrial Boiler Applications : Fluidized Bed Combustion, 
draft prepared for EPA by GCA/Technology Division, Bedford, 
Massachusetts, July 197%. 



4.2.2 Indirect Heat 

1.2 .2 .1  Technical Description 

Indirect heating is a method of separating a process heat sink from the 

source of heat generation through an intermediate heat carrier. Processes 

that cannot be fired directly by heavy hydrocarbon fuels and coal may util- 

ize indirect firing since the process is separated from the heat source. 

Thus, by changing the firing method, coal and heavy hydrocarbon fuels may 

be used in processes now capable of burning only oil and gas. 

In indirect heating systems, a working fluid, such as steam, picks up heat 

energy from a combustor and then flows through a piping network to dis- 

tribute the heat throughout the process plant. The heat then can be trans- 

ferred to the process equipment as,needed. Thus, there is no direct energy 

transfer from the col~~bustor to the process; instead, energy is transferred 

through an intermediate step by way of the working fluid. After the heat 

has been released to the process, the working fluid is collected and re- 

turned to the combustor to repeat the cycle. Closed-loop operation of the 

working fluid is typical of indirect heating systems. 

Indirect heating systems.range from small specialty units smaller than 10 

MMBtu/hr to large steam boilers of several hundred MMBtu/hr. Since the 

heat is transported through a distribution network, many small heat sinks 

can be accommodated with one indirect heating system having a single 

centrally-located combustor. Figure 4.2 is a ~"implified. diagram of an 

indirect heating system that uses steam as the working fluid. Several 

process heat sinks are shown. 

Various working fluids can be used in indirect heating systems. While 

steam is used in the majority of indirect heating sys.tems, other materials 

also used include hot water, air, Dowtherm, mineral oil, molten salts, and 

molten metals. 
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The selection of a particular working fluid depends on the desired tempera- 

ture and the cost and availability of the fluid. For example, fatty acid 

distillation columns are operated at approximately 550-600'~. Dbwtherm. 

frequently is sele.cted as the working fluid for these systems since the 

distribution network can operate at atmospheric pressure.. If steam were 

used in this service,.the distribution network pressure would be over 700 

psig. On the other hand, an isopropyl alcohol distillation column operates 

at 140'~. In this system, the steam pressure would be less than 50 psig. 

Steam would be chosen over Dowtherm in this system because of the high cost 

of Dowtherm ($8-9/gal). See Table 4.16 for a list of working fluids and 

their application ranges. 

The efficiency of an indirect heating system primarily depends on the over- 

all combustor efficiency. The system efficienc.~ for an indirect heating 

system ranges from 60 to 85 percent. Included in this percent is an 

efficiency impairment of two to five percent due to heat losses in the 

working fluid distribution network. 

The main advantages of indirect heat over direct heat are heat distribution 

control and cleanliness of the delivered heat. Since there are numerous 

heat sinks on an indirect heating network, each heat sink has a small 

effect on the overall heating system and, thus, a wide turndown range 

permitting precise temperature control. The turndown on a direct heat 

system is limited since each heat sink is tied directly to a combustor. 

In addition to providing temperature control, an indirect heating sysLe111 

provides a clean heat supply. In contrast, many systems cannot use direct 

heating because of product contamination from ash and other impurities in 

the fuel. 

The principal disadvantage of indirect heat is that it requires a two-step 

energy transfer to transmit the heat 'from the original fuel to the hear 

sink. A direct heat process requires only one transfer of energy. ' Since 



TABLE 4.16 

APPLICATION RANGES OF WORKING FLUIDS 

Operating 

Working Fluid 

Steam 

Hot water , 

Dowtherm 

Mineral o i l  

Molten s a l t s  

Molten metals 

Temperature 
' (OF) 



some heat  is  l o s t  t o  the  surroundings whenever an energy t r a n s f e r  takes  

place,  the  overa l l  energy e f f i c iency  of an i nd i r ec t  heat  system general ly  

i s  lower than the  e f f i c iency  of a d i r e c t  heat  process. 

Heat always i s  t rans fe r red  from a high temperature source t o  a heat  s ink a t  

a  lower temperature. The r a t e  of heat  t r an s f e r  is  d i r e c t l y  proport ional  t o  

the  temperature d i f fe rence  between t he  heat  source and the  heat  r ece iver .  

The g r ea t e r  t he  temperature d i f f e r e n t i a l ,  the  g rea te r  the  r a t e  of heat  

t r an s f e r .  Since flame temperatures i n  d i r e c t - f i r e d  systems a r e  consider- 

ably  g rea te r  than temperatures i n  i nd i r ec t  systems, t he  l a t t e r  r equ i res  

l a rge r  a reas  f o r  an equivalent amount of heat  t r an s f e r .  This makes in-  

d i r ec t - f i r ed  systems bulkier  and more expensive than d i r e c t - f i r e d  systems. 

As mentioned, t he  working f l u i d s  used i n  i nd i r ec t  heating systems have upper 

temperature l i m i t s .  For example, the  heat  t r an s f e r  cha r ac t e r i s t i c s  of 

steam de t e r i o r a t e  above 700'~. Dowtherm, mineral o i l s ,  and molten s a l t s  

begin t o  decompose a s  they reach t h e i r  upper temperature l i m i t s  (see Table 

4.16). Molten metals a r e  very r eac t i ve  and a r e  incompatible with conven- 
0 t i ona l  piping systems above 1000 F .  Therefore, processes t h a t  r equ i re  

temperatures above 1 0 0 0 ~ ~  cannot use conventional i nd i r ec t  heating due t o  

the  various working f l u i d s t  temperature l imi ta t ions .  

4 . 2 . 2 . 2  Heat Delivery 

In i nd i r ec t  heating systems, the  working f l u i d  i s  introduced i n t o  the  pro- 

cess  through spec ia l  heat  t r an s f e r  equipment. The exact equipment config- 

u ra t ion  depends on t he  object ive  of the  heating and the  temperature,and 

type of working f l u i d .  Steam systems usual ly  heat  a  bundle of tubes o r  a 

vessel  through which heat  i s  t rans fe r red  t o  the  feedstock. The steam 

condenses i n t o  water, and the  water is  fed back t o  the  b o i l e r .  The tem- 

pera ture  t o  which the  feedstock can be heated depends on t he  i n i t i a l  tem- . 

perature  o f t h e  working f l u i d  and the  design of the  heat  t r a n s f e r  equip- 

ment. 



4.2.2.3 Technical Issues 

Since indirect heat systems have been used, for several years, there are no 

unresolved technical problems. The systems are operated easily and are 

highly reliable. The heat transfer mechanism is well understood; there- 

fore, scale-up to larger facilities is reliable. 

If indirect heating systems were used in more severe applications, some 

' technical problems could arise. The temperatures encountered in existing 

systems occasionally reach the point at which working fluids begin to 

decompose. As temperature requirements are pushed higher, new types of 

working fluids would need to be developed. Also, the suitability of heat 

rransfer equipment or construction materials would need to be evaluated. 

4.2.2.4 Status of Development 
\ 

Commercial-scale installations of indirect heating systems have been used 

extensively throughout industry. While new applications for these systems 

will arise, the existing technology should be adequate for similar systems 

with operating temperatures lower than 700'~. 

Indirect heat transfer systems that can operate over 1000'~ are being 

developed. For example, molten metal heat transfer systems that can oper- 

ate over 1 0 0 0 ~ ~  are being developed in the nuclear industry. The present 

piping systems are limited-to temperatures below 1 0 0 0 ~ ~ .  Refractory metal 

alloys of niobium, tantalum, molybdenum, and tungsten are being evaluated 

for the liquid metal distribution piping. 

Since the technology for indirect heating systems already is available on 

a commercial scale, the technology's lead time is the time required for 

the installation of a boiler for a steam system. A packaged coal-fired 

boiler may take a year to be assembled; a large field-erected boiler may 

take a.s long as 2'/, years. 



4 . 2 . 2 . 5  Technology Cost 

The investment cost of an indirect heating system is directly related to 

the amount of energy transferred by the system. The larger the system is, 

the greater the investment cost is. Since certain investment and operating 

cost savings can be made if one larger system supplies many users, the cost 

per unit of heat transferred is lower for larger systems. 

To a lesser extent, the working fluid used and the system operating tem- 

perature will affect the cost of a facility. For example, a Dowtherm system 

operating at 500'~ will run at atmospheric pressure. Since Dowtherm costs 

$8-9/gallon, the initial investment in Dowtherm will be high, and care must 

be taken to minimize losses from the system. In contrast, consider a 

steam system operating at 500'~ at 700 psi. While this system necessitates 

more expensive heat transfer equipment, the cost of the water used to create 

the steam is negligible. 

Steam production costs in conventional coal-fired boilers are distributed 

evenly among capital, operating, and fuel costs. Note that the costs of 

pollution control equipment (ESP and FGD) constit~ite 40-50 percent of the 

operating and capital costs. The cost of steam production in conventional 

coal-fired boilers is shown in Table 4 . 1 7 .  The boilers listed are equipped 

with sufficient pollution control equipment tb deet existing environmental 
. . 

regulations. 

4 . 2 . 3  Electrification 

4 .2 .3 .1  Technology ~escription 

Electric heating can be achieved through one of four processes: 

Resistance 

Induction 

Arc 

Dielectric and microwave. 



.Boiler Size 
(KPPH) 

TABLE 4.17 

INDIRECT 'HEAT COSTS~' 

Pollution 
Control 

Equipment 

FGD 

FGD ESP 

FGD ESP 

Steam Cost 
($ / KP PHI 

a' Capital cost of heat distribution network excluded. 

SOURCE: "Industrial ~ u e l  Choice ~ n a l ~ s i s  Model, Primary Model 
Documentation," prepared for DOE by EEA, Inc., Arlington, 
Virginia, January 1979. 



There are inefficiencies associated with any energy conversion process. 

Since electric heat production requires two energy conversion processes, 

it generally is more inefficient than the single conversion of fossil fuel 

to heat. An explanation of each of these four electric thermal conversion 

processes follows. 

4.2.3.1.1 Resistance Heating 

Resistance heating is produced by passing electricity through, a semi-con- 

ducting material (resistance element). Heat is generated within the resis- 

tance element when the flow of electrical current is greater than the ele- 
# 

merit's ability to conduct it; the resulting excess is turned into thermal 

energy or heat. Probably the most well-known application of resistance 

heating is the toaster. 

The product receives heat from the resistance element by one or more heat 

transfer mechanisms : conduction, convection, and radiation. The heating 

chamber's design and its application determine the types of heat transfer 

that are most important. 

Resistance heating is the simplest and oldest form of electric heat genera- 

tion. For this reason, resistance heating is regarded as highly reliable. 

Three of the main components of resistance heating affect furnace effi- 

ciency: voltage transformer, resistance element, and furnace enclosure. 

The voltage transformer and resistance element have efficiencies of 96-99 

percent each (electric Btu converted to thermal Btu), but there are thermal 

losses in the heat transfer. The amount of heat lost in this manner pri- 

marily determines the resistance furnace's overall efficiency, which can 

vary widely (10-95 percent) depending on the furnace's design and appli- 

cation. 

One of the main advantages of resistance heating is its high. temperature 

operation. The maximum attainable temperature of operation depends on the 



type of material used in the resistance element. Materials such as ni- 

chrome, kanthal, and silicon carbide frequently are used in industry at 

operating temperatures between 2000 and 2800'~. 39' Molybdenum silicide and 

platinum alloys can be used for higher temperature applications but are 

relatively expensive. Resistance elements do wear out periodically, and 
. - 

their frequency of replacement is increased at high operating temperatures. 

Resistance heating is limited in its capacity to produce heat by the size 

and number of resistance elements used. 

The advantages of resistance heating over fossil fuels are listed below: 

Safety and convenience 

e Cleanliness, absence of hydrocarbons and turbulence in the 
furnace 

Rapid response and uniformity of temperature, which can be 
controlled precisely 

Absence of oxidizing conditions in most cases 

Facility and flexibility in producing heat where desired 

Ability to operate in a vacuum, neutral, or reducing atmosphere. 

The disadvantages of resistance heating are as follows: 

6 Maintenance may be required'more often, since resistance ele- 
ments require periodic replacement 

Economics usually do not favor resistance heating over fossil 
fuels despite all other adva~tages. 

4.2.3.1.2 Induction Heating 

Induction heating is based on electromagnetic physics. Electricity can be 

produced within an electrically conductive material by placing the ma.t.eria.1 

within a changing magnetic field. If more electricity is produced within 

the product material than..it can conduct electrically, then the excess 

electric energy converts to heat energy (resistance heating principle). In 

short, induction heating is a variation of resistance heating in which the 

product itself is the resistance element. 



Induction heating comprises two main components: the power source and the 

magnetic field applicator. The power source c0nvert.s the frequency and 

voltage of the electricity supplied by the local utility to the operating 

frequency and voltage required by the magnetic field applicator. The 

magnetic field applicator consists of a coil of wire large enough to.sur- 

round the heated product. When electricity is passed through this wire, a 

magnetic 'field is created. It is this magnetic field that produces elec- 

tricity and subsequently thermal. energy within the product material. 

The heat produced by this method is generated on the surface of the product 

material. From the surface, the heat then conducts (migrates) to the centen. 

Hence the product material must be electrically conductive, limiting the 

heating applications in which induction heating can be used. Some typical 

examples of product materials using induction heating are steel, copper, 

and liquid glass. The principal advantage of induction heating is the 

speed at which' heat is produced within the product. Since heat is gen- 

erated within the product itself, the time and inefficiencies associated 

with the heat transfer from a'heat source to the product are eliminated. 

The efficiency of induction heating depends on its power source, magnetic 

field applicator, and the product material being heated. Overall conversion 

efficiencies (electric Btu to thermal Btu) are 55-65 percent .for steel 

and 30-40 percent for copper. 40' This d-ifference in efficiency is due to 

the varying electric conductivity of these two product materials. Since 

copper is more conductive tham steel, the electric 'current within copper 

produces less heat energy than the electric current in steel. 

Due to the physics involved in this process, induction furnaces are de- 

signed and built to meet the requirements of each specific application. 

Product material, size, shape, heating time, and temperature requirements 

determine the specific design. Maximum operating temperatures and heating 

rates in induction furnaces are limited by the type of product material 

being heated and the furnace design itself. Operating temperatures up to 



4000-5000~~ in the ceramics industry are attained, while temperatures up to 
41/ 2800-3000'~ are common in the steel industry i 

The depth of heat generation in the product material is dependent on the 

induction furnace's operating frequency. The operating frequency influences 
, 

the rate of heat generation because the power source output is limited at 

higher frequencies. In the steel industry, some large induction furnaces 

can provide up to six MMBtu/hr at 60 cycles pcr secrrt~rl ( cps j .  A t  Iligller 

frequencies, above 200 cps, maximum heat flux is limited to three MMBtu/hr. 

The operatjng frequency is determined by the process requirements of the 

product. Sixty cps, a low freq~lensy, is used in melting applications ~ I I  
6 which deep heat penetration is desired. Higher frequencies (lo5-10 cps) 

are used in applications in which only the product's surface requires heat- 

ing. For example, in the surface hardening of steel in which only the 

surface volume needs to be heated, a high operation frequency is used so 

that heat is generated only on the surface of the material. Because heat 

is generated at the product surface, there is very little energy wasted 

compared to fossil fuel processes whic-.h heat. up a grcater percentage of 

the work material to accomplish the same results. \ 

The advantages of induction heating over fossil fuel use are listed below: 

Limited parts or surfaces of a metal can be heated instead 
of the entire piece 

r Energy is used only in the heating of the product material and 
is not wasted in furnace start-up and idling time 

Accurate control of temperature is accomplished by controlling 
power input. Fossil fuel-fired furnaces equiqped with pyro- 

0 metri22femperature controls generally have a -25 F accuracy 
railg" 

There is no contaminatiori of the product from combustion gases 

IIeating can take place in an.y atmosphere, 'ir~cluding a vacuum 

Induction furnaces incorporate easily into production situa- 
tions. Induction furnaces lend themselves to automation, 



good reproduction of temperatures, rapid heating, and environ- 
mental comfort due to lack of noise and heat l'oss 

e Induction furnaces cause minimum oxidation of material surfaces 
in metallurgical applications. 

The disadvantages of induction furnaces are listed below: 

These furnaces lack flexibility since each induction furnace is 
designed for its specific application 

a The product's size is limited both in dimension and weight, due 
to physical limitations of the magnetic field applicator (coil) 
size and power supply output, respectively 

a Product materials are limited to those which are electrically 
conductive 

0 .  Heat input rates usually are small (six MMBtu/hr and less). 

4.2.3.1.3 Arc Heating . ~ 

When an electric current is interrupted by an air gap, electricity will 

continue to flow through,the circuit by jumping' the gap when the electric 

voltage is high enough. This is the principle upon which spark plugs in an 

internal combustion engine work. At very high temperatures, the electric 

spark (in larger applications, an arc) converts electric energy to heat 

energy.. Due to their high operation temperature, arc furnaces are pre- 

ferred over fossil fuel furnaces in some industrial applications. 

There are two types of arc furnaces: direct and indirect. Indirect arc 

heating has two electrodes near the material being heated. The electrodes 

and arc between them do not come in contact with the product material. 

Heat is transferred, from the arc to the product principally by radiation 

and partially by convection heat transfer mechanisms. In direct arc heat- 

ing, the electrical arc jumps from the electrode to the product.' The 

electricity then flows through the product material to its containment 

vessel and then back to the electrical circuit. Heat is produced and . 

transferred in two ways. First, as in indirect arc furnaces, heat is 

prodvced and then radiated from the electric arc to the product. In ad- 



dition, heat also is produced by resistance as the electricity flows 

through the material. Direct arc furnaces are limited in their applica- 

tions to electrically-conductive product materials. The metallurgical and 

glass industries are two users of direct arc heating. 

The arc heating process requires two relatively simple components for oper- 

ation: a power source and a furnace. The power source (voltage transfor- 

mer) converts utility line voltage to the operational voltage required for 

the process. The electrodes receiving the operational voltage are part of 

the furnace. Arc furnaces, because of their high temperature operation, 

are used almost exclusively in meltirig applications. 

The simplicity of arc heating restilts in high energy efficiency. The 

product material and the furnace design primarily determine the furnace ef- 

ficiency, typically 55-75 percent. An average steel smelting operation 

incorporating an arc furnace operates from 65-75 percent efficiency. In 

glass applications, direct arc furnaces operating on a continuous basis 

have cfffciencles ranging' from 65 to 80 percelit. 

High temperature pnt.en.tia1 is an arc fusiiace's stroiigest selling poir~t. 
0 

High axi: Len~peratures enable high furnace temperatures to reach 6000 F in 

some vacuum furnace applications and 5400'~ in an atmospheric furnace used 

in the production of magnesium oxide., Most arc furnaces used in the pro- 

duction of steel operate from 2800-3400°~, while arc furrlaces used in the 
0 43/ production of copper operate near 2000 F. 

Metal.lurgica1 industries are the largest lisers of ars furnaces; Large arc 

furnaces in this industry can contain 500 tons of material and have heating 

rates of up.to 100 MMBtu/hr. Smaller applications have capacities of 500- 

1000 lb with a heating rate 0% 0.25 MMBtu/hr. A common arc furnace size in 

the steel smelting industry is 30-40 tons. 44/ 



h e  advantages of arc heating over fossil fuels ire: 

e High temperature potential 

e Rapid temperature response 

a Cleanliness due to absence of hydrocarbons. 

The disadvantages of arc heating include the following: 

a Direct arc furnaces require electrically-conductive product 
material 

Arc furnaces are limited to high temperature applications (usu- 
ally melting). 

4 . 2 . 3 . 1 . 4  Dielectric and Microwavc Heat Generation 

Dielectric and microwave heat generation involve the vibration of molecules 

to produce heat. Product material molecules vibrate when subjected to an 

alternating electric field at very high frequencies. Vibration among the 

molecules creates friction and subsequently heat throughout the material's 

volume. The compositi,on of the product material determines the frequency 

of the alternating electric field needed to effect molecular vibration. 

The distinction between dielectric and microwave heat generation is the 
6 8 11 frequency of operation, 10 -10 cps and I O ~ - I O  cps, respectively. Only 

some materials can be heated by this method; for example,,electrica~ly- 

conductive materials cannot be heated by microwaves or dielectrics. 

Dielectric or microwave heat generation systems require two components for 

operation. A power supply is needed to convert the frequency and the vol- 

tage of incoming utility electricity to the frequency and voltage required 

by the electric field applicator. The second component, an electric field 

applicator,'subjects the product to an alternating electric field. The 

electric field applicator consists of two plates or a series of rods situ- 

ated on opposite sides of the product. 



The efficiency of these systems is determined by h.eat losses which, in 

turn, depend on electric conversion losses in the power supply as well as 

electric field application losses. Overall efficiency (electric Btu con- 

verted to thermal Btu) of most dielectric applications ranges from 55 to 65 

percent at rated output and 45-55 percent at half-load. 451 Microwave 

applications are typically 50-60 percent efficient. 461 

Most industrial applications use dielectric or microwave ovens in low and 

medium temperature ranges. Drying, curing, baking, bonding, and gluing are 

typical processes using dielectrics or microwaves. The temperature ~f 

operation required depends on the physical properties of the product ma- 

terial. 

The advantages of dielectric and microwave heat generation over fossil 

fuels are listed below: 

The principal advantage is quick and even heating, resulting in 
shorter process cycle, improved quality, and greatcr productivi- 
t Y 

The operation frequency is tuned to heat one material composi- 
tion 

High efficiency is obtained because power is consumed only in 
the product material. There is no heat- waste during start-up 
and idling time as there is in fossil fuel furnaces 

Once the product material is dried, cured, or polymerized, the 
chemistry change in the product material will neutralize the 
heating mechanism (heating physics) 

The disadvantages of these applications are as follows: 

8 Heat flux capacity is limited in both dielectric and microwave 
applications 

Product material is limited to non-electrically conductive 
materials. 



4.2.3.2 Technology Status 

All four types of electric h.eat generation technologies are being used in 

industrial applications and are commercially available. There are no major 

technical issues inhibiting the commercial acceptance of these technolo- 

gies. Established industries currently are working full-time on the design, 

building, and installation of each of these heating types. While all four 

types of electric heat conversion furnaces are available, they are not 

necessarily applicable to all end users. Product material requirements and 

furnace economics limit electric furnace applications. 

Resistance heating is adaptable to most industrial applications in new 

units. It is not widely used, however, because of its relative economics 

compared to fossil fuels. Resistance heating is utilized in industry, 

usually when $ts performance advantages (due to its heating characteris- 

tics) outweigh the economic disadvantages associated with its use. Resis- 

tance furnaces are used quite frequently in the metallurgical industry 

where high temperatures and accurately controlled atmospheres are desir- 

able. Other applications include the annealing of glass, brazing of metal 

parts, and the enameling of porcelain. Laboratories almost exclusively use 

this form of heating because it is convenient, readily controlled, and 

clean. 
. - . .  

The application of induction heating in industry is restricted to materials 

which are electrically conductive, thus limiting its use almost exclusively 

to metallurgical applications. An exception to this is the glass industry, 

where induction heating is used to anneal molten glass (which is electri- 

cally conductive). Induction heating provides a very even heat to the 

glass by producing heat within it. In the metallurgical industry, induc- 

tion heating is used in melting, forging, annealing, surface hardening, 

brazing, and soldering operations. 

Tlle n~etallurgiccll industry is the largest user of arc furnaces. The greatest 

use is in the manufacture of spccial steels, but it also is used in many 



smelting processes and for the production of refractory metals such as ti- 

tanium and molybdenum. Both these materials oxidize very easily; a vacuum 

atmosphere as well as a high temperature is needed in their melting pro- 

cess. Glass production incorporates a combination direct arc and fossil 

fuel furnace. Fossil fuel is used to melt a small portion of raw materials, 

then is replaced by direct arc heating hecause moltcn glass is elcctrically 

conductive. Arc heating in this application provides a faster mr:lrdcrrul~, 

thus increasing furnace throughput. The electrochemical and abrasive in- 

dustries also use arc furnaces i n  thgir industrial uperat.ians. 

Dielectric and microwave heat generation applications are used to dry paper 

and webs and to cure resin in sand.coves used for metal casting and par- 

ticle board and panel. 

4.2.3.3 Technology Cost 

The economics of electric heat generation primarily depend on the type of 

ele~tric heat generation used, its capacity and application, and on local 

utility rates. 

In an industrial situation capable of utilizing process steam in the 300- 

8 0 0 ~ ~  range, cogeneration can improve the economics of electric heat gen- 

eration. Cogeneration involves generating electricity onsite in industry. 

Both the electricity and the waste heat produced by the electric generation 

process are utilized within the industrial plant. The utilized waste heat 

replaces heat energy that otherwise would have to be derived from some 

oeher luel source. The result is that in industrial plants able to use 

waste heat from electricity generation (300-500~~ steam), the energy lost 

in electricity generation is about half that normally lost by utilities. 

The savings in fuel cost usually outweigh the extra cost involved in in- 

stalling and operating a cogeneration facility. Thus, electricity produced 

by this method makes electric heat generation economically more desirable 

to the industrial user. 



Product material handling systems are an additional factor to consider in 

the cost analysis of electric heat. generation applications. , ~ n '  electric 

furnace can heat and melt product material but it needs additional equip- 

ment to load and unload its contents. This additional equipment can be 

quite expensive, depending on the industrial application. Some induction 

furnace applications which melt metals require material handling equipment 

that costs 50-100 percent of the furnace cost alone. Since the cost of 

material handling equipment depends on its application and since electric 

heat generation is used in a wide range of industries, the cost of this 

equipment is not included in the cost range presented below. 

Resistance. Electric resistance heating can be adapted to a wide 

range of industrial applications operating below 2700'~. For this reason, 

it is difficult to attach dollar signs to such a wide variety of applica- 

tions. Generally, a resistance furnace's installed capital cost is some- 

what lower than an equivalent fossil fuel furnace, but its operational cost 

is h.igher. Operational costs are higher for electric energy because elec- 

tricity costs more than fossil fuel for each thermal unit of energy de- 

1 ivered . 

Induction. There are two main components to an induction furnace: its 

power supply and the furnace itself. A current rule of thumb in metal- 

lurgical melting applications is that a power supply costs $1000/kW of 

power output. Furnaces, on the other hand, become progressively less ex- 

penqive per ton as they become larger. Some current uninstalled furnace 

costs are $22,000 for one ton capacity, $60,00O'for five ton capacity, and 

$200,000 for a 60-ton furnace. 47'  he power supply is the major cost 
' 

component of an induction furnace process. In order to utilize the power 

supply to its greatest degree, some industrial users have two furnaces for 

each power supply. In this way, the power supply is always in use, heating 

at least one furnace. 



Arc C0s.t Range. Metallurgical, abrasive, glass, and electrochemical 

industries use electric arc furnaces in their industri.al processes. Due to 

this wide variety of applications, it is difficult to proyide.representative 

.cost ranges. A manufacturer of arc furnaces for the metallurgical industry 

-quoted a 40-ton capacity steel furnace capable of melting 20 tons of steel/ 

hour (12.8 MMBtu/hr) at a cost of approximately $1.1 million (uninstalled). 48/ 

Dielectric and Microwave Cost Range. Cost for this type of clectric 

heat gellerati6n generally is split into two categories: power supply (fre- 

quency generator) and the frequency applicator. In most industrial appli- 

carions, the power supply cost accounts for the majority of the total unit 

price. An average industry rule of thumb cost for a dielectric power 

supply is $1000/k~;~~' a microwave power supply costs approximately $2000/ 

kW. 50/ The frequency applicator applies the generated frequency furnished 

by the power supply to the product material. The applicator is engineered 

to each particular illdustrial use, and its cost depends on the size and 

complexity of its application. The frequency npplicatior~ in most illstances 

is minor in cost relative to the power supply. 

'ElecLric Boiiers. The capital costs  of electri.~ hnilc-rs genarully are 
- d 

lower than those for coal-fired units with pollution control equipment. In 

addition, OEM is less costly. The cost of electricity, however, can result. 

in a higher steam cost. Certain specific boiler operating requirements, 

such as low cipacity utilization and strict emissions regulations, may 

justify the use of an expensive fuel such as electricity. The normalized ' 

cost estimate from a report by Gilbert/Commonwealth for a 300 KPPH boiler 

plant consisting of threc 100 KPPH clect~ic boilers is $9.56/KPPH. This 

normalized steam cost assumes an electricity price of $0.0291/kWh. The 

cost of electricity accounts for 89 percent of the total steam cost. 



Solar  Technology 

4.2.4.1 Technical Descript ion 

The b a s i c  concept behind s o l a r  i n d u s t r i a l  process hea t  (IPH) systems is  the  

conversion o f  s o l a r  r a d i a t i v e  energy i n t o  thermal energy and the  appl ica-  

t i o n  of t h i s  thermal energy a s  process hea t  o r  steam. A heat  t r a n s f e r  

f l u i d ,  e.g.,  a i r ,  water, s i l i c o n  o i l ,  o r  hydrocarbon o i l ,  absorbs incoming 

r a d i a t i o n  a s  it c i r c u l a t e s  through a c o l l e c t o r  o r  r ece ive r  pipe.  The 

working f l u i d  then i s  t ranspor ted  f o r  d i r e c t  use  o r  i s  passed through a 

hea t  exchanger t o  generate process hea t  o r  steam before  being r e c i r c u l a t e d  

through t h e  c o l l e c t o r  o r  absorber pipe.  

In i n d u s t r i a l  app l i ca t ion ,  the  use o f  s to rage  and/or a f o s s i l - f i r e d  backup 

energy system i s  required  f o r  most s o l a r  app l i ca t ions .  Cloudy weather o r  

a i r  p o l l u t i o n  can reduce o r  e l iminate  s o l a r  c o l l e c t i o n  and conversion by 

d i f f u s i n g  o r  s c a t t e r i n g  d i r e c t  r a d i a t i o n .  A t  such times, energy w i l l  have 

t o  be drawn from s to rage  o r  provided by a conventional backup system. 

Further ,  seasonal  output  f l u c t u a t i o n s  may need t o  be dampened by s to rage  

o r  a backup c a p a b i l i t y .  

Due t o  the  cycl ing  between sun l igh t  and darkness, t h e  maximum capaci ty  

ut i  l i  zati.on of a s o l a r  b o i l e r  without s to rage  i s  only about one-third.  

In a reas  of  l imi ted  sunl ight  ( i . e . ,  t h e  nortfieast U.S.), t h e  capaci ty  

u t i l i z a t i o n  could be l e s s .  To r a i s e  capaci ty  u t i l i z a t i o n  above one- th i rd ,  

s to rage  o r  backup systems w i l l  be requi red .  

Solar  systems may provide steam a t  a v a r i e t y  of  temperatures and pressures  

o r  process heat .  Variat ions i n  the  p r o p e r t i e s  of hea t  de l ivered  a r e  a 

funct ion  of  two f a c t o r s  discussed below: the  type of c o l l e c t o r  employed and 

t h e  system conf igura t ion .  



4.2.4.1.1 Collectors 

Collectors may be divided into three categories: stationary nontracking 

collectors; single-axis concentrating collectors; and dual-axis concentrat- 

ing collectors. Stationary collectors most commonly include solar ponds 

and,flat plate collectors which are used for low temperature hot air or 

water applications. They collect both direct and diffuse radiation. 

Solar ponds are typically 10 feet wide and no more than one foot deep. 

Water is contained in large flat plastic bags on a foundation of sand or 

gravel. Generally, the ponds are covered with bowed panels of rigid 

transparent plastic to increase energy retention via a greenhouse effect 

and to protect the pool. Water ten-tperat.~~~~~ of 150'~ can bc achieved by. 

this method. For flat plate collectors, the absorption plate (~isllally made 

of copper or aluminum) is painted black or coated to maximize absorption 

and minimize radiation losses. Thermal energy is removed by a heatrtrans- 

fer material moving along the plate. When water is used, tubing,is bonded 

thermally to the plate; when air is used, the air is blown over t-he front 

of the plate. The temperature of working fluids can range between 1 S f l  and 

200'~. 

The most prevalent type of one-axis concentrating collector is the para- 

bolic trough. These collectors track the sun throughout the day along one 

axis, usually east to west. The direct radiation is concentrated by a 

factor of between 28  and 50 by reflecting and focusing it onto a linear 

absorber tube at the focal point of ,the collector. 52/ In many designs, the 

absorber tube is placed inside a larger glass tube, and the air betwccn the 

two is evacuated to insulate the absorber tube from convective and conduc- 

tive heat losses. Conversion efficiency of current models is approxi- 

mately 60 percent. Temperatures may range from 150-650'~ and are a func- 

tion of the concentration ratio (area of the collection surface to area of 

receiver tube) and the flow rate of the fluid through the.receiver pipe. 

The lower the flow rate,'the higher the temperature. To maintain a con- 



stant temperature output, flow rates .must he varied to account for daily 

and seasonal changes in insolation. 

Double-axis collectors generally are more efficient than single-axis col- 

lectors. They can maximize their exposure to the sun by moving both east- 

west and north-south. Two basic types of double-axis tracking collectors 

are being developed: large parabolic dish collectors and heliostats. 

Large parabolic (point-focusing) dish collectors focus sunlight onto an 

absorber element several meters above the collector at the focal point of 
0 54/ 

the dish. Approximate operating temperatures vary between 400-1500 F. 

Heliostats are employed in a central receiver configuration, i.e., a cen- 

tral receiver boiler mounted on a tower is surrounded by a hel.iostat field, 

which focuses sunlight on the receiver unit. A heat transfer fluid (steam, 

liquid sodium, molten salt, or hydrocarbon oil) carries the thermal energy 

down the tower and to the process. Working fluid temperatures can reach 

25000~. 

4.2.4.1.2 Basic Configurations 

The above collector types can be employed in several configurations to 

. provide low (below boiling point) 'temperature air or water to much higher 

temperature and pressure steam or high temperature process heat. The 

solar portion of the facility may be sized to meet the full output capacity 

of a boilerlheater or, alternatively, may be sized at a fraction of the 

output capacity, in which case the difference is provided by a conventional 

system operating simultaneously with the solar system. Solar systems also 

may be used in a preheat mode. 

Process efficiencies, as measured by the ratio of useful Btu output to Btu 

impinging . . on collector aperture, vary considerably depending Qn the partic- 

ular application. Total system efficiencies are a function of several fac- 

tors (collcctor efficiencies, thermal losses from piping, losses in heat 



exchange units] and are sufficiently ~ariable to make generalization diffi- 
I 

cult. A crude estimate for the efficiency of parabolic trough. systems 

would be around 30 percent. 56' Central receiver process efficiencies are 

higher due to less extensive piping and reduced thermal losses from this 

source. 

l'he productivity of solar systems is affected most by insolation charac- 

teristics. The output of systems in areas of frequent cloud cover, high 

relative hmidity, or pollution problems will be reduced'. This issue i s  

significant for all solar applications, but especially for industrial sys- 

tems given the poor insolation characteristics of areas where most major 

industry is 1oca.tad. Low temperature flat plate systems are affected by 

poor insolation to a lesser degree than concentrating systems, which can 

use only direct insolation. The ratio of diffuse to direct insolation in- 

creases with such factors as cloud cover, .relative humidity, and pollution. 

Solar process heating is an onsite technology because of thc,type of energy 

produced. Steam, hot water, and hot air are the probable energy products 

of solar energy; these products cannot be transported economically over 

long distances. The quality (temperature and pressure) of energy produced 

depends on the solar technology employed, and the end use of these energy 

sources in direct or indirect applications depends on the quality of the 

energy produced. 

Solar energy use in the industrial sector has several potential advantages 

over fossil energy use. First, snlar energy is an incxh~iistable ellergy 

source and its use could diminish the use of scarce fuels. Second, solar 

energy is produced with minimal environmental impact, unlike the  energy 

produced by burning fossil fuels, especially coal. The principal reason5 

why the industrial sector presently is not using solar energy are: 

The novelty of solar technology 

The relative economics of generating steam/hot water by solar 
versus fossil fuels 



The extensive space requirements for a solar energy system com- 
pared to an equivalent size steam generator. For example, the 
land required for a central receiver system capable of genef-ifying 
1 0 0 0 ~ ~  steam at a rate of SO MMBtu/hr would be 55-60 acres. 
An equivalent or larger amount of land would be necessary for a 
parabolic trough system to generate lower temperature steam at 
the same rate (because system efficiencies are lower). 

4.2.4.2 Technical Issues 

Viable solar process heat technologies in the 1980-1990 time frame include 

low temperature air or water applications using stationary collectors and 

possibly intermediate temperature applications employing parabolic troughs. 

For such applications, there are no major unresolved technical issues as 

there are for higher temperature systems employing heliostats or point- 

focusing dishes (e.g., material stresses in boiler due to temperature 

fluctuations caused by sunlight variability). One possible exception is an 

advanced storage system (e.g., chemical and battery storage). However, 

current thermal storage technology should be adequate for the 1980-90 time 

frame, so that unresolved issues surro~ihdj.ng storage are not critical for 

near-term applications. 

L 

Even though there are no strictly technical obstacles to the commercializa- 

tion of .viable solar technologies, there are several technical issues that 

could affect penetration into the marketplace. These issues mostly involve 

cost trade-offs of improving collector efficiencies and reliability. For 

example, the efficiency of parabolic trough collectors can be improved from 

the current 60 percent level to 80 percent if 60 mill silvered glass is 

substituted for aluminum as the reflective surface. The trade-off is that 

silvered glass is more expensive than aluminum (a pattern that holds true 

for all high reflectivity materials), and it is doubtful that collector 

efficiency improvements above'the current level will reduce costs appre- 

ciably for this reason. Further, durability of silvered glass over the 

operating life of the plant is not certain. Glass collectors may be pitted 

or broken by blowing sands, winds, and hail, which degrade collector per- 



formance (especially for concentrating collectors) and increase costs due 

to the more rapid turnover time of collectors. These factors are not 

resolved at the present time. 
4 

Another unresolved collector-related technical problem (for concentration 

systems) involves the collector support structure. Support structures must 

be exceptionally rigid so that collectors retain their precise tracking 

orientation during high winds, Light-wcight honeycollbed support struclures 

are being improved to redl.1c.e support materials requirements. Again, there 

is a cost trade-off in that lighter support materials are more expensive. 

Efficiency and cost reductions for tracking systems are critical, given the 

collector 'field's high cost and. its high proportion 'of total. system cost. 

4.2.4.3 Technical Status 

The technical status and short-term commercialization potential of solar 

energy systems vary considerably based on the temperature requirement. a f  

the process. Lower temperature applica.t.ions, such as thc dehydration u f  

foods, concrete block curing, hot water production for can washing, and 

other applications in'which temperatures are less than the boiling point 
58/ for water, currently are being demonstrated in a number of facilities. . 

The quality of energy in these applications is basically 'similar to heating 

and cooling in the residential and commercial sectors. 

Intermediate temperature applications, e. g., steam from 150-550~~, using 

parabolic troughs have not yet been demonstrated. Four industrial process 

steam experiments are being cnnstructed. Thesc nrc fail-1)- luw temperature 

and pressure applications, less than 400'~ and 135 psig. "' operation of 
thcse facilities should begin during 1980. Three other projects are in thc 

design stage and will begin operation in 1981. Parabolic troughs them- 

selves have undergone testing at Sandia's solar thermal test facility, and 

200,000-300,000 sq ft of trough have been manufactured thus far by four 

primary collector manufacturers. 60' However, the problems of collector 



performance and reliability are still unresolved. Due to the limited 

operational experience of complete systems, considerab.le fu.rth.er deyelop- 

,ment is needed. 

Higher temperature applications involving point-focusing dishes and helio- 

stats (central receiver systems) are less advanced in terms of process heat 

application than the lower temperature systems. Point-focusing dishes have 

been tested at Sandials laboratory but have not been used in systems ex- 

periments to date. However, 'three small-icale pro j ects (approximately 400 

kW) involving electricity generation and waste heat recovery are scheduled 

to begin operating in the next year. 61' Currently, heliostats and differ- 

ent central receivers are being tested at Sandials 5 MW thermal test facil- 

ity. A low MWe pilot plant is scheduled to generate electricity to begin 

operating in 1982. 62/ 

Ongoing R&D is fbcused primarily on collector testing and initial demon- 

stration of lower temperature hot air and hot water systems, with some 

experiments beginning for parabolic trough, point-focusing dish, and cen- 

tral receiver systems as mentioned. These efforts could lead to a commer- 

cial capability of lower temperature hot air and hot water systems in the 

1985-1990 time frame and, to a lesser degree, some intermediate temperature 

(parabolic trough) systems. 

Higher temperature systems (above 550'~)~ employing heliostats and point - 
' focusing dishes, will not be commercially available in the 1985-1990 time 

frame due to their incomplete development. At the present time, these 

systems are being considered exclusively in the context of total energy 

systems (cogeneration) and utility generation, without any plans for demon- 

stration specifically for industrial process heat applications. Thus, 

unless the focus of the program is changed, these systems are unlikely to 

be adapted to the industrial sector in the near future. 



4.2.4.4 Technology Costs 

Solar system costs. will be exceedingly variable. ,Factors affecting costs 

are discussed below. 

Geographic Locality. Geographic locality will affect the costs of 

systems enormously. Efficiency reductions from poor insolation character- 

istics must be compensated for by additional collectors. Collector costs 

are a n~ajor capital cost. Deterioration of collector surfaces by partic- 

ulate buildup will require more frequent. cleaning, an additional c o s ~  fac- 

t .  Systems costs in Houston, an area of relatively poor insolation, 

are more than twice as high as costs in Phoenix, an area of high insola- 

tion. Regional fuel price variability (which exceeds insolation variability 

in maguitude) also is an important geographic determinant of solar system 

costs. 

Systems Temperature. System costs escalate with the temperature gen- 

erated. This is attributable to two factors: declining collector effi- 

ciencies and higher piping costs. Collector efficiencies decline from 

increased heat losses at higher temperatures. The e f f i c i ency  decline sf 

parabolic trough collectors, for example, is as follows: 200°F, 67 percent 

efficiency; 400°F, 65 percent efficiency; and 600°F, 58 percent efficiency. 6 3/ 

Piping costs increase because working fluid pressures escalate with in- 

creasing temperatures, and piping able to withstand additional pressures is 

cxpcnsive. Piping costs represent approximately one-third of the system's 

costs. The use of therminol or other hydrocarbon working fluid can reduce 

pressures, but concomitant piping cost savings may be offset by the in- 

creased expense of these fluids. System costs for a parabolic trough 

system producing low pressure steam at 267'~ may be 70 percent lower than 

for the cost of high pressure steam at 3 6 0 ~ ~ .  64/ 

Future Collector Costs. Collector costs comprise more than 50 percent 

of the cost of solar systems. Future cost reductions, particularly for 



parabolic troughs and other higher efficiency collectors, will be necessary 

to make the systems competitive. Since most of the cost of collectors is 

in the material,' the potential for mass production techniques to reduce 

collector costs is uncertain. Installed costs of collectors currently 

range from $25-30/sq ft. Systems costs will depend significantly on the 

ultimate costs of collectors. 

Storage Costs. Systems costs will depend to some extent on whether 

storage is incorporated versus an auxiliary fossil fired backup. Cost 

differences in this case will be. determined largely by site-specific fac- 

tors. 

Land Costs. Land costs will be an important co-st variable in solar 

process heat applications given its relative unavailability and high cost 

in industrial areas. 

~inancing and Incentive Structure. The current structure of financing 

in the industrial sector and possible future changes will affect the de 

facto cost of solar process heat systems. Most industries evaluate in- 

vestments by short-term discounted cash flow criteria, e.g., payback period 

or return on investment. Payback periods of three years or less are re- 

quired. 651 Capital costs of solar process heat systems (except very low 

temperature applications employing solar ponds) are extremely high even on 

a life-cycle basis; paybacks within a three-year period are out of the 

question. Additionally, fuel costs are deductable as an operating expense. 

The present value of fuel cost deductions is larger than those accruing 

from depreciation schedules applying to the capital costs of solar equip- 

ment. 66/  Thus, there is no incentive for industry to install solar sys- 

tems. If tax changes are instituted, e.g., ITC's or accelerated depreci- 

ation, solar systems will be Illore viable. System costs are relatively 

sensitive to these factors. 67' Predicting the possibility of such changes 

is difficult at present. 



Given t h e  above f a c t o r s ,  c o s t s  f o r  s o l a r  i n d u s t r i a l  p rocess  h e a t  systems 

w i l l  be  v a r i a b l e  and extremely. hard t o  p r e d i c t  a t  t h i s  t ime wi th  a comfor- 

t a b l e  degree o f  r e l i a b i l i t y .  The c o s t  o f  producing 3 6 0 ' ~  s a t u r a t e d  steam 

(153 p s i )  f o r  Phoenix and Houston, r e s p e c t i v e l y ,  has  been es t imated  a t  

$19.40 and $41.39/,MMBtu ($23 and $49/KPPH, i n  1976 d o l l a r s )  .68/ Assump- 

t i o n s f o r  t h e s e  e s t ima te s  a r e  shown i n  Table 4.18. Note t h e  assumed i n -  

s t a l l e d  system c o s t s  o f  $19/sq f t , .  which i s  consj.derably l e s s  than  the 

c u r r e n t  i n s t a l l e d  c o s t s  o f  c o l l e c t o r s  al.one 3,s noted above. These e s t i -  

mates must be regarded  wi th  t h e  utmost cau t ion ,  given t.he u n c e r t a i n t i e s  

p rev ious ly  notcd.  

For example, Table 4.19 shows steam c o s t  e s t ima te s  i n  $/KPPH a s  presented  

by B a t t e l l e  and Mi t re  f o r  a  s i n g l e  a x i s  pa rabo l i c  t rough and a  dua l  a x i s  

p a r a b o l i c  d i s h ,  r e s p e c t i v e l y .  In both cases ,  t h e  c o l l e c t o r  c a p i t a l  cos t  

c o n s t i t u t e d  t h e  major c o s t  component. The l a r g e  d i f f e r e n c e  between t h e  

normalized c o s t s  i s  a t t r i b u t a b l e  t o  a  l a r g e  d i f f e r e n c e  i.n est.imated c o l -  

l e c t o r  h e a t  product ion .  Even though t h e  Dal las  and Houston i n s o l a t i o n  

r a t e s  a r e  simiiar, t h e  Mi t re  s tudy  assumed an annual c o l l e c t o r  h e a t  pro- 

duc t ion  f o u r  t imes  g r e a t e r  than  t h a t  of t h e  B a t t e l l e  s tudy .  A p o r t i o n  o f  

t h i s  d i f f e r e n c e  i s  due t o  t h e  h igher  e f f i c i e n c y  o f  t h e  pa rabo l i c  d i s h  

c o l l e c t o r .  



TABLE 4.18 

ASSUMPTIONS OF COST ESTIMATES 

1. Total installed system, cost: $19/ft 
2 

2. Before-tax costs based on: 

10% real after-tax return 

20-year life 

Straight-line depreciation 

1% of the'capital cost for OGM, replacement, 
and insurance 

50% Federal and state tax 

10% initial investment tax credit 

Zero .inflation rate 

Zero salvage after 20 years 

3. No storage provided 

SOURCE: E. Hall, "Survey of the Applications of Solar Thermal 
Energy Systems to Industrial Process Heat," prepared 
for ERDA by Battelle Columbus Laboratories, Columbus, 
Ohio, 1978. 



TABLE 4.19 

Rcference 

~ a r r e l l e "  

Mitre b/ 

SOLAR COST 

($1978) 

Area - _  

Phoenix 

Houston 

. .. 

Denver 

Dallas 

Adjusted 
Fuel Cosr 

($/KPPH) ., 

a/ E .  Hall ,  "Survey of  the  Applicat ions of So la r  Thermal Energy 
Systems t o  I n d u s t r i a l  Process Heat," prepared f o r  ERDA by 
B a t t e l l e  Columbus Laboratories ,  Columbus, Ohio, 1978. 

b/ Mitre Corporation, "Systems Descript ion and Engineering Costs 
f o r  So la r  Related Techno3,ogies," Mitre Technical Report MTR- 
7485, prepared f o r  ERDA, Apri l  1977. 
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5. TECHNICAL FEASIBILITY OF SUBSTITUTING ALTERNATIVE FUEL 
IN INDUSTRIAL PROCESS HEATERS AND SMALL BOILERS 

5.1 GENERAL FACTORS THAT AFFECT FUEL USE 

This section discusses the technical feasibility of converting major fuel- 

consuming industrial processes to the alternative energy technologies de- 

tailed in Section 4. For the purposes of this study, technical feasibility 

is defined as the ability of a technology to produce safely and reliably 

the same quality product as a conventionally-fueled unit. Site-specific 

requirements, including space limitations and local environmental regula- 

tions, will not be discussed in this section. 

This technical evaluation also excludes economic and lead time factors 

except when those factors eliminate the practical consideration of an 

alternate fuel in certain applications. Since generally these site-speci- 

fic factors and the economics of conversion will be most crucial in deter- 

mining the practicality of a technically feasible option, any significant 

factors that strongly affect the practicality of a technically feasible 

option will be noted. 

The following discussion distinguishes between retrofit fuel decisions and 

new combustor fuel choices. New units have considerable flexibility in 

designing a process to burn various fuel alternatives.. Retrofit fuel 

decisions, however, are much more limited by the existing design of the 

combustor and the p.l.ant r.onfi gilra.t.:i.on. For example, in many cases when 

conventional coal is considered as an alternat iie retrofit application, 

coal use would require completely replacing the existing combustor. 

Seven critical factors were considered in evaluating technical feasibility: 

Heat flux 

B Heat distribution 



o Fuel contaminants 

o Process temperature 

o Mode of m a t e r i a l  charging 

o Form of f u e l  

o F i r i n g  r a t e .  

Heat f lux ,  the  amount of h e a t  t r a n s f e r r e d  per  a rea  and per  time, i n d i c a t e s  

how "concentrated" t h e  hea t  i s  from a technology. The hea t  f l u x  from in -  
d i r e c t  h e a t i ~ ~ g  i s  l imi ted  t o  a maximum of 30,000 Btu/hr/sq f t .  This mearls 

t h a t  over 30 s q  f t  of heat t r a n s f e r  a r e a  w i l l  be requi red  f o r  each MMBtu/hr 

t r a n s f e r r e d .  Sirice high f i r i n g  r a t e s  w i l l  r e q u i r e  an enormous amoilnt of 

hea t  t r a n s f e r  a rea ,  many i n d u s t r i a l  processes w i l l  no t  be a b l e  t o  reach 

production r a t e s  s u f f i c i e n t l y  high f o r  p r a c t i c a l  opera t ion  when using a l -  

t e r n a t i v e  energy technologies.  

Heat d i s t r i b u t i o n  i s  the  a b i l i t y  of  an energy system t o  provide con t ro l l ed  

y e t  v a r i a b l e  temperatures and r a t e s  of hea t  f l u x  over time and f o r  t h e  en- 

t i r e  volume of t h e  furnace chamber. Heat d i s t r i b u t i o n  requirement% vary by 

process  and by energy.system. For example, c e r t a i n  applic ,at ions which use 

t u b e s t i l l  h e a t e r s  i n  the  chemicals indust ry  r e q u i r e  even and constant  hea t  

f l u x  over the  whole combustor. Consequently, f u e l s  wi.th varying cornposi- 

t i o n ,  such a s  coal  gas d i r e c t l y  from t h e  g a s i f i e r  (raw coal  gas ) ,  cannot be 

used s i n c e  they cannot maintain a s u f f i c i e n t l y .  cons tant  hea t  f lux .  In 

another  'example, the  ends of  f ace  br ick  tunnel k i l n s  a r e  maintained a t  ~ luch 

lower temperatures than the  r e s t  of  t h e  k i l n  so  t h a t  t h e  b r i ck  w i l l  be 

s lowly heated and cooled t o  minimize thermal s t r e s s e s  i n  t h e  ware. Due t o  

t h e s e  low ( l e s s  than 5 0 0 ~ ~ )  temperature requirements, it may not  be pos- 

s i b l e  t o  combust coal  through the  length o f  t.hc furnaco chmbcr. 

Fuel contaminants a r e  the  impur i t i e s  present  i n  f u e l  and re leased during 

combustion. Two primary f u e l  contaminants a r e  s u l f u r  and a s h .  These 

impur i t i e s  can a f f e c t  processes i n  two ways: degrade the  furnace product 



(for example, the oxidation and resulting metal loss of slabs in a steel 

reheat furnace caused by ash deposited on the workpiece during processing), 

and degrade the furnace chamber (for example, a metallic heat recovery 

device can be corroded by sulfur compounds condensing on metal surfaces, 

and ash can physically plug the flow passages in the device if allowed to 

accumulate) . 

The temperature to which the furnace product (known as the load) is heated 

is defined as the process temperature. Specific process temperatures are 

required to ensure that appropriate chemical or physical changes can take 

place. Examples of this change could be the heat required to induce a 

chemical reaction in a petroleum refinery, or the heat required to bring a 

billet of steel to the temperature at which it can be worked into a dif- 

ferent shape. Several of the technologies considered in this study have 

maximum process temperature limitations. For example, AFBC systems burning 
0 coal are subject to a 1500 F maximum process temperature because the com- 

bustion bed must be maintained below that temperature to attain proper 

levels of sulfur removal from the flue gas. Indirect heating systems 
0 cannot reach temperatures above the 800-1000 F range on the process side 

because heat transfer fluids cannot operate at much higher temperatures. 

The physical properties of the load to be heated, the mode of material 

charging, can preclude the use of certain energy technologies. The mode 

used is especially significant with AFBC units. Since the load in these 

units flows in tubes running through the bed, it must flow freely; speci- 

fically, the load must be a liquid or a gas. AFBC units will not be able 

to accept other types of loads in the foreseeable future. 

The form of a fuel during firing is extremely important in determining the 

compatibility of a fuel with a process. Fuels such as municipal waste and 

wood c.annot be pulverized and must be combusted as pellets, usually in a 

stoker-type configuration. This type of combustion system generally is 

inappropriate for industrial process heat systems which now use conven- 



tional burners because it provides less control and flexibility in adjust- 

ing heat input. 

The maximum and minimum firing rates for a fuel can limit the applicability 

of certain fuels. For pulverized solid fuels, the minimum firing rate 

through a single burner is considered to be in a range of 25-50 MMBtu/hr. 

There also are lower limits on liquid fuel burners that vary with fuel 

type, burner design, and combustor design. 

S f  a fuel is able t o  satisfy sufficiently all of the above criteria and no 

other identifiable barriers exist to the application of an alternate energy 

technology, that technology will be classified as technically feasible. 

However, if a technology fails to meet any of the above criteria and is not 

expected to meet the criteria by 1990, it will be judged technically in- 

feasible. Due to the diversity of designs within a process category, the 

variation in product types produced in similar. processes, and the variation 

in heat delivery between designs of an alternate technology, it is not 

always possible to judge definitively the feasibility of a certain conver- 

sion. In such cases, the conversion will be identified as swn~etimes fea- 

sible, and fuel use will be disaggregated as much as possible to help 

deteymine the potential fuel use with the conversion. Using the above 

criteria, the following discussion details the tecluiical feasibility of 

using alternative fuels and energy systems. These feasibility assessments 

are conducted on a process-specific basis. 

5.2 PROCESS-SPECIFIC ASSESSMENTS 

5.2.1 Methodology for Industrial Process Selection and Aggregation 

This study considers fuel alternatives on a process-specific basis. Only 
at this level can fuel choices be assessed reaso~iably.. In order to main- 

tain the study at a manageable level, the following criteria were used to 

select approximate process categories: 



o Process  u n i t s  which a r e  very  energy- in tens ive  and account f o r  a 
l a r g e  p o r t i o n  of energy use  i n  t h e  i n d u s t r i a l  s e c t o r  

o I n d u s t r i a l  a r e a s  which have s i m i l a r  f u e l  requirements  bu t  no t  
s i m i l a r  equipment des igns .  

Due t o  t h e  s i m i l a r i t i e s  between c e r t a i n  p roces ses ,  s e v e r a l  c a t e g o r i e s  of 

f u e l  use were a g g r e g a t e d . t o  t e s t  t e c h n i c a l  f e a s i b i l i t y .  The fo l lowing  

major c r i t e r i a  were considered f o r  t h e  aggrega t ion  of process  c a t e g o r i e s :  

o Process equipment 

o Process  product  

o F i r i n g  r a t e  

o Heating obj e c t i v e .  

Process  equipment c o n f i g u r a t i o n . r e f e r s  t o  t h e  genera l  des ign  of t h e  equip- 

ment and t h e  way t h e  product m a t e r i a l  f lows through t h e  un,it.. For example, 

t h e  con f igu ra t ions  of  cement, l ime, and alumina r o t a r y '  k i l n s  and t h e  f i r e d  

s e c t i o n  of  an i r o n  o r e  g r a t e  k i l n  a r e  q u i t e  s i m i l a r ,  bu t  t h e s e  k i l n s  a r e  

ve ry  d i f f e r e n t  from f i r e d  h e a t e r s  i n  t h e  petroleum i n d u s t r y .  

The product which i s  being processed through t h e  process  u n i t  sometimes is  

s e n s i t i v e  t o  t h e  h e a t  source  and m a t e r i a l  t h a t  may be c a r r i e d  along wi th  

t h e  h e a t  source ,  hence t h e  requirements  of  t h e  product  must be cons idered .  
' 

The tyyS.ca1 r2t.P: a.t. whi.ch f u e l  o r  h e a t  i s  inpu t  t o  a process  i s  important  

t o  cons ider  s i n c e  c e r t a i n  energy a l t e r n a t i v e s  a r e  l i m i t e d  i n  t h e  q u a n t i t y  

and r a t e  a t  which they  can d e l i v e r  h e a t  t o  a process .  
,- 

Heating o b j e c t i v e  r e f e r s  t o  t h e  type  of  process ing  t h e  u n i t  i s  performing 

( i . e . ,  mel t ing ,  hea t ing ,  dry ing)  and t h e  type  of  h e a t  c h a r a c t e r i s t i c s  t h a t  

a r e  r equ i r ed  t o  achieve  t h a t  type  of process ing .  . 

It was not  necessary  f o r  a l l  o f  t h e s e  c r i t e r i a  t o  be s i m i l a r  f o r  processes  

t o  be grouped; however, i f  any o f  t h e s e  f a c t o r s  r evea l ed  t h a t  th.e d i f f e r -  

ences between processes  were s i g n i f i c a n t  enough t o  r e s u l t  i n  d i f f e r i n g  



t e c h n i c a l '  f e a s i b i l i t y  d e c i s i o n s  f o r  an a l t e r n a t e  technology, t h e  processes .  

were n o t  . .  aggrega ted .  . For example, the'many' f i r e d  h e a t e r s  i n  t h e  petroleum 

and chemical  i n d u s t r i e s  were combined i n t o  f i v e  c a t e g o r i e s  based on d i f -  

f e r ences  i n  products  and f i r i n g  r a t e s ,  even though t h e s e  h e a t e r s  a r e  similar 

i n  b a s i c  configurat ' ion and h e a t i n g  o b j e c t i v e .  

Based on the' above c r i t e r i a , :  t h e  major energy- in tens ive  processes  descr ibed  

i n  S e c t i o n  3 were ca t egor i zed  i n t o  t h e  .18 groups l i s t e d  below: 

0 Food 

- ovens,  d ry ing  

o T e x t i l e s  

- drying ,  dyeing 

o Stone,  c l a y  and g l a s s  

- g l a s s  u n i t  m e l t e r  

- r e g e n e r a t i v e  melter/alwninum reve rbe ra to ry  furnace.  I/ 

- annea l ing  l e h r  
2/ r o t a r y  k i l n / & r a t o  k i l n  

- r e f r a c t o r y  kiln/coremaking oven 

- f a c e  b r i ck  k i l n  

o Petroleum and chemicals  

- h igh - r i sk  f i r e d  h e a t e r  

- medium-risk f i r e d  h e a t e r  

- low-risk fired heater 

o S t e e l  and aluminum 

- t r a v e l i n g  g r a t e / s i n t e r  furnace  

coko oven/anode prebake oven 
- b l a s t  fu rnace / i ron  cupola (hydrocarbon i n j  e c t i o n )  

- b l a s t  furnace/.shaf t' fu rnace  ( s tove)  

- soaking p i t / r e h e a t  furnace  

- h e a t  t r e a t i n g  fu rnace  

- alumina r o t a r y  k i l n .  



Table 5.1 summarizes the technical.feasibility of using each alternate fuel 

in new process applications. The feasibility of retrofitting existing. 
. .- 

processes to alternative fuels is summarized in Table 5.2. The following 

subsections describe how the technical feasibility for each alternate fuel 

was assessed for each process group. 

5.2.2 Food 

Most of the diverse processes in the food industry utilizing direct firing 

are constrained by strict requirements for clean fuels and fuels that are 

highly controllable. To achieve even, controlied heating in direct-fired 

combustors, many small pre-mix burners often are used. To avoid contam- 

ination which would seriously impair quality, heavy hydrocarbon 

fuels containing ash and sulfur and those which form soot cannot be util- 

ized. Natural gas is the major fuel used for direct firing in the food 

industry. 31 Distillate oil has been used when natural gas was unavailable, 

but it requires an expensive unit to vaporize the fuel prior to combustion. 

In addition to natural gas, clean coal gas is the only fossil fuel clearly 

feasible in the food industry. Although methanol may be used if vaporized 

before combustion, its toxicity may add sufficient risk to render its use 

infeasible. 4/ 
. . 

Electricity, indirect heating, and solar energy are.considered feasible in 

the food industry. In fact, electric heat and indirect heating with steam 

already are used extensively. Note, however, that some applications such 

as spray drying may require extensive modifications to accomplish the same 

function using indirect heat. Retrofitting to solar energy use would be 

possible in hot water applications and in processes which can use "sun 

drying;" consequently, solar is classified as sometimes feasible. 5/ 

AFBC is considered infeasible due to the mode of material charging . . for 

solid products and because it requires temperatures too hot for.most liquid 



TABLE 5.1 

TECHXICAL FEASIBILITY ASSESSMENTS FOR NEW UNITS 

Fue l s  Heat Sources 

LBG/ SRC-2 SRC-1 Wood and Municipal I n d i r e c t  E l e c t r i -  
I n d u s t r v  Process  - MBG Methanol ( l i q u i d )  2 ( s o l i d )  3' Wood Waste Waste AFBC Heat f i c a t i o n  So la r  -- 
Food Ovens, d r y e r s  F  F la/ I  I  I I I I F  F F 

T e x t i l e s  Drying F F I  I I I  I I  I  F  F F 

Glass  Unit mc l t e r  F  F  SF^' SF SF SF I I 1  I  F  I  

Regenerat ive  me l t e r  F F   SF^' SF SF SF I I  I  1  F I 

Anncnling l e h r  F  F I  I I  I  I  1  I  I F I  

Lime 6 Rotary k i l n  F F F F F F SF SF I I  1  1 
Cement 

Brick 4 Re f rac to r )  k i l n ,  
Clay coremaking oven . F r SF'' S!- SF SF I I I  I  P 1 

t a c e  b r i c k  k i l n  F ' F F F F F I I I  I F I 

Chemicals High-r isk  f i r e d  
sP/ F h e a t e r s  SF I I  I  I  1  1  I: I  

Peerolcun, llig11-risk f ired 
h e a t e r s  sFd/ I: SF I I  1 1 1 1 F ~ /  F  . I  

Medium-risk f i r e d  
h e a t e r s  : 

Low-risk f i r e d  
h e a t e r s  : 

5 5 0  h%iiMbiu/hr F F . '  F 1: I: F  I  I F F ~ /  F  I  

Stccl 6 T ~ a v r l  ing grato nnd 
Aluminum s i n t e r  furnace F F F  I: F I: I  1 I I I  I  

Coke oven anode 
prebake ' F F I  1  I  I  I  1  I  I I  I  

B la s t  f u r n a c e l i r o n  
cupola (H-I) F F  F .  F  F F I  I I I I I  

Soaking p i t / r e h e a t  
 SF^" f l t rnacs  F P F SF SF' 1 I I  I  F  1 

Heat t r e a t  furnace F ' F  1 I 1 1 I I  t ,?/ P I 

Alumina r o t a r y  k i l n  F F I  I  1 1 I  I  I  1 I  1 

Aluminum r e v c r h ~ r a -  
t o r y  fu rnace  F F  SF^' SF SF SF I  I I F .  I  

Gra t e  k i l n  F F F F  F F 1  I I  I . I  I  

B l a s t  fu rnace / sha f t  
f u r n a c e  s t o v e  F F F I F I 1 I I 1 F. 1 

"/ I t  should be  no ted  t h a t  t h e r e  a r e  some food p rocesses ,  such as g r a i n  d ry ing ,  where r e s i d u a l  o i l  has  been used. However, t h e s e  pro- 
c e s s e s  account  f o r  o n l y  a  smal l  p o r t i o n  of food p rocess  h c n t  u se .  

b' F e a s i b l e  i n  many u n i t  me l t e r s  i n  t h e  c o n t a i n e r  g l a s s  i n d u s t r y  and s e l e c t e d  p re s sed  and blown . g l a s s  p roduc t s .  Product s p e c i f i c a t i o n s  
i n  most o f  t h e  f l a t  g l a s s  i n d u s t r y  p rec lude  t h e  use  o f  f u e l s  wi th  high a sh  con ten t .  A very  rough e s t i m a t e  would b e  75 pe rcen t  
f e a s i b l e ,  25 pe rcen t  i n f e a s i b l e .  '' F e a s i b l e  except  f o r  h igh  alumina b r i c k  product ion and r e f r a c t p r i e s  f i r e d  a t  over  2 4 5 0 ~ ~ .  Th i s  accounts  f o r  roughly h a l f  t h e  f u e l  i n  
t h i s  c a t e g o r y .  

L i s t ed  as i n f e a s i b l c  because t h c  feedstock processed i s  v o l a t i l e  and r e q u i r e s  p r e c i s e  t empera tu re s  t o  ensu re  s a f e  handl ing.  Current 
a l t c r n a t c  f u e l  u se  would be inadequa te  t o  ensu re  p rope r  s a f e t y .  

Fcas ib l e  f o r  t empera tu re s  undcr 800'~. 

f /  I n f e a s i b l e  i n  most c a s e s  due t o  s c a l i n g .  



TABLE 5.2 

TECHNICAL FEASIBILITY ASSESSMENTS FOR RETROFIT UNITS 

Heat Sources 

LBG/ SRC-2 SRC- 1 Wood and Municipal 
MBG Methanol (liquid) 9 (solid) Coal Wood Waste Waste -- 

Indirect Electri- 
AFBC Heat fication Solar ---- Industry 

Food 

Textiles 

Glass 

Process 

Ovens, dryers 

Drying 

Unit melter 

Regenerative melter 

Annealing lehr 

Lime 6 
Cement Rotary kiln 

Brick 6 
Clay 

Refractory kiln, 
coremaking oven 

Face brick kiln 

High-risk fired 
heater 

Chemicals 

Petroleum High-risk fired 
heater 

Cledium-risk fired 
heaters : 

>50 hlMBtu/hr 

<50 MMBtu/hr 

Low-risk fired 
heaters : 

Steel Ei 
Aluminum ' 

Traveling grate and 
sinter furnace 

Coke oven/anode 
prebake 

Blast furnaceliron 
cupola (H-I) 

Soaking pit/reheat 
furnace 

Heat trcat furnace 

Alumina rotary kiln 

P.luminum reverbera- 
tory furnace 

Grate kiln 

Blast furnacelshaft 
furnace stove 

It should be noted that there are some food processes, such as grain drying, where residua1 oil has been used. However, these pro- 
cesses account for only a small portion of food process heat use. 

b' Feasible in many unit melters in the container glass industry and selected pressed and blown glass products. Product specifications 
in most of the flat glass industry preclude the use of fuels with high ash content. A very rough estimate would be 75 percent 
feasible. 25 Dercent infeasible. . . 
Feasible except for high alumina brick production and refractories fired at over 2450'~. This accounts for roughly half the fuel in 
this category. 

Listed as infeasible because thc feedstock processed is volatile and requires precise temperatures to ensure safe handling. Current 
alternate fuel usc would be inadequate to ensure propcr safety. 



processing. Coal, raw coal gas, COM, SRC-1, SRC-2, municipal waste, wood, 

and wood waste are considered infeasible because of fuel contamination. 6 / 

5.2.3 Textiles 

Direct firing in the textiles.industry, primarily used in singeing, drying,. 

and heat setting, requires clean and highly controllable heat to maintain 

proper product quality. In some processes, the use of soot-forming fuels 

is not detrimental since produ.cts are or can be washed subsequel-1.L to firing. 

Final'processing, however, would not permit soot cont-amination, In addi-  

tion, many fuels containing soot and ash are not highly controllable and, 

thus, would not be appropriate for the textile industry. 

Natural gas currently is the dominant fuel used in the textile industry. 

During natural gas curtailments, many mills simply shut down. " Mills 
which did switch to distillate oil, such as Riegel Textile Corporation's 

division in La France, South Carolina, were able to operate some units suc- 

cessfully, but maintenance costs were increased. 

The use of clean coal gas, indirect heat, electrification, solar energy, 

and methanol are considered feasible in new units. Retrofits to indirect 

heating would not be possible,8' and retrofit to solar energy uses would be 

limited to supplying hot water. Coal, COM, SRC-1, SRC-2, raw.coa1 gas, 

municipal waste, wood, and wood waste are considered infeasible for use in 

textile nonboilers due to fuel contamination levels. g/  

5.2.4 Stone, Clay and Glass 

The industries considered as stone, clay and.glass i n d u s t r i e s  arc cement, 

lime, clay, brick, and glass manufacture. The major energy-consuming 

processes considered in the following discussion are cement and lime rotary 

kilns, unit melters and regenerative melters in the glass industry, an- 

nealing lehrs, refractory kilns, coremaking ovens, and face brick kilns. 

The aluminum reverberatory furnace and the grate furnace in the aluminum 



and steel, industries are discussed in this section because their technical 

requirements are similar to the requirements of equi,pment in the stone, 

clay and glass industries. 

5.2.4.1 Unit Melter/Aluminum Reverberatory Furnace 

Unit melters in the glass industry are smaller furnaces which operate con- 

tinuously and usually do not have heat recovery equipment. Glass melters 

operate between 2500 and 2900'~ and require a radiant flame to achieve 

desired rates of heat transfer. Since this process is a melting applica- 

tion, there are no strict constraints on even heat flux, although-the 
+ 0 process temperature must be maintained at about -25 F. Some heavy hydro- 

carbon fuels contain metal oxides that can cause glass discoloration, but 

unit melters usually produce low grade gla.ss products, elirr~inating contami- 

nation as a serious constraint. Currently, natural gas is the predominant 

fuel used in unit melters; both distillate and residual oil are used in 

small quantities. Historically, "producer gas" from coal gasification 

units was used before natural gas became widely available. 101 

Aluminum reverberatory furnaces are similar in design to the glass unit 

melter and are used to melt aluminum scrap and ingots of new metal prior to 

casting operations. This unit is the second largest consluner of energy in 

the aluminum industry, with natural gas the primary fuel source. The major 

constraint in reverberatory furnace operation is that particles from the 

flame must not pierce the aluminum oxide skin which forms over the melt and 

acts to protect the metal from contamination and further oxidation. 

The use of raw and clean coal gas is considered feasible based on past use 

in glass melters. However, the refractories now used in glass melters may 

not function as well or as long as they do with natural gas use due to the 

incompatibility of basic-type refractories with the reducing atmospheres 

sometimes created by coal gas combustion. In new units, it may be neces- 

sary to use conventional fireclay refractories which have a lifespan four 

to five times shorter than typical modern refractories but are not affected 



by reducing atmospheres. In  r e t r o f i t  cases ,  raw and c lean  coal  gas a r e  

considered sometimes f e a s i b l e ,  depending on the  type o f  r e f r a c t o r y  used. 

Refractory manufacturers a r e  researching the  performance of  has ic  r e f r a c -  

t o r i e s  i n  reducing atmospheres. Only a f t e r  t h i s  research  has achieved 

d e f i n i t e  p o s i t i v e  r e s u l t s  w i l l  t he  indus t ry  accept  the  r i s k s  involved i n  

coa l  gas use.  

While e l e c t r i c  me l t e r s  a r e  considered f e a s i b l e  throughout the  indus t ry ,  

t h e r e  i s  considerable  di.sa.greement about the  f u t u r e  of  e lecrr iciry use.  

Some g l a s s  producers a r e  moving away from e l e c t r i c  technology, c i t i n g  the  

greaLer e f f i c i e n c y  o f  n a t u r a l  gas; o thc r s  a r e  pursuing e l e c t r i c  furnace 

resea rch  and expect e l e c t r i c i t y  use t o  become more important i n  the  f u t u r e .  

The use  of  methanol a s  a s u b s t i t u t e  f o r  na tu ra l  gas o r  f u e l  o i l  i s  con- 

s i d e r e d  f e a s i b l e  i n  both new and r e t r o f i t  app l i ca t ions .  E l e c t r i f i c a t i o n  o f  

t h e s e  u n i t s  with a r c  heat ing  i s  considered t e c h n i c a l l y  f e a s i b l e  i n  new 

u n i t s ,  but r e t r o f i t t i n g  i s  considered impract.ica1 due t o  expensive requi red  

furnace  changes. The p resen t  use of f o s s i l  f u e l - e l e c t r i c  hybrid furnaces 

is I I U L  UncomOri. 1 ' /  

The hydrocarbon f u e l s  which contain ash  (SRC 1, SRC-2, r.esidual o i l ,  LUM, 

and coa l )  a r e  considered sometimes t echn ica l ly  f e a s i b l e  i n  both new and 

r e t r o f i t  u n i t s  because of  p o t e n t i a l  contamination problems. F e a s i b i l i t y  

w i l l  depend on how the  quan t i ty  of  ash i n  t h e  f u e l  a f f e c t s  the  q u a l i t y  of  

t h e  g l a s s  produced. 

In  genera l ,  conta iner  g l a s s  has l e s s  s t r i n g e n t  s p e c i f i c a t i o n s  than f l a t  

g l a s s  ( i . e . ,  windshield g l a s s ) .  Spec i f i ca t ions  f o r  presqed and blown g l n z ~  

vary  wi th  the  product.  Almost h a l f  t h e  g l a s s  mel ter  f u e l  use i n  pressed 

and blown g lass  and most of t h c  conta iner  g l a s s  may be a b l e  t o  burn low 

q u a l i t y  f u e l s  by charging t h e  batch t o  compensate f o r  the  d i sco lo ra t ion  due 

t o  rhe i i ietal l ic  and ash content  of the  . fue ls .  The d i s c o l o r a t i o n  e f f e c t s  of  

metal oxides on g l a s s  o f t e n  can be negated by adding con t ras t ing  co lo ran t s ;  



unfo r tuna te ly ,  s i n c e  t h e  content  and r a t e  of  d e p o s i t i o n  va ry ,  t h i s  i s  a  

d i f f i c u l t  and u n c e r t a i n  ope ra t ion .  P a r t i a l  coa l  f i r i n g  has been used on an  

experimental  b a s i s  by Columbine G1,ass Company, but  no commercial f a c i l i t i e s  

p r e s e n t l y  e x i s t .  

Municipal waste, wood, and wood waste a r e  considered i n f e a s i b l e  because of  

contaminat ion l e v e l s  a n d . t h e  p e l l e t i z e d  form of t h e  f u e l  which could p i e r c e  

o r  mel t  t h e  su r f ace .  AFBC, i n d i r e c t  h e a t ,  and s o l a r  energy a r e  considered 

i n f e a s i b l e  because they  cannot r each  s u f f i c i e n t l y  high process  temperatures .  

In  a d d i t i o n ,  AFBC r e q u i r e s  an inappropr ia te .mode  of  m a t e r i a l  charg ing .  

5.2.4.2 Regenerat ive Melters/Open Hearths  

Large furnaces  used i n  t h e  g l a s s  i n d u s t r y  a r e  r egene ra t ive  fu rnaces  which 

o p e r a t e  s i m i l a r l y  t o  u n i t  m e l t e r s  b u t  a l s o  have h e a t  recovery devices  ( r e -  

gene ra to r s )  which prehea t  combustion a i r  wi th  hea t  e x t r a c t e d  from t h e  f l u e  

gas stream. Open h e a r t h  fu rnaces  i n  t h e  s t e e l  i n d u s t r y  a r e  s i m i l a r  i n  

design t o  r egene ra to r s ;  they  mel t  i r o n  r a t h e r  than  g l a s s  and ope ra t e  a t  

2700'~; ~ < e  t o  t h e  h e a t  recovery dev ices ,  t h e s e  fu rnaces  a r e  s e n s i t i v e  t o  

t h e  presence of a sh  i n  t h e  f u e l  because ash  can coa t  t he  h e a t  t r a n s f e r  

s u r f a c e  o f  t h e  r egene ra to r ,  cause t h e  r e f r a c t o r y  t o  spa11 o r  d r i p ,  o r  

p h y s i c a l l y  plug t h e  f l u e  gas channels  i n  t h e  device .  In  a d d i t i o n ,  s u l f u r  

i n  t h e  f u e l  can combine wi th  sodium from t h e  raw m a t e r i a l s  used i n  g l a s s  

manufacturing t o  form sodium s u l f a t e  which w i l l  condense o u t  of  t h e  f l u e  

gas s t ream a t  about 900 '~ .  This  contaminant adds t o  t h e  plugging problem 

caused by ash .  

Curren t ly ,  n a t u r a l  gas and some f u e l  o i l  a r e  used i n  g l a s s  me l t e r s .  Open 

h e a r t h s  a r e  fue l ed  by n a t u r a l  gas  o r , a n  in t e rna l ly -gene ra t ed  f u e l  such a s  

coke oven gas .  Open h e a r t h  s teelmaking has been decreas ing  f o r  a  number of  

yea r s  and i s  being phased ou t  a c r o s s  t h e  i n d u s t r y ;  any c a p i t a l  investment 

i n  t h e s e  u n i t s  would be h igh ly  u n l i k e l y ,  e s p e c i a l l y  f o r  a  f u e l  conversion,  

since gas from coa l  a l r e a d y  may be used.  I t  is n o t  a n t i c i p a t e d  t h a t  any 

new open h e a r t h  fu rnaces  w i l l  be cons t ruc t ed .  



A s  i n  u n i t  m e l t e r s  f o r  t h e  g l a s s  i n d u s t r y ,  raw c o a l  gas ,  c l e a n  coa l  gas ,  

and e l e c t r i f i c a t i o n  a r e  considered f e a s i b l e .  Raw c o a l  gas  and c l e a n  coa l  

gas  a r e  o n l y  sometimes f e a s i b l e  i n  r e t r o f i t  u n i t s  due t o  t h e  contaminat ion 

o f  b a s i c  r e f r a c t o r i e s  used i n  r e g e n e r a t i v e  chambers. Switching away from 

b a s i c '  r e f r a c t o r i e s  and r e t u r n i n g  t o  t h e  t r a d i t i o n a l  f i r e c l a y - t y p e  r e f r a c -  

t o r i e s  would s h o r t e n - f u r n a c e  l i v e s  from s i x  yea r s  t o  about 1 8  months, t h u s  

imposing a  s eve re  economic burden on t h e  g l a s s  manufacturer .  12' ~ o n s e -  

quen t ly ,  r e t r o f i t t i n g  t o  c o a l  gas i s  extremely u n l i k e l y .  The r e t r o f i t  o f  

convent iona l  me l t e r s  t o  e l e c t r i c i t y  i s  cons idered  i n f e a s i b l e  due t o  t h e  

e x t e n s i v e  and 'expensive changes r equ i r ed .  

' h e  heavy hydrocarbon f u e l s  t h a t  con ta in  a sh  (SRC-1, SRC-2, r e s i d u a l  o i l ,  

COM, and c o a l )  a r e  considered sometimes f e a s i b l e ,  a s  i n  u n i t  me l t e r s ,  due 

t o  f u e l  contaminat ion.  Coal has  been combus~ted un a  very  shor t - te rm b a s i s  

i n  a  r e g e n e r a t i v e  me l t e r  wi th  moderate bu t  inconclus ive  success .  13' The 

use  o f  coa l  and COM i s  considered i n f e a s i b l e  i n  r e t r o f i t  a p p l i c a t i o n s  s i n c e  

t h e  h igh  a s h  content  of  t h e s e  f u e l s  would cause s e r i o u s  ope ra t ing  d i f f i - '  

c u l t i e s .  

Municipal waste,  wood, and wood waste a r e  i n f e a s i b l e  due t o  t h e  form of  t h e  

f u e l .  I n d i r e c t  h e a t i n g  and s o l a r  energy a r e  i n f e a s i b l e  due t o  process  

tempera ture  l i m i t a t i o n s .  AFBC i s  i n f e a s i b l e  due t o  process  temperature and 

t h e  mode of  m a t e r i a l  charg ing .  

5 .2.4.3 Annealing Lehr 

Lehrs a r e  cont inuous fu rnaces  used t o  r e l i e v e  s t r e s s  i n  g l a s s  products  by 

s lowly  h e a t i n g  t h e  product t o  800-1200'~ and then a l lowing  it t o  cool  

s lowly.  Most g l a s s  products  must be cosme t i ca l ly  unflawed, r e q u i r i n g  t h e  

h e a t  sou rce  i n  l e h r s  t o  be both c l ean  and c o n t r o l l a b l e .  P re sen t ly ,  n a t u r a l  

gas  and propane a r e  t h e  only  f u e l s  used i n  annea l ing .  .14/ 



Clean coal gas and .methanol are the only fossil fuels which might.be feasi- 

ble in this process. 15' It nay be necessary to vaporize the methanol to* 

achieve proper combustion. The variability of coal gas composition may 

result in some increased breakage of the product. Electricity is feasible 

and commercially proven for use in annealing lehrs. All of the technolo- 

gies which are feasible in new units also are feasible in retrofitted 

units. 

. Raw coal gas, SRC-1, SRC-2, residual oil, COM, and coal are considered 

technologically infeasible due to fuel contamination. Solar energy and 

indirect heating are considered infeasible due to process temperature limi- 

tations. Municipal waste, wood, and wood waste are infeasible due to the 

form of the fuel and contamination. AFBC is infeasible due to the mode of 

the material to be charged. 

5.2.4.4- Cement and Lime Rotary Kilns/Grate ~ilns . 

The fired units in all of these processes consist of long cylindrical re- 

fractory-lined chambers which rotate slowly and are fired from one end.of 

the cha.mber axially towards the other end. The.temperature in the chamber 

is maintained between 2800 and 3000°~, the temperature required to dry. and 

calcine the material being processed. A long radiant-type flame generally 

is desired to provide the. most efficient heat transfer throughout the 

entire length of the kiln. Fuel contamination sometimes poses a problem in , 

these process heaters. However, ash deposition jn the calcined cement is 

not harmful and, in fact, reduces the raw material requirements of the 

cement. Lime is usually not significantly degraded by ash from fuels. The 

amount of ash allowable in the lime varies with the use of lime; uses de- 

manding minimal impurities and processes requiring the recycling of lime 

through the kiln (as in the paper industry) could not withstand significant 

ash deposition.   rate kilns, however, arc not affected by ash deposition. 
In 1974, natural gas provided 45 percent, coal provided 38 percent, and oil 

supplied 10 percent of the fossil fuel used in cement manufacturing. 
'17/ 



Recently, coal  consumption has been increas ing,  and t h e  Port land Cement 

Associat ion has  est imated t h a t ,  by the  end of 1980, coal   ill proyide 75 
18/ percent  of  k i l n  energy. 

The use  of  SRC-1, SRC-2, r e s i d u a l  o i l ,  raw coa l  gas, c lean  coa l  gas,  and 

methanol a r e  f e a s i b l e  i n  t h e s e  k i l n s .  The use of  coa l ,  COM, wood, wood 

waste, and municipal waste i s  sometimes f e a s i b l e  i n  lime manufacture under 

t h e  a sh  contaminat ion- l imi ts  discussed above. 19/ AFBC, i n d i r e c t  heat ,  and 

s o l a r  energy are i n f e a s i b l e  due t o  remperature l i m i t a t i o n s .  

The use  of  e l e c t r i c i t y  i n  r o t a r y  k i l n s  i s  consi'dered i n f e a s i b l e  s ince  r e -  

s i s t a n c e  heat ing  could I I U L  d e l i v e r  s u f f i c i c ~ l t  heat f l u x .  In add i t ion ,  the  

conf igura t ion  of  the  k i l n  would make it d i f f i c u l t  t o  i n s t a l l .  Arc heat ing  

i s  inappropr ia te  s i n c e  it would melt the  prod11c:t and furnace wal ls .  I t  may 

be poss ib le  t o  design a nonrotary e l e c t r i c  k i l n  f o r  ca lc in ing ,  but  s ince  

d i r e c t  coa l  f i r i n g  i s  f e a s i b l e ,  it i s  not  a  p r a c t i c a l  opt ion .  

5 .2 .4 .5  Refractory Kiln/Coremaking Oven 

T l ~ e s e  u n i t s  a r e  both continuous and per iodic  furnaces which f i r e  ceramic 

products  t o  be used i n  subsequent i n d u s t r i a l  and high temperature equip- 

ment. Since r e f r a c t o r i e s  are sub jec t  t o  severe condi t ions  over.extended 

per iods  of time, manufacturers a r e  .concerned with any fac tor .which may 

a f f e c t  t h e  performance of  the  product i n  i t s  end use. 

Flame requirements a.re no t  a f a c t o r  l imi t ing  use of var ious  f u e l  types .  

Temperature control.  a l s o  i s  not  a s  c r i t i c a l  t o  r e f r a c t o r y  k i l n s  a s  o the r  

processes,  although reasonable temperature contro l  i s  necessary t o  f i r , e  t h e  

loads  properly.  Furnace temperatures can vary bstrfccn 2300 and 3 4 0 0 U ~ ,  

depending on the  product.  

Product contamination i s  a c r i t i c a l  f a c t o r  i n  burning various rut31 a l t e r n a -  

Lives. Some r e f r a c t o r y  products absorb contaminants from combustion gases 



of heavy fuels; depending. on the effect on product integrity, this may or 

may not be a desirable occurrence. Other refractories and foundry cores 

are fired at temperatures above normal ash fusion temperatures so that if a 

fuel contains ash, it can settle on the surface of the ware and fuse to the 

outer surface. This is not acceptable to most products and must be av.oided 

by "furniture brick," a hood covering the primary load. The use of pro- 

tective hoods increases cost and reduces fuel efficiency since the hood 

reduces available space in the kiln and insulates the primary load from the 

direct flame. 

Currently, the major fuel in refractory manufacture is natural gas, with 

some distillate fuel and electricity use. Electrification and clean coal 
# 

gzs are considered technically feasible in both new and retrofit units. 

Fuels which contain ash (coal, COM, SRC-1, SRC-2, residual oil, and raw 

coal gas) are sometimes feasible in new and retrofit units, depending on 

the amount and type of contaminants in the fuel and the susceptibility of 

the product (as explained above) to ash. 

Municipal waste, wood, and wood waste are infeasible due to the form of the 

fuel. Solar energy, indirect heat, and AFBC are classified as infeasible 

due to process temperature limitations. AFBC use also is constrained by 

the mode of material charging. 

5.2.4.6 Face Brick Kilns 

The periodic and continuous kilns used to fire construction quality brick 

are extremely flexible in the types of fuels they can utilize. In fact, 

the irregular burning pattern of fuels such as pulverized coal may enhance 

the value of the product by creating a mottled or irregular finish on the 
0 

brick. Typical process temperatures are between ,1800 and 2400 F. Pre- 

sently, natural gas is the predominant fuel used due to its convenience and 

controllable nature. Distillate oil also is used in some units. 



Coal, COM, SRC-1, SRC-2, r e s i d u a l  o i l ,  raw c o a l  gas ,  c l ean  c o a l  gas ,  meth- 

a n o l ,  and e l e c t r i c i t y  a r e  considered t e c h n i c a l l y  f e a s i b l e  i n  bo th  new and 

r e t r o f i t  a p p l i c a t i o n s .  Coal combustion systems p r e s e n t l y  a r e  a v a i l a b l e  

from s e v e r a l  manufacturers  and a r e  i n  commercial u s e  a t  s e y e r a l  l o c a t i o n s .  201 

Municipal waste ,  wood, and wood wastes  a r e  considered f e a s i b l e  i n  new u n i t s  

b u t  r e q u i r e  a  s toke r - type  combustion system. These f u e l s  a r e  sometimes 

f e a s i b l e  i n  r e t r o f i t  a p p l i c a t i o n s  i f  t h e  k i l n  can be converted t o  a  s toke r -  

f eed  conf  i gvra t ion .  

I n d i r e c t  h e a t ,  s o l a r  energy, and AFBC a r e  i n f e a s i b l e  due t o  temperature 

l i m i t a t i o n s .  AFBC a l s o  i s  i n a p p r o p r i a t e  due t o  t h e  mode of material charg-  

i ng .  t 

5.4.5 Petroleum and Chemicals 

5 .4 .5 .1  F i r ed  Heaters  ( t u b e s t i l l s .  ~ i ~ e s t i l l s l  

F i r e d  h e a t e r s  used i n  chemical and petroleum process ing  a r e  extremely l a r g e  

consumers 'o f  energy and have been d iv ided  i n t o  t h r e e  c a t e g o r i e s  (low-, me- 

dium-, and h igh - r i sk )  based on t h e  process  and t h e  f l u i d  being hea ted .  The 

pr imary c h a r a c t e r i s t i c s  considered a r e  t h e  temperature on t h e  process  s i d e  

o f  t h e  u n i t ,  t h e  f l u i d ' s  p o t e n t i a l  f o r  coking, t h e  r e a c t i v i t y  o f  t h e  feed-  

s t o c k ,  and t h e  degree of h e a t  d i s t r i b u t i o n  c o n t r o l  r equ i r ed  f o r  proper  pro-  

c e s s i n g .  

The f i r s t  category,  low-risk f i . red  h e a t e r s ,  c o n s i s t s  o f  u n i t s  which a r e  

ope ra t ed  a t  lower tempera tures  (below 8 0 0 ~ ~ ) ~  have a  low p o t e n t i a l  f o r  

coking,  and a r e ,  i n  gene ra l ,  t h e  l e a s t  demanding i n  terms of  t h e  p r e c i s i o n  

and q u a l i t y  o f  the  h e a t  d e l i v e r e d .  Units  involved i n  a l k y l a t i o n ,  atmos- 

p h e r i c  d i s t i l l a t i o n ,  and f eed  p r e h e a t e r s  t o  c a t a l y t i c  c racking  u n i t s  a r e  

cons idered  low r i s k .  Uni t s  above and below 50 MMBtu/hr a r e  considered sep-  

a r a t e l y  due t o  d i f f e r e n t  s o l i d  fue . l ' bu rne r  c o n s t r a i n t s .  



The second group of units, medium-risk fired heaters, is typically operated 

at higher temperatures than the first group of units, handles mo.re reactive 

feedstocks, has a higher potential for safety hazards, and has a greater 

chance of inducing coking. Classified in this group are hydrocracking, 

vacuum distillation, hydrotreating, hydrorefining, and catalytic reforming 

units. Due to the value of high octane blending agents for gasoline pro- 

duced in catalytic reEorming units, the increased risk of unscheduled, pro- 

longed downtime will minimize the potential for converting .these units. 

The medium-risk units also are differentiated by size category. 

The third and most sensitive group of fired heaters, classified as high 

risk, are the units operating at high temperatures, possessing a strong 

potential for coking, and requiring precise heat distribution and control. 

Units classified as high risk include units in the chemicals'industry (pri- 

marily ammonia, ethylene, and methanol) and delay cokers, hydrogen units, 

thermal crackers, and visbreakers in the petroleum industry. 

The fuels most commonly used in fired heaters are natural gas, refinery gas 

(gaseous byproducts of refinery operation), or the heavy ends of refinery 

operation, a fuel similar to residual oil. The fewer the constraints on 

the process heat, the more 1ikel.y the use of heavy ends. The replacement 

of these internally-generated byproduct fuels is extremely unlikely since 

they are available, inexpensive, and of little value to other users. 

5.2.5.2 High-Risk Fired Heaters 

Electrification of fired heaters (either resistance heating or a combina- 

tion of resistance and induction heating) and the use of methanol are the 

only alternatives to the fuels presently consumed in fired heaters. How- 

ever, electricity is considered infeasible only in new applications, and 

that use is considered extremely impractical. 211 

ResiduaJ. oil, SRC-2, raw coal gas, and clean coal gas are considered some- 

times feasible depending on the specific process requirements. At high 



temperatures, the impurities in residual oil Calso in SRC-2 and raw coal 

gas) may be too destructive to the sensitized metal in the process tubes. 

The unstable flame patterns that can be produced by the variable composi- 

tion of gas from a gasifier and from heavier liquid fuels at low firing 

rates may not provide sufficiently stable heat distribution in some cases. 

The retrofit of clean coal gas is considered sometimes feasible, depending 

on the requirements for stable heat release from the flame. It will be 

infeasible to cnnvert existing natural gas-fired units to SKC-2, residual 

oil, or raw coal gas due to fuel contamination [fo~~l tn.g of finned tubes and 

corrosion induced from ash) and uneven heat distribution. 

Indirect heat is feasible for these tubestills, but only in units where the 

process temperature is below 800'~. It is infeasible to rctrofit to in- 

direct heat. Coal, COM, SRC-1, wood, wood waste, and municipal waste are 

infeasible due to fuel contamination and heat distribution problems. Solar 

energy is infeasible due to temperature and consistency limitations. AFBC 

is infeasible in these units due to heat distribution constraints and the 

high coking potential in AFBC units (due to high process tube temperatures). 

5.2.5.3 Medium-Risk Flred Heaters 

In these heaters, the use of SRC-1, SRC-2, residual oil, raw coal gas, 

clean coal gas, and methanol is considered feasible in new units. In 

retrofits, SRC-1, SRC-2, and residual oi.1 are infeasible due to ash prob- 

I lems in the finned convection section.22' Retrofits to raw and clean coal 

gas are feasible, but productive capacity may have to be derated due to the 

combustion volume and heat transfer characteristics of the coal gases. 23/ 

Electricity is feasible, as in the high-risk case, and indirect heating is 
0 feasible for units with process temperatures below 800 F. Neither of these 

technologies is feasible in retrofit applications since the changes required 

in the combustor are too significant. 



COM, coa l ,  municipal waste, wood, and wood waste a r e  i n f e a s i b l e  due t o  

furnace degradation from the  a s h . i n  the  fue l  and uns tab le  heat  d i s t r i b u -  

t i o n .  AFBC i s  i n f e a s i b l e  due t o  heat  d i s t r i b u t i o n  problems caused b.y hot  

tube sk in  temperatures t h a t  can r e s u l t  i n  coking.24/ So la r  energy i s  

i n f e a s i b l e  s i n c e  it cannot c o n s i s t e n t l y  provide t h e  temperatures requi red  
* 

f o r  processing.  

5.2.5.4 Medium-Risk Fired Heaters (below 50 MMBtu/hr) 

The only change i n  f e a s i b i l i t y  between l a r g e  and small f i r e d  h e a t e r s  i n  

t h i s  category is  t h a t  SRC-1 i s  i n f e a s i b l e  i n  new u n i t s  below 50 MMBtu/hr 

due t o  burner and flame s t a b i l i t y  requirements. 

5.2.5.5 Low-Risk Fi red  Heaters [above 50 MMBtu/hr) 

In  these  heaters ,  t h e  use of clean coal  gas, raw coal  gas,  methanol, coa l ,  

COM, SRC-1, SRC-2, r e s i d u a l  o i l ,  'wood, wood wastes, e l e c t r i c i t y ,  and AFBC 

i s  considered f e a s i b l e  i n  new u n i t s  designed f o r  these  f u e l s .  However, 

only the  use of raw coa l  gas, c lean  coal  gas,  and methanol i s  considered 

always f e a s i b l e  i n  r e t r o f i t s  of these  u n i t s .  R e t r o f i t s  t o  r e s i d u a l  o i l  and 

SRC-2 a r e  sometimes f e a s i b l e ,  depending on the  design of  the  convection 

s e c t i o n  of the  h e a t e r  and t h e  s u s c e p t i b i l i t y  of  the  tubes,  e s p e c i a l l y  the  

f inned tubes ,  t o  ash deposi t ion .  Coal, COM, SRC-1, wood, and wood wastes 

a r e  i n f e a s i b l e  i n  r e t r o f i t  app l i ca t ions  due t o  ash ,  s u l f u r ,  and flame 

jmpingement which could degrade t h e  tubes i n  the  h e a t e r .  E l e c t r i c i t y  and 

AFBC r e t r o f i t s  a r e  i n f e a s i b l e  due t o  the  magnitude of changes requi red  t o  

e f f e c t  t h e  conversion. 

P r a c t i c a l l y ,  it i s  not  expected t h a t  these  u n i t s  w i l l  conyert away from t h e  

heavy ref inery 'byproducts  used. The heayy o i l  o f t en  i s  produced i n  t h e .  

u n i t  i n  which it i s  consumed and i s  an inexpensive f u e l  t o  the  r e f i n e r .  In  

addi t ion; the  problems associa ted  with s i t i n g  coal  s to rage  and handling 

f a c i l i t i e s  i n  an e x i s t i n g  r e f i n e r y  probably a r e  too c o s t l y  t o  overcome i n  

t h e  1980/1990 time frame. 



I n d i r e c t  h e a t  i s  sometimes f e a s i b l e  i n  new u n i t s  i n  which the  process tem- 

p e r a t u r e  i s  below 800'~.  I n d i r e c t  heat ing  i s  i n f e a s i b l e  i n  r e t r o f i t  u n i t s  

due t o  i n s u f f i c i e n t  hea t  f l u .  

So la r  energy i s  i n f e a s i b l e  due t o  process temperature l i m i t a t i o n s  and 
' T 

i n c o n s i s t e n t  hea t  de l ive ry .  Municipal waste is' c l a s s i f i e d  as i n f e a s i b l e  

due t o  the  incons i s t en t  composition of t h e  f!~e.l, a f f e c t i n g  the  r a t e  of hea t  

r e l eased  t o  the  process,  and t r a c e  impur i t ies  i n  t.he f u e l  which may degrade 

furnace  tubes  and wal ls .  

5.2.6 S t e e l  and Alumin~lm 

5.2.6.1 Traveling ~ r a t e / ~ i n t e r  Furnace 

Fuel i s  used i n  t h e s e  furnaces  t o  f i r e  o r  i g n i t e  the  moving beds whjch 

c a r r y  t h e  s i n t e r  and i r o n  o r e  product's. Since t h e  products of  these  f u r -  . 

naces go t o  the  b l a s t  furnace,  t h e r e  a r e  minimal c o n s t r a i n t s  on contami- 

nan t s .  However, t h e  burners i n  these  furnaces tend t o  be small and have 

t h e  p o t e n t i a l  f o r  wide turndown. Fuels which cannot be burned i n  the  

e x i s t i n g  combust ion  systems can be combusted i n  ex te rna l  combust ion cham- 

b e r s ,  and supplemental g a s - f i r i n g  capab i l i ty  i s  feas ib le  for opera t ion  a t  

low f i r i n g  r a t e s .  Present ly ,  the  primary f u e l  used i n  these  processes i s  

n a t u r a l  gas.  
-- 

8 

The use  of  COM, c o a l ,  SRC-1, SRC-2, r e s idua l  o i l ,  raw coal  gas, clean coal 

gas,  and methanol a r e  considered f e a s i b l e .  Although t h e  use  of these  f u e l s  

might r e q u i r e  extens ive  modificat ion t o  the  combustion chamber of these  

u n i t s  i n  some cases,  a l l  of these  f u e l s  a l s o  a r e  considered f e a s i b l e  i n  

r e t r o f i t  u n i t s .  

Municipal waste, wood, and wood waste a r e  considered i n f e a s i b l e  due t o  the  

p e l l e t i z e d  form of t h e  f u e l  which would make it incompatible with the  r e -  

qui red  combustion system. E l e c t r i f i c a t i o n  i s  i n f e a s i b l e  s ince  it cannot 

provide the  proper heat  d i s t r i b u t i o n  o r  t h e  heat  f l u x  t h a t  a  flame pene- 



t r a t i n g  the  bed can provide. Ind i rec t  heat ,  s o l a r  energy, and AFBC a r e  

i n f e a s i b l e  mainly. due t o  process temperature l i m i t a t i o n s .  

5.2.6.2 Coke Oven/Anode Prebake Oven , 

Coke ovens and anode prebake ovens both have long, narrow v e r t i c a l  combus- 

t i o n  chambers running beside t h e  a r e a  t o  be heated.  There a r e  ceramic 

wal ls  between the  combustion chamber and the  packed furnace a r e a .  These 

wal ls  provide both s t r u c t u r a l  support and heat  t r a n s f e r .  Due t o  the  na tu re  

of t h e i r  cons t ruct ion ,  the  combustion chambers a r e  inaccess ib le  f o r  rou t ine  

maintenance; consequently, ash o r  soot  accumulation on the  combustion 

chamber wal ls  o r  around burner p a r t s  i s  not  permissible.  This cons t ra in t  

a l s o  app l i e s  t o  the  regenera t ive  hea t  recovery chamber on coke ovens. 

Current burner design makes only gaseous f u e l s  f e a s i b l e  i n  these  ovens. 

Natural gas p resen t ly  i s  burned i n  anode prebake ovens. Coke ovens combust 

in ternal ly-genera ted  coke oven gas,  a  gas derived from coal  with a hea t  

content  of about 500 Btu/scf .  Because t h i s  i n t e r n a l  coal-based heat  source 

e x i s t s ,  the  p o t e n t i a l  t h a t  any a l t e r n a t i v e  w i l l  pene t ra te  t h i s  market i s  

small .  

Raw coal  gas, clean coal  gas, and methanol a r e  considered f e a s i b l e  i n  new 

u n i t s .  Clean coal  gas i s  prefer red  over raw coal  gas t o  reduce the  r i s k  of 

a l t e r n a t e  f u e l  use and extend t h e  l i f e  of the  unhts  a s  much a s  poss ib le .  

In r e t r o f i t  cases,  clean and raw coal  gas a r e  considered sometimes f e a s i b l e  

s ince  these  g a s i f i e r s  may r e q u i r e  an a i r - t o - f u e l  r a t i o  t h a t  may not  be 

poss ib le  t o  achieve i n  the  e x i s t i n g  regenera t ive  chambers of some of the  

un i t s .26 /  Methanol is t e c h n i c a l l y  i n f e a s i b l e  s ince  present  u n i t s  cannot 

accept  l i q u i d  f u e l s .  

Coal, COM, SRC-1, SRC-2, r e s idua l  o i l ,  municipal waste, wood, and wood 

wastes a r e  a l l  t echn ica l ly  i n f e a s i b l e ,  pr imar i ly  due t o  contaminants i n  the  

f u e l s  and the  form of the  f u e l s .  E l e c t r i c i t y  i s  considered i n f e a s i b l e  

s ince  r e s i s t a n c e  heat ing  cannot provide s u f f i c i e n t  hea t  f l u x  through t h e  



ceramic wal ls  and a r c  h.eating cannot provide s u f f i c i e n t l y  even heat  d i s -  

t r i b u t i o n .  Ind i rec t  hea t ,  s o l a r  energy, and AFBC a r e  considered techni-  

c a l l y  i n f e a s i b l e  due t o  process temperature and hea t  f l &  l i m i t a t i o n s .  

5.6.2.3 Blast  Furnace/Iron Cupola (hjrdrocarbori i n j e c t i o n )  

This  process category v a r i e s  s i g n i f i c a n t l y  from o the r s  i n  t h i s  study because 

t h e  f u e l  i s  not used s o l e l y  f o r  i t s  heat ing  value  but  a l s o  f o r  i t s  chemical 

components. The func t ion  of an i n j e c t a n t  i s  t o  reduce the  amount of coke 

which must be charged t o  a b l a s t  furnace.  Present ly ,  na tu ra l  gas, f u e l  

o i l ,  and coa l  a r e  used a s  i n j e c t a n t s .  COM i s  being t e s t e d  and i s  expected 

t o  perform wel l .  Coal, COM, SRC-1 ,  SRC-2, r e s idua l  o i l ,  raw coal  g a s ,  

c l e a n  coal  gas, and methanol a r e  considered t echn ica l ly  f e a s i b l e .  Even 

though these  f u e l s  a r e  t e c h n i c a l l y  f e a s i b l e ,  it may be necessary t o  change. 

t h e  raw mate r i a l s  fed t o  the  furnace t o  achieve good performance. 2 7 /  These 

changes may not be economical opt ions  t o  t h e  producer. 

Municipal waste, wood, and wood waste $re  considered t e c h n i c a l l y  infeasib3.e 

due t o  v a r i a b l e  compositions and f u e l  contaminants. AFBC, i n d i r e c t  hea t ,  

s o l a r  energy, and e l e c t r i f i c a t i o n  a r e  t e c h n i c a l l y  i n f e a s i b l e  s ince  they 

cannot provide t h e  chemical c o n s t i t u e n t s  ( p r i n c i p a l l y  carbon) required f o r  

t h e  process.  

5.2.6.4 Blast  Furnace Stove/Shaft Furnace Stove 

These s toves  provide hot  (1500-2000'~) gases f o r  i n j  ec t ion  i n t o  t h e i r  a s -  

soc ia ted  mate r i a l  processing uni- ts .  O f  t h e  two u n i t s ,  b l a s t  furnace s toves  

consume f a r  more.energy than do s h a f t  furnaces,  which a r e  a decl in ing 

technology. In t h e  b l a s t  furnace s tove ,  a gas (usual ly  coke oven gas, 

b l a s t  furnace  gas, o r  n a t u r a l  gas) i s  combusted and the  hot  combustion 

products  pass  through a checker b r i ck ,  heat ing  the  ceramics'. The s tove  

then i s  "reversed" and a i r  i s  blown through the  checkerwork, heat ing it t o  

about 1 8 0 0 ~ ~ .  The gas channels i n  the  s toves  a r e  narrow and suscep t ib le  t o  

plugging. A change i n  design of t h e  s toves  from the  channeled checker 



. br ick  t o  a hasketweave of s o l i d  ceramics such as t h e  r egenera to r  i n  t h e  
' 

g l a s s  indus t ry  could a l l e v i a t e  t h e  a s h  problem but  a l s o  reduce ef f ic iency.  

Cleaning of t h e  s toves  during b l a s t  furnace r e l i n i n g  a l s o  would make t h e  

furnaces  more t o l e r a n t  of f u e l s  conta in ing  ash.  

The use of in t e rna l ly -de r ived  byproduct f u e l s ,  when ava i l ab le ,  i s  the  most 

l o g i c a l  and economic choice f o r  most u n i t s  i n  t h e  s t e e l  and aluminum indus- 

t r i e s .  The use of r e s i d u a l  o i l ,  SRC-1, SRC-2, raw coa l  gas,  c l ean  coa l  

gas,  and methanol i s  considered f e a s i b l e  i n  new u n i t s .  However, only c l ean  

coa l  gas and methanol a r e  considered f e a s i b l e  i n  r e t r o f i t  a p p l i c a t i o n s .  

Raw c o a l  gas i s  considered sometimes f e a s i b l e ,  depending on t h e  p a r t i c u l a t e  

composition of t h e  gas.  Residual o i l ,  SRC-1, and SRC-2 a r e  i n f e a s i b l e  i n  

r e t r o f i t  cases  because of a sh  problems i n  the  checkerwork, combustion 

chamber, and gas duc t s .  An e l e c t r i c  h e a t e r  would be t e c h n i c a l l y  f e a s i b l e  

but  a l s o  would be extremely imprac t i ca l .  R e t r o f i t  of an e x i s t i n g  s tove  

would no t  be f e a s i b l e .  

Fuel contamination problems render  c o a l ,  COM, municipal waste, wood, and 

wood waste i n f e a s i b l e .  The a sh  content  of these  f u e l s  i s  simply too  high 

t o  allow continuous opera t ion  f o r  a s ix-year  campaign. AFBC, i n d i r e c t  

hea t ,  and s o l a r  energy a r e  considered i n f e a s i b l e  because of  temperature 
0 

l i m i t a t i o n s .  I f  an opera tor  were w i l l i n g  t o  accept  1200 F b l a s t  a i r ,  AFBC 

might become an opt ion ,  but  t h i s  i s  an un l ike ly ' scena r io .  I .  

5.2.6.5 Soaking P i t  and Reheat Furnaces 

These types  of furnaces  a r e  used t o  hea t  and prepare s t e e l  p i eces  f o r  s l ab -  

bing,  r o l l i n g ,  forming, o r  o t h e r  processes.  Furnace temperatures vary  

between 1800 and 2450'~. Ash and s u l f u r  depos i ted 'on  t h e  load from t h e  

f u e l  can inc rease  t h e  amount of s c a l i n g  (o r  oxida t ion)  which occurs  on the  

exposed metal su r face .  However, t h e  incremental amount of metal l o s s  t h a t  

. w i l l . o c c u r  i s  not  s u f f i c i e n t  t o  cons ider  the  use of  f u e l s  conta in ing  ash  

t e c h n i c a l l y  i n f e a s i b l e .  Current f u e l  use i n  these  u n i t s  i s  s p l i t  between 



n a t u r a l  gas ,  coke oven gas,  and h l a s t  furnace gas.  A s  i n  a l l  s t e e l  indus- 

t r y  u n i t s  i n  which coke oven gas o r  b l a s t  furnace gas i s  ava i l ab le ,  the  

p e n e t r a t i o n  of o t h e r  a l t e r n a t e  f u e l s  w i l l  be small .  

The use  o f  coal ,  COM, SRC-1, SRC-2, r e s i d u a l  o i l ,  raw coal  gas, c l ean  coal  

gas,  and methanol i s  considered f e a s i b l e  i n  new u n i t s  designed f o r  the  

s p e c i f i c  f u e l .  R e t r o f i t s  t o  r e s i d u a l  o i l ,  SRC-2, raw coal  gas,  c lean  coa l  

gas,  and methanol a l s o  a r e  considered f e a s i b l e .  The use of coal ,  COM, and 

SRC-1 i s  i n f e a s i b l e  i n  r e t r o f i t s  due t o  an increased flame length  and f u e l  

contamination which would increase  t h e  r a t e  of fllsnace degradation.  Flame 

impingement and a s h  contamination of  t h e  r e f r a c t o r i e s  i n  these  furnaces 

could s i g n i f i c a n t l y  reduce the  operat ing l i f e  of  the  furnace.  In add i t ion ,  

t h e  hea t  recovery devices,  both recupera tors  and regenera tors ,  could become 

plugged with the  a sh  from coal  o r  COM. E l e c t r i c i t y  i s  considered f e a s i b l e  

but  extremely impract ica l  f o r  t h i s  type of heat ing  which requ i res  l a r g e  

hea t  inpu t s .  The use of  e l e c t r i c  induct ion  heat ing  i n  new u n i t s  f o r  spe- 

c i f i c  purposes (usual ly  heat ing  ba r s  and rods)  i s  proven and well  accepted 

i n  indus t ry ;  the  r e t r o f i t  of a u n i t  t o  e l e c t r i c i t y  i s  i n f e a s i b l e .  

Municipal waste, wood, and wood waste a r e  considered i n f e a s i b l e  due t o  the  

form of t h e  f u e l ,  s p e c i f i c a l l y ,  the  stoker-type arrangement t h a t  would be 

requi red .  AFBC, i n d i r e c t  hea t ,  and s o l a r  energy a r e  i n f e a s i b l e  due t o  

process  temperature l i m i t a t i o n s ,  hea t  f l u x  l i m i t a t i o n s ,  and, i n  the  case of  

AFBC, t h e  mode of ma te r i a l  charging.  

5.2.6.6 Heat Treat ing  Furnaces 

Heat t r e a t i n g ,  the  f i n a l  s t a g e  i n  t h e  p r o d u c t i ~ n  of primary metal products 

and a s t e p  i n  most subsequent processing,  involves a heat ing  process t o  

remove t h e  s t r u c t u r a l  d e f e c t s  i n  a p iece  by evenly heat ing  the  metal  t o  the  

appropr ia t e  temperature. Since no add i t iona l  s t r e s s  can be crea ted  during 

processing,  good con t ro l  over hea t  t r a n s f e r  i n  t h e  process i s  requi red  and, 

i n  most cases ,  flame impingement is  i n t o l e r a b l e .  F l a t  flame o r  r ad ian t  



tube burne r s .o f t en  a r e  used t o  e l iminate  flame impingement. In many oper- 

a t i o n s ,  t h e  flame i s  phys ica l ly  separa ted  from the  load and the  load sur- 

rounded with a  nonreact ive atmosphere. Ash o r  o the r  impur i t i e s  must not  

contac t  the  su r face  of the  metal s ince  they ' can  cause s c a l i n g  o r  corrosion.  

Temperatures vary between 300 and 1 0 0 0 ~ ~  f o r  aluminum and 300 and 1 , 7 0 0 ~ ~  

f o r  s t e e l ,  depending on the  type of heat  t r e a t i n g .  Currently,  t h e  predom- 

i n a n t  f u e l  used i s  na tu ra l  gas because of i t s  c l e a n l i n e s s  and a b i l i t y  t o  

be con t ro l l ed .  In add i t ion ,  some in ternal ly-genera ted  f u e l s  a r e  used i n  

the  s t e e l  indus t ry .  

Clean coal  gas and methanol a r e  considered f e a s i b l e  f o r  use  i n  heat  t r e a t -  

ing  ovens. Coal gas may r e q u i r e  the  use of  s p e c i a l  atmospheres not  requi red  

when na tu ra l  gas i s  used. E l e c t r i f i c a t i o n  of heat  t r e a t i n g  furnaces i s  

f e a s i b l e  and has been proven i n  c e r t a i n  app l i ca t ions .  R e t r o f i t  e l e c t r i f i -  

ca t ion  of e x i s t i n g  u n i t s  with r e s i s t a n c e  hea te r s  i s  f e a s i b l e  but  usua l ly  

not  p r a c t i c a l .  I n d i r e c t  heat ing  a l s o  i s  f e a s i b l e  f o r  those app l i ca t ions  

under 800'~. 

Solar  energy i s  i n f e a s i b l e  s i n c e  it cannot provide t h e  temperatures r e -  

qui red  f o r  heat  t r e a t i n g .  AFBC i s  not considered f e a s i b l e  f o r  use i n  heat  

t r e a t i n g ,  although t r e a t i n g  wire by running it through the  bed continuously 

a t  high speed has been considered. This i s  no t ,  however, a  proven a p p l i -  

ca t ion ,  and even i f  proven poss ib le ,  the  p o t e n t i a l  uses  f o r  . t h i s  type of 

system a r e  minimal. Municipal waste, wood, and wood waste a r e  i n f e a s i b l e  

f o r  seve ra l  reasons,  mainly f u e l  contamination and the  form of  the  f u e l .  

5.2.6.7 Alumina Rotary Kilns 

The design of r o t a r y  k i l n s  which c a l c i n e  alumina i s  e s s e n t i a l l y  the  same a s  

those  which a r e  used i n  t h e  lime, cement, and i r o n  i n d u s t r i e s .  However, 

t h e  alumina product i s  extremely s e n s i t i v e  t o  the  deposi t ion  of  ash. The 

subsequent use of  alwnina i n  alumina r e f r a c t o r y  and aluminum metal manu- 

f a c t u r e  w i l l  not  t o l e r a t e  any contamination i f  products of acceptable  

' qua l i ty  a r e  t o  be produced. 



The predominant f u e l  i n  t h e s e  furnaces i s  n a t u r a l  gas.  Only the  use  of 

c l ean  coa l  gas and methanol a r e  c l a s s i f i e d  a s  f e a s i b l e .  The use  of c o a l ,  

COM, SRC-1, SRC-2, r e s i d u a l  o i l ,  raw coal  gas,  wood, wood waste, and munic- 

i p a l  waste i s  i n f e a s i b l e ,  p r i n c i p a l l y  due t o  f u e l  contamination. AFBC, 

i n d i r e c t  hea t ,  s o l a r  energy, and e l e c t r i c i t y  a r e  i n f e a s i b l e  f o r  the  same 

reasons  a s  o the r  r o t a r y  k i l n s  -- process temperature l i m i t a t i o n s  ahd hea t  

f l u x  1 imi ta t ions .  

The r o t a r y  k i l n  design i s  being replaced gradual ly  by a f l u i d  bed type 

c a l c i n e r  which i.s approximately 30 percent  more .fuel e f f i c i e n t  than the  

r o t a r y  des ign.  The f u e l  a l t e r n a t i v e s  open t o  the  f l u i d  bed c a l c i n e r  a r e  

t h e  same a s  the  r o t a r y  k i l n .  

5 .3 ,  TECHNICAL FEASIBILITY OF ALTERNATIVE FUELS IN SMALL BOILERS 

A b o i l e r  genera l ly  i s  c l a s s i f i e d  as  any u n i t  which produces steam from 

water .  Since t h i s  s tudy i s  considering only smal ler  b o i l e r s ,  u n i t s  f i r i n g  

a s o l i d  f u e l  w i l l  be confined t o  the  s toker  type.  In add i t ion ,  t h e  use of 

i n d i r e c t  hea t  i s  no t  considered s ince  it i s  not  app l i cab le  t,o s team-raising 

processes.  

The c o n s t r a i n t s  on u n i t s  which r a i s e  steam a r e  mi.nimal; water i s  not sub- 

j e c t  t o  contamination and the  t y p i c a l  temperatures of  t h e  steam a r e  below 

1 0 0 0 ~ ~ .  The,major c o n s t r a i n t  i s  t h a t  the  ma te r i a l s  and design of the  

combustor be appropr ia te  t o  withstand p o t e n t i a l  a t t a c k  from the  heat  source.  

This  i s  no t  a d i f f i c u l t  c o n s t r a i n t  t o  overcome. 

5.3.1 New Boilers  

I n  new u ~ ~ i . t s ,  t h e  use of coal ,  COM, SRC-2, r e s i d u a l  o i l ,  raw coa l  gas, 

c l ean  coal  gas,  methanol, wood waste, wood, municipal waste, e l e c t r i c i t y ,  

and AFBC a r e  considered f e a s i b l e .  I t  may be d i f f i c u l t ,  however, t o  apply 

AFBC technology t o  processes i n  which the  demand f o r  steam f l u c t u a t e s  

sha rp ly  due t o  the  nonresponsive na tu re  of present  designs.28' Solar  



energy is con'sidered feasible but is best suited to the production of lower 

temperature and pressure steam. 

SRC-1 is the sole infeasible fuel in new boilers of this size due to the 

form of the fuel. The solid is highly friable and must be burned in a 

pulverized form. Also, due to the low melting point of the fuel, it would 

melt on the grate of a stoker boiler, causing considerable operational 

prob 1 ems . 29/ It should be noted that it may be possible to construct a 

boiler burning SRC-1 in a pulverized form below 100 ~ ~ ~ t u / h r ,  but this 

,falls outside of the definition for boilers in this category (stoker 

boilers) . I 

.5.3.2 Gas/Oil Designed Existing Boilers 

In retrofits of boilers capable of firing only oil and gas, the following 

fuels are considered technically feasible: methanol, residual oil, SRC-2, 

raw coal gas, and clean coal gas. While the conversion of any unit away 

from the original fuel usually results in some loss of productive capacity, 

the derates involved with the use of coal gas may be significant due to 

differences in radiant heat transfer and combustion volume. The use of COM 

in these boilers is considered sometimes feasible. Acurex currently is 

testing COM in industrial boilers, and New England Power and Electric 

Company is testing COM in utility size boilers. In units in which the 

mixture is foasible, a stgnificant derate is probable. 

The use of coal, wood, wood waste, and municipal waste is infeasible due to 

ash in the fuels; the form.of the fuels, and burner size limitations. SRC- 

1 is considered infeasible due to.burner size limitations resulting from 

the low melting temperature and friable nature of the fuel. AFBC, electri- 

fication, and solar energy are considered infeasible since the heat sources 

would require such extensive modifications in the combustor. 



5.3.3 Existing Coal-Designed Boilers 

In retrofits of formerly coal-capable boilers now burning oil and gas, SRC- 

2, residual oil, COM, coal, methanol, raw coal gas, clean coal gas, munic- 

ipal waste, wood, and wood waste are considered feasible. However, the 

derating of boilers converted-to COM and especially those converted to raw 

and clean coal gases may be significant (20-50 percent). It again should 

be noted that these assessments for coal, wood, and municipal waste have 

not considered the site-specifi c problems with rebuilding or reacLivating 

the solids handling systems. Environmental restrictions also have becn 

removed from consideration. 

A retrofit to AFBC is considered sometimes feasible and has been accom- 

plished in a few cases. This conversion would be considered only if the 

use of post-combustion pollution control equipment (scrubbers, baghouses, 

and ESP's) was undesirable. 

J 

SRC-1 is considered infeasible since it is incompatible with a stoker 

boiler. Electrificat.i,on and the conversjnn to solar unorgy a r e  co~is idered 

infeasible due to the extent of modification required; the construction of 

new units probably would be more economical. 

5.4 SUMMARY OF TECHNICAL FEASIBILITY ASSESSMENT FOR PROCESS HEATERS 

The total technical potential for substituting alternative fuels for oil 

and gas use in process heaters was estimated by adding the fuel use nsso- 

ciated with each of the "feasible" technical feasibility assessments shown 

in Tables 5.1 and 5.2. As mentioned at the start of this section, tech- 

nical feasibility is defined as the ability of a technology to prodlire 

safely and reliably the same quality product as a conventionally-fueled 

unit. The feasibility assessments in this scction disregard the practi- 

cality or economic attractivenesk of using alternative technologies and 

cxclude ally consideration of site-specific factors, environmental regula- 

tions, lead times, and industrial attitudes. This section therefore 



presents an upper bound on the applicability of using alternative technolo- 

gies for industrial process heat. 

The projected fuel use (for 199Q).associated with each "feasible" assess- 

ment in Tables 5.1 and 5.2 was added to determine hcw much fuel substitution 

could occur, which fuels have the highest substituti.cn potential, and which 

industries consume large amounts of energy in applications capable of burn- 

ing alternative fuels. Table 5.3 shows the maximum potential for using al- 

ternative fuels and heat sources in new process heat units built between 

1982 and 1990. The projected energy demand in new units in each industry 

is based on the figures in Table 3.19. As Table 5.3 shows, electricity is 

ultimatel) the most flexible source of energy, followed closely by coal gas, 

methanol, and SRC-2. The stone, clay and glass industry is projected to 

have the greatest new energy demand that could be met with alternative 

fuels. Large new energy requirements in the iron and steel and petroleum 

refining industries technically also could be met with new sources of energy. 

Table 5.4 presents the maximum potential for substituting alternate fuels 

for current fuel use in process heaters existing before 1982. Two major 

differences from Table 5.3 are apparent. For coal gas and methanol, there 

actually is more potential for increasing their use through retrofitting 

existing process heaters than through building new units designed to burn 

these fuels. Of course, by.1990, little of this' potential could be rea1ize.d. 

'The secoricl 111iijor diffcronce between the tables. is the potential for elec-' 

trification in new versus existing units. Electricity is feasible in most 

process heaters, but in retrofit applications' its feasibility is very re- 

stricted. 

The figures shown in Tables 5.3 and 5.4 show the maximum potential for al- 

ternative fuel use based on process retrofits and new units built by 1990. 

Those figures compare to the 5.6 quads consumed for all process heat and 

the roughly 3.6 quads of oil and consumed for process heat in the major 

industries in 1974. The remaining two quads consist of coal, byproduct 



MAXIMUM TECliNICA!, POTENTIrl, FOR AL'IXRH4TlVE FUEL USE I N  NElV 1)ROCEES 1IEA.r  INI ITS^' 
1: 

(20 Btu/yr).  

Fuels.  4cnt Sources ' 

LBG/ Sk::C- 2 SRC- 1 Wood and Mtinicipal I n d i r e c t  E l c c t r i -  New Proccss lleat 
Indus t ry  MDG Elethanol ( l i q u i d )  ( s a l i d )  C o d  IVood 1Vast e Waste AFBC Heat f i c a t i o n  S o l a r  Dcmantl by 191)0~'/ - 

Foocl 280 230 

T e x t i l e s  9 9 

Stone ,  c l a y ,  
and g l a s s  664 664 526 5% 526 52e 

Chemicals 385 385 200 

I ron and 
s t e e l  403 403 3 55 326 326 15; 

Aluminum 72 72 15 15 ' 13 1 3  

TOTAL 2151 2151 14& 1015 1013 839 0 445 145 604' 2293 239 2862 

% of  t o t a l  
demand 75 75 51 35 35 29 0 i 6  5 21 80- 8 100 

a' Process  h e a t c r s  b u i l t  between 1982 and 1990. ' i c w  energy demmd by i n d u s t r y  i s  presented  1.n Table 3.19.  I l iese f i g u r e s  a r e  based on process  h e a t  
demand f o r  a l l  f u e l s  except  m e t a l l u r g i c a l  coa l  2nd coke oven gas. 

b' New process  h e a t  demznd i n  t h e  s e y q  i n d u s t r i e s  examined. T1.e t o t a l  e x c l i ~ d e s  7 4 5  x 1012 Btu of new &nand in  paper  and o t h e r  indus ' t r ies  t h a t  
would b r ing  t h c  t o t a l  t o  3607 x 1,Q Btu. 



MAXIMUM TECHNICAL FUEL SUBSTITUTION POTENTIAL I N  EXJSI'ING'PROCESS 1.IEA.I' UNI ' IS~ '  

(1012 Btu/yr) 

Fu3l s 

LBG/ SRC- 2 .3RC- 1 Wood and b7unicip;il 
I ndus t ry  MRG Methanol ( l i q u i d )  COM ( s o l i d )  Coal Wood Waste Waste - 

Food 10 1 101 

T e x t i l e s  6 6 

Stone ,  c l a y ,  
and g l a s s  61h 614 543 543 498 498 

Chemicals .50 50 

Petroleum 1178 1178 300 

I ron  and 
s t e e l  524 524 156 143 143 143 

Aluminum 66 66 10 10 10 10 

TOTAL 2539 2539 1009 696 651 65 1 

% of t o t a l  
demand 7 1 7 1 28 19 18 18 

a ' ~ r o c e s s  h e a t e r s  e x i s t i n g  be fo re  1982. 

Iieat Sources 

I n d i r c c t  E l e c t r i -  Ex i s t i ng  Demand b l  

AFBC lleat f i c a t i o n  S o l a r  (be fo re  1982) - 

b ' ~ x i s t i n g  demand i n  t h e  sevcn i n d u s t r i e s  examinsd. The t o t a l  excludes 621 x 1012 Bt t~  of demapd i n  paper and o t h e r  i l i d u s t r i e s  t h a t  wo111tl b r i n g  
t h e  t o t a l  t o  4197 x lo1' Btu. 



fuels such as refinery gas, and energy used by small industries. Total 

process energy demand in 1990 is projected to be about 7.8 quads. The 

portion of that demand that will be met by coal and other alternative fuels 

will depend largely on the economics discussed in Section 6. 
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6. ECONOMIC ASSESSMENT OF ALTERNATIYE ENERGY SOURCES 

6.1 INTRODUCTION 

The critical factors affecting alternative fuel use in small boiler and 

process heater applications are technical, economic, environmental, and 

site-specific constraints. The technical constraints have been discussed 

in Sections 4 and 5. This section will discuss the economics of burning 

alternative fuels, integrating the technical, environmental, and site- 

specific factors as they that affect economic feasibility. This analysis 

will not address behavioral elements or financial considerations that might 

impede penetration of alternative fuel types. 

6.1 .1  Issues in Evaluating the Economics of Fuel Use in Process Heaters 

It is more difficult to evaluate the economics of various fuels used in 

process heaters tha? to examine fuel use in boilers. This is because 

boiler components are relatively homogeneous across a wide range of sizes 

and applications, while nonboilers comprise a large number of extremely 
. . 

diverse coinbustors. For example, when reviewing a sample of customers for 

one gas utility, well over 100 distinct process heaters were identified, 

each with various sizes and firing rates. The temperature requirements 

alone for these combustors range from 450'~ for baking in the food industry 

to over 2500'~ in regenerative furnaces used in the glass industry. 

Site-specific factors, also more difficult to assess in process' heaters 

than in boilers, are more critical to the former than to the latter. Since 

few process heaters are available in packaged' units, each combustor gen- 

erally is designed to meet specific space requirements, temperature re- 

quirements, input fuel specifications, operating parameters, and environ- 

mental regulations. Even for similar processes, design specifications vary 

from. company to company. 



The process heater environmental regulations that might affect the economic 

.feasibility of alternative fuel use can be classified into four general 

groups : 

Standards for fuel-burning equipment 

Standards for industrial processes 

Sulfur content-limiting standard for the input fuel 

Concentration basis standard and associated contr~ls, 

Depending on the state or local regulations, the environmental regulations 

may vary according to all of these designations -- industry, equipment, and 

input fuel. These standards and how they affect control strategies are 

presented in Appendix B. 

It also is difficult to determine the economic feasibility of the fuels 

evaluated in this analysis due t-o their limited commercial application. 

Several of the fuels (methanol, SRC, and COM) have not been tested in 

commercial scale applications. Due to this lack of operating experience, 

the range of costs associated with each technology varies substantially, 

and the lead time until commercial availability is di-fficult to assess. 

For fuels which'have been burned in limited commercial applications, such 

as AFBC, municipal waste, LBG, and MBG, wide-scale application and costs 

remain uncertain. Even the cost of conventional alternative fuels is un- 

certain when evaluated in applications that traditionally have not burned 

those types of fuel (i.e., coal use in regenerative glass melters). 

6.1.2 Overview of Methodology --. -."'- I-.- lr -- 

Since there is considerable uncertainty surrounding the cost and applica- 

tion of many alternative fuels, their relative economics were evaluated by 

a combined qualitatiye and quantitative approach. Each market area was 

identified and evaluated with respect to technical, relatiye economic, and 

lead time factors that are specific to that market. The major market areas 

considered were new small boilers, retrofit small boilers, new process 

heaters, and retrofit proce.ss heaters. 



The economics of direct coal use for both small boilers and process heaters 

were evaluated through IFCAM (described in Appendix A). The economics of 

firing alternative technologies which are not proven in commercial scale 

operations were studied by evaluating a representative set of process heat 

applications. This representative set of process heaters was identified 

because it represents a significant portion, approximately 50 percent (see 

Table 6.1), of the process uses discussed in this analysis (each applica- 

tion is discussed in detail in Appendix C). It also represents a subset of 

combustors that have various alternative fuel-burning capabilities. Table 

6.2 describes the representative sizes and capacity utilizations that were 

chosen to characterize process heaters in each category. 

The remaining parts of this section are organized in the following way. 

Section 6.2 discusses the base case scenarios, presenting the major regu- 

latory, economic, and environmental assumptions that drive the analysis. 

Section 6.3 describes fuel decisions made by various segments of the in- 

dustrial population. Section 6.4 summarizes the results of the analysis. 

6.2 BASE CASE SCENARIO 

The first step in evaluating the economics of alternative energy sources 

under various policy or regulatory incentives is to describe the relative 

economics under base case conditions. The following discussion outlines 

the macroeconomic and regulatory climate in the base case and sets up the 

economic framework through which various alternatives are evaluated. 

6.2.1 Macroeconomic Assumptions 

Energy demand in the industrial sector is driven by a series of macro- 

economic factors. Estimated growth in real gross national product (GNP), 

real disposable income, prices, and industrial activity were provided to 

DOE by the Data Resources, Inc. (DRI) macroeconomic forecasting model. DOE 

ran this model in a series of interactions with DOE'S MEFS to determine the 
' 

proper tradeoffs between energy sys te~n  growth and the cconomy. 



TABLE 6. P 
\ 

O I L  AND GAS USE I N  MAJOR PROCESS HEAT APPLICATIONS . . 

(1012 Btu) 

Equipment ~ ; ~ e  

Low-risk f i r e d  h e a t e r s  (used 
i n  atmospheric and vaclilim 
d i sL i l l a l iu r i )  

Regenerative g l a s s  mel ter  

Rotary cement k i l n  

Face br ick  k i l n  

Blast  furnace, hydrocarbon i n j e c t i o n  

S t e e l  reheat '  furnace 

Heat t r e a t i n g  furnace 

SUBTOTAL 

Tota l  process hea t  o i l  and gas use  
covered i n  a n a l y s i s  

1974 
O i l  and Gas 'Use 

SOURCE.: " ~ e c h n i c a l  F e a s i b i l i t y  of  Coal. Use i n  I n d u s t r i a l  Process 
Heat Applicat ions,"  draft r e p o r t  prepared f o r  Office of  
pol icy  and Evaluation, DOE, by Energy and Er~vironmental 
Analysis;' Inc.,  Arlington, Virgin ia ,  May 22,  1978. 



TABLE 6.2 

REPRESENTATIVE.PROCESS HEATERS USED IN 

SAMPLE COST CALCULATIONS 

Equipment Type 

1. Low. r i s k  (used i n  atmos- 
pher i c  and vacuum d i s t i l l a t i o n )  

2 .  Regenerative g l a s s  melter  
, 

3. Rotary cement k i l n  

4 .  Face b r i ck  k i l n  

5 .  Blast  furnace - hydrocarbon 
i n j e c t i o n  

6 .  S t e e l  reheat  furnace 

7 .  Heat t r e a t i n g  furnace 

Size  Capacity Useful 
(MMBtuIhr) U t i l i z a t i o n  L i fe  

99 and 364 90% 25 years  

200 90% 5 years  

333 90% 25 years  

42 ' 90% 25 years  

400 65% 50 years  

2 00 55% 30 years  

10 55% 30 years  



For t h i s  a n a l y s i s  of a l t e r n a t i v e  f u e l  u s e ' i n  process hea te r s ,  an e x i s t i n g  

DRI/MEFS scenario1' was used which assumed t h e  highest  imported o i l  p r i c e  

a t  the  time of the  a n a l y s i s .  The world o i l  p r i c e s  ($1978) used f o r  t h i s  

a n a l y s i s  a r e :  

These o i l  p r i c e s  assume a r e a l  increase  of two percent from 1985 t o  1990 

and an inc rease  of s i x  percent  from 1990 t o  1995. These imported crude o i l  

p r i c e s  a r e  low i n  t h e  wake of recent  OPEC p r i c e  increases ,  but  they were 

t h e  h ighes t  crude p r i c e s  f o r  documentable macroeconomic evaluat ions  t h a t  

were a v a i l a b l e  a t  t h e  time t h e  a n a l y t i c a l  phase of t h i s  p r o j e c t  was being 

completed. 

The DRI macroeconomic fo recas t  used i n  t h i s  ana lys i s  was t h e  TRENDLONG 

f o r e c a s t  used t o  d r i v e  the  Se r i e s  C energy demand scenar io .  This fo recas t  

assumes a 3.7 percent  annual increase  i n  r e a l  GNP from 1977 t o  1985 with a 

3 . 4  percent  annual increase  from 1985 t o  1995. 

6.2.2 Regulatory Incent ives  

'I'he energy regu la to ry  programs assunied i n  t h i s  ana lys i s  a r e  those t h a t  were 

i n  e f f e c t  on November 1, 1979. A s t r i n g e n t  environmental r egu la to ry  pro- 

gram was assumed fox l a r g e  b o i l e r s ,  but  small b o i l e r s  and psocess hea te r s  

were assumed t o  comply with the  S t a t e  Implementation Plans i n  exis tence  on 

November 1, 1979. ' h e  followi.ng summarizes the  major regul .atory p o l i c i e s  

r e l evan t  t o  t h i s  study. 

6.2.2.1 Natural Gas Policy Act 

The NGPA has two major components, wellhead p r i c ing  c o n t r o l s  and inc re -  

mental p r i c ing .  The wellhead p r i c ing  regu la t ion  s e t s  maximum p r i c e s  f o r  

var ious  ca tegor ies  of  n a t u r a l  gas so ld  t o  p i p e l i n e s .  I t  a l s o  provides f o r  



gradual  e s c a l a t i o n  and eyentua l  decon t ro1 ,o f  c e r t a i n  c a t e g o r i e s  of n a t u r a l  

gas .  

The incremental  p r i c i n g  r u l e  may impact s i g n i f i c a n t l y  small  b o i l e r s  and 

process  h e a t e r s  a s  we l l  as l a r g e  b o i l e r s .  Regulat ions haye been promul- 

ga ted  t h a t  s e t  an  incremental  p r i c e  c e i l i n g  f o r  n a t u r a l  gas  use  i n  b o i l e r s .  

The regulat . ion s p e c i f i e s  t h a t ,  f o r  1 0  months, t h e  gas p r i c e  c e i l i n g  f o r  

nonexempt u s e r s  w i l l  be s e t  a t  a p r i c e  determined by DOE t o  be two s tandard  

dev ia t ions  below t h e  mean high. s u l f u r  o i l  p r i c e  f o r  each r eg ion .  A t  t h e  

end of  10  months, t h e  incremental  o i l  cap w i l l  be ad jus t ed  t o  r e f l e c t  t h e  

a c t u a l  backup f u e l  (high o r  low s u l f u r  r e s i d u a l  o i l  o r  d i s t i l l a t e )  t h a t  

each b o i l e r  has  i n  p l ace .  I f  no backup f u e l  e x i s t s ,  t h e  gas p r i c e  c e i l i n g  

au toma t i ca l ly  w i l l  be s e t  a t  d i s t i l l a t e  ( the  two s tandard  dev ia t ion  r u l e  

s t i l l  i s  i n  e f f e c t ) .  

Curren t ly ,  t h e  incremental  p r i c i n g  p rov i s ion  a p p l i e s  on ly  t o  f a c i l i t i e s  

which consume more than  300 Mcf/day i n  b o i l e r s  (roughly equiva len t  t o  one 

25 MMBtu/hr b o i l e r  ope ra t ing  1 2  hours p e r  day a t  f u l l  c a p a c i t y ) .  Because 

t h e  i n t e n t  o f  t h e  a c t  was t o  i nc lude  a l l  b u t  f i v e ' p e r c e n t  of t h e  f u e l  used 

i n  b o i l e r s ,  t h i s  s i z e  d i s t i n c t i o n  i s  being reviewed. 

A Notice of  Proposed Ri~lemaking on t h e  coverage of nonboi le rs  under i nc re -  

mental p r i c i n g  was presented  on November 1 5 ,  1979. Under t h i s  proposed 

p lan ,  a l l  p rocess  h e a t e r s  except those  s p e c i f i c a l l y  exempted by NGPA would 

be covered under  incremental  p r i c i n g .  Although t h e  small b o i l e r  and pro- 

c e s s  h e a t e r  coverage under incremental  p r i c i n g  has no t  y e t  been determined, 

t h i s  a n a l y s i s  assumes t h a t  both a r e  s u b j e c t  t o  incremental  p r i c i n g .  A s  

mentioned, t h i s  a n a l y s i s  a.ssumes t h a t  t h e  gas p r i c e  c e i l i n g  i s  s e t  a t  two 

s tandard  d e v i a t i o n s  below t h e  mean h igh  s u l f u r  r e s i d u a l  o i l - p r i c e .  The 

r a t e  at. which gas p r i c e s  i n  each reg ion  reach  t h e  cap w i l l  depend on t h e  

wellhcad p r i c e  i n c r e a s e s ,  t h e  mix ,o f  i n d u s t r i a l  customers on t h e  major 

p i p e l i n e  s i~ppl . i .ers ,  a_nd t h e  i n i t i a l  p r i c e  d i f f e r e n t i a l  o f  n a t u r a l  gas and 

r e s i d u a l  f u e l  o i l .  



After 1985, s i g n i f i c a n t  wellhead p r i c e  increases  probably w i l l  s ignal .  the  

end of  incremental p r i c i n g  a s  a l a r g e r  p o r t i o n . o f  high-cost gas i s  r o l l e d  

wi th  t h e  r a t e  base.  Although t h e r e  i s  considerable uncer t a in ty .abou t  pos t -  

1985. gas p r i ces ,  t h i s  a n a l y s i s  assumed they w i l l  s t a b i l i z e ' ,  i n  t h e  long run,  

a t  a  p r i c e  t h a t  i s  competi t ive with the  l e a s t  c o s t  o i l  a l t e r n a t i v e .  

6.2.2.2 Powerplant and I n d u s t r i a l  Fuel 'Use Act - 

FUA provides DOE with the  a u t h o r i t y  t o  p r o h i b i t  t h e  use  of  o i l  o r  na tu ra l  

gas i n  a l l  new b o i l e r s  over 100 MMBtu/hr and existi.n.g b o i l e r s  ovcr 100 

MMBtu/hr tha t '  o r i g i n a l l y  were designed f o r  and s t i l l  have coal  burning 
t 

c a p a b i l i t i e s .  The p roh ib i t ion  a l s o  extends t o  new b o i l e r s  betwecn 50 and 

100 MMBtu/hr i f  t h e  aggregate p lan t  b o i l e r  capaci ty  i s  over 250 MMBtu/hr. 

The a c t  provides some d i s c r e t i o n a r y  a u t h o r i t y  over gas tu rb ines ,  i n t e r n a l  

combustion engines, and combined cycle  systems, although DOE has not  ye t  

defined the  extent  of  t h a t  a u t h o r i t y .  

Any u n i t  subjec t  t o  the  p roh ib i t ions  of  FUA can apply f o r  one of seve ra l  

exemptions. Three major exemptions a r e :  

8 The economic' exemption 

8 The environmental exemption 

The temporary exemption f o r  those who have made a  commitment 
t o  use a syn the t i c  f u e l .  

Some of the  small b o i l e r s  between 50 and 100 MMBtu/hr may be covered by FUA 

under t h e  aggregation r u l e .  I t  i s  very d i f f i c u l t  t o  es t imate  t h e  por t ion  

of s l~la l l  b o i l e r s  tlial: w i l l  be covered by thi .s  r u l e  because no comprehensive 

survey (such a s  the'MFBI f i l e )  has been conducted f o r  b o i l e r s  under 100. 

MMBtu/hr. The ana lys i s  assumed t h a t  FUA would be 100 percent  e f f e c t i v e  i n  
.- 

convert ing l a r g e  (over 100 MMBtu/hr) b o i l e r s  lacking a v a l i d  economic o r  

environmental exemption'to an a l t e r n a t e  f u e l ,  but  b o i l e r s  i n  the  5Q-100 

MMBtu/hr s i z e  range would not  be converted under t h e  program. Therefore, 

t h i s  a n a l y s i s  w i l l  p a r t i a l l y  o v e r s t a t e  t h e  incremental impact of a  prograin 

t a r g e t i n g  b o i l e r s  below 100 MElBtu/hr s i z e .  



6 . 2 . 2 . 3  Energy Tax Act 

The ETA provides financial incentives to burn alternate fuel types in both 

boilers and process heaters. The ETA proyides for a 10 percent ITC in 

addition to the existing 10 percent ITC for units burning an alternative 

fuel type. However, the additional 10 percent ITC for capital investments 

is scheduled to expire in 1982. To simulate this, the base case analysis 

assumes that new coal and alternative fuel investments receive a 10 percent 

ITC while oil and gas combustors receive no ITC. The depreciation dis- 

tinction also was maintained with alternative fuel investment~ using accel- 

erated depreciation methods, while oil and gas investments were required to 

depreciate using the straight line method. 

6 . 2 . 2 . 4  Environmental Requirements for Small Boilers and Process Heaters 

Small boilers and process heaters are regulated by the Clean Air Act Amend- 

ments of 1970 and 1977, under which the Environmental Protection Agency 

promulgated National Ambient Air Quality Standards (NAAQS) for six criteria 

pollutants: SO2, particulates, NOx, HC, CO, and photochemical oxidants. 

Industrial sources are subject to three classes of environmental regulations 

adopted to i~~sure compliance with these standards. The regulations are: 

State Implementation Plans (SIP's) 

6 New Soui.ce Performance Standards (NSPS) 

Nonattainrnent (NA) and Prevention of Significant Deterioration 
(PSD) regulations. 

Each source is subject to the most stringent of the standards that apply ' 

to the facility. 

States are required to designate Air Quality Control Regions CAQCR's) for 

the entire state and to prepare.SIP1s which provide for the implementation, 

maintenance, and enforcement of the standards in those regions. SIP'S vary 

substantially within and between states, both in the severity of the stan- 

dal-ds and the way they are expressed. 'I'he applicable SIP's were examincd 



by AQCR, and ex i s t i ng  small bo i l e r s  and process hea te r s  were assumed t o  

comply with the  appropr ia te  SIP based on h i s t o r i c a l  d i s t x ibu t i on .o f  each 

combustor i n  the  various AQCRls: 

Emissions from new process sources a r e  regulated through emissions s tan-  

dards (NSPS) f o r  spec i f i c  ca tegor ies  of process hea te r s .  NSPS have been 

promulgated fo r  some process ca tegor ies ,  but  individual  evaluation of each 

standard was not poss ible  f o r  t h i s  study. T t  i s  assumed f o r  the  purposes 

of t h i s  evaluation t h a t  new process hea te r s  w i l l  meet SIP1s .  Proposed 

rev i s ions  of  the NSPS fn r  boi.:l.ers have focusod p ~ i m a r i l y  on bo i l e r s  above 

100 MMBtu/hr. For the  purposes of t h i s  study, new' bo i l e r s  above 100 MMBtu/ 

h r  were assumed t o  requ i re  t h e  Best Available Control Technology (BACT). ' ' 

Small bo i l e r s ,  under 100  MMBtu/hr, were assumed t o  meet the  control  r e -  

quirements of the  ex i s t ing  SIP. 

The regula tory  e f f e c t  of  NA/PSD requirements i s  a s  follows: i f  NAAQS a r e  

not  met i n  an a rea ,  NA r u l e s  must be met f o r  each new or  expanded f a c i l i t y .  

Mien NAAQS a r e  met, PSD r u l e s  apply. NA p rov i s i ons , . i n  general ,  r equ i re  

t h a t  s t a t e s  include i n  t h e i r  SIP1s specia.1 psovisisns designcd t o  upgrade 

nonattainment a reas .  PSD r u l e s  require  t h a t  s t a t e s  maintain, above EPA- 

approved levels ,  the  a i r  qua l i t y  of t h e i r  clean a i r  areas .  In t h i s  analy- 

sis,  t he  impact of  NA regulat ions was considered by disallowing d i r e c t  coal 

use i n  des igna ted  nonattainment regions , i n  the  1985/1991) t.ime frame. PSD 

regula t ions  were not considered. 

6 . 2 . 3  Economic Assumptions 

To determine the r e l a t i v e  economics of using various fue l  types,  the  t o t a l  

annualized cost  of c ap i t a l ,  OEM, and f u e l  over t he  l i f e  of t h e  combustor 

was evaluated. The f inanc ia l  parameters used t o  annualized these cos t s  ? re  

presented i n  Table 6 . 3 .  The c a p i t a l  and OEM cos t s  already have been d i s -  

cussed i n  Section 4 f o r  each technology. This sec t ion  present-s the  f u e l  

p r i c e s  f o r  conventional and a l t e rna t i ve  energy options.  



TABLE 6.3 

FINANCIAL PARAMETERS 

Discount rate: 7% (real, after-tax) 

Depreciation method: 

Oil and gas co,mbustors : straight line , 

Alternate fuel-fired combustors : sum-of-years' digits accelerated 
depreciation 

Income tax rate: 50% 

Investment tax credit: 

Oil and gas combustors: 0% 

Alternate fuel-fired combustors: 10% 

Depreciable life: 

Boilers: I 

- Coal and aiternative fuel: 22 years 

- Oil- and gas-fired boilers: 28 years, 

. a1 Process heaters vary by .industry and combustor. 

- Food: 12-18 years 

- Textiles: 7.5-11 years 

- Paper: 10-13 years 

- Chemicals: 11 years 

- Petroleum: .16 .years 

- Stone, clay and glass: 11-20 years 

- Primary metals: 12-14 years , 

a' Range reflects different depreciable lives for different subgroups within 
each industry group. The range does not include special tools which have 
'much shorter lives. 



6.2.3.1 Conventional F o s s i l  Fuel P r i ces  

The f u e l  p r i c e  p ro jec t ions  used f o r  conventional f u e l s  a r e  presented i n  

Tables 6.4 through 6.9. They were based on a  MEFS run incorpora t ing  the  

c u r r e n t  r egu la to ry  and imported o i l  p r i c e  scenar ios  described e a r l i e r .  2 /  

The n a t u r a l  gas p r i c e s  shown i n  Table 6.4 assume t h a t  iricrernental p r i c ing  

inc ludes  process h e a t e r  gas use as  well i1.s h o i l e r s .  A g r c a t  d e a l  oT url- 

ce r t a i r i ty  surrounds t h e  wellhead gas p r i c e s  a f t e r  1985. To generate the  

post-1985 p r i c e s  used i n  t h i s  ana lys i s ,  it was assumed t h a t  gas p r i c e s  

would s t a b i l i z e  a t  a  p r i c e  t h a t  was competitive with high s u l f u r  r e s i d u a l  

o i l  i n  the  long term. 

O i l  p r i c e s  a r e  presented f o r  d i s t i l l a t e  o i l ,  high s u l f u r  r e s i d u a l  b i l ,  and 

low s u l f u r  r e s i d u a l  o i l .  The end u s e r  p r i c e s  shown here  a r e  c i t y  ga te  

p r i c e s  t o  r e f l e c t  the  p r i c e  paid by the  l a r g e r  i n d u s t r i a l  use r s .  They a r e  

based on t h e  crude o i l  p r i c e s  ou t l ined  i n  Sect ion  6.2.1 and assume deregu- 

l a t i o n  o f  doiiiestic sources i n  1982. The p r i c e  d i f f e r e n t i a l s  between each 

of these  o i l  types represent  long-term p r i r ~  d i f f e r e n t i a l s  based 011 1 . 1 ~  

d i f f e r e n t i a l  production c o s t s ,  d i s t r i b u t i o n  c o s t s ,  and environmental pre-  

m i ~ m . ~ '  Short-term supply/demand imbalances a r e  not picked up i n  those 

long-term pr ice ,  d i f f e r e n t i a l s .  

A g r e a t  d e a l  of unce r t a in ty  surrounds. any p ro jec t ion  of f u e l  p r i c e s .  The 

impact of ex te rna l  sources (OPEC) i s  d i f f i c u l t  t o  p red ic t ,  but  the  crude 

o i l  p r i c e  t r a j e c t o r y  and the  r e s u l t a n t  end product p r i c e s  a r e  c r i t i c a l l y  

tied t o  these ex te rna l  f a c t o r s .  Regulatory programs, includirig both o i l  

and gas deregula t ion ,  a l s o  a r e  d i f f i c u l t  t o  p r e d i c t .  Even i r i  na tu ra l  gas,  

where the  allowable p r i c e s  of  various gas sources a r c  determined e x p l i c i t l y  

by t h e  NGPA, the  mix of  wellhead sources and s h i f t i n g  sources must be known 

t o  p r o j e c t  na tu ra l  gas p r i c e s .  While t h e r e  i s  a  g rea t  dea l  of unce r t a in ty  

about conventional f u e l  p r i c e  t r a j e c t o r i e s ,  t h e r e  i s  even more uncer t a in ty  

regarding t h e  c o s t s  of  a l t e r n a t e  energy technologies.  



TABLE 6.4 

DOE 
Region 

NATURAL GAS PRICES 

(1978 $/MMBtu) 

SOURCE: Midterm Energy Forecasting Model, run #CAM*913H. All 
regions exc'ept 6 and 8 are the average delivered indus- 
trial price. Since regions 6 and 8 are predominantly 
intrastate gas, the' prices were the marginal wellhead 
prices. 



TABLE 6.5 

DOE - 
R~gion 

HIGH SULFUR RESIDUAL 0 1 ~ ~ '  

. (1978 $/MMBtu) 

a' 2.0% s u l f u r ,  wliulesale ( c i t y  gate) p r i c e .  MEFS r e s i d u a l  o i l  
(0.8% s u l f u r )  p r i c e  - $ .014/MM~tu. 

SOURCE: Midterm Energy Forecast ing Modcl, run XCAM*913H. 



TABLE 6.6 

LOW SULFUR RESIDUAL 0 1 ~ ~ ~  

(1978 $/MMBtu) 

DOE; 
Region 

0.3% sulfur, wholesale (city gate) price. MEFS residual oil 
(0.8% sulfur) price + $O.lO/MMBtu. 

SOURCE: Midterm Energy Forecasting Model, run #CAM*913H. The 
city gate residual oil price shown in MEFS was adjusted 
by adding (or subtracting) premiums for sulfur content. 
These premiums were developed from earlier DOE analysis 
(see Footnote 1). 



' TABLE .6.7 

DISTILLATE OIL 

DOE 
Region -- -- 1985 - -  1990 - 

SOURCE: Midterm Energy Pore~asLing Model, run f fCA~'913H.  



TABLE 6 . 8  

DOE 
Region 

a' High sulfur coal, >1% sulfur. , 

SOURCE: Midterm Energy Forecasting Model, run #CAM*913H. 



TABLE 6.9 

1 0  2.07 

a' LOW sulfur coal, 61% sulfur. 

SOURCE: Midterm Energy Forecasting Model, run #CAM*913H. 



6.2.3.2 Alternate Fuel Technology Costs 

In order to evaluate the relative economics of alternate fuel use in small 

boilers, costs were developed and evaluated for all the alternative fuel 

options. The limited number of technologies considered explicitly in the 

economic analysis of process heaters were methanol, LBG, MBG, COM, SRC-1, 

and SRC-2. Municipal waste and wood waste are driven primarily by site- 

specific factors and do not lend themselves to a generic economic compari- 

son.4' The generic costs used to discuss the relative economics of each 

technology are presented as an upper and lower bound estimate to illustrate 

the uncertainty associated with these costs. In spite of such uncertainty, 

analysis of the annualized capital, OEM, and fuel cost provides insights 

into the types of policies and targets for incentive plans that would be 

most effective in encouraging new technology adoptions. 

The primary source of new technology cost estimates was the DOE. The 

capital and OGM cost estimates for methanol, MBG, and SRC-2 were interim 

cost estimates used in a 1979 DOE report to Congress entitled "National 

Energy Plan 11. "5' Because COM and SRC-1 were not considered in the DOE 

report, independent sources were used to construct comparable technology 

costs .6' DOE sources were used whenever possible because the assumptions 

behind the estimates already had been standardized. 

Alternate fuel costs were calculated as the price an industrial user would 

pay for the final delivered fuel on an annualized per MMBtu basis. For 

offsite technologies, this price was estimated as the sum of the annualized 

after-tax capital,.O&M, and input fuel costs to the producer, plus the cost 

of transportation to the end user, plus any derate costs if the alternate 

fuel replaced conventional fuel in an existing source. For. onsite tech- 

nologies such as COM, there was no additional transportation cost. The 

components of each cost estimate (from DOE and independent sources] were 

broken down to ensure that they reflected comparable assumptions .on input 

fuel price, production plant size, transportation costs, and derating. 



Table 6.10 shows the important assumptions used in calculating alte.rnate 

fuel costs to industrial users. The producing plant's capital, OFM, and 

fuel charges, when added to the fuel transportation charge, equal the fuel 

price. Critical assumptions and the sources for each estimate also are 

shown. 

6.3 FUEL CHOICE IN THE BASE CASE 

Industrial fuel choice patterns, assuming no change in the existing regu- 

latory and economic environment, are discussed in the following two sec- 

tions. The first section discusses current and future patterns in indus- 

trial small boiler fuel usage. The second section discusses process heat- 

ers in which coal or alternative fuels will be used under existing condi- 

tions. 

6.3.1 Alternative Fuel Use in Small Boilers 

Most of the fuel alternatives considered in this analysis technical1.y can 

replace oil and gas use in the new small boiler market. The critical fac- 

tors that distinguish the various fuel alternatives are c.ost and the lead 

tlme required until commercial availability. The available technology al- 

ternatives have been listed roughly in order of cost in Table 6.11. Except 

for those cases noted on the table, the range of costs for each technology 

represents ,the range of cost estimates that were available from different 

sources for a 50 MMBtu/hr boiler. 

Municipal solid waste and wood waste are potentially the lowest cost options 

available for new small boilers. However, the use of these alternative 

fuel types in small boilers depends on several site-specific factors such 

as proximity to fuel source, local environmental regulations, and operating 

requirements of the boiler. In the paper industry, where wood waste is 

abundant and transportation costs are low, over half the fuel used in boilers 

is either wood or byproduct fuels. Waste fuels in the paper industry are 

used primarily in baseload and power boilers due to their low fuel cost 



and limited boiler response requirements. The use of municipal solid waste 

in industrial boilers often is a community decision. It .requires the com- 

bined effort of the MSW supplier, the industrial boiler user, and the local 

environmental regulators. A long-term commitment and a large volume are 

required from both the MSW supplier and the industrial boiler operator in 

order to make the necessary capital investments pay off for both parties. 

For this reason, MSW boilers have been confined primarily to utility and 

large industrial boilers in the past. The potential for MSW use in boilers 

below 100 MMBtu/hr exists, but the adoption of this fuel type depends on 

many factors beyond the scope of a structured assessment of generic fuel 
. . 

decisions. 

Of the other technologies considered as alternatives in small boilers, only 

direct coal use, AFBC, LBG, and electricity are currently commercially 

available. Direct coal use and AFBC essentially compete in the same mar- 

ket and are competitively priced with oil and gas today. Electric boilers 

are a high-cost boiler option which only compete in the boiler market 

where stringent environmental regulations or operating conditions preclude 

conventional fossil fuel use. LBG commands too high a premium to be burned 

in most boiler applications today. As is indicated by the wide cost range 

for LBG and MBG, additional operating experience is required before the 

LBG costs can be estimated accurately. The remaining technologies, SRC-1, 

SRC-2, methanol, solar, and MBG, require additional lead time before com- 

mercialization. 

Since coal use is generally the lowest-cost alternative fuel available on 

a wide scale for small boilers, it was used as a proxy to estimate alter- 

native fuel use potential in the small boiler market. 

Historically, small boilers (10-,100 MMBtu/hr) have burned primarily natural 

gas and oil with less than 15 percent coal use. Table 3.9 (in Section 3) 

described the historical fuel mix used in small boilers.. As shown in that 

table, I I I O S ~  coal use in small boilers was consumed in boilers in the 25-100 





TABLE 6.11 

COMPARISON OF THE COSTS OF FIRING ALTERNATIVE FUEL.TYP-ES 
IN SMALL BOILERS 

Low-Cost Options 

Municipal solid waste 

Wood waste 

Competitive 

Direct coal 

AF BC 

COM 
> 

SRC- 2 

, LBG, MBG 

Methanol 

High-Cost Options 
I 

Electric 

Solar 
--..- 

3.91-9.54 
(5.76 DOE estimate) 

a' The range generally reflects the variation in cost estimates fron . 

different soruces. The underlined cost is the DOE estimate used in. 
this analysis. 

b/ For MSW and SRC-1, costs were not available for small hoiler applica- 
tions. The est.imates shown here are large 325 MMBtu/hr.boilors and 
reflect some economies of scale. 

SOURCE: See Section 4; 



MMBtu/hr range. Projec ted  shor t - te rm es t ima tes  do no t  suggest . . a dramatic  
. . 

change i n  small  b o i l e r  f u e l  -choice - i n '  t h e  1985/1996 t i g e  frame. 

Table 6 . 1 2  presen t s  a  sample c a l c u l a t i o n  t o  i l l u s t r a t e  the  r e l a t i v e  eco- 

nomics of  o i l ,  gas ,  conventional  coa l ,  and AFBC f o r  a  new b o i l e r  b u i l t  i n  

1983. The t a b l e  shows t h a t  t h e  AFBC i s  comparable t o  c o n ~ e n t i o n a l  coal -  

f i r e d  b o i l e r s  i f  l o c a l  environmental r e g u l a t i o n s  r e q u i r e  an FGD u n i t  t o  

be used i n  conjunct ion wi th  t h e  b o i l e r .  The example a l s o  shows t h a t ,  i n  

high c a p a c i t y  u t i l i z a t i o n  cases ,  both conventional coal  and AFRC' a r e  com- 

p e t i t i v e  wi th  o i l  and 'gas. 

The l a s t  l i n e  of t h e  t a b l e  shows t h e  annualized c o s t  of burning conventional 

f u e l s  i n  a  small b o i l e r  ope ra t ing  a t  low capaci ty  u t i l i z a t i o n  r a t e s .  A t  a  

25 percent  capac i ty  u t i l i z a t i o n  r a t e ,  gas i s  a c l e a r  winner over low s u l -  

f u r  r e s i d u a l  o i l  and ;ow s u l f u r  coa l .  This example i l l u s t r a t e s  t h a t  under  

, s t r i n g e n t  environmental c o n t r o l  requirements ,  high sulfur  coal I I S ~  i q  rle- 

pendent on t h e  capaci ty u t i l i z a t i o n  r a t e  of the  b o i l e r .  

I l i sLor ica l  data suggest t h a t  s i x  percent  of t h e  f u e l  us'ed i n  sma1.l. b o i l e r s  

i s  consumed i n  b o i l e r s  t h a t  a r e  run a t  low load f a c t o r s .  These b o i l e r s  a r e  

t y p i c a l l y  used f o r  space heat ing .  The v a s t  major i ty ,  nea r ly  80 percent ,  of  

t h e  f u e l  i s  used by small b o i l e r s  opera t ing  30-60 percent  of  t h e  time. 

These are t y p i c a l  ope ra t ing  r a t e s  f o r  process uses  t h a t  may be f i v e  o r  s i x  

days p e r  week opera t ions .  About 15 percent  of the  f u e l  i s  u s e d . i n  b d i l e r s  

ope ra t ing  a t  a  capac i ty  u t i l i z a t i o n  r a t e  over 60 percent .  

The pene t ra t ion  of  coa l  use  i n  small b o i l e r s  was est imated f o r  1985 and 

1990 by evalua t ing  a s e r i e s  of f u e l  choice dec i s ions  using IFCAM. Table 

6.13 d i s p l a y s  the p ro jec ted  mix of b o i l e r  f u e l  demand i n  1990 by s ize  a s  

p ro jec ted  by IFCAM. Based on t h e  cu r ren t  economic and regu la to ry  environ- 

ment, a  small po r t ion  of t h e  small b o i l e r  use (pr imar i ly  new b o i l e r s  with 

high capac i ty  u t i l i z a t i o n  r a t e s )  i s  projec ted  t o  use coa l  (Table 6.14).  If 



TABLE 6.12 . 

COMPARISON OF ECONOMICS OF VARIOUS FUELS USED IN SMALL BOILERS 
WITH VARYING CAPACITY UTILIZATION RATES 

(annualized 1978 $/MMBtu) 

Natural , L.S. .L.S. H.S.. 
Gas Residual Coal Coal - - AF BC 

Size: 50 MMBtu/hr 
capacity ~til.i.zation: 75 percent 

Capital Costs : 

Combust or 

~nvironmental a/ 

O&M Costs: 

Combust or 0.15 0.26 O a 5 '  1.15-1.49 b/ 

Environmental a/ N/A . N/A 0.10 0.58 

Fuel Cost C/ 3.65 4.34 2.35 1.73 . 1 . 7 3  

Total Cost 4.00 4.96 4.14 4.11 4.08-5.22 

Size: 50 MMBtu/hr 
Capacity Utilization: 25 percent 

Total Cost 4.54 5 .. 61 6.12 8.33 . N/A 

a/ Asswues that low sulfur coal requires an ESP; high sulfur oil requires 
an FGD system. 

b/ Broad range reflects uncertainty in estimates due to .limited operating 
experience. 

Fuel prices are the prices shown in Tables 6.4-6.9, annualized over a 
30-year boiler life. 

SOURCE: "1ndustri;al Fuel Choice Analysis Model," draft'report.prepared for 
DOE by Energy and Environmental Analysis, Inc . ,  Arlington, Virginia, 
January 1979. 

"Small Atmospheric Fluidized Bed Combustor Cost Study," prepared 
for DOE by Energy and Environmental Analysis, Inc., Arlington, 
Virginia, May 1979. 



TABLE 6.1.3 

Size (MMBtu) 

10 - 100 

100 - 250 

250 

TOTAL 

DISTRIBUTION OF TOTAL REQU[REMENTS IN BOILERS 
IN 1990 BY SIZE AND *[EAR BUILT 

Boilers Built 
before 1982 

Boilers Built 
from 1982 - 1990 Total 

SOURCE: Unless otherwise cited, all industrial fuel use projections were estimated based 
on EEA1s Industrial Fuel Choice Analysis Model runs, Dscember 17, 1979. 



TABLE 6.14 

PENETRATION OF COAL IN SMALL BOILERS UNDER 
A BASE CASE SCENARIO 

Exist ing Boilers  

(Boiler  b u i l t  p r i o r  t o  1982) 
Oil/Gas Coal 

Small Boiler  (between 
10 and 100 MMBtu) 

Low Capacit u t i l i z a -  
t i o n  r a t e  aY N/A 

Medium capacihy u t i l -  
i z a t i o n  r a t e  N/A 

High capaci t  u t i l i -  
za t ion  r a t e  cY N/ A 

TOTAL 1203 - 

a' Low = l e s s '  than 30 percent  

b' Nedium = 30 - 60 percent 

High = over 60 percent  

hew Boilers  

(Boiler  b u i l t  between 1982 - 1990) 
Oil/Gas Coal 

SOURCE: Unless otherwise c i t e d ,  a l l  i n d u s t r i a l  f u e l  use projec t ions  were estimated based on E E A ' s  r 

I n d u s t r i a l  Fuel Choice Analysis Model runs, December 17, 1979. 



AFBC is allowed to compete, it would capture a subset of those high capac- 

ity boilers that are projected. to use coal. 

Even with the regulatory incentives provided by the FUA and the price in- 

centives provided by the NGPA, small boilers are less likely to shift away 

from gas and oil for the following reasons: 

6 Very few existing small boilers have coal backup 

Capital cost is a larger proportion of total annual cost for 
small boilers than for large boilers 

Small boilers historically have experienced fewer gas curtail-, 
ments (higher on the priority scheme). 

6.3.2 Alternative Fuel Use in Process Heaters 

The number of alternative technologies that can compete in process heaters 

in the short 'term is limited to those alternative fuels that will be com- 

mercially available by 1985/199fl and technically can meet Ll~e requ!remeiits 

of the process. Table 6.15, which ranks each of the process heater tech- 

nologies according to technical applicability, cost, and lead time, pro- 

vides a reasonable framework to assess the relative colupetitiveness of 

each technology in new process heaters. The technical applicability judg- 

ment in Table 6.15 is based on the new unit assessments in Section 5.  The 

technology lead time refers to the lead time required to develop each 

technology, not the actual installation tine. for an individual- facility. 

The costs were ranked according to ability to compete with conventional 

fuel sourc.ns i n  1985 and 1930. Any Luel . that  cost over $8.00/MMBtu was 

classified as a high-cost alternative. The competitive cost range includes 

technology costs ranging . . from $4-8/MMBtu, with LBG and MBG on the upper end 

of the range and convent.inn;l.l! koah on thc lower end. Tlie alremative fuels 

that fall in the competitive or "may be competitive" range axe the fuels 

evaluated in this discussion of process heater fuel economics. 



TABLE, 6.15 

TECHNOLOGY RANKING FOR USE IN PROCESS HEATERS 

Technical 
Applicability 

Broad 

Moderate 

Moderate 

Broad 

Limited 

Limited 

techno log^^ 
Lead ~ i m e  Cost b/ Fuel Technolonies 

0-10 years 

0-5 years 

.5-10 years 

0-3 years 

0-10 years 

None 

May be com- 
petitive 

Competitive 

May be com- 
petitive 

High 

High 

Low 

LBG, MBG, meth- 
ano 1 

COM, direct coal 

Electricity, in- 
direct heatc/ 

Solar 

Wood waste, AFBC, 
municipal waste 

a/ 'Technology lead time is only an estimate of the time required to develop 
a commercial 1 y-avai lab1 e a1 ternative . It does not include commercial 
testing and adoption by industry. It does not include the conversion 
time for a specific user. 

b/ Costs comparison: High cost = $8-15/MMBtu 
Competitive cost = $5-8/MMBtu 
Low cost = $2-5/MMBtu. 

For a limited number of options, electricity and indirect heat are com- 
petitive fuel alternatives. Electricity used in electric arc furnaces 
or glass melting boosters currently is available at a competitive price. 
Indirect heat is used extensively in textiles and food processing. Be- 
yond these applications, electricity and indirect heat can supply a 
broad range of process heaters with heat at a high cost. 



Even though municipal waste and wood waste are low-cost alternatiyes (i.e., 

limited potential in cement kilns), they were not covered explicitly in 

the economic assessment of process heaters because technical factors pre- 
\ 

elude their use in most' process heat applications. In addition, in all 

cases in which these fuels can compete, the economics are driven primarily 

by site-specific factors such as the "tipping fee" for MSW and the proximity 

to sources for wood waste. These issues already have bccn raised in the 

earlier discussion of those technologies. AFBC also was listed n s  a low- 

cost technology wlth limited process applications. Although experimental 

work is underway, AFBC currently is primarily a boiler fuel with few pro- 

cess heat applications9 

Electrification and indirect heat are classified in Table 6.15 as high-cost 

technologies with broad applications. This is somewhat of an oversimpli- 

fication of the actual applicability of these technologies. Indirect heat 

is.competitively priced and currently is used extensively in textiles and 

food processing; electric energy is used in glass anistee1 melters. These 

technologies alsv can provide an adequate heat source t0.a number of ap- 

plications that currently do not use electricity or indirect heat, although 

the use of these energy t.ec.hnologies in most nt .hnr  processing operations 

(i.e., resistance heating in process heaters) would entail very high costs. 

These technologies are not discussed explicitly in the following section, 

but applications where these technologies are priced competitively will be 

noted. 

In the time frame considered for this report, 1985 and 1990, solar energy, 

Iras lir~ited applications and hig'h cost. 

The fuel technologies for which the economics'were considered explicitly 

in process heaters are those fuel technologies identified as competitive 

in Table 6.15. These,technologies include direct coal, COM, SRC-1, SRC-2, 

methanol, LBG, and MBG. 'The first fuel type considered is direct-fired 

coal in process heat applications. 



Only a small subset  of process hea t e r s ' cu r r en t l y  burn coal  o r  a l t e r n a t e  

f u e l s  i n  t h e i r  furnaces. The major use of coal  i n  process hea te r s  i s  i n  

k i l n s  i n  the  cement an( lime indus t r i es .  Cement and lime k i l n s  cur ren t ly  

consume roughly 250 t r i l l i o n  Btu of coal  out of a t o t a l  300 t r i l l i o n  Btu of 

coal  demand i n  process heaters .  The o ther  current  uses of nonscarce f u e l s  

i n  process heaters  a r e  coke oven gas used i n  reheat  furnaces and coke 

ovens, b l a s t  furnace gas i n  b l a s t  furnace stoves and soaking p i t s ,  and 

re f ine ry  gas used i n  f i r e d  heaters .  

Table 6.16 shows projected process hea te r  coal  use i n  1990. The lime and 

cement indust ry  continues t o  dominate process heat  coal  use i n  both new and 

r e t r o f i t  appl ica t ions .  However, small penetra t ion of coal may occur i n  

low-risk f i r e d  hea te r s  i n  petroleum r e f i n ing  and aluminum furnaces,  and i n  

the  s t e e l  and br ick  indus t r i es .  

Technical and economic f ac to r s  l i m i t  the  penetra t ion of coal  use i n  process 

heaters  i n  the 1985/1990 time frame. The summary i n  Section 5 indicated 

t h a t  roughly 25 percent of the  process heat  appl ica t ions  t echn ica l ly  could 

burn coa l .  Table 6.16 shows t h a t  a l i t t l e  over 15  percent of new applica-  

t i ons  a r e  bur~liilg coal  under base case condit ions.  Several appl ica t ions  

which technical ly  could burn coal  have not  used coal  h i s t o r i c a l l y  because 

of the  cheap a v a i l a b i l i t y  of c lean burning . . gas. In  cases where coal  use i s  

technical ly  feas ib le -  but not cur ren t ly  pract iced ( i .e . ,  low-risk f i r e d  

heaters ,  regenerative g lass  mel ters) ,  a lead time would be required t o  

develop the  necessary t e c h o l o g y  ( i . e . ,  t o  design the  equipment t o  minimize 

temperature v a r i a b i l i t y  o r  contamination of coal  use) .  

Once the  technical  ba r r i e r s  have been removed, the  use of a new technology 

or  f ue l  type w i l l  depend not only on i t s  economic a t t r a c t i venes s  but  a l s o  

on i t s  acceptance by industry and the  a v a i l a b i l i t y  of c a p i t a l .  A good 

example i s  the  conversion t o  coa l - f i red  cement k i l n s .  Coal f i r i n g  has 

been used s ince  before 1900, but not u n t i l  t h e  ear ly .1970 's  was i t s  use 



TABLE 6.16 

PROJECTED DIRECT COAL USE I N  PROCESS HEATERS I N  1985 AND 1990 

(1012 Btu) 

1990 Fuel demand 
Oi. 1 /Gas Coal - 

Process  Heaters :  

Du i l t  priur t o  198l 

B u i l t  between 1982-90 

TOTAL 

SOURCE : EEA, IFCAM run  genera ted  December 17, 1979. 



considered economically a t t r a c t i v e .  In 1971, about 1 6  percent of cement 

p r o d u c t i o ~  came from coa l - f i red  k i l n s .  By 1979, through what has been 

considered a f a s t  conversion program, 72 percent of production capaci ty  

had been converted t o  coal  f i r i n g .  This extensive conversion was poss ible  

because of the increasing economic a t t r a c t i venes s  of coal  and the  r e l a t i v e  

ease i n  converting ex i s t ing  cement k i l n s .  

The po ten t ia l  f o r  coal  use i n  process heaters  which h i s t o r i c a l l y  have not  

burned coal  i s  subject  t o  s imi la r  developmental and acceptance problems a s  

o ther  f ue l  a l t e rna t i ve s  covered i n  t h i s  repor t .  

Direct  coal  use i n  process hea te r s  i s  l imited .due t o  problems i n  f i r i n g  a 

so l i d  f ue l  and contaminants contained i n  the  coal .  These problems can be 

minimized by processing the  coal  i n t o  a l iqu id  o r  gaseous form t h a t  i s  more 

compatible with the current  f u e l s  used i n  each process. However, ,high 

cos t s  ahd problems i n  producing the syn the t i c  products replace  the  app l i -  

ca t ion  d i f f i c u l t i e s  of burning and handling so l i d  coa l .  In order t o  il- 

l u s t r a t e  the. economics of new technology a l t e rna t i ve s  i n  various - process 
, . 

heaters ,  e ight  major process hea te r s  were i den t i f i ed  and economic ca l -  

ciil.a.tions were performed fox representa t ive  s i z e  combustors i n  each com- 

bustor type. Table 6.17 presents  an economic comparison of several  fue l  

types on an annualized $/MMBtu basis:. 'Appendix D describes the der ivat ion 

of these cost  est imates.  

Table 6.17 r e i t e r a t e s  t h a t  f o r  those processes where d i r e c t  coal use i s  

f ea s ib l e ,  it of ten  i s  the  l eas t -cos t  fue l  a l t e r n a t i v e  on an annualized 

bas i s .  Rotary cement k i l n s ,  b l a s t  furnaces,  and face  br ick  k i l n s  a l l  show 

coal  a s  the  cheapest f u e l  a l t e r n a t i v e  i n  new appl ica t ions .  

Natural gas i s  the  l e a s t  expensive conventional f ue l  used i n  the other  pro- 

cess heat  examples presented i n  Table 6.17.. Low-risk f i r e d  hea te r s ,  r e -  

generative melters  i n  g lass ,  and the  heat  t r e a t i ng  and reheat  furnaces i n  

s t e e l  h i s t o r i c a l l y  have been f i r e d  by na tu ra l  gas because of both the  



TABLE 6.17 

Process 

Fi rcd  h e a t e r s  - d i s t i l l a t i o n  

Regenera t ive  g l a s s  me l t a r  

B la s t  fu rnace  liydrocarbon 
i n j e c t i o n  

S t e e l  r e h e a t  fu rnace  

Rotary cement k i l n  

Face b r i c k  k i l n  

FZLATIVE E;OIJOMICS 01: USIN#; ALTERNATIVE FUEL TYI'ES IN ;-JEW PROCESS IIEIWERS 

(1973 $/bMBtu) 

Conventiolial Fuels 

Natura l  NOIIC ~11vel:tional Fuel A l t e r n a t i v e s  

(;as Residual J i s t . i l l a t e  -- - Coal - M RG -- 5RC-Z Methanol -- SRC- 1 

(Rangea/) (Range) 

N / A  Heat t r e a t i n g  fu rnace  7.69 9.64 N/A 8.72 'J/A 9.45 N / A  

a/ The range f o r  SRC-1 and SRC-2 c o s t s  i n d i c a t e s  u ~ c e r t a i n t y  o f  c o s t  e s t ima te s .  

b/ The range of f i r e d  h e a l e r  c o s t  e s r ima te s  r e f l e c t s  a new p l a n t  \ c r s a s  an expansion o f  an c x i s t i n g  plant .  



technical and economic .requirements of the processes. As indicated by the 

range of coal costs for low-risk fired heaters, there is speculation that 

coal might be an economic alternative in certain new low-risk fired heaters 

in the petroleum industry. Studies of both direct-fired coal use and AFBC 

currently are underway in the petroleum industry, but the preliminary 

results indicate that, the site-specific cost increases of using coal over- 

whelm the fuel cost savings that might be realized. Although the cost 

comparison for low-risk direct-fired heaters in Table 6.17 does not address 

these site-specific variations, it does show a range of estimates with the 

lower cost representing the generic cost of burning coal in a new plant and 

a high cost indicating the cost of burning coal as an expansion in an 

existing facility. Since most recent expansions of petroleum capacity have 

been in existing facilities, the high end of the cost range should be 

considered most reasonable for coal. 

The nonconventional fuels shown in Table 6.17 are higher-cost options than 

coal. In the case of methanol, SRC-1, and SRC-2, five'to seven year lead 

times are required before they can penetrate the market to a large extent. 

Coal gas facilities are the only "proven" nonconventiorlal technology shown, 

and coal gas is $0.50-l.OO/MMBtu higher than conventional fuels. Current 

applications of LBG and MBG are in areas where a gaseous fuel is necessary 
9 1 for operations, and natural gas availability is uncertain. 

Representative conversion costs for retrofitting process heaters are dis- 

played in Table 6.h. These costs include'retrofit capital; OEM, and fuel 

costs. As shown in the table, direct coal competes technically in only 

three of these retrofit markets -- rotary cement kilns, face brick kilns, 
and blast furnaces. Unlike new units, the conversion costs to fire direct 

i 

.coal are greater than the costs of conversion to other coal-based alterna- 

tives. In most of the applications shown in Table 6.18, liquified coals 

(either COM or SRC-2) are the least-cost alternative fuels. In heat treat- 

ing furnaces, where SRC-2'and COM cannot compete, MBG is the least-cost 



TABLE 6.18 

RELATIVE ECONOMICS OF RETROFITTING FROM NATURAL GAS TO 

ALTERNATIVE FUEL TYPES IN EXISTING PROCESS HEATERS 

(1978 $/MMBtu) 

Alternative Fuel Types 

Process Natu'B1 Gas --- Coal MBG SRC-2 Methanol SRC-1 COM -- 
Low-risk .fired heaters : 

99 ~ ~ ~ t u / h r  3.65 N/A 4.53 4.31 5.87 N/A N/A 
364 MMBtu/hr 3.72 N/A 4.50 4.23 5.81 N/A N/A 

Regenerative glass melter 3.83 N/A 4.59 4.35 5.95 N/A 9.37 

Blast furnace, hydrocarbon 
in j ection 3.81 4.39 4.57 4.28 5.90 N/A 4.22 

Steel reheat furnace 3.86 N/A 4.66 4.43 5.98 N/A N/A 

Rotary cement kiln 3.50 4.40 4.56 4.27 5.89 NJA 4.22 

Face brick kiln 3.59 5.62 4.59 4.43 5.95 N/A 4.47 

Heat treating furnace 4.29 N/A 5.15 N/A 6.82 N/A N/A 

i 

a/ Cost of not retrofitting is the annualized OEM cost plus fuel cost of contin- 
uing to burn natural gas. 



a l t e r n a t i v e  f u e l .  Under cu r ren t  economic condi t ions ,  t h i s  ranking of a l -  

t e r n a t i v e  f u e l s  i s  academic because: l )  none of t h e  a l t e r n a t i v e  f u e l  types 

i s  c l o s e  t o  competing with na tu ra l  gas i n  these  r e t r o f i t  app l i ca t ions ;  and 

2)  each of the  a l t e r n a t i v e s  mentioned w i l l  r equ i re  f i v e  t o  seven years  be- 

f o r e  they a r e  commercially proven. COM and MBG a r e  t h e  shor tes t - te rm a l -  

t e r n a t i v e s  ; SRC-2 and methanol a r e  longer-term technology options.  

r' 
6.4 SUMMARY 

Under the  e x i s t i n g  p r i c ing  and regu la to ry  environment, o i l  and gas w i l l  

continue t o  be the  primary f u e l  i n  process hea te r s  and small b o i l e r s  through 

1990. Small b o i l e r s  opera t ing  a t  high capaci ty  r a t e s  have an economic 

incen t ive  t o  burn coal  where coal  a s  ava i l ab le  a t  a  reasonable p r i c e  r e -  

gardless  of  the  environmental r egu la t ions .  Boilers  with lower capaci ty  

u t i l i z a t i o n  r a t e s  w i l l  be more ,dependent on environm'ental r egu la t ions .  In 

process ' hea te r s ,  cement and lime k i l n s  and s t e e l  b l a s t  f u r n a c e s . a r e  the  

primary use r s  of  coal  a s  an a l t e r n a t i v e  t o  o i l  and gas. Some coal  may be 

used i n  the  aluminum and petroleum i n d u s t r i e s  on an experimental bas i s .  

The t o t a l  projec ted  c o a l . u s e  i n  new small b o i l e r s  and process hea te r s  under 

t h i s  base case 1990 scenar io  i s  680 t r i l l i o n  Btu o r  roughly 16 percent  of 

the  t o t a l  new u n i t s .  Nonconventional f u e l s  a r e  not  projec ted  t o  have a 

s i g n i f i c a n t  e f f e c t  on reducing o i l  o r  gas dependence i n  the  s h o r t  t,erm 

(1985/1990) due t o  c o s t s  and lead times requi red  t o  develop t h e  technolo- 

g ies .  



FOOTNOTES 

Midterm.Energy Forecast ing System CMEFS) runs used a s  a base case :  

a .  1985: CAMB913H 

a 1990: CAMC913H 

a> 1935: CAMD9J3II. 

"Estimated Pr i ce  o f  Petroleum Products," prepared f o r  Department of 
Energy by Sobotka and Company, February 23, 1978, 

Note t h a t  t h e  cu r ren t  d i f f e r e n t i a l  between low s u l f u r  r e s idua l  o i l  and 
d i s t i l l a t e  i s  grea;er than the  $0.36/MMBtu d i f f e r e n t i a l  shown i n  . 
Tables 6.6 and 6 .7 , .  pr imar i ly  because of short- term supply/demand 
imbalances. 

In order  t o  a s sess  accura te ly  the  ,pot.ential f o r  wood waste and m ~ ~ n i c -  
i p a l  waste, a d e t a i l e d  study. of s p e c i f i c  s i t e s  and app l i ca t ions  i s  
recoriu~iended . 
In ter im c o s t s  used i n  a n a l y s i s  of "NationaJ, Energy Plan 11, A Report 
t o  Congress," prepared by Department of Energy, May 1979. 

Arthur G .  McKee and Company, "Coal-Oil Mixture: A Preliminary U.S. 
Market Study," 1979; and Radian Corporation, "Synfuels from Coal a s  
Emission Control Techniques f o r  I n d u s t r i a l  Boilers ,"  d r a f t  f i n a l  
ropor t ,  J a n u a ~ y  1373. 

Exxon Kesearch and Engineering Company, I n d u s t r i a l  Applicat ion 
Fluidized Bed Combus'tion, "Category 3 - Ind i rec t  Fired Heaters," 
Quarterly Technical Report 11  an. 1 - March 31 : Florham Park. New - 
Jersey), prepared f o r  DOE. 

0 

Examples of some f a c i l i t i e s  opera t ing  Wellman-Galusha g a s i f i e r s :  

National Lime and Stone Company, Karey, Ohio 

Glm-Gary Curpuration, Reading, Pennsylvania 

a Hazleton Brick Company, Hazleton, .Pennsylvania. 



7. ANALYSIS OF POTENTIAL INCENTIVE PROGRAMS 

The potential impact of government policies on industrial fuel use patterns 

has been evaluated by studying the effect of different incentive programs 

on several industrial fuel markets. The impact of various economic incen- 

tives to discourage oil.and gas use as well as an extension of the current 

regulatory program were evaluated. Fuel prices and environmental controls 

were held constant throughout the analysis. Since changes in environmental 

regulations probably will affect primarily large boilers, small boilers and 

process heaters were evaluated under existing State Implementation Plans 

(SIP'S). Higher oil prices were not evaluated because the oil prices used. 

for this analysis represents the highest documentable set of prices avail- 

able from DOE at the time of the study. The impact of changing these 

assumptions will be discussed at the end of this section. 

Due to the uncertainty of technology and application costs, a great deal of 

caution should be exexised in using the results of these sensitivity runs. 

The overall intent of this analysis'is not to quantify precisely the im- 

pacts of various incentives, but rather to identify alternate technologies 

and fuel markets for which certain incentives might be effective. The 

summary of this section not only reviews the economic and regulatory analy- 

sis presented but also ranks industrial process uses into three categories 

reprcscnting the technical and economic difficulty of converting from oil 

and gas to a nonscarce alternative. 

The key focus of this discussion centers on how each market responds to 

different incentive programs. The four distinct markets considered are new 

and retrofit boilers below 100 MMBtu and new and retrofit process heaters. 

Within the new and retrofit process heater market, processes are disaggre- 

gated further to illustrate the technical and economic factors discussed 

in preceding sections that affect fuel choice. 



7.1 ECONOMIC INCENTIYES 

Economic incen t ives  can encompass a v a r i e t y  of programs. Incent ives  such 

a s  f u e l  taxes ,  f u e l  subs id ies ,  a l t e r e d  deprecia t ion  schemes, and investment 

t a x  c r e d i t s  (ITC) would a l t e r  the  way a company evaluates  the  economics of 

var ious  f u e l  choices. The b e n e f i t s  of an economic incen t iye  program a r e  

t h a t ,  once i n i t i a t e d ,  t h e  program e f f e c t i v e l y  runs i t s e l f .  Forces wi th in  

t h e  marketplace, r a t h e r  than regu la to ry  agencies, enforce the  program. 

'l'he major disadvantage nf an economic incen t ive  prugram i s  t h a t  it i s  very 

d i f f i c u l t  t o  t a r g e t  s p e c i f i c  markets. For example, an ITC program would 

noL only provide an  incen t ive  f o r  i n d u s t r i a l  users  t o  switch f u e l  type, but  

it a l s o  would subs id ize  base case conversions. Note t h a t  the  type of 

po l i cy  l a r g e l y  determines which technology options gain the  b igges l  incen- 

t i v e .  For example, t h e  ITC, evaluated i n  t h i s  s tudy,  has a  l a r g e r  impact 

on c a p i t a l  i n t e n s i v e  technologies such a s  LBG than it  does on f u e l  in ten-  

s i v e  technologies such a s  COM. 

7 . 1 .1  S ~ i a l l  b o i l e r  Fuel Choice 

ITCfs o f  inc reas ing  magnitude were evaluated f o r  bvth new and r e t r o f i t  

app l i ca t ions .  Several  cases  o f  IFCAM were run t o  examine the  increased use  

of  d i r e c t - f i r e d  coa l  i n  small i n d u s t r i a l  b o i l e r s  under add i t iona l  10, 30, 

and 50 percent  ITCfs.  The r e s u l t s  displayed i n  Table 7.1 suggest t h a t  t h e  

ITC inc reases  coal  use i n  new b o i l e r s  and has r e l a t i v e l y  l i t t l e  e f f e c t  on 

coal  use  i n  r e t r o f i t  b o i l e r s .  

7.1.1.1 New Boilers  

Z 
Since cva l  i s  competitive with most a l t e r n a t i v e  fi.iels burned in ncw b o i l e r s ,  

it can be used a s  a  b a s i s  t o  evaluate  a l t e r n a t e  fuel. use p o t e n t i a l  under 

va r ious  ITCfs.  In addi t io? ,  s ince  -coal  c a p i t a l  c o s t s  a r e  l a r g e  r e l a t i v e  t o  

f u e l  c o s t s ,  an inc reas ing  ITC should have a s i g n i f i c a n t  impact on coa l -  

f i r e d  small  b o i l e r s .  



TABLE 7.1 

IMPACT OF ADDITIONAL ITC'S ON DIRECT COAL USE IN SMALL BOILERS 

(1ol2 Btu) 

Impact of Additional 
ITCVs on Reducing 

Base Case Base Case Oil/Gas Use 

Boiler Age O i  1 /Gas Coal , - 10% - 30% - 50% 

Coming on l i n e  p r i o r  
t o  1982 1203 150 - - 10 - 44 

Buil t  1982-1985 256 3.3 - 29 -42 - 66 

Builx a f t e r  1985 293 118 - 9 - 66 -116 

SOURCE: Indus t r i a l  Fuel Choice Analysis Model run based on . MEFS . run no. 
CAM*902H, generated December 17, 1979. 



Table 7 . 1  suggests  t h a t  as ITC's a r e  r a i s e d ,  coal  becomes .more competi t ive 

i n  t h e  new small b o i l e r  market. By increas ing the  ITC t o  50 percent ,  t he  

p e n e t r a t i o n  of coal  i n  new b o i l e r s  b u i l t  between 1982 and 1985 increases  

from 11 t o  39 percent .  For those b o i l e r s  b u i l t  between 1985 and 1990, the  

inc rease  i n  coal  pene t ra t ion  i s  more dramatic, from 29 t o  57 percent .  In ,. 
a b s o l u t e  terms, t h i s  r ep resen t s  roughly 60 t r i l l i o n  Btu of decreased new 

b o i l e r  o i l  and gas use  i n  1980. and over 180 t r i l l i o n  Btu cumulative r e -  

duct ion  by 1990. 

To a  l imi ted  ex ten t ,  increased coa l  use  i n  new b o i l c r s  r e s u l t i n g  from the  

ITC can be used a s  a proxy t o  es t imate  t h e  e f f e c t s  of an ITC on o t h e r  a l -  

t.e.rnati.ve fuo l  types .  F u r  example, the  c a p i t a l / f u e l  cos t  r a t i o  f o r  AFBC i s  

s i m i l a r  t o  t h a t  f o r  d i r e c t  coa l .  Since the  c a p i t a l  i n t e n s i t y  and the  

annualized cos t s  f o r  t h e  two technologies a r e  similar, the  impact f o r  AFBC 

can be estimated t o  be very  s i m i l a r  t o  the  impact f o r  d i r e c t  coal  on a  

n a t i o n a l  l e v e l .  Municipal waste and wood waste a l s o  have r e l a t i v e l y  s i m -  

i l a r  c a p i t a l  and OGM cos t  components a s  coal  and, the re fo re ,  would respond 

s i m i l a r l y  t o  coal  on a  combustor b a s i s .  However, t h e  s p e c i f i c  ~ i n i t q  t h a t  

would use municipal waste and wood waste a s  a  r e s u l t  of an increased ITC 

might be d i f f e r e n t ,  depending on t h e  a v a i l a b i l i t y  and cos t  of these  f u e l  

a l t e r n a t i v e s .  The increased munici-pal waste and wood waste t h a t  r e s u l t  

frvni  an ITC might reduce f u r t h e r  new o i l  and gas use from the  es t imates  

shown i n  Table 7 .1 .  

An ITC would a f f e c t  o t h e r  a l t e r n a t i v c  f u e l  opt ions  d i f f e r e n t l y  from the  way 

it a f f e c t s  d i r e c t  coal  use i n  new b o i l e r s .  The c a p i t a l  i n t e n s i v e  indus- 

t r i e s  such a s  LBG, MBG, methanol, and SRC-2 would have a g r e a t e r  incen t ive  

from an ITC than coa l  does i f  the  p rad i~c t ion  centcys were allowed t o  reap 

t h e  b e n e f i t s  of t h e  a d d i t i o n a l  c r e d i t .  Despite the  add i t iona l  incent ives  

provided by the  ITC, it i s  .not estimated t h a t  a  t a x  c r e d i t  would increase  

s i g n i f i c a n t l y  a l t e r n a t i v e  f u e l  use much above the  l e v e l s  o f  increased coal  

use shown i n  Table 7 .1 .  Unless s t r i n g e n t  environmental con t ro l  l e v e l s  a r e  



imposed on b o i l e r s  between 50 and 100 WBtu/hr, d i r e c t  coal  and AFBC gen- 

e r a l l y  a r e  the  l e a s t  cos t  a l t e r n a t i v e  f u e l  options t h a t  w i l l  be a v a i l a b l e  

i n  the  next f i v e  t o  10 years .  Units below SO.MMBtu/hr i n  which coal  may 

have technica l  ' l imiyations comprise a  very small por t ion  of p ro j  ected new 

b o i l e r  growth ( l e s s  than 100 t r i l l i o n  ~ t u )  and do not  represent  s i g n i f i c a n t  

savings p o t e n t i a l .  

7 .1 .l. 2 Small Re.trofit  Boilers  

The ITC i s  much l e s s  e f f e c t i v e  i n  increas ing d i r e c t  coal  use i n  t h e  retr 'o- 

f i t  small b o i l e r  market than i n  the  new small b o i l e r  market.  able 7.1 

shows t h a t  l e s s  than f i v e  percent  of the  cu r ren t  o i l  and gas use would 

switch t o  d i r e c t - f i r e d  coal  use under a  l a rge  ITC. 

COM i s  one of  the  few technologies t h a t  provides an a l t e r n a t i v e  means of 

replac ing o i l  and gas use i n  small b o i l e r s  t h a t  cannot economically convert 

t o  d i r e c t  coal  f i r i n g .  The f u e l  savings a t t r i b u t e d  to.COM a r e  s i g n i f i -  

c a n t l y  lower than those  obtained with complete coal  conversion, but  because 

t h e  c a p i t a l  cos t  requi red  t o  convert each u n i t  i s  a l s o  lower, the  overa l l  

c o s t s  may be l e s s  i n  many aphlicati 'ons. However, t h e  ITC i s  not an ef fec-  

t i v e  pol icy  t o o l  t o  increase  COM use  i n  small r e t r o f i t  b o i l e r s  because COM 

i s  much l e s s  c a p i t a l  in t ens ive  than d i r e c t  coal  f i r i n g .  On at1 annualized 

b a s i s ,  the  c a p i t a l  cos t  of d i r e c t  coal  f i r i n g  i s  25-30 percent  of  the  t o t a l  

cos t ,  whilo i n  COM t h e  rqi i ta l  c o s t  i s  l e s s  than 10 percent  of t h e ,  t o t a l  
I 

c o s t .  

The low cos t  b o i l e r  opt ions  (municipal waste, wood waste, and AFBC) a r e  not  

a s  competitive i n  t h e  r e t r o f i t  b o i l e r  market because of the  l a rge  c a p i t a l  

expense requi red  t o  convert e x i s t i n g  u n i t s  t o  the  a l t e r n a t i v e  f u e l .  A l -  

.Ll~oi.igh t h c  ITC would provj rle a s i g n i f i c a n t ,  incent ive ,  it would usua l ly  not  ' 

be s u f f i c i e n t  t o  o f f s e t  the  l a r g e  c a p i t a l  expenditures requi red  t o  r e t r o f i t  

' t hese  f u e l  options.  



A l t e r n a t i v e  f u e l  types  w i th  h igh  c a p i t a l - c o s t  of product ion may r e c e i v e  t h e  

l a r g e s t  i n c e n t i v e  i n  t h e  r e t r o f i t  small b o i l e r  market through inc reas ing  
. . 

ITC's. Technologies such a s  MBG, SRC-2, and methanol a r e  i d e a l  f u e l  a l t e r -  . . . . .  . 
, . 

n a t i v e s  i n  t h e  r e t r o f i t  market s i n c e  they  r e q u i r e  t h e  l e a s t  change i n  t h e  

e x i s t i n g  combustor. Also, t h e s e  f u e l s  a r e  c a p i t a l  i n t e n s i v e  (see Sec t ion  

4 ) ,  s o  t hey  should b e n e f i t  from an increased  ITC. The major f a c t o r s  t h a t  

l i m i t  t h e  p e n e t r a t i o n  of  t h e s e  technologies  i n  t h e . r e t r o f i t  b o i l e r  market 

a r e  l e a d  t ime and technology c o s t s .  MBG and SRC-2 a r e  f i v c  t o  3.0 %ars 

from commercial s c a l e  ope ra t ion ,  and methanol 'is s t i l l  i n  t h e  developing 

phase.  Add i t iona l ly ,  t h e  c o s t s  of t hese  technologies  a r e  i n  t h e  $6.50- 

8.00/KPPH range.  Although a 50 percent  ITC may rcduce tlle5e cosr.s hy 

$u.~U-l.OO/KPPH, they  s t i l l  would not  compete with c u r r e n t  gas p r i c e s .  

7 .1 .2  Process  IleaLers 

The i~l lpact  of  i nc reas ing  ITC's on d i r e c t  coa l  use  i n  process  h e a t e r s  i s  

shown i n  Table 7 .2 .  A s  a  r e s u l t  of t h e  50 percent  ITC, d i rec t .  c o a l  use i s  

p r o j e c t e d  t o  i nc rease  62 t r i l l i o n  Bt.u a c r o s s  both  r e t r o f i t  and new a p p l i -  

c a t i o n s .  Most of t h i s  small  replacement p o t e n t i a l  i s  i n  t h e  petroleum, 

s t o r ~ e ,  c l a y  and g l a s s ,  and . s t e e l  i n d u s t r i e s .  An ITC i s  r e l a t i v e l y  i-nef- 

f e c t i v e  i n  i n c r e a s i n g  d i r e c t  c o a l  use  i n  e i t h e r  new o r  r e t r o f i t  p rocess  

h e a t e r s  due t o  t he  fo l lowing:  

e Technical  d i f f i c u l t i e s  of  f i r i n g  d i r e c t  coa l  i n  process  h e a t e r s  

e Lead time r equ i r ed  t o  t e s t  coa l  u se  i n  a p p l i c a t i o n s  t h a t  have 
n o t  burned coa l  h i s t . n r i c a l l y  

The s i ~ ~ a l l e r  p o r t i o n  o f  t h e  process  h e a t e r  c a p i t a l  investment 
t h a t  would be e l i g i b l e  t o  r ece ive ,  an. ITC. ' 

, '  

One r eason  t h a t  process  h e a t  f u e l  use  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  i n -  

c r eased  ITC's i s  t h a t  l e s s  process  h e a t  equipment i s  f u e l - s p e c i f i c  and 

t h e r e f o r e  e l i g i b l e  f o r  a n  ITC. In  b o i l e r s ,  75-90 percent  of t h e  b o i l e r  

investment  can  be r e l a t e d  t o  a  s p e c i f i c  f u e l  t ype .  Only t h e  powerhouse and 

b o i l e r  support  equipment would be excluded from t h e  ITC. In  most process  



. TABLE 7.2 I 

Process Heater 
Age 

Built prior to 1982 

Built 1982-1990 

Base Case 

Oil/Gas Coal ' 

-Impact of Additional 
ITC ' s on Reducing 

Base Case Oil/Gas Use 

10% 30% 
- , -  

50% - 

SOURCE : Industrial Fuel Choice Analysis- Model run'based on MEFS run no. 
CAM*902H, generated December 17, 1979. 

. . F .  . . . . . . . .  



hea te r s ,  however, t h e  furnace  i t s e l f  i s  independent of t h e  f u e l  type,  so 

t h a t  only the  burners,  f u e l  handling and s torage ,  and en~ i ronmenta l  con t ro l  

equipment, which comprise 40-60 percent  of the  process h e a t e r  cos t ,  would 

r e c e i y e  t h e  t a x  c r e d i t  .* 

The t echn ica l  d iscuss ion i n  Sect ion  5 descr ibes  t h e  f a c t o r s  t h a t  severe ly  

r e s t r i c t 9 i r e c t  coal  use i n  process hea te r s  i n  the  food, chemicals, and 

t e x t i l e s  i n d u s t r i e s .  In petroleum, t h e r e  i s  the  p o t e n t i a l  f o r  d i r e c t  coal  

use  i n  f i r e d  h e a t e r s  used f o r  atmospheric d i s t i l l a t i o n .  These processes .  

can withstand l imi ted  hea t  v a r i a b i l i t y  and have a  high r a t e  capaci ty  and 

load f a c t o r  and long l i v e s .  Since t h e  f u e l  p r i c e  .stream f o r  coal  i s  low 

r e l a t i v e  t o  a l l  o t h e r  a l t e r n a t i v e s  except r e f i n e r y  offgas ,  it has a  com- 

p e t i t i v e  advantage over conventional o i l  and gas use. The major problems 

i n  r e f i n e r i e s  a c t u a l l y  inc reas ing  coal  use a r e  space l i m i t a t i o n s  and the  

proximity o f  l a r g e  combustors within a  p lan t  s i t e .  In a  r e p o r t  r e c e n t l y  

prepared by Exxon f o r  DOE, coal  use was evaluated a s  an a l t e r n a t i v e  f o r  use  

i n  s e v e r a l  plants ."  The study u l t ima te ly  abandoned the  idea  because of 

space l i m i t a t i o n s  and t h e  f a c t  t h a t  a l l  t h e  large  (aver 100 MMBtu/hr) 

combustors were s o  widely d ispersed  within the  r e f i n e r i e s  considered t h a t  

coa l  handling problems and c o s t  were extremely high. As a  r e s u l t  of these  

types  of s i t e - s p e c i f i c  f a c t o r s ,  the  po ten t i a l  fo r  d i r e c t  coal  use i n  the  

petroleum indus t ry  i n  the  next  f i v e  t o  10 years  is  lower than projec ted  

us ing t h e  gener ic  cos t  f a c t o r s  i n  IFCAM. 

Stone, c l a y  and g l a s s  i n d u s t r i e s  a l s o  show marginal inc reases  i n  coa l  use 

(decreases i n  o i l  and gas) a s  a  r e s u l t  of the  add i t iona l  ITC1s. More 

s i g n i f i c a n t l y ,  s tone ,  c l a y  and g l a s s  accounted f o r  most of t h e  coal  use 

slluwrl i n  t h c  base case i n  'I'able 7 .2 .  The base case coal  use i s  primarily 

i n  cement and lime k i l n s .  The inc rease  i n  coal  a s  a  r e s u l t  of  the  ITC's 

*In petroleum r e f i n i n g ,  where the  tubes used i n  d i r e c t - f i r e d  hea te r s  a r e  
fue l - spec i f i c ,  more process h e a t e r  equipment may be e l i g i b l e  f o r  t h e  ad- 
d i t i o n a l  ITC. 



includes not only cement and lime kilns, but also is projected to include 

kilns used in the face brick industry and selected furnaces used in the 

glass industry. Contamination problems historically have restricted con- 

ventional coal use in these industries, but process modifications and 

, changing product requirements may allow coal to be more competitive with 

oil and gas in the next five to 10 years. 

The steel industry shows. some penetration of coal in new and retrofit blast 

furnaces. The steel industry is generally familiar with the handling and 

use of coal as a feedstock (metallurgical coal). The additional financial 

incentive may shift selected process heat applications (blast furnaces and 

a few reheat furnaces) away from the clean low-cost oil and gas alterna- " ,  

tives of the 1960's to coal. 

Despite the fuel-shifting activity in these industries, the amount of de- 

creased'oil and gas use resulting from the additional ITC is relatively 

low. The slow shift toward coal reflects the technical feasibility limits, 

high cost of conversion in most applications, and operational problems such 

as space and transportation and general unfamiliarity with coal. Given the 

substantial financial incentive 0f.a 50 percent'ITC, some of the applica- 

tions which cannot burn coal directly'due to feasibility problems may be 
\ 

able to burn higher-cost coal-derived fuels. These fuel alternatives and 

the shifting in economics due to increased ITC's for eight representative 

process heaters are presented in the following discussion. 

Table 7.3 presents the shift in relative economics of other al'ternative 

fuel types under increasing ITC scenarios. In each case the economics of 

nonconventional alternatives are compared to gas, since gas is universally 

the technically feasible least cost convention process heating fuel. As 

discussed earlier, the ITC has a limited effect on the relative scenarios 

of various process heating fuel types because they have fewer fuel related 

components than boilers. .However, Table '7.3 also illustrates that, in most 



Process ; 

EFFECT OF 40 PERCENT TOTAL ITC ON THE ECONOMICS OF ALTERNATIVE F3ELS I N  NEW PROCESS HEATERS 

(1978 $/MMBtu) 

Gas-Fired Direc t  , 

Cost VBG SRC- 2  Methano 1 SRC- 1 Coal 

Low-risk f i r e d  heater$ :  

99 MMBtu/hr . 4 . 2 0  4 .59  4 . 3 6 - 5 . 5 0  5 . 9 3  5 . 2 6 - 6 . 0 5  3 . 7 3  

364 MMBtu/hr 4 . 1 1  4.. 53 4 .26-5 .41  5.88 4 .90-5 .70  3 . 2 2  

Regenerative g l a s s  melter  4 . 3 7  

Blas t  furnace - 3ydrocarbon in jec . t ion  . 4.84 

Steel .  r ehea t  furnace. 5 . 1 6  

Rotary cement k i l n  

Face b r i c k  k i l n  

Heat t r e a t i n g  furnace 7 ,69  

SOURCE: Derived from.information contained i n  Appendix C .  



I 

a p p l i c a t i o n s ,  even a 40 percent  ITC (LO percent  r e g u l a r  p l u s  30 pe rcen t )  

would no t  be a s u f f i c i e n t  i n c e n t i v e  t o  r a i s e  t h e  h igh-cos t  coal-based 

a l t e r n a t i v e  t o  a compet i t ive  l e v e l  wi th  n a t u r a l  gas (o r  coa l  i n  ca ses  i n  

which coa l  i s  compe t i t i ve ) .  The primary except ions  a r e  s t e e l  r e h e a t  and 

h e a t  t r e a t i n g .  These a r e  c a p i t a l  i n t e n s i v e  processes  which' could use  a 

coa l -der ived  gas a l t e r n a t i v e  i f  s u f f i c i e n t  investment i n c e n t i v e s  were 

a v a i l a b l e .  I t  should be noted t h a t  t h e  c o s t  e s t ima te s  used a r e  gene r i c  

c o s t  e s t ima te s  f o r  sample process  h e a t e r s  wi th  f avo rab le  t e c h n i c a l  and 

ope ra t ing  c h a r a c t e r i s t i c s .  . In many a c t u a l  ca ses ,  space l i m i t a t i o n s  o r  

p rov i s ions  t o  p r e t e s t  product  q u a l i t y  o r  o t h e r  process  requirements  would 

c o n t r i b u t e  t o  h ighe r  c o s t s  of  us ing  coa l -der ived  a l t e r n a t i v e s .  

A major d i f f i c u l t y  with t h e  ITC a s  an i n c e n t i v e  Eor encouraging a l t e r n a t i v e  

f u e l  use  i n  process  h e a t e r s  i s  t h a t  t h e  ma jo r i t y  of  t h e  i n c r e a s e s  i n  c o a l  

u se  i n  process  h e a t e r s  (p r imar i ly  the,  s tone ,  c l a y  and g l a s s  i n d u s t r i e s )  a r e  

t ak ing  p l ace  i n  t h e  base case .  Over 500 t r i l l i o n  Btu of d i r e c t  c o a l  u se  i s  

p ro j ec t ed  i n  new process  h e a t e r s  i n  t h e  base case ,  and t h e  50 percent  ITC 

only  i n c r e a s e s  t h a t  amount of coa l  use  by about 10 pe rcen t .  An ITC scheme 

would e f f e c t i v e l y  subs id i ze  t h e s e  base case  conversions without  s i g n i f i -  

c a n t l y  decreas ing  o i l  o r  gas u se  o v e r a l l .  

7 .2  REGULATORY MEASURES 

FUA c u r r e n t l y  r e q u i r e s  a l l  l a r g e  new i n d u s t r i a l  b o i l e r s  and e x i s t i n g  coa l -  

capable b o i l e r s  t o  burn coa l  o r  an a l t e r n a t i v e  i n  p l ace  of  n a t u r a l  gas o r  

o i l .  FUA inc ludes  a l l  b o i l e r s  above 100 MMBtu/hr and b o i l e r s  between 50 

and 100 MMBtu/hr i f  t h e  aggrega te  p l a n t  b o i l e r  c a p a c i t y  exceeds 250 MMBtul 

h r .  Among o t h e r  exemptions, a f a c i l i t y  can be exempted from t h e  a c t  i f  it 

can demonstrate  t h a t  coa l  use  would r e s u l t  i n  a 30 percent  i n c r e a s e  i n  

c o s t s .  

A program t h a t  would expand t h e  coverage of  t h e  e x i s t i n g  FUA would a f f e c t  

process  h e a t e r s  and small  b o i l e r s  very  d i f f e r e n t l y  from t h e  way l a r g e  



b o i l e r s  a r e  a f f e c t e d  by c u r r e n t  r e g u l a t i o n .  The primary cons ide ra t ions  i n  

e v a l u a t i n g  a  r e g u l a t o r y  program f o r  both b o i l e r s  and process  h e a t e r s  a r e  

t h e  implementation problems and t h e  a s s o c i a t e d  a d m i n i s t r a t i v e  burden on t h e  

government, t h e  economic and f i n a n c i a l  impact on indus t ry ,  and t h e  expected 

sav ings  i n  s c a r c e  fue ls . '  S ince  t h e  i s s u e s  r e l a t e d  t o  expanding t h e  regu- 

l a t o r y  program a r e  d i f f e r e n t  f o r  small  b o i l e r s  and process  h e a t e r s ,  t hey  

a r e  d iscussed  below, s e p a r a t e l y .  

7.2.1 Small Bo i l e r s  

Small b o i l e r s  t h a t  would be covered under an expanded ve r s ion  of FUA would 

i n c l u d e  on ly  new b o i l e r s ,  s i n c e  very  few e x i s t i n g  b o i l e r s  have i n s t a l l e d  

c o a l  c a p a b i l i t y .  The e x i s t i n g  r e g u l a t o r y  program covers  new b o i l e r s  rang- 

i n g  from 50 t o . 1 0 0  MMBtu/hr t h a t  a r e  l oca t ed  i n  p l a n t s  wi th  over 250 MMBtu/ 

h r  agg rega te  capac i ty .  One advantage of expanding t h e  r e g u l a t o r y  program 

t o  inc lude  a l l  small  b o i l e r s ,  r e g a r d l e s s  of  t h e  aggrega te  p l a n t  s i z e ,  i s  

t h a t  t h e  implementation of  t h e  program would be margina l ly  s i m p l i f i e d .  

However, a  major d isadvantage  of t h e  expanded coverage would be increased  

program c o s t s  and a  probable decrease  i n  program e f f e c t i v e n e s s .  The number 

of b o i l e r s  considered under t h e  r e g u l a t o r y  program would more than  double,  

wh i l e  t h e  inc reased  f u e l  coverage would inc rease  by only one - th i rd  t o  one- 

h a l f .  The s i z e  l i m i t  i n  t h e  o r i g i n a l  program ac t ed  a s  a  p re l imina ry  screen-  

i n g  c r i t e r i o n  f o r  economic t e s t s .  P ropor t iona te ly ,  more small  b o i l e r s  than  

l a r g e  b o i l e r s  w i l l  a rgue s u c c e s s f u l l y  t h a t  coa l  i s  an  uneconomical a l t e r n a -  

t i v e  (even accounting f o r  t h e  FUA cos t  t e s t )  and w i l l  apply  f o r  t he  eco- 

nomic exemption. 

Using IFCAM, a r e g u l a t o r y  program was s imulated f o r  small  b o i l e r s  t o  

determine t h e  p o t e n t i a l  e f f e c t  o f  r e g u l a t i n g  t h e s e  b o i l e r s  under FUA. 

B o i l e r s  between 50 and 100 MMBtu/hr t h a t  c u r r e n t l y  a r e  covered by t h e  FUA 

aggrega t ion  r u l e  were n o t  accounted f o r  i n  t h e  base case ,  s o  t h e  model runs  

ove res t ima te  the  conversion p o t e n t i a l  i n  t h a t  s i z e  range.  The r e s u l t s  a r e  

desc r ibed  i n  Table 7 .4 .  



TABLE 7.4 \ 

IMPACT OF EXTENDING THE REGULATORY PROGRAM TO INCLUDE SMALL BOILERS 

(1012 Btu) 

Regulatory Program: 
1.3 Cost Test 

Base Case Decreased 

Oil/Gas Coal ' Oil/Gas Demand 

Boilers built 1982-1985: 

10-50 MMBtu/hr 

50- 100 MMBtu/hr 

Builers built 1986-1990: 

10-50 MMBtu/hr 

50-100 MMBtu/hr 

32. neg . 
226 33a/ 

a' Does not reflect FUA aggregation rule. , 

SOURCE: Industrial Fuel Choice Analysis Model run, generated December 
17, 1979. 



The 50-100 Mb.IBtu/hr new b o i l e r s  show the  l a r g e s t  impact of an extended 

regu la to ry  program. In  both time periods shown, coal  captures about 65 

percent  of the  new b o i l e r  use t h a t  would have considered o i l  o r  gas i n  the  

base case .  This r e s u l t  i s  somewhat overs ta ted  because the  small b o i l e r  

aggregation r u l e  i s  not  captured i n  t h e  base case .  Boilers  i n  t h e  10-50 

MMBtu/hr range do not  show t h e  l a r g e  p o t e n t i a l  savings gained i n  the  l a r g e  

b o i l e r  group. 

Technical d i f f i c u l t i e s  i n  burning d i r e c t  con1 i n  very small b o i l o r s  and t h c  

l ack  of economies o$ s c a l e  account f o r  t h i s  reduced impact i n  smaller 

u n i t s .  

7 . 2 . 2  Impact of a  Regulatory Program on Process Heaters 

Process hea te r s  a r e  a  more d i f f i c u l t  market segment t o  a f f e c t  through 

r e g u l a t i o n s  than b o i l e r s .  Although most process heat  energy use i s  con- 

cen t ra ted  i n  th ree  indus t ry  groups (petroleum, s t e e l ,  and storie, c l a y  and 

g l a s s ) ,  t he  wide range of  app l i ca t ions  and equipment types within these  

i n d u s t r y  groups would make it expensive t o  implement a regula tory  program 

f o r  process h e a t e r s .  Each furnace i s  designed with a. highly  s p e c i f i c  

a p p l i c a t i o n  and f u e l  type . '  These u n i t - s p e c i f i c  c h a r a c t e r i s t i c s  would have 

t o  be .cons idered  i n  indus t ry  reques ts  f o r  exemptions from the  regula tory  

program. 

A process heater  s i z e  l i m i t  t o  reduce t h e  adminis t ra t ive  c o s t s  and inc rease  

t h e  e f fec t iveness  of a regu la to ry  program a l s o  would be d i f f i c u l t  t o  de- 

termine. In petroleum r e f i n e r i e s ,  f o r  example, many small process hea te r s  

a r e  d i s t r i b u t e d  throughout the  r e f ine ry .  Mrch of the  process fuel i .s  can- 

sumed i n  these  small process h e a t e r s .  A program t h a t  would t a r g e t  only the  

l a r g e  process hea te r s  would m i s s  a  s i g n i f i c a n t  por t ion  of energy use,  w h i l e  

a  program t h a t  included the  small heater2  would be c o s t l y  t o  enforce and 

p lace  a high burden on indust ry .  



Another major prob.lem i s  t h a t  t h e r e  a r e  a  very  l i m i t e d  number of  f u e l  a l -  

t e r n a t i v e s  proven i n  i n d u s t r i a l  p rocess  h e a t e r s .  In  t h e  e x i s t i n g  r egu la -  

t o r y  program f o r  l a r g e  b o i l e r s ,  p rov i s ions  extending t h e  p r o h i b i t i v e  an- 

t h o r i t y  t o  r e q u i r e  COM and AFBC have been d i f f i c u l t  t o  implement because of  

t h e  lack  o f  in format ion  and agreement on t h e  a v a i l a b i l i t y  of  t h e s e  a l t e r n a -  

t i v e s .  For process  h e a t e r s ,  even d i r e c t - f i r e d  coa l  i s  not  always a  proven, 

a v a i l a b l e  technology. Table 7 .5  shows t h a t  when d i r e c t  coa l  use  was forced  

t o  compete wi th  t h e  30 percent  c o s t  advantage allowed i n  FUA, ve ry  few 

process  h e a t e r s  increased  coa l  consumption. This  i s  because c o a l  i s  n o t  

proven i n  many a p p l i c a t i o n s ,  and, i n  most ca ses  where coa l  is  a  proven, 

economic a l t e r n a t i v e ,  it i s  used i n  t h e  base case .  

Severa l  o f  t h e  technologies  considered i n  t h i s  s tudy  (SRC-1, SRC-2, meth- 

ano l ,  and MBG) w i l l  no t  be a v a i l a b l e  i n  f i v e  t o  seven yea r s .  Of t h e  tech-  

nologies  considered i n  t h i s  s tudy ,  LBG i s  t h e  only  proven technology wi th  a  

broad range of  a p p l i c a t i o n s .  Even f o r  LBG, t h e  d e r a t e  i s s u e s  and c o s t s  

would have t o  be b e t t e r  understood be fo re  LBG could be incorpora ted  i n t o  a  

. -  broad-based r e g u l a t o r y  program. E l e c t r i c i t y  i s  proven b u t  economical on ly  

i n  a  l i m i t e d  number of  a p p l i c a t i o n s :  e l e c t r i c  a r c  furnaces  and e l e c t r i c  

boos t ing .  Other a p p l i c a t i o n s  of  e l e c t r i c i t y  a.re high-cost  op t ions  t h a t  

would p l a c e  an undue burden i f  r e g u l a t e d .  S i m i l a r l y ,  i n d i r e c t  h e a t  i s  used 

i n  a  l i m i t e d  nwnber of a p p l i c a t i o n s  (food., t e x t i l e s ,  paper drying)  b u t  is a 

high-cost  op t ion  f o r  t h e  major process  h e a t  a p p l i c a t i o n s .  

. 
The f i n a l  element t o  cons ider  i n  eva lua t ing  t h e  f e a s i b i l i t y  o f  a r e g u l a t o r y  

program,for  process  h e a t e r s  i s  growth i n  t h e  t a r g e t e d  markets.  The cement 

and lime i n d u s t r i e s  a r e  primary conversion candida tes  ; however, most o f  

t h e s e ' u n i t s  a r e  conver t ing  t o  coa l  under base  case  economics. S t e e l  and 

petroleum r e f i n e r i e s  a r e  l a r g e  p o t c n t i a l  markets i n  p rocess  h e a t e r  f u e l  

use ,  bu t  t.hey are low-growth i n d u s t r i e s .  Most of  t h e  o i l  and gas u se  i n  

s t e e l  i s  i n  e x i s t i n g  combustors s i n c e  l i t t l e  grbwth i s  p ro j ec t ed  i n  t h e  

indus t ry .  In  t h e  petroleum i n d u s t r y ,  most of  t h e  growth i s  expansion of 



TABLE 7.5 

Regulatory Program: 
1.3 Cost Test 

Base Case 
Decreased 

Oil/Gas Coal Oil/Gas Demand 

brooosg heaters lrullr 
before 1982 

Process heaters built 
1982-,1990 

Only direct coal was competed against oil' and gas. 

SOURCE: Industrial Fuel Choice ~ n a l ~ s i s  Model run generated December 17, 
1979. , .  



existing facilities. In expansions, site-specific costs are a major con- 

sideration and are not reflected accurately by the generic estimates used 

in the cost comparison in Table 7.3. 

Steel and petroleum also are major consumers of byproduct fuels. Refinery 

gas is used extensively' as an energy source in petroleum refining, while 

coke oven gas is used.in steel processing. Prior to enacting a regulatory 

program that targets natural gas use in these two industries, a study of 

its secondary effect on byproduct fuel use should be initiated. 

7.3 OTHER OPTIONS TO ENCOURAGE REDUCTION OF OIL AND GAS USE IN PROCESS 
HEATERS 

The two policies evaluated up to this point, the ITC and an expanded regu- 

latory program, would have only limited success in increasing coal.use in the 

small boiler and process heater markets. The regulatory program would have 

problems due to the high implementatioi costs in. both markets and the lack 

of commercially available and technically proven alternatives in the.pro- 

cess heater market. Also, the largest portion of the small boiler market 

that could be affected by a regulatory program, new boilers between 50 and 

100 MMBtu/hr, already are partially addressed under the current program. 

The major problem with the ITC is that it subsidizes more base case con- 

versions than increased coal use in both markets. 

Evcn if this cvaluation wcrc donc using higher oil prices, it would not 

seriously affect these conclusions. Partially, this is because the alter- 

native fuel costs also were understated by roughly 20-40 percent. Other 

factors are that technology development and behavioral factors are limiting 

conversion potential. 

Funding of research, development, and demonstration is a policy incentive 

that effectively addresses some of these issues. Discussions with industry 

representatives in the steel, petroleum, paper, and chemical industries 



indicate a willingness to consider seriously alternative fuels'if proven 

in commercial-scale applications. Until more clean-burnin'g technology 

options are economically available, user-oriented policies will be margi- . 
nally effective. 

7.4 SUMMARY 
. . .  

Regardless of what policy incentives are identified, the potential market 

areas for coal use can be categorized according to cost and technical 

cor~version capability to determine how much reduction in oil and gas use 

might be possible. The potential regulatory targets are classified into 

three target areas in Table 7.6 and discussed below. The categories des- 

cribed in 'I'able 7.6 range from low cost/minimal conversion processes to 

processes which will require significant capital outlay, alternative fuel 

developmental work, and long lead time before oil and gas use can be re- 

duced. The categories take into account both the technical and economic 

elements discussed in Sections 5 and . 6 .  
. . 

The primary processes with alternative fuel burning potential are in the 

srone, ciay and glass, 'and steel 'industries. The specific processes are 

kilns in the cemen+t, lime, and face brick industries, and the open hearth, 

blast furnace, and traveling gra.t.e in t h e  s tee l  i n d u s t r y .  T h e ~ e  procos~cr, 

are proven coal uses which could increase coal use with relatively mild in- 

centives, such as a 30 to 50 percent ITC. This category of users comprises 

1490 trillion Btu in 1990. Since base case coal. use is projected to be 957 

trillion Btu, there are only 533 trillion Btu ~f process heater file1 which 

can be affected by short-term government  incentive.^, 

The secondary candidates are processes competitively priced with major 

design modifications necessary to the process, of higher-cost alternatives 

such as coal gas with fewer modifications. These target applications are 

primary candidates for programs' that attempt to impact fuel use in a 10-15 

year time horizon. Since these options require design modifications, new 



TABLE 7 .6 , , 

IDENTIFICATION OF CONVERSION CANDIDATES IN PROCESS HEATERS 

.I990 'Potential (quads) 

Exist irig a/ New Total b / 

1. Primary conversion candidates in 
near 'term. Representative pro- 
cesses : 0.7 0.8 1.5 

Face brick kiln ., 

o Open hearth furnace 

e Blast furnace/iron cupola 

e Cement rotary kiln 

2. Secondary conversion candidates 
(10-15 years). Representative ' 

processes: I 

Regenerative glass melter 

Glass unit melter 

, .o Low-risk fired heater 

e-  Soaking pit/reheat furnace 

Aluminum rotary. kiln 

3. Long-term/high-cost conversi.on 
candidates.' Representative pro- 
cesses : 

e Petroleum and chemical fired 
heaters used for specialty 
products 

o Annealing furnace in glass 

Coke oven/anode prebake 

a' Units built prior to 1982. 

b/ units built between 1982 and 1990. 



unit applications would be the most cost effective combustors to address 

with an incentive program. The estimated consumption in new units built 

between 1982 and 1990 is 500 trillion Btu. 

The final category comprises those industrial products that- were'evaluated 

but represent long term/high cost conversion markets. The only way that 

oil and gas use in these markets could be significantly reduced in the next 

10 years would be to enact both a large scale synthetic fuels program and a 

commercialization program to encourage adopt ion by industry. T'hese pro- 

cesses comprise over two quads of process'heat use in 1990, Included in 

this category are petroleum processing operations which are critical for 

plant operation and safety. . Since a failure in one of these processes 

(i.e., catalytic crackers) might cause the loss.of human life or millions 

of dollars, the costs to ensure reliability would be extremely high. A 
L 

process such as annealing furnaces for specialty glass products would ' 

require high cost/low contamination fuel alternatives to replace this 

current gas demand. 
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FOOTNOTES 

1. In petroleum re f in ing ,  where the  tubes used i n  d i r e c t  f i r e d  hea te r s  
a r e  fue l - spec i f i c ,  more process heater  equipment may be e l i g i b l e  f o r  
the  addi t ional  ITC. 



APPENDIX A. INDUSTRIAL FUEL CHOICE 

ANALYSIS MODEL 

A.l PURPOSE 

The Industrial Fuel Choice Analysis Model (IFCAM) is an energy demand model 

developed in response to the need to evaluate fuel choice decisions in the 
. . 

.industrial scctor over a 10-15 year forecasting horizon. 

The design and capabilities of IFCMl were guided by,the emphasis placed by 

the Department of Energy (DOE) on the analysis of the impacts on the indus- 

trial sector of energy policy measures proposed in April 1977 in the NEP 

and debated since that date.in Congress. The model structure was developed 

to analyze the impacts on industrial fuel choices of four sets of factors: 

fuel prices, government energy policy'proposals, the costs associated with 

firing alternative fuels, and other key model parameters such as the size 

distribution of new industrial boilers'or environmental regulations. 

A.l.l Policy Measures 

IFCAM is capable of analyzing four c.lasses of energy policy measures: fuel 

taxes, investment incentives, energy regulatory policies, and environmental 

regulatory policies. Fuel tax measures, considered during the debates on 

energy policy and analyzed with an earlier version of the model,, reflected 

a variety of considerations affkcting fuel tax rates, tax coverage, and 

special exemptions. Table A.l shows the parameters considered in analyzing 

a variety of complex tax schemes. 

A variety of tax credits and changes in the tax treatment of capital proposed 

to provide incentives to invest in coal-related equipment were analyzed using 

the model. The types of measures considered are listed i,n Table A.2 and re- 



TABLE A. 1 

FACTORS A F F E C T I N G  FUEL TAX L I A B I L E ' I Y  

New/existing f a c i l i t i e s  

I n d u s t r i a l  sector  ( t ex r f  l e s ,  mining) 

Minimum corpora te  energy use 

b Minimum p l a n t  encrgy use  

Type of combustor ( b o i l e r ,  process hea te r )  

Technical c a p a b i l i t y  t o  use coal  . . 

Combustors a l ready  designed t o  f i r e  coa l  

Region-specif i c  t a x  r a t e s  

Environmental problems 

Self -generat ing e l e c t r i c i t y  

Fuel type 

I n t r a -  o r  i n t e r s t a t e  na tu r a l  gas 

Remaining deprec iab le  l i f e  of 'combustor 



TABLE. A. 2 

INVESTMENT INCENTIVES 

Raising the investment tax credit (ITC) on coal 
facilities 

Altering the type of capital expenditures eligible 
for the ITC 

I 

Eliminating the ITC for oil and gas facilities 

Reducing the depreciable life of coal facilities 
(accelerated depreciation) 

Extending the depreciable life of oil/gas facilities 

Altering the depreciation method (requiring straight 
line methods for oil and gas facilities) 

Allowing a rebate of fuel taxes as a credit for 
coal-related investments 



f l e c t  every  (or  almost every)  conceivable  wrinkle  i n  t h e  t a x  codes which 

could  s h i f t  f u e l  choice  d e c i s i o n s  towards c o a l .  

Energy r e g u l a t o r y  p o l i c i e s  were eva lua ted  which t a r g e t e d  s p e c i f i c  types  of  

i n d u s t r i a l  energy u s e s  i nc lud ing  new b o i l e r s ,  minimum s i z e  u n i t s ,  e x i s t i n g  

b o i l e r s  designed t o  f i r e  c o a l ,  new p roces s  h e a t e r s  t e c h n i c a l l y  capable of  

u s i n g  c o a l ,  and i n d i r e c t - f i r e d  p roces s  h e a t e r s .  Spec ia l  exemptions, such 

a s  when environmental problems were seve re ,  were considered.  Economic 

f c a s i b i l i t y  was cons idered  by t e s t i n g  t h e  impact o f  v a r i o u s  i n t e r p r e t a t i o n s  

o f  p r o v i s i o n s  such as exemptions whcn the c u s ~  of us ing  coa l  s u b s t a n t i a l l y  

exceeds t h e  c o s t  o f  imported o i l .  

Environmental r e g u l a t o r y  po l i c ' i e s  which could a f f e c t  f u e i  choice d e c i s i o n s  

a l s o  can be considered i n  IFCAM. , T h e e  r e g u l a t i o n s  can a f f e c t  f u e l  choice  

by a l t e r i n g  t h e  r e l a t i v e  c o s t s  of  burning a l t e r n a t i v e  f u e l s  and/or by pro-  

h i b i t i n g  coal-burning sources  i n  c e r t a i n  a r e a s  with severe  a i r  q u a l i t y  
. 

problems. Regulat ions r e l a t i n g  t o  p a r t i c u l a t e  and s u l f u r  d ioxide  emissions 

from fue l -burn ing  sources  included S t a t e  and l o c a l  r e g u l a t i o n s ,  Federal  New 
3uurce  Performance Standards ,  and new source c o n t r o l s  i n  nonattainmcnt 

a r e a s .  

A.1.2 Fuel P r i c e s  

The model can s imu la t e  t h e  impact o f  a l t e r n a t i v e  f u e l  p r i c e  s c e n a r i o s  on 

t h e  i n d u s t r i a l  f u e l  mix. Fuel p r i c e s  f o r  d i s t i l l a t e  f u e l  o i l ,  high and low 

s u l f u r  r e s i d u a l  f u e l  o i l ,  new and "old" n a t u r a l  gas ,  and low and h igh  s u l -  

f u r  c o a l  were corlsidered i n  t h e  model. 

A.1.3 C a p i t a l  and Operat ing C o s t s - 0 1  A l t c r n a e i v t  Fuel5 

Qui te  c l e a r l y ,  t h e  @el  choice  dec i s ion  i s  s e n s i t i v e  t o  non-fuel  c o s t s  of 

burning a l t e r n a t i v e  f u e l s .  While t h e  b e s t  a v a i l a b l e  c o s t  d a t a  were used,  

t h e  model can  eva lua t e  t h e  impact o f  any a l t e r n a t i v e  cos t  e s t ima te s .  



At; 5 

A.1.4 S e n s i t i v i t y  t o  Other Key Parameters 

In add i t i on  t o  t h e s e  t h r e e  s e t s  of f a c t o r s ,  many o t h e r  key v a r i a b l e s  a f f e c t  

t h e  p o t e n t i a l  f o r  coa l  use .  The model i s  designed,  f o r  example, t o  t e s t  

t h e  a l t e r n a t i v e  judgments o f  t h e  t echn ica l  c a p a b i l i t y  t o  use  a l t e r n a t e  

f u e l s ,  t o  eva lua t e  t h e  e f f e c t s  of  vary ing  i n d u s t r i a l  growth r a t e s ,  t o  a l t e r  

t h e  s i z e  d i s t r i b u t i o n  and ope ra t ing  c h a r a c t e r i s t i c s  o f  new combustors, and 

t o  a l t e r  development l ead  t imes f o r  new coa l -us ing  technologies .  

A.1.S Model Outputs 

The model gene ra t e s  complete model ou tpu t s  f o r  1985, 1990, and 1995. These 

o u t p u t s ,  p rovid ing  f u e l  mix r e s u l t s  i n  e i t h e r  abso lu t e  amounts o r  a s  d i s t r i -  

bu t ion  percentages ,  a r e  a v a i l a b l e  under s e v e r a l  formats .  The f u e l  use f i g -  

u r e s  can be presented  by new o r  e x i s t i n g  combustors, func t iona l  u ses  ( b o i l e r s  

' v s .  p rocess  h e a t e r s ) ,  n ine  indus t ry  s e c t o r s ,  and 10 r eg ions .  Bo i l e r  r e s u l t s  

a l s o  can be broken down by s i z e  and capac i ty  u t i l i z a t i o n .  Fuel choice dec i -  

- s i o n s  a r e  s u f f i c i e n t l y  d isaggrega ted  s o  t h a t  IFCAM i s  capable o f  provid ing  

f u e l  mix ou tpu t s  f o r  244 A i r  Qual i ty  Control  Regions (AQCR1s) and 48 types  

o f  process  h e a t e r s .  However, t h i s  degree of  d i saggrega t ion  i s  performed t o  

determine more r ea  1 i s t  i c  environment a1  requirements  , equipment c o s t  v a r i a -  

t i o n s ,  and t e c h n i c a l  a b i l i t y  t o  f i r e  c o a l ;  t h e s e  more disaggregated r e s u l t s  

a r e  not  normally presented  a s  model ou tpu t s .  

! 
The model a l s o  can provide  ou tpu t s  r e l a t e d  t o  t h e  c o s t ,  f a x ,  and environ-  

mental impacts a s s o c i a t e d  with an energy scena r io .  'l'hese r e l a t e d  ou tpu t s  

a r e  not  included r o u t i n e l y  i n  t h e  s tandard  format ,  bu t  can be generated t o  
, 

s a t i s f y  s p e c i f i c  needs. 

A .  2 SCOPE AND COVERAGE 

A.2.1 Rela t ionship  t o  D O E 1 s  MEFS Model 

The DOE has  used t h e  Mid-range Energy Forecas t ing  System (MEFS) model a s  

i t s  b a s i c  f o r e c a s t i n g  t o o l  and a s  t h e  means o f  i n s u r i n g  c o n s i s t e n t  energy 



account ing .  I t  i s  a . g e n e r a 1  equi l ibr ium model which so lves  f o r  energy 

p r i c e s ,  t h e  l e v e l  o f  energy consumption, and t h e  mix of  energy sources  by 

r eg ion  and major consuming s e c t o r .  The MEFS i n d u s t r i a l  demand s e c t o r  is  a  

two-sec tor  model (petroleum r e f i n i n g  and o t h e r  i ndus t ry )  based p r i m & i l y  on 

econometr ic  r e l a t i o n s h i p s  c a l c u l a t e d  from h i s t o r i c a l  d a t a .  

IFCAM was developed i n  p a r t  t o  provide  MEFS with an a l t e r n a t i v e  source uf 

f o r e c a s t s  o f  i n d u s t r i a l  f o s s i l  f u e l  energy demands. A s  a conscqucnce 01 

t h i s  s p e c i f i c a t i o n ,  t h e  model was designed t o  ope ra t e  a s  c o n s i s t e n t l y  w i t h  

blLi-b ds p o s s i b l e .  IFCAM was s t r u c t u r e d  t o  use  MEFS es t ima te s  of  ove ra l l  

i n d u s t r i a l  f u e l  demands and t o  focus  on the  mixture o f  f o s s i l  i u e l  uses i n  

t h i s  s e c t o r .  IFCAM i s  capable  of  provid ing  r e s u l t s  f o r  t h e  same pe r iods  

covered by MEFS, i . e . ,  through 1995. 

A.2.2 Other Coverage I s s u e s  

The model covers  f u e l  u ses  i n  t h e  i n d u s t r i a l  s e c t o r  i ~ ~ c l u d i n g  manufactur- 

i ng ,  mining, and c o n s t r u c t i o n .  IFCAM c.onsiders on ly  steam coal  demands and 

exc ludes  feeds tock  energy uses ,  inc luding  m e t a l l u r g i c a l  coa l  and petroleum- 

o r  n a t u r a l  gas-derived raw m a t e r i a l s  used i n  chemical process ing .  

Both t h e  l ack  of t ime and t h e  r e l a t i v e l y  s h o r t  t ime horizon l i m i t  t h e  

choice  o f  energy supply technologies  covered. For c o a l ,  t h e  model covers  

on ly  technologies  where coa l  is burned a s  a s o l i d  fl.!cl. Not specifically 

cons idered  a r e  coa l3  Bsed a l t e r n a t i v e s  s1.1ch a s  process  change<, s h i f t s  from 

d i r e c t  t o  i n d i r e c t  f i r i n g ,  increased  e l e c t r i f i c a t i o n ,  nr coa l  convcrsion 

t echno log ie s  such a s  g a s i f i c a t i o n  o r  l i q u e f a c t i o n .  The mid-term t ime 

hor izon  of IFCAM prec ludes  s i g n i f i c a n t  market p e n e t r a t i o n  of  many o f  t h e  

advanced cual-based technologies  which a r e  s t i l l  i n  t h e  develoyn~ent s t a g e .  

To t h e  e x t e n t  t h a t  commercially a v a i l a b l e  technologies  which a r e  excluded 

from IFCAM, such a s  low-Btu g a s i f i c a t i o n  from c o a l ,  w i l l  be adopted, t h e  

model t ends  t o  unde r s t a t e  t h e  p o t e n t i a l  f o r  coa l  u t i l i z a t i o n .  In  some 

s p e c i f i c  s c e n a r i o s ,  EEA has  run  i'ts o t h e r  i n d u s t r i a l  energy demand model 

(ISTUM), which has a  longer  t ime horizon and cons iders  advanced technologies ,  



t o  e s t ima te  p o s s i b l e  market p e n e t r a t i o n  by 1990 and.1995 o f  advanced coa l -  

based.. t echnologies .  

A . 3 .  OVERVIEW .OF MODEL LOGIC 

IFCAM i s  an i n d u s t r i a l  energy demand model which focuses  on f u e l  choice 

d e c i s i o n s .  F igure  A . l  o u t l i n e s  t h e  model s t r u c t u r e ,  i d e n t i f y i n g  key i n -  

p u t s ,  ou tpu t s ,  and major a n a l y t i c a l  s t e p s .  

Inputs  1, 2 ,  and 3 - Energy Demand and I n d u s t r i a l  Product ion:  The 

l e v e l  of  i n d u s t r i a l  f o s s i l  f u e l  demand and n ine  i n d u s t r i a l  p roduct ion  

growth r a t e s  by reg ion  a r e  c r i t i c a l  i npu t s  i n t o  IFCAM. Although such 

i n p u t s  could be der ived  from many sources ,  i n  t h e  p a s t  they  have been taken 

from t h e  h i s t o r i c a l  ECDB, MEFS p ro j ec t ed  energy usk ,  and t h e  macroeconomic 

model which d r i v e s  MEFS. 

Model S tep  #1 - Charac t e r i za t ion  of  I n d u s t r i a l  Energy Use: This i n i -  

t i a l  s t e p  breaks down t h e  p ro j ec t ed  f o s s i l  f u e l  use  by i n d u s t r i a l  secto,r ,  

new and e x i s t i n g  f a c i l i t i e s ,  type  of  combustor ( e . g . ,  b o i l e r ,  b l a s t  fu r -  

nace,  g l a s s  me l t e r )  , s i z e  o f  combustor, and a  v a r i e t y  o f  o t h e r  c l a s s i f i -  

c a t i o n s .  These f a c t o r s ,  d i scussed  below, a r e  s i g n i f i c a n t  because they :  

a A l t e r  t h e  c o s t s  of us ing  a l t e r n a t i v e  f u e l s  ( e . g . ,  f u e l  c o s t s  
vary  according t o  i n d u s t r i a l  l o c a t i o n ) .  

Determine t h e  economics of  f u e l  choice ( e . g . ,  whether t h e  
combustor operales a t  a high capac i ty  uti.1 i z a t i o n  r a t e )  

D i s t ingu i sh  elements of  energy use s p e c i f i c a l l y  t a r g e t e d  by 
energy p o l i c y  measures ( e . g . ,  new b o i l e r s  above a  c u t o f f  s i z e )  

Are needed t o  genera te  r equ i r ed  model ou tpu t s .  

A major c h a r a c t e r i s t i c  of  i n d u s t r i a l  energy use i s  func t iona l  use .  IFCAM 

breaks  down f u e l  u se  by over  40 process  a p p l i c a t i o n s  such a s  t u b e s t i l l  

h e a t e r s  used i n  atmospheric d i s t i l l a t i o n  i n  petroleum r e f i n e r i e s ,  cement 

k i l n s ,  metal  r ehea t ing  furnaces ,  g l a s s  m e l t e r s ,  and b o i l e r s .  Categoriza-  

t i o n  by func t iona l  u se  i s  important because t h e  t e c h n i c a l  c a p a b i l i t y  t o  use  
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residual oil or-coal in many processes varies due to problems of product 

contamination, corrosion, temperature control, and current equipment design. 

The costs of burning alternative fuels also vary significantly among process 

applications. 

Model Step #2  - Create and Site Individual Combustors: Energy uses 

from Step #1 are disaggregated into classes of individual combustors prior 

to further analysis. These combustors then are sited in 244 AQCR's accor- 

ding to historical patterris of industrial location. There are several 

reasons to proceed to this higher level of disaggregation. First, envi- 

ronmental regulations for all existing combustors and many new fuel-using 

facilities vary among states and counties within states.. Since environmen- 

tal control c.0st.s are a major factor affecting the economics of fuel choice, 

IFCAM is designed to reflect this variation in environmental costs. 

Second, individual combustors are sited in AQCR's to avoid distortions 

caused by multiplying distributions of fuel use by regulation to aggregate 

energy use cells. Third, this more disaggregated level provides a frame- 

work to : 

Distinguish more specialized environmental requirements (as IFCAM 
does for nonattainment regions) 

.. Portray delivered fuel price variati~~s in a more realistic man- 
ner at a future date (e.g., currently, Houston and Dallas face 
tho same delivered coal prices). 

Model Step # 3  - Assignment,of Environmental Regulations and Pollution 
Control Strategies: Emission limits for major coal- and oil-related pol- 

lutants applicab1.e to individual combustors are assigned based on State 

and Federal regulations. Possible pollution contro1,strategies which can 

satisfy those regulatnry requirements are identified. 

Environmental regulations play an important role in determining the level 

of fucl substitution. Environmental regulations may increase the capital 



and fuel costs that a coal or residual fuel oil conversion candidate would . '  

face by increasing the environmental control required or quality of fuel 

burned. The specific regulations vary geographically (AQCR), by combustor 

size and type, and by type of fuel. 

Environmental regulations on a State and Federal level were examined for 

two pollutants,: SO2 and TSP. Regulations are developed for three categories 

of combustors in IFCAM:,hnilers subjcct to NSPS, boilers not subject to NSPS, 

and process heaters. 

For a given set of regulations, a n~ix u f  en~i.rnnmental control eyuipnient, 

such as flue gas desulfurization (FGD) or electrostatic precipitators 

(ESP), and low sulfur fuel which could satisfy the regulation is specified. 

The various possible mixes later are used to identify the capital and 

operating costs for different fuel types associated with each combustor. 

Input 4 - Fuel Prices and Energy Policy: Specifications for a partic- 

ular model run and projection year are illput at this step. Specifications 

include the, fuel price scenario, applicable fuel taxes, financial param- 

eters, and energy regulatory policies. 

Fuel price variations are used in IFCAM to model fuel taxes, natural gas 

deregulation, or variations in price trajectories. Fuel prices can bc 

varied according to seven fuel types: distillate fuel oil, high and low 

sulfur residual oil, high and low sulfur coal, and average and marginal gas 

markets. The price of each fuel type can differ by region. 

Investment i~~cenrives gunsidered have primari.1.y focused on differential de- 

preciation methods for coal, oil, or gas and on increased ITC1s in alter- 

native fuels. The impacts of differential depreciation methods and invest- 

ment.incentives are handled'within the scope of the main model logic. 



The coal conversion regulatory program established under FUA targets boilers 

whose rated capacity is over 100 MMBtu/hr. An economic test which compares 

coal to an imported oil price is used to simulate legislative provisions 

related to economic exemptions. This and other regulatory provisi.ons have 

been programmed in a special IFCAM routine and the model proj.ects the level 

of increased coal use under the program, in the absence of any implementa- 

tion problems. 

Model Step #4 - Technical potential to Substitute Fuels: In this 

step, a set of criteria related to the technical capability to use alter- 

nate fuels, lead time factors, and general economic considerations are 

applied to screen out fuel uses not technically capable of using residual 

oil or coal. The energy uses screened out must select either distillate 

oil or gas. An evaluation of technical potential considers the following 

. - factors: 

Technical capability to use coal or residual oil 

Lead times to develop new coal-firing technologies 

Lead times to order new equipment 

Supply-related constraints on coal use. 

Model Step #5 - Environmental Constraints: The costs of satisfying 

environmental requirements. will be factored into the economics of fuel 

choice in Step'#6. However, to the extent that environmental considera- 

tions may effectively block siting of new coal-fired combustors or conver- 

sions in existing units, this step screens out coal-fired units in severe 

air quality problem areas. 

Model Step #6 - Economics of Fuel'Choice: Based on the characteris- 
tics of each combustor (size, operating rate, useful life, combustor type, 

pollution control r,equirements, etc.), capital and non-fuel operating costs 

are generated for the' option of choosing oil, gas, or coal. The least cost 



fuel then is selected which minimizes the present value of the cost of 

generating energy oyer the combustor life. If the fuel type selected in 

this criterion is constrained due to technical or environmental reasons, 

the second least cost fuel alternative is chosen. 

The components of NPV can be divided into three major subsets: policy 

inputs, standard model assumptions, and key model variables. Policy inputs 

are depreciation life and method, ITC, and ~ I I P ~  prices. Standard model 

assumptions are construction period, corporate tax rate, expensihle con- 

struction costs, and property tax. These elements do not vary by comb~istor 

characteristics and represent. standard investmcnt assumptio~ls. Key model 
variables, capital costs, revenue life, discount rate, annual fuel consump- 

tion by capacity utilization and size, and operation and maintenance (OGM) 

costs, all vary with factors considered in the model (e.g., new or existing 

classification or environmental regulation). 

Model Outputs: The model categorizes fuel choice decisions by indus- 

try, functional use, and new/existing st.at11s. The fuel nlix rcflects Llle 

most economic fuel choice between natural gas, distillate fuel oil, low or 

high sulfur residual fuel oil, low or high sulfur coal, and refinery gas. 

As illustrated in Figure A.  1: fuel use is d~termined hnqod 011 three co~l 

straints: technical, economic, and environmental. Note that no financial 

or supply-related constraint is explicitly factored into the analysis. 

Cost or environmental impacts also can be generated for specific objec- 

tives. 



APPENDIX B. ENVIRONMENTAL REGULATIONS AFFECTING COAL USE 
! 

. IN PROCESS HEATERS AND SMALL BOILERS 

B.l THE CLEAN AIR ACT 

B.l.l Introduction to the Clean'Air'Act 

The Clean Air Act of 1970,, along with the major amejldments adopted in the 

Clean Air Act Amendments of 1977 (CAA), bring significant changes to the 

Federal regulatory mechanisms governing air pollution and control. Al- 

though the complexity of the CAA precludes full discussion here, certain 

essential features of the statutory framework must be recognized in order 

to understand the manner i n  which the law may affect c.oal use in process 

heaters and small boilers. 

B.1.2 National Ambient Air Quality Standards (NAAQS) 

The CAA is intended to provide a framework to achieve and maintain good air 

quality throughout the nation via a concerted, comprehensive program., As 

part of this goal, Section 109 of the act required the Environmental Pro- 

tection Agency (EPA) to develop two kinds of standards for ambient air 

quality -- "primary" standards necessary to protect public health, and 
"secondary" standards designed to protect public welfare. To date, the EPA 

has established standards for seven major classes of pollutants: par- 

ticulates, sulfur dioxide (SO2), carbon monoxide (CO), ozone, hydrocarbons 

(HC), nitrogen dioxide (NO2), and lead (Pb). 
, 

Scientific evidence indicates that in some cases the public health or 

welfare is harmed by brief exposure to high levels of pollution. Other 

types of damage may result from long-term exposure to low levels of pol- 

lution. To deal with this problem, the EPA has developed both short- and 

long-term standards for most of the pollutants 1isted.above. Short-term 

standards cstablish limits on emissions for periods such as three hours or 

24 hours. Long-term standards cannot be exceeded onfan annual basis. 



To coordinate  the con t ro1 ,o f  a i r  p o l l u t i o n ,  t h e  EPA divided the  country 

i n t o  247.Air  Quali ty Control Regions (AQCR1s]. These regions  can be i n t e r -  

s t a t e  o r  i n t r a s t a t e  a reas .  They a r e  formed according to.  meteorological ,  

i n d u s t r i a l ,  and socioeconomic f a c t o r s  and should be t r e a t e d  a s  a s i n g l e  

u n i t  f o r  t h e  purpose of  c o n t r o l l i n g  a i r  po l lu t ion .  EPA and individual  

s t a t e s  have designated a reas  of  t h e  country which do o r  do no t  meet NAAQS,, 

o r  f o r  which t h e r e  a r e  i n s u f f i c i e n t  da ta  t o  p lace , them i n  e i t h e r  of those 

c a t e g o r i e s .  C l a s s i f i c a t i o n  of  an a r e a  determines what ac t ions  the  s t a t e  

and the EPA w i l l  be requi red  t o  take  t o  r e g u l a t e  a i r  p o l l u t i o n  from ex- 

i s t i n g  and new emission sources.  An area i s  classj if ied f o r  each po l lu tan t  

with NAAQS a s  being i n  o r  out  of compliance with those s tandards ,  

B.1 .3  S t a t e  Implementation Plans (SIP'S) 

SIP'S a r e  t h e  mecha~lisrns by which ind iv idua l  S t a t e s  implement, maintain,)  

and enforce  the  r egu la t ions  and provis ions  of the  CAA. Each s t a t e  i s  

requi red  t o  submit t h i s  plan f o r  EPA approval.  S t a t e s  were reqiiired t o  

submit p lans  t o  t h e  EPA wi th in  nine mdnths a f t e r  promulgation of  the  a i r  

q u a l i t y  s tandards,  and f i n a l  plans had to he  approved o r  promulgdLed by €PA 

wi th ines ix  months t h e r e a f t e r ,  o r  not  l a t e r  than J u l y  31, 1972. An u l t ima te  

s t a t u t o r y  deadline f o r  achievement o f  the  a i r  q u a l i t y  s tandards was J u l y  

31, 1977. 

New d a t a  and experience ind ica ted  t h e  need t o  r e v i s e  the  o r i g i n a l  SIP'S.  , .  

The 1977 Amendments requi red  a complete revisiori  of the  implementation 

p lans  in a l l  a reas  where the  a i r  q u a l i t y  s t h d a r d s  have not  been a t t a i n e d .  

The r e v i s i o n s  were t o  be completed and approved by J u l y  1, 1979. Con- 

s t r u c t i o n  o f  new major emi t t ing  sources i s  prohibi ted  a f t e r - t h i s  d a t e  f o r  

any source  emit t ing  a ncrnattainment p o l l u t a n t  i l l  a nonattainment a r e a  in a 

s t a t e  without  a f u l l y  o r  cond i t iona l ly  approved SIP. To d a t e ,  46 s t a t e s  

have not  received EPA approval . ,  

The SIP'S must provide f o r  the  implementation, maintenance, and enforcement 

of primary, and secondary, NAAQS, and must incorpora te  the  provis ions  



outlined in the CAA in relation to Prey&.tion.of Significant Deterioration 

(PSD) and nonattainment plan provisions. Accordingly, SIP'S must include . 

the following: an enforceable permit for new or modified sources 

as described under PSD and nonattainment provisions; emission limitations . 

and compliance schedules. to assure attainment and maintenance of NAAQS; a 

description of how sources will be monitored; a program of emission limi- 

tation enforcement; and assurance 0.f state funding for these programs. In 

addition, State plans must be flexible to account for revision of NAAQS and , 

the availability of more expeditions or 'improved technological methods of , 
achieving standards. SIP'S also may establish additional .emission rates 

for new and existing sources. 

B. 1.3.1 State 'New Source Review 'Regulatidns 

Under CAA, SIPS must assure attainment of NAAQS by December 31, 1982; if 

severe oxidant and carbon monoxide problems exist, the deadline may be 

extended to December 31, 1987. As part of an effort to meet these dead- 

lines, as well as to maintain air quality in areas meeting NAAQS, many 

states implement New Source Review (NSR) programs to regulate new .sources 

of air pollution. NSR prbgrams generally require new sources to implement 

BACT and to undergo air quality assessment to .demonstrate that emis.sions 

from the new source will not interfere with the maintenance or attainment 

of any State or national ambient air quality standards. Most NSR programs 

cover more sources and have stricter requiremefits than Federal PSD and 

nonattainment provisions. 

B. 1.4 Prevention of Significant Deteriorat'ian (PSD) 

PSD provisions are designed to protect air qual'ity in areas now meeting all 

ambient air. quality standards. PSD. serves the following functions : .limits ' 

the degradation of air quality of so-called "clean-air" areas; provides a 

mechanism to regulate pollutant emission from new sources; and allows states . 

to determine the degree of new source growth desired .in clean air areas. 

The functions are to be carried out through specific requirements, all of 

which are to be incorporated into SIP'S. 



Each state must classify "clean areas" into one of three categories, govern 

: degradation by restricting ambient pollutant concentrations arising from 

new sources, and require new'or modified sources wishing to enter PSD- 

governed regions to obtain a, permit prior to commencing construction. 

B.1.4.1 Classification Cateeories 

The PSD provisions outlined~in the CAA allow for three classification 

c,a tegories : 

Class I - where practically any air quality deterioration would 
be precluded 

Class I1 - where deterioration in air quality arising from 
moderate growth would not be considered significant 

Class I11 - where.intensive and concentrat.ed industrial growth 
can occur while not departing from the intent of the PSD regu- 
lations. 

The classification plans are to be executed and enforced through the re- 

vised SIP'S. After states have identified those areas now meeting a l l  

, NAAQS, states must initially classify such areas as, either Class 1:or Class 

11. Certain areas specified in the act are automatically designated as 

Class I and are 'excluded from reclassification. Other areas classified as 

I1 may be later reclassified as Class I or I11 by the state;' however, 

certain Class I1 areas (also specified in the act) are prohibited from 

recl&ssification as Class 111. 

Ambient pollutant increment concentrations are assigned to each classifica- 

tion category. When added to the "baseline concentration," this determines 

, the maximum allowable air quality degradation for the area. The act re- 

quires that SO and particulates be covered by PSD regulations. At no time 2 
are maximum allowable concentrations allowed to exceed the most stringent 

air quality standard (primary or secondary) for the respective pollutants. 

Increments will be established by early 1982 for HC, COY NO2, ozone, and Pb. 



B.1.4.3 Preconstruct ion Permits 

The PSD provis ions  s t i p u l z t e  t h a t  a l l  major s t a t i o n a r y  sources wishing t o  

i n i t i a t k  cons t ruct ion  of a  new f a c i l i t y  o r  modify an e x i s t i n g  one .must 

obta in  a permit.  To obta in  a permit,  t he  source owner must f u l f i l l  severa l  

requirements. The major requiremnts a r e  'given below: 

BACT Review: A source sub jec t  t o  PSD regula t ions  i s  requi red  
t o  u t i l i z e .  the  "bes t . ava i1ab le  control~ ' technology" .(BACT). BACT 
(with r e spec t  t o  a  p a r t i c u l a r  po l lu tan t )  i s  requi red  f o r  a l l  
sources having the  p o t e n t i a l  t o  emit over 100 o r  250 tons  p s r  
year  of t h a t  ( the 100 o r  250 ton l i m i t  i s  defined i n  
t h e ' r e g u l a t i o n s ) .  The s t a t e s  a r e  empowered t o  determine BACT on 
a cas'e-by-case b a s i s .  NSPS frequently- a r e  used f o r  e s t a b l i s h i n g  
BACT . 
Monitoring: The owner o r  opera tor  of a  proposed f a c i l i t y  must 
agree  " to  conduct such monitoring as may be necessary t o  de te r -  
mine t h e  e f fec t "  the  r e s u l t i n g  'emissions have o r  w i l l  have on 
any a i r  q u a l i t y  i n  any a r e a  a f f e c t e d  by the  f a c i l i t y ' s  emissions. 

Public  Hearings: The s t a t e  i s  required t o  n o t i f y  the  pub l i c  of  
t h e  proposed const ruct ion  and g ive  the  publ ic  the  opportunity 
t o  comment on the  .projec t .  

As a r e s u l t  of the  December 14, 1979 decis ion  i n  the  case of Alabama Power 

Company v. Cost le ,  major provis ions  of the  PSD regu la t ions  were t o  have 

become i n v a l i d  on January 4, 1980. EPA f i l e d  a p e t i t i o n  f o r  a  s t a y  of the  

c o u r t ' s  decis ion  and p resen t ly  i s  await ing a response. 

B.1.5 Nonattainment Plan Provisions 

The CAA de l inea tes  provis ions  by which SIP'S a r e  t o  ensure at tainment of 

a l l  primary NAAQS by spec i f i ed  timeframes. The provis ions  o u t l i n e  mech- 

anisms by which s t a t e s  can allow growth i n  those regions  now exceeding a i r  

q ~ a l i t y ~ s t a n d a r d s ,  while s t i l l  assur ing  "reasonable f u r t h e r  progress" 

toward at tainment.  

The nonattainment provisions of the  CAA o u t l i n e  r egu la t ions  governing the  

in t roduc t ion  of  new sources i n  regions  which have been shown by monitored 



data (or calculated by air quality modeling) to exceed any NAAQS. Under 

the 'CAA, revised SIP'S for these standards must assure attainment of pri- 

mary air quality standards no later than December .31',' 1982; for especially 

severe ozone and CO problems, the deadline may be extended to December 31, 

1987.. All secondary standards are to be attined within "a reasonable 

time," with no specific deadline listed. 

New SIP'S will require permits for the c.onstruction and opesatiuri of new or 

modified major stationary sources in any nana ttainment nrca. In revi s ing  

implemcntation plans, states must tighten the requirements on existing 

sources of pollution to eliminate the excess of e~~~issions in t,hk area over 

those that could be allowed without violating the ambient air quality . . 

standards. A state can either: 

Require reductions just sufficient enough to eliminate the vio- 
lations of the air quality standards, leaving no margin for 
new growth, or 

I 

Require reductions more than sufficient to achieve compliance, 
thus creating a margin available for new sources, 

Furthermore, under the permit program, all applications must employ Lowest 

Achievable Emission Rates (LAER)' on the proposed source and must show that 

all other sources in the state owned or controlled by the permit applicant 

are in compliance or on a compliance schedule. Existing sources are re- . 

quired to apply Reasonable Available Control, Technology (RACT). 

B.1.6 PSD-Nonattainment Overlap 

The basic rule is that PSD requirements apply in clean air regions, while 

nonattainment p~uvlsions apply to areas where the clean air requirements 

are being violated. Every region falls into one of the two cat.egoriks. 

However, some regions may fall into both (i.e., an area may be attainment 

for one pollutant. hut not for another). 



The requirements for PSD or nonattainment are applied on the basis o f  

individual pollutants. There will be many cases where. a new plant is to be 

located in an.area that is nonattainment for'one pollutant, hut is attain- 

ment for other pollutants. In such a case, the plant must satisfy the 

procedural and substantive requirements of both programs. 

Cross-boundary effects of air emissions on nonattainment areas presents . 

another significant complication. A new source constructed in a clean air 

area may have a significant effect on a nonattainment area. The reverse 

also may have a significant impact on a nearby clean air area. In both - 

instances, the PSD and nonattainment requirements may be applied. 

B.1.7 .New Source Performance Standards (NSPS) 

NSPS are Federal standards governing emissions from new or modified sta- 

tionary sources. These standards comprise the least stringent emission 

limitations to which applicable.new sources are subject; individual states, 

through implementation of new source preconstruction reviews, may establish 

stricter pollutant emission restrictions. Emission standards are estab- 

lished by NSPS for categories of sources with respect to any criteria air 

pollutant emitted. 

B.1.8 National Emission Standards'for Hazardous Air Po1lutant.s (NESHAPS) 

Section 112 of the CAA mandates EPA to prescribe emission or design stan- 

dards for hazardous air pollutants not covered under the NAAQS. EPA must: 

determine which pollutants are hazardous and what emission or design stan- 

dard will best govern the pollutant. 

Once emission standards are effective for a particular pollutant, no new or 

modified source may violate the standard. Existing sources are subject to 

compliance as well. States may develop and submit, for EPA approval, their 

own means for implementing and enforcing emission standards. If the EPA 
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determines the  p lan  adequately maintains t h e  e s t ab l i shed  s tandards ,  t h e  

s t a t e  may assume the  r e s p o n s i b i l i t y  f o r  implementat'ion and en£ orcement. 

B. 2 THE ' CLEAN. WATER ACT 

B . 2 . 1  In t roduct ion  t o  the ' c l ea r i  Water Act 

The Clean Water Act (CWA), a s  amended i n  1977., r ea f f i rms  the  committment 

made by.Congress i n  1972 t o  contjnue t h e  cl.ea.nup of  our n a t i o n ' s  waters .  

The i ssuance  of permits  t o  po in t  sources discharging . . i n t o  navigable waters 

remains the  backbone of t h e  CWA1s r egu la to ry  mechanism. The a c t  est.ab- 

l i s h e s  genera l  and s p e c i f i c  e f f l u e n t  l i m i t a t i o n s  and ap,prupriate ma.nagement 

p r a c t i c e s  f o r  var ious  i n d u s t r i e s .  

B.2.2 National P o l l u t a n t  Discharge Elimination System (NPDES) 

Sect ion  402 of  t h e  CWA, t h e  National,  Po l lu tan t  Discharge Elimination System 

(NPDES), i s  the  key mechanism by which EPA .enforces compli.ance of  regula-  

t i o n s  r e f l e c t i n g  t h e  goals  s e t  f o r  po l lu t ion  reduct ion .  D i s c h a ~ g e  from any 

d i s c r e t e  (or  "point") source i s  unlawful without a NPDES permit author iz ing  

such d ischarge  i n  compli.ance with e f f l u e n t  l i m i t a t i o n s  and water  q u a l i t y  

s tandards ,  both Federal and s t a t e .  

The EPA regional  o f f i c e  o r  a designated s t a t e  a u t h o r i t y  i s s u e s  permits t o  

c o n t r o l  and l i m i t  wastewater d ischarges .  from point  sources.  Permits d ic -  

t a t e  p resen t  and f u t u r e  degree of treatment. requi red  w.i.t.hin t h e  term of the  

permit ;  compliance schedules a r e  included,  Other permit condi t ions  i n -  

c lude:  cons t ruc t ion  schedules,  monitoring requirements, and pretreatment 

and e f f l u e n t  limits. 



, 
B. 2.2.1 . Categories of 'Pol . lutants  

B.2.2.1.1 :Conve.ntional Po l lu tan t s  

Conventional - BOD (biologi.ca1 oxygen demand], suspended s o l i d s ,  
f e c a l  coliforms, pH a c i d i t y ,  and o t h e r  p o l l u t a n t s  so  designated 
by EPA 

Treatment required - bes t  conventional technology (BCT), cur- 
r e n t l y  subj e c t  . to  b e s t  p r a c t i c a b l e  technology 'current  l y  a v a i l -  
a b l e  (BPT) 

~ e a d l i n e  - July' 1 ,  1984. 

B.2.2.1.2 Toxic Po l lu tan t s  

Toxics - the  1977 amendments speci fy  an i n i t i a l  l i s t  of t o x i c  
substances t o  which EPA may add o r  from which it may s u b t r a c t  

Treatment requi red  - bes t  ava i l ab le  technology (BAT) 

Deadline - J u l y  1, 1984, o r  not  l a t e r  than th ree  years  a f t e r  a 
substance i s  placed on the  tox ics  po l lu tan t  l i s t .  

B. 2 .2.1.3 Noncorlventional Po l lu tan t s  

Nonconventional - a l l  o the r  p o l l u t a n t s  not c l a s s i f i e d  by EPA 
a s  e i t h e r  conventional o r  t o x i c  

Treatment requi red  - bes t  ava i l ab le  technology (BAT) 

Deadline - J u l y  1, 1984., o r  with.in t h r e e  years  of t h e  da te  EpA 
e s t a b l i s h e s  e f f luen t  l i m i t a t i o n s  but not  1 a t e r . t h a n  1987. 

B .2.2.2 Best Management P rac t i ces  (BMP) 
/ 

I n d u s t r i a l  management of t o x i c  and hazardous .materials .which might e n t e r  

the  environment o the r  than through . . e f f luen t  discharges a l s o  a r e  r,egulated 

under the  a c t .  The EPA must e s t a b l i s h  BMP f o r  the  con t ro l  of rhe p lan t  

s i t e :  runoff ,  leaks ,  s p i l l a g e s ,  sludge and o the r  waste d i sposa l ,  and 

drainage from raw mate r i a l  s to rage  s i t e s .  



B . 2 . 2 . 3  New Source Perfoymance Standards (NSPS] % 

NSPS are intended to be the most stringent effluent standards. In practice, 

for many industries they tend to be the same as BAT; Although NSPS are 

subject to revision as technology changes, control technologies applied to 

new sources are not required to be revised. The EPA has established a 10- 

year grace period following construction.for control technologies. 

B . 3  THE RESOURCE CONSERVATION AND RECOVERY ACT 
-- 

B . 3 . 1  Introduction 

The Resource Cvriservation and Recovery Act (FCRA) regulates all aspects of 

solid waste with a "cradle'to grave" management scheme. Under this program 

EPA is responsible for proposing regulat-ory controls to manage' the treatment,' 

storage, and disposal of solid waste. The program's basic approach is to 

divide the regulations of solid waste into two categories; hazardous waste 

and non-hazardous waste. . 

RCRA was enacted to achieve two basic .objectives: (1) protection of public 

health and the environment, and (2) the conservation of natural resources. 

The act provides three major programs to reach these goals: 1) the estab- 

lishment of a hazardous waste control program to be administered by the 

states, or where states choose not to do so, by EPA; 2) the establishment 

of a land-disposal regulatory propam in.each state; and 3) the initiation 

and support of resource conservation programs by state and local govern- 

ments to conserve resources and reduce the amount o f  solid waste reql.liring 

land disposal. 

WCRA is divided into eight subtitles: 

Subtitle A-General Provisions 

Subtitle B-Office of Solid Waste, Authorities of Administration 

e.  Subtitle C-Hazardous Waste Management 

Subtitle D-State or'Regiona1 Solid Waste Plans 



Sub t i t l e  E-Duties of t he  Secre ta ry ,o f  Commerce i n  Resource and 
Recovery - 1  
Sub t i t l e  F-Federal Responsibi l i t ies  

Sub t i t l e  G-Miscellaneous Provisions 

Sub t i t l e  H-~esea r ch ,  ~evelobment , Demonstration, and Information. 

1 
Of major i n t e r e s t  a r e  the regula t ions  f o r  hazardous.waste management (Sub- 

t i t l e  C) and land disposal  of  non-hazardous waste (Sub t i t l e  D ) .  

The EPA has determined eight  hazardous waste cha r ac t e r i s t i c s :  i g n i t a b i l i t y ;  

cor ros iv i ty ;  r e ac t i v i t y ; '  t ox i c i t y ;  r a d i ~ a ' c t i v i t ~ ;  infectiousness;  phyto- 

t ox i c i t y ;  and t e ra togen ic i ty .  Testing protocols have been developed f o r  

the f i r s t  four  chara .c te r i s t i c s , and  a r e  being developed f o r  the  others .  

Once EPA develops the  remaining t e s t s ,  a  substance possessing any of the  

eight  cha r ac t e r i s t i c s  w i l l  be considered hazardous. 

B. 3.2 Hazardous Waste Management . (Subt i t l e  C) 

The major regula tory  program of RCRA i s  contained i n  Sub t i t l e  C .  Sub t i t l e  

C s e t s  f o r t h  a management scheme t h a t  provides f o r  "cradle t o  grave" regu- 

l a t i o n  of hazardous wastes: 

The s t a t u t e  i t s e l f  def ines  the  term "hazardous waste" as  "a s o l i d  waste, o r  

combination of so l i d  wastesi, which because of i t s  quant i ty ,  concentrat ion,  

o r  physical ,  chemical, o r  in fec t ious  cha r ac t e r i s t i c s ,  may . . . pose a 

subs tan t ia l  present  o r  po t en t i a l  hazard t o  human heal th  o r  t he  environment 

when improperly t r ea ted ,  s tored,  t ransported,  o r  disposed of ,  o r  otherwise 

managed." The a c t  a l s o  defines s o l i d  waste a s  including, " l iquid ,  semi- 

so l i d ,  o r  contained gaseous mater ia l  r e su l t i ng  from indus t r i a l ,  commercial, 

mining, and ag r i cu l t u r a l  operations.It Wastewater discharges a r e  exempt 

from the  a c t ' s  requirements. 

Sub t i t l e  C provides f o r : .  



An i d e n t i f i c a t i o n  and l i s t i n g  of hazardous wastes according t o  
spec i f i ed  c r i t e r i a  (Sec. 3@01j. 

Standards of performance '(Sec. 30041.for  those who s t o r e ,  t r e a t ,  
o r  dispose of  such wastes including bonding by the  d i sposa l  s i t e  
opera to r  t o  provide f o r  c losure  c o s t s  of 'the s i t e  

9 Permits (Sec. 3005) f o r  s torage ,  t reatment and d isposal  f a c i l -  
i t i e s  -- not f o r  t r a n s p o r t e r s  and only f o r  generators  having 
o n s i t e  waste-handling f a c i l i t i e s  

0 .  A manifest system (Sec. 3002) ,  whi.ch must be complied with by 
a l l  who handle hazardous waste t o  ensure t h a t  the  wastes a r e  
t r a spor ted  from the  waste genera tor  t o  only a permitted disposal  
f a c i l i t y  

Standards app l i cab le  t.o hazardous waste t r anspor ta t ion  (Sec. 
3003) 

Not i f i ca t ion  requirements (Sec. 3010) f o r  generators ,  t r a n s -  
p o r t e r s ,  and s to rage  and/or d i sposa l  f a c i l i t i e s  ' 

9 Guidelines f o r  e s t a b l i s h i n g  s t a t e  programs (Sec. 3006). 

In add i t ion ,  the  hazardous .wasste program w i l l  e s t a b l i s h  standards on the  

b a s i s  of d isposal  methods ( inc ine ra t ion ,  l a n d f i l l i n g ,  e t c . ) ,  and not  by 

n a t i o n a l  indus t ry - spec i f i c  s tandards .  

Wastes Lhat a r e  n o t  c l a s s i f i e d  a s  hazardous a r e  covered by S u b t i t l e  D .  

B. 3.3 Non-Hazardous Waste- Management ' ( S u b t i t l e  D) 
. , 

This i s  b a s i c a l l y  a  S t a t e  r egu la to ry  program with c e r t a i n  Federa l ly  imposed 

c o n s t r a i n t s ,  the: most s i g n i f i c a n t  of which i s  the  phasing-out of  open 

-.-- dumps. Sect ion  4004 w i l l  s e t  c r i t e r i a  f o r  s a n i t a r y  l a n d f k l l s  and any new 

d i sposa l  f a c i l i t y  not  meeting t h o s e ' c r i t e r i a  w i l l  bc cnnr,i,dnrt?d an open 

du~np. Open dumps must be upgraded o r  phased out .  

Thus, a l l  land-disposal  s i t e s  w i l l  have t o  meet the  S u b t i t l e  D s a n i t a r y  

l a n d f i l l  c r i t e r i a , . a n d ,  i f  a  s i t e  handles hazardous wastes, it w i l l  have t o  

meet t h e  add i t iona l ,  more s t r i n g e n t  requirements of S u b t i t l e  C .  , 



C.l INTRODUCTION 

This appendix describes the processes that were evaluated in this study. 

The combustors considered in this study do not represent a comprehensive 

list of all industrial process heaters, but they do comprise a mix of 

industrial processes which consume over half of the fuel consumed in pro- 

cess heat applications. The descriptions are organized as follows: 

Glass 

- Regenerative furnaces 

- Glass unit melter 

- Glass annealing lehr 

Steel and aluminum 

- Blast furnace stovelshaft furnace 

- Blast furnace/cupola - hydrocarbon injection 

-. Soaking pitlreheat furnace 

- Coke ovenlanode prebake oven 

- Traveling gratelsinter furnace 

- Heat treat furnace (steel and aluminum) 

Lime and cement 

- Lime and cement rotary. kilnlgrate kiln 

- Alumini~m rotary kiln* 

Brick and 'clay ' 

- Refractory kiln/coremaking oven 

- Face brick kiln 

Food and textiles 

- Food processing 

*The aluminum rotary kiln is pr'esented with other kilns. 



Petroleum and chemicals 

- High-risk f i r e d  hea te r  

- , Medium- and low-risk. f i r ed  he&er. 

C .2  GLASS 

C.2.1 Regenerative Furnace 

Approximately 90 percent of g lass  products a r e  melted i n  regc:nerative 

furnaces;  i n  f a c t ,  t h e  f l a t  g lass  indust ry  exclusively uses t h i s  furnace 

type.  The regenerat ive  furnace i s  bas ica l ly  a melting tank, and i t s  capac- 

i t y  ranges from 100-750 TPD. The furnace der ives  i t s  name from i t s  r e -  

generator chambers, c a l l ed  checkers, which increase furnace e f f i c iency  by 

preheating combustion a i r .  The checkers a r e  a l a t t i c e  of re f rac to ry  

b r ick .  Fuel burner por t s  a r e  located a t  the melting tank entrance of the 

-checkers which supply the  burners with preheated a i r .  Combustion gases 

pass over t he  molten batch and, a t  temperatures of approximately 2400- 

2650°F, continue out  through and heat  one s e t  of checkers. A t  regular  

i n t e r v a l s  (usually 20-30 minutes), t h e  flow i s  reversed and the  combustion 

a i r  i s  passed through heated checkers t o  the  opposite chamber. There 

a r e  two types of regenerat ive  f~ i rnace ,  the s ide-por t  and the  end-port. 

Raw mate r ia l s ,  , cons i s t ing  of s i l i c a  sand, limestones, f e ldspars ,  borates ,  

soda ash,  and. c u l l e t  (recycled g lass  scrap) ,  a r e  melted i n  the continuous 

furnace. t o  produce r ~ ~ o l t e n  l iqu id .  'Temperatures range from 2600-2900°F. 

depending on the  g lass  composition. As  the  melt moves i n t o  ho t t e r  sec- 

t i o n s  of  the  furnace, v i s cos i t y  i s  lowered and entrapped gases escape. 

Maximum heat  t r an s f e r  i s  obtained through long, rad ian t  flames and r ad i -  

a t i u ~ ~  from rhe r e f r ac to ry  l i n ing  of the melt ,  promoting batch hom0genei.t~. 

The primary fue l  used i n  regenerat ive  furnaces i s  na tu ra l  gas which i s  

se lec ted  f o r  i t s  c lean l iness  .and heating control  and consistency: Temper- 

a t u r e  contr0.1 i s  e s s en t i a l  i n  g lass  mel ters .  Changes of 1 2 5 ' ~  can cause 

product l o s s ,  and temperatures above 2950°F w i l l  cause .furnace roof damage. 



C.2.2 Glass Unit Melter 

The unit melter is a continuous melting furnace, generally smaller in 

capacity than the regenerative furnace, and not equipped with heat recovery 

devices. Unit melters account for approximately five percent of glass 

production and have an average capacity of 125 TPD. Melters, used only 

by the pressed and blown glass segment, are relatively inefficient because 

they lack regenerators. Unit melters are long and narrow and may be . 

either cross. fired or side fired. The operation is otherwise similar to 

that of the regenerative furnace described above. Natural gas is the pri- 

mary fuel, with oil substitution presenting problems similar to those 

discussed for the regenerative furnace. 

C.2.3 Glass Annealing Lehr 

Annealing, the most important post forming step, is performed in continuous 

ovens called lehrs and is used for all glass products. Annealing streng- 

thens glass by removing internal strains introduced in the forming opera- 

tion. The process brings the formed glass to the critical temperature 

of about 1 0 0 0 ~ ~ ~  then gradually cools the glass to prevent introduction 

of new stress. The average lehr (basically a tunnel oven) is 100 feet . . 
.long and has gradient heat zones. A normal cycle through the lehr takes 

one hour. Burners are Jncated i n  the roof of the lehr and run the length 

' of the oven. Accurate temperature control to prevent breaking and main- 

tenance of product quality are essential. Because of these process re- 

quirements, natural gas is the primary fuel used for annealing, with 

propane as a substitute during curtailments. Oil firing is considered 

infeasible due to the production of a film on the glass, both contaminating 

,the product and possibly causing breakage, since the glass is extremely 

sensitive in this process. 
, . 



C.3 STEEL AND ALUMINUM 

C.3.1 ' Blast  Furnace Stove/Shaft Furnace 

The s h a f t  furnace i s  used t o  f i r e  20 percent  of a l l  i r o n  p e l l e t s  produced. 

The s h a f t  furnace c o n s i s t s  of a rec tangular  s h a f t  s i x  t o  e i g h t  f e e t  wide, 

14-21 f e e t  long, and 45-65 f e e t  high.  Raw p e l l e t s  a r e  f e d  i n t o  t h e  top  

o f  t h e  s h a f t  and hardened p e l l e t s  rcmoved fro111 the bottom a f t e r  about four  

hours.  Heat i s  added t o  t h e  process from two adjmccnt c y l i n d r i c a l  com- 

bustior1 chambers which measure s i x  f e e t  i n  diameter and 15 f e e t  i n  he igh t .  

Fuel input  per  chamber i s  approximately 15 MMBt~i/hr. Combustio~l tempera- 
0 t u r e  measures approximately 2350 F .  The preheat  a i r  and combustion pro- 

ducts  e n t e r  the  furnace through mul t ip le  p o r t s  about 8.5 f e e t  below t h e  

s t o c k l i n e .  Natural gas o r  o i l  i s  burned i n  the  combustion chambers. 

Most p ig  i r o n  products  a r e  made i n  b l a s t  furnaces. This furnace i s  a 

v e r t i c a l  s h a f t  i n  t h e  form of a t runcated  cone. The charge ( i ron  ore ;  

p e l l e t s ,  s i n t e r ,  coke, sc rap ,  l imestone, dolon~i te ,  and s l ag )  is fed  i i l to 

t h e  top  of the  stack. Preheated b l a s t  a i r  from adjacent  s toves i s  blown 

i n  a t  t h e  bottom of the  furnace through tuyeres and i g n i t e s  the  coke i n  

t h e  dharae t o  p?kdllcrl temparaturcs al:lovrr. 3000'~. Each blast: furnace is  

se rv iced  by two o r  t h r e e  s toves .  The s toves  a r e  c y l i n d r i c a l  and may be 

26-28 f e e t  i n  diameter and 120 f e e t  high.  

The s tove  c o n s i s t s  of two p a r t s :  a combustion chamber and a b r i ck  checker- 

work regenera tor .  Hot combustion gases heat  the  checkerworks i n  a s tove .  

The a i r  b l a s t  f o r  t h e  furnace then i s  heated by passing i t  through t h e  

chcckerwoxks. Each s tove  a l t e r n a t e s  between providing a i r  b l a s t  and 

checkerwork heat ing  such t h a t  the  b l a s t  furnace rece ives  a constant  flow 

of b l a s t  a i r .  

Approximately 90 percent  of t h e  f u e l  f o r  t h e  s toves  i s .p rov ided  by b l a s t  

furnace  gas and coke oven gas. o i l  and na tu ra l  gas s a t i s f y  t h e  remaining 

f u e l  requirements. 



C . 3 . 2  Blast  'Furnace/Cupdla -'Hydrocarbon I n j e c t i o n  

In many. U; S .  b l a s t  furnaces,  . a u x i l i a r y  f u e l s  a r e  inj ,ected through. tuyeres  

i n t o  the  h e a r t h  i n  order  both t o  save coke and increase  b l a s t  furnace pro- 

d u c t i v i t y .  In t h i s  process, preheated b l a s t  a i r ,  blown i n ' a t  t h e  bottom 

of the  furnace, burns p a r t  o f ' t h e  f u e l  t o  produce heat  f o r  t h e  chemical 

r eac t ions  involved and t o  melt t h e  i r o n .  The balance of t h e  f u e l  and p a r t  

of  the  combustion gas remove t h e  oxygen which has combined with t h e  metal 

i n  the  burden. The,use of  supplemental f u e l s  decreases the  amount of ex- 

pensive meta l lu rg ica l  coke requi red ,  he lps  con t ro l  flame temperature, and 

inc reases  furnace capaci ty  f o r  o r e  and limestone. N a t u ~ a l  gas and f u e l  

o i l  predominate a s  f u e l  i n j e c t a n t s ,  bu t  coke oven gas,  pulverized coal ,  

t a r ,  p i t c h ,  and c o a l / o i l  s l u r r i e s  a l s o  have been'used.  

The cupola i s  used t o  melt 75-80 percent  of the  gray i r o n  and approx~mate ly  

25 percent  o f  t h e  duc t i ' l e  i r o n  produced. The cupola c o n s i s t s  of  a v e r t i c a l  

s h a f t  o r  s h e l l  (27-108 .inches i n  diameter) b u i l t  of  s t e e l  p l a t e  and l ined  

wi.th r e f r a c t o r y  b r i ck .  Pig i ron ,  sc rap  metal,  a l l o y s ,  coke, and f l u x e s  

a r e  charged' i n t o  the  cupola on top  of  an i g n i t e d  coke bed. The descending 

charge e n t e r s  the  melt ing zone which i s  preheated t o  2000°~,  and molten 

i r o n  and s l a g  t r i c k l e  through the  coke bed. The molten i r o n  i s  tapped 

a t  2750-2900'~. A small amount of o i l  and gas i s  used t o  i g n i t e  t h e  coke 

bed i n  t h c  cupola. 

These two processes a r e  grouped together  due t o  the  s i m i l a r  f u e l  r equ i re -  

ments f o r  in jec t ion .  i n t o  the  coke bed. 

C.3.3 Soaking Pit /Reheat  Furnace 

Some mo.lten s t e e l  i s  tapped from steelmaking furnaces i n t o  l a d l e s  and then 

poured. i n t o  t a l l ,  u sua l ly  rec tangular  molds. Once the  ou t s ide  has s o l i -  

d i f i e d ,  the.mold i s  str ipped:arld t h e  ingot  i s  moved t o  a soaking p i t .  

'Soaking p i t s :  1)  r a i s e  the  temperature of  t h e  s t e e l  ingot  u n t i l  it is 

s u f f i c i e n t l y  hot  and p l a s t i c  for economic rcduct ion  by roll . j ,ng and forging,  . . 



and 2) bring the ingot to a uniform temperature with a minimum of surface 

overheating. If the firing rate in the soaking pit is greater than the 

rate at which the heat can be transferred into the interior of the ingot, 

the surface of the ingot can either melt away or be oxidized severely. 

Soaking pits are deep rectangular, square, or circular chambers into which 

ingots are lowered in an upright position. Each pit has a retractable 

covcr. 'l'he pits usually are built side-by-side sharing a common wall with 

a hearth area uf 100-300 square feet. There are several types of soaking 

pits characterized according to their firing system. Variations include 

top or bottom fired, center or side fired, and one-way, two-way, or tan- 

gentially fired in a circular pit. About 90 percent of the soaking pits 

are equipped with heat recovery devices. The normal te~~~perature range 
0 for heating ingots in preparation for rolling or forging is 2150-2450 F. 

Soaking pits are designed and operated carefully to eliminate end-to-end 

and top-to-bottom temperature gradients. Blast furnace gas, coke oven 

gas, and natural gas are the fuels frequently used. 

Reheat furnaces heat semifinished shapes from ambicnt temperatures to a 

temperature suitable for final hot rolling operations. The two general 

classes of reheat furnaces are batch and continuous furnaces. In batch 

furnaces, the charged material remains in a fixed position on the hearth 

as it is heated according to a definite time-temperature pattern which 

ensures the piece is not overheated. In continuous furnaces, the cold 

charged material moves through the furnace and is heated to rolling tem- 

perature progressively. Typical rolling temperatures are 2200-2250~~~ 

although temperatures may reach 2 8 0 0 ~ ~  jn the hot end of rcgencrative baLch 

and continuous furnaces. Seventy-five percent of the fuel burned in reheat 

furnaces is purchased oil and gas, with the remainder being fuels produced 

in-house . 

The fuel requirements for even, controlled heating of steel ingots in soak- 

ing pits 'and reheat furnaces are similar, allowing the two processes to be 

considered together. 



C.3.4. Coke Oven/Anode Prebake Oven - 

Coke, a carbonaceous nonvolatile residue formed froni the destructive dis- 

tillation of metallurgical grade coal, is the primary fuel and reductant 

essential for smelting iron ore in blast furnaces. Coke remains solid in 

the melting zone of the blast furnace and separates the unmelted burden 

from the molten metal and slag pool. Ninety percent' of the coke is pro- 

duced at steel mills for in-house blast furnace use. In order to form 

coke, metallurgical grade coal is heated in the absence of -air and baked 

until it is porous. Each coke oven is charged with 12-25 tons of crushed 

coal and heated to about 2 1 0 0 ~ ~ .  After 12-30 hours, the hot coke is re- 

moved and the oven is immediately recharged with coal. The gases evolved 

during coking are drawn off and treated for the recovery of byproduct 

chemicals. A byproduct coke oven is rectangular, 30-50 feet long, six to 

26 feet high, and 11-22 inches wide. As many as 100 ovens, alternating 

with combustion chambers, may be arranged in a battery located above re- 

generative chambers. In the combustion chambers, gas is burned in a.large 

number of vertical heating flues which permit uniform heating of the coking 

'chamber walls. The heated gases pass up the coking chamber walls and back 

down through the regenerator chamber to preheat combustion air. Coke oven 

gas is the primary fuel used in coke production. Blast furnace gas and 

natural gas also are burned. Controlled fuel'distribution to the numerous 

small burners in the flues is not feasible with a solid or liquid fuel. 

Carbon anodes, used in aluminum smelting, are formed by baking high quality 

petroleum coke and a binder of coal tar or pitch in order to remove volatile 

impure materials. The anode prebake oven is a series of open-topped cham- 

bers 100 feet long, six to eight feet wide, and 10-15 feet deep. Each. 

chamber is surrounded on all four sides by a flue 10-11 feet long and 5.75 

inches wide. Low-capacity burners, which'fire down into the flue, are 

positioned in the overhead cover of each flue. Two to three chambers in 

each sectiorl of eight to 10 chambers are fired simultaneously with the 

combustion gases circulated to other flues to provide preheat of the com- 



bustion air. The anode prebake bven is a batch operation, with each batch 

taking 24-28 hours. (Only 63 percent of total aluminum production employs 

anode prebake ovens.) Over 90 percent of the fuel consumed is natural gas, 

with the remainder being distillate fuel oil. These two processes are 

grouped together because of the similar fuel requirements of the low- 

capacity burners in the flues. 

C.3.5 Traveling Grate/Sinter Furnace 
--. - 

Iron ore is mined in open pits and underground mines and is uscd to produce 

metallic iron. Iron ore consisting of particles less than 1/4 inch largc 

is agglomerated before being charged to the blast furnace. Agglomeration 

improves the permeability of the furnace burden and prevents the loss o f  

ore fines up the stack. Pelletizing is a method of agglomeration which 

usually occurs near the mines. . Pelletizing agglomerates finely ground iron 

ore into iron oxide pellets. Pellets are formed by first mixing finely 

ground ore concentrate with a binder and bentonite clay and then balling 

the.mixture and coating it with a thin rayer of fuel in a balling drum. 

The traveling grate furnace consists of 20-60 windboxes located under a 

traveling grate which moves under overhead h i ~ r n e r s .  The grate, six to 10 

feet wide and ,100-400 feet long, produces 100-300 tons of pellets per hour. 

The raw pellets are fed onto the grate to a depth of 13-17 inches. As the 

pellets pass through heat zones, they are dried, preheated, fired, and 

cooled. The pellets are hardened at 2400-2450~~ by about 26 overhead 

burners which supply approximately 200 Btu/hr of fuel. Oil and ga.s are. 

used to fire the overhead burners in the firing zone. Twenty-eight percent 

of all pellets are fired in traveling grates. 

Sintering is the second princ.ipa1 method of agglomerntion in the iron and 

steel industry. Sintering recycles and converts various iron-bearing 

raaterials, including ore fines from screening operations, blast furnace 

flue dust, and ore concentrates, into a granular, relatively coarse form 

well suited for blast..furnace use because of its permeability. Most sin- 



tering is done at the blast furnace site. Continuous sinter furnaces are 
3 . 13-16 feet wide and 200-330 feet long. Iron-bearing'materials are mixed 

with flux and fuel (coke, breeze, or anthracite) and spread evenly on the 

grate to a depth of six to 18 inches., Overhead burners ignite the fuel in 

this mix. As the combustion front moves downward through the,bed of-fires 

aided by an induced draft from the windboxes, sufficient temperatures 

(2400-2700'~) are created to agglomerate the fine particles into coherent . 

lumps or clinker. The clinker is cooled and reduced to pieces up to six 

inches in size. 

Most.of the fuel for sintering is provided by coke in the mix. Natural gas 

is used for the small amount of fuel needed to ignite the mix. Thessimi- 

larities in raw materials and burner characteristics determine similar-fuel 

requirements for these two processes. 

C.3.6 Heat Treat Furnace (steel and aluminum) 

Heat treating, defined broadly, includes all of the controlled heating and 

cooling 0f.a metal'or alloy in the solid state in order to alter its struc- 

ture or properties. In the steel industry, the heat treating process 

changes the mechanical properties of steel by controlling'the amount and . 

distribution of its two major constituents, iron and iron carbide. Heat 

treating processes include annealing, tempering, normalizing, quenching, 

and stress relieving. There are many types of batch and continuous fur- 

naces, which may be direct or indirect fired. Temperatures in heat treat- 

ing furnaces range from.800-2100~~. Some furnaces are heated indirectly bi 

radiant tubes in which gaseous fuels are burned. The various heat treating 

furnaces are fired by oil, gaseous fuels, and electricity. 

Heat treating furnace size and design tend to be highly job-specific in the 

aluminum industry. Direct and indirect fired batch and continuous furnaces 

are employed. The different heat treatments employed in aluminum fabrica- 

tion (homogenizing, annealing, and aging) are a function of furnace tem- 
I 



perature and residence time. All heat treating furnaces burn natural gas 

in the aluminum industry. 

I 

For both aluminum and steel heat treating, indirect firing promotes high 

product quality because the combustion products are segregated from the 

charge and the likelihood of localized overheating of the product is. 

greatly reduced. However, direct-fired furnaces have the advantage of more 

efficient heat energy transfer, red~iced. I narl hca ting t ime ,  and 1.nwnr r . o p  

ital costs. The product quality requirements and other process character- 

istics determine the method of firing and fuel used. 

C.4 CEMENT AND LIME 

C.4.1 Rotary Kiln/Grate Kiln 

The single fossil fuel-consuming unit in the cement industry is the rotary 

kiln used to calcine the raw materials (crushed limestone, seashells, 

shale, siiica sand, and iron. ore). A rotary kiln is used for calcination. 

This kiln is a cylindrical refractory-lined steel chamber placed on its 

side and tilted slightly to allow gravitational flow of the material through 
, 

the kiln. As the charge moves through the kiln, the chamber rotates at 

about one RPM to assure mixing and proper heat distribution during material 

flow. The kiln sizes vary from 12-17 feet in diameter and from 250-500 

feet in length. Raw material is charged continuously into the high cold 

end of the kiln. As the charge moves to the lower end of the kiln, the 

temperature increases, producing the following reactions: free water evap- 

oration, hydration water evaporation, decomposition of magnesium carbonate 

and calcium carbonate, and a lime and clay reaction. Maximum temperature 

in the kiln is 2800'~. A single burner is positioned at the lower end of 

the kiln, so that the flame grazes the surface of the material. A slow 

flame whose length is approximately one-third the kiln length is used. 

Flame characteristics are not critical. Coal, natural gas, and fuel oil 

are used to fire cement rotary kilns. 



In the lime kndustry, the rotary kiln accounts for almost 80 percent of 

calcined lime. Crushed high-calcium or dolomitic l'imestone is charged to 

the rotary kiln where the high temperature (2000-3000'~) decomposes calcium 

carbonate or calcium-magnesium carb0nat.e~ to produce calcium oxide and 

calcium-magnesium oxide. This calcining operation is identical to that 

described for cement. Coal has been used almost exclusively in the rotary 

kiln. 

Alumina Rotary Kiln , . 

The first major process step in aluminum production refines.hydrated alu- 

mina from bauxite. Ninety percent of the hydrated alumina is calcined in 

direct fired rotary kilns. The alumina hydrate is introduced into the 

kiln's elevated end. A single burner is located at the center of the end 

wall at the lower end. The rotary kiln structure and operation are iden- 

tical to that described for the cement rotary kiln. At the discharge end ' 

of the kiln, the dried alumina enters an adjoining cooling chamber where it 

is cooled. Natural gas and distillate fuel oil account for 90 and 10 

percent, respective1y;of fuel used in rotary kilns. 

C.5 BRICK AND CLAY 

C. 5.1 '~efractory ~iln/~oremakin~ - .- Oven .. . . 

Refractory bricks are used by many industries in a variety of applications 

where resistance to high temperature, severe abrasion, and chemical corro; 

sion is required. The raw clay materials are crushed, mixed with water, 

formed, and dried before firing. The firing is performed primarily in 

tunnel kilns which are long refractory-lined chambers through which the 

bricks are conveyed on refractory-protected cars. The kiln is usually 400- 

600 feet long and is set up in temperature gradient zones. Numerous low 

capacity (approximately one MMBtu/hr) burners, mounted on the sides or top 

of the kiln, run the length of the chamber. As the bricks enter the kiln, 

thcy arc prchcatcd, fired, and cooled slowly. Temperature distribution and 



control are essential to ensure uniform product quality. Firing tempera- 

tures vary (1800-3200'~) depending on the specific product being fired. 

Natural gas is the preferred fuel because it is distributed easily to 

multiple burners and provides a greater degree of control. Both propane 

and No. 2 fuel oil serve as.alternate kiln fuels. 

Molding and coremaking is the process which makes molds and cores for 

casting in the foundry industry. Molds and cores are formed by compacting 

sand aggregates combined with a binder in a specific shape. This often is 

followed by drying and baking to increase hardness and refractori.ness. 

Oven temperatures usually are 400-460'~. The baking is done in either 

batch or continuous ovens. The continuous ovens are similar to the tunnel 

kiln described above. Batch ovens may have drawers to hold small cores, or 

they may be large and charged with portable racks. Fuel contaminants, 

whether ash or unburned carbon, on the surface of the molds may change 

alloy ratios or cause surface imperfect.ions in the coating. Oil and gas 

currently are used to fire mold and core baking ovens. The large number of 
small-capacity burners in tunnel kilns determines the si.mi1a.r fuel re- 

quirements for these two processes. 

C.5.2 Face Brick Kiln . 

Common (face) bricks are used by the housing and construction industry. 

The characteristics of a brick product are determined primarily by the 

nature of the constituent clays. The clay i's crushed, screened, mixed with 

water, and formed into various shapes. The brick shapes are dried before 

entering the kiln for firing. The firing temperatures of 1800-2400'~ 

produce 'a chealicai bonding of the clay product. Two-thirds of the bricks 

produced are fired in tunnel kilns similar to those described in the re- 

fractory brick process description. The remainder of common bricks are 

fired in.periodic kilns. Bricks are loaded into the kiln and heated ac- 

cording to a firing curve resembling the tunnel kiln gradient. One type 

of, periodic kiln is the shuttle kiln into which bricks are moved on a car 



\ 

for a firing cycle. Shuttle kilns range up to 20 feet in length and four 

to eight feet in width. They may be either top or side fired, generally 

with high velocity gas burners. 'Beehive kilns are large round rooms, ap- 

proximately 30 feet in diameter. Beehives.are either top fired or fired 

from two to 10 fireboxes situated, around the kiln. 

Natural gas is used in both continuous and periodic kilns because of its 

cost, control accuracy, and ease of.delivery to numerous burners. Oil 

represents the primary substitute $or natural gas. Product quality is not 

affected by ash or other fuel contaminants. 

C. 6 FOOD AND TEXTILES 

C . 6 . 1  Food 
I 

The food industry includes industries that manufacture or process foods 

and beverages for'human consumption and other related products such as pre- 

pared animal feeds. The major energy-consuming direct heat applications 

in this industry include drying grains, dairy products, and beet pulp; 

cooking and smoking sausage and prepared meats; dehydrating fruits, vege- 

tables, and alfalfa; and baking bread. Product quality is of primary im- 

portance. Any degree of food contamination by trace metals is sufficient 

to classify food as inedible. Gaseous fuels are the only fuels clean 

enlugh to contact,foods directly without contaminating them. Consequently, 

natural gas is the only fuel used in direct heat applications. 
t 

Direct heat applications in the textile industry are singeing, heat setting, 

and drying. All treatments involve passing the fabric directly over com- 

bustion flames. Singeing burns hairs off fabric to give a smoother ap- 

pearance and to prepare the woven material for even dyeing, printing, and 

other finishing operations. In the drying and heat setting processes, heat 

is applied to the fabric which is stretched in a tenter frame. Waterproof- 



ing or permanent press chemicals may be added during heat setting. Temper- 
0 atures range from 250-450 F. Even heat flux and carefully controlled heat 

distribution and flame patterns are necessary to insure product quality. 

In addition, a clean flame is required to insure the absence of soot that 

might accumulate on the fabric and lodge between its fibers. 

Natural gas is the sole fuel used i.n these pro\cesses duc to its c.leairlilless 

and controllability. Propane or butane are substituted when natural gas i s  

unavailable. I 

C.7 PETROLEUM AND CHEMICALS 

Fired heaters are used in the chemical and petroleum refinirig industries to 

provide process heat. The tubestill heater is an indirect-fired process. 

The feedstock circulates through the furnace within a network of several 

hundred tubes. Heat to the tubes is provided by multiple low-capacity 

burners mounted in banks on the sidewalls, roof, or floor of the radiant 

section of the furnace'. In the radiant section, heat is transferred to the 

feedstock via the tube walls mainly from the combustion flames. In the 

convec'tion section, heat is slipplied to the tubes by thc flue gases which 

pass over the tubes on route to the stack. Usually, the convection section 

is used to preheat the feedstock. Predictable heat release rates and even. 

heat distribution to each radiant tube are critical to operation. Long, 

lazy flames may lick the tube walls, causing local. overheating and coltc 
. 

deposition .in the tube. Ash deposition on furnace walls and tube surfaces 

can lead to subsequent attacks on these surfaces by impurities in the ash. 

The risk.designation refers to actual production and safety 'risks and j.5 

not intended as an economic indicator. 

C. 7.1 ~i~h-risk Fired Heater 

The substitution of a nongaseous fuel in the following processes is clas- 

sified as high risk. At least one of the following conditions unfavorable 

to nongaseous fuel use is present in the high-risk tubestill heaters: 



Process temperatures  over  9 0 0 ~ ~  

High p re s su res  

React ive feeds tock .  

High temperatures  i nc rease  hea t  d i s t r i b u t i o n  problems, the ,  r i s k  o f  coking, 

and a sh  depos i t i on  on furnace  s u r f a c e s .  A r e a c t i v e , f e e d s t o c k  can be a . 

s a f e t y  hazard i n  t h e  event  of  tube rup tu re .  High p re s su res  can inc rease  

t h e  chance of  tube r u p t u r e  due t o  tube  wa l l  f a t i g u e  o r  degrada t ion .  The 

- presence of  a chemical r e a c t i o n  i n  t h e  tubes  makes even h e a t  d i s t r i b u t i o n  

more c r i t i c a l .  

T u b e s t i l l s  used i n  t h e  product ion of ammonia, e thylene ,  and methanol and i n  

t h e  petroleum r e f i n i n g  processes  o f  hydrocracking, hydro t r ea t ing ,  hydro- 

r e f i n i n g ,  delayed coking, . . and hydrogen.' manufacture a r e  c l a s s i f i e d  as h igh  

r i s k .  Only n a t u r a l  gas and r e f i n e r y  o f fgas  c b r r e n t l y  a r e  used a s  t u b e s t i l l  

f u e l s  i n  t h e s e  processes .  

C . 7 . 2  Medium- and Low-Risk F i r ed  Heaters  

The fol lowing petroleum r e f i n i n g  processes  employ t u b e s t i l l  h e a t e r s  a s  des-  

c r ibed  i n  t h e  low-risk t u b e s t i l l  d e s c r i p t i o n :  atmospheric d i s t i l l a t i o n ,  

a l k y l a t i o n ,  and f eed  p rehea te r s  t o  c a t a l y t i c  reformers .  The cond i t i ons  of 
0 

low process  temperature (under 900 .F ) ,  s t a b l e  feeds tock ,  and t h e  presence of 

hydrogen i n  t h e  feeds tock  al low t h e  use  of  nongaseous . . f u e l s  i n  t hose  pro- 

ce s ses  t o  be c l a s s i f i e d  a s  low r i s k .  The low temperature and hydrogen i n  

t h e  feeds tock  reduce t h e  chances of coke. d e p ~ s i t i o ~ .  The s t a b l e  feeds tock  . 

reduces t h e  s a f e t y  hazard i n  t h e  event  of  a tube r u p t u r e .  Curren t ly ,  

n a t u r a l  gas ,  r e f i n e r y ' o f f g a s ,  and r e s i d u a l  f u e l  o i l  a r e  used a s  t u b e s t i l l  

f u e l s .  

> 

Medium-risk f i r e d  h e a t e r s  i nc lude  yacuum d i s t i l l a t i o n ' ,  hydrocracking, hy- 

d r o r e f i n i n g ,  and c a t a l y t i c  reforming u n i t s .  These processes  do not  have 

t h e  r e a c t i v e  p r o p e r t i e s  of  t h e  h igh - r i sk  u n i t s ,  b u t  they  a r e  c r i t i c a l  t o  

r e f i n e r y  ope ra t ion .  If a medium-risk f i r e d  h e a t e r  i s  i n t e r r u p t e d ,  it would 

e f f e c t i v e l y  shu t  down a major po r t ion  of product ion  f o r  a s i g n i f i c a n t  t ime.  



APPENDIX D. COST CALCULATIONS AND' DATA USED FOR 

ECONOMIC COMPARISONS 

The objective of this appendix is to explain the basis for the economic 

comparisonsof the technologies. discussed in Sections 4 and 6. Cost data , . 

not shown in the body of the report are presented and the calculations made 

to estimate annualized costs are explained. The appendix is divided into 

three parts: the first part describes how cost estimates for alternate 

fuel sources were annualized; the second part presents the boiler and 

process heater costs used; finally, the addition of the fuel and combustor 

costs to make economic comparisons is explained. 

D.l ANNUALIZED COSTS FOR ALTERNATIVE TECHNOLOGIES 

For each alternative fuel and heat source, Section 4 shows the available 

cost estimates and the costs used for the economic analysis discussed in 

Section.6'. The costs are adjusted to be on comparable bases and are shown 

in annualized form so that comparisons with other technology costs are 

meaningful. When possible, the costs used for the economic 'analysis were 

taken from DOE data in an effort to use estimates based on consistent 

assumptions and unbiased sources.  

Other cost figures were adjusted to be on comparable bases with each other, 

so they are not identical to figures in the original references. Capital 

and operating and maintenance (OGM) costs were adjusted to 1978 dollars. 

OEM costs were assumed' to remain constant during the life of the facility. 

Fuel prices were standardized so that technology cost variations are not 

due to different fuel price assumptions. The costs used are as follows: 

High siilfiir coal : $1.08/bNi3t6 

Low sulfur residual fuel oil: $2.81/MMBtu 

Electricity: '..: $0.0291/k\Vh 

Limestone : $12.00/ton. 



The c o s t  of f eeds tock  coa l  p e r  MMBtu of  a l t e r n a t e  f u e l  produced was ca lcu-  

l a t e d  a s  t h e  c o s t  p e r  MMBtu o f  raw coa l  ($1.08/MM~tu) d iv ided  by t h e  con- 

v e r s i o n  e f f i c i e n c y  o f  t h e  p l a n t .  

Using a  r e a l  i n t e r e s t  r a t e  (o r  d i scoun t  f a c t o r )  of seven pe rcen t ,  a  t a x  

r a t e . o f  50 pe rcen t ,  and sum of  years  d i g i t s  (SOYD) dep rec i a t ion ,  t h e  

p r e s e n t  va lue  of  t h e  d iscounted  cash flow and an equ iva l en t  annui ty  were 

c a l c u l a t e d .  To conver t  t h e  annu i ty  i n t o  a  c o s t  pe r  MMBtu, t h e  annu i ty  was 

d i v i d e d  by t h e  expected ou tpu t  ( i n  MMBtu/yr) of  t h e  a l t e r n a t i v e  f u e l  

p l a n t .  This  f i n a l  f i g u r e  ( i n  $/MMB~u) can be i n t e r p r e t e d  a s  a se l . l . ing .  . 

p r i c e  (excluding t r a n s p o r t a t i o n  c o s t s )  t o  an i n d u s t r i a l  end u s e r .  

Table  D . l  shows t h e  c a p i t a l  and OEM c o s t s  used t o  c a l c u l a t e  t h e  annual ized 

c o s t s  used i n  t h i s  r e p o r t .  The DOE d a t a  f o r  methanol, MBG, and coa l  l i q u i d s  

were r ece ived  i n  annual ized  form. The c a p i t a l  c o s t  f i g u r e s  f o r  SRC-1 and 

SRC-2 a r e  s t a t e d  a s  ranges  because t h e i r  es t imated  c o s t s  have increased  

s u b s t a n t i a l l y  s i n c e  t h e  o r i g i n a l  e s t ima te s  were made. 

The s team c o s t  e s t ima te s  shown i n  Sec t ion  4 may be b e t t e r  f i g u r e s  f o r  

comparing f u e l  cos t s .because  they  i n c l u d e . a l 1  t h e  a s s o c i a t e d  c o s t s  of  

burn ing  each f u e l ,  no t  j u s t  t h e  f u e l  c o s t .  .The  steam c o s t s  a r e  es t imated  

f o r  b o i l e r s  ope ra t ing  a t  65 pe rcen t  capac i ty  u t i l i z a t i o n .  P o l l u t i o n  

c o n t r o l  r e g u l a t i o n s  were assumed t o  r e q u i r e  85 percent  s u l f u r  removal. 

Steam c o s t s  were c a l c u l a t e d  by f i r s t  conver t ing  f u e l  c o s t s  from $/MMBtu t o  

$/MPPH, assuming 1 .25  MMBtu a r e  r equ i r ed  t o  produce 1 .0  MPPH of  steam. 

Fuel c o s t s  were then  added t o  annual ized c a p i t a l  and OEM c o s t s  ( see  next  

s e c t i o n )  t o  g e t  t o t a l  steam c o s t s .  

D.2 BOILER AND PROCESS HEATER COSTS 

A l l  t h e  c a p i t a l  and O6M c o s t s  f o r  b o i l e r s  and process  h e a t e r s  used i n  t h e  

economic a n a l y s i s  i n  Sec t ion  6 were taken  from c o s t  d a t a  i n  IFCAM. Data 

on t h e  c o s t  of i n s t a l l i n g  new b o i l e r s  were obta ined  p r i m a r i l y  by con tac t ing  

b o i l e r  manufacturers .  



TABLE D. 1 

CAPITAL AND O&M COSTS FOR ALTERNATIVE FUEL PRODUCTION 

Fue 1 
Capacity Conversion . Initial 

. Size Utilization Efficiency Capital Alternative OEM 
(1012 Btu/yr) (percent) (percent) Costs Costs Source Fuel Technology Type 

1: Costs shown in $/MMBtu: 

32 ' 90 Methanol Advanced gasifier 

Lurgi technology MBG 
(eastern coal) 

SRC- 2 Average of coal 118 
liquids (SRC-2, H- 
coal, EDS) 

2. Costs shown in $10 6' 

COM Standard 

SRC-1 . Standard 

AF BC Standard 

0.95 DOE 

7 0 1.61- 2.81 DOE W 

2.74 

None 3.20 1.83 McKee b/ 

70 1828.00- 223.00 Radian c / 
3108.00 

1.50 DOE 
- ~ 

Interim costs for National ~ n e r ~ ~  Plan 11, May 1979. 

b1 Arthur McKee & Company, "Coal-Oil Wixture : A Preliminary U .S. Market Study," 1979. 

Radian Corporation,   synfuel,^ fror Coal as Emission Control Techniques for Industrial Boilers," draft final 
report, January 1979'. 



Data on process heater capital costs came from a combination of equipment 

vendors, process heater users, consultants, and cost manuals. The capital 

costs include the installed costs of all necessary'equipment for process 

operation including ash handling, fuel handling and storage, and any neces- 

sary pol1utio.n control costs. The capital costs estimates also include 

indirect costs such as engineering, utilities, contingencies; and working 

capital. 

. 

OEM costs are based primarily on contacts with industrial boiler iisers. 

These estimates include all annual expenses for labor, supplies, mainte- 

nance materials, and genera.1 and administrative costs. The costs of boilers 
and process heaters fired with alternative fuels.were assumed to be the 

same as the costs for units fired with the conventional fuels which have 

very similar characteristics. ~atural gas unit costs werk used for MBG 

costs. SRC-2 (liquefied coal) costs were used for.methano1, and coal costs 

'were used for SRC-1. New capital costs were not estimated for COM-fired . 

units because COM is considered to be primarily an energy source for retro- 

fit appl icat ions .  

Table D.2 shows the boiler.capita1 and OGM costs used to estimate steam 

costs in Section 4. Table D.3 shows the costs for process heaters. These 

costs were annualized in the same way alternative fuel production costs 

were annualized. 

D . 3  ECONOMIC COMPARISONS BETWEEN ALTERNATIVE FUELS IN PROCESS HEATERS 

The final step in analyzing which alternative fuels are economically at- 

tractive is to determine the total annualized cost of operating a process 

heater with each possible fuel. This was done by adding the annualized 

alternative fuel cost (or price to the industrial user) to the sum of the 

annualized capital and OGM costs for each.process heater. The results are 

summarized in Section'6. , 



TABLE D. 2 . . 

BOILER CAPITAL AND ' OEM COSTS 

Fuel Fired 

Coal 
Size Natural 

(MMBtu/hr)  as^/ Residual Oil Pulverized Stoker 

5 0 

Capital 

OEM 

175 

Capital 2641 - , 7775" 2904~' " ' - 7878". 

OEM 164 971 260 - 1212 

325 , 

Capital 5582 12942" ~868~' 1316oc' - 

OEM 302 1548 438 1878 - 

b' Includes FGD, but no ESP. 

Includes both FGD and ESP. 

SOURCE: "Industrial Fuel Choice Analysis Model," Appendices to Primary 
Model Documentation," prepared for DOE by EEA, Inc., Arlington, 
Virginia, January 8, 197.9. 



TABLE D.3 

, , . . .  , . . 
PROCESS HEATER CAPITAL AND OEM COSTS~' . . , . " 

Process Heater 

Fired heaters 

99 M M H t l . ~ / h r  

Regenerative 
glass melter 

Blase furnace 

Steel ie11ea.t 
furnace 

Rotary cement 
kill1 

Capital 

OEM 

Capital 

OEM 

Capital 

OGM 

Capital 

OEM 

Capital 

OEM 

Capital 

OEM 

.Fuel Fired 

Natura,, Dislillate Rcsidual 
Gas Oi 1 01 1 Coal - 

Face brick kiln Capital 1,075 1,190 1,454 2,848 ' 

OEM 66 9 5 113 214 

Heat t.rea t ing  Capital 
furnace 

OEM . 

- a/ Includes pollution control costs. 

h /  f n f  easibl e. 

SOURCE: "Industrial Fuel Choice Analysis Model," Appendices to Primary 
Model Documentation, prepared for DOE by EEA, Inc,, Arlington, 
Virginia, January 8, 1979. 



The effectiveness of ITC1s in encouraging . . the constructi,on,of new alter- 

native fuel-fired process heaters was assessed by changing . . just the an- 

nualized process heater' capital cost. The original annualized OGM cost and 

alternative fuel price were added' to the adjusted annualized capital cost 

to obtain a new total annualized cost. This was compared with the parallel 

cost for conventional fuels to determine whether the increased ITC changed 

the economics in favor of the alternative fuel. 



APPENDIX E. GLOSSARY OF TERMS 

This . glossary . includes some definitions which have appeared in the follow- 

ing references: 

Lapedes, Daniel L. (Ed.), Dictionary of Scientific and Technical 
Terms, 2nd Edition, McGraw-Hill Book Company, New York, 1978. 

~orth American Combustion Handbook, 2nd ~dition, North American 
Mfg. Co., Cleveland, Ohio, 1978. 

Ash Noncombustible mineral matter which is a constitu- 
ent (to varying degrees) in liquid and solid fuels. 
It can cause difficulties with heat transfer sur- 
faces, refractories, and burner ports. . 

Ash fusion temperature The temperature at which ash begins to melt and 
blend into a glassy substance, or clinker. 

Atomization , 

Baghouse 

Caking coals 

Catalyst 

Checkerworks 

The process of breaking a liquid fuel into a mul- 
titude of tiny droplets or a fine spray, to enhance 
its combustion. 

A chamber for holding fabric filters (bag filters) 
used to clean flue gas streams from a furnace. 

A type of coal which agglomerates and softens upon 
heating; after volati'l'e material has been expelled 
at .high temperature, a hard, gray cellular mass of 
coke remains. 

A substance that, can alter the rate of a chemical 
reaction, without itself entering into the reac- 

. , tion products or undergoing a c'hemical change. 

Refract0r.y in furnace regenerators which recovers 
heat from outgoing gases and later transmits the 
heat to cold air or gas entering the furnace; so 
called because the bricks are 'arranged in checker- 
board patterns, with alternating brick units and 
open spaces. 



Clinker 

Coke 

Coking 

.Burnt or glassy solid material that may form from 
fuel ash and refractories in process h.eaters. 

1: The solid product, principally carbon, re- 
sulting from the destructive distillation of coal 
or other carbon-containing sutstances in an oven 
or closed chamber. 

. 2 .  Tl~e carbull-cuntaining subsrances which may 
form on furnace walls under certain circumstances. 

The process of producing coke. With respect to 
chemi.r.a.1~ and petroleum refining 'industry fircd 
hearers, the accumulation of unacceptable coke 
deposits in tubes containing feedstocks. 

Compliance fuel A fuel which when burncd does not require the use 
of a pollution control device to meet emission 
control regulations. 

Convective heat The transfer of heat by moving masses of heated 
transfer matter. 

Conversion efficiency In reference to an alternative fuel production 
facility, the percent of the energy content in the 
original fuel (usually coal) t h a t .  remains in the 
alternative fuel. product. 

Densification process 1. With reference to refuse-derived fuels, the 
process in which solid wastes are mechanically 
pelletized or briquetted to form a denser fuel. 
See "solid fuel forms" section of MSW technology , 

descript.ion. 

2 .  With respect. tu wvucl fuels, the Ij'rocess of 
producing wood pellets. See discussion of "corn- 
bustion characteristics" in wood and wood waste 
section. 

Derate 

Distillate 

With respect to an industrial process, to reduce 
the maximum firing rate of process burners or to 
reduce the prodl.ict. t.hroughput, or both. Often 
required when the primary fuel for 'a proccss is 
changed to a heavier fuel. 

1. Distillate fuel oil. A light grade of fuel 
oil which has a boiling point above that of gaso- 
line. Also generally referred to as No. 2 fucl 
oil, but sometimes it i~lcludes No. 3 and No. 4 
fuel. oils also. 



Distillate 2.  Can refer to oil' obtained by condensation of 
vaporized hydrocarbons. 

Distillation column A still in which crude oil or. other liquids are 
separated into various fractions or parts accord- 
ing to their boiling points. 

Dowtherm A trade name for any of several mixtures used in 
liquid form as a heat-transfer fluid. 

Electrostatic precipitator. A device which re- 
moves ,dust or other fine particles.from flue gases 
by charging the particles with an electric.field 
'and' co'llecting them on .charged plates. 

Excess air ratio The ratio between the amount of air existing in a 
combhstion process and the amount theoretically 
required for complete burning. 

FGD 

Flame impingement 

Flame temperature 

Flue gas 

Fluff 

Fouling 

Friable 

Hardgrove grinda- 
bility 'index 

Flue gas desulfurization. Usually used in refer- 
ence to one of several types 0.f devices that remove 
sulfur compounds from flue gases. 

The unacceptable contact between a flame and a 
product or furnace wall. 

The temperature of the products of combustion of 
fuel with air. Varies greatly by fuel type. 

Gaseous combustion products from a furnace. 

The light, shredded portion of municipal solid 
waste, from which ferrous metals and sometimes 
glass and nonferrous metals have been removed. 
See section on solid fuel forms of MSW. 

In process heaters and boilers, the accumulation 
of ash, dirt, corrosion, and roughness on tubes 
and furnace walls. See'also sl'agging. . .  . 

Easily reduced to a granular or powdery condition. 
%. 

The relative grindability of .materials in compar- 
ison with a .'standard coal, chosen as 100 grinda- 
bility, as determined by a miniature ball-ring 
pulverizer. 



Heating ~ a l u e  

Heat s ink  

The t o t a l  hea t  o r  energy content  s to red  i n  a sub- 
s tance .  usua l ly  .designated i n  Btu per  pound, 'ga l -  
lon, o r  cubic. f o o t .  

Any region o r  substance t h a t  absorbs h e a t .  The 
mate r i a l  heated i n  an i n d u s t r i a l  process (water, 
o i l ,  .metal, e t c . )  a c t s  a s  a heat  s ink .  

Heat t r a n s f e r  coef- A measure of  t h e  hea t  c,onduction through a mater- 
f i c i e n t  i a l  o r  medium. A high c o c f f i c i c n t  means heat i s  

e a s i l y  t r a n s f e r r e d  or .conducted.  

Hydrocarbon 

Luminous flame 

Radiant flame 

Any of a 1arge.number of compounds composed of 
carbon and hydrogen. The primary source of hydro- 
carbons i s  from petroleum. 

Luminous r e f e r s  t o  $he q u a l i t y  of being b r i g h t .  
However, luminous flame i s  someti,mes ~lserl 'iriter- 
changeably with r a d i a n t  flame. 

A r a d i a n t  flame r e f e r s  t o  a s i t u a t i o n  i n  which t h e  
primary mode of heat  t r a n s f e r  i s  r a d j a t j o n .  D i f -  
f e r e n t  f u e l s  produce flames with varying radiance.  
Coal flames, f o r  example, are nuch more r a d i a n t  
than na tu ra l  ga& flamos. 

Radiant hea t  t rans-  Heat t r a n s f e r  i n  which the  hea t  t r a v e l s  r a p i d l y  
f e r  i n  s t r a i g h t  l i n e s  without heat ing  t h e  in tervening 

space.  See a i s o  convective heat  t r a n s f e r .  

Recuperator A p iece  of  equipment t h a t  makes use  of hot  f l u e  
gases t o  preheat  a i r  f o r  combustion. The f l u e  
gases and a i r  flow a r e  i n  adjacent  passageways so  
t h a t  heat  i s  t r a n s f e r r e d  from the  hot  gases,  
through the separa t ing  wall,  t o  the  cold a i r .  

Reducing atmosphere A furnace atmosphere t h a t  tends t o  remove oxygen 
from substances placed i.n the  furnace.  I t  r e -  
s u l t s  from supplying inadeq,uate a i r  t o  t h e  burners.  

Ref rac to r i e s  

& 

Regenerator 

Highly h e a t - r e s i s t a n t  ma te r i a l s  used t o  l i n e  f u r -  
naces, k i l n s ,  and b o i l e r s .  

A c y c l i c  hea t  interchanger which a l t e r n a t e l y  r e -  
ce ives  heat  from gaseous combustion products  and 
t r a n i f e r s  hea t  t o  a i r  before i t  i s  used i n  combus- 
t i o n .  



Residual 

Scale-up , 

Slagging 

Soot 

Spreader stoker 

Turndown ratio 

Volatiles 

Residual fuel oil. A h.eavy, viscous oil remain-' 
ing after the lighter' parts .of crude. oil have 
heen removed. Jncludes No. 5 and No.. 6 fuel oils. 

In reference to developing technologies, the pro- 
cess of designing a large unit (usually of com- 
mercial size) based on an experimental or demon- 
stration unit. 

With reference to refractories, the destructive 
chemical action between refractories and combus- 
tion products at high temperatures, resulting in 
the formation of a liquid. 

A black substance, consisting of very small par- 
ticles of impure carbon or heavy hydrocarbons, 
which appears in smoke resulting from incomp.1ete 
combustion. 

A solid fuel-burning system in which the fuel is 
distributed over a thin bed on a grate. Has been : 
a very common method for firing coal in boilers.. 

The ratio of maximum to minimum firing rates pos- 
sible while maintaining proper combustion or pro- 
cess conditions. In some non-continuous processes, 
a high turndown ratio is very desirable. 

The more easily vaporized components of a liquid 
or solid. 

Waterwall inciner- A combustor in which water-carrying tubes help 
ator form the sidewall. The water absorbs radiant heat 

and thereby prevents excessively high furnace wall 
temperatures. 

Working fluid With.respect to indirect heating, whatever fluid,. 
is used as the heat transfer .medium or substance. 
The working fluid carries he,at from the combustor 
to the substance being heated. 
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