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RANKIUG OF A I R  FOBCE HEATING PLANTS RELATIVE TO 
THE ECONOMIC BENEFIT OF COAL UTILIZATION 

F. P. Griffin H. S. Holcomb 
J. F. Thomas J . M. Young 

BBSTRACT 

The Defense Appropriations Act of 1986 requires :he 
Department of Defense to use an additional 1.6 million tons 
of coal per year at their U.S. facilities by 1995. It also 
states that the m o s t  economical fuel should be used a t  each 
facility. To comply with this act, the United States Air 
Force requested Oak Ridge National Laboratory to evaluate the 
feasibility and economics of using coal at Air Force heating 
plants that currently burn natural gas and/or o i l .  A life- 
cycle cost analysis of 16 heating plants was performed, and 
the results were used t o  rank the facilities €ram best to 
worst according to their potential for economical utilization 
of coal. As many as 12 different coal combustion technolo- 
gies were analyzed at each Air Force site. Also, two types 
of financing and three levels of fuel escalation were exam- 
ined in the analysis for  a total of six economic scenarios. 
The heating plants at Arnold, Kelly, Grand Forks ,  Minot, 
Robins, Plattsburgh, and McGuire Air Force bases were consis- 
tently identified as the top seven facilities for coal con- 
version, but the actual amount of c o s t  savings will be 
strongly dependent on future fuel escalation rates. 

1 I E3LECUrlVE SUWlARY 

1.1 BACKGROUND 

The Defense Appropriations Act of 1986 (PL 99-190 Section 8110) 

requires the U.S. Department of Defense (DOD) to use an additional 

1,600,000 s h o r t  tons p e r  year of coal a t  their 1J.S. facilities by 1995. 

It also states that the most economical fuel should be used at each 

facility. To comply with this act, the United States Air Force re- 

quested Oak Ridge National Laboratory (ORNL) t o  evaluate the feasibility 

and economics of replacing gas- and/or oil-firing at Air Force heating 

planls with coal-firing. 
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In a previous study by ORNL,l commercial and near-commercial 

burning technologies a p p l i c a b l e  t o  conversion of Air  F o r c e  f a c i  

were reviewed. The capital, operating, and maintenance costs Cor 

coal technologies w e ~ e  eslirnated. generically f u r  typical heating 

installations, trorn which cost-  e q u a k i o n s  were formulated and p u t  

coal - 
i t i e s  

ehese  

plant 

nto a 

cost-estimating computer mode? for use in subsequent L a s k s .  F o r  corn-. 

parison, the computer model also included c o s t  estimates f o r  gas- and 

oil-fired boilers. 

In a second study by ORNL,2 A i s  Force installations that currently 

burn significant quantities of gas and/or oil were reviewed to determine 

a list of 15 to 2 0  candidate s i t e s  f o r  conversion to coal. Experience 

has shown that small hezting pldnts ( a n n u a l  average fue l  usage 630 

MBtuJh) will be unable t o  burn coal economically in the ncnr furure, 

Using this fuel-use critcria a s  d cutoff point, in conjunction wilh a 

simple economic analysis based on the use of uniform present worth 

factors, a list was developed consisting of 16 Air  Force  sites that 

could potentially use coal with a cost savings. 

I n  this report, the 1 6  Air Force  sites rnent i o n e d  above were evalu- 

ated further to determine their relative potential foe c o s t  savings 

through coal utilization. The types of projects examined were ones that 

incorporate coal-firing to meet only the base load of a given heating 

p l a n t ;  it was assumed that gas a n d / o r  o i l  would continue to be used for 

peaking and backup requirements Carnawrcial and near-commercial coal 

combust ion technologies were evaluated including techno1 ogies f o r  both 

refitting and replacing existirig b o i l e r s .  A s  many as 12  coal technology 

options were considercd for each Air Force s i t e ,  

An economic analysis was pertorri ietl  using the c o s t - e s t  irnal-ing com- 

puter model  that was developed during an earlier t a s k  of the project, 

together with a newly developed life-cycle cost ( J X C )  computer model. 

The economic results were eval liated by calculating a benefit/cost r a t i o  

f o r  each coal-conversion option a t  each site, In t h i s  study, the term 

"benefit" i s  used to refer to c o s t  ,xvoidauce (i.em9 t h e  cost. of con- 

tinued operation of  an existing system) rather than c o s t  savings ( ; - e . ,  
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the difference between the cost of an existing system and the cost of a 

new system). The benefit/cost ratio is therefore defined as the LCC of 

the portion of the existing gas- or oil-fired system that. would be dis- 

placed by coal, divided by the LCC of the new coal-fired system. The 

16 Air Force sites were then ranked from best to worst according to the 

benefit/cost ratios for the most cost-effective coal technology at each 

site. 

The LCC results were found to be very sensitive t o  the assumed fuel 

escalation rates; therefore three separate escalation scenarios were 

examined. These three escalation assumptions represent high, medium, 

and low cases for escalation of gas and oil prices relative to coal 

prices. The high fuel escalation case was developed from DOD guidelines 

for energy-dependent economic analyses.3 These DOD escalators are based 

directly on the Annual Energy Outlook 1986 report, published by the 

Energy Information Administration ( E I A )  of the U.S. Department of Energy 

(DOE).'+ The DOD fuel escalation scenario just described will be 

referred to as the "nominal" case. 

The second fuel escalation scenario was developed from the recently 

published Annual E n e r g y  Outlook 1 9 8 7  report.5 The 1987 projections for 

fuel escalation are somewhat lower than the 1936 projections, and they 

represent a medium fuel escalation scenario. This second set of escaka- 

~ O F S  is referred to as the "AEO 1987" fuel escalators. A third escala- 

tion scenario was also examined; simply assuming zero escalation of fuel 

prices. 

In addition to the three assumptions for fuel escalation, two types 

of financing were examined: Air Force-owned and -financed projects and 

privately owned and financed projects. The combinations of fuel escala- 

tion and type of financing produce six economic scenarios that have been 

examined. Tables 1.1 and 1.2 summarize the ranking results for the most 

cost-effective coal-conversion project (highest benefit/cost ratio) at 

each site. 

1.3 BESULTS ABlD BE-ATIONS 

Tables 1.1 and 1.2 show that the three fuel escalation scenarios 

have a very significant effect on the calculated benefit/cost ratios for 



l'abl e 1.1.  Summary of  A i r  Force-f inanced project r e s u l  L s 
t u r  the m c 5 1  cosL-efkective techl:ology 

Base 

Arnold 
Kelly 
Miniit 
Robins; 
McCu i re  
Grand Forks 
Platt sburgh 
Peasea 
Tinker 
Elrnendorf* 
Hill 
Scott 
Dover 
Andrews 
W A F  Academy 
Hans c o m  

cost 
r a t - i o  

2.141 
1.798 
1.743 
1.737 
1.643 
1.632 
1.562 
1.540 
1.532 
1.527 
1.486 
1.473 
1.434 
1.431 
1.339 
1.267 

........ ~ - . 

"Noiiii i ~ a l  " k u e l  
escalation ........- ~ 

fienef i L / 
Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 

"AEO 87" f u e l  
escal at i on . .....~ 

Benef i t / 

.... . . - 

cost 
ratio 

Kan k 

1.616 
1.369 
1.348 
1.330 
1.264 
1.345 
1.281 
1.196 
1.151 
1.146 
1.141 
1.141 
1.188 

1.038 
1.035 

1.185 

1 
2 
3 
5 
7 
4 
6 
8 

11 
12 
14 
13 
9 

10 
15 
16 

Zero fuel 
escalation Projec:cd -____  

coal u s e  
( t o n  s /year ) 

Benet i L / 
Kank C O S L  

ratio 

1.191 
1.022 
1.018 
1.003 
0.950 
1.057 
1.011 
0.917 
0.840 
0.851 
0. 848 
0.854 
0.947 
0.945 
0.790 
0.828 

1 23,650 
3 16,010 
4 12,180 
6 17,270 
7 13,220 
2 13,500 
5 16,340 

10 13,060 
14 45,680 

1 54 ,3 7 0 12 
1 3  23,560 
11 13,730 
8 12,470 
9 12,940 

16 24,990 
15 20,140 

T o t a l  433,110 

'LCC r e s u 1 l . s  t o r  Pease may be optimistic because o f  questionable 

b l X C  r e s u l t s  t o r  Elmendorl 111d.y be optimistic because of quescionable 

access to inexpensive r a i l  delivery f o r  coal. 

availability of inexpensive c o a l .  

Table 1.2. Summary of privaLely financed piojecc r e s u l t s  
t o r  ttie m o s t  cost-effective technology 

Haset 

Arnold 
Kelly 
Kobins 
b l ino t  
McCu i re 
Grand F o r k s  
Plattsburgh 
E l  mendo r f a  

'I'i n ker  
Uover 
Andrews 
S c o t t  
H i  I 1  
Hans coni 
USAF Acadvmy 

Pea& 

~ . -~ , -. .. . 

____ ... 

"Nominal" f u e l  
escal a t  ion 

Bcnetit/ 
c o s t  Hank 
ratio 

1.946 1 
1.608 2 
1.586 3 
1.567 4 
1.482 5 
1.474 6 
1.425 7 
1.386 8 

1.384 9 
1.304 10 
1.29) 11 
1.287 12 
1 . 2 6 3  13 
I .2i2 14 
1.168 15 
1 . 1 5 2  16 

-~.. __ .~ . 

"AEO 87" t 
e s c  r l  I dt 1 on 

~ 

Benet i L I 
cost Hank 
rat i o  

1.468 1 
1.223 2 
1.213 4 
1.211 5 
1.140 7 
I .213 3 
1.168 6 
1.039 11 

1.075 8 
0.979 12 
1.073 9 
1.066 10 
0.918 1 7  
0.Y6l 14 
0.954 15 
0.894 16 

Zero t u e l  
escalation 

~ - . . . .- ... . .. . . . . . . . . . . . 
Benefit/ 
cost Rank 
r a t  i o 

1.017 1 
0.909 6 
0 .911  5 
0.912 4 
0.854 7 
0.951 2 
0.918 3 
0.767 11 
0.820 10 
0.711 14 

0.846 9 
0 . 7 2 -  13 
0.710 1 5  
0.760 12 
0 . 6 7 8  16 

0.551 a 
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coal-conversion projects. There is much uncertainty associated with 

future fuel prices, and caution shou ld  be used when interpreting the 

results. A large number of projects appear Lo be economically viable 

when the DQD fuel escalators ("nominal" case) are u s e d ,  and only a small. 

number appear economical if zero fuel escalaLion is assumed. There are 

n3 profound differences observed between the Air Force- and private- 

financing cases; the benefi t/cost ratios are only slightly higher for 

A i r  Force financing. 

Although the fuel escalation assumptions can greatly affect the 

benefit /cost ratios, some consistency is observed regarding the ranking 

of t h e  Air Force s i t e s .  Arno ld  is consistently ranked first for a l l  s i x  

economic scenarios in T a b l e s  1.1 artd 1.2. The s i t e s  ranked 2 th rough 7 
include Kelly, Grand Forks, Mino t ,  Robins, P l a t  tsburgh, and McGuire, 

although their respective order changes. These seven sites are recom- 

mended a s  the leading candidates for project implenien Lat i on. 

The potential coal usage listed in Table 1.1 shows that, with the 

possible exception of Elmendorf, a relatively small amount of coal would 

be used by any individual project when compared to the DO13 target o f  

1,600,000 tons/year. ProjecLs at. the t o p  s e v e n  A i r  Force  bases would 

consume only about  112,000 tonsfyear. Other types of  projects Lhat 

would use greater amounts of coal, such as cogeneration or increasing 

heating Loads through distribution system extensions, should be exarn- 

ined. 

Noneconomic factors such as Air Force energy security, aesthetics, 

and possible effects on base missions have not been considered up to 

this point. Obviously, these t y p e s  of considerations must be lactored 

into future decision-making processes. 



2. INTBODUCTIOP 

ORNL is supporting the Air Force Coal Utilization/Conversion Pro-  

g r a m  by providing the Air Force Engineering and Services Center (AFESC) 

with a defensible plan to meet the provisions of the Defense Appropria- 

tions Act of 1986 (PL 99-190 Section 8110). This Act directs the A j r  

Force. t o  implement the rehabilitation and conversion of Air Force ccn-- 

tral heating plants [either steam or high-temperature hot water (HTW)] 

from natural gas- and/or oil-firing to coal-firing, if a cost savings 

can be realized. This directive applies t o  Air Force installations in 

the contiguous 48 states and Alaska. 

ORML has been involved in the Air Force Coal Utilization/Conversion 

Program s i n c e  1986. In a previous report by ORNL for  AFESC,1 the f u l l  

ercial and near-commercial coal-burning technologies appli- 

cable to the conversion of Air Force central heating plants wabi re- 

viewed. General descriptions and characterization of each technology 

are presented including the degree of  commercialization o r  development, 

combustion efficiency, environmental performance, applications, and 

1imitat.ians. The capital and operating costs for  these technologies 

have been estimated f o r  generic o r  trypical heating plant installatians. 

These cost estimates were formulated into algorithms and put into a 

spreadsheet computer program for use in subsequent skudies. 

In another  report by ORNL, 2 Air Force installations currently 

burning significant quantities of gas and/or o i l  were reviewed. This 

previous report was a screening study to find the installations most 

suitable for coal u s e .  Heating plants a& 16 installations were identi- 

fied as having enough potential €or coal utilization with an economic. 

benefit to warrant further analysis. The 16 Air Force bases previously 

identified are considered further in this report. More details of the 

previous screening study are explained in Chap. 3 .  

A complementary study for AFESC was completed recently by OR1 Inc. 

and C. H .  Guernsey and Co.6 That study examined central heating plants 

at 34  selected Air Farce bases. Leading candidate heating plants were 
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identified f o r  a few specific coal-conversion scenarios. Those sce- 

narios €it into two categories; (1) complete conversion of the existing 

steam/HTHW systenis to stoker coal-firing by boiler conversion o r  

replacement, and ( 2 )  building coal-f ired cogeneration systems sized to 

meet peak electric loads. Stoker-firing was the only coal technology 

coiisidered in the OR1 Inc./C. H. Guernsey and Co. report. 

2.2 PUBPOSE 

The primary objective of this study is t o  establish a priority l i s t .  

o f  Air Force sites with the best. potential for cost-effective coal. 

utilization. A small number of  installations are identified as leading 

sites for coal-utilization project implementation. 

The analysis work provides a quantitative ranking of the heating 

plants at each site according to I h e  economic benefit of coal utiliza- 

tion. In order to accompLish this ranking, a wide variety of coal-burn- 

ing technologies have been evaluated in this s tudy .  Heating plant con- 

version may include alteration of existing boilers with the addition of 

certain equipment to allow coal-firing, o r  adding a new coal-fired 

boiler syslem t o  the heating plant. Cogeneration of heat and electric- 

ity will be considered i n  a separate report. 

Available information about Air Force central heating plants has 

been collected and organized t o  examine conversion to coal-firing, 

Emphasis was put on determining steam/HTHW loads, electric loads, exist- 

i n g  boiler design and condition, current fuel costs, local environmental 

regulations, and site-specific factors that. will affect conversion 

project costs and technology selection. The 16 candidate heating plants 

identified in the previous  screening study2 were examined more closely, 

and LCC economic analyses were performed far each heating plant. The 

plants were then ranked according to the results of the economic analy- 

ses. 

A variety of coal technology opLions were examined for each site. 

These technology options are described in a previous ORNL report1 and 
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discussed very briefly later in this report. A computer model was 

developed to generate itemized costs for each coal-burning technology 

based on project size, capacity factor, fuel costs, coal specifications, 

SO, removal requirements, electricity costs, and other variables. Cost 

estimates can be generated f o r  as many as seven boiler refit technolo- 

gies and six types of replacement bailers. For comparison, the cost of 

coniinued operation of  the existing gas-/oil-fired system that would be 

replaced by coal-firing is also calculated. The cost of the gas/oil 

system represents the expenditures that can be avoided by switching to 

coal. 

For each Air Farce site, conversion project specifications, such as 

steam/HTHFI output capacity and type of coal technology, were selected on 

the basis of economics and site-specific limitations. Because high 

capacity factors are  generally required for coal systems to be economi- 

cal, the typical result is that anly a portion of the maximum steam/HTHW 

load  should be met with coal-firing, while the remaining steam/HTMW load 

should be met with gas/oil peaking units. This is a notable contrast to 

the OR1 Inc./C, H .  Guernsey and Co.  report, which used the assumptions 

of 100% coal-firing capability f o r  all heating plant conversions and 

stoker-firing a s  the only technology option. 

TWQ types of project financing are analyzed in this report. One 

scenario represents an Air Force-owned project using Military Construc- 

tion Program (MCP) funds, and the other scenario assumes that a private 

company builds, owns, and operates the heating plant. The economic 

assumptions and their effects on the results are discussed i n  Chaps. 5 

and 6 .  

2.4 LIMITATIOMS 

T h i s  study has certain limitations relating to site and fuel c o s t  

data. Some of the site-specific information is either unknown o r  incorn- 

plete, and therefore some of the project options and possible problems 

are unknown. Detailed architectural, engineering, and environmental 

sLudies will be required before implementing an actual project. 

Another condition that cannot be predicted accurately is future 

changes in fuel prices. This is an especially important consideration 
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in this study because it is Likely that coal, gas, and oil prices will 

all escalate at different rates. Fuel prices greatly affect the LCCs of 

the existing gas/cPil systems as well as all of the potential coal-con- 

version projects. The LCC estimates must be updated as fuel price 

conditions change. 

Despite some limitations, the cost-estimation and economic analyses 

described i n  this report have provided an effective way to identify and 

rank Air Force central heating plants that have the best potential for 

coal utilization. The information presented in this report can be used 

for future studies leading to actual project implementation a t  selected 

heating plants. 
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A previous report2 was aimed a t  narrowing the number of gas- and/or 

oil-burning Air Force  facilities t o  be considered as viable coal-utili- 

zation candidates. ORNL reviewed and analyzed data pertaining to gas- 

and/or- oil-fired central heating plants and documented the results in 

that rzport, The objective of the screening study was t o  develop a list 

of the 15 t o  20 Air Force sites w i t h  the  best potential for conversion 

to coal. 

Reliable information characterizing the Air Force heating plants 

was necessary t o  accomplish the objectives of the previous screening 

study. The information needed for each Air Force base included current 

fuel u s e ,  heating l o a d  profile, fuel prices, possible coal  delivery 

mecliods, boiler design arid condition, status and condition of peripheral 

equipment, and electric power consumption and price. 

OR1 In@. and C:--- 5:- -Guernsey- and Co. report. A major source of  

informat i o n  was The r e p o r t  entitled Air Force CoaZ Conversion Phase 1x1 

D i s c o v e r y  and F a c t  F i n d i n g  S t u d y  by OR1 Inc. and C. €1. Guernsey and 

C o . 6  In that. r e p o r t ,  34  Air Force bases were examined by u s i n g  ques- 

tionnaires, telephone contacts, and personal visits to gather informa- 

tion needed t o  a s s e s s  coal use at the central heating plants. Other 

sources of informat i o n ,  such a s  previous Air Force assessments, were 

also used to supplement those efforts to obtain information. This study 

wa3 particularly helpful because current gas, o i l ,  and electricity 

prices  were obtained, .qs well as load information, heating plant capac- 

iiy-rating data, and o t h e r  up-to-date information. 

1-- I-- .- _- 

HFBll s u r ~ .  Useful inforinaiion concerning many important Air 

Force  heating plants was found in t h e  results of a 1980 inventory of  Air 

Force boilers larger than 10 MI4tufl.n output capacity. This inventory vas 

part of  the Federal Facilities Power Plant and Major- Fuel Burning 

Installation Survey (MFBI Survey) requested by DOE by authority of the 

Power Plant and Industrial Fuel Use Act of 1978. 
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Much information that is useful for analysis of the central heating 

plants was included in this MFBI Survey. The major drawbacks were that 

some Air Force base surveys were incomplete or contained conflicting 

information. The MFBI Survey information is dated, and a few heating 

plants have been upgraded or the heating loads have changed somewhat in 

the interim. 

Other sources. Several other sources of information were also 

utilitized for the previous screening study, including contacts with 

knowledgeable individuals, applicable Defense Energy Information System 

(DEIS) data, several internal studies of Air Force heating plants, and a 

boiler data base developed by the U.S. Army's Construction Engineering 

Research Laboratory from Hartford Steam Boiler Co. data, This data base 

was helpful in cross-checking the existence and capacity ratings of 

individual boilers. The internal Air Force studies provided 1985 and 

1986 load information (steam/HTHW and electric) for selected Air Force 

bases. 

3.2 SEIXCTIOIY OF CANDIDATE AIR FORCE SITES 

3.2.1 Fuel-Use Criteria 

In the previous screening study, a list was made of Air Force gas- 

and/or oil-burning heating plants identified as significant fuel users. 

Information pertaining to these heating plants was then examined more 

closely. Large plants were sought because coal utilization is much more 

competitive a t  large sizes. Favorable economics for coal use depends  on 

displacing large amounts of gas and/or oil with coal, Furthermore, 

capital, operating, and maintenance costs for coal-fired boiler equip- 

ment have less impact on total costs as the size of the boiler increases 

(see discussion of economy of scale in Sect. 5.2.1) .  
A list was developed identifying 26 heating plants at 24 Air Force 

facilities that have a reported annual fuel use >266 BBtu (annual 

average fuel consumption >30 MBtu/h). Based on experience, it was 

judged that facilities using less energy than this cutoff point could 

not be viable candidates for coal use in the near term. All heating 

plants for which at least one source of data indicated a fuel use >260 
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BBtu/year are included in Table 3.1. Note that two heating plants are 

treated as a single system at h d r e w s  A i r  Force Base (AFB) because they 

feed into a cornminor1 distribution systemrr. 

In the previous scresning stlady, a relatively simple economic 

analysis was used ta  identify where coal would  be economically competi- 

tive with the current fuel being used .  This process allowed the elimi- 

nation of t e n  additional heat ing  plants froin further consideration by 

verifying that they were very poor candidates far coal use. In this 

way, the study identified 16 gas- and/or oil-fired heating plants a t  15 

ases that should be investigated further t o  determine their 

poLentia1 f o r  coal utilization. 

The previous economic analysis was not as sophisticated or detailed 

as the one presented later in this report. In the previous analysis, 

the annual fuel, operating, and maintenance costs were multiplied by a 

uniform present worth (UPMI factor to determine their present values. 

The assumption was made t ha t  these series of annual costs would remain 

uniform over t he  life of the p r o j e c t .  Projects were.  chosen for  each 

heating plant based on conversion of only a portion of the plant to 

coal-firing; one o r  t w o  b o i l e r s  at each heating plant  were assumed to be 

refitted far coal-firing or replaced with new coal-fired boilers. Each 

project was optimized to he near t h e  most cost-effective size. The 

cast-estimation and economic assumptions used in the UPW analysis are 

listed in Table 3.2. The economic assumptions resulted in a UFBJ factor 

Qf 9.427,  

The capital invesrmcnt requiremcnts, operating and maintenance 

(ObM) costs, and fuel costs for  each simulated project were estimated in 

the previous screening study w i t h  t h e  aid af a cost-estimation C O ~ ~ U L ~ K  

model. This model has been reused in this ranking study, but different 

values are used f o r  the input parameters to reflect; new information 

about the A i r  Force bases, The cost-estimation model is described in 

Sect. 5.1 Of t h i s  TeyQTt.  

Each heating p l a n t  w a s  ewa lua ted  according to the economic benefit 

of conversion to coal. Those plants that showed the least promise for 



Table 3.1. Heating plants meeting fuel-use criteria 

1985 OR11 Type Plant 1978 1979 
lumber Of output Xajor Building Fuel Guernsey Base of f u e l a  capacity Fuel Fuel survey 

(BBtu) (BBtu) (MBtu/h) use Limb use Limb use command No. units 
Pri Sec (BBtu) (BBtu) 

Elmend o r  f 
Hill 
Hill 
Kelly 
McClellan 
Robins 
Tinker 
Tinker 
Arnold 
Hans corn 
Kees ler 
Loury 
Maxwell 
Andrews 
Charleston 
Dover 
McChord 
McGuire 
Scot: 
Grand Forks 
Minot 
Pease 
Plattsburgh 
Whl t eman 
Wurtsrni th 
USAF Academy 

AAC 
AFLC 
AFLC 
AFLC 
AFLC 
AFLC 
AFLC 
AFLC 
AFSC 
AFSC 
ATC 
ATC 
AU 
MAC 
MAC 
MAC 
Y f C  
MAC 
MAC 
SAC 
SAC 
SAC 
SAC 
SAC 
SAC 
USAFA 

22-004 
260 
825 
376 
367 
177 
3001 
208 
1411 
1201 
409 
361 
1410 
15:5/1732 
43 1 
617 
734 
2101 
45 
423 
413 
124 
2658 
140 
305 
2560 

6 G 
8 G 
3 G 
5 G 
2 G 
5 G 
3 G 
4 G 
4 G 
4 6 
5 G 
4 G 
5 G 
B 6 
4 4 
4 6 
3 G 
6 G 
I G 
5 6 
6 G 
2 G 
6 6 
J G 
4 6 
4 G 

'1 

2 
2 
2 
2 
5 
2 
2 
2 
2 
G 
2 
2 
5 
N 
N 
N 
a 
2 
6 
P 
6 
6 
N 
6 
w 
5 

900 
258 
150 
259 
100 
358 
291 
164 
240 
203 
84 

232 
110 
295 
201 
206 
86 

262 
252 
159 
163 
220 
300 
106 
112 
380 

2673 
1331 

597 
129 
943 

1262 
67 1 
599 
739 

222 
358 
527 
276 
5 1 1  
326 
811 
493 
5 43 
584 
433 

2i6 
319 
800 

a48 

2694 2616 
1087 1074 

300 

G 170 G 340 
570 540 5 04 

903 865 872 
1411 
647 
589 642 
75 1 856 

300 
269 199 
308 411 
546 557 
229 175 i 60 
444 407 407 
361 344 325 
801 488 839 
495 34 7 436 

644 463 
6 337 6 370 

801 825 
311 312 
329 319 

? 800 ? 562 

611 555c 48OC 

"Fuels: 

bLirnitations on fuel-use data: 

cArl electric boiler system was in use. 

Pri - primary, Sec - secondary, G - natural gas, 6 - No. 6 (residual) o i l ,  5 - No. 5 oil, 

G - gas use only; 6 -- No. 6 oil use only, ? - data is missing or suspect. 
2 -No. 2 (distillate) oil, P - propane, PI - none. 

An estimate of fossiL fuel that would otherwise be consumed was 
calculated assuming a 75X boiler efficiency. 
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Table 3.2. Cost and economic parameters used 
in the UPW analysis 

Cost-estimating assumptions 

Price of stoker coal 
Price of run-of-mine coal 
Price of coal/water slurry 
Price of  coalloil slurry 
Price of n a L u r a l  gas 
Price of No. 2 distillate o i l  
Price of No. 6 residual o i l  
Labor rate 
Ash disposal price 
Electric price, $/kWh 
No active SO, removal required 

$1.75/MBtu 
$1.5O/MBtu 
$3.OO/MBtu 
$3.50/MBtu 
Local price 
$4.71/MBtu ($0.65/gal) 
$3.67/MBtu ($0.55/gal) 
$35,000/man-year 
$ l o /  ton 
Local price 

Economic assumptions 

Air Force-owned and -operated project 
Economic life is 30 years 
Real discount rate is 10% 
UPW factor applied to fuel and OLM costs is 9.427 
All capital is invested at the beginning of the project 
No salvage value after 30 years 
No local property taxes and insurance 
No real escalation of fuel and ObM costs 
General inflation effects are negligible 

being candidates from an economic standpoint were reviewed further by 

considering annual fuel use, annual electric use, and electric price 

(cogeneration possibilities). For  McClellan, the strict California 

environmental regulations were also considered. Using this information 

to make judgements, the heating plants at McClellan, Keesler, Loury, 

Maxwell, Charleston, McChord, Whiteman, and Wurtsmith were eliminated 

along with plant No. 825 at Hill and plant No. 208 at Tinker. Hill and 

Tinker have larger heating plants remaining in the list. 

The results of the screening study produced a list of 16 heating 

plants at 16 Air Force bases to be given further consideration. Each of 

the remaining sites has a single heating plant that may be a viable 

candidate for a conversion project, with the exception of the two plants 
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at Andrews that are treated as a singLe system because they are con- 

nected to a common distribution system. The relative potential for coal 

utilization at these 16 Air Force i n s t a l l a t i o n s  is t h e  subject of t h e  

remainder of this report. 
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4 .  YEY IIFOWTION FOR 16 CANDIDATE AIR FORCE SITES 

This chapter describes the efforts since the heating plant screen- 

ing study was completed. It was deemed necessary to produce a more 

in-depth analysis of the remaining 16 Air Force sites to accurately rank 

them according to the economic benefit of coal utilization. Many of the 

differences between the previous screening study and this current rank- 

ing effort are highlighted in this chapter. 

4.1 LOCAL COAZ. PRICES AND PROPERTIES 

It is important to understand the prices and characteristics of the 

coals available at each prospective site. To obtain such informtion, a 

large number of coal suppliers and transportation companies were con- 

tacted. Information was requested f o r  both stoker-grade and run-of-mine 

(ROM) coals. 

Each request to coal suppliers asked for the mine mouth price (more 

precisely, the price of coal brought t o  a specific rail or truck loading 

point) and the following characterist:ics for each coal: higher heating 

value; content of ash, sulfur, nitrogen, and fines; top and bottom size; 

ash-softening temperature; swelling index; and grindability index. The 

transportation costs were estimated by the coal supplier and/or the 

railroad companies that would be involved. Generally, rail delivery is 

cheaper when the delivery distance is significant (>200 miles). When 

rail shipment was not possible or inappropriate, truck delivery rates 

were estimated. 

The use of locally available coal properties and prices in this 

study represents a significant improvement over the previous screening 

study, which assumed uniform coal prices of $1.5O/MBtu for ROM coal and 

$1.75/MBtu for stoker coal. The coal properties and prices that were 

used for  each Air Force site are summarized in the Appendix. 

4.2 LOCAL eMJIBOwMEfirrAL REGULATIONS 

To understand the environmental control requirements for each Air 

Force site under consideration, the appropriate state agencies were 
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contacted. Most of the 15 states contacted sent copies of the latest 

regulations and other helpful material. Another highly utilized source 

was the Environmental Reporter,7 which publishes state environmental 

regulations. 

Federal environmental regulations applicable to fossil-fuel-burning 

installations were also reviewed. Generally, the federal regulations 

only apply to coal-burning systems with fuel input capacities >lo0 

MBtu/h. However, i f  the site is located in, o r  near, a zone ruled to be 

in noncompliance with ambient SO,, NOx, or particulate standards, spe- 

cial federal regulations can apply regardless of size. Information to 

determine if a given Air Force base is within a noncompliance zone was 

available from other ORNL studies. 

In the previous screeniag study, the costs of SO, or NOx reduction 

were not included in the analysis, although particulate removal CQSLS 

were included in all cases (baghouses were assumed necessary). The 

appropriate environmenLa1 regulations have been taken into consideration 

in this ranking study. For most sites it was found that when the fuel 

input capacity is below 100 MBtufh, there are either no SO, emission 

regulations o r  low-sulfur coal will be sufficient to meet the SO, regu- 

lations. Furthermore, current coal combustion technology will achieve 

sufficient NOx control in most cases. The effect that environmental 

regulations have in each specitic case is discussed in the Appendix. 

4.3 OTHER SITE-SPECIFIC INFOBHATION 

Other site-specific information not considered in the previous 

screening study has been included in this study. This is the result of 

more information being obtained and also implementation of a more de- 

tailed analysis. The availability of FY 1986 fuel-use data led to the 

revision of the expected capacity factors €or  some heating plants. The 

expected capacity factor is a key parameter when calculating the LCC of 

a coal-utilization project. Another source of information was from a 

separate effort at ORNL concerning energy security at Air Force instal- 

lations.8 Also, a draft copy of the information in the Appendix of this 
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report has been sent t o  the appropriate major command (HAJCO1.i) head- 

quarters f o r  their review and comments. 'Their written and verbal 

responses contained new and updated information for some of the bases. 

Some Air Force sites currently have no room for a coal p i l e  on the 

base or perhaps only have sufficient space at a s i t e  remote from the 

central heating facility. This affects the type of coal technologies 

thar; can be used at the site. Another space problem that can occur is 

when there i s  v e r y  little room near t h e  existing boilers because of the 

presence of other equipment and other buildings. If a space shortage is 

severe enough, the ref it technologies that require 1 arge pieces of 

equipment to be located near the existing boiler will b e  penalized or 

eliminated. Such space shortages were not accounted %or in the ~ K ~ V ~ O U S  

report b u t  are considered in this study. 

The site-specific considerations that a f f e c t  the economic analysis 

af each heating plant a r e  described in the information summaries pro- 

v i d e d  in the Appendix f o r  each of the 16 Air Force sites. 
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5. DESCRIPTION OF COST-ESTIMATIObl AND E a  PSES 

5.1 C(HIpuTER HODEL FOB HEATING PLANT COST ESTIHATIOM 

5.1.1 Description and Purpose 

In a previous study by ORNL €or the A i r  Force,l coal combustion 

technologies found to be applicable to A i r  Force central heating p l a n t s  

were reviewed and evaluated. As a part of that previous work, 6&M an 

capital cost equations were developed for the many coal technology 

options that could be employed at a heating plant. O&M cost equations 

f o r  firing pas or o i l  at a central heating plant were a l s o  developed for 

comparison. A computer model, based on these cost equations, was de- 

veloped to estimate heating plant costs for each of 13 different caaT- 

technology options and for gas- and oil-firing. The costs generated f o r  

the coal technology options can be compared with each other and with the 

costs of continued firing of gas or o i l .  A much more detailed discus- 

sion of the development o f  the heating plant cost-estirnatin 
can be found in the previous report prepared €or the Air Force Engineer- 

ing and Services Center.' 

The 13 coal-utilizing technologies included in the cast-estimatin 

model are divided into the following two categories: 

Refit technologies Replacement boilers 

Micronized coal-firing Packaged shell stoker 

Slagging pulverized coal burner 

Modular FBG add-on unit 

Return t o  stoker-firing 

Coal/water slurry 

Coalioil slurry 

Low-Btu gasifier 

Packaged shell FBC* 

Field-erected stoker 

Field-erected FBC 

Pulverized coal b o i l e r  

Circulating FBC 

The refit technologies reuse as much of the existing boiler equip- 

ment a s  possible. In a micronized coal system, the coal is ~~~~~~~~e~ 

*FBC - fluidized-bed combustor. 
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to a size much smaller than ordinary pulverized coal, and it is burned 

directly in the existing boiler. In a slaggjng system, pulverized coal 

is burned in a small, high-temperature, cyclone burner that is connected 

to the existing boiler. In a modular  FKC system, part of the steam/HTNW 

is generated in an add-on bubbling FBC unit, and the  existing boiler is 

used as a waste heat recovery unit. The return to stoker-firing option 

can only be considered if the existing boiler was originally designed 

for stoker coal. Tn slurry s y s t e m s ,  the coal/water and coal/oil m i x -  

tures are burned directly in the existing boiler. In a gasifier systemg 

stoker coal is gasified with air in an add-on unit and the hot, low-Btu 

gas is burned in the existing boiler. 

The replacement boilers reuse only the existing water treatment. 

system and the stearn/HTHW distributjon system. For the stoker 'and 

bubbling FBC systems, both packaged and field-erected units have been 

examined. The packaged units ate factory-built, shell (fire-tube) 

boilers that at-e small enou'gh to be shipped by rail. The field-erected 

units are larger, watertube boilers. For the. pulverized c o a l  and cir- 

culating FBG systems, o n l y  field-erected, water-tube boilers have been 

exami ned.  

The c o s t s  of emission c0nt;rol systems for particulates, NOx, arid 

SO, are included in the cost-estimating madel. All 13 coal technologies 

are assumed to require baghouses L O  meet the particulate emission regu- 

lations. Part iculate con t ro l  beyond cyclone-type devices is required 

virtually everywhere in the United Stater;, and baghouses are judged to 

be the most cost-effective and appropriate technology. NO, emissions 

are assumed to be controlled with conventional combustion control sys- 

tems for- all coal technologies. The need for active: SO,  reinoval systems 

varies from location to location, and the type of  SO, control system 

required depends on the coal technology. C o s t s  associated with SO, 

control can be included or excluded in the cost-estimating model on a 

case-by-case basis. The assumptions about S O ,  control systems are  

discussed later in Sect. 5.1.3. 

The computer m ~ d e l  consists o f  two corresponding spreadsheets f o r  

each of  the 13 coal technologies, one for  estimating the capital invest- 

ment and another for estimating O&M c o s t s .  Each spreadsheet calculates 
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an itemized cost t a b l e ,  such as the examples shown in Tables 5,1 and 

5.2. The purpose o f  using this itemized cost tab le  format is to gener- 

a t e  very consistent and comparable C O S L  estimates f o r  each technology 

considered. Any cal C U I  a ~ e d  p r o j e c t  c o s t s  can easily be examined in 

deLail. The p e r s o n a l  carnputer software package used to develop Lhe 

c o s t i n g  program is Framework 11, by Ashton-Tate Gorp. 

The cast-estimating algorithms are based on recent cost studies, 

vendor and user information, and applicable repor led  costs of coal-based 

pro ject-s,  %he cost equations f o r  commercialized technologies were 

developed from a literature review and extensive previous work at OWL. 

'I'able 5.1. Example c a p i t a l  investment cast 
spreadsheet f o r  micronized coal 

Technology: MICRONIZED S i z e  (MBtufhr) 
COAL BURNER - REFIT TO Output steam = 72.00 
EX1 ST.LMG BOT LER No. of units = 1 

Multiple unit multiplier = 1 
20-20Q HBTU/HK Outputlunit = 72 

SCALING 
:E TEM FACTOR COSTS 1N k$ 

Site work & foundations .50 2 4 .  
Boiler modifications 
Soot blowers 
TAS micronized comb. system 
R s i  ler house modification 
F u e l  h a n d l i n g  & storage 
No bot tom ash system 
Ash hand1 i n g  
Electrical 
Bagho 1.1 tje 

* 55 
60 
.52 
.50 
.40 

.40 
L 88 
.80 

12 * 
0. 

176. 
24. 

781.  
0. 

298. 
100. 
520 

Total f o r  each u n i t  303.9. 

Grand t o t a l  3019. 
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Table 5.2. Example operating and maintenance 
cost spreadsheet for micronized coal 

Technol-ogy: MICRONIZED COAL BURNER REFIT TO EXISTING BOILER 
SIZE 10-200 MB'I'U/HR 

Total output (MBtu/hr) r- 72.00 COAL, LIMESTONE, ASH 
Number of  units converted = 1 Ash fraction = .10 

Unit output (MBtu/hr) = 72.00 S fraction = .015 
Fuel to steam efficiency = .80 HHV (Btu/lb) = 12000.00 

Capacity factor = .72 Ton coal/yr = 23652.00 
Ash disposal price($/ton) = 10.00 Ca/S ratio = .OO 
Electric price(cents/kWh) = 4.50 Inert fraction = .OS 

Labor rate (k$/yr) = 35.00 Ton sorbentfyr = .O 
Limestone price ($/ton> = 20.00 Wastefsorbent = .858 

Ton ashfyr = 2365.2 
SCALING 

COST IN k$ CATEGORY FACTOR 
Direct manpower (f) .18 557.9 
Repair labor 6 materials ( f )  .36  3 7 4 . 3  
Electricity ( f )  1 .oo 36.2 
Electricity inc. baghse (v) 1.00 74.1 
Baghouse ( f  > .36 29.8 
Limestone (VI 1 .oo .o 
Ash disposal (v) 1.00 23.7 

-.I_-__- Nonfuel O&M total 1095.92 

A large amount of information concerning coal-, gas-, and ail-fired s y s -  

tems can be found i n  a report published by the U.S. Army Corps of Engi- 

neers, Construction Engineering Research Laboratory,g which includes 

background information and cost equations developed by ORNL for a 

variety of coal-based systems and other energy technologies. 

Cost data f o r  technologies that are "emerging" or not yet com- 

mercialized are either unreliable o r  unavailable. Therefore, costs of 

such systems were developed by reviewing each emerging technology and 

comparing with conventional coal technologies. When comparing these 

technologies, several cost items (equipment, maintenance, manpower) will 

often be identical o r  very similar. The differences between technolo- 

gies have been explored to develop cost estimates that are consistent 

and comparable. Costs €or certain items were developed through contact 

with and visits to vendors and users.  Actual prices and costs were 

obtained (rather than budgetary estimates) whenever possible. More 
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information c o n c e r n i n g  the develoynient o f  t h e  cos t  e q u a t i o n s  can be 

found i n  Refs, 3 and 9. 

5.1.3 Options and btnpua; Parameters 

A list of inpul: parameters for the cost-estimating model is given 

in T a b l e  5.3. Numerical values are given f o r  those parameters that are 

T a b l e  5.3. . I npu t  parameters for calculation of  p r o j e c t  costs 

1 .  Total p r o j e c t  h e a t  o u t p u t  capacity, MBtu/h Var i ab 1 e 
2. N e w  b o i l e r  system expected capacity factor, % Variable 
3. Plumber of existing urni t s  to be refit, Variable 

4 ,  SO, c o n t r o l  o p t i ~ i i ,  o n l o f f  swiLch Variable 
5 ,  Soat blower  option, o n / o f f  switch Variable 
6 .  Tube-bank m o d i f i c a t i o n  o p t i o n ,  o n / o f f  switch. Var i ab1 e 
7, ~ o t t s n n  ash p i t  o p t i o n ,  o n / o f f  switch War iable 

i n t e g e r  number 

OCM c o s t  garamecers 

8 .  Hiyarated 1 . i ~  p r i c e ,  $/ton 
9 ,  Ash d i s p o s a l  p r i c e ,  $/ton 

10, Electric price ,  clkbi’n 
11. Labor raLe, $#/Cman-yearl 
12. Limestone  p r i c e ,  $ / t o n  

Fuel. prices 

13, Natural. gas, $ / M B L L l  

14.  No. 2 o i l ,  $/MBtu 
1 5 .  No. 6 o i l ,  $/MBtu 
16. KOM c o a l ,  $/WBLU 
1 7 .  Stoker c ~ d l ,  $/MHl;u 
18. Coal/wat.er m i x t u r e ,  $ / ~ B t u  

Coal properLies 

19. Ash fraction 
20. S u l f u r  f r a c t  i o n  
21. HHV, Btuilb 

Lirnes tone / l ime properties 

41.60 
PO .40 
Variable 
36.40 
20,80 

Var i ab1 e 
4.71 ($0.65/gal) 
3.67 ($0.55/gal) 
Variable 
Variable 
3.00 

Var i ab1 e 
Va r i a bl. e 
Var i a bl e 

0.050 22. I n e r t  fraction 
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assumed t o  have fixed values. The numerical values of the other parame- 

t e r s  vary from site to site as is discussed later in Sect. 6.1.1. These 

inpui parameters and variables are defined in this section. 

Project size. Three important input variables are used to define 

the project size. The project thermal output capacity (size) must be 

specified, and the expected capacity factor for the new coal-fired 

system is associated with a given output capacity. The way that output 

capacity and expected capacity factor were determined in this study is 

explained in Sect. 5.2.1. Inherent to choosing the capacity of any 

project involving refit technologies is the number of existing boilers 

to be converted to coal-firing. These three variables (numbered 1-3 in 

Table 5.3) are project specific and must be uniquely determined for each 

case. 

SO, control. Based on the applicable regulations at each site, for 

each project it must be determined if the available coals can be burned 

without using special SO, control methods. SO, emissions will be con- 

trolled passively if an inexpensive Low-sulfur coal is available. How- 

ever, when active SO, removal is needed, an “on/off switch” input vari- 

able can be turned on to add costs for SO, control to all coal com- 

bustion technologies. This includes added costs € o r  capital equipment, 

lime or limestone, labor, electricity, etc. The active SO, removal 

techniques assumed in the computer model are limestone injection for 

micronized coal-firing, slagging combustors, and the two slurry tech- 

nologies; limestone addition for all fluidized-bed combustion tech- 

nologies; lime spray-dry flue gas scrubber systems for all stoker and 

pulverized coal technologies; and chemical H , §  stripping from coal 

gasification product gas. 

Existing boiler modifications. Some refit technologies require up 

to three types of modifications to the existing boilers: addition of 

soot blowers, adding a bottom ash pit (ash removal) system, and boiler 

heat transfer tube-bank modifications. The decision of when to include 

these modifications is a function of the design of the existing boilers 

and the type of coal-utilization technology employed. The procedure 

used for adding the costs of the three boiler modifications is illus- 

trated in Tables 5.4 and 5 . 5  and described below., Also, background 

information for this decision-making process can be found in Ref. 1. 
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Table  5 . 4 .  U s u a l  posiLions of boiler 
modification switches 

Exi s t i rig Soot  Tube-bank Bottom 
boiler blower modification ash pit 
des i gn opt  i o n  opt ion option 

I 

Coal Off Off On 
Residual o i l  OEf  On On 
Distillate oil On On On 

Table 5.5. Coal refit technologies affected when 
boiler modification switches are turned on 

Bot tom 
ash pit Coal refit technology blowers modification system 

added 

soot Tube- bank 

added incl uded 

Micronized coal-firing Yes No No 
Slagging pulverized coal combustor Yes No Yes 
Modular fluidized-bed unit Yes NO Yes 
Return to stoker-firing NO No Yes 
Coallwater slurry-firing Yes Yes Yes 
Coal loi 1 s Lur ry-f i ring Yes Yes Yes 
Coal gasification No No No 

The computer model has three on/off switch variables (numbered 5-7 

in Table 5.3) that control whether or not the costs of a particular 

boiler modification are included in the total costs. Table 5.4 shows 

how the switch positions are usually selected as a function of the 

boiler design. For example, if an existing boiler was designed for 

residual oil, it is normally assumed that the  boiler already has soot  

blowers, but requires tube-bank modifications and the addition of an ash 

pit. Deviations from these usual switch positions are sometimes neces- 

sary based on more detailed information pertaining t o  a given boiler. 

When the boiler modification switches are turned on, the appro- 

priate c o s t s  are automatically added by the computer model to some, but 

not all, of the refit technologies. Table 5.5 illustrates which coal 
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refit technologies are affected by t h e  three boiler modification 

switches. For example, when a bottont ash  pit must be added, c o s t s  are 

added to all of the refit technologies except micronized coal-firing and 

coal gasification. 

O&M cost parameters. A number of parameters that affect nonfuel 

O6M c o s t s  are inputs to the cost-estimating computer model. Table 5.3  
gives the values used for limestotie price, lime price, ash disposal 

price, and labor rate. The values of these four parameters were fixed 

throughout this study and include a 4% adjustment from 1987 to 1988 

dollars. The assumption of a uniform labor rate in the United States 

may be somewhat simplified, but more detailed information was not avail- 

able. Locally reported values were used for price of electricity at each 

Air Force base. 

___ 

Fuel prices. The values f o r  fuel prices (numbered 13-18 in 

Table 5.3) m u s t  be specified in current dollars. These current prices 

may escalate with time; different escalation scenarios can be modeled by 

the LCC computer program. The current prices used for No. 2 and No. 6 

o i l s  were assumed to be uniform in all r e g i o n s  of the country and equal 

to the DOD stock fund prices. It is assumed that the higher heating 

value ( I IHV)  of No. 2 oil is 138,000 Btu/gal and the HHV of No. 6 o i l  is 

150,000 Btu/gal. For lack of better information, a uniform price was 

a l s o  used € o r  coal/water slurry. The c o s t  of cosl/water slurry would no 

doubt have regional variations, but such variations cannot really be 

known at this time. Any price used €or slurry fuels is questionable. 

Local prices that vary from r e g i o n  t o  region were used f o r  natural 

gas, ROM coal, and stokes coal. Gas prices reflect recent reported 

costs from the Air Force bases under consideration. Coal prices were 

determined from the study described in S e c t .  4.1. The prices used were 

for the lowest-cost ROM and stoker coals with acceptable properties. 

Coal and limestone properties. Coal properties were taken from the 

coal selection study described in Sect. 4.1. The properties used were 

for the lowest-cost ROH and stoker coa l s  with acceptable characteris- 

tics. The inert fraction of limestone and lime (caused by impurities) 

was specified as a single value equal t o  52 b y  weight. It was also 
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?- 

assumed that lime would be hydrated with one water molecule per calcium 

atom. 

5 . 2 COAL-UTILIZATION PROJECT ASSUMPTIONS 

A number of choices must be made to define the scope of a coal- 

utilization project at a given heating plant. Section 5.1.3 already has 

touched on some of these choices by defining the computer input parame- 

ters and variables for the cost-estimation model. The assumptions 

involved in selecting actual values €or some of these input variables 

are discussed further in this seclion. The procedure for choosing the 

size of a coal project is explained in Sect. 5.2.1,  and the method for 

selecting applicable coal technologies at each site is explained in 

Sect. 5 . 2 . 2 .  

5.2.1 Steam/HTHW Output Capacity 

When examining coal-utilization projects at a particular heating 

plant, it is desirable to find the optimum (most economical) size for 

the coal-firing equipment. The size of a coal project is defined here 

a s  the design steam/HTHW output capacity in MBtu/h. To understand how 

the steam/HTHW output capacity was selected for the coal-fired systems 

at each Air Force base, it is helpful t o  examine the trade-offs in- 

vo 1 ved . 
When compared to gas-Ioil-fired boilers, coal systems require much 

higher capital investments and are more costly to operate and maintain. 

A coal system can realize an overall cost savings only if coal is 

sufficiently less expensive than gas or o i l .  A basic trade-off exists 

between gas/oil systems with high f u e l  prices and coal systems with low 

fuel prices but high capital and O&M costs. The optimum size of a coal- 

conversion project i s  influenced by this trade-off, which is discussed 

below along with some other important considerations. 

Economy of scale. The costs of  coal-fired boilers are affected by 

what is sometimes termed the "economy of scale." This means that as the 

design capacity of a boiler o r  boiler plant is increased (without major 

design changes), the accompanying capital investment required and annual 
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ObM costs also increase, but at a slower rate.  The following values 

illustrate this principle: 

Capital Nonfuel ObW 
i n ues tmen t annua 1 cos t 

( $ )  
....-.... I- 

( $ )  

25,000-lb/h stoker b o i l e r  3,250,080 761,000 
50,000-hb/h stoker b o i l e r  4,900,000 934,000 

These example cost estimates are f o r  single-boiler heating p l a n t s  oger- 

ating at 682 annual capacity factor and are for illustration only. I t  is 

seen t ha t  doubling the boiler system s i z e  increases t he  costs but does 

not double them, This economy of scale effect causes coal systems t o  be 

l e s s  conpe~itive f a r  small applications and more competitive for  large 

applications, when compared to gas/oil systems. 

Capacity factor vs . size. . .-- The capacity factor is defined in this 

report as the total amount of  heat that a boiler produces in 1 year 

divided by t h e  t o t a l  m o u n t  of heaa: that the boiler could produce i f  i t  

operated a t  its design o u t p u t  capacity (maximum continuous rating) for  

the entire year. The A i r  Force heating plants examined in this report 

have capacity factors that range from -25% to 40%. These low capacity 

faceors are a result, o f  redundancy built into most of  the central heat- 

ing plants. Apparently this excess capacity ensures very  higlr heating 

source reliability, even a t  peak load conditions. 

A n  important qiwstion that must be answered i s  how much plant 

capacity should be converted t o  coal-firing i o  achieve the best economic 

results. The answer depends l a r g e l y  on the heating load profile of a 

particular heating plant, but the general rule is that only a small 

portion of the plant s h o u l d  be converted. Any newly installed coal- 

fired equipiiarnt should be u s e d  a s  much as i s  practical to minimize the 

effect o f  sapieal and O&M c o s t s .  All heaLing load tha8; is not provided 

by coal-firing should be supplied by the remaining gas- or ail-fired 

equipment. 

The principle of "diminishing returns" i s  at work here. As the 

s i z e  of  a proposed coal system is increased, the expected capacity 
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factor f o r  that system will decrease. Far each incremental increase in 

the output capacity of a coal system, t h e  incremental savings of f u e l  

costs will decrease. Even with the economy a f  scale effect, 8 point is 

reached where the additional capital and Q&M costs of a larger coal 

system are not offset by the potential f u e l  cost savings. 

Accurate information about t h e  load profile of an exisring heaLing 

plant is needed to determine the optimum size f o r  a coal-conversion 

project, The type of information available f o r  A i r  Force heaLing plants  

is shown in Fig. 5.1, w h i c h  illustrates an example ~f monthly average 

heating load. From this monthly average load d a t a ,  "ideplll" capacity 

factors were calculated as a f u n c t i o n  of boiler a u t p u t  capacity, as is 

shown in Fig. 5.2. These ideal capacity factors must b e  adjusted to 

account €or daily and hourly load fluctuations and equipment repair 

the. For this sLudy, the ideal capacity factors calculaied from 

monthly data were multiplied by a factor of 0.9. A small table that 

ORNL-DWG 89-4973 ETD 

OJ- 
Q N D J F M A M J J A S 

MOMH (starting with WotPer) 

Fig. 5.1.  Illustration of monthly average heating load. 
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Fig. 5 . 2 .  Illustration of ideal capacity factor as a function of 
boiler output capacity. 

lists expected capacity factor vs coal project size is included in each 

Air Force base information summary in the Appendix. 

Size and design of existing boilers, One a€  the conclusions of the 

previous heating plant screening study2 was that the coal refit tech- 

nologies tend to be more economical than the boiler replacement tech- 

nologies. Because of that trend, the analysis in this ranking study 

concentrated more on the refit technologies. The capacities of the 

existing boilers at a heating plant therefore had a strong influence on 

the selection of output capacity. Only one or two of the existing 

boilers would generally be chosen for conversion to coal-firing. This 

obviously limited the selection of possible output capacities t o  dis- 

crete steps. 

The design of the existing boilers also influenced the-selection of 

output capacity. I f  t h e  existing boilers were originally designed for 

either coal or residual (No, 6 )  oil, i t  was assumed that the boilers 
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have enough volume in the furnace to operate at their full design capac- 

ity with any of the coal refit technologies, if the boilers are modified 

as discussed in Sect.. 5.1.3. However, boilers that were originally 

designed for distillate (No. 2 1  oil tend to have smaller furnace volumes 
with tightly spaced tubes. In addition to the boiler modifications 

discussed in Sect. 5.1.3, it was assumed that No. 2 oil-fired boilers 

would require a capacity derating oE 20% to accommodate the coal cornbus- 

tion equipment. The boilers that were actually selected for coal refit 

and their capacity before and after conversion are explained in the Air 

Force base information summaries in the Appendix. 

Emission regulations. At a few Air Force sites, the applicable SO, 

emission regulations affected the choice of project size. The federal 

New Source Performance Standards regulate SO, emissions from coal- 

burning equipment only if fuel input ratings are 100 MBtuIh or greater 

(assuming the location is in compliance with federal ambient air quality 

standards). When the state regulations allow coal to be burned without 

SO, removal, there is an economic incentive to keep a coal system 

smaller than 100 IvlBtu/h of fuel input (equivalent to about 75 at 

80 MBtu/h of steam/HTHW output). If the design capacities of the exist- 

ing boilers in a heating plant are larger than this cutoff value, then 

it was sometimes advantageous to derate the boilers t o  eliminate the 

need for active SO, removal systems. The effects af the applicable 

environmental regulations on each simulated project are discussed in the 

Air Force base information summaries in the Appendix. 

5.2.2 Combustion Technalagies 

The 13 coal-utilizing technologies included in the cost-estimating 

model are discussed in Sect. 5.1.1. Only a subset of those technologies 

was evaluated f o r  each particular heating plant site, and the technolo- 

gies that were included or excluded were determined on a case-by-case 

basis. Technologies were only eliminated i f  a valid reason for removal 

was determined. The general reasoning behind the elimination of certain 

technologies is described here. Information pertaining to the selection 

of appropriate technology options €or each Air Force base is found in 

the information summaries in the Appendix. 
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Coal/oil slurry. Coal/oil mixture techhology was eliminated en- 

tirely from this study for a number of reasons. The cost estimates for 

the slurry technologies (both coal/oil and coal/water) were based on the 

assumption that near-term commercialization would make large quantities 

of slurry fuels available regionally o r  locally at competitive prices. 

However, there is currently very little interest (or research and 

development work) in coal/oil slurries for either industrial or utility 

applications. This is in direct contrast to coal/water slurry-firing, 

which is currently receiving much more attention. It seems that 

coal/oil slurries have a much smaller chance of becoming commercialized 

than coallwater slurries. 

Coal/oil slurry-firing was judged t o  be much less attractive than 

coaL/water slurry-firing if oil prices are assumed t o  escalate signifi- 

cantly faster than coal prices. Recause -50% of the coalloil slurry 

heating value comes from oil, the benefit of coalfoil slurry-firing 

decreases rapidly as oil prices rise relative to coal prices. 

There have been some technical problems specifically associated 

with coal/oil slurries, one of which i s  NQ, control. Flame temperatures 

have been reported to be high, causing excessive amounts of thermally 

produced NOx. This type of problem is not seen with coal/water slurry- 

firing. Also it may not be possible to use a baghouse f o r  particulate 

control with coalt'oi 1 slurries because of the possibility of blinding 

the bag material. An electrostatic precipitator (ESP)  may be required 

instead of a baghouse. The disadvantage is that an ESP is a more costly 

technology for the size of the systems under consideration. 

It; is acknowledged that coal slurries containing both o i l  and water 

are being developed and marketed at this time. This type of slurry was 

not examined directly in this study. However, coal/water/oil mixtures 

are judged to be similar to coal/wnter slurries because only a small 

amount of the total heating value ( < 3 0 % )  comes from the o i l .  

Return to stoker-firing. One of the coal refit options is to reuse 

stoker-firing in a boiler that was originally designed for stoker- 

firing. I f  none of the existing boilers at a heating plant were de- 

signed for stoker-f iring, then this refit technology must obviously be 

eliminated from consideration. 
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Space limitations. At some Air Force bases, some of the tech- 

nologies could not be considered as viable alternatives because of site- 

specific space limitations. The two types of space considerations 

examined in this study were (1) space for the coal cornbustion and coal- 

handling equipment and ( 2 )  space for a coal pile. Space must be avail- 

able inside a boiler house for any new bailers, boiler modifications, 

add-on combustion equipment, coal feeding equipment, and any coal prepa- 

ration equipment such as pulverizers. The boiler house can be expanded 

if necessary. Space is required outside a boiler hafuse for the day 

storage silos and coal conveyors. The coal pile should be located no 

more than a few hundred meters from the boiler house, and there must be 

~lrnplt: room f o r  the rail or truck unloading station as well as a 90-d 

supply of coal. 

The refit technologies are affected when space is limited in and 

around the existing boiler house. The slagging combustor, modular FBC, 

return to stoker, and gasifier technologies were dropped from the analy- 

sis first because they require the greatest amount of equipment space in 

the boiler house. The micronized coal equipment occupies somewhat lese 

room, and this technology could be retained in a few special situations 

when the other dry coal technologies were eliminated. All of the above 

dry coal technologies were eliminated when there is no room for a coal 

pile near the existing boiler house. The coal/water slurry technology 

was analyzed at all of the Air Force bases because it was assumed t o  

require no more room than an oil-fired boiler. 

The replacement technologies are affected by space limitations at 

All six both the existing boiler house and other locations on the base. 

replacement technologies could be considered at almost all of the Air 

Force bases. If the replacement boilers had to be located at a new 

heating plant, then it was assumed that the costs of connecting the new 

boilers t o  the existing distribution system would be negligible, 

5.3 COMPUTER MODEL POR LCC ANALXSIS 

In addition to the cost-estimation model, a computer model devoted 

t o  LCC analysis was also developed. The LCC model has two main parts: a 
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discounted cash flow spreadsheet atid an LCC SUKKMEY spreadsheet. In the 

cash flaw spreadsheet, the capital and 06M costs (including fuel) are 

distributed over time, while the vzlue of money is assumed to be time- 

dependent (ice., the cash flows arc  d i s c o u n t e d ) .  The calculated LC@ of 

a project is the sumnation o f  these d i s c o u n t e d  cash flows over the 

economic life of the project. In the LCC siimmary spreadsheet, t h e  LCCs 

of the proposed coal-fired boilers are compared t o  the LCC of the 

existing gas/oil system. 

Two rnajox financing scenarios were included i n  t he  economic analy- 

sis: one for Air Force owaership and o p e r a t i o n  of the coal equipment 

and one for private ownership and operation. The economic assumptions 

used in the LCC analysis are l i s t e d  i n  'P'able 5.6 f o r  both the Air Farce- 

and private-financing scenarios. The primary differences between 

Air Force- and private-financing S C ~ ~ ~ X - ~ Q S  are in t h e  way that cap 

costs and taxes are treated. Four o f  the. parameters in T2bBe 

(general inflation, fuel escalation, discount rate, and return on 

vestment) are labelled as variables. The values ais& in the X C  an 

eis for these four variables are discussed later in Sect. 6,1.2. 

T a b l e  5 . 6 .  Economic assumptions used in t h e  LCC analysis 

the 

tal 

5.6  

in- 

1. y- 

Paramet es A i r  Force Private 
f inaoc ing financing 

Project start year, start- o f  cons t r i icLion  
Construction period, year 
Economic life of project, years 
Salvage value FAT. end o f  economic life 
Time-dependent curve for maintenance c o s t s  
Inflation and discounting base yeas 
General inflation rate 
Fuel real escalation rates 
Real discount rate 
Equity, percent o t  capital investmtDni 
Before-tax real r e t u r n  on i n v e s t w n t  
Amount of working capital, months 
SOYD depreciation life, yedrs 
Local p r o p e r t y  tax  and i n s u r - a n a l  r a t e ,  % 
Federal income t a x  r a t e ,  % 
Investment tax credits 

1990 
1 
30 
0 
U-shaped 
1388 
Va r i ab1 e 
Variable 
Va r i ab1  e 
Not applicable 
Not applicable 
Not applicable 
Mot a p p l i c a b l e  
0 
Not a p p l  irable 
Mot applicable 

1990 
1 
30 
0 
U-shaped 
1988 
Va r i ab1 e 
Var i ab1 e 
Va r i able 
100% 
Variable 
2 
15 
2 
34 
None 
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5.3-1 A i r  Force Financing 

The Air Force-financing assumptions in Table 5 . 6  can be explained 

most easily with the aid of the example discounted cash flow spreadsheet 

shown in Table 5.7. Coal-fired boiler projects are assumed to start at 

the beginning of 1990 with a l-year construction period. Coal-firing 

begins in 1991 and continues €or 30 years through the end of 2020. All 

dollar amounts in the cash flow spreadsheet are in as-spent thousands of 

dollars (k$) that are inflated from a base year of 1988. However, in 

the example in Table 5.7, as-spent thousands of dollars are actually 

equal to constant 1988 thousands of dollars because the spreadsheet was 

calculated f o r  zero general inflation, as is seen in the "GENERAL IN- 

FLATION INDEX" 1 h e .  

The cash flow spreadsheet can accommodate fuel prices with escala- 

tion rates that differ from the general inflation rate as i s  seen in the 

"FUEL INFLATION INDEX" line of Table 5.7. Fuel inflation is calculated 

from the same 1988 base year as general inflation. The fuel costs shown 

in the "FUEL" line are determined by estimating the annual fuel cost in 

the 1988 base year and then multiplying by the fuel inflation index for 

each year. 

The maintenance costs in the "MAINTENANCE" line of the cash flow 

spreadsheet are treated in a special way. The annual maintenance costs 

generated by the cost-estimation model are adjusted by the time- 

dependent multiplier shown in F i g .  5.3 when they are entered into the 

cash flow spreadsheet. The U-shaped curve accounts for extra costs that 

occur because of infant failures during the first 3 years of heating 

plant operation and old-age failures during the last 8 years. 

The "TOTAL COST TO AIR FORCE" line of Table 5.7 is the sum of the 

annual capital and 06# costs. The present value of these total costs 

are calculated in the "DISCOUNTED AF TOTAL" line by discounting back to 

the 1988 base year. The LCC of the project appears in the lower right- 

hand corner of the cash flow spreadsheet. 
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OFaNL-DWG 89-4975 EaD 

5 10 15 20 25 30 
30 YEARS OF OPERATION 

Fig. 5.3. Time-dependent multiplier applied to annual maintenance 
costs ,  

5.3.2 Private Financing 

For the private-financing scenario, it was assumed that the Air 

Force will enter into a 31-year contract with a private company t o  

purchase, construct, operate, and maintain the coal-fired boiler equj p- 

ment. The Air Force will reimburse the contractor directly for their 

O&M costs and w i l l  pay the contractor an annual fee for recovery of 

their capital investment and prafit. Many of the costs associated with 

private financing are identical to those €or Air Force financing. The 

differences between private and A i r  Force financing are explained here 

with the aid of the example discounted cash flow spreadsheet for private 

financing shown in Table 5.8. 

The annual fee in the "CAPITAL COST" line of Table 5.8  is calcu- 

lated using the standard capital recovery equation over the 30-year 

economic life of the project with a rate of return om investment that 



Table 5.8. Example discounted cash flow spreadsheet for privare financing (17 middle years are hidden) 

CASH FLOWS - AS SPENT k$ 

COST ELEMENT 1990 1991 1992 1993 1994 - - 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

GENERAL INFLATION INDEX 
(BASE = 1988) 

FUEL INFLATION INDEX 
(BASE = 1988) 

CAPITAL INVESTMENT 

CAPITAL COST 

OPERATING h MAINTENANCE 

FUEL 
MAINTENANCE 
OTHER ObH 
RETURN ON WORK CAP 

BEFORE TAX INCOME 

LOCAL PROP TAX ( 6  INSUR) 

FEDERAL INCOHE TAX 

TOTAL COST TO AIR FORCE 

TOTAL COST TO GOVERNMENT 

DISCOUNT FACTOR 
(BASE = 1988) 

DISCOUNTED AF TOTAL 

1.000 1.000 1.000 1.000 

1.023 1.047 1.071 1.096 

3,140 

0 539 539 539 

0 2,674 2,353 2,309 

0 1,040 1,064 1,089 
0 841 504 437 
0 719 719 719 
0 74 65 64 

-392 246 263 288 

63 63 63 63 

-155 62 68 77 

0 3,212 2,891 2,847 

Not used 

.826 .751 -683 ,621 

0 2,414 1,975 1,768 

1.000 - - 1.000 1.000 1.000 1.000 1.000 i.000 

1.121 - - 1.403 1.419 1.436 1.453 1.471 1.488 

539 

2,317 

1,114 
420 
719 
64 

315 

63 

86 

2,856 

539 539 - -  
- -  2,605 2,661 

- -  1,393 1,410 
420 458 
719 719 
72 73 

610 612 

63 63 

- -  
- -  - -  
- -  
- -  
- -  186 187 

- -  3,143 3,199 

539 

2,720 

1,427 
499 
719 
75 

614 

63 

187 

3,259 

539 

2,784 

1,444 
544 
7 19 
77 

615 

63 

188 

3,323 

539 

2,852 

1,461 
593 
719 
79 

617 

53 

188 

3,391 

539 

2,925 

1,478 
647 
719 
81 

619 

63 

189 

3,464 

.564 - - .lo2 -092 .OB4 ,076 .069 .063 

1,612 - - 319 295 273 253 235 218 

1.000 1.000 

1.505 1.524 

539 539 

3,003 3,086 

1,496 1,514 
705 768 
719 719 
83 85 

621 624 

63 63 

190 191 

3,542 3,625 

.057 .352 

203 189 

1.900 

1.542 

539 

3,176 

1,532 
83 7 
719 
88 

626 

63 

192 

3,715 

.047 

176 

3,140 

16,158 

77,326 

38,791. 

21,584 
2,131 

15 , 149 
1,947 

4,489 

93,483 

w 
14,820 CrJ 

23,368 

DISCOUNTED COVT TOTAL Not used 
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will be defined in Sect. 6,1.2. It was also assumed that the contractor 

incurs OdN costs (including fuel c o s t s )  an average of 2 months before it 
is reimbursed for  them. The contractor is payed the same raLe of return 

for these 2 months of working capital. The working capital c o s t s  are 

itemized in the ''RETURN ON WORK CAP" line of the cash flow spreadsheet. 

A private contractor must pay local taxes, insurance, and federal 

taxes. These CQSLS are calculated in the cash flow spreadsheet, but 

they d o  not affect the "TOTAL COST TO A I R  FORCE" line of Table 5 .8  

because it was assumed that t h e  contractor pays these c o s t s  OUL of their 

own pocket using their return on investment. Local property taxes and 

insurance are lumped together, and their annual cost was assumed t o  be 

2% oE the capital investment. The federal income tax calculations are 

based on the following assumptions: ( 1 )  capital equipment is depreci- 

ated over 15 years using the sum-of-the-years digits (SOYD) method with 

no salvage value, ( 2 1  the tax rate is 34%, and ( 3 )  t h e  private contrac- 

tar is a large cotlipany with other sources of income t o  balance any 

negative income from chis project. 

5-3.3 Definitions of Figures-of-Herit 

The LCC summary spreadsheet lists the economic results for the 

existing pas-/ail-fl red system plus all 13 coal technologies with either 

Air Force or private financing. An example LCC summary spreadsheet is 

shown in Table 5.9. Three different figures-of-merit are presented in 

the LCC summary spreadsheet: (1) LCC, ( 2 )  benefit/cost ratio, and 

( 3 )  discounted payback period. These figures-of-merit are defined and 

discussed in this section. 

Some sf the coal combustion technologies that are examined in this 

report (such as micronized coa l )  are not fully commercialized. A word 

of caution when interpreting the economic results is that the r i sks  and 

uncertainties of these newer coal technologies have not been penalized 

in the economic analysis relative to the more established coal tech- 

nologies ( such  as stoker  coal-firing). 

I_ LCG. The LCC of a project is the summation of the discounted 

annual expenditures over the 30-year econemic life a€  the project. The 

LCCs shown in Table 5 . 9  come from the lower right-hand corner of the 



Table 5.9. Example LCC summary spreadsheet for Arnold Air Force Station 

ARNOLD AFS: 
Total steam output (MBtu/hr) = 72.G Primary fuel = NATURAL GAS 

1 X 72 M B t d h r ,  ECONOMIC PAhMMETERS = NOMINAL VALUES 

Boiler capacity factor = .720 
Number of units for refit = 1 

Primary f u e l  price (constant 
1988 $/MBtu) = 3.97 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 
COST, DI SCOTJNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 
B OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton / yr k$ RATIO yr k$ RATIO 
Natural gas boiler -- e- 45,468 1.000 c--- Existing system, primary fuel 
#2  Oil fired boiler -- -- 44,608 -- 

0 %6 Oil fired boiler -- -- 
Micronized coal refit 1 23,652 21,239 2.141 3.9 23,368 1.946 
Slagging burner refit 1 23,652 23,168 1.963 5.7 26,489 1.717 
Modular FBC refit I 23,951 23,600 1.927 6.2 27,334 1.663 
Stoker firing refit 
Coallwater slurry 3 25,229 27,624 1.646 5.8 29,789 1.526 
Coalloi1 slurry Not evaluated 
Low Btu gasifier refit 2 25,348 28,215 1.612 8.3 32,103 1.416 
Packaged shell stoker 2 22,633 25,101 1.811 6.4 28,476 1.597 
Packaged shell FBG 2 24,897 25,226 1.802 7.1 29,303 1.552 

1.451 Field erected FBC 1 23,652 26,247 1.732 8.4 31,346 
Pulverized coal boiler 1 23,075 26,716 1.702 8.9 32,080 1.417 
Circulating FBC 1 23,360 27,578 1.649 9.7 33,610 1.353 

-- 
-P 
0 

Not applicable because existing boiler was designed for pulverized coal 

Field erected stoker 1 21,502 25,887 1.756 7.9 30,572 1.487 

10:52 AM Oct 19, 1988 
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discounted cash flow spreadsheets. The cash flow spreadsheets are 

executed numerous times in order to fill Table 5.9. The LCC parameter 

is calculated for all of the proposed coal-fired systems, as well as the 

existing gas-/oil-fired system that they would replace. LCCs that have 

been inflated and discounted over a 30-year period can result in dollar 

amounts that are difficult t o  comprehend in absolute terms. It is best 

if LCCs are used only for relative comparisons between projects. 

Benefit/cost ratio. The term "benefit" is used in this report to 

refer to cost avoidance (i.e., the cost of continued operation of an 

existing system) rather than cost savings (i.e., the difference between 

the cost of an existing system and the cost of a new system). The 

benefit/cost ratio is therefore defined as the LCC of the portion of the 

existing gas/oil system that would be displaced by coal, divided by the 

LCC of the proposed new coal  system. In the exampie LCC summary spread- 

sheet in Table 5.9, the numerators of the benefitlcost ratios are all 

equal to the LCC of the natural gas boiler, and the denominators depend 

on the coal technology and financing scenario. 

The benefit/cost ratio is the primary figure-of-merit used in this 

report to interpret the economic results. In general, the use of 

benefitlcost ratios is not recommended when budget constraints are an 

important consideration. However, the results i n  this report are not 

intended to be used for allocating a fixed budget between competing 

projects; the purpose instead is t o  provide guidance f o r  planning Air 

Force budget requests and/or planning privatized projects. The use of 

benefitlcost ratios ensures that cost-effective projects are not over- 

looked just because they are capital intensive. 

Three questions can be answered by examining the benefiticost 

ratios: 

1. What is the best (most economical) coal technology and financing 

scenario at a particular Air Force base? 

2. Which air base has the greatest potential for economical utilization 

of coal? 

3 .  Will coal be more economical than the existing gas o r  oil fuels? 

The first and second questions InvOlve relative comparisons between two 
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or  more benefittcost r a t i o s ,  while the t h i r d  ques t ion  depends only on 

the a b s o l u t e  magnitude of the benielii_/cost ratios. In the example in 

Table 5.9, microniLed coal with Air Force  financing is the best tech- 

~ro logy  because it has the largest benefitlcost r a t i o ,  and i t  will be 

m o r e  economical than the existitAx gas system because  the ratio is 

g r e a t e r  than 1,Q. 

Discounted ._... payback IeP-iod, ___1___ T h i s  parameter is defined as the time 

period (measured froni thc b e g i n n i n g  of  construct ion) required for the 

cumulative savings from a projec t  t o  pay back the initial investment and 

o t h e r  crirnulative costs of the projecE, taking into account the time 

value of money. During the first few years of a coal-fired boiler proj- 

ect ,  t h e  cumulative discounted c o s t s  of the coal system are generally 

greater t h a n  the cumulative discounted c o s t s  of the existing gasloil 

system because of the c a p i t a l  costs of the coal equipment. However, coal 

p r i c e s  are usually less than gas/oil p r i c e s ,  and the cumulative costs of 

t h e  coa l  system tend to increase w i t h  t i m e  more slowly than the  cumula- 

tive costs of the gas/nj-b system, The discounted payback period i s  

defined as the point i n  time where the cumulative discounted costs o f  

the coal system fall below the cumulative discounted c o s t s  o f  the e x i s t -  

ing gasloil system, 

The discounted payback period i s  used in this report only as a 

secondary f igure-of-mesi l  f o r  the following reasons: (1) the discounted 

payback period has no meaning in the grivate-financing scenarios where 

the A i r  Force does  not. invest a n y  of  their own capital, ( 2 )  the dis- 

counted payback p e r i o d  will sometiriles be u n d e f i n e d  because it can be 

greater than t h e  economic life of' the  project, and ( 3 )  an economic 

evaluation us ing  discounted payback per iods  will sometimes be misleading 

because it completely ignores the economic consequences beyond the pay- 

back period. 
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6. RESULTS OF RABIKIIC STUDY 

The cost-estimation and LCC analysis models described in Chap. 5 

have been used to examine the economics of coal utilization at 16 Air 

Force facilities. After some further description concerning input 

variables and how the results were obtained, the results are presented 

and a method of ranking the 16 sites is discussed. Some sensitivity 

analyses to key parameters have been included to help understand the 

results more thoroughly. 

6.1 VALUES OF INPUT VARIABLES 

The input parameters for the cost-estimation model and LCC model 

are defined and described in Chap. 5. The numerical values used in this 

study for  the parameters that vary from site to site are summarized 

here. 

6.1.1 Cost-Estimation Variables 

A list of input parameters for the cost model is provided in 

Table 5.3. Numerical values are given in the table for eight of the 

parameters. The remaining parameters that are labeled as variables are 

discussed further in this section. 

Important assumptions that define the coal-conversion projects 

examined in this study are summarized f o r  each Air Force site in 

Table 6.1. The number of boilers for refit and total output capacity 

chosen for each project were found through optimization as discussed in 

Sect. 5.2.1. The expected capacity factor is dependent on this chosen 

output capacity and the heating load of each boiler plant. Also listed 

is the need for active SO, removal, which has been determined from the 

sulfur content of available coals (Sect. 4.1) and applicable local 

environmental regulations (Sect. 4.2). Active SO, removal was, found to 

be required at 6 of the 16 sites. 

The existing boiler design is also listed in Table 6.1 and was used 

t o  determine what boiler modifications are needed f o r  refit technologies 

and whether derating of a refitted boiler is necessary. Boiler modifica- 

tions were determined as explained in Sect. 5.1.3, using Tables 5.4 and 



T a b l e  6.1. Goe.1-conversion project definition parameters 

Expected 
overall Active Ref i t  Existing Number of Total Number 

Major b o i l e r  b o i  less output Of 
comand  design f o r  capacity b o i  9er s 

factor removal derated 2 teclsnoiogles 
Base 6 apac I t y 

( % I  considel-ed f u e l  tefi t ( MEt u / h  ) 

Elmend o r  f 
Hill 
Kelly 
Robins 
T inke r  
Arnold 
Hanscom 
h d r e w s  
Dover 
McGuire 
scot: 
Grand Forks 

Pease 

US&? Academy 

MiROt 

Pbattsburgh 

MC 
AILC 
AFLC 
AFLC 
A"C 
AFSC 
AFSC 
MAC 
MAC 
MAC 
MAC 
SAC 
SAC 
SAC 
%A@ 
USAFA 

Stoker c061 
No. 2 o i i  
No. 2 o i l  
Srokcr coal  
No. 2 o i l  
Purverlzed coal  
No. 4 o i l  
Stoker coal  
Stoker  coal 
Stoker coal 
Stoker coal 
Stoker c o a l  
Sroker c o a l  
No. 6 o i l  
No. 6 o i l  
No. 5 o i l  

2 
3 
i 

2 

1 
1 
1 
I 

* 

I 

* 

- 
S 
1 
a 
a 

300.0 
T5.C 
4 3 . 5  
54.0 

950. c; 
32.@ 
50.0 
60.0 
50.0 
50.9 
40.G 
42.c  
42 .O 
75.0 
50.0 
80.0 

71.9 
6 3 . 5  
82.4 
90.6 
71.2 
72.0 
88 .3  
50.4 
513.3 
61.8 
62.6 
71.6 
6 4 . 6  
40.7 
76.4 
58.0 

Yes 
Ye 5 
No 
No 
Ye S 
No 
Yes 
NO 
No 
Ye S 

Yes 
No 
No 
NO 
NO 
No 

NO 
Yes 
Yes 
XO 

ilr 9 
N O  
MO 
NO 
NO 

N O  
NO 
N O  
NO 
Ye 5 
No 
No 

12  
7 

7 

-F- 
3 
7 .* 

l a  
1 

12 
12 
12 

7 
12  
12  
1% 
11 
7 
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5.5 as a guide. Boiler derating was assumed t o  be necessary at four 

sites; three were derated simply because [.hey were No. 2 oil-designed 

units, and the boiler at Pease AF5 was assumed to be derated to avoid 

SO, emission regulations (discussed i n  S e c t ,  5.2.1). Many details about 

each individual site are summarized in t h e  Appendix. 

The current prices f o r  fuels used in the study are listed in the 

main tables that summarize the results (Tables 6 , 3  and 6.5 of Sect. 

6 . 2 ) .  Oil and coalfwater slurry prices do not vary from site to site, 

as discussed in Sect. 5.1.3, while natural gas9 ROM coal, and stoker 

coal prices do vary from site to site. One note about coal prices is 

that the prices used in the analysis f a r  EImendorf AFB and Pease AFB are 

optimistic. The coal  prices quoted f o r  Elmendorf are from a n e w  company 

that is not yet  in operation. If this new coal  is not available in the 

future, then coal would have to be purchased at 8 much higher price from 

the only coal supplier near Elmendorf that is currently in operation. 

The coal prices quoted for Pease are based on inexpensive rail delivery; 

however, higher-cost truck delivery may be necessary because the rail 

connection to Pease is scheduled f o r  removal. 

The remaining input variables that have not been deEined are the 

price of electricity and the coal properties (higher heating value, ash 

content, and sulfur content). Values were determined for these parame- 

ters for each of the 16 Air Force  sites and can be found in the informa- 

tion summaries in the Appendix. 

6.1-2 Economic Variables 

Many of the economic assumptions made for the LCC analysis are 

discussed i n  Sect. 5.3,  and the input. parameters to the LCC model are 

listed in Table 5.5. Four  key economic variables a t e  discussed further 

here because o f  their potential imporLance to &he s t u d y .  

General inflation. General inflation, which is a loss in khe buy- 

ing power of money, is an input variable to the LCC model, General 

inflation is often thought of as being very important in an economic 

analysis. However, general inflation has no effect on the LCC results 

for Air Force-financed projects, if the actual discount rate is also 

inflated to maintain a constant real discount: rate. Although inflation 
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does have a minor effect on the LCC results for privately financed 

projects, the general inflation rate was assumed to be zero in this 

study. The effect of this assumption is that all future values in the 

cash flow spreadsheets will be in constant doLlars, as is required by 

federal guidelines.10 

Discount rate. Federal guidelines specify that a real discount 

rate of 10% should be used f o r  the evaluation of projects that are not 

primarily for energy conservation.10 For most of this study, an actual 

discount rate of 10% was used, which is equivalent to a real discount 

rate of 10% because of the assumption of zero general inflation. A 7% 

discount rate is also examined in Sect. 6.3.2 to determine the sensi- 

tivity of the results to the discount rate. 

Rate of return on investment. A representative rate of return 

(ROR) on investment is needed for evaluation of privately financed proj- 

ects. A before-tax ROR of 17% was selected. Based on the local and 

federal tax assumptions shown in Table 5 . 6 ,  this translates to an after- 

tax ROR of abouL 12%. 

Fuel escalation. Because the results of the LCC analysis were 

found to be very sensitive to the assumed fuel escalation rates, and 

because fuel escalation projections are so highly subject to question, 

three separate fuel escalaLion scenarios have been examined. 

One set of fuel escalators was derived from a DOD memo that gives 

guidelines €or energy-dependent economic analyses.3 The DOD escalators 

are based directly on the report Annual Energy Outlook 1986, published 

by the Energy Information Administration ( E I A )  of DOE.4 Fuel escalation 

projections are tabulated in the DOD memo and the 1986 E I A  report for 

distillate oil, residual oil, natural gas, and coal, for both commercial 

and industrial sectors, in ten different regions of the United States. 

For the LCC analysis in this report, it was assumed that the industrial 

fuel escalation rates, averaged over all ten  regions of the United 

States, are applicable. Also, distillate and residual oils were assumed 

to escalate at the same rate (equal to an average of the escalation 

rates for distillate and residual oils). 

The 1986 study by the E I A  includes projections only to the year 

2000. The DOD escalation tables were extended to the year 2017 by 
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assuming tha the I986 E I A  escala ion projections f o r  the years 

1996-2080 (escalation rates for each 4uel are constant during this 

5-year period) would remain constant through the year 2017, For the LCC 

analysis in t h i s  report,  the 30-year economic l i f e  ends i n  t h e  year 

2020; therefore, the same escalation raLes were assumed t o  apply a l l  khe 

way to the year 2020. The DOD escalation scenario just described is 

referred to as the "nominal values" case for f u e l  escalation, These 

escalation rates are shown in T a b l e  6.2. F o r  t h i s  "noininal values" 

case, gas and oil prices escalate at  rather high rates relative e 5  t he  

price of coal, which will enhance the  economic outlook of coal p r o j e c t s .  

? 'able  6.2. F u e l  escalation scenarios 

1988-1990 1990- 15395 1995-2000 2000 beyond and 

___I___.- .--ll.l--l.ll.-l 
"Nominal v a l u e s i s  case 

Gas 3 . 8 9  8.87 5 - 7 7  5,77 
o i  1 4 . 8 6  7.87 4.16 4.16 
Coal 1.16 2.31 1.19 1"19 

'"AEO 7 98 1 I* case 

Gas 2 . 2 8  4.70 5.49 2.75 
Oi 1 0.17 4 . 1 6  5 . 5 5  2 . 7 1  
Coa i 1.46 1 . 7 6  1.61 0.81 

Zero case 

Gas 0 
Oi 1 0 
Coal 0 

0 0 0 
8 e, 0 
0 0 0 

A second fuel escalation scenario w a s  developed fram t he  updated 

Annual Energy Outlook 1987 report.5 Because the updated 9987 report 

also does not include any escalation projeceions beyond the year 2000, 

an author of the report was contacted and asked t o  recommend the best  



assumptions during that time period. The opinion received was that the 

forces causing high oil and gas price escalation during the 1995-2000 

period will weaken significantly in years beyond 2000. To simulate 

reduced pressure on fuel prices for years beyond 2000, it was assumed 

that each fuel escalates at one-half the projected rate for the 

1995-2000 period. This set of  escalators will be referred to as the 

"AEO 1987" fuel escalators. The precise values used € o r  f u e l  escalation 

are given in Table 6 . 2 .  The "AEO 1987" escalators lie approximately 

midway between the "nominal values" escalators and the third escalation 

scenario of zero fuel escalation. 

6.2 BY BFXEFIT/COST 

The 16 Air Force base heating plants haxre been ranked according to 

the benefit/cost ratio (see S e c t .  5.3.3 f o r  definition). Six economic 

scenarios were examined: t.htee separate sets of assumptions for fuel 

escalation were considered, and both Air Force ownership and private 

ownership were examined. The economic ranking results €or the s i x  

scenarios are summarized in Tables 6.3 through 6.7. These rankings are 

discussed in the following sections. 

6.2.1 Air Force Financing and 

A summary of  the coal-conversion projects examined assuming Air 

Force ownership is g i v e n  in Table 6 . 3 .  All of the coal combustion tech- 

nologies that were evaluated a t  each of  the 16 sites are included in the 

table. The 149 potential coal projects are ranked according t o  the 

first column of benefitlcost ratios that were calculated for the "nomi- 

nal values" of the economic parameters. The list of coal projects for 

each Air Force site is ordered so that the highest benefit (most attrac- 

tive) option appears first and the lowest benefit option appears last. 

The Air Force sites are ordered in Table 6 . 3  according to the benefit/ 

cost ratios of the best coal technology at each base. 

Table 6 . 4  summarizes the most attractive coal technology at each 

base for the three fuel escalation scenarios. Micronized coal refit is 
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Table 6.3. Air Force-financing r e s u l t s  with ranking according t o  "nominal values'' 

b n e f i t l c o s t  r a t i o  
Parameters Fuel r e a l  Fuel real 
= nominal e sca l a t ion  e sca l a t ion  

Base Current Technology Coal 
(Major f u e l  and Rank t e  pr ice  

command) p r i c e  Refi:' New (S/MBtu) values AEo 1987 E zero 

Arnold Natural gas 1 
(AFSC) $3.97/MBtu 2 

3 
4 

Poten t i a l  coal use = 5 

11 
12 
13 
14 

23,652 tons lyear  8 

18 Gas i f i e r  X 1.97 1.612 1.216 0.896 
Kelly Natural gas 6 Pkg. s toker  X 1.98 1.798 1.369 1.022 

19 Fie ld  FBC X 1.87 1.585 1.205 0. 887 

(AFLC) $4.OO/MBtu 7 Pkg. FBC X 1.87 1.760 I .  339 0.995 
16 Fie ld  s toker  X 1.98 1.643 1.249 0.925 

Poten t i a l  coa l  use = 24 Pulverized X 1.87 1.553 1.181 0.867 
16,014 tons/year 25 Coallwater X 3.00 1.545 1.179 0.900 

0.849 
1.018 

Micronized X 1.75 2.141 1.616 1.191 
Slagging x 1.75 1.963 1.480 1.085 
FBC r e f i t  X 1.75 1.927 1.453 1.064 
Pkg. s toker  X 1.97 1.811 1.367 1.008 

Fie ld  s toker  X 1.97 1.756 1.325 0.971 
Field FBC X 1.75 1.732 1.306 0.949 
Pulverized X 1,75 1.702 1.282 0.930 
Circ. FBC X 1.75 I .  649 1-242 0.900 
Coallwater X 3.00 1.646 1.246 0.94h 

Pkg. FBC X 1.75 1,802 1.359 0.994 

32 Circ. FBC X 1.87 1.522 1.157 
Minot Natural gas 9 Micronized X 1.48 1.743 1.348 
(SAC) $3.60/MBtu 20 Slagging X 1.48 1.577 1.219 0.917 

21 Pkg. FBC X 1.48 1.570 1.214 0.915 
22 Stoker reEit X 1.87 1.564 1.210 0.923 

Poten t i a l  coa l  use = 27 FBC r e f i t  X 1.48 1.539 1.189 0.894 

51 Gasi f ie r  X 1.87 1.421 1.100 0.840 
60 Fie ld  FRC X 1-48 1.369 1.058 0.791 
63 Fie ld  s toker  X 1.87 1.362 1.053 0.795 
67 Coallwater X 3.00 1.357 1.053 0.823 
74 Pulverized X 1.48 1.329 1,026 0.766 
a2 Circ. FBC X 1-48 1.314 1.015 0.757 

Robins Natural gas 10 Micronized X 1.77 1.737 1.330 1.003 
( AFLC ) $3.19/MBtu 40 Pkg. FBC X 1.77 1.470 1.124 0.842 

42 Pkg. s toker  X 1.99 1.463 1.119 0.844 

Poten t i a l  coa l  use = 54 Fie ld  FBC X 1.77 1.410 1.077 0.802 

68 Coal/water X 3-00 1.357 1.1241 0.808 
69 Circ. FBC X 1.77 1.349 1.031 0.765 

McGuire Natural  gas 15 Nicronized X 1.89 1.643 1.264 0.950 
(MAC) $4.OO/MBtu 33 Pkg. FBC X 1-89 1.513 1.163 0.873 

34 Slagging X 1.89 1.510 1.161 0.869 
35 FBC r e f i t  X 1.89 1.496 1.150 0.8b1 

13,217 tons lyear  62 Field FBC X 1.89 1.364 1.048 0.781 
76 Stoker r e f i t  X 2.2s 1.324 1.019 0.767 
81 Circ. FBC X 1-89 1.314 1.009 0.750 
87 Pkg. s toker  X 2.25 1.299 0.999 0.752 
112 Gasi f ie r  X 2.25 1.236 0.951 0.719 
119 Fie ld  s toker  X 2.25 1.199 0.921 0.689 
128 Pulverized X 1.89 1.173 0.901 0.667 

Grand Forks No. 6 o i l  17 Wicronized X 1.48 1.632 1.345 1.057 
(SAC) $3.67/MBtu 37 Slagging X 1.48 1.485 1.223 0.957 

41 4toker r e f i t  X 1.87 1.469 1.211 0.962 

13,495 tons lyear  46 Pkg. s toker  X 1.97 1.434 1.183 0.938 
85 Field FBC X 1.48 1.303 1.072 0.834 
86 Gasi f ie r  1.87 1.300 1.072 0.851 

1.87 1.292 1.064 0.837 
1.48 1.269 1.044 0.811 98 Pulverized - X 

104 Coallwater X 3.00 1.258 1 .040 0.846 
108 Circ. FBC X 1.48 1.247 1.026 0.797 

12,176 tons/year 30 Pkg. s toker  X 1.87 1.525 1.180 0.899 

50 Field s toker  X 1.99 1.426 1.091 0.818 

17,268 tons lyear  58 Pulverized X 1.77 1.383 1.057 0.785 

Poten t i a l  coal use = 55 Coallwater X 3.00 1.407 1.085 0.836 

38 Pkg. FBC X 1.48 1.483 1.221 0.958 

Poten t i a l  coal u ~ e  = 43 FBC r e f i t  X 1.48 1.456 1.199 0.938 

94 Fie ld  s toker  x, x 
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Bene€{ t / c o s t  ra t  i o  
Coal Teclinology Coal -. Paramete r s  Fuel  r e a l  Fue l  r e a l  

Base C u r r e n t  
(Major f u e l  and Yank t e  p r i c e  

R p  € 1  Net< ( $/plattr) = ~~~~~~l e s c a l a t i o n  e s c a l a t i o n  t echno logy  
command ) p r i c e  

= AEO 1987 = z e r o  

P l a t t s b u r g h  No. 6 o i l  23’ Micronized X 1.97 1.562 
( S A C )  $3.67/MRtu 45 S l a g g i n g  x 1.97 1 .&40 

48 Pkg. FRC x 1.97 1.431 
52 FBC r e f i t  X 1.97 1.418 

P o t e n t i a l  coa: u se  = 65 Pkg. s t o k e r  X 2.46 1.357 
16,339 t o n s f y e a r  91 Coa l /wa te r  X 3.00 1.293 

95 f i e l d  FBC x 1.97 1.286 
101 P u l v e r i z e d  X 1.97 1.263 
107 F i e l d  s t o k e r  X 2.46 1.248 
113 C i r c .  FBC x 1.97 1.231 
1 21 X 2.46 1.196 

Peasea N a t u r a l  g a s  26 Nicron ized  X 2.07 1.540 
(SAC) S3.80/MBtu 57 S l a g g i n g  X 2.07 1.390 

61 Coa l /wa ta r  X 3. no 1.369 
64 FBC r e f i t  X 2.07 1.359 

P o t e n t i a l  coal u s e  = 100 Pkg. FRC X 2.07 1.266 
13,057 t o n s / y e a r  110 Pkg. s t o k e r  X 2.56 1.245 

120 F i e l d  FBC X 2.07 1.198 
122 F i e l d  s t o k e r  X 2.56 1.135 
129 P u l v e r i z e d  X 2.07 1.170 

1.281 
1.180 
1.172 
1.162 
1.113 
1.062 
1.053 
1.034 
1.023 
1.007 
0.981 

1.196 
1.079 
1.066 
I .055 
0.983 
0.968 
0.930 
0.928 
0.908 

1.011 
0.926 
0.923 
0.912 
0.887 
0.859 
0.821 
0.804 
0.808 
0.183 
0.751 

0.917 
0.822 
0.834 
0.804 
0.747 
0.744 
0.703 
0.709 
0.686 

__I 

135 Circ .  FRC X 2.07 1.134 0.889 0.664 
X 2.56 1.110 0.863 0.663 138 G a s i f i e r  

T i n k e r  N a t u r a l  Ras 28 F i e l d  FBC x 1.68 1.532 1.151 0.840 
--l__l_ II............... .......~.--I_____I 

(AFLC) $2.85/MRtu 31 Pkg. FRC X 1.68 1.523 1.145 0.839 
44 Cfrc .  FBC X 1.68 1.451 1.090 0.793 
72 P u l v e r i z e d  X 1.68 1.337 I .004 0.727 

P o t e n t i a l  c o a l  u se  = 79 F i e l d  s t o k e r  x 1.99 1.317 0.990 0.725 
45,682 t o n s / y e a r  89 Pkg. s t o k e r  X 1.99 1.298 0.976 0.717 

105 Coa l /wa te r  3.00 1.252 9.945 0.717 

Elmendorfb N a t u r a l  g a s  29 
(AAC) $2.05/MRtu 56 

59 
75 

P o t e n t i a l  c o a l  u se  = 109 
154,374 t o n s / y e a r  115 

127 
141 
145 
147 

, 

Micronized 
Slagging 
FEC r e f i t  
F i e l d  FBC 
C i r c .  FBC 
Pkg. FBC 
E’u 1 ve r i zed 
Stoker r e E i t  
F i e l d  s t o k e r  
Coa l /wa te r  

X 1.63 
X 1.63 
X 1.63 

X 1.63 
X 1.63 
X 1.63 
X 1.63 

X 2.16 
X 2.16 

X 3.00 

1.527 
1.403 
1.379 
1.326 
1.247 
1.221 
1.174 
1.100 
1.964 
1.010 

148 Pkg. s t o k e r  X 2.16 0.979 
.-. .. .. . . 149 G m i e r  X 2.16 0.849 - -  

H i l l  N a t u r a l  gas  36 Pkg. FBC x 1.20 1.486 
(AFLC) 52.97/MBtu 53 F i e l d  FBC Y 1 .20  1 .414  

71 C i r c .  FBC X 1.20 1.338 
88 Pkg. s t o k e r  X 1.30 1.298 

P o t e n t i a l  coal  use = 103 F i e l d  s t o k e r  x 1.30 1.260 
23,560 t o n s / y e a r  123 P u l v e r i z e d  X 1.20 1.190 

139 C o a l / w a t e r  X 3.00 1.110 

1.146 
1.052 
1.034 
0.994 
0.934 
0.915 
0.579 
0.826 
0.798 
0.760 
0.734 
0.636 
1,141 
1.085 
1.026 
0.996 
0.967 
0.913 
0.855 

. .........._il 

0.851 
0.775 
0.762 
0.729 
0.681 
0.669 
0.638 
0.615 
0.590 
0.581 
0.541 
0.468 
0.848 
0.803 
0.758 
0.740 
0.716 
0.672 
Cl.661 

-._.I_ 

.~ __ 
S c o t t  N a t u r a l  gas 39 Pkg. FRC X 1 .24  I .473 1.141 n. 854 

78 F i e l d  YEC X 1.24 1.322 1.023 0.762 
(MAC) S3.30/XBtu 66 Pkg. s t o k e r  X 1.26 1 . 3 5 7  i.n5i 0.785 

93 Ci rc .  FBC X 1.24 1.292 1.000 0.744 
P o t e n t i a l  coa l  use = I 1 1  Conliwater X 3.00 1 .243  0.966 0.750 
13,731 t o n s / y e a r  114 F i e l d  s t o k e r  x 1 . 2 6  1.231 0.952 0.709 
-__ ___ 134 P u l v e r i z e d  x 1.7’1 l.lirl 0.882 6.654 
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Table 6.3 (continued) 

Benefit /cost  r a t i o  
Parameters Fuel r ea l  Fuel rea l  Coal Technology Coal 

t e  
Base Current 

technology Refif' New (S/MBtu) = m;th,l esca la t ion  esca la t ion  
(Major fue l  and Rank 

= AEO 1987 = zero command) pr fce  

..... 

Dover No. 6 oil 47 Micronized X 1.84 1.434 1.188 0.947 
W C )  $3.67/MBtu 77 Stoker r e f i t  X 2.19 1.324 1.098 0.882 

83 Slagging X 1.84 1.308 1.083 0.859 
84 Pkg. FBC X 1.84 1.304 1.080 0.856 

Poten t i a l  coal use = 92 pkg. stoker X 2.19 1.292 1.071 0.860 
12,468 tons/year 96 FBC r e f i t  X 1.84 1.285 1.064 0.843 

117 Coal/water X 3.00 1.216 1.010 0.826 
130 Field s toker  X 2.19 1.164 0.964 0.767 
131 Field FBC X 1.84 1.153 0.954 0.752 
132 Gasi f ie r  X 2.19 1.143 0.947 0.760 
137 Pulverized X 1.84 1.127 0.932 0.733 
142 Circ. FBC X 1.84 1.100 0.910 0.715 

Andrew No. 6 o i l  49 Micronized X 1.84 1.431 I .  185 0.945 

90 Slagging X 1.84 1.296 1.074 0.851 
97 FBC refi t  X 1.84 1.269 1.051 0.833 

12,935 tons/year 124 Pkg. FBC X 1.84 1.182 0.979 0.775 
125 Pkg. s toker  X 2.19 1.179 0.977 0.780 
133 Field stoker X 2.19 1.142 0.946 0.752 
136 Field FBC X 1.84 1.130 0.935 0.737 
140 Pulverized X 1.84 1.102 0.912 0.717 
144 Circ. FBC X 1.84 1.074 0.889 0 699 
146 Gasi f ie r  X 2.19 1.061 0.879 0.702 

(USAFA) $2.56/MBtu 73 Pkg. s toker  X 1.45 1.333 1.035 0.790 
102 Field s toker  X 1.45 1.262 0.979 0.743 
106 Field FBC X 1.17 1.252 0.970 0.729 

Poten t i a l  coal w e  6 116 Pulverized X 1.17 1.220 0.945 0.709 

143 Coal/water X 3.00 1.091 0.850 0.675 
Hanscom No. 6 o i l  99 Coal/water X 3.00 1.267 1.035 0.828 
(AFSC) $3.67/MBtu 
Po ten t i a l  coal use - 
20,143 tons/year 

(MAC) $3.67/MBtu 80 Stoker r e f i t  X 2.19 1.315 1.091 0.877 

Poten t i a l  coal use - 118 Coallwater X 3.00 1.211 1.006 0,823 

USAF Acad. Natural gas 70 Pkg. FBC X 1.17 1.339 1.038 0.784 

24,992 tons lyear  126 Circ. FBC X 1.17 1.179 0.913 0.685 

%CC r e s u l t s  f o r  Pease may be opt imis t ic  because of questionable access r o  Fnexpensive r a i l  

bLCC r e s u l t s  fo r  Elmendorf may be opt imis t ic  because of questionabLe a v a j l a b i l f t y  of inexpensive 

de l ivery  fo r  coal. 

coal.  



Table 6.4.  Summary of Air Force-financing results far b e s t  coal technologies 

Parameters = nominal values Fuel escalae,ion = AEO 87 Fuel escalation = zero 

Base Benefit / Benefit/ Benefit/ Best c o a l  Best coal Best coal cost Rank cost Rank technology ratio ratio Rank technology C o s t  technology ratio 

Arnold 
#el Sy 
Minot 
Robins 
McGuire 
Grand Forks 
Plattsburgh 

Tinker 
Elmeridor5 
H i l l  

Peasea 

b 

Scott 

MdKeWS 
USAF Academy 
khn5COrn 

Micronized 
Pkg. stoker 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Field FBC 
Hlcsori ized 
Pkg. FBC 
Pkg. FBG 
Micronized 
Micronized 
Pkg. FBC 
coal /water 

2.141 
1 . 7 9 8  
1.743 
1.737 
1.643 
1 . 6 3 2  
a .562 
1.540 
1.532 
1.527 
1 . 4 8 6  
a .473 
i . t 3 4  
1.031 
i .339 
1.257 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
16 

Micronized 
Pkg. stoker 
Micronized 
Micronized 
Hisronized 
Nicroaized 
Micronized 
Micronized 
Field FBC 
Hi c r on i zed 
Pkg. FBC 
Pkg. FBC 
Micronized 
Micronized 
Pkg. FBC 
Coallwater 

1.616 
1.369 
1.348 
1 . 3 3 0  
1.244 
1.345 
1.281 
1.196 
1.151 
1.146 
1.141 
1.141 
1.188 
1.185 
i .038 
1.035 

1 
2 
3 
5 
7 
4 
6 
8 

11 
1 2  
14 
13 

9 
10 
15 
16 

Micronized 
Pkg. stoker 
Micronized 
Micronized 
Hicros , ized  
Micronized 
Micronized 
Micronized 
Field FBC 
Micronized  
Pkg. FBC 
Pkg. FBC 
Mi c roni zed 
Micronized 
Pkg. stoker 
CoaSIwater 

1.191 
1.022 
1.018 
1 .go3 
0.950 
1 .O57 
1.Q11 
0.919 
0.840 
0.851 
0.848 
0.854 
0.947 
0.945 
0.790 
0.828 

1 

3 
4 
6 

2 
5 

i o  Lu 

14 
12  
13 
11 

9 
14 
15 

-t 
I 

VI 

a 

aLCC results f o r  Pease may be optimistic because of quesiionsble ACCeSS t o  inexpensive rail 

%CC results for  Elmendorf may be optimistic because of questionable availability of inexpensive 

delivery for coal. 

C O S 1  

I 
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the lowest-cost option at most of the bases (10 of 16) .  A t  the remain- 

ing six bases (Kelly, Tinker, Hill, Scott, W A F  Academy, and Hanscom), 

micronized coal and the other dry coal refit technologies were not 

evaluated because of space limieaLions inside and near the existing 

lieating plants. The lowest-cost options at these s i x  bases are either 

csraljwater slurry refit o r  one oE the replacement boiler technologies. 

It is observed from Table 6 . 4  that Arnold is ranked first in each 

case.  The sites ranked 2 through 7 include Kelly, Minot, Kobins, 

WcGuire, Grand Forks, and Plattsburgh in each case, although the respec- 

tive order  changes. Beyond the top seven sites, it is somewhat more 

difficult to generalize. 

The most basic issue that needs to be addressed is whether coal 

w i l l  be more economical than the existing gas or oil fuels, The results 

i n  Table 6 . 4  indicate that the answer to this question depends strongly 

an the fuel escalation assumptions. For the "nominal values" case of  

fuel escalation, coal appears to be a good choice at: a l l  of the bases 

because all of the benefitlcost ratios are significantly >I.O. For the 

zero fuel escalation case, most of the bases have benefitjcost ratios 

that are c1.0, and at the bases that do have benefit/cost ratios >1.Q, 

the savings in gas or oil costs may not be significant enough to justify 

conversion to coa l .  

6-2.2 Private Financing and Ownership 

The same type of analysis presented above f o r  the Air Force-owner- 

ship cases is repeated here for t he  private-ownership scenarios. Tables 

6 , 5  and 6 . 6  summarize these  results. It was found that the ranking of 

the sites is very similar to the previously discussed A i r  Force-owner- 

s h i p  cases. Again, i t  i s  observed that Arnold is ranked first in each 

case. The s i t e s  ranked 2 through 7 include Kelly, Robins, Minot, 

MeGuire, Grand Forks, and Plattsburgh. 

When the private-financing results in Table 6 . 6  are compared to the 

Air Force-financing results in Table 6 . 4 ,  it appears that A i r  Force 

financing is more attractive because the benefitjcost ratios are all 

slightly greater than those for private financing. This conclusion is 

contrary to the common belief that a private company can work less 
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Table 6.5. Private-f inancing r e s u l t s  with ranking accnrding t o  "noninal values" 

BeneEit/cost r a t i o  
Technology Coal 

Reti:' New (S/,lBtu) = ;;;l;:;l 
price Parameters Fuel r e a l  Fuel r e a l  

Base Current 
t e  

e sca l a t ion  e sca l a t ion  
= AE0 1987 = zero 

(Major f u e l  and Rank 
tech  no logy command) p r i ce  

Arnold Natural gas 1 !:icronized X 1.75 1.946 1.468 1.077 
(AFSC) $3.97/tfBtu 2 Slagging X 1.75 1.717 1.294 0.91.2 

3 FUC r e f i t  X 1.75 1.663 1.254 0.912 
5 Pkg. s toker  x 1.97 1.597 1.204 0.882 

Po ten t i a l  coal use = 8 Pkg. FBC x 1.75 1.552 1.169 0.849 
23,652 tons/year 10 Coal/water X 3.00 1.526 1.155 0.872 

11  Field s toker  x 1.97 1.487 1.121 0.815 
14 Fie ld  FBC x 1.75 1.451 1.092 0.788 
1 7  Pulverized x 1.75 1.417 1.067 0.758 
18 Gasif ier  X 1.97 1.416 1.068 0.782 

-__-_ 25 Circ. FBC x 1.75 1.353 1.018 0.732 
Kelly Natural gas 4 Pkg. s toker  x 1.95 1.608 1.223 0.909 
(AFLC) S4.OOIFiRtu 9 Pkg. FRC X 1.87 1.545 1.175 0.868 

16 Coal/water X 3.00 1.419 1.082 0.522 
20 Field s toker  X 1.98 1.398 1.063 0.781 

Po ten t i a l  coa l  use = 27 Fie ld  FBC X 1.87 I .  339 1.017 0.744 
16,014 tons/year 32 Pulverized X 1.87 1.306 0.992 0.724 

Robins Natural  gas 6 Micronized X 1.77 1.586 1.213 0.911 
( AFLC) $3.19/tlBtu 35 Pkq. s toker  x 1.99 I. 294 0.989 0.741 

43 Pkg. FBC x 1.77 1.274 0.974 0.724 
47 Coallwater X 3.00 1.262 0.968 0.748 

Po ten t i a l  coa l  use = 57 Fie ld  s toker  x 1.99 1.213 0.927 0.690 
17,268 tons/year 63 Field FBC x 1.77 1.186 0.906 0.669 

70 Pulverized X 1.77 1.157 0.883 0.651 
_____I. 89 Circ. FBC X 1.77 1.114 0.850 0.626 
Minot Natural gas 7 Micronized X 1.48 1.567 1.211 0.912 
(SAC) $3.60/XBtu 19 Stoker r e f i t  X 1.87 1.398 1.082 0.821 

23 Slagging X 1.4R I .  360 1.050 0.786 
24 Pkg. FBC X 1.48 1.353 1.045 0.784 

Potent ia l  coa l  use = 26 Pkg. s toker  X 1.87 I .  349 1.043 0.790 
12,176 tonslyear  31 FBC r e f i t  X 1.48 1.308 1.011 0.756 

50 Coal/water X 3.00 1.249 0.969 0.754 
52 Gas i f ie r  X 1.57 1.247 0.965 0.732 
78 F ie ld  s toker  X 1.87 1.141 0.882 0.661 
81 Field FBC X 1.48 1.131 0.873 0.649 
95 Pulverized x 1.48 1.093 0.844 0.626 

__..._I 107 Circ. FBC - X 1.48 1.065 0.522 0.610 
W c Gui r e Natural gas I ?  P f i c r o n i z c d  Y I.R9 1.482 1.140 0.854 
(MAC ) $4.00/MRtu 29 Pkg. FBC X 1.89 1.314 1.010 0.754 

3C Slagging X 1.89 1.314 1.009 0.752 
36 Coallwater X 3.00 1.290 0.994 0.763 

Po ten t i a l  coal use = 49 FSC r e f i t  x 1.89 1.285 0.987 0.735 
13,217 tons lyear  66 Stoker r e f i t  X 2.25 1.175 0.903 0.677 

76 Fjeld FBC Y 1.89 1.143 0.578 0.550 
77 Pkg. s toker  X 2.25 1.143 0.879 0.658 
96 Gasif ier  X 2.25 1.092 0.843 0.631 

101 Circ. FBC X 1.89 1.081 0.830 0.613 
121 Field s toker  x 2.25 1.010 0.776 0.576 
131 Pulverized X 1 2 9  0.974 0.748 0.551 

Grand Forks No. 6 o i l  13 Micronized X 1.48 1.474 1.213 0.951 
(SAC) $3.67/MBtu 28 Stoker r e € i t  X 1.57 1.319 1.087 0.859 

45 Circ. FBC x 1.87 1.264 0.960 OZ7LO-... 

38 
41  

Po ten t i a l  coa l  use = 4% 

68 
73 
97 

100 
1 I0 
119 

13,495 tons/year 53 

-...........___II__ 

S1ag:ing 

Pkz. s toker  
FBC r e f i t  
Coal/watPr 
Gas i f ie r  
Field s toker  
Field FBC 
Pul ve r i zed 
Circ. FHC 

PLg. FRC 
X 1.48 1.288 

x 1.48 1.285 
X 1.87 1.274 

X 1.48 1.245 
X 3.00 1.162 
X 1.87 1.149 

Y 1.87 1.089 
x 1.48 1.383 
X 1.45 1 .Ob9 
I 1.48 1.018 

1.059 
1.057 
1.050 
1.025 
0.960 
0.947 
0.896 
0.890 
0.863 
0.53h 

0.825 
9.525 
0.829 
0.797 
0.775 
0.747 
Q.70r) 
0.589 
0.666 
0.545 
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k n e  E i t / cu6  t r a t  i o  
Paramewrs Fuel. real  Fuel  real 
= i i o d o a l  e s c a l a t i o n  escalation 

values  = .!LEO 1987 = z e r o  

'Ye c hiin 1 ogy 
t y p e  pri-ce 

R e f i t  ?:cc (S/Hittu) 

t o  a 1 cox 1 Rase Current 

rccllnology 
(Major fuel and Rank 

command) p r i ce  

-__-__.....-....-...__I- ~ __I. 
Platrsburgh No. 6 o i l  15  >ficr,>,?ized X 1-97 i . 4 2 5  1.158 0.918 
(SAC) $3.67/HBtu 44 i l a g g i n g  X I.97 1.266 1.037 0.809 

Potential .  coal use 56 Pkg. s t o k e r  x 2.46 1.. 2 2 2  1.002 0.794 
16,339 tons/yesr 60 Coal./water x 3-00 1.192 0 .Y79  0.787 

48 . %kg. FHC X 1.97 I. 257 1 e 029 0.806 
54 FRC r e f i t  x 1.97 1 . 2 7 2  2.009 0.787 

98 F i e l d  FRC x 1.97 1.986 0.889 ' 0.688 
103 Gas i f ie r  X 2.46 1,074 0,581 0.697 
105 Fit.1.d sruker X 2.46 1.071 3,877 0.687 
lo:! Pii1ver-t.Len X 1.97 1.061 C.8h8 0.671 

Elmendorf' Natural- gas 21 t l i r r o n i z c d  X 1 .63 1 " '386 1.039 0.767 
( M C j  $2"05/K3tU 5 5  51a~gi1,g X 1 .63  I .  228 0.920 0.672 

61 FBC [<?Fit X 1.63 1.191 0.892 0.651 
84 F i e l d  FRC X 1.63 1*164 0.842 0.611 

P o r e n t i a l  coal iistl = i 1 3  Ci  rc. FHC x !.h3 1.031 0.771 0.556 
154,374 t o n s l y e a r  114 Pkgb PHC W 1.63 1 .030 0.771 0.558 

128 Stoker r e f i t  X- 2. I!, 0.Q83 0,737 0.545 
i2Y Pulverized Y 1.63 '1,981 0.733 0.528 
137 Coal/water X 3.00 0.941 0.708 a. 539 
141 17lel.d s toker  x 2.16 0.915 9.686 c.501 
148 Pkg. s t o k e r  x 2.16 3.442 17.631 0.460 

x ?..16 0.741) f )  * 554 0.404 ._-----___^. 14') L h 5 i f  ice- , 

Fatileal ;:as 2 2  K i c r o n i z c d  X 2.07 I .  384 1.075 0.820 
( S A C )  $3.80/Mntu S i  Coal./vat.rtr X 3 s 00 1.244 0,972 0.757 

116 Ci"'c-.FBc.-. x 1.97 1.021 0.835 0.645 -.-. 

b Pease 

58 Slap::.irvg X 2.07  1.196 0.928 0.703 
71 FBI: rekic  x 2.07 1 , 1 5 3  0.895 0.677 

Po ten t i a l  coal w e  .-= 99 Pk?,. s t o k e r  Y 2.5% 1 "083 0.842 0.643 

124 Field s t o k e r  X 1.56 0.996 0.773 0.SRh 
127 i h l d  FH!: x 2.07 0,984 0.763 0.573 

x 2., 56 0.963 0.748 0. $71 
135 Pulverized x 2.07 0.9.56 0.741 0.556 

13,057 tons/ye,?r  lClb Pkg. TBC )i 2.07 1 .071 0.R31 0.628 

144 Circ!--"C ._.l_l_ll.__ll X 2.01 0.9I1 0.706 0.529 
Tinker Natura l  gas  13 1"Kg. TWC X 1.118 I. 304 0.979 0.711 
(APLC) $2.85/1~1B~u 3 7  F i e l d  'C'B!: X 1 - 6 8  I.2RU 0.967 0.700 

59 Circ.  FRC X j.68 i ,  192 9.895 0.644 
7 4  Coallwater  x 3.120 1.148 0.866 0.553 

Pocent ia l  coal  !ise = 8 3  Pk.g. s t o k e r  x 1.99 1.124 0.845 0.616 
48,086 tons /year  88 F?.eld s t o k e r  x I .99 1.116 0,838 n. 608 

90 Pu: v ? r i  zed x 1-68 1.111 0.833 0.598 
Dover No. h o i l  34 Mil ronized Y 1.114 1.295 1.073 0.851 
(HAC ) $'%.67/?1Btu I,] !;taker r c f i t  Y, 1.19 i .188  0.985 0.788 

_._I_ ~ _II 

7 5  Pk.::. s t o k e ?  
80 SLat:pi n$; 

Potential coal u w  = 82 Fkp, FBC 
12,468 t o n s /  year 87 C ( j ~ 1 .  / .jn t e r  

93 Fat: r e f i t  
120 G a s i f i e r  
130 F i e l d  s c c k r r  
l i 4  F j e l d  FBI: 
140 I'ulver i z e d  

Y 2.19 I * 148 
Y i -84  1 . i 3 5  

Y 1.84 1.129 
x %"30 1.111 
Y 1.84 I * 100 
X ?. 19 l s [ I l 7  

Y 2.19 0, 980 
Y 1-86  P.960 
Y, l .8< 3.931 

0.951 
0.939 
0.035 
0.928 
0.910 

0.811 
0.797 
0.771 

0.838 

0.759 
0.741 
0.739 
0.755 
0.717 
0.569 
0.641 
0.622 
0.603 

-_--._I 1 ?L?&:.-??S __I___ x L.54 ...._.. . 0.898 ._.. 0.742 0.580 
Andrews No. 6 o i l  39 Hicroni zed X 1.84 1.287 1.066 0.846 

0.975 
0.92s 
0 .Y 2 0  
0. R93 

9.830 
i i  . 7 90 
0.771 
0.762 
0.749 
0.118 

0.849 

_____- 

0 . 7 7 9 
0.7 30 
0.749 
0.704 
0.674 
0.653 
0.623 
0.604 
0.605 
(1.585 
0.56 1 -- 
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T a b l e  6.5 ( c o n t i n u e d )  

aenef  i t / c o s  t 
Sase C u r r e n t  Technology Coal  -z----- - .  

t ec  him1 ogy ----<=- 
command) p r i c e  R e f i t  Nc 

f u e l  aiid Rank ( N a j o r  

r a t i o  - 
r a r a n e c ? r s  cue1 r e a l  Fuel  r e a l  p r i c e  - )w (SIMRtu) = nor,iinal e s c a l a t i o n  e s c a l a t i o n  

v a l u e s  = N O  1987 = z e r o  

S c o t t  N a t u r a l  gas  46 Pkg. FDC x 1.24 1.263 0.978 0.729 
(MAC ) $3.80/XBtu 65 Pkg. s t o k e r  X 1.26 1.176 0.910 0.678 

79 Coal/waLor ‘x 3.00 1.135 0.882 0.681 
94 F i e l d  FRC x 1.24 1.097 0.849 0.630 

P o t e n t i a l  c o a l  use = 109 Ci rc .  FBC X 1.24 1.050 0.812 0.602 
13,731 t o n s l y e a r  117 F i e l d  s t o k e r  X 1.26 1,020 0.789 0.585 

Y 1.24 0.938 0.726 0.536 
H i l l  N a t u r a l  gas  49 Fkg. F3C x 1.20 1.252 0.961 0.710 

-... . .. .. 138 P u l v e r i z e d  

( AFLC) $2.97/MR;u 69 F i e l d  FRC Y 1.20 1.159 0.889 0.654 
92 Pkg. s t o k e r  X 1.30 1.104 0.547 9.t2h 

104 C i r c .  FBC x 1.20 1.073 0.823 0.604 
P o t e n t i a l  c o a l  use = 112 F i e l d  s t o k e r  X 1.30 1.037 0.795 0.585 
23,560 t o n s / y e a r  125 C o a l l w a t e r  X 3.00 0.994 0.766 0.588 

132 P u l v e r i z e d  ~ x 1.20 0.968 0.742 0.543 
Hanscon Yo. 6 o i l  67 C o a l l w a t e r  X 3.00 1.168 0.954 0.760 
(AFSC) S 3.67 /MStu 

P o t e n t i a l  c o a l  l i sp  = 
20,143 t o n s l y e a r  
USAF Acad. N a t u r a l  g a s  7 2  Pkg. s t o k e r  X 1.45 1.152 0.894 0.678 
(USAFA) $2.56/?1Btu 85 Pkg. FBC x 1 . 1 7  1.124 0.871 0.654 

I l l  F i e l d  s t o k e r  X 1.45 1.040 0.806 0.608 
118 F i e l d  FBC X 1.17 1.015 0.788 0.589 

P o t e n t i a l  c o a l  use = 123 C o a l l w a t e r  X 3.00 0.998 0.777 0.613 
24,310 t o n s l y e a r  126 P u l v e r i z e d  x 1.17 0.987 0.764 0.570 

139 C i r c .  FUC X 1.17 0.936 0.725 0.540 

- 

~~ 

aLCC r e s u l t s  f o r  Elmendorf may be o p t i n i s t i c  because  of q u e s t i o n a b l e  a v a i l a b i l i t y  of i n e x p e n s i v e  

bLCC r e s u l t s  f o r  Pease m,iy be o p t i m i s t i c  because  of q u e s t i o n a h l e  a c c e s s  t o  i n e x p e n s i v e  r a i l  

c o a l .  

d e l i v e r y  f o r  c o a l .  

expensively than the government. In the LCC analysis, the private- 

financing scenarios were not given any special treatment. Because of a 

lack of better information, it was assumed that a private company would 

have to invest the same amount of capital as the Air Force and incur the 

same OCM costs. Private financing is therefore more expensive because 

the private company must a l s o  be payed a profit. 

6.2.3 Overall Qbservations 

Some meaningful observations can be made by examining the results 

€or all six of the economic scenarios in Table 6.7. The top candidate 

for coal utilization is Arnold. Kelly, Grand Forks, Minot, Robins, 

Plattsburgh, and McGuire are ranked 2 through 7 for all six scenarios. 

Certain sites that do not appear above a ranking of 11 f o r  any case 

include the USAF Academy, Hanscom, Hill, and Scott. 



Table 6.6. Summary of private-financing results f o r  best coal technologies 

Parameters = nominal values Fuel escalation = AEO 87 Fuel escalation = zero 

Base Best coal Benefit/cost Best coal Benefiticost Best coal Benefit/cost 
technology ratio technology ratio technology ratio Rank Rank Rank 

Arnold 

hobins 
Minot 
McCuire 
Grand Forks 
Plattsburgh 
E l  rnendor f a  

f: Pease 
Tinker 
'Jover 
Andrews 
Scott 
Hi11 
Hanscom 
USAF Academy 

Kel ly  
Micronized 
Pkp. stoker 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Pkg. FBC 
Micronized 
Micronized 
Pkg. FBC 
Pkg. FBC 
Coal/water 
Pkg. stoker 

1.946 
1.608 
1.580 
1.567 
1 . 4 8 2  
1.474 
1.425 
1.386 
1.384 
I. 306 
1.295 
1.287 
1.263 
1.252 
1.166 
1.152 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
i i  
1 2  
13 
14 
15 
16 

Micronized 
Pkg. stoker 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Pkg. FBC 
Micronized 
Micronized 
Pkg. FBC 
Pkg. FBC 
Coalfwater 
Pkg. stoker 

1.468 
1 . 2 2 3  
i.213 
1.211 
1 .14@ 
1.213 
1.168 
1.039 
1.075 
0.979 
1.073 
i ,066 
0.978 
0.961 
0.954 
0.894 

1 
2 
4 
5 
7 
3 
6 

11 
8 
12 

9 
10 
13 
14 
15 
16 

Micronized 
Pkg. stoker 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 
Micronized 

Micronized 
Micronized 
Pkg. FBC 
Pkg. FBC 
Coallwater 
Pkg. stoker 

Pkg. FBC 

1 . C 7 7  
0.909 
0.91 i 
0.912 
0.854 
0.951 
0.918 
0.767 
0.82C 
0 . 7 i l  
0.851 
0.846 
0.729 
0.710 
0.760 
0.678 

1 
6 
5 
L; 
is 
2 
3 

11 
10 
14 
8 
9 
13 
15 
12 
16 

aLCC results for Elmendorf may be optimistic because of questionable availability of inexpensive coal. 

bLCC results for Pease may be optimistic because of questionable access to inexpensive rail delivery f o r  coal. 
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Table 6.7. Summary of ranking results €or 
Air Force and p r i v a i e  financing 

---_lll_ 

Rank €or Air Force Rank for private 
financing f i nanc i ng Average 

rank Base 

Nominal AEO Zero Nominal AB6 Zero 
.- 

Arnold 1 1 1 1 1 1 1 .o 
Kell y 2 2 3 2 2 6 2.8 
Grand Forks 6 4 2 6 3 2 3*8  
Minot 3 3 4 4 5 4 3.8 
Robins 4 5 6 a 4 5 4.5  
Plattsburgh 7 6 5 7 6 3 5.7 
McGuire 5 7 7 5 7 7 6.3 

peasea 8 8 10 9 8 10 8.8 
Dover 13 9 8 11 9 8 9.7 
Andrews 14 10 9 12 10 9 10.7 
Elmendorfb 10 12 12 8 11 11 10.7 
Tinker 9 11 14 10 12 14 11.7 

Scott 12 13 11 13 13 13 12.5 
Hill 11 14 13 14 14 15 13.5 
Han 5 corn 16 16 15 15 15 12 14.8 
USAF Academy 15 15 16 16 16 16 15.7 

aLCC results for Pease may be optimistic because of question- 

bLCC results for Elmendorf may be optimistic because of 

able access to inexpensive rail delivery for coal. 

questionable availability of inexpensive coal, 

The process of ranking the A i r  Force s i t e s  in the manner described 

above is simple from a mathematical viewpoint. However, all economic 

analyses should be viewed with skepticism because of the uncertainty 

associated with predicting future events. An appropriate level of 

skepticism is especially important when interpreting the results of this 

study because the recent trend o f  unstable ecergy prices will probably 

continue into the future. The results of the L@C analysis should there- 

fore be used only to identify general trends, while small differences 

should be considered insignificant. 



6.3 SENSITIVITY TO SELECTED ECONOMIC ASSUMLYPIOMS 

The sensitivity of the results to some important economic assump- 

tions has been examined. The effect of fuel escalation has already been 

examined in the main body of results. Other important parameters to be 

examined in this section include the discounted payback period and the 

effect of discount rate. 

It was found that reasonable variations in the assumed values of 

key economic parameters can have significant effects on the absolute 

magnitudes of the benefit/cost ratios (or other measures of economic 

benefit). However, these parametric variations generally do not have a 

significant effect on the ranking or ordering of the Air Force sites 

examined in this study. 

6.3.1 Ranking by Discounted Payback Period 

The discounted payback period is used in this study only as a 

secondary figure-of-merit for the reasons discussed in Sect. 5.3.3. 

Discounted payback periods were calculated for all Air Force-financed 

projects, and selected results are summarized in Table 6 . 8  for the top 

12 A i r  Force sites from Table  6.7. The discounted payback periods 

follow the same trends as the benefitfcost ratios (i.e., the projects 

with the highest benefitjcost ratios tend to have the shortest payback 

periods), although there are some minor differences. The use of dis- 

counted payback periods for comparisons will tend t o  favor coal-conver- 

sion projects that are less capital intensive. 

The answer to the question of whether coal will be a more attrac- 

tive fuel than gas or oil is again strongly influenced by the fuel 

escalation assumptions. For the "nominal values" escalation case, most 

of the coal-conversion projects have discounted payback periods that are 

<10 years. For zero fuel escalation, the payback periods for most of 

the projects are greater than the economic life of the projects. The 

notable exception for zero fuel escalation is the micronized coal refit 

option at Arnold, which has a payback period < l o  years, 



Table 6.8. Discounted payback periods for  selected Air Force-financed projects 

Parameters = Fuel escalat ion Fuel escalat ion 

Rase Coal Technology nominal values _ = AEO 1987 = =ere--.__- 
technology ....... 'ypec Benefit/cost Disco"nted Renefitlcost Discounted Benefit/cost Discounted 

payback payback 
(years) (years) (years) 

( b j o r  

r a t i o  
payback 

r a t i o  rd t io  
comcnnd) Refit 

Arnold Micronized X 2.141 3.9 1.516 4.7 1.191 6.4 

FBC r e f i t  X 1.927 6.2 1.453 8.0 1.064 15.2 
Pka. stoker ........ X 1.811 6.4 1.367 8tb 1.009 25.2 _- 

Kelly Pkg. stoker X 1.798 5.9 1.369 7.9 1.022 19.3 
(AFLC) Pke. FBC X 1. 750 6.8 1.339 9.2 0.995 - >31 
Grand Fnrks Micronized X 1.532 5.4 1.345 7.8 1.057 12.9 
(SAC) Slagging X 1.485 8.1 1.223 12.3 0.957 >31 

Pkg. FBC X 1.483 8.1 1.221 12.7 0.958 >31 
>31 

Yinot Micronized X 1.743 6.0 1.348 8.0 1.018 19.8 
(SAC) Slagging X 1.577 8.9 1.219 12.6 0.917 >31 

Pkg. FBC X 1.570 9.0 1.214 12.R 0.915 >31 
1.564 7.9 1.210 11.5 0.923 >31 Stoker . r e f i t  X 

Robins Micronized X 1.737 5.6 1.330 7.7 1.003 26.0 
(AFLC) Pkg. FBC X 1.470 10.6 1.124 16.8 0.842 >3 1 

........ 1.463 10.0 1.119 16.5 0.844 >31 
Plattshurgh Micronized X 1.562 5.6 1.281 8.7 1.011 21.3 
(SAC) Slagging X 1.440 8.3 1.180 13.4 0.926 >31 
_- Pkg" FBC X 1-42! ..................... 8.5 1.172 __ 13.8 0.923 >31 
Mc Cui re Micronized X 1.643 6.8 1.264 9.7 0.950 >31 
(MAC) ....... .p_z:-FBc x 1.513 9.7 1.163 14.6 n 873 >31 

Peasea Micronized X 1.540 7.9 1.196 11.7 0.917 >31 
( SAC ! Slagging X '  1.390 12.0 1.079 19.9 0.822 >31 

Coal / w a  t e r  X 1.369 10.4 1.066 19.4 0.834 >31 
FBC r e f i t  X 1.359 13.1 1.055 22.6 0.804 >31 

......... I .  266 15.8 0.983 >31 0.747 >31 
Dover Micronized Y 1.434 7.3 1.188 11.8 0.947 >31 
(MAC) Stoker r e f i  .t...... x 1.324 9. 1.098 1 7 - 1  0.882 >31 
Andrews Micronized X 1.431 7.5 1.185 12.1 0.945 >31 
..............-..I_ (MAC ) Stoker r e f i t  X . 1.315 ... 9.8 1.091 17.8 0.877 >31 

Elmendorfb Yicronized X 1.527 8.5 1.146 lb.3 0.851 >31 
Slagging X 1.403 12.0 1.052 22.9 0.775 >31 
FBC r e f i t  X 1.379 12.9 1.034 25.3 0.762 >31 

I- ... _. . Field FBC x 1.326 14 I_.-.-_--.- 0.994 >31 0.729 >31 
Tinker Field FBC X 1.532 10.7 1.151 16.5 0.840 >31 
( AFLC) Pkg. PBC X 1.523 10.4 1.145 16.3 0.839 >31 

(AFSC) Slagging X 1.963 5.7 1.480 7.3 1.085 12.8 

-1_____.- _I_.._I...__II. .............. 

---I_ 

1 l r .3  .............. 0,962 . .... Stoker r e f i t  .x 1.469 7 .I---. 1.211 

. -__...____I_ ___ 

-.-.-- ?&LS%.!Lk r X -_______. 

-.-l____l - !&Ar.. FBC X --__._I __.. 

"LCC r e su l t s  f o r  Pease may be optimistic because of questionable access t o  inexpensive r a i l  del ivery f o r  

bLCC r e su l t s  for  Elmendorf may be opt imist ic  because of questionahl-e ava i l ab i l i t y  o i  inexpensive coal. 

coal. 
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6.3.2 Effect of Discount Rate 

Lowering the discount raLe will affect the ECC analysis because the 

influence of costs incurred in e a r l y  years will become less important, 

and those incurred in later years will become more important. Another 

way to view this effect is that the influence of the inieial capital 

investment will lessen i n  comparison to annual fuel and OeiM c o s t s P  

Lower discount rates will therefore cause coal projects to look more 

attractive. 

A value of  10% was used for the discount ra le  i n  the main body of 

results. The LCC model was recalculated with a 7% discount rate fo r  the 

t o p  seven A i r  F o r c e  s i t e s  from Table 6 . 7 .  Because coal appears to be 

the least attractive relative t o  gas DZ oil for the zero  f u e l  escalation 

case, this fuel escalation scenario was the only one evaluated. The 

results in Table 6 . 9  for Air Force-financed p r o j e c t s  show t h a t  t h e  7% 

discount rate increases the magnitude or  the benefit/cost ratios by 

abouc 3 or 4%, but it does not affecL t h e  ranking of the bases. 

The most important objective of this reporc is to conclude which 

Air Force sites have the greatest potential. f o r  economical u t i 1  ization 

of coal. From the results given in Tables 6 . 3  Lo 6.9, seven bases can 

be identified as leading sites. This s e c t i o n  summarizes the pertinent 

information for the seven leading sites: Arnold A i r  F o r c e  Station (APS), 

Kelly M B ,  Grand F o r k s  AFB, Minot AFB, Robins AFB, PLattsbuxgh AFB, and 

McGuire AFB. 

6-4.1 Arnold AFS 

The main heaLing plant in Bldg.  1411 at Arnold  consists of three 

72-MBtu/h and one 24-MBtu/h boilers, a l l  of which were designed f o r  

bituminous coal. The large boilers were designed f o r  p u l v e r i z e d  coal- 

firing. All of the boilers have been converted, and they  now Eire 

natural gas with No. 2 oil used as a secondary Puel.  The bailers w e r e  

installed in 1951, but they are still in good condition. The capacity 

factor f o r  refitting o r  replacing one 72-MBtu/h boiler is estimated t o  

be about 72%, based on F Y  1986 fuel-use data.  



Table 6.9. Effect of discount rate on Air Force-financing 
results f o r  zero fuel escalation 

10% discount rate 1% Discount rate 

Base Discounted Benefitlcost Discounted 
Best coal Benefit /cost Best coal payback 
technology ratio (years) (years > ratio Rank payback :echology Rank 

cn Arnold Eli cronized 1 1.192 6.4 Micronized 1 1.230 5 .? 
Kelly Pkg. stoker 3 1.022 19.3 Pkg. stoker 3 1.065 13.8 N 

Grand Forks Micronized 2 1.057 1 2 . 9  Mi c r on i zed 2 1.096 10.6 
Minor Micronized 4 1 .Oib 19.8 Micronized 4 1.057 14.0 

6 1.034 15.9 Robins Micronized 6 1.003 26.0 Micronized 
Piattsburgh Micronized 5 1.011 21.3 Micronized 5 1.042 14.6 
McGuire Micronized 7 0.950 >31 Micronized 7 0.934 >31 
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Some of the original coal-storage and -handling equipment is still 

in place, but it is in poor condition and could not be used again. 

Removal of this equipment would provide adequate space to install new 

coal-handling equipment. Because the large boilers were designed for  

pulverized coal-firing, the most convenient conversion would be to  

install micronized coal-firing equipment. The technical risk would be 

minimal, because the environmental regulations require no SO, control 

€or a boiler with a f u e l  input <IO0 MBtu/h. A micronized coal system 

refit to one of the existing boilers is estimated to be the lowest-cost 

conversion option. 

The economics of converting t o  coal-firing appear f o  be attractive 

based on both current and future escalated f u e l  prices. The current 

reported prices f o r  f u e l s  at the base are $3.97/MBtu for natural gas and 

$1.75/MBtu €or ROM bituminous coal with 1.5% sulfur content. Overall, 

Arnold appears to be t h e  leading candidate for conversion of one of the 

large boilers in the central steam plant back to coal-firing. 

6.4.2 Kelly BFB 

The main steam plant i n  Bldg. 376 at Kelly consists of two 

54.5-MEtu/h, two 50-MBtu/h, and one 49.6-MBtujh boilers that were de- 

signed for gas-/oil-firing. They use natural gas as the primary fuel 

with No. 2 oil as a secondary f u e l .  The boilers were installed from 

1954 through 1976 and are in good condition. The capacity factor for 

refitting or replacing one 54.5-MBtu/h boiler, but derated to  

4 3 . 5  MBtu/h, is estimated to be about 82X, based on FY 1985 fuel-use 

data. Derating is necessary because the boilers were not designed for 

coal-firing. 

There is not enough available space a t  the existing boiler house to 

install dry coal-firing equipment or a coal  pile. It shou ld  be possible 

to install coalfwatar mixture combustion equipment at the present boiler 

house. The technical risk would be fairly high because of limited 

experience with firing cual/water mixtures in No. 2 oil-designed 

boilers. A packaged shell-type stoker replacement boiler at another 

site on base is estimated to be the lowest -coat  coal-conversion option. 

The environmental control regulations require no SO, control for boilera 

with ratings €100 MBtu/h fuel input. 
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Based on future escalated fuel prices, the economics of converting 

to coal-firing with a replacement boiler appear to be attractive. There 

is only a slight cost advantage at present fuel prices. The current 

reported prices €or fuels at the base are $4,,OO/MBtu f o r  natural gas and 

$1.98/MBtu f o r  stoker bituminous coal with 1.3% sulfur. Kelly is among 

the top six candidates for potential conversion to coal-firing, in this 

case by means of a replacement boiler. 

6.4 .3  Grand Forks APB 

The central heating plant in Bldg. 423 at Grand Forks consists of 

two 42-MBtufh and three 25-MBtufh tiTHW boilers, all of which were de- 

signed for stoker coal-firing. They were later converted to burn No. 6 

oil. Presently, HTHW is being obtained from electrically heated boilers 

(owned by the electric utiliey) with a special low electric power rate 

of 2.15c/kWh. However, No. 6 oil was assumed to be the primary fuel in 

the economic analysis because the contract to purchase this low-priced 

electric power from the utility will expire soon. The base also has 

recently acquired access t o  natural gas, but it has never been burned in 

the central heating plant. The capacity factor for refitting or replac- 

ing one 42-MBtu/h boiler is estimated to be ~ 7 2 % ~  based on FY 1985 and 

1986 fuel-use data. 

The original coal-handliiig equipment has been removed, but there is 

space available t o  install new equipment. The boiler was originally 

designed for stoker-firing, so it should be feasible to refit it with 

any of the technology options. A refit t o  stoker-firing would have the 

least technical risk. The risk €or the other options should be only 

slightly higher because the environmental regulations require no SO2 

control when burning low-sulfur coal (<1.6% sulfur) in a boiler with a 

fuel input <lo0 MBtu/h. A micronized coal system refit to one of the 

existing 42-MBtu/h boilers is estimated to be the lowest-cost conversion 

opt ion. 

The economics of  converting t o  coal-firing appear to be favorable 

based on future escalated fuel prices. There is only a slight cost 

advantage at present fuel prices. The current reported prices for fuels 

at the base are $3.67/MBtu for No. 6 oil or natural gas, and $1.48/MBtu 
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... 

for ROM bituminous coal with 1% sulfur. Grand Forks is among the top 

six candidates for conversion back to coal-firing, with the lowest-cost 

option being conversion of one of the 42-MBtufh boilers to micronized 

coal 

6.4.4 Minot; APE 

The central heating plant in Bldg. No. 413 at Minot consists of 

five 25-MBtu/h and one 42-MBtu/h HTHW boilers, Two boilers (42- and 
25-MBtu/h) were designed to burn coal but have since been converted to 

burn gas or oil. Gas is the primary fuel, and No. 6 oil is the 

secondary fuel €or these boilers. The 42-MBtufh boiler was installed in 

;$b? and is in good condition. The capacity factor for refitting o r  

replacing this boiler is estimated to be about 65%, based on FY 1985 and 

1988 fuel-use data. 

The original coal-handling equipment has been removed, but there is 

space available to install new equipment. The boiler was originally 

designed €or stoker-firing, so it should be feasible to refit it with 

any of the technology options. A refit to stoker-firing would have the 

least technical risk. The risk for the other technology options should 

be only slightly higher because the environmental regulations require no 

SO, control when burning low-sulfur (<1.6%) coal in a boiler with a fuel 

input <lo0 MBtufh. A micronized coal system refit to the existing 

42-MBtu/h boiler is estimated to be the lowest-cost conversion option. 

The economics of converting to coal-firing appear t o  be attractive 

based on future escalated fuel prices. There is only a slight cost  

advantage at present fuel prices. The current reported prices for fuels 

at the base are $3,60/MBtu for natural gas and $1.48/MBtu for ROM 

bituminous coal with 1% sulfur. Minot is one of the top six candidates 

for  conversion back t o  coal-firing of the large boiler in the central 

heating plant. 

6.4.5 Robins BFB 

There are two major heating plants at Robins, but only one has 

large enough boilers t o  merit consideration for conversion. The larger 

heating plant: in Bldg. 1 7 7  consists of three 98-MBtu/h, three 54-Btu/h, 



and one 5-MBtulh boilers. The three 5/c-H?Btu/h boilers w e ~ e  originally 

designed for coa l  but have bee? converted t o  burn natural gas with No. 2 

oil used as a secondary f u e l .  The boilers were itistalled in 1953 and 

are in fair condition. The capacity factor f o r  refitting or replacing 

one 54-kiBtu/h boiler is estimated to be - 8 1 X ,  based on FY 1985 and 1986 

fuel-use data,  

The original coal-hamil iiig q u i  p w n t  has been removed and cooking 

towers have been installed i n  much of t h i s  space. The space far new 

coal-handling equipment is l i ~ n i t e d ,  and the o n l y  technologies that could 

probably be used  f o r  refit woam1.d be micronized coal. or caal/water 

slurry-firing. The micronized coal option would have the lowest tech- 

nical risk because the environmental regulations r e q u i r e  i10 SO2 control 

for  a boiler with a fuel input <lo0 MBtu/h. A micronized coal system 

refit to one of t he  existing 54-MBtu/h boilers is estimated t o  be the 

lowest-cost conversion option. 

The economics af converting t o  coal-firing appear  to brr attractive 

based on future escalated fuel p r i c e s .  There is only a slight c o s t  

advantage at present fuel p r i c e s .  The current reported prices for fuels 

at the base are $3.19/MBtu f o r  natural gas and $1.7l/MXtu for  RQM 

bituminous coal with 0.8% sulfur. Robins is one of the top six candi- 

dates f o r  patential conversion back t o  coal-firing of one of the coal- 

designed boilers. 

6.4-6 Plattsburgh mi3 

The main heating plant in liildg. 2658 a t  Plattsburgh consists of six 

5Q-MBtu/h HTHW hailers, all of which were designed f o r  firing No. 6 

oil. The primary fuel is still No. 6 oil. The boilers were installed 

in 1955 and 1957 and a r e  i n  fair t o  goad condition. The capacity factor 

for refitting o r  replacing one SO--Mntu/h boiler i s  estimated to be about 

7 6 X ,  based on FY 1987 and 1988 fuel-use data .  

There is enough space availablt, t o  install coal-handling equipment 

and for e coal p i l e  at, ehe existing boiler house. Because the boilers 

were originally designed for No. 6 oil, t h e  r e t u r n  to stoker o p ~ i o n  is 

not possible, but the o t h e r  r e f i t  technologies should be feasible. The 

technical risk would be moderate € o r  all of the refit options because of 
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limited experience with firing coal in boilers designed for No. 6 oil. A 

rnicranized coal system refit to one of the existing boilers is estimated 

to be the lowest-cost conversion option. 

The economics of converting to coal-f i ring appear t o  be favorable 

based on future escalated fuel prices. There is "only a slight cost 

advantage at present fuel prices. The current reported prices for fuels 

at the base are $3.67/MBtu f o r  No. 6 oil and $1.97/MBtu f o r  ROM bitumi- 

nous coal with 2% sulfur. Plattsburgh is among the top seven candidates 

f o r  conversion back to coal-firing, with the lowest-cost option being 

conversion of one of the SO-MBtuh boilers to micronized coal. 

6.4.7 HcGuire AFB 

The main heating plant in Bldg. 2101 at McGuire consists of four 

50-MBtufh and two 31.2-MBtufh HTHW boilers, all of which were designed 
for stoker-firing of bituminous coal. All of the boilers have been 

converted and now burn natural gas with No. 2 oil used as a secondary 

fuel. The larger boilers were installed in 1953 and the smaller ones in 

1960. The capacity factor for refitting or replacing one 50-MBtu/h 

boiler is estimated to be about 62% based on calendar year (CY) 1985 and 

FY 1986 fuel-use data. 

Host of the coal-handling equipment i s  still in place, but some of 

it is in very bad condition and could not be used again. Removal of the 

unusable equipment would provide adequate space to install the necessary 

new coal-handling equipment. It would be feasible to refit one or more 
of the larger boilers with any of  the technology options. The environ- 

mental regulations require strict SO, control, so the technical risk is 

fairly high for all of the combustion options. A micronized coal system 

refit to one of the 50-MBtu/h boilers is estimated to have the lowest 

cost of the conversion options, but low-sulfur (<1.5%) coal may be 

required in combination with limestone addition to meet the 0.3-lb/HBtu 

SO, emission limit. 

The economics of converting to coal-firing appear to be favorable 

€or future escalated fuel prices but unfavorable for current fuel 

prices. The current reported prices f o r  fuels at the base are 

$4.00fMBtu €or  natural gas and $1.89/MBtu f o r  ROM bituminous coal. 
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McGuire is among t h e  t o p  seven candidates f o r  potentia?- convers~on  to 

coal -firing. 
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7. CONCLUSIOWS BM, RECOWDA'TIONS 

The majo goal of this report was to rank the A i  Force i 

tions that presently burn natural gas and/or o i l  f o r  steam/HTHW 

stalla- 

produc- 

tion according to their suitability f o r  economical use of coal. It is 

recommended that the foLlowing seven installations be considered as the 

leading candidates for conversion of heating plants to coal-firing: 

J. * Arnold AFS, 

2 .  Kelly AFB, 

3 .  Grand Forks AFB,  

4 .  Minot AFB, 

5. Robins AFB,  

6 .  Plattsburgh AEB,  

7. McGuire AFB.  

They are Listed in order of rank, with Arnold AFS being the  site with 

the highest estimated benefitfcost ratio for a coal-conversion/-utiliza- 

tion project. The ranking of all 16 A i r  Force si&es examined in this 

report is given in Table 6.7. 
Even though three levels of fuel escalation and two types of 

financing were considered, the economic results consistently identified 

Arnold AFS as the top site for coal conversion. The analysis also 

ranked Kelly, Grand Forks, Minot, Bobins, Plattsburgh, and McGuire AFBs 

in posicions 2 through 7, although their respective order w a s  not always 

consistent. It i s  recommended that any possible demonstration projects 

be conducted at one of these seven bases. A micronized coal refit 

system would be a logical choice for a demonstration project because it 

is a fairly new technology that appears t o  have very favorable eco- 

nomics e 

The three sets of  fuel escalation assumptions used in the analysis 

did have a very significant effect on the calculated LCCs and benefit/ 

cost ratios for the various coal-conversion projects. One fuel escala- 

tion scenario was based on P)OD guidelines and resulted in rather high 

escalation rates for gas and oil prices relative to coal prices. It is 
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recommended that these DOD escalators be updated as soon as new informa- 

tion is available and that the current method for estimating fuel esca- 

lation beyond the year 2000 be improved. To address this issue, a 

second set of fuel escalators was developed and used in the LCC analysis 

for comparison. This  second set of fuel price escalators was designated 

as rhe "AEQ 1987'' case, and it resulted in escalation rates that W P ~  

approximately midway between the DQD fuel escalation rates and a t h i r d  

case of zero fuel escalation. 

The results given in Tables 6 . 3  to 6.6 show a Large spread in the 

benefitfcost ratios for the three different fuel price escalation 

scenarios. A large number of coal-conversion projects appear to be 

economically viable when the DOD f u e l  escalators are used; only a few 

appear economical when zero fuel escalation is assumed; and the middle 

AEO 1987" fuel escalation case gives results between these extremes. It 

is very difficult to decide which fuel price scenario is most applicable 

because the fuel escalation projections are, at best, only educated 

guesses of future events. It can be concluded, however, that at least a 

few Air Force sites are good candidates for coal-conversion projects 

based on the results for zero fuel escalation, which is a very conserva- 

tive assumption. 

11 

When compared to the W D  target of 1,600,000 tons/year, the coal- 

utilization projects considered in this report would result in a rela- 

tively small amount of  coal use. Projects at all seven of the leading 

sites (listed previously) would consume only -112,000 tons/year (-7% of 

DOD target). Projects at all 16 bases examined in the report would 

consume -433,000 tons/year (-27% of DOD target). Other types of proj- 

ects that would use greater amounts of coal should be examined if meet- 

ing the DOD target is desired. Coal-utilization projects that could 

potentially be larger than those examined in this study, such as cogen- 

eration and increasing heating loads through distribution system exten- 

sions, will be examined in later reports. 

Up to this point, noneconomic factors, such as Air Force energy 

security, aesthetics, and possible effects on base missions, have not 

been considered. These types of considerations m u s t  eventually be: 

factored into the decision-making process. 
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APPFdtDIX 

A I R  FORCE EASE IWOBEIATIOEJ SIJMMAEIES 

Information summaries concerning the heating plants for each of the 

16 Air Force facilities examined in the economic analysis are presented 

in this appendix. The information in these summaries was used to model 

coal-conversion projects. Results from the LCC model are included with 

each information summary. 

The summaries are grouped according to the major commands and 

arranged alphabetically in the following order: 

Base - 

Elmendorf AFB 
Hill AFB 
Kelly AFB 
Robins AFB 
Tinker AFB 
Arnold AFS 
Hanscom AFB 
Andrews AFB 
Dover AFB 
McGuire AFB 
Scott AFB 
Grand F o r k s  AFB 
Minot AFB 
Pease AFB 
Plattsburgh AFB 
USAF Academy 

Command 

AAC 
AFLC 
AFLC 
AFLC 
AFLC 
AFSC 
AFSC 
MAC 
MAC 
MAC 
MAC 
SAC 
SAC 
SAC 
SAC 
USAFA 

Page 

75 
86 
96 
106 
116 
126 
135 
145 
155 
165 
175 
185 
194 
203 
213 
222 
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1. BACKGROUND 

Elmendorf Air Force Base is located near Anchorage, Alaska, and has 
one of the largest central heating plants in the Air Force. The 
annual average fuel consumption is -300 MBtu/h. Only the primary 
heating plant is of significance to this study. All boilers were 
built to burn bituminous or subbituminous coals. They are described 
as field-erected, two-drum, bent-tube, water-tube units with 
economizers, fitted with Peabody ring-type gas burners and Peabody 
steam atomizing o i l  burners. Natural gas is now the main fuel with 
distillate (Arctic diesel) oil as a backup fuel, The boilers 
previously burned Matanuska bituminus coal (12,900 Btu/lb) with 
spreader stoker traveling grate systems. Conversion to natural gas 
(with Arctic diesel as secondary fuel) took place in 1968. The 
Matanuska mines went out of business because the remaining coal seam 
dipped steeply, causing mining to be uneconomical, especially in 
comparison to natural gas. 

Presently, cogeneration is employed for this steam plant. The 415- 
psig superheated steam passes through three Westinghouse, 9375-kVA, 
condensing, single-automatic-extraction turbogenerators. Steam is 
extracted at 100 psig. 

2. HEATING PLANT UNITS 

Heating Plant No. 22-004: 

6 x 150 MBtu/h, Erie City, 1954 

3. IDEAL CAPACITY FACTOR ANALYSIS 

The maximum possible capacity factors listed below were calculated 
from monthly fuel-use data for plant No. 22-004. 

Fuel 
input 
(MB t u / hr 

FY 1986 
ideal 

capacity 
factor 

250 
300 
350 
400 
450 

0.97 
0.91 

0.75 
0.67 

o .a4 
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4 ,  ENERGY PRICES 

- FY 1986 Price Data: 

Natural gas =: $1.94/HBtu 
Distillate o i l  =; $5.90/WBtu 
Electricity = 8.0CIkWh 

The price of electricity is probably for the purchased amount only, 
which is rather small because of the cogeneration system. 

@. W. Guernsey and Co. Survey: 

Natural gas = $2,05/~Btu 
Distillate oil = $5.9O/PiBtu 
Electricity = 3.5~l”kWh 

5. COAL PROPEKTIES AND PRICES 

Origin 
IIHV, B t u l l b  
Ash, .X 
Sulfur, % 
Nitrogen, X 
Ash-softening temperature O F  

Swelling index 
Tog size, in. 
Bottom s i z e ,  in. 
Fines, X 
Grindahility index 

Delivered cost, $/tan 
Energy price, $/MBtu 

Cost a t  mine ,  $ / t o n  

Stoker 

7650 
13.9 
0.17 
1.0 
2130 

2 x 0  

32 
31.00 (estimated) 
33 .OO 
2-16 

ROM - 

7650 
13.9 
0.17 
1 .o 
2130 

32 
23.00 
25.00 
1.63 

The prices quoted are v e r y  optimistic because they ate from a n e w  
company that is noL yet  in o p e r a t i o n .  If the above coal is not 
available when a coal-conversion project is completed, then coal 
would have to be purchased from the only supplier that is crrrrently 
i n  operation, at a delivered price Qf about $44.00/ton ($2.81/MBtu) 
for  RQM coal. This would  make coal conversion unattractive because 
coal would c a s t  more than gas. 

6. ENVIRONMENTAL REGULATIONS 

6.1 Air  Pollution Emission L i m i t s  for New Sources 

The Air Quality Control Regulations of Alaska require that 
fuel-burning equi pmen?; of the capacity being considered for 
EPrnendorf (one or  more boilers) be operated a n l y  after a p e r m i t  
is granted. The application f o r  a permit m u s t  include, in 
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addition to other requirements ( 1 )  plans and specifications, 
(2)  an engineering report, and ( 3 )  a description of air- 
quality-control devices. The Air Quality Control RegulaLions 
classify the Anchorage urban area (adjacent t o  the base) as  a 
nonattainment area (Class 1 )  f o r  carbon monoxide levels in the 
ambient air. Hence, carbon monoxide emissions may not increase 
significantly from current levels at the base unless an offset 
is adopted €or  another pollutant. A significant increase is 
defined in the national standards as 100 tpy. I t  is very 
unlikely that a return to coal-firing woiild violate this emis- 
sion rate; hence, the increase in GO emission would in all 
probability not be significant. 

With the exception of limited nonatrainrnent areas f o r  carbon 
monoxide, the air and water quality in Alaska compare favorably 
with most areas in the country. Therefore, the State govern- 
ment has not legislated Alaska a i r  emission or  coal runofE 
water standards but relies on applicable national standards for 
emission control. 

3. For boilers >lo0  HBtu/h: PBC - 90% reduction to meet 
limit of 1.2 lb/MBtu; emerging technology - 50% reduction to 
meet limit oE 0.6 Lb/MBtu. 

NQ,. For boilers >1OQ MBtufh: spreader stoker and FBC - 0.6  
Ib/MBtu; pulverized coal - 0.7 lb/MEt;u. 

Particulates. For boilers >lo0  MBtu/h: 0.0s lb/MUtu; opacity 
must be <20% except for one 6-min period per hour of no more 
than 27%. 

6.2 Coal-Pile Xunoff 

EPA regulations f o r  coal-pile rainfall runoff specity t h a t  the 
pH o€ all discharges, except once-through cooling water, shall 
be within the range of 6 . 0  to 9.0. The t o t a l  suspended s o l i d s  
limitation for the point source discharges of coal-pile runoff 
i s  50 mg/L. 

6 . 3  Ash Disposal 

The national standards for solid wastes classify coal  ash as a 
nonhazardous s o l i d  waste. The EPA does not regulate Sly ash 
and bottom ash waste. The only regulations Alaska has pertain- 
ing to or affecting coal ash disposal are (1) general require- 
ments €or a solid-waste facility and ( 2 )  rules for issuing a 
general permit for solid-waste disposal, 

The general requirements for  a solid-waste facility are de- 
signed t o  protect other standards governing the purity of 
surface- and drinking-water suppl  ies.  ProbS ems should not 
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arise in this area if care is exercised in selecting a disposal 
site. Obtaining a general permit from the state of Alaska for 
disposal of solid waste should not present a problem since the 
waste is nonhazardous. 

7. OTHER CONSIDERATIONS 

Wages for steam plant personnel look very high, about $17/h in 1980. 
Nineteen people were listed €or this 900-MBtuIh boiler plant. 

No doubt coal has some special problems in Alaska because of freez- 
ing temperatures. Also transportation difficulties and costs must 
be considered carefully. Railroad trackage is in poor condition and 
has been partially removed. No locomotive is available on base. 
The base has an expandable landfill to satisfy solid-waste disposal 
requirements. 

8. COAL-CONVERSION PROJECT OUTLOOK 

Based on the capacity factor analysis, the most economical coal 
options would probably be to replacelrefit two boilers. The maximum 
load factor for conversionlreplacement of two 150-MBtu/h units (375 
MBtu/h fuel input. for both units) would be -0.80. If 90% coal 
system availability is assumed, then the estimated overall capacity 
factor for coal-firing will be 0.8 x 0.9 = 0.72. 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

So,. 
larger than 100 MBtufh. 

SO, removal is required because the proposed project is 

NO,. 
of the combustion technologies. 

No special NOx reduction methods will be required for any - 

Particulates. Bag filters or electrostatic precipitators will 
be required. 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing plant was originally designed f o r  
coal. There is space available for reinstalling combustion 
equipment at the existing boiler or for constructing a new 
boiler at another site on base. 

Coal-Handling Equipment. There is space available for  coal- 
handling equipment at the existing boiler. 

Coal Pile, There is space available for a coal pile at the 
existing plant or at a new site on base. 
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8 . 3  Technical Risk of Combustion Technologies 

The boilers were originally designed for coaL, and the lowest 
risk is for refit of stoker firing. However, the need for SO2 
control increases the overall risk for that option, as we11 as 
the other coal-combustion technologies. 

9, COGENERATION PROJECT OUTLOOK 

Cogeneration is currently being used at Elmendorf; hence, an evalua- 
tion of its potential is not provided. 
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1 0 .  INPUT AND LCC SlJWlARY SPREADSHEETS 

ELMEHDORF A?%: 2 X 150 HBtu/hr. ECCINCMIC PARAMETERS = U W U A I .  VALUES 

T o t a l  steam output  = 300.0 

B o i l e r  capac i ty  f a c t o r  = .719 

Number of u n i t s  for r e f i t  = 2 

Hydrated lime p r i c e ( $ / t o n )  = 40.50 

Ash d i s p o s a l  p r i c e  ( $ / t o n )  = 10.00 

E l e c t r i c  p r i c e  (cents/kWh) = 3.50 

Labor r a t e  ( k $ / y r )  = 35 .00  

Limestone p r i c e  ($ / ton)  = 20.00 

FUEL mcEs 
Natura l  gas  p r i c e  ($/MBtu) = 2.05  

#2 O i l  p r i c e  ($/MBtu) = 4 . 7 1  

If6 O i l  p r i c e  ($/MBtu) = .OO 

OPTIONS 
Soot blower m u l t i p l i e r  = .O 

Tube bank mod m u l t i p l i e r  = .O 
Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 c o n t r o l  m u l t i p l i e r  = l . D  
LIMESTONE/LDE 

I n e r t  f r a c t i o n  = . 0 5  

MBtu/hr 

eoAL r n r n T I E S  

R.O.M. Stoker  

Ash f r a c t i o n  = .139 .139 

Sul fur  f r a c t i o n  = .002 .002 

HHV ( B t u / l b )  = 7650. 7650. 

FUEL PRICES 
R.O.M. c o a l  ($/MStu) = 1.63 

Stoker  c o a l  ($/Ml3tu) = 2.16 

Coal/H20 mix ($/MBtu) = 3 .00  

C o a l / o i l  mix (SfMEtu) = 3.50 

ECONCMIC PARAMETERS 

I n f l a t i o n  h discount ing  base year  = 1988 

Gen i n f l a  index (1987 t o  base yr) = 1.040 

Gas i n f l a  index (1988 t o  base yr) = 1 .000  

O i l  i n f l a  index (1988 t o  base y r )  = 1 . 0 0 0  

Coal i n f l a  index (1988 t o  base yr) = 1.000 

P r o j e c t  s t a r t  year  = 1990 

P r o j e c t  l i f e  ( y r )  = 30 

Depreciat ion l i f e  ( y r )  = 15 

General i n f l a t i o n  r a t e  (%/yr) = 0 

Type of gas e s c a l a t i o n  = egas 

Type of oil e s c a l a t i o n  = e o i l  

Type of c o a l  e s c a l a t i o n  = ecoal  

Discount r a t e  (Xlyrl  = 10 
Rate of r e t u r n  on i n v e s t  ( % / y r )  = 17 

Amount of working c a p i t a l  (month) = 2 

Federa l  income t a x  r a t e  ( X )  = 34 

Local  prop t a x  (& i n s u r )  r a t e  ( X )  = 2 

PrLnrary fuel is 3 

N P T b i  GAS 

1416 O i l ,  2 4 E  Oil, 3=NG 

REAL ESCALATION RATE (X/vr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 3 .89  8.87 5 . 7 7  5.77 

O i l  e o i l  4.86 7.87 4.16 4.16 

Coal ecoaL 1.16 2 . 3 1  1.19 1.19 

3:45 PM Oct 24. 1988 
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AFB: 2 X 150 HBtufhr. ECOIKMIC P q  = TKHIEUC VALUES 

Total  steam output 05 300.0 MBtu/hr Cost base year = 1988 
Boiler  capaci ty  f a c t o r  = .719 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  2 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL, MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6c M 0 & M 

TECHNOLOGY UNITS EFF S/MBtu k$ kS kS kS 
Natural  gas b o i l e r  -- 

$6 O i l  f i r e d  b o i l e r  -- ,800 ,OO .o .o .o .o 

.800 2.05 . o  4841.9 443.2 817.8 

#2 O i l  f i r e d  b o i l e r  -- .a00 4.71 .O 11124.6 443.2 817.8 

Micronized coa l  r e f i t  2 .800 1.63 9386.9 3849.9 724.1 1573.8 
Slagging burner r e f i t  2 .800 1.63 16028.4 3849.9 724.1 1573.8 
Modular FBC r e f i t  2 .790 1.63 18351.6 3898.7 667.9 1486.4 
Stoker f i r i n g  r e f i t  2 .740 2.16 16257.6 5515.4 1060.0 1567.3 
Coallwater slurry 2 .750 3.00 8696.0 7558.1 667.9 1361.9 
Coa l /o i l  slurry 2 .780 3.50 7728.6 8478.7 531.9 1133.6 

Cow Btu g a s i f i e r  r e f i t  6 .659 2.16 27376.7 6197.1 616.0 3377.1 
Packaged shell. stoker 6 .740 2.16 26976.7 5515.4 1060.0 1806.2 
Packaged s h e l l  FBC 6 .760 1.63 25097.4 4052.5 667.9 1737.8 
Fie ld  erected s toke r  1 .780 2.16 24711.4 5232.6 1055.9 1396.5 
Fie ld  erected FBC 1 .EO0 1.63 22309.6 3849.9 775.7 1358.8 
Pulverized coa l  b o i l e r  1 .800 1.63 28117.7 3849.9 1175.9 1480.6 
Circu la t ing  FBC 1 .810 1.63 28500.3 3802.4 663.9 1470.6 

COAL 

# OF USE, 

TECHNOLOGY UNITS t on /v r  

Natural  gas b o i l e r  -- -- 
#2 O i l  f i r e d  b o i l e r  -- -- 
$6 O i l  f i r e d  b o i l e r  -- -- 
Micronized coa l  r e f i t  2 154,374 

Slagging burner r e f i t  2 154,374 

Modular FBC r e f i t  2 156,328 

Stoker f i r i n g  r e f i t  2 166,890 

Coal/water s l u r r y  2 164,665 

Coa l /o i l  s l u r r y  Not evaluated 

Low Btu g a s i f i e r  r e f i t  6 187.517 

Packaged s h e l l  stoker 6 166,890 

Packaged shplll FBC 6 162,498 

Fie ld  e rec t ed  s toke r  1 158,332 

Fie ld  e rec t ed  FBC 1 154,374 
Pulverized c o a l  b o i l e r  1 154,374 

Circu la t ing  FBC 1 152,468 

A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST 

k$ RATIO yr kS RATIO 

95,354 1 .000  <--- Exist ing system, primary f u e l  
179,723 _- 

-_ 0 

62,462 1.527 8.5 68,800 1.386 
67,951 1.403 12.0 77,676 1.228 
69,143 1.379 12.9 80,032 1.191 
86,653 1.100 23.2 97,019 .983 

30.0 101,288 ,941 94,382 1.010 

112.341 ,849 >3 1 128 I 846 .740 
97.373 ,979 231 113,259 .842 
78,115 1.221 18.2 92,541 1.030 
89,630 1.064 25.9  104,194 .915 
71,929 1.326 14.7 84,823 1.124 
81,256 1.174 20.3 97,241 .981 
76.471 1.247 17.6 92.507 1.031 

3:45 F’M Oct 24, 1988 



ELFENDOW AFB: 2 X 150 MBtujhr, FUEL R@AL ESCALATION = AEO 1987 

Total steam output = 300.0 
Boiler capacity factor = .719 

Number of units for refit = 2 

Eydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 3.50 

Labor rate (kS/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FuJzL mcEs 

Natural gas price ($/MBtu) = 2.05 
62 O i l  price ($/MBtu) = 4.71 
lf6 Oil price ($/MBtu) = .OO 

OPTIONS 
Soot blower multiplier = .O 

Tube bank mod multiplier = .O 

Bottom ash pit multiplier = 1.0 

SO2 control multiplier = 1.0 

LIMESTONE jI .JBE 

Inert fraction = . 05  

MBtu/hr 

ECOM%NIC PARAMETERS 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base y r )  = 1.000 
Oil infla indax (1988 to base yr) = 1.000 

Coal infla index (1988 to base y r )  = 1.000 
Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (%/yr) = 0 

Type of gas escalation = egas 
Type of oil escalation = eoF1 
Type of coal escalation = ecoal 

Discount rate (Ilyr) = 10 

Rate of return on invest (X/yr) = 17 
Amount nf working capital (month) = 2 

Federal income tax rate ( % )  = 34 

Local prop tax (& insur) rate ( 2 )  = 2 

COIU. PROPERTTES 

B.O.M. xt- 

Ash fraction = .139 .139 
Sulfur fractim = .002 .002 

HH7r (Btu/lb) = 7650. 7650. 

rmEe mtxs 
R.O.M. coal ($/NBtu) = 1.63 
Stoker coal ($/MBtu) = 2.16 

Coal/H20 mix ($/MBtu) = 3.00 

Coal/oil mix ($/MRtu) = 3.50 

Primary fuel is 3 

NATURAL GAS 
1=#6 Oil, 2=#2 Oil, 3-NG 

REAL ESCALATION RATE (%/yr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1905 -2000 BEYOND 

Gas egas 2.28 4.70 5.49 2.75 

Oil eoil .17 4.16 5.55 2.77 

Coal ecoal 1.46 1.76 1,61 .81 

3:52 PM Oct 24, 1988 
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ELMENWRP AFB: 2 X 150 MBtulbr. HlEL REAt TUZ? = AEO 1987 
Cost base year  = 1988 T o t a l  steam output  = 300.0 MBtufhr 

Bo i l e r  capac i ty  f a c t o r  = .719 Primary Euel = NATURAL GAS 
Number o f  u n i t s  f o r  r e f i t  = 2 

ANNUAL COSTS 

M I N T  OTHER # FITELI FUEL TOTAL 

OF STEAM PRICE CAPfTAL FUEL 0 & M 0 h M 

TECHNOLOGY UNITS EFF $/MBtu kS kS kS kS 
Na tu ra l  gas b o i l e r  _ _  

#6 Oil f i r e d  b o i l e r  -- .800 .OO . o  .o . o  . o  

.800 2.05 . O  4841.9 443.2 817.8 

#2 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 11124.6 443.2 817.8 

Micronized c o a l  r s f i t  2 .800 1.63 9386.9 3849.9 724.1 1573.8 
SLagging burner  r e f i t  2 .800 1.63 16028.4 3849.9 724.1 1573.8 
Modular FBC r e f i t  2 .790 1.63 18351.6 3898.7 667.9 1486.4 
Stoker f i r i n g  r e f i t  2 ,740 2.16 16257.6 5515.4 1060.0 1567.3 

Goallwater slurry 2 .750 3.00 8696.0 7558.1 667.9 1361.9 
C o a l f o i l  slurry 2 .780 3.50 7728.6 8478.7 531.9 1133.6 
Low Btu g a s i f i e r  $ s f i t  6 .659 2.16 27376.7 6187.1 616.0 3377.1 
Packaged s h e l l  s t o k e r  6 .740 2.16 26976.7 5515.4 1060.0 1806.2 

Packaged s h e l l  FBC 6 .760 1.63 25097.4 4052.5 667.9 1737.8 
F i e l d  e rec t ed  s t o k e r  1 .780 2.16 24711.4 5232.6 1055.9 1396.5 
F i e l d  e rec t ed  FBC 1 .800 1.63 22309.6 3849.9 775.7 1358.8 
Pulverized c o a l  b o i l e r  1 .800 1.63 28117.7 3849.9 1175.9 1480.6 
C i r c u l a t i n a  FBC 1 .810 1.63 28500.3 3802.4 663.9 1470.6 

COAL 

# OF USE, 

TECHNOLOGY UNITS t o n f y r  
Na tu ra l  gas b o i l e r  _ _  -- 
#2 O i l  f i r e d  b o i l e r  _ _  -_  
$6 Oil f i r e d  b o i l e r  

Micronized coal r e f i t  2 154,374 
Slagging burner  r e f i t  2 154,374 

Modular FBC r e f i t  2 156.328 

Stoker  f i r i n g  r e f i t  2 166.890 

Coal/water s l u r r y  2 164,665 

Coal/oiL s l u r r y  Not evaluated 

Low Btu g a s i f i e r  r e f i t  6 187.517 

Packaged s h e l l  s t o k e r  6 166,890 

Packaged s h e l l  FBC 6 162,498 

F i e l d  e rec t ed  s toke r  1 158,332 

F i e l d  e rec t ed  FBC 1 154,374 
PuLverized c o a l  b o i l e r  1 154,374 

C i r c u l a t i n g  FBC 1 152.468 

-- -_ 

A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DLSCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST. 

kS RATIO yr kS RATIO 
70,854 1.000 C - - -  Exis t ing  system, primary f u e l  
141,045 -- 

_ _  0 
61,850 1.146 14.3 68,170 1.039 
67,339 1.052 22.9 77,046 .920 
68,523 1.034 25.3 79,395 .892 

85,776 ,826 2 3  1 96,117 .737 

93,180 .760 23 1 100,052 .708 

111.355 .636 B3 1 127,832 ,554 

96,496 .734 >3 1 112,357 .631 

77,470 .915 '3 1 91,878 .771 

88,798 .798 S3 1 103,339 .686 

71,317 ,994 23 1 84,194 842 
80,644 .870 S3 1 96,611 .733 

75 ~ 867 .934 >3 1 91,885 .771 . 

3:SZ FiY Oct 24, 1988 
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ElpIFIpIwR*^ APB: -2 X 150 HBtmlhr. €"EL REAL ESCALATIOW ZERa 

Total steam output = 300.0 
Boiler capacity factor = .719 

Number of units for refit = 2 

Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 3.50 

Labor rate (kS/yr)  = 35.00 

Limestone price ($/ton) = 20.00 
rmEL mas 

Natural gas price ($/t48tu) = 2.05 

62 Oil price ($/MBtu) = 4.71 

#6 Oil price (S/MBtu) = .OO 
OFTIrnS 

Soot blower multiplier = .O 
Tube bank mod multiplier = .Q 

Bottom ash pit multiplier = 1.0 

502 control multiplier = 1.0 

LIHESrn/LIME 

Inert fraction = . 0 5  

MBtufhr 

COAL PROPER'EXES 

R.O.M. Stoker 
Ash fraction = .139 .139 

Sulfur fraction = ,002 .002 
HHV (Btu/lb) - 7650. 7650. 

FUEL PRICES 
R.O.M. coal ($/MBt,u) = 1.63 
Stoker coal ($/MBtu) = 2.16 

Coal/HZO mix ($/MBtu) = 3.00 

Coalloil mix ($/MBtu) = 3.50 

Primary fuel is 3 

NATURAL GAS 

1+6 Oil, 2=#2 O i l ,  3=NG 

ECOWOMTC PI!aAMETERs 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base yr) = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 

General inflation rate (X/yr) = 0 
Type of gas escalation = zero 
Type of oil escalation = zero 

Type of coal escalation = zero 
Discount rate (%/yr) = 10 

Rate of return on invest (%/yr) = 17 
Amount of working capital (month) = 2 

Federal income tax rate ( I )  = 34 
Local prop tax (6  insur) rate ( I )  = 2 

REAL ESCALATION RATE (%/vr)  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas z a r o  0 0 0 0 

Oil zero 0 0 0 0 

CoaL zero 0 0 0 0 

3:59 PM Oct 24, 1988 



ELEEMXXW AFB: Z X 150 MBtuf’hr. PUEL REAL ESCAI,&TIOEf .- ZfLRll 

T o t a l  s t e m  ou tpu t  = 300 .0  MBtulbr Cost base year  = 1988 

Boi l e r  capac i ty  factor = .718 Primary f u e l  = NATURAL GAS 
Number of u n i t s  f o r  r e f i t  r- 2 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM EaICE CAPITAL FUEL 0 & M 0 & M 

I- TEC€INOLOGY UNITS EFF $/MBtu kS kS kS k$ 
Natu ra l  gas b o i l e r  -- 

96 Oil f i r e d  b o i l e r  -- .800 . 00  .o  . o  . o  . a  
Micronized c o a l  r e f i t  2 .a00 1 . 6 3  9386.9 3849.9 7 2 4 . 1  1573.8 

Slagging burner  r e f i t  2 .800 1 . 6 3  16028.4 3849.0 724 .1  1573.8 

Modular FEC r e f i t  2 .790 1 .63  18351 .6  3898.7 667.9 1486 .4  

Stoke r  f i r i n g  r e f i t  2 .740 2.16 16257.6 5515.4 1060 0 1567 .3  

Coal/water s l u r r y  2 ,750 3 . 0 0  8696.0 7558 .1  667 .9  1361 .9  

Coal/oil s l u r r y  2 ,780 3.50 7728.6 8478.7 531 .9  1233.6 

Low Btu x a s i f i e r  r e f i t  6 . 659  2.16 27376.7 6197 .1  616.0 3377 .1  

Packaged s h e l l  s toke r  6 ,740 2 .16  26976.7 5515.4 1060.0 1806 .2  

Packaged shell FBC 6 ,760 1.63 25097.4 4052 5 667.9 1737 .8  

F i e l d  e rec t ed  stoker 1 .780 2.16 24711.4 5232.G 1055 .9  1386.5 

F i e l d  e rec t ed  FBBC 1 .800 1.63 22309.6 3849 .9  775.7 1358.8 
Pulverized c o a l  b o i l e r  1 .BOO 1.63 28117.7 3849 .9  1175 .9  1480 6 

CirciilaLinfi FBC 1 .810 1.63 28500.3 3802.4 663.9 1470 .6  

,800 2 . 0 5  .O  4841.9 443.2 817 .8  

%2 O i l  f i r e d  b o i l e r  -- 800 4 . 7 1  .O 11124.6 443.2 817.8 

COAL 

# OF USE, 
TECHNOLOGY UNITS t o n l v r  

Natural  gas, b o i l e r  -_ -- 
#Z O i l  f i xed  b o i l e r  -_  _. 

#6 O i l  f i r e d  b o i l e r  -- .- 

Micronized c o a l  r e f i t  Z 154,374 

Slaggin6 burrier r e f i t  2 154.374 

Modular FBC r e f i t  2 156,328 

Stoker  f i r i n g  r e f i t  2 166,890 

Coal/water s 1.urry 2 164,665 

C a a l / o i l  s l u r r y  Not evaluated 

Lwu Btu g a s i f i e r  r e f i t  6 187,517 

Packaged s h e l l  s toke r  E 166,890 

Packaged shell FBC ti 162,498 

F i e l d  e rec t ed  s t o k e r  1 158,332 

F i e l d  e rec t ed  FRC 1 154,374 

Pulverized coal b o i l e r  P 154,374 

Circulat ing,  FBC 1 152.468 

PRIVATE PROJECT AIR FORCE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST 

kS RATIO Yf k$ RATIO 

48,057 1.000 <--- Exis t ing  system, primary f u e l  
97,005 -_ 

-- 0 

56,468 .851 >3 1 62,656 .767 

61,977 .775  2 3  1 71,532 ,672 

63,093 ,762  ’3 1 73,811 ,651 
78,094 .615 >3 1 88,218 .545 

82,653 . 581 >3 1 a9 ,227 .539 

102.724 .468 r 3  1 118,957 ,404 

88,814 . 5 4 1  23 1 104,457 ,480 

71,826 .669 ’3 1 86,074 .558 

81,510 ,590 ’31 95,844 . 5 0 1  

65,955 .729 p3  1 7 8 ”  679 . 6 1 1  
75,282 .638 r 3  1 91,097 .528 

70.571 . 6 8 1  73 1 86,439 .556 

3 :59  PM Oct 24,  1988 

. . . . . . . . . 
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HILL APB: M L C  

1. BACKGROUND 

Hill AFB is lvcated near Ogden, Utah. There are about 13 steam 
plants located on this base, with plant No. 260 being by far  the 
largest fuel user (yearly average is -115 MBtu/h). Boiler p l a n t  
No. 825 is the second largest fuel-using heating facility, but it is 
probably too small f o r  coal to be an economic option. 

Boilers at both heating plants are water-tube-type units which 
produce 100 p s i  steam and are designed for distillate oil and 
natural gas-firing. Natural gas i s  presently the primary fuel. 

2. HEATING PLANT UNITS 

Heating Plant No. 260: 

2 x 28.5 MBtu/h, Cleaver Brooks, 1975 
4 x 33.5 MBtu/h, Union I r o n  Works, 1955 
2 x 33.5 MBtu/h, Erie City, 1962 

Heating Dlant No. 825: 

3 x 40.2 MBtu/h, Murray I r o n ,  1957 

3 .  IDEAL CAPACITY FACTOK ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel use data f o r  plant No. 260. 

Fue 1 
input 

(MB t u/ h) 

30 
50 
70 
90 
120 
150 
180 

4 .  ENERGY PRICES 

FY 1985 
ideal 
capacity 
factor 

0.83 
0.81 
0.75 
0.71 
0.67 
0.64 
0.61 

FY 1986 Price Data: 

Electricity = 5.2C/kWh 
Distillate = $5.92/MBtu 
Natural gas = $2.85/MBtu 
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C. PI. Guernsey 

Electricity = none given 
Distillate = $5,63/MRtu 
Natural gas = $ 2 . 9 7 / ~ ~ t u  

5 .  COAL PROPERTIES AND PRLCES 

Origila 

% Ash 
x S u l f u r  
% Nitrogen 
Ash-softening temperature, "I? 
Swelling index 
T o g  size, i n ,  
Bottom size, in. 
Fines, % 
Grindability index 
cost a t  mine, $/tan 
Delivered c o s t ,  $/ton 
Energy cost, $/IO6 B t u  

Stoker 

Ogden, Utah 
11,900 
8 
0.6  
1.4 
2300 
2-2.5 
1 182 
1 B4 
7 
48-58 
23 
31 
I. .30 

__-_II 

RQM 

Bgdea, Utah 
11,650 
8 
63.6 
1.4 
2300 
2-2.5 
2 
0 
35 
48-50 
20 
28 
1.20 

6.1 

6.2 

6 . 3  

Air Pollution Emission Limits f o r  New Sources 

Best Available Control Tectanolugy (BACT) is required o n  all 
sources € O K  a l l  t y p e s  of  a i r  emissions. The EPA New Source 
Performance Standards are c o n s i d e r e d  as  the minimum control, 
and BACT may be more s t s ingen l .  This is determined ofi a case- 
by-case basis. 

Goal-Pile Runoff 
---I-__ 

The coal pile will have to be contained within the property, 
and the r u n o f f  w i l l  have t o  d r a i n  into a wastewater system (or 
p ~ n d )  Eor treatment. No discharge  i n r o  rivers will be per- 
mitted. 

There are no specific rules f o r  coal. ashes, and. they may be 
disposed of in an approved sanitary landfill. 

A study should be done t o  see if same of the smaller steam plants 
could be eliminated by u s i n g  a better steam distribution system. 
Air-quality constraints appear to be strict. 
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8. COAL-CONVERSlON PROJECT OUTLOOK 

The most probable project for plant No. 260 would involve refit/ 
replacement of three 33.5-MBtu/h boilers. The boilers would have t o  
be derated to 2 5  MBtu/h each because they were originally designed 
for No. 2 oil. Low gas prices will probably prevent any coal con- 
version project from being economical at this time. 

An overall load factor of  about 64% is estimated for refitlreplace- 
ment of three 25-MBtu)h units (equivalent to -94 MBtu/h total fuel 
input), assuming 90% availability. 

8.1 Effect of Environmental Regulations on Selection o f  Combustion 
Technologies 

So,. Since the best available Control Technology is required, 
90% SO, reduction will be required €or dry coal combustion, or 
deep-cleaned, coal-water mixture will be required. 

NO,. 
the combustion technologies employed. 

Measures will have to be taken to minimize NO, f o r  any of __ 

Particulates. Bag filters or electrostatic precipitators will 
be required. 

8.2 Physical SDace and Aesthetics 

Heating Plant. The existing boiler plant was originally de- 
signed f o r  No. 2 oil. There i s  only enough space available for 
installing coal-water-mixture combustion equipment at the 
existing boiler or f o r  construction o f  a new boiler at another 
site on base. 

Coal-Hand1 ing Equipment. There i s  no space available for 
installing dry coal-handling equipment at the existing boiler 
plant, but there is enough space f o r  installing coal-water- 
mixture equipment. 

Coal Pile. There i s  no available space for a c o a l  pile at the 
existing boiler plant7but there is space at another site on 
base for a coal pile and a new coal-fired boiler. 

8.3 Technical Risk of  Combustion Technologies 

The existing boilers are designed for No. 2 oil- o r  gas-firing 
and therefore are only suitable for conversion to coal-water- 
mixture firing. The technical risk is fairly high because of 
limited experience o f  coal-water-mixture firing of No. 2 oil- 
designed boilers. 
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9 .  COGENERATION PROJECT OUTLOOK 

The prospects for a coal-fired cogeneration system appear to be 
somewhat marginal. The base has a high minimum monthly average 
electric load, 15 W e ,  but the price of electricity is moderate 
(5.2c/kWh). Based on the FY 1986 energy-use data, a cogeneration 
plant with a boiler rating of 91-MBtu/h output and a 6.7-MWe turbine 
generator would have an electrical power capacity factor of 90% and 
a peak thermal output of 68 MBtu/h, with a thermal energy capacity 
factor of about 65% if used as a baseload heating plart. A water- 
tube boiler with a steam rating of 1450 psia and 950°F would be the 
most suitable boiler f o r  this cogeneration system. 



10. INPUT AND LCC SUM-IARY SZ’EADSHEETS 

BILL APB: 3 X 25 MBtufhr. ECONCPKC J ? - ? T E J L S  = W@g.t-& VALUES 

Total steam output = 75.0 
Boiler capacity factor = .635 

Number of units for refit ..-- 3 
Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) 5 5.20 

Labor rate (kS/yr) = 35.00 
Limestone price ($/ton) = 20.00 

FUEL mcEs 

Natural gas price ($/MBtu) = 2.97 
12 Oil price ($/MBtu) -* 4.71 

66 Oil price ($/MBt,u) * .OO 
OPTIONS 

Soot blower multiplier 1.0 

Tuba bank mod multiplier = 1.0 

Bottom ash pit multiplier = 1.0 

SO2 control multiplier 1.0 

LIMESMW/LIME 

Inert fraction = .05 

mt.11 /hr 

~~ FROPERTIES 
R.O.M. Stoker 

Ash fraction = .080 .080 

Sulfur fraction = .006 .006 

HHV (Btullb) = 11650. 11900. 

FUEL PRICES 
R.O.M.  coal ($/MBtu) = 1.20 
Stoker coal (S/MBtu) = 1.30 
Coal/H20 mix (S/MBtu) = 3.00 
Coah/oil mix ($/MRtu) = 3.50 

P r i r n q  fuel is 3 
NATURAL GAS 

1 4 6  Oil, 2=%2 Oil, 3=NG 

ECONCHIC P-Tm 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1 . 0 4 0  

Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (X/yr) = 0 

Type of gas escalation = egas 
Type of oil escalation = eoil 

Type of coal escalation = ecoal. 

Discount rate (X ly r )  = 10 

Rate oE return on invest ( X j y r )  = 17 
Amount of working capital (month) = 2 

Federal income tax rate ( 4 )  = 34 

Local prop tax (& insur) rate ( X )  = 2 

REAI.BCAL&-xION RATE J X /vr)  

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND _. 

Gas egas 3.89 8.87 5.77 5.77 

Oil eoil 4 . 8 6  7.87 4 . 1 6  4.16 

Coal ecoal 1 . 1 6  2.31 1.19 1.19 

4:58 PM Oct 19, 1988 
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HILL A m  : 3 X 25 MBtuIhr. ECONWC PARMETBG = IUXINAL VALUES 

T o t a l  steam output  = 75.0 MBtu/hr Cost base year  = 1988 
Boi l e r  capac i ty  f a c t o r  = .635 Primary f u e l  = NATURAL GAS 

Number of  u n i t s  f o r  r e f i t  = 3 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 
TECHNOLOGY UNITS EFF $/MBtu k$ kS kS k$ 
Natural  gas  b o i l e r  _- .800 2.97 . o  1548.8 206.8 535.6 

#Z O i l  f i r e d  b o i l e r  -- .EO0 4.71 .O 2456.2 206.8 535.6 

#6 O i l  f i r e d  b o i l e r  -- .800 . O O  . o  . o  .o  . o  
Micronized c o a l  r e f i t  3 .800 1.20 5449.5 625.8 440.8 935.9 

Slagging burner  r e f i t  3 .800 1.20 8867.9 625.8 440.8 935.9 

Modular FBC r e f i t  3 .790 1.20 10055.0 633.7 405.5 905.2 

Stoker  f i r i n g  r e f i t  3 .740 1.30 8072.0 732.9 630.7 923.6 

Coallwater  s l u r r y  3 .750 3.00 5411.4 1668.8 405.5 802.2 

C o a l / o i l  slurry 3 .780 3.50 4453.0 1872.0 322.9 738.2 

Low Btu n a s i f i e r  r e f i t  3 .659 1.30 8971.8 823.5 374.0 1310.5 

Packaged shell s t o k e r  2 .740 1.30 7747.4 732.9 630.7 860.1 

Packaged shell FBC 2 .760 1.20 7263.5 658.7 405.5 844.0 

F i e l d  e r e c t e d  s t o k e r  1 .780 1.30 10158.7 695.3 628.2 750.3 

F i e l d  e r e c t e d  FBC 1 .800 1.20 9245.3 625.8 470.9 744.7 

Pulverized coa l  b o i l e r  1 .EO0 1.20 11543.5 625.8 701.0 802.7 

C i r c u l a t i n u  FBC 1 .810 1.20 11141.2 618.1 403.0 800.8 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCO'UNTED BENEFIT/ 

# OF USE. AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  k$ RATIO yr kS RATIO 

Na tu ra l  gas  b o i l e r  -- -- 33,218 1.000 C - - -  Exis t ing  system, primary fuel 

82 O i l  f i r e d  b o i l e r  _ _  43,422 

0 

-- -_ 
-- #6 O i l  f i r e d  b o i l e r  -- -- 

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because o f  space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of  space l i m i t a t i o n s  

S toke r  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r s  were designed f o r  #2 o i l  

Coal lwater  s l u r r y  3 23,874 29,939 1.110 22.0 33,420 .994 
C o a l / o i l  slurry Not evaluated 

Low Btu g a s i f i e r  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Packaged shell s t o k e r  2 23,688 25,590 1.298 15.0 30,085 1.104 
Packaged s h e l l  FBC 2 23,560 22,358 1.486 11.0 26,526 1.252 

F i e l d  e rec t ed  s t o k e r  1 22,473 26,355 1.260 16.8 32,045 1.037 
F i e l d  e rec t ed  FBC 1 22,382 23,500 1.414 13.0 28,664 1.159 

Pulverized c o a l  b o i l e r  1 22,382 27,909 1.190 19.5 34,317 .968 
C i r c u l a t i n g  FBC 1 22,105 24.824 1.338 15.1 30,949 1.073 

4:58 E'M Oct 19, 1988 



T o t a l  steam output  = 75 .0  

Boi l e r  capac i ty  f a c t o r  = .63S 

tiunbar of u n i t s  f o r  r e f i t  = 3 

Hydrated lime p r i eo ($ / ton )  = 40.00 

Ash d i sposa l  p r i c e  ($ / ton )  = 1 0 . 0 0  

E l e c t r i c  p r i c e  (centslk'dh) = 5.20 

Labor r a t e  ( k $ / y r )  = 35.00 

Limestone p r i c e  ($ / ton )  = 20.00 

FUEL PRICES 

Natura l  gas p r i c e  ($/MBtu) = 2 . 9 7  

tk.2 O i l  p r i c e  (S/MEtu) = 4 .71  

#5 O i l  p r i c e  (S/MBtu) = . O O  

OPTIOt3S 

Soot blower m u l t i p l i e r  = 1 . 0  

T i h e  bank mod m u l t i p l i e r  = 1 . 0  

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 control- n u l t i p l i e r  = 1 . 0  

LIPIFSTDNE/I.IME 
I n e r t  f r a c t i o n  = .05  

r n N @ E C  P M T ) ; W S  

COAL €ROPERTIPS 
R . O . M .  S toker  

Ash f r a c t i o n  = .080 . O B 0  

Sul fu r  f r a c t i o n  = ,006 .OD6 

HKV (B tu / lb )  = 11650.  11900. 

mTEE mces 
R.O.M.  coa l  ($/MEtu) = 1.20 

Stoker c a a l  ($/MBtu) = 1 .30  

Coal/H20 mix ($/MBtu) = 3.00 

C o a l / o i l  mix ($/MBtu) = 3.50 

;Primary fuel is 3 

NATURAL GAS 

1+6 Oil, 2412 Oil, 3=NG 

I n f l a t i o n  E. discount ing  base  year  = 1988 

Gen i n f l a  index (1087 t o  base y r )  = 1 . 0 4 0  

Gas i n f l a  index (1988 t o  base y r )  = 1 . 0 0 0  

O i l  i n f l a  index (1988 t o  base yr) = 1 . 0 0 0  

Coal. infLa index (1988 t o  base  yr)  = 1.000 

P ro jec t  s t a r t  year  = 1990 

Pro jec t  l i f e  (yr) = 30 

Deprec ia t ion  l i f e  (yr) = 1 5  

General i n f l a t i o n  r a t e  ( % / y r )  = 0 

Type of gas escalateinn = egas 

Type of o i l  e s c a l a t i o n  = @oil 

Type of coal. e s c a l a t i o n  = ecoal  

Discount r a t e  ( % / y r )  = 10  

Rate  of r e t u r n  on inves t  (Z ly r )  = 17 

Amount of working c a p i t a l  (month) = 2 

Federa l  income t a x  s a t e  ( % I  = 34 

Local prop  t a x  (6 i n s u r )  r a t e  ( 2 )  = 2 

REAL ESCALATlON RATE (X/yr) 

TYPE OF FUEL 1988 1990 1995 2000 A N U  

FUEL ESCALAT_ION- -1990 -1995 -2000 BEYOND 

Gas egas 2.28 4.70 5.49 2 . 7 5  
O i  1 o o i l  .17 4.16 5.55 2 . 7 7  

Coal ecoa l  1 . 4 6  1 .76  1 . 6 1  .81 
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BILL AEB: 3 X 25 MBtulhr. FclEL REAL ESCALATION = hE0 1987 
T o t a l  steam output  = 75.0 MBtulhr Cost base year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .635 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  = 3 

ANNUAL COSTS -- 
# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6c M 0 B H 
TECHNOLOGY UNITS EFF SlMBtu kS kS kS kS 
Natural  gas b o i l e r  _ _  .a00 2.97 . o  1548.8 zolj.8 535.6 

$5 O i l  f i r e d  b o i l e r  -- .a00 . oo  . o  . o  . o  .o  
82 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 2455.2 206 .8  535.6 

Micronized c o a l  r e f i t  3 ,800 1.20 5449.5 625.8 440.9 935.9 

Slagging burner  r e f i t  3 ,800 1.20 8867.9 625.8 440.8 935.3 

Modular FBC r e f i t  3 .790 1.20 10055.0 633.7 405.5 905.2 

Stoker f i r i n g  r e f i t  3 .740 1.30 8072.0 732.9 63Q.7 923.6 

Coal/water slurry 3 .750 3.00 5411.4 1668.8 405.5 802.2 

C o a l / o i l  slurry 3 .780 3.50 4453.0 187Z.G 322.9 738.2 

Low Btu g a s i f i e r  r e f i t  3 .659 1.30 8971.8 823.5 374.0 1310.5 

Packaged shell s toke r  2 .740 1.30 7747.4 732.9 630,7 860.1 

Packaged s h e l l  FBC 2 .760 1.20 7263.5 658.7 405.5 844.0 

F i e l d  e rec t ed  s toke r  1 .780 1.30 10158.7 695.3 628.2 750.3 

F i e l d  e rec t ed  FBC 1 .800 1.20 9245.3 625.8 470.9 744.7 

Pulverized coa l  b o i l e r  1 .BOO 1.20 11543.5 625.8 701.0 802.7 

C i r c u l a t i n g  FBC 1 .810 1.20 11141.2 618.1 403.0 800,8____ 

AIR FORCE PROJECT - PRIVATE PROJECT 

LIFE LIFE 
CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ ,DAYBACK DISCOUNTED BEXEFITI 
# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l v r  k$ RATIO yr kS RATIO 

Na tu ra l  gas  b o i l e r  

#Z O i l  f i r e d  b o i l e r  

f6 O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  Not app l i cab le  because of space Limitat ions 

Slsgging burner  r e f i t  Not app l i cab le  because o f  space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of space 1i.mitatiotis 

Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  boi l ers  were dssigned f o r  # Z  o i l  

Coalfwater  slurry 3 23,874 29,673 .a55 >3 1 33,147 .766 

C o a l / o i l  s l u r r y  Not evaluated 

Low B t u  g a s i f i e r  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

25,381 1.000 <--- Exis t ing  system, primary f u e l  

34,882 
0 

-- -- 
-- _ _  _ _  
-_ -- _ _  

Packaged s h e l l  s t o k e r  2 23,688 25,473 .996 >2 1 29,965 .a47 

F i e l d  e rec t ed  s toke r  1 22,473 26,244 * 967 2 3  1 31.931 .795 

F i e l d  e rec t ed  FBC 1 22,382 23,400 1.085 20.0 28,562 .889 

Packaged s h e l l  FBC 2 23,560 22,254 1.141 16.7 26,419 ,961 

Pulverized c o a l  b o i l e r  1 22.382 27 I 809 .913 ’3 1 34,214 .742 

C i r c u l a t i n g  FBC 1 22,105 24,725 1.026 26.9 3 0 . 8 4 L -  .623 

5:04 FM Oct 19, 19e8 
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HILL AFB: 3 X 25 HBtu/hr. FUEL REAL ESCALATION = W O  

Total steam output = 75.0 
Boiler capacity factor = .635 

Number of units for refit = 3 

Hydratsd lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 5.20 

Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 
l?w& mcEs 

Natural gas price ($/MBtu) = 2.97 

#2 Oil price ($/MBtu) = 4.71 
416 Oil price ($/MBtu) = .OO 

OPTIONS 

Soot blower multiplier = 1.0 

Tube bank mod multiplier = 1.0 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = 1.0 

LIMESTQNE/LIME 

Inert fraction = .05 

MEtulhr 

COAL PROPERTIES 

R.O.M. Stoker 
Ash fraction = .080 .080 

Sulfur fraction = ,006 .006 

HHV (Btu/lb) = 11650. 11900. 

rmEL PRICES 
R.O.M. coal ($/MBtu) = 1.20 
Stoker coal ($/MBtu) = 1.30 
Coal/H2O mix ($/MBtu) 3.00 

Coal/oilmix ($/MBtu) = 3.50 

P r i m r y  fuel is 3 

NATURAL GAS 
1=#6 Oil, 2=#2 Oil, 3=NG 

m R m C  PARAM&TERs 

Inflation 6 discounting base year = 1988 

Gen infla index (1987 to base yr)  = 1.040 
Gas infla index (1988 to base y r )  = 1.000 
Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 

Project life ( y r )  = 30 

Depreciation life (yr) = 15 

General inflation rate (X/yr) = 0 

Type of gas escalation = zero 
Type of oil escalation = zero 
Type of coal escalation = zero 

Discount rate (%/yr) = 10 
Rate of return on invest (%/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  = 34  

Local prop tax (& insur) rat.@ (Z) = 2 

REAL ESCALATION RATE (X/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 0 
Coal zero 0 0 0 0 
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3XL.L AFB: 3 X 25 MBtu/hr. rmEL REAL ESCALATION = ZIERO 

Tota l  steam output  = 75.0 MBtuJhr Cost base year = 1988 

Bo i l e r  capac i ty  f a c t o r  = .635 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  = 3 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL WINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 & M 
TECHNOLOGY UNITS EFF SlMBtu k$ kS kS k$ 

.a00 2.97 .O 1548.8 206.8 535.6 Natura l  gas  b o i l e r  

#2 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 2456.2 206.8 535.6 

-- 

$6 Oil f i r e d  b o i l e r  -- .8OO . O O  . o  .o . o  .o  
Micronized c o a l  r e f i t  3 .800 1.20 5449.5 625.8 440.8 935.9 

Slagging burner r e f i t  3 .800 1.20  8867.9 625.8 440.8 935.9 

Modular FBC r e f i t  3 .780 1.20 10055.0 633.7 405.5 905.2 

Stoker  f i r i n g  r e f i t  3 .740 1.30 8072.0 732.9 630.7 923.6 

Coal/water slurry 3 .750 3.00 5411.4 1668.8 405.5 802.2 

C o a l / o i l  slurry 3 .780 3.50 4453.0 1872.0 322.9 738.2 

LOW Btu n a s i f i e r  r e f i t  3 .659 1.30  8971.8 823.5 374.0 1310.5 

Packaged s h e l l  s toke r  2 .740 1.30 7747.4 732.9 630.7 860.1 

Packaged s h e l l  FBC 2 .760 1.20 7263.5 658.7 405.5 844.0 

F i e l d  e rec t ed  s toke r  1 .780 1.30 10158.7 695.3 628.2 750.3 

F i e l d  e rec t ed  FBC 1 .800 1.20 9245.3 625.8 470.9 744.7 

Pulver ized  c o a l  b o i l e r  1 .800 1.20 11543.5 625.8 701.0 802.7 

Circu la t inn  FBC 1 .810 1.20 11141.2 618.1 403.0 800.8 

AIR FORCE PROJECT WIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT! PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECBNOLOGY UNITS ton lv r  kS RATXO yr kS RATIO 

#2 O i l  f i r e d  b o i l e r  -- _ _  25,158 _ _  
$6 O i l  f i r e d  b o i l e r  -- -- 

Natura l  gas  b o i l e r  -- -- 18,089 1.000 e--- Exis t ing  system, primary fuel 

_ _  0 

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of  space l i m i t a t i o n s  

Stoker f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r s  were designed f o r  #2 o i l  

Coal/water slurry 3 23,874 27,349 .661 >3 1 30,757 .588 

Coalloil slurry Not eva lua ted  

Low Btu a a s i f i  e r  r e f i t  Not app l i cab le  because of space l l m i t a t i o n s  

Packaged s h e l l  s toke r  2 23,688 24,453 .740 =9 1 28,915 .626 

Packaged s h e l l  FBC 2 23,560 21,336 .848 s3 1 25,475 .710 
F i e l d  e rec t ed  s toke r  1 22,473 25,276 .716 23 1 30,935 .585 

Pulver ized  c o a l  b o i l e r  1 22,382 26,938 .672 >3 1 33,318 .543 

Circu la t ing  FBC 1 22,105- 23,865 .758 S3 1 29,963 .604 

F i e l d  e rec t ed  FBC 1 22,382 22,529 .803 2 3  1 27,666 .654 

5:09 PM Oct 19, 1988 
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KELLY AFB: APLC 

1. BACKGROUND 

Kelly AFB is located near San Antonio, Texas. The central heating 
plant (building No. 376) has five water-tube boilers that: burn 
natural gas or No. 2 oil as the backup f u e l ;  125-psi steam is pro- 
duced. The yearly average fuel use is about 59 MBtu/h. Boiler 
efficiency is 79432%- No boilers were designed f o r  coal. All other 
boiler plants at Kelly are too small f o r  consideration. 

2. HEATING PLANT UNITS 

Heating Plant No. 376: 

2 x 54.5 MBtu/h, Babcock & Wilcox, 1971 
4 9 . 6  MBtu/h, Babcock & Wilcox, 1976 
2 x 50 MBtu/h, Vogt, 1954 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel-use data for plant No. 376. 

Fuel 
input 
(MBt u/ h ) 

40 
50 
60 
70 
80 
90 
100 

FY 1985 
ideal 

capacity 
factor 

0.99 
0.95 
0.87 
0.80 
0.72 
0.65 
0.59 

4. ENERGY PRICES 

FY 1986 Price Data: - 
Electricity == 5.2C/kWh 
Natural gas = $3.88/MBtu 

C. H. Guernsev and Co. Survev: 

Electricity = S.lC/kWh 
Natural gas = $4.O/MBtu 
Distllate o i l  = $5.88/~0tu 
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5. COAL. PROPERTIES AND PRICES 

Origin 
HHV, Btu/lb 
% Ash 
Z Sulfur 
% Nitrogen 
Ash-softening temperature, "F 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index 
Cost at mine, $/ton 
Rylivered c o s t ,  $/ton 
Energy c o s t ,  $ / l o 6  Btu 

Stoker ROM 

Laredo, 
12,900 
10-12 
1-1 e 5 

2250 
0 
1 3 1 8  
118 
10-15 
28 
40 
51 
1.98 

Tex. Laredo, Tex. 
12,300 
12 
1.1-4 

6 .  ENVIRONMENTAL REGULATIONS 

6 . 1  Air Pollution Emission Limits for New Sources 

2250 
0 
2 112 
0 
1s 
28 
35 
46 
1.87 

so,. For boilers <lo0  MBtu/h: 3 lb/MBtu; for boilers >lo0 
MBtu/h: FBC - 90% reduction to meet limit of 1.2 Sb/MBtu; 
emerging technology - 50% reduction to meet limit of 
0.6 lb/MBtu. 

NO,. No emission limits for boilers <lo0 MBtu/h; f o r  boilers 
>IO0 MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized 
coal - 0.7 lb/MBtu. 
- 

Particulates. For 50 MBtu/h: 0.3 lb/MBtu; for boilers >I00 
MBtu/h: 0.05 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: T o t a l  suspended solids - 50 mg/L .  

6.3 Ash Disposal 

In most cases, coal ash is classified as nonhazardous so l id  
waste and may be disposed of in an approved sanitary landfill, 
with approval by the State. 

7 .  OTHER CONSIDERATIONS 

None. 
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8 .  COAL-CONVERSION PROJECT OUTLOOK 

The  most likely project woi1l.d be Lo rsfit/replase onc boiler unit, 
Existing boilers were designed f o c  distillate oil and natural gas, 
which may make refitting an existing b o i l e r  f o r  coal-firing quite 
difficult, unless it is derated. 

I f  one of the S4,5-ME~u/h units w ’ > r e  converted hi> c o a l  and dera t ed  
t o  43.5 ~ ~ t u / h  output ( - 5 4 . 5  ~ 3 r u / I n  fuel input), t h e  maximum capac- 
ity factor bascd on monthly data ~ m r n l d  be roughly 91%. If equipment 
availability is assumed t o  be 90%, the overall c a p a c i t y  factor w o u l d  
be somewhere n e a r  82%, 

8 . 1  Effect of Environmental R e p u l a t i o n s  ~n Selection of Combustion ~ - - - . . - ~ . -  ---a -l-.--..............-..llll x__ 

Technol. og i e s 

SO and NO Any of  the combustioti t e c h n o l o g i e s  being c o n s i d  2 2 
ered could be employed (with 1.5% sial f u r  coal 1 vi t h a u t  requir- 
ing any measures f o r  NO, or SO, reduction because Che proposed 
conversion project is smaller then 100 Htitu/h. 

Particulates. Bag fillers or electrostatic precipitators would 
be required to comply w i t h  the p a r t i c u l a t e  emission limiLs. 

8.2 Physical S p c e  .- and Aesthetics - 

__II Heatix .---I___ P l a n t  a ‘l‘he existing boiler plant was originally 
designed for No. 2 oil. There  i s  only space available for  
installing coal-wat~~r-n!ixture combust ion eqiiipment a t  the 
existing bailer o r  f o r  canstruetian of a new boiler at: another 
site on base, 

Coal-Hand1 i n g  Equipment. There is no space available for 
installing d;y coal -handling equipment<t the: existing boiler 
planC, but there is enough space for. installing coal-water- 
mixture equipment  .I 

- -.-. 

Coal Pile. There is no space available t o r  a coal pile at the 
existing-boiler plant, but  t he re  is space at another site on 
base for a coal pile and a new coal-fired boiler. 

8.3 Technical Risk of  Combustion Technologies I-.IIIxxII-___llll~lII_-- 

The existing boilers are designed €or Nc, 2 o i l -  or gas-firing 
and therefore a r e  o n l y  s u i t a b l e  f o r  conversion t o  coal-water- 
mixture firing. The te::hnical r i s k  is fairly high because o f  
limited experience with coal-water-mixture firing of No. 2 oil- 
designed hailers. 
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9. COGENERATION PROJECT OUTLOOK 

The prospects f o r  a coal-fired cogeneration plant appear to be some- 
what marginal. The base has a high minimum monthly average electric 
load, 24 M W e ,  but the price oE electricity is moderate (5.1CIKWh). 
Based on the FY 1986 energy-use data ,  a cogeneration plant with a 
boiler rating of 68 MBtu/h output and a 5-MWe turbine generator 
would have an electrical capacity factor of 90% and a peak thermal 
output of 50 MBtu/h, with a thermal energy capacity factor of about 
75% if used as a baseload heating plant. A water-tube boiler with a 
steam rating of 1450 psia and 950°F would be the most suitable 
boiler for this cogeneration system. 
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10. INPUT AND LCC SUtMwRY SPREADSHEETS 

KELLY AFB: 1 X 43.5 MBLufhr. E C O H L P I I ~ & V E T W  = N M l i A i .  VALUES 

Total steam output = 43.5 MBtu/hr 
Boiler capacity factor = .824 

Number of units for refit = 1 
Hydrated lime price($/ton) = 40.00 a.mL m m T : t F s  

Ash disposal price (S/ton) = 10.00 R.O.M. St,nker 
Electric price (cents/kWh) = 5.10 Ash fraction = ,120 .110 

Labor rate (kS/yr) = 35.00 
Limestone price ($/ton) = 20.00 

P W  PRICXES 

Natural gas price ($/tCtu) = 4.00 
62 Oil price ($/MBtu) = 4.71 

#6 Oil price ($/PBLu) = .OO 

8rn'10.?-43NS 

Soot blower mu2tiplier = 1.0 

Tube bank mod multiplier = 1.0 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = .O 

LIMEsTONE/l.W 

Inert fraction = . 0 5  

Sulfur fraction = .013 .013 
HFN (Btu/lb) = 12300. 12900. 

FUEL m1Fs 
R.O.M. coal ($/M)?tu) = 1.87 
Stoker coal ($/tDltu) = 1.98 

Coal/HZO mix (S/MBtu) .= 3.00 

Coal/oil mix ($/MDtu) = 3.50 

Primarj. fuel js 3 

NATURAL GAS 

1=86 Oil, 2=#2 Oil, 3-WG 

Eoowcp4Ic P M m s  
InfLation & discounting base year 
Gen infla index (1987 to base y r )  = 1.040 

Gas infla index (1988 to base y r )  = 1.000 

Oil infla index (1988 to base y r )  = 1.000 

Coal infla index (1988 to base yr)  = 1.000 

1988 

Project start year = 1990 

Project life (yr )  .-= 30 

Depreciation life (yr) = 15 

General inflation rate ( X l y r )  = 0 

Type of gas escalation = egas 

Type of oil escalation = eoil 

Type of coal escalation = ecoal 

Discount rate (%/yr) = 10 

Rate of return on invest (%/yr) = 17 

Amount of workins capital (month) = 2 

Federal income tax rate ( 4 )  = 34 
Local prop tax (& insur) rate ( I )  = 2 

REAL EXA-CN RATE ( % / y r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 .-i9-- -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5 .77  

Coal ecoal 1.16 2.31 1.19 1.19 
Oil eoil 4.86 7.87 4.16 4.16 

8:49 AM Oct 20, 1988 
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... 

XELLY AFB: 1 x 43.5 MEtu/hr. rxmrfaac PtlRMmms = K M H A L  VALUES 
T o t a l  steam output, = 43.5 MBtu/hr Cost base year  = 1988 

Boilqr  c a p a c i t y  f a c t o r  = .824 Primary f u e l  = NATURAL GAS 

N u m b e r  o f  u n i t s  for  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL NAINT OTHW 

OF STEM4 PRICE CAPITAL FUEL 0 6. M 0 & M 

TECHNOLOGY UWITS EFF --S/MBtu k$ kS k$ kS 
Natura l  gas  b o i l e r  ,800 4.00 .O 1570.0 153.2 463.4 

#2 Oil f i r e d  b o i l e r  -- ,800 4.71 . a  1846.6 153.2 463.4 

#6 O i l  f i r e d  b o i l e r  -- ,800 . O O  ,o  . o  . o  . o  
Micronized c o a l  r e f i t  1 e00 1.87 2599.2 734.0 350.2 635.9 

Slagging burner  r e f i t  1 800 1.87 4341.3 734.0 350.2 635.9 

Modular FBC r e f i t  1 .790 1.87 4958.8 743 3 333.3 617.5 

Stoker  f i r i n g  re f i t  1 .760 1.98 2872.6 818.0 333.3 606.0 

Coal/water  s l u r r y  1 .750 3.00 2620.3 1256.0 333.3 538.0 

C o a l / o i l  s l u r r y  1 ,780 3.50 2180.8 1408.9 265.4 508.2 

Low Btu g a s i f i e r  r e f i t  1 ,679 1.98 3898.5 5416.2 307.4 734.8 

Packaged s h e l l  s t o k e r  1 .760 1.98 3343.0 818.0 333.3 606.0 

Packaged s h e l l  E'BC 1 .760 1.87 4210.3 772.6 333.3 618.3 

F i e l d  e r e c t e d  stoker 1 .BOO 1.98 5971.2 777.1 331.3 597.9 

F i e l d  e r e c t e d  FBC 1 .EO0 1.87 6545.1 734.0 387.1 617.2 

Pulverized c o a l  boiler 1 .820 1.87 6944.2 716.1 391.1 645.2 

C i r c u l a t i n g  FBC 1 .810 1.87 7732.0 724.9 331 3 675.4 

AIR FORCE PROJECT PRIVATE PROJECT 

LIEE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/vr k$ ILATIO yr - kS RATIO 

Natura l  gas  b o i l e r  -- _ _  32,548 1.000 e--- Exis t ing  system, primary f u e l  
#2 O i l  f i r e d  b o i l e r  _ _  
#6 Oil f i r e d  b o i l e r  

Micronized c o a l  r e f i t  Not appl icable  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not appl icable  because of space l i m i t a t i o n s  

Modular FBC re f i t  Not appl icable  because of space l i m i t a t i o n s  

S toker  f i r i n g  r e f i t  

Coal /water  slurry 1 17,019 21,071 1.545 7.3 22,943 1.419 

C o a l / o i l  s l u r r y  Not evaluated 

Low Btu g a s i f i e r  r e f i t  Not a p p l i c a b l e  because of space l i m i t a t i o n s  

_ _  -_ 33,129 
-- 0 -- L^ 

Not a p p l i c a b l e  because e x i s t i n g  b o i l e r  was designed f o r  #2 o i l  

Packaged shell s t o k e r  1 16,014 18,107 1.798 5.9 20,247 1.608 

F i e l d  e r e c t e d  s t o k e r  1 15,213 19,815 1.643 8.7 23,283 1.398 

Packaged shell FBC 1 16,795 18,495 1.760 6.B 21,067 \1.545 

F i e l d  e r e c t e d  FBC 1 15,955 20,536 1.585 9.7 24,303 1.339 

Pulverized c o a l  b o i l e r  1 15,566 20,953 1.553 10.2 24,926 1.306 

C i r c u l a t i n g  FBC 1 15,758 21.387 1.522 11.0 25.755 1.264 

5:49 AM Oct 20, 1988 
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KELLY AFll:. 1 X 4 3 . 5  HBtu/hr. FUEL REAL ESCALATION = AEO 1987 
Tota l  steam output  = 4 3 . 5  

Boi l e r  capac i ty  f a c t o r  = .E24 

Number of u n i t s  f o r  r e f i t  - 1 

Hydrated l i n e  p r i c e ( S / t o n )  = 4 0 . 0 0  

Ash d i s p o s a l  p r i c e  ($ / ton )  = 10.00 

E l e c t r i c  p r i c e  (cents/kWh) * 5.10 

Labor r a t e  (k$ /y r )  = 35.00 

Limestone p r i c e  ( $ / t a n )  = 20 .00  

FUEL PRICES 
Natural  gas  p r i c e  ($/MBtu) 4.00 

82 O i l  p r i c e  ($/MBtu) 4 . 7 1  

t6 Oil p r i c e  ($/MBtu) = . O O  

OPTIOISS 

Soot blower m u l t i p l i e r  1 . 0  

Tube bank mod m u l t i p l i e r  5 1 . 0  

Bottom ash p i t  m u l t i p l i e r  5 1 . 0  

SO2 contruL muLtipl iar  = .O 

L r n S r n r n / L r n  

I n e r t  f r a c t i o n  5- .05 

m t u / h r  

aML PRoPWrIEs 

R.O.M.  Stoker  

Ash f r a c t i o n  = ,120 .110 
Sulfur f r a c t i o n  = ,013 . 013  

HHV (B tu / lb )  = 12300. 12900. 

HIEL rams 
R.O.M. coal. ($/MBtu) 1.87 

Stoker  coa l  I$/MBtu) = 1.98 
Coal/H20 mix ($/MBtu) = 3 . 0 0  

C o a l / o i l  mix ($/MBtu) = 3 . 5 0  

Primary fuel is 3 

NATURAL GAS 

1=#6 Oil, 2=#2 O i l ,  3=NG 

I n f l a t i o n  & discount ing base year  = 1988 
Gsn i n f l a  index (1987 t o  base y r )  = 1 .040  

Gas i n f l a  index (1988 t o  base y r )  = 1 .000  

Oil i n f l a  index (1988 t o  base y r )  = 1.000 

Coal i n f l a  index (1988 t o  base y r )  1.000 

Pro jec t  s t a r t  year  * 1990 
Pro jec t  l i f e  ( y r )  = 30 

Depreciat ion l i f e  ( y r )  = 15 
General. i n f l a t i o n  r a t e  ( % / y r )  = 0 

Type of gas e s c a l a t i o n  = egas 

Type of  ail e s c a l a t i o n  = e o i l  

Type of coa l  e sca l a t ion  = ecoal  

Discount r a t e  (Xlyr) 5 10  

Rate of r e t u r n  on inves t  ( % / y r )  = 17 
Amount of working c a p i t a l  (month) 5 2 

Federal  income t a x  r a t e  ( % )  = 34 

Local prop t a x  (61 i n s u r )  r a t e  ( X )  = 2 

REAL ESCALATION FATE (Xlvr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 

-. FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 2.28 4.70 5.40 2.75 

Oil eoiL .17 4.16 5.55 2.77 

Coal ecoa l  1.46 1.76 1.61 .ai 

9:05 AM Oct 20. 198% 
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KELLY AFB: 1 X 43.5 1HBtufir. FUEL FSUL BSWLWITIm = AEO 1987 
Total steam output L: 43.5 MBtulhr Cost base year = 1988 
Boiler capacity factor = ,824 Primary fuel = NATURAL GAS 

Number of units for refit = 1 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MAINT OTHER 
OF STUiM EXICE CAPITAL FUEL 0 6: M 0 & M 

TECHNOLOGY UNITS EFF $/MBtu kS kS k8 kS 
Natural gas boiler _- ,800 4.00 .0 1570.0 153.2 463.4 

#2 Oil fired boiler -- . B O O  4.71 , O  1848.6 153.2 463.4 

$6 Oil f i red  boiler: -- .800 .OO . o  .o . a  . o  
Micronized coal refit 1 .800 1.87 2599.2 734.0 350.2 635.9 

Slagging burner refit 1 .800 1.87 4341.3 734.0 350.2 635.9 

Modular FBC refit 1 .790 1.87 4958.8 743.3 333.3 617.5 

Stoker firing refit 1 .760 1.98 2872.6 818.0 333.3 606.0 

Coal/water slurry 1 .750 3.00 2620.3 1256.0 333.3 538.0 

Coal/oil slurry 1 .780 3.50 2180.8 1408.9 265.4 508.2 

Low Btu aasifier refit 1 ,679 1.98 3898.5 916.2 307.4 734.8 

Packaged shell stoker 1 .760 1.98 3343.0 818.0 333.3 606.0 

Packaged shell FBC 1 .760 1.87 4210.3 772.6 333.3 618.3 

Field erected stoker 1 .800 1.98 5971.2 777.1 331.3 597.9 

Field erected FBC 1 .800 1.87 6545.1 734.0 387.1 617.2 
Pulverized coal boiler 1 .E20 1.87 6944.2 716.1 391.1 645.2 

Circulating FBC 1 .E10 1.87 7732.0 724.9 331.3 675.4 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 
CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

P OF USE. AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlvr kS RATIO Y r  kS RATIO 
Natural gas boiler -- -- 24,604 1.000 C-- -  Existing system, primary fuel 
#2 O i l  fired boiler -- -- 26,702 _ _  

-- 0 $6 Oil fired boiler -- _- 
Micranized coal refit Not applicable because of space limitations 
Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Plot applicable because of spece limitations 
Stoker firing refit Not applicable because existing boiler was designed for #2 oil 

Coallwater slurry 1 17,019 20,871 1.179 11.7 22,738 1.082 

Coal/oil slurry Not evaluated 

&ow Btu gasifier refit Not applicable because of space limitations 
Packaged shell stokar 1 16,014 17,977 1.368 7.9 20,113 1.223 

Packaged shell FBC 1 16,795 18,372 1.339 9.2 20,941 1.175 

Field erected stoker 1 15,213 19,692 1.249 12.3 23,155 1.063 

Field erected FBC 1 15,955 20,419 1.205 13.9 24,183 1.017 
Pulverized coal boiler 1 15,566 20,839 1.181 15.0 24,809 .992 

Circulating FBC 1 15.750 21,272 1.157 16.4 25,637 .960 

9:05 AM Oct 20, 1888 
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KELLY M E :  1 X 43.5 MBtu/hr. PUEt REAL ESCALATION = ZERO 
Total stem output = 4 3 . 5  

Boiler capacity factor = .824 
Number of units for refit = 1 
Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) - 10.00 
Electric price (cents/kWh) 5.10 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) = 20.00 

rmEL PRICES 
Natural gas price ($/MBtu) * 4.00 

#Z Oil price ($/MBtu) 4.71 

#6 Oil price ($/MBtu) = .OO 
OPTIOETS 

Soot blower multiplier = 1.0 
Tube bank mod multiplier 1.0 

Bottom ash pit multiplier = 1.0 
SO2 control multiplier = . O  

LIMESTONE/LIME 
Inert fraction = . 05  

MBtu/hr 

COAL PROPERTIES 
R.O.M. Stoker 

Ash fraction = .120 .110 
Sulfur fraction = .013 .013 

H W  (Btu/lb) = 12300. 12900. 

FUEL PRICES 
R.O.M. coal ($/MBtu) = 1.87 
Stoker coal ($/MBtu) = 1.98 
Coal/HZO mix ($/MBtu) - 3 . 0 0  

Coal/oil mix ($/M13tu) = 3 . 5 0  

Primary fuel is 3 
NATURAL GAS 

1=#6 Oil, 2=#2 Oil, 3=NG 

Inflation 6 discounting base year = 1988 

Gen infla index (1987 to base y r )  = 1.040 

Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1988 to base yr) = 1.000 

CoaL infla index (1988 to base yr)  = 1.000 

Project start year = 1990 

Project life (yr) = 30 

Depreciation life ( y r )  = 15 
General inflation rate (Xlyr) = 0 

Type of gas escalation = zero 
Type of oil escalation = zero 

Type of coal escalation = zero 

Discount rate (Xlyrl = 10 

Rate of return on invest (I/yr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( X )  = 34 

Local prop tax (& insur) rate (I) = 2 

REAL ESCALATION RATE (Z/vr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 0 

Coal zero 0 0 0 0 

9:lO AM Oct 20, 1988 
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W Y A F R :  I X  43.5 MBku/hr. FUEL BEU ESCbUTIW = ZEW) 

Total steam Output 43.5 MBtdhr Cost base year = 1988 
Boiler capacity factor = .a24 Primary fuel = NATURAL GAS 

Number of units for refit = 1 

ANNUAL COSTS 
# FUEL! FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 h M 
TECHNOLOGY UNITS EFF $/MBtu kS kS kS kS 
Natural gas boiler -- ,800 4.00 .O 1570.0 153.2 463.4 

#2 Oil fired boiler -- .800 4.71 .O 1848.6 153.2 463.4 

$6 O i l  fired boiler -- .EO0 .OO . o  " 0  .o  .o  
Microrized coal refit 1 .BOO 1.87 2599.2 734.0 350.2 635.9 

Slagging burner refit 1 .800 1.87 4341.3 734.0 350.2 635.9 

Modular FBC refit 1 .790 1.87 4958.8 743.3 333.3 617.5 

Stoker firing refit 1 .760 1.98 2872.6 818.0 333.3 606.0 

Coal/water slurry 1 .750 3.00 2620.3 1256.0 333.3 538.0 

Coal/oil slurry 1 .780 3.50 2180.8 1408.9 265.4 508.2 

Low Btu gasifier refit 1 .679 1.98 3898.5 916.2 307.4 734.8 

Packaged shell stoker 1 760 1.98 3343.0 818.0 333.3 606.0 

Packaged shel l  FBC 1 .760 1.87 4210.3 772.6 333.3 618.3 

Field erected stoker 1 .800 1.98 5971.2 777.1 331.3 597.9 

Field erected FBC 1 .EO0 1.87 6545.1 734.0 387.1 617.2 

Pulverized coal boiler 1 .820 1.87 6944.2 716.1 391.1 645.2 

Circulatins FBC 1 .810 1.87 7732.0 724.9 331.3 675.4 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 

CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECBNOLOGY UNITS ton," k$ RATIO Yr k$ RATIO 

#2 Oil fired boiler -- -_ 19,383 -- 
Natural gas bailer -- -- 17,212 1.000 c--- Existing system, primary fuel 

_ _  0 -- _ _  #6 Oil fired boiler 

Micronized coal refit Not applicable because of space Limitations 

Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Not applicable because of space limitations 
Stoker firing refit 
Coal/water slurry 

Coal/oil slurry 
Low Btu gasifier refit 

Packaged shell stoker 
Packaged shel l  FBC 
Field erected stoker 
Field erected FBC 
Pulverized coal boiler 

Not applicable because existing boiler was designed 
1 17,019 19,122 .goo >3 1 
Not evaluated 

Not applicable because of space limitations 
1 16,014 16,838 1.022 19.3 
1 16,785 17,296 .995 >3 1 

1 15,213 18,610 .925 >3 1 
1 15,955 19,397 .887 2 3  1 

1 15,566 19,842 .867 23 1 

f o r  #2 o i l  

20,939 .E22 

18,941 .go9 
19,835 .868 
22,042 .781 

.744 23,132 
23,783 .724 

Circulating FBC 1 15.758 20,262 .E49 23 1 24 * 599 .700 

9:lO AM Oct 20, 1988 
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1. BACKGROUND 

Robins Air Force base is located near Warner Robins, Georgia. There 
are two major heating plants on the base, but only the larger plant 
(building No. 177) should be considered for coal conversion. The 
B6W and Wicks units (see list below) were originally designed for 
coal. In 1967, the coal-burning boilers were converted to burn gas 
with distillate oil as backup. The yearly average fuel use at plant 
No. 177 is about 100 MBtu/h. Heat plant No. 177 produces 125 psi 
steam, and boiler efficiencies range from about 69% at low loads t o  
78% at full l o a d .  No coal-handling equipment still remains. 

2 .  HEA'I'lNG PLANT UNITS 

Heating Plant No. 177: 

2 x 98 MBtu/h,  Erie C i t y ,  1966 
2 x 54 MBtu/h, Babcock & Wilcox, 1953 
54 MBtu/h, Wicks, 1954 
5 MBtu/h, Superior (oil only), 1977 

Heating Plant No. 6 4 4 :  

2 4  MBtulh, Erie City, 1966 
2 x 24 MBtu/h, T r a n e ,  1975 
21 MBtu/h, Babcack 6 Wilcox, 1955 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

The maxirniim possible capacity faccors listed bel.ow were calculated 
from monthly fuel-use data f o r  plant No. 177. 

Fuel. 
input 
(MBtu/hr) 

FY 1985 
ideal 

capacity 
factor 

FY 1986 
ideal. 
capaciiy 
factor 

30 
50 
70 
90 
120 
150 

0 . 8 3  
0.83 
0.83 
0.78 
0.6% 
0.59 

1 .oo 
1.00 
0.96 
0.85 
0.72 
0 . 6 3  
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4. ENERGY PRICES 

FY 1986 Price Data: 

Year average End of year 

Distillate $5.50/MBtu $5.90/MBtu 
Natural gas $3.90/MBtu $3.90/MBtu 
E l  ec tric $12.96/MBtu = 4.4C/kWh 4.4C/kWh 

Comments from HQ AFLC (11121188): 

Natural gas = $3.19/MBtu 

5. COAL PROPERTIES AND PRICES 

Origin 
HHV, Btuflb 
Ash, Z 
Sulfur, X 
Nitrogen, % .  
Ash-softening temperature, "F 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, X 
Grindability index 
Cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $/MBtu 

Stoker 

Benedict, Va. 
13,790 
4.23 
0.79 
.1.45 
2700+ 

48 
34.00 
54.85 
1.99 

ROM 

Benedict, Va. 
13,790 
4.23 
8.79 
1.45 
2700+ 

2 x 0  
100 mesh 
40 
48 
28.00 
48.85 
1.77 

6. ENVIRONMENTAL REGULATIONS 

6.1 Air Pollution Emission Limits f o r  New Sources 

The air-quality-control regulations of Georgia require that a 
fuel-burning plant such as that being considered for Robbins 
AFB meet federal EPA air emission standards for an attainment 
area 

so,. For boilers >lo0 MBtu/h: FBC - 90% reduction to meet 
limit of 1.2 lb/MBtu; emerging technology - 50% reduction to 
meet limit of 0 . 6  lb/MBtu. 

NO,. For boilers >lo0  MBtu/h: 
Ib/MBtu; pulverized coal - 0.7 lb/MBtu. 

spreader stoker and FBC - 0 .6  

Particulates. Regulations pertaining t o  f l y  ash and/or other 
particulate matter from newly (beginning CY 1972) constructed 



108 

equipment limit eanissions according t o  the following expres- 
sion:: 

P = 0.5 (F)"." lb/MRtu, 

where R :: heat input of fuel-burning equipment; in MBtu/b. 

Therefore, f o r  one 54-MBtufh toiler at plant No. 177, P = 0.215 
1 b/MBtu. 

A state opacity regulation a l s o  became effective in 1972, 
s t a t i n g  that the opacity of  the visible emissions be <20% 
except f u r  one 6-min period per hour  of no more than 27% 
opacity. 

6.2 Coal-Pile R u n o f f  

The state o f  Georgia has adopted EQA federal regulations for 
coal-pile runoff. The regulations state that the ptl of all 
discharges, except once-through cooling water, shall be within 
the range of  6.0 L o  9.0. The effluent limitation for the point 
s o u r c e  discharges of coal-pile runoff i s  50 mg/L total sus- 
pended solids. 

6 . 3  Ash Dis josa l  ...__I 

The s t a t e ,  as well as  the EPA, considers fly ash waste to be 
nonhazardous. Use of  an  existing landfill is desirable because 
o n l y  a permit i s  r e q u i ~ e d .  A new site or landfill is Costly 
and requires a long procedure. 

7. O'l'HEK GONSIDERA'TIONS 

None. 

8. COAL-GONVEKSION PROJECT OUTL@C)K 

The m o s t  attractive p r o j e c t  would be to refitlreplace one of  the 
54-MBtu/h output (69-WBku/h fuel input) boiler unils, which are coal 
designed, in plant 177. I f  a single 54-MBtulh unit were involved in 
a project, an overall capacity f a c t o r  of about 81% would be 
expected, assuming 90% equipment  availability. 

8.1 E f f e c t  of Environmental Regulations on Selection of Combustion 
I___ ..~ ..-l......-ll_-_._ .. .__._,_ 
Tecbnologi e s  
l_l 1._- 

SO and NO,. A n y  of the coinbustion technologies being consid- _2..-. _I 

ered c o u l d  be employed without any SO, or 140, controls because 
the prQpOSed project is smaller than 100 MBtu/h. 

Particulates. Bag filters o r  electrostatic precipitators would 
be required. 
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8.2 Physical Space - and Aesthetics 

Heating -__ Plant. The existing boiler plant was originally d e -  
signed f o r  coal. The original coal-combustion equipment has 
been removed, and there is now only enough space f o r  micronized 
coal o r  coal-watermixture combustion equipment a t  the existing 
bo i ler . 
Coal-Hand1 ing, Equipment, There is limited space avail able at 
the existing heating plant so that only micronized coal or 
coal-water-mixture equipment could probably be installed. 

Coal Pile. There is room f o r  a coal pile near the existing 
boiler plant, so coal could be supplied by truck to a silo at 
the existing boiler p l a n t  o r  to a new coal-fired boiler plant 
near the coal pile. 

8 . 3  Technical Risk .- of Combustion -~ Technologies 

The boilers were originally designed f o r  coa l .  The least tech- 
nical risk would be f o r  conversion t o  micronized coal-firing 
because no SO, reduction measures will be required. 

9. COGENERATION PROJECT OUTLOOK 

The prospects for a coal-fired cogeneration system are poor because 
of low electric rates and the mild climate that exists at Robbins 
AFB. Although the base has a sizable minimum monthly average elec- 
tric load, 15.7 M W e ,  the price of  electricity i s  only 4.4C/kWh. The 
15.7-MWe minimum monthly load would be met primarily by a coal-fired 
electric plant sized f o r  about 15 MWe and producing 45 MWt. An 80% 
cycle efficiency would require a boiler rated at 56 MW, December, 
January, February, and March have thermal consumption levels exceed- 
ing the available thermal capacity. The thermal demands a t  Robbins 
AFB remain high enough during the year t o  result in a high overall 
thermal load factor o f  73% (assuming that the cogeneration plant has 
a 90% availabil ity). 
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10. INPUT AND LCC SuE.MARY SPREADSHEETS 

ROBINS AFB: 1 X 54 HBtulhr. ECOMX-lIC PARAMETERS = NOMINAL VALUES 

Total steam output = 54.0 
Boiler capacity factor = .806 

MBtu/hr 

Number of units for refit = 1 

Hydrated l i m e  price($/ton) = 40.00 COAL PIU)PERTIES 
Ash disposal price ($/ton) = 10.00 R.O.M. Stoker 
Electric price (cents/kWh) = 4.40 Ash fraction = .042 .042 

Labor rate (k$/yr) 35.00 Sulfur fraction Q .008 .008 

Limestone price ($/ton) = 20.00 HHV (Btu/lb) = 13800. 13800, 

FUEL mcEs FUEL PRICES 
Natural gas price ($/MBtu) = 3.19 R.O.M. coal (S/MBtu) = 1.77 

#2 O i l  price ($/MBtu) = 4.71 Stoker coal ($/MBtu) = 1.99 
#6 O i l  price ($/MBtu) = .OO Coal/H2O mix ($/MBtu) = 3.00 

OPTIONS Coal/oil mix ($/MBtu) = 3.50 
Soot blower multiplier 5 .O 

Tube bank mod multiplier = .O 

Bottom ash pit multiplier = 1.0 

LIMEs=/LIwE 

SO2 control multiplier = .O 

Inert fraction = .05 

l xmimc P- 
Inflation i% discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base yr) 1.000 
Oil infla index (1988 to base yr) = 1 . 0 0 0  

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (X/yr) = 0 

Type of gas escalation = egas 

Type of oil escalation = e o i l  

Type of coal escalation = ecoal 
Discount rate (Xlyr) = 10 

Rate of return on invest (X/yr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( X )  5 34 

Local prop tax (6 insur) rate ( X )  = 2 

Riaiary fuel is 3 
NATURAL GAS 

1=#6 O i l ,  2-2 O i l ,  3-NG 

REAL ESCALATION RATE ( X l v r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 
Oil eoil 4.06 7.07 4.16 4.16 

Coal ecoal 1.16 2.31 1.19 1.19 

2:30 PM Jan 4, 1989 
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gf2BIHs A?B: 1 X 54 Mtulhr. IXONCMC PARAMETERS = ACMTHAL VALUES 
Total steam output = 54.0 MBtulhr Cost base year = 1988 
Boiler capacity factor = .BO6 Primary fuel = NATURAL GA5 

Number of units for refit = 1 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 P M 
TECHNOLOGY UNITS EFF SIMB tu kS k$ RS k$ 
Natural gas boiler -- .a00 3.19 . O  1520.3 172.6 485.3 

#2 Oil fired boiler -- .800 4.71 .O 2244.7 172.6 485.3 

$46 Oil fired boiler -- .800 .OO . o  .o  .o  .o  
Micronized coal refit 1 .800 1.77 2546.7 843.6 378.6 649.3 

Shgging burner refit 1 .800 1.77 4521.4 843.6 378.6 649.3 

Modular FBC reiit 1 .790 1.77 5220.0 854.2 360.3 629.8 

Stoker firing refit 1 .760 1.99 3063.9 998.3 360.3 620.1 

Coallwater slurry 1 .750 3.00 2272.1 1525.1 360.3 546.3 

Coal/oil slurry 1 .780 3.50 2043.6 1710.8 286.9 523.3 

Low Btu gasifier refit 1 .679 1.99 4260.9 1118.1 332.3 754.9 

Packaged shell stoker 2 .760 1.99 4605.5 998.3 360.3 710.6 

Packaged shel l  FBC 2 .760 1.77 5618.1 888.0 360.3 720.9 

Field erected stoker 1 .800 1.99 6809.0 948.4 358.1 612.0 

Field erected FBC 1 .800 1.77 7481.8 843.6 418.4 629.7 

Pulverized coal boiler 1 .820 1.77 7928.3 823.0 422.6 659.0 

Circulatinx FBC 1 ,810 1.77 8915.1 853.1 358.1 690.5 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST YERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlvr kS RATIO YK IC$ RATIO 
Natural gas boiler -- -- 32,020 1.000 e--- Existing system, primary fuel 
#2 Oil fired boiler -- -- 39,504 -- 

0 $6 Oil fired boiler 
Micronized coal refit 1 17,268 18,429 1.737 5.6 20,191 1.586 

Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Not applicable because of space limitations 

Stoker firing refit Not applicable because of space limitations 

Coallwater slurry 1 18,419 23,604 1.357 10.3 25,378 1.262 
Coalloil slurry , Not evaluated 
Low Btu gasifier refit Not aDpliCable because of space limitations 
Packaged shel l  stoker 2 18,176 21.892 1.463 10.0 24,754 1.294 

Packaged shell FBC 2 18,176 21,776 1.470 10.6 25,127 1.274 

Field erected stoker 1 17.268 22.458 1.426 11.9 26,407 1.213 

Field erected FBC 1 17,268 22,712 1.410 12.5 26,996 1.186 
Pulverized coal boiler 1 16,847 23.156 1.383 13.2 27,670 1.157 

Circulating FBC 1 17,054 23.733 1.349 14.3 28,744 1.114 

-- -- -- 

2:30 FM Jan 4, 1989 
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ROBINS AFB: 1 X 54 MBtu/hr. FUEL REAL ESCALATION = AEO 1987 
Tota i  s t n a m  output  = 54.G 

Bo i l e r  capac i ty  f a c t o r  = ,806 
Number of u n i t s  f o r  r e f i t  = 1 

Hydrated l ime p r i c e ( $ / t o n )  = 40.00 

Ash d i s p o s a l  p r i c e  ($ / ton)  = 1 0 . 0 0  

E l e c t r i c  p r i c e  (cents/kWh) = 4.40 

Labor r a t e  (k$/yr )  = 35.00 

Limestone p r i c e  ($ / ton)  = 20.00 

FUEL PRICES 
Natura l  gas  p r i c e  ($/MBtu) = 3.19 

#2 O i l  p r i c e  ($/MBtu) = 4.71 

#6 O i l  p r i c e  ($/MBtu) = . O O  

OPTIONS 
Soot blower m u l t i p l i e r  = .O 

Tube bank mod m u l t i p l i e r  = .O 

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 c o n t r o l  m u l t i p l i e r  = .O 

L P I E s r n r n / L r n  

I n e r t  f r a c t i o n  = . 0 5  

MBtu/hr 

COslL IROFERTIES 
R.O.M. S toker  

Ash f r a c t i e n  = ,042 .042 

Sulfur f r a c t i o n  = .008 .008 

HHV (B tu / lb )  = 13800. 13800. 

FUEL PRICES 
R.O.M. c o a l  ($/MBtu) = 1.77 

Stoker  c o a l  ($/MBtu) = 1.99 

Coal/HZO mix ($/MBtu) = 3.00 

C o a l / o i l m i x  ($/MBtu) = 3.50 

Primary fuel is 3 

NATURAL GAS 

1=#6 O i l ,  2=#2 O i l ,  3=:G 

m N m c  PARAME'Lrn 

I n f l a t i o n  B discount ing  base  yeax = 1988 

Gen i n f l a  index (1987 t o  base  y r )  = 1.040 

Gas i n f l a  index (1988 t o  base  y r )  = 1.000 

O i l  i n f l a  index (1988 t o  base  y r )  = 1 .000  

Coal i n f l a  index (1988 t o  base  yr) = 1.000 

Pro jec t  s t a r t  yea r  = 1990 

Pro jec t  l i f e  (yr) = 30 

Depreciation l i f e  (yr) 5 15 

General i n f l a t i o n  r a t e  (X/yr) - 0 
Type of gas e sca l a t ion  = egas 

Type of o i l  e s c a l a t i o n  = e o i l  

Type of c o a l  escalatAon = ecoa l  

Discount r a t e  (X/yr: = 10  

Rate of r e t u r n  on i n v e s t  (I/yr) = 17 

Amount o f  working c a p i t a l  (month) = 2 

Federa l  income t a x  r a t e  ( X )  = 34 

Local prop t a x  (& i n s u r )  r a t e  ( 2 )  = 2 

REAL ESCALATION RATE (Xlvr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 2 .28  4.70 5.49 2.75 

oi 1 e o i l  .17 4 . 1 6  5.55 2.77 

Coal ecoa l  1 . 4 6  1.76  1 .61  .81 

1:57 E Jan 11. 1989 
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RQBIAS AQB: 1 X 51 HBtulhr. FUEL REAL ESCAW), TION = AECI 1987 

Total steam output = 5 4 . 0  MBtu/hr Cost base year = 1988 

Boiler capacity factor = .806 Primary fuel = NATURAL GAS 

N d e r  of units for refit = 1 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 h M 0 6: M 

TECHNOLOGY UNITS EFF SlMBtu kS kS kS kS 
Natural gas boiler -- .a00 3 .19  .O 1520.3 172 .6  485.3 

#2 Oil fired boiler -- .800 4 . 7 1  .O 2244.7 172.6 485.3 

f6  Oil fired boiler -- ,800 .oo . o  .o  . o  .o  
Micronized coal refit 1 ,800 1 . 7 7  2546.7 843.6 378 .6  649.3 

Slagging burner refit 1 .800 1.77 4521.4 843.6 378 .6  649.3 

Modular FBC refit 1 .790 1 . 7 7  5220.0 854.2 360.3 629.8 

Stoker firing refit 1 .760 1 . 9 9  3063.9 998.3 360.3 6 2 0 . 1  

Coal/wster slurry 1 .750 3 . 0 0  2272 .1  1 5 2 5 . 1  360.3 546.3 

Coal/oil slurry 1 .780 3 . 5 0  2043.6 1710.8 286 .9  523.3 

Low Btu gasifier refit 1 ,679 1 . 9 9  4260.9 1 1 1 8 . 1  332 .3  754.9 

Packaged shell stoker 2 .760 1 . 9 8  4605.5 998.3 360.3 710.8 

Packaged shell FBC 2 .760 1 . 7 7  5618 .1  888.0 360.3 720.9 

Field erected stoker 1 .800 1 . 9 9  6809.0 948.4 3 5 8 . 1  612.0 

Field erected FBC 1 .800 1 . 7 7  7481.8 843.6 418.4 629.7 

Pulverized coal boiler 1 .820 1 . 7 7  7928.3 823.0 422.8 659.0 

Circulating FBC 1 ,810 1.77 8915 .1  833 .1  3 5 8 . 1  690.5 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 
# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlyr kS RATIO y r  kS RATIO 

#2 Oil fired boiler -- -- 31,699 -- 
0 $6 Oil fired boiler -- -_ 

Micronized coal refit 1 17,268 18,295 1 .330  7.7 20,053 1.213 

Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because of space limitations 

Coaljwater slurry 1 18,419 23,361 1 .041  22 .3  25,129 .968 
Coal/oil slurry Not evaluated 

Low Btu gasifier refit Bot applicable because of space limitations 

Natural gas boiler -- -- 24,327 1.000 c--- Existing system, primary fuel 

-- 

Packaged shell stoker 2 18,176 21,734 1.119 16.5 24,590 .989 

Packaged shell FBC 2 18,176 21,635 1.124 1 6 . 8  24,982 .974 

Field erected stoker 1 17,268 22,307 1 . 0 9 1  1 9 . 6  26,252 .927 

Field erected FBC 1 17,268 22,577 1.077 20 .9  26,858 .906 
Pulverized coal boiler 1 16,847 23,025 1.057 22.9 27,535 .883 

Circulating FBC 1 17.054 23.601 1 . 0 3 1  2 6 . 1  28,607 .850 

1 :57  PM Jan 11, 1989 
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ROBINS M E :  1 X 54 Ml3tufhr. FUEI. REOX. ESCALATION = 22x0 
Total steam output = 5 4 . 0  

Boiler capacity factor = .E06 

Number of units for refit = 1 

Hydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 4.40 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) = 20.00 

m mxm 
Natural gas price ($/MBtu) = 3.19 

42 Oil price ($/MBtu) = 4.71 
96 Oil price ($/MBtu) = .OO 

OPTIQMS 

Soot blower multiplier = .O 

Tube bank mod multiplier = .O 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = .O 

LxMFSTONE/LIME 

Inert fraction = .05 

MBCuIhr 

CaAE PROrnTIES 

R.O.M. Stoker ___- _.__ 

Ash fraction 5 ,042 .042 

Sulfur fraction = . D O 8  .008 

HHV (Btu/lb) = 13800. 13800. 

FmL PRICES 

R.O.M. coal ($/MBtu) = 1.77 
Stoker coal ($/MJ3tu) = 1.99 

Coal/HZO mix ($/MBtu) = 3.00 
Coal/oil mix ($/MBtu) = 3.50 

P C h a K y  19 3 

NATURAL GAS 

1-#6 Oil, 2=#2 Oil, 3=NG 

ECONOMLIC PAttAMETEaS 

Inflation & discounting base year = 1988 

Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base yr) = 1.000 

O i l  infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 

Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate ( % / y r )  = 0 

Type of gas escalation = zero 

Type of oil escalation 2 zero 

Type of coal escalation = zero 
Discount rate (%/yr) = 10 

Rate of return on invest (%/yr) = 17 
Amount of working capital [month) = 2 

Federal income tax rate ( % )  = 34 

Local prop tax (&  insur) rate (Z) = 2 

REAL ESCALATION FATE (Xlvr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -.-.-:A995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oi 1 zero 0 0 0 0 

Coal zero 0 0 0 0 

2:02 PM Jan 11, 1969 
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... 

IUXIHS AWI: 1 X 54 Wtufir. FuIiL aEAL ESCAU TION = ZERQ 
Total steam output = 54.0 MBtu/hr Cost base year = 1988 

Boiler capacity factor = .EO6 Primary fuel = NATURAL GAS 

N d e r  of units for refit = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 6L M 0 6 M 

TECHNOLOGY UNITS EFF $/MBtu k$ k$ k$ k$ 
Natural gas boiler -- .800 3.19 .O 1520.3 172.6 485.3 

$2 Oil fired boiler -- .EO0 4.71 .O 2244.7 172.6 485.3 
#6 Oil fired boiler -- .800 .OO .o .o .o . o  
Micronized coal refit 1 .800 1.77 2546.7 843.6 378.6 649.3 

Slagging burner refit 1 .800 1.77 4521.4 843.6 378.6 649.3 

Modular FBC refit 1 .790 1.77 5220.0 854.2 360.3 629.8 

Stoker firing refit 1 .760 1.99 3063.9 998.3 360.3 620.1 

Coallwater slurry 1 .750 3.00 2272.1 1525.1 360.3 546.3 

Coalloil slurry 1 .780 3.50 2043.6 1710.8 286.8 523.3 

Low Btu gasifier refit 1 .679 1.99 4260.9 1118.1 332.3 754.9 

Packaged shell stoker 2 .760 1.99 4605.5 998.3 360.3 710.8 

Packaged shell FBC 2 .760 1.77 5618.1 888.0 360.3 720.9 

Field erected stoker 1 .800 1.99 6809.0 948.4 358.1 612.0 

Field erected FBC 1 .EO0 1.77 7481.8 843.6 418.4 629.7 

Pulverized coal boiler 1 .820 1.77 7928.3 823.0 422.8 659.0 

Circulatinn FBC 1 .810 1.77 8915.1 833.1 358.1 690.5 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 

COST, DISCOUNTED COST, 
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BEMEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlvr kS RATIO yr kS RATIO 
Natural gas boiler 
#2 Oil fired boiler -- -- 22,813 -- 
#6 Oil fired boiler -_ -- 
Micronized coal refit 1 17,268 17.120 1.003 26.0 18,844 .Q11 
Nagging burner refit Not applicable because of space limitations 

Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because of space limitations 

Coalfwater slurry 1 18,419 21,237 .808 >3 1 22,945 .748 

Coal/oil slurry Not evaluated 
Low Btu gasifier refit Not applicable because of space limitations 

Packaged shell stoker 2 18.176 20,343 ,844 r31 23,161 .741 

Packaged shell FBC 2 18,176 20,398 .E42 >3 1 23,710 .724 
Field erected stoker 1 17,268 20,986 .818 >3 1 24,894 .690 

.669 Field erected FBC 1 17,268 21,403 .802 >3 1 

Pulverized coal boiler 1 16,847 21,879 .785 >3 1 26,357 .651 

Circulating FBC 1 17.054 22,440 .765 231 27,414 .626 

17,169 1.000 c--- Existing system, primary fuel -I -- 

-- 0 

25,650 

2:02 PM Jan 11. 1989 
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1. BACKGROUND 

Tinker is near Oklahoma City, Oklahoma. The available information 
for Tinker is poor, and it was not considered in the C. H .  Guernsey 
and Co. survey. There are two boiler plants at Tinker AFB that are 
large enough f o r  some consideration. The heating plant in building 
No. 3001 is the largest of  these, with a yearly average fuel use of 
roughly 150 MBtu/h. The heating plant in building No. 208 appears 
to use a year-round average of about 75 MBtu/h of fuel. Natural- 
gas-firing is used with distillate a i l  as the secondary fuel. No 
boilers at the base were designed f o r  coal burning. Only plant No. 
300l  was considered in the LCC analysis. 

2 .  HEATING PLANT UNITS 

Heating Plant ...I_ No. 3001: 

3 x 97 MBtu/h, Uiley Stoker, 1942 

Heating Plant No. 2 0 8 :  

4 x 41 MBtu/h, Wickes, 1942 

3. IDEAL CAPACJTY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel-use data f o r  plant No. 3001. 

F u e l  
input 

(MBt u /  h )  

FY 1986 
ideal 

capac i t y 
factor 

100 
120 
140 
160 
180 
200 
220 

1.00 
8.99 
0.94 
0.87 
0.82 
0.76 
0.70 

4 ,  ENERGY PRICES 

FY 1986 Price Data: 

Electricity = $ l 4 / M B ~ u  = 4.8C/kWh 
Natural g a s  = $2.85/MBtu 

Note: Gas prices dropped during FY 1986 and apparently were near 
$2.0/MBtu in the latter portion of che year, 
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5. COAL PROPERTIES AND PRICES 

... 

O r i g i n  

z Ash 
% S u l f u r  
% Niics-ogen 
Ash-sof  cening Lemperature F 
Swel P. i ng i ndex  
Top s i z e ,  in. 
Bottom s i z e ,  in. 
Fines, x 
C r i ndab i 1 i t y i nd ex 
COSL at mine,  $ / t o n  
D e l  i v e r e d  c o s t  $ / t o n  
Enc.rgy c o s t ,  $ / l d ) S  B t u  

HMV, Utial lb 12,800 
6-7 
0.77 

4 3  (assumed) 
51 
1.99 

ROM 

McCallister, Okla. 
12,800 
4-7 
0.77 

2030 
3.5-5 
2 
0 

5 5  
35 
43 
1.68 

6.1 Air P o l l u t i o n  Emission Limits f o r  New Sources  

3. For boi.I.ers < P O 0  MBtu/h: 1.2 Ib/MRtu; for  boilers 
>IO0 M B k u / h :  FBC - 90% reductian to meet limit of 1.2 lb/ 
PfBtu; emerging technology - 50% reduction t o  meet limit of 
0.6 Ib/MWtu. 

NO,. Nu emission limits f o r  boilers < l o 0  MBtu/h; for  boilers 
>I60 MBtu/h: spreader s t o k e r  and FBC - 0.6 lb/MBtu; p u l v e r i z e d  
coal - 0 - 7  l!>/MBtu. 

--- 

P a r t i c u l a t e s  e F o r  99 M H t u / R :  0.3 lb/MBtu; for boilers 
5 - 1 3 5 5 m  0.05 lb/NBtu. 

Limit: Total suspended solids - 513 m g l ' t ,  pIf of 6.0-9.0. 

?%he ash will have t o  be analyzed t o  d e t e r m i n e  i f  i t ,  i s  hazard- 
ous. If nonhazardous, the a s h  may be d i s p o s e d  of in an e x i s t -  
i n g  o r  new l a n d f i l l  t h a t  ha5 a l i n i n g  o f  3 E t  of  clay with a 
boktom that. is a t  least  5 f t  above groundwater, 

The boilers in heating plant No. 3001 were identified f o r  upgrading 
in 1982. 



8. COAL-CONVERSION PROJECT OUTLOOK 

Tinker may be a poor candidate according to the AFLC MAJCOM. Tinker 
does seem to be a large fuel user, however, and it is not clear what 
would make i t  a poor candidate. Low gas prices make coal. unattrac- 
tive at this time. 

A likely project would be to refit or replace two of the 97-MBtu/h 
units in plant No. 3001. The boilers would have to be derated to 75 
MBtu/h output each (-188 MBtu/h total fuel input) because they were 
originally designed f o r  No. 2 oil. An overall capacity factor of 
71% is expected, assuming 90% availability. 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies .- 

So,. The SO, emission limits will require the use of low 
sulfur coal o r  SO, reduction measures with high-sulfur coal. 

NO,. No special NO, reduclion measures will be required for 
any of the combustion technologies, 
- 

Particulates. Bag filters or electrostatic precipitators would 
be required-to comply with the particulate emission limits. 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing boiler plant was originally 
designed f o r  No, 2 oil. There is only space available for 
installing coal-water-mixture combustion equipment at the 
existing boiler. 

Coal-Handling Equipment. There is no information on the space 
available at the existing plant, but it is probable that there 
is not enough space available for installing dry coal-handling 
equipment. There should be adequate space available for in- 
stalling coal-water-mixture equipment. 

Coal Pile. There is no information as to how much space is 
available € o r  a coal pile at the existing boiler plant. 

8 . 3  Technical Risk of Combustion Technologies 

The existi.rig boilers are designed for No. 2 oil- or gas-firing 
and therefore are only sui table for conversion to coal-water- 
mixture firing. The technical risk is only moderate because 
the boilers would be derated. 
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9. COGENEKaTION PROJECT OUTLOOK 

The prospects far a ccal-fired cogenerat ion system appear to be 
somewhat marginal. 'The base has a high minimum monthly average 
electric load, 26 HWe, b u t  the p r i c e  of electricity is moderate 
(4.8cikWh). Based o n  t h e  F Y  I986 energy-use data, a cogeneration 
p l a n t  with a b o i l e r  r a t i n g  of 188-MBtu/h o u t p u t  and a 13-MWe turbine 
generator would have an e l e c k r i c a l  power capacity factor of 90% and 
a peak thermal output of 835 NBtu/h with a thermal energy capacity 
factor Qf about 90% i f  used a6 d baseload heating plant. A water- 
t u b e  boiler with B steam rating of 1450 p s i a  and 950°F would be the 
most suitable boiler for this cogeneration system. 
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10. INPUT AND LCC SUEMARY SPREADSHEETS 

TI- AFB: 2 X 75  HBtuIhr. ECONOHIC P&UWREUS = NCMINAI. VALUES 
Total steam output 

Boiler capacity factor 
Number of units for refit 

Hydrated lime price($/ton) 
Ash disposal price ($/ton) 

Electric price (cents/kh%) 
Labor rate (k$/yr) 

Limestone price ($/ton) 

rmEL PRICES 
Natural gas price ($/MBtu) 

82 Oil price ($/MBtu) 
#6 Oil price ($/MBtu) 

amIms 
Soot blower multiplier 

Tube bank mod multiplier 

Bottom ash pit multiplier 

SO2 control multiplier 

mmsrnmmm 
Inert fraction 

= 150.0 

= .712 

= 2  

= 40.00 

= 10.00 
= 4.80 

= 35.00 

= 20.00 

= 2.85 

= 4.71 

= .oo 

= 1.0 

= 1.0 

= 1.0 

= 1.0 

= . 0 5  

MBtu/hr 

COPIL PROPERTIES 
R.O.M. Stoker 

Ash fraction = .065 .065 

Sulfur fraction = .008 .008 

HHV (Btu/lb) = 12800. 12800. 

FUEL, PRICES 

R.O.M. coal ($/MBtu) = 1.68 
Stoker coal ($/MBtu) = 1.99 

Coal/A20 mix ($/MBtu) = 3.00 

Coal/oilmix ($/MBtu) = 3.50 

Primary fuel  is 3 

NATURAL GAS 

1=-#6 Oil, 2=#2 Oil, 3=NG 

ECONCMCC PARAMETERS 

Inflation 6 discounting base year = 1988 

Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1988 to base yr)  = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (%/yr) = 0 

Type of gas escalation = egas 

Type of oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (%/yr) = 10 

Rate of return on invest (%/yr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( % I  = 34 
Local prop tax (&  insur) rate ( X I  = 2 

REAL ESCALATION RATE (Xlyr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 
oi 1 eoil 4.86 7.87 4.16 4.16 

Coal ecoal 1.16 2.31 1.19 1.19 

1:11 FPl Oct 21, 1988 
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TI- m: 2 x 75 f'f8tU/hK. ECONOMIC p- m m  vI%ms 
Total stem output = 150.0 MBtu/hr Cost base year * 1988 
Boiler capacity factor = .712 Primary fuel = NATURAL GAS 

Number of units for refit = 2 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 6 N 0 6 M 

TECHNOLOGY UNITS EFF $/MBtu kS kS k$ kS 
.EO0 2.85 .O 3333.0 302.7 672.7 Natural gas boiler -- 

#2 Oil fired boiler -- .800 4.71 .O 5508.2 302.7 672.7 
$46 Oil fired boiler 
Micronized coal refit 2 ,800 1.68 6643.9 1964.7 557.2 1180.1 
Slagging burner refit 2 .E00 1.68 11066.9 1964.7 557.2 1180.1 

Modular FBC refit 2 .790 1.68 12597.3 1989.6 520.4 1112.6 
Stoker firing refit 2 ,740 1.99 10292.7 2515.9 817.5 1143.0 

Coalfwater slurry 2 ,750 3.00 6793.5 3742.3 520.4 1007.8 
Coal/oil slurry 2 .780 3.50 5667.4 4198.1 414.4 887.7 

Low Btu gasifier refit 3 .659 1.99 13413.2 2826 9 480.0 2019.5 

Packaged shell stoker 3 .740 1.99 13237.9 2515.9 817.5 1215.0 
Packaged shell FBC 3 .760 1.68 12571.5 2068.1 520.4 1190.1 

Field erected stoker 1 .780 1.99 15787.4 2386.9 814.4 1006.9 

Field erected FBC 1 .EO0 1.68 14323.9 1964.7 604.4 1001.8 
Pulverized coal boiler 1 .EO0 1.68 17958.5 1964.7 907.9 1076.6 
Circulating FBC 1 .810 1.68 17761.7 1940.4 517.3 1074.5 

.EO0 .OD ,o  . o  .o  . o  _- 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 

COST, DISCOUNTED COST, 
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlyr kS RATIO yr k$ RATIO 
Natural gas boiler _- -... 
#2 Oil fired boiler -- -- 91,817 -- 
#6 O i l  fired boiler _- -- 

66,471 1.000 c--- Existing system, primary fuel 

0 

Micronized coal refit Rot applicable because of space limitations 

Slagging burner refit Not applicable because of space limitations 

Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because existing boilers were designed for #2 oil 

Coal/water slurry 2 48,728 53,082 1.252 14.9 57,892 1.14% 
Coal/oil slurry Not evaluated 
Low Btu gasifier refit Not amlicable because of space limitations 

Packaged shell stoker 3 49,386 51,221 1.298 15.0 59,114 1.124 
Packaged shell FBC 3 48,086 43,637 1.523 10.4 50,991 1.304 
Field erected stoker 1 46,653 50,474 1.317 15.0 59,586 1.116 
Field erected FBC 1 45,682 43,403 1.532 10.7 51,603 1.288 

Pulverized coal boiler 1 45,682 49,702 1.337 14.9 59,849 1.111 
CirculatinR FBC 1 45,118 45,805 1.451 12.6 55.745 1.192 

1:11 F'M act 21. 1988 
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Total steam output = 150.0 
Boiler capacity factor = .712 

Number of units for refit = 2 
Eydratnd lime price($/ton) = 40.00 
Ash disposal price ($/ton; = 10.00 

Electric price (eents/kWh) = 4.80 
Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 

PUEL mcEs 

Natural gas price ($/MEtu) = 2.85 
82 Oil price ($/MBtu) = 4.71 

Y6 Oil price ($/MBtu) = .OO 

OPTXOMS 

Soot blower multiplier = 1.0 
Tuba bank mod multiplier = 1.0 

Bottom ash pit multiplier = 1.0 

SO2 control multiplier = 1.0 

LIMEsMNE/LIHE 

Inart fraction = . 0 5  

MBtu/hr 

CML PRDPEIlTIEs 

R.O.M. Stoker 

Ash fraction = . 065  .065 
Sulfur fraction - .008 .008 

H W  (Btu/lb) = 12800. 12800. 

FUEL PRICES 
R.O.M. coal ($/MBtu) = 1.68 
Stoker coal ($/MBtu) = 1.99 
Coal/H20 mix ($/MBtu) = 3.00 

Coal/oil mix ($/MEitu) = 3.50 

Primary fuel i s  3 

NATURAL GAS 

1+6 Oil, 2==+2 O i l ,  3=NG 

Inflation & discounting base year = 1988 

Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base y r )  = 1.000 

Oil infla index (1988 to base yr) .= 1.000 

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 

Project life (yr) = 30 

Depreciation life (yr) = 15 

General inflation rate (X/yr) = 0 
Type of gas escalation = agas 

Type of oil escalation = Boil 
Type of coal escalation = ecoal 

Discount rate (%/yr) = 10 

Rate of return on invest ( X / Y K )  = 17 
Amount of working capital (month) = 2 

Federal income tax rate ( X )  = 34 

Local prop tax ( Q  insur) rate ( X )  = 2 

REAL ESCALATION RATE (Xlyr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 2.20 4 . 7 0  5.49 2.75 

Oi 1 eoil .17 4.16 5 . 5 5  2.77 

Coal ecoal 1.46 1.76 1.61 .81 

1:17 PM Oct 21, 1988 
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TI- APB: 2 X 75 Mf3tulhzr. FUEL WViL ESWLW). TIOE = AEO 1987 

Tota l  steam output  = 150.0 MBtuIhr Cost base year  = 1988 

Boi l e r  capac i ty  f a c t o r  s .712 Primary fuel = NATURAL GAS 

Number of  u n i t s  f o r  r e f i t  2 

ANNUAL COSTS 

M I N T  OTHER # FUEL/ FUEL TOTAL 

OF STEAM PRICE CAPITAL FUEL 0 h M  0 & M  
TECHNOLOGY UNITS EFF SlNBtu kS kS k$ kS 
Natura l  gas b o i l e r  -- .a00 2.85 .O 3333.0 302.7 672.7 

#2 Oil f i r e d  b o i l e r  -- .800 4.71 .O 5508.2 302.7 672.7 

#6 Oil f i r e d  b o i l e r  -- .a00 .oo  . o  .o . o  .0 

Micronized c o a l  r e f i t  2 .800 1.68 6643.9 1964.7 557.2 1180.1 

Slagging burner r e f i t  2 .800 1.68 11066.9 1964.7 557.2 1180.1 

Madular FBC r e f i t  2 .790 1.68 12597.3 1989.6 520.4 1112.6 

S toker  f i r i n g  r e f i t  2 .740 1.99 10292.7 2515.9 517.5 1143.0 

Coallwater fi lurry 2 .750 3.00 6793.5 3742.3 520.4 1007.8 

C o a l l o i l  s l u r r y  2 .780 3.50 5667.4 4198.1 414,4 887.7 

Low Btu ~ a s i f i e r  r e f i t  3 .659 1.99 13413.2 2826.9 480.0 2019.5 

Packaged shell s toke r  3 ,740 1.99 13237.9 2515.9 817.5 1215.0 

Packaged shell FBC 3 .760 1.68 12571.5 2068.1. 520.4 1190.1 

F i e l d  e rec t ed  s toke r  1 .780 1.99 15787.4 2386.9 814.4 1006.9 

F i e l d  e rec t ed  FBC 1 .800 1.68 14323.9 1964.7 604.4 1001.8 

Pulver ized  c o a l  b o i l e r  1 .a00 1.68 17958.5 1864.7 907.9 1076.6 

Circula t inR FB C 1 .E10 1.68 17761.7 1940.4 517.3 1074.5 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  k$ KAT10 yr k$ PATIO 

Natura l  gas  b o i l e r  
12 O i l  f i r e d  b o i l e r  -.. -- 72,667 -I 

#6 Oil f i r e d  b o i l e r  

Micronized c o a l  r e f i t  Not app l i cab le  because oE space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC refit Not app l i cab le  because of space l i m i t a t i o n s  

S toker  f i r i n g  r e f i t  

Coal/water slurry 2 48,728 52,487 ,945 >3 1 57,280 .866 
C o a l l o i l  slurry Not eva lua ted  

Low Btu n a s i f i e r  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

49,607 1.000 c--- Exis t ing  system, primary fuel -- -I 

-- 0 -- -- 

Not app l i cab le  because e x i s t i n g  b o i l e r s  were designed f o r  #2 o i l  

Packaged shell s toke r  3 49,386 so, 821 .976 >3 1 58,703 .845 
Packaged shell FBC 3 48,086 43,308 1.145 16.3 50,653 .979 
F i e l d  e rec t ed  s toke r  1 46,853 50,094 ,990 23 1 59,196 .838 

Pulver ized  c o a l  b o i l e r  1 45,682 48,390 1.004 30.2 59,528 .a33 
Circu la t ing  FBC 1 45.118 45,496 1.090 20.7 55.425 .895 

F i e l d  e rec t ed  FBC 1 45,682 43,090 1.151 16.5 51,281 .967 

1:17 PM Oct 21, 1988 



T o t a l  s t e m  output  2 150 .0  

Bo i l e r  capac i ty  f a c t o r  = .712 

Nwhsr  of u n i t s  f o r  r e f i t  = 2 

Hydrated, ].me p r i c e ( $ / t o n )  = 40.00 

Ash disp l j sa l  p r i c e  ($ / ton )  = 1 0 . 0 0  

E l e c t r i c  p r i c e  (cents/k'&) = 4.80 

Labor r a t e  (k$ /y r )  = 35.00 

Limestone p r i c e  ($ / ton )  = 2 0 . 0 0  

rn Hams 
Natura l  gas p r i c e  ($ /MBta)  = 2 . 8 5  

#2 O i l  p r i c e  ($/MBtu) .= 4 . 7 1  

$6 O i l  p r i c e  ($/NBtu)  = .OO 

O R I C R S  

Soot blower wul t , ip l ie r  = 1 . 0  

Tube bank mod. m u l t i p l i a  = 1 . 0  

Bottom ash p i t  miil . i iplier = 1 . 0  

SO?. c o n t r o l  rnu l~ t ip l i e r  = 1 . 0  

LmsIom/Lm 
I n e r t  f r a c t i o n  :: . 0 5  

mtu/hr 

a m  ~ O J X R T I E S  

R.O.M. Stoker  

Ash f r a c t i o n  = .065 .065 

Sulfur f r a c t i o n  = .008 .008 

H W  ( B t u l l b )  = 12800. 12800. 

FUEL 'PRieES 

R.O.M. c o a l  ($/MBtu) = 1.68 

Stoker c o a l  ($/MRtu) = 1.99  

C o a l / H 2 0  mix ($/MBtu) = 3.00 

C o a l / o i l  mix ($/EIBtu) = 3.50 

P r i m a r y  fuel is 3 

NATURAL GAS 

1746 O i l ,  2=t2 Oil, 3=NG 

I n f l a t i o n  & discount ing  base year  = 1988 

Gen i n f l a  iridex (1987 t o  base y r )  = 1.040 
Gas i n f l a  index (1988 t o  base yr) = 1 . 0 0 0  

O i l  i n f l a  index (1388 t o  base yr) = 1 .000  

Coal  i n f l a  index (1988 t o  base yr) = 1 .000  

P ro jec t  s t a r t ,  year  = 1990 

P ro jec t  l i f e  ( y r )  = 30 

Depreciation l i f e  ( y r )  = 15 

General i n f l a t i o n  rata ( % / y r )  = 0 

Type of gas e s c a l a t i o n  = zero  

Type of o i l  e s c a l a t i o n  = zero  

Type o f  coa l  escal.ation = Z B I O  

Discount r a t a  (4/yr)  = 10  

Rate  of r e t u r n  on inves t  ( % / y r )  = 1 7  

AmCXint of working c a p i t a l  (month) = 2 

Federa l  income t a x  r a t e  ( X )  = 34 

Local prop t a x  (& t n s i i . ~ )  r a t e  ( 2 )  = 2 

REAL ESCALATTON RATE ( L / y r )  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero  0 0 0 0 

O i l  ze ro  0 0 0 0 

Coal zero 0 0 0 0 

1:22 FT4 Oct. 21, 1988 
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. h 

TIHIER AE'E: 2 X 75 MBtuIhr. FUEL REAL ESCALATION = Z W  
T o t a l  steam ou tpu t  = 150.0 MBtu/hr Cost base year  = 1988 

Bo i l e r  capac i ty  f a c t o r  = .712 Primary fuel = HATURAL GAS 

Number of  u n i t s  for r e f i t  = 2 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTEER 

OF STEAM PRICE CAPITAL FUEL 0 & N 0 & M 

TECHNOLOG t u  IC" kS kS kS 
Natural  gas  b o i l e r  .800 2.85 . o  3333.0 302.7 672.7 

#2 Oil f i r e d  b o i l e r  -- .800 4.71 .a  5508.2 302.7 672  T 

p O i l  f i r e d  b o i l e r  -- .a00 , o o  .o 0 .0 . o  

I_ 

Micronized c o a l  r e f l t  2 "800 1.68 6643.9 1964.7 557.2 1180.1 

Slagging burner  r e f i t  2 .800 1.68 11066.9 1464.7 557.2 1180.1 

Modular FBC r e f i t  2 .790 1.68 12597.3 1989.6 520.4 1112.6 

Stoker  f i r i n g  r e f i t  2 .740 1.99 10292.7 Z S 1 S . Y  817.5 1143.0 

Coallwater  slurry 2 .750 3.00 6793.5 3742.3 520.4 1007.8 

C o a l l o i l  s l u r r y  2 .780 3.50 5667.4 4198.1 414.4 887.7 

Low Btu g a s i f i e r  r e f i t  3 .659 1.99 13413.2 2825.9 480 0 2019.5 

Packaged s h e l l  s t o k e r  3 .740 1.99 13237.51 2515.9 817.5 1215.0 

Packaged s h e l l  FBC 3 .760 1.68 12571.5 2068.1 520.4 1190.1 

F i e l d  e rec t ed  s toke r  1 .780 1.99 15787.4 2386.9 814 4 1006.9 

F i e l d  e r e c t e d  FBC 1 .800 1.68 14323.9 1964.7 604.4 1001 8 

Pulverized c o a l  b o i l e r  1 .800 1.68 17958.5 1964.7 907.3 1076.6 

C i r c u l a t i n n  FBC 1 .E10 1.68 17761.7 1940.4 517.3 1074.5 

AIR FORCE PROJECT - PR-IVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PFXIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l v r  kS RATIO yr I I kS RATIO 

#2 O i l  f i r e d  b o i l e r  _-  -- 50,861 -- 
Q6 O i l  f i r e d  b o i l e r  -- -- 

Natu ra l  gas  b o i l e r  -- 33,914 1.000 Ex i s t ing  system, primary fuel 

I- O 

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

S toke r  f i r i n g  r e f i t  

Coalfwater slurry 2 48,728 47,275 .717 >3 1 51,920 .653 
Coal/oil slurry Not evaluated 

Low Btu g a s i f i e r  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Packaged shell s toke r  3 49,386 47,317 .717 >3 1 55,100 .616 

Not app l i cab le  because e x i s t i n g  b o i l e r s  were designed far 42 o i l  

Packaged shall FBC 3 48,086 40,428 .839 23 1 47,690 .711 
F i e l d  e r e c t e d  s t o k e r  1 46.853 46,770 .725 S3 1 55,777 .608 
F i e l d  e r e c t e d  FBC 1 45,682 40,354 .840 >3 1 48,467 .700 
Pulverized c o a l  b o i l e r  1 45,682 46,653 .717 23 1 56,714 .598 
C i r c u l a t i n g  FBC 1 45.118 42,793 .793 :>3 -___ 1 52,649 .E44 

1:22 2E.T Oct, 21, 7.988 
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1. 

2 "  

3 .  

4.  

BACKGROUND 

Arnold AFB is located near Manchester, Tennessee. The main steam 
plant consists of 3 x 72-MBtu/h and a 24-MBtu/h boiler, all of which 
were designed f o r  medium volitile bituminous coal but now fire 
natural gas and distillate (No. 2 )  oil (secondary fuel). Coal- 
firing was replaced by gas and oil in 1970. 

All units are Edgemoor Iron Works waterwall sterling-type boilers 
with air preheaters manufactured by Edgemoor installed on the three 
larger units. Saturated steam at 200 psig is produced. According 
to C. H. Guernsey and C o . ,  the large boilers have efficiencies of 
76%, and the small boiler's efficiency is 71%. Peak load is re- 
ported to be 210 MBtu/h, and the yearly fuel use ranges from 600,000 
to 700,000 MBtu/year (an average of 69-80 MBLu/h). 

HEATING PLANT UNITS 

Heating Plant No. 1411: 

24 MBtu/h, 3 x 72  MBtu/h, Edgernore Iran Works, 1951 

IDEAL CAPACITY FACTOR ANALYSIS 

The maximum possible capacity factors as a function of project size 
are given below for  plant No. 1411. 

Fuel 
input 

(MBtu/ h ) 

FY 1986 
ideal 

capacity 
factor 

b o  
70 
80 
90 
100 
110 
120 

ENERGY PRIC 

FY 1986 Price Data: 

0.99 
0.94 
0.89 
0.83 
0.77 
0.72 
0.66 

Electricity = $13.O/MBtu = 4.44~/kWh 
Distillate = $6.88/MBtu 
Natural gas =; $3.81/MBtu 
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C. H. Guernsey and Co.  Survey: 

Electricity = 4.5~/kWh 
Natural gas = $3.97/MBtu 

5 .  COAL PROPERTIES AND PRICES 

Stoker 

Origin 
HHV, Btu/lb 
X Ash 
X Sulfur 
% Nitrogen 
Ash-softening temperature, "F 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index  
Cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $1106 Btu 

Harlan, Ky. 
13,200 

1.3 
6-8 

2600 
4-6 
1 114 
1/4 
5 
46 
33 
52 
1.97 

ROH 

Sarah, Ky. 
12,000 
10 
1.5 

2600 
3.5-4 
2 
0 
35  
47 
2 3  
42 
1.75 

6 .  ENVIRONMENTAL REGULATIONS 

6.1 Air Pollution Emission Limits f o r  New Sources 

3. No emission limits €or boilers <lo0  MBtufh; f o r  boilers 
>lo0 MBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/ 
MBtu; emerging technology - 50% reduction t o  meet limit of 
0.6 lb/MBtu. 

NO,. No emission limits for boilers <fOO MBtu/h; for boilers 
>lo0 MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized 
coal - 0.7 lb/MBtu. 

- 

Particulates. For boilers < l o 0  MBtu/h: E = 0.6[ 10/(MBtu/ 
h)]*-5566; f o r  72 MBtu/h: 0.2 lb/MBtu; for boilers >lo0 MBtu/h: 
0.05 Lb/MBtu. 

6.2 Coal-Pile RunofE 

Limit;: T o t a l  suspended solids - SO rng/L. 
6 . 3  Ash Disposal 

Coal ash is classified as sol'id waste. An extraction procedure 
(EP) will be required to determine i f  the waste is nonhazard- 
ous. I f  the test i s  negative, the ash will be classified as 
special waste. The Nashville Field Office will issue a 
Special Waste Approval," necessary to dispose of the ash in an 
existing landfill. 
* t  
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7. OTHER CBNSIDEKATIONS 

None 

8. COAL-CONVERSION PROJECT OUTLOOK 

It appears to be most economical to convert one 72-HBtu/h unit back 
to coal. This corresponds to a fuel input of about 95 MBtujh. The 
maximum possible capacity factor based on monthly FY 1986 data is 
about 80%. With a 901 equipment availability, a realistic capacity 
factor would be about 72%. 

8.1 Effect of Environmental Regulations on Selection of Combustion -- 
Technologies 

SO, and NO,. Any of the combustion technologies being consid- 
ered could be employed without requiring any measures for NO, 
or SO, reduction because the proposed conversion project is 
smaller than 100 MBtu/h. 

Particulates. Bag filters or electrostatic precipitators would 
be required t o  comply with the particulate emission limits. 

8.2 Phvsical Smce and Aesthetics 

IIeating Plant. The existing boiler plant was originally 
designed for coal. There is space available f o r  reinstalling 
cornbustion equipment at the existing boiler o r  for construction 
of a new boiler at another site on base. 

Coal-Handling Equipment. There is space available for install- 
ing coal-handling equipment at the existing boilers. 

Coal Pile. There is space available for a coal pile at the 
existing boiler plant o r  at a new site on base. 

8.3 Technical Risk of Combustion Technoloai.es 

These boilers were originally designed for pulverized coal- 
firing. The least technical risk would be for conversion to 
micronized coal-firing, because no SO, reduction measures will 
be required for  one boiler because i t  is <IO0 MBtu/h. 

9 .  COGENERATION PROJECT OUTLOOK 

Cogeneration would probably not be economical at this base because 
of the reasonably low electric power rates that are available from 
TVA . 
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10. INPUT AND LCC SuElMARY SPREADSHEETS 

ARNOLD AFS: 1 X 72 Mtufhr. Mx3RoHIC PARAMTERS = NCMWAI. VALUES 
Total steam output = 72.0 

Boiler capacity factor = .720 
Number of units for refit = 1 
Hydrated lime price($/ton) 

Ash disposal price ($/ton) 
Electric price (cents/kWh) 

Labor rate (k$/yr) 
Limestone price ($/ton) 

PUeL PRICES 
Natural gas price (SIMBtu) 

#a Oil price (S/MBtu) 
66 Oil price ($/MEtu) 

OE*rIoMS 

Soot blower multiplier 
Tube bank mod multiplier 

Bottom ash pit multiplier 
SO2 control multiplier 

L I H E S r n f L I N E  

Inert fraction 

= 40.00 
= 10.00 
= 4 . 5 0  

= 35.00 

= 20.00 

= 3.97 
= 4.71 
= .oo 

= .o 
= .o  
= 1.0 

= . o  

= .05 

Inflation 6r discounting base year 
Gen infla index (1987 to base yr) 
Gas infla index (1988 to base yr) 

Oil infla index (1988 to base yr) 
Coal infla index (1988 to base yr) 

Project start year 

Project life (yr) 
Depreciation life (yr) 

General inflation rate (Xlyr) 

Type of gas escalation 

Type of oil escalation 

Type of coal escalation 

Discount rate (;b/yr) 
Rate of return on invest (X/yr) 

Amount of working capital (month) 

Federal income tax rate ( % )  

Local prop tax (& insur) rate ( X )  

MBtu/hr 

Ash fraction 
Sulfur fraction 

HKV (Btullb) 
FUEL PRICES 

R.O.M. coal ($/MBtu) 
Stoker coal ($/MBtu) 

Coalfii20 mix (SiMEtu) 
Coalioil mix (S/MBtu) 

R.O.M. Stoker 

= . l o 0  . 070  
= .015 .013 

= 12000. 13200. 

= 1.75 

= 1.97 

= 3.00 
= 3.50 

Primary fuel is 3 
NATURAL GAS 

l=#E Oil, 2+2 Oil, 3=NG 

= 1988 
= 1.040 
= 1.000 
= 1.000 
= 1.000 
= 1990 
= 30 
= 15 
= o  
= egas 
= eoil 
= ecoal 
= 10 

E 17 
1 2  
= 34 
= 2  

REAL ESCALATION RATE (X/yr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 

Oil eoil 4.86 7.87 4.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

10:52 AM Oct 19. 1988 
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ARNOLD M S :  1 X 72 NBtu/br. WWNCNIC P A R A N E ~ . . . ~ . . ~ ~ I H &  VALUES 
T o t a l  steam output  = 72.0 MLlt;u/hr Cost base  year = 1988 

Boi l e r  capac i ty  f a c t o r  = .720 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL. -CQS.TL-- 

If FUEL/ FUEL TOTAL MAINT OTHER 

OF STZAM PRICE CAPITAL FUEL 0 8 N 0 & M 

TECHNOLOGY U N X ' T E J ~  $/i%t,u k$---- k$ k$ kS 
.800  3.97 . O  2253.6 202.2 525.0 Natura l  gas b o i l e r  

R2 Oil f i r e d  b o i l e r  -- .EO0 4.71 . o  2673.6 202.2 525.0 

_ _  

#5 Oil f i r e d  b o i l e r  -- .EO0 . o o  ..l_.......,....~-. . o  _... . o  .o  . o  
Micronized c o a l  r s f i t  1 .800 1.75 3139.6 993.4 420.3 719.5 

Slagging burner r e f i t  1 ,800 1.75 5474.2 993.4 420.3 719.5 

Modular FBC r e f i t  1 .790 1.75 6299.9 1006.3 399.6 695.9 

Stoker f i r i n g  r e f i t  1 .760 1.97 3653.3 1177.1 399.6 675.2 
Coal/water s l u r r y  1 .750 3.00 2842.2 1816.5 399.6 607.3 

C o a l / o i l  s l u r r y  1 ,780 3.50 2536.6 2037.7 318.2 573.0 

Law Btu g a s i f i e r  r e f i t  2 ,679 1.97 6343.5 1318.3 >g%.:> 9 5 5 . 7  
Packaged s h e l l  s toke r  2 .760 1.97 5475.5 1177.1 399.6 770.8 
Packaged s h e l l  FBC 2 ,760 1.75 6908.8 1045.7 399.6 792.5 

F i e l d  e rec t ed  s toke r  1 ,800 1.97 8119.7 1118.3 397.2 664.6 

F i e l d  e rec t ed  FBC 1 .800 1.75 8950.4 993.4 464.1 695.6 

Pulver ized  c o a l  b o i l e r  1 ,820 1.75 9468.3 969.2 468.9 724.4 

Circu la t inx  FBC 1 .810 1.75 l0~90,.0 _--_ 9s1.1 397.2 762.9 

COAL 

# OF USE, 

TECHNOLOGY UNITS tonpLg-- 

Natura l  gas b o i l e r  
#2 Oil f i r e d  b o i l e r  _ _  -- 
$5 Oil f i r e d  b o i l e r  -- -- 

_ _  -- 

.__I 

Micronized c o a l  r e f i t  1 23,652 

Slagging burner r e f i t  1 23,652 

Modular FBC r e f i t  1 23,951 

- AIR FclRCE ?ROJECT ~ ____I_ TRlVATE PROJECT I 

LIFE LIFE 
CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFTTI PAYBACK DISCOUNTED BENEFIT/ 

AS SPZNT COST PERIOD, AS SPENT COST 

I_--.- k$ RATIO y r  kS I-.----. RATIO .-.- 
45,460 1 . 0 0 0  <--- Exis t ing  system, primary f u e l  
46,608 -- 

l-_l̂ _l__ - I__ 

_ _  0 
-__I_ 

21,239 2.141 3.9 23,368 1.946 
23,168 1.9133 5.7 26,489 1.717 

23,600 1.927 6.2 27,334 1.663 

Stoker  f i r i n g  r e f i t  Not appl icable  bncause e x i s t i n g  b o i l e r  was designed f o r  pu lver ized  c o a l  

Coal/water s l u r r y  1 25,229 27,624 1.61.6 5.8 29,789 1.526 

C o a l / o i l  slurry Not evaluated 

Low Rtu n a s i f i e r  r e f i t  2 25.348 28,215 1.612 8.3 32,101 1.416 
Packaged s h e l l  s toke r  2 22.633 25,101 1.811 6.4 28,476 1.597 

Packaged s h e l l  FBC 2 24,897 25,226 1.802 7.1 29,303 1,552 
F i e l d  e rec t ed  s toke r  1 21,502 25,887 1.756 7.9 30,572 1.487 

F i e l d  e rec t ed  FBC 1 23,652 26,247 1.732 8.4 31,346 1.451 

Pulver ized  c o a l  b o i l e r  1 23,075 26,716 1.702 8.9 32,080 1.417 

Circu la t ing  FBC 1 23.360 27, 578 .l._649 9.7 ... 33'6 10 1.353 

10:52 M4 Oct 19, 1988 
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... 

AW0I.D Bps: 1 X 72 It8tu/ht. FUEL REAL ESCAUTION = AM) 1987 

Total steam output 72.0 MBtulhr 
Boiler capacity factor = .720 

Number of units for refit e 1 

Hydrated lime price($/ton) E 40.00 

Ash disposal price ($/ton) E 10.00 R.O.M. Stoker 
Electric price (cents/kWh) = 4.50 Ash fraction = .lo0 .070 

Labor rate (k$/yr) = 35.00 Sulfur fraction = .015 .013 

COAL PROPERTIES 

Limestone price ($/ton) = 20.00 HKV (Btu/lb) = 12000. 13200. 

FUEL PRICES rmEL PRICES 

Natural gas price ($/MBtu) 3.97 R.O.M. coal ($/MBtu) = 1.75 

82 Oil price (SIMBtu) = 4.71 Stoker coal ($/MBtu) = 1.97 
66 Oil price ($/MBtu) .OO Coal/H20 mix ($/MBtu) = 3.00 

O P r I o m  Coal/oilmix ($/MBtu) = 3.50 
Soot blower multiplier .O 

Tube bank mod multiplier = .O 
Bottom ash pit multiplier 15. 1.0 

SO2 control multiplier = . O  

LJmsTOIxE/LIME 

Inert fraction = .05 

Eanumc PhaAMElrws 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) 5 1.040 
Gas infla index (1988 to base yr)  = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Deprwciation l i f e  (yr) 15 
General inflation rate ( X l y r )  = 0 

Type of gas escalation = egas 

Type of o i l  escalation = eoil 
Type of coal eacelation - ecoal 

Discount rate (I/yr) 10 
Rate of return on invest (Xlyr) 17 

Amount of working capital (month) = 2 

Local prop tax (& insur) rate ( X )  = 2 
Federal income tax rate ( X )  = 34 

Primary fuel i s  3 
NATURAL GAS 

1+6 Oil, 2dF2 Oil, 3-NG 

REAL ESCALATION RATE (X/vr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 2.28 4.70 5.49 2.75 

Oi 1 eoil .17 4.16 5.55 2.77 

Coal ecoal 1.46 1.76 1.61 .81 

11:OO AM Oct 19, 1988 
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ARBOLD APS: -1 X 72 HStu/hr. FUEL REAI. E.%XATIOPr_.~-.~g?~ 
Tota l  steam o u t p ~ t  = 72.0 MBtu/hr Cost base  year  = 1988 

Boi l a r  c a p c i t y  f a c t o r  = .720 Primary f u e l  = NATURAL GAS 

Nwher o f  u i l i t s  f o r  r e f i t  = 1 

ANNUAL COSTS II__ ._._.._l._.._l_ 

4 FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 E. N 

TECHNOLOGY UNITS EFF $/PIBtu k$ k$ - kS k$ 

.BOO 3.97 .O 2253.6 202.2 525 .0  Natura l  gas b o i l e r  

$12 O i l  f i r e d  b o i l e r  -- .BOO 4 . 7 1  .O Zfi73.6 202.2 525 .0  

_ _  

. o  ‘ 0  ................I._ 66 Oil f i r e d  b o i l e r  -- .BOO . oo  . o  ..... ~ . o  
Micronized c o a l  r e f i t  1 .BOO 1.75 3139.6 993.4 420.3 719 .5  

Slagging burner r e f i t  1 .800 1.75 5474.2 993.4 420.3 719 .5  

Modular FBC r e f i t  1 .790 1.75 6299.9 1006.0 399 .6  695.9 

Stoker f i r i n g  r e f i t  1 .760 1.97 3653.3 1177.1 399 .6  675.2 

Coal/wiltsr s l u r r y  1 .750 3.00 2842.2 1818.5 399 .6  607.3 

Coal /Oi l  s l u r r y  1 .780 3.50 2536.6 2037.7 318 .2  573 .0  

Low Btu g a s i f i e r  r e f i t  2 .679 1.97 6343.5 1318.3 368 .5  944 .7  

Packaged s h e l l  s toke r  2 .760 1.97 5475.5 1177 .1  399 .6  770.8 

Packaged shell FBC 2 .760 1.75 6908.8 1045.7 399 .6  792 .5  

F i e l d  e rec t ed  s toke r  1 .800 1.97 8119.7 1118.3 397 .2  664 .6  

F i e l d  e rec t ed  FBC 1 .BOO 1.75 8950.4 993.4 4 6 4 . 1  695 .6  

Pulver ized  coal. h o i l e r  1 .820 1 .75  9468.3 969.2 468 .9  724.4 

Circu la t ing  PBC 1 .810 - 1 . 7 5  10790.0 .-9%Ll.-_. 3 9 7 . 2  j’722-- 

AIR FORCE PRoJECT -.-. ____ PRIVATE PROJECT 

LIFE LIFE 
CYCLE (:YCI.F 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFXTj 
# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  kS RATIO yr _ _  -_ kS RATIO - 
Natura l  gas b o i l e r  -- -- 34,065 1.000 <--- Existing system, primary f u e l  

37,312 6 2  Oil f i r e d  b o i l e r  

0 #e O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  1 23,652 21,081 1.616 4 . 7  23 ,206  1.468 

Slagging burner  r e f i t  1 23,652 23,010 1.480 7 . 3  26,32fi  1 .294 

Modular FBC r e f i t  1 23,951 23,440 1.453 8 . 0  27,169 1.254 

Stoker f i r i n g  s a f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed fo r  pulver ized  c o a l  

Coal./water s l u r r y  1 25,229 27,335 1 .246  9 . 0  29,492 1.155 

C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu sasifer r e f i t  2 25 .348  2 j a 0 0 5  1 . 2 1 6  ____________. 12.4 --3J.,.L&>- 1.068 _.__ 
Packaged s h o l l  s toke r  2 22 ,633  24,914 1 .367  8.6 28,284 1 .204  

Packaged shell FBC 2 24.897 25,060 1 .359  9.6 29,132 1 .169  

_ _  -- -_ 
_ _  _ _  -_ 

F i e l d  e rec t ed  s toke r  1 21,502 25,709 1 .325  10.7 30,389 1 . 1 2 1  

Fie ld  e rec t ed  FBC 1 23,652 26,089 1 .306  1 1 . 5  31,183 1 .092  

Pulver ized  c o a l  bo i le r  1 23,075 26 ,562  1 .282  12 .2  31,922 1 .067  

C i r c u l a t i s  FBC 1 23 ,360  27,422 1 .242  1 3 . 6  . 33,450 1 .018  

11:OO t\M Oct 19, 1988 
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ARAOLD APS: 1 X 7 2  MBtulhr. FUEL REAL ESCALATIMI = ZERO 

Total stam autput = 72.0 
Boiler capacity factor = ,720 

Number of units for refit = 1 
Hydrated lime price($/tonl = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 4 . 5 0  

Labor rate Ik$/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price  (S/MBtu) = 3.97 

#2 Oil price ($/MBtu) = 4.71 

#6 Oil price ($/MBtu) = .OO 

Qp1IQX3 

Soot blower multiplier = .0 

Tube bank mad multiplier = .0 

Bottom ash pit multiplier = 1.0 
SO2 control multiplier = . O  

L I M E s m / L m  

Inert fraction = .05 

mtu/hr 

ClrUL FROPERTIES 
5.Q.N. Stoker 

A s h  fraction = .lo0 .070 
Sulfur fraction = "015 .013 

HHV (Btu/lb) = 12000. 13200. 

FUEL PRICES 
R.O.M. coal ($/MBtu) = 1.75 
Stoker coal (S/MBtu) = 1.97 

Coal/HZO mix (S/MBtu) = 3.00 

CcaLloil mix ($/MBtu) = 3.50 

Primary fuel is 3 

NATURAL GAS 

1 4 6  Oil, 2-#2 O i l ,  3=NG 

EcolpcMIc P- 
Inflation 6 discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base yr) * 1.000 

Oil infLa index (2988 to base yr) = 1.000 
Coal infla index C1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (X/yr)  = 0 

Type of gas escalation = zero 
Type of oil escalation = zero 

Type of coal escalation = zero 
Discount rate (I/yr) = 10 

Rate of return on invest (%/yr) = 17 
Amount of working capital (month) = 2 

Federal income tax rate ( X )  = 3 4  

Local prop tax (& insur) rate ( 2 )  = 2 

REAL ESCALATION RATE ( X / y r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 0 

Coal zero 0 0 0 0 

11:06 ilM Oct 19, 1988 
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ARNOLU U S :  1 X 72 MBtulhr. FUEL Rw ESULATIOR = ZERO 

Tota l  steam output  = 72.0 MBtuIhr Cost base  year  = 1988 
Boi l e r  capac i ty  f a c t o r  = .720 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

F FUELEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 6r M 

__-_-. TECHNOLOGY U N I T S  EFF SIMBtu kS k$ kS k$ 

Natura l  gas b o i l e r  -- .EO0 3.97 .O 2253.6 202.2 525.0 

#2 O i l  f i r e d  b o i l e r  -- .EO0 4.71 .O 2673.6 202.2 525.0 

86 O i l  f i r e d  b o i l e r  -- .EO0 .oo . o  . o  .o  .o  
Micronized c o a l  r e f i t  1 .EO0 1.75 3139.6 993.4 420.3 719.5 
Slagging burner  r e f i t  1 .EO0 1.75 5474.2 993.4 420.3 719.5 
Modular FBC r e f i t  1 .790 1.75 6299.9 1006.0 399.6 695.9 
Stoker f i r i n g  r e f i t  1 .760 1.97 3653.3 1177.1 399.6 675.2 

Coallwater slurry 1 .750 3.00 2842.2 1816.5 399.6 607.3 
C o a l / o i l  s l u r r y  1 ,780 3.50 2536.6 2037.7 318.2 573.0 
Low Btu n a s i f i e r  r e f i t  2 ,679 1.97 6343.5 1318.3 368.5 944.7 
Packaged s h e l l  s toke r  2 .760 i.97 5475.5 1177.1 399.6 770.8 
Packaged s h e l l  FBC 2 .760 1.75 6908.8 1045.7 399.6 792.5 

F i e l d  e rec t ed  s toke r  1 .EO0 1.97 8119.7 1118.3 397.2 664.6 
F i e l d  e rec t ed  FBC 1 .EO0 1.75 8950.4 993.4 464.1 695.6 
Pulver ized  c o a l  b o i l e r  1 .E20 1.75 9468.3 969.2 468.9 724.4 
---- Circu la t inn  FBC 1 ,810 1,75 10790.0 981.1 397.2 762.9 

A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

II_ TECHNOLOGY __.. UNITS ton lv r  k$ RATIO y r  k$ RATIO 
Natura l  gas b o i l e r  -- -- 
#2 o i l  f i r e d  boiber  -- -- 26,728 -- 
$g--Oil f i r e d  boi*Leg-- -- -- 

23,455 1.000 -z--- Exis t ing  system, primary f u e l  

-- 0 

Micronized c o a l  r e f i t  1 23,652 19,697 1.191 6.4 21,783 1.077 

Slagging burner refit 1 23,652 21,627 1.085 12.8 24,903 .942 

Nsdular FBC r e f i t  1 23,951 22,038 1.064 15.2 25,729 .912 
Stoker  f i r i n g  r e f i t  Not. app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  pu lver ized  c o a l  

Coal. /water s l u r r y  1 25,229 24 I 805 .946 >3 1 26,891 .E72 
C o a l f o i l  slurry Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  2 25.348 26,169 .E96 >3 1 29,997 .782 

Packaged s h a l l  s toke r  2 22,633 23,274 1.008 25.2 26,598 .E82 
Packaged s h e l l  FBC 2 24,897 23,603 .994 23  1 27,634 .a49 
F i e l d  c rcc t ed  s toke r  1 21,502 24 ~ 152 .971 >3 1 28,787 ,815 
Fie ld  e rec t ed  FBC 1 23,652 24,705 .949 2 3  1 29,761 .788 
Pulver ized  c o a l  b o i l e r  1 23,075 25,212 .930 >3 1 30,534 .768 
Circu la t ing  FBC 1 23.360 26,056 .goo 23 1 32.045 .732 

11:06 AM Oct 19, 1988 
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BANSCOMAFB: AFSC 

1, BACKGROUND 

Hanscom AFB is located near Boston, in Bedford, Massachusetts. 
There is a central heating plant with four boilers, each with a 
capacity near 50 MBtu/h. All boilers were designed for residual 
(No. 6 )  oil combustion and are two-drum sterling water-tube bailers. 
The primary f u e l  is No. 6 oil, with natural gas as the secondary 
fuel, The steam plant produces 100 psig saturated steam, The 
yearly average fuel use is roughly 85 MBtu/h. 

2,  HEATING PLANT UNITS 

Heating Plant No. 1201: 

3 x 51.3 MBtu/h, Erie City I r o n  Works, 1953 
1 x 4 9 . 4  MBtu/h, E ,  Keeler C o . ,  1961 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel-use data f o r  plant No. 1201. 

Fuel 
input 

( MlBt u /h. ) 

FY 1986 
ideal 

capacity 
fac t  or 

60 
70 
$E) 
90 

120 
150 

i a o  

0.99 
0.94 
0.90 
0,84 
0.80 
0.70 
0.56 

4. ENERGY PRICES 

FY 1986 Price Data: -- 

Electricity = 4,8C/kWh 
Natural gas ;= varied from $2.4 t o  $3.9/MBtu 
Residual o i l  = $5.13/MBtu 

C. H. Guernsey and eo. Survev: 

Electricity = 6.0J~/kWh 
Natural gas = $6.2/MBtu (looks like an error) 
Residual oil = $4.67/MBtu 
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5 .  COAL PROPERTIES AND PRICES 

Origin 
HHV,  Btu/lb 
X Ash 
X S u l f u r  
% Nitrogen 
Ash-softening temperature, "F  
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index 
Cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $1106 Btu 

Stoker  

Slago, Pa. 
13,000 
7-9 
1 .8--2 .2 
1.32 
2500 
6-8 
1 518 
1 /2 
5 
50-55 
40 
66.00 
2.54 

ROM 

Slago, Pa. 
12,800 
8-1 0 
1 . &-2 2 
1.30 
2300 
6-8 
2 
0 

50-55 
26.50 
52.50 
2.05 

6. ENVIRONMENTAL REGULATIONS 

6.1 A i r  Pollution Emission Limits for New Sources 

%. 0.55 lb/MBtu. 

No,. No emission limits for boilers <lo0 MBtu/h; for boilers 
> l o 0  MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized 
coal - 0.7 lb/MBtu. 

- 

Particulates. For boilers >3 and <lo0 MBtu/h: 0.1 lb/MBtu; 
f o r  boilers >lo0 MBtu/h: 0.05 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: Total suspended solids - 50 mg/L. 

6.3 Ash Disposal 

Ashes are classified as rubbish and may be disposed of in any 
approved sanitary landfill. 

7. OTHER CONSlDERATlONS 

I n  1980, the planned retirement date for these units was 1985, and 
the condiLion of the plant was described as poor. According to the 
C. H. Guernsey and Co. survey, the same boilers are still in place, 
but an upgrade of the plant is i n  progress. 

There are discrepancies in the fuel prices and which fuel is used 
f o r  the boilers. It appears that gas is burned when available, and 
the c o s t  is $2.4-3.9/MBtu. From examining the DEIS data,  the gas 
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supply seems to be interruptible and becomes unavailable in the 
winter months. The price of gas reported in the C. H. Guernsey and 
Co. survey seems to be an error. 

8. COAL-CONVERSION PROJECT OUTLOOK 

A likely conversion project would involve conversion or replacement 
of one unit. If a unit with a coal-firing output capacity of 50 
MBtu/h (roughly 6 2 . 5  MBtu/h fuel input) were installed', an overall 
capacity factor of about 88% would be expected (assuming a 90% 
equipment availability). 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

so,. The strict SO,, emission limit will require 86% SO, 
reduction while burning 2% sulfur coal, which will necessitate 
the use of limestone addition with micronized coal or the use 
of deep-cleaned, coal-water-mixture fuel. 

NO,. Micronized coal or coal-water-mixture firing reportedly 
can meet the NO, Limit of 0.7 lb/MBtu f o r  pulverized fuel 
firing. 

- 

Particulates, Bag filters o r  electrostatic precipitators would 
be required to comply with the particulate emission limits. 
--- 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing boiler plant was designed €or 
No. 6 o i l .  There is space available f o r  installing coal-water- 
mixture o r  micronized coal, but not stoker or FBC, combustion 
equipment at the existing boiler. There is n o t  enough space 
available for a new coal-fired boiler at the existing plant, 
nor is there any site available within a reasonable distance of 
the heat-distribution system for a new plant. 

Coal-Handling Equipment. There is not enough space available 
for installing coal-handling equipment at. the existing boiler. 
Coal-water mixture fuel could probably be used. 

Coal Pile. There is not enough space available for a coal pile 
on base. 

8 . 3  Technical Risk o f  ---I- Combustion Technologies 

Because of space limitations, the only technology available far 
conversion is coal-water-mixture fuel, and this would be 
limited to deep-cleaned fuel because of the strict SO, limits. 
The technical risk is moderately high because of the limited 
experience with this fuel f o r  firing oil-designed boilers a t  
full rated load. 
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9. COGENERATION PROJECT OUTLOOK 

There is n o t  enough space available €or locating a new coal-fired 
cogeneration plant on base within a reasonable distance of the 
existing heat-distribution system.  



139 

10. INPUT AND LCC SUPMARY SPREADSHEETS 

l3msccM AFB: 1 x 50 MBCulhr. Jmmcmc PARAm’lEaS r n 1 N A L  VALUES 
Total steam output = 50.0 

Boiler capacity factor ,883 

Number of units for  refit = 1 
Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cslnts/kWh) = 6.10 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) = 20.00 

FUEL PRICES 

Natural gas price (S/MBtu) = 3.50 
#2 Oil price ($/MBtu) = .OO 
P6 Oil price (S/MBtu) = 3.67 

omms 
Soot blower multiplier = .O 

Tube bank mod multiplier - 1.0 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = 1.0 
tIMEsToIwI/LIMt 

Inert fraction = .05 

MBtu/hr 

COAL PEOP~TXES 

R.O.M. Stoker 

Ash fraction = .090 ,080 

Sulfur fraction .020 .020 

HHV (Btu/lb) = 12800. 13000. 

FUEL wm 
R.O.M. coal (S/t-lBtu) 2.05 

Stoker coal (S/MBtu) = 2.54 
Coal/HZO mix ($/MBtu) E 3.00 

Coal/oil m i x  ($/MBtu) = 3.50 

PK- fuel is 1 
#6 FUEL OIL 

1=#6 Oil, 2+2 Oil, 3sNG 

EooD#Mc PaAMETmi 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas inEla index (1988 to base yr) * 1.000 
Oil infla index (1988 to base yr) - 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year - 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 

Type of gas escalation sgas 

Type of o i l  escalation = eoil 
Type of coal escalation ecoal 

Discount rate (X/yr) = 10 
Rete of return on invest (Xlyr) = 17 

General inflation rate (Xlyr) = 0 

Amount of working capital (month) = 2 

Local prop tax (& insur) rate ( X )  = 2 
Federal income tax rate (%)  = 34 

REAL ESCALATION RATE (Xlyr) 
TW% OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 
oi 1 eoil 4.86 7.87 4.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

4:15 PM Oct 19, 1988 



m m  m: 1 x 50 mtuihr. EC~CWIC PARAMETERS = W ~ T I H A I .  VALUES 

Total stoam output = 50.0 mtu/hr Cost base year = 1988 

Boiler capacity factor = .093 Primary fuel = #6 FUEL OIL 

Nwher o f  units for refit = 1 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MAIMT O T E R  

OF STEAM PRICE CAPITAL FUEL 0 6 N 0 6 M 

TECHNOLOGY UNITS EFF $/E.IBtu k$ kS k$ k$ 
Natural gas boiler _ _  .EO0 3.50 .O 1692.0 165.4 494.9 

#Z Oil fired boilcr -- ,800 .OO . o  . o  . o  . o  
$6 Oil fired boiler -- .800 3.67 .O 1774.2 165.4 _- 494.9 
Micronized coal refit 1 ,800 2.05 2887.4 931.1 368.2 814.6 

Slagging burner refit 1 .EO0 2.05 4775.9 991.1 368.2 814.6 

Modular FBC refit 1 .790 2.05 5420.1 1003.6 350.4 771.3 

Stoker firing refit 1 .740 2 . 5 4  4418.7 1327.5 541.9 764.4 

Coal/water slurry 1 .750 3.00 2.928.1 1547.0 350.4 709.9 

Coal/oil slurry 1 .780 3.50 2375.5 1735.4 279.0 602.8 

Low Btu gasifier refit 1 ,659 2 - 5 4  4997.5 .14-9L16 323.2 1067.6 

Packaged shell stoker 1 .740 2.54 4931.2 1327.5 541.9 7134.4 

Packaged shell FBC 1 .760 2.05 4837.0 1043.2 350.4 776.5 

Field erected stoker 1 ,780 2.54 7877.2 1259.4 539.8 749.5 

Field erected FBC 1 ,800 2.05 7229.0 991.1 407.0 769.7 

Pulverized coal hoiler 1 .EO0 2.05 8942.1 991.1 602.7 801.6 

Circulating FBC 1 .810 2.05 8554.6 978.8 348.3 804.5 

AIR FORCE FaQJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFITf 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/yr kS ll_l RATIO --yr - kS RATIO--- 
-- -- 35,046 -_ Natural gas boiler 

#2 Oil fired boiler 
86 Oil fired boiler -- __- _ _  32,350 1.000 <--- Existing systeoi. primary fuel 

Micronized coal refit Not applicable bocause of space limitations 
Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because existing boiler was designed for #6 Oil 
Coal/water slurry 1 20,143 25,537 1.267 10.1 27,686 1.168 

Coal/oil slurry Not evaluated 
--- Low Btu gasifier refit Not apulicable because nf spece limitations 
Packaged shel l  stoker Not applicable because of space limitations 
Packaged shell FBC Not applicable because of space 1imit.ation.s 
Field erected stoker Not applicable because nf space limitations 
Field erected FBC Not applicable because nf space limi.t,ations 

Pulverized coal boiler Not applicable because of space limitations 
Circulating FBC No& applicable besa.cse...af svace liF.;.:.fi.ations - 

_- 0 -- _ _  

4:15 W Oct 19, 1988 
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EIARSUM AFB: 1 X 50 'HiBtu/hr. FUEL REAL ESCAGATION = AEO 1987 

Total steam output = 50 .0  
Boiler capacity factor = ,883 

Number of units for refit = 1 

Hydrated lime price(S/ton) = 40.00 
Ash disposal price ($/tan) = 10.00 
Electric price (csnts/kWh) = 6.10 

Labor rata (kS/yr) = 35.00 

Limestone price (.$/ton) = 20.00 

m mCEs 

Natural gas price (S/MBtu) = 3.50 

#2 Oil price (S/MBtu) = 00 

#6 Oil price (S/MBtu) = 3.67 
OPTIOHS 

Soot blower multiplier = .O 

Tube bank mod multiplier 1.0 

Bottom ash pit multiplier = 1.13 

SO2 control multiplier = 1 0 

LlMESrmwE/IIME 
Inert fraction = . 05  

MBtuJhr 

CaAL rnPrnTIES 

R.O.M, Stoker 
Ash fraction = .09U .080 

Sulfiir fraction = . O Z O  .020 

HFJ (Btu/lb) = 12800. 13000. 

PUXL EU.CES 

R.O.M. coal (SIMBtu) = 2.05  
Stoker coal (S/MBtu) 2 . 5 4  

CoaL/HZQ mix ($/MBtu) 3.00 

Coa l /o i l  mix (S/MBtu) = 3.50 

Primary fuel fa 1 

1+6 O i l ,  2 4 2  Oil, 3-NG 
#6 FUEL OIL 

EcwyoMIc PARLIMEmfE 

Inflation & discounting base year = 1988 
Gen infla index (1987 t o  base yr)  = 1.040 
Gas infla index (1988 to base yr) = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1388 to bass yr) = 1.000 

Project start year = 1990 
Pro jec t  life (yr) = 30 

Depreciation life ( y c )  = 15 
General inflation rate (X/yr) = 0 

Type of gas escalation = egaa 

Type of oil escalation eo i l  

Type of coal escalation = ecoal 
Discount rate ( X / y r )  = 10 

Rate of return an invest (X/yr) = 11 

Amount of working capital (month) = 2 
Federal income tax rate ( a )  = 34, 

Local prop tax (6 msw) rate ( X )  = 2 

REAL ESCALATION RATE (%/yr) 
TYPE OF FUEL 1988 1s90 1995 2000 AND 

FUEL ESCALATION -1990 -1035 . -2000 BEYOND 
Gas egas 2.28 4.10 5.49 2.75 
Oi 1 eoil .17 4 . 1 6  5 .55  2 . 7 7  

Coal ecoal 1.46 1.76 1.61 .ai 

4:28 RS Oct 19, 1988 
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EANSCOM AFB: 1 X  50 MBtuIhr. FUEL REAL ESCALATION = AEO 1987 
Total steam output = 5 0 . 0  MBtu/hr Cost base year = 1988 
Boiler capacity factor = .883 Primary fue l  = #6 FUEL OIL 

Number of units for refit = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 F. M 

TECHNOLOGY UNITS EFF SIMBtu kS kS kS kS 
Natural gas boiler -- ,800 3.50 .O 1692.0 165.4 494.9 

62 Oil fired boiler -- .800 .OO . o  . o  .o .o  
#6 Oil fired boiler -- .800 3.67 .O 1774.2 165.4 494.9 

Micronized coal refit 1 .800 2.05 2887.4 991.1 368.2 814.6 

Slagging burner refit 1 .800 2.05 4775.9 991.1 368.2 814.6 

Modular FBC refit 1 .790 2.05 5420.1 1003.6 350.4 771.3 

Stoker firing refit 1 .740 2.54 4418.7 1327.5 541.9 764.4 

Coal/water slurry 1 .750 3.00 2928.1 1547.0 350.4 709.9 

Coal/oil slurry 1 . 780  3.50 2375.5 1735.4 279.0 602.8 

Low Btu gasifier refit 1 .659 2.54 4997.5 1491.6 323.2 1067.6 

Packaged shell stoker 1 .740 2.54 4931.2 1327.5 541.9 784.4 

Packaged shell FBC 1 .760 2.05 4837.0 1043.2 350.4 776.5 

Field erected stoker 1 .780 2.54 7877.2 1259.4 539.8 749.5 

Field erected FBC 1 .EO0 2.05 7229.0 991.1 407.0 769.7 

Pulverized coal boiler 1 .800 2.05 8942.1 991.1 602.7 801.6 

CirculatinR FBC 1 .E10 2.05 8554.6 978,8 348.3 804.5 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT1 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlyr kS RATIO yr kS RATIO 
Natural gas boiler 
#2 Oil fired boiler -- -- 
$6 Oil fired boiler -- 

-- -- 26,484 -- 
-- 0 

-- 26.182 1.000 e--- Existing system, primary fuel 
Micronized coal refit Not applicable because of space limitations 

Slagging burner refit Not applicable because of space limitations 
Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because existing boiler was designed for #6 oil 
Coal/water slurry 1 20,143 25,291 1.035 23.6 27.433 .954 

Coalloil slurry Not evaluated 

Low Btu gasifier refit Not applicable because of space limitations 
Packaged shell stoker Not applicable because of space limitations 
Packaged shell FBC Not applicable because of space limitations 
Field erected stoker Not applicable because of space limitations 
Field erected FBC Not applicable because of space limitations 
Pulverized coal boiler Not applicable because of space limitations 
Circulating FBC Not auplicable because of space limitations 

4 : 2 8  PM Oct 19, 1988 
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... 

Total steam output = 50 .0  
Boiler capacity factor - .883 

Number of units for refit = 1 
Hydrated lime price(S/ton) = 40.00 
Ash disposal price, ($/ton) = 10.00 
Electric price (centalkWh) - 6.10 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) - 20.00 

FUEL PRICES 

Natural gas price ($/MBtu) - 3.50 
#2 Oil price (S/MBtu) = .OO 

66 Oil price ($/MBtu) = 3.67 
OPTIo13S 

Soot blower multiplier - .O 
Tube bank mod multiplier - 1.0 

Bottom ash pit multiplier = 1.0 
SO2 control multiplier Q 1.0 

Lr.MEsTcm/LIEJE 

Inert fraction = .O$ 

MBtu/hr 

COAL mPmm 

R.O.M. Stoker 

Ash fraction p- .090 .080 

Sulfur fraction = .020 .020 
HRV (Btu/lb) 12800. 13000. 

FUEL PELICES 

R.O.M. coal ($/MBtu) - 2 . 0 5  
Stoker coal ($/MBtu) 2 . 5 4  

Coal/HZO mix ($/MBtu) = 3.00 
Coalloilmix (S/MBtu) = 3.50 

Primary fual is 1 
36 FUEL OIL 

1 4 6  Oil, 2=#2 Oil, 3=NG 

Inflation 6 discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base yr) = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) - 30 

Depreciation life (yr) = 15 

Type of gas escalation = zero 
Type of oil escalation = zero 
Type of coal escalation = zero 

Discount rate (Xlyr) = 10 
Rate of return on invest (%/yr) = 17 

General inflation rate (X/yr)  - 0 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  - 34 

Local prop tax (& insur) rate ( X )  = 2 

REAL ESCALATION RATE (Xlvrl 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2.000 BEYOND 
Gas zero 0 0 0 0 
Oil zero 0 0 0 0 

Coal zero 0 0 0 0 

4:31 PM Oct 19, 1958 
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W S C t W  A?%: 1 X 50 MBtu/hr, FUEL REAL ESCALATION = ZERO 
Tota l  s t e m  output  = 50.0  MBtu;hr Cost base  year  = 1986 

Boi l e r  capac i ty  f a c t o r  .883 Primary f u e l  = #6 FUEL O I L  

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MASNT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 

TECHNOLOGY UNITS EPF $/MBtu k$ k$ k3 k$ 
Natura l  gas b o i l e r  

t2 O i l  f i r e d  b o i l e r  -- ,800 . o o  . o  . o  . o  .o  
$6 O i l  f i r e d  b o i l e r  -- .800 3.67 . o  1774.2 165.4 494.9 

Micronized c o a l  r e f i t  1 .800 2.05 2587.4 991.1 368.2 814.6 

Slagging burner  r e f i t  1 ,800 2.05 4775.9 991.1 368.2 814.6 

Modular FBC r e f i t  1 ,790 2.05 5420.1 1003.6 350.4 771.3 

Stoker  f i r i n g  r e f i t  1 .740 2.54 4416.7 1327.5 541.9 764.4 

Coal/water s l u r r y  1 ,750 3.00 2928.1 1547.0 350.4 709.9 

C o a l / o i l  s l u r r y  1 .780 3.50 2375.5 1735.4 279.0 602.8 

Low Btu g a s i f i e r  r e f i t  1 .659 2.54 4997.5 1491.6 323,2 i(i67._6- 

Packaged s h e l l  s toke r  1 .740 2.54 4931.2 1327.5 54i.9 764.4 

Packaged s h e l l  FBC 1 .760 2.05 4837.0 1043.2 350.4 776.5 

F i e l d  e rec t ed  s toke r  1 .78O 2.54 7877.2 1259.4 539.8 749.5 

Fie ld  e rec t ed  FBC 1 ,800 2.05 7229.0 991.1 407.0 769.7 

Pulver ized  c o a l  b o i l e r  1 ,800 2 . 0 5  8942.1 991.1 602.7 801.6 

Circu la t ing  FBC 1 ,610 2.05 ---8554.6 978.8 348.3 804.5 

,800 3.50 .O 1692.0 165.4 494.9 -_ 

A I R  FORCE PROJECT ll_l FRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

B OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n / y r  kS RATIO yr k$ RATIO 
_ _  _ _  18,517 _ _  Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

$6 O i l  f i r e d  b o i l e r  _ _  _ _  19,158 1.000 c--- Exis t inp  system, primary f u e l  

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not appl icable  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not appl icable  because of space l i m i t a t i o n s  

Stoker f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  #6 o i l  

Coal/water s l u r r y  1 20,143 23,137 .828 >3 1 25,217 .760 

C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  Not applicable-because of space l i m i t a t i o n s  

Packaged shell s toke r  Not app l i cab le  because of space l i m i t a t i o n s  

Packaged s h e l l  FBC Not app l i cab le  because of space l i m i t a t i o n s  

F i e l d  e rec t ed  s toke r  Not app l i cab le  because of space l im!tations 

F ie ld  e rec t ed  FBC Not app l i cab le  because of space l i m i t a t i o n s  

Pulver ized  coal b o i l e r  Not app l i cab le  because of space l i r r i t a t i o n s  

Ci rcu la t inR FBC Not app l i cab le  because 9 f  space l i m i t a t i o n s  

_ _  0 _ _  _ _  

4:31 PM Oct 19, 1988 
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AblDREws AFB: WAC 

1. BACKGROUND 

Andrews AFB i s  located near Washington, D.C. There are three steam 
plants on the base, all of which were upgraded in some manner in 
1985. The specifics of this upgrade effort are not known and 
probably should be investigated. Two of these plants may be large 
enough to get some consideration for coal conversion. Each steam 
plant consists of water-tube boilers producing saturated steam at 
100 p s i g .  

All boilers, with the exception of three built after 1964 (see the 
lists that follow), are designed for bituminous coal. Residual oil 
(No. 6 )  is the primary fuel for all the boilers, and there is 
apparently no secondary fuel. Some coal storage silos and receiving 
hoppers are still on site. 

Data are inconsistent with regard to annual fuel use. Data for 
plant No. 1515 average f u e l  consumption range from 22 to 49 MBtu/h, 
with the larger value reported by C. H. Guernsey and Co. The data 
for plant No. 1732 range from 15 t o  40 MBtu/h, with the smaller 
value reported by C. B .  Guernsey and Co. It is assumed that plant 
No. 1515 and plant No. 1732 are interconnected. 

2. HEATING PLANT UNITS 

Heating Plant No. 1515: 

2 x 59.8 MBtu/h, Bigelow, 1958 
2 x 29.9 and 15.9 MBtu/h, Union Iron Works, 1946 

Heating Plant. No. 1732: 

3 x 33.5 MBtu/h; Keeler C o . ;  2-1961, 1-1965 

Heating Plant No. 3409: 

2 x 16 MBtu/h, Keeler Co., 1971 
3 x 15 MBtu/h, Keeler Co., 1960 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

Maximum possible load factors as a function of project size are 
given below. Load information was calculated assuming two boiler 
plants (No. 1515 and No. 1732) are interconnected. 
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Plant Nos. 1515 and 1732 
interconnected 

CY 1985 FY 1986 
Fue 1 ideal ideal 
input capacity capacity 

(MB t u /h  1 factor factor 

30 0.92 0.73 
50 0.76 0.57 
70 0.67 0.49 
90 0.60 0 . 4 3  
120 0.51 0.39 

4 .  ENERGY PRICES 

FY 1986 Price Data 

Electricity 
Residual oil 
Distillate o i l  

C. H .  Guernsey and Co. Survey: 

Electricity = S.OC/kUh 
Residual oil = $4.67/MBtu 
Distillate o i l  = $5.56/MBtu 

5. COAL PROPERTIES AND PRICES 

Origin 
HHV, Btu/l .b 
X Ash 
.z Sulfur 
X Nitrogen 
Ash-softening 

Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index 
Cost at mine, $/ton 
Delivered c o s t ,  $ / t o n  
Energy c o s t ,  $1106 Btu 

temperature, "F 

Average - 

5.4~/kWh 
$3.8/MBtu 
$5.9/MBtu 

Stoker 

Clearfield C o . ,  Pa. 
13,000 
10 
2 
1.5 
2450 

8-9 
1 1/4 
318 
15 
90+ 
40 
51 
2.19 

Year end 

$2.6/MBtu ? 
$3.3/MBtu ? 

ROM 

Clearfield Co., Pa. 
12,800 
13 
2 
1.5 
2450 

8 - 4  
2 
0 

90+ 
30 
4 7 
1.84 
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6 .  ENVIRONMENTAL REGULATIONS 

No solid-fuel-burning plant smaller than 35 MBtu/h is allowed. 

6.1 A i r  Pollution Emission Limits for New Sources 

3. No emission limits for boilers <lo0 MBtu/h; f o r  bhsi.lero 
>PO0 MBtu/h: FBC - 90% reduction to meet limit of 1.2 1$/ 
MBtu; emerging technology - 501 reduction to meet limit of 
0.6 Lb/MBtu. 

NO,. No emission limits f o r  boilers <lo0 PIBtu/h; for  bailers 
>PQO MBtu/h: spreader stoker and FBC - 0 . 6  Ib/MBtu; pulverized 
coal - 0.7 lb/MBtu. 
- 

Particulates. For boilers >lo0 PiBtu/h: 0.05 IbjNBtu; f o r  
60 MBtu/h - 0.25 lb/MBtu. 

6.2 Coal-Pile Kunoff 

Limit: Total suspended s o l i d s  - 50 mg/L. 
6 . 3  Ash Disposal 

Ashes are classified as nonhazardous industrial solid waste and 
may be disposed of in any approved sanitary landfill. 

7.  OTHER CONSIDERATIONS 

Andrews apparently uses a lot of electricity: 100,235 N 
FY 1986, an average of about 11.4 MU, Residual oil use in PPI 1986 
was -568,000 MBtu, an average of about 65 HBtulh. The highess 
monthly steam load i s  about 150 MBtu/h. 

A previous study was done (Roy Weston Study) to examine connecting 
the three boiler plants and building a single coal. plant for $75M. 
Andrews has a l s o  been the subject of a coal-oil-mixture s t u d y .  

This base is within range of anthracite sources. 

8. COAL-CONVERSION PROJECT OUTLOOK 

Because load factors are low, only conversion of one 60-FIBtujh out- 
put (-7S-MBtu/h fuel input) boiler would be practical. The overall 
load factor for this size of project is expected to be about 58X, 
assuming a 90% equipment availability, and the two plants are inter- 
connected. 
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8 . 1  Effect o f  Environmental Regulations on Selection of Combustion 
Technologies I 

SO, and NO,. Any of the combustion technologies being consid- 
ered could be employed without requiring any measures f o r  SO, 
or NO, reduction because the proposed conversion project is 
smaller than 100 MBtu/h. 

. 

--I._ Particulates. 
be required--to comply with t h e  particul-ate emission limits. 

Bag filters o r  electrostatic precipitators would 

Space I__ __._. and Aesthetics 

Heating Plant. The existing boiler plant was originally de- 
signed for r-ml. There is space avail-able f o r  reinstalling 
coal-combustion equipment at the existing boi-ler or for con- 
struction of a new boiler at another site on base. 

Coal-Handling Equipment. 'The coal-storage silo and the outside 
receiving hopper and silo are still in place at plant 1515. 
There is space available for installing the other coal-handling 
e q u i pme n t . 
Coal Pile. There is space available for a coal pile near the 
existing boiler plant 1515 or at a new site on base. 

8.3 Technical Risk I_ of  Combustion Technologies I 

The least technical risk would be for refit of stoker firing t o  
one of the existing coal-designed boilers or installation of  a 
new stoker-fired bailer. The other technologies would have 
greater technical risks because o f  lack of operating experi- 
ence, and a l l  of  them would be of  the same order because the 
existing boilers are designed for coal-firing. 

9 .  COGENERATION PROJECT OUTLOOK 

The prospects € o r  a coal-fired cogeneration system appear t o  be 
somewhat marginal. Andrews has a high minimum monthly average elec- 
tric load, 1 . 8  MWe, but the price of electricity is o n l y  moderately 
high (5C/kWJh). Another negative factor is t h e  relatively low avet- 
age heat load compared t o  the electric load, so that it is difficult 
to achieve a high overall load factor for a cogeneration plant. 
Based on the FY 1986 energy-use dat-a, a cogeneration plant with a 
boiler rating of 68 MBtu/h output and a 5-MWe turbine-generator 
would have an electrical power capacity factor of 90% and a peak 
thermal output of 50 MBtu/h, with a thermal energy capacity factor 
of about 50% if used as a baseload heating plant. TO achieve as 
high an efficiency a s  practical, a 145Q-psia, 950°F water-tube 
boiler should be employed for  such a cogeneration plant. 

The information provided by the base energy-use questionnaire indi- 
cated that natural gas is not available at the base. 
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Tota l  steam output  = 60.0 

Boiler  capac i ty  fect.or = .50G 

N l m h e r  of unitx far refit,  = 1 
Hydrated L i m e  p r i c e < S / t o n )  = 40.00 
Ash d i s p o s a l  p r i c e  (S j ton )  10.00 

E l e c t r i c  p r i c e  CcentslkWh) = 5 . 0 0  

Labor r a t e  (kS(yr1 * 35.00  

Lirnestnns price (S/t,on) = 20.00 

F r n  r n L W  
Natura l  *as price (SIMBtu) * . 00  

82 Oil price (S/MBtu) = .00 

.#e Oil p i c e  ($/P3t.u) = 3.67 

Of.'TIOXIS 

Soot blower inuLt ip l ie r  .O 
Tube bank mod m u l t i p l i e r  = .O 

Rottiom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 control. nu2Lip l ie r  - .0 
L r n S T W  p LIME 

Iner t  f r a c t i o n  = ,05 

MBtulhr 

COAL r n r n T I E S  

R.O.H. 
Ash f rac t ion  = ,130 .IO0 

Sul fu r  f r a c t i o n  = .020 .320 
twv (iitu/Lb) = 12800 13000. 

FUEL PRICES 
R.Q.M. coal (SJMBtu) = 1 . 8 4  

Stoker c o a l  (S/MEtu) = 2.19 

Coal/HZO mix ($/EIBtuj = 3.00 
Coal/oil mix (S/MBtu) 3.50 

Primary fuel is 1 

#S FUEL OIL 
1-46 O i l ,  2.42 O i l ,  3=NG 

wmmc P m T m  

InfLat iun  & discount ing  base  year = 1988 

Fen I n f l a  index (1987 t o  base  yr) = 1.040 

Gas i n f l a  index (19i38 t o  base yr) = 1.000 
Oil i n f l a  index (1988 t o  base y r )  = 1.000 

Coal infla index (1888 t o  base yr) = 1.000 

Pro jec t  s t a r t  year  = 1990 

P ro jec t  l i f e  (yr) = 30 

Depreciation Li fe  (yr) = 15 

General i n f l a t i o n  rate ( I J y r )  = 0 

Type r>E gas esca la t ion  = egas 

Type of o i l  escalation = eoil 
Type of: c c a l  escaLation = ecoa l  

p.  .. ..i*caimt, rate ( X l y r )  = 10 

Rate of r e tu rn  on invest ( Z f y r )  * 17 
Amount af working c a p i t a l  (month) = 2 

Fede ra l  income t a x  rate  ( X )  = 3 4  

Local prop tar (6c i n s u r )  rate ( X I  = 2 

RIAL ESCALATION RATE (Z ly r )  

TYPE OF FUEL 1988 19RO 1995 2000 AND 

FUEL ESCALATION -1990 -IS??? -2000 BEYOND 

Gas egas 3,89 8.07 5.77 5 . 7 7  

O i  1 e o s l  4.86  7 83  6.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

9 : 4 2  AM Uct 18, 1988 
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ANDREWS AI%: 1 X 60 HBtu/hr. FmNWIC PARAPETERS = NCMINAL VALUES 

Tota l  steam output  = 60.0 MBtu/hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .504 Primary f u e l  = #6 FUEL O I L  

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

ib FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 L M 
TECHNOLOGY UNITS EFF $/MBtu kS kS k$ kS 

.a00 .oo  .o  .0 . o  .o  Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  -- .a00 . o o  . o  . o  .o  .o  
p6i l  f i r e d   bo&^- -- .a00 3 2 -  .O 1215.2 182.9 493.1 

Micronized c o a l  r e f i t  1 ,800 1.84 2882.7 609.3 393.3 663.7 

Slagging burner  r e f i t  1 .800 1.84 4982.0 609.3 393.3 663.7 

Modular FBC r e f i t  1 ,790 1 . 8 4  5725.4 617.0 374.2 668.5 

Stoker  f i r i n g  r e f i t  1 ,760 2.19 3377.7 763.3 374.2 636.8 

Coal/water s l u r r y  1 .750 3.00 2603.5 1059.6 374.2 566.3 

C o a l / o i l  s l u r r y  1 .780 3.50 2309.9 1188.7 298.0 536.9 

W B t u  g a s i f i x r - m  2 .679 2.19 5804.5 854.9 345.1 865.4 

Packaged shel l  s toke r  2 .760 2.19 5060.9 763.3 374.2 729.3 

Packaged shel l  FBC 2 ,760 1.84 6250.7 641.3 374.2 741.7 

F i e l d  e rec t ed  s toke r  1 .800 2.19 7261.2 725.2 371.9 628.5 

F i e l d  e rec t ed  FBC 1 .800 1.84 7988.0 609.3 434.6 648.3 

Pulver ized  c o a l  b o i l e r  1 .820 1.84 8459.5 594.4 439.1 678.0 

_ _  

Circulating-g.gc 1 .E10 1 . 8 4  9558.8 601.8 371.9 702.9 

AIR FORCE PROJECT WIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# QP USE, AS SPENT COST PERIOD. AS SPENT COST 

TECHNULEOCzY UNITS t o n l y r  __ k$ RATIO Y r  kS RATIO 
-- 0 

0 

-- _ _  Natura l  gas b o i l e r  

82 O i l  f i r e d  b o i l e r  -- _ _  _ _  
- 23.980 1.000 e--- Exis t ing  system. primary f u e l  #S O i l  f i r e d  b o i l e r  _ _  -_ 

Micronized c o a l  r e f i t  1 12,935 16,762 1.431 7.5 18,640 1.287 

Slagging burner  r e f i t  1 12,935 18,497 1.296 11.7 21,445 1.118 

Modular FBC r e f i t  1 13,098 18,895 1.269 12.8 22,216 1.079 
Stoker  f i r i n g  r e f i t  1 13,406 18,230 1.315 9.8 20,390 1.176 

Coal/water s l u r r y  1 13,797 19.809 1.211 12.0 21,637 1.108 
CoalJoil  s l u r r y  Not. evalua ted  

Low B t i i  g a s i f i e r  r e f i t  2 15.014 22.612 1.061 23.6 - 26.077 * 920-- 
Packaged shel l  s toke r  2 13,406 20,342 1.179 15.5 23,381 1.026 
Packaged shel l  FBC 2 13,615 20,282 1.182 16.1 23,898 1.003 
F i e l d  e rec t ed  s toke r  1 12,736 20,998 1.142 18.4 25,126 .954 
F i e l d  e rec t ed  FBC 1 12,935 21,231 1.130 19.4 25,719 .932 

Pulver ized  c o a l  b o i l e r  1 12,619 21,753 1.102 21.2 26,486 .905 
Circu la t inn  FBC 1 12.775 22,324 1.074 23.4 27 ~ 608 .869 

9:42 AM O c t  18, 1988 



T o t a l  s t e m  output = 6 5 . 0  

B o i l e r  capacity factor = ,504 

Hzmber of unit5  for r e f i t  = 1 

Bydrated liiiie price<S:toti) = 4 0 . 0 0  

Ash disposal pr ice  ($ / ton)  = 10.00 

E lec tr i c  prsce (cent6IkWhih) = 5 . 0 0  

Labor ra te  M / y r )  = 3 5 . 0 0  

Limestcne pr ice  ( $ / t o n )  = 20.00 
FUEL mEmS 

Natural gas price (Sirntiu) -- .OO 

#Z Oil. pr ice  (S/Matu) =- .00 

#6 O i l  price (S/tlEl;u) = 3.67 

OETIWS 

SooC blower mul t ip l i er  .O 
Tube bank taod mutbipLiwr = .Q 

Bottom ash p i t  m l t i p l l r r  = 1.0 
SO2 control multiplier .= "0 

L p c I E s m I L m  

Inert. f rac t ion  = .a5 

CWAL mmTm 

R . O . M .  Stoker ..- - 
A s h  fraccion = .130 . l o 0  

Sulfur fraction. .020 .020 

HRV (Btullb) = 12800. 13000. 

FUEL me"w 

R.O.M. coal ($ /Wi tu )  * 1.84 

Stoker coal ($/Natu: = 2.19 

CosL/BZCJ m i x  (SIMBtu) = 3.00 
Coal/oil mix (S/t%BLu) = 3.50 

.- E m m c  ~~ 

Inflation & discounting baa* yeer = 1988 

Gen i n f l a  index (9987 t o  base yr) - 1.040 

Gaa i n f l a  index (1988 to base yr) = l.OU3 

Oil infh index (1989 to bast? yr) = 1.000 

Coal i o f l a  indcx (1898 tu t a w  y r )  = l.OOQ 

Project s tar t  y a w  = 3980 
Project, life (yr) = 30 

Depreciation l i f e  Eyr) = 15 
General inflation r a t e  il/ys) = 0 

Type of gas s a c a h t i o n  = egas 

Type of o i l  escala?,ion = eoiL 
Type of coal escalation = ecoal. 

Discount rats (Z/yr) = 10 

Rate of return on invsst (X/yr) -7 17 

Amount of working c a p i t a l  (month) = 2. 

Federal income tax  rate ( 2 )  = 3 4  

Local prop t,ex (& insur)  rat^ ( $ 1  7: 2 

RE& ESCALATION KATE (%/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1390 -1995 -2000 BEYOND 

Gas egas 2.28 4 . 7 0  5 . 4 3  2 . f 5  
Oi L e o i t  .17 4 16 5.55 2.77 
C a a l  econl 1.46 1.76 1 61 . a1 

4:03 PM Oct 18, 1988 
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ANDFZWS AFR: 1 X 60 PIBtufhr. FUEL XEAL ESCRLATIOH = AEO 1987 

Tota l  steam output  = 60.0 MBtu/hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .504 Primary f u e l  = #6 FUEL O I L  

Number o f  u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 

TECHNOLOGY UNITS EFF $/MBtu k$ kS kS k$ 

.a00 .oo . o  . o  .o  .o  Natura l  gas  b o i l e r  

b2 O i l  f i r e d  b o i l e r  -- .800 .oo .o . o  . o  .o 
#6 O i l  f i r e d  b o i l e r  -- .800 3.67 . O  1215.2 182.9 493.1 
Micronized c o a l  r e f i t  1 .800 1.84 2882.7 609.3 393.3 663.7 

Slagging burner r e f i t  1 .800 1.84 4982.0 609.3 393.3 663.7 

Modular PBC r e f i t  1 .790 1.84 5725.4 617.0 374.2 648.5 

Stoker f i r i n g  r e f i t  1 .760 2.19 3377.7 763.3 374.2 636.8 

Coal/wster slurry 1 ,750 3.00 2603.5 1059.6 374.2 566.3 

C o a l / o i l  slurry 1 .780 3.50 2309.9 1188.7 298.0 536.9 

Low Btu R a s i f i e r  r e f i t  2 ,679 2.19 5804.5 854.9 345.1 865.4 
Packaged s h e l l  s toke r  2 .760 2.19 5060.9 763.3 374.2 729.3 

Packaged s h e l l  FBC 2 .760 1.84 6250.7 641.3 374.2 741.7 

F i e l d  e rec t ed  s toke r  1 .800 2.19 7261.2 725.2 371.9 628.5 

F i e l d  e rec t ed  FEC 1 .800 1.84 7988.0 609.3 434.6 648.3 
Pulver ized  c o a l  b o i l e r  1 .820 1.84 8459.5 594.4 439.1 678.0 

-_ 

Circu la t ing  FBC 8 

I_ A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST I DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  k$ RATIO- Y r  kS RATIO 
-- 0 

0 

-- -- Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

#6 O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  1 12,935 16,665 1.185 12.1 18,540 1.066 

Slagging burner r e f i t  1 12,935 18,400 1.074 20.4 21,346 .925 

-- -- _ _  
19.755 1.000 <--- Exis t ing  system, primary f u e l  -- _ _  

Modular FBC r e f i t  1 13,098 18,796 1.051 22.9 22,115 .e93 
Stoker  f i r i n g  r e f i t  1 13,406 18,109 1.091 17.8 20,266 .975 
Coal/water s l u r r y  1 13,797 19,641 1.006 29.3 21,464 .920 
C o a l l o i l  s l u r r y  Not evaluated 

- Low Stu  g a s i f i e r  r e f i t  2 15,014 22,476 ,879 >3 1 25.938 ,762 

Packaged shell s toke r  2 13,406 20,221 .977 >3 1 23,256 .849 

Packaged s h e l l  FBC 2 13,615 20,180 .979 >3 1 23,794 .830 
F i e l d  e rec t ed  s toke r  1 12,736 20,882 .946 >3 1 25,007 .790 

Fie ld  e rec t ed  FBC 1 12,935 21,134 .935 >3 1 25,620 .771 

Pulver ized  c o a l  b o i l e r  1 12,619 21,659 ,912 23 1 26,389 ,749 

Circula t inR FBC 1 12,775 22.228 .889 =-3 1 27.509 ,718 

4:03 ,EM Oct 18, 1988 



Tota l  steam output 60.0 

Boiler capacity factor = .504 

Nunber of units for re.fit = 1 

Bydratad lime price(S/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 5.00 

Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 

rmEL PRIc33.5 

Natural gas price ($/MBtu) * .OO 

#2 O i l  price ($/mtu) = .oo 
#6 Oil price (S/MBtu) = 3.67 

OPTIONS 
Soot blower multiplier = .O 

Tube bank mod multiplier = .O 

Bottom ash pit multiplier = 1.0 
SO2 control multiplier = .O 

LIHFSTONE/LxNE 
Inert fraction = . 0 5  

MBtuIhr 

OML mmm 
R.O.M. Stoker 

Ash fraction = .130 .lo0 

Sulfur fraction = .020 .020 

HHV (Btu/lb) = 12800. 13000. 

FUEL PBlCES 
R.O.M. coal I$/MBtu) = 1 . 5 4  

Stoker coal ($/MBtu) = 2.19 
Coal/H20 mix (SIMBtu) = 3.00 

Coal/oilmix (SIMBtu) = 3.50 

Primarg fuel is 1 
#6 FUEL OIL 

l=#6 Oil, 2-#2 Oil, 3-NG 

EcoflcNIc PAFLBMETERS 

Inflation 6r discounting base year = 1988 

Gen infla index E1987 to base yr) = 1.040 

Gas infla index (1968 to base yr) = 1.000 

Oil infla index (1985 to base yr) = 1.000 
Coal infla index (1988 to base yr) Q 1.000 

Project start year = 1990 

Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (X/yr) = 0 

Type of gas escalation = zexo 

Type o f  oil escalation = zero 

Type of coal escalation = zero 
Discount rate (%/yr) = 10 

Rate of return on invest (Z/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  = 34 

Local prop tax (f. insur) rate ( 4 )  = 2 

REAL. ESCALATION RATE (%/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

oi 1 zero 0 0 0 0 

Coal zero 0 0 0 0 

1:37 PM Oct 19, 1958 



ANDREWS AI%: 1 X 60 UBter/hr. mWRk2lL. ESCALATTO&-=-iXQ 

Tota l  steam output  = 60.0 Matu/hr Cost base year = 1988 
Boi l e r  capac i ty  f a c t o r  = .504 Primary f u e l  = #6 FUEL O I L  

Number o f  units f o r  r e f i t  = 1 

ANNOAL COSTS __ 
# FUEL/ FUEL TOTAL WINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 

TECHNOLOGY UNITS EFF $/MFlFlu kS kS _. k$ kS 

Natura l  gas b o i l e r  -- ,800 .oo  . o  . o  . o  .o  
#2 Oil f i r e d  b o i l e r  -- ,800 . o o  . o  . o  . o  .o  
$5 O i l  f i r e d  b o i l e r  -- .800 3.67 .O 1215.2 182.9 493.1 

Micronized c o a l  r e f i t  1 .EO0 1.84 2882.7 603.3 393.3 663.7 

Slagging burner  r e f i t  1 .EO0 1.84 4982 0 609.3 393.3 663.7 

Modular FBC r e f i t  1 ,790 1.84 5725.4 617.0 374.2 648.5 

Stoker  f i r i n g  r e f i t  1 .760 2.19 3377.7 763 3 374.2 636.8 

Coal/water s l u r r y  1 .750 3.00 2503.5 1059.6 374.2 566.3 

C o a l / o i l  s l u r r y  1 .780 3.50 2309.9 1188.7 298.0 536.9 

Low Btu g a s i f i e r  r e f i t  2 .679 2.19 5804.5 854.9 345.1 865.4 

Packaged shell s toke r  2 .760 2.19 5060.9 763.3 374.2 729.3 

Packaged s h e l l  FBC 2 .760 1.84 6250.7 641.3 374.2 741.7 

F i e l d  e rec t ed  s toke r  1 .800 2.19 7261.2 725.2 371.9 628.5 

F i a l d  e rec t ed  FBC 1 .EO0 1.84 7988.0 609.3 434.5 648.3 

Pulver ized  coal b o i l e r  1 .E20 1.84 8459.5 594.4 439.1 678.0 

Circu la t ing  FBC 1 .R10 1.84 9558.8 601.8 371.9 702.9 

A I R  FORCE P a O J ~ ~ J  PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUXX’ED BEWEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

d OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  kS RATIO Yr k$ RATIO 

Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

p6 Oil f i r e d  b o i l e r  -- -- 14.944 1.000 C--- Exis t ing  system. primary f u e l  

Micronized c o a l  r e f i t  1 12,935 15,817 ,945 23 1 17,667 .846 

Slagging burner r e f i t  1 12,935 17,552 .851 >31 20,473 .730 

Modular FRC r e f i t  1 13,098 17,937 . 833  >3 1 21,231 ,704 

_ _  0 

0 

-- -_  
-- -- -- 

Stoker  f i r i n g  r e f i t  1 13,406 17,046 ,877 >3 1 19,172 .779 

Coal/water slurry 1 13,797 18,165 .823 >3 1 19,946 .749 

C o a l / o i l  slurry Not eva lua ted  

Law Btu Rns i f i e r  r e f i t  2 15.014 -2>.2$5 .702 2 3  1 24,713 .605 
Packaged shel l  stoker 2 13,406 19,157 ,780 >3 1 22,163 .674 

Packaged s h e l l  FBC 2 13,615 19,287 ,775 >3 1 22,075 .653 

F i e l d  e rec t ed  s toke r  1 12,736 19,872 ,752 >3 1 23,969 .623 

F i e l d  e rec t ed  FBC 1 12,935 20,285 ,737 13 1 24,747 .604 

Pulver ized  c o a l  b o i l e r  1 12,619 2 0 , 8 3 1  .717  >3 1 25,538 .585 

Circu la t ing  FBC 1 12.775 21,390 . E59 231 . 26.646 .561 

4:11 1W Oct 18, 1988 
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DOVEBAFIB: MAC 

Dover AFB is located near Dover, Delaware. The four central heating 
plant boilers are high-temperature, hot-water (414'F, 275-psi) 
units. All boilers burn No. 6 oil. The three Combustion Engineer- 
ing units were designed for  coal. In CY 1985 average fuel use was 
about 46 MBtu/h, and the January 1985 average fuel use was 88 
HBtu/h. In FY 1986, average fuel input was about 44 MBtu/h. Boiler 
efficiency at peak load is about 77%. 

2, HEATING PLANT WITS 

Beating Plant No. 617: 

3 x 56 MBtu/h, Combustion Engineering, 1953 
1 x 50 HBtu/h, International Lamont, 1972 

a IDEAL CAPACITY FACTOR ANALYSIS 

he ideal capacity factors listed below were calsul ia ted from monthly 
fuel-use data €or plant No. 617. 

Fuel. 
input 
Btu/h)  

20 
30 
40 
50 
60 
70 
80 

CY 1985 
ideal 

capac i ty 
factor 

FY 1986 
ideal 

capacity 
factor 

1 .06 
0.94 
0.84 
0.76 
0.69 
0.63 
0.57 

1 .OO 
0.98 
0.80 
0.73 
0.67 
0,61 
0.55 

FY 1986 Price Data: 

Electricity = $16.5/WBtu = 5.6C/kWh 
istillate = $5.87/HBtu 
esidual = $S.OO/MBtu 

C. H. Guernsey and Co. Survey: 

Electricity = 6.6C/kWh 
Residual = $4,67/MBtu 
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5 ,  COAL PROPERTIES AND PRICES 

Or i yz i n  
H N V ,  Rtu/lb 
x Ash 
z S u l f u r  
% Nicrogen  
Ash-sof tcninq 

%?el 1 iiig i ndex 
Top size, in. 
Bottom size, in. 
F i n e s ,  I 
Gsincialji 1 i t  y index 
Cost at mine, $ / t o n  
Eelivet-:Jd c o s t ,  $/ton 
Encrgy  c o s t ,  $ / l o  B t u  

temperature, " F  

S t o k e r  

Clearfield Co., Pa. 
13,000 
16 
2 
1.5 
2450 

8-9 
1 1 / 4  
3 / 8  
15 
9@+ 
48  
53 
2.19 

ROM 

Clearfield Co., Pa. 
12,800 
13 
a 
1.5 
2450 

8-9 
2 
0 

9Q+ 
30 
47 
1.84 

6. ENVPMONME?JTAL REGULATIONS 

6.1 Air P o l l u t i o n  E m i s s i o n  L i m i t s  for New Sources 
~ I__x_--_ -_ .̂..__  ̂

so2  c NO eiuission limits f o r  boilers < 1 Q O  MBtu/h; 1.2 lb/MBtu 
and 902 r e d u c t i o n  f o r  > l o 0  MBtu/h. 
_ .  

NO,, No emission limits f o r  boilers <lOO MBtu/h; 0.6 lb/MlStu 
f o r  > l o 0  MBeu/h. 
-. . . . . . . 

__LII__ Particulates. 0.3 l b / M B t u  f o r  boilers 1--100 MBiu/h; 6.05 
1bIWbtu f o r  > l o o  MRtu/h. 

LirrriL: T o t a l  s u s p e n d e d  solids -- 50 mg/L. 

6.3 A s h  Disposal I__r 

Ashes are classified a s  " S o l i d  kdaste Refuse'' and may be? d i s -  
posed of i n  any approved sanitary landfill. Disposal cost is 
4 5 c l  ton. 

7. OTHER CONS1 1)EKATIONS 

Dover is t he  c ~ r i - e n t  s i t e  f o r  a coal-oil-water-mixture demonstration 
p r o j e c t .  Fuel w i L l .  be s u p p l i e d  by Coaliquid Inc .  About $4  million 
w a s  spent. t o  alter one boiler and io add peripheral equipment .  The 
alrte-red b o i l e r  may be quite ideal for a micronized coal burner 
system o r  some o t h e r  coal technology. 
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8 ,  COAL-CONVERSION PROJECT OUTLOOK 

This is a candidate for conversion of 5ne u n i t ,  based on the load  
data. Also note that one b o i l e r  has been reworked f o r  coal-oil- 
water-mixture firing and may be cheaply converted t o  some a;ype of 
100% coal firing. 

T f one 5Q-MBtuIh output (-65-MBtu/h fuel inpiit 3 u n i  t uas converted 
to coal, the maximum capacity facror would be about 651, Assuming a 
90% equipment availability, an o v e r a l l  capacity f a c r o r  of a b o u t  58% 
is obtained. 

8.1 Effect of ~. Environmental Regulations on Selection l--l-....l..l__l O F  h r n b i i s ~ i o n  
Technologies 

SO2 and NO,. Any of the combust ion  technologies being  consid- 
ered cou ld  be employed without requiring any measures for SO, 
- I 

or NO, reduction because the proposed conversion p r o j e c t  i s  
smaller than 100 MBtu/h. 

ParticulaLes. 
be required to comply with the particulate emission limits. 

Bag filters or electroscatic precipitators W O U ~  

8.2  Physical. Space and Aesthetics 

Heating P l a n t ,  The existing b o i l e r  p l a n t  was originally 
designed f o r  coal. There is space avai Lzable f a r  re ins ta l l ing  
coal combustion equipment at the  existing b a i l e r  o r  f o r  con- 
struction af a new boiler ac another s i ~ e  on base. 

Goal-Handl in8 Equipment. 
ing coal-hand1 ing-equipment at the exist ing  b ~ i  Ber, 

‘There is space available f o r  i n s t a l l -  

Coal Pile. There is space available fer  a coal. p i l e  at t h e  
existing boiler plant o r  at a new s i t e  on base. 

8 . 3  Technical Risk of Combust ion Teckno log ie s  

The least technical risk would  tie f o r  rekit of  stoker f i r j [ ; g  t o  
the existing boiler, since i t  was o r i g i n a l l y  designed fat t h i s ,  
or installation oE a new s t o k e r - f i r e d  boi le -s .  ‘rhe o t h e r  tech-  
nologies would have greater technical risks because  o t  lack of  
operating experience, and a l l  of t h e m  would Q ~ Q  o f  t h e  same 
order because the existing boiler is designed f o r  c o a l - f i r i n g ,  

9. COGENERATION PROJECT OUTLOOK 

The prospects look interesting for a coal-fired cogenersLion system, 
The minimum monthly average electric load i s  abou t  4.7 M W e )  and the  
price of electricity is high (6.6ClkWh). Based on the FY 1 
energy-use data, a cogeneration plant with a b o i l e r  rating uf 
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68-MBtu/h output and a 5-MWe turbine-generator would have an glee- 
trical power capacity factor of about 90% and a peak thermal o u t p u t  
of 50 MBtu/h, with a thermal energy capacity factor of about 70% if 
used as a baseload heating plant. A cogeneration plant O F  this 
capacity should be near  the optimum size f o r  base needs. A weter- 
t u b e  boiler with a s t e a m  rating of  1458 psia and 958°F would  be t h e  
most  suitable type of boiler for a high-efficiency cogeneraLion 
s y s t em e 

The information provided by the base energy-use questionnaire indi- 
cated that natural gas was not  available at the base, and therefore 
a gas-fired cogeneration system is riot an available option. 



10. INPUT AND LGC Suf.aMAsY SPREADSHEETS 

DOVER AFB: 1 X 50 MBtulhr. E CONCMIC PARAMmm = NWINAL VALUES 
Total steam output = 50.0 

Boiler capacity factor = .583 
Number of units for  refit = 1 
Hydrated lime price($/ton) = 40 00 

Ash disposal price (Sltsc) = 10.00 

Electric price (cents/kWh) = 6.60 

Labor rate (k$/yr) = 35.00 
Limestone price (.$/ton) 20.00 

FUEL PRICES 

Natural gas price (S/MBtu) = .OU 

92 Oil price ($/MEtu) = .0O 

$6 Oil price (S/MBtu) if 3.67 

OE7IWS 

Soot blower multiplier .O 

Tube bank mod muLtipLier = .0 
Bottom ash pit multiplier = 1.0 

SO2 control multiplisr = . D  

L I M E s m I L I M E  

Inert fraction = . 0 5  

MBtu fhr 

COAL PRaPERTIES 

R.0.M SLokeL 
Ash fraction * .130 . l o 0  

Sulfur fraction = .020 .020 

HW (Btu/Lb) = 12800. 13000. 

€VEL mms 
K.O.M. coal ($/MBtu) = 1.84 
Stoker coal (S/MBtuf = 2.19 

CoalfHZO mix (S/MBtu) 3.00 

Coal/oil mix ($/MBtu) 3.50 

Primary fuel is 1 
t6 FUEL O I L  

1+6 O i l ,  2 4 2  O i l ,  3-NG 

Eccwaac PARAME= 

Iriflotion 6. discounting bass year = 1988 

Gen inf la  index (1987 to base yr) = 1.040 
Gas infla index (1988 to bas0 yr) = 1.000 
Oil infla index (1988 to base yr)  - 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1980 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General. inflation rate (%/yr) = 0 

Type of gas escalation = egas 
Type of oil escalation = eoil 
Type oE coal  escalation = ecoal 

Discount rate (X/yr) = 10 
Rate of return on invest (Z/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax pate ( L )  = 34 

Local prop t a x  (6 insur) rate (Z) = 2 

WEAL ESCALATION RATE ( X f v r )  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 
Oil eoil 4.86 7.87 4 ..16 4.16 
Coal ecod 1.16 2.31 1.19 1.19 

1:14 PM Oct 19, 1988 



I_ DOVEX AFB: 1 X 50 MBtu/hr. FGONOHIC PARAMETERS = NCblINAL VALUES 

Tota l  steam output  = 50.0  MBtulhr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .583 Primary f u e l  = #6 FUEL O I L  

Number of u n i t s  f o r  r e f i t  = 1 

- ANNUAL COSTS 

11 FUEL/ FUEL. TOTAL MAINP OTHER 

OF STEAM PRICE CAPITAL FUEL O & M 0 & M 

TECHNOLOGY UNITS EFF $/MBtu kS kS kS k$ 

.800 . o o  .n .o .o  . o  Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  -- .800 . o o  .o .o  . o  . o  

_ -  

#6 Oil f i r e d  b o i l e r  -- .eo0 3.97--- .O 1171.4 165.4 484.6 
Micronized c o a l  r e f i t  1 .800 1.84 2616.3 587.3 368.2 662.0 
Slagging burner r e f i t  1 .800 1.84 4504.8 587.3 368.2 662.0 
Modular FBC r e f i t  1 .790 1.84 5173.9 594.7 350.4 642.6 
Stoker f i r i n g  r e f i t  1 .760 2.19 3070.2 735.8 350.4 628.9 
Coallwater slurry 1 .750 3.00 2353.1 1021.4 350.4 560.6 
C o a l / o i l  s l u r r y  1 .780 3.50 2081.4 1145.8 279.0 532.2 
Low Btu R a s i f i e r  r e f i t  1 .679 2.19 4206.8 824.1 323.2 788.3 
Packaged s h e l l  s toke r  1 .760 2.19 3582.7 735.8 350.4 628.9 
Packaged s h e l l  FRC 1 .760 1.84 4587.0 618.2 350.4 643.3 
F i e l d  e rec t ed  s toke r  1 .800 2.19 6497.4 699.0 348.3 619.2 
F i e l d  e rec t ed  FBC 1 .800 1.84 7133.3 587.3 407.0 642.4 
Pulver ized  c o a l  b o i l e r  1 .820 1.84 7562.3 573.0 411.2 669.7 
Circu la t ing  FBC 1 .810 1.84 8473.6 580.1 348.3 701.4 

COAL 

# OF USE, 

TECHNOLOGY UNITS ton/  y r  
Natura l  gas  b o i l e r  _ _  _ _  
#2 O i l  f i r e d  b o i l e r  _ _  _ _  
#6 O i l  f i r e d  b o i l e r  -_ .. . 

Micronized c o a l  r e f i t  1 12,468 

Slagging burner r e f i t  1 12,468 

Modular FBC r e f i t  1 12,626 

Stoker  f i r i n g  r e f i t  1 12,923 
Coal/water s l u r r y  1 13,300 
C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  1 14.473 
Packaged s h e l l  s toke r  1 12,923 
Packaged s h e l l  FBC 1 13,125 
F i e l d  e rec t ed  s toke r  1 12,277 

F i e l d  e rec t ed  FBC 1 12.468 

Pulver ized  c o a l  b o i l e r  1 12,164 

Circu la t ing  FBC 1 12.315 

A I R  FORCE PROJECT -- PRIVATE PROJECT 

LIFE L I F E  

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNT€D BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST 

k$ RATIO yr- ___ kS RATIO 
_ _  0 

0 _ _  
23,091 1.000 e--- Exis t ing  system. primary f u e l  

16,099 1.434 7.3 17,829 1.295 

17,660 1.308 11.2 20,352 1.135 

17,972 1.285 12.2 20,999 1.100 

17,445 1.324 9.4 19,433 1.188 

18,989 1.216 11.6 20.672 1.117 

20.207 1.143 16.9 22.827 1.012 
17.868 1.292 10.7 20,118 1.148 
17,712 1.304 11.3 20,446 1.129 
19.833 1.164 17.1 23,563 .980 
20,026 1.153 18.0 24,065 ,960 

20,497 1.127 19.5 24,758 .933 
21.001 1.100 21.5 25.719 ,898 

1:14 pp4 Oct 19, 1988 
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Dopw AFB: 1 X  50 MBtu/hr. rmEL REAL ESCALATION = AEO 1987 

Total steam output = 50 .0  
Boiler capacity factor = .583 

Number of units f o r  refit = 1 
Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 6.60 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) = 20.00 

FUEL PRICES 

Natural gas price (S/MBtu) = . O O  

#Z oil price (S/MBtu) = . D O '  
#6 Oil price ($/MBtu) 3.67 

om1ms 
Soot blower multiplier = .0 

Tube bank nmd multiplier = .0 
Bottom ash pit multiplier 1.0 

SO2 control multiplier = .O 

LIHEsToEJE/LxME 

Inert fraction = .05 

MBtu/hr 

COAL PROPERTIES 

R.O.M. Stoker 
Ash fraction = .130 . l o0  

S u l f u r  fract,ion = .020 .020 
HHV (Btullbb) = 12800. 13000. 

PUEL PRICIS 
R.O.M. coal (S/klBtu) = 1.84 
Stoker coal (S/MEtu) = 2.1s 
Coal/R20 mix ($/MEtu) = 3.00 
Coalloil mix (S/MBtu) = 3.50 

Primary fuel. is 1 

96 FUEL OIL 

1=#6 Oil, 2=#2 Oil, 3-NG 

EcxmQ4xc PARAMGTERS 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) Q 1.040 

Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1986 to base yr) 1.000 

Coal infla index (1988 to base yr) = 1.000 
Project start year = 1990 

Project life (yr )  = 30 

Depreciation life (yr) 15 
General inflation rate (X/yr) = 0 

Type of gas escalation = egas 

Type of oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (%/yr)  = 10 
Rate of return on invest (X/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  3 4  

Local prop tax (6 insur) rate ( X )  * 2 

REAL ESCALATION RATE (%/vr)  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas sgas 2.28 4.70 5.49 2.75 
Oil eoil .17 4.16 5.55 2.77 
Coal ecoal 1.46 1.76 1.61 .61 

1:22 PM Oct 19, 1988 



Boi l e r  capac i ty  f a c t o r  = .583 

Nmher of unit.s f o r  r e f i t  = 1 

Primary f u e l  =- CB FUEL OIL. 

-.1.- ANNUAL COSTS I_ 

# FUEL/ FUEL TOTAL M41NT OTHER 

OF STEAkk PRICE CAPIT.%L FUEL 0 & M 0 h ?I 

W.Ts k V  k5_ .--- kS kS A___. TECHNOLOGY 

,800 . O O  . o  . o  . o  . o  Natura l  gas b o i l e r  -- 
#2 O i l  f i r e d  b o i l e r  -- ,800 . 0 5  . 5  . o  . o  .o  
$6 O i l  f i r e d  b o i l e r  '600 3:.5.? . o  .. 11.71.4 165.4 - 484.6 
Micronized c o a l  r e f i t  1 ,800  1.84 2616.3 587.3 368.2 662.0 
Slagging burner r e f i t  1 . 8 0 0  1.84 4504.8 587.3 368.7. 662.0 

Modular FBC r e f i t  1 .790 1.84 5173.9 594.7 350.4 642.6 
Stoker  f i r i n g  r e f i t  1 .760 2.19 3070.2 735.8 350.4 628.9 
Coallwater s l u r r y  1 .750 3.00 2353.1 1021.4 350.4 560.6 
C o a l / o i l  s l u r r y  1 .780 3.50 2081.4 1145.8 279.0 532.2 
Low Btu n a s i f i e r  r e f i t  1 .679 3.19 4206.8 824.1- _ _ _ _ _ _  -3.23.2 788.3 
Packaged s h e l l  s toke r  1 ,760 2.19 3582.7 735.8 350.4 628.9 
Packaged shell FBC 1 .760 1 . 8 l  4587.0 618.2 350.4 643.3 
F i e l d  e rec t ed  s toke r  1 .800 2.19 6497.4 699.0 346.3 619.2 
F i e l d  e rec t ed  FEC 1 ,800  1.84 7133.3 587.3 407.0 642.4 
Fulverized c o a l  b o i l e r  1 ,820 1.84 7562.3 573.0 411.2 669.7 
,_I_ Circu la t inn  FBC 1 ,810 1.84 8473.6 2 8 0 . 1  348.3 701.4 

COAL 

# OF USE, 

TECHNOLOGY UNITS t o n l v r  
Natura l  gas b o i l e r  -- _ _  
#Z Oil f i r e d  b o i l e r  -- _ _  
$6 O i l  f i r e d  b o i l e r  _ _  _ _  .............. 
Micronized c o a l  r e f i t  1 12,468 

Slagging burner r e f i t  1 12,468 
Modular FEC r e f i t  1 12,626 

Stoker  f i r i n g  r e f i t  1 12,923 

Coal/water s l u r r y  1 13,300 
C o a l / o i l  s l u r r y  Not eva lua ted  

ATR PGRCE PROJECT -_.._.__I___ PRIVATE PROJECT 

LIFE LIFE 

CYCLE: CYCLE 

COST, DISCOUNFED COST: 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFTTi 
AS SPENT COST PERLOD, A5 SPENT CCIST 

kS ................. _.-_. RATIO . . yr I k$ RATIO 
_ _  0 

0 - _  

19,019 2 . 0 0 0  <---  E k * s t i r r g - s ~ - - s ~ ~ ~ ~ ~ ~ ~ ~ a r y  fuel 
16,006 1.188 11.8 17,733 1.073 
17,567 1.083 19.4 20,256 ,939 

17,878 1.064 21.5 20,902 .910 

17,328 1.098 17.1 19,313 ,985 

18,826 1.010 28.7, 20,505 ,928 

LOW Etu g a s i f i e r  r e f i t  1 ..........,. 4.3 ....... --go . 076 ,947 >3 I - L i s ! 2  ,838 
Packaged s h e l l  s toke r  1 12,923 17,751 1.071 19 7 19,998 . 9 5 1  

Packaged s h e l l  FBC 1 13,125 17,614 1.080 19.7 20,345 .935 
Fie ld  e rec t ed  s toke r  1 12,277 19,728 .964 >3 1 23.449 .e11 
F i e l d  e rec t ed  FBC 1 12,468 19,933 ,954 >3 1 23,969 .793 
Pulver ized  c o a l  b o i l e r  1 12,164 20,406 ,932 >3 1 24,664 .771 
C i r c u l a t i n g a C -  1 12,315 &510_9 ,910 >3 1 25.624_-.*-- .742 

1 2 2  FM Oct 1.9, 1988 
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DOVEK AFB: 1 X 50 MBtuThr. FUEL REAL ESCALATIO?? = ZERO 
Total steam output 

Boiler capacity factor 

Number of wits for refit 
Hydrated lime price($/ton) 

Ash disposal price ($/ton) 
Electric price (cents/kWh) 

Labor rate (k$/yr) 

Limestone price ($/ton) 
FUEI, p6LIcEs 

Natural gas price ($/MBtu) 
#2 Oil price (S/MBtu) 
#6 Oil price ($/PIBtu) 

OPTIONS 
Soot blower multiplier 

Tube bank mod multiplier 

Bottom ash pit multiplier 

SO2 control multiplier 
LIHEST(wE/LW 

Inert fraction 

= 50.0 
= .583 
- 1  

40.00 

10.00 

= 6.60 - 35.00 
= 20.00 

= .oo 
= .oo 
= 3.67 

= .o  
= .o  
= 1.0 
5 .o 

= .05 

Inflation 6. discounting base year 
Gen infla index (1987 to base yr) 
Gas infla index (1988 to base yr) 

Oil infla index (1988 to base yr) 

Coal infla index (1988 to base yr) 
Project start year 

Project life (yr) 
Depreciation life (yr) 

General inflation rate (%/yr)  

MBtulhr 

COAL m m T I B  

Ash fraction 

Sulfur fraction 

HHV (Btullb) 
FUEL ElRTcEs 

R.O.M. coal ($/MBtu) 

Stoker 6001 ($/MBtu) 

Coal/HZO mix (S/MBtu) 
Coal/oil mix (S/mtu) 

R.O.M. Stoke% 
= .130 .lo0 

4: .a20 .020 

= 12800. 13000. 

= 1.84 
= 2.19 
= 3.00 - 3.50 

Primarp fuel is 1 

P6 FUEL OIL 
1-616 Oil. 2=#2 Oil, 3=NG 

= 1988 
= 1.040 

= 1.000 
= 1.000 
= 1.000 
= 1990 
= 30 
= 15 
- 0  

Type of gas escalation = zero 
Type of oil escalation = zero 
Type of coal escalation = zero 

Discount rate (Xlyr) = 10 
Rate of return on invest (%/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate (%) = 34 

Local prop tax ( S  insur) rate (%) = 2 

REAL ESCALATION RATE (X lvr )  

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas zero 0 0 0 0 

Oil zero 0 0 0 0 

Coal zero 0 0 0 0 



IlOVER A F B L - X X K B ~ U / E , ~  ~ m--W EXGALATION ZERO 

Tota l  s t e m  output  = 50.0 MBtu/hr Cost base  year  = 1988 

Boiler capac i ty  f a c t o r  = ,583  P ~ i l l l d ~ " ~  f u e l  $ 5  FUEL 611. 

N u r n J ~ s r  of  u n i t s  f o r  r e f i t  = 1 

...-.__-_ ANNUAI COSTS 

# FUEL/ FUEL TOTAL M A I N I  OTFIER 

OF STEAM PRICE CAPITAL FUEL 0 6 H 0 G M 

- TECB?IOLOI;Y _____... UNITS EFF $J-EEtu kS kS k$ 

,800 . oo  . o  . o  . o  . o  Natura l  gas b o i l e r  _ _  
12 O i l  f i r e d  boiler -- , 800  .oo  . o  . o  . o  . o  
$5 O i l  f i r e d  b o i l e r  -- . 800 3 ' 67 ..._..........I .O _.. 1171,4 165.4 tF14.6 

Micronized coaL r e f i t  1 ,800 1.84 2616.3 587 .3  3 6 8 . 2  652.0 

Slagging bvrae r  r e f i t  1 .800 1.84 4504.8 587.3 368 .2  662.U 

Modular FBC r e f i t  1 .790 1.84 5173.9 594.7 350.4 E b 2 . 6  

Stokar f i r i n g  r e f i t  1 .760 2.19 3070.2 735 .8  350.4 628 .9  

Coal/wat.er s l u r r y  1 .750 3.00 2 3 5 3 . 1  1021.4 350.4 560.6 

Coal /o l1  slurry 1 .780 3.50 2081.4 1145 .8  2 7 9 . 0  532.2 

Low 9tu g a s i f i e r  r e f i t  1 .679 2.19 42_96.:.8 _..._,_ az.4.:.1 323 . %  788.3 

Packaged s h e l l  s toker  1 .760 2.19 3582.7 735 .8  3 5 0 . 4  628 .9  

Packaged s h e l l  FEIC 1 .760 1.84 4587.0 618 .2  350.4 6 b 3 . 3  

Fie ld  e rec t ed  s toke r  1 .800 2.19 6497.4 699.0 3 4 8 . 3  619.2 

Fie ld  e rec t ed  FBC 1 .800 1.84 7133.3 587.3 407.0 R 4 2 . 4  

Pulver ized  coa l  b o i l e r  1 .a20 1.84 7562.3 573 .0  4 1 1 . 2  659.7 

Circu la t ing  FBC 1 28-34 8473.6 5 8 0 . 1  3 4 9 . 3  701.4 

kS ________.____II____ 

PRIVATE PROJET-..-...- - A I R  FORCE PROJECT 

LIFE r a m  
CYCLE CYCLE 

COST, DISCOUNTED COST 
C0.a DISCOUNTED BENEFIT/ PAYEACh DISCOUNTED BENEFIT) 

S OF USE, AS SPENT COST WRIUD, AS SPENT COST 

TECHWOLOGY ~ ...... ~ ~ .... UNITS t o n l y r  k$ .EvLm....-.-..JL.- ~ k$ RATIO 

Nat,ural gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

-_  0 

0 

-- _ _  
_ _  -- _ _  

_ _  -_  $6 O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  1 12,468 

Slagging burner  r e f i t  1 12,468 

Modular FBC r e f i t  1 12,626 

Stoker f i r i n g  r e f i t  1 12,923 

Coal/water slurry 1 13,300 

Crra l /o i l  slurry Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  J 14.473 

Packaged s h e l l  s toke r  1 12,923 

Packaged s h e l l  FBC 1 13,125 

F i e l d  e rec t ed  s toke r  1 12,277 

F i e l d  e rec t ed  FBC 1 12,468 

Pulverized c o a l  b o i l e r  1 12.164 

Circu la t ing  FBC 1 12 * 315.-- 

14 .381  l.O.OO.-...__Z--- Ex is t in&.sgs te ;n ,  primary f u e l  

15,188 .947 >31  16 ,891  .E51 

16,749 ,859  >3 1 19,415 . 7 4 1  

17,050 .843 >3 1 20,050 .717 

16,303 .E82 =-3 1 18,259 .788 

17,404 .826 23 1 19,042 .755 

18,929 ,760 >3 1 21 ,512  . 669. 

16,727 .a60 >3 1 18,944 .759 

16,753 .a58 >3 1 19 ,459  .739 

18,754 .767 >3 1 22 ~ 447 , 6 4 1  

,622 19,115 .752 23 1 

19,608 ,733 23 1 23,844 .603 

-..20_,10 1 .715 >3 1 2 4 , 7 9 4  . 580  

23 ,128  

1 :29  3 4  Oct 1 9 .  1988 
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McGUIBE MB: MAC 

BACKGROUND 

McGuire AFB is located near Trenton, New Jersey. The main boiler 
plant at McGuire used coal until 1970 when all boilers were switched 
t o  natural gas and distillate oil (backup fuel). All boilers are 
water-tube, high-temperature, hot-water units and have Cleaver 
Brooks electrostatic precipitators. Boiler efficiencies are re- 
ported as 74-70%. Fuel use is about 500,000 MHtu/year, for a yearly 
average of -57 MBtu/h. Earlier data indicate that fuel use was 
previously much higher. Probably no coal-hand1 ing equipment. is 
repairable. 

BEATING PLANT UNITS 

Heating Plant No. 2101: 

4 x 50 MBtu/h, Combustion Engineering, 1953 
2 Y 31.2 MBtu/h, Erie City, 1960 

IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity'factars listed below were calculated from monthly 
fuel-use data f o r  plant No. 2101. 

Fuel 
input 
(MBtu/h) 

CY 1985 
ideal 
capacity 
factor 

FY 1986 
ideal 

capacity 
factor 

30 
40 
50 
60 
70 
80 

ENERGY PRICES 

0.93  
0.82 
0.76 
0.71 
0.67 
8 . 6 3  

FY 1986 Price Data: 

0.92 

0.76 
0.71 
0.66  
0.62 

0.82 

Electricity 
Distillate 
Natural gas 

Average Year end 
- 

7.OclkWh Same 
$6.85/MBtu Same 
$3.85/MBtu $2.70/MBtu 

C. H. Guernsey and Co. Survey: 

Electricity = 7.8c/kWh 
Distillate = $5.56/MBtu 
Natural gas = $5.40/MBtu (this i s  apparently a mistake) 
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An inquiry into the gas price revealed that the price fluctuates and 
the gas supply is interruptible. The gas supply is only rarely 
interrupted, and a c o s t  of about $4.00/HBtu would be representative. 

Origin 

x Ash 
I Sulfur 

HIPV, Btullb 

z Nitn-ogen 
AwD.1-30fkassing 

SusBling index 
l o p  size, in. 
Bottom s i z e ,  in. 
Fines:, X 
Grindability index 

temperature, O F  

F" 

Cost at mine, $/ton 
T:e? i vared c o s t ,  $/ton 
Energy c o s t ,  $/lo6 Btu 

Stoker R8M 

Clearfield Co., Pa. Clearfield Co., Pa. 

1Q 13 
2 2 
1.5 1.5 
2450 2450 

13,000 12,800 

8-9 
1 1 / 4  
3/8 
1s 
90+ 
40 

2.25 
58.50 

8-9 
2 
a 

90s 
30 
48.50  
1.89 

6.3, .-I" Air Pollution ~ Emission Limits for New Sources 

sa. For boilers >25Q MBtu/k: 0.6 lb/MBtu and 70X reduction; 
for boilers >1 and <250 MBtu/h: 0.3 Ib/MBtu. 

NO,. NO emission Limits for  boilers <IO0 MBtu/h; for boilers 
>IO0 MBtufh: spreader stoker and PBC - 0.61 lb/MBtu; pulverized 
coal - 0.7 Ib/HBtu. 

~ 

Particulates. 0-03 lb/MBtu (state-of-the-art technology re- 
q u i r e d ) .  

6.2 Coal-Pile Bunoff 

L i m i t : :  T o t a l  suspended solids - 50 mg/L, 

Ashes are classified as nonhazardous solid waste and may be 
dis,posed of in any approved sanitary landfill. 

Elec t r ic  use i n  PY 1986 was 55,000 MWh, an average of 6 . 3  MW. 
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8. COAL-CONVERSION PROJECT OUTLOOK 

A conversion project using coal t o  generate 50 MBtu/h of steam 
( -45  PiBtu/h fuel input) may be feasible, Assuming 90% equipment 
availability, an overall capacity factor of about 62% could be 
expected. The price of natural gas is very important to the econom- 
ics o f  such a project; the discrepancy in price must be investigated 
further I) 

8.1. -___I- Effect of Environmental Regulations on Selection of Combustion 
Technolo@es 

So,. The strict SO, emission limit will require 90% or greater 
SO, reduction while burning 2% sulfur coal, which will mecessi- 
tate the use of a flue gas scrubber with stoker firing, lime- 
s tone  addition with micronized coal o r  FBC, or the use of deep- 
cl.eaned coal-water-mixture fuel. 

NO,. No special measures will be required f o r  NO, reduction 
because the proposed conversion projects is smaller than 
100 MBtu/h. 

- 

Particulates. Bag filters or electrostatic precipitators will 
be required to comply with the strict particulate emission 
limits except for the case of using a wet scrubber € o r  SO, con- 
trol. Electrostatic precipitators are still in place and may 
be reusable, 

8.2 Physical Space and Aesthetics 

Heating Plant. - The existing boiler plant was originally 
designed for coal. There is space available for reinstalling 
coal-combustion equipment at the existing boiler or for con- 
struction of a new boiler at another site on base. 

Coal-Handling Equipment. Most of the auxiliary equipment is 
still in place, but some of it is in very bad condition and 
cannot be used. 

Coal Pile. There i s  space available for a coal pile at t he  
existing boiler plant or at a new site on base. 

8 . 3  Technical Risk of Combustion Technologies 

Because o f  the need for strict SO, control, the technical risk 
is about equal Tor all the coal-combustion technologies. Refit 
o f  stoker firing would be the lowest risk for the combustion 
process, but the need for a flue gas scrubber increases the 
overall risk for that option. 
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9 .  COGENERATION PROJECT OUTLOQK 

The prospects appear to be potentially favorable f o r  a coal-fired 
cogeneration system. The minimum monthly average electric load is 
abouL 5.2 MWe and the price of electricity is high (7.8C/kWh). 
Based on t h e  FY 1986 energy-use data, a cogeneration plant with a 
boiler rating of 68 MBtu/h output and a 5-MWe turbine-generator 
would have an electrical power capacity factor of about 90% and a 
peak thermal output of 50 MBtu/h with a thermal energy capacity 
factor of  about 72% if used as a baseload heating plant. A water- 
tube boiler w i t h  a steam rating of 1450 psia and 950°F would be the 
most suitable type of  boiler f o r  such a cogeneration plant. 
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10. INPUT AND LCC SUWltiRY S B E W S H E E T S  

McGhTIRE AFB: 1 X 50 M B t u l h r .  ECOBCNIC PARAMETWS = NCMINAL VALUES 
Total steam output = 50.0 

Boiler capacity factor = .618 
N u m b e r  of units for refit = 1 

Hydrated lime price(S/ton) =Z 40.00 

Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 7.80 
Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 2 O . O f l  

FmL PRICES 
Natural g a s  price ($/MBtu) = 4.00 

#2 Oil price (S1MBt.u) = 4.71 
#6 Oil price ($/MBtu) = .OO 

OPTIOhlS 

Soot blower multiplier = . f l  

Tube bank mod multiplier = .O 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = 1.0 

LIMESTONE/LIME 
Inert fraction = .05 

MBtuIhr 

COAL PROPERTIES 
R.O.M. Stoker 

Ash fraction = .130 . l o 0  

Sulfur fraction = .020 .020 

HHV (Btullb) = 12800. 13000. 

FUEL PRTCES 
R.O.M. coal ($/MBtu) = 1.89 
Stoker coal ($/MBtu) = 2.25 
Coal/HZO mix (S/MBtu) = 3 . 0 0  

Coal/oilmix ($/MBtu) I: 3.50 

Primary fuel is. 3 
NATURAL GAS 

1=#6 Oil., 2=#2 Oil, 3-NG 

ECOXCMIC PARAMETERS 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base y c )  = 1.040 
Gas infla index (1988 to base yr) '= 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year x 1990 

Project life (yr) = 30 
Depreciation life (yr) = 15 

General inflation rate (%/yr) - 0 
Type of gas escalation = egas 
Type of oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (X/yr) = 10 
Rate of return on invest (X/yr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  = 3 4  

Local prop tax (6 insur) rate ( % )  = 2 

REAL ESCALATION RATE (%/vr)  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1930 -1995 -2000 BEYOND 

Gas egas 3.89 8.87 5.77 5 . 7 7  
oi 1 eoi 1 4.66 7 . 0 7  4.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

11:34 AM Oct 20, 1988 
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KW132E AFB: 1 X Z e - t u f h r .  FnXNWC PhRAHETlERs = NOMINAL VALUES 

T o t a l  steam output  = 50.0 MBt.u/hr Cost  base  year  = 1933 

Bo i l e r  capac i ty  f a c t o r  = .618 Primary f u e l  = NATURAL GAS 

Nurher of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL EL4INT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 if M 0 if M 
TECHNOLOGY UNITS E F F  $/MBtu k$ kS kS kS 

.800 4.00 . O  1353.4 165.4 496.2 Natural. gas b o i l e r  

42 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 1593.7 165.4 496.2 

-- 

86 O i l  f i r e d ~ o - ~ & ~ ~ . - .  -- .800 . O O  . o  .o  .o  . o  
Micronized c o a l  r e f i t  1 .800 1.89 2907.2 639.5 363.2 776.5 

Slagging burner r s f i t  1 .800 1.89 4795.6 639.5 368.2 776.5 

Modular FBC r e f i t  1 .790 1.89 5442.3 647.6 350.4 741.0 

Stoker f i r i n g  r e f i t  1 .740 2.25 4454.4 823.0 541.9 740.4 

Coal/water slurry 1 .750 3.00 2651.5 1082.7 350.4 673.7 

C o a l / o i l  slurry 1 .780 3.50 2294.9 1214.6 279.0 590.0 

Low Btu g a s i f i e r  r e f i t  1 ,659 2.25 5034.9 924.7 323.2 1008.5 

Packaged s h e l l  s toke r  1 .740 2.25 4966.9 823.0 541.9 740.4 

Packaged s h e l l  FBC 1 .760 1.89 4859.5 673.1 350.4 744.8 

F i e l d  e rec t ed  s tokor  1 .780 2.25 7877.2 780.8 539.8 726.0 

F i e l d  e r e c t e d  FBC 1 .800 1.89 7216.3 639.5 407.0 739.8 

Pulver ized  c o a l  b o i l e r  1 .800 1.89 8942.1 639.5 602.7 779.0 

C&culatinR FBC 1 ,810 1.89 8543.9 631.6 348.3 779.9 

COAL 

# OF USE. 
~----------P- TECHNOLOGY UNITS ton/yr  
Natura l  gas b o i l e r  -- -- 
82 O i l  f i r e d  b o i l e r  -- -- 
#G Oil f i r e d M l e r  -- -_  
Micronized c o a l  r e f i t  1 13,217 

Slagging burner r e f i t  1 13,217 

Modular FBC r e f i t  1 13,384 

Stoker  f i r i n g  r e f i t  1 14,069 

Coal/water slurry 

C n r t l / o i l  s l u r r y  

Low Btu g a s i f i e r  r e f i t  _ _ _  
Packaged shell s toke r  

Packaged shell FBC 

F i e l d  e rec t ed  s toke r  

F i e l d  e rec t ed  FBC 

Pulver ized  c o a l  b o i l e r  

C i rcu la t ing  PRC I_ 

1 14,098 

Not eva lua ted  

...-._II 1 15,808 - 
1 14,069 

1 13,913 

1 13.347 
1 13,217 

1 13,217 

.. 2 2 L O L  

- AIR FORCE PROJECT PRIVATE PROJECT - 
LIFE L I F E  

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/  PAYBACK DISCOUNTED BENEFIT/  

AS SPENT COST PERIOD, AS SPENT COST 

k$ RATIO yr kS R A T J L  

29,110 1.000 <--- Exis t ing  system, primary f u e l  
29.610 -- 

-- 0 
---I 

17,719 1.643 6.8 19,636 1.482 
19.280 1.510 9.7 22,160 1.314 
19,454 1.496 10.3 22,654 1.285 

21,984 1.324 13.1 24,774 1.175 

20,689 1.407 9.6 22,566 1.290 

23.547 1.236 16.2 26,665 1.092 
22,407 1.299 14.1 25,459 1.143 

19,241 1.513 9.7 22,151 1.314 

24,238 1.199 18.6 28,809 1.010 

21,341 1.364 13.5 25,457 1.143 

24,823 1.173 19.9 29,877 ,974 

22.152 1.314 15.2 26.938 1.081 

11:34 AM Oct 20, 1988 



Total steam output 
Boiler capacity factor 

Number of units for refit 
Hydrated lime price($/ton) 

Ash di5pOSal price ($/ton) 

Electric price (centslkwh) 

Labor sate IkSIyr) 
Limestone price ($/ton) 

FUEL PRICES 
Natural gas price (S/MBtu) 

82 Oil price ($/MBtu) 
#S Oil price (SIMBtu) 

OPT,IQt?S 

Soot blower multiplier 
Tube bank mod multiplier 
Bottom ash pit multiplier 

SO2 control multiplier 
LIMEseMIEILIME 

Inert fraction 

= 50.0 
= .618 
5 1  
= 40 .00  

= 10.00 

= 7.80 

= 35.00 
= 20.00 

= 6 . 0 0  

= 4.71 
= .oo 

= .o  
= .o  
= 1.0 
= 1.0 

Q .05 

MBtulhr 

COAL mamms 
R . O . M .  Stoker 

A6h fraction = .130 ,300 

Sulfur fraction = .020 .020 
HHV (Btu/lb) = 12800. 13000. 

FueL PRfCEs 
R.O.M. coal ($/MBtu) 1.89 
Stoker coal ($/MBtu) = 2.25 
Coal/H2O mix ($/MBtu) = 3.00 
Coal/oil mix (Si/PlB.IBtu) = 3.50 

P r i m a q  fuel %s 3 

1=#6 O i l ,  2=#2 Oil, 3=NG 
NATURAL GAS 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yrf = 1.040 

Gas infla index (1988 to base yr)  = 1.000 
Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate ( X l y r )  = 0 

Type of gas escalation egas 
Type of oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (X/yr) = 10 

Rate of return on invest (Xlyr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate (I) = 34 

Local prop tax (& insur) rate ( X )  * 2 

REAL ESCALATION RATE (P/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 2.28 4.70 5.49 2.75 
Oil eoi 1 .17 4 . 5 6  5.55 2.77 
Coal ecoal 1.46 1.76 1.61 .ai 

11:40 AM Oct 20, 1988 
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i: 1 X 50 MBtulhr. FUEL WAI. ESCAi.ATIW,.~~~.@ I887 

Tota l  s t e m  output  = 5 0 . 0  tG tu /h r  Cost base  year  = 1988 
Boi l e r  capac i ty  f a c t o r  = .618 Primary f u e l  NATURAL GAS 

Number o f  u n i t s  for r e f i t  = 1 

- ANNUAL COSTS 
d FUEL/ FUEL TOTAi. ElAINT OTHER 

OF STEAM PRICE CATiTAL FUEL 0 & M 0 6r M 

TECHNOLOGY UNITS EFF $/. ~ ~ u _ ~ _ _ . . . . . _ . .  rp__ kS kS-.-.- 
.a00 4.00 .O 1353.4 165.4 496.2 Natura l  gas  b o i l e r  

82 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 1593.7 165.4 496.2 

86 Oil f i r e d  b o i l e r  -- 
Micronized c o a l  r e f i t  1 . B O O  1.89 2907.2 639.5 368.2 776.5 

Slagging burner  r e f i t  1 .800 1.89 4795.6 639.5 368.2 776.5 

ModuLer FBC r e f i t  1 ,790 1 .89  5442.3 647.6 350.4 741.0 

Stoker  f i r i n g  r e f i t  1 .740 2.25 4454.4 823.0 541.9 740.4 

Coal/wat,ar slurzy 1 .750 3.00 2651.5 1082.7 350.4 673.7 

C n a l / o i l  s l u r r y  1 .780 3.50 2294.9 1214.6 279.0 590.0 

Low Btu R a s i f i e r  re f i t . . - l_____ ,659 2.25 5034.9 924.7 323.2 1008.5 

Packaged shell s toke r  1 .740 2.25 4966.9 823.0 541.9 740.4 

Packaged shell FEC 1 .760 1.89 4859.5 673.1 350.4 744.8 

F i e l d  e rec t ed  s toke r  1 .780 2.25 7877.2 780.8 539.8 726.0 

F i e l d  e rec t ad  FBC 1 .800 1.89 7216.3 639.5 407.0 739.8 
Pulver ized  coal b o i l e r  1 .800 1.89 8942.1 639.5 602.7 779.0 

_ _  

,800 . o o  ~ l-̂ l__.I._......______.. . o  . o  . o  o_-- 

Circu la t ing  FBC 1 . 810 ...~...t, s - ? . . . . . ~ g . _ _ 6 3 1 * 6  348 . 3 779. 9 

cam 
I OF USE. 

- TECHNOLOGY UNITS t o n L z  

Natura l  gas  boiler -_  -- 
#Z Oil f i r e d  b o i l e r  _-  _ _  
#S O i l  f i r e d  b o i l e r  _ _  -- 
Micronized c o a l  r e f i t  1 13,217 

Slagging burner r e f i t  1 13,217 

Nodular FBC r e f i t  1 13,384 

Stoker f i r i n g  r e f i t  1 14,069 

Coal/water s l u r r y  1 14,098 

C o a l l o i l  SLUKIY Not eva lua ted  

Low B t u  gasifier-;efi t_ 1 15.808 
Packaged s h e l l  s toke r  1 14,069 

Packagad s h e l l  FBC 1 13,913 

F i e l d  e rec t ed  s toke r  1 13,347 

F i e l d  e rec t ed  FRC 1 13,217 

Pulver ized  c o a l  b o i l e r  1 13,217 

Circu la t ing  FBC 1 .__.I 13,054 

A I R  FORCELROJECT PRIVATB PROJECT 

L I F E  L I F E  

CYCLE CYCLE 

COST I DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOCI, AS SPENT COST 

RATIO --... JL kS RATIO 

22,261 1.000 e--- Existing system, primary fuel 
24,070 _ _  

-I_-- 

_ _  0 

17,618 1.264 9.7 19,531 1.140 
19,178 1.161 14.7 22,055 1.009 
19.351 1.150 15.6 22: 548 .987 

20,517 1.085 17.6 22,388 .994 

21,853 1.019 26.8 24 640 .903 

23,400 .951.- ... ̂... _._l_l_ 23 1 26.513 . a40 
22,277 .999 >3 1 25,325 . a79  

19,134 1.163 14.6 22,041 1.010 
24.16's .921 73 1 28,681 .776 

21,239 1.048 23.7 25.353 .878 

24,721 ,901 >3 1 29,773 .748 

i & o s z  I I.009 29.2 26.834 .a30 

11:40 AM Oct 20; 1988 



Tota l  steam ou tpu t  50 .0  

Bo i l e r  capac i ty  f a c t o r  = .el8 
Number of u n i t s  f o r  r e f i t  = 1 

Hydrated lime pzFce($/ton) = 40.00 

Ash d i s p o s a l  price ($ / ton )  = 1 0 . 0 0  

E l e c t r i c  p r i c e  (centfi/kbJh) = 7.80 

Labor r a t e  (kS/yr) = 35.00 

Limestone p r i c e  ($ / ton )  = 20 GO 

FtTn mImS 
Natu ra l  gas p r i c e  (S/MBtu) = 4.00 

#2 O i l  p r i c e  ($/!*tu) = 4 71 

446 011 p r i c e  (S/MBtu) = 00  

QPTIQNS 

Soot blower m u l t i p l i e r  = .O 

Tube bank mod m u l t i p l i e r  = .O 

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 c o n t r o l  m u l t i p l i e r  5 1 .O 
EIHESMRE/LlME 

I n e r t  f r a c t i o n  = . 0 5  

MBtuIhr 

c w  l3mFf=xTr:fx 

B.O.N. Stokeg 

A s h  f r a c t i o n  = .I30 . 1 O U  

SulTur f r a c t i o n  = .020 .020 

HEV (Dtu / lb )  = 12800. 13000. 

Rrn WhCES 

R.O.M. coa l  (S/M5tu) = 1.89 

Stoker  coa l  (SfMBtu) = 2.25  

Caal./H2O m i x  (S/MBtu) = 3.00  

Goalloil mix (S/MBtu) = 3.50 

Primary fuel f a  3 

NATURAL GAS 

146 O i l ,  2=#2 Oil, 35NG 

lzcoiKmc P- 
Inflation & discountintJ base y e a r  = 1988 

Gen i n f l a  index (1987 t o  base yr) 1 .040  

Gas i n f l a  index (1088 t o  bash: yr) .-z 1,000 

Oil .  i n f l a  index (1988 t o  base yr) = 1 . 0 0 0  

Coal. infla index (1988 t o  base yr) * 1.000 
P r o j e c t  start, year = 1990 

P r o j e c t  liEe (yr) = 30 

Depreciat ion l i f e  (pr) = 15 

General i n f l a t i o n  r a t a  (X/yr) = 0 

Type of gas e s c a l a t i o n  = zero 
Type of o i l  e s c a l a t i a n  = zero 

Type of coa l  e s c a l a t i o n  zero 

Discount rate (Xlyr )  = 10 
Rate of r a t u r n  on invest .  !$/YE) = 1 7  

Amount of  working c a p i t a l  (month) = 2 

Fede ra l  income t a x  rate  ( X I  = 34 

Local prop t a x  (& i n s u r )  ra ta  ( X I  2 

REAZ. ESCAWa.TION RATE (X/yr) 

TYPE aF FUEL 1988 1990 19% 2000 mu 
FUEL ESCALATION -1990 -1995 -2000 BEYCND 
Gas zero 0 0 0 0 

Oil zaro 0 0 0 0 

Coal. ZBLO 0 0 0 0 

11:47 AM Oct 20, 1988 
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WeGUIRE AFB: 1 X 50 F¶5tu/hr. FTEL R F A  ESCAIATIQM = ZERO 

T o t a l  steam output  = 50 .0  MBtu/hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .618 Primary f u e l  = NATURAL GAS 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 6 M 
TECHNOLOGY UNITS EFF $/MEtu kS k$ k$ - k$ 

Natura l  gas  b o i l e r  -- 

#6 O i l  f i r e d  b o i l e r  -- .EO0 . o o  . o  .o  . o  . o  

.800 4.00 .O 1353.4 165.4 496.2 

#2 O i l  f i r e d  b o i l e r  -- .800 4.71 .O 1593.7 165.4 496.2 

Micronized c o a l  re f i t  1 .EO0 1.89 2907.2 639.5 368.2 776.5 
Slagging burner r e f i t  1 .EO0 1.89 4795.6 639.5 368.2 776.5 
Modular FBC r e f i t  1 .790 1.89 5442.3 647.6 350.4 741.0 
Stoker  f i r i n g  r e f i t  1 .740 2.25 4454.4 823.0 541.9 740.4 

Coal/water s l u r r y  1 .750 3 .00  2651.5 1082.7 350.4 673.7 
C o a l / o i l  s l u r r y  1 .780 3.50 2294.9 1214.6 279.0 590.0 
Low Btu gasifier r e f i t  1 .659 2.25 5034.9 924.7 323.2 1008.5 

Packaged sbe1.l s toke r  1 .740 2.25 4966.9 823.0 541.9 740.4 
Packaged s h e l l  FBC 1 .760 1.89 4859.5 673.1 350.4 744.8 
F i e l d  e rec t ed  s toke r  1 .780 2.25 7877.2 780.8 539.8 726.0 
F i e l d  e rec t ed  FBC 1 .800 1.89 7216.3 639.5 407.0 739.8 
Pialverized c o a l  b o i l e r  1 .EO0 1.89 8942.1 639.5 602.7 779.0 
Circu la t ing  FBC 1 .E10 1.89 8543.9 631.6 348.3 779.8 

COAL 

# OF USE, 

TECHNOLOGY IJNITS ton /y r  

Natura l  gas b o i l e r  -- -- 
62 O i l  f i r e d  b o i l e r  _-  -- 
#S O i l  f i r e d  b o i l e r  -- _ _  

I_ 

Micronized c o a l  r e f i t  1 13,217 

Slagging burner r e f i t  1 13,217 

Modular EBC r e f i t  1 13,384 

Stoker  f i r i n g  r e f i t  1 14,069 

Coal/water slurry 1 14,098 

C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  1 15.808 

Packaged shel l  s toke r  1 14,069 

Packaged s h e l l  FBC 1 13,913 

F ie ld  e rec t ed  s toke r  1 13,347 
F i e l d  e rec t ed  FBC 1 13,217 

Pulver ized  c o a l  b o i l e r  1 13,217 

Circu la t ing  FBC 1 13,054 

A I R  FORCE PROJECT PRIVATE PROJECT ___ 
LIFE L I F E  

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST 

k$ RATIO yr I k$ RATIO 

15,889 1.000 c--- Exis t ing  system, primary fuel. 
17,761 -- 

16,727 .950 ~ 3 1  18,615 . E 5 4  

18,449 .E61 >3 1 21,620 .735 

_ _  0 

18,288 .869 2 3  1 21,139 .752 

20,703 .767 >3 1 23,461 .677 
19,009 .836 >3 1 20,838 .763 

22,112 .7 19 >31 25.189 .631 
21,130 .752 >3 1 24,146 .658 

18,197 .E73 >3 1 21,077 .754 

23,076 .689 >3 1 27,563 .576 

20,349 .781 231 24,437 ,650 

23,830 ,667 >3 1 28.857 ,551 
21,172 .750 >3 1 25.930 .613 

11:47 AM Oct 20. 1988 
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1, BACKGROUND 

Scott AFB is located near Belleville, Illinois. There are  four 
steam plants on this base, b u t  only the major one is o f  any 
interest. The capacity of t h i s  planr is abou t  250 MBtu/h (the 
others are about 20, 31, and 14 Mticu/h) and is composed of f o u r  Erie 
City Iron Works boilers. The boilers in the  main steam plant burned 
coal previously but were converted to No. 6 oil. Currently, the 
main plant burns natural gas, and the y e a r l y  average fuel use is 
roughly 40 MBtu/h. 

2. HEATING PLANT UNITS 

Heating Plant No. 45:  

83 MBtuBh, Erie City Iron Works, 1955 
40 MBtu/h, Erie City Iron Works, 1952 
84  and 45 MBtu/h, Erie City Iron Works, 1939 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

The maximum possible capacity factors listed below were calculated 
from monthly fuel-use data for plant No. 45.  

CY 1985 FY 1986 
F u e l  ideal idea 1 
input capacity capacity 

(MB t u / h  1 factor factor 

30 
40 
50 
60 
70 
80 
90 

4 .  ENERGY PRICES 

0.90 0.87 
0.79 0.77 
0.70 0.69 
0.63 0.63 
0.56 0.57 
0.50 0.52 
0.44 0.46 

FY 1986 Price Data: 

Average 

Electricity 4.1C/kWh 
Residual o i l  $5.28/MBtu 

Natural gas $3.64/MBtu 
Distillate oil $5.90/MBtu 

Year end 
~ ~ _ I  

4.9CIkWh 
Same 
Same 
$3.80/MnBtu 
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5. COAL PROPERTIES AND P R I C E S  

Origin 
HHV, Btu/lb 
Ash, X 
Sulfur, X 
Nitrogen, X 
Ash-softening temperature, "F  
Swelling index 
Top s i z e ,  in. 
Bottom size, in. 
Fines, X 
Grindability index 
cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $/MBtu 

Stok.er Run of Mine 

Belleville, 111 
10,888 
10 70 
3 . 7 4  

1 
28 mesh 
9-12 

23.50 
27-50 
1.26 

6 .  ENVIRONMENTAL REGULATIONS 

6,l Air Pollution Emission L i m i t s  f o I -  Ncq Sources 

Bellevil ].e, I l l .  
10,509 
11.18 
3.70 

1.5 x 0 

25 

22.00 
26 e 00 
1.24 

So,: The lllinois emission limit f o r  sulfur dioxide is 
1.8 lb/t.iBtu in any 1-h period. 

NO,: The State does not have limits on nitrogen oxide emis- 
sions for fuel-burning sources of this s i z e  (<250 MBtu/h). 
_I 

Particulates. Scott AFB is located in a nonattainment area for  
particulates. The State of Illinois particulate limit appli- 
cable to a plant boiler converted t o  coal firing is 0.1 lb/PiBtu 
actual heat input. Nonattainment regulations require the base 
to operate the boiler at the Lowest achievable emission rate 
(LAER). The operator must demonstrate that the control equip- 
ment and process measures will produce  the LAER. Emission o f f -  
sets are a l s o  applicable; however, in cases where no practical 
offsets are found, certain exemptions may be obtainable. 

_I_ 

The opacity limits f o r  new fuel-combustion sources of this size 
(5250 MBtu/hr) is 5302 with the exception that the opacity may 
range between 30 and 60% for a period or periods aggregating 
8 min in a 6O-min period. 

6.2 Coal-Pile Runoff 

The State of Illinois requires  that coal storage yards obtain a 
National Pollutant Discharge Elimination System (NPDES) permit 
if coal-pile runoff is discharged into waters of the State. 
During the permit application review, the State Agency deter- 
mines if a facility will cause or threaten to cause water 
pollution by its location, geology, operation, and abandonment 
plan. 
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The State of Illinois utilizes EPA federal regulation for coal- 
pile runoff. The regulations state the the pH of all dis- 
charges, except once-through cooling water, shall be within the 
range of 6 .0  to 9.0. The effluent limitation for the point 
source discharges of coal-pile runoff is 50 mg/L total sus- 
pended solids. 

6 . 3  Ash Disposal 

Coal ash is classified as a special waste by the State of 
Illinois and requires a special permit for handling. A permit 
for special waste handling must be obtained by existing 
disposal sites that accept the ash or, for new disposal sites, 
an operating permit must be issued. 

7. OTHER CONSIDERATIONS 

None 

8 .  COAL-CONVERSION PROJECT OUTLOOK 

A conversion project would probably involve conversion of one 
40-Btufh output ( 50-MBtufh fuel input) boiler. A realistic overall 
capacity factor for a 40-MBtdh coal-burning unit would be about 
63%,  assuming 90% availability. 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

5. tion technologies because of the high-sulfur (3.7%) coal, 
Sulfur dioxide removal will be required for all combus- 

NO,. No special nitrogen oxide controls will be required for 
any of the combustion technologies. 
- 
Particulates. Bag filters or electrostatic precipitators will 
be required. 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing boilers were originally designed 
for coal, but there is no information about availability of 
space for reinstalling coal-combustion equipment. 

Coal-Handling Equipment. There is not enough room for install- 
ing dry coal-handling equipment at the existing site, but there 
is space for coal-water-mixture equipment. 

Coal Pile. There is no space available for a coal pile at the 
existing plant, but there is space at another site on base for 
a coal pile and a new coal-fired boiler, 
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8 , 3  Technical __-I Risk of Combustion Technologies 

The existing boilers were designed f o r  c o a l ,  but t h e  technical 
risk of burning a coal-water mixture would be moderate because 
o f  the need for SO, removal. The l e a s t  techical risk would be 
for a new stoker or  F0C boiler. 

9.  COGENERATION PROJECT OUTLOOK 

The prospects for  coal-fired cogeneration systems appear t o  be poor 
because o f  the low cost of  electricity (4.l~/kWh in FY 1986; hew- 
ever, by the year's end, about 4,9C/kWh). The monthly minimum 
average electric demand was 2453 MWh in April. A 3.4-NW electric 
cogeneration plant would produce 1Q.2 M W ( t )  and require 8 12-75-MW 
boiler because of the 80% boiler efficiency. The plant. would gener- 
ate 22,560 MBtu(t) each month based on a 90% plant availability. 
The overall thermal energy capacity factor € o r  a year would be 
fairly high (61%)). 



10. INPUT AND LCC SuE.IMARY SPREADSHEETS 

Total steam output 

Boiler capacity factor 

Number of units f o r  refit 

Hydrated lime pricei$/ton) 

Ash disposal price ($/ton) 
Electric price (cents/kWh) 

Labor rate (kS/yr) 
Limestone price ($/ton) 

FUEL PRICES 
Natural gas price ($/MBtu) 

#Z O i l  price ($/MBtu) 

#6 Oil price ($/MBtu) 
OPTIONS 

Soot blower multiplier 

Tube bank mod multiplier 

Bottom ash pit multiplier 

SO2 control multiplier 
LxHeSTawEfLIME 

Inert fraction 

= 40.0 
= .626 
- 1  
= 40.00 
= 10.00 
* 4.90 
= 35.00 
= 20.00 

= 3.80 
= .oo - 3.67 
= .o  
= .o 
= 1.0 

= 1.0 

MBtu/hr 

COAL mmTxm 
R&.* SCoker 

Ash fraction = .I32 . I O 7  

Sulfur fraction = .C37 "037 

HHV (Bt ,u/ lb)  = 30510. LO890. 

FUEL PREEs 

R.O.M. coal ($/MEltu) -= 1.24 

Stoker coal ($/MBtu: 2 25 
CoalJH20 mix ($/MBtu) = 3.00 

Coal/oil mix (S/MBtu) -- 3.58 

Primary fuel is 3 

NATURAL GAS 

1=#6 O i l ,  2 4 2  OFL, 3=NG 

= .os 

EcxNcMIc PBRAHETERS 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base y r )  = 1.040 
Gas infla index (1988 to base yr) * 1,000 
Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base y r )  1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 

General inflation rate (X/yr) = 0 
Type of gas escalation = egas 
Type of oil escalation = eoil 
Type of coal escalation * ecoal 

Discount rate (%/yr) = 10 
Rate of: return on invast (Zlyr) = 17 

Amount of working capital (month) = 2 
Federal income tax rate ( X )  = 34 

Local prop tax (& insur) rate (Z) - 2 
REAL ESCAUTI ON RATE ('Xtvr) 

TYPE OF FUEL 1088 1900 1095 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BIVOlTCD 

Gas eges 3.89 0.87 5.77 5.77 

Oil eoil 4.06 7.87 4.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

3:12 PM Oct 24, 2988 
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SCX)TT AFB: 1 X 40  MIStia/hr. ECQKCMIC PARAHETEKs = N M N U - V & L E s  

T o t a l  steam output  = 4 0 . 0  bBiBtu/hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = ,626 Primary f u e l  = NATIJRAL GAS 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL O 6 M 0 6 M 

- TECHNOLOGY --.--I UNITS EFP $IMBtu_ kS k$ kS kS 

Natura l  gas b o i l e r  

6 2  O i l  f i r e d  b o i l e r  -- .a00 . oo  . o  . o  . o  .o  
#6 O i l  f i r e d  b o i l e r  -- .800 3.67-  .O 1 0 0 6 . 3  146 .3  445.0 

Micronized c o a l  r e f i t  1 .800 1 . 2 4  2 7 7 9 . 1  340 .0  3 3 9 . 8  765.6 

Slagging burner  r e f i t  1 .EO0 1 . 2 4  4438.7 3 4 0 . 0  339 .8  7 6 5 . 6  

Modular PBC r e f i t  1 .790 1 . 2 4  4995 .3  3 4 4 . 3  323 .4  7 3 L . 8  

Stoker  f i r i n g  r e f i t  1 .740 1 . 2 6  3958 .8  3 7 3 . 5  498 .5  694 .7  

Coal/water s l u r r y  1 ,750 3 . 0 0  2545 .7  877 .4  323.4 6 8 8 . 1  

C o a l l o i l  s l u r r y  1 .780 3 . 5 0  2 1 6 6 . 5  984.3 2 5 7 . 5  5 6 2 . 1  

-. Low B t u A a s i f i e r  r e f i t  1 .659 1 . 2 6  4 4 4 8 . 1  419.7 298 3 8 1 7 . 5  

Packaged s h e l l  s toke r  1 .740 1 . 2 6  4405.5 373 .5  498.5 6 9 4 . 7  

Packaged s h e l l  FBC 1 ,760 1 . 2 4  4 4 3 7 . 1  3 5 7 . Q  323 .4  7 3 9 . 2  

Fie ld  e rec t ed  s toke r  1 ,780 1 . 2 6  6856.2 354.3 4 9 6 . 5  6 8 3 . 8  

F i e l d  e rec t ed  FBC 1 .800 1 .24  6321 .2  340.0 3 7 5 . 6  7 3 0 . 8  

Pulver ized  c o a l  b o i l e r  1 .800 1 .24  7777 .9  340 .0  5 5 4 . 6  727 .0  

Circu la t ing  FBC 1 ,810 1..2_4_.--. 7407.7 3 3 5 . 8  3 2 1 . 4  7 3 4 . 8  

.800 3 .80  .O 1041 .9  1 4 6 . 3  445 .0  _ _  

A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 
CYC1.E CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT1 

# OF USE, AS SPENT COST PEnIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  k$ RATIO yr -- I($ RATIO 

23 ,070  1 .000  e--- Exis t ing  system, primary f u e l  Natura l  gas b o i l e r  -- _ -  
#2 Oil f i r e d  hoil.er _ _  _ -  
#6 O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner r e f i t  Not appl icable  because of space l i m i t a t i o n s  

Nodular FBC r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

_ _  0 
_ _  -- 20 ,097  _ _  l....l...llllllll 

Stoker  f i r i n g  r e f i t  

Coab/water s l u r r y  1 13 ,914  18 ,558  1 . 2 4 3  1 4 . 6  

C o a l l o i l  sliirry Not eva lua ted  

!-ow Btu g a s i f i e r  r e f i t  Not aup l i cab le  be-gsp..ofs_pace lirnitationg----_ 

Packaged s h e l l  s toke r  1 13 ,610  17 ,000  1 . 3 5 7  1 2 . 9  

Packaged s h e l l  FBC 1 1 3 , 7 3 1  1 5 , 6 6 1  1 . 4 7 3  1 0 . 6  

F i e l d  e rec t ed  stoker 1 1 2 , 9 1 2  1 8 , 7 4 4  1 . 2 3 1  1 7 . 5  

F i e l d  e rec t ed  FBC 1 13,044 1 7 , 4 5 3  1 . 3 2 2  14 .7  

Not app l i cab le  because of space l i m i t a t i o n s  

Pulver ized  c o a l  b o i l e r  1 13 ,044  20 ,227  1 . 1 4 1  2 1 . 4  

Circu la t ing  FBC 1 12 ~ 883 1 7 . 8 5 8  1 . 2 9 2  1 5 . 9  

20 ,323  1 . 1 3 5  

19 ,626  1 .176  

1 8 , 2 6 4  1 . 2 6 3  

2 2 , 6 1 1  1 .020  

24 ,585  .938 

2 1 , 0 2 3  1 . 0 9 7  

2 1 , 9 6 8  1.050 

3 : 1 2  PM Oct 2 4 ,  1988 
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SCOTT AFL3: 1 X  40 NBtu/hr. FUEL. REAL ESCALATIOli = AEO 1987 
Total steam output 

Boiler capacity factor 
Number of units for refit 

Hydrated lime price($/t,on) 

Ash disposal price ($/ton) 
Electric price (cents/kWh) 

Labor rate (k$/yr) 
Limestone price ($/ton) 

FuEt PRICES 
Natural gas price (SfMBtu) 

#2 Oil price (SIMBtu) 
#6 Oil price (S/MBtu) 

OPTIOhls 

Soot blower multiplier 
Tubs bank mod multiplier 
Bottom ash pit multiplier 

SO2 control multiplier 
LIMESToHEILm 

Inert fraction 

= 40.0 

= .626 

= l  

= 40.00 
= 10.00 
5 4.90 

= 35.00 
fi 20.00 

= 3.80 

= .oo 
* 3.67 

* . o  
= .o 
= 1.0 
= 1.0 

= .05 

Inflation 6. discounting base year = 
Gen infla index (1987 to base yr) * 
Gas infla index (1988 to base yr) = 

Oil infla index (1988 to base yr) -ci 

Coal infla index (1988 to base yr) = 

Project start year = 
Project life (yr) = 

Depreciation life (yr) - 

MBtu/hr 

aM. PROPERTIES 
R . O . M .  Stoker 

Ash fraction = .I12 .lo7 

SuLfur fraction .037 .037 

HHV (Btullb) = 10510. 10890. 

FllEL PRICES 

R.O.M. coal (S/MBtu) = 1.24 
Stoker coal ($/t-Btu) * 1.26 
Coal/H2O mix ($/MBtu) = 3.00 
Coal/oilmix ($/NBtu) = 3.50 

Primary fuel is 3 
NATURAL GAS 

1- Oil. 2=#2 Oil, 3-NG 

1988 
1.040 

1.000 

1.000 

1.000 

1990 

30 

15 

General inflation rate (I/yr) = 0 
Type of gas escalation = egas 
wpe of oil escalation = soil 
Type of coal escalation = ecoal 

Discount rate (Xlyr) = 10 
Rate of return on invest, (Xlyr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( X )  = 34 
Local prop tax ( t i  insur) rate ( X )  = 2 

REAL ESCALATION RATE (X/yr) 
TYPE OF FUEL 1988 1090 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 2.28 4.70 5.49 2.75 
Oi 1 eoi 1 .17 4.16 5.55 2.77 

Coal ecoel 1.46 1.76 1.61 .81 

3:18 PM Oct 2 4 ,  1988 
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SCOTT AFB: 1 X 40 MBtu/hr, FUEL REAt ESCALATIOR = AEO 1987 
Total steam output = 40.0 MBtuIhr Cost base year 1988 

Boiler capacity factor = .626 Primary fuel = NATURAL GAS 
Number of units for refit = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 & M 0 & N 

TECHNOLCGY UNITS E€€ $/MBtu k$ k$ k$ k$ 
Natural gas boiler -- .800 3.80 .O 1041.9 146.3 445.0 

#2 Oil fired boiler -- .800 .OO .o .o  . o  .o 
$6 O i l  fired boiler -- .800 3.67 .O 1006.3 146.3 445.0 

Micronized coal refit 1 .800 1.24 2779.1 340.0 339.8 765.6 

Slagging burner refit 1 .800 1.24 4438.7 340.0 339.8 765.6 

Modular FBC refit 1 ,790 1.24 4995.3 344.3 323.4 732.8 

Stoker firing refit 1 .740 1.26 3958.8 373.5 498.5 694.7 

Coal/water slurry 1 .750 3.00 2545.7 877.4 323.4 688.7 

Coal/oil slurry 1 .780 3.50 2166.5 984.3 257.5 562.1 
Low Btu gasifier refit 1 .659 1.26 4448.1 419.7 298.3 817.5 

Packaged shel l  stoker 1 .740 1.26 4405.5 373.5 498.5 694.7 

Packaged s h e l l  FBC 1 ,760 1.24 4437.1 357.9 323.4 739.2 
Field erected stoker 1 .780 1.26 6856.2 354.3 496.5 683.8 

Field erected FBC 1 .800 1.24 6321.2 340.0 375.6 730.8 

Pulverized coal bailer 1 .800 1.24 7777.9 340.0 554.6 727.0 

Circulatin?, FBC 1 .810 1.24 7407.7 335.8 321.4 734.8 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 
CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlvr k$ RATIO vr k$ RATIO 
Natural gas boiler 
#2 Oil fired boiler 

_ _  17,798 1.000 <--- Existing system, primary fuel -- 
-- 0 _ _  _ _  

f6 Oil fired boiler _ _  _ _  16,599 -- 
Micronized coal refit Not applicable because of space limitations 

Slagging burner refit Not applicable because of space limitations 

Modular FBC refit Not applicable because of space limitations 
Stoker firing refit Not applicable because of space limitations 

Coal/water slurry 1 13,914 18,419 .966 >3 1 20,179 .882 

Coal/oil slurry Not evaluated 
Low Btu gasifier refit Not applicable because of space limitations 
Packaged shell stoker 1 13.610 16,941 1.051 22.7 19,565 .910 

Packaged shell FBC 1 13,731 15,604 1.141 16.1 18,205 ,978 

Field erected stoker 1 12.912 18,687 .952 23 1 22,553 .789 

Field erected FBC 1 13,044 17,399 1.023 26.9 20,967 .849 

Pulverized coal boiler 1 13,044 20,173 .882 >3 1 24,530 .726 

CirculatinR FBC 1 12,883 17,804 1.000 >3 1 21,914 .812 

3:18 PM Oct 24. 1988 
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@XYlT APB: 1 X 40 MBtu/hr, FUEL REAL ESCALA'EIOR = ZERO 

Tota l  steam output  

Boiler capac i ty  f a c t o r  

Number of u n i t s  for r e f i t  

Hydrated lime p r i c e ( $ / t o n )  

Ash d i s p o s a l  p r i c e  ( $ / t o n )  

K l e c t r i c  p r i c e  (centslkWh) 

Labor r a t e  (k$lyr) 

Limestone p r i c e  ( $ / t o n )  

FUEL PRICES 
Natura l  gas  p r i c e  ($/MBtu) 

#2 O i l  p r i c e  (S/MBtu) 

$6 O i l  p r i c e  (S/MBtu) 

OPTICBlS 

Soot blower m u l t i p l i e r  

Tube bank mod m u l t i p l i e r  

Bottom ash p i t  m u l t i p l i e r  

SO2 c o n t r o l  m u l t i p l i e r  

LIMEsToRE/LIwD: 

I n e r t  f r a c t i o n  

= 40.0 
= .626 

- 1  

40.00 

= 10.00 
= 4.90 
= 35.00 
= 20.00 

= 3.80 
= .oo 
= 3.67 

= .o 
= .o 
= 1.0 

= 1.0 

= .os  

I n f l a t i o n  

Gen i n f l a  

Gas i n f l a  

O i l  i n f l a  

Coal i n f l a  

6 discount ing  base  year  

index (1987 t o  base y r )  

index (1988 t o  base  y r )  

index (1988 t o  base  y r )  

index (1988 t o  base  y r )  

P ro jec t  start year  

P ro jec t  l i f e  (yr) 

Deprec ia t ion  l i f e  ( y r )  

General  i n f l a t i o n  r e t e  (X/yr) 

Type of gas e sca l a t ion  

Type of o i l  e sca l a t ion  

Type of c o a l  e sca l a t ion  

Discount r a t e  (Xlyr)  

Rate of r e t u r n  on i n v e s t  (X/yr) 

Amount of working c a p i t a l  (month) 

Federa l  income t a x  r a t e  ( X )  

Local prop t a x  (& i n s u r )  r a t e  ( X )  

MBtu/hr 

COAL PBoPmTIEs 

R.O.M. S toker  

Ash f r a c t i o n  = .112 ,107 

Sul fu r  f r a c t i o n  = .037 .037 

HHV ( B t u / l b )  = 10510. 10890. 

FUEL PRICES 
R.O.M. c o a l  ($/MBtu) = 1.24  

Stoker c o a l  ($/MBtu) - 1 .26  

Coal/H20 mix (S/MBtu) = 3.00 

C o a l l o i l m i x  ($/MBtu) = 3.50 

Primary fuel is 3 
NATURAL GAS 

1446 O i l ,  2=#2 Oil, 3*NG 

= 1988 
= 1.040 
= 1.000 
= 1.000 

= 1.000 
= lQ90 

= 30 

= 15 
= o  
= zero 

= zero  

= zero  

= 10 

= 17 
- 2  

= 34 
- 2  

REAL ESCALATIOA RATE (X/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FVEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero  0 0 0 0 

O i l  zero 0 0 0 0 

Coal zero 0 0 0 0 

3:24 PM Oct 24. 1988 



SCOTT AFB: 1 X 40 W t u l h r .  FUEL RF& ESCAUTION = ZERO 

Tota l  steam output  = 40.0 MBtu/hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .626 Primary f u e l  = NATURAL GAS 

Number o f  units f o r  r e f i t  = 1 

. _ . ~ -  ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 B M 

TECHNOLOGY UNITS EFF $/MB'cu kS k$ k$ kS 
Natura l  gas b o i l e r  _ _  
#2 O i l  f i r e d  b o i l e r  -- .800 . o o  . o  .o .o .o 
66 O i l  f i r e d  b o i l e r  -- .EO0 3.67 .O 1006.3 146.3 445.0 

Micronized c o a l  r e f i t  1 .800 1.24 2779.1 340.0 339.8 765.6 

Slagging burner r e f i t  1 .EO0 1.24 4438.7 340.0 339.8 765.6 

Modular FBC r e f i t  1 .790 1.24 4995.3 344.3 323.4 732.8 

Stoker  f i r i n g  r e f i t  1 .740 1.26 3958.8 373.5 498.5 694.7 

Coallwater s l u r r y  1 .750 3.00 2545.7 877.4 323.4 688.7 
C o a l / o i l  slurry 1 .780 3.50 2166.5 984.3 257.5 562.1 

Low Btu n a s i f i e r  r e f i t  1 .659 1.26 4448.1 419.7 298.3 817.5 

Packaged s h e l l  s toke r  1 .740 1.26 4405.5 373.5 498.5 694.7 

Packaged shall FBC 1 .760 1.24 4437.1 357.9 323.4 739.2 

Fie ld  e rec t ed  s toke r  1 . 7 8 0  1.26 6856.2 354.3 496.5 683.8 

F i e l d  e rec t ed  FBC 1 .800 1.24 6321.2 340.0 375.6 730.8 

Pulver ized  coal b o i l e r  1 .800 1.24 7777.9 340.0 554.6 727.0 

Circu la t inn  FBC 1 .810 1.24 7407.7 335.8 321.4 734.8 

.800 3.80 .O 1041.9 146.3 445.0 

AIR FORCE PROJECT PRIVATE PROJECT -. 
LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l v r  kS R4TIO Yr  kS RATIO 

Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

#6 O i l  f i r e d  b l j i l e r  

Micronized c o a l  r e f i t  Not app l i cab le  because o f  space l i m i t a t i o n s  

Slagging burner r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

12,893 1.000 <--- Exis t ing  system, primary f u e l  -- -- 
-- 0 

12.615 

-_ -_ 
_ _  _ _  -_ 

Stoker f i r i n g  r e f i t  Not app l i cab le  because o f  space l i m i t a t i o n s  

Coallwater slurry 1 13,914 17,197 ,750 >3 1 

Coal/oiL s l u r r y  Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  Not a p u l i c a b k b e c a u s e  of suace l i m i t a t i o n s  

Packaged s h e l l  s toke r  1 13,610 16,421 ,785 >31 

Packaged s h e l l  FBC 1 13,731 15,105 .a54 >3 1 

Fie ld  e rec t ed  s toke r  1 12,912 18,194 .709 >3 1 

F i e l d  e rec t ed  FBC 1 13,044 16,925 .762 >3 1 

Pulver ized  coa l  b o i l e r  1 13,044 19.700 .654 >3 1 

Circu la t ing  FBC 1 12.883 17 I 337 .744 =-3 1 

18,923 .681 

19.030 .678 
17,693 .729 

22,045 . 5 8 5  

20,481 .630 

24,043 .536 

21,433 ,602 

3:24 PM Oct 24. 1988 
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GBA1sD FORKS APB: SAC 

1. BACKGROUND 

Grand Forks AFB is located near Grand Forks, North Dakota. The 
central steam plant is the only one of interest to this study. 
There are five boilers sized at 3 x 25 MBtu/h and 2 x 42 MBtu/h. 
Hot water is produced at 395°F. A l l  boilers in this steam plant 
were designed for stoker coal-firing but were later converted to 
burn No. 6 oil. 

Currently an electric boiler system is supplying steam by a special 
agreement with the local utility. Apparently, the utility will 
supply electricity for steam generation at a very reduced price 
($0.0215/kWh). Because Tim Fry says this may not last much longer, 
the LCC analysis was performed assuming that No. 6 oil is the pri- 
mary fuel. 

The yearly average electric use is roughly 45 MBtu/h. Boiler effi- 
ciency is reported to be about 65-76%. No coal equipment is left. 

2.  HEATING PLANT UNITS 

Heating Plant No. 423:  

2 x 25 MBtu/h, Combustion Engineering, 1956 
25 and 42 HBtu/h, International Boiler Works, 1958 
42 MBtu/h, International Boiler Works, 1964 

3. IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
electric-use data for plant No. 423. 

Electric 
input 
(MBt u/ h) 

40 
50 
60 
70 
90 

FY 1985 
ideal 

c apac i t y 
factor 

0.81 
0.74 
0.68 
0.63 
0.51 

4. ENERGY PRICES 

FY 1986 Price Data: 

FY 1986 
ideal 

capacity 
factor 

0.82 
0.76 
0.70 
0.64 
0.53 

Electricity = 4.2C/kWh (regular price) 
Distillate = $5.4lfMBtu 
Natural gas = $3.64/MBtu 
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C. H. Guernsey and Co. Survey: 

Electricity = 2.15c/kWh ($6.3/MBtu, special price €or steam 

Distillate = $6.07/MBtu ($0.91/gal) 
generation) 

5 .  COAL PROPEKTIES AND PRICES 

Origin 
HHV, Btu/lb 
X Ash 
% Sulfur 
X Nitrogen 
Ash-softening temperature, "F 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index 
Cost at mine, $ / t o n  
Delivered cost, $ / t o n  
Energy c o s t ,  $ / l o 6  Btu 

Stoker 

Morhland, Utah 
12,300 
8 
1 
1.2 
2300 
1 
1 1/4 
114 
10 
41 
32 
46 
1.87 

ROM 

Morhland, Utah 
12,200 
8 
1 
1.2 
2 300 
1 
1 112 
0 
45 
41 
22 
36 
1.48 

6. ENVIRONMENTAL REGULATIONS 

6.1 Air Pollution Emission Limits for New Sources 

So,. For boilers >30 and < l o 0  MBtu/h: 3 Ib/MBtu. 

NO,. For boilers >30 and <lo0 MBtu/h: No emission limit. 
II_ 

- Particulates. F o r  boilers >30 and <IO0 MBtu/h: 

E = 0.811 (MBtu/h)O.l31. 
For 42 MBtu/h: 0.5 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: Total suspended solids - 50 rng/L. 

6.3 Ash Disposal ___-. 

Ashes ate classified as nonhazardous industrial solid waste and 
may be disposed of in any approved sanitary landfill. 

7. OTHER CONSIDERATIONS 

This base is located near sources of lignite. The low-cost elec- 
tricity scheme for the electric system boiler may stop in the near 
future. 
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8.  COAL-CONVERSION PROJECT OUTLOOK 

A refit/replacement project €or one of the 42-MBtuIh output (equiva- 
lent to 43 MBtu/h electric input) boilers may be economically 
attractive. An overall capacity factor near 722 is expected, assum- 
ing a 90% availability. 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

SO, and NO,. Any of the combustion technologies being ronsid- 
ered could be employed without requiring any measures f o r  NO, 
or SO, reduction since the proposed conversion project is 
smaller than 100 MBtu/h and the coal has a low sulfur content. 

Particulates. Bag filters or electrostatic precipitators would 
be required t o  comply with the particulate emission limits. 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing boiler plant was originally 
designed for coa l .  There is space available for reinstalling 
coal-combustion equipment at the existing boiler or for con- 
struction of a new boiler at another site on base. 

Coal-Handling Equipment. There is space available f o r  install- 
ing coal-handling equipment at the existing boiler. 

Coal Pile. There is space available € o r  a coal pile at the 
existing boiler plant or at a new site on base. 

8.3 Technical Risk of Combustion Technologies 

The least technical risk would be for refit of stoker firing to 
the existing boiler, since it was originally designed f o r  this, 
or installation of a new stoker-fired boiler. The other tech- 
nologies would have greater technical risks because of lack of 
operating experience, and all of them would be of the same 
order since the existing boiler i s  designed €or coal firing. 

9 .  COGENERATION PROJECT OUTLOOK 

Cogeneration would not be economical at this base because of the 
very low electric power rates. 



10. INPUT AND LCC SuElMARY SPREADSHEETS 

GRAND FORKS AFB: 1 X 42 MBtulbr #6 BOILER. EoolloMIC PARAM = luMIwAL VALUES 

Total steam output = 42.0 

Boiler capacity factor = ,716 

Number o f  units for refit = 1 

Hydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) - 10.00 
Electric price (cents/kWh) = 4.20 

Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = .OO 

#2 O i l  price ($/MBtu) = .OO 

66 Oil price ($/MBtu) = 3.67 
OPTIONS 

Soot blower multiplier = .O 
Tube bank mod multiplier = .O 

Bottom ash pit multiplier = 1.0 

LIMEsToN-E/LIME 

SO2 control multiplier = .O 

Inert fraction = .05 

MBtulhr 

CQAL PRLWERTIFS 

R.O.M. Stoker 
Ash fraction = .080 .080 

Sulfur fraction = ,010 .010 

A W  (Btu/lb) = 12200. 12300. 

FUEL PRICES 
R.O.M. coal ($/MBtu) = 1.48 
Stoker Coal ($/MBtu) = 1.87 

Coal/H20 mix ($/MBtu) = 3.00 
Coalloil mix ($/MBtu) = 3.50 

Primary fuel is 1 

1=#6 O i l ,  2=#2 O i l ,  3=NG 
#6 FUEL OIL 

E C O U ~ C  PAROMETERS 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base y r )  = 1.000 
Oil infla index (1988 to base yr) = 1.000 

Coel infla index (1988 to base y r )  = 1.000 
Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr)  = 15 
General inflation rate (Xlyr) = 0 

Type Of 88s escalation = e688 
Type of o i l  escalation = eoil 
Type of coal escalation = ecod 

Discount rate (Xlyr) 10 

Rate of return on-invest (X/yr) = 17 
Amount of working capital (month) - 2 

Federal income tax rate ( I )  = 34 
Local prop tax (& insur) rate ( I )  = 2 

REAL ESCALATION RATE ( X l v r )  

TYPE OF FUEL 1908 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 
Oil eoil 4.86 7.87 4.16 4.16 
Coal ecoal 1.16 2.31 1.19 1.19 

2:52 FiY Oct 19, 1988 
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GRAND FORKS AFB: 1 X 42 M3tulhr #6 BOILER. EC0)uMIC PARAM = NMINAL VALUES 
Total steam output = 42.0 MEtulhr Cost base year = 1988 
Boiler capacity factor .716 Primary fuel = 86 FWL OIL 

Number of units for refit = 1 

ANNUAL COSTS 
# FUEL/ FUEL TOTAL MAINT OTRER 
OF STEAM PRICE CAPITAL FIEL 0 h M 0 6 M 

TECHNOLOGY UNITS EFF $lMBtu kS kS kS kS 
.800 .OO .o .o  . o  .o Natural gas boiler 

#2 Oil fired boiler -- ,800 .OO .o .o  .o .o 
$6 Oil fired boiler -- .800 3.67 .O 1208.5 150.3 440.5 

Micronized coal refit I .800 1.48 2319.2 487.3 345.8 600.0 

Slagging burner refit 1 .BOO 1.48 4026.2 487.3 345.8 600.0 

Nodular FBC refit 1 .790 1.48 4631.1 493.5 329.1 587.2 

Stoker firing refit 1 .760 1.87 2779.8 648.2 329.1 580.9 

-- 

Coalfwater slurry 1 .750 3.00 2068.4 1053.7 329.1 510.6 
Coal/oil slurry 1 ,780 3.50 1835.9 1182.1 262.1 486.2 

I&w Btu R asifier refit 1 ,679 1.87 3777.4 725.9 303.5 675.7 
Packaged shell stoker 1 .760 1.87 3240.1 648.2 329.1 580.9 

Packaged shell FBC 1 .760 1.48 4060.1 513.0 320.1 587.6 

Field erected stoker 1 ,800 1.87 5845.8 515.8 327.1 575.G 
Field erected FBC 1 ,800 1.48 6405.1 487.3 382.2 587.1 
Pulverized coal boiler 1 ,820 1.48 6787.0 475.5 386.2 616.8 
Circulatinu FBC 1 .810 1.48 7556.0 481.3 327.1 637.7 

CQAL 
# OF USE, 

; to 
Natural gas boiler -.. -- 
#Z Oil fired boiler -- ”” 

Micronized coal refit 1 1 3 , 4 0 5  

Slagging burner refit 1 13,495 

Modular FBC r e f i t  1 13,666 

Stoker firing refit 1 14,090 

Coallwater slurry 1 14,395 
Coalloil slurry Not evaluated 
Low Btu gasifier refit 1 15.780 
Packaged shell stoker 1 14,090 

Packaged shall FBC L 14,208 

Field erected stoker 1 13,386 

Field erected FBC 1 13,495 
Pulverized coal boiler 1 13,166 

Circulatins FBC 1 13,329 

ler -- -_ 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 

COST, DISCOUNTED COST, 
DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 
AS SPENT COST PERIOD, AS SPENT COST 

k$ RAT IO vr kS RATIO 
0 

0 

-- 
”.. 

3(J 1.000 e--- Existi ng system. arirnarv fuel 
14,236 1.632 5.4 15,768 1.474 
15,647 1.485 5.1 18,050 1.288 
15,956 1.456 8.9 18,661 1.245 
15,822 1.46Q 7.1 17,623 1.318 
18,475 1.258 9.8 20,005 1.162 

17.882 3.300 10.8 20,227 1.149 

16,202 1.434 7.9 i8,23a 1.274 

15,668 1.403 8.1 18,089 1.285 
17,989 1.292 12.6 21,343 1.089 
17.838 1.303 12.8 21,460 1.083 
18,318 1.269 13.8 22,145 1.049 

18.634 1.247 14,8 22,839 1.015 

2 : 5 2  PM Qct 19, 1988 
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GRAHD FoIiKs AFB: 1 X 42 WBtulhr #6 BOILER. FUEL REAL ESCALATION - E O  1987 

T o t a l  steam output  = 42.0 
Boi l e r  capac i ty  f a c t o r  = .716 

Number of u n i t s  f o r  r e f i t  = 1 

Hydrated l ime p r i c e ( $ / t o n )  = 40.00 
Ash d i s p o s a l  p r i c e  ($ / ton )  = 10.00 

E l e c t r i c  p r i c e  (cents/kWh) = 4.20 

Labor r a t e  (kSlyr) = 35.00 
Limestone p r i c e  ( $ / t o n )  = 20.00 

mTEL PRICES 
Natural  gas p r i c e  ($/MBtu) = . O O  

#2 O i l  price ($/MBtu) = .OO 
#6 Oil p r i c e  ($/MBtu) = 3.67 

OPTIMS 

Soot blower m u l t i p l i e r  = .O 
Tube bank mod m u l t i p l i e r  = .O 

Bottom ash p i t  m u l t i p l i e r  = 1.0  

SO2 c o n t r o l  m u l t i p l i e r  = .O 
LI.MESTom?/Lrn 

I n e r t  f r a c t i o n  = . O S  

MBtu/hr 

COAL PROPERTIES 

R . O . M .  Stoker -- 
Ash f r a c t i o n  = .080 .080 

Sulfur f r a c t i o n  = .010 .010 

HHV (B tu / lb )  = 12200. 12300. 

FUEL PRICES 
R.O.M. c o a l  ($/MBtu) = 1.48 
Stoker coa l  ($/PIBtu) = 1.87 

Coal/HPO mix ($/MBtu) = 3.00 

C o a l l o i l m i x  ($/MEltu) = 3.50 

Primary f u e l  is 1 

96 FUEL OIL 
1=#6 O i l ,  2=#2 O i l ,  3-NG 

ECONWIC PARAME= 

I n f l a t i o n  h discount ing base year  = 1988 
Gen i n f l a  index (1987 t o  base yr) * 1.040 

Gas i n f l a  index (1988 t o  base yr) = 1.000 

Oil i n f l a  index (1988 t o  base y r )  = 1.000 

Coal i n f l a  index (1988 t o  base y r )  = 1.000 

Pro jec t  s t a r t  year  = 1990 
Pro jec t  l i f e  (yr) = 30 

Depreciat ion l i f e  ( y r )  = 15 

General i n f l a t i o n  r a t e  (Xlyr)  0 

Type of gas e s c a l a t i o n  E egas 

Type o f  o i l  e s c a l a t i o n  = e o i l  

Type o f  coa l  e s c a l a t i o n  = ecoal  

Discount r a t e  (Z /y r )  = 10 

Rate of  r e t u r n  on i n v e s t  ( % / y r )  = 17 
Amount of working c a p i t a l  (month) = 2 

Federal  income t a x  r a t e  ( X )  = 34 
Local prop t a x  (& i n s u r )  r a t e  ( X )  = 2 

REAL ESCALATION RATE (%/yr)  

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 2.28 4.70 5.49 2.75 
Oi 1 eoil .17 4.16 5.55 2.77 

Coal ecoa l  1.46 1.76 1.61 .81 

3:07 PN Oct 19, 1988 
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c;RARDszoRKsAFB: 1 x  4 2  H3tulhr #E BOILER. FtlEL REht ESCALATIOU = AM) 1987 

T o t a l  steam output  - 42.0 MEtu/hr Cost base year = 1888 
Boi l e r  capac i ty  f a c t o r  = .716 Primary f u e l  = #6 FUEL OIL 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 

ZECHNOLCGY UNITS EF F $/MBtu k$ k$ k$ kS 

Na tu ra l  gas b o i l e r  _ L  .800 .oo  . o  .o  . o  .o  
62 O i l  f i r e d  b o i l e r  -- .BOO .oo . o  .o . o  .o  
#S O i l  f i r e d  b o i l e r  -- . 800 3. 67 . O  1208.5 150.3 448.5 
Micronized c o a l  r e f i t  1 .BOO 1.48 2319.2 487.3 345.8 600.0 

Slagging burner  r e f i t  1 .EO0 1.48 4026.2 487.3 345.8 600.0 

Modular FBC r e f i t  1 .790 1.48 4631.1 493.5 329.1 587.2 

Stoker  f i r i n g  r e f i t  1 .760 1.87 2779.8 648.2 329.1 580.9 

Coallwater slurry 1 .750 3.00 2068.4 1053.7 329.1 510.6 

C o a l l o i l  s l u r r y  1 .780 3.50 1835.9 1182.1 262.1 486.2 

Low Btu g a s i f i e r  r e f i t  1 .679 1.87 3777.4 725.9 303.5 675.7 

Packaged s h e l l  s t o k e r  1 .760 1.87 3240.1 648.2 329.1 580.9 

Peckaged shell FBC 1 .760 1.48 4060.1 513.0 328.1 587.6 

F i e l d  e rec t ed  s toke r  1 .EO0 1.87 5845.8 615.8 327.1 575.0 

F i e l d  e rec t ed  FBC 1 .a00 1.48 6405.1 487.3 382.2 587.1 

Pulverized c o a l  b o i l e r  1 .820 1.48 6787.0 475.5 386.2 616.8 

C i r c u l a t i n g  FBC 1 .810 1.48 7556.0 481.3 327.1 637.7 

AIR FOR CE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# O F  USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLWY UNITS t o n l v r  kS RATIO yr  k$ RAT IO 
Na tu ra l  gas  b o i l e r  -- -.. 
#2 O i l  f i r e d  b o i l e r  -- -- 
t6 O i l  f i r e d  b o i l e r  -- -- 

-- 0 

0 -- 
19,038 1.000 <--- Exis t ing  system. Primary f u e l  

Micronized c o a l  r e f i t  1 13,495 14,159 1.345 7.8 15,689 1.213 

S l a g ~ i n g  burner  r e f i t  1 13,495 15,570 1.223 12.3 17,970 1.059 

Modular FBC r e f i t  1 13,666 15,877 1.199 13.5 18,581 1.025 

Stoker  f i r i n g  r e f i t  1 14,090 15,719 1.211 11.3 17,517 1.087 

Coallwater  s l u r r y  1 14,395 18,307 1.040 22.5 19,833 .960 

C o a l l o i l  s l u r r y  Not evaluated 

Low Btu g a s i f i e r  r e f i t  1 15.780 17.767 1.072 20.1 20.108 .947 

Packaged shell s t o k e r  1 14,090 16,099 1.183 12.8 18,132 1.050 

Packaged s h e l l  FBC 1 14,206 15,588 1.221 12.3 18,005 1.057 

F i e l d  e rec t ed  s t o k e r  1 13,386 17,891 1.064 21.9 21,242 .696 

F i e l d  e rec t ed  FBC 1 13,405 17,760 1.072 21.5 21,380 .8@0 

Pulverized c o a l  b o i l e r  1 13,166 18,243 1.044 24.4 22,067 .863 

C 3  13 329 18.558 1.026 26.8 22.761 .836 

3:07 €W Oct 19, 1988 
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GRARD FORKS AFB: 1 X 42 MBtulhr #6 BOILER. FUEL REAL ESCALATION - ZERCI 

Total stem output = 42.0 
Boiler capacity factor = .716 

Number of units for refit = 1 

Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 4.20 

Labor rate (k$/yr) = 35.00 
Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = .OO 

82 Oil price ($/MStu) = .OO 
66 Oil price ($/MBtu) = 3.67 

OPTIOFlS 

Soot blower multiplier = .O 
Tube bank mod multiplier = .O 

Bottom ash pit multiplier = 1.0 
SO2 control multiplier = .O 

LLMESTONE/LPIE 

Inert fraction = .05 

MB tu / hr 

COAL PROPERTIES 

R.O.M. Stoker 
Ash fraction = ,080 .080 

Sulfur fraction = .010 .010 

HBV (Btu/lb) = 12200. 12300. 
FUEI. PFUCES 

R.O.M. coal ($/MBtu) = 1.48 

Stoker coal ($/MBtu) = 1.87 

CoallH20 mix ($/MBtu) = 3.00 
Coal/oil mix ($/MBtu) = 3.50 

Primary fuel is 1 

#6 FUEL OIL 
1+6 Oil, 242 Oil, 3=NG 

ECONCMIC PARAMETFXG 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base yr) = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 

Project life (yr) = 30 
Depreciation life (yr) = 15 

General inflation rata (X/yr) - 0 
Type of gas escalation = zero 
Type of oil escalation = zero 
Type of coal escalation = zero 

Discount rate (X/yr) = 10 

Rate of return on invest (Ilyr) = 17 
Amount of working capital imonth) = 2 

Federal income tax rate ( % I  = 34 
Local prop tax (& insur) rate ( % I  = 2 

REAL ESCALATION RATE ( X l y r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas zero 0 0 0 0 

Oi 1 zero 0 0 0 0 

Coal Zero 0 0 0 0 

3:13 PM Oct 19, 1988 
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awmFoIuc5 AFB: 1 X 42 EIBtufhr W BOID. FUTX REAL EscALATIon = ZeRO 
T o t a l  steam output  = 42.0 MBtu/hr Cost base yea r  = 1988 

Boi l e r  capac i ty  f a c t o r  9 .716 Primary fuel = #6 FUEL O I L  

Number of units f a r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M  O B M  

TECHNOLOGY UNITS EFF SIMBtu kS k$ kS k$ 
Natu ra l  gas b o i l e r  -- .800 . O O  .o . o  .o  . o  
#2 O i l  f i r e d  b o i l e r  -- .800 . oo  . o  .o  .o "0 

#6 O i l  f i r e d  b o i l e r  -- .a00 3.67 .O 1208.5 150.3 448.5 

Micronized coal r e f i t  1 .800 1.48 2319.2 487.3 345.8 600.0 

Slagging burner  r e f i t  1 .EO0 1 . 4 8  4026.2 487.3 345.8 600.0 

Modular FBC r e f i t  1 .790 1.48 4631.1 493.5 329.1 587.2 

Stoke r  f i r i n g  r e f i t  1 ,760 1.87 2779.8 648.2 329.1 580.9 

Coalfwater s l u r r y  1 .750 3.00 2068.4 1053.7 329.1 510.6 

C o a l / o i l  slurry 1 .780 3.50 1835.9 1182.1 262.1 486.2 

Low Btu g a s i f i e r  r e f i t  1 .679 1.87 3777.4 725.9 303.5 675.7 

Packaged s h e l l  s toke r  1 .760 1.87  3240.1 648.2 329.1 580.9 

Packaged s h e l l  FBC 1 .760 1.68 4060.1 513.0 329.1 587.6 
F i e l d  e r e c t e d  s toke r  1 .800 1.87 5845.8 615.8 327.1 575.0 

F i e l d  e rec t ed  FBC 1 .800 1.48 6405.1 487.3 382.2 587.1 

Pulverized c o a l  b o i l e r  1 .820 1.48 6797.0 475.5 386.2 616.8 

C i r c u l a t i n a  FBC 1 .810 1.48 7556.0 481.3 327.1 637.7 

COAL 

# OF USE, 

TECHNOLOGY UNITS t o n f y r  

Na tu ra l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

#6 O i l  f i r e d  bOik@F 

Micronized c o a l  refit 1 13,495 

Slagging burner  r e f i t  1 13,495 

Modular FBC r e f i t  1 13,666 

Stoker f i r i n g  r e f i t  1 14,090 

Coalfwater s l u r r y  1 14.395 

C o a l / o i l  s l u r r y  Not evaluated 

Low Btu n a s i f i e r  r e f i t  1 15.?80 . 
Packaged s h e l l  s toke r  1 14,090 

Packaged s h e l l  FBC 1 14,206 

F i e l d  e r e c t e d  s toke r  1 13,386 

F i e l d  e rec t ed  FBC 1 13,495 

Pulverized c o a l  b o i l e r  1 13,166 

Circulat inR FBC 1 13.329 

-I -- 
-- -- 
-- _ _  

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE L I F E  

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

A S  SPENT COST PERIOD, AS SPENT COST 

k$ RAT I O  yr k$ RATIO 
_- 0 

0 _ _  
14,253 1.000 <--- Exis t ing  system. primam f u e l  

13,480 1.057 12.9 14,991 .951 

14,891 .957 23 1 17,272 .825 

15,190 .e38 >3 1 17,874 .797 

14,816 .962 >3 1 16,588 .859 

16,840 .846 >3 1 18,323 .778 

16,755 .E51 >3 1 19.068 .747 

15,196 .938 23 1 17,203 ,829 

14,873 .958 23 1 17,270 .825 

17,033 .837 33 1 20,360 .700 

17,082 .834 j3 1 20,682 .689 

17,581 ,811 >3 1 21,386 .666 

17,887 .797 >3 3, 22,071 .646 

3:13 PM Oct 19, 1988 
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MINOT: SAC 

1. BACKGROUND 

Minot AFB is located near Minot, North Dakota. The central heating 
plant is of interest for this study. The base hospital also has a 
heating plant which is far too small f o r  coal-firing consideration. 

The central heating plant has six water-tube boilers that b u m  
natural gas or No. 6 oil (for backup) to produce 400°F hot ware?. 
Two boilers ( 4 2  and 25 MBtu/h) originally burned coal and were l a t e  
converted to burn gas or oil; the remaining boilers were designed 

average fuel use is about 50 MBtu/h. 
€or residual oil. No coal equipment is still present. Yearly 

2. BEATING PLANT UNITS 

Heating Plant N o .  413: 

2 x 25 MBtu/h, International Boiler Works, 1956 
25 MBtu/h, International Boiler Works, 1960 
2 x 25 MBtuIh, Combustion Engineering, 1957 
42 MBtu/h, Babcock & Wilcox, 1963 

3 .  IDEAL CAPACITY FACTOR ANALYSIS 

Based an monthly fuel-use data, the ideal capacity factors listed 
below were calculated f o r  plant No. 413. 

Fue 1 
input 

(MB t u / h )  

40 
50 
60 
70 
80 
90 
100 

FY 1985 
ideal 
capac i t y 
factor 

0.79 
0.75 
0.70 
0 .66  
0.61 
0.57 
0.53 

4.  ENERGY PRICES 

FY 1986 Price Data: 

Electricity = 3.2C/kWhr 
Distillate = $5.9Q/MBtu 
Natural gas = $3.90/MBtu 

--- 

FY 1988 
ideal 

capacity 
factor 

0.78 
0.73 
0.68 
0.63 
0 . 5 8  
0.53 
0.48 

The data show no residual oil was purchased in FY 1986. 
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C. H. Guernsey and Co. Survey: 

Electricity = 1.45C/kWh 
Residual = $2.53/MBtu ( l o o k s  suspect) 
Natural gas = $4.18/MBtu 

The C. H. Guernsey and Ca. survey gives No. 6 as the secondary fuel, 
costing only $0,38/gal. The survey also gives electricity as being 
very cheap.. It is possible that the oil was 
prices were very low. 

Letter from HQ SAC (10/27/88): 

Electricity = 1.52C/kWhr 
Natural gas = $3.60/MBtu 

5. COAL PROPERTIES AND PRICES 

Stoker 

Origin Morhland, Utah 
HHV, Btu/lb 12,300 
91: Ash 8 
X Sulfur 1 
X Plitrogen 1.2 
Ash-softening temperature, O F  2300 
Swelling index 1 
Top size, in. 1 114 
Bottom size, in. 114 
Fines, X 10 
Grindability index 41 
Cost at mine, $/ton 32 
Delivered cost, $/ton 46 
Energy cost, $/lo6 Btu 1.87 

6. ENVIRONMENTAL REGULATIONS 

6.1 

6.2 

Air Pollution Emission 

purchased when o i l  

ROM 

imits f o r  -.dw Sources 

Morhland, Utah 
12,200 
8 
1 
1.2 
2300 
1 
1 112 
0 
45 
41 
22 
36 
1.48 

So,. For boilers >30 and c100 MBtu/h: 3 lb/MBtu. 

No,. No emission limits for boilers >30 and €100 MBtu/h. 

Particulates. For boilers >30 and <lo0 MBtu/h: 
E = 0.811 (MBtU/h)-0*131 = 0.5 'LbJMBtu for 42 MBtuIh. 

Coal-Pile Runoff 

Limit: Total suspended solids - 50 mg/L. 
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6 , 3  Ash Disposal 

Ashes are classified as nonhazardous industrial solid waste and 
may be disposed of in any approved sanitary landfill. 

7 .  OTBER CONSIDERATIONS 

This base is situated near sources of lignite. 

8 .  COAL-CONVERSION PROJECT OUTLOOK 

An obvious project would be to canvertfreplace the 42-MBtu/h unit 
(-54 MBtu/h fuel input). The overall capacity factor, assuming a 
90% availability, is estimated to be about 6 5 % .  

8.1 Effect of Environmental Regulations on Selection of Combustion 
~ _I_ 

Technologies 

SQ and NO,, Any of the combustion technologies being consid- -L- 
ered could be employed without requiring any measures for NO, 
or SO, reduction since the proposed conversion project is 
smaller than 100 MBt:u/h and the coal has a low sulfur content. 

Particulates. Bag filters o r  electrostatic precipitators would 
be required to comply with the particulate emission limits. 

8.2 Physical Space .--_._.I a n d  Aesthetics - .- 

Heating P l a n t .  The existing boiler plant was originally 
des igned for coal .  There is space available for reinstalling 
combustion equipment at the existing boiler o r  f o r  construction 
of a new boiler a t  another o i i e  on base. 

1 - - 1  Coal -Hiandl ing K q u i p m n t .  -. 
ing coal-handiing equipment at the existing boiler. 

There is space available for install- 

Coal Pile. There i s  space available f o r  a coal pile a t  the 
existing boiler p l a n t  or at a new site on base. 
--- 

8 . 3  Technical Risk of Combustion Technologies 
__I_ -._-. _-I_ 

The ?easL technical risk would be for refit oE stoker firing to 
the existing boiler, since i t  was originally designed for this, 
o r  installation of a new stoker-fired boiler. The other tech- 
nologies would have greater technical risks because of lack of 
operating experience, and all of them would be of the same 
order since the existing boiler is designed for coal firing;, 

9. COGENERATION PROJECT OUTLOOK 

Cogeneration would not be economical at this base because of the 
very low electric power rates f r o m  the electric utility campany. 
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10. INPUT AND LCC S W Y  SPREADSHEETS 

t u n a  AFB: 1 x 42 W t u f h r .  ]XOIP(IMC P- = ~ I W  vums 
Tota l  steam output  

Boiler capac i ty  f a c t o r  

Number of units for r e f i t  

Hydrated lime p r i c e ( S / t o n )  

Ash d i s p o s a l  p r i c e  ( $ / t o n )  

E l e c t r i c  p r i c e  (centslkWh) 

Labor r a t e  (k$ /y r )  

Limestone p r i c e  ( $ / t o n )  

FUEL PRICES 
Natura l  gas p r i c e  ($/MBtu) 

92 O i l  p r i c e  ($/MBtu) 

#6 O i l  pz ice  ($/ME%u) 

OPTIOHS 
Soot blower m u l t i p l i e r  

Tube bank mod m u l t i p l i e r  

Bottom ash p i t  m u l t i p l i e r  

SO2 c o n t r o l  m u l t i p l i e r  

L M r n I L I M E  
I n e r t  f r a c t i o n  

42.0 

0 .646 

= = I  
Q 40.00 

= 10.00 
= 1.50 
f 35.00 

= 20.00 

I= 3.60 

= .oo 
= 3.67 

= .o  
= .o  
= 1.0 
= .o  

= . 05  

I n f l a t i o n  & discount ing  base year  - 1988 
Gen i n f l a  index (1987 t o  base yr) = 1.040 

Gas i n f l a  index (1988 t o  base yr) = 1.000 

O i l  i n f l a  index (1988 t o  base y r )  - 1.000 
Coal i n f l s  index (1988 t o  base yr) = 1.000 

Pro jec t  s t a r t  year  - 1990 
Pro jec t  l i f e  ( y r )  = 30 

Depxeciation l i f e  ( y r )  = 15 

Type of gas e s c a l a t i o n  = egas 

Type of o i l  e s c a l a t i o n  - e o i l  

Type of coa l  e s c a l a t i o n  - ecoa l  

Discount r a t e  (X/yr)  = 10 
Rate of r e t u r n  on i n v e s t  (Xlyr)  * 17 

General i n f l a t i o n  r a t e  (Zlyr) = 0 

Amount of working c a p i t a l  (month) * 2 
Federa l  income tax r a t e  ( % )  * 34 

Local prop t a x  (& i n s u r )  r a t e  ( % I  = 2 

Ash f r a c t i o n  

Su l fu r  f r a c t i o n  

HHV (B tu / lb )  

R.O.M. coa l  (S/MBtu) 

Stoker coa l  (SIMBtu) 
Coal/H20 mix (SIM8t.u) 

C o a l / o i l  mix ($/MBtu) 

?VEL PRICES 

R.O.M. Stoker  

= .OB0 .080 

= .010 .010 

= 12200. 12300. 

p: 1.48 

= 1.87 
= 3.00 
= 3.50 

Primary f u e l  is 3 

1-#6 Oil, 2-#2 Oil, ~ Q N G  

NATURAL GAS 

REAL ESCALATION RATE ( X l y r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 

oi  1 eoil 4.86 7.87 4 .16  4.16 

Coal ecoal 1.16 2.31 1.19 1.19 

2:06 PM Jan 4 .  1989 
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MINOT AFB: 1 X 42 MBtulhr. ECONCMIC PARAMETERS = NDHINAL VALUES 

Total steam output = 42.0 MBtulhr Cost base year = 1988 
Boiler capacity factor = .646 Primary fuel = NATURAL GAS 

Number of units for refit = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 & M 0 & M 

TECHNOLOGY UNITS EFF $/MBtu k$ k$ k$ k$ 
,800 3.60 .O 1069.5 150.3 427.6 Natural gas boiler -- 

#2 O i l  fired boiler -- .800 .oo ' .o .o  .o . o  
#6 Oil fired boiler -- .800 3.67 .O 1090.3 150.3 427.6 

Micronized coal refit 1 .BOO 1.48 2319.2 439.7 345.8 557.4 

Slagging burner refit 1 .800. 1.48 4026.2 439.7 345.8 557.4 

Modular FBC refit 1 .790 1.48 4631.1 445.3 329.1 553.4 

Stoker firing refit 1 .760 1.87 2779.8 584.8 329.1 551.6 

Coal/water slurry 1 .750 3.00 2068.4 950.7 329.1 481.3 

Coalloil slurry 1 .780 3.50 1835.9 1066.5 262.1 457.5 

Low Btu gasifier refit 1 .679 1.87 3777.4 655.0 303.5 584.5 
Packaged shel l  stoker 1 .760 1.87 3240.1 584.8 329.1 551.6 
Packaged s h e l l  FBC 1 .760 1.48 4060.1 462.8 329.1 553.8 
Field erected stoker 1 .800 1.87 5845.8 555.6 327.1 549.2 
Field erected FBC 1 .800 1.48 6405.1 439.7 382.2 553.3 
Pulverized coal boiler 1 .E20 1.48 6797.0 429.0 386.2 586.4 
Circulating FBC 1 .810 1.48 7556.0 434.3 327.1 593.2 

AIR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 

CYCLE CYCLE 
COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlyr kS RATIO yr k$ RATIO 
Natural gas boiler 
62 Oil fired boiler -- _ _  
#6 O i l  fired boiler -- _ _  21.278 -- 

23,456 1.000 <--- Existing system, primary fuel -- _ _  
-- 0 

Micronized coal refit 1 12,176 13,460 1.743 6.0 14,970 1.567 

Slagging burner refit 1 12,176 14,871 1.577 8.9 17,251 1.360 

Modular FBC refit 1 12,330 15,241 1.539 9.8 17,927 1.308 

Stoker firing refit 1 12,713 15,001 1.564 7.9 16.779 1.398 
Coal/water slurry 1 12,988 17,284 1.357 10.5 18.780 1.249 
Coal/oil slurry Not evaluated 

Low Btu gasifier refit 1 14.238 16,509 1.421 10.8 18.815 1.247 

Packaged shel l  stoker 1 12,713 15,381 1.525 8.8 17.394 1.349 
Packaged shel l  FBC 1 12,817 14,937 1.570 9.0 17,336 1.353 
Field erected stoker 1 12,077 17,226 1.362 13.4 20,558 1.141 

Field erected FBC 1 12,176 17,130 1.369 13.6 20,732 1.131 
Pulverized coal boiler 1 11,879 17,647 1.329 14.7 21,455 1.093 

Circulating FBC 1 12,026 17,848 1,314 15.4 22.031 1.065 

2:06 EM Jan 4. 1989 
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MIHOT N'B: 1 X  42 MBtulhr, FUEL REAL ESCALATIOH = AEO 1967 
Total steam output 

Boiler capacity factor 
Number of units for refit 

Hydrated lime price($/ton) 
Ash disposal price ($/ton) 

Electric price (centslk54h) 

Labor rate (k$/yr) 
Limestone price ($/ton) 

FUELPRICES 
Natural gas price ($/MBtu) 

#2 Oil price (S/MBtu) 

#6 Oil price (S/MBtu) 
0PTU))Is 

= 42.0 
= ,646 

= l  
= 40.00 
= 10.00 

= 1.50 

= 35.00 
Q 20.00 

= 3.60 
= .oo 
= 3.67 

Soot blower multiplier = .O 
Tube bank mod multiplier = .O 
Bottom ash pit multiplier - 1.0 

SO2 control multiplier = .O 
LIMS'IoTIE/Lm 

Inert fraction = .05 

EMRCYDCC P A l u t m m s  

Inflation & discounting base year 
Gen infla index (1987 to base yr) 
Gas infla index (1988 to base yr) 
Oil infla index (1988 to base yr) 

Coal infla index (1988 to base yr) 
Project start year 

Project life (yr) 
Deprociation life (yr) 

General inflation rate (%/yr) 
Type of gas escalation 

Type of o i l  escalation 

Type of coal escalation 
Discount rate (Xlyr) 

Rate of return on invest (X/yr) 
Amount of working capital (month) 

Federal income tax rate (Z) 
Local prop tax (& insur) rate (Z) 

MBtulhr 

Ash fraction 
Sulfur fraction 

HLiV (Btullb) 

FUEL €%ICES 
R.0.M. coal ($/MBtu) 
Stoker coal ($/MBtu) 

Coal/H2O mix ($/MBtu) 
Coalloil mix ($/MBtu) 

R.O.M. Stoker 
= .080 .080 - .010 .OPO - 12200. 12300. 

= 1.40 
= 1.87 - 3.00 
= 3.50 

Primary fuel is 3 

l=#6 Oil, 2W2 Oil, BUNG 

NATURAL GAS 

= 1988 
1.040 

= 1.000 
= 1.000 
= 1.000 - 1990 
p: 30 - 15 
9 0  
* egas - eoil 
= ecoal 
= 10 
= 17 
= = 2  

= 34 

= 2  

REAL ESCALATXO N RATE ( Xlvr) 

TYPE OF FUEL 1988 1990 199s 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 

Gas egas 2.28 4.70 5.69 2.75 

Oi 1 eoil .17 4.16 5.55 2.77 

Coal ecoal 1.46 1.76 1.61 .81 

11:13 AM Jan 11, 1989 
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HINOT APB: 1 X 42 MBtulhr. FUEL REAL ESCALATION AEO 1987 

T o t a l  steam output  = 42.0 MBtu/hr Cost base year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .646 Primary f u e l  = NATURAL GAS 

Number o f  u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 6 M 
TECHNOLOGY UNITS EFF $/MBtu kS kS k$ kS 

Natural  gas b o i l e r  -I 

#2 O i l  f i r e d  b o i l e r  -- .800 .oo .o .o  .o .o 
.800 3.60 .O 1069.5 150.3 427.6 

g6 Oil f i r e d  b o i l e r  -- .800 3.67 .O 1090.3 150.3 427.6 
Micronized c o a l  r e f i t  1 .EO0 1.48 2319.2 439.7 345.8 557.4 
Slagging burner  r e f i t  1 ,800 1.48 4026.2 439.7 345.8 557.4 
Modular FBC r e f i t  1 .790 1.48 4631.1 445.3 329.1 553.4 
Stoke r  firing r e f i t  1 .760 1.87 2779.8 584.8 329.1 551.6 
Coal/water s l u r r y  1 .750 3.00 2068.4 950.7 329.1 481.3 
C o a l l o i l  s l u r r y  1 .780 3.50 1835.9 1066.5 262.1 457.5 
Low Btu n a s i f i e r  r e f i t  1 .679 1.87 3777.4 655.0 303.5 584.5 
Packaged s h e l l  s toke r  1 .760 1.87 3240.1 584.8 329.1 551.6 
Packaged s h e l l  FBC 1 .760 1.48 4060.1 462.8 329.1 553.8 
F i e l d  e rec t ed  s toke r  1 .EO0 1.87 5845.8 555.6 327.1 549.2 
F i e l d  e rec t ed  FBC 1 .800 1.48 6405.1 439.7 382.2 553.3 
Pulverized c o a l  b o i l e r  1 .E20 1.48 6797.0 429.0 386.2 586.4 
Circu la t ing  FBC 1 .E10 1.48 7556.0 434.3 327.1 593.2 

COAL 

# OF USE, 

TECHNOLOGY UNITS t o n l v r  
Natural  gas  b o i l e r  _ _  -- 
#2 Oil f i r e d  b o i l e r  _ _  -- 
#6 O i l  f i r e d  b o i l e r  _ _  -- 
Micronized c o a l  r e f i t  1 12,176 
Slagging burner  r e f i t  1 12,176 

Modular FBC r e f i t  1 12,330 

Stoker  f i r i n g  r e f i t  1 12,713 

Coal/water s l u r r y  1 12,988 

C o a l / o i l  s l u r r y  Not evaluated 

AIR FORCE PROJECT PRIVATE PROJECT 

L I F E  LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

AS SPENT COST PERIOD, AS SPENT COST 

k$ RATIO yr k$ RATIO 

18,044 1.000 4--- Exis t ing  system, primary f u e l  
-- 0 

17.487 -- 
13,390 1.348 8.0 14,898 1.211 
14.801 1.219 12.6 17,179 1.050 
15,171 1.189 14.1 17,854 1.011 
14.908 1.210 11.5 16,683 1.082 
17,132 1.053 20.7 18,624 .969 

Low Btu g a s i f i e r  r e f i t  1 14,238 16,405 1.100 17.8 18.707 .965 
Packaged s h e l l  s toke r  1 12,713 15,288 1.180 13.1 17,298 1.043 
Packaged s h e l l  FBC 1 12,817 14,863 1.214 12.8 17,260 1.045 
F i e l d  e rec t ed  s toke r  1 12,077 17,137 1.053 23.1 20,467 .882 
F i e l d  e rec t ed  FBC 1 12,176 17,060 1.058 22.9 20,660 .873 
Pulverized coa l  b o i l e r  1 11,879 17,579 1.026 26.5 21,385 .844 
Circu la t ing  FBC 1 12,026 17,779 1.015 28.4 21.960 .822 

11:13 AM Jan 11, 1989 



Total steam output = 42.0 
Boiler capacity factor = .646 

Number of units for refit = 1 
Hydrated lime price($/ton) = 4 0 . 0 0  

Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 1.50 

Labor rate (k$/yr) = 35.00 

Limestone price (S/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = 3.60 

#2 Oil price ($/MBtu) = .OO 
#6 Oil price ($/MBtu) = 3.67 

OPTIORS 
Soot blower multiplier = .O 

Tubs bank mod multiplier = . O  

Bottom ash pit multiplier = 1.0 
SO2 control multiplier = . O  

L 3 m S r n / L I M E  

Inert fraction = .05 

MBtulhr 

COAL. PROPEXTIES 

R.O.M. Stoker 
Ash fraction = .a80 .080 

Sulfur fraction = ,010 .010 

Nwr (Btu/lb) = 12200. 12300. 
FUEL mcEx 

R.O.M. coal (SIMBtu) = 1.48 
Stoker coal (SIEIDtu) = 1.87 
Coal/HZO mix ($/WBtu) 5 3.00 

Coal/oilmix (S/MBtu) = 3.50 

P r i m a r y  f u e l  is 3 

NATURAL GAS 

1pH6 Oil, 2=#2 Oil, 3-NG 

ECONCHIC P- 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) * 1.040 
Gas infla index (1968 to base yr) = 1.000 
Oil infla index (1088 to base yr) = 1,000 
Coal inf3.a index (1088 to base yr) = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (Zlyr) = 0 

Type of gas escalation = zero 
Type of oil escalation = zero 
Type of coal escalatlon zero 

Discount rate ( X l y r )  = 10 

Rate of return on invest (X/yr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( X I  = 3 4  

Local prop tax (& insur) rate ( X I  = 2 

REAL ESCALATION RATE (Kfvr) 

TYPE OF FUEL 1988 1990 1995 ZOO0 AND 
FUEL ESCALATION -1990 -1995 -2000 EfEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 u 
Coal zero 0 0 u 0 

11:23 AM Jan 11, 1989 
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MINOT W E :  1 X 42 tlBtuIhr. FUEL REAL ESCALATION = ZERO 

T o t a l  steam output  = 42.0 MBtu,’hr Cost base  year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .646 Primary f u e l  = NATURAL GAS 

Number o f  u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 & M 

TECHNOLOGY UNITS EFF SIMBtu kS kS kS kS 
Natura l  gas b o i l e r  -- 
#2 O i l  f i r e d  b o i l e r  -- .a00 .oo  . o  . o  .o .o 
#6 O i l  f i r e d  b o i l e r  -- .800 3.67 .O 1090.3 150.3 427.6 
Micronized c o a l  r e f i t  1 .800 1.48 2319.2 439.7 345.8 5 5 7 . 4  

Slagging burner r e f i t  1 ,800 1.48 4026.2 439.7 345.8 557.4 
Modular FBC r e f i t  1 ,790 1.48 4631.1 445.3 329.1 553.4 

Stoker  f i r i n g  r e f i t  1 .760 1.87 2779.8 584.8 329.1 551.6 
Coal/water s l u r r y  1 .750 3.00 2068.4 950.7 329.1 481.3 
C o a l / o i l  slurry 1 .780 3.50 1835.9 1066.5 262.1 457.5 
-- Low Bt-sifier r e f i t  1 .679 1 .87  3777.4 655.0 303.5 584.5 
Packaged s h e l l  s toke r  1 .760 1.87 3240.1 584.8 329.1 551.6 
Packaged s h e l l  FBC 1 .7EO 1.48 4065.1 462.8 329.1 553.8 

F i e l d  e rec t ed  s toke r  1 .800 1 . b 9  5845.8 555.6 327.1 549.2 
F i e l d  e rec t ed  FBC 1 .800 1.48 6405.1 439.7 382.2 553.3 
Pulver ized  c o a l  b o i l e r  1 .620 1.48 6797.0 429.0 386.2 586.4 
Circu la t ing  FBC 1 .810 1-48 7556.0 434.3 327.1 593.2 

,800 3.60 .O 1069.5 150.3 427.6 

COAL 

# OF USE, 

TECHNOLOGY I UNITS t o n f v r  

Natura l  gas b o i l e r  

62 Oil f i r e d  b o i l e r  

#6 O i l  f i r e d  b o i l e r  

Micronized c o a l  r e f i t  1 12,176 

Slagging burner  r e f i t  1 12,176 

Modular FBC r e f i t  1 12 ,330 

S toker  f i r i n g  r e f i t  1 12,713 

Coal/water s l u r r y  1 12,988 

C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  1 14.238 

Packaged shell s toke r  1 12,713 
Packaged s h e l l  FBC 1 12,817 

F i e l d  e rec t ed  s toke r  1 12,077 

F i e l d  e rec t ed  FBC 1 12,176 
Pulver ized  c o a l  b o i l e r  1 11,879 

Circula t inK FBC 1 12,026 

-- _ -  
-_  _ _  
-- _ _  

AIR FORCE PKOJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT1 

AS SPENT COST PERIOD, AS SPENT COST 

k$ RAT JO vr kS RATIO 

13.008 1.000 4--- Exis t ing  system, primary f u e l  
_ _  0 

13.170 -- 
12,777 1.018 19.8 14,268 .912 
14,188 .917 >3 1 16,549 .786 

14,551 .894 >3l 17,216 .756 

14,093 .923 23  1 15,845 .821 

15,808 .823 >3 1 17,263 .754 

15.492 .840 >31 17,769 ,732 
14,474 .899 >31 16,461 .790 
14,219 .915 >31 16,597 .784 

16,363 .795 231 19,672 .661 
16,447 .791 23 1 20,030 .649 

16,981 .766 23 1 20,770 .626 

- 17,174 .757 >3 1 21.338 .610 

11:23 AM Jan  11, 1989 
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PEASE AFB: SAC 

1. 

2. 

3 .  

4 .  

BACKGROUND 

Pease AFB is located near Portsmouth, New Hampshire. The steam 
plant consists of two 110-MBtu/h water-tube units firing natural gas 
as the primary fuel and No. 6 oil as the secondary fuel. A refuse- 
derived fuel has also been used in these boilers. These boilers 
were originally designed for  residual fuel oil combustion. Average 
annual f u e l  use w a s  about 42 MBtufh for FY 1986. Refuse-derived 
fuel was about 45% of the total. 

HEATING PLANT U N I T S  

Heating Plant No. 124: 

2 x 110 MBtu/h, Combustion Engineering, 1955 

IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel-use data for plant No. 1 2 4 .  

Fuel 
input 
(f.48 t u/h ) 

40 
50 
70 
90 
110 

FY 1986 
ideal 

capacity 
factor 

0.68 
0.64 
0.56 
0.47 
0 .39  

ENERGY PRICES 

FY 1986 Price Data: 

Electricity = $15.5/MBtu = 5.3CfkWh 
Distillate = $5.91/MBtu 
Residual = $4.54/MBtu 
Natural gas = $3.8/MBtu 
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5. COAL PROPERTIES AND PRICES 
Stoker ROH 

Origin 
HHV, Btu/lb 
X Ash 
X Sulfur 
X Nitrogen 
Ash-softening temperature, OF 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, % 
Grindability index 
Cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $1106 Btu 

Slago, Pa. 
13,000 
7-9 
1.8-2.2 
1.32 
2500 
6-8 
1 5/8 
112 
5 
50-55 
40 
66.60 
2.56 

Slago, Pa. 
12,800 
8-10 
1.8-2.2 
1.30 
2300 
6-8 
2 
0 

50-55 
26.50 
53.10 
2.07 

The coal prices quoted above assume rail delivery to Pease AFB. The 
base is currently removing its rail connection because it crosses a 
major highway. If coal has to be delivered by truck, delivered 
costs could be higher by as  much a s  $O.5O/MBtu. 

6 .  ENVIRONMENTAL REGULATIONS 

6.1 Air Pollution Emission Limits for New Sources 

So,. No emission limits € o r  boilers e100 MBtu/h; for boilers 
>lo0 MBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/ 
MBtu; emerging technology - 50% reduction to meet limit of 
0.6 lb/MBtu. 

No,. No emission limits for boilers < l o 0  MBtu/h; for boilers 
> l o 0  MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized 
coal - 0.7 lb/MBtu. 

- 

Particulates. For boilers >lo0 MBtu/h: 0.05 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: Total suspended solids - 50 rng/L. 

6 . 3  Ash DisDosal 

Ashes are classified as nonhazardous industrial solid waste and 
nay be disposed of in any approved sanitary landfill. 

7 .  OTHER CONSIDERATIONS 

None 
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8 e COAL-CONVERSION PROJECT OUITIOOK 

Replacement/refit s f  one boiler may be attractive. It is estimated 
that the overall capacity factor fur conversion of one 1LO-MBtulh 
unit to coa l ,  b u t  d e r a t e d  to 75 MBtu/h output 1-94 MBtuibr Fuel 
input) t o  avoid  environmental regulations worild b e  r o u g h l y  41% 
assuming 30% availability. 

8.1 Effect of Environmental KegulaLions on S e l e c t i o n  of Combustion ~~ 

Technologies 

SO, and NO,. Any of the combustion technologies being consid- 
ered could be employed without requiring any measures for  NO, 
o r  SO, reduction since t h e  proposed conversion project is 
smaller than 100 MBtu/h. 

Particulates. Sag filters or  electrostatic precipitators would 
E required LO comply with the particulate eniission l j m i t s .  

8.2 Physical Space and Aesthetics 

--- Heating PI ant. The existing b o i l e r  plant was originally 
designed for No. 6 oil, so return t o  stoker is not possible. 
There is space available for  installing coal combustion equip- 
ment at t h e  existing b o i l e r  or Car construction of a n e w  b o i l e r  
at another site an base. 

Coal-Handling Equipmene. 
ing coal-handling equipment at the existing boiler. 

T h e r e  is space available f o r  install- 

Coal  Pile. T h e r e  is space available f o r  a coal pile at the 
existing boiler p l a n t  o r  at a new site on base, 

8.3 Technical Risk of  Combustion Technologies 

The existing hoiiers are designed for No. 6 oil-firing and 
therefore are not  sutiable f o r  conversion to stoker-firing, b u t  
t h e y  c o d %  be converted t o  coal-water mixture o r  micronized 
caal - f ir ing .  Since the peak winter fuel u s e  is about  85 
MBtulh, one of the 110-MBtulh boilers could be derated to 68% 
capacity and meet the peak Load. This would make the technical 
risk low f o r  either coal-water-mixture or micronized c o a l .  

The prospects f o r  a cuaf-fired cogeneration system appear to be 
marginal, The minimum average monthly electrical load is EairEy 
low, 3.2 MWe, and the p.rice o f  electricity is only moderately high, 
5.3CP'kWh, Rased the  FY 1986 energy-use data, a cogeneration 
plant with a b o i l e r  rating of 64 MBtu!h output and a 3-MWe turbine- 
getiera!:oa would have an electrical power capacity f a c t o r  of  90% and 
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a peak thermal output of 40 MBtu/h, with a thermal energy capacity 
factory of about 65% if used as a baseload heating plant;. A water- 
tube boiler with a steam rating of 1200 psia and 900°F would be the 
most suitable boiler for this cogeneration system. 
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TotaL st,eam output  = 7 5 . 0  

Bo i l e r  capac i ty  f a c t a r  . 4 0 7  

Number OF u n i t s  foe r e f i t  = 1 

Hydrated lime p r i c e l S l t o n j  4 0 . 0 0  

Ash d i s p o s a l  p r i c e  (S/ton) = 10 .00  

E l o c t r l c  yrice (centsfkl.bh> = 5 30 

Labor rats [k$/yr) = 35.00 
Limestone pr ice  ($/tori) = 20.00 

FITEX" W I W  

Natural  gas p r i c e  (S/Matu) = 3.80 
#2 Oil. price (SIE.li3t.u) .OO 
#6 O i l  p r i c e  ($/M3tu) -- 3,S? 

OPTXQWS 
Snat  blower m u l t l p l i s r  -- .0 

Tube bank mod m u l t i p l i e r  - . O  

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

LmMmfLm: 

SO2 c o n t r o l  m u i t l p l i e r  = .0 

I n o r t  f r a c t i o n  = . 95  

WDtuihr 

CXuL leT(OpFJ.LTSFfj 

R.O.N, Stoker 

Ash f r a c t i o n  = ,090 .080 

Sul fu r  f r a c t i o n  = ,020 .020 

NHV IBtu/lb) = 12800. 13000. 

m PBrCEs 

R.O.M. c o a l  (S/NBtu) = 2.07  

Stoker coal. ($/MBtu) x 2.56  

CoallH20 mxx iS/MBtu) = 5.00 

Coal/oll mix [$/MRtu) = 3.50 

ECONCMEC FARAMETKRS 
I n f l a t i o n  & discount ing h a w  year = 1988 
Gen i n f l a  tndex (1987 t o  base yrl = 1 . 0 4 0  

Gas i n f l a  Zndex (1988 t n  haae YK) = 1.000 
O i l  i n f l a  index (1988 to base yr) = 1.000 

Coal i n f l a  index (1988 t o  base y r )  = 1.000 

Project  start y a m  = 1990 
P r o j e c t  l i f e  (yr) = 30 

Depreciat ion l i f e  (yr)  = 15 
General i n f l a t i o n  rate (Ziyr) = 0 

Type of gas e s c a l a t i o n  = ogss 

Type of o i l  e s c a l a t i o n  * eoil 
Type of coa l  e s c a l a t i o n  -= ecva l  

D i s c o m t  r a t e  (%/yr) - 10  

Rate of return on Invest. ( % / y r )  3 17 

Amount. oE working c a p i t o l  (month) = 2 

Federa l  income t a x  r a t e  ( X )  = 3 4  

Local prop tax (6 insur) rat,@ ( X i  = 2 

REAL ZSCKATION RATE ( X l y r )  
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATTON --1990 -19Y5 -2000 BEYOND 
Gas egas 3.89 a 87 5.77 5 . 7 1  

Oi 1 e o i l  4.86 7.87 4.16 4.16 

Coal ecoa l  1.16 2 .31  1.19 1.19 

4:20  ET4 Oct 21, 1988 
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EASE AFB: 1 X 75  MRtuIhr. E C O N M C  PARAKETERS = NCMINAL VALUES 

Tota l  steam output  = 75.0 MBtu/hr Cost base  year  = 1988 
Boi l e r  capac i ty  f a c t o r  = .407 Primary f u e l  = N A T W  GAS 

Number o f  units f o r  r e f i t  = 1 

ANNUAL COSTS 

I FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6 M 0 B M 

I TECHNOLOGY UNITS EFF $/MBtu k$ k$ k$ kS 

Natura l  gas b o i l e r  _ _  .800 3.80 .O 1270.1 206.8 522.8 

#2 Oil f i r e d  b o i l e r  -- .800 . O O  .o .o  .o  . o  
e6 O i l  f i r e d  b o i l e r  - -  .800 3.67 .O 1226.7 206.8 522.8 
Micronized c o a l  r e f i t  1 .800 2.07 3177.7 691.9 426.6 696.3 

Slagging burner r e f i t  1 .800 2.07 5568.5 691.9 426.6 696.3 

Modular FBC r e f i t  1 .790 2.07 6413.8 700.7 405.5 680.0 

Stoker f i r i n g  r e f i t  1 .760 2.56 3759.5 900.7 405.5 670.4 

Coal/water s l u r r y  1 .750 3.00 2875.4 1069.6 405.5 593.8 

C o a l / o i l  s l u r r y  1 .780 3.50 2573.8 1199.9 322.9 566.9 

Low Dtu g a s i f i e r  r e f i t  2 .679 2.56 6532.0 1008.8 374.0 931.3 

Packaged s h e l l  s toke r  2 .760 2.56 5631.0 900.7 405.5 766.7 

Packaged s h e l l  FBC 2 .760 2.07 7033.5 728.3 405.5 776.8 

F i e l d  e rec t ed  s toke r  1 ,800 2.56 8326.1 855.7 403.0 660.5 

F i e l d  erected. FBC 1 .800 2.07 9182.0 691.9 470.9 679.8 

Pulver ized  c o a l  b o i l e r  1 .820 2.07 9710.9 675.0 475.9 709.6 

Circu la t ing  FBC 1 .810 2.07 11087.6 683.4 403.0 736.1 

A I R  FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/yr  - kS RATIO y r  k$ RATIO 
Natura l  gas b o i l e r  

#2 O i l  f i r e d  b o i l e r  

28,224 1.000 e--- Exis t ing  system, primary f u e l  _ _  _ _  
_ _  0 _ _  _ _  

#6 O i l  f i r e d  b o i l e r  _I _ _  _ _  24,600 -- 
Micronized c o a l  r e f i t  1 13,057 18,330 1.540 7.9 20,395 1.384 

Slagging burner r e f i t  1 13,057 20,306 1.390 12.0 23,591 1.196 

Modular FAC r e f i t  1 13,222 20,770 1.359 13.1 24,479 1.153 
Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  #6 o i l  

Coal/water s l u r r y  1 13.927 20,621 1.369 10.4 22,605 1.249 
C o a l / o i l  slurry Not eva lua ted  

Low Btu g a s i f i e r  r e f i t  2 15.156 25,423 1.110 22.3 29,322 .963 
Packaged s h e l l  s toke r  2 13,532 22,667 1.245 15.8 26,050 1.083 
Packaged s h e l l  FBC 2 13,744 22,294 1.266 15.8 26,349 1.071 

F i e l d  e rec t ed  s toke r  1 12,856 23,625 1.195 18.6 28,346 .996 

F i e l d  e rec t ed  FBC 1 13,057 23,560 1.198 18.8 28,696 .984 
Pulver ized  c o a l  b o i l e r  1 12,738 24,115 1.170 20.0 29,524 .956 
Circu la t ing  FBC 1 12.895 24,887 1.134 22.0 30,987 .911 

4:20 PI+ Oct 21, 1988 
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FEASE AFB: 1 X 75 MBtu/hr. FUEL RBAL ESCALATION * BU) 1987 
Total steam output = 75.0 

Boiler capacity factor = .407 

Number of units for refit = 1 

Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 5.30 

Labor rate (kS/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = 3.80 

#2 Oil price ($/MBtu) = .OO 

#6 Oil price ($/MBtu) = 3.67 
OPTIONS 

Soot blower multiplier = .O 

Tube bank mod multiplier = .O 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = .O 

LrnSToNE/LIME 

Inert fraction = .05 

MBtu/hr 

COAL PROPERTIES 
R.O.M. Stoker 

A5h fraction = .090 .080 

Sulfur fraction = .020 .020 

HHV (Btu/lb) = 12800. 13000. 

FUEL PRICZS 
R.O.M. coal ($/MBtu) = 2.07 
Stoker coal (S/MBtu) = 2.56 

Coal/HZO mix ($/MEitu) = 3.00 
Coal/oil mix ($/MBtu) = 3.50 

P~~JJIEUY fuel is 3 

NATURAL GAS 

1=#6 Oil, 2=#2 O i l ,  3=NG 

Mx3NcHIC PARAHETERS 
Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr)  = 1.040 
Gas infla indsx (1988 to base yr) = 1,000 

O i l  infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base y r )  = 1.000 

Project start year = 1990 

Project life (yr) = 30 
Depreciation life (yr) = 15 

General inflation rate (X/yr) = 0 

Type of gas escalation = egas 
Type o f  oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (%/yr) = 10 
Rate of return on invest (%/yr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( % )  = 34 

Local prop tax (& insur) rate ( I )  = 2 

REAL ESCALATION RATE (%/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 2.28 4.70 5.49 2.75 
oi 1 eoil .17 4.16 5.55 2.77 
Coal ecoal 1.46 1.76 1.61 .81 

4:25 IeM Oct 21, 1988 
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PEASE AFB: 1 X 75 MBtulhr. FUEL REAL ESCALATION = a u  1987 

Tot.al stem output = 75.0 MBtu/hr Cost base year = 1988 

Boiler capacity factor = .407 Primacy fuel = NATURAL GAS 
Number of units for refit = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 & M 0 6. M 

TECHNOLOGY UNITS EFF $/MBtu k$ k$ k$ k$ 
Natural pas boiler 

#2 Oil fired boiler -- .EO0 .OO . o  . o  . o  .o  
.a00 3.80 .O 1270.1  206.8 522.8 _ _  

$6 Oil fired boiler -- .800 3.67 .O 1226.7 -206.8 522.8 

Micronized coal rafit 1 .EO0 2.07 3177.7 691.9 426.6 696.3 

Slagging burner refit 1 . 8 0 0  2.07 5 5 6 8 . 5  691.9 426.6 696.3 

Modular FBC refit 1 .79R 2.07 6413.8 700.7 4 0 5 . 5  680.0 

Stoker firing refit 1 .760 2.56 3759.5 900.7 405.5 670.4 

Coal/water slurry 1 .750 3.00 2875.4 1069.6 405.5 593.8 

Coal/oil slurry 1 .780 3.50 2573.8 1199.Q 322.9 566.9 

Low Btu gasifier refit& .679 2.56 6532.0 1 0 0 8 . 8  374.0 931.3 

Packaged s h e l l  stoker 2 .760 2.56 5631.0 900.7 405.5 766.7 

Packaged she11 PBC 2 .760 2.07 7033.5 728.3 405.5 776.8 

Field erected stoker 1 .EO0 2.56 8326.1 855.7 403.0 660.5 

Field erected FBC 1 .EO0 2.07 9182.0 691.9 470.9 679.8 

Pulverized coal boiler 1 .820 2 .07  9710.9 675.0 475.9 709.6 

CirculatinK FBC 1 .810 2.07 11087.6 683.4 403.0 736.1 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 
CYCLE CYCLE 
COST, DISCOIJNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/yr k$ RATIO y r  kS RATIO 
Natural. gas boiler _ _  -- 
iF2 O i l  firsd boiler _ _  -- 
$6 Oil fired boiler _- _ _  20,335 . .. 

21,797 1.000 <--- Existing system, primary f u e l  
_ _  0 

Micronized coal refit 1 13,057 18,220 1.196 1 1 . 7  20,282 1.075 

Slagging burner refit 1 13,057 20,195 1.079 19 .9  23,477 .928 

Modular FBC refit 1 13.222 20,659 1 .055  22.6 24,365 .895 

Stoker firing refit Not appLLcable because sxisting boiler was designed for #6 oil 

Coal/vmter slurry 1 13,927 20,451 1 .066  19.4 22,430 .972 

Coal/oil slurry Not evaluated 

Low Btu gasifier refit 2 15.156 25,262 ___ .R63 >31 I 29,157 .?48 

Packaged shel l  stoker 2 13.532 22,524 .468 S3 1 25,903 .842 

Packaged shel l  FBC 2 13,744 22,179 .983 >31 26,230 .831 

Field erected stoker 1 12,856 23,489 .928 >31 28,206 .773 

Field erected FBC 1 13,057 23,450 .930 >3 1 28,562 .763 

Pulverized coal boiler 1 12,738 24,008 ,908 >31 29,413 .741 

CirculatinR FBC 1 12,895 . 24,778 .B80 >31 30.875 ,706 

4:25 FM Oct 21, 1968 
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PEASE AFB: 1 X 75 HBtuIhr. FUEL REAL ESCALATION = ZERO 
Total steam output = 7 5 . 0  

Boiler capacity factor = .4OJ 

Number of units for refit = 1 

Hydrated lime price($/ton) = 40.00 
Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 5.30 
Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = 3.80 

#2 Oil price ($/MBtu) = .OO 
#6 Oil price (S/MFltu) = 3.67 

OPTIONS 
Soot blower multiplier = .O 

Tube bank mod multiplier = .O 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = .O 
LIIIEsMIiE/LIME 

Inert fraction = .05 

MBtuIhr 

COAL PxOFERTIEs 
R.O.M. Stoker 

Ash fraction = .090 .080 

Sulfur fraction = .020 .020 

HHV (Btu/lb) = 12800. 13000. 

FUEL PRICES 
R.O.M. coal (S/MBtu) = 2.07 

Stoker coal ($/mtu) = 2.56 
Coal/H20 mix ($/MBtu) = 3.00 

Coal/oil mix ($/MBtu) = 3.50 

P r h a z y  fue l  is 3 

NATURAL GAS 
1=#6 Oil, 2=#2 Oil, 3=NG 

ECONWC PAMWXERS 

Inflation & discounting base year = 1988 
Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base y r )  = 1.000 
Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base y r )  = 1,000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr )  = 15 

General inflation rate (X/yr) = 0 

Type of gas escalation = zero 

Type of oil escalation = zero 
Type of coal escalation = zero 

Discount rate (X/yr) = 10 
Rate of return on invest (%/yr) = 17 

h u n t  of working capital (month) = 2 

Federal income tax rate (Z) = 34 
Local prop tax (& insur) rate (Z) = 2 

REAL ESCALATION RATE (X/yr) 
TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 0 

Coal zero 0 0 0 0 

4;28 pE1 Oct 21, 1988 
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.......... P W E  .._- M B :  1 X 75 MRtu/hr. PUFIL REAL ESCALATION = ZEHO 

Tota l  steam output  = 75.0 MBtuthr Cost base year = 1988 

Boi l e r  capac i ty  f a c t o r  = .407 Primary fuel = NATURAL GAS 

N u m b e r  of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 
OF STEAM PRICE CAPITAL FUEL 0 6 M 0 & M 

11__1-- TECHNOKGY UNITS EFF S/MHtu k$ kS kS kS 

Natura l  gas b o i l e r  

it2 Oil f i r e d  b o i l e r  -- .a00 . o o  . o  . o  . o  . o  
$6 O i l  f i r e d  h o i l e r  -- _I_. .800 .. 3.67 .O 1226.7 206.8 522.8 
Micronized c o a l  r e f i t  1 .800 2.07 3177.7 691.9 426.6 696.3 

SlagKing burner r e f i t  1 . 8 0 0  2.07 5568.5 691.9 426.6 696.3 

Modular FBC r e f i t  1 .790 2.07 6413.8 700.7 405.5 680.0 

Stoker  f i r i n g  r e f i t  1 ,760 2.56 3759.5 900.7 405.5 670.4 

Coal/water s l u r r y  1 ,750 3.00 2875.4 1.069.6 405.5 503.8 

C o a l / o i l  s l u r r y  1 .780 3.50 2573.8 1199.9 322.9 566.9 

Low B t u  R a s i f i e r  r e f i t  2 ,679 Z-JS- 6532.0 1008.8 374.0 931.3 

Packaged shell s t o k e r  2 ,760 2.56 5631.0 900.7 405.5 766.7 

Packaged shell FBC 2 .760 2.07 7033.5 728.3 405.5 776.8 

F i e l d  e rec t ed  s t a k e r  1 , 8 0 0  2.56 8326.1 855.7 403.0 660.5 

F i e l d  e rec t ed  F9C 1 .800  2.07 9182.0 691.9 470.9 679.8 
Pulver- izzd coa l  b o i l e r  1 .820 2.07 9710.9 575.0 475.9 709.6 

C_I.culatin~~_.-- . . . - . . . .  1 .E10 2.07 11087.6 683.4 403.0 736:_?_-_ 

,800 3.80 .O 1270.1 206.8 522.5 -_ 

COAL 
4) aF USE, 

TECHNOLOGY UNITS t o n l y r  

Natura l  gas b o i l e r  
P2 O i l  f i r e d  b o i l e r  _ _  -_  
f.3 Oil f i red ,  h o i l e r  ________._.________I 
Micronized c o a l  r e f i t  I 13,057 

Slagginq burner r e f i t  1 13,057 

HoduLar FBC r e f i t  1 13,222 

_-  _ _  

_ _  _ _  

A I R  FOXCE PBgJJCT PRIVATE PROJECT 

L I F E  L I F E  

CYCLE CYCLE 

COST, DISCOUNTED COST, 

DTSCOIJNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/  

AS SPENT COST PERIOD, AS SPENT COST 

I- kS RATIO - yr kS RATIO 

15,817 1.000 <--- Exis t ing  system, primary f u e l  
-_ 0 

l a .  _ _  
17,256 .917 >3 1 19,291 .a20 

18,232 .822 >3 1 22,486 .703 

19,583 .804 >3 1 23,361 .677 

I_ 

Stoker f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed for #6 oil 

Coal /wntcr  s l u r r y  1 13,927 18,962 .E34 >3 1 20,898 .7 57 

Low Iltu n a s i f i e r  refit -- 5. 156 23.857 ,663 23 1 2 7 712---- .57 1 

C o a l / o i l  s l u r r y  Not eva lua ted  

Packaged shell s toke r  2 13,532 21,270 .744 23 1 24,612 .643 

Packaged shell EtlC 2 13.744 21,164 .747 >3 1 25,186 .628 
Fin1.d e rec t ed  s toker  1 12,556 22,297 .709 >3 1 26,980 .586 
F i e l d  e rec t ed  FBC 1 13,057 22,486 ,703 23  1 27,591 .573 
Pulver ized  coal boiLer 1 12,738 23,068 .686 2 3  I 28.447 .556 

GLES.k&iEL.F?G .._.__ __I 1 12.895 -23.2.az6 .664- 23 1 29.897 ,529 
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1. BACKGROUND 

Plattsburgh AEB is located near Plattsburgh, ew York. The main 
boiler plant (building 2658) has 6 x 50-MBtufh b o i l e r s  firing the 
design fuel, No. 6 ail. The b o i l e r  plant produces pressurized ho t  
water with temperatures up t o  about 400"F, The yearly average fuel 
use is roughly 83 MScu/h. 

2 .  HEATING PLANT UNITS 

Heating Plant No, 2658: 

4 x 50 MBtu/h, International Boiler Works, 1955 
2 x 50 MBtu/h, Combustion Engineering, 1957 

3,  IDEAL CAPACITY FACTOR ANALYSIS 

The ideal capacity factors listed be1.ow were calculat,ed from monthly 
fuel-use data f o r  plant No. 2 6 5 8 .  

Fuel 
input  

(MBtu/h) 

FY 1983 
ideal 

capacity 
factor 

FY 1988 
ideal 

capacity 
factor 

40 
50 
a0 
90 

100 

0.96 
0.90 
0.83 
0.76 
0.73 

4 .  ENERGY PRICES 

FY 1986 Price Data: 

0.95 
0.90 
0.81 
0.75 
0,72 

Year average End af year 

Distillate $5.90/MBtu Same 
Residual $5*08/MBtu Same 
Electric $17.3/MBtu = 5.91C/kWh 6 " 3c  /kWh 

C. H. Guernsey and Co. Survey: 

The most recent costs from the C. H. Guernsey and CQ. survey agree 
with the FY 1986 costs. 
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5. COAL PROPERTIES AND PRICES 

Stoker ROM 

Origin 
HHV, Btullb 
X Ash 
X Sulfur 
X Nitrogen 
Ash-softening temperature, "F  
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, X 
Grindability index 
Cost at mine, $/ton 
Delivered cost, $/ton 
Energy cost, $/lo6 Btu 

Slago, Pa. 
13,000 
7-9 
1.8-2 - 2  
1.32 
2500 
6-8 
1 5/8 
112 
5 
50-55 
40 
64  a 00 
2.46 

Slago, Pa. 
12,800 
8-1 0 
1.8-2.2 
1.30 
2300 
6-8 
2 
0 

5 0-5 5 
26.50 
50.50 
1.97 

6 .  ENVIRONMENTAL REGULATIONS 

6.1 Air Pollution Emission Limits for New Sources 

3. No emission limits for boilers <lo0 MBtu/h; for boilers 
>lo0 MBtuIh: FBC - 90% reduction t o  meet limit of 1.2 IbIMBtu; 
emerging technology - 50% reduction to meet limit of 0.6 
1 b/MB t u e 

NO,. No emission limits for  boilers <lo0 MBtuIh; for boilers 
>lo0 MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized 
coal - 0.7 lb/MBtu. 

~ 

Particulates. For boilers > l o 0  MBtuIh: 0.05 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: Total suspended sol. ids - 50 mg/L. 
6 . 3  Ash Disposal 

Ashes are classified as nonhazardous solid waste and may be 
disposed of in any approved sanitary landfill. 

7 .  OTHER CONSIDERATIONS 

None 

8. COAL CONVERSION PROJECT OUTLOOK 

Based on load data, a refitlreplacement project would probably 
involve one 5Q-MBtuIh output (-63 MBtu/h fuel input) boiler. The 
overall capacity factor is estimated to be about 76%, assuming 90% 
equipment availability. 
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8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

SO, and NO,. Any of the combustion technologies being consid- 
ered could be emykoyed without requiring any measures f o r  NOx 
or SO, reduction since the proposed conversion project; is 
smaller than 100 MBtu/h. 

Particulates. Bag filters o r  electrostatic precipitators would 
be required to comply with the particulate emission limits. 

8.2 Physical Space and Aesthetics 

Heating Plant. The existing boiler plant was originally 
designed for No. 6 o i l ,  SO return t o  stoker L s  not possible. 
There is space available for installing coal-combustion equip- 
ment at the existing bailer or for construction of a new boiler 
at another site on base. 

Coal-Handling Equipment. There is space available for install- 
ing coal-handling equipment at the existing boiler. 

Coal Pile. There is space available for a coal p i l e  at the 
existing boiler plant or  at a new site on base. 

8 .3  Technical Risk of Combustion Technologies 

The existing bailers are designed for No. 6 oil-firing and 
therefore are not suitable for conversion to staker-firing. The 
least teachnical risk would be for  installation of a new stoker 
bailer. The refit technologies would have greater technical 
risks because o f  lack of operacing experience, and all of them 
would be of the same order since no SO, removal is necessary, 

9. COGENERATION PROJECT OUTLOOK 

The prospects for a coal-fired cageneration system appear to be 
interesting. The minimum average monthly electrical load is f a i r l y  
low, 3.2 W e ,  but the price of electricity is moderately high, 
6.3C/kWh. Based on the FY 1986 enetgy-use data, B cogeneration 
plent with B boiler rating of M-MBtuih output and a 3-MWe turbine- 
generator would have an electrical power capacity factor of 90% and 
a peak thermal output of 40 MBtu/h, with a thermal energy capacity 
factor of about 65% i f  used as a baseload heating plant. A water- 
tube boiler with a steam rating of 1200 psia and 900°F would be the 
most suitable boiler for this cogeneration system. 
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10. INPUT AND LCC S W Y  SPREADSHEETS 

PLATTSBWZGH APB: 1 X 50 MBtulhr. ECONCMIC L’fWWETEFS = NOMLWAL VALUES 

Total steam output = 50.0 

Boiler capacity factor = .764 

Number of units for refit = 1 

Hydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 

Electric price (cents/kWh) = 6.30 

Labor rate (k$/yr)  = 35.00 

Limestone price ($/ton) = 20.00 

FUH. PRICES 
Natural gas price ($/MBtu) = .OO 

#2 Oil price ($ /MBtu)  . O O  

66 Oil price ($/MBtu) = 3.67 
OPTIONS 

Soot blower multiplier = .O 

Tube bank mod multiplier = 1.0 
Bottom ash pit multiplier = 1.0 

SO2 control multiplier = . O  

LIMESTONE/LTM 
Inert fraction = .05 

MBtu/hr 

PROPERTIES 

R.O.M. Stoker 
Ash fraction = ,090 .080 

Sulfur fraction = .020 .020 

HHV (Btu/lb) = 12800. 13000. 

FUEE m a s  
R.O.M. coal ($/MBtu) .= 1.97 
Stoker coal ($/MBtu) = 2.46 

Coal/HZO mix ($/MBtu) = 3.00 

Coal/oilmix ($/MBtu) = 3.50 

Primary fuel is 1 

#6 FUEL OIL 
1=#6 Oil, 2=#2 Oil, 3-NG 

E C O R M C  PARAMETERS 
Inflation & discounting base year = 1988 

Gen infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base yr) = 1.000 

Project start year = 1990 

Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (%/yr) = 0 

Type of gas escalation = agas 

Type of oil escalation = eoil 
Type of coal escalation = ecoal 

Discount rate (Z/yr) = 10 

Rate of return on invest (Xlyr) = 17 

Amount of working capital (month) = 2 

Federal income tax rate ( 2 )  = 3 4  

Local prop tax (6. insur) rate ( % )  = 2 

REAL ESCALATION M T E  (%/yr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.87 5.77 5.77 

oi 1 eoil 4.86 7.87 4.16 4.16 

Coal ecoal 1.16 2.31 1.19 1.19 

2:19 PM Jan 4, 1989 
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PLATTSBURGE AFB: 1 X 50 MBtuIhr. ECONCMIC P- = NDMINAL VALUES 
T o t a l  steam output  = 50.0 MEtu/hr Cost base yea r  = 1988 

Boiler capac i ty  f a c t o r  = .764 Primary f u e l  = #6 FUEL OIL 
Number of  u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL FUXL O h M 0 h M 

TECHNOLOGY UNITS EFF $/MBtu kS kS k$ k$ - 
.800 .OO . o  .o  . o  .Q Natural  gas b o i l e r  -- 

82 O i l  f i r e d  b o i l e r  -- .800 .OO .Q . o  .o . o  
$6 O i l  f i r e d  b o i l e r  -- .800 3.67 .Q 1535.1 165.4 491.1 

Micronized c o a l  r e f i t  1 .800 1.97 2554.4 824.0 368.2 674.7 

Slagging burner  r e f i t  1 .800 1.87 4442.8 824.0 368.2 674.7 
Modular FBC r e f i t  1 .790 1.97 5111.7 834.5 350.4 650.3 
Stoker f i r i n g  r e f i t  1 .760 2.46 3034.9 1083.2 350.4 636.2 

Coal/water slurry 1 .750 3.00 2586.4 1338.5 350.4 565.7 

C o a l / o i l  slurry 1 .780 3.50 2131.1 1501.6 279.0 538.2 

Low Btu g a s i f i e r  r e f i t  1 ,679 2 . 4 6  4169.9 1213.1 323.2 810.4 
Packaged s h e l l  s toke r  1 .760 2.46 3547.4 1083.2 350.4 636.2 

Packaged s h e l l  FBC 1 .760 1.97  4523.8 867.4 350.4 650.9 

F i e l d  e rec t ed  s toke r  1 .800 2.46 6497.4 1029.0 348.3 625.7 
F i e l d  e rec t ed  FBC 1 .EO0 1.87 7133.3 824.0 407.0 650.1 
Pulverized coal b o i l e r  1 .820 1.97 7562.3 803.9 411.2 676.6 
C i r c u l a t i n g  FBC 1 ,810 1.97 8473.6 813.9 348.3 716.2 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l y r  k$ RATIO yr k$ RATIO 
Natural  gas  b o i l e r  -- -- 
#2 O i l  f i r e d  b o i l e r  LL -- 
$6 O i l  f i r e d  b o i l e r  _ _  -- 

-- 0 

0 -- 
28,680 1.000 <--- Exis t ing  system. primary f u e l  

Micronized c o a l  r e f i t  1 16,339 18,358 1.562 5.6 20,121 1.425 
Slagging burner  r e f i t  1 16,339 19,919 1.440 8.3 22,645 1.266 
Modular FBC r e f i t  1 16,546 20,220 1.418 9.1 23,280 1.232 
Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  #6 o i l  

Coallwater s l u r r y  1 17,429 22,183 1.293 9,l 24,070 1.192 
Coal/oil slurry Not evaluated 

Low Btu g a s i f i e r  r e f i t  1 18,966 23.983 1.196 13.9 26,692 1.074 
Packaged shell s toke r  1 16,935 21,141 1.357 8.8 23,467 1.222 

Packaged s h e l l  FBC 1 17,199 20,047 1.431 8.5 22,816 1.257 

F i e l d  e rec t ed  s toke r  1 16,088 22,972 1.248 13.4 26,785 1.071 

F i e l d  e rec t ed  FBC 1 16,339 22,288 1.286 12.8 26,401 1.086 
Pulverized coal boiler 1 15,941 22,709 1.263 13.7 27,033 1.061 

C i r c u l a t i n g  FBC 1 16.138- 23.301 1.231 15.0 28.085 1.021 

2:19 PM Jan 4, 1989 



Tota l  steam output  = 5 0 . 0  

Bo i l e r  capac i ty  f a c t o r  = .764 

Number of u n i t s  f o r  r u f i t  = 1 

Hydrated lime p r i c e ( S / t n n )  = 40.00 

Ash d i sposa l  p r i c e  (.$/ton) = 1 0 . 0 0  

E l e c t r i c  p r i c e  (calits/krN?l) = 6.30 

Lahar r a t e  (kS /y r )  = 35.00 

Limestone p r i c e  ( S i t o n )  = 20.00 

FUEL PRICES 

Natura l  gas p r i c e  (S /Mc .u )  = ,00  

N2 O i l  p r i c e  ( S i M Z t u )  = .00  

96 O i l  p r i c e  ($/YiiLu) = 3 . 6 7  

0mTIms 
Soot blower m u l t i p l i e r  7; .O 

Tube bank mod m u l t i p l i e r  = 1 . 0  

Bottom ash p i t  i i iu l t ip l ie r  = 1 . 0  

SO2 c o n t r o l  tTiljl.ttiplier = .O 

LIrnS’SONEjETZaE 

I n e r t  f rac t . ion  := . 0 5  

MB t u / hr  

CQ9L r n Q r n T 1 E S  

R O.M. Stoker  

A s h  f r a c t i o n  = .090 .080 

Sul fu r  f r a c t i o n  -z ,020 .020 

IilW (B tu l lb )  = 12800. 13000. 

m PRICES 
R.0 PI coa l  (S/PBtu) = 1.97 

Stoker c o a l  ($/NRtu) = 2 46 

Coal/HZO rn~x (S/mtu) = 3 .00  

C o a i / o i l  inix ($/Matu)  = 3.50 

l2ccmmac P W E T E i S  

I n f l a t i o n  6r discoclilting bass  yeRL = 1988 

Gen i n f l a  index (1987 t o  base  yr) 1.040 

Gas i n f l a  indox (1988 t o  base  y r )  = 1,000 

O i l  i n f l a  index (1988 t o  base  yr) = 1 . 0 0 0  

Coal i n f l a  index (1988 t o  base  y r )  = 1 . 0 0 0  

Tro jec t  s t a r t  yaar 7: 1990 

P ro jec t  l i f e  ( y r )  = 30 

Depreciation l i f e  (yr) = 15 

General i n f l a t i o n  r a t e  (Xlyr )  = 0 

Type of gas e sca l a t ion  = egas 

Type of o i l  e s c a l a t i o n  a o i l  

Type of c o a l  e s c a l a t i o n  ;: ecoal  

Discount r a t e  (%/yr) = 10 

Rate  o f  r e t u r n  on i n v e s t  (%/yr) = 17 

Amount o f  working c a p i t a l  (month) = 2 

Federal. income t a x  r a t e  ( X )  = 34 

Local prop t a x  (& i n s u r )  r a t e  ( % )  = 2 

REAL ESCALATION RATE i%/iyr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -:.199.g.- ._____ ~ -1995 -ZOO& BEYOND--- 

Gas egas 2 . 2 8  4 . 7 0  5 .49  2 .75  

Oil e o i l  . 1 7  4.16 5 . 5 5  2 . 7 7  

Coal ecoa l  1 .46  1 .76  1 . 6 1  .81 

11:48 AN Jan 11. 1989 
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XKIT'SBURGE AFB: 1 X  50 NBtulhr. FUEL REAL ESCALATIOTlr AEO 1987 
T o t a l  steam ou tpu t  = 50.0 MBtu/hr Cost base year  = 1988 

Boi l e r  capac i ty  f a c t o r  = .764 Primary f u e l  #6 FUEL QIL 

Number of u n i t s  f o r  r e f i t  1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 Sr M 0 & M 

UNITS EFF SIMBtu kS kS kS kS - TECHNOLOGY 

.800 .OO .o .o  . o  .o  Natural  gas b o i l e r  -- 
#2 O i l  f i r e d  boiler -- .800 . O O  . o  .o . 5  . o  
$6 O i l  f i r e d  b o i l e r  -- .800 3.67 .O 1535.1 165.4 491.1 

Micronized c o a l  r e f i t  1 .800 1.97 2554.4 824.0 368.2 674.7 

Slagging burner  r e f i t  1 .800 1.97 4442.8 824.0 368.2 674.7 
Modular FBC r e f i t  1 .NO 1.97 5111.7 834.5 350.4 650.3 
Stoker  f i r i n g  r e f i t  1 .760 2.46 3034.9 1083.2 350.4 636.2 
Coal/water slurry 1 .750 3.00 2586.4 1338.5 350.4 565.7 

C o a l l o i l  slurry 1 .780 3.50 2131.1 1501.6 279.0 538.2 

&ow Btu g a s i f i e r  r e f i t  1 ,679 2.46 4169.9 1213.1 323.2 810.4 - 
Packaged s h e l l  s toke r  1 .760 2.46 3547.4 1083.2 350.4 636.2 
Packaged s h e l l  FBC 1 .760 1.97 4523.8 867.4 350.4 650.9 
F i e l d  e rec t ed  s t o k e r  1 .800 2.46 6497.4 1029.0 348.3 625.7 
F i e l d  erected FBC 1 .a00 1.97 7133.3 824.0 407.0 650.1 
Pulverized coal b o i l e r  1 .820 1.97 7562.3 803.9 411.2 676.6 

C i r c u l a t i n g  FBC 1 ,810 1.97 8473.6 813.9 348.3 716.2 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST * DISCOUNTED COST, 
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT1 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/Yr k$ RATIO yr  kS RATIO 
Natural  gas  b o i l e r  -- -- 
62 O i l  f i r e d  b o i l e r  -- -- 
#6 Oil, f i r e d  b o i l e r  -- -- 

-- 0 
0 -- 

23,343 1.000 e--- Exis t ing  system. primary f u e l  

Micronized c o a l  r e f i t  1 16,339 18,227 1.281 8.7 19,987 1.168 
13.4 22,510 1.037 Slagging burner  r e f i t  1 16,339 19,788 1.180 

Modular FBC r e f i t  1 16,546 20,087 1.162 14.6 23,144 1.009 
Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed for #6 o i l  

Coallwater slurry 1 17,429 21,970 1.062 18.7 23,852 .979 

Low Btu g a s i f i e r  r e f i t  1 18.966 23.790 ,981 23 1 26.493 881 
Packaged s h e l l  s t o k e r  1 16,935 20,969 1.113 16.1 23,290 1.002 
Packaged shell .  FBC 1 17.199 19,909 1.172 13.8 22,674 1.029 

C o a l l o i l  s l u r r y  Not evaluated 

F i e l d  e rec t ed  s t o k e r  1 16,088 22,809 1.023 26.6 26,617 .a77 
F i e l d  e rec t ed  FBC 1 16,338 22,167 1.053 23.1 26,266 .a89 
Pulverized coal boiler 1 15,941 22,581 1.034 25.4 26,901 ,868 

C i r c u l a t i n g  FBC 1 16.138 23,172 1.007 29.6 27.951 , a35 

11:48 AM Jan 11, 1989 



Tota l  steam output  = 50.0 

Boi le r  capac i ty  f a c t o r  = .764 

Mumher o f  u n i t s  f o r  r e f i t  = 1 

Hydrated lime p i ice!$ / ton)  = 40 .00  

Ash d i s p o s a l  p r i c e  ($/ton! = 1 0 . 0 0  

E l e c t r i c  p r i c e  (cents/kWh) 1 6 .30  

Labor r a t e  (k$ /y r )  = 35.00 

Limest*one p r i c e  ($ / ton )  = 20.00 

FbJ. PRIMS 

Natura l  gas p r i c e  ($ /E IBtu )  = .00 

#2 O i l  p r i c e  (S/tl[Ytu) = .OO 

#S O i l  p r i c e  ($/NRtu) = 3.67 

omaws 
Soot blower m u l t i p l i e r  = .O 

Tube bank mod m u l t i p l i e r  := 1 . 0  

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 c o n t r o l  ml i l t i p l i e r  = .O 

I.XPIESTCX%-E/EI@E 

I n e r t  f r a c t i o n  = .05 

ECfJNX4PC PAR.WTERS 

MAG YROrn-i$ES 

R . O . M .  Lt- 
Ash f r a c t i o n  = ,090 .080 

Su l fu r  f r a c t i o n  = ,020 .020 

HW (Btu / lb )  --% 12800. 13000. 

FUEL YiciCFS 

R.O.M. c o a l  ($/MBtuj = 1.97 

Stoker c o a l  (S/MBtu) = 2 . 4 6  

Coal/H20 m i x  ($/MBtuj = 3 . 0 0  

C o a l / o i l m i x  ($/MBtu) = 3.50  

I n f l a t i o n  h discount ing  base  year  = 1988 

Gen i t i f l a  index (1987 t o  base  yr) = 1 . 0 4 0  

Gas i n f l a  index (1988 t o  base y r )  = 1.000 

O i l  i n f l a  index (1988 t o  base y r )  = 1.000 
Coal i n f l a  index (1988 t o  base y r )  = 1.000 

P ro joc t  s t a r t  year  = 1990 

P ro jec t  l i f e  ( y r )  = 30 

Depreciation l i f e  ( y r )  = 15 

General i n f l a t i o n  r a t e  (X/yr )  = 0 

Type o f  gas esca la t ion  = zero  

Type of o i l  s s c a l a t i o n  = zero 

Type of c o a l  e s c a l a t i o n  = ze ta  

Discount r a t e  ( % / y r )  = 10  

Rate of r e t u r n  on i n v e s t  (%/yr) = 17 

Amount n f  wcrking c a p i t a l  (month) = 2 

Federa l  income t a x  r a t s  ( X )  = 34 

Local prop t a x  ( S  i n s u r )  r a t e  ( X )  = Z 

REAL ESCALATION. RATE ( X  /yrl.. 

TYPE OF FUEL 1988 1990 1995 2000 AND 

__-I._ FUEL ESCALATION -1990 -1995 2000 BEYOND 
Gas zero  0 0 0 0 

O i l  ze ro  0 0 0 0 

Coal zero 0 0 0 0 

11:52 AM Jail 11. 1989 
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PTATTSBIIRGH ILFB: 1 X 50 MBtufhr. FUEL REAL ESCALATXOH = m0 

Total steam output = 50.0 MBtu/hr Cost base year = 1988 
Boiler capacity factor = .764 Primary fuel = #6 FUEL OIL 

Number of units for refit = 1 

ANNUAL COSTS 
MINT OTHE3 # FUEL/ F W L  TOTAL 

OF STEAM PRICE CAPITAL FUEL 0 6. M 0 & M 

TECNNOLGY UNITS EFF S/MRtu k$ k$ kS k$ 

.so0 .oo . o  .o .o .o Natural gas boiler 

#2 Oil fired boiler -- .800 .OO . o  .o  .o .o 
-- 

#6 Oil fired boiler -- ,800 3.67 .O 1535.1 165.4 491.1 

Micronized coal refit 1 .ROD 1.97 2554.4 824.0 368.2 674.7 

Slagging burner refit 1 .E00 1.97 4442.8 824.0 368.2 674.a 

Modular FBC refit 1 .790 1.97 5111.7 834.5 350.4 650.3 
Stoker firing refit 1 .760 2.46 3034.9 1083.2 350.4 636.2 

Coal/water slurry 1 .7so 3.00 2586.4 1338.5 350.4 565.7 

Coalloil slurry 1 .780 3.50 2131.1 1501.6 279.0 538.2 
Low Btu gasifier refit 1 ,679 2.46 4169.9 1213.1 323.2 810.4 
Packaged shell stoker 1 .760 2.46 3547.4 1083.2 350.4 636.2 

Packaged shell FBC 1 .760 1.97 4523.8 867.4 350.4 650.9 

Field erected stoker 1 .800 2.46 6497.4 1029.0 348.3 625.7 

Field erected FBC 1 . B O O  1.97 7133.3 824.0 407.0 650.1 

Pulverized coal boiler 1 .820 1.97 7562.3 803.9 411.2 676.6 

Circulatinn FBC 1 .810 1.97 8473.6 813.9 348.3 716.2 

ATR FORCE PROJECT PRIVATE PROJECT 
LIFE LIFE 
CYCLE CYCLE 

COST, DISCOUNTED COST, 
COAL DISCOUNTED EENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS tonlyr kS RATIO Y$ kS RATIO 
Natural gas boiler L- -- 
#2 Oil fired boiler -- -- 
$6 Oil fired boiler -_ -- 

-_ 0 
0 -- 

17.265 1.000 c--- Existing system. primary fuel 

Micronized coal refit 1 16,339 17,079 1.011 21.3 18,806 .918 

Slagging burner refit 1 16,339 18,640 .926 23 1 21,330 .809 

Modular FBC refit 1 16,546 18,925 .912 >3 1 21,949 .787 
Stoker firing refit 

Coal/water slurry 1 17,429 20,106 . a59 >3 1 21,934 .787 
Coal/oil slurry Not evaluated 

Low Btu gasifier refit 1 18.966 22,101 .7ai >3 1 24 I 756 ,697 

Not applicable because existing boiler was designed for 86 oil 

Packaged shell stoker 1 16,935 19,461 ' 887 >3l 21,738 .794 
Packaged shell FBC 1 17,199 18,701 .923 -3 1 21,432 .BO6 

Field erected stoker 1 16,088 21,375 .808 r31 25,143 .687 

Field erected FBC 1 16,339 21.019 .a21 231 25,086 .688 

Pulverized coal boiler 1 15,941 21,462 .804 >3 1 25,750 .671 

Circulating FBC 1 16.138 22.038 .7R3 >3 1 26,786 .645 

11:52 AM Jan 11, 1989 



222 

1. BACKGROUND 

The USAF Academy is located 10 miles north of Colorado Springs, 
Colorado, There are two boiler plants of significance at the 
Academy, both of which produce pressurized hot water. Natural gas 
is the primary f u e l ,  and No. 5 fuel oil (150,000 )aRtu/gal) is t:he 
reserve fuel. All boilers are water-tube type, and were designed 
f o r  No. 5 oil/$as firing. Only plant No. 2560 was considered in ehf; 
LC6 analysis. The yearly average fuel use at plant No. 254:; ::. 
roughly 64 MBtu/h. 

2. BEATING PLANT UNITS 

Heating Plant No. 2560: 

3 x 100 PliBtu/h, Combustion Engineering, 1957 
80 MBtu/h, Boiler Engineering and Supply C o . ,  1968 

Heating Plant No. $026: 

2 x 30 MBtu/h, Combustion Engineering, 1957 

3 .  IDEAL GAPACLTY FACTOR ANALYSIS 

The ideal capacity factors listed below were calculated from monthly 
fuel-use data for plant No. 2560. 

Fuel 
input 

( MRt u / h  ) 

50 
68 
70 
88 
90 
100 
110 

FY 1986 
ideal 

capaei t y  
factar 

0.87 
0.82 
0.79 
0.75 
0.70 
0.64 
0.58 

4. ENERGY PRICES 

FY 1986 Price Data: 

FY 1987 
ideal 

capacity 
factor 

0.90 
0.86 
0.81 
0.76 
0.72 
0.65 
0,59  

Electricity = 3.5C/kWh at year end 
Natural gas = $3.8/MBtu 
No. 5 oil = very little purchased 
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C. H .  Guernsey and Go. Survey: 

Electricity = 3.5~/kWh 
Natural gas = $3.5/MBtu 
No. 5 oil = no value given  

Letter from USAF Academy (10/5/88): 

Electricity = 3.76C/kWh 
Natural gas = $2.56/MBtu 
No. 5 oil = $0.65/gal = $4.33/MBtu 

The gas contract is interruptible, but the gas supply is rarely 
interrupted. 

5. COAL PROPERTIES AND PRICES 

Stoker ROM 

O r i g i n  
BHV, Btu/lb 
X Ash 
% Sulfur 
X Nitrogen 
Ash-softening temperature, "F 
Swelling index 
Top size, in. 
Bottom size, in. 
Fines, X 
Grindability index 
Cost a t  mine, $ / t o n  
Delivered c o s t ,  $ / t o n  
Energy c o s t ,  $ / l o 6  Btu 

Axial, Colo. 
11,000 
4 .3  
0 .42  
1.39 
2300 
0 
1 1 / 2  
31'8 

50 
22 
32 
1.45 

Axial, Colo. 
10, a00 
4.9 
0.36 
1.39 
2300 
0 
2 
0 
10-15 
50 
15 
25 
1.17 

6 .  ENVIRONMENTAL REGULATIONS 

6.1 Air Poll.ution Emission Limits for  New Sources 

%e 
No emission limits for boilers <lo0 MBtu/h; for boilers 

>lo0 MBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/ 
MBtu; emerging technolagy - 50% reduction t o  meet: limit of 
8 . 6  lb/MBtu. 

Mo,. 
>lo0 MBtu/h: 
coal - 0.7 lb/MBtu. 

No emission limits for boilers <lo0 MBtu/h; f o r  boilers 
spreader stoker and FBC - 0.6 lb/MBtu; pulverized 

Particulates, For boilers >lo0 MBtu/h; 0.05 lb/MBtu. 

6.2 Coal-Pile Runoff 

Limit: Total suspended solids - 50 mg/L.  
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6.3 _. Ash Disposal 

Ashes may be disposed of in special disposal sites owned by 
private contractors with a permit called "Certificate of Desig- 
nation ." 

7. OTHER CONSIDERATIONS 

Heat plant No. 2560 is capable of producing 425 psig hot water but 
operates at about 185 psig, The design pressure for heat plant 
No. 8026 is 275 psig. 

8. COAL-CONVERSION PROJECT OUTLOOK 

A coal refitlreplacement project would involve the 80-MBtu/h output 
(-lOO-MBtu/h fuel input) unit in pl-ant No. 2560. The overall capac- 
ity factor for a project of this size is estimated to be 5 8 % ,  
assuming 90% availability. 

8.1 Effect of Environmental Regulations on Selection of Combustion 
Technologies 

SO, and NO,. Any of the combustion technologies being consid- 
ered could be employed without requiring any measures far NO, 
or SO, reduction since the proposed conversion project is 
smaller than 100 MBtu/h. 

Particulates. Bag filters or electrostatic precipitators would 
be required to comply with the particulate emission limits. 

8.2 Physical Space and Aesthetics 

Beating Plant. The existing boiler plant was originally 
designed for No. 5 oil. There is only space available for 
installing coal-water-mixture combustion equipment at the 
existing boiler or f o r  construction of a new boiler at another 
site on base. 

Coal-Handling Equipment. There is no space available for 
installing dry coal-handling equipmentat the existing boiler 
plant, but there is enough space f o r  installing coal-water- 
mixture equipment. 

Coal Pile. There is no space available for a coal pile at the 
existing boiler plant7but there is space at another site on 
base for  a coal pile and a new coal-fired boiler. 
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8 . 3  Technical Risk of Combustion Technologies 

The existing boilers are designed for No. 5 oil or gas firing. 
The technical risk is fairly high because of limited experience 
of ccal-water-mixture firing of No. 5 oil-designed boilers. 

9 .  COGENERATION PROJECT OUTLOOK 

Cogeneration would probably not be economical at this base because 
of the low electric power rates. 



10. INPUT AND LCC S W Y  SPREADSHEETS 

USAF A C A D W :  1 X 80 MBtltulhr. ECONCMIC PARAMETERS = NOMINAL VUWS 

Total steam output = 80.0 
Boiler capacity factor = .580 

Nunher of units for refit = 1 

Hydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 3.60 

Labor rate (k$/yr) = 35.00 

Limestone price ($/ton) = 20.00 
rn PRJCES 

Natural gas price ($/MBtu) = 2.56 
#2 O i l  price (S/imtu) = .OO 
#S Oil price ($/MFitu) = 3.67 

OPTIONS 
Soot blowor multiplier = 1.0 

Tube bank mod multipLier = 1.0 
Bottom ash pit multiplier = 1.0 

SO2 control in~zl.t,iplier = .O 

LDfESTONE/I.YME: 

Inert fraction = .05 

E C O N W C  PARlSET- 

MBtu/hr 

CmL PRQPERTIES 

R . Q . M .  Stoker 

Ash fraction = .049 .043 

Sulfur fraction = .004 .004 

HHV (Btu/lb) = 10700. 11000. 

FUEL PRICES 
R.O.M. coal (SIMBtu) = 1.17 

Stoker coal ($/MBtu) = 1.45 

Coal/H2O mix ($/MBtu) = 3.00 

CoaL/oilmix ($/MBtu) = 3.50 

Primary fuel is 3 
NATURAL GAS 

1=#6 O i l ,  2=+2 Oil, 3-NG 

Inflation 6; discounting base year = 1988 
Gsn infla index (1987 to base yr) = 1.040 
Gas infla index (1988 to base yr) = 1.000 
Oil infla index (1988 to base yr) = 1.000 
Coal infla index (1988 to base y r )  = 1.000 

Project start year = 1990 
Project life (yr) = 30 

Depreciation life (yr) = 15 
General inflation rate (X/yr)  0 

Type of gas escalation = egas 

Type of oil escalation - eoil 
Type of coal escalation p ecoal 

Discount rate ( X / y r )  * 10 
Rate of return oii Invest (X/yr) = 17 

Amount of working capital (month) -= 2 
Fsdrral income tax rate ( 2 )  = 3 4  

Local prop tax (e insur) rate ( X )  * 2 

REAL ESCALATION RATE (X/yr) 
TYPE OF FUEL 1988 1940 1995 2000 AND 

U E L . . - - -  ESCALATION -1990 -1995 -2000 BEYOND 
Gas egas 3.89 8.37 5.77 5.77 
Oi L e o i l  4.86 7.87 4.16 4.16 
Coal acoal 1.16 2.31 1.19 1.19 

10:57 AM Oct 24. 1988 
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W W :  1 X 80 MBtulhr. EccHloMIC PARAMETERS - r n I N A L  VALUES 
Tota l  steam output  = 80.0 MBtu/hr Cost base year  * 1988 

Boi l e r  capac i ty  f a c t o r  = .580 Primary f u e l  = NATURAL GAS 
Number of u n i t s  for r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 & M 0 & M 

TECHNOLOGY UNITS E FF SIMBtu k$ k$ k$ k$ 
Natura l  gas  b o i l e r  -- .800 2.56 . O  1300.7 214.2 522.7 

#2 O i l  f i r e d  b o i l e r  -- .800 . O O  .o .o .o  .o 
+6 Oil f i r e d  b oiler .BOO 3.67 .O 1864.7 214.2 522.7 
Micronized c o a l  r e f i t  1 .EO0 1.17 3469.2 594.5 436.9 692.0 
Slagging burner r e f i t  1 .800 1.17 5951.8 594.5 436.9 692.0 

Modular FBC r e f i t  1 .790 1.17 6828.9 602.0 415.0 675.1 

Stoker  f i r i n g  r e f i t  1 .760 1.45 3815.8 775.5 415.0 665.0 

Coal/water s l u r r y  1 .750 3.00  3552.0 1625.9 415.0 587.8 

C o a l / o i l  s l u r r y  1 .780 3.50 2996.5 1823.9 330.5 560.6 

Low Btu ~ a s i f i e r  r e f i t  2 ,679 1.45 6668.1 868.5 382.8 901.1 

Packaged s h e l l  s toke r  2 .760 1.45 5720.5 775.5 415.0 762.4 

Packaged shell FBC 2 .760 1.17 7205.4 625.7 415.0 773.0 

F i e l d  e rec t ed  s toke r  1 .EO0 1.45 8663.7 736.7 412.5 656.6 
F i e l d  e rec t ed  FBC 1 .EO0 1.17 9561.0 594.5 482.0 675.0 
Pulver ized  coa l  b o i l e r  1 .E20 1.17 10107.7 580.0 487.0 706.6 

-_  

C i r c u l a t i n g  FEC 1 .E10 1.17 1 1575.8 587.1 412.5 734.1 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS t o n l v r  k$ RATIO vc k$ RATIO 
Natura l  gas  b o i l e r  -- -- 28,827 1,000 .e--- Exis t ing  system, primary f u e l  

#2 Oil f i r e d  b o i l e r  -- -- 
p6 Oil f i r e d  b o i l e r  

Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of  space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

S toker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  #5 o i l  

-- 0 
-- 34,380 -- -- 

Coalfwater s l u r r y  1 25,325 26,416 1.091 22.7 28,892 .998 
C o a l / o i l  s l u r r y  Not eva lua ted  

Low Btu n a s i f i e r  r e f i t  Not awvlfca b l e  because of swace l i m i t a t i o n s  

Packaged s h e l l  s t o k e r  2 24,310 21,623 1.333 13.3 25,020 1.152 

Packaged s h e l l  FBC 2 24,992 21,534 1.339 13.9 25,651 1.124 
F i e l d  e rec t ed  s t o k e r  1 23,085 22,847 1.262 16.4 27,710 1.040 

F i e l d  e rec t ed  FBC 1 23,742 23,024 1.252 17.1 28,329 1.018 

Pulverized c o a l  b o i l e r  1 23,163 23,632 1.220 18.3 29,220 ,987 

Circu la t ing  FBC 1 23,449 24,460 1.179 20.1 30.786 936 

10:57 AM Oct 24, 1088 



Tota l  s tem output  = 80.0 

Boi l e r  capac i ty  f a c t o r  = .580 
Number of u n i t s  f o r  r e f i t  = 1 

Hydrated limn pr i .ce(S/ ton)  = 40.00 

Ash d i s p o s a l  pric9 ($ / ton )  = 10.00  

E l e c t r i c  p r i c e  (cents/kWh) = 3.60 

L ~ b o r  r a t e  (k$/yr )  = 35.00 

Limestone price ($ / ton )  -25.00 

FUKL SRICES 

Natura l  gas p r i c e  (S/MBtu) = 2.56 

#2 O i l  p r i c a  ( S / m t u )  = .Oo 
#6 O i l  p r i c e  ($/MBtu) = 3.67 

OETTIOHS 

Soot blower m u l t i p l i e r  = 1 . 0  

Tube bank mod m u l t i p l i e r  = 1 . 0  

Bottom ash p i t  m u l t i p l i e r  = 1 . 0  

SO2 c o n t r o l  m u l t i p l i e r  = .O 
LIMESPOWE/EItB 

I n e r t  f r a c t i o n  = . 0 5  

Mitulhr 

mM, vw0PmTIP.s 

R.O.M.  Stoker 

Ash f r a c t i o n  = .a49 . 0 4 3  

Sul fu r  f r a c t i o n  = .004 . 0 0 4  

HHV (B tu / lb )  = 10700. 11000. 

rn.L WTt:ES 

R.O.M.  c o a l  (S /MStu)  = 1 . 1 7  

Stoker c o a l  ( $ / M t u )  = 1.45 

Coa1/820 mix ($/blEtu) = 3.00 

C o a l / o i l n i x  ($/MBtu) = 3.50 

Primary f u e l  is 3 

N A r u i u  GAS 

1=#6 O i l ,  2=#2 O i l ,  3=NG 

I%QNW@ P- 

I n f l a t i o n  6 discount ing  base  year  = 1988 

Gen i n f l a  index (1987 t o  base  y r )  = 1.040 

Gas i n f l a  index (1988 t o  base  y r )  = 1.000 

O i l  i n f l a  index (1988 t o  base  yr) = 1 . 0 0 0  

Coal i n f l a  index 11988 t o  base yr) E 1.000 

Pro jec t  s t a r t  year  = 1990 

P ro jec t  l i f e  ( y r )  = 30 

Depreciation l i f e  (yr) = 15 

General i n f l a t i o n  r a t e  ( 2 / y r )  = 0 

Type of gas e s c a l a t i o n  = egas 

Type of o i l  e s c a l a t i o n  = e o i l  

Type of coa l  e sca l a t ion  = ecoal  

Discount r a t e  ( 2 l y r )  = 1 0  

Rate  of r e t u r n  on inves t  (%/yr) = 1 7  

Amount of working c a p i t a l  (month) = 2 

Federa l  income t a x  r a t e  (2) = 34 

Local prop t a x  (& i n s u r )  r a t e  ( X )  = 2 

-- REAL ESCALATION RATE (2lyr) 

TYPE OF FUEL 1988 1990 1995 2000 AND 

FUEL ESCALATION -1990 -2995 -2000 BEYOND 

Gas egas 2.28 4 . 7 0  5.49 2.75 

O i  1 e o i l  . 1 7  4 . 1 6  5 .55  2 .77  

Coal ecoa l  1 . 4 6  1 . 7 6  1 . 6 1  .81 

11:05 AM Oct 24, 1988 
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USAF ACADEWY: 1 X 80 MBtuihr. FUET, REAL ESCALATION = hM, 1987 
T o t a l  steam output  = 80.0 MBtu/hr c o s t  base year = 1.988 

E o i l e r  capac i ty  f a c t o r  .580  Primary f u e l  = NATURAL GAS 
Number of u n i t s  f o r  r e f i t  = 1 

ANEIUAL COSTS 

# FUEL/ FUEL TOTAL MAINT OTHER 

OF STEAM PRICE CAPITAL FUEL 0 6. M 0 & N 

TECFi?JOLOGY UNITS EFF $/MRtu kS kS a$ kS 
Natu ra l  gas  b o i l e r  _ _  
#2 Oil f i r e d  b o i l e r  -- .800 . O O  . a  . o  .o .Q 
#6 O i l  f i r e d  b o i l e r  -- . B O O  3.67 .O -1864.7 214.2 522.7 
Micronized c o a l  r e f i t  1 .800  1.17 3469.2 594 5 436.51 892.0 
Slagging burner  r e f i t  1 .800 1.17 5851.8 594.5 436.9 692.0 

Stoke r  f i r i n g  r e f i t  1 .760 1 4 5  3815.8 775.5 415.0 66S.O 

,600 2 , 5 6  .O 1300.7 214.2 522.7 

Modular FBC r e f i t  1 .790 i.17 6828.9 602.0 415.0 675.1 

Coal/water slurry 1 .750 3.00 3552.0 1625.9 415.0 587.8 
Coal/oil slurry 1 .780 3 50 2986.5 1823.9 330.5 560.6 
Low Btu n a s i f i e r  r e f i t  2 .679 1.45 6663.1  860.5 3 8 2 . 8  901.1 

Packaged s h e l l  s toke r  1. .760 1.45 5720.5 775.5 415.0 762.4 
Packaged s h e l l  FBC 2 .7so 1.17 72~5.4 625.7 415.0 773.0 
F i e l d  e rec t ed  s toke r  1 .a00 1.45 8663.7 736.7 412.9 656.6 
F i e l d  e rec t ed  FBC 1 .800 1.17 9561.0 594.5 482.0 675.0 
Pulverized c o a l  bojler 1 .820 1.17 10107.7 580.0 4R7.0 706.6 
C i r c u l a t i n g  FBC 1 .810 1.17 11575.8 587,l 412.5 734.1 

A I R  FORCE PROJECT I_ PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE: 
COST ~ DISCOUNTED COST, 

COAL DISCOUNTED RLVEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, AS SPENT COST 

TECHNOLOGY UNITS ton/yr - kS i l A T I 0  yr k$ RATIO 
Natural  gas  bo i le r  -L -- 
#2 O i l  f i r e d  b o i l e r  _ _  -- 
86 O i l  f i r e d  b o i l e r  -- -- 27,837 I_ 

22,246 1.000 <--- Exis t ing  system, primary f u e l  
-_  0 

Micronized c o a l  r e f i t  Not app l i cab le  because of spaca l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not app1icable  because of space l i m r t a t i o n s  

Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed f o r  #5 a i l  

Coal/water s l u r r y  1 25,325 26,157 .850 23 1 28,627 .777 
CoalL/oil slurly Not evaluated 

Low Btu g a s i f i e r  r e f i t  Not app l i cab le  because of space t i m i t a t l o n s  

Packaged s h e l l  s t o k e r  2 24,310 21,500 1.035 24.7 24 I 893 .894 
Packaged s h e l l  FBC 2 24,892 21,435 1.038 26.8 25,548 .871 
F i e l d  e rec t ed  s toke r  1 23,095 22,730 .979 93 1 27,589 .8Q6 
F i e l d  e rec t ed  FBC 1 23,742 22,929 .970 >3 1 28,232 .788 
Pulverized c o a l  b o i l e r  1 23,163 23,560 .945 >3 1 29,125 .764 
C i r c u l a t i n g  FBC 1 23.1.49 -=,366 " 913 >3 1- 30,690 .725 

11:135 AM Oct. 24, 1968 
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USAP ACADEm: 1 X  BO HBtu/hr. FUEL REAL ESCALATION = ZERO 
Total steam output = 80.0 

Boiler capacity factor = .580 

Number of units for refit = 1 
Hydrated lime price($/ton) = 40.00 

Ash disposal price ($/ton) = 10.00 
Electric price (cents/kWh) = 3.60 

Labor rate (kS/yr) = 35.00 

Limestone price ($/ton) = 20.00 

FUEL PRICES 
Natural gas price ($/MBtu) = 2.56 

02 Oil price ($/MBtu) = .OO 
#6 Oil price ($/MBtu) = 3.67 

OPTIONS 

Soot blower multiplier = 1.0 
Tube bank mod multiplier = 1.0 

Bottom ash pit multiplier = 1.0 

LIHEsmNE/LIuE 

SO2 control multiplier 6 .O 

Inert fraction = .05 

MBtulhr 

COAL PROPERTIES 
R.O.N. Stoker 

Ash fraction = .049 .043 

Sulfur fraction = .004 .004 

HHV (Btu/lb) * 10700. 11000. 

FUEL PRICES 
R.O.M. coal ($/MBtu) = 1.17 

Stoker coal ($/MBtu) * 1 .45  

Coal/HZO mix ($/MEitu) = 3 . 0 0  

Coal/oilmix (S/MBtu) = 3.50 

Primary fuel is 3 

NATURAL GAS 

1=#6 Oil, 2=#2 Oil, 3-NG 

E C O N W C  PARAHETERS 
Inflation 6 discounting base year = 1988 

Gen infla index (1987 to base yr) = 1.040 

Gas infla index (1988 to base yr) = 1.000 

Oil infla index (1988 to base yr) = 1.000 

Coal infla index (1988 to base yr) = 1.000 
Project start year = 1990 

Project life (yr )  = 30 
Depreciation life (yr) = 15 

General inflation rate (Xlyr) = 0 
Type of gas escalation - zero 
Type of oil escalation = zero 

Type of coal escalation = zero 
Discount rate (2/yr) = 10 

Rate of return on invest (2/yr) * 1 7  
Amount of working capital (month) = 2 

Federal income tax rate (Z) = 3 4  

Local prop tax (& insur) rate ( 2 )  = 2 

REAL ESCALATION RATE ( X l y r )  

TYPE OF FUEL 1988 1990 1995 2000 AND 
FUEL ESCALATION -1990 -1995 -2000 BEYOND 
Gas zero 0 0 0 0 

Oil zero 0 0 0 0 

Coal zero 0 0 0 0 

11:11 AM Oct 24. 1988 
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USAF ACADW: 1 X 80 HBtu/hr. FUEL REAL ESCALATIOA = 2 l ~ O  

T o t a l  steam ou tpu t  = 80.0 MBtu/hr 

Bo i l e r  capac i ty  f a c t o r  = .580 
Cost base year = 1988 

Primary f u e l  = NATUXAL GAS 

Number of u n i t s  f o r  r e f i t  = 1 

ANNUAL COSTS 

# FUEL/ FUEL TOTAL M I N T  OTHER 

OF STEAM PRICE CAPITAL F19EL 0 & M 0 6c M 

TECHNOLOGY UNITS EFF S/MBtu kS kS k$ kS 
,800 2.56 .O 1300.7 214.2 522.7 Natural  gas  b o i l e r  -- 

#2 O i l  f i r e d  boiler -- .800 -00 .o .o .a . o  
$6 O i l  f i r e d  boiler -- .BOO 3,67 . O  1864.7 214.2 522.7 
Micronired coa l  r e f i t  1 .EO0 1.17 3469.2 594.5 436.9 692.0 
Slagging burner  r e f i t  1 .800 1.17 5951.8 594.5 436.9 692.0 
Modular FBC r e f i t  1 .7so 1.17 682a.9 602.0 415.0 6 7 5 . 1  
Stoker  f i r i n g  r e f i t  1 .760 1.45 3815.8 775.5 415.0 665.0 
Coallwater  slurry 1 .750 3.00 3552.0 1625.9 415.0 587.8 
C o a l / a i l  s l u r r y  1 .780 3.50 2996.5 1823.9 330.5 560.6 
Low Btu a a s i f i e r  r e f i t  2 ,679 1.45 6668.1 B68,5 382.8 901.1 
Packaged s h e l l  s t o k e r  2 .760 1.45 5720.5 775.5 415.0 762.4 
Packaged s h e l l  FBC 2 .760 1.17 7205.4 625.7 415.0 773.0 
F i e l d  e rec t ed  s toke r  1 .800 1.45 8663.7 736.7 412.5 656.6 

Pulverized c o a l  b o i l e r  1 .E20 1.17 10107.7 580.0 487.0 7G6.6 
C i r c u l a t i n a  FBC 1 ,810 1.17 11575.8 587.1 412.5 734.1 

F i e l d  e rec t ed  FBC 1 .aoo 1.17 9561.0 594.5 a 8 z . o  675.0 

AIR FORCE PROJECT PRIVATE PROJECT 

LIFE LIFE 

CYCLE CYCLE 

COST, DISCOUNTED COST, 
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/ 

# OF USE, AS SPENT COST PERIOD, -4s SPENT COST 

TECHNOLOGY UNITS ton /v r  kS RATIO YF kS RATIO 
Na tu ra l  gas b o i l e r  -- -- 
#2 O i l  f i r e d  b o i l e r  -- -- 
66 O i l  f i r e d  b o i l e r  -- -- 
Micronized c o a l  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Slagging burner  r e f i t  Not app l i cab le  because of space l i m i t a t i o n s  

Modular FBC r e f i t  Not app l i cab le  because of space l imi t a t io r r s  

16,122 1.000 G - - -  Exis t ing  system,  primary f u e l  
-- 0 

20,515 -_  

Stoker  f i r i n g  r e f i t  Not app l i cab le  because e x i s t i n g  b o i l e r  was designed 

Coal lwater  slurry 1 25,325 23, a93 .675 >3 1. 

C o a l / o i l  s l u r r y  Not evaluated 

LOW Btu g a s i f i e r  r e f i t  Hot app l i cab le  because of space l i m i t a t i o n s  

Packaged s h e l l  s t o k e r  2 24,310 20,420 .790 73 1 

Packaged shell FBC 2 24,992 20,563 .784 23 t 

F i e l d  e rec t ed  s t o k e r  1 23,095 21,703 * 743 '31 

F i e l d  e rec t ed  FBC 1 23,742 22,101 .729 ,3 1 
Pulverized c o a l  b o i l e r  1 23,163 22,732 .709 >3l 
C i r c u l a t i n g  FBC 1 23.440 23,549 ,685 '3 1 

for  #5 o i l  

26, a a  .613 

23.782 .678 

24,652 .654 

26,534 .608 
27,380 .589 

28,295 .570 

29,849 . 5 4 0 L  

11:11 AM Oct 24. 1988 
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