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PREFACE 

This is the fourth volume of the ISTUM (Industial Sector 

Technology Use Model) documentation~ The first volume of the 

report describes the model logic and the data inputs. ~he 

second volume lists and evaluates the results of one model 

run. The third volume gives detailed information on the energy 

demand data base. This volume gives information on the indivi­

dual technology specifications. 

Chapter II of volume I presents a discussion of the 

technologies that compete in the ISTUM model. The emphasis 

in Chapter II, volume I is on providing an overview of where 

each technology fits into the general model logic. This volume 

presents the actual cost structure and specification of every 

technology modeled in ISTUM. 

The first chapter of volume IV presents a general overview 

of the ISTUM technology data base. It includes an explanation 

of the data base printouts and how the separate cost building 

blocks are combined to derive an aggregate technology cost. 

The remaining chapters are devoted to documenting the specific 

technology cost specifications. 

This volume should not be considered a self standing 

document. It is supplementary to Chapter II of Volume I, and 

much information relevant to a technology's specification is 

presented only in Volume I. To achieve an unoPrstanding of 

U1~ cost structure of any of the technologies Chapter I of this 

volume, and the discussion of conventional coal steam (technology 
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8 .11) should be re~d ;t;irst. The documentation o;t;. convention~! 
' 

coal steam is presented in the greatest depth and it serves 

as a guide to the documentation of all the other technologies. 

Note: Due the printer's requirements, the color sheets 

referenced for General Information (yellow, page I-6), 

Technology Specificati~ns (green, page I-10), and. Building 

Blocks (pink, page I-14) have been printed on white sheets. 
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CHAPTER I 

A. Introduction 

In devising a methodology for technology evaluation the 
. . 

following goals were considered to be important: 

• To portray the costs associated with a specific 

.energy technology as accurately as possible. 

• The methodology should be general enough to allow 

for a consistent and systematic application across 

different technologies. 

• It should allow for easy cost sensitivity analysis. 

• It should provide information on the interdependencies 

among the ·different technologies. 

The technology characterization system presented in Volume 

I, chapter II is based upon the division of a technology's 

overall cost into separate cost building blocks. If several 

technologies have common cost components, such as coal 

handling, then the same building block is used in the specifi­

cation of each technology to insure consistency. The use of 

the cost building blocks also makes for easy cost sensitivity 

analysis by compartmentalizing the costs. This system allows 

for easy identification of the cost structure of any technology 

and.easy modification of the mix of building blocks or cost 

components of a technology if additional information becomes 

available. 
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One of the distinctive features of the ISTUM model is 

the use of cost distributions for each technology as opposed 

to the use of a point cost estimates. The use of these cost 

frequency distributions results in a closer approximation of 

reality and incorporate more information into the evaluation 

process. Table (I-1) lists factors causing this cost 

variability. 

Estimating these capital cost distributions presented 

several problems specific to this methodology. Most of the 

data available incorporated only single point cost es~imates, 

usually a good site condition and no unusual circumstances 

are assumed. Our methodology requires examination of bad 

sites, with unusual circumstances. Most of this cost information 

had to be generated through our own resources. Normally tech­

nology cost e$timates assume favorable conditions and an 

application where there is a reasonable expectation that the 

technology will be economically viable. This procedure leads 

to examining s b1ased sample, and consequently a restricted 

range of costs. The ISTUM model requires the consideration of 

costs associated with all the potential applications of a 

technology within its defined market. This includes applica­

tions where the technology is usually not even considered, 

i.e., where it would be rejected a priori as being too expen­

sive. By considering costs for an entire population of potential 

applications, a much wider range of costs are obtained. 

In developing our technology cost distributions the highest 

priority went to the development of a cost evaluation system 

that allows maximum flexibility in testing different scenarios 

or estimates. With some 150 technologies to be evaluated 

in a three month time period, absolute truth was .beyond our 

grasp. Of course, in developing our characterizations of energy 
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technologies the most current data available from DOE program 

offic~s, recent studies and private vendors was used. To 

account for the fact that the data available.on some techno-

, logies was much stronger than what was available on others, 

a data quality coding system was developed to roughly rank 

the confidence one could have in the costing of any particular 

technology. 
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TABLE I-1 

PARTIAL LIST. OF SOURCES OF TECHNOLOGY COST VARIABILITY 

A. Application Related Variability 

1. Specific process requirements. These may vary 

within a service sector. For example some direct 

heat applications may require more uniform heat 

distribution, which· is accomplished by increasing 

the number of burners resulting in higher costs. 

Another example is steam, where pressure and temp­

erature requirements vary with application. 

2. Turndown requirements. Batch processing or dis­

continuous shipments of raw materials may call .for 

equipment that can respond to rapidly changing 

loads. 

3. Reliability requirements. Some industries place a 

high premium on reliability. The value of lost 

output due to equipment failure may make it 

economic to have complete backup systems. 

B. Site Related Variability 

1. Available Space. A lack of available space can 

greatly increase the cost of certain technologies, 

particularly solar where collector space is needed, 

and coal where roo~ for coal handling is required. 

2. Local variables. Such as the cost of the land, 

costs of obtaining required permits and costs 

related to envir-onmental restrictions. 
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TABLE I-1 continued 

3. Weather. Harsh weather increases coa~ handling 

costs, and amount of sunlight (insolation) is 

important for solar costs. 

4. Terrain - Rugged, sloped or marshy land can increase 

ponstruction costs. 

5. Auxiliary costs. Some technologies require consid-
, 

erable water and/or electricity. Their cost and 

availability varies from site to site~ Boiler 

feedwater and electricity for coal handling equip­

ment ~re examples. 

~ 

6. Labor wages and productivity variability. Wage 

rates and labor productivity vary from site to 

site. 

c. Firm Relited Variability 

1. Cost of Capital. Different firms have different 

financial structures. 

2. Operator and maintenance skill levels. 

3. Familarity with technology being installed. Do 

they have past experience with this type of system? 

4. Planning Horizon and general organization. 

Note: Technical uncertainty is not incorporated into the cost 

variability. It is a separate issue. ISTUM assumes 

for example, that any technical barriers preventing the 

use of an energy technology are overcome, and at 

reasonable cost. 
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B. Guide to the Technology Data Base 

In developing the technology data,base the trade off 

between model size and better specification of technology 

inputs was constantly confronted. The present model contains 

over twelve thousand cost inputs for the one hundred and fifty 

six technologies. To keep the data base at a manageable size 

only one set of building blocks was_ used for each technology, 

even where there was more than one size and load f~ctor specified. 

This one set of building blocks was then scaled up or down to 
.. 

reflect the costs of the technology at different sizes. When 

possible the building blocks from one technology were used 

to specify the cost distributions of other, different tech­

nologies. 

The first section of this guide describes the three 

sets of inputs required to characterize a technology in the 

ISTUM model. This is followed ~y an example showing how the 

building blocks are combined, and how the mean value of the 

overall distribution is calculated. The third section discusses 

the estimation of the building block frequencies. 

1. ISTUM Technology Inputs 

The multi-colored sheets contain all the ISTUM technology 

inputs. Three sets of information were required for each 

technology: general information (yellow sheets), technology 

specifications (green sheets) and the list of relevant building 

blocks (white sheets). 

a. General information inputs (yellow sheets) 

The general inputs consists of three pages of information ... 
·for each technology. Reading from left to right these sheets 

contain the following information: 
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i) The technology name and identification number. 

The first. two digits of the I.D. number ·identify 

the technology and the next one or two digits 

identify the service sector. I.D.'s 1.11 and 

1.112 refer to atmospheric fluidized bed 

combustion in service sectors 1 and 12 

respectively. Table I-2 presents a list of 

service sectors. 

ii) Year available - This refers to the first year of 

commercial availability, the date at which 

actual energy production can occur. A more 

complete discussion is in Volume I, p. II-18. 

iii) Fuels used- Two fuels can be specified.for one 

technology. The coding is as follows: 

1 - coal 

2 - oil 
' 3 - natural gas 

4 - electricity 

5 - industrial waste 

6 - waste heat 

7 - process change 

8 - sunlight 

9 - biomass 

10 - geothermal 

11 - wind 

12 - uranium 

13 - not specified 

iv) Fuel Share- This is the fraction of Btu's of 

fuel consumed represented by the fi~st fuel 

listed under fuels used. This value can be 
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greater than one or even negative for some 

cogeneration and conservation technologies that 

either save fuel or provide other fuel credits 

such as electricity resulting from cogeneration. 

v) .Fuel Efficiency - Three efficiencies can be 

listed: combustion, transmission and final 

use. These three efficiencies are multiplied 

times each other to determine a technology's 

overall efficiency. Some heat pump-tech­

nologies may have efficiencies greater than 

one. If a technology has two fuels, the 

efficiency listed is for the first fuel only. 

vi) Size Range - This is a mechanism for restricting 

a technology to a limited size range. The 

technology is applicable to all sizes within 

the range. 

vii) Load Range - This serves the same function as 

as the size range; only it refers to ho"urs 

of operation. 

viii) Maximum Fraction - Three maximum fractions 

are listed: 

Incremental - This refers to the fraction of 

incremental demand that can be served by a 

technology. Facto~s that can restrict the 

incremental market available to a technology 

are discussed in Volume I, p II-17. 

Retrofit - Since this version of ISTUM does 

not deal with retrofit applications, the retrofit 

maximum fraction is always zero. 
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Conservation - This refers to technologies that 

improve efficiency. For example, if a conserva­

tion technology improvesthe efficiency of 

a process by ten percent then even if all 

applications adopt this technology it would 

only supply 10 percent of that service sectors 

energy demands. Therefore its maximum market 

fraction is placed at ten percent. 

To calculate a technology's overall maximum 

fraction the incremental and conservation maxi­

mum fractions are multiplied times each other. 

For most conservation technologies the conservation 

and incremental maximum fractions were combined 

outside the model resulting in only an incremental 

maximum fraction being listed. The conserva-

tion technology writeups in Chapter VI break 

out these separate maximum fractions. 

ix) Service Sector - This identifies what service 

sector this technology is competing in. _A 

list of service sectors is presented in Table I-2. 

x) Data Quality - A data quality coding system 

Table I-3 was developed to roughly rank the 

confidence one could have in a particular esti­

mate. Four different factors were given data 

quality codes: the maximum fraction, the cost, 

the energy savi1~~ fur conservation technolo­

gies and the DOE acceleration. 

I-9 



The grouping of technologies into these 

different categories required some subjective 

judgement. ,The goal was to be consistent in 

our evaluation of each technology. 

xi) Construction Period - This is an estimate of 
' . 

the length of time required for the installation 

of that specific energy technology in years. 

xii) Physical Life - This is an estimate of the 

physical life of the energy technology equipment 

in years. 

xiii) DOE Acceleration - This is an estimate of the 

effect of DOE programs on the date of commercial 

availability for that technology in_years. 

xiv) Applicable Industri~s - The third page lists 

the industries that can be served by that par­

ticular energy technology within a service 

sector. See Chapter (Volume 1) IV.B.3) 

b) Technology Specifications (green sheets) 

The technology specification sheets list. the building blocks 

that are used to specify each technology. It also includes the 

building block coefficients that adjust the costs in the 

building blocks to those appropriate for the sizes specified 

in that service sector. When there is more than one column 

of size coefficients the column on the left always refers to 

the smaller size. (The size coefficients are not labeled 

as to the size they represent. These can be found in Table 

(Vol. 1) III-13). 
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TABLE I-2 

SERVICE SECTORS USED IN THE ISTUM MODEL 

1. Steam* 

2. Direct Heat- (Intermediate)* 

3. Direct Heat- (Dirty)* 

4. Indirect Heat- (coal capable)* 

5. Machine Drive* 

6. Electrqlytic* 

7. Liquid Feedstock 

8. Natural Gas Feedstock 

9. LPG Feedstock 

10. Metallurgical ~oal 

11. Miscellaneous Energy and Lube~ 

12. Space Heat* 

13. Indirect Heat- (not coal capable)* 

14. Calcining* 

1~. Glass Melting* 

16~ Brick and Clay Firing* . 

17. Ironmaking* 

18. Steelmaking 

19. Steel Reheating* 

20. Int~rnal Generation 

21. Captive Electricity 

22. · Captive Direct Heat 

23. Coke Consumption 

* indicates service sectors in which technologies compete in 
ISTUM. The remaining service sectors are maintained to keep 
an accurate accounting of total energy consumption in the 
industrial sector~ 
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TABLE I-3 

DATA QUALITY CODES 

Quality Code A 

1. Strbng supporting technology specification 
including component break down according to 
typology system. (It should be recognized 
that in conservation there are some single 
component technologies). 

2. Some physical hardware development at least · 
at "bench scale" lev:el to validate operating 
characteristics. 

3. Review by EEA to assure consistency of speci­
fications with ISTUM requirements. · 

4. No structural modeling problems. I.e., the 
technology is well suited for the ISTUM model 
logic. 

Quality Code B 

1. Good data but deficient in at least one category 
"A" element. This deficiency cannot be deemed 
a severe problem. 

2. The technology is not a radical departure from 
existing commercial technologies with which 
it competes. 

Quality Code C 

Marginal technology in most or all Category "A" elements 

1. Little engineering evaluation and specification. 

2. No hardware development. 

3. Insufficient EEA review. 

4. Serious but not fatal'modeling problems. 

5. Technology is a fairly radical departure from 
existing commercial technologies. 
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TABLE .I-3 continued 

Quality Code D 

Technology inputs inadequate for modeling in ISTUM. 

1. No engineering development. 

2. No EEA review. 

~. Proposer data - not validated. 

OR 4. Fatal modeling problems. 
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c. Building Blocks (pink sheets) 

The white sheets contain a list of all the building blocks 

required by the technology specification sheets. The information 

contained in a building block is as follows: 

i) Size of unit costed out (MMBtu/hr) - This refers 

to the service demand size of the technology 

unit for which the costs in the building block 

are appropriate without adjustment. 

ii) Type - There are three building block types. 

Type 11 8 11 refers to the standard cost building 

block which is added to the other ·type 11 s 11 

building blocks listed in the technology speci­

fication. A type 11 M11 building block is a 

multiplicative building block. It is a table 

of scalers that are multiplied times each of 

the type 11 8" building blocks. The type "L" 

blocks are peculiar to the cogeneration and 

self generation technologies. These are 

costs that are incurred yearly and are not sub­

ject to the capital recovery factor. The 

demand charge for electricity is a specific 

example. 

iii) Fraction of costs for O&M - This specifies the 

fraction of capital costs that are allocated to 

the operating and maintenance of the equip-

ment or·material contained in that building blo~k. 

(Fuel costs are not included) . All of the 

O&M costs are calculated for a load factor 

of 4000 hours. To determine O&M costs 

for load factors otner than 4000 hours an ex-

I-14 
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ponential ~cale factor is calculated. 

The scale factor comes fro~ the equation: 

1 _ (load factor) · 
8 3 

sea er - 4000 

4) Frequency and cost data - This information is 

not expressed in a form conducive to easy 

understanding. For the first building block 

listed in the conventional technology section 

we have: 

A8.11 Site Preparation and Power House 

frequency 

0.500 

0.400 

0.100 

0.000 

cost 

541. 000 

823.000 

1, 761.000 

0.000 

This table is in thousands of dollars and says 

that $541,000 is the lowest possible cost and 

that 50 percent of the possible applications 

will have a cost of between $541,000 and $823,000, 

40 percent will have a cost of between $823,000 

and $1,761,000, and that 10 percent will 

have a cost greater than $1,761,000. If "x" is 

defined to be the actual cost of a particular 

application then: 

estimated frequency range 

.00 

~ !JO 

.40 

.10 
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2. Sample Calculations 

To help promote an understanding of how this building 

block format works to construct an overall cost distribution, 

th~ mean $/r1MBtu cost of one of the overall cost distributions 

will be calculated. 

The mean cost for technology 8.31, natural gas boilers, 

will be .derived for the 50 MMBtu/hr size and 4000 hr. load 

factor. 

From the green computer printout sheets the technology 

specification for 8.31 is: 

Technology I. D. 8.31 

Bl:ock Name Block Size Size 
I.D. Coeff. Coeff. Coeff. 

A8.11 Site Prep. - .46 .57 2.10 
Powerhouse 

B8.11 Boiler Equip. .29 .53 2.30 
and Controls 

C8.11 Fuel Handling .50 .64 1. 80 

E8.11 Utilities .70 .59 2.00 

H8.11 Indirect Capital 1. 00 1. 00 1. 00 
Costs 

I8.11 Regional Cost 1. 00 1. 00 1. 00 
Index 

Step 1 - The first step is to adjust the costs in the building 

blocks listed in the Block I.D. column to costs relevant for 

the natural gas technology sized at 50 MMBtu/hr steam produced. ·-
This involves multiplying each of the capital costs listed 

in the building block by the product of the block coefficient 

and ~he appropriate size coefficient. This is done for build~ng 

block A8.11 below. Please note that all costs are in thousands 
J 

of dollars. 
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Site Prep. - Powerhouse 

Original A8.11 

Type: S, O&M: .03 

Adjusted A8.11 

Type: S O&M: .03 

Freq. 

• 5 

• 4 

.1 

0 

cost x block x size 
coeff. coeff. 

Cost 

541) [ 541 X 
.46 X . 57] 

823 ~ 823 X .46 X .57 

. 1,761 1,761 X .46 X .57 

0 

Freg:. Cost 

• 5 142 

~ . 4 216 

.1 461 

0 0 

T~e same procedure for each of the other building blocks 

yields the adjusted building blocks: 

B 8.11 Boiler Eq. C8.11 Fuel Handling E8.11 Utilities 

Type: S, O&M: .115 Type: S, O&M: .12 Type: S, O&M: .07 

Freg:. Cost Freg:. Cost Freq. Cost 

.35 231 1.0 149 .20 87 

.55 323 .so 107 

.10 387 .30 273 

0 0 0 0 
; 

H8.11 Indirect Cap • Costs I8.ll Regional Variation 

Type: M, O&M: • 0 Type: M, O&f1: .0 

Freg. Cost Freg. Cost 

. 55 1.3 . 4 .87 

.35 1.4 . 4 .97 

.10 1.5 .2 1.07 

. 0 1.65 0 1.25 

Step 2 - The mean capital cost of each building block must 

be calculated. To calculate the mean of the distribution of 

a particular building block the following equation is used: 
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~ cap. cost = freq. 1 Cost 1 + Cost 2 
2 

+ freq. 2 Cost 2 t Cost 3 t 
2 

freq. 3 Cost 3 + 1.2 x Cost 3 
2 

where the building blocks are in the following form: 

frequency capital cost 

freq. 1 cost 1 

freq. 2 cost 2 

freq. 3 cost 3 

0.000 0.000 

The ·value 1.2 x Cost 3 is used in the last term of the 

equation to put an upper limit on the distribution. The 

1.2 is an arbitrarily picked factor. This 1.2 factor is not 

used on type M building blocks where the end value is specified. 

This will become clear in the example. 

The mean values for each building block are calculated 

as: 

mean A8.11 5 142 + 216 + . 4 216 + 461 .1 = . 2 + 2 

= 275.6 

~ean B8.11 .35 231 + 323 
.55 323 + 387 + = + 2 2 

= 334.8 

mean C8.11 = 149 

8 87 + 107 + .5 107 + 273 mean E .11 = .2 2 2 
+ .3 

= 204.5 

I-18 
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H8.ll • 55 1.3 + 1.4 + .35 1.4 + 1.5 + .1 1.5 + 1.65 mean = 2 2 2 

= l. 41 

I8.ll . 4 .87 + . 97 + . 4 .97 + l. 07 . 2 1.07 + 1.25 mean = + 2 2 2 

= 1.01 

Step 3 - The determination of the mean operations·and main­

tenance cost. Only the type S blocks have O&M costs. 

mean O&M A8.ll = 275.6 X .03 = 8.27 thousand dollars/year 

mean O&M B8.ll = 334.8 X .115 = 38.50 

mean O&M C8.ll = 149 X .12 = 17.88 

mean O&M E8.ll = 204.5 X .07 = 14.31 

TOTAL 78.96 

Step 4 - The mean capital costs are added together. The 

total mean capital cost is found by multiplying the mean 

indirect capital cost value (1.41) times the sum of the 

type S block costs: 

275.6 + 334.8 + 149 + 204.5 = 963.9 thousand dollars 

Total capital cost= (963.9) (1.41) = 1,359.1 

These are costs in 1977. For later years capital cost 

escalators are used. See Volume 1, Ch. VI. 

Step 5 - An annual cost must be calculated. A capital recovery 

factor of .12 is used to annualize the total capital costs. 

This capital recovery factor will vary depending upon the 

construction period and life of the equipment. 

'(total capital cost x cap. recovery factor ) + O&M = annual cost 

($1,359.1) x .12 + $78.96 = $242,052 per year 

Step 6 - The annual cost is multiplied by the regional indices: 

$242,052/yr x 1.01 = $244,472 
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Step 7 - The annual costs are expressed dollars per million 

Btu's of service demand. 

annual cost x 1 

load factor 

$244,472/yr. x 1 yr 
X 

4000 hrs 

X 
1 = $/MMBtu 

MMBtu produced 
hr 

1 = $1.22 MMBtu 
50 .HMBtu/hr 

This value of $1.22 MMBtu is the mean annual capital 

and operating cost of the overall distribution. Figures I-1 

and I-l(b) illustrate how the total cost distribution for a 

technology is derived. 

III. Estimation of Building Block Frequencies 

Some reviewers of t~e ISTUM methodology have expressed 

the view that a weakness of the model is that it requires 

frequency distributions for the building block cost cases 

and that these distributions, by their very nature, are 

highly subjective. Actually the reverse is true. The use 

of these frequency estimates, even though they are somewhat 

subjective, is a strength of the model and represents another 

advantage of this methodology over the use of point estimates. 

Every point estimate has an implicit frequency incorporated 

into it. This is made ·apparent when the estimator states that 

this is an "average" cost, or that this estimate assumes 

"good" or "normal" conditions. Other conditions which in 

fact often occur are not considered. What these statements 

mean to the estimator may be very different from the interpre­

tation given to them by the reader. The ISTUM methodology 

makes these implicit frequencies explicit, and it goes even 

further by giving information on what occurs in cases other 

than the ideal case. 
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The process of quantifying individual judgement concerning 

the liklihood of various scenarios or outcomes has long played 

an important role in decision analysis. A sizeable body of 

literature and many different techniques have developed over 

the years. 1 / The procedure used to generate the ISTUM freq­

ency estimates first required the determination of the relevant 

cost cases and the overall range of the distribution. A 

set of frequency estimates were generated independently by 
. . 

different EEA engineers and staff members. The people in-

volved in the estimation procedure have all participated in 

surveys and site visits to different industrial plants as 

well as having worked in the field for a number of years. These 

estimates were supplemented by conversations with vendors of 

the various equipment components. When certain building 

block frequency estimates differed radically from person to 

person outside sources were consulted. For the most part, 

the frequency estimates made by each person were quite similar. 

To the extent that this project is a first effort in 

this area and that a wide range of technologies were covered 

in a very short time, there is no question that many refine­

ments and improvements can be made in both the frequency and 

cost estimates. 

1/ A useful articl,e for OU:r purposes was "Probabilj,_ ty Encoding 
in .Decision Analysis," ~Y C.S. Spetzler and C.S. Von Holstein, 
in Man_agement ·sr.ience, Vol. 22, Novembt=L 1975. 
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FIGURE I-1 . ( 

DERIVING TOTAL COST DISTRIBUTION FOR TECHNOLOGY Y: 
Adding Fuel, Operating, and Capital Costs for One Building Block 

FREQUENCY FREQUENCY FREQUENCY 

n 

X X '·) \ 
Q.ll IWILLJOH 

FUEL. HANDLING CAPITAL COST IHOIRECT CAPITAL COST CAPITAl. OU.RGE RATE MUL. TIPLIER 

FREQUEHCY 

+ 
5/YUR 

FUEL HANDLING O&M COST 

FR!QU!MCY 

TOTAL FU!L KAHOLIMG COST 

I-22 

e -• 

I 
I 
I 
I 

t 

BTU'S/YEAR 

CDEPENDS ON SIZE, 
LOAD FACTOR> 

TO FIGURE IV-la 



FIGURE -I-1 (b) 

·DERIVING TOTAL COSTS COMBINING COST COMPONENTS 
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------------------------------------------------------------------------------------------

CHAPTER II 

CONVENTIONAL TECHNOLOGIES 

A. Introduction 

The conventional technologies are comprised of technologies 

that are currently being used or, if they are considered un­

proven,1/ are new applications of basically conventional tech­

niques. Most service sectors have three competitive conventional 

technologies: conventional natural gas, conventional oil and con­

ventional coal. Several service sectors have additional con­

ventional technologies that utilize process by-products . 

. Wood and black liquor boilers in steam and the use of captive 

gas in steel reheat applications are examples. It is convenient 

to segment ~he conventional technologies into two groups, 

boiler related technologies and non-boiler technologies. 

The boiler technologies are those in the steam and space 

heat service sectors. All other service sectors represent 

non-boiler applications. 

A substantial amount of information is available on the 

costs of the conventional steam technologies, however very 

little information is available for most of the non-boiler 

applications. Where many sources were used to determine the 

costs of the conventional steam systems, we were forced to 

rely primarily on one source for the non-boiler technologies. 

The boiler technologies, service sectors 1 and 12 are 

presented first. Technology 8.11 conventional coal steam is 

documented in the greatest detail. To obtain a thorough 

understanding of the estimation procedure used for any of 

the conventional technologies the documentation of conventional 

coal steam should be read first. 

1/ Unproven conventional technologies are discussed in Volume I, 
Chapter II. 
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B. Boiler Technologies 

The boiler related technologies comprise the steam and 

space heat service sectors. The technologies in the steam 

service sector are discussed first. 

1. Conventional Coal Steam - ID 8.11 

Conventional qoal steam is the technology documented in 

the greatest detail. To avoid repetition, many of the cal­

culations that were required for the cost estimation of 

every technology are documented only for conventional coal 

steam. The costs calculated for this technology provide the 

basis for the cost structure of all the coal technologies. 

DISCUSSION OF BUILDING BLOCKS 

a. Building Block A8.11 

Site Preparation and Power House 

The costs in this building block reflect: 

the cost of the overall site preparation 

the cost of the power house, including the stack 

the cost of land and appropriate permits 

miscellaneous site and yard work 

site related costs occuring in other cost components1/ 

The building block contains costs for a coal steam 

system sized at 120 MMBtu/hr of steam production. The 

costs are in mid-1977 dollars. When required, escalation 

factors were obtained from Chemical Engineering magazine's 

plant indices. 

1/ This last item reflects site related interdependence among 
the separate building blocks. Including these costs in the 
site preparation is adjusts for these interdependencies. 
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i. Best Case (low cost) 

The best case occurs w~en no significant site constraints 

exist. The site is sufficient in area and design to allow 

for straightforward construction of the power house and sup­

porting facilities. 

Clearing, Grading and Leveling 

The amount of land required for a coal boiler system 

including room for the coal handling equipment, is est.imated to 
1/ . 

be one acre for every 100., 000 lbs/hr steam output, or 

approximately 120 ~Wffitu/hr of service demand. From the 

examination of several topographical maps it was found that 

a normal to good site would have an average slope of five 

degrees. 

Assuming a square site, the area would be 69.57 x 69.57 

yards. The following approximation procedure is used to 

calculate the required amount of cut·and fill material (see 

Figure II-1) . 

The amount of cut and fill material required 1s: 

.5(34.78) (69.75) (3.13) = 3796.5 cubic yards (c.y.). 

The estimated cost of cut, fill and compacting is $1.60/c.y.
2
/. 

The total cost for cutting and fill is $1.60 x 3796.5 c.y. = $6,074. 

1/ 

2/ 

Based on information from "Estimates of Costs of Conventional 
Coal-Fired Steam Production Plants," United Engineers and 
Constructors, Inc., Union Carbide Subcontract No. 4484, June 1977. 

Gutherie, Kenneth M., Process Plant Estimation~ Evaluation and 
Control, Craftsman Book Co., 1974 
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The estimated cost of general clearing is $.92 square yard (s.y.)
1
/, 

.92 x 4840 = $4,451 for clearin~. 

2/ The cost of final grading and leveling is $.95 s.y. or a 

total of $4,607. 

The total cost of site preparation for a good site is then: 

$6,074 + 4,451 + 4,607 ='$15,1~2. 

An estimate of $15,000 is used in the model. 

Power House Costs (best case) 

A boiler house for a 120 MMBtu/hr boiler is estimated 

to need a 45 ft x 60 ft floor and require a ceiling 60 

ft high3/ A control room 25 ft. x 25 ft. is also included 

in this estimate. Gutherie 4/ wa~ used as the source for 

1/ 

2/ 

3/ 

4/ 

Ibid. 

Ibid. 

Based on boiler dimensions from Babcock and Wilcox, Steam/ 
It's Generation and Uses, 1975 and Coffin, Dwight, "Estimate 
the Cost of Your Next coal-Fired Boiler," Power, Oct. 1977. 

Op. Cit. 
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FIGURE II-1 

APPROXIMATION OF REQUIRED CUT AND FILL MATERIAL 

Amount of 
Fi II Re"" ired 

t-----34.78 yds --~~~ 
~--------------------69.~yds--------------------~ 

t 
3.13 yds 
_j 

I ~ 34.78 yds ------r 

Amount 
of Cut 

I 
3.13yds 

THE AMOUNT OF CUT AND FILL MATERIAL REQUIRED IS: .5(34.78)(69.75) (3.13) = 3796.5 Cubic Yards 
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th~se cost estimates. The approptiate building 10 ft. high 

is estimated at $14.67 per square foot of floor ~pace. To 

increase the height to 60 ft. a multiplicative factor of 4 

·is used. The cost of the building shell is ($14.67) (2700 ft 2 ) 

(4) = $158,436. 

· Other costs: 

Lighting and'Electric: 

Heating and Ventilating: 
. . 1/ F1re Prevent1on : 

TOTAL: 

$4.51/ft2 

$2.00/ft2 

$2.34/ft2 

$8.85/ft2 
X 2700 ft 2 = $23,895 

The total cost of the power house is: 158,430 + 

$23,895 = 182,331. -

For the control room we have: 

. 625 ft 2 
X ($14.67/ft2 + $8.85/ft2 ) = $14,700. 

Certain steel and concrete supporting structures are 

required for the boiler, coal bunker and stack. These costs 

are estimated at $1.13 per cubic foot of space. (45 x 60 x 60) 

($1.13) = $183,060. This cost includes the steel support 

structure, concrete footings for the boiler, checker plate, 

stairways, and handrails. 

The total c'ost of the power house, control room and sup­

port. structures is: 

$182,331 + 14,700 + 183,060 = $380,000 

To calculate the subcontracting fees, Gutherie (5) 

suggests a markup of 1.176 for the power house and co~trol room, 

1/ Reflects costs of alarms, sprinklers and· extinguisher. 
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and 1.19 for the support structures. An approximation of 

1.18-was used in this analysis. The final cost is $380,000 

x 1.18 = 448,400 (approximately $450,000)' This estimate 

assumes a simple concrete slab foundation for the power 

house. 

Land And Permit Costs (best case) 

An estimate of $5,000 per acre is used as the cost of land. 

Permit costs were estimated at· $90,000 and includes the actual 

cost of the permits as well as any legal fees incurred during 

the application process .. A wide range of permits may be necessary. 

Building, zoning and pollutant emission or disposal permits 

can be required. Both land and permit costs are subject to signi­

ficant variations. In this analysis point estimates were used. In 

the future it may be more appropriate to model these costs as 

.another component or building block to capture this distribution. 

a) 

b) 

Miscellaneous Site and Yard Work 

Items falling into this category are: 

surveying: $500 

fencing: $2,000 

gravel access 
roads: $2,000 

sewer connec-
tions: $3,000 

other: $2,500 

TOTAL $10,000 

Final Costs for the Best Case 

Cutting and fill, grading, l~velin0 

Power bouse and boiler support structure 
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c) 

d) 

e) 

Land and permit costs $ 95,000 

Misc. site and yard work $ 10,000 

Site costs of other components (to .be added on later~) ________ __ 

TOTAL $570,000 

Adjustments for Plant Type (low cost) 

In our initial cost estimation for conventional coal, 

oil and gas technologies we looked at the three different 

plant types; a new plant case, an existing plant using a dif­

ferent energy technology, and an existing plant currently using 

the proposed energy technology. These plant cases are 

discussed more explicitly in Volume I.l/ It was felt that when 

the power system was being installed along with a new plant 

certain construction economies of scale would be reaiized. 

The required materials would be purchased as part of a larger 

order and all the required labor and equipment would already 

be at the site. This was assumed to result in a fifteen 

percent savings in the construction of the power house and 

since the site preparation for the coal boiler system can be. 

done at the same time as the rest of the plant a savings of 

33 percent was assumed. 

For a plant that currently e.xists and is using an energy 

technology other than conventional coal no savings on any of 

these factors was assumed. 

For an existing plant currently using coal and facing 

no severe land constraint it was assumed that the existing 

coal storage facilities could be expanded reducing the amount 

of site preparation required. A 33 percent savings in site 

preparation was assumed in this case. 

1/ This is discussed in Vol. 1 Chap. 2. p. II-6. 
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ii. Medium Cost Case 

The medium cost case is the result of moderate site 

difficulties in thP. form of sloped or ru~gcd ~errain. Also, 

the layout of the land may pose some problems by requiring an 

unusual equipment configuration. 

Clearing, grading and leveling (medium cost) 

The medium cost case assumes an effective average slope 

of 25°. Computation similar to the low cost case of a 5° 

slope yields a total cost of cut, fill and compacting of 

$29,036. The cost of general clearing is assumed to be 10 

percent more expensive than the.low cost case as a result of 

rougher terrain. The cost of final grading and leveling is 

the same as in the low cost case. Total clearing, grading 

and leveling is $29,036 + 4,896 + 4,607 = 38,539. An approxi­

mation of $40,000 was used as the estimate. 

Power House Costs (medium cost) 

The medium cost case calls for a powerhouse with a more 

extensive foundation. Instead of a simple concrete slab foun-

_dation, a concrete floor with ten foot deep piers to footing is 

assumed. A multiplicative factor of 1.12 is used by Gutherie 

to estimate th~ increased cost of the building shell due 

to the more extensive foundation. The cost of the supportin9 

structures remains the same. 

Subcontracting multiplier (Foundation multiplier (power house) 

+ control room + support structures) = total powerhouse cost 

1.18 (1.12 ($182,000) + $14·,700 + $183,000) = $473,817 

An estimate of $470,000 is used. 

Land and Permit Costs 

Land and permit costs are assumed to be the same as in 

the low cost case. 
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TABLE II-1 

Best Case - Site Preparation and Power House Costs 

(in thousands of 1977 dollars) 

New Plant Existing 

different 
techno. logy 

Clearing, grad~ng and leveling .10 15 

Power House and support structures 385 450 

Land and permit costs 95 95 

Miscellaneous site and yard work 10 10 

TOTAL 500 570 

TABLE II-2 

Medium Cost - Site Preparation and Power House Costs 

(thousands of 1977 dollars) 

New Plant Existing 

Different 
Technology 

Clearing, grading and leveling $ 30 $ 40 

Power house and support structures 400 470 

Land and permit costs 95 95 
~ -

Miscellaneous site and yard work 15 15 

TOTAL $540 $620 

II-10 

Plant 

same 
technology 

10 

450 

95 

10 

565 

Plant 

Same 
Technology 

$ 30 

470 

95 

15 

$610 



Miscellaneous Site and. Yard Work (medium cost) 

This cost is increased from $10,000 t.o $15,000 to accoun~ 

for the increased site difficulties. \ 

Adjustments for Plant Type (medium cost) 

Construction economies of scale in the new plant case are 

assumed to result in a 15 percent reduction in the cost of the 

power house and a 25 percent reduction in the costs of clearing, 

grading and leveling. The existing plant currently using coal 

is assumed to extend its current coal storage area resulting 

in a 25 percent decrease in site preparation costs. 

iii. High Cost Case 

The high cost case occurs where significant site di~fi­

culties hamper construction or expansion. Steeply sloped 
i 

land, rugged terrain, marshy soil or simply a lack of available 

land can increase costs. 

For the new plant case it was assumed that unstable 

soil conditions required elaborate foundations. (see Figure II-2) 

There are sixteen footings and each footing is assumed to be . 

supported by six piles. The cost for 32 ten inch. square, 

thirty foot long precast concrete piles 'installed is estimated 

at $40,000 from Richardson1/. This includes pile caps, 

ties and testing~ 

The high cost case for existing plants occurs when signi­

ficant site difficulties hamper expansion. This may present 

a situation where it is cost effective to remove the old boilers 

to make room for the new coal boilers. The usual case is to 

expand the powerhouse to enclose the new boilers retaining the 

old boilers as backups or for peak load use. Often the old 

1/ Richardson Engineering Services, Inc., The Richardson Rapid 
System, Process .. Plant Construction and Estimating Standards, 
1977-78 edition. 
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FIGURE II-2 

PLAN OF POWERHOUSE FOOTING 
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concrete footings cannot be used for the new boilers. In a 

plant that previously-burned oil or gas some expansion of the 

power house may still be required. Allowing enough height 

for the coal bunkers is often the greatest concern. Additional 

modifications must be made to the power house such as installing 

heavy beams to support the coal bunkers. The alternative is 

to try and overcome the site difficul t·ies and extend the 

power house to cover the new boilers, retaining the old boilers 

as backups. 

iv. Operating and Maintenance Costs .. 

The operating and maintenance costs were estimated as 

three percent of the total capital cost. Operating and main­

tenance costs ranged from $15,000 to $24,000 per year. They 

include general maintenance of the power house,and grounds. 

v. Construction of the Final Distribution 

Initally costs were constructed for all three plant type 

cases,. the new plant case and the two existing plant cases, for all 

the conventional and fossil energy technologies in the steam 

service sector. It was found that when the cost components were 

combined, the final cost distributions for each of the plant 

type cases were very similar1/. Each plant case had somewhat off­

setting cost advantages and disadvantages. To reduce the 

data storage requirements the three plant types were combined 

into one distribution. Through support work done for the national 

energy plan, 2/ the relative frequencies of each plant case • 

1/ 

2/ 

' 
Add}tional information in Volume I, Book I, chapter II. 

"Industrial Coal Conversion Model" for the Office of Policy 
and Evaluation, DOE, by Energy and Environmental Analysis, 
Inc., in progress. 
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TABLE II-3 

High Cost Case~ Site Preparation·and Power House Costs 

(thousands of 1977 dollars) 

New Plant 

Clearing, Grading, leveling 
and piles $ 70 

Power House and Support Structure 420 

Land. and permit costs' 95 

Miscellaneous site and yard work 20 

TOTAL $605 

II-14 

Existing Plant 

Different 
Technology 

80 

600 

95 

20 

$795 

·same 
Technology 

80 

. 520 

95 

20 

$715 
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was estimated. In 1978-85 it was estimated that 40 percent 

of the coal boiler systems will be installed in new plants, 

50 percent will be in existing plants that formerly burned 

oil or gas and 10 percent will be in plants that are expanding 

their coal capability. However, these relative frequencies 

will not remain constant over time. As more industries begiri 

to use coal the number of existing plants converting from oil 

or gas to coal will decline arid the number of coal burning 

facilities that expand will be increasing. Also there 

are some plants currently using oil or gas that formerly burned 

coal and still have some coal capable equipment on hand. Con­

sideration of all of the~e factors resulted in frequency esti­

mates of .4 for new plants, .4 for existing plants, different 

technology and .2 for existing plants, same technology. 

To reduce these three plant type cases in TaRle II-4 to 

one aggregate case the following calculation is required: 

.4 (new plant cost) + .4 (existing, different technology cost) 

+ .2 (existing plant, same technology cost) = aggregate cost 

For example the aggregate low cost would be: 

.4(500) + .4(570) + .2(565) = 541. 

The same calculation is performed for the medium and high 

costs. 

The resulting aggregate distribution for ':he site prepara­

tion and power house co~ts is presented in TabJe 5. 
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TABLE II-4 

SITE PREPARATION AND POWER HOUSE COSTS 

----- ------·· -·--···-·- -· -· .:,••---·--·-u -·~-~• -··-·• --
Site Preparation Existing Plants 

and NEW PLANTS Different Technology .Same Technology 
I 

Power House Costs 

A8.11 freq~/ capital O&M freq. capital O&M freq. capital 
I 

Low Cost I .so soo lS .so S70 17 .so S6S 

Medium Cost I .40 S40 16 .40 620 19 .40 610 

I L 

High Cost I .10 60S 18 .10 79S 24 .10 71S 
~------ '--·-· -

1/ 
Please, refer to Chapter 1 section B.3 for the frequency estimation procedure. 

O&M 
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~vi. Site Related Costs Incurred by Other Components 

The procedure used to construct the overall technology 

cost dis~~ibution from thG separate Lullding blocks assumes 

that each building block is independent of the others. However, 

interdependencies do exist among the building blocks. A 

site problem that makes construction of the power house more 

expensive will also tend to increase the costs of the coal 

hand~ing system. Also, s~vere land constraints can increase 

costs across ·all components by making installation more 

expensive due to crowded working and storage conditions. 

To reduce the amount of interdependence. resulting from site 

related factors two adjustments were made. First, the varia­

bility in coal handling costs was found to be primarily site 

related1/. To compensate for this interdependence the cost 

differential between the low and medium coal handling costs 

is incorporated into the medium site preparation costs, and 

the cost differential between medium and high coal handling costs 

is incorporated into the high site preparation costs. 

Building Block C8.11 - Coal Handling (thousands of $'s) 

low capital cost -

medium capital cost 

high capital cost 

$467 

$547 

$897 

$80 difference 

$430 difference 

The coal handling component is then expressed as a point esti­

mate of $467,000. All the cost variability associated with 

coal handling is shifted to the site preparation and power 

house component. This procedure eliminates the site related 

interdependence between the site preparation and power house 

building block and the coal handling building block by 

arranging the costs so that site related variability occurs 

in just one building block. 

1/ Please see the write-up in this section on building block 
C8.11 for additional information. 
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The second adjustment to the site preparation and power 

house component results from site related factors that increase 

the installation cost of equipment. A land constraint re­

sulting in crowded, cramped working conditions will increase 

the costs of installing the major equipment components. To 

incorporate this cost into the site preparation component, i~ 

was assumed that moderate site difficulties increase in­

stallation costs by ten percent and severe site difficulties 

increase installation costs by up to forty percent. These 

two factors were added on to the medium cost and high cost 

site preparation cases. 

Discussions with vendors indicated that installation, 

costs were roughly one third of the total installed cost. 

As an approximation of installation cost, one third of the 

medium cost case was used for the major equipment components. 

medium cost, boiler equipment 2,100,000 

medium cost, environmental equipment 2,340,000 

medium cost, auxiliary equipment 260,000 

TOTAL 4,700,000 

4,700,000/3 = 1,566,600 is the estimate of major equipment 

installation costs. Ten percent of estimated installation 

costs i~ $157,060 and fo~ty percent is $628,000. 

Incorporating these two adjustments into the site pre­

paration costs yields the following costs for the site pre­

paration and power house costs (see Table II-6). 

This procedure reduces the site related interdependence 

between separate building blocks, but it tends to introduce 

other errors. Combining cases from different building blocks 

affects the frequency estimates as well as the costs. In the 
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TABLE II-5 

AGGREGATE SITE PREPARATION AND POWER HOUSE COSTS 

A 8.11 
Site Preparation Aggregate Case 

and 
Power House freqency capital costs O&M 

Low cost . 5 541 16 

Medium cost • 4 586 18 

High cost .1 703 22 

TABLE II-6 

ADJUSTED SITE PREPARATION AND POWER HOUSE COSTS 

(thousands of 1977 dollars) 

Capital costs Site prep. coal ad- installation 
A8.11 power house justment adjustment 

best case 541 0 0 

moderate case 586 80 157 

difficult case 703 430 628 

II-19 

total 

541 

. 823 

1761 



base case the same frequencies estimated for the unadjusted 

AB.ll (table 5) _were used for the adjusted site preparation 

. and power house building block (table 6). This introduced 

some_bias into the analysis. The high cost case of coal 

handling results from the need to store coal in silos. Silo 

storage of coal can result from factors other than a land 

constraint. Regulations against fugitive dust, or harsh 

weather conditions can require silo storage. This gives 

silo storage of coal a greater frequency of occurance than 

what was estimated for the difficult site case. In the next 

model run this bias will be corrected. 
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b. Duilding Block B8.11 

Coal Boiler Equipment 

This building block includes the costs of the boiler 

drum, coal feed and hopper, fans, economizer, instrumentation and 

controls. The cost of boiler equipment is one cost component 

that is essentially independent of whether the system is being 

installed in a new or existing plant •. 

The primary source of cost variation in coal boiler equip­

ment is the need to install multiple units to meet a single 

demand. A multiple boiler system most often results from a 

need for systa~ reliability, Increased reliability is 

provided by maintaining backup equipment, each sized at a 

fraction of peak load. Also, limited turndown capabilities 

of a single boiler make multiple boiler systems more effi­

cient when demand varies widely. When demand is low, most of 

the steam drums can be shut down, and the remaining drums 

run near full capacity. 

Another cost factor is the boiler instrumentation and 

control system. The choice is between automatic control or 

a more manual system, however the cost variation amcng 

control systems i~ minimized when operating and maintenance 

costs are added to the capital costs. 

Other factors that can affect boiler equipment costs 

are the pressure-temperature requirements and the ·type of 

coal used. The cost effects of higher pressure-temperature 

requirements were obtain~d to develop cost estimates for the 

cogeneration technologies. 1/ Discussions with manufacturers 

indicated that the boiler costs associated with meeting different 

pressure and temperature steam demands resulted in only a five 

1/ See the cogeneration of treatment incremental boiler 
costs Book I, p. II-56. 
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. 1/ 
percent variation in the overall equipment cost. A similar 

cost variation was found in boilers designed to burn different 

coal types, lignite excluded. An industrial boiler study 2/ 

obtained costs for boilers designed to burn four coal types 

with Btu content ranging from 9,500 Btu/lb to 12,000 Btu/lb 

and ash content from 9 percent to 14 percent. Their boiler 

equipment cost estimates varied by less than three percent 

across the different coal types. 

The explicit cost variation accounted for in building 
\ 

block B8.11 is assumed to be the result of the demand for 

boiler redundancy. The data sources for these estimates 

were several EEA reports 3 ' 4/ and additional vendor estimates. 

1/ 

2/ 

3/ 

4/ 

This cost insensitivity is partially a by-product of 
the units in which the boiler size is measured. ISTUM uses 
service demand units of MMBtu's per hour produced. Lower 
boiler pressures and temperatures decrease the Btu content 
per pound of steam requiring more steam to maintain the 
service demand size. These are offsetting cost factors. 
The lower pressures and temperatures result in less ex­
pensive boiler equipment, but a larger capacity is re­
quired to meet the service demand output. 

Unreleased draft report, prepared for the Office of Policy 
and Evaluation, Department of Energy. 

"Industrial Boiler Study" prepared for the Federal Energy 
Administration, by Energy and Environmental Analysis, Inc., 
December 1977. 

"Coal Utilization in the Paper Industry, prepared for the 
Department of Energy, by Energy and Environmental Analysis, 
Inc. February 28, 1978. 
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To cross check our estimates the actual costs of five boiler 

units installed in the past two years were obtained. 

i) Best Case - low cost 

One boiler is installed that provides 100 percent of the 

required steam capacity. Building block B8.11 is sized at 

a steam demand of 120 I-1MBtu/hr. One boiler capable of producing 

120 ~rnBtu/hr of steam is estimated to cost $1.5 million. 

ii) Medium Cost Case 

This is a multiple system of two 60 MMBtu/hr boilers each 

providing 50 percent of the required capacity. Discussions 

with vendors resulted in a rough estimate of $2.1 million, or 

40 percent more expensive than a single boiler system. The 

more expensive cost for paired boilers is the result of 

duplication of many of the parts and the scale economies 

associated with boiler drums and tubing at these industrial 

sizes. 

iii) High Cost Case 

Thjs is represented by a multiple system of three 40 

MMBtu/hr .. boilers each supplying one third of the steam 

demand. This results in a 20 percent cost increase over the 

cost of the two 50 percent capacity boilers, i.e., a cost of 

$2.52'million. 

In addition to installing redundant equipment, reliability 

concerns may result in some plants installing overcapacity. 

For example, instead of having a multiple boiler system with 

two 50 percent capacity boilers, two 70 percent capacity boilers 

may be installed. Then if one boiler goes down th~ plant can 

still operate at 70 percent capacity. Since we are using con­

tinuous distributions, the correct interpretation of the medium 
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cost case says that 55 percent of new boiler installations will 

have a cost between $2.1 million and $2.52 million dollars. Mul­

tiple boiler systems with overcapacity can be assumed to com­

prise the top end of this cost _range. 

iv) Adjustments for Plant Type 

The capital costs are assumed to be constant across plant 

types. However the frequency of occurrence is not. A new 

plant will usually install a multiple boiler system for 

reliability where an existing plant will usually expand by 

installing a single boiler retaining the old boiler or 

boilers as backup. In the plant design survey published in Power Magazin 

seven new, coal capable steam plants, and,sixteen additions 

to existing plants were listed. All of the new plants 

installed multiple coal capable boilers, where only one of 

the existing plant expansions was a multiple system. 

TABLE II-7 

COAL BOILER EQUIPMENT COSTS 

Existing Plants 
B8.11 New Plants different same 

technology technology 

freq. capital cost freq. capital cost freq. capital cost 

low cost .10 1,500 . 55 1,500 . 5 1,500 
medium cost .70 2,100 .40 2,100 .45 2,100 
high cost - .20 2,520 .05 2,520 .05 2,520 

The frequency and cost estimates for each plant case are 

listed in Table II-7. From the discussion on building block 

A8.11 recall that new plants have an estimated frequency 

of .4, the existing plant, different technology a frequency of 

1/ "Industrial Steam", Power; Issues Nov. 1975, 1976, 1977. 
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.4 and the existin~ 1plant same technology .2. The aggreg9-te 

frequencies for building block B8.11 are then: 

low cost frequency = 
medium cost frequency = 

high co~t frequency = 

.4(.10) + .4(.55) + .2{_.5) = .36 

.4(_.70) + .4(.40) + .2(.4) =.53 

• 4 ( • 2 0 ) + • 4 ( •. o 5 ) + • 2 (_ • 0 5 ) = . 11 

The estimates for operating and maintenance costs were_ 

taken directly from the Tndustrial Boiler Study prepared by 

Energy and Enviro~ental Analysis. 1 / A relationship between 

O&M costs and capital costs was calculated as: 

O&M $/yr = .12(capital costs x load factor ratio) + 105,000 

The load factor ratio is defined as the assumed load 

factor divided by 8000 hours a year. In the final application 

operating and maintenance costs were estimated at 11.5 percent 

of capital costs. 

1/ Op. cit. 
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c. Building Block CS.ll 

Coal Handling Equipment 

/ 

Most of the cost variation present in this building block 

is the result of different site conditions. The general 

l~yout and topography of the land can affect coal handling 

costs by increasing the distance or height the coal must be 

conveyed. A major problem for many plants is a shortage of 

land available for coal storage. To compensate, more effi­

cient use of the land can be made by storing coal in silos, 

by having more frequent deliveries there by reducing the need 

to store coal on site, or the coal can be stored at a remote 

location and hauled to the boiler. 

Other considerations would include environmental restric­

tions on coal dust which could require silo storage and covered 

conveyors. Harsh weather conditions such as heavy wind and 

rain could also require covered storage and conveyors. Cold 

weather resulting in frozen coal increases the cost of handling 

and unloading coal. Initially it was felt that reliability 

requirements resulting in redundant equipment could represent 

a significant cost variation. Consultation with industry re­

presentatives indicated that this cost variation was minimal. 

To achieve increased reliability the only change was in the size 

of the coal bunker. This provides a sufficient supply of coal 

to allow most coal handling equipment breakdowns to be repaired. 

Coal is assumed to be delivered by rail or truck and will 

require: 
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• unloading 

• storing 

• reclaiming 

The cost of each of these functions is dependent upon the 
r 

quantity of coal consumed at the plant. The coal handling 

equipment is sized to mee·t the peak coal usage. 

In the steam service sector two load factors, 4000 and 

7000 hours of operation per year, are considered~ 

eleven hours and twenty hours of operation per day. 

They represent 

These loads 

represent average operating conditions and it is possible that 

plants with a 4000 hour load factor may have short term peak· 

loads where 20 hours per day of operation are required. As 

a result all ·equipment and coal storage costs are based on 

a 7000 hour load. Operating and maintenance costs are calculated 

separately for the two load factors. 

The coal handling facility is designed for a steam system 

producing 120 r1MBtu/hr of steam at a load factor of 7000 hours. 

A study of the paper industry prepared for the Department 

of Energy by Energy and Environmental Analysis
1

/ contained an 

extensive analys~s of coal handling costs. This provided the 

basis for the coal handling system presented here. 

The coal handling system layouts were based upon informa-
2/ tion found in Steam , the McNally Pittsburgh Coal Preparation 

1/ 

2/ 

Coal Utilization in the Paper Industry, by Energy and Environ­
mental Analysis Inc., prepared for the U.S. Dept. of Energy, 
February 28, 1978. 

Steam, Tts Generation and Use, Babcock and Wilcox, 1975. 
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Manual, and EEA's engineering experience. ,A.n equipm.ent in,ventory 

fo~ the coal handling system is presented in Table II-8 with a 

side and overhead view presented in Figure II-3. The system 

provides for tqe coal to be unloaded, transferred to a con-

veyor belt which carries it to the coal pile. In a separate 

oper~tion, coal is reclaimed from the pile, crushed and conveyed 

by belts to the bins within the powerhouse. The coal pile 

contains ten day's live storage and thirty day's dead storage. 

A nine inch thick limestone be~ is spread under the pile 

as a drainage control technique. The system contains only 

the equipment necessary to deliver coal to the hopper in the 

power house. Equip~ent such as pulverizers, burners, scales, 

etc. are included in the boiler equipment. 

A steam system providing 120 MMBtu's per hour with an 

efficiency of .~2 will require 146 MMBtu's of coal an hour. 

Assuming a coal Btu. content of 11,500 Btu's /lb then approximatel¥ 

120 tons of coal is required for a 20 hour day. The coal 

handling system outlined in Figure II-3 allows for 900 tons of 

coal to be unloaded in six hours 11. Coal deliveries would 

be required approximately every s~ven days. 

The capital cost data was obtained primarily by sending 

preliminary handling system layouts and equipment inventories 

to vendors. Cost estimates were provided for the majority of 

components, as ·well as estimates of installation and annual 

maintenance. Some component costs were estimated by EEA 

1/ Four to six hours was quoted by Babcock and Wilcox in their 
Steam publication as the usual amount of time allowed for 
unloading, however some plants may chose to receive less 
frequent deliveries and incre~se 'th~ unloading time. 
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U~loading Equipment 

#1 Equipment 

{*} Car shaker - 1 

. 2/ 
{1} Hopper - 1 @ lOt 

{2} Vibratory Feeder - 1 @ 
150 tph 

{3} Belt Feeder - 1 @ 150 tph 

Legend: feet, " inches 

TABLE II-8 

COAL HANDLING SYSTEM 

Storage Equipment 

#2 Equipment 

{4} Belt 24" X 300' - 1 
10 hp motor 

{5} Belt 24" X 140' - 1 
10 hp motor 

{G) Tower dump - 1 48' ·high 

(7} Coal Pile3/ - 1 140' x 
180' X 45' 

t - tons, tph - tons per hour, hp - horse power 

* - not depicted in coal handling system diagrams 

Number refers to components identified in Figure II-3. 

Reclaim Equipment 

#1 Equipment 

{*} Vibratory electro 2 @ 
20 tph magnetic feeders 

{8) ~elt feeders - 2 @ 
20 tph 

{ 9) Belt 18" X 100' -
2 hp motor 

( 10) Belt 18" X 200' -
5 hp motor 

{*) Crusher - 1 

1 

1 

{*) Tramp iron - 1 magnet 

1/ 

2/ Open hopper for truck delivery; undertrack hopper for rail deliveries. 

3/ Underlined with 9 inches of limestone. L 
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FIGURE II-3 

COAL HANDLING SYSTEM #l 

(NUMBERS REFER TO INFORMATION IN TABLES A-3 TO A-5) 
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staff based on recent editions of Engineering News ;Record

11, 
equipment costs shown in the Cost Refer·ence Guide 2/, and 

previous experience with related equipment. 

i) Best case - low cost 

The land is sufficient in area and layout so as not to 

provide any constraints on the design of the coal handling 

system. The costs of general clearing and grading are con­

tained in building block A8.11, site preparation and power 

house, but other yar.dwork costs, including the drainage 

~ystem, the limestone bed for the coal pile and treatment of 

coal pile runoff are charged to coal handling. 

Estimated Capital Costs ($ thousands) 

Unloading - 61 

Storage 

Reclaim 

- 168 

- 127 

Stockpile - 111 

TOTAL $467 

The stockpile costs are the costs associated with 

acquiring a one-month supply of coal. A cost of $1.40 per 

MMBtu of coal was used. 

Stockpile calculations: 

6 tons of coal are consumed per hour. A load factor of 

7000 hrs/yr, and a Btu content of 23 MMBtujton of coal is 

assumed. 

1/ 

2/ 

Engineering News Reco·ro., McGraw Hill, New ~ork, New York. 

National Research and Appraisal Company, co·st Reference 
Guide for Constr=ue:·tion Estimating, Equipment Guide -
Book Company, Palo Alto, California, 1976. 
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6 tons/hr x 7000 hrs/yr x 1 yr x. 30 days 
365 days 

X 23 MMBtu X 
ton 

1.40 $/.MMBtu = $111,000 the stock pile accumulation cost. 

ii) !-1edium Cost Case -

The available land presents a moderate constraint by 

having the absolute quantity of land limited or by having 

undesirable topography. These items can increase the costs 

of storage and reclaiming the coal from the coal pile. Out­

door·coal piles are still feasible. 

iii. High Cost case -

This case assumes that silo storage of coal is necessary. 

Several factors can result in silo storage being required. See 

figure II-4. Silos can be used to conserve on.land area when 

the amount of land available is severely limited, harsh 

weather can xesult in physical degradation of the·coal when 

it is stored outdoors, and environmental restrictions on 

fugitive dust, water pollution from coal pile runoff or the 

visual impact of the plant may result is silo stora~e of 

coal being desirable. 

The estimated costs of silo storage were obtained from 

Richardson1/: 

TABLE II-9 

CAST-IN-PLACE CONCRETE SILOS 

Material Storage Diam. X Discharge Estimated 
Density capacity Height Method Price 

55 

50 

1/ 

lbs/ft
3 5,000 tons 50' X 120' Double cone. $570,000 

lbs/ft3 
151000 tons 70' X 220' Double cone. $1,100,000 

The 'Richardson Rapid sys:t:em',· Process Plant Constru·ct.ion and 
Estim:a:ting Standards; Richardson· Engineering Services, Inc., 
1977-78 edition. 
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. 
Using an·estimate of six tons of coal used an hour, then 

a thirty. day stockpile' of coal bas'ed on twenty hours per day 

load requires a storage capacity of 3,600 tons. An exponential 

scale factor is calculated from the information in Table II-9. 

570 5,000 
exponential= .ln l,lOO I ln 15 , 000 = .598 or approximately .6 

To estimate the costs of a silo capable of storing 3,600 

tons of material the .6 scale factor is used. 

3,600 • 6 

5 , 000 x $570,000 = $468,000 base silo cost 

Excluded from this base silo cost is the cost of pilings, 

foundations, weather protection, excavation and backfill. 

These are expected to add $50,000 onto the silo costs. How­

ever the costs of the pilings and foundation can vary signifi­

cantly depending on the soil, seismic and wind conditions. This 

variability is left out of the present analysis. 

Another factor that can affect silo costs is the cost 

of fire safeguards. This may include temperature detectors 

for hot spots, methane monitors, a co 2 flood system and 

a ventilation system that can be made airtight. These safe­

guards along with silo adjustments to allow for an internal 

shelf and the applicable reclaim equipment are roughly esti­

mated at $50,000. 

The cost of an enclosed continuous bucket chain driven 

bucket elevator and 

son1/ at $30,000. 

storage tripper is estimated from Richard­

The total cost of the silo storage 

system j_s estimated at $468 + 50 + 50 + 30 = $598,000. The 

high cost case .for coal handling has a total cost of $897,000. 

1/ 

II-33. 

................. 



FIGURE II-4 

COAL-HANDLING EQUIPMENT SUITABLE FOR RAIL-CAR DELIVERY 
(Approximate Capacity of Silo shown) 

B.. EVA TOR 

SILO 

LIVE 
STORAGE 

- RESERVE STORAGE @ 
RECLAIMED HERE ;{ 
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TABLE II-10 

COAL HANDLING CAPITAL COSTS ($ thousands of 1977 dollars) 

Low Cost Medium Cost High Cost 

Unloading - 61 61 61 

Storage 168 208 598 

Reclaim 127 167 127 

Stockpile 111 111 111 

TOTAL 467 547 897 

iv) Operating and Haintenance Costs 

The annual cost of supplies has been estimated by 

vendors as two percent of the basic equipment costs. Main­

tenance costs were estimated at six percent. of installed 

equipment cos.ts. Labor requirements for operation have been 

estimated by determining the hours of operation of the 

system during unloading and routine operations, and the 

personnel requirements for these operations. 

Operation & Maintenance 

supplies= ·.02 x 356,000 

maintenance = .06 + 356,000 

labor (4000 hr load factor) 

TOTAL 

= 

= 

= 

7,120 

21,360 

36,000 

64,480 

The O&M costs were expected to increase in the medium and 

high cost cases but only moderately. 

v) Adjustments for Plant Type 

The cost of coal handling equipment is assumed to be 

the same for both new plants and existing plants converting 
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from oil or gas. Each is assumed to require a completely new 

system. Even though the costs are the same for different 

plant types the estimated frequency of occurrence is not. 

An existing plant is expected to face unfavorable site 

constraints more frequently than will a new plant. 

A~ existing plant currently using coal presents several 

add~tional dimensions. Since a co~l handling system already 

exists they only need to expand their current facilities. 

However, this often doesn't result in a significant cost savings. 

The capital costs of coal handling were found to increase 

almost linearly with respect to the size of the steam system. 

This results from smaller systems using a more simplified and 

more labor intensive handling system than is common among 

larger plants. An expansion in capacity often results in a 

revamping of the entire coal handling system. This is less 

likely to be true among plants that are already very +arge coal 

users. An addition of 120 tons of coal per day to a paper 

plant already consuming 800 tons per day may need relatively 

minor modifications in their handling system, where a plant 

doubling their steam output may choose to install an entirely 
\ 

new system. 

Another consideration for plants currently using coal 

is the net addition to steam capacity. If a plant installs 

a 100 MMBtu/hr boiler and retires a 50 r~tu/hr boiler then 

the net addition is only 50 r1MBtu/hr. The coal handling system 

then needs to be expanded to handle only half of the coal that 

th b '1 . . 1/ e new 01 er 1s consum1ng. 

These factors were considered for the existing plants 

already using coal early in the project. It was found that 

1/ However, if the coal handling system was installed at 
the same time as the boiler· being retired then it may also 
be near its replacement age. · 
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little inform.c;3,tion was available on· which. to base any :frequency 

estimates. A·decision was made to assume that all existing 

plants install an entirely new coal system. This results is 

an upward bias for the coal handling costs, but the bias is 

probably slight due to the few industrial plants currently 

burning coal. 

) 

The coal handling costs for each. plant type is presented 

in Table II-11. 

TABLE II-11 

COAL HANDLING COSTS BY PLANT TYPE 

Existing Plants 

New Plant different same 
technologies technologies 

freg:. capital costs freg;. ca:eital costs freg;. 

low cost • 5 467 .3 467 .4 

med. cost . 3 547 . 3 547 . 3 

high cost . 2 897 . 4 897 . 3 

An overall cost distribution is calculated by the same 

method used in building block B8.11. The final costs are: 

C8.11 COAL HANDLING (thousands of 1977 dollars) 

ca:eital 

467 

547 

897 

freq. 

.4 

ca:eital cost operating and maintenance 

low cost 

medium cost 

high cost 

• 3 

• 3 

467 65 

547 70 

897 75 

The operating and maintenance costs were calculated separately 

for each coal handling system in EEA (9}. The 12 percent estimate 

that appears on the computer printout for C8.11 is arrived at as 

.fol.lows: 

1/ EEA paper study, op·.: cit. 
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65 • 4 
467 

70 + • 3 
547 

75 + . 3 
897 

;:::; .119 

Recall from the discussion of building block A8.11, 

site preparation and powerhouse, that sin~e most of the cost 

variation in the coal handling component the variation that 

occurs in coal handling was incorporated into the site 

preparation component. 
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d. Building Block 08.11 

-Environmental Control and Waste Removal 

· The costs in this building block result from the par-
'-

ticulate and so2 removal required by our environmental 

assumptions. This building block includes the costs of ash 

collection and disposal as well as the scrubber sludge 

disposal. 

To meet the base case environmental assumptions of 80 

percent sulphur removal and a particulate standard of .03 

lbs/MMBtu input, 1/ all coal bo'ilers were equipped with a scrubber 

and fabric filter. Two scrubbing systems were analyzed: 2/ 

• a ·self contained, solid waste unit (SCSW) using 

either a spray tower or packed bed type of scrubber; 

with a lime/limestone,or dual alkali system for so2 
removal. 

• a self contained, liquid waste stream unit (SCLW) 

using a spray tower or packed bed scrubber 

using sodium carbonate as the scrubbing solution. 

The self contained, solid waste (SCSW) scrubb~r has much 
• 

higher capital costs than the self contained liquid waste 

(SCLW) scrubber, but its operating costs are lower. As 

a result the stsw scrubber is cheaper at larger sizes and 

load factors. Currently a SCLW scrubber is cheaper in terms 

of its annual cost for a 100 MMBtu/hr boiler at load factors 

up to 8000 hours and for 250 MMBtu/hr boiler at load factors 

up to 6000 hours. See Figures II-5 and II-6. 

1/ 

2/ 

See Chapter V, Volume I, book 2. 

Guide· Book to the Applic·abili·ty of Flu·e· Gas Desulfuri·zation · 
for Tndu·stria-1 Coal-Fired Bo'ilers, prepared for the Federal 
Energy Administration, by Energy and.Environmental Analysis, Inc. 
November 3, 1977. 

II-39 



FIGURE II-5 

COMPARISON OF ANNUAL SCRUBBING COST/TON OF COAL VS. OPERATING HOURS 
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FIGURE II-6 

CO~PARISON OF ANNUAL SCRUBBING COST/TON OF COAL VS. OPERATING HOURS 
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The higher ;operating costs of the SCLW system are the 

result from the use of more expensive chemicals such as 

sodium carbonate or sodium hydroxide, and the need to dispose 

of a liquid waste stream high in dissolved solids. The 

disposal of this waste steam can pose significant problems 

at many plants. 

The scrubbing system assumed in this analysis is the 

self contained, solid waste system for all sizes and load 

factors. Two factors contributed to this decisions. One, 

it is likely that new environmental regulations will be imposed 

on the dumping of liquid wastes from the.SCLW system. The 

additional treatment required for the ~emoval of dissolved 

solids from the liquid waste stream greatly increases operating 

expenses to the extent of making the SCLW system uneconomic. 

Two: currently ISTUM only has operating and maintenance costs 

varying with respect to different load factors. The capital 

.costs are assumed constant across different load factors •. The 

incorporation of a the SCLW scrubbing system at low load factors 

and the SCSW system at high load factors would have required 

significant programming changes to allow for capital costs to 

be a function of load factor. 

One cost factor that was ignored in this analysis is that 

some industries produce an alkaline waste stream as·a by­

product of their production process which can be used as the 

reactive agent in the scrubber. This waste stream scrub-

bing system is similar to the SCLW system except that the 

source of the alkaline chemical is a plant by-product. 

This can result in substantial cost savings over either the 

SCSW or SCLW systems. The availability of suitable waste 

streams is limited to relatively few industries, notably the 

iron and steel industry, petroleum refining industry and the paper 
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industry; and only a limited subset of plants in these in­

dustries have an adequate waste stream. Still, where available, 

the existence of a suitable waste stream can result i~ scrub­

bing costs that are one fourth of the standard SCSW system. 

This greatly improves the relative economics of coal usage 

with so2 removal for those plants. 

The scrubber cost estimates are derived from th~ Guide­

book to the Applicability of Flue Gas Desulfurization, prepared. 

by Energy. and Environmental Analysis .. l/ The Guidebook sur­

veyed FGD systems on 94 coal fired boilers. This information 

was supplemented by vendor quotations on FGD equipment. 

The costs of a self contained solid waste stream scrubber 
' 2/ 

is estimated at $1,500,000. The cost of particulate con-

trol was provided by the Industrial Gas Cleaning Institute and 

is estimated at $550,000. The capital costs do not vary sig­

nificantly with coal type i.e., different sulfur and ash' 

contents; however operating costs do. This dimension was lost 

in ISTUM since the operating and maintenance costs are presently 

ex:pr.essed as a percentage of capi t'al costs. 

The costs of ash collection and removal are based on 

two EEA Reports. 3/ In our estimates it is assumed that the 

ash is disposed of with the ~crubber sludge. The ash handling 
./ 

system involves one or more collection points, hoppers, conveying 

lines, blowers or pumps depending on whether the system is 

pneumatic or hydraulic, and silos or storage bins. The estimated 

capital cost is $290,000~ 

1/ 

2/ 

3/ 

Ibid. 

Ibid. 

op. ci·t. "Industrial Boiler Study". 

op. cit. "Paper Study". 
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The total capital cost in tho"usands of 1977 dollars ~or 

environmental control ~nd waste removal is: 

lime/limestone or dual alkali scrubber -

fabric filter -

bottom and fly ash collection -

TOTAL -

$1,500 

550 

290 

$2,340 

The dimensions of variability that exist in this com­

ponent are primarily site dependent, and largely related to 

the amount of space available. The space limitations can re­

quire more of the scrubber system to be field erected. Shop 

fabricated modules may not meet the plant layout or design 

requirements. This can greatly increase the costs of in­

stalling the equipment. To help reduce·the amount of site 

related variability among the building blocks this installa­

tion variability was incorporated into buil9ing block A8.11 .. 

Additional information is presented in the earlier discussion 

of_ building block A8.11. 

The capital cost for the scrubber and ash collection 

system is assumed constant for the different plant types. 

Each plant, new or existing, would require a completely new 

system. There are different frequencies of o~curences for 

the cost cases for each plant type. This was taken into 

consideration when arriving at the frequencies for building 

block A8.11. 

The estimated operating costs include the costs of elec­

tricity, chemicals, water, mai·ntenance,_ labor and waste removal. 

The operating costs for the scrubber are estimated at: 
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electricity 

chemicals 

water 

labor 

waste disposal 

total 

7.90 dollars per hour of operation 

11.00 

.77 

8.00 

10". 50 

38.17 dollars per hour of operation. 

In addition a fixed fee for main·tenance of $46,000 is assumed. 

Then for 4000 hours of operation the scrubber operating costs 

are $200,000. The operating costs of the fabric filter and 

the bottom ash collection equipment are estimated at $30,000. 

The total operating and ~aintenance cost estimate is $230,000 

or roughly ten percent of the capital cost. 

These operating costs are subject to a high degree of 

variability. The characteristics of the coal can affect the 

operating costs. A low sulfur content can reduce the amount 

of reagent chemicals required and the amount of scrubber 

sludge produced. The operating costs are also sensitive to 

the ash content of the coal but not to as high a degree. 

Another variable factor is the cost 0f waste disposal. ~he 

costs of waste removal can be reduced if the plant site is 

suitable for pending of the sludge. Where on-site dispo~al 

is not feasible the costs of waste removal depend upon the hauling 

costs. These are site specific and depend upon the distance. the. 

sludge must be moved. 
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e. Building Block E8.11 

feedwater System and Utilities 

This building block includes the costs of the field 

electrical system and the feedwater treatment and hookups. 

The electrical power is assumed to be provided by a 

utility. However numerous transformers; switching gears and 

control station are needed to operate the boiler, pollution 

equipment, fuel handling systems and other plant equipment. 

These electrical equipment costs are assumed not to vary 

from plant to plant. The cost variation in this component 

is the result of different requirements for boiler feedwater 

treatment. 

Feedwater impurities can cause many boiler problems. 

External treatment of the water is required when one or more 

of the feedwater impurities is too high to be tolerated by 

the boiler system. Often the feedwater must be filtered, 

softened and demineralized. Naturally occurring water 

contains suspended solids which must be removed before the 

water is used. These solids are removed in a filtration 

process that utilizes the addition of aluminum sulfate. The 

addition of alum to the water forms a floc around the suspended 

material. It is this floc which settles and is consequently 

filtered. The softening and demineralization processes are 

carried out through ion exchange. In all cases, a condensate 

return system with 30 percent make up water is assumed. 

Mo"st steam systems now being built include condensate return. 

i) Best Case - low cost case 

The water available through ~he municipal system is used. 
/ 

The water is "good" water in that the only treatment required 

is deareation. For industrial boilers not generating elec­

tricity some municipal water can be used without major treatment. 

The costs reflect the electrical system, the deareator, the 
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pumping equipment and the condensation system. 

ii) Medium cost case 

The water ~vailable requires deareation, softening and 

the removal of suspended solids. All other elements are the 

same as in the best case. 

iii) High cost case 

Significant water treatment is required. In addition to 

the softening and removal of suspended particles, extensive de­

mineralization is needed. Demineralization is much more 

expensive than softening or filtration. Other elements are 

the same as the best· case. 

iv) Operating cbsts 

The operating costs include the chemicals required for 

feedwater treatment, the cost of the water, general main­

tenance costs and the costs of monitoring the system. 

v) Final cost distribution 

No cost differences are assumed for different plant 

types. This implies that new systems are assumed to be required 

for every boiler addition. It is rare· that excess capacity 

exists in feedwater systems. 

Building Block D8.11 Feedwater System and Utilities 

(thousands of 1977- dollars) 

low cost 

m~d.i.um L:o::;L 

high cost 

frequency 

. 2 

.5 

• 3 

capital costs 
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260 

660 

operating costs 

14 

20 

40 



c 

) 

Information recently made available indicates that our 

frequencies should probably be more heavily weighted to the 

high cost end. This change will be made in stibsequent model 

runs. 
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f. ' _Building Block HB .11 

Indirect Capital Costs 

In addition to the direct capital costs, other indirect 

capital costs are included in conventional industry cost esti­

mation. These costs include items like engineering, taxes, 

freight, insurance and a contingency factor. They are usually 

estimated as a percent of direct capital costs. 

Indirect Cost 

engineering and design 

taxes 

insurance 

freight 

contingency 

startup costs 

Cost Range 

10% - 15% 

2% - 4% 

1% 3% 

1% - 3% 

10% - 30% 

5% 10% 
,,: .F 

30% - 65% 

The startup costs reflect the initial stockpiling-of 

required materials1/ and a shakedown period where operating costs 

are above normal. These costs are included in the capital cost 

estimates since they are only incurred once and are not part 

of regular operation. 

The frequency estimates were subjectively determined utilizing 

past experience and engineering judgement. 

1/ 

HB.ll Indirect Capital Costs 

frequency 

. 55 

.35 

.10 

.00 

multiplier 

1. 30 

1.40' 

1.5 

1.65 

Excluding costs of accumulating the coal stockpile. 
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----------

Note that this component doesn't reflect the largest 

cost overrun possible, only those ~ontingencies that can be 

expected to be incorporated into the cost estimatation procedure 

upon which the decision to choose one technology over another 

is made. Actual cost overruns incurred during.construction may 

be much greater due to unforseen circumstance. 
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. g~ Building Block I8.11 

Regional Indices 

Regional adjustment factors were calculated to represent 

cost variation as a result of differing labor and material 

costs in different geographical areas. These regional factors 

can impact on the comparative economics.of energy technologies. 

For example a technology which has high. capital and operating 

costs but a low annual fuel cost when compared to a technology 

which has a low capital cost and a·high fuel cost, will have 

more favorable economics in a region where labor and material 

costs are cheaper. 

A composite regional index was constructed from the 

Building Cost Modifier. 1 / Labor rates were considered along 

with key materials like steel structures, concrete and equipment. 

Regional Indices for DOE Demand Regions 

South Atlantic .87 

Middle Atlantic ~94 

South West .94 

New England .96 

Central .97 

Midwest 1.00 

Northwest 1.05 

New York/New Jersey 1.07 

West 1.11 

The frequency estimates were calculated from the current 

energy use in each region and their estimated growth rates provided 

by Data Resources Incorporated. Of course these regional indices 

are in fact region-wide averages. The use of a continuous rather 

than a discrete frequency distribution in ISTUM adjusts for this 

as well. 

1/ Building Cost Modifier, Publication 10, No. 5, September 
thru October 1977, Boeckk Publications. 

II-51 



h. Calculation of Size Coefficients fo~ Conventional Coal 
I 

Steam J.D. 8.11 

The original cost data for the conventional coal, oil 

and gas steam technologies were collected for units sized at 

100,000 lbs/hr and 250,000 lbs/hr steam. The units that were 

deemed desirable for the ISTUM model were in terms of service 

demand or Btu's delivered to the work piece. A conversion 

factor of 1200 Btu's for each pound of steam was used. The 

block coefficients that appear on the technology specifi­

cations (green sheets) are used to adjust the cost data ori­

ginally collected for a 100,000 lbs/hr system to costs rele­

vant for a 100 MMBtu/hr service demand unit. A linear scale 

factor of 100 r~tu/120 MMBtu or .83 is used as the block 

coefficient. For this small a range it was felt that a lin~ar 

scale factor was a good approximation. 

The block coefficient should differ from one only for 

applications involving steam. For all non-boiler a~plications 

the block coefficients should equal one. 1 / The use of the 

block coefficient is not generally necessary; it was incor­

porated only to help the data base managers identify the ap­

propriate steam conversion units. 

The calculated costs for the two steam system sizes, 

120 and 300 MMBtu/hr are presented in Table II-12. The .83 

conversion factor is used to adjust these costs to 100 MMBtujhr 

and 250 MMBtu/hr. The size coefficient for scaling the costs 

in building block A8.11 to costs appropriate for a 250 MMBtu/hr 

unit is calculated from the cost values in Table II-12 as follows: 

1/ Medium Btu gas is an exception to this. The gas producing 
building blocks should have a block coefficient value of two. 
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r-~--------------------------------~ - ---

( 1190) + 4 (1790) + (3600) • 5 541 . 823 .l 1761 ~ 2 • 17 

Thus a scale up factor of 2.17 is used. The size 

coefficients for the other building blocks can be calculated 

similarly. The c~lculations of site costs for a 250 MMBtu/hr 

unit is then: 

(A8.11) 

[ 
541~ 823 

1761 
X .83 X 2.17 = [1~~~ 317~J 

The work on the demand side of the data base indicated 

that the appropriate segmentation of the steam service sector ' 

requires two boiler sizes, 50 r~tu/hr and 250 MMBtu/hr. To 

calculate the small size (50 MMBtu/hr) coefficient an exponen­

tial scale factor was used. For building block A8.11 the 

exponential scaler is calculated as follows: 

(
250)x 
100 

X = 

= (2.17) (~) 
1. 00 . 83 

ln(2.17) 
ln(2.5) = •84 

The small size (50 MMBtu/hr) coefficient for A8.11 

is_then: 

(~) .84 = 
100 . • 558 
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TA,BLE II-12 

CONVENTIONAL COAL STEAM COSTS - TECHNOLOGY 8.11 

(costs in thousands of 1977 dollars) 

Building 100,000 lbs/hr (120 MMBtu/hr). 250,000 lbs/hr (300 MMBtu/hr) 
Blocks frequency Capital Operating Capital Operating 

I 

A8.11 ! 
low cost .50 541 16 

I 
1,190 35 

medium cost .40 823 25 1,790 54 
high cost .10 ],,761 50 3,600 108 

BB.ll 

low cost .35 1,500 172 2,950 340 
medium cost .55 2,100 240 3,830 440 
high cost .10 2,520 ~80 4,300 495 

C8.11 

low cost 1 467 46 935 "93 
medium cost 
high cost 

08.11 

low cost 1 2,340 234 4,480 448 
medium cost 
high cost 

E8.11 

low cost .20 210 15 380 26 
medium cost .50 260 18 490 34 
high cost .30 660 46 1,200 84 

H8.11 

low cost .55 1.3 1.3 
.35 1.4 1.4 

to 
.10 1.5 1.5 

high .00 1.65 1.65 

!8.11 

low cost .40 .87 .87 
.40 .97 .97 

to 
.20 1.07 1.07 

high .00 1.25 1.25 
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2. Conventional Natural Ga,s and Oil in the Steam 

Service Sector 

The derivation of the conventional natural gas and oil 

costs are presented together for this steam service sector. 

The cost components for the two technologies are very similar. 

This often resulted in parallel estimation procedures for 

these two technologies. 

DISCUSSION OF BUILDING BLOCKS 

a. Building Block A8.11 ·· 

Site Preparation and Power House 

This building block"is used to ~stimate the site prepara­

tion and power house costs for an oil or gas boiler. The 

same considerations involved in the estimation of the site 

preparation and power house costs for a conventional coal 

system are also applicable to an oil or gas steam system. 

The building block derived from the site preparation and 

power house costs for conventional coal steam is adjusted 

via the block coeffLcient and size coefficient to represent 

the costs for oil and natural gas boilers. The calculations 

of these coefficients are presented at the end of this section. 

As in coal, this component includes the cost of constructing 

the power house and of all the necessary land preparation. 

A gas or oil fired steam system requires much less land than 

.does a coal .system. The oil and gas land requirements were 

found to be approximately one fifth of the coal land require­

ments. The costs of constructing the power house are also lower 

than thdse for a coal boiler. Oil and gas boilers are lighter 

and smaller. There is no coal bunke~, so the steel support 

II-55 



/ 

structure is not nearly as extensive and the power house founda­

tion· requirements are more moderate for an oil or gas boiler . 

.., 
The permit costs for an oil or·gas fired facility are 

about half as expensive as for coal. The burning of oil or 

gas does not have as many undesirable environmental effects 

as a coal fired system does. 

The definitions of the low, medium and high cost sub­

cases are the same as those for coal~ The same calculations 

that were made for coal in A8.11 to adjust for the site related 

interdependencies among building blocks were also made for 

oil and gas. The overall site preparation and power house 

costs were found to be between .SO percent and 60 percent of 

the calculated coal costs. 

Gas or Oil Steam System Site Preparation and 

Power House Costs 

120 ~~Btu/hr unit 

(thousands of 1977 Dollars) 

frequency capital maintenance 

low cost • 5 310 10 
medium cost . 4 490 14 
high cost .1 920 27 
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b. Building Block 88.11 

Boiler Equipment 

The estimated boiler equipment costs for oil and gas 

boilers are considerably less than those for a coal boiler. 

Their smaller size and weight allows for the complete boiler 

to be transported by rail. This facilitates shop fabrication 

of the boiler. A complete oil or gas boiler can then be shipped 

as a package tri the installation site. This results in a 

considerable cost savings. The low, medium and high cost 

subcases are defined the same as those for the conventional 

coal boiler. The demand for redundant equipment is the source 

of the cost variation. 

Gas or Oil Boiler Equipment Costs for a 

120 MMBtu/hr Unit 

(thousands of 1977 $'s) 

low cost case - 1 boiler 

medium cost case - 2 boilers 

high cost case - 3 boilers 

c. Building Block C8.11 

Fuel Handling 

capital 

555 

721 

888 

operating 

63 

83 

100 

The fuel handling costs for oil and gas are the.result 

of pumps, piping. and storage. Since natural gas supplies are 

uncertain and many plants are subject to interruptable service 

it is assumed that all gas boilers are capable of oil firing 

and have a full complement of oil storage and handling facilities. 

A three week supply of oil is assumed to be stored. A 

boiler supplying 120 11MBtu/hr steam, assuming an oil with a 
• J • • 

Btu content o·f 6.3 M.MBtu per barrel, consumes 23 barrels Qf oil 

per hour. A thre~ week supply based on a 7000 hr. load factor 
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is 9,700 barrels of oil. The cost of an A.~.r. floating 

roof storage tank with a 10,00[ bairel capacity is calculated 

from Richardson1/ at $90,000 withou·t foundation. The 

appropriate foundation was felt to add $10,000 on to the tank cost. 

The cost of accumulating a three week· oil stockpile assuming 

an oil cost of $17.00 per barrel is $165,000. Other fuel handling 

requirements are an unloading area, piping, pumps and a heater 
' . 

fo maintain the viscosity of th~ oil. In addition, an earth~n 

dike must be built around the tank to contain any oil released 

through rupture or leakage. 

Fuel Handling Costs 

storage tank 

fuel stockpile 

other equipment 

TOTAL 

$100,000 

$165,000 

$ 30,000 

$295,000 

The storage and handling system for oil does not exhibit 

the same degree of cost variability as does a coal handling 

system. The cost variability that does exist is primarily 

the result of difficult site conditions. .For example, unstable 

soil conditions may requ1re a more substantial foundation for 

the storage tank or the design of the land may require the 

storage tank to be placed at a greater than optimal distance 

from the plant increasing piping and pump costs. Usually 

the storage tank is required to be placed at some distance 

away from all buildings du~:to the d~nger from fire. Distances 

of up to 50 yards have been required in some areas. There are 

additional restrictions placed on the location of the fuel 

unloading area, depending on the .. size of the tank and the 

amount of fuel unloaded. A certain minimum distance must be 

kept between the tank and the unloading facility. 

1/ Richardson op. cit. 
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Since the primAry Rource of cost variablity is the result,of 

site factors, .this variability is incorporated into the site 

preparation component·. The same procedure was used in the 

conventional coal steam site preparation building block 

A8.11. Please refer to that section for a more complete 

explanation. 

In general the fuels handling and storage costs for oiJ 

were found to be approximately 60 percent of the coal handling 

and storage costs. The operating and maintenance_costs were 

calculated to be 12 percent of the capital costs. 

d. Building Block D8.11 

Environmental Controls and Waste Removal 

Natural gas is a clean burning fuel and is not subject 

to any environmental regulations. Oil fired boilers were required 

to have an electrostatic precipitator for particulate control 

in the base case. A prectpitator is used instead of a fabric 

filter since the flue gas resulting from oil combustion contains 

"sticky" particulates which can clog or blind the filter. 

The estimated capital cost of 

MMBtu/hr oil boiler is $112,0001/. 

a precipitator for a 120 

Operating cost are 

$10,000 per year and include the costs of ash estimated at 

disposal. 

e. Building Block E8.11 

Feedw.ater System and Utilities 

The feedW'dter treatment system is assumed to be the same 

as that required for a coal boiler system. The cost differen­

tial between oil or gas boilers a.nd conventional coal is the 

1/ "Industrial Boiler Study" prepared for the Federal Energy 
Administration, by Energy and Environmental Analysis, Inc. 
December 1977. 
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result of a smaller electricity ;requirement. .The ;fue.l handlin<p 

and environmental system for oil requires fewer transformers, 
< 

switching gears and other electrical equipment reducing the 

cost of the auxiliary utilities. 

For a 120 MMBtu/hr system these costs are estimated at: 
' 

low cost 

Feedwater System and Auxilaries 

(thousands of 1977 $'s) 

frequency capital cost 

.20 170 

med.ium cost .55 220 

high cost .25 560 

f •. Building Blocks H8.11 and !8.11 

operating cost 

11 

15 

40 

These two building blocks represent the indirect capita{ 

costs and the installation indices, respectively. The explana-, 
tion of these costs contained in the conventional coal section 

I 
are directly applicable here. Please refer to that section 

for a complete presentation. 
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g. Calculation of Size Coefficients for Conventional 

Oil and Gas Steam-- I.D.'s 8.21 and 8.31 

The calculated costs for conventional oil fired steam 

appear in Table II-13. The costs for conventional gas are the 

same, except for slightly lower site preparation and power 

house·costs; and there are no environmental costs. 

The same cost components that are relevent for coal steam 

systems are also relevent for oil and gas systems. This 

allows us to express the oil and gas technology costs by using 

the building blocks developed for the conventional coal technology 

8.11. The block coefficients in Table II-14 adjust the costs in the 

relevent building block to reflect the dosts of the gas or 

oil unit at 100 MMBtu/hr. These block coefficients are cal-

culated from the values in Table II-13 and relevant coal building 

blocks. For example, the block coefficient in the technology 

specification appropriate for A8.11 is calculated by: 

.83 [ .5 
310 
541 + • 4 490 

823 + .1 920 l 
1761 = .478 

The calculations inside the square brackets determines 

the scaler appropriate for reducing the costs in building 

block A8.ll to costs relevent for an oil steam system sized 

at 120 MMBtu/hr. The .83 is a linear scaler used to adjust 

costs from 120 f1MBtu/hr to a 100 MMBtu/hr sized unit1/. 

The oil and natural gas size coefficients are calculated 

in the same manner as were the conventional coal size coefficients. 

The size coefficients on A8.ll for the 250 ~ffitu/hr'sized oil 

steam system were calculated directly from the costs in Table II-13: 

1/ The .83 scaler is derived in the explanation of size coef­
ficients for conventional coal steam (ID 8.11). 
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TA)3LE II -13 

CONVENTIONAL OIL STEAM COSTS- TECHNOLOGY 8.21 

(~osts in thousands of 1977 dollars) 

Building 
Blocks 
Site Prep. 

low·cost 
medium cost 
high cost 

frequency 

.50 

.40 

.10 

Boiler Fquipnent 

lo.v cost .35 
medium cost .55 
high cost .10 

Fuel handling 

low cost 1 
' medium cost 

high cost 

Environmental 

low cost 1 
medium cost 
high cost 

Feedwater and Auxiliaries 

low cost .20 
medium cost • 50 
high cost .30 

Indirect Capital Costs 

lo.v cost .55 

to .35 
.10 

high .00 

Installation Indices 

low cost .40 

to .40 
.20 

high .00 

100,000 lbs/hr (120 .MMBtu/hr} 250, 000 lbs(hr ( 300 MMBtu/hr) 
·capital · Operating Capital Operating 

310 10 690 20 
490 14 990 
920 27 1,600 

555 64 .1, 280 340 
721 80 1,670 440 
888 162 2,050 495 

295 28 530 50 

112 11 225 22 

J 

170 11 335 23 
220 15 440 30 
560 40 1,130 78. 

1.3 / 1.3 
1.4 1.4 
1.5 1.5 
1.65 1.65 

.87 .87 

.97 .97 
1.07 1.07 
1.25 1.25 
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TABLE II-14 

Gas and Oil Building Block Coefficients 

Conventional Natural Gas 

Tech I. D. ·- 8.31 

Building Block Block Coeff. Size Coefl. . (50) Size Coeff. ( 250) 

A8.11 0.46 0.57 2.10 

B8.11 0.29 0.53 2.30 

C8.11 0.50 0.64 1. 80 

D8.11 0 0 0 

E8.11 0.70 0.59 2.00 

H8.11 1. 00 1. 00 ·1. 00 

I8.11 1. 00 1.00 1.00 

Conventional Oil 

Tech I. D. - 8.21 

Building Block Block Coeff. Size Coeff. (50) Size Coeff. (250) 

A8.11 0.48 0.57 2.08 

B8.11 0.29 0.53 2.30 

C8.11 0.50 0.64 1.80 

D8 . .11 0.04 0.59 1. 98 

E8.11 0.70 0.59 2.00 

H8.11 1. 00 1. 00 1.00 

I8.11 1. 00 1. 00 1. 00 
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• 5 
690 
310 + . 4 990 

490 
1600 

+ .1 920 ;:::; 2.10 

The coefficients on A8.11 for the smaller size oil steam system 

are calculated by a two step procedure where an exponential 

scaler is first calculated to capture any economies of scale 

present. Then this exponential factor is used to determine 

~so r~Btu/hr size coefficient: 

250 X 2.10 .46 = 
100 1.00 .46 

X = .809 

Then: 50 .81 .57 = 
100 

This same procedure can be used to determine the block 

and siz~ coefficients for all the building blocks specified by 

the conventional oil and gas technologies. 
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3. Technology 8.41 - Black Liquor and Wood Boilers 

The capital costs for this technology were assumed to 

be the same as those for conventional coal, except for fuels 

handling costs which were assumed to be one half the conven­

tional coal handling costs (building block C8.lll. Particulate 

control was required, but not so2 removal. 

The most important specification for this technology is 

the determination of its potential market. Since it uses 

a waste by-product it has virtually no fuel cost. This res~lts 

in such a low cost per MMBtu steam output that the technology 

will capture virtually any market that it is allowed to com­

pete for. The important parameters are the industries in which 

the technology is allowed to compete and the maximum fraction 

that it is assigned. 

It was found that only the paper industry has sufficient· 

quantities of black liquor or wood and a large enough steam 

demand to allow this technology to have a significant impact. 

Within the paper industry it was found that the amount of 

black liquor and wood byproducts produced in 1974 could meet 

forty percent of the industries steam demand for that year1/. 

This fraction is expected to remain fairly stable over the next 

decade. Based on this information a maximum fraction of .40 

was assigned to black liquor and wood boilers. 

1/ EEA "Paper Study" op. cit. 

II-65 

0 



0 

4. Conventional Technologies in the Space Heat Service 

Sector 

Four conventional technologies compete in the space heat 

service· sector-.. Three of them, conventional gas I oil and coal 

are steam producing technologies. The fourth technology 

is an electric heat pump. 

Boiler systems designed primarily for space heating ap­

plications are usually smaller and operate at lower pressures 

and temperatures than do boilers designed to produce steam 

for process uses. The costs calculated for the conventional 

technologies in the steam service sector are also applicable 

~n the space heat service sector, even though boilers that 

operate at lower temperatures and pressures are less expen-

sive in terms of. pounds of steam produced. In ISTUM all units 

are sized.by servi~e demand or MMBtu's of steam produced. Lower 

boiler pressures and temperatures reduce the Btu content of 

the steam requiring more pounds of steam to meet a specific 

service demand. These are offsetting cost factors. The. 

boiler equipment' is less expensiiVe per pound of steam but 

more steam is required. 

The size coefficients for the boiler technologies in 

the space_ heat service secto.r were calculated using the same 

exponential. scalers derived for each technology in the steam 

service ·sector.' 

The costs for the one non-boiler conventional tech­

nology in the space. heat service'' 'sector 1 electric heat· pumps, 

were obtained from carrier heat pump representatives. 

II-66 



c. Non-Boiler Conventional Technologies 

There proved to be little available ~nformation in the 

published literature on the costs relating to the non-boiler 

applications of natural gas, oil and coal. The source of 

the ISTUM cost estimates were two EEA studies.
1

'
2

/ In the 

development of a forthcoming industrial coal conversion study
3

/ 

five months were available to investigate the costs of these 

non-boiler applications. The wide diversity of non-boiler ap­

plications, along with the,absence of any significant number 

of published cost studies resulted in cruder cost estimates 

for these technologies. 

The cost information available on the non-boiler applica­

tions did not lend itself to as·extensive a cost component 

breakdown as was available for the boiler applications. Often 

the costs available were for the entire plant and estimates 

had to be made concerning the proportion of the total plant cost 

that was represented by the energy producing equipment. 
\ 

Non-boiler energy applications are represented by service 

!:;ectors: 

1/ 

2/ 

3/ 

"The Potential for Natural Gas Substitution in Selected 
Industries", Prepared for the u.s. Department of Commerce, 
by Energy and Environmental Analysis, Inc., December 20, 
1977. 

"Industrial Coal Conversion Model", for the Office of 
Policy and Evaluation, DOE, by Energy and Environmental 
Analysis, Inc., in progress. · 

Ibid. 
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2 

3 

4 

13 

Direct Heat -
Direct Heat -
Indirect Heat 

Indirect Heat 

14 Calcining 

15 Glass Melting 

16 Brick Firing 

17 Iron Making 

(Intermediate) 

(Dirty) 

(coal capable) 

(coal incapable) 

19 Steel Reheating 

The approach used in each non-boiler service sector was to pick 

one application that seemed to be the most representative of 

all the applications in that service sector. In service 

sectors where two sizes were needed to portray it, two· appli­

cations, one for the small size and one for the large size 

were chosen. Most of the service sectors are narrowly enough 

defined for this assumption not to present severe difficulties. 

The exceptions are the direct heat service sectors which are the 

most diverse. and consequently the worst specified by this 

approach. It would be helpful to further disaggregate these 

service sectors in the future. 
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1. Building Blocks Used to Speci~y Natural Gas 

Non-Boiler Technologies; 

a. Building .Blocks A8.3xx11 and F8.3XX-Primary System 

For each natural gas application in each service sector 

a building block labeled primary system was estimated. In 

service sectors with one size only the A8.3XX block is used. 

Where another size and application is used an F8.3XX building 

block is also used. For example in service 17 ironrnaking 

the technology specification is: 

Tech I. D. 8. 317 

Block I.D. Block Coeff. Size Coeff. Size Coeff. 

A8.317 1.0 1.0 0.0 

Fa·. 317 1.0 0.0 1.0 

C8.216 1.0 .18 6.65 

H8.11 1.0 1.0 1.0 

I8.11 1.0 1.0 1.0 

This building block A8.317 represents the costs associ,ated 

with a blast furnace stove sized at 1. 6 HMBtu/hr and F8.317 

comprises the costs for a blast furnace hydrocarbon injection 

system sized at 133 MMBtu/hr. These primarily system building 

blocks include the costs of the energy equipment, foundation, 

supports, stack·if required and any other costs associated 

with the housing of the energy equipment. Fuel handling and 

pollution control costs are handled separately. The costs in 

these building blocks were taken directly from the forthcoming 

industrial coal conversion study by EEA. 2/ 

1/ 

2/ 

XX represents any non-boiler service sector number. 

EEA "Coal Conversion Study", op. cit. 
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b. Building Block C8.316 - ;Fuel Handling 

All natural gas technologies were required·to be able to 

fire oil as a hedge against possible natural gas shortages. 

This building block represents the costs of a complete oil 

handling and storage system as outlined for technology 8.21, 

conventional oil steam. This building block was used in the 

specification of all the natural gas technologies. 

c. Building Blocks H8.11-Indirect Capital Costs 

and 18.11-Regional Indices 

These are multiplicative building blocks. They are used 

in all the natural gas technologies. Their derivation is 

presented in conjunction with the discussion of technology 

8.11 conventional coal steam. 
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2. Building Blocks Used to Specify Oil Fired Non­

Boiler Technologies 

a. Building Blocks A8.3XX and F8.3xx11 Primary System 

The primary system building blocks used to specify 

the natural gas technology in service sector XX was also used 

to specify the oil fired technology in that service sector. 

The costs for the use of oil in these applications were taken 

directly from the industrial coal conversion study by 

EEA
2
/. A scaler was calculated to adjust the natural gas 

costs to represent the costs of oil firing. 

b. Building Block ~1.14 Particulate Control 

The costs in this building block represent the costs of 

an electrostatic precipitator for particulate control. 

c. Building Block 8.216-Fuel Handling 

This building block was used to specify the costs of oil 

handling and storage for all the non-boiler oil technologies. 

d. Building Blocks H8.ll-Indirect Capital Costs 

and I8.11-Regional Indices 

These building blocks appear in all oil technologies and 

are discussed with technology 8.11 conventional coal steam. 

~I XX represents any non-boiler service sector number. 

2/ Ibid. 
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' 3. Building Blocks Used to Specify Conventional Coal 

Fired Non-Boiler Technologies 

a. Building Blocks A8.3XX and F8.3XX 

These primary system building blocks used to specify 

the natural gas technology in service sector XX were also used 
.. 

to specify the coal technology in the same service·s~ctor .. The 

costs of coal firing in each service sector were ta-ken directly 

from the industrial coal conversion model. A scaler was 

calculated to adjust the natural gas primary system costs up to 

those of the coal fired technology. 

b. Building Block B8.116-Particulate Controls 

This building block reflects the cost of a fabric filter 

for particulate control. 

c. Building Block C8.116-Fuel Handling 

This building block specifies the costs of coal 

handling and storage~ It is used in the specification of every 

non-boiler coal technology. 

d. Building Block D8.14-Sulfur Removal 

This building block represents the costs of a scrubber 

and solid waste .removal associated with the use of coal in the 

indirect heat service sector. 

e. Building Block G5.12-Pulverizer 

Some of the non-boiler coal technologies required pulverized 

coal. This building block specifies the capital costs associated 

wi~h the pulverizer equipment. 
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f. Building Blocks H8.11-Indirect C~pital Costs and 

18.11-Regional Indices 

Th~se building blocks are included in every technology 

specification ~nd are discussed in conjunction with technology 

8.11 conventional coal steam. 
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4. Normalization of Non-Boiler l?rimary System Costs 

The costs of the primary energy system of these non­

tboilers technolog.ies contain costs of some components that 

were not directly related to the type of fuel used or the 

specific energy technology used. For example, the application 

of direct heat to a solid material requires sophisticated 

equipment to pass the material through the furnace. A steel 

reheat f~rnace may use a water cooled conveyor to pass the 

steel through the furnace. Water is passed through the 

wheels of the conveyor to prevent them from heating up to 

the furnace temperature. The costs associated with this 

type of equipment are not directly attributable to the 

energy system. In an attempt to eliminate these non-energy 

r~lated costs the original primary system costs were "normalized". 

The procedure was to relate all technology costs to the cost of 

the natural gas technology costs by specifying that every 

100 MMBtu's of natural gas consumed and resulted in an 

equipment capital cost of $500,000. Once the natural gas 

costs were normalized, the cost of ·the oil technology was 

determined by maintaining the same cost differential between 

the oil and gas technologies that occurred in the original 

costs. The same procedure is used to specify coal. casts. 

An exqmple is worked out below. 

Normalization Example: 

In service sector #3, dirty direct heat, the original 

costs in the low cost case were: 

natural gas 

oil 

coal 

$299,000 

$350,000 

$404,000 
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The service demand size is 10 NMBtu/hr· with an eff.iciency of. 

. 30. The natural gas consumption is 33.3 ·r-1MBtu/hr. The 
. ~ 

normalized na~ural gas cost is found by: 

33.3 MMBtu 

100 MMBtu 
= normalized cost or normalized cost= $167,000. 

$500,000 

The costs of oil and coal in dirty direct heat are then: 

($350,000) - $299,000) + $167,000 = $218,000 for oil, and 

($404,000 - $299,000) + $167,000 = $272,000 for coal. 

This maintains the same cost differentials between th~ natural 

gas, oil and coal technologies. This specifies the normalized 

costs for the best case of each technology. To normalize 

the costs for the medium cost and high cost cases, the percen­

tage change from one cost case to another was maintained. 

Tables II-15 through II-22 present the applications picked to 

·portray each service sector, the original primary system costs 

obtained from the industrial coal conversion modell/ and the 

normalized costs used in ISTUM. Any special assumptions 

required are also listed with these tables. 

In general, the costs of these non-boiler applications 

represent one of the weakest data areas in the model. This 

will be one of the first areas to be improved in the next 

stage of model development. 

1/ t:t:A ;;Coal conversion model," op. cit. 
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TABLE II-15 

PRIMARY SYSTEM COSTS* 

Service Sector #2, Direct Heat (Intermediate)_ 

Two applications were used as representative of the inter­

mediate direct heat servic~ sectoi. The larger size represents 

metal heating and the costs are derived from the industrial 

coal conversion specifications for aluminum melting, holding 

and casting. Th~ smaller size represents food dryi~g and the 

costs for grain dryers were used. 

Me·t:al Heating: Size 50 MMBtu/hr, eff. . 36 

Original Costs (thousands of $'s) 

low cost case 

,medium cost case 

high cost case 

Normalized 

low cost case 

medium cost case 

high cost case 

natural gas 

3735 

4150 

4565 

Costs (thousands 

natural gas 

695 

772 

849 

oil 

3735 

4150 

4565 

of $'s) 

oil 

695 

772 

849 

coal 

4150 

4611 

50.72 

coal 

1110 

1233 

1356 

Food Drying: Size 10 MMBtu/hr, eff. 36 

Original Costs (thousands of $'s) 

low cost case 

medium cost case 

high cost case 

natural gas 

41. 

67 

108 

oil 

66 

107 

173 

coal 

N~A. 

N.A. 

N.A. 

No noriP.alization procedure was required for food drying. 
. r 

'· 
Small food drying applications are not technically or economically 

feasible for coal firing. 

* The primary system does not include fuel handling or pollution 
control equipment. 
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TABLE II-16 

PRIMARY SYSTEM COSTS* 

Service Sector #3, Direct Heat (_Dirty} 

The chosen representative dirty direct heat application is 

aluminum fabrication. Two sizes of this technology were used, 

10 MMBtu/hr and 50 MMBtu/hr. 

* 

Metal Fabrication: Size 50 MMBtu/hr, eff. .30 

Original Costs (thousands of $ 1 s) 

n·atural gas oil coal 

low cost case 1,435 1,680 1, 940. 

medium cost case 2,050 2,400 2,760 

high cost case 3,278 3,840 4;430 

Normalized Costs (thousands of $Is) 

low cost case 835 1,095 1,340 

medium cost case 1,190 1,550 1,930 

high cost case 1,905 2,485 3,095 

Metal Fabrication: Size 10 MMBtu/hr, eff. .30 

Original Costs (thousands of $ ~.s) 

natural gas oil coal 

low cost case 299 350 404 

medium cost case 427 500 577 

high cost case 683 800 933 

Normalized Costs (thousands of $Is) 

low cost case 167 218 272 

medium cost case 238 311 388 

high cost case 381 498 621 

~oes not include fuel handling and pollution control cost. 
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TABLE II-17 

PRIMARY SYSTEM COSTS* 

Service Sector #4, Indirect Heat (_Co'al Ca_pable)_ 

The representative technology for this service sector is 

atmospheric distillation and catalytic reforming. Only one 

size was required. 

Atmospheric Distillation and Catalytic Reforining: 

Size 250 MMBtu/hr, efficiency .67 

Original Costs (thousands of $'s) 

low cost case 

medium cost case 

high cost case 

Normalized 

low cost case 

medium cost case 

high cost case 

natural gas oil 

4728 5033 

4976 5297 

6635 7063 

Costs (thousands of 

1865 
' 

1963 

2617 

2170 

2284 

3045 

coal 

15,250 

16,050 

21,403 

$ 's) 

12,387 

13,037 

17,385 

, To derive .. the costs for service sector #13, indirect heat coal 

incapable, these same costs were repeated with the costs of con­

ventional coal left out. 

* This cost does not include any fuel handling or environmental 
control costs. 
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TABLE II-18 

PRIMARY SYSTE;M COSTS* 

Service Sector #14, Calcining 
' ,. 

This service sector is involved w~th the prod~ctiqn,of 

cement,. gypsum and concrete by t!1e. use of rotc:lry kilns·. The 

representative technology is the p~oduction of concrete. Only 

one size is used. 

* 

Calcining: Size 40 ~w.rntu/hr, effeciency .4 

Original Costs (thousands of $'s) 

low cost case 

medium cost case 

high cost 

low cost case 

medium cost case 

high cost case 

natural gas 

560 

590 

787 

Normalized Costs 

560 

590' 

787 

oil·· 

560 

590 

787 

560 

590 

787 

I. 

coal 

560 

590 

787 

500 

527 

703"' 

nnAs not include f~el handlinq or pollution;control·costs. 
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TABLE IJ:-19 

PRIMARY SYSTEM COSTS* 

Service Sector #15 Glass Melting 

This service sector is primarily made up of two energy ap­

plications, a unit melter and a regenerative furriace. A 

unit melter was used to represent the smaller size and the re­

generative melter the larger size. 

* 

Regenerative Melter: Size 66.7'HMBtu/hr, eff •. 33 

Original Costs (thousands of $ 1 s) 

natural 9:as oil coal 

low cost case 1,659 2,474 2,673 

medium cost case 1,746 2,602 2,813 

high cost case 2,328 3,465- 3,755 

Normalized Costs (thousands· of $Is) 

low cost case 630 1,445 1,644 

medium cost case 663 1,520 1,730 
high cost case 884 2,025 2,310 

Unit Melter: Size 41.6 MMBtu/hr eff. .33 

Original Costs (thousands of $Is) 

natural gas oil coal 
low cost case 1,659 1,659 1,746 
medium cost case 1,746 1,746 1,838 
high cost case 2,328 2,328 2,451 

Normalize Costs (thousands of $Is) 

low cost case 630 630 717 
medium cost case 663 663 .755 
high cost case. 884 884 1,007 

Does not include fuel handling or pollution control costs. 
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TABLE II-20 

~RIMARY SYSTEM COSTS* 

Service Sector #16, Brickfiring 

The costs in this service sector represent regular 

brick firing as opposed to refractory brick firing since 

regular brick firing comprises 80 percent of the energy 

consumption in this service sector. Only one size is used. 

* 

Brickfiring: size .13.1 MMBtu/hr, eff •. 31 

Original Costs. (thousands of $'s) 

1.. natural gas oil 

low cos,t case 238 238 . 
medium .. cost case 251 251 

high co.s.t case 334 334 

Normalized Costs (thousands of $'s) 

low cost case 

medium cost case 

high cost ca·se 

211 

223 

297 

211 

223 

297 

coal 

243 

256 

341 

216 

228 

304 

This cost does not include the cost of fuel handling or any 
env±ro~ental controJR. 
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TABLE II-21 

PRIMARY SYSTEM COSTS* 

Service Sector #17, Ironmaking . . 

Two energy applications are used to specify this service 

sector, blast furnace hydrocarbon injection is used to represent 

the large sizes and blast furnace stove is used to represent 

the small sizes. 

* 

Hydrocarbon Injection: size 133 MMBtu/~r, eff. 33 

Original Costs (thousands of $ 1 s) 

natural gas oil coal 

low cost case 9,542 9,542 10,260 

medium cost case 10,004 10,004 10,000 

high cost case 13,392 13,392 14,400 

Normalized Costs (thousands of $Is) 

low cost case 2,015 2,015 2,733 

medium cost case 2,121 2,121 2,877 

high cost case 2,828 2,828 3,836 

' 
Blast Furnace 'Stove: size 1.6 MMBtu/hr eff. .33 

Original 

low cost case 

medium cost case 

high cost case 

Normalized 

low cost case 

medium cost case 

high cost case 

Costs (thousands of $Is) 

natural gas oil 

17,000 19,000 

20, 000 . 20,000 

26,660 26,660 

Costs (_thousands of $Is} 

24 

25 

33 

24 

25 

33 __ 

coal 

19,000 

20,000 

26,660 

24 

25 

33 

This ~ost does not include the cost of fuel handling or _any 
environmental control. 
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TABLE II-22 

PRIMARY SYSTEM COSTS* 

Service ·sector #19,_ Steel Reheat 

Two applications are used to specify this service sector. 

A steel reheat furnace is the large application and annealing 

is used to represent the small application. 

Steel Reheat Furnace: Size 60 MHBtu/hr, eff. .30 

Original Costs (thousands of $'s) 

low cost case 

medium cost case 

high cos·t case 

natural gas 

4,811 

6,014 

8,420 

oil 

4,811 

6,014 

8,420 

Normalized Costs (thousands of $'s) 

low cost case 

medium cost case 

high cost case 

1,000 

1,250 

1,750 

1,000 

1,250 

1,750 

Annealing: size 3 MMBtu/hr, eff .. 30 

Original Costs (thousands of $'s) 

low cost case 

medium cost case 

natural gas 

2,813 

4,018 

oil 

2,813 

4,018 

high cost case 6,429 6,429 

Normalized Costs (thousands of $'s) 

low cost case 

medium cost case 

'high cost case 

50 

71 

114 

50 

71 

114 

coal 

4,960 

6,200 

8,680 

1,149 

1,436 

2,010 

coal 

2,870 

4,100 

6,560 

107 

153 

245 

Note: An additional conventional technology was added 
to this service sector. The captive gas technology 
8.519 has the same capital costs as natural gas. Since 
it uses a process by-product there is little or no 
fuel cost. ·The maximum fraction was determined by 
the amount of captive gas available in the service 
sector. 
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GENERAL INFORMATION FOR CONVENTIONAL TECHNOLOGIES 
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APR 7r 1978 6:53:58 PM 

TECH 
ID 

5.114 
5.115--
5.116 
5.117 
5.119 
5.12 
5.13 
5.14 
8.11 
8.112 
8.21 
8.212 
8.214 
8.215 
8.216 
8.217 
8.219 
8.22 
8.23 
8.24 
8.25 
8.31 
8.312 
8.314 
8.315 
8.316 
8.317 
8.319 
8.32 
8.33 
8.34 
8.41 
8.519 
8.612 
9.11 
9.112 
9.114 
9,115 
9,116 
9.117 
9.119 
9.12 
9.13 
9.14 
9.21 
9.212 
9.214 
9.215 
9.216 
9.217 

TECIINOLOG"f 
NAME 

NEW COAL DIRECT 
NEW COAL [•IF:ECT 

HEW COAL t•IRECT 
HEW COAL [IIRECT 
NEW COAL DIRECT 
NEW COAL DIRECT 
NEW COAL DIRECT 
NEW COAL J:HD 
NEW COAL. E<OILER 
NEW COAL 
NEW OIL 
,_lEW OIL 

NEW OJ:L D:IR 
NEW OIL DIR 
NEW OIL DIR 
NEW OIL 
NEW OIL 
NEW DIR OIL 
NEW OIL DIRECT 
NEW OIL IND 
OIL SELF GEN 
NEW NAT GAS 
NEW GAS 
HEW GAS DIP. 
NEW GAS DIR 
NEW GAS DI:R 
NEW GAS 
NEW GAS 
,.lEW GAS DIR 

HEW GAS DIRECT 
NEW GAS IND 
LIClUOR AND WOOD 
NEW CAPTIVE GAS 
HEAT PUMP 
OLD COAL 
OLD COAL 
OLD COAL DIR 
OLD COAL DIR 
OLD DIR COAL 
OLD COAL 
OLD COAL 
OLD COAL DIR 
OLD COAL 
0L[1 COAL IHD 

OLD OIL 
OLD OIL 
OLD OIL DII': 
OLD OIL DIR 
OLD OIL DIF=: 

OLD OIL 

YEAR FUELS FUEL E~~b-~EE~£!~~£! 
AVAIL USE~ SHARE COM» TRAH FIHL 

1982 
1982 
1980 
1982 
1982 
1982 
1982 
1981 
1920 
1920 
1960 
1960 
196"0 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1972 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1960 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 
1920 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
9 
5 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

(JST USTH SHIS USE 
FUEL) 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.oo 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.oo 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 1.00 0.40 
1.00 1.00 0.33 
1.00 1.00 0.31 
1.00 1.00 0.33 
1.00 1.00 0.30 
J..oo 1.00 o.36 
1.00 1.00 0.30 
1.00 1.00 0.67 
1.00 1.00 0.82 
1.00 1.00 0.82 
1.00 1.00 0.82 
1.00 1.00 0.82 
1.oo 1.oo o.4o 
1.oo 1.oo o.33 
1.oo 1.oo o.31 
1.oo 1.oo o.33. 
1.00 1.00 0.30 
1.oo 1.oo o.36 
1.00 1.00 0.30 
1. 00 1 • 00 0. 6 7· 
1.oo 1.00 o.33 
1 • 00 1 • 00 -0. 82 
1.oo 1.00 o.a2· 
1.00 1.00 0.40 
1.00 1.oo o.33 
1.00 1.00 0.31 
1.00 1.00 0.33 
1 • 00 1. 00 0. 30 
1. 00 1 • 00 0. 36 
1.00 1.00 0.30 
1.00 1.00 0.67 
1.oo 1.oo o.6o 
1.00 1.00 0.33 
2.00 1.00 1.00 
1.00 1.00 o. 70 
1.00 1.00 0.65 
1.00 1.00 0.30 
1.00 1.00 0.30 
1.oo 1.oo o.3o 
1.00 1.00 0.30 
1.00 1.00 0.30 
1.00 1.00 0.30 
1.00 1.00 0.25 
1.oo 1.oo o.62 
1 • 00 1 • 00 0. 71 
1 • 00 1 • 00 0. 72 
1.00 1.00 0.40 
1.00 1.00 0.30 
1.00 1.00 0.30 
1.00 1.00 0.30 

l!!EL!;:!!!:!Q'§; 
(MM9TU/Hf':) 

LO HI 

bQ!)!L!;:!!!:!Q!'; 
(I<F:S/"r"~:) 

LO I--II 

_M!!~!M~M-E!;:!!£!!Q!:! 
INCRE RETRO COHSE 
lrr4ENTL FIT 

0.70 
0,70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

. 1.00 
1.00 
1.00 
1.00 
1.00 
0.40 
o.58 
1.00 
0.70 
0.70 
0.70 
0.70 
0.70 
0.56 
0.70 
0.21 
0.70 
0.70 
0.70 
1.00 
1.00 
1.00 
1.00 
1.00 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

f::YATN 

1.00 
1 .• 00 
1.00 
1.oo 
1.oo 
1.oo 
1.oo 
1.00 
1.oo 
1.oo 
1.oo 
1.oo 
1.oo 
1.00 
1.00 
1.00 
1.00 
1.oo 
1.00 
1.oo 
1.oo 
1.00 
1.·oo 
1.00 
1.oo 
1.oo 
1.00 
1. 00 
1.00 
1.00 
1.oo 
1.00 
1.oo 
1.oo 
1.00 
1.oo 
1.oo 
1.00 
1.00 

-1.00 
1.oo 
1.oo 
1.00 
1.00 

·1.00 
1.00 
1.00 
1.oo 
1.00 
1.00 
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TECH 
II:> 

5.114 
5.115 
5.116 
5.117 
5.119' 
5.12 
5.13. 
5.14 
8.11 
8.112 
8.21 
8.212 
8. :21"4 
8.215 
8.216 
8.217 
8.219 
8.22 
8.23 
8.24 
8.25 
8.31 
8.312 
8.314 
8.315. 
8.316 
8.317 
8.319 
8.32 
8.33 
8.34 
8.41 
8.519 
8.612 
9.11 
9.112 
9.114 
9.115 
9.116 
9.117 
9.119 
9.12 
9.13 
9.14 
9.21 
9.212 
9.214 
9.215 
9.216 
9.217 

TECHNOLOG'T 

I·IAME 

NEW COAL t'IRECT 
NE~ COAL [•IREC1' 

NEW COAL J:>IRECT 
NEW COAL .r>IP.ECT 
NEW COAL DIRECT 

NEW COAL DXRECT 
NEl4 COAL D%P.ECT 
NEW COAL INI) 

NEW COAL l>OILER 
NEW COAL 
NEW OIL 
NEW OIL 
NEW OIL PI~: 

NEW OIL· J:>IP. 
NEW OIL J:>IR 
NEW OIL· 
NEW OIL 
NEW J:>IP. OIL· 
NEW OIL DIP.ECT 
NEW OIL 11·1[• 

Ol'L SELF GEH 

NEW NAT GAS 
NEW GAS 
NEW GAS DIR 
NEW GAS J:>IP. 
NEW GAS r>IR 
NEW GAS 
NEW GAS 
NEW GAS J:>IP. 
I~EW GAS DIRECT 

NEW GAS INJ:> 
LIQUOR ANI:> WOOl:> 
NEW CAPTIVE GAS 
HEAT PUMP 
OLJ:> COAL 
OLD COAL 
'OLD COAL J:tl:R 

OLJ:> COAL J:>IP. 
OLJ:> DIP. COAL 
OLJ:> COAL 
OLJ:> COAL 
OLD COAL [•J:~ 

OLt• COAL· 
OLD COAL Xl·ll• 

OLJ:> OIL 
OLD OIL 
OLD OIL OIR 
OLD OIL DIR 
OL£1 OIL DIP. 
OLJ:> OIL 

SEFO:V 

SECT 

14 
15 
16 
17 
19 
·2 
3 
4 
1 

12 
1 

12 
14 
15 
16 
17 
19 

2 
3 
4 
5 
1 

12 
14 
15 
16 
17 
19 

2 
3 
4 
1 

19 
12 

1 
12 
14 
15 
16 
17 
19 

2 
3 
4 
1 

12 
14 
15 
16 
17 

____ Q~!~-~~~k!!X __ _ 
MAX CO.ST ENER ACCE 

FP.AC 

.. .. .. .. .. 

... 

... .. .. .. .. .. 
A 

A 

A 

A 

A 

A. 

A 

.A .. 
A 

A 

A 

A 

A 

A 

A 

A 

.A 
A .. .. 
A 

A 

A 

A 

A 

A 

A 

A 

A .. 
A 

A 

A 

A 

A 

A 

A 

c 
c 
c 
c 
c 
c 
c 
c 
A 

A 

A 

A ... .. 
... .. .. 
... 
... .. .. 

.A 
A .. .. .. .. 
... .. .. .. .. .. 
£• 

A 

A 

A 

A 

A 

A 

A 

A 

£• 

A 

A 

A 

A 

A 

A 

A 

SAVE LER 

c 
c 
c 
c 
c 
c 
c 
c 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A .. 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

c 
c 
A 

c 
c 
c 
... 
c 
A 

A 

A 

A 

A 

c 

CONST' PH.fS 

PER LIFE 

('fr<S) p·~:S) 

2.0 
2.0 
2.0· 
2.0 

·2.0 
2.0 
2.0 
1.0 
2.5 
2.0 
1.0 
1.0 
1 .• 0 
·1.0 
1.0 
1. 0 
1.0 
1.5 
1. 5 
1.0 
2.0 
loS 
1.0 
1.0 . 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.3 
2.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

25 
10 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
10 
25 
25 
25 
25. 
25 
25 
25 
25 
25 
25 
10 
25 
25 
25 
25 
25 
25 
25 
25 
20 
25 
25 
25 

5 
25 
25 
25 
25 
25 
25 
25 
25 
24 

5 
25 
25 

[tOE 

ACCEL 

(YRS) 

5 
5 
3 
5 
5 
5 
5 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
5 
0 
5 
5 
5 
0 
5 
0 
0 
0 
0 
0 
5 

LAST UF·t•ATED 

MA~; 28 r 1978 
MA~: 21 r 1978 
MAR 21 r 1978 
MAR 21r 1978 
MAP. 21r 1978 
MAR 21r 1978 
MAR 20r 1978 
MAR 21r 1978 
MAl': 21r 1978 
MAR 21r 1978 
MAR 21 r 1978 
MAl': 28r 1978 
MAR 21 r 1978 
MAP.- 21 r 1978 
MAR 21r 1978 
MAR 21 r 1978 
MAR 21 r 1978 
MAP. 21 r 1978 
MAR 20r 1978 
MAP. 21r 1978 
MAR 21r 1978 
MAP. 28r 1978 
MAP. 28r 1978 
MAR 21r 1978 
MAR 21r 1978 
MAP. 21 r 1978 
MAR 21r 1978 
MAR 21 r 19-78 
MAP. 21r 1978 
MAF; 20 r 1978 
MAR 21 r 1978 
MAR 21r 1978 
MAR 28r 1978 
MA~: 21 r 1978 
MAR 21r 1978 
MAP. 21r 1978 
MAR 21 r 1978 
MAP. 21r 1978 
MAR 21r 1978 
MAR 21r 1978 
MAR 21 r 1978 
MAR 21o 1978 
MAR 28r 1978 
MAF: 27 r 1978 
MAF: 21 r 1978 
MAP. 21r 1978 
MAR 21r 1978 
MAR 21 r 1978 
MAP. 21r 1978 
MAF: 21r 1978 

11!21!06 AM 
7! 15! 28. PM 

5!37!24 PM 
5!37!30 PM 
5!37!36 F'M 

5l39l25 F·M 

8!22!22 F·M 

8!18!21 PM 
8!17!54 PM 

5!36!48 PM 
7l09l06 PM 
1!22!32 F"M 

8l31l23 PM 
7!20!57 PM 
7!21!03 F·M 

8!25!53 p~ 
7l24:17 PM 
7!25!37 F·M 

8!23!36 PM 
7!26!36 PM 
7l30l 16 PM 
11l16l24 AM 

1! 21! 59 F·M 

7!36!02 PM 
7!37!02 PM 
7:37147 PM 
7 1·38 I 52 F·M 

7:39145 PM 
7!40!52 ~M 
8!24!16 F·M 

7141144 PM 
7!45!05 F·M 

3108140 PM 
8!33!02 PM 
10131156 AM 

10133117 AM 

10140114 AM 
10140107 AM 

10!42!21 AM 
10!42!51 AM 
10!43!29 AM 
10!44!58 AM 
11 I 30 I 11 ·AM 
11134120 AM 

10149104 AM 

10!51!31 AM 
10!52!07 AM 

10!52!41 AM 
10153108 AM 
10!53!42 AM 
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F'AGE 3 
AF'R 7. 1978 7!01!09 f>M 

TECH TECHNOLOG'f AF'F"LICABLE INC•USTRIF.S (MQ[t:tF'IEI) SIC cor.•ES) 
XD NAME 

20 21 22 23 24 25 26 27 28 29 30 31 32 331 3334 334 34 35 36 37 38 39 01 02 10 14 

5.114 HE I>! COAL I•IRECT 1 
5.115 NEW COAL DX~:ECT" •1 
5.116 NEW COAL C•IRECT 1 
5.117 I·IEW COAL r.ti~:ECT 

5.119 HEW COAL DXP.ECT 

5.12 NEW COQL DXP.ECT 1 1 1 1 1 
5.13 NEW COAL I•IRECT 1 1 1 1 1 
5.14 NEW COAL HID 1 
8.11 NEW COAL l'OXLEFI: 1 1 1 1 1 1 1 1 1 1 1 1 
8.112 NEW COAL 1 1 1 1 1 1 1 1 1 1 1 1 
8.21 NEW OXL 1 1 1 1 1 1 1 1 1" 1 1 1 
8.212 NEW OXL 1 1 1 1 1 1 1 1 1 1 1 1 
8.214 NEW OXL DXFI: 1 
8.215 NEW OXL DIR 1 
8.216 NEW OXL DXFI: 1 
8.217 NEW OXL 1 
8.219 NEW OXL 1 
8.22 HEW DXFI: OXL 1 1 1 1 1 1 
8.23 ,.lEW OIL DIRECT 1 1 1 1 1 . 1 
8.24 HEW OIL IND 1 \ 

1·. 1 8.25 OIL SELF GEN 1 1 1 1 1 1. 1 
8.31 NEW NAT GAS 1 1 1 1 1 1 1 1 1 

H 8.312 HEW GAS . 1 1 1 1 1 1 1 1 1 
H 8.314 NE~ GAS DXFI: 1 
I 8.315 NEW GAS DIP. 1 

(X) 8.316 NEI!I GAS DIFI: 1 
~ 8.317 NEW GA.S 

8.319 NEW GAS 

8.32 NEW GAS DIFI: 1 1 1 1 1 1 1 
8.33 NEW GAS ttiFO:EC'T 1 1 1 1 1 1 1 
8.34 NEW GAS IND 

8.41 Lit1UOFI: AND woor• 
8.519 NEW CAPTIVE GAS 

8.612 HEAT f>UMf> 1 1 1 1 1 1 1 1" 
9.11 OL[t COAL '· 1 1 1 1 1 1 1 1 
9.112 OLD COAL 1 1 1 1 1 -1 1 1 
9.114 OLD COAL [tl P,, 1 
9.115 OL[• COAL DXFI: 1 
9.116 OLD DIFI: COAL 1 
9.117 OLD COAL 

9.119 OLD COAL 

9.12 DLI• COAL <•IFI: 1 1 1 1 1 1 
9.13 OLD COAL 1 1 1 1 1 1 
9.14" OLD COAL IND 1 
9.21 OLI• OIL 1. 1 1 1 1 1 
9.212 OLD OIL 1 1 1 1 1 1 
9.214 OLD OIL DIFI: 1 
9.215 OLD OIL DIP. 1 
9.216 OLD OIL DIR 1 
9.217 OLD OXL 



GENERAL INFORMATION FOR CONVENTIONAL TECHNOLOGIES 
continued 

PAGE 
APR 7r 1978 7l04l03 F·M 

•TECH TEC'HHDLOG'f "TEAR FUELS FUEL E~HH:-~EE!!H~!~H£X §!;g_!:;8~§g ~Qe~_BfHH!t; -~~~!~~~-E8a£I!Q~ 
II• I-lAME AVAIL USE[• SHARE COMEt TP.AH FINL (MMDTU/HR) (HRS/'r'~:) INCRE F:ETr::o CONSE 

(1ST USTN SMIS USE o_o HI LO HI MENTL FIT F:VATN 

FUEL) 
9.219 OLD OIL 1920 2 1.00 1.00 1.00 0.30 -1 -1 -1 '-1 1.oo o.oo 1.00 
9.22 OLD OIL DIR 1920 2 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
·9.23 OLD OIL 1920 2 1.00 1.00 1.00 0.25 -1 -1 -1 -1 1.00 o.oo 1.oo 
·9.24 OLD OIL IND 1920 2 1.oo 1.oo 1.00 0.62 -1 -1 -1 -1 1.00 o.oo 1.00 

'• 9.31 OLD HAT GAS 1920 3 1.00 1.00 1.00 0.70 :"'1· -1 -1 -1 o:2o o.oo 1.00 
9.312 OLD GAS 1920 3 1.00 1.00 1.00 0.70 -1 -1 -1 -1 1.oo o.oo 1.00 

: 9.314 OLD GAS DIR 1920 3 1.00 1.00 1.oo 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
'9.315 OLD GAS DIR 1920 3 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.oo 
9.316- OLD DIR GAS 1920 3 1.00 1.00 1.00 0.30 -1 -.1 -1 -1 1.00 o.oo 1.00 
9.317 OL[• GAS 1927 3 1.oo 1.00 1.00 0.30 -1 -1 -~ -1 1.00 o:oo 1.00 
9;319 OLD GAS 1920 3 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
9.32 OLD GAS DIR 1920 3 1.00 t.oo 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
9,'33 OLD GAS 1920 3 t.oo 1.00 1.00 0.25 -1 -1 -1 -1 1.00 o.oo 1.00 
9.34 OLD GAS INT.• 1920 3 1.00 1.00 1.00 0.62 -1 -1 -1 -1 1.00 o.oo 1.00 

. 9.41 LIQUOR AND \lj!QQD 1920 9 1.00 1.00 1.00 0.60 -1 -1 -1 -1 0.27 o.oo 1.00 
9.519 OLD CAI':TIVE: GAS 1960 5 1.00 1.00 1.00 0.33 -1 -1 -1 -1 0.58 o.oo 1.00 
9.612 COHV ELEC HEAT 1920 4 1.oo 1.00 1.00 0.90 -1 -1 -1 -1 : 1.00 o.oo 1.00 
9.62 COHV ELEC 1920 4 1.00 1.00 1.00 1.00 -1 -1 -1· -1 1.00 1.00 . 1.00 
9•75 CONV ELECTRICT"t" 1920 4 1.00 1.00 1.00 0.95 -1 -1 -1 -1 1.00 o.oo 1.00 

H '9.76 COHV ELECTRICTl' 1920 4 1.00 1.00 1.00 1.00 -1 -1 -1 -1 1.00 o.oo 1.00 
H 
I 

CX) 

-....! 



GENERAL INFORMATION FOR CONVENTIONAL TECHNOLOGIES continued 

PAGE 2 
AI>R 7.• 1978 7:05!24 F'N 

TECH TECHHOLOG"f" SERV ----~a~e_gyeb!Ir ___ CONST PU"r"S TJOE LAST UPt•A"fED 
ID NAME SECT MAX COST EHER ACCE F'ER LIFE AC'CEL 

FRAC SAYE LER ( "r"RS) p·~:S) (YRS) 

9.219 OLD OIL 19 A A A 1.0 25 0 NAP. 21r 1978 10154:09 AN 
9.22 OLD o·IL DIR 2 A A A 1.5 25 0 NAP. 21r 1978 10,54!35 AN 
9.23 OLD OIL 3 19 19 19 1. 5 25 0 HAR 28r 1978 11 !33:29 AN 
9.24 OLD OIL INJ.'I 4 A A A 1. 0 25 0 MAR 27r 1978 11 !34:27 AN 
9.31 OLD NAT GAS 1 A A A 1.0 25 0 MAR 29r 1978 7:36:11 F'N 
9.312 OLD GAS 12 A A A 1.0 25 0 MAR 21r 1978 11 :oo:37 AM 
9.314 OLD GAS DIR 14 A A A 1.0 25 0 MAR 21r 1978 11!01:06 AN 
'j1.315 OLD GAS DIR 15 .A A A 1. 0 5 0 MAP. 29r 1978 10!47:12 F·N 
9.316 OLD DIR GAS 16 A A A 1.0 25 0 MAR 21r 1978 11:02:07 AN 
9,"317 OLD GAS 17 A A A 1.0 25 0 MAR 21r 1978 11:02:33 AN 
9.319 OLD GAS 19 A A A 1.0 25 0 MAP. 21r 1978 11 :o3:02 AN 
9.32 OLD GAS DIR 2 A A A 1.5 25 0 MAF: 21r 1978 11!03!26 AN 
9.33 OLD GAS 3 19 19 19 1.0 25 0 MAP. 2Br 1978 11:36143 AM 
9.34 OLD GAS IND 4 A A A 1.0 25 0 MAt=: 27r 1978 11:34:35 AM 
9.41 LI'OUOR AND WOOD 1 A A A 1.0 25 0 MAR 21r 1978 11 :o5: 14 AM H 9.519 OLD CAF'TIYE .GAS 19 19 19 A 1.0 25 0 MAR 2Br 1978 3:02!02 F'M H 9.612 CONY ELEC HEAT 12 A A A 0.3 20 0 MAR 21r 1978 11105!41 AN I 9.62 COHY ELEC 2 A A A 0.3 20 ·. 0 AF'R 6r 1978 2:55:35 F'M 00 9.75 CONY ELECTP.ICT"( 5 A A A o.o .25 0 MAR 21r 1978 11l06:07 AN 00 
9.76 CONY ELECTRICTY 6 A A A o.o 25 0 MAR 21r 1978 11 I06l33 AM 



GENERAL INFORMATION FOR CONVENTIONAL TECHNOLOGIES continued 

F"AGE 3 
APR 7r 1978 7:06:44 F"M 

l·Ee~-• TECHNOLOGY AF'F'LICAE<LE IHDUSTRJ:ES ( MOJ)IFIED SIC COJ:>ES) 
It• NAME 

20 21 22 23 24 25 26 27 28 29 30 31 32 331 3334 334 34 35 36 37 38 39 01 .02 10 14 

9.:e19 OLJ:> OIL 1 
9.:;;2 OLJ:>, OIL l'IR 1 1 1 ,1 1 1 1 1 1 1 1 1 1 
9.~3 OLJ:> OIL 1 1 1 1 1 1 1 1 1 1 1 1 1 
9.~4 OLr• OIL IN I:> 1 1 
9.~1 OLJ:> HAT GAS 1 1 1 1 1 1 1 1 1 1 1 
9.~12 OLJ:> GAS 1 1 1 1 1 1 1 1 1 1 1 
9.~ 14 OLJ:> GAS J:>IR 1 
9.~;15 OLD GAS DIR 1 
9.~;16 OLJ:> DIR GAS 1 
9.:::17 OLD GAS 1 
9.:>19 OLJ:> GAS 1 
9.:>2 OLD GAS DIR 1 1 1 1 1 1 1 1 1 1 1 1 1 
9.::l3 OLJ:> GAS 1 1 1 1 1 1 1 1 1 1 1 . 1 1 9.]4 OLJ:> GAS nm 1 H 9,•f1 LIQUOR ANI:> WOOl' H 

I 9.519 OLD CAF'TI\IE GAS 1 
CX) 9oo12 C'ONV ELEC HEAT 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1..0 9,.;2 C'ONV ELEC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

9.?5 C'ONV ELECTRICTY 1 1 1 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 9,76 CONV ELECTR ICT~' 1 1 1 1 
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CONVENTIONAL TE€HNOLOGY SPECIFICATIONS 

~U~LDIHG ~LOCk COEFFECIEHT DAlA HOl" FbUND FOR 9,11 Y,ll~ y,l14 ¥ 1 11~ Ytll6 Y,ll/ YtllY YtlL Yt1~ Yti~ y,~t y,~~~ Yt~1~ 

9.215 9.216 9.217 9.219 9.22 9.23 9.24 9.31 9.312 9.314 9.315 9.316 9.317 ~.319 9.32 9.33 9.34 9.41 9.519 9.612 
9.62 9,75 9.76 

~UILDHIG ~LO~M COEFF I C I EI·ITS 

PF:INTEO APP. 7r· 1978 7:09:41 , .. 
TECH I[• 5.114 
UPDATE[• AI'P. 7r 1978 11:u: 
~LOCH ~LOCK . SIZE 

ID c·OEFF COEF:.F 

A ·9,314 1.00 1.00 
·c 8.116 1.00 0.67 
H 8.11 1.00 1.00 
.I 8.11 • •1.00 1.00 
G 5.12 ·,· 1·;.oo· 0.72 

.. 
TECH IL' 5.115 
UPJ:•ATED AF·R 7r 1978 11:11:33 AH 

DLOC.K P:LOCK SIZE SIZE 
ID COEFF COEF,F COEFF 

'A '8,315 1.00 1 ,'14 '2. 61 
.c 8.11'6 1.00 '1,03 '1','49 
H 8.11 1;00 '1,00 ·1;.oo 
I 8·.11 1.00 1.00 1 ;OO 
G 5.12 ' 1.00 o·o'66 0.90 

TECU I[< 5.116 
UF"[•ATED Af>P. 7r 1978 11:11: 

BLOCK EtL'OCK SIZE 

.IIi:: COEFF COEFF 

A 8',3-16 1".00 1.02 
.c 8.1-16 1.00 0.44 :: 
tl ·8.11 -1.00 1.00 
·I 8.11· ·1.00 1.oo 
G 5.1'2 1.00 0.30 

TECH I I[• 5.117 
Ur'DATE[• APR 7r 1978 11:11:33 AH 

BLOCK f.ILOCK SIZE. SIZE 
lf.l COEFF COEFF COEFF 

A 8.317 1.00 1.00 o.oo 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1o00 
F 8.317 1.00 o.oo 1.36 
c 8.116 1.00 o.o8 2.56 
G 5.12 1.00 0.04' 0.90 



CONVENTIQNAL TECHNOLOGY-SPECIFICATIONS continued 

Tf!CH II:> 5.119 
UF·J:>ATEI:> APR 7r 1979 11:11:33 AM 

I' LOCK I' LOCK SIZE SIZE 

ID COEFF COEFF COEFF 

A 9.319 1.00 2.14 o.oo 
F 9.319 1.00 o.oo 1.15 
H 9.11 1.00 1.00 1.00 
I 9.11 1.00 1.00 1.00 
9 9.116 1.00 0.37 2.95 
c 9.116. 1.00 0.14 1.49 
G 5.12 1.00 0.07 0.66. 

TECH It> 5.12 
UPDATED AI' I>. 7r 1979. 11:11:33 AM 

BLOCK B~DCK SIZE SIZE 

II:> COEFF COEFF COEFF 

A 8.32 1.00 o.oo 1.60 
9 9.116 1.00 o.oo 0.97 
c 9.116 1.00 o.oo 1.12 

" 9.11 1.00 .o.oo 1.00 
I 9.11 1.00 o.oo 1.00 

H G 5.12 1.00 o.:oo 1.00 
H 
I 

1.0 
1-' TECH II:> 5.13 

UF·J:>ATED AI'R 7r 1979 11:11:33 AM 

EtLOCK 9LOCK SIZE SIZE 

~D COEFF COEFF COEFF 

A 9.33 1.-oo 1'.63 9.15 
c 9.116' 1.-oo· 0.37 1.29 
9 9.116 1.00 1.00 5.00 
H 9.11 ·1.00 1.00 1.00 
I 9.11 1.00 1.00 1.00 
G 5.12 i.OO 0.24 1.20 

TECH II:> 5.14 
UPI-ATE[t AF·R 6r 1979 4:27:4 

9LOCK I'LOCK SIZE 

It• COEFF COEFF 
A 9.34 1.00 6.64 
c a. 116 '1.00 2.42 
D 9.14 1.00 1.00 
E 9' 14 1.00 1.00 
H 9.11 1.00 1.00 
I a. 11 LOO 1.00 
£o a. 116 1.00 4.70 
G 5.12 1.00_ 1.20 



TECtf II> 
UPDATE I) API': 

9LOCK 
II> 

A 8.11 
9 8.11 
c 8.11 
I) 8.11 
E 8.11 
H 8.11 
I 8.11 

TECH II> 
UF"DAl"ED API': 

9LOCK 
II> 

A 8.11 
·9 8.11 
c 8.11 
I) 8.11 
E 8.11. 
H 8.11 

H 
I 8.11 

H 
I 

1.0 TECH II• 

N UPDATED APR 
9LOCK 

II> 
A 8.11 
9 8.11 
c 8.11 
I) 8.11 
E 8.1 i 
H 8.11 
I 8.11 

TECH II> 
UPDATED APR 

9LOCK 
II> 

A 8.11 
9 8.11 
c 8.11 
I) 8.11 
E 8.11 
H 8.11 
I 8.11 

CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 

8.11 
4r 1978 3:11:11 PM 

9LOCK SIZE SIZE 
COEF"F" COEF"F" COEF"F" 

0.83 0.56 2.17 
0.83 0.62 1.86 
0.83 o.s8 2.05 
0.83 0.61 1.91 
0.83 0.63 1.85 
1.oo 1.00 1.oo 
1.oo 1.oo 1.oo 

8.112 
7r 1978 11l49l16 AM 

9LOCK SIZE , SIZE . 

COEF"I' COEF"F" COEF"F" 

0.83 0.31' 1.oo 
0,'83 0.39 1 ;·oo 
0.83 0.33 1.oo 
0.83 0.37 1.oo 
·o.83 0.39 1.oo 
1.00 ·1.00 1.oo 
1.oo 1.oo 1.oo 

8.21 
4r 1978 3l32l26 PM 

9LOCK SIZE SIZE 
COEFF COEF"F" COEF"F" 

0.48 0.57 2~08 
0.29 0.53 2.30 
0.50 0.64 1.90 
.0.04 o;59 1.98 
0.70 0.59 2.00 
1.oo 1.00 1.00 
1 ;oo 1 .oo 1.oo 

8.212 
7r 1978 11 l50l40 AM 

9LOCK SIZE SIZE 
COEF"I' COEFF COEF"F" 

0.48 0.33 1.00 
0.29 0.29 1.oo 
0.50 0.41 1.oo 
0.04 0.36 1.oo 
0.70 0.41 1.00 
1.oo 1.00 1.00 
1.oo 1.oo 1.oo 

I 



CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 



' TECH II) 
UPI)ATEI) APR 

!>LOCK 
II) 

A 8.32 
c 8.216 
H 8.11 

,I 8.11 
A 8.99 

" 8.99 
E 8.99 

TECH II) 
UPDATED APR 

!>LOCK 
II) 

A 8.33 
c 8.216 
H 8.11 
I 8.11 

TECH II) 
H UPt•ATED APR 
H 
I EILOCK 

1.0 I[• 

,j::. A 8.34 
c 8.24 
I 8.11 
H 8.11 

" 1. 14 

TECH ID 
UPDATED APR 

EtLOCK 

I[o 

A 8.11 

" 8.11 
c 8.11 
I) 8.11 
E 8.11 
H 8.11 
I 8.11 
c 5.71 

" 8.15 

CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 

8.22 
"6• 1978 3:34:20 PM 

!>LOCK SIZE SIZE 
COEFF COEFF COEFF 

1.oo o.oo 1.00 
1 •. oo o.oo 0.97 
1.00 1.oo 1.oo 
1.00 1.00 1.00 
1.00 1.50 o.oo 
1.00 1.65 o.oo 
1.oo 1. 70 o.oo 

8.23'. 
6· 1978 4l53l26 F·M 

!>LOCK SIZE SIZE 
COEFF COEFF COEFF 

1.00 1.31 6.55 
1.oo 1.oo 5.00 
1.00 1.oo 1.00 
1.00 i .oo 1.00 

8.24 
6. 1978 3!34!2 
~:tL0CK SIZE 
COI!FF COEFF 

1._00 1.16 
1.00 1.oo 
t.oo 1.00 
1.00 1.00 
f.oo o.1o 

8.25 
4, 1978 2:16!16 PM 

J:iiLOCK SIZE SIZE 
COI!FF · COEFF COEFF 

0.48 0.64 2.08 
0.30 Oo64 2.30 
0.50 0.64 1.80 
0.04 0.64 1. 98 
0.70 0.64 2.00 
0.90 1.00 1.00 
1.00 1.00 1.00 
2.50 0.23 1.00 
LOO 0.35 1.00 



CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 

'tECH ID 8.31 
UPDATED APR 4· 1978 3:1U11 PM 

F.cLOCK PLOCK SIZE SIZE 
It• COEFF COEFF COEFF 

A 8.11 0.46 0.57 2.10 
B B .11 0.29 0.53 2.30 
c 8.11 0;50 . 0.64 t.BO 
H 8.11 1.oo t.OO t.OO 
I 8.11 t.OO 1.00 1.00 
E 8.11 0.70 0.59 2.00 

TECH ID 8.312 
UPDAl"EII APR 7· 1978 11 :s1 :so AM 

BLOCK BLOCK SIZE SIZE 
III COEFF COEFF C'OEFF 

A a.11 0.46 0.32 1.00 

" 8.11 0.29 0.28 1.00 
E 8.11 0.70 0.41 1.00 
c a.u o.so 0.41 1.00 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

H 
H TECH III 8.314 
I UPt•ATED APR 6. 1978 3:54:5 

1.0 eLOCK BLOCK SIZE 

U1 II• COEFF COEFF 

A 8.314 1.00 1.00 
c 8.216 ·1.00 1.97 
H 8.11 1.00 1.00 
I a.11 1.00 1.00 

TECH ID 8.315 
UP[tATED APR 6, 1978 3:56:11 F·M 

BLOCK BLOCK SIZE SIZE 
III COEFF COEFF COEFF 

A 8.315 t.OO 1.00 1.00 
c 8.216 1.00 2.37 3.54 
H 8.11 1.00 1.00 1.00 
I B .11 1.00 1.00 1.00 

TECH III 8.316 
UF·IIATED APR 6. 1978 3:57:3 

BLOCK BLOCK SIZE 

II• COEFF COEFF 

A 8.316 1.00 1.00 
.c 8.216 1.00 1.00 

H Boll 1.00 1.00 
I 8.11 t.OO 1.00 



TECH ID 
UPDATED APP. 

BLOCK 
ID 

A 8.317 
c 8.216 
H 8.11 
I 8.11 
F 8.317 

TECH ID 
UF-DATEI> AF-1': 

!>LOCK 
II) 

A 8.319 
F 8.319 
c 8.216 
H 8.11 
I 8.11 

TECH I[o 
H UPDATE ['I AF-R 
H I> LOCK 
I II> 

1.0 A 8.32 0'\ c 8.216 
H 8.11 
I 8.11 
A 8.99 
D 8.99 

TECH I[o 
UPr.eATED AF-R 

!>LOCK 
·.II> 

A 8.33 
c 8.216 
H 8.11 
I 8.11 

TECH II> 
UF-DATED AF-1': 

9LOCIC 

ID 
A 8.34 
c 8.24 
H 8.11 
I 8.11 

CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 

8.317 
6. 1978 3:sa:so ,. ... 

!>LOCK SIZE SIZE 
COEF'F COEFF COEFF 

1.00 1.oo o.oo 
1.00 0.18 6.65 
1.00 1.00 1.00 
1.00 1.oo 1.00 
1.00 o.oo 1.00 

8.319 
6r 1978 4100138 ,. ... 

!>LOCK SIZE SIZE 
COEFF COEFF COEFF 

1.00 1.00 o.oo 
1.00 o.oo 1.00 

.1.oo · 0.35 3.53 
·1.00 1.oo 1.oo 
1.00 1.00 1.00 

8.32 
6r 1978 3150113 F-H 

!>LOCK SIZE SIZE 
COEFF COEFF COEFF 

1.00 o.oo 1.oo 
1.00 o.oo 0.97 
1.00 1.00 1.oo 
1.oo 1.00 1.00 
1.00 1.oo o.oo 
1.00 1.00 o.oo 

8.33 
6r 1978 3:51:58 F·H 

l4LOCK SIZE SIZE 
C'OEFF COEFF COEFF 

1.oo 1.00 4.97 
1.00 1.00 5.00 
1.00 1.oo 1.oo 
1.00 1.00 1.00 

8.34 
6r 1978 3:53:0 

£'!LOCK SIZE 
COEFF C'OEFF 

1.00 1.oo 
1.oo 1.00 
1.00 1.oo 
1.00 1.00 



TECH ID 
UPDATED MAR 

E<LOCM 
ID 

A 8.11 
E< 8.11 
c 8.11 
D 8.11 
E 8.11 
H 8,11 
r 8.11 

TECH IJ:t 
UPDATEJ:t APR 

BLOCM 

IJ:t 
A. 8,319 
F 8.319 
c 8.216 
H 8.11 
I 8.11 

H TECH ID 

H UPJ:tATElo MAR 

I E<LOCM 

1.0 ID 
-.J A 8.612 

H 8.11 
I 8.11 

CONVENTIONAL TECHNOLOGY SPECIFICATIONS 

CONTINUED 

8.41 
23, 1978 5:09:59 PM 

9LOCK SIZE SI'ZE 

.COEF'F COEFF COEFF 

o.83 0.56 2.17 
0.83 0.52 1.75 
0.83 0.30 1.10 
0.83 0.17 0.61 
0.83 0.52 1.70 
1.00 1.00 1.00 
1.00 1.00 1.oo 

8.519 
7r 1978 11:11:33 AM 

EtLOCK SIZE SIZE 
COEFF COEFF COEFF 

1.00 t.oo o.oo 
1.oo o.oo 1.oo 
1.oo 0.35 3.53 
t.oo 1.oo 1.oo 
1.oo 1.oo 1.00 

8.612 
17r 1978 9:55:24 PM 

E<LOCM SIZE SIZE 
COEFF I:"OEFF COEFF 

1.oo 0.30 1.00 
1.00 1.oo 1.oo 
1.oo 1.oo 1.oo 



H 
H 
I 

1.0 
00 

CONVENTIONAL BUILDING BLOCKS 

EtUILr•ING ·BLOCKS 

P~IHTED APR.7r 1978 7l17l02 PM 

xr·: A:.e.11 ·· 
NAME! SITE PREP 

LAST UPDATED MAR 12r ~978 6l30l33 PM 
SIZE OF UHIT COSTED OUT (HM9TU/HR)! ~20 

T~"PE S 
FRACTION OF COSTS FOR O+M! 0,03 
FREQUENCY AND COST DATA! 

0.500 541.000 
0.400 823.000 
0.100 1r761.000 
o.ooo o.ooo 

IDl A 8,3.14 
NAME• PRIMARY SYSTEM 

LAST
0

U~DjTED MAR 21i 1978 10l15r38'PM 
SIZE OF UNIT COSTED OUT (MMBTUfHR)l 40 
T"fF•E 5 

FRACTION OF COSTS FOR D+M! 
FREQUENCY AND COST DATA! 

0.300 
0.550 
0.150 
o.ooo 

lDl A 8,315 

500.000 
527.000 
703.000 

o.ooo 

0.1 

liAME! PRlM SYS GAS GLASS M~TG BATH 
LAST UPDATED MAR 21r 1978 10l11l12 PM 
SIZE OF' Ut-IIT COS'rEr• OUT (MMBTUfHJ;::)! 41,6 
T'fPE 5 

FRACTION OF COSTS FOR Di·M! 
FREOUEHCY AND COST DATA! 

0.300 
0.600 
0.100 
o.ooo 

IDl A 8,316 

630.000 
663.000 
884.000 

o.ooo 

.. 
0.1 

NAME! PRIMARY SYSTEM COHYEHTIOHAL GAS 

LAST UPDATED MAR 21r 1978 10l05l57 PM 
SIZE OF UHIT··COSTED OUT (MM9TU/HR)! 13,1 
TYPE 5 · 

F~ACTION OF COSTS FOR O+M! 0,1 
FREQUENCY AND COST DATA! 

0.300 211.000 
0.600 223.000 
0.100 297.000 
o.ooo o.ooo 



H 
H 
I 

1.0 
1.0 

CONVENTIONAL BUILDING BLOCKS continued 

H•: A 8.317 
I~AME: PRIMARY SYSTEM ~LAST FURH STIOVE 

LAST UF·[;ATED MAR 21. 1978 10:03:43 I>M 
SIZE OF UNIT COSTED OUT (MMeTU/HR): 1.6 
TYF·E S 

FRACTION OF COSTS FOR O+M! 0.1 
FREQUENCY AH~ COST DATA: 

0.400 
o.soo 
0.100 
o.ooo 

ID: A 8,319 

24.000 
25.000 
33.000 
o.ooo 

NAME! PRIMARY $)'STEM (SMALL SIZE CLASS) 

LAST UI>DATED MAR 21• 1978 10:02:01 I>M 
SIZE OF UHJT COSTED OUT (MMeTUfHR}: 3 
T'fPE 5 

FRACTIO~I OF COSTS FOR O+M! 0.1 
FP::EQUENC''f AND 

0.400 
0.400 
0.200 
o.ooo 

COST f.tATA! 

50.000 
71.000 

114.000 
o.ooo 

ID: A 8.32 . 
HAME! DI~ECT GAS PRIMARY SYSTEM 
LAST UI>DATED MAR 21• 1978 10:19:11 I>M· 
SIZE OF UNIT COSTED OUT (MMSTU/HR): 50 
TYPE S 
FRACTION OF COSTS FOR O+M: 0.1 
FREQUENCY AND COST DATA: 

0.300 
o.soo 
0.200 
o.ooo 

If.•: A 8.33 

695.000 
772.000 
849.000 

o.ooo 

NAME:· HEW DIRECT GAS 
LAST UPDATEO MAR 21r 1978 10:20!5~ PM 
SIZE OF UNIT COSTED OUT (MMBl"UfHR)! 10 
T'T'PE 5 

FRACTION OF COSTS FOR O+M! Q,l 
FREOUEI·IC''f AHD 

o.30J 
o .... oo 
0.200 
o.ooo 

COSl' [IA'U~! 

167.000 
238.000 
381.000 

o.ooo 



H 
H 
I 
~ 
0 
0 

CONVENTIONAL BUILDING BLOCKS continued 

11': A 9,34 
NAME: PRIM SYS ATM DIST AND CAT REF 

LAST UPDATED MAR 21r 1978 10129149 PM 
SIZE OF UH%T COSTED OUT (HHDTU/HR): 250 
TYPE S 

FRACTION OF COSTS FOR O+MI 0,1 
FFO:EAUENC"( AND 

0.300 
0.600 
0.100 
6.000 

COST DATA:· 

1·r865,000 
1r963,000 
2r617,000 

o.ooo 

IDI A 8o612 
HAME: ELEC SP HT 
LAST UPDATED MAR 25r 1978 5141110 PM 
SIZE OF UNIT COSTED OUT (MMeTU/HR)I 100 
T't"PE S 

FRACTION OF COSTS FOP. O+MI 0,02 
F~EOUENCY AND COST DATA: 

0.500 1r500.000 
04400 1r650.000 
0.100 2rOOO.OOO 
o.ooo o.ooo 

ID: A 8.99 
NAME: SITE PREP 

LAST UPDATED MAR 17r 1978 10122127 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HR)I 10 
TYPE 5 
FRACTION OF COSTS FOP. 'O+MI 0,01 
FREOUENCY AND COST DATA! 

0.300 5.000 
0.600 20.000 
0.100 60.000 
o.ooo o.ooo 

ID: e 1,14 
NAME! PARTICULATE COHTFO:OL 
LAST UPDATED MAR 17r 1978 9101:05 PM 
SIZE OF UHXT COSTED OUT (MMeTU/HP.): 250 
TYPE S 
FRACTION OF COSTS FOR O+M! 0,1 
FREOUENCY AND COST DA~Al 

1.000 1r220.000 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 



H 
H 
I 

f-' 
0 
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CONVENTIONAL BUILDING BLOCKS continued 

II•I l> 8.11 
NAME! ~OILER EQUIPMENT (GEHE~AL) 

L~ST U~~ATED M~R 12• 1978 6154153 ~M 
SIZE OF UNIT COSTE~ OUT (MMl>TU/HR)I 120 
T'I'"F'E S 

FRACTION OF COSTS FOR O+MI 0,1~5 

FREQUENCY AND COST DATA! 

0.350 
0.550 
0.100 
o.ooo 

IIJI l> 8,116 

1r500.000 
2r100.000 
2·520.000 

o.ooo 

NAHEI ~ARTICU[ATE CONTROLS 
LAST U~~ATE~ MAR 14r 1978 3109118 ~M 

. SIZE OF UNIT COSTEO OUT. (MMl>TU/HR)I 13,1 

FRACTION OF COSTS FO~ O+M! 0.03 
FREQUEH~Y AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

I~l l> 8,15 

184.000 
o.ooo 
o.ooo 
o.ooo 

NAME! EQUIPMENT TUReiHE 
LAST U~~ATE~ MAR 22, 1978 1125155 ~M 
SIZE OF UNIT COSTE~ OUT (MMl>TU/HR)I" 
y·,-f·E 5 

FRACTION OF COSTS FOR O+MI 0,05 
FREQUENCY AND COST DATAl 

1.000 5.533.500 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

I[•: .E4 8. 99 
NAME! EOU~P COST 

100 

LAST U~DATED MAR 17• 1978 10123108 ~M 
SIZE OF UNIT COSTEIJ OUT (MMl>TU/HR)I 10 
T'w.PE S 

FRACTION OF CO~TS FOR O+M! 0,08 
FREQUENCY AND COST DATA! 

0.200 36.000 
0.500 47.000 
0.300 58.000 
o.ooo o.ooo 



H 
H 
I 
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CONVENTIONAL BUILDING BLOCKS continued 

XD! C 5.71 
NAME! DEMAI·ID CHA~GE 
LAST UPDATED APR 7r 1978 3!53!57 PM 
SIZE OF UNIT COSTED OUT (MM~TUfHR)! 250 
T'f'PE L 

-FRACTI011 OF COSTS FOR O+M! 0 
FREQUENCY AND ~OST DATA! 

0.030 1.500 
0.940 
0.030 
o.ooo 

I[O: c 8.11 

3.58o .. 
5.670 
o.ooo 

NAME! FUEL HANDLING 

LAST UPDATED MAR 13r 1978 3!43!03 PM 
SIZE OF UNIT COSTED OUT (MMPTU/HR)! 120 
T'f"PE S 

FRACTION OF COSTS FOR O+M! 0.12 
FREGUENCY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

xr•: c 8.116 

467.000 
o.ooo 
o.ooo 
o.ooo 

NAME! FL H6LG INC PLVRD AND IHV 

LAST UPDATED APR 6r 1978 2!40!21 PM 
SIZE OF UNIT COSTED OUT (MMDTUJHR)! rJ.l 
T'r"PE 5 

FRACT%011 OF COSTS FOR O+M! 0.12 
FREQUENC'f ANI:! 

0.400 
0.300~' 

0.300 
o.ooo 

IIq C 8.216 

COST DATA! 

480.000 
660.000 

1r010.000 
o.ooo 

NAME! FUEL HANDLING (OIL) 

LAST UPDATED MAR 18r 1978 6!15!06 PM 
SIZE OF UNIT COSTED OUT (MMeTli/.~R)! 13,1 
TYPE S 
FRACTION OF COSTS ~OR O+M! 0,05 
FREQUENCY AND COST DATA! 

0.500 
0.500 
o.ooo 
o.ooo 

77.000 
92.000 
o.ooo 
o.ooo 



H 
H 
I 
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CONVENTIONAL BUILDING BLOCKS continued 

xo:_ c 8.24 
·HAME! FUEL HAHDLIHG OIL 

LAST UPDATED MAR 14r 1978 3:42:42 PM 
SIZE OF UHIT COSTED OUT (MM8TUfHR)t 25~ 

F~ACTipH OF COSTS FOR O+M! 0.06 
FREQUENCY AHD COST DATAt 

0.500 
o.soo 
o.ooo 
o.ooo 

ID: D 8,11 

469.000 
563.000 

o.ooo 
o.ooo 

HAMEt EHVIRONMEHTAL CONTROL $)"STEM 
LAST UPDATED MAR 12r 1978. 6:57:38 PM 
SIZE OF UNIT COSTED OUT (MMeTU/HR): 120 
T'I"PE S 

FRACTION OF COSTS FOR O+Mt Q,l 
FREOUEHCY AND COST ·DATAt 

1.000 2r34o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

ID: D 8,116 
NAME! 502 CONTROL AND WASTE HQHDLIHG 

LAST UPDATED MAR 14r 1978 3:12:39 PM 
SIZE OF U~IT COSTED OUT (MMBTU/HR): 13,1 
T"r'P'E 5 

FRACTION OF C~STS FOR O+M! 0,1 
FREQUENCY AND COST DATAt 

1.000 
o.ooo 
o.ooo 
o.ooo-

ID: D 8,14 

1r090.000 
o.ooo 
o.ooo 
o.ooo 

HAMEt SULFUR CONTROL aND FUEL HDLG 
LAST UPDATED MAR 14r 1978 3L46:55 PM 
STZE OF UrfiT COSTED ~UT (MMeTUfHR)! 250 
T'w"F·E S 

FRACTIOif OF COSTS FOR O+M! Q,l 
FREOUEHCY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

3r709.000 
o.ooo 
o.ooo 
o.ooo 



H 
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CONVENTIONAL BUILDING BLOCKS continued 

ID: E 8,11 
HAME! FEEDWATER SYSTEM AHO UTILITIES 
LAST UPDATED MA~ 12r 1978 7!~1!07 PM 
SIZE OF UHIT COST~D OUT (MHBTU/HR)! 120 
T>"F·E S 

FRACTION OF COSTS FOR O+M: 0,07 
F~EQUEHCY AND COST DATA! 

0.200 
0.500 
0.300 
o.ooo 

210.000 
260.000 
660.000 

o.ooo 

ID: E 8,14 
NAME! UTILITIES 

LAST UPDATED MAR 17r 1978 4:05:11 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HR)! 250 
TYPE S 
FRACTION OF COSTS FOR O+MI 0,06 
FREOUENC't' AHD 

0.500 
0.400 
0.100 
o.ooo 

ID! E 9,99 

COST I"ATA! 

2r321,000 
2r785,000 
3r100,000 

o.ooo 

.NAME! UTILITIES 

LAST UPDATED MAR 17r 1978 10:23141 PM 
SIZE OF UNIT COSTED OUT (MM&TU/HR)I 10 
TYF·E S 

FRACTION OF COSTS FOR O+M! 0,05 
FREGUENc-.· AND 

1.000 
o.ooo 
o.ooo 
o.ooo 

IDI F 8,317 

COST DATA! 

2.000 
o.ooo 
o.ooo 
o.ooo 

NAME! PRIM SYS BLST FURH HTRCAR JN~ 

LAST UPDATED MAR 22r 1979 7!50!20 PM 
SIZE" OF UNIT COSTED OUT (MM&TU/HR)I 133 
TYPE S 
FRACTION OF COSTS FOR O+M! 0,1 
FREOUENC'f AND 

0.400 
0.500 
0.100 
o.ooo 

COST DATA! 

2r015.000 
2.121.000 
2r828.000 

o.ooo 



H 
H 
I 

I-' 
0 
lJ1 

CONVENTIONAL BUILDING BLOCKS continued 

%[': F .8.319 
HAME! PRIM SYS LA~GE SIZE 

LAST UPl'ATE~ MAR 22r 1978 7:49:25 PM 
S%ZE. OF UH%T COSTE[' OUT (MM9TU/HR): 60 
TYPE S 

F~ACTXOH OF COSTS FOR O+M! 0.1 
FREQUENCY AND COST DATA! 

0.400 1rOOO.OOO 
0.400 
0.200 
o.ooo 

%[': G 5,12 

1r250.000 
1;750.000 

o.ooo 

NAME! PULVERIZER FOR DIRECT COAL 
LAST UPl'ATEl' APR 6r 1978 2:52:10 PM 
SIZE OF UH%T COSTE[' OUT (MMSTU/HR): 50 
TYPE 5 

FRACTION OF COSTS FOR O+M! 0.05 
FREQUENCY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

%D: H 8,11 

486.000 
o.ooo 
o.ooo 
o.ooo 

NAME! INDIRECT CAPITAL C~STS (EHGIH, COI~TIH) 

LAST UPl'ATED MAR 12r 1978 . 7:08:23 PM 
SIZE OF U~IIT COSTED OUT (MMSTU/HR)! 0 
T'r"PE M 

FRACTION OF COSTS FOR O+M! 0 
FREQUENCY AHD COST.DATA! 

0.550 
0.350 
0.100 
o.ooo 

%D: % 8,11 

1.300 
1.400 
1.500 
1.650 

NAME! CONSTRUCTION INDICES 

LAST UPDATED MAR 12r 1978 7:09:36 PM 
SIZE OF UNIT COSTED OUT ·(MMBTU/HR)! 0 
TYPE M 
FRACTIOI~ OF COSTS FOR O+M! 0 
FREQUEI~CY AND COST DATA! 

0.400 
0.400 
0.200 
o.ooo 

PROGRAM E~·{ITEf.l 

0.870 
0.970 
1.070 
1.250 



\ CHAPTER III 

FOSSIL ENERGY TECHNOLOGIES 

A. Introduction 

Three main classes of technologies are included in this 

section, atmospheric fluidized bed combustion technologies, 

low Btu gasification and medium Btu gasification technologies. 

To achieve an understanding of the estimation procedures used 

to derive the cost distribution for these technologies Volume 

I, chapter II, the first two sections of this appendix along 

with the discussion of technology 8.11 conventional coal steam 

should all be read. 

The format for this section is to discuss each fossil 

energy technology and its application in all service sectors 

at one time. This differs from the previous section where 

the technologies were discussed by service sector. Since 

all three of the fossil energy technologies in ISTUM are 

coal based technologies, some cost estimates are made by 

looking at the expected cost differential between the fossil 

energy technology and the better known costs for conventional 

coal. A familiarity with the procedures used to estimate 

the costs for conventional coal steam ID8.ll is necessary to 

the understanding of the fossil energy technology documentation . 

• 
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B. Technology 1.1 - Atmosphe·ric Fluidized Bed Combustion (AFB). 

Atmospheric fluidized bed combustion competes in three ser­

vice sectors, steam, space heat and coal capable indirect 

heat. In the steam and space heat service sectors the cost 

components that define AFB are very similar to the con­

ventional coal cost components. As was the case with con­

ventional coal steam, costs for a 120 MMBtu/hr unit and a 250 

MMBtu/hr unit were estimated directly. To obtain a cost esti­

mate of a 50 MMBtu/hr unit an exponential scaler was calculated 

from the cost information available on the 120 MMBtu/hr and 

250 r1M.Btu/hr. This was used to scale the 120 MMBtu/hr costs 

down· to 50 11MBtu/hr. This is the same procedure used in 

conventional coal steam ID 8.11. 

Since the AF~ boiler is a coal based technology it was 

assigned a maximum fraction of .70. This reflects the fact 

that the nonattainment regulations will preclude the use of 

coal in certain areas and that some industrial plants in urban 

areas will not have land available to allow for coal handling 

equipment. 

1. Technology 1.11 - Atmospheric Fluidized Bed Combustion 

in The Steam Service Sector. 

DISCUSSION OF BUILDING BLOCKS 

a) Building Block A8.11 - Site Preparation 

and Power House 

This component is similar to the site preparation and 

power house component for coal boilers. An AFB boiler is 

slightly smaller than a coal boiler and since no scrubber is 

required the overall. land area required is less. This results in 

• 

III-2 



lower site preparation and power house costs. The calculated 

costs are: 

AFB Site Preparation and Power House Costs (100 MMBtu/hr) 

low cost 404 

medium cost 437 

high cost 525 

The three cost cases are defined the same as in the conventional 

coal steam technology. 

Incorporating the site related factors that occur in 

other building blocks in the same manner as was done for building 

block A8.11 in conventional coal results in final site 

preparation and power house costs of: 

AFB SITE PREPARAXION AND POWER HOUSE COSTS 
i 

Unit size is 100 MMBtu/hr steam 

(costs in thousands of·l977 $'s) 

frequency capital cost O&M 

low cost • 5 404 12 

me.dium cost . 4 650 20 

high cost .1 1450 43 

b) Building Block Bl.ll - AFB Boiler Equipment 

This building block represents the costs of the actual 

AFB boiler including a carbon burn up cell and the coal­

limestone feeding system. At this time there is no proven 

coal feed system for AFB boilers larger than 100 MMBtu/hr 

Favorable assumptions concerning the cost and design of the 

coal feed system are incorporated in these estimates. 
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The primary source for the AFB equipment estimates was 

an Atmospheric Fluidized Bed Cost Studyl/ prepared by EEA. 

For this study·three European.companies who currently design 

and/or build fluidized bed combustion units were contacted 

and asked to prepare capital cost and operation and maintenance 

cost estimates for various sized AFB units. These cost 

estimates were supplemented by EEA's engineering experience 
' and other available studies. 

The ISTUM AFB boiler equipment estimates for a 100 

MMBtu/hr unit are: 

low cost case 

medium cost case 

high cost case 

$2,800,000 

$3,100,000 

$3,640,000 

The low cost case represents a single bed AFB unit. The 

medium cost case requires a multiple bed unit designed to meet 

increased turndown requirements. The high cost case reflects 

the installation of two 50 percent capa~ity AFB units to 

provide increased reliability2/. If one AFB unit is shut 

down the plant can still operate at fifty percent capacity. 

c. Building Block C8.ll - Fuel Handling 

Since the efficiency of AFB is assumed to be .82, the 

same as conventional coal steam, the coal handling costs that were 

applicable to technology 8.11, conventional coal steam are also 

applicable here. In addition to coal, an AFB boiler requires 

substantial amounts of limestone, usually three to four times 

the amount required by a flue gas scrubber. The handling 

1/ 

2/ 

11 Atmospheric Fluidized Bed/Cost Study .. , prepared for the Office 
of Policy and Evaluation, DOE; by Energy and Environmental 
Analysis, Inc., June 5, 1978. 

This is discussed more completely technology 8.11 conven­
tional coal steam, building block B8.ll. 
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1/ 

costs of the limestone are added onto the coal handling costs. 

Th.i~ .im;n:!d~es the fuel handling costs by approximately JO 

percent. This subs~ntial cost increase resul t-5 from having 

to store the lim~stone in a bin or silo to keep 1it dry. 

J I l 

The amount of limestone that is required to be stored 

depends upon the sulfur content of the co~l and the so2 ab­

sorption _characteristics of the limestone. For a coal with 

four percent sulfur content a limestone to coal ratio of ap-

proximately 1:3 by weight will be required to meet a 80 

perce-nt so2 removal standard. If dolomite is used in· the 

place of limestone, the required coal-sorbent ratio may double. 

Since limestone is much denser than coal, it weighs 

approximately 90 lbs/£t3- compared to 50 lbs/ft~ fo~ coal, a 

proportionately smaller silo or bin is required. A precast 
't.r 

concrete silo capable of holding 1200 tons of limestone 

is estimate·d· by Richardsonl/ at $60,0_00. The additional 

cost of foundation and weather protection is assumed to be 

$20,000. The cost of accUmulating a thirty day stockpile 

assuming 40 tons of limestone is required per day for a 

120 MMBtu/hr unit at a cost of' $17.50 per ton of limestone is 

$21,000. The cost of unloading £acilities, and screw or 

pneumatic reclaim equipment is estimated to add $40,000 to 

the total costs. l'. 

Limestone Handling Costs 
• 

Silo $~0,000 

Stockpile $21,000 

Unloading and reclaim equipment $40,000 

TOTAL $141,008 

,• . 
The low cost case for limestone is then $141,000. The 

medium cost case is 10 percent higher and results from undesirable 

Richardson, op. cit. •''' 
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site factors. The high cost case is roughly double the best 

case and results from·either severe site constraints such as 

a shortage of land or the use of a limestone with poor so2 
absorbancy which results in a higher limestone-coal ratio. 

low cost 

medium cost 

high cost 

COAL AND LIMESTONE HANDLING COSTS 

(120 ~~tu/hr Unit) 

Limestone .coal 

!$eg:uency Capital Costs Capital Costs 

.4 141,000 467,000 

• 3 155,000 547,000 

• 3 280,000 897,000 

TOTAL 

Costs 

608,000 

702,000 

1,177,00 

Operating and maintenance costs were calculated to be 

12 percent of capital costs. The size scalers were determined 

in the same manner as the conventional coal scalers. See 

technology 8.11 writeup. 

d) Building Block D8.11 - Environmental and 

Waste Removal Costs 

The AFB unit removes the so2 during the combustion of the 

coal so there is no scrubber required. This building block 

reflects only the costs of a fabric filter and solid waste 

removal. The amount of solid waste produced by an AFB unit, 

ash a~d spent sorbent, is approximately the same as the amount 

produced by. the same size coal boiler with scrubber. The 

costs in this building block are the same as those for the 

conventional coal, only the costs of the scrubber have been 

subtracted out. 

e) Building Block E8 .11 - Feedwater Tre.atment 

and Auxiliaries 

This building block includes the cost of feedwater treat­

ment, electrical switches and general electrical equipment. 
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The feed water tre.atment, is identical to that required for 

conventional coal steam, but .the electrical equipment will be 

a more expensive due to the electricity demands of the bed 

start-up equipment. In general the costs were found to .be 

8 percent more expensive than for conventional coal steam. 

f) Building Blocks H8.11 and I8.11 - Indirect 

Capital Costs and Regional Indices 

These building blocks are identical to those specified 

for conventional coal technology 8.11. 

2. Teehnology 1.112-Atmospheric Fluidized Bed Combustion in· 

the Space Heat Service Sector 

The costs calculated for AFB in the steam service 

sector are used to estimate the costs for AFB in the space 

heat service sector. l/ To adjust for the different sized units, 

25 MMBtu/hr and 100 MMBtu/hr, the exponential scalers cal­

culated from AFB in the steam service sector are used to deter­

mine the costs of the 25 MMBtu/hr size relevant here. 

1/ See the discussion in Chapter II concerning conventional 
space heat technology costs where the cost sensitivity to 
different pressure and temperature requirements is di:::c_u:::sed. 
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3. Technology 1.14-Atmospheric Fluidized Bed Combustion 

in the Indirect Heat Service Sector 

The_ costs for the use of coal in an atmospheric fluidized 

bed tubestill heater or furnace were estimated by determining 

the differential costs between a fluidized bed unit and a 

conventional coal fired indirect heat unit (teqhnology 

5.14). In the low cost case an AFB unit would be 10 percent 

to 15 percent cheaper than a conventional coal capable tubestill 

heater. This is due to the higher heat transfer rat~s and 

the resulting smaller furnace volume. In addition the fluidized 

bed should produce a more even heat than a conventional coal 

unit. However the medium and high cost cases for AFB indirect 

heat is estimated to be higher than those for_conventional coal 

use. An atmospheric fluidized bed unit can operate effi­

ciently only at temperatures between 1500 °F and 1700 °F. 

At temperatures outside of this range the so2 removal requires 

a much higher sorbent to coal ratios. This can greatly in­

crease operating costs. In addition,the higher heat transfer 

rates may require a higher velocity for the fluid passing 

through the heater. This also tends to increase capital costs. 
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c. Technology 1. 2 - Low Btu Gasification of Coal (LBG) 

The general approach used to incorporate LBG into 

the I8TUM model was to set up a separate set of building blocks 

that specified the costs of producing the gas. ~his set of 

building blocks was ~caled up or down de~ending upon 

the size requirements of the particular service sector. These 

LBG base production costs were then combined with the costs of. 

the natural gas combustor for each service sector. This assumes 

that the costs of a combustor capable of burning natural gas 

is a good estimate of the costs of a combustor capable of 

bur~ing low Btu gas. 1/ 

A discussion of the choice of gas clean up systems for 

each service sector application is presented in Volume I, 

pp. II-28 to II-31. In general the gas cleanup system chosen 

represents the most favorable system economically for that 

service sector. In some cases where 802 removal was required 

it was found to be cost effective to burn the hot raw gas 

·and clean the resulting flue gas. Like the other coal 

based technologies, the maximum fraction for LBG was assumed 

to be .70 due to the non-attainment regulations and sites where 

no land is available for coal handling. There is one excep­

tion to this .70 maximum fraction assumption and that is in 

the steam sector where it is assumed that the hot raw gas is 

combusted in the boiler directly and the 802 is removed by 

scrubbing the flue gas. Industries that place a premium 

on reliability may be unwilling to burn the hot raw gas 

directly. 2/ To compensate, the maximum fraction in the steam 

sector is specified as .50. 

1/ 

2/ 

Even though the costs of a natural gas boiler can not be retro­
fit to combust LBG, the costs of a new combustor designed to 
burn LBG should"be very similar to th~ cdsts of a new natural 
gas cL.nttbustor. 

See the discussion in Volume I, p. II-30. 
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1. LBG Production Costs 

Costs were de.rived for two LBG system sizes, 100 fifi-1Btu/hr 

and 250 MMBtu/hr of gas produced. The building block struc­

ture of LBG relates closely to that of tedhnology 8.11 con­

ventional coal. Hany of the costs generated for technology 

8.11 served as bench marks for the estimated LBG co~ts. 

a. Building Block Al.22 - Site Preparation 

and Power House Costs 

For a 100 ~~Btu/hr system the amount of land required is 

estimated to be slightly under one acre. The costs of grading, 

clearing and dirt fill were calculated by the same methods 

used for building block A8.11 in conventional coal. The power 

house required for th,e LBG system1/ is approximately the same 

size as that required for a .coal boiler. ·The resulting site 

preparation and power house costs for the LBG system are very 

·close to the costs calculated for the coal boiler. Since 

this. building block is for a 100 MMBtu/hr unit where the coal ' 

boiler building block was sized at 120 MMBtu/hr, the LBG 

costs are slightly less. Another difference between the two 

building blocks is that site factors from other blocks were 

not incorporated into the LBG site preparation.costs. 2/ 

The final cost estimates for the· two LBG sizes are: 

Al.22 Site Preparation and Power House 

100 I"lMBtu/hr 250 MMBtu/hr 
freq. capital cost capital cost 

low cost .4 463,000 787' 000 

medium cost .4 476,000 809,000 

high cost .2 540,000 910,000 

1/ 
2/ 

Includes the gas cleanup system. 

See the discussion of building block A8.11 for conventional 
coal steam IO 8.11. 
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The low medium and high cost cases are defined in the 

oamc· as· they were for conventional steam. The costs for the 

100 MMBtu/hr unit went into building block Al.22 and the costs 

for the 250 MMBtu/hr unit were used to calculate the exponential 

scaler used to adjust the .building block costs to other sizes. 

The exponential scaler is determined by first calculating 

the. size coefficient required to scale the 100 MMBtu/hr 

costs up to the 250 MMBtu/hr size. This size coefficient is 

found by: 

- .4 (~~~) 1
+ .4 (:~~) + .2(~!~) = 1.69 

The exponential scaler is found bye 

., (100) 
250 .. ~ .. 

X = 1.0 
1. 69 

exponentia~ scaler x = .573 

This scaler is used to'scale the site preparation and 

and power house costs up or down to'the'sizes required by each 

service sector. 

b. Building Block Bl. 22 - LBG Equ_ipment 

The-costs of the actual gasifier were obtained from three 

sources. 1 ' 2 ' 3/ The gasifier is assumed to be of the "fixed bed" 

1/ 

2/ 

3/ 

Market Potential for Low and ~-1e¢iium Btu Gas, prepared for 
the Executive Office of the President, Energy Policy and 
Planning by Energy· and Environmental Analysis Inc., Oct. 27, 1977. 

Fixed Bed Coal Gasification for Production of Industrial Fired 
Gas, DOE report FE-2220-26 by Energy Research Division, Gilbert 
Associates, Oct. 1977. · 

Production and Use of Low and Medium Btu Gas, by Energy Research 
Division, Gilbert Associates, presented at the 5th Energy 
Technology Conference - March 1, 1978. 
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type where a cylindrical steel shell, either water jacketed 

or refractory lined, contains a coal bed up through which air 

and steam is passed inducing· the chemical reaction. This 

technology has been availablP. for over a decade and is the one 

most seriously considered for industrial applications due 

to small sizes available, high reliability and simplicity of 

operation. 

The Gilbert Associates paper quoted gasifier costs from 

five different suppliers. A very wide range of costs,·· 

from $350,000 to $1,500,000 for a 100 MMBtu/hr unit, was 

found. These costs include the gasifier~ cyclones and g~s mani­

fold. The cost variability results from different design 

characteristics and the amount of process by-products produced. 

Some quotes represented a state of the~art~ higher quality 

gasifier. Our cost estimates are designed to allow the 

most favorable gasifier, economically, to compete for at 

least a portion of the market. The capital· cost distribution 

used in ISTUM is: 

LBG Equipment Costs 

(thousands of 1977 $'s) 

100 MMBtu/hr 250 MMBtu/hr 
freq. capital cost capital cost 

low cost . 3 350 788 

medium cost . 5 930 2,093 

high cost .2 1,312 2,952 

The high end of the distribution repre~ents the higher quality, 

more reliable gasifiers. No attempt was made to try to account 

for saleable or useable by-products of the gasification-process. 
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The exponential scaler for this building block is found 

by the same procedure used in building block Al.22. The 

calculations are: 

250 HMBtu/hr size coeff. 
788 

= . 3 35'0 
2098 

+ · 5 930 
2952 

+ .2 1.312 + 2.25 

The exponential scaler is then: 

250 X 

100 = 
2'. 25 
1. 00 

X = .88 

· Operating and maintenance costs are estimated to be 

ten percent of capital costs. 

c. Building Block Cl.22 -Coal Handling Equipment 

The costs in this building block are taken from the costs 

calculated for technology 8.11, conventional coal steam. Adjust-. . 
ments are made for the different efficiencies and sizes. They 

reflect the costs of coal handling equipment required for the pro­

duction of 100 ~wrntu/hr of dirty gas with a gasifier efficiency 

of .90. The calculated coal handling costs are: 

low cost 

Cl.22 LBG Coal Handling Costs 

(thousands of 1977 $'s) 
' 

100 MMBtu/hr 
freq. capital cost 

.3 332 

medium cost .4 515 

high cost • 3. 706 

250 MMBtu/hr 
capital cost 

690 

1,035 

1,445 

Calculation of the exponential scaler results in a 

scaler of .78. Operation and maintenance costs are estimated 

as 12 percent of equipment costs. 
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d. Building Block Dl.22 - Ga,s Cleanup and Environmental 

Costs 

The· costs in this building block result from the removal 

of all tars, oils and sulfur from the· raw gas. A water wash 

and electrostatic precipitator is used to condense and remove 

the tars and oils. The gas is chemically washed to remove 

the hydrogen cyanide and then a Stretford system is used to 

remove the sulfur. This cleaning process has an efficiency-of 

82 percent. 

The costs for gas cleanup were obtained from Gilbert 

Associates1/. The vendor quotations for gas cleanup equipment 

were all very close. Tar and oil removal costs are estimated · 

at $747,000. The chemical wash and Stretford unit at $1,375,000. 

The major source of cost variability is the result of site 

related factors. 

low cost 

medium cos.t 

high cost 

Dl.22 Gas Cleanup Costs 

(thousands of 1977 $'s) 

100 MMBtu/hr 
capital cost 

2122 

2375. 

2710 

250 MMBtu/hr 
capital cost 

3820 

4275 

4878 

The exponential scaler for this building block is cal­

culated in the same manner as the previous building blocks 

and is .64. 

e. Building Block El.22 - LBG Auxiliary Equipment 

A low Btu gasifier has sub~tantial electricity require­

ments both for the coal handling equipment and the gasifier 
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-
itself. Water piping and a steam system for start up is also 

required. 

The cost for all auxiliaries is estimated at $141,0001/. 

Cost variability is the result of site differences and dif­

fering equipment design. 

low cost 

medium cost 

high cost 

E-1. 22 LBG Auxiliary Equipment 

(thousands of 1977 $'s) 

100 MMBtu/hr 250 MMBtu/hr 
capital cost capital cost 

141 445 

154. 486 

179 563 

The calculated exponential scaler for this building block 

is .64 . The operating and maintenance costs are estimated at 

10 percent of equipment_ costs. 

f. LBG Indirect Capital Costs and Regional Indices 

The indirect capital cost building block H8.11 and the 

regional indices building block I8.11 are the same as those 

used in technology 8.11, conventional coal steam. 

I 
2. LBG Combustion and Service Sector Applications 

To incorporate the LBG technology into each service sector 

the following procedure was used. First, the gasifier was 

sized to meet the Btu input requirement of the natural gas 

technology in each service sector. For example, technology 

8.316 is natural gas in the brick firing service sector. It has 

one size, 13.1 MMBtu/hr, and an efficiency of .31. The required 

Btu fuel input is 42 MMBtu/hr. The LBG production building 
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blocks Al. 22 through El. 22 are then scaled to this. 4 2 .MMBtu/hr 

size using the exponential scalers calculated for each building 

block. The size coe.fficient on Bl.22 would be: 

(~\88 = 
106) · 47 

where .88 is the exponential scaler calculated for building 

block Bl.22. Once the LBG production building blocks are 

scaled appropriately, the.natural gas building blocks are 

added to the technology specification to incorporate the 

costs of combusting the gas. This procedure was repeated 

for every service. sector. 

., 

For some service sectors different assumptions were made_ 

concerning the required gas clean up. To adjust these costs 

the gas cleanup building block was left out of applications 

where the hot, raw gas could be consumed directly, and was 

adjusted in those applications that required only_tar and 

oil removal. 

I 
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D. Technology 1.3 -Medium Btu Gasification (MBG) 

The medium Btu gasification technologies in the ISTUM 

model all assume an industrial park scenario where a large 

MBG plant serves a number of industrial users. On site produc­

tion of MBG was considered, but an examination of potential 

industrial users showed that few, if any, woul9 build new 

grass roots plants or plant expansions at a size able to 

support on site production of MBG.l/ However, on site produc­

tion may occur through retr9fit applications. The combustion 

properties of MBG allow for it to be burned in conventional 
I 

natural gas boilers with only slight equipment modification. If 

the economics favor a switch from natural gas and oil to coal 

fired systems, then it may be cheaper for a plant.to retrofit 

their existing equipment to combust medium Btu gas than to 

replace it w~th direct coal capable or low Btu gas capable 

combustors. The present version of ISTUM does not deal with 

retrofit applications. This results in considerably under­

stating the potential market for medium Btu gas production. 

The incorporation of medium Btu gasification into each 

service sector, follows the same procedure used for low Btu ·gasi-
, 

fication . A set of building blocks that specify the costs 

of producing the gas are calculated. To incorporate the costs 

of the MBG combustor, the blocks used to specify the costs 

of the natural gas technology for each service sector are 

combined with the set of blocks specifying the production 

costs. This gives a distribution incorporating the costs of 

producing and combusting the medium Btu gas. 

1/ This is discussed in Volume 1, Chapter II p. II-31 to 
II-35. 

III-17 



Since retrofit applications are excluded, the most economic 

application of medium Btu gas production· is in an industrial 

park comprised of a number of industrial users. To determine 

the dimensions of variability costs were calculated for three 

different sizes of MBG plants each with a different distribution 

system. The three sizes· of I1BG plants were 50 MMMBtu/day, 100 

MMMBtu/day and 250 MMMBtu/day. A paper by Gilbert Associates1/ pro­

vided much of the cost information used in this analysis. 

Gilbert provides a cost breakdown for MBG plants sized at 100 

MMMBtu/day and 150 MMMBtu/day. To obtain costs for the '50 

MMMBtu/day and 250 MMMBtu/day plant a linear extrapolati~n through 

the 100 and 250 ~mMBtu/day sized plants was used for each building 

block. The 50 MMBtu/day plant proved not to be econqmically 
.. 

competitive and was dropped in the final base case run. 

Once costs were obtained for the MBG plant and distri-

bution system, costs were allocated to individual industrial users 

based on the proportion of total gas output they consumed. 

For example, if the MBG plant produces 100 ~1MBtu/day and an 

industrial user consumes 10 MMMBtu/day then that user incurs 

one tenth of all costs associated with the MBG production and dis­

tribution regardless of location. Of course many other pricing 

schemes can be devised each with its own advantages and dis­

advantages. The use of a marginal.pricing system was considered 

but it proved too complicated for this analysis; particularly 

with the number of industrial park scenarios conceivable. 

The pricing scheme used in ISTUM allows you to determine the 

costs allocated to a particular sized plant without having to con-
• 

sider its location in relation to the spatial arrangement of all 

1/ 
"Production and Use of Low and Hedillin Btu Gas"~ Presented 
at 5th Energy Technology Conference, February 27, 1978 by 
by the Energy Research Division of Gilbert Associates. 
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other plants in the MBG park. The only variable that must 

be known in addition to the costs of the ~mG plant is the 

cost of the total distribution system. 

MBG PRODUCTION COSTS 

a) Building Block Al.31 Site Preparation, 

Power House and Utilities 

The costs for the best case. were obtained from, the 

Gilbert Associates paper. The variability within this 

building block was determined by examining the variability 

existing in the other ISTUM coal technologies. The degree 

of variability i.n all the MBG production components is less 

than what occurs in the other coal technologies due to 

economies of scale associated with the size of the plant and 

the ~lexibility accorded to new grass roots plants. 

The costs for the three sizes of r..mG plants are presented 

in Table III-1. The variability is the result of site factors 

requiring either more earth moving or a more substantial foun­

dation for the power house. 

b) Building Block Bl.31 Gasifier Equipment 

The costs in this building block reflect the costs of the 

entrained flow gasifier, the coal feed and tpe~oxygen plant. 

The main cause of variability results from different in­

dustrial plants being members of different industrial consor­

tiums. This allows ~ range of MBG plant sizes to be viable 

for industrial users. Other variation in equipment costs can 

result from MBG plants having fluctuating load requirements. 

Some ~ffiG pla.nts may need ~o store extra gasificrc to meet 

peak demands. 
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The distribution o;f equipment costs was obta.ined by 

calculating the costs for three different sizes of MBG 

plants. These costs were then aggregated to forin the final 

cost distribution. The costs of the equipment for the three 

MBG plant sizes is contained in Table III-1. 

' 

. c) Building Block Cl. 31 Coal Handling 

and Storage 

The coal handling and storage costs were obtained from 

the Gilbert Associates pap'er. 1/ The low, medium and high, 

cost cases are essentially the same as those for conventional 

coal steam ID. 8.11. These costs are presented in Table 

III-1. 

d) Building Block Dl.31 - Gas Cleanup System 

The gas produced in all service sectors is assumed to be 

a "clean" gas with all tars, oils and sulfur removed. It is 

uneconomic for an MBG plant ·to supply two streams of gas, one 

dirty and one clean since this results in much duplication 

of the distribution system. The variability is caused by site 

difficulties requiring additional structural and foundation 

support. The costs are listed in Table III-1. 

e) Building Block El.31- Gas Distribution 

System 

The cost of the MEG distribution system represents a sig­

nificant portion of the overall capital costs. The most 

volatile component of MBG transportation cost is the cost of 

the pipeline. These costs can vary erratically depending upon 

the pipe size, labor, type of terrain and number of obstruc­

tions (natural or manmade). For example. the costs are higher 

in urban and suburban areas where streets have to be torn up and 

repaved, other underground pipes and cables cut or avoided at 
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additional expense. .figure III-1 illustrates some of the varia­

bility present in pipeline costs. For each size pipe the 

highs, lows and a weighted average of pipeline costs reported 

each year to the Federal Power Commission are shown. 

In addition to the pipeline, other significant costs are 

the right-of-way costs and compression costs. For a given size 

of pipe, the higher the pressure, the lower the velocity re­

quired to maintain -a given energy throughput. While lower 

velocities create less frictional losses they can only be 

achieved at the expense of greater compression energy and/or 

larger pipe size. There is a three way trade-off between 

compression energy, pipe size and frictional losses that can 

only be optimized on a case by case basis. 

The compression costs for MBG distribution are considerably 

higher than for natural gas due to MBG's lower heating value 

per standard cubic foot of gas. A centrifugal compressor is the 

probable compressor design resulting from the need to com­

_press large volumes of IvffiG. 

A separate distribution system was designed for each ~ffiG 

plant size. For the 50 MMMBtu/day size the distribution system 

could serve an area approximately 15 miles in length and 10 

miles in width. The system includes 20 miles of main line, 

40 miles of branch line and is capable of serving 6 to 8 

plants. The main line is 24 inch diameter pipe and the branch 

line is comprised of 30 miles of 12 inc~ p~pe. and 10 miles of 

10 inch pipe. The costs and specifications for the pipelines 

was calculated from data made available by the Federal Power 

Commission. These costs are shown in Table III-2. The FPC 

includes the costs of obtaining rights ot way in the pipelin~ 

cost. Typically rights of way cost between $2,000 and $4,000 

per mile, although they are highly variable. 
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In designing an .MBG distribution sys.te.rn the length 

of the pipeline required l;s dependent upon the ayailable'rights­

of-way. Often rights--of-way will ·be available only along 

roads or other existing pipelines. Straight routes between 

the MBG plant and the industrial users will rarely occur. 

Our analysis assumes approximately 1.4 miles of pipe required 

for every mile of direct distance between adjoining points on 

the pipeline. 

The specifications for each distribution system are 

presented in Table III-2. The final costs of the distribution. 

systems are presented in Table III-i. 

The best case is calculated from the pipeline costs 

presented in Table III-2. They represent good conditions 

with little elevation changes or obstructions. The cost 

variability in the.other two cases result from hilly terrain, 

rocky soil or other site difficulties. 
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Gas Composition: 

Pressure ·Drop: 

Molecular Weight: 

Initial pressure: 

Initial temperature: 

Final compressor pressure: 

Pipe Diameter Quantity 
inches SCF/min 

10" 9,670 

12" 13,693 

24" 74,133 

36'.' 205,800 

· 10 psi/mile 

20.87 lb/mole 

14.7 

70°F 

73.5 psia 

TABLE III-2 

MEG PIPELINE COSTS 

Heat Value Co:mpressor 
MMBtu/min· Cost $/mi* 

2.9 $130,000 

4.1 $177,500 

22.2 ·$961, 000 

61.7 $2,668,500 

TABLE III-3 

MBG DISTRIBUTIONS SYSTEMS 

Compressor 
Cost $/MMBtu/mi 

$44,800 

$43,300 

$43,288 

$43,250 

c· 

main line pipe miles branch line pipe miles 
MBG Plant Size· 36 inch 24 inch 12 inch 10 inch 

system #1 50 MMMBtu/day 0 20 30 10 

system #2 100 MMMBtu/day 0 40 40 30 

system #3 : 250 MMMBtu/day 25 25. 50 30 

* Assumes one compressor for every five miles of pipe 

Pipeline Pipeline Total 
Cost $/mi cost. $/l\1f1Btu/mi cost $/mi 

$.65, 000 $22,413 $195,000 

$75,000 $18,257 $252,000 

$200,000 $8,992 $1,161,000 

$275,000 $4,454 $2,943,500 

area serviced 
# of J2lants miles 

6-8 8 16 miles 
2 

X 

8-12 12 X 24 miles 
2 

9-14 20 X 30 miles 
2 



TABLE III-1 

MBG .PRODUCTION AND DISTRIBUTION 

Capital Costs (thousands of 1977 $'sl 

50 MMMBtu/day 100 MMMBtu/day 

1. Site Preparation, Power House and Utilities 

low cost 20,815 28,600 

medium cost 22,428 30,817 

high cost 29,507 35,551 

2. Coal Feed, Gasifier and Oxygen Plant 

low cost 78,717 108,576 

medium cost 

high. cost 

3. CoaJ- Handling and Storage 

low cost 5,805 9,408 

medium cost 6,515 10,558 

high cost 7,810 12,658 

4. Gas Cleanup System 

low cost 14,686 20,473 

medium cost 15,439 21,523 

high cost 16,757 23,273 

5. Distribution System 

low cost 34,800 62,000 

llll::~d.i..wtt cust 49,200 92,700 

high cost 71,000 133,000 
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250 MMMBtu/day 

51,955 

55,982 

64,703 

198,153 

20,217 

22,688 

27,201 

36,966 

38,862 

42,022 

121' 1'00 

193,700 

277' 500 



2. Allocation of Costs to Individual users 

The costs for the MBG plant and distribution system are 

presented in Table III-1. In allocating these costs to individual 

users it is assumed that each user is charged according to the 

proportion of total gas output they consume. The costs derived 

for each of .the building blocks are for a user consuming 50 

MMBtu/hr of medium Btu gas. 

Early runs 6f the model indicated that the 50 r.1MBtu/day 

MBG plant was not economically competitive with the other 

energy technologies in our model. In 6onstructing the building 

blocks only the 100 MMMBtu/day and 250 r~Btu/day plant 

sizes were ~sed. 

The cost allocation scaler for the 100 HMMBtu/day plant 

is: 
I. 

50 x 10 6 Btu/hr 

100 x 10 9 Btu/day 

24 hrs 

1 day 
= .012 

For the 250 MMMBtu/day plant the scaler is .0048. These two 

scalers are multiplied times the costs listed in Table Iri-1. 

With this adjustment, the site preparation and powe~ house 

costs become: 

Site Preparation, Power House and Utility 

Costs allocated to a 50 MMBtu/hr user 

low cost 

medium cost 

high cost 

100 r~Btu/day 

$343,200 

$369,800 

$426,600 
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250 MMMBtu/day 

$249,400 

$268,700 

$310,600 



TABLE III-4 

MBG CAPITAL COSTS ALLOCATED TO A SINGLE 50 M,MBtu/hr USER 

(composite costs of the 100 MMBtu/day and 250 MMBtu/day 

MBG plants) 

Al. 31 · Sfte Preparation, Power House and Utilities" 

low cost 

; medium cost 

.high cost 

$249,000 

$311,000 

$427,000 

' 
Bl.31 Coal Fired, Gasifier and Oxygen Plant 

~ I • ' 

low cost 

medium cost 

high cost 

$951,000 

$1;303,000 

Cl.31 Coal Handling and Storage 

low cost 

medium cost 

high cost 

low cost 

medium cost 

high cost 

$97,000 

$113,000 

$152,000 

$177,000 

$202,000 

$1,279,000 

El.31 niR~ribution System 

low cost 

medium cost 

high cost 

$582,000 

$930,000 

$1,332,000 
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The determination of the frequency estimates for the 

MBG technologies is more speculative than for other ISTUM 

technologies. Since the MBG plants must be located in areas 

of high energy concentration their potential sites are 

limited. No information 1s available on the number of potential 

sites that could support a 100 MMBtu/day plant as opposed to 

a 250 MMBtu/day plant. We assumed that the frequency of 

occurence of the 100 MMBtu/day and 250 ~:lMBtu/day was the 

same. Each of the cost cases was also assumed to occur with 

equal frequency. Based on these assumptions a cemposite distri­

bution is constructed: 

Building Block Al.31 - Site Preparation, Power 

House and Utilities 

50 HMBtu/hr plant 
(costs in thousands .of 1977 $'s) 

frequency capital cost 

low cost .33 249 

medium cost . 50 311 

high cost .17 427 

Note that the low and high costs for the combined cost set 

of costs allocated to a 50 MMBtu user for the 100 MMMBtu/day 

and 250 MMMBtu/day MBG plants are maintained. The same 

procedure is used to derive all the MBG production building 

blocks. The costs for all the MBG building blocks are 

listed in Table III-4. 

Operating and maintenance costs are estimated as a per­

centage of capital costs. They are derived from O&M estimates 

made on comparable equipment in other technologies and infor­

mation from the two Gilbert Associates papers. 

MBG COMBUSTION COSTS ANO SERVICE SECTOR APPLICATIONS 

Once the production costs are specified by a set of 

building blocks, to obtain the overall MBG technology costs 

III-28 
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these blocks are then combined with the building blocks used 

to speci~y natural gas combustion in each service sector. 

This is the same procedure as was used for LBG. 
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GENERAL INFORMATION FOR FOSSIL ENERGY TECHNOLOGIES 

F·AGE 1 
APR 7r 1978 5!25!09 r-·M 

/ 

TECH l'ECHt·IOLOG'r' 'r'EAR FUELS FUEL~ E!:!§;b_§E:E~£!gU£! §!~~-~EH:HH~ bQaQ_Be!.:!Qg -~~~!~~~-E~9£!!Q~ 

I[• NAME AVAIL USED SHAHE COME' TRAN FlNL ( MMF.<TU/H~:) (HP.S/'fr.:) IfiCr.:E FO:ETI-<:0 CONS F.!: 

(1ST USTN SiMIS USE LO Hl LO ... MENl''L FIT RVATI·I 

FUEL) 
1.11 ATM, FLUID l'ED 1982 1 1.00 1.00 1.00 0.82 -1 -1 -1 -·1 0.70 o.oo 1.00 

1.112 ATM, FLUID l'ED 1982 1 1.00 1.00 1.00 0.82 -1 -1 -1 -1 0."70 o.oo 1.00 

1.14 ATM, FLU I[• l'ED 1983 1 1.00 1.00 1.00 0.67 -1 -1 -1 -1 0.70 o.oo 1.00 
1.21 LOW l'TU GAS 1980 1 1.00 0.90 0.82 0.82 -1 -1 -1 -·1 0.50 o.oo 1.00 

1.212 LOW l'TU GAS 1980 1 1.00 0.90 0.82 0.82 -1 -1 -1 -1 0.50 o.oo t.oo 

1. 213 LOW l'TU GAS 1982 1 1.00 0.90 0.82 0.67 -1 -1 -1 -1 0.70 o.oo 1.00 
1. 214 LOW l'TU GAS 1982 1 1.00 0.90 0.98 0.40 -1 -1 -1 -1 0.70 o.oo 1.()() 

1.215 LOW BTU GAS 1982 1 1.00 0.90 0.98 0.33 -1 -1 -·1 -·1 0."70 o.oo 1.00 

1.216 LOW BTU GAS 1980 1 1.00 0.90 0.98 0.31 -1 -1 -1 -1 0.70 o.oo 1.00 
1.217 LOW BTU GAS 1982 1 1.00 0.90 0.98 0.33 40 600 -1 -1 0.70 o.oo 1.00 
1.219 LOW l'TU GAS 1982 1 1.00 0.90 0.98 0.30 -1 -1 -1 -1 0.70 o.oo 1.00 
1.22 LOW BTU GAS 1982 1 1.00 0.90 0.82 0.36 40 600 -1 -1 0.70 o.oo 1.00 

1.23 LOW BTU GAS 1982 1 1.00 .0.90 0.98 0.30 ;-1 -1 -1 -1 0.70 o.oo 1.00 
1.24 LOW BTU GAS 1982 1 1.00 o .• 9o 0.98 0.67 -1 -1 -1 -1 0.50 o.oo 1.00 

1.26 Ll'G SELF GEN 1980 1 1.00 0.60 1.00 0.40 -1 -1 -1 -1 0."70 o.oo 1.00 
H 1. 31 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.82 -1 -1 -1 -1 0.10 o.oo 1.00 
H 
H 1.314 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.40 -1 -1 -1 -1 0.10 o.oo 1.00 

I 1.315 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.33 -1 -1 -1 -1 0 •. 10 o.oo 1.00 

w 1. 316 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.31 -1 -1 -1 -··1 0.10 o.oo 1.00 

0 1.317 MEDIUM BTU GA.S 1983 1 1.00 0.75 0.94 0.33 -1 -1 -1 -1 0.10 o.oo 1.00 

1.319 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.31 -1 -1 -1 -1 0.10 o.oo 1.00 
1. 32 MEDl'UM BTU GAS 1983 1 1.00 0.75 0.94 0.36 40 600 -1 -1 0' 10 o.oo 1. 00 
1.33 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.30 -1 -1 -1 -1 0 '10 o.oo 1.00 

1.34 MEDIUM BTU GAS 1983 1 1.00 0.75 0.94 0.67 -1 -1 -1 -1 0.04 o.oo 1.00 
1.45 Ll'G SELF GEI·I 1980 1 1.00 0.60 1.00 0.40 -1 -1 -1 -·1 0.70 o.oo 1.00 
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GENERAL INFORMATION FOR FOSSIL ENERGY TECHNOLOGIES continued 

!'·AGE 2 
APR 7r :978 5:26:37 PM 

TECH 
I [I 

l.lf 
1.112 
1.14 
1.21 
1.212 
1.213 
1.214 
1.215 
1.216 
1.217 
1.219 
1.22 
1.23 
1. 24 
1.26 
1.31 
1.314 
1.315 
1.316 
1.317 
1.319 
1.32 
1.33 
1.34 

"1, 45 

TECHNOLOGY 
NAME 

ATM, FLUIC• E!Et• 

ATM, FLUit• BEt• 

ATM, FLUlt• BEt• 

LOW J:ITU GAS 
LO"' P:TU GAS 

LOW EtTll GAS 

LOW STU GAS 
LOW EtTU GAS 
LOW BTU GAS 
LOW BTU GAS 

LOW BTU GAS 
LOW BTU. GA5 

LOW BTU GAS 

LOW Et1'U GAS 

LBG SELF GEN 
MEt•IUM BTU GAS 

MEDIUM PTU GAS<I 

MEDIUM BTU GAS 
MEDIUM EcTU GAS 
MEDIUM BTU GAS 

MEDIUM BTU GAS 
MEC•:IUM EtTU GAS 

MEDIUM llTU GAS 
MEC•IUH EtTU GAS 

LPG SELF GEI-I 

SERV ----~e!e_g~9b!!!___ COff5T PHYS DOE 
SECT MAX COST EHER ACCE PER LIFE ACCEL 

12 
4 
1 

12 
13 
14 
15 
16 
17 
19 

2 
3 
4 
6 
1 

14 
15 
16 
17 
19 

2 
3 
4 

F~:AC SAVE LER ( "rT<S) ( "r"RS) ( ·n::s) 

9 

9 

c 
E< 

9 

B 

9 

B 

9 

9 

9 

9 

9 

9 

B 

[o 

[• 

[I 

[o 

[o 

[o 

[o 

[• 

[o 

" 

9 

9 

c 
B 

" 
" 9 

9 

9 

9 

" E< 

E< 

" 
" c 
c 
c 
c 
c 
c 
c 
c 

" 
" 

c 
c 
c 
c 

" c 
c 
c 
c 
c 
r: 

" e 

" c 
c 
r: 

" c 
c 

" c 
c 
c 
c 

2.0 
1.0 
1 .5 
2.5 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 •.. 0 
2.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.0 

25 
25 
25 
25 
25 
25 
25 
10 
25 2s 
25 
::!5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

3 
3 
3 
2 
2 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
:l 

L~\ST UPf.•ATE[• 

MA•: 12r 1978 
MA•: 19r 1978 
MA•: 17 r 1978 
APR 6r 1978 
AF·•: 7r 1978 
AF·~: 7 r 1978 
AF·•: 6r 1978 
APR 6r 1978 
<IP•: 6r 1978 
APR 6r 1978 
AP•: 6r 1978 
Af'·•: 6 r. 1978 
AF·r.: 6 r 1978 
AF"~: 6r 1978 
MA•: 17r 1978 
MA~: 28 r 1978 
MA•: 17 r 1978 
MA•: 17r 1.978 
MAR 17 r . 1978 
MA~: 17 r 1978 
MA•: 17 r 1978 
MA~: 17r 1978 
MAR 17r 1978 
MA~: 17 r 1978 
Ml.\f:: 1.7, 1978 

1!39!54 PM 
3!50!06 PM 

7:46:38 ..... 
2!50!24 PM 
12:24:()3 F·M 

12!24!()9 F:·M 

9!25!28 AM 
9!25!35 AM 
9!25!48 AM 
9:26:00 AM 

9!26!09 AM 
9!25!()1. AM 
9!25!09 AM 

2!54!0() PM 
6!:=j5!40 A~ 
11!i9!~5'7 QM 

7!48!57 F·M 

7:48:33 f'M 

7!40! 11 F'l<ot 

7!34!07 F·M 

7!36!14 F"M 

9!19!45 F·M 

~J22!53 PM 
7!42!1.6 PM 
7!06!52 AM 



GENERAL INFORMATION FOR FOSSIL ENE~GY TECHNOLOGIES continued 

F·AGE 3 
AF·FO: 7. 1978 5:28!02 F"M 

TECt-1 TECHHOI-OG"f AF"PLXCA£4LE IN[IUSTRIES G MOl:• IF IE I) s:rc CO£•ES) 
II) NAME 

20 21 22 23 24 25 26 27 28 29 30 31 32 3:>1 3334 334 34 35 36 37 38 39 01 02 10 14 

1.11 ATM, FLUID E'ED 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.112 ATM, FLU II:- E'ED 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 .14 ATM, FLUID E'ED _1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l. 1 1 1 1 1 1 1 
1.21 LO"' E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.212 LO"' E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1" 1 1 1 1 1 1 
1.213 LO"' E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l. .1 1 
1.214 LO"' E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 
1.215 LO"' E'.TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.216 LO"' E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.217 LO"' E'TU GAS 1 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.219 LOW E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.22 LOW E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 .• 23 LOW E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.24 LO"' f.ITU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1. 1 1 
1.26 LE'G SELF GEN 1 1 1 

H t. 31 ME.[IllJM E'TU GAS 1 1 1 1 1 1 1 1 
H 1.. 314 MECIIUM BTU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
H 1.315 MEDIUM E'TU GAS 1 1 1 1 1 1 1 1 1 ·1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
I t. 316 MErtiUM E•TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 w 1.317 MEDIUM E'TU GAS 1 1 1 1 1 1 1 1 ·1 1 1 1 1 1 1 1 1 1 l. 1 1 1 1 1 1 1 

IV 1.319 ME[IIUM E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l. 
1.32 MEJ:IIUM BTU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 l. 1 1 1 1 1 1 
1.33 MEDI:UM E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1. 34 MEC•IUM E'TU GAS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1.45 LE'G SELF GEN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

\ 
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FOSSIL ENERGY .TECHNOLOGY SPECIFICATIONS 

BUILDING BLOCK COEFFICIENTS 

PRJN"fE[l APt::; 7· 1978 5!29!28 PM 

TECH ID 1.11 
UF'DATE[• AF'R 4. 1978 3:11:11 PM 

PLOCK BLOCK SIZE SIZE 
ID COEFF COEFF COEFF 

A 8.11 0.83 0.50 1.95 
B 1 .11 1.00 0.64 1. 79 
c 8.11 0.83 0.75 2.66 
J) 8.11 0.83 0.21 0.67 
E 8.11 0.83 0.68 1.99 
H .8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 1.112 
UF'[•ATED APR 7. 1978 11!47!53 AM 

BLOCK BLOCK SIZE SIZE 
II> COEFF COEFF COEFF 

A 8.11 0.83 0.28 0.90 
B 1.11 1.00 0.41 1.00 
c 8.11 0.83 0.43 1.30 
J) 8.11 0.83 0.13 0.35 
E 8.11 0.83 0.42 1.08 H H 8.11 1.00 1.00 1.00 H I 8.11 1.00 1.00 1.00 H 

I 
w 
w TECH It• 1.14 

UPDATED MAP. 17· 1978 8!53! 
BLOCK BLOCK SIZE 

ID COEFF COEFF 
A 1. t4 1.00 1.00 
c 8.14 1.00 1.20 
B 1.14 1.00 1.00 
E 8.14 1.00 1.oo 
H 8.11 1.00 1 .oo 
I 8.11 1.00 1.00 

TECH ID 1. 21 
UP[tATE[• ~~PFO: 7. 1978 12!30!10 PM 

&LOCK [4l.OCK SIZE SIZE 
ID COEFF C'OEFF COEFF 

A 1. 22 1.00 0.76 1. 91 
B 1.22 1.00 0.66 2.72 l\j 
c 1.22 1.00 0.69 i.. 91·- ') 
D 8.11 0.83 0.61 1. 9i 
E 1.22 1.00 0.74 2.07 
A 8.11. 0.23 0.57 2.10 
B 8.11 0.29' 0.53 2.30 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 



FOSSIL ENERGY TECHNOLOGY SPECIFICATIONS continued 

"TECH .ID 1.212 
Uf'DATED APR 7· 1978 12!30!10 I'M 

£>LOCK I> LOCK SIZE SIZE 

ID COEFF r.CJEF'F COEFF 

A 1.22 1.00 0.57 1.25 
e 1.22 1.00 0.42 1.42 
c 1.22 1. 00 0.46 1.36 
D 8.11 0.83 0.33 1.00 
E 1.22 1.00 0.53 1.29 
A 8.11 0.23 0.32 1.00 
H 8.11 1 .oo 1.00 1.00 
I 8.11 1.00 1.00 1.00 
e 8.11 0.29 0.28 1.00 

TECH ID 1.213 
UPDATED Af'P. 6. 1978 4!31!2 

I> LOCK I> LOCK SIZE 

ID COEFF COEFF 

A 1.22 1.00 2.37 
e 1.22 1.00 3.79 
c 1.22 1.00 3.26 
D 1.22 1.00 2.64 
E 1.22 1.00 2.64 
A 8.34 1.00 1.00 
H 8.11 1;oo 1.00 
I 8.11 1.00' 1.00 

TECH ID 1.214 

H 
UPDAl'ED APR 6. 1978 4:39:0 

H ~·-OCK I> LOCK SIZE 

H I"D .COEFF COEFF 

I A 1.22 1.00 1.01 
w e 1.22 1.00 1.02 
~ c 1.22 1 .oo 1.01 

E 1.22 1."00 1.01 
A 8.314 1,00 1.00 
H 8.11 1.00 1.00 
I 8.11 1.00 1.00 

TECH ID 1.215 
UPt•ATED Af'R 6. 1978 4:39:00 F·M 

BLOC I< BLOCK SIZE SIZE -... 
ID COEFF COE-:FF COEFF 

A 1.22 1.00 1. 16 1. 51 
e 1.22 1.00 1.25 1.89 
c 1.22 1.00 1.22 1. 76 
E 1.22 i.oo 1.18 1.59 
A 8.315 1.00 1.00 1.00 
H" 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH I [• 1.216 
UF'I)ATED AF·f;: 6. 1978 4:39:0 

I> LOCK f.I'LOCK SIZE 

ID COEFF COEFF' 

A li22 1.oo' 0.62. 
e 1.22 1.00 0.47 
c 1.22 1.00 0.43 
E 1. 22 1.00 0.58 
A 8.316 1.00 1.00 
H 8.1.1 1.00 1.oo 
I 8.11 1 '00 ' 1 .oo 



FOSSIL ENERGY TECHNOLOGY SPECIFICATIONS continued 

TECH ID 1.217 
UPDATED APR 6r 1978 4:39:00 PM 

BLOCK BLOCK SIZE SIZE 
ID COEFF COEFF COEFF 

A 1.22 1.00 0.18 1.18 
B 1.22 1.oo 0.07. 1.28 
c 1.22 1.00 o.o9 1.25 
E 1.22 1.00 0.15 1.20 
A 8,317 1.oo t.oo o.oo 
F 8.317 1.oo o.oo 1.oo 
H 8.11 t.oo 1.oo 1.00 
I 8.11' 1.oo 1.00 1.00 

TECH ID 1.219 
UPDATED APR 6r 1978 4:39:00 PM 

BLOCK BLOCK SIZE SIZE 
ID COEFF COEFF COEFF 

A 1.22 1.00 0.27 1.50 
B 1.22 1.oo 0.13 1 ;97 
c 1.22 1.00 0.17 1. 74 
E 1.22 1.00 0.23 1.58 
A 8,319 1.00 1.00 o.oo 
F 8.319 1.oo o.oo 1.00 

H 
H 8,11 1.oo 1.oo 1.00 

H 
I 8.11 1.oo 1.oo 1.oo 

H 
I 

w TECH ID 1.22 
lJ1 UPDATED APR 6· 1978 4:47:32 PM 

BLOCK BLOCK SIZE SIZE 

ID COEFF COEFF CDEFF 

~ 1.22 1.00 0.54 1.34 

"' 1~22 1.00 0.38 1.59 
c t • .l2 1.oo 0.43 1.50 
D 1.22 1.00 o.so 1.40 
E 1.22 ·1.00 0.50 1.40 
A 8.32 1.00 o.oo 1.00 
A 8,99 1.00 1.00 o.oo 
B 8o99 1.00 1.oo o.oo 
H 8,11 1.oo 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 1.23 
UPDATEt• APR 6r '1978 4:47:32 PM 

BLOCK BLOCK SIZE 51ZE 
ID COEFF COEFF COEFF 

A 1.22 1.00 0.54 1.34 
B 1.22 1.oo 0.38 1.59 
c 1.22 1.00 0.43 1.50 
E 1.22 1.00 0.50 1.40 
A 8,33 1.oo 1.oo 4.97 
H 8,11 1.00 1.00 1.00 
I 8.11 1.00 t.oo 1.00 



FOSSIL ENERGY TECHNOLOGY SPECIFICATIONS continued 

TECH Ir• 1.24 
UPDATE[• APR 6r 1978 4!47:3 

!>LOCK [cLOCK SIZE 
I [o COEFF COEFF 

A 1.22 1."00 1.90 
£' 1.22 1.00 2.69 
c 1.22 1.00 2.40 
E 1.22 1.00 2.05 
A 8.34 1.00 1.00 
H 8.11 1.00 1. 00 
I 8.11 1.00 1.00 

TECH [I) 1.26 
UPt•ATED APF: 5· 1978 5:11 :s 

£'LOCK BLOCK SIZE 

Il> COEFF COEFF' 

A 8.11 1.01 6.90 
£' 1.21 1.0() 12.50 
c 8.11 0.91 7.oo 
1> 8.11 1.oo 8.oo 
E 8.11 1.10 8.oo 
H 8.11 1.00 1.00 

H I 8.11 1.00 I 1.00 
H c 5.71 2.40 1 ~00 
H 

. I £' 8.16 1.oo 1.oo 
w 
0'1 

TECH Il> 1.31 
UPl•ATEl• MAR 16r 1978 9:48:19 AM· 

£>LOCK l>LOCK SIZE SIZE 

II> COEFF COEFF COEFF 

A 1.31 2.00 o.so 2.50 
£' 1.31 2.00 0.50 2.50 
c 1.31 2.00 0.50 2.50 
[0 1. 31 2.00 0.50 2.50 
E 1. 31 2.00 o.so 2.50 
A 8.11 0.46 0.64 2.10 
£' 8.11 0.29 0.64 2.30 
E 8.11 0.60 0.64 2_.25 
H 8~ 11· 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH I[O 1.314 
UP[cATEt• AF·F?. 7r 1978 l0!59! 

!'!LOCK EtLrJCK SIZE 
Iro CDE:F'F' COEFF 

A 8.314 1.00 1.00 
c 8.316 1.00 1.50 
H 8.11 1.00 1.00 
I 8.11 1.00 1.00 
A 1.31 2.00 1.00 

"' 1.31 2.00 1.00 
c 1.31 2.00 1.00 
ro 1.31 2.00 1.00 
E 1.31 2.00 1.00 

.. 



FOSSIL ENERGY TECHNOLOGY SPECIFICATIONS continued 

TECH XD 1.315 
UPDATED APR 7r 1978 10:59:55 AM 

EoLOCK BLOCK SIZE SIZE 

XD COEFF t::OEFF COEFF 

A 8.315 1.00 1.00 1.00 
c 8.316 1.00 1. 70 2.00 
H 8.11 ,1,00 1.00 1.00 
X 8.11 1.00 1.00 1.oo 
A 1.31 2.00 1.26 2.02 
(o 1.31 2.00 1.26 2.02 
c 1. 31 ·2.00 1.26 2.02 
D 1.31 2.00· 1.26 2.02 
E 1.31 2.00 1.26 2.02 

TECH ID 1.316 
UPI)ATE[t AF·R 7r 1978 11:5.6: 

PLOCK f.<LOCK SIZ_E 

ID COEFF COEFF 

A 1.31 2.00 0.42 
c 1.31 2.00 0.42 ;.· 
J) 1. 31 2.00 0.42 
E. 1.31 2.00 0.42 
A 8.316 1.00 1.00 
c 8.316 ·1. 00 1.00 
H 8.11 1.00 1.0Q 
X 8.11 1.00 1.00 

H TECH II> ··,1.317 H 
H UPt•ATED AfR 7;.1978 10:59:55 AM 

I &LOCK EcLOCK SIZE ·SIZE 

w II> ·COEFF COEFF COEFF 

-...J A 8.317 · 1.o·o ; 1 ;OO o.oo 
F 8.317 1.00 .. o.oo 1.00 
H 8.11 . 1.00 1.po 1.oo 
I 8.11 . 1.00 1.00 1.00 
A 1.31 . 2.00 0.05 4.00 
[o 1. 31 2.00 o.os 4.00 
c 1.31 2.00 0.05 4.00 
J) 1.31 '2.00 0.05 4.00 
E 1.31 ·2.00 0!,05 4,QO 
c 8.316 1.00 0.33 3 •. 00 

TECH Il• '1.319 
Uf:·[tATE[t AF'P. 7 r:., 1978 11:56:24 AM 

£cLOCK BLOCK .SI,ZE SIZE 

II> COEFF COEFF COEFF 

A 8.319· 1.00 1.0.0 o.oo 
F 8.319 1.00 o.oo 1.00 .. 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 
A 1. 31 2.00 0.10 2.00 
f.< 1.31 2.00 0.10 2.00 
J) 1.31 2.00 0.10 2.00 
c 1. 31 2.00 0.10 2.00 
c 8.2.16 1.00 0.35 3.53 



FOSSIL ENERGY TECHNOLOGY SPECIFICATIONS. continued 

TECH ID 1.32 
UPDATE[t APR 7. 1978 11:11:33 AM 

BLOCK BLOCK SIZE SIZE 
It• COEFF COEFF COEFF 

A 1.31 2.00 0.23 1.13 
B 1.31 2.00 0.23 1.13 
c 1.31 2.00 0.23 1.13 
[• 1. 31 2.00 0.23 1.13 
E 1.31 2.00 0.23 1.13 
A 8.32 1.00 o.oo 1.00 
c 8.316 1.00 o.oo 1.00 
A 8.99 1.00 1.00 o.oo 
B 8;99 1.00 1.00 o.oo 
E 8.99 1.00 1.00 o.oo 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 1.33 
UF·DATED APR 7. 1978 11:11:33 AM 

BLOCK EtLOCK SXZE SIZE 
ID COEFF COEFF COEFF 

A 1.31 2.00 0.27 1.37 
B 1.31 2.00 0.27 1.37 
c 1.31 2.00 0.27 1.37 
D 1.31 2.00 0.27 1.37 

H E 1.31 2.00 0.27 1.37. 

H A 8.33 1.00 1.00 4.97 
H c 8.316 1.00 1.00 5.00 
I H 8.11 1.00 1.00 1.00 
w I 8.11 1.00 1.00 1.00 
co 

TECH ID 1.34 
UPDATED MAR 22. 1978 s:to: 

BLOCK P:LOCK SIZE 
ID COEFF COEFF 

A 8.34 1.00 1.00 
c 8.34 1.00 1.00 
E 8.14 1.00 0.31 
H 8.11 0.90 1.00 
I 8.11 1.00 1.00 
A 1. 31 2.00 3.73 
B 1.31 2.00. 3.73 
c 1.31 2.00 3.73 
D 1. 31 2.00 3.73 
E 1. 31 2.00 3.73 

TECH ID 1.45 
UF·t•ATED APR 4. 1978 2:16:16 F·M 

9LOCK P:l~OCK s:rzE SIZE 

ID COEFF COEFF COEFF 

A 8.11 1.01 0.56 1.69 
[< 1.21 1.05 0.56 '1 ,,eo 

.c..•.:...J 

c 8.11 0.91 0.56 1.70 
D 1.21 1.00 0.56 1.80 
E 8.11 1.10 0.56 1.80 
H 8.11 1.00 1.00 1.00 
I 8·.11 1.00 1.00 1.00 
c 5.71 2.50 0.23 1 .oo 
[< 8.15 1.00 0.35 1 .oo 
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FOSSIL ENERGY BUILDING BLOCKS 

EcUXLDJ:HG PLOCK'S 

P~INTED AP~ 7r 1978 5l36l55 PM 

XD: A 1,14 
.NAME: AFP JH IND HT PRIM SYS 

LAST UPDATED MAR 21' 1978 10:27:39 PM 
SJ:ZE OF UNIT COSTED OUT (MMEcTUfHR): 250 
T'fPE S 

FRACTION OF CciSTS FOR O+M: 0,1 
FfW:EOU£NCY 

0.300 
0.600 
0.100 
o.ooo 

AND COST r•ATA: 

11.137.000 
14rOOO.OOO 
21r477,000 

0.001) 

XDf A 1.22 
HAHE: SITE PREP 

LAST UPDATED APR 6r 1978 6l30l32 PM 
SIZE OF UNIT COSTEto OUT (MMl>TU/Hf':) l 100 
T)"PE 5 
~RACTION OF COSTS FOR O+M: 0,03 
FREQUENCY AHO COST DATA! 

0.400 
0.400 
0.200 
o.ooo 

:I[t! A 1,31 

463.000 
476.000 
540.000 

o.ooo 

~AME: SITE PREP CO~ISTR UTIL 
LAST UPDATED AP~ 6r 1978 2l43l08 P~ 
SIZE OF UNIT COSTED OUT (MMEcTU/HR): 50 
TYPE 5 

FRACTION OF COSTS FOR O+M: 0.01 
FREQUENCY AHD COST DATA! 

0.330 249.000 
0.500 311.000 
0.170 427.000 
o.ooo o.ooo 

ID! A 8.11 
HAME: SITE PREP 

LAST UPDATED MAR 12r 1978 6l30l33 PM 
SIZE OF UHIT COSTED OUT (MMP:TU/HR): 120 
TYPE S 
FRACTION OF COSTS FOR O+M: 0,03 
FFO:EOUEI·IC'f AND 

0.500 
0.400 
0.100 
o.ooo 

cos·r t•ATA: 

541.000 
823.000 

•·· 761 0 000 
o.ooo 

I 
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FOSSIL ENERGY BUILDING BLOCKS 

Io: A 8.314 
"HAME! PRIMARY SYSTE~ 

LAST UPJ:>ATEJ:> MAR 21r 1978 10:15:39 PM 
SIZE OF UNIT COSTED OUT (MMPTU/HR): 40 
TYPE S 

FRACTION OF~COSTS FOR O+M! 0t1 
F~EQUEHCY AHD COST D~TA! 

0.300 500.000 
o.sso 
0.150 
o.ooo 

527.000 
703.000 

o.ooo 

·It>: A 8.315 ·· 
HAME! PRIM SYS GAS 
LAST UPJ:>ATEJ:> MAR 21r 

GLASS M~TG EtATH 

1978 10:11:12 PM 
SIZE OF UNIT COSTED OUT (MMPTU/HR): 41,6 
TYPE S 
FRACTION OF COSTS FOR O+M! 0.1 
FREQUENCY AHP COST DATA! 

0.300 630.000 
0.600 663.000 
0.100 884.000 
o.ooo o.ooo 

It>: A 8,316 
NAME! PRIMARY SYSTE~ COHVEHTIOHAL GAS 

LAST UPJ:>ATED MAR 21r 1978 10:05:57 PM 
SIZE OF UNIT COSTE[> OUT (MMPTU/HR): 13,1 
TYPE S 
FRACTION OF COSTS FOP. O+M! 0.1 
FREQUENCY AND COST DATA! 

0.300 
0 .• 600 
·o.1oo 
o.ooo 

Io: A 8;317 

211 .ooo 
223.000 
297.000 

o.ooo 

"HAM£! .PRIMA~Y SYSTEM EtLAST FURH STIOVE 

LAST UPDATED MAR 21, 1978 10:03:43 PM 
SIZE OF UHIT COSTED OUT (MMEtTUfHR)! 1.6 
T"t"F·E S 

FRACTION OF COSTS FOR O+M! 0.1 
FREDUEHC"r" AHD 

0.400 
o.soo 
0.100 
o.ooo 

COST I•ATA! 

24.000· 
25.000 
33.000 
o.ooo 
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FOSSIL· 'ENERGY BUILDING BLOCKS continued 

IDl A 8,319 
NAME! P~IMA~Y SYSTEM (SMALL SIZE CLASS) 

LAST UPDATED MAP 21, 1978 10l02l01 PM 
SIZE OF UNIT COSTE~ OUT (MMBTUfHR)! 3 
T'f'PE 5 

FRACTION OF COSTS FOR O+M! 0.1 
FREQUENCY A~ID COST ~ATA! 

0.400 
0.400 
0.200 
o.ooo 

IDl A 8,32 

50.000 
71.000 

i14.000 
o.ooo 

NAME! DIRECT GAS PRIMARY SYSTEM 

LAST ~PDATED MAR 21, 1978 10l19l11 PM 
SIZE OF 'UNIT COSTED ou·r (MMBTUfHR): 50 
T"J'PE 5 

FRACTION OF COSTS FOR D+M! 0.1 
FREOUEHC'f AUD 

0.300 
0. 500 0' 
0.200 
o.ooo 

ID: A 8.33 

cos·r DATA: 

695.000 
772.000 
84·;>,000 

o.ooo 

NAME! HEW ·DIRECT GAS 
LAST U~DATED MAR 21r 1'~78 10!20!56-PM 
SIZE OF UNIT COSTED OUT (MMB'fUfHR)! 10 
T"t'PE 5 

FRACTION OF COSTS FOR O+M! 0.1 
FREOUEI~CY AND COST DATA! 

0.300 
o.soo 
0.200 
o.ooo 

Itq A 8.34 

167.000 
23E!.OOO 
3E!l.OOO 

o.ooo 

NAME: PRIM SYS ATM DIST AND CAT REF 

LAST UPDATED MAR 21r 1978 10!29!.49 PM 
SIZE OF UHIT COSTED OUT (MMPTUfHR)! 250 
T'r'PE S 

FRACTION OF COSTS FOR O+M! 0.1 
FREQUENCY AHD COST DA'fA! 

0.300 1.865.000 
0.600 1.963.000 
0.100 2·617.000 
o.ooo o.ooo 
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FOSSIL ENERGY BUILDING BLOCKS continued 

IDl til 8,99 
NAME: SITE PREP 
LAST UPDATED ~A~ 17r 1978 10l22l27 PM 
SIZE OF ~NlT COSTED OUT (MMSTU/H~)l 10 
Tl.PE S 

FRACTION OF COSTS FOR O+M: 0,01 
FREQUENCY AND COST DATA: 

0.300 5.000 
0.600 20.000 
a.1oo .6o.ooo 
_o.ooo o.ooo 

IDI 9 1.11 
NAME: ATMOSPHERIC FLUID BED BOILER 
LAST UPDATED MAR 12r 1978 6138146 PM 
SIZE OF UNIT COSTED OUT (MMSTU/HR)I 100 
TYPE S 
FRACTION OF COSTS FOR O+MI 0.12 
FREQUENCY AND COST DATA: 

0.300 
0.~500 
0.200 
o.ooo 

IDI & 1,14 

2rBOO.OOO 
3r100.000 
3r900,000 

o.ooo 

.HAME: PARTICULATE CONTROL 
LAST UPDATED MAR 17r 1978 9101105 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HR)I 250 
TYPE S 
FRACTION OF COSTS FOR O+MI 0,1 
FREQUENCY AND COST ·oATAt 

1.000 1r220.ooo 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

ID: .,......_B 1,21 
NAME: L8G EQUIPMENT 
LAST UPDATED MAR 22r 1978 1152144 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HP.)I 100 
TYPE S 
FRACTION OF COSTS FOP. O+M! 0,12 
FREQUENCY AND COST DATA: 

0.350 
0.550 
0.100 
o.ooo 

916.000 
1r679.000 
2r239.000 

o.ooo 
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FOSSIL ENERGY BUILDING BLOCKS continued 

JD! 81,22· 
HAME! LBG EO~IPMEHT 
LAST UP~ATED AP~ 6r 1978 2134109 PM 
SIZ~ OF UHIT COSTE~ OUT (MM~TU/HR)I 100 
T)'PE S 
FRACTION OF COSTS FOR O+M! 0.1 
FREOUEHCY AHD COST DATA! 

0.300 
o.soo 
0.200 
o.ooo 

It•! 9 1-,31 

350.000 
930.000 

1r312.000 
o.ooo 

HAMEl EOUIPMEHT COSTY 
LAST UP~ATE~ APR 6r 1978 2143124 PM 
SIZE OF UNIT COSTE~ OUT (MM~TU/HR)I 50 
T't'PE 5 

FRACTION OF COSTS FOR O+M! 0,12 
FREQUENCY AHD COST DATA! 

o.soo 
o.soo 
o.ooo 
o.ooo 

IDI 1' ·8,11 

951.000 
1r303.000 

o.ooo 
o.ooo· 

HAMEl ~OIL!;;"' EQUIPMENT (GENERAL) 
LAST UP~ATED MAR 12r 1978 6154153 PM 
SIZE OF UNIT COSTE~ OUT (MMl'TU/HR)I 120 
TYPE S 
FRACTION OF COSTS FOR O+MI 0,115 
FREQUENCY AND COST DATA! 

0.350 
o.sso 
0.100 
o.ooo 

II)! 8 8.15 

1rSOO.OOO 
2r100.000 
2r520.000 

o.ooo 

HAME! EOUIPMEHT TUR91HE 
LAST UPDATE~ .MAR 22, 1978 1!25!55 PM 

_SIZE· OF UIHT COSTE~ OUT (MM .. TU/HR)I 100 
TYPE S 
FRACTION OF COSTS FOR O+M! 0,05 
FREQUENCY Atl[• COST J:tATA! 

1.000 5r533.500 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 
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FOSSIL ENERGY BUILDING BLOCKS continued 

It•: 9 8.16 
HAME! EGUIPMEHT TUR9IHE· 

LAST UPDATED MAR 24r 1978 1!45!22 PM 
SIZE OF· UNIT COSTED OUT (MM9TU/HR)! 600 
T'r"F·E S 

FRACTION OF COSTS FOR O+M! 0,05 
FREOUENCY AHD r.osT DATA! 

1.000 16r401.000 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo. 

Ill: l' 8, 99 
NAME! EOUIP COST 

LAST UP6ATEO MA~ 17r 1978 10l23:08 PM 
SIZE OF UNXT COSTED OUT (MM8TUf.4R)! 10 
T)"PE S 

FRACTION OF COSTS FO~ O+M! 0.08 
FREQUENCY AHD COST DATA! 

0.200 
0.500 
0.300 
o.ooo 

I D: C 1, 22 

36.000 
47.000 
58.000 
o.ooo 

HAME! L9G CO~L HAHDLII~G 

LAST UPDATED APR 6r 1978 2!35!26 PM 
SIZE OF· UNIT COSTEO OUT (MMl'TU/HR): 100 
T'fPE 5 

FRACTION OF COSTS FOR O+M! 0.12 
FREOUENCY AI~D COST DA'fA! 

0.300 332.000 
0.400 515.000 
0.300 706.000 
o.ooo o.ooo 

ID! C 1.31 
HAME! COAL HANDLING 

LAST UPDATED APR 6, 1978 6:30l38 PM 
SIZE OF 'UNIT COSTED OUT (MM~TU/HR)! 50 
T'fF·E S 

FRACTI~H OF COSTS FOR O+M! 0.12 
FREQUENCY AND_COST DATA! 

0.330 
0.500 
0.170. 
o.ooo 

97.000 
113.000. 

. 152;ooo 
o.ooo 
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FOSSIL ENERGY BUILDING BLOCKS continued 

IDI C 5,71 
NAMEt DEM~HD CHARGE 

·LAST ·UPDATED APR 7, 1978 3153157 PM 
SIZE OF UNIT CDSTED OUT (MM9TU/HR): 250 
T-."PE L" 

FRACTION OF COSTS FOR O+M! 0 
FREQUENCY AHD COST ~ATA! 

0.030 1.500 
0.940 3.580 
0.030 5.670 
o.ooo o.ooo 

IDI C 8.11 
•HA~E! FUEL HAHOLING 

LAST uiDATED MAR 13• 1978 j(43103 PM 
SIZE OF"UHIT COSTED OUT (MMeTU/HR)I 120 
TYPE S 
FRACTION OF COSTS FOR O+M! 0,12 
FREQUENCY At-ID COST DATA!· 

1.000 
o.ooo 
o.ooo 
o.ooo 

IDI c 8.14 

467.000 
o.ooo 
o.ooo 
o.ooo 

NAME! FUEL HD~G COaL IHC PULV 
.LAST UPDATED MAR 14• 1978 3141154 F·M 
SIZE ~OF UNIT COSTE~ OUT (MM9TUfHR)! 250 
.TYPE S 
FRACTION OF COSTS FOR O+M! 0.1· 
FREQUENCY AHD COST DATA! 

0.300 1·100.000 
0.400 
0.300 
o.ooo 

xrq c 8.216 

1.236.000 
1".848.000 

o.ooo 

NAM~! FUE~ ~AHDLIHG (OIL) 
LAST UPDATED MAR 18• 1978 6115106 PM 
SIZE tiF UH~T COSTED OUT (MM~TU/HR)I 13,1 
TYF"E S 

FRACTION OF COSTS FOR O+M! 0,05 
FREQUENCY AH~ COST DATA! 

0.500 
0,500 
o.ooo 
o.ooo 

77.000 
92.000 
o.ooo 
o.ooo 
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FOSSIL ENERGY BUILDING .BLOCKS continued 

c 8.316 
/ 

~AME! FUEL H~HD[ING GAS· 

LAST UPDATED MA~ 14r 1978 3:11:48 PM 
SIZE OF UNIT COST~D OUT (MM8TU/HR): 13.1 
T"''PE S 

FRACTION OF COSTS FOR O+M: 0 
FREOUENCY AHO COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

ID: C 8o34 

6.000 
o.ooo 
o.ooo 
o.ooo 

NAME: FUEL HANDL[ lNG GAS '. 

LAST UPDATED MA~ 14r 1978 3:45:52 PM 
SIZE OF UNIT CDSTED OUT (MMDTU/HR)t 250 
T"t"PE S 
FRACTION OF COSTS FOR O+M: 0 
FREQUENCY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

ID: D 1,21 

17.000 
o.ooo 
o;ooo 
o.ooo 

NAME: EHVIROMENTAL COSTS' 

LAST UPDATED MA~ 15r 197W 12t07t04 PM 
SIZE OF UNIT COSTED OUT (MMDTU/HR): 100 
Tl"PE S 
FRACTION OF COSTS FOR O+M: 0.11 
FREQUENCY AND COST DATA! 

0.500 
0.400 
0.100 
o.ooo 

ID! D 1.22 

2r122o000 
2r37S.OOO 
2r710,000 

o.ooo 

NANE: GL CLHP INC 502 REM WSTE REM 

LAST UPDATED APR 6r 1978 2:37t11 PM 
SIZE OF UNIT COSTED OUT (MHDTU/HR): 100 
T'f"PE 5 

FRACTION OF COSTS FOP. D+M! 0.1 
FREOUEHc·,· ANT.t 

0 .• 300 
0.400 
0.300 
o.ooo 

cos·r [lATA: 

2r122.000 
2r37S,OOO 
2r710,000 

o.ooo 



H 
H 
H 
I 
~ 

"" 

FOSSIL ENERGY BUILDING BLOCKS continued 

XDI D 1o31 
HAME: EHVIROHMEHTAL CONTROLS 
LAST UPDATED APR 6. 1978 2144123 PM 
S%ZE OF UH%T COSTEO OUT (HM9TU/HR)I 50 
TYPE ~ 

FRACTION OF COSTS FOR O+M: 0,11 
F~EOUEHCY AND COST DATA! 

0.330 177.000 
0.500 202.000 
0.170 279.000 
o.ooo o.ooo 

XDI D 8.11 
H~ME: EHVXROHMEHTAL' CONTROL SYSTEM 
LAST UP~ATED ~AR 12• 1978 6157138 P~ 
SIZ~ OF UNIT COSTED OUT (MM9TUJHR): 120 
TYPE S 
FRACTI~H OF COSTS FOR O+M! 0,1 
FREQUENCY AN~ COST DATA: 

· t.ooo 2.34o,ooo 
~.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

ID: E 1.22 
HAME! L9G AUXILIARIES 
LAST UPDATED APR O• 1978 2136!16 P~ 
S%ZE OF UH%T COSTED OUT (H~9TU/HR)l 100 
TYPE S 
FRACTION OF COSTS FOR O+M: 0,1 
FREQUENCY AHD COST DATA! 

0.400 
0.400 
0.200 
o.ooo 

%01 E 1,31 

•141.000 
154.000 
179.000 

o.ooo 

NAME: DISTRISUTIOH SUSTEM 

LAST UPDATED APR 6• 1978 2!44!40 P~ 
SIZE.OF UNIT COSTED OUT (MMBTU/HR)' 50 
.TYPE S . / . ' 

FRACTION OF COSTS FOR O+M: 0,08 
FREQUENCY AHD COST DATA! 

0.300 582.000 
0.400 930.000 
0.300 1.332.000 
o.ooo o.ooo 
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FOSSIL ENERGY BUILDING BLOCKS continued 

XD! E 8,11 
NAME: FEE~WATER SYSTEM AHD UTILITIES 
LAST UPDATED MAR 12, 1978 7!01!07 PM 
SXZE OF UHXT COSTED OUT (MMeTU/HR)! 120 
TYPE S 

FRACTION 0~ COSTS FOR D+M: Q,Q] 
FREQUENCY AND COST DATA: 

0.200 210.000 
0.500 260.000 
0.300 660.000 
o.ooo o.ooo 

J['l:c • E' 8,14 
NAME: UTILITIES 
LAST UPDATE[• MAR 17• 1978, 4!05!11 PM 
SIZE OF 'UNIT COSTED OUl" tMMBTU/HR): 250 
TYPE s' 
FRAC.TION O_F ··coSTS FOR ·a+N: 0, 06 
FREOUENCY AHD COST DATA: 

0.500 2•321.000 
~.400 2.785.000 
0.100 3,100.000 
o.ooo o.ooo 

XDf E 9,99 
NA~E: UTILITIES 
LAST UPDATED MAR 17, 1978 10!23!41 PM 
•xzE o~'UNXT COSTED OUT (MMeTUJHR)! 10 
TYPE S 

FRACTION 0~ COSTS ~OR O+M: ~.b5 
FREQUENCY AHD COST DATA: 

1;cooo 
o.ooo 
o.ooo 
o.ooo 

XD! F 8,317 

2.000 
o.ooo 
o.ooo 
o.ooo 

NAME: ~RIM SYS PLST FURH HYRCAR IH~ 

LAST UPDATED MAR.22, 1978 7!50120 PM 
S~ZE ~~-UHXT ~OST.D OUT (MMeTUJHR)! 133 
TYPE S 
FRACTION OF COSTS FOR D+M: 0,1 
FREQUENCY AND COST:DATA: 

0.400 2.015.000 
·o.5oo 2•121.ooo 
0.100 2·828.000 
o.ooo o.ooo 



I­
I­
I­
I 

ol:>o 
I.C 

FOSSIL ENERGY BUILDlNG BLOCKS continued 

Ilq 'F 8,319 
NAME! PRIM SYS LARGE SIZE 

LAST UPDATED MAR 22• 1978 7!49!25 PM 
SIZE 0~ U~lll' ~OSTED OUT (MMBTU/HR)! 60 
T"fPE S 
'FR~CT~ON OF COSTS'FOR O+M! 0,1 
FREGUEHC~ AND COST DATA! 

0.400 
0.400 
0.200 
o.ooo 

rn: H 9.11 

1 .ooo.ooo. 
1r250.000 
1r7SO.OOO 

o.ooo 

NAME! INDIRECT CAPITAL COSTS (EHGiN, CONTIH) 

LAST UPDATED MAR 12r 1978 7l08l23 PM 
SIZ~ ~F UNIT COSTED OUT (MHBTU)HR)! 0 
T~"PE M 
FRACTI~H OF COSTS FOR D+H! 9 
FREOUENCY.AHD COST DA'rA! 

o.sso 1.300 
0.350 1.400 
0.100 1.500 
o.ooo 1.650 

XDl % 8.11 
NAME! CONSTRUCTIDi·t INt•ICES 

LAST UPDAtED MAR 12r 1978 7l09l36 PM 
SIZE OF UNIT COSTED OUT (MMSTUfHR)! 
TYF·E M 
FRACTION OF COSTS FOR O+M! 0 
FREQUENCY AND COST DATA! 

.0.400 
0.400 
0.200 
o.ooo 

PROGRAM E!·: I TEt• 

0.870 
0.970 
1.070 
l.250 

0 



CHAPTER IV 

COGENERATION AND SELF-GENERATION TECHNOLOGIES 

A. Introduction 

This section of the technology appendix documents the manner 

in which the cost data for the cogeneration and self-genera-

tion technologies in ISTUM were determined and modeled. The 

section is organ~zed by service sector, describing the costs 

of cogeneration technologies in the steam, machine drive, 

and electrolytic service sectors. Each technology competing 

within a service sector is discussed according to each of its 

cost components. 

Cogeneration technologies are unique for two reasons: 

1. These technologies produce both steam and electricity. 

Thus the ISTUM model logic-was modified to have 

these technologies compete in one service sector 

with feedback to or from another service sector 

(see Vol. I, chapter II:E.4). 

2. These technologies require demand charges which are 

annual costs of reserving utilitity capacity to 

insure ~gainst in-plant generation failures. 

·These costs are annual costs independent of capital 

costs but dependent on load factors. Thus the costs 

could not be entered as fuel costs or capital costs. 

Instead the costs were entered on a dollar per 

MMBtu/hr basis which considered load factors for 

the conversion to dollars per MMBtu. 
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Self-generation technologies are categorized according 

to whether or not they conserve energy (relative to electric 

utilities). Thus coal-fired self generation is considered 

a non-conserving technology since its efficiency approximates 

that of ~ utility. A diesel engine - organic rankine cycle 

system (ORCS) on the other hand conserves energy relative to 

a. utility given since the ORCS recovers the waste heat from 

the diesel and converts it to electricity. 
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B. Steam Service Sector 

1. Technology Name: Diesel Engine with Waste Heat 

Boiler-Export 

Technology I.D.: 5.41 

BUILDING BLOCK DATA 

' a. Building Block-A5.71 Site Preparation 

Site preparation for this technology was assumed equal 

to that of a doal boiler. 

b. Building Block-B5.41 Equipment Costs 

The equipment costs are the sum of the capital costs of 

the diesel engine and the waste heat boiler. The waste heat 

boiler costs $10/lb/hr installed. Producing 1250 Btu/lb, 

the boiler costs $2,000,000 to produce 250 MMBtu/hr. The 

total system produces electricity at a 1.05 ratio to steam­

thus, the diesel engine is generating 262.5 MMBtu/hr. At 

$300 kW, the engine costs $23,080,304 to produce 262.5 

MMBtu/hr. Total costs approximate $25,000,000. Industry 

interviews revealed O&M costs to approximate 5 ~ercent of 

capital costs. Since the capital costs for this system are 

linear, the scale down factor, from 100 MMBtu/hr to 20 

MMBtu/hr, was 0.20. 

c. Building Block-C5.71 Demand Charge 

The demand charge for a 100 MMBtu/hr (29,308.3 kW) 

electricity demand will vary by roughly the same amount as 

electricity prices vary. After studying several rate struc­

tures, Monongahela's appeared to be the mean structure and 

is presented below: 
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$11,877 
$3.43/kW 
$3.09/kW 

Monthly Charge 

----------
----------
----------

first 2700 kW 
next 12,600 kW 
all additional 

The demand charge calculated to $1.29 million which 

is entered as $5,160 per million Btu per hour.of steam demand 

At 20 MMBtu/hr., the demand charge equals $272,630 which ap­

proximates a .23 scale down factor. The distribution around 

the mean was calculated by using DRI's standard deviation 

for electricity prices. Since electricity prices were shown 

to approximate a 1.50 standard deviation, demand charges, 

which are roughly half of electricity prices, were assumed 

to have a .75 standard deviation. Moving two standard 

deviations away from the mean, roughly 94 percent of the 
~ 

distribution could be accounted for. Thus, a 3 percent 

frequency distribution was associated with values for two 

standard deviations away on each side. 

d. Building Block-H8.11 Feedwater Costs 

The waste heat boiler has feedwater costs equal to that 

'of a coal fired boiler. Thus, ~he relevant costs were taken 

from Technology 8.11 as shown. 

e. Building Block-H8.ll Indirect Capital Costs 

Derived from Technology 8.11. 

f. Building Block-18.11 

Derived from Technology 8.11. 

GENERAL DATA 

a. Year Available - it was assumed that the ability to 

export electricity would not exist until 1979. 
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b. Fuels Used - ISTUM is modeled to consider the electricity 

credit as a negative consumption of electricity -

thus the two fuels consumed are oil and electricity. 

c. Fuel Share - the "efficiency factor" for electricity 

generation was actually a ~actor that converts the 

electricity price into an el'ectrici ty credit per 

MMBtu of steam demand. For the export case, th~ 

following variables must be identified: 

(1) Ratio of Electricity to Steam Demand - .4 

(2) Ratio of Electricity to Steam Supply - 1. 05 

(3) Ratio .of Exports to Steam Demand - .65 ((2)-(1)} 

( 4) Ratio of Export Value to Electricity Purchase Price 

Total Value of Electricity Production 

- (.60) 

( (3) x (4)) + (1)) x Electricity Price --.79 (Electricity Price) 

The negative inverse of the above was entered into 

ISTUM. The fuel share. algorithm was modified to take account 

of negative efficiencies given a fuel share equation of: 

fuel share = 1 - e/d 

where e = the efficiency of this technology 

d = the electricity efficiency factor 

a value o.f 1.3 was determined. 

d. Service Sector - this technology generates both steam 

and ~lectricity and thus could conceivably compete 

in either of these sectors. Because the steam 

sector must be run before the machine drive sector 

to calculate the maximum market fractions for 

steam topping cogeneration systems, this technology 
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was entered as a steam generating technology 

credited with electricity production. 

e. DOE Acceleration - it was assumed that DOE participation 

could enhance the possibility of exporting-electricity 

to utilities by two years. 
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2. Technology Name: Diesel Engine with Waste Heat Boiler 

No Export 

'Technology I.D.: 5.51 

BUILDING BLOCK DATA 

a. Building Block-A5.71 Site Preparation 

Site ·pr~paration for oil-fired conventional boiler plus 

diesel engine and waste heat boiler assumed equal to that of 

a coal-fired boiler of ~he same steam rating. 

b. Building Block-B5.51 Equipment Costs 

This block represents the costs for a diesel engine 

producing 100 MMBtu/hr. of electr~city and a waste heat boiler pro­

ducing 95 MMBtu/hr_of steam (the ratio of electricity to 

steam production for this system is 1.05). Using the 

costs described under Block I.D.# B5.41, the diesel engine 

will cost $8.8 million, the waste heat boiler $.8 million, 

the total approximating $9,683,000r 

c. Building Block-C5.71 Demand Charge 

' 
The demand charge is the same as that for Technology 

5.41 since the same amount of electricity consumed in­

house must be s~pplied by the utility in case of turbine 

shut-down or breakdown. 

d. Building Blocks-B8.11, C8.11, D8.ll, #8.11, 

H8.11, I8.11 Boiler Costs 

These costs are the costs for a full 250 MMBtu/hr _oil­

fired boiler. While the boiler will have excess capacity 

most of the time, the full-sizeq boiler, similar to the demand 

charge, must be present in case of engine or waste heat boiler 

breakdown. 
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GENERAL DATA 

a. Year Available - the technology is presently available · 

b. Fuels Used- see Tech 5.41 

c. Fuel Share - see Tech 5.41 

d. Fuel Efficiency - the fuel efficiency is the weighted average 

efficiency of this techholo~y and. a back up conventional 

oil-fired hoiler. The former is .38, the latter .82 -
I . 

. the former provides 38 percent of the steam, the latter 

62 percent. The weighted aver~~e efficiency is 57 

percent. 

e. Service Sector - see Tech 5.41 

f. DOE Acceleration - certain developments in research in improving 

the reliability of diesel engines could accelerate market 

penetration. 
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3. Technology Name: Gas Turbine with Waste Heat Boiler - Export 

Technology I.D.: 5.61 

BUILDING BLOCK DATA 

a. Building Block-A5.71 Site Preparation 

These costs are assumed equal to that of a coal fired boiler. 

b. Building Block-B5.61 Site Preparation 

The gas turbine costs $200/kW, the waste heat boiler 

$10/lb/hr (at 1250 Btu/lb). The system's electricity to steam 

supply ratio is .819, thus producing 205 MMBtu/hr of electri­

city arid 250 MMBtu/hr of steam. The costs for the gas turbine 

and waste heat boiler respectively are $11.9 million and 

$2 million, approximating $13.9 million for the entire system. 

Again, costs are linear, effecting a .2 scale dowri factor. 

c. Building Block-C5.71 Demand Charge 

The demand charge calculation is the same as described 

above. 

d. Building Block-E8.11 Feedwater Costs 

These costs represent the feedwater costs for the waste 

heat boiler; assumed equal to those of a coal-fired boiler. 

e. Building Block-H8.11, .I8.11 Indirect Capital Costs 

These are assumed equal to those of a coal-fired.boiler. 

GENERAL DATA 

a. Year Available - see Tech 5.41 

b. Fuels Used - see Tech 5.41 
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c. Fuel Share - see Tech 5.41 

d. Service Sector - see Tech 5.41 

e. DOE Acceleration - see Tech 5.41 
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4. Technology Name: Gas Turbine with Waste Heat 

Boiler - No Export 

Technology I.D.: 5.71 

BUILDING BLOCK DATA 

a. Building Block-A8.11 Site Preparation 

The gas turbine and waste heat boiler are assumed to 

require the same site preparation as that of an equal steam 

rated coal-fired boiler. 

b. Building 'Block-B5.71 Equipment Costs 

The gas turbine will produce 100 MMBtu/hr, the waste 

heat boiler 122 MMBtu/hr. At the costs mentioned above, the 

gas turbine will cost $5.9 million, the waste heat boiler $.95 

million,' totalling $6.85 million. The scale down factor is. 

0.20 since the costs are linear. 

c. Building Block-C5.71 Demand Charges 

These are the same as for technologies 5.41, 5.51 and 

5.61 since electricity demand fulfilled is assumed the same. 

d. Building Block-B8.11, C8.11, D8.11, E8.11, H8.11, 

I8.11 Oil-fired Costs 

Similar to Technology 5.51, these costs are for fulfilling 

the remaining steam demand and for backing up the waste 

heat boiler when it is not operating. 

GENERAL DATA 

See Technology 5.51 for descriptions of all data. 
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c. Machine Drive Service Sector 

1. Cogeneration 

a. Technology Name: AFB Topping Cogenera·tion 

Technology I.D.: 1.15 

BUILDING BLOCK 

1. Building Block-Al.lS Equipment Costs 

Turbine supplying the 100 MMBtu/hr. size range are 

assumed to be fed from a distribution of boilers as follows: 

Size 

Distribution of Boilers Feeding Turbines 

for Steam Topping 

Incremental Boiler Cost Frequency 

250 fi!MBtu/hr $430·, 000 .85 

600 MMBtu/hr $2,000,000 .15 

Turbine sizes are respectively 10 MMBtu/hr and 60 MMBtu/ 

hr and cost $714,300 and $2,266,875. O&M costs are $100,000/yr. 

plus one percent of total capital costs. The $100,000/yr. 

was.incorporated into the demand charge calculation to 

facilitate programming. The values are calculated as follows: 

• the $/MMBtu/hr was calculated: 

$1,144.00/MMBtu/hr for the 10 MMBtu/hr system 

$716.67/MMBtu/hr for the 60 MMBtu/hr system 

• 'these were scaled linearly to the 100 MMBtu/hr 

size range. 

For the smaller size, a 2 MMBtu/hr turbine was assumed fed 

by a 50 r-1MBtu/hr boiler. The turbine cost $160,700, the 
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boiler modifications $130,000. The scale down factor 

was calculated to be -.25 

2. Building Block-Bl.l5 Demand Charges 

Monogahela's rates were used and the distribution includes 

a 60 MMBtu/hr turbine size at a 15 percent frequency as 

well as a 10 MMBtu/hr. size at a 85 percent frequency. The 

scale down to .95 is consistent with .Monogahela's rate struc­

ture at relatively small electricity demands. For the three 

sizes considered, the demand charges are as follows: 

· 2 MMBtu/hr 

10 MMBtu/hr 

600 MMBtu/hr 

( . 6MW) 

(2.93 MW) 

(17.5MW) 

$142,524 

$154,800 

$738,180 

Each of these was scaled to a $/MMBtu/hr and are entered 

as such. The $100,000/yr for turbine operating costs are 

included in the values presented in Bl.l5. 

3. Building Block-H8.11, 18.11 Indirect Capital 

Costs, Construction Indices 

These are assumed equal to those ·attributed to a coal­

fired boiler of the 50 MMBtu/hr and 250 MMBtu/hr sizes. 

GENERAL DATA 

1. Fuel Effici~ncy - the fuel efficiency equals the product of 

steam to boiler fuel ratio (.82) and the turbine electricity 

to steam ratio (.7). The product is .57. 

2. Maximum Fraction - the maximum market fraction is determined 

endogenously by running the steam sector before the machine 

drive sector and having ISTUM calculate the maximum amount 

IV-13 
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of electricity that could be produced given AFB's pene­

tration in the steam sec.tor. This value limits the 

penetration·of AFB topping in the machine drive sector. 

3. Applicabl~ Industries - The seven industries were selected 

by virtue of their relatively large steam and-electricity 

demands. 
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b. Technology Name: 

Technology I. D. : 

LBG Topping Cogeneration 

1. 25 

BUILDING BLOCK DATA 

1. Building Block-Al. 25 Equipment Costs 

The turbine costs are the same as for Al.lS. The incre­

mental boiler costs, turbine costs, and totals are as follows: 

Size 

20 MMBtu/hr 100 MMBtu/hr 

Turbine Size 

Incremental Boiler Costs 

Turbine Costs 

2 MMBtu/hr 

$140,000 

$160,700 

$300,700 

10 MMBtu/hr 

$480,000 

$714,300 

$1,194,300 

60 MMBtu/hr 

$2,070,000 

$2,266,875 

$4,333,353 

Converting these totals to $/MMBtu/hr of turbine capacity 

and then multiplying by 100 yields the values in Al.25 and a 

scale down factor of .22. 

2. Building Blocks-Bl.lS, H8.11, I8.11 Turbine 

Indirect Capital, Construction Costs 

See Technology 1.15 for discussion of these blocks. 

GENERAL DATA 

1. Fuel Efficiency- the ratio of boiler steam to fuel is .72 

and the ratio of turbine electricity to steam is .7. 

The product is .50. 

2. Maximum Fraction -·see Tech I.D. 1.15 

... 
3. Applicable Industries - See Tech I.D. 1.15 
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c. Technology Name: Coal Topping Cogeneration 

Technology I.D.: 5.45 

The costs are equal to those of Technology 1.15. Pene­

tration will vary depending on endogenously-determined maximum 

market fractions. 

d. Technology Name: 

Technology I. D. : 

Oil Topp Cogeneration 

5.55 

These costs are equal to thqse of Technology 1.25. Pene­

tration will vary depending on the endogenously-determined 

maximum market fraction. 

e. Technology Name: 

Technology I. D. : 

Gas Topp Cogeneration-

5.65 

Costs equal to those of Technology 1.25. Penetration 

will vary depending on the endogenously determined maximum 

market fraction. 

GENERAL DATA 

GENERAL DATA FOR 5.45, 5.55, 5.65 

Fuel Effic~ency - See:Technology 1.15. 

Maximum Market Fraction - See Technology 1.15. 

Applicable Industries - See Technology 1.15. 
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2. Non-conserving Self-Generation 

a. Technology Name: AFB Self Generation 

Technology I.D.: 1.35 

BUILDING BLOCK DATA 

1. Building Block A8 .11, C8 .11, . DB .11, 

E8.11, H8.11, I8.11 Boiler Support Costs 

When self-generating, the turbine is sized at 40 percent 

the capacity as that of the boiler (given the need to condense 

the steam exhausted from the turbine). For electricity demands 

of 20 MMBtu/hr and 100 ~rnBtu/hr, boilers are sized at 50 MMBtu/hr 

and 250 1-iMBtu/hr. Thus, "blocks" from Technology 1.11 

should be consul ted for explanations of these blocks .• 

2. Building Block Bl.ll Boiler Costs 

The block co~fficient is increased by 5 percen~from 
that of, an AFB boiler supplying process. steam since the enthalpy 

(Btu/lb) is increased. More substantial tubing is required 

in this case. 

3. Building Block C5.71 Demand Charges 

The demand charge was outlined for Technology 5.41 

· (in Steam) and was entered into ISTUM in $/~~Btu/hr of steam 

demand. To convert to machine drive demand ·assumed 40 .per­

cent of steam demand), the rate is multiplied oy 2.5. 

4. Building Block B8.15 Turbit~ Costs 

Turbine costs were derived f~om General Electric's 

Handbook of Industrial Steam Turbines and are listed below: 
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Turbine Capacity 

(MW) 

Turbine Costs 

Turbine Costs 

Size 

20 MMBtu/hr 

5.9 

$1,936,725 

100 MMBtu/hr 

29.3 

$5,533,500 

O&M costs are assumed 5 percent of turbine costs. 

GENERAL DATA 

l. Fuel Efficiency - See Technology r.l6 

2. Maximum Fraction - See Technology 1.16 

3. Service Sector - This technology was considered a potential 

electricity supplier to the machine 'drive sector as 

well as to the electrolytic sector. 

4. Applicable Industries - these are all the industries in which 
' 

machine drive demands exist . 

• 
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b. Technology Name: LBG Self Generation 

Technology ID: 1.45 

BUILDING.BLOCK DATA 

1. Building Block-A8.11, C8.11, D8.11, E8.11, 

H8.11, I8.11 Boiler Support Costs 

See explanation for these blocks from Technology 1.35. 

2. Building Block-Bl.21 Boiler Costs 

For added costs for the increa~e in enthalpy, the block 

coefficient from Technology 1.21 was multiplied by 1.05 

to account for more substantial tubing. 

3. Building Block-C5.71 Demand Charges 

See Technology ID 1.35 for· discussion of· this block 

~- Building Blbck-B8.15 Turbine Costs 

See Technology I.D. 1.35 for discussion of this block. 

GENERAl,.·, D~TA 

Fuel Efficiency- See Technology 1.26. 

Maximum Fraction, - See Technology 1.16 

Applicable Industries - See Technology 1.35. 
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c. Technology Name: Coal Self Generation 

Technology I.D.: 8.15 

This technology has all the boiler support costs of a 

conventional coal-fired boiler (8.11) and a 5 percent higher 

cost for the boiler equipment (Block I.D.#: B8.11) to allow 

for the increa.sed enthalpy (more substantial tubing). The 

demand charges (C5.71) and turbine costs (B8.15) were des­

cribed for Technology. 1.35. 

d. Technology Name: Oil Self Generation 

Technology I.D.: 8.25 

The technology has all the boiler support costs of a 

conventional oil-fired boiler (8.21) and a 5 percent higher 

cost for the boiler equipment (B8.11) to allow for the in­

creased enthalpy (more substantial tubing). The demand 

charge (C5.71) and turbine costs (B8.15) were described for 

Technology 1.35. 

e. Technology Name: Gas Self Generation 

Technology I.D.: 8.35 

This technology has all the boiler support costs of a 

conventional gas-fired boiler (8.31) and a 5 percent higher 

cost for the boiler equipment (B8.11) to allow for the 

increased enthalpy (more substantial tubing) . The demand 

charge (C5.71) and turbine costs (B8.15) were described for 

Technology 1.35. 

GENERAL DATA FOR 8.51, 8.25, 8.35 

See Technology 1.15 for all components except maximum 

fractions which are .7 for coal technologies and 1.0 for 

non-coal technologies (environmental constraints) . 
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3. Energy-Conserving Self-Generation 

a. Technology Name: Diesel Engine - Organic Rankine Cycle 

System (ORCS) 

Technology ID: 2.15 

BUILDING BLOCK DATA 

1. Building Block-A2.15 Equipment Costs 

The diesel engine/organic rankine bottoming cycle system 

(ORCS) has the following characteristics: the engine costs 

$300/kw11, the ORCS $400/kW2/; the engine has a heat rate 

of 8500, the ORCS an efficiency of 22 percent; th.e engine 

produces 75 percent of all electricity produced; the system 

costs $325/kW combined. At 100 MMBtu/hr, the system costs 

$9,525,200 and is scaled proportionately to 20 MMBtu/hr. O&M 

costs are 5 percent of capit~l costs for both technologies. 

2~ Building Block-C5.71 Demand Charges 

See discussion of cs. 71 for Technology I.D. 1.35 

3. Building Block-H8.11, I8.11 Indirect Capital 

Costs, Construction Costs 

These are assumed equal to that of an oil-fired boiler. 

GENERAL DATA 

1. Year Available - the leading ORCS manufacture foresees 

mass production in late 1979. 

2. Fuel Efficiency - For each 8500 Btu's of oil fed to the engine, 

3412 Btu's of electricity are produced. The remainder 

1/ 
2/ 

is fed as waste heat to the ORCS which converts 22 percent 

(1119 Btu's) of the waste heat to electricity. The overall 

electricity to fuel ratio is .53. 

Thermo-Electron r.nrpnration, ·waltham, Masc. 

Sundstrand Energy Systems, Rockford, Illinois. 
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c. Service Sector - This .technology produces electricity ~nd thus 

could supply eith~r the machine drive or electrolytic 

sectors. 

d. Applicable Industries - these industries possess machine drive 

demands according .to ISTUM's data. base~ 

. \, 

·. ,.· 
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b. Technology Name: Gas Turbine - OR,CS 

.Technology I.D.: 2.25 

BUILDING BLOCK DATA 

1. Building Block-A2.25 Equipment Costs 

The gas turbine/6rganic rankine bottoming cycle system 

(ORCS) has the following characteristics: the turbine costs 

$200/kW, the ORCS $400/kW; the turbine has a heat rate of 

11,000 Btu/kWh, the ORCS an efficiency of 22 percent; the 

turbine produces 67 percent of the electricity, the ORCS 33 

percent; the system costs $266.3/kW combined at 100 MMBtu/hr, 

the·system costs $7,804,800 and the costs are scaled down 

proportionately to 20 MMBtu/hr. 

2. Building Blcok-C5.71 Demand Charges 

See discussion of C5.51 for Technology I.D. 1.35. 

3. Building Block-H8.11,· I8.11 Indirect Capital 

Costs, Construction Costs 

These costs are assumed the same as for an oil-fired 

boiler. 

GENERAL DATA 

1. Year Available - See Technology 2.15. 

2. Fuels Used - Gas turbines can use either gas or oil - due 

to the unreliability of gas supply, oil was ·assumed the 

preferred fuel. 

3. Fuel Efficiency - If 11,000 Btu's are fed into the gas turbine, 

3412 Btu's of electricity are produced and 7588 Btu's of 

waste heat are exhausted. The ORCS will convert 22 
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percent of this waste heat to ~lectricity, effecting 

an overall 46 percent efficiency of fuel to electricity. 

4. Service Sector - See Technology 2.25. 

5. Applicable Industries - See Technology 2.25. 
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4. Purchased Electricity 

a. Technology Name: Conventional Electricity 

Technology I.D.: 8.75 

BUILDING BLOCK DATA 

L ·Building Block-AS. 7 5 Equipment,· Costs 

Purchased electricity requires switchgear, .transformers 

and other equipment.which approximate $100,000 to $200,00 

for a 100 MMBtu/hr demand. The costs scale down propor­

tionately to the 20 MMBtu/hr size demand. 

2. Building Block-H8.11, I8.ll Indirect Capital 

Costs, Construction Costs 

Indirect capital costs and construction costs are the 

same as for all other technologies. 

GENERAL DATA 

Technology 8.75 competes in the machine drive sector. 

(Technology 8.76 competes in the electrolytic service sector.) 
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D. Electrolytic Service ·sector 

1. Non-Conserving Self-Generation 

a. Boiler Costs for Technologies 1.16, 1.26, 8.16, 

8.26, 8.36 

The boiler is sized at 1500 MMBtu/hr .. to provide enough 

steam to generate 600 MMBtu/hr (175 mW) of electricity. Boiler 

costs increase non-linearly until roughly 100 MMBtu/hr and then 

increase linearly with further capacity increases. Thus 

the slope of capital costs with capacity increases was 

determined from 100 MMBtu/hr to 250 MMBtu/hr and then used 

to estimate boiler equipment costs at 1500 MMBtu/hr. 

Example: Technology Name: AFB Self Generation 

Technology I.D.: 1.16 

Building Block-A8.11 

For an AFB boiler, the scaling factors for component A8.ll 

are 1 and 1.95 for sizes 100 MMBtu/hr. and 250 MMBtu/hr respec­

tively. The slope equals .00633 which is multiplied by 1500, 

yielding the scaling factor for component A8.11 for a 1500 

MMBtu/hr boiler. The same method is used for all boiler com­

ponents for all boilers self-generating electricity. 

b. Turbine Costs (B8.16) for Technologies 1.16, 

1.26, 8.16, 8.26, 8.36 

The cost of·a 600 MMBtu/hr condensing turbine (175mW) 
\ 

was derived from General Electric cost data. The capital cost 

is $9,372-,000 with installation costs raising the total cost 

to $16,401,000. 

IV-26 
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c. Demand Charges (C5.7ll for Techriologies 1.16, 

1.26, 8.16, .9.2G, 0.36 

The demand charge for a 600 MMBtu/hr electricity demand 

was derived from Monongahela's rate structure (see Tech I.D. 5.41, 

Block# C5.71) and equals $6,582,816/yr. On a dollar per 

MMBtu/hr of electricity, this equals 2.4 times the values 

represented in C5.71 which is presented on a dollar per 

MMBtu/hr of steam. . .~· 

GENERAL DATA FOR 1.16, 8.16, 8.26, 8.36 

a. Fuel Efficiency - Self generation technologies cannot be ex­

pected to have efficiencies exceeding those of utility 

electricity production. The combination of boiler 

and turbine efficiencies and the need to. condense the 

steam exhausted from the turbine to pump it back into 

the boiler effect a .33 electricity to fuel ratio. 

b. Maximum Fraction - all coal-using technologies have maximum 

market fractions of .7 to account for environmental 

restrictions. 

C. Service Sector - these technologies are designed to meet 

electrolytic demands,. 

d. Applicable Industries - the ISTUM data base reveals electrolytic 

demands in the Chemicals (SIC 28), Steel (SIC 331), 

Aluminum (SIC 3334r, and Other Primary metals (SIC 334) 

Industries. 

GENERAL DATA FOR 1.26 

a. Fuel Efficiency - the overall system efficiency is a function 

of the boiler efficiency, turbine efficiency and loss 

of efficiency due to steam condensation. With a coal 
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boiler, .the system is. 33 ·percent .. efticient, the 1:5oiler 

~tself having an 82 percent efficiency~ Giveri an LBG 

boiler efficiency of 72 percerit, the total system 

efficiency is 2~ percent. 

b. Maximum Fraction - See Technology 1.16. 

c. Applicable Industries -.See Technology 1.16 • 

. . 
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2. Energy Conserving Self-Generation 

a. Technology Name: DieseT Engine - ORCS 

Technology I.D.: 2.16 

BUILDING BLOCK DATA 

1. Building Block A2.15 Equipment Costs 

These technologies do not realize economies of scale -

thus the scale up from 100 MMBtu/hr to 600 MMBtu/hr is six 

( 6) • 

2. Building Block C5.71 Demand Charge 

See discussion on demand charges for Technology 1.16. 

3. Building Block H8.11, I8.11 Indirect Capital 

Costs, Construction Costs 

These costs are equal to those of an oil-fired boiler. 

GENERAL DATA 

1. Fuel Efficiency - See Technology 2.15 

2. Service Sector ~ This technology can produce electricity 

to meet electrolytic demands 

3. Applicable Industries - These industries are those that ac­

cording to ISTUM's data base have electrolytic demands. 

4. Year Available - See Technology 2.15. 
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3. Conventional Electricity 

a. Technology Name: Conventional Electricity 

Technology I.D.: 8.76 

BUILDING BLOCK DATA 

1. Building Block -A8.75 Equipment Costs 

Switchgear, trans~ormers and other equipment costs are 

assumed proportional to demand. Thus the scale up factor 

from 100 MMBtu/hr to 600 MMBtu/hr is six (6). 

2. Building Blocks H8.11, I8.11 Indirect Capital 

Costs, Construction Costs 

These costs are assumed equal to those of a coal-fired 

boiler. 

GENERAL DATA 

~- Technology 8.76 competes in the electrolytic service 

sector. 
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GENERAL INFORMATION FOR COGENERATION AND SE;LF-GENERATION TECHNOLOGIES 

PAGE t 
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TECH TECHr·IOLOG"y" 'fEAFt: FUELS F"UF.::L t:::~~!ffb -~EE~£! §;t·l.£! §!;~-~atH!~ !:Q~fl-8€!!:!~~ -~a~!~~~-E~e£I!Q~ 
II:' NAME AVAIL USED SHAr::E COMB TF:AN FINL ( MM£tTUjHto:) (HFt:s;·,·r:) II·ICRE F::ETr::O CrJNSE 

(1ST USTN SMIS lJSE l.O HI l.O HI MEI·Il'L FIT r.:VATI~ 

FUEL.) 

1.15 A FE< TOPPING GEI-I 1982 1.00 1.00 1.oo 0.57 -1 -1 -1 -1 1.00 o.oo 1.0C' 
1.16 AF'F.I SELF GEN 1982 1.00 1.00 1.00 0.33 -1 -1 -1 -1 0.70 o.oo l.OC 
1.25 LE<G TOPPI,.,G GF.:N 1980 1.00 0.60 1.00 0,70 -1 -1 -1 -1 1.00 o.oo 1. oc 
1. 35 A FE< SELF GEN 1980 1.00 1.00 1.00 0.33 -1 -1 -1 --1 0.70 o.oo 1.00 
2.15 l'IES ORG' RANK II .. 1980 2 1.oo. 1.00 1.00 0.53 --1 -1 -1 -1 1.00 o.oo 1. 00 
2.16 DIES OFO:G RANK Il-l 1980 2 1. 00 .t.oo 1.00 0.53 -:1 -1 -··1 -1 1.00 o.oo 1.00 
2.25 GAS TURB ORE! 1980 2 1.00 1.00 1.oo 0.46 ·-1 -1 -1 -1 1.00 o.oo 1.00 
5.41 I•IES ENG Wt.fEt E:-: 1979 2 4 1.30 1.00 1.00 0.38 -1 -1 -1 -1 ' 1.00 o.oo 1.00 
5.45 COAL TOF'P COGEt·l 1972 1.00 1.00 1.00 0.57 -1 -1 -1 -1· 1.00 o.oo 1.00 
5.51 I•IES EN WH£4 HE:·: 1970 2 4 1.23 1.00 1.00 0.57 0 99 -1 -1 1.00 o.oo 1.00 
5.55 OIL TOPF· COGEN 1972 2 1.00 1,()() 1 .• oo 0.57 -1 -1 -1 -1 1.00 o.oo 1.oo 
5.61 GASTUREt WHI.' E:·< 1979 2 4 1.26 1.00 1.00 0.41 -1 ·-1 -1 -1 1.00 o.oo 1.00 
5.65 GAS TOPF· COGEN 1972 3 1.00 1.00 1.00 0.57 -1 -1 -1 -1 1.00 o.oo 1.00 

H 5.71 GASTUR WH£4 NE:·: 1972 2 4 1.22 1.00 1.00 0.54 0 99 --1 --1 1.00 o.oo 1.00 
<: 8.15 COAL SELF GEI-I 1972 1 1.00 1.00 1.00 0.33 -1 -1 -1 -1 o. ;•o o.oo 1.00 
I 8.16 COAL SELF GEN 19?2 1 1.00 1.00 1.00 0.33 ·-1 -1 -1 -1 0.70 o.oo 1.00 

w 8.26 OIL •SELF GF.:N 1972 2 1.00 1.00 1.00 0.33 -1 -1 -1 -1 1.00 o.oo 1.00 
1-' 8.35 GAS SELF GEI·I 1972 3 1. 00 1.00 1.00 0.33 -·1 -1 -1 -1 1.00 o.oo 1.00 

8.36 GAS SELF GEI-I 1972 3 1.00 1.oo 1.oo 0.33 -1 -1 -1 -1 1.00 o.oo 1.00 
8.75. CONY ·ELECTRICT1" 1920 4 1.00 1.00 1.00 1.00 -1 -1 -1 -1 1.00 o.oo 1.00 
8.76 COI-lV ELECTRICT.,- 1920 4 1.00 1.00 1.00 1.00 -1. -1 -1. -1 1.00 o.oo 1.00 
9.15. COAL SELF GEN 1920 1 1.00 1. 00. 1.00 0.30 -1 -1 -1 -·1 1.00 o.oo 1.00 
9.16 COAL SELF GEN 1920 1 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
9.25 OIL SELF ~EN, 1920 2 1.00 1.00 i.oo 0.30 -1 -1 -1 ·-1 1.00 o.oo 1.00 
9.26 OIL SELF GEN. 1920 2 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.oo 
9.35 GAS SELF GEN 1920 3 1.00 1.00 1.00 0.30 -1 -1 -1 -1 1.00 o.oo 1.00 
9.36 GAS SELF GEl·l 1920 3 1.00 1.00 1.00 0.30 -1 . -1 ·-1 -1 1 .• 00 o.oo 1.00 
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TECH 
XC• 

1.15 
1.16 
1.25 
1.35 
2.15 
2.16 
2.;25 
5.41 
5.45 
5.51 
5.55 
5.61 
5.65 
5.71 
8.15 
8.16 
8.26 
8.35 
8.36 
8.75 
8.76 
9.15 
9.16 
9.25 
9.26 
9.35 
9.36 

TECHNOLOG"r" 

NAME 

AFP: TOPPJ:NG GEN 
AF9 SELF GEN 
LSG TOPF"XNG GEN 
AF9 SELF GEN 
DIES ORG RANKIN 
DIES ORG RANKIN 
GAS TUR9 ORB 
DIES ENG WH£11 El-: 

COAL .TOPP COGE,.I 

DIES EN WHB NEX 
OIL TOPP COGEN 
GASTUR9 WH9 EX 
GAS TOPP COGEN 
GASTUR WH9 HEN 
COAL SELF GEN 
COAL SELF GEN 
OIL SELF GEN 
GAS SELF GEN 
GAS SELF .GEN 
CONY ELECTRXCTY 

CONV ELECTRXCTY 
COAL SELF GEN 
COAL SELF GEl~ 

OIL SELF GE,.f, 

DI'L SELF GEN, 
GAS SELF GEN 
GAS.SELF GEN 

SERV ----~9!a_g~ab!!X___ COHST PHYS DOE 
SECT MAX COST EHER ACCE PER LIFE ACCEL 

5 
6 
5 
5 
5 
6 
5 
1 
5 
1 
5 
1 
5 

5 
6 
6· 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 

FRAC SAVE LER (YRS) (YRS) (YRS) 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9. 

A 

A 

A 

A 

A 

A 

9 

9 

9 

9 

9 

9 

9 

9 

9 

;,. 
9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

A 

A 

A 

A 

A 

A 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
9 

9 

9 

9 

9 

9 

9 

A 

A 

A 

A 

A 

A 

2.0 
2.0 
2.5 
2.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
1.0 
2.0 
2.0 
2.0 
2.0 
2.0 
0.2 
0.2 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

25 
25 
25 
25 
20 
20 
20 
20 
25 
20 
25 
20 
25 
20 
25 
25 
25 
25 
25 
25 
25 
20 
20 
20 
20 
20 
20 

3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

LAST UP[•ATE[• 

,MAR ·17, 1978 
MAR 17r 1978 
MAR 17r 1978 
MAR 17r 1978 
M'\R 17r 1978 

·MAR 17r 1978 
MAR 18r 1978 
MAR 17r 1978 
MAR 17r 1978 
AF·R 7r 1978 
MAR 17r 1978 
MAR 17r 1978 
MAR 17r 1978 
A~R 7r 1978 
MAR 21r 1978 
MAR 2lr 1978 
MAR 21r 1978 
MAR 2lr 1978 
MAR 2lr 1978 
MAR 21r 1978 
MAR 21r 1978 
MAR 21r 1978 
MAR 21r 1978 
MAR 2lr 1978 
MAR 21r 1978 
MAR 21r 1978 
MAR 21r 1978 

7:10:14 AM 
6l56l43 AM 

7:14:12 AM 
7l07:44 AM 

7:14:34 AM 
6:51:21 AM 
4l39l45 PM 
4l06l59 PM 
7:02:35 AM 

11:52:19 AM 

7l01:44 AM 

4 :o8: 13 F·M 

7:oo:21 AM 
11:52:25 AM 
7:05:41 F"M 

7:07:22 PM 
a:2a:os PM 

7':42:43 PM 
7:43:53 PM 
7:so:43 F·M 

. 7:52:08 PM 

10l47l52 AM 

10l49l35 AM 

to:5a:so AM 

1o:sa:o4 AM 
11 l04 l20 AM 

11 l04 l44 AM 
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TECH ·rECHNOLOG"'( APPLICAl'LE INDUSTRIES (MOJ;IIFIED SIC C'O[IES) 

II• NAME 

20 21 22 23 24 25 26 27 28 29 30 31 32 331 3334 334 34 35 36 37 . 38 39 ()1 02 10 14 

1.15 AFl' TOPPING GEN 1 1 1 1 

1.16 AFB SELF GEN 1 1 1 1 

1.25 LBG TOPPING GEtl 1 1 1 1 1 . 1 1 

1.35 AFB SELF GEJ..I 1 1 1 1 1 l: 1 1 1 1 

2.15 DIES ORG RANKIN 1 1 1 1 1 1 1 1 1 1 1 l. 1 

2.16 DIES ORG P.ANKIH 1 

2.25 GAS TURl' ORB 1 1 1 1 1 1 1 1 1 1 1 1 

5.41 [•IES ENG .. Hl' EX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

5.45 COAL TOPF" COGEH 1 1 1 1 1 1 1 

5.51 DIES.EN WHEt NEX 1 1 1 1 1 1 1 1 1 1 

5.55 OIL TOF·F· COGEH 1 1 1 1 1 1 1 

5.61 GASTUR9 WH9 EX 1 1 1 1 1 1 1 1 1 1 1 1 

5.65 GAS TOPP COGEN 1 1 1 1 1 1 1 

5.71 GASTUR .. Hl' NEX 1 1 1 1 1 1 1 1 1 1 1 1 1 

8.15 COAL SELF GEN 1 1 1 1 1 1 1 1 1 1 1 1 

H 9.16 COAL SELF GEN 1 1 1 

<! 8 .• 26 OIL SELF GEH 1 1 1 

I 8.35 GAS SELF GEH 1 1 1 1 1 1 1 1 

w 8.36 GAS SELF GEH 1 1 1 

w 8.75 CONY ELECTRic Tv 1 1 1 1 1 1 1 1 1 1 1 1 

8.76 CONV ELECTRICTY 1 1 1 

9.15 COAL SELF GEH 1 1 1 1 

9.16 COAL SELF GEH 

9.25 OIL SELF GEN, 1 1 1 1 1 1 1 1 

9.26 OIL SELF GEI-I, 

9.35 GAS SELF GEN 1 1 1 1 1 

9.36 GAS SELF GEH 1 



COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

BU%LDIHG BLOCK COErFECIEHT DATA ~lOT FOUHD FOR 9,15 9,16 .9,25 9,26 9,35 9,16 

8UIL['IIHG &LOCK COEr-"FIC.tEt·ITS 

PRINTED APR 7r 19/8 6:11 :os PM 

TECH ID 1.15 
UPI•ATED MAR 22, 1978 1!25!08 PM 

BLOCK ~lMOC:K SIZE SIZE 
ID COEFF' COEFF COEFF 

A 1.15 1.00 0.25 1.00 
'I) 1.15 1.00 0.95 1.00 

H 8.11 1.00 1.00 1.00 
I 8.11 1·.oo 1.00 1.00. 

TECH ID 1.;16 
UPDATEr.• AF'P. 5r 1978 5!19!2 

!)LOCK 9LCICK SIZE 
ID COEFF COEFF 

A 8.11 0.83 9.50 
I) 8.11 1.00 ·8.50 
c 8.11 0.83 16.60 
D 9·.11 0.83 3.80 
E 8.11 0.83 10.00 
H 8.11 1.00 1.00 
I 8.11 t.oo 1.00 
c 5.71 2.40 '1.00 
I) 8.16 1. 00 1.00 

H 
< TECH II• 1.25 I 
w UF·DATED MAR 17r 1978 10:47:16 PM 

~ 
BLOCK E•LOCK SIZE SIZE 

II• C.OEFF COEFF COEFF 
A 1.25 1.00 0.22 1.00 
I) 1.15 1.00 0.95 1.00 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 1. 35 
UPDATE [I APR 4r 1978 2!16!16 PM 

EtLOCK !)LOCK SIZE SIZE 
[[I COEFF COEFF COEFF 

A 8.11 0.83 0.51 1.95 
I) 1.11 1.05 ·0.64 1.81 
c 8.11 0.83 ·o. 73 2.66 
I• 8.11 0.83 0.20 0.71 
E 8.11 0.83 0.60 2.00 
I) 8.15. 1.00 0.35 1.00 
H 8.11 1.00 1.00 1.00 
I 8.11 1. 00 1.00 1.00 
c 5.71 2.50 0.23 1.00 
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COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

continued 

TECH ID 2.15 
UPDATED AF·R 4r 1978 2:16:16 F'M 

l'LOCK £tLOC.'K· SIZE SIZE 
ID C'OEFF COEFF COEFF 

A 2.15 1.00 0;~0 1.00 
c 5.71 2.50' 0,23 1.00 
H 8.11 0.90 1.00 1.oo 
I 8.11 1.00 1.00 1.00 

TECH ID 2.16 
UPDATED AF'R 4r 1978 2116:1 

l'LOCK l'LOCK SIZE 

ID COEFF COEFF 
A 2.15 1. 00 6.00 
c 5.71 2.40 1.00 
H 8.11 0.90 1.00 
I 8.11 1.00 1.00 

TECH ID 2.25 
UPDATED -AF·R 4r 1978 2l16l16 F'M 

BLOCK .. LOCK SIZE SIZE 

ID C'OEFF C'DEFF COEFF 

A 2.25 1.00 0.20 1.00 
c 5.71 2.50 0.'23 1.00 
H 8.11 0.90 1.00 1.oo 
I 8.11 1.00 1.00 1.00 

TECH ID 5.41 
UP[•ATED MAR 18r 1978 5:10:56 F'M 

BLOCK BLOCK SIZE SIZE 

ID COEFF COEFF COEFF 

A 5.71 1.00 0.32 1.oo 
l' 5.41 1.00 0.20 1.00 
c 5.71 1.00 0.23 1.00 
E 8.11 0.83 0.64 2.00 
H 8.11 ·1.00 1.oo 1.00 
I 8.11 1.00 1.00 1.00 

TECH I[• 5.45 
UPDATE ['I MAR 17r 1978 10:47:16 F'M 

BLOCK 'E•LOCfC SIZE SIZE 
ID COEFF COEFF COEFF 

A 1-.15 1.00 0.25 1.00 
B 1.15 1.00 0.95 1.00 
H 8.11 1.00 1.00 1.00 
.I 8.11 1.oo 1.00 1.00 
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COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

continued 

TECH %[1 5.51 
UF'J:tATED MAR.23r 197B 5!09:59 F·M 

PLOCK !:'LOCK SXZE SXZE 
%[1 COEFF C'OEFF COEFF 

A 5.71 1.00 0.32 1.00 
(' 5.51 1.00 0.20 1.00 c 5. 71 1.00 0.23 1.00 c B.11 o~so 0.64 1.80 
[I B.11 0.04 0.64 1.98 
E B.11 0.70 0.64 2.oo 
H B.11 1.00 1.00 1.00 r Boll 1.00 1.00 1.00 
(' B.11 0.29 0.64 2.30 

TECH %[1 5.55 
UP DATEr• MAF=; 23. 197B 4:55:02 F·M 

BLOCK BLOCK SIZE SXZE 
%[• COEFF COEFF COEFF 

A 1.25 1.00 0.22 1.00 
(' 1.15 1.00 0.95 1.00 
H B.11 0.90 1.00 1.oo r B.11 1.oo 1.00 1.00 

TECH rD 5.61 
UPDATE[• MAR 18. 197B 5:10!56 F·M 

!:'LOCk f.tLOCK .SIZE SIZE 
rD· COEF-WF COEFF COEF'F 

A :rio7l 1.oo 0.32 1.00 
8 5.61 1.00 0.20 1.00 c 5.71 1.00 0.23 1.00 
E B.11 O.B3 0.64 2.00 
H Boll 1.00 1.00 1.00 r B.11 1.00 1.00 1 .oo 

TECH %[1 5.65 
UPDATED MAR 23. 197B . 4:55:02 I'M 

BLOCK EtLOCK SIZE SIZE 
%[1 COEFF COEFF COEF~F 

A 1.25 1.00 0.22 1.00 
(' f.15 1.00 0.95 1.00 
H Boll 0.90 1.00 1.00 
r B.11 1.00 1.00 1.00 
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COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

continued 

·rECH X to 5.71 
UPitATEJ) MAP. 23r 1978 5:09:59 PM 

BLOCK Eci...OCK SIZE SIZE 
X to COEFF C'OEFF COEFF 

A 5.71 1.00 0.32 1.00 

" 5.71 1.00 0.20 1.00 
c 5.71 1.00 .0.23 1.oo 
c 8.11 o.~o 0.64 1.80 
I) 8.11 0.04 0.64 1.98 
E 8.11 0.70 0.6'4 2.00 
H 8.11 1.00 1.00 1.oo 
X 8.11 1.00 1.00 1.00 

" 8.11 0.29 0.64' 2.30 

TECH XX• 8.15 
UPDATED APR 4r 1978 2:16:16 PM 

J>LOCK BLOCK SIZE SIZE 
XX> COEFF COEF--F COEFF 

A 8.11 2.08 0.26 1.00 

"' 8.11 0.87 0.56 1.86 
c 8.11 0.83 0.56 2.05 
I) 8.11 0.83 0.56 1.91 
E 8.11 0.83 0.56 1.85 
H 8.11 1.00 1.00 1.00 
X 8.11 1.00 1.00 1.00 
c 5.71 2.50 0.23 1.00 
"'8.15 1.00 0.35 1.00 

TECH XI:> 8.16 
UPI•ATED APR 5r 1978 5:11:5 

f.' LOCK PLOCK SIZE 
II:> COEFF C'OEF:-F 

A 8.11 0.83 11.70 

"' 8.11 0.83 9.03 
c 8.11 0.83 10.50 
I) 8.11 0.83 9.10 
E 8.11 0.83 a.so 
H 8.11 1.00 1.00 
X 8.11 1.00 1.00 
c 5.71 2.40 1.00 

" 8.16 1.00 1.00 



COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

continued 

TECH II:' 8.26 
Uf'I:'ATEI:' Af'F:: s, 1978 s:u :s 

E<LOCK BLOCK SIZE 
II:' cor::F·F COF.:FF--

A B.ll 0.48 10.80 

"' 8.11 0.29 3 •. 15 
c 8oll o.so 8.oo 
[o Boll 0.04 9.80 
E B.ll 0.70 10.00 

"' a. 16 1. 00 t. 00 
H 8.ll 0.90 1.00 
I 8.ll 1.00 1.00 
c 5.71 2. 40 t. 00 

TECH II:' 8.35 
UF"DATED APP. 4. 1978 2:16:16 F·M 

EILOCK PLOCK SIZE SIZE 
III COF.FF COEF'F C'OEFF 

A Boll 0.46 0.64 2 .to 
"' 8.ll 0.30 0.64 2.30 
E Boll 0.60 0.64 2.25 H Boll 0.90 1. 00 1.00 I 8.11 1.00 t.oo t.oo c 5. 71 2.50 0.23 1.00 

"' a.t5 t.oo 0.35 t.oo H 
< 
I TECH It• 8.36 w 

co Uf'I:'ATED Af'F:: 5. 1978 5:04:4 
EILOC'k BLOCk SIZE 

ID COEFF COEFF 
A Boll 0.46 11.00 

"' 8.11 0.29 13.70 
E 8.11 0.70 12.50 

"' 8.16 1.00 1.00 
H 8oll 0.90 1.00 
I Boll 1. 00 1.00 c 5.71 2.40 J..oo 

TECH II:' 8.75 
UPI•ATE[I MAR 23, 1978 4:ss:o2 "" E<LOCK ' EtLOCK SIZE SX2E 

ID COF.:FF COEFF COEFF 
A 8.75 1.00 0.20 1.00 I Boll t.oo 1.00 t.oo 
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COGENERATION SELF-GENERATION TECHNOLOGY SPECIFICATIONS 

continued 

' TECH Ito 8.76 
UPI:'ATED MAFO: 23 •. 1978 4!50! 

I< LOCK £fLOCK SIZE 
ID COEFF COEFF 

A 8.75 1.00 6.00 
1 8.11 1.00 1.00 

J 
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COGENERATION AND SELF-GENERATION BUILDING BLOCKS 

BUi:LDJ:HG l\LOCKS 

PRXNTED APR 7r 1978 6116105 PM 

%l'tt " t.i5 
NAMEt C~~ EOUIP 
LAST UPDATED MAR 31r 1978 5141110 PM 
SXZE OF UHXT COSTED OUT (M~STU/HR)l 100 
TYPE S 
FRACTION OF COSTS FOR O+M! O.Ol 
FREOUEi4CY A~ID COST DATAt 

0.150 
0,850 
o.ooo 
o.ooo 

7r166o700 
11 r440,000 

o.ooo 
o.ooo 

to: A 1.25 
HAMEt CAP EQUIP 
LAST UPDATED MAR 31r 1978 5141140 PM 
SXZE OF UNXT COSTED OUT (MMBTU/HR)I 100 
T"(PE S 
F~ACTIOH OF COSTS FOR O+Mt 
FREOUEHC"f 

0.150 
o.850 
o.ooo 
o.ooo 

ANI:• COST OATAt 

7r236.700 
11 r940.000 

o.ooo 
o.ooo 

IDt A 2,15 
NAMEt CAPITAL EQUIPMENT 

0>01 

LAST UPDATED MAR 17r 1978 7146113 AM 
SXZE OF UNXT COSTED OUT (MMBTU/HR)I 100 
TYPE S 
FRACTION OF COSTS FOR O+Mt 0,05 
FREQUENCY AND COST DATAt 

1.ooo 
o.ooo 
o.ooo 
o.ooo 

IDt A 2,25 

9r525_,200 
o.ooo 
o.ooo 
o.ooo 

HAMEt CAPITAL EQUIPMENT 

LAST UPDATED MAR 17r 1978 7145133 AM 
SXZE OF UHXT COSTED OUT (MMSTU/HR)l 100 
TYPE S 
FP.ACTXON OF COSTS FOP. D+MI 0,05 
FREOUENCY AND COST DATAt 

1.ooo 
o.ooo 
o.ooo 
o.ooo 

7r804,800 
o.ooo 
o.ooo 
o.ooo 
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COGENERATION AND SELF-GENERATION BUILDING BLOCKS 

continued 

r£•1 A 5,71 
HAioiE! SXTE PP.EPAP.ATXON 

LAST UPDATED MAP. 13r 1978 2134124 PH 
SXZE OF Ur~IT COSTED OUT (MMDTU/HR)t 250 
TYPE S 
FRACTION OF COSTS FOR O+Mt 0.03 
FREOUEHCY AND COST DATA! 

0.400 
0.400 
0.200 
o.ooo 

605.000 
653.000 
773.000 

o.ooo 

II>! A Boll 
HAMEl SITE PP.EP 
LAST UPDATED MAP. 12r 1978 6130133 PH 
SIZE OF UNXT COSTED OUT (MH~TU/HR)I 120 

/TYPE S 

FRACTION OF COSTS FOR 0+H: 0.03 
F~EOUEHCY AND COST DATA: 

o. 5oo· 541. ooo 
0.400 823.000 
0,100 lr761.000 
o.ooo o.ooo 

rD: A 9,75 
NAME! CAPITAL COST 

LAST UPDATED MAP. 19r 1978 5127106 PH 
SXZE OF UN%T COSTED OUT (HH~TU/HR)I 100 
T~'PE S 

FRACTIOI~ OF COS!S FOR O+M: 0 
FREQUENCY AND COST DATA! 

0.500 
0.500 
o.ooo 
o.ooo 

I[•: e 1.11 

100.000 
200.000 

o.ooo 
o.ooo 

NAME! ATMOSPHE~IC FLUID ~ED POILER 

LA~T UPDATED HAP. 12r 1978 6138146 PH 
SIZE OF UNIT COSTE~ OUT (MM~TU/HR)! 100 
y-.,·pE 5 

FRACTION OF COSTS FOR O+M! 0.12 
FREOUEHC''f ANO 

0.300 
0.500 
0.200 
o.ooo 

COST DATA! 

2rBOO.OOO 
3rlOO,OOO 
3r900·.ooo 

o.ooo 
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COGENERATION AND SELF-GENERATION BUILDING BLOCKS 

continued 

xo: E< 1.15 
NAME: DEMAND CHARGE 

LAS'f UPDATED AF~R 7r 1978 3!53!23 PM 
SIZE OF UNIT COSTED OUT (MMDTUfHR)! 100 
T'fF•E L 

FRACTION OF COSTS FOR O+M! 0 
FREQUENCY AND COST DATA! 

0.150 8.540 
0.850 17.640 
o.ooo o.ooo 
o.ooo o.ooo 

JIJ! ~ 5.41 
NAME! EOUIPMpEHT 

LAST UPOATED MAR 13r 1978 2:38:43 PM 
SIZE OF UNIT COSTED OUT (MMeTU/HR)! 250 
T)'PE 5 

FRACTION OF COSTS FOR O+M! Q,06 
FREOUEHCY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

xrq Et 5.51 

25r028.200 
o.ooo 
o.ooo 
o.ooo 

NAME! EOUI~PMEHT 

LAST UPDATED MAR 20r 1978 10!23!03 AM 
SIZE OF UNIT COSTED OLIT (MMBTUfHR)! 250 
TYPE S 
FRACTION OF COSTS FOR D+M! 0,05 
FREQUENCY AND COST J)ATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

9r683.000 
o.ooo 
o.ooo 
o.ooo 

xo: E< 5. 61 
NAME! EOUIPM,EHT 

LAST UPDATED MAR 13r 1978 2:43:30 PM 
SIZE OF UHIT COSTED OUT ~MMBTllfHR)! 250 
T'fF·E 5 

FRACTIOI~ OF COSTS FOR O+M! 0,06 
FREOUEiiCY AND COS'I' DATA: 

1.000 
o.ooo 
o.ooo 
o.ooo 

13, :340. 200 
o.ooo 
6.ooo 
o.ooo 
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COGENERATION AND SELF-GENERATION BUILDING BLOCKS. 
\ 

continued 
rr•: ~" 5.71 
NAME: EOUIPMEHT 

LAST UP~ATED APR 4r 1978 2:04:55 PM 
SIZE OF UHIT COSTE~ OUT (MMBTU/HR): 250 
T"r'F'E 5 

FRACTION OF COSTS FOR D+M: 0.05 
FREQUENCY AND COST DATA: 

1.000 6r695.000 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

r 

~~: B 8,11 
HAM~: [40ILE~ EOUIPMEHT (GEHE~AL) 

LAST UPDATED MAR 12r 1978 6:54!53 PM 
SIZE OF UNIT COSTED OUT (MMeTUfHR)! 120 
TYPE S 

FRACTION OF COSTS FOR D+M! 0.115 
FREQUENCY AND COST DATA: 

0.350 1r500,000 
0.550 
0.100 
o.ooo 

ID: B 8,15 

2r100.000 
2r520,000 

o.ooo 

NAME! EQUIPMENT TURBINE 

LAST UPDATED MAR 22r 1978 1l25!55 PM 
SIZE OF UHIT COSTEI• OUT (MMBTU/I!R): 100 
TYPE 5 

FRACTION 0~ COSTS FOR O+M! 0.05 
FREQUENCY AI~D COST DATA! 

1.000 5r533.500 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

rrq B 8.16 
)-fAME! lrOUIF'MEHT TUFO:E!IHE 

LAST UPDATED MAR 24r 1978 1!45!22 PM 
SIZE OF UNIT COSTED OUT (MM[4TUfHR)J 600 
T"fPE 5 

FRACTION OF COSTS FOR D+M! 0.05 
FREOUENC"J' ANJ) C.os·r ['lATA! 

1.000 16r401,000 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 
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COGENERATION AND SELF-GENERATION BUILDING BLOCKS 

continued 

Il)l C 5,71 
NAME: DEMAND CHARGE 
LAST UPDATED APR j, 1978 3:·53:57 PM 
SIZE OF UNIT COSTED OUT (HMBTU/HR): 250 
TYPE L 
FRACTION OF COSTS FOR O+M: 0 
FREOUEHC't" AN[• 

0.030 
0.940 
0.030 
o.ooo 

Itq C 8.11 

COST DATA: 

1.500 
3.580 
5.670 
o.ooo 

NAME: FUEL HANDLING 

LAST UPI)ATED MAR 13• 1978 3143103 PM 
SIZE OF UNIT COSTEI) OUT (MM~TUfHR)I 120 
TYPE S 
FRACTION OF COSTS FOR O+M: 0.12 
FREQUENCY AHD COST DATA: 

1.000 467.000 
o.ooo o.ooo 
o.ooo o.ooo 
o.ooo o.ooo 

Itq D 8.11 
HAHE: ENVIRONMENTAL CONTROL SYSTEM 

LAST UPDATED MAR 12, 1978 6157138 PM 
SIZE OF UNIT COSTED OUT (MM~TUfHR)I 120 
TYPE S 
FRACTION OF COS~S FOR D+M: 0.1 
FREQUEJfCY AND COST DATA: 

1.000 2•340.000 
o.ooo o.ooo 
o.ooo o.ooo 
0.000· o.ooo 

IDI E. 8.11 
NAME: FEED~AT~R S't"STEM A~D UTILITIES 

LAST UPDATED MAR 12• 1978 7101107 PM 
SIZE OF UNIT COS~ED OUT (MHBTUfHR): 120 
TYPE S 

FRACTION OF' COSl',S FOR D+M: 0.07 
FRE~UEHCY AHD COST DAT~: 

0.200 210.000 
0.500 260.000 
0.300 660.000 
o.ooo o.ooo 



H 
<: 
I 

.~:>. 

Ln 

COGENERATION AND SELF-GENERATION BUILDING BLOCKS 

continued 

%DI H 8o11 . 
NAME!. %HDIRECT C~PXTAL COSTS (EHGIHr .COHTII~) 
LA~T UPDATED MA~ 12r 1978 7108123 PM 
S%ZE OF UN%T.COSTED OUT (MM9TU/N~)l 0 
TYPE M 
FRACTION OF COSTS FOP. O+M! 0 
F~EQUEHCY AND_COST DAT~! 

0.550 
0.350 
0.100 
o.ooo 

%I•! I 8.11 

1.300 
1.400 
1.500 
1.650 

HAME! CONSTRUCTIOf·l IH~ICES 

LAST UPDATED MA~ 12r"l978 7109l36 PM 
S%ZE OF UN%T COSTED OUT (MMBTU/N~)I 0 
T'I'"PE M 

FRACTION O~!COSTS F'OR O+M! 0 
FREQUENCY AHD COST ~ATA! 

0.400 
0.400 
0.200 
o.ooo 

PROGRAM EXITEt• 

0.870 
0.970 
1.070 
1.250 



CHAPTER V 

SOLAR AND GEOTHERMAL TECHNOLOGIES 

This chapter presents the cost structure of the solar 

and geothermal technologies that c~mpete in the ISTUM model. 

The general integration of solar and geothermal technologies 

into the ISTUM logic is discussed in Volume I, Chapter II. 

Two solar steam technologies and one geothermal tech­

nology compete in the steam service sector. The two solar 

technologies have the same capital cost structure only each 

is appliable in a different load factor range. 1/ The dif­

ference is in the fuel share division between solar energy 

and the fossil fuel backup. At high load factors the fossil 

backup equipment will be operated more frequently. This results 

in a higher fuel share for the fossil fuel at high load factors. 

In the space heat service sector where the specified load fac­

tors are lower, on~y one solar technology was required. 

A. Solar Steam Technologies 3.11 and 3.21 

The solar steam system modeled in ISTUM·had the following 

characteristics,: 

1. The system was located in the best insolated area 

of the Unit~d States, ~s determined by t~e Intertechnology 

Corpora~ion in its study entitled Analysis of the Economic 

Potential of Solar Thermal Energy to Provide Industrial Pro­

cess Heat. Regional insolation variability is captured by a 

1/ See the yellow solar sheet under column headed load range. 
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multiplier which ref;lects the increase in cost of: a system 

due to a decrease in regional ~nsolation. (~ompon~nt G3.lll 

2. It's size was specified to be a 50 MMBtu/hr system, 

supplying 300°F steam to a plant operating 4000 hours a 

year. 

3. The collectors used for the system are single axis 

tracking, parabolic trough collectors. 

4. Collector efficiency was taken directly from ITC 

data, with collectors supplying 837,000 Btu/f 2/year. 

5. Backup, in the form ·of a conven·tional, oil fired 

steam supply system, was assumed to be necessary. Costs 

used for this system were those generated for oil fired 

conventional systems modeled in ISTUM with one exception; it 

was assumed scrubbers would never be necessary. Backup is 

used 25 percent of the time for 4000 hour system, and, 57 
\ 

percent of the time for a 7000 hour system. 

6. Feedwater and utility costs were those used for 

similar sized ISTUM technologies. 

7. Site prep and land costs. Each half acre of col­

lector area r.equires one acre of cleared and graded land that 

is surrounded by fencing. 

8. Storage was determined to be unnecessary due to 

the presence of fossil backup. Only that amount of storage 

necessary for the few minutes it would take to start up the 

fossil system was included in the cost distribution. 

9. The system is technically capable of supplying 

steam at temperatures up to 600°F. Feed water temperature 

is 60°F. 
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The components used to. represent these different factors an'! 

listed below. T.hes.e components all reflect the specifi­

cations and costs of the system described above. 

BUILDING BLOCK DESCRIPTIONS 

a. Building Block-A3.11 Collectors 

This cost of $4,062,000 is based on 

• collector cost per square foot 

• insolation and collector efficiency 

• plant size and load factor. 

Concentrating collectors are assumed to be $17.00 a 

square foot, delivered, not installed~ This is a cost that 

was arrived at by two completely separate methods. First, a 

weighted average was taken of all concentrating collector 

costs, as quoted by different .studies (including the above 

mentioned ITC study and the MITRE SPURR/METREK model). 

Second, vendors were contacted for cost information. 

ACUREX- AEROTHERM quoted $17.00 a square foot delivered, 

and this figure was accepted, for their collector best 

approximated the technical specifications. of the ITC and 

ISTUM collectors modeled. 

Insolation and collector efficiency were taken directly 

from the ITC study. This study supplied data that had to be 

normalized in two ways, in order to meet the specifications 

of the ISTUM system. 

1) ITC's data was for a system that supplied steam 

only up to 500°F. While the ISTUM system_ generates steam up 

to 600°F, collectbr efficiency decreases as temperature re­

-quirements increase. The decrease in efficiency from 500°F 
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to 600°F was determined by estimating the .average percentage 
0 . 0 . 0 0 0 0 

dec~ease of 20a -300 , 300 -40Q , and 40Q ~sao . and applying 

this average to the 500°~600° range ~ith the following result: 

2 kBtu/f /yr. 
(Region VI) 

630 620 552 SQQ I 460 

2) ITC established 6 insolation regions, based on 

data from 90 cities. To establish what the best theoretical 

insolation could be, variability between cities in Region 

VI had to be measured. The highest possible insolation 

for region VI was 35 percent greater than the regional 

average, or 837,000 Btu/f 2/yr. The load factor was multi­

plied by the plant size in order to arrive at the amount of 

Btns needed by the plant in a given year. 

50 MMBtu/hr. x 4000 hrs. = 2 x 1011 Btus a yr. This 

was then divided by collector output, in order to determine 

the amount of collector footage required. 

2 x 1011 Btus unit 

837,000 Btus/ft2/yr 
= 238,949 sq. ft. of collectors 

This amount of collector· footage is then multiplied by $17.00 

to arrive at total collector cost. 

238,949 sq. ft. x $17.00/sq. ft. = $4,062,126 

b. Building Block-B3.11 Site Preparation 

foot of collector area It is assumed that each square 

requires 1.5 square feet of land. 

238,947, was multiplied by 1.5 in 

The square footage, 

order to determine the 

amount of acreage needed. 
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238,947 X 1.5 = 358,423. 

358,423 ·: 43;560 (sq. ft. in an acr~l =· 8.22 acres 

These nine acres were assumed to cost 5,000 dollars an 

acre, for a base cost of·:45,000 dollars. Clearing costs of 

$1.63, $1.97, and $2.27 a square yard were used. 

9 (acres) X 4840 (sq. yds. per acre) = 43,560 sq. yds. 

... 

$1.-63 X 43,560 = $71,000 + 45,000 = $126,000 dollars 

$1.97 X 43,560 = $85,813 + 45,000 = $131~000 dollars 

$2.27 x-43,560 = $98,881 + 45,000 = $144,000 dollars 

Fencing co~ts are assumed to be 3.41 a linear yard. As­

suming a square collector field, 835 yards of fencing are 

necessary. 

best: 

9 acres x 4840 (sq. yds.) = 43,560 

J43,560 = 208 linear yds. 

208.7 linear yds. x 4 sides tu a square= 834 linear yds. 

834 X $3.41 = $2846.80 

Final site prep costs are: 
. I 

worst: 

71,000 + 45,000 + 3,000 = $129,000 dollars 

86,000 + 45,000 + 3,000 = $134,080 dollars 

99,000 + 45,000 + 3,000 = $147,0c~ dollars 

These site prep costs were obtained froM Process Plant 

Estimating, Evaluation and Control by Kennetl- Gutherie. The 

figures were. inflated from 1971 to 1977. using the WPI. 

V-5 



c. Building Block-3.11 Installation Costs 

Installation costs are the singlS most expensive com­

ponent of a solar system. Information was obtained from 

several vendors, ACUREX-AEROTHERM, SUNPOWER SYSTEMS, and 

OWENS ILLINOIS. All quoted suprisingly high costs, ranging 

from $23.00 to $83.00 a square foot. Originally, costs were 

developed for four unit prices. 

unit price $23.00/ft2 $43.00fft2 $63.00/ft2 $83.00/ft2 

total cost $5,496,000 $10,275,000 $15,054,000 $19,833,000 

Programming requirements reduced this to the three cases found 

in this building block. It should be stressed that these 

high ranges were verified by several vendors, and it is 

these installation costs that most d~fferentiate ISTUM's 

cost distributions from those' of other studies. 

d. Building Block-3.11 Fossil Back Up 

As was stated before the point estimate used for this 

figure is based on the costs used for ISTUM's conventional 

oil fired steam system, which is discussed in the Fossil 

Energy Section of this appendix. 

e. Building Block-3.11 Feedwater and Utilities 

These costs are also taken directly from the feedwater 

and utilities costs for similar sized ISTUM technologies 

which are discussed in the conventional technology section 

of this report. 

V-6 



f. Build:,i..ng Block:-3 .11 TP.mpera ture 

The temperature multiplier was used to inflate system 

costs, for collector efficiency decreases as temperature 

requirement increase. The data used was the ITC data cited 

previously. The decrease in efficiency was measured as a 

percentage, and. these percentages became th~ different cases 

that occur in the temperature building block. 

Temperature 300° 400° 500° 600° 

2 Btu/ft /yr 620 552 500 400 

Eaficiency 12 percent 24 percent 35 percent ecrease 

Temp. mul t. 1.0 1.12 1. 24 1. 35 

g. Building Block-3.11 Insolation Multiplier 

The insolation multiplier is based on ITC regional 

insolation data. The average efficiencies, expressed 
2 0 as KBtu/f /yr for a 300 system are listed below. 

I 

II 

III 

IV 

v 
VI 

Region VI High range 

KBtu/f 2/yr 

192 

290 

356 

384 

436 

620 

837 

Multiplier 

4.36 

2.89 

2.35 

2.18 

1. 92 

1. 35 

1.0 

~he multiplier represents what multiple of the original 

collector area is needed to supply 50 MMBtu/hr., 300°F steam 
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for a plant wi.th a 4000 hour load factor. These regions were 

combined in order to establi.sh the cases used in the building 

block. Region I was dropped completely for th~ data supplied 

by ITC indicated a solar system located in that region could 

not realistically supply steam at temperatures greater than 

400°F. 

\ . 
Non-Cost Related Tnf·ormation 

Year Available/DOE Acceleration 

While solar concentrating systems are presently available 

and actively being marketed by several companies, industry 

generally perceives them to be in a prototype stage of 

development. This leads to the conclusion that they will not 

be fully commercially accepted until at least 1980. It is 

also safe to assume DOE has had a positive role in their · 

acceptance, due to several DOE funded demonstration projects 

and studies, such as the ITC report. 

Fuel Efficiencies 

Fuel efficiencies were calculated· assuming 82 percent 

boiler efficiency of the oil back up system and using a 

3000/1000 and 3000/4000 solar/oil energy ratio. 

Size Range 

While ISTUM does not model a size greater than 250 

MMBtu/hr., it is necessary to il~ustrate solar's technical 

limitations by emphasizing a certain constant as an upward 

bound (200 MMBtu/hr), rather than use a minus one, which 

indicates no size limitations. Solar systems are at pre­

sent, quite small, and show little technical promise for 

large scale industrial applications, even ~t sizes such as 

50 or 100 MMBtu/hr. It would be fallacious to present solar 
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as a technology that can be adap~ed to applications that 

would require, at best, 45 acres of collectors and at worst, 

close to 200 acres of collectors. 

Maximum Market Fraction 

The thirty percent figure used is based on several as­

sumptions. incorporating technical and application-related 

limitations to solar's commercial viability. The two major 

constraints are temperature and land availability. 

1: Temperature 

The temperature requirements of industry are the major .. 
factor in determining the technical applicability of solar 

technology. The maximum market fraction is limited by 

solar's ability (or inability) to meet industry temperature 

requirements. The original MOPPS model set the highest 

attainable temperatures for·solar systems at 650°F (350°C), 

and this was lowered to 600°F in ISTUM. This makes the initial 

maximum market fraction large, (e.g., 60 percent for direct 

steam). Batelle Columbus Laboratories in a study entitled 

Survey of the Applications of Solar Thermal Energy Systems 

to Industrial Process Heat concluded that a lar~e amount, 82 

percent, of all steam is used at temperatures less than 550°F. 

Solar concentrating collectors can generate temperature 

up to 600°F. This expands the market available to solar 

technologies, but limits the use of BCL data to determine 

the exact size of the data, for they only specify how much 

steam is required above 550° rather than 600°F. Comparison 

with similar studies demonstrates this figure is high and 

could be as low as 40 or 50 percent. By elimi~ating certain 

SICs that use very high temperature steam, an overall sixty 

percent figure appears reasonable. 

v-9 



-----------------

BCL concluded that a considerable (but, as of yet, 

unquantified) amount of process heat is used at temperatures 

. greater than the actual manufacturing process requires. 

This leads to the possibility that the maximum market share 

for solar would be greater if estimated by manufacturing 

process requirements rather than actual application re­

quirements. The data needed is extremely site. and process 

specific. 

2. Land Availability 

Land constraints cut this sixtypercent maximum market 

fraction in half. ISTUM technologies rarely have to worry 

about microgeography, and data on land availability as well 

as plant location are limited. It is safe to assume, how­

ever, that at least half of all facilities are located in or 

near urban areas. Given the large· requirement of solar 

systems, even in a well insolated area, facility siting in 

urban areas is impossible. This reduces the sixty percent 

fraction to the thirty percent value used in the model. 

Applicable SICs 

Solar was not included in several SICs (28, 29, 32, 331, 

3334, 334, 34.). The ·reason for this is simple; the use 

of steam by these industries is at extremely high tempera­

tures, conside~~bly above solar's technical limits.· The 

ITC study documents this fact in some detail. 

Construction and Physical Life 

The data used for these categories came from the ITC 

and MITRE studies as well as vendors, and there was little 

discrepancies if any be.tween thes·e differ·ent sources. 
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B. Solar Sp.:1ce Hea.t .TeChl10lOtjy-3 .112 

1. The system: was located in the· best insolated area 

of the United States, as qetermined by the lnter.technology 

Corporation in its study enti.tled Analys·is· of the' Economic 

Potential of Solar ThermaT En·e·rgy to Provide Tndustrial: Pro­

cess Heat. A multiplier was used (component G 3.111. in order 

to incorporate into the costs variability in regional insolation. 

2. It's size was specified to be.a 10 MMBtu/hr system, 

supplying space heat in the form of low temperature steam, 

(212°F) to a plant operating 2500 hours a year. 

3. The collectors used for the system are single 

glazed, flat plate·collectors. 

4. Collector efficiency was taken directly from ITC data, 

with collectors supplying 609,000 Btu/f 2/year. 

5. Backup was not included in the system. 

6. Feedwater and utility costs were not modeled, for 

the space heat system is a closed system that needs a minimal 

amount of water. 

7. Site Prep and land costs were not treated as a 

separate component; ·these costs were ·folded into a general 

installation cost. 

8. Roughly two.days of storage was folded into the 

cost distribution of the base or ideal system. This increases 

as insolation decreases and larger amounts of stored energy 

are necessary. 

9. Feedwater· temperature is 60°F. 
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BUILDING BLOCK DESCRIPTIONS 

The components used to represent these di~ferent factors 

are listed below. These building blocks all reflect the speci­

fications and costs of the system described above. 
. / 

a. 'Building Block-A3.112-Collectors 

This cost of $493,000 is based on 

• collector cost per square foot 

• insolation and collector efficiency 

• plant size and load factor. 

Single glazed flat plate collectors are assumed to be 

$12.00 a square foo~, delivered, not installed. This cost 

was arrived at by surveying vendors and establishing_ a 

weighted average of collector prices quoted in different 

research studies (including the above mentioned ITC study, 

the MITRE SPURR/METREK model, and an OTA study). Twelve 

dollars a square foot appeared to be the price most representa­

tive of the different flat plate collectors currently available. 

Insolation and collector efficiency was taken directly 

from the ITC study. The data in this study ·was generated 

for a 200°F system; it was assumed there would be no noticeable 

drop in efficiency between 200° and 212°, t~e temperature 

requirement of the ISTUM system. The data was normalized to 

develop the highest possible amount of insolation. 

ITC established 6 insolation regiops, based on data 

from 90 cities. To establish what the best theoretical 

insolation could be, va~iability between cities ~n Region 

VI had to be measured. The highest possible insolation for 
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region VI was 35 percent greater th~n the region~l average, 

or 609,000 Btu/f2 /y_r. The load .factor was multiplied by. 

the plant size in order to arrive at the amount of Btus needed 

by the plant in a given year. 

10 MMBtu/hr. x 2500 hrs. = 2.5 x 10
10 

Btus a year. This 

was then divided by collector output, in-order to determine 

the amount of collector footage re~uired. 

2.5 X 1010 

2 609,000 Btus/ft /yr. 
= 41,051 sq. ft. of collectors 

This amount of collector footage was then multiplied 

by $1~.00 to arrive at a total collector cost. 

41,051 sq. ft. x $12.00 sq. ft. = $492,611 

b. Building Block-3.112 Insta~lation 

Installation costs are the single.most expensive component 

of a solar system. Information was obtained from several 

vendors, ACUREX-AEROTHERM, SUNPOWER SYSTEMS, and OWENS ILLINOIS. 

All quoted suprisingly high costs, ranging from 10.00 to 50.00 

a square foot, depending on the use of the solar thermal energy 

produced by the flat plate collectors. Research studies quote 

lower costs for space heating systems. It was decided to 

use three costs ·$10. 00, $20. 00 and $30. 00 a square foot to 

represent the range of costs for installing a space heat system. 

unit price $10.00/f
2 $20.00/f 2 $30.00/ft 

$411,000 $821,000 $1,232,000 
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c. Building Block-C3.112 Stora9e 

Roughly two days of storage, or 15.5 hours, .was modeled 

into the ideal system. TJ:le insolation multiplier expands 

this into a six day system for the region with the least amount 

of insolation. The storage system is h6t water, with costs 

estimated by the gallon. A 10 MMBtu/hr space heat system 

uses slightly less than 8000 gallons of water per hour. Three 

costs were used to establish the cost frequency distribution: 

$.60 a gallrin, $1.10 a gallon, and $1.50 a gallon. These 

costs were obtained from a number of research studies, in­

cluding the ITC report, th MITRE SPURR/METREK model, and an 

Office of Technology Assessment Report on solar energy. 

8000 gallons x $.60 = 4800 x 15.5 hours = $74,400 dollars 

8000 gallons x $1.10 = 8800 x 15.5 hours= $136,000 dollars 

8000 gallons x $1.50 = 12,000 x 15.5 hours = $186,000 dollars 

d. Building Block-G3.11 ·Insolation Multiplier 

This component is documented in the solar steam section. 

e. Building Block-H8.11 Indirect Capital Cost Multiplier 

This component is documented in the Fossil Energy section. 

Non-Cost Related Information 

Year Available/DOE Acceleration 

Solar flat plate systems have been available for many 

years, and have become increasingly popular in the post­

embargo era. While DOE funds many residential and commercial 

projects, industrial space heating receive little funding, 

making it doubtful whether DOE's programs will accelerate 

industrial use of space heat. 
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Size Range and Load Factor 

It is unlikely that solar flat plate systems will be 

used for large space heating systems of 25 .MMBtu/hr., let 

alone a 100 MMBtu/hr. system. However, it is technically 

possible to build a system that large,. and 100 MMBtu/hr was 

specified as the upward bound of space heat applicability. 

Even though ISTUM does not model a system greater than 100 

~-1MBtu/hr., a negative one was not used for that would give 

the impression that there is no upward limit to solar's 

applicability. The load factor was limited to 4000, due to 

the storage specifications included in the cost distribu­

tions. 

Maximum Market Fraction 

Flat plate systems temperatures require acreage that 

does not limit its applicability. In the least insolated 

area of the United States, a solar flat plate system does not 

require more than five acres of land. 

Applicable SICs 

Space heat is needed at roughly the same low temperature 

by all industries. There is no reason to assume why any 

particular industry would not be technically able to use a 

solar space heating system. 

Construction and Physical Life 

The data used for these categories came from the ITC 

ad MITRE studies as well as vendors, and there was little 

discrepancies if any between these different sources. 
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c. Geothermal Stea.m Technology 4.11 

The geothermal steam system modeled in ISTUM had the 

following characteristics: 

1) The system was a geOthe-rmal hot water system, 

extracting and transporting geothermal hot. 

water that is flashed into steam by its 

end users. 

2) It's size was specified to be 2000 MMBtu/hr, 

supplying high or low temperature steam 4000 

or ryooo hours _per year. 

3) Distribution costs for 20, 100 MMBtu/hr in­

dustrial facilities were ·folded into the 

cost distributions. 

4) Reservoirs with three different energy 

contents per pound of hot water were folded 

into the cost distributions. The three 

energy values are 1200 Btu/lb., 600 Btu/lb., 

and 200 Btu/lb. 

5) The flashing of hot water into steam does not 

require any temperature raising heat exchangers 

or other heat boosting equipment. 

6) There was a ten percent loss in energy content 

when the water was flashed into steam. 

7) Site preparation costs for drilling, extraction, 

and transportation are folded into the costs 

developed for each of these components. 
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8) Exploration expenses were a constant for the 

systems costed out; the relative "fertility'' 

or commercial potential of a field was folded 

into the cost distributions through the use 

of different drilling success rates when 

calculating production costs. 

9) Environmental control and fluid purification costs 

are expressed as a percentage of production costs 

(this is due to data limitations). Elimination 

of pollutants takes place before the fluid is 

transported to the end user. 

10) Energy content of the geothermal fluid was a 

function of well depth. 

11) The terrain surrounding the reservoir and the 

pipelines is not a significant factor in the 

development of the cost distributions. 

Basic system and cost specification are listed in Tables V­

I and II. Each piece of data is documented and explained. 

It is this collection of data that was used to develop the 

building blocks £or geothermal steam. 
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TABLE V-1 

SYSTEM ·sPECIFICATIONS 

High Temp. 

Flow (lbs./hr) 

Btus/lb. 

Well Depth (ft.) 

Well Life (yrs.) 

Number of Wells 

Water-Steam 
Conversion Efficiency 

Success Rate 
(% of wells drilled 

500,000 

1,200 

7,000 

10 

4 

. 9 

that produce water) 60%,80%,90% 

Average Transpor­
tation Distance -
well to pipeline 

(miles) . 5 

Reinjection Rate 
(Ratio of Producing 
wells to Reinjection 
wells) 2/1, 4/1, 6/1 
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Medium Temp. 

500,000 

600 

6,000 

10 

8 

. 9 

60%,80%,90% 

. 5 

2/1' 4/1' 6/1 

Low Temp. 

'500' 000 

200 

5,000 

10 

23 

. 9 
r 

60%,80%,90% 

.75 

2/1' 4/1' 6/1 

J 



1 TABLE V-2 

COST SPECIFICATIONS 

Drilling Cost 

Producing Well ($/ft) 

Exploratory Well ($/ft) 

Reinjection Well 
($/ft) 

Environmental Con­
trol and Fluid 
Purification (% 
of cost of pro­
ducing well) 

Pipe Cost 

$/ft-12" diameter 

$/ft-36-48" diameter 

1200 Btu/lb. 600 Btu/lb. 300 Btu/lb. 

$123.00 

$110.00 

$ 97.00 

$123. 0,0 

$110.00 

$ 97.00 

$123.00 
' $110.00 

'$ 97.00 
( 

25%,30%,35% 20%,25%,30% 20%,25%,30% 

$ 73.00 

$343.00 
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BUILDING BLOCK DESCRI~TIONS 

a. Building Block.-A4.ll Exploration a,nd Discovery 

Exploration and discovery expenses were based on data ' 

obtained from the Stanford Research Institute's Economic Analyses 

of Geothermal Energy Development in California, v. 2. These 

base costs were normalized to meet the specifications of 

the geothermal system modeled in ISTUM (Table III). The 

following changes were incorporated into the ISTUM data. 

1) The area leased and explored in ISTUM was five 

times greater than the area in the SRI cost model 

(37,500 acres vs. 7,500 acres). Well costs 

related to area such as rent, number of wells 

drilled,- geophysical testing, etc.) was in­

creased linearly. The SRI study analysed.geo­

thermal potential in the area of California 

that had been known for its geothermal activity 

before actual exploration took place. This 

type of knowledge cannot be assumed for the 

ISTUM geothermal system, and the area to be explored 

was increased by a factor of five in order to make 

the exploration activity more realistic. 

2) Test wells were 7000 feet deep and cost $110 a 

foot. The original SRI data was for 6000 foot 

wells which cost $90 a foot to drill. Hrgh 

temperature wells are assumed to be 7000 feet 

deep by ISTUM, and $110.00 a foot is the assumed 

cost of a non-producing well when drilling and 

production expenses are calculated. These figures 

are documented further on in this appendix. 

3) The success rate for test wells was one in 

20. The SRI cost model used a success rate 
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of one in 10. The lower success rate was 

deter~ined by ~xamining other cost analyses 

o~ geothermal projects. The SRI model 

examined an area of geothermal activity 

that is quite active, while the ISTUM ex­

ploration component is more of an average 

of real world experience. 

4) The data was inflated to 1977 dollars. 

5) The ISTUM system required approximately thirty 

percent of the total energy required by the SRI 

system. The normalized SRI costs were therefore 

multiplied _by .3 in order to arrive at the final 

ISTUM costs. 

A point estimate was used in this component, rather than 

a range of cost. It was felt that enough data was not available 

to construct a range that reflected the real world as accurately 

as the SRI estimate. 

Even though the SRI estimate is in the form of one 

final, exploration cost, it effectively-demonstrates the 

relative importance of each aspect of exploration and discovery 

in determining the final cost of the this component . 
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TABLE V-3 

SRI, ISTUM SOLAR COST COMPARISON 

ORIGINAL SRI DATA 

Activity Total Cost 
( $ thousands) 

Pre-lease 854 

Lease bonus 2AO 

Geology and geo-
chemistry 1,814 

Rent 240 

Taxes (ad valorem) 
2-~% of lease bonus 6 

Geology and geo-
phys1cs, heat flow 1,334 

Rent and ad valorem 
taxes 123 

Exploratory drilling 5,400 

3 Step-out wells 1,620 

Ad valorem tax 6 

Rent 127.5 

Overhead/Manage­
ment ( 5%) 

11,764.5 
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ISTUM DATA 

Total Cost ($ thousands) 

1,486 

372 

3,156 

372 

ll 

2,321 

190 

23,847 

l' 4 31 

ll 

198 

33,395 

x 1.·os 

35,065 
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b~ Building Block-B4.ll Drilling and Production 

The .three point estimate~ appearing in this building 

block were distilled from twenty seven, separately calculated 

cost estimates were originally. generated for this component. 

The initial rang'e included reinjection wells which later 

were turned into a separate component. The original twenty 

seven calculations, then become nine. This new set of costs. 

was easier to fit into the program, and allowed the computer 

to do many calculations previously done by hand. 

a) separating possible costs into three categories -

300 Btu/lb. of hot water, 600 Btu/lb. of hot 

water, and 1200 Btu/lb. of hot water 

b) applying a certain drilling success ratio 

60 percent, 80 percent, 90 percent for m~dium 

and high temperature, 70 percent, 80 percent, 

90 percent for low temperature resevoirs ap­

plications. 

c) calculating how many producing and non-producing 

wells would be drilled for a reservoir with given 

heat content. 

d) applying different depths for each reservoir -

200 Btu/lb - 5000 ft. 

600 Btu/lb - 6000 ft. 

1200 Btu/lb.- 7000 ft. 

and then calculating drilling costs. 

$123 a foot for producing wells 

$110 a foot for non-producing wells. 

The nine possible Cdses are arrived at by: 
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High Temperature 

60 percent success ratio 

80 percent success ratio 

90 percent success ratio 

Medium Temperature 

Low 

One 

60 percent success ratio 

80 percent success ratio 

90 percent success ratio 

Temperature 

70 percent success ratio 

80 percent success ratio 

90 percent success ratio 

example is presented·below. 

Temp: High '(1200 Btu/lb) 

Flow: 500,000 lbs per hr. 

Energy Flow per well: 1200 x 500,000 lb/hr. x .9 (effi­

ciency) = 5.4 x 10 8 Btu 

2,000 MMBtu/hr ~·5.4 x 10 8 Btu= 3.7 wells needed 

4 wells x a) 60% success rate = 6.l6 = 7 wells 

b) 80% success rate= 4.6 = 5 wells 

c) 90% success rate = 4.1 = 5 wells 

a) 7 wells 

4 producing = 7000 ft x $123/ft x 4 (# of wells)= 

$3,444,000 

3 non-producing = 7000 ft x $110/ft. x 3 =· 

$2,310,000 + 3,444,000 = $5,754,000 
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b) 5 wells 

4 producing = 7000 ft x $123/ft. x 4 = 

$3,444,000 

1 non-producing = 7000 x $110 /ft. x l = 

$770,000 

$770,000 + 3,444,000 = 4,214,000 

c) same as b 

Temp: Medium (600 Btu/lb.) 

Flow: 500,000 lbs per hr. 

Energy Flow per well: 600 x 500,000 lbs/hr. x .9 (effi~ 

ciency = 2.7 x 10 8 Btu 

2,000 MMBtu/hr 7 2.7 x 10 8 Btu= 7.4 wells needed 

8 wells x a) 60% success rate = 13.3 = 14 wells 

b) 80% success rate = 10 = 10 wells 

c) 90% success rate = 8.888 = 9 wells 

a) 14 wells 

8 producing = 6000 ft. x $123/ft. x 8 (# of wells) = 

$5,904,000 

6 non-producing = 6000 ft. x $110/ft. x 6, = 

$3,960,000 

$5,904,000 + $3,960,000 = 9,864,000 

b) 10 wells 

8 producing = 6000 ft. x $123/ft. x 8 = $5,904,000 

2 non-producing = 6000 ft. x $110/ft. x 2 = $1320,000 

$5,904,000 + $1,320,000 = $7,224,000 
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c) 9 wells 

8 producing= 6000 ft. x $123/ft. x 8.= $5,904,000 

1 non-producing= 6000 ft. x $110/ft. x 1 = $666,000 

$660,000 + $14,904,000 = $6,564,000 

Temp: Low (200 Btu/lb.i 

Flow: 500,000 lbs. per hr. 

Energy Flow per Well: 200 x 500,000 lbs/hr. x .9 = 
.9 X 10 8 Btu 

2,000 MMBtu/hr . .;. .9 x 108 Btu= 22.22 wells needed 

23 wells x a) 70% ~uccess rate= 31.7 = 32 .wells 

b) 80% success rate= 28.75 = 29 wells 

c) 90% success rate = 25.5 = 26 wells 

a) 32 wells 

23 producing = 5000 ft. x $123/ft. x 23 = $14,145,000 

9 non-producirlg = 5000 ft. x $110/ft. x 9 = $4,850,000 

$4,850,000 + $14,145,00 = $18,995,000 

b) 29 wells 

23 producing = 5000 ft. x $123/ft. x 23 = $14,145,000 

6 non-producing = 5000 ft. x $110/ft. x 6 = $3,300,000 

$14,145,000 + 3,300,000 = $17,445,000 

c) 26 wells 

23 producing = 5000 ft. x $123/ft. x 23 = $14,145,000 

3 non-producing = 5000 ft. x $110/ft. x 3 = 1,650,000 

$1,650,000 + $145,145,000 ·= $15,795,000 

These figures were changed. slightly in order to meet 

programming requirements. The other point estimates were arrived 

at through the same process. 
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High Cost 

Middle Cost 

Low Cost 

• 

\ 

I 

TABLE V-4 

GEOTHERMAL DRILL AND PRODUCTION COSTS 

High temp. 
Resevoir 

( $ thousands) 

5,754 

4,214 

4,214 

·o 

Medium temp. 
Resevoir 
( $ thous,p.nds) 

9,864 

.J 

7,224 

6,564 
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Low temp. 
Resevoir 

( $ thousands) 

18,995 

17,445 

15,295 



The costs and well specifications come from several 

sources. 

l) -flow-

Stanford Research Institute, Economic Analysis of 

Geothermal Energy Development in California. V. l, 

May 1977, pps. 128-133. 

Battelle Pacific Horthwest Laboratories, Geothermal 

Energy Potential for District and Process Heating 

Applications in the U.S. -An Economic'Analysis. 

August, 1977, p. 14. 

2) ~Heat Content (Bt~s/lb.)-

Stanford Research Institute- op cit., pps 128-133. 

Batelle Pacific Northwest Laboratories, op. cit., 

pps 14-23. 

3) -cost per foot of well drilled-

Stanford Research Institute, op. cit., pps. 48, 

128-133. 
' ' 

Batelle Pacific Northwest Laboratories, op. cit, pps . 

14-23. 

4) -drilling success rate-

Stanford Research Institute, op. cit., v. 2 

pps 73-83. 

• 

Lawrence Livermore Laboratories, Present Status 

and Future Prospects for Nonelectrical Uses of 

Geothermal Resources, October 15, 1975, pps .. 15-18. 
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5) -well depth-

Stanford Research Institute, op. cit., pps 128-133. 

Batelle Pacific Northwest Laboratories, op. cit, 

pps 14-23. 

It should be noted that the sources listed above served 

as guides and general data sources for the assumptions used 

in the cost calculations. Because of the highly site-specific 

nature of geothermal resources, the data supplied by these 

studies was combined and used in a liberal fashion when 

determining the cost distribution of geothermal steam. 

c. Building Block-C4.11 Transportation Costs 
' 

The costs found in this building block represent the cost 

of transporting geothermal fluid from the well to a central 

pipeline. Each type of reservoir casted out had a different 

number of wells and hence a different transportation cost. 

The three figures presented above are these point estimates 

out of a wide range of possible costs; programming require­

ments allow for the modeling of only the low cost, high·cost, 

and some point in between. 

Costs were calculated by assuming some average distance 

between the well and c~ntral pipeline and also\assuming 

~ minimum amount of central pipeline. 

a) Low Temperature Reservoir of 2·00 Btu/lb. of steam 

has 23 wells. Average distance from the well to 

the pipeline is .75 miles. Six miles of main 

pipeline is necessary, roughly one mile for 

every four wells. The pipeline costs modeled 

are for low temperature, r~sidential applications. 
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The fluids transported by these pipelines are 

not as corrosive as the higher temperature 

fluids modeled in ISTUM. Therefore, the 

overall cost of the system is multiplied by 

1.1, in order to capture the extra cost per foot 

of transporting geothermal fluids that are of 

a higher temperature and corrosive. 'l'he ten 

percent extra cost is an assumption that hopes 

to capture the extra cost, but is not based on 

any documented engineering data. 

b) Middle Temperature Reservoir of 600 Btu/lb of 

steam has 8 wells. Average distance from the 

well to the pipeline is .5 mile. Two miles of 

pipeline is considered necessary. This tempera­

ture was also multiplied by 1.1. . ) 

c) High remperature Reservoir of 1200 Btu/lb. of 

steam has 4 wells. Average distance from the well 

.to the pipeline is .5 miles. One mile of central 

pipeline is considered necessary. Again, the base 

cost is multiplied by a const·ant in order to 

reflect the higher cost of high temperature 

geothermal fluid; the multiplier is 1.2. 

Pipeline costs are $74.00 a linear foot for 12 inch 

diameter pipe, and $363.00 a linear foot for 36-48 inch diameter 

pipe. Well to main pipelines are 12 inches in diameter; 

central pipelines are 36-48 inches in diameter. These costs 

include site prep, clearance, installation, and engineering 

costs. It is assumed the pipe is being laid in an area that 

is topographically suitable to the construction of a pipeline. 
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Three calculations performed are presented below. 

High Temperature Resevoir 

4 wells 

each well .5 miles (264~ feet) from main pipeline, 

$74.00 a linear foot 

one mile of·central pipeline necessary r . 

base cost multiplied by 1.2 to illustrate extra 

cost associated with transporting higher 

temperature geothermal fluids. 

4 wells x 2640 feet = 10,560 feet of pipe 

10,560 x $74.00/lin. ft. =$]81,440 

mainpip~line 1 mile (5280 feet) x $363.00/lin.ft. = $1,916,640 

$781,440 + $1,916,640 = $2,688,080 

$2,688,080 X 1.2 = $3,225,696 

Medium Temperature Resevoir 

8 wells 

each well .5 miles (2640 feet) from main pipeline, 

$74.00 a linear foot 

one mile of central pipeline necessary 

base cost ~ultiplied by 1.1 to illustr1te extia 

cost associated with transporting higher 

temperature geothermal fluids. 

8 wells x 2640 feet = 21,120 feet of pipe 

21,120 x $74.00/lin. ft. = $1,562,880 

mainpipeline 2 mile (10,560 feet) x $363.00/lin.ft. = $3,833,280 

$1,562,880 + 3,833,280 = $3,479,520 

$3,479,520 X 1.1 = 5,935,776 
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Low Temperature Resevoir 

23 wells 

each well .75 miles l3960 feet) from main pipeline, 

$74.00 a linear foot 

4 miles of central pipeline necessary 

base cost multiplied with transporting higher tem­

perature geothermal fluids 

23 wells x 3960 feet= 91,080 feet of pipe 

91,080 x $74.00/lin. ft. = $6,739~920 

mainpipeline 6 miles (21,120 feet) x $363.00/lin. ft. =$11,499,840 

$6,739,920 + $10,866,240 = 17,606,160 

$17,606,160 X 1.1 = 19,366,776 

These costs are slightly greater in the building block due 

to programMing requirements. Discrepancies between the original 

calculations and the costs appearing in the building block 

are insignificant and the result of programming requirements. 

The selection of average distances and hence the amount 

of pipeline is somewhat arbitrary. Distances from the well 

head to a main pipeline or user vary greatly in all existing 

applications of geothermal energy. Pipeline cost was taken directly 

from Geothermal Energy Potential for District and Process 

Heating Applications in the U.S. - An Economic Analysis, 

published in August 1977 b~ Batelle Pacific Northwest Laboratories. 

It should be noted that the amount of pipe necessary includes 

the pipe used to transport fluids that are reinjected. 

d. Building Block-D4.11 Environmental Control 

and Water Purification 

These costs are the low, the high, and a middle point 

taken from a wide range of costs originally generated 

for this building block. The costs are a percentage of 
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drilling of productions. Low and roiddle temperature resevoirs 

incur environmental control and water purification costs 

that are 20 percent, 25 percerit, or 30 percent of overall 

drilling and production costs; high temperature costs are 

assessed to incur costs that are 25 percent, 30 percent, or 

35 percent of overall drilling and production costs. The 

percentage figures were derive~ from a base ·system casted 

out by the Lawrence Livermore Laboratory study. Resevoirs 

vary so significantly in s6lvent minerals and pollutants, 

the use of a percentage figure was the only reasonable way 

possible to include these costs into an overall geothermal 

system. 

High Temperature 

.25 X 18,800,000 = 4,700,000 

.30 X 18,800,000 = 5,640,000 

.35 X 18,800,000 = 6,580,000 

r.1edium Temperature 

.20 X 9,800,000 = 1,960,000 

.25 X 9,800,000 = 2,450,000 

.30 X 9,800,000 = 2,940,000 

Low Temperature 

.20 X 4,200,000 = 840,000 

.25 X 4,200,000 = 1,050,000 

.30 X 4,200,000 = 1,260,000 

e. Building Block-E4.ll Flow Maintenance 

This building block is the cost of drilling and using 

reinjection wells. Different ratios were used to establish 

the amount of reinjection wells necessary for each proqucing 

well. The ratios used are 1 reinjection for every two producing 

wells, 1 reinjection for every four producing wells, and 1 
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reinjection for every 6 producing wells. A well cost of 

$97.00 a foot were used. Pipeline cost was included in the 

transportation building block. The well costs we.re obtained 

from the Stanford Research Institute and- Batelle Pacific 

.Northwest Laboratories reports quoted above. The ·$97.00/ft. 

figure was concluded to be the most accurate representation 

of the different well costs in question. 

cost 

$1,358,000 

$ 679, ·ooo 
$ 679,000 

$2,328,000 

$1,164,000 

$1,164,000 

$5,820,000 

$2,910,000 

$1,940,000 

f. 

High Temperature 

1 reinjection for 2 producing 

1 reinjection for 4 producing 

1 reinjection for 6 produ.cii1g 

·.Medium Temperature 

1 reinjection for 2 producing 

1 reinjection for 4 prqducing 

1 reinj-ection for 6 producing 

Low Temperature 

1 reinjection for 2 producing 

1 reinjection for 4 producing 

1 reinjection for 6 producing 

Building Block-F4.11 Distribution 

wells 

wells 

wells 

wells 

wells 

wells 

wells 

wells 

wells 

to End Users 

The distribution costs in this building block 

represent the cost of distributing geothermal fluid to 20 

end users at distances of 1, 10 and 25 miles. The pipe used 

is the same 12 inch diameter 74.00/ft. pipe used in the 

transportation building block. 
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1 mile (5280 feet) x $74.00/ft •. ~ $390.720 

$390,.720 X 20 ~ $7,014,400 

10 m:iles (52,800 feet) x $'74 .. 00/ft. ~ $3,907,.200 . . . . 

$3,907,200 X 20 ~ $78,144,000 

25 miles (132,000 feet) x $74.00/ft. = .$9,768,00 

$9,768,000 X 20 = $195,360~000 

g. Building Block-G4.11 Distribution Heat Loss 

Cost Nultiplier 

This building block attempts to capture the increase 

in costs due to energy losses resulting from the transporta­

tion of geothermal fluids. It is a multiplier, because all 

costs increase as more energy is needed from a field to account 
I 

for energy losses incurred in transportation. 

The relationship of topography, ambient air temperature, 

fluid energy content, and the design specifications of a 

pipeline determine exactly how much of an energy loss there 

will be for a given system. Data is extremely site specific 

and often unreliable; this multiplier is based par~ly on the 

above mentioned Batelle Pacific Northwest Laboratories 

study and in house engineering analysis. 

h. Building Block-H4.11 Indirect Capital Cost Multiplier 

This component is documented in the fossil energy tech­

nologies section of this appendix. The actual multipliers 

u·sed' are slightly larger thi:m those used for other ISTUM 

technologies for the following reasons; 

1) most if not all geothermal r~servoirs are on 

federal land. It was assumed that the extra cost 

of constructing an industrial facilir.y on federal 
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land was not captured by ·the other indirect capital 

cost multiplier (H 8.11). 

2) Virtually all geothermal resevoirs are in fairly 

remote areas, while at least half of all manufac­

turing facilities in the United States are located in 

or around urban centers. The isolation of geothermal 

facilities must undoubtedly lead to higher indirect 

capital costs. 

Non-Cost Related Information 

Year Available - DOE Acceleration 

Geothermal,steam fed electric power plants have been 

on line for at:least fiften years in the United States, and 

industrial plants use flashed geothermal hot water can be 

found in different parts of the world, so it is safe to 

state that geothermal steam is available and considered by 

industry to be technically feasible. It is also safe to assume 

.that DOE policies will accelerate the adaptation of geothermal 

technology, mainly due to the geothermal loan guarantee program. 

The only geothermal industrial facility in the United States, 

an onion washing and dehydration facility, is being built with 

a Loan guarantee from DOE. 

Fuel Efficiencies 

The fuel used is geothermal fluid, which has no cost. 

System energy-efficiencies were included in the cost dis­

tribution, for even a drastic change in the stated fuel 

efficiency (from l.rr to .05) wouid not affect the technology's 

cost, because the fuel has no cost. 
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Size .l:{ange 

Geothermal steam can be used at any size or load factor, 

and is more economical as load factor increases. 

Maximum Market Fraction 

It must be stressed that data necessary for the deter­

nation of geothermal steam maximum market fraction is simply 

not available. When one takes into.·account. the ~easured 

potential of Known Geothermal Resource Areas ·(KGRAs) and Poten­

tial Geothermal Resource Areas (PGRAs), the temperature and 

purity needed for industrial steam and the geographical 

isolation of virtually all resevoirs, it becomes clear that 

the potential market for geothermal steam is quite small. 

Added to .these problems is the fact that at least half of 

all manufacturing facilities in the United States:are located 

in or near urban areas, making the installation of pipe 

prohibitively expensive. 

The two and one half percent figure is qualified by the 

data coding lettei D, meaning the. figure is a guesstimate, 

at best. The real maximum.fraction might b~ twice that size, 

but even then it is small, and a significant error in this 

estimate should not seriously effect the ov~rall model 

results. 

Construction Period 

This period of time inqludes the last two years of ex­

ploration and the three years· needed for construction. Data 

on lead times and construction periods can be found in many 

places, the SRI model quoted above being a good source. 

Host of these studies have similar estimates for'. exploration 
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and construction time. The first few years of exploration 

are expensed differently than the costs associated with the 

final development of a field although these preliminary 

exploration costs eventually become part of total system 

cost. 

Physical Life 

The physical life of the whole system is 30 years, 

although, because no major energy conversion facilities are 

involved, this is not due to the physical depreciation of 

the equipment. Resevoir lives are usually measured in 30 

years, and this is what was chosen for the model. It should 

be noted that resevoirs are measured as such mainly because 

the life of an electric power plant is thirty years. Should 

data concerning the life of geothermal resevoirs ever appear 

in different form, the physical life of a geothermal industrial 

steam system may be different. 

Well life is not thirty years. Replacement wells are 

needed every ten years, and the cost of these wells is in­

cluded in the O&M cost. 

Applicable SICs 

No data has been discovered that shows a industry to 

be technically unable to use geothermal steam. 
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GENERAL INFORMATION FOR SOLAR AND GEOTHERMAL TECHNOLOGIES 

F·AGE 1 
APR 10· 197a 2124106 f·N 

TECH l"ECHNOl.OG"f "t"EAR FUELS FUEL E\,!~i;b_!:;ffg£H;!:!£X li!HLE:a!:l§!:; bQa!LBam!g -~au!~!,!~_EBa£!!9!:! 
I-[• I·IANE AVA XL USED SttARE CONE< TRAI·I FXI·IL ( NHE•TUflm) (llr<S/"fR) II-ICRE r<El"RO COI-ISE 

(1ST USl"N SMXS USE LO Ill: LO IH MENTL FXT RVIITN 
FUEL) 

3.11 SOLAR CONCENTf':A 19ao a 2 0.72 1,"00 1.00 1.33 2 200 400 4001 0.30 o.oo 1.00 
3.112 SLf'; FLAT Pl. ATE 1977 a 1.00 1.00 1;oo 1.00 5 100 1000 4000 o.ao o.oo 1.00 
3.21 SOLAR CONC/FOSS 19aO 2 a 0.62 1.00 1!00 1.44 -1 -1 4002 7000 0.30 o.oo 1.00 

PAGE 2 
APR lOr 197a 2124106 PM 

TECH TECHI-IOl.OG"t" SERV ----~ara_g!,!ab!!r ___ CONST PH"fS DIJE LAST UF·J::..:,TE[• 

I J) I·IAHE SECT NAH CCJST EI·IER ACCE F"ER LXFE ACCEL 
FRAC SAVE LER ( "fRS) ("ff':S) ("fRS) 

<: 3.11 SOLAR CONCEI-ITRA 1 c c c 
I 3.112 SLR FLAT f·LATE 12 c [< [< 

w 
3.21· SOLAR COI·IC /FOSS 1 c c c 

1.0 

0.5 "20 3 MAR 22r 1978 1:40130 PM 

0.3 20 0 MAR 23r 1978 2:1al31 f'N 

1.0 20 3 NAI': 23r 197a 2119100 f'N ' 

PAGE 3 
AF'fi: !Or 197a 2:24106 F·N 

TEt:tt TECIUillLOG"f AF·f·L I CAE<LE IU[•USTro.:IES (MODIFIED SIC CO[•ES) 
II.• !·lAME 

20 21 22 23 24 25 26 27 28 29 30 31 32 331 3334 334 34 35 36 37 38 39 01 02 10 14 

3.11 SOLAR CONCEI-ITRA 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 
3.%12 SLR FLAT F·LATE 1 1 1 1 1 1 1 1 1 ·1 1 1 1 1 1 1 1 1 
3.21 SOL AI': COl-IC/FOSS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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GENERAL INFORMATION FOR SOLAR AND GEOTHERMAL TECHNOLOGIES 

F·AGF. l 
APR 10• 1978 2:22:09 PM 

TEC:U TECUI·IOL.OG"f 

ID I·IAME· 

4.11 GEOTUF.:F':MAL 

PAGE 2 
API': lOr 1979 2122109 PM 

TECH TECUNOLOG"f 

ID I·IAME 

4.11 GEO"fHEP.MAL 

FAGE 3 
AFP. 10' i 979 2122109 PM 

1"ECH 

It' 

4.11 

1"ECtU·IOLOG"t" 

NAME 

GEOTtiERMAL 

)"EAR FUEl .. S FliF.:L E!,.!~!,_F,;f..:Es~!!P:!£! §HL!la!Jg !.QaLB!:!t!Qf, _MgH!~Y~_EBe£!!Qt! 

AVAIL USEL"~ s•-tAr::r:: C0t-1F.t TF;:AH FII·II- ( MMDTllfl·if':) (Hr.:s;·•r.:) li·IC:f':F.: I":F.:TRO C:OI·ISE: 

(1ST liSTH SM:tS USE LO Ul l.IJ HI ME UTI ... ,. r·r Fi:VIITI·I 

FUEL) 

1977 10 1.00 1..00 1.00 1.oo -1 -1 -~ -·~. 0.02 o.oo o.oo 

SERV ----~are_gye!.!!:r ___ CONST F·H"fS [•OE LAST Uf:·t)ATF.:[• 

SECT MAN COST EI·IEP. ACCF.: PER LJ.FE ACCEL 

FP.AC SAVE LER ( "fRS) ( )"J::S) ( "fRS) 

1" ·[I c' c 5.0 30 3 IIPP. 6r 1979 2151:13 F·M 

APPLICA9LE INDUSTRIES (MODIFIED SIC CODES) 

20 21 22 . 23 24 25. 26 27 29 29 30 31 32 331 3334 334 34 35 36 j7 39 39 01 02 10 14 

1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 

/ 



SOLAR AND GEOTHER~ffiL TECHNOLOGY SPECIFICATION 
~UILDlNG ~LOCK COEFFICIENTS 

PRINTED APR lOr 1978 10:38:52 AM 

TECH Xr.• 3.11 
tJf:•J)ATEf.• Ml~l': 22r 1970 10:24:18 AM 

EoLfJCK I•l .. CJCK SIZE SIZE 
II) CClf,FF COEFF CCIEFF 

A 3.11 2.00 o.~;o 2.50 
J:. 3. 11 2.00 0.50 2.50 
c 3.11 2.00 0.50 2. ~)() 
r.• 3.11 2.00 0.50 2.50 
E 3.1.1 ~.!. 00 0.50 2.50 
F :3.11 1.00 1.00 1.00 
G 3. 11 l..OO 1. 00 1.00 
u 8.11 1.00 1.00 1.00 

TECH II• 3.112 
Uf·[•ATEI) MAl': 23; 1978 2!50!48 F'M 

£•LOCK ~LOCI< £;I Zl! SXZE 
I I) C:OEFF COEFF C:OEFF 

A 3.112 2.50 1.00 4.00 
J:C 3.112 2.50 1.00 4.00 
c 3.112 2.5() 1.00 4.00 
G :s. 11 1.00 1. 00 1. 00 
H 8.11 1.00 1.00 1 •. oo 

TEC:U J:[t 3.21 
UPJ)A'fEJ:• Ml~fi: 23r 1978 2:4c7:33 F"M 

EoLOCI< ~l..ClC: K ~iiZE SIZE 
I J) COf,F'F COEFF COEFF 

A 3.11 2.00 0.50 2.50 
~ 3. J.1 2.00 o.~;o 2.50 
c 3.1.1 2.00 0.50 2.50 
J:• 3.11 2.00 0.50 2. ~)() 
e: :3.11 2.00 0.50 2.50 
F 3.11 1.0() 1.0() 1.00 
G 3.11 1.00 1.00 1.00 
ti 8.11 1.00 l. 00 1.00 



SOLAR AND GEOTHERMAL TECHNOLOGY SPECIFICATIONS 

'E<UILDING l'LOCK COEFFICIENTS 
PRINTED APR lOr 1978 2:16:54 F'M 

TECfl XJ:• 4.11 
UF'[•ATED MAR 17r 1978 11 :o6: 18 F'M 

PLOCK P.LOC:K SIZE SIZE 

lD COEFF COEFF COEFF 

A 4.11 o.os o.so 2.5o 
[< 4 .1) o.os o.so 2.50 
c 4 .1'1 o.os o.so 2.50 
L> 4.11 o.os o.so 2.50 
E 4.11 o.os o.so 2.50 
F 4.11 o.os o.~o 2.50 
G 4.11 1.00 1.00 1.00 
fl 4.11 1.00 1.00 t.oo 
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SOLAR AND GEOTHERMAL BUILDING BLOCKS 

?UILDlHG ~LOCKS 

PRINTED APR 10, 1978 2:27:59 PM 

IP: A 3,11 
HAMEl COLLECTOR~ 

LAST UPDATED MAR 1J, 1978 1149127 PM 
SIZE OF UNIT COSTED DUT (MMFTUfHR)I 50 
TYPE S 

FRACTION OF COSTS FOR O+MI 0.017 
F~EOUEr~CY AH~ COSl" ~ATA! 

t.ooo 
o.ooo 
o.ooo 
o.ooo 

IPI A 3,112 

4.062.000 
o.ooo 
o.ooo 
o.ooo 

HAMEl FLAT PLATE COLLECTORS 

LAST UPDATED MAR f4, 1978 11104121 AM 
SIZE OF UNIT COS~ED OUT (MM~TUfHR)I 10 
TYF·E S 

FRACTION OF COSTS FOR O+MI 0,02 
FREOUE~ICY AND COST DATA! 

1.000 
o.ooo 
o.ooo 
o.ooo 

493.000 
o.ooo 
o.ooo 
o.ooo 

IDI D 3,11 
HAMEl SITE PREP 

LAST UPOA"rED MA~ 13r 1978 2!-07:05 PM 
SIZE OF UNIT COSTED OUT (MM~TU/HR)I 50 
TYPE S 

FRACTION OF COSTS FOR O+MI 0,01 
FREOUEHCY AHD 

0.250 
o.soo 
0.250 
o.ooo 

XD! ~ J,112 

COST ~ATA: 

65.000 
78.000 
90.000 
. o.ooo 

HAMEl FLAT PLATE lHSTALLATIOH 

LAST UPDATED MAR 22• 1978 10128116 AM 
SIZE OF UNIT COSTED OUT (MM~TU/HR)I 10 
TYPE S 

F~ACTIOH OF COS~S ~OR O+M: 0,02 
FREOUEHCY AH~ COST DATAl 

o.soo 411.000 
0.400 821.000 
0.100 1.230.000 
o.ooo o.ooo 



SOLAR AND GEOTHERMAL BUILDING BLOCKS 

E4UIL[•II-fG I:,LOCK5 

PRINTED ~PR lOr 1978 2!29!21 PM 

n•: c ~L 11 
NAMF.::! IJ.ISTALl..f.)T.tOI·I 

LAST UPDATED MAR 24r 1978 11!00!59'AM 
SlZE OF t.,l·tXT cc:•ST~D Ot,·r (MMBTU/~~R)! 5() 

T't'PE S 

FRACTIOI·f OF C05'f5 FOR 0-~M! 0 
Ff::F::lltJEI·IC'f t\HI) COST I)ATI\! 

0.400 
0.4:50 
0.150 
o.ooo 

II:'! c :3 • 11 2 

~i, 500.000 
10r270,000 
19rB:5:i.OOO 

o.ooo 

NAME! . STOf::AGE: 

LAST UPDATED ~PR 6r 1978 2!39!18 PM 
SIZE OF UI·IIT COSTEI:O Cli.IT (MME•TIJ/H~<) l l() 
·r·.-r·e: s 
FRACTI011 OF COSTS FC)R O+M! 0,01 
FREOUEiiC)' AI·ID cosf DATA: 

0. 100 
0.300 
0.600 
o.ooo 

.Ir·:r J) 3.11 

74.000 
136.000 

'184. 000 
o.ooo 

11t~ME! FOSSIL ~ACK· UP 

LAS1' lJJ~DA'fEO MAR 13r 1978 1!58!5~ PM 

SIZE OF UNIT COSTED' OUT.(MM~TIJ/HR)! 50 
T'ff!·E 5 

FRI\C'J'lOii OF COS'I'S FO~ 0-t·M! 0,05 
FREOt.IEI·IC',. AI·ID COST DA'fA! 

l. ()()0 
o. oo·o 
o.ooo 
o.ooo 

467.000 
o.ooo 
o.ooo 
o.ooo 

~~~E: EF~~:!!A'fER AI·ID UT~LITIE5 
LAST UPDATED MAR 13r 1978 2!08!53 PM 
SIZE OF UNIT COSTED OUT (MM~TU/HR)l 50 
T'I'F''E S 

FRACTION OF COSTS FOR O+Ml 0,11 
FREOUENCY AHD COST DATAl 

0.200 o.ooo 
0.600 31.000 
0.200 146.000 
o.ooo o.ooo 



SOLAR AND GEOTHERMAL BUILDING BLOCKS 

EoUILI•IHG EoLOCN 5 

P~IHTED ~PR lOr 1978 2!31!00 PH 
) 

I[•! F 3.11 
HnHE! TEMPERATURE 
LnST UPDATED MAR 13r 1978 2!10!00 PH 
SIZE OF VHIT COSTED OUT (HMEoTU/HR)! 50 
T"J"F"E M 

FPACTIOH OF COSTS FOP O+M! 0 
F~EUUE~rc~ AHO COST DATA! 

0.200 1.000 
0.250 1.120 
0.250 1.240 
0.300 1.350 

It•: G ~ .. ,11 
HAME! I~SOLATIOH MULTIPLIER 
LAST UPD~TED MAR 25r 1978 11!31!44 
SIZE OF UHIT COSTED OUT (MMOTU/HR)! 
T"J"P£ M 
FRACTIOH OF COSTS FOR O+M! 0 
FJ;:EOUEHC'fl ANI) COST [•ATA! 

0.220 1.000 
0.170 1.350 
0.320 1.970 
0.290 3.000 

ID! H 8oll 

AM 

50 

HAME! IHDIRECT.CAPITAL COSTS (EHGIHr COHTIH) 
LAST UPDATED MAR 12r 1978 7!08!23 PM 
SIZE OF UHIT COSTED OUT (MMOTU/HR)! 0 
T't'F·r:: M 

FRACTIOH OF COSTS FOR O+M! 0 
FREOUEI·IC"J 

0.550 
0.350 
0.100 
o.ooo 

Af·f[• cos·r DATA! 

1.300 
1.400 
1.500 
1.650 



SOLAR AND GEOTHERMAL BUILDING BLOCKS 

EtUILJ)IHG J:ILClCKS 

PRINTED APR lOr 1978 2l18l22 PM 

xr.•: A 4.11 
HQME! EXF:·~~ORATIO~I AI·ID DISCOV~RY 

LAST UP~ATE~ MAR
1 

17r 1978 11l01l20 p~ 
SIZE OF I.II·IIT COSTEI:O. OIJT (MME>TIJ/H~:)! 2000 
T't'F·r:: 5 

FRACTION OF COSTS ~OR O+Ml 0 
FREOliE11CY A~ID COST ~A-rA: 

t.ooo 
o.ooo 
o.ooo 
o.ooo 

:35' 006. 000 
o.ooo 
o.ooo 
o.ooo 

Il:q I• 4,11 
HAHE! DRILLING AI·ID FRODliCTIOI·I 

LAST UP~ATE~ MAR 13r 1978 2!23!03 PM 
SIZE OF UHIT COSTE~ OIJT (MME>TU/HR)l 2000 
l''f"F·E 5 

FRACTJOH OF COSTS FOR O+Ml 0,117 
FREOUE~IC¥ AtiD COST ~n·rn: 

0.500 
0.400 
0. 100 
o.ooo 

4r200.000 
9rf.IOO.OOO 

1Br800.000 
o.ooo 

H•l C 4,i1 
HAME! TRAtfSPORT~TIOH 

LAST UPDATE~ MAR 13r 1978 2l24!03 PM 
SIZE OF UNIT CDSTED OUT (MME>TU/HR)l 2000 
T·tTE S 

FRACTION OF COSTS FOR O+Ml 0,0)8 
FREOUEI·tc·,· 

0.650 
0.250 
0.100 
o.ooo 

ANt• COST r.•ATA! 

3r470.000 
12rlOO.OOO 
19r400.000 

o.ooo 

_xr•: t• 4.11. 
HAMEl EHVIR CONTROL AHD WATER PURIFICATION 
LAST UP~ATE~ MAR 24r 1978 11l01l58 AM 
SIZ~ OF UHIT COSTE~ OUT (MME>TUfHR)l 2000 
T.fPE S 

FRACTION OF COSTS FOR O+Ml 0,117 
F~EOUEtiC)' AI·ID COST DAl'A: 

0.500 
0.350" 
0.150 
o.ooo 

1r170.000 
2r8JO,OOO 
4r240.000 

o.ooo 
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SOLAR AND GEOTHERMAL BUILDING BLOCKS 

F\Jll_l:tiHG F.cLrJCI<S 

PRINTED APR lOr 1978 2!20!39 PH 

Ir.o: E 4.11 
NAME: FLOW Mt~l~l'f'EI·IAI·ICE 

LAST UPDATED MAR 24r 1970 11!02!40 AH 
SIZE OF UNIT cqsTED OUT (HMDTUjHR)! 
T'fF'E S 
FRACTION OF COSTS FOR D+H! (),117 
r:·F:EOUEHC't' AHL' 

0.420 
0. 4~j0 
0.130 
o.ooo 

COST J)ATA: 

6BO.OOO 
2r090,000 
5rBBO.OO() 

o.ooo 

HAME! I)ISTt::I£tUTJ:OI-I TO E:.NI) USF.r:;:s 

2000 

LAST UPDATED MAR 17r 1978 11!02!26 PH 
SIZE OF UNIT COSTEr.> OUT (HHDTUjHR)! 2()()() 

T"ff!>E 'S 

FRAC'fiOH OF COS'I'S FO~ ().~M!' 0,05 
FREQlJitliC'f' AI~D CCJSl' on·rn: 

0,30() 
(),500 
o.:wo 
o.ooo 

II:•! G 4.11 

7, a:!o. ooo 
78 r140. 000 

195r360,000 
o.ooo 

I·IAME:: J)tSTr;:J~tJTtrJI·f liF..:l\1' I...CJ55 COST MULTJ.PLJ.F.r.: 

LAST UPDATEr.o MAR 17r 19/8 11!03!50 F'M 
SIZE OF IJI·IIT COSTEJ:• OIIT (MMl'TUjHI':)! 2000 
T"fi'"E M 

FRACl'lOI·I OF C(JSTS FOR (J+M! Q 
FREOtJEfiC'f AHD COST DATA! 

o.Joo 1.uo 
0.500 1.250 
0.20() 1.]30 
o.ooo o.ooo 

:t r.~: H 4 • 11 
I·IAME! li40IREC~ CAPil'AL COST MULTIPLIER 

LAST UF·[oATE[• MAFo: 17 r 19"78 11 :"07! 22 PH 
SIZE OF UNIT COSTED OUT (MMDTUjHR)! 2000 
T'fF~ tit 

FRAC'fiOii OF COS'I'S ~IJR O~·M! 0 
F~EOUEI·IC¥ Al·l~ COSl' ~ATA! 

0.200 
0.500 
0.300 
o.ooo 

L 400 
1.500 
1.650 
o.ooo 



-------------

CHAPTER VI 

CONSERVATION TECHNOLOGIES 

The specifications of the conservation technologies 

that compete in the ISTUM model are presented here. Thirty 

three conservation technologies are represented in ISTUM. 

The diversity of these conservation technologies made their 

specification in a form compatible with ISTUM very difficult. 

Many of the conservation technologies incorporate difficult 

to evaluate but significant•non-energy factors related to 

environmental control, production capacity, and institutional 

relationships. These issues are discusses more fully in 

Volume I, chapter II. 

Technology name: Boiler Air/Fuel Control 

Heater Air/Fuel Control 

Technology I.D.: 2.11, .2.113, 2.12, 2.13 

The boiler air/fuel control and heater air/fuel control 

technologie.s represent the DOE research effort into instrument 

systems to maximize fuel combustion efficiency. The current 

program is based upon micro-processor controls supported by a 

stack gas analyzer and possible spectral ·flame analyzers at 

each burner. By minimizing excess air and operating major 

combustion equipment at near stoichiometric levels, fuel savings 

of 1 to 2 percent are possible. 

Based upon data from the DOE project manager, EEA placed 

the air/fuel control technologies into the steam, clean/inter­

mediate direct heat, dirty direct heat, and non-coal indirect 
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heat service sectors in all industries. 'I'he technology speci­

fications for these monitoring devices were based upon a 4 

burner 200,000 lb./hr. boiler~ EEA accepted the DOE project 

manager's judgment that the costs of non-boiler appli~ations 

could be reasonably represented by this single specification 

because of the "bolt-on" nature of- stack monitors and spectral 

analyzers. The actual energy savings potential in non-boiler 

applications would probably vary greatly and be more uncertain.,. 

Service Demand Displacement 

Based upon a 2 percent energy savings the service demand 

relief for a 200,000 lb/hr. boiler is: 

Energy x 
Savings 

.02 X 

Equipment Cost 

Fuel x 
Efficiency 

Boiler 
Size 

= service demand 
displacement 

.82 x 200 x 10 6 Btu/hr = 3. 28 .r-ll1Btu/hr 

The air/fuel control equipment includes a microprocessor, 

stack gas analyzer, and possibly additional spectral analyzers 

for individual burners. Differences in installation cost 

will probably be the single largest factor contributing to 

total cost variations. EEA assUmed the proposer's cost of 

$115,000 for a 200,000 lb/hr. air/fuel control system was 

based upon an ideal boiler application. Total installed cost 

in 90 percent of all applications (Blocks A2.11, A2.12) 

was expected to fall between $115,000 to $180,000. 

Operating and maintenance costs for air/fuel controls was 

expected to be about 4 percent of total installed cost. 

The air/fuel control technology was placed in four service 

sectors and could compete for service demand in all industrial 
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categories. The equipment costs were linear scaled to ISTUM 

size categories. No technical restrictions for size or load 

appeared to be applicable. 

Maximum Market Calcu·la tion 

For most conservation technologies, the maximum market 

calculation incorporates information on a specific industry 

s-tructure, estimated energy savings, and technical limitations. 

EEA has specified the air/fuel control technologies for 4 
service sectors and all industries, and does not find any 

applicable technical limitations to this specification. There-
( . . 

fore, the maximum market fraction is based on just the potential 

energy savings, estimated to be 2 percent for air/fuel control. 

Data Quality 

The capital costs, energy savings, and market potential 

for boiler air/fuel controls could be verified by engineering 

calculations and numerous published reports of microprocessor 

based combustion control equipment. The potential.energy 

savings for non-boiler applications was not documented and 

included considerable uncertainty in technical areas. The 

technology data was generally considered at the "B" quality 

code, with the energy savings potential of non-boiler app.lica­

tons class as a "C" code. 
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Technology name: Poultry process Modification 

Technology I.D.: 2.31 

The conservation measures for the poultry processing in­

dustry that are supported by this DOE project include energy 

audits, simple housekeeping measures, and capital investments 

for heat rec9very equipment. The major investmen~s for a 

poultry plant would include modification of the s6ald tank, 

installation of heat recuperators on hot process water over 

flows, and adapting a heat exchanger to the refrigerator units 

to preheat water. The overall impact of this DOE program 

would be a reduction in the service demand for steam in the 

food industry (stc 20). 

Approximately 90 percent of all poultry processing is 

concent~ated in 250 dual eviscerating plant modules located 

in the 175 largest plants in the United States. USDA data 
' 

indicates that only 50 of these production modules operate 

for two shifts a day, or about 4000 hours/year. Since the 

smallest load range for steam in ISTUM is 4,000 hours/year, 

EEA used the double shift poultry module for technology speci­

fication. 

Service Demand Displacement 

EEA estimated the following energy savings and capital 

cost break down for double shift poultry plants: 

Component 

Initial housekeepin~ 

Modified scalder tank 

Heat recuperators 

Modified cleaning system 

TOTAL 

Cost Energy __ , 

$10,000 

$35,000 

$35,000 

$ 7,000 

$87,000 
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19.2 

7.5 

8.9 

3.6 

39.2 



9 Based upon a 39.2 x 10 Btu/year energy savings in the 

poultry industry the steam service demand displacement at 

4000 hours/year is: 

energy savings· x fuel efficiency = 
hours of operation . 

service 
demand 
displacement 

'39.2 x 10 9· Btu/year x .82 = 8.036 MMBtu/hr 
4000 hr/year 

Equipment Cost 

The equipment cost for modifying the poultry process 

is based upon the proposer's component breakdown identified 

in the table above. The proposer indicated that the cost for 

scalder modification could be lower for some plant configurations . 
. ' ' 

EEA assumed the ideal application would cost $80,000, and the 

30 percent of all plants would be modified for a cost of 

$80,000 to $87,000. An additional 50 percent of all applications 

would face a total charge of $87,000 ~o $94,000. This relatively 

tight distribution of cost is supported by the simple nature of 

the proposed modifications. 

Operating and maint~nance costs were anticipated to be 

about 5 percent of installed capital cost. A linear scale 

factor of 6.25 was ~sed to match the technology cost distri­

bution to the 50 MMBtu/hr ISTUM steam size category. 

Size and Load Ranges 

Detailed information on the operating characteristics 

of poultry proces9ing plants indicated that placing'this tech­

nology package in the largest steam size and load categories was 

inappropriate. EEA therefore restricted the competition of 

poultry process modification to the ISTUM 50 MMBtu/hr size and 

4000 hour/year load ran9e. 
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Maximum Market fraction 

The 50 double shift moduies can each save 39.2 x 10 9 Btu/ 

year by adopting this technology package. The 200 single shift 

modules are incorporated into the maximum service demand dis­

placement calculation by counting them as 100 double shift 

plants. The maximum annual displacement of steam service demand 

is therefore: 

~ single ) double) module fuel maximum 
.5 x shift + shift X energy X = service 

modules modules savings efficiency demand 
displacement 

( (. 5 X 200) 50) 
. 9 

.82 4.8 X 1012 + X 32.9 X 10 X = 

The ISTUM allocation of size and load ranges for the food 

industry limits the competition of poultry process modification 

(specified at only .50 MMBtu/hr and 4000 hr/year) to only 

45 percent of the steam service demand in the food industry. 

Since the calculation of maximum service demand displace­

ment was based upon specific plant data that already con­

sidered size and load constraints, the final maximum market 

calculation must be adjusted accordingly. 

maximum service demand dis lacement 
·size load factor x industry service 

constraint demand 

4.8 x 1012 Btu/year 

.45 x 329.0 x 1012 Btu/year 
= .0324 

Data Quality 

= maximum 
market 

fraction 

The technical specification of poultry process modification 

was supported by detailed component cost breakdowns and engineering 

calculations of energy savings. EEA was able to verify this data 
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using our own engineering calculations. Although the USDA. 

data on the market for this technology was very good, the 

modeling problems associated with converting single shift 

facilities into ISTUM compatible units indicated that a "C" 

quality code for maximum market fraction was appropriate. 
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Technology name: Headbox for ~aper 

Technology I.D.: 2.51 

This technology is based upon a mo~ification to the head­

box in the papermaking process.· The goal of the process 

change is to increase the solid content of paper slurry from 

.5 to 2.0 percent, which would decrease the steam service 

demand in the drying cycle. The projec~ data is based upon 

paper making units over 200 inches, accounting for approximately 

7 5 percen.t of total production. 

Service Demand Displacement 

The proposer claims the headbox modification can save .1 x 

10
12 

Btu/year. Using ISTUM assumptions about hours of opera­

tion and fuel efficiencies for the steam service sector in the 

paper industry, the hourly service demand displacement is: 

energy savings x fuel efficiency = 
hours of operation 

.1 X 1012 
X • 82 = 11. 7 MMBtu/hr. 

7000 

Equipment Cost 

service 
demand 
displacement 

The ISTUM equipment co.st distribution was based upon the 

proposer's point estimate for retrofit applications. Since the 

DOE project manager indicated that this technology would be ap~ 

plicable to only 250 existing facilities. EEA assumed the modi­

fication costs would depend upon unique plant designs. Under 

the circumstances total costs might rise significantly beyond 

the propers estimate for an ideal applications. EEA estimated 

that 50 p~rcent of all applications. (Block A 2 .. 51} would cost 
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Uetweeu $700,000 and $900,000. An additional 40 percent 

of the applications would cost $900,000 to $1,200,000. Operating 

and maintenance charges were anticipated to be equal to the 

conventional system. A linear scale factor of 21.37 was 

employed to match the 250 MMBtu/hr ISTUM size category in the 

steam service sector. 

Size and Load Range 

The improved headbox is designed for only the. largest 

paper forming facilities. Since equipment cost and technical 

performance at the 50 ~~Btu/hr size and the 4000 hours/year load 

range was not appropriate, EEA restricted this technology to 

steam demand at 250 ~~Btu/hr operating 7000 hours/year. 

Maximum Market Fraction 

The proposer indicated that the current total market for 

this headbox modification was 250 paper forming units. The . . . 

maximum service demand displacement in 1978 is therefore: 

energy X fuel 
savings efficiency 

.1 X 1012 X .82 

Btu/unit/yr 

X total 
unit? 

X 250 units 

= 

= 

maximum service 
demand displacement 

20.5 X 1012 

Btu/year 

When size and load restrictions are used in technology 

specification, the maximum market fraction calculation m~y 

need to be adjusted. Due to ISTUM size and load assumptions, 

the restricted headbox technology can compete for only 56 per-

cent of the steam service sector in the paper industry. Since 

the prior maximum service demand displacement already recognized 

the technical limitations for this process modification, the 

ISTUM maximum market must be increased to compensate for the 

restriction: 
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maximum service demand displacement = maximum 
market 
fraction 

size/load x industry service 
restriction demand 

20.5 x 1012 Btu/year = .039 

.56 x 937.4 x 1012 Btu/year 

Data Quality 

Since this technology was not supported by equipment corn-. 

ponent breakdowns or any fuel scale demonstration, EEA gave 

the cost and energy savings p. "C" quality code. The maximum 

market fraction is supported by slightly better data on.existing 

paper making facilities and was rated as a "B". 
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Technology name: J?ulp J?aper Characterization 

Technology I.D.: 2.61 

This proj'ect is based upon the development by the National 

Bureau of Standards of a image analysis device to characterize 

pulp paper. The benefits of this technology are predicted 

to be: (1) increased recycling of poorly utilized mixed 

pulp papers, (2) the optimizing of existing recycling processes 

by accurately measuring the pulp quality prior to paper making, 

and (3) increased control and better utilization of materials 

in the ·virgin pulp industry. 

Service Demand Displacement 

.:.· 

The energy savings claimed by the propos~r include 45 x 

10 9 Btu/year of oil or coal and 27 x 10 9 Btu/year of electri­

city. EEA made numerous phone calls to the proposer to try 

and document the sources of claims but was unable to deter­

mine their origin. Based upon an average consumption of 20 

to 30 million Btu/ton for paper, the proposer claims a 10-12 

percent energy savings for this paper technology. Assuming 

the energy savings are obtained by (1) eliminating test runs 

to verify paper quality and (2) minimizing resident time in 

pulp baths, the·s~rvice demand displace~ent for the image 
I 

analysis equipment is: 

fuel x 
efficiency 

steam 
demand 
relief 

electric 
+ fuel x energy 
efficiency savings 

hours of operation 
= 

service demand 
displacement 

(.82 X 45 X 10 9 ) + (.285 X 27 ~ 109 ) 
7000 = 6. 37 r-1MBtu/hr 
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Equipment Cost 

The proposer of this technology expressed considerable 

uncertainty at the eventual cost for a fiber characterization 

unit. Virtually no ana~ysi~ or engineering calculations of 

cost have been performed. The proposer indicated a target 

capital cost of $110,000 for one image analysis unit. EEA 

guessed that installed costs (Block A2.61) for the full spectrum 

of applications could range from $110,000 to $160,000. 

Operating and maintenance was estimated to be 5 percent 

of capital costs. The 6.37 ~~tu/hr service demand displacement 

required that the pulp characterization capital cost be linearly 

scaled to ISTUM steam service sector sizes, 50 and 250 MMBtu/hr. 

Maximum Market Fraction 

The proposer estimated a market for 500 pulp image analysis 

devices. Based upon the hourly service demand displacement 

and this market estimate, the ma}dmum service demand relief is: 

units 
sold 

x hourly x hours = maximum service 
service of demand 
demand operation displacement 
displacement 

500 units x 6.37 MMBtu/hr x 7000 hrs/yr. = 22.3 x 1012 Btu/yr. 

The ISTUH maximum market fraction is therefore: 

maximum service demand displacement 
industry service demand 

12 22.3 x 10 Btu/yr 

937.4 x 1012 Btu/yr 
= .0238 
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Data Quality 

Up to this time, the work on this DOE project has been 

directed at technical issues and has not included an explicit 

analysis of market potential, equipment cost, or energy savings. 

The proposer could not docliment the early estimates in these 

areas. Because of this lack of supporting documentation, the 

data quality for maximum market fraction and cost were coded 

as "C". The poorly documented energy savings of this tech­

nology, possible involving multiple service sectors presents 

difficult modeling problems and is coded as a "D". 
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Technology name:. Hyperfiltration 

Technology I.D.: 2.71 

The technology data for HYPERFILTRATION is drawn from 

a joirit DO~/EPA project for the closed cycle operation 

of textile plants. With this technology, hot process water 

is cleaned and reused many times, reducing the demand for 

steam. In addition, the filtration process can reduce pol­

lution control costs, decrease water consumption, and provide 

an opportunity to recover chemicals and dyes. 

Service Demand Displacement 

The ISTUM specification is based upon a 30 gallon/minute 
0 filtration unit recycling 90 percent of 180 F water. For 

a unit operating at 7,000 hours/year, the fu~l savings is 

expressed as follows: 

process filter temperature energy energy 
bath X capacity X difference X consumption = savings 
recycling of water to heat per unit 
efficiency water 

. 9 X l. 26 X 10 6 
X 130 X 8.34 = 13 X 10 9 

gal/yr/unit OF Btu/yr/unit 

The service demand of this unit is 1. 5 MMBtu/hr based 

upon 7000 hr/year and an 82 percent efficiency in raising 

steam. To account for the electricity consumption of pumps, 

this service demand rating was lowered to 1.2 MMBtu/hr. 

Equipment Cost 

The capital cost frequency of the hyperfiltration unit 
/ 

(building block A 2.71) was based upon a revised point estimate 
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from the DOE project manager. 

EEA assumed that the project manager's estimate of 

$133,000 for a hyperfiltration unit reflected a favorable 

application. For the entire textile industry, EEA estimate 

that 50 percent of the applications would fall between 

$133,000 and $150,000 and about 40 percent of the applications 

would cost between $150.000 and $180,000. The non-energy 

costs are reflected in the annual operating and maintenance 

charge. EEA estimated the annual che.mical recovery and 

water pollution control benefits· to range between $26,000 

and $41,000 or 17 to 30 percent of the capital costs of an 

average hyperfiltration unit. With a typical.O&M charge of 

$15,000 or 10 percent of the average unit cost, the hyper­

filtration unit provides an average net savings of 12 percent 

of the capital cost each year. 

Although the filtration unit has a 1.2 MMBtu/hr service 

demand rating, it will compete with other technologies to dis­

place steam demand in either the 50 and 250 MMBtu/hr categories. 

Based upon the modular nature of the technology, EEA assumed 

that a linear scaling of the capital costs to these sizes 

was appropriate. 

Maximum Market Fraction 

The maximum market fraction for the hyperfiltration 

technology could only be estimated indirectly with poorly do­

cumented data. EEA assumed that one third of all water con­

. sumed in the textile industry (100 x 10 9 galle.; ·.s per year 

in one EPA estimate) was at 180°F. The total number of 

filtration units required to handle this water ~s: 
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I 

hot water in textil~ industry 
hyperfiltration unit capacity 

.33 x (100 x 10 9 gallons/year) 

= 

30 gal/min x 60 min/hr x 7000 hr/yr. 
= 2645 units 

The maximum service demand displacement for the entire 

textile industry is: 

. 2645 units x 1.2 MMBtu/hr x 7000 hr/yr = 22 x 1012 Btu/yr 

The ISTUM maximum market fraction is therefore: 

maximum technology service demqnd displacement = 
applicable industry service demand 

22 X 1012 

93.6 X 1012 

Data Quality 

= .237 

maximum market 
fraction 

The energy savings of this technology could be partially 

verified by an engineering calculation of the waste water 

stream. However the equipment costs and maximum market 

fraction were based upon more questionable data. The capital 

cost specification relies heavily on the point estimates pro­

vided by the proposer and project managers point estimates, 

and the ISTUM logic must be stretched to incorporate non­

energy credits. The capital costs. in ISTUM were not sup­

ported by data from a full scale demonstration unit or 

engineering cost calculations. The maximum market fraction 

relies on questionable assumptions about the volume and 

temperature distribution of process water in the textile 

industry. Therefore this technology was given a "D" cod.e 

for maximum market fraction and a "C" code on costs. The 

energy savings was classified as "B" quality data. 
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Technology Name: Low Level Heat Pumps 
Technology I.D.: 2.81 

This DOE sponsored project is designed to reclaim waste 

heat from industrial processes and convert it to steam. The 

technology is based upon a reverse Rankine type of refrigera­

tion cycle. The heat pump may be driven by a turbine that 

utilizes an independent waste heat steam. 

Service Demand Displacement 

The propo.ser indicated a potential fuel savings of 198 x 

10 9 Btu/year with this low level heat pump. Based upon this 

data, the rs·ruM service demand displacement is: 

fuel savings x fuel efficiency 

hours of operation 
= service demand 

displacement 

9 198 X 10 Btu/yr X .82 = 23.2 MMBtu/hr 
7000 hr/yr 

Equipment·Cost 

The proposer provided the following breakdown of costs 

for the lo~ level heat pump: 

power recovery system 

piping, steam evaporator 

installation 

TOTAL 

$303,000 

$448,000 

$195,000 

$846,000 

EEA assumed that this cost represented an ideal application 

and that unique circumstances in some plants would almost 

douhle total cost. One half of all applications~were estimated 
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to fall between $750,000 and $950,000. An additiona,l 40 

percent of all applications were expected to cost from $950,000 

to $1,300,000. 

Operating and maintenance charges were estimated to 

annually cost about 7 percent of total capital cost. The 

23.2 MMBtu/hr unit was linearly scaled to the ISTUM steam 

service sector size categories. 

Maximum Market Fraction 

The potential market for this technology is limited by 

the availability of waste heat sources and not potential ap­

plications of low temperature steam. EEA estimated that t.he 

low level heat pump was best suited for non-cor~osive and 

high volume waste heat sources. Since very little documenta­

tion of waste streams is currently available, EEA conserva­

tively estimated a five percent max·imum market fraction. This 

represents the fraction of steam service demand for which an 

adequate waste heat source is available. 

Data Quality Code 

·since very little data is currently available on the charac­

teristics of waste heat sources, and the market limits for 

the low level heat pump could not be accurately defined, 

EEA considered maximum market fraction to be a "D" data 

quality code. The energy savings of this technology while 

based upon engineering calculations was not verified by out-

side reviewers and was classed as "C" quality data. Due to 

the limited component breakdown of cost provided by. the pro­

poser, EEA judge the cost data was code "B". 
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Qualifications 

The DOE project manager estimated a COP of 60 is tech­

nically feasible for this heat oumo when the unit is driven 

bv a waste heat turbine. Heat oumos without the turbine. 

ooerated with:purchased electricity, may exhibit a COP of 15. 

The current ISTUM specification for the low level heat pump 

erroneously assumes a COP of 2.5. This error increases the 

charge for electricity consumed , resulting in an understate­

ment of the true market ootential for this heat oump. 
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Technology Name: 

Technology I. D.: 

Foam Fiber Technology 

2.91 

Tpe energy conservation potential of the DOE-sponsored 

project is based upon a process change in the textile indus-

try that will reduce the hot water required in fabric finishing. 

The conventional pad bath would be replaced with a novel 

foam process that could decrease the demand for steam. 

Service Demand Displacement 

Based upon the proposer's estimate of 25 x 10 9 Btu/year 

in energy savings, the servic~ demand displacement of a foam 

fiber unit is: 

annual energy savings x fuel efficiency 
hours of operation 

25 X 10 9 Btu/yr X .82 
7000 hr/yr 

Equipment Cost 

= 2.93 MMBtu/hr 

= 
service 
demand 
displacement 

The ISTUM capital cost distribution for this technology 

is based entirely upon the proposers point estimate of the cost 

of an ideal application. EEA estimated that 90 percent of 

all applications would cost between $65,000 and $600,000. 

No diff~rences were anticipated between operating and main­

tenance costs of the conventional and new system. The capital 

cost distribution (Block A2.9l) was linear scaled to match 

the ISTUM sizes of 50 and 250 MMBtu/hr in the steam service 

sector. 

Maximum Market Fracti·on 

I 
The market analysis for this technology is based upon 

an A.D. Little study which estimated that 674 technically 
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compatible app.lications exist in the textile industry. Using 

this estimate, EEA calculated the maximum service demand dis­

placement as follows: 

Total 
Market x 
Units 

Unit 
Energy x 
Savings 

Stearn 
Fuel = 
Efficiency 

·.Haximum 
Service Demand 
Displacement 

674 units x 25 x 10 9 Btu/unit/yr x .82 = 13.82 x 1012 Btu/yr. 

The ISTUM maximum-market fraction is therefore: 

maximum service demand displacement = 
textile steam service demand 

13.82 x 1012 Btu/yr 

93.6 x 1012 Btu/yr. 

Data Quality 

.1476 

.maximum market 
fraction 

Since EEA was unable to confirm the technology specifi­

cation through engineering calculations.br an outside · 

data source, the foam fiber project was given ''C" quality 

codes. 
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Technoloav Name: Coa,l in Aluminum Remelt 

Technology I.D.: 2.22 

Conventional rc:melt furnaces in the aluminum industry a.re 

fired using oil or natural gas. This technology specification 

is based upon a 300 x 106 lb/year aluminum remelt plant that 

uses coal. The coal remelt process competes in the clean direct 

heat service sector for SIC 3334, the.aluminum industry. 

Service Demand Displacement 

The proposer of this DOE sponsored project indicates that 
6 - 9 

a 300 x 10 lb/year plant may consume 320 x 10 Btu/year. The 

service demand displacement of the coal remelt process may be 

calculated as follows: 

fuel savings x fuel efficiency = 
hours of operation 

32 X 1010 
X .4 

6500 

Equipment Cost 

= 19.69 MMBtu/hr. 

service demand 
displacement 

The project data for this technology revealed a range 

of capital costs from $10 to 13 million. EEA estimated that 

half of all applications would cost between $10 and $11.6 

million, with an additional 40 percent of all applications 

costing from $11.6 to 13.8 million. 

The operating and maintenance charge was estimated to 

be $.83 $/.MMBtu or about 2 percent of total cap.;ital costs. 

The coal in aluminum remelt was linearly scaled to the ISTUM 

clean direct heat service sector size categories. 
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Maximum Marke·t Fraction 

The DOE project manager estimated a potential market for 

200 aluminum remelt plants. Based upon the hourly rating, 

the maximum service displacement is as follows: 

hourly rating x hours/year t x units = maximum service demand 
displacement 

19.69 X 10 6 
X 

Btu/hr 
6500 X 200 
hr/yr units 

= 25.6 X 1012 

Btu/year/unit 

The maximum market fraction is therefore: 

maximum service demand displacement = maximum market fraction 
ISTUM Direct Heat Service Demand in 

25.6 X 1012 

38.7 X 1012 

Data Quality 

SIC 3334 

= • 66 

The energy savings, capital cost, and potential market 

for this technology was not veriied by outside review or de­

tailed engineering calculations. Energy savings and cost data 

were considered "C" quality data, while the lack of corrobating 

·data on the maximum market fraction indicated a "D" quality 

code was appropriate. 
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Technology Name: High Temperature Recuperator 

Technology I.D.: 2.32, 2.33, 2.314, 2.315, 2.317, 2.319 

Gases exiting high temperature industrial processes may 

be used to preheat incoming combustion air, saving as much 

as 30 percent of total fuel. The waste heat recovery research 

sponsored by DOE includes numerous high temperature recupera­

tor projects. The ISTUM specification of recuperators 'is 

based upon a technical analysis of energy saving investments 

by the American Iron and Steel Institute. 1/ . 

High temperature recuperators were placed in 6 ISTUM 

service sectors: clean/intermediate direct heat, dirty direct 

heat, calcining, glass melting, ironmaking and steel re­

heating. The ISTUM specification is based upon AISI data 

on a soaking pit recuperator that uses a 1800°F waste gas stream to 

preheat combustion air from 70°F to 800°F. 

Service ,Demand Displacements 

The AISI report indicated that the soaking pit recuperator 

would save 24.03 x 10 9 Btu/year of fuel, assuming a 30 per­

cent savings over a cold air condition. The service demand 

displacement of this recuperator is therefore: 

Equipment Cost 

fuel savings x fuel efficiency = 
hours of operation 

9. 

service 
demand 
displacement 

24.03 X 10. Btu/yr X .33 
5500 = 1. 5 MMBtu/hr 

The equipment cost of the AISI recuperator was based upon 

an ideal application, involving no unusual installation costs. 

l/Handbook on Energy Conservation in the Steel Industry, American 
Iron and Steel Institute (AISI), May 26, 1976. 
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The total installed cost of $62,200· included the following com­

ponents: 

Radiation recuperator 

Piping 

Installa~ion crane rental 

Engineering 

Labor 

TOTAL 

41,500 

6,500 

2,000 

1,700 

10,500 

$62,200 

EEA assumed that 50 percent of all recuperators would 

cost between $62,200 and $114,400. An additional 40 percent 

of all recuperators would cost between $114,400 to $167,000~ 

This capital cost frequency is common to all cost building 

blocks (A2.32, A2.33, A2.314, A2.315, A2.317, A2.319) for 

recuperators in IS~UM. 

Operating and maintenance charges are estimated by AISI 

at $4,000 per year, or 6.4 percent of installed cost. The 

recuperator cost, based upon a 1.5 MMBtu/year unit, was scaled 

to the ISTUM service demand sizes in each service sector. 

Maximum Market Fraction 

The maximum market fraction for nicuperators is based 

upon a survey of waste heat recovery in 73 industry groups by 

Garrett Airesearch1/. The energy savings potential for 3-digit 

SIC using 85 percent effective recuperators was aggregated 

for each ISTUM service sector as follows. 

1/ 
"Survey of Potential Energy Savings Using High Effectiveness 
Recuperators from Waste Heat ;Recovery from"'Industrial 
Flue Gases", Garrett Airesearch Manufacturing Company, 
October 15, 1977. 
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Service Sector 14 - Calcining 

Garrett estimated a potential energy savings of 5.4 percent 

in calcining. Although this estimate w~s based only upon oil 

~nd. gas fired kilns, about 30 percent of the calcining service 

sector, EEA assumed a maximum market fraction of .05 was reasonable. 

Service Sector 15 - Glass melting 

The Garrett survey identified the following fuel savings 

potential in ~lass melting: 

SIC Fuel Saving Potential 1012 Btu 

3211 Flat Glass ·9. 39 

3222 Glass Containers 13.19 

3229 Pressed and Blown 6.00 

3231 Products of Glass· 2.39 

GLASS MELTING 30.97 

The maximum market'fraction of recuperators in glass melting 

is therefore: 

Garrett estimated fuel savings 
ISTUM Glass melting fuel 

Service Sectors 17 Ironmaking 
19 Steel Reheating 

= 30.97 
237.8 = .13 

The Garrett Survey estimates the potential energy savings 

of recuperators in the steel industry. The industry could 

use recuperators. for five different service sector: intermediate 

direct heat, dirty direct heat, ironm~king, stee.lmaking, 

and steel reheating. Since Garrett does not estimate poten­

tial energy savings by service sector, EEA assumed that energy 

savings from recuperators could be proportionally allocated 

to ISTUM service sectors based upon total service demand in 

each service sector. 
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SIC Fuel Savings Potential 
12 10 Btu/yr 

3312 Blast Furnace & Steel Mills 
/ 

3315 Steel Wire 

3316 Cold Finished 

3317 Steel Pipes· & Tubes 

Total Potential Energy Savings 

Energy savings in service sector 2 or 3 
Combined Service Sectors 17, 18, 19 

191.7 

.75 

2.73 

195.18 

- 48.53 
146.65 

The maximum market fraction for the combined service sectors 

is as .follows: 

combined fuel savings 
steel steel iron 

making 
fuel 

+ making + reheating 
fuel fuel 

12 . 
146.64 x 10 Btu/year = .17 58 

(141 + 115 + 577.9) x 1012 Btu/yr. 

Service Sector 2 Clean/Intermediate Direct Heat 

= 

. \ 

3 Dirty Direct Heat 

maximum 
market 
fraction 

To obtai11 the maximum market fraction for service sectors 

2 and 3, the Garrett energy savings had to be proportionally 

scaled between the service· sectors and 4 applicable industrfal 

groups. Table 1 summarizes the results of these calculations. 

The Garrett.data.is listed in Tables ,vi-1, VI-2, ~nd VI-3. 

) 
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ISTUH 
Industry 
Classification 

331 

3334 

334 

34 

TOTAL 

TABLE VI-1) 

POTENTIAL FUEL SAVINGS IN DIRECT HEATS (1012 Btu/yr) 

Service Sector 2 

Clean/Intermediate 
Direct 
Heat 

23.8 

24.6 

52.0 

17.69 

118.09 

680.2 

.1736 

Service Sector 3 

Dirty 
Direct 
Heat 

24.73 

3.79 

4.16 

32'. 68 

183.8 

.1778 

Proportionally allocated first from 
· service secior 17 and 19 then be­
tween service sector 2 and 3 

From Table 2 I proportionally allocated 
between service sectors 2 and 3 

From Table 3 1 proportionally allocated 
between service sectors 2 and 3 

From Table 4 

POTENTIAL FUEL DISPLACEMENT 

IS TUM FUEL CONSUMPTION FOR THESE 
INDUSTRIES 

MAXIMUM HARKET FRACTION 

I 
. ' 



SIC 

.3334 

SIC 

3321 

3322 

3324 

3325 

3331 

3332 

3333 

3351 

3353 

3354 

3356 

3361 

3362 

3369 

3398 

TABLE VI-2 

SIC,...J334 Components 

Fuel Savi.ngs Potential 10
12 

Btu 

Primary Alunrinum 28.39 

. ·TOTAL 28.39 , 

TABLE 3 SIC-334 Components 

Fuel Savings Potential 1012 Btu 

Gray Iron Foundries 

Malleable Iron Foundries 
I 

Steel Investment Foundries 

Steel Foundries 

Primary Copper 

Primary Lead 

Primary Zinc 

Copper Rolling 

Aluminum Sheet 

Aluminum Extruded 

Nonferrous Rolling 

Aluminum Foundries 

Brass, Bronze, Copper Foundries 

Nonfer- Foundries 

Metal Heat.Transfer 

2.77 

2.49 

0.70 

1. 21 

6.80 

0.84 

4.04 

8.54 

1].10 

2.96 

3.79 

6.45 

0.70 

1. 25 

2.52 

3399 Prim. Metal Products, NEC 

TOTAL 56.16 
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3432 

3443 

3462 

3463 

3493 

3631 

3728 

TABLE VI-3 

SIC 34 Components 

·Fuel Savings Potential 1012 Btu 

Plumbing fittings 

Fab. Plate work Boiler 

Iron & Steel Forgings 

Non-Ferrous Forgings 

Steel springs, except wire 

Household cooking equip. 

Aircr·aft equip. , NEC · 

VI-30 

0. 73 . 

0.53 

12.50 

1.39 

0.67 

0.86 

1. 01 

TOTAL 17.69· 



Data Quality 

The overall quality of data on high temperature recupera­

tors was very good. The ISTUM technical specification was sup­

ported by Garrett and AISI research. The energy savings potential 

in glass melting, calcining, ironmaking, steel reheating and 

the direct heats could be generally ve~ified by engineering 

calculations. 
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Technology Name: Paper pulp Sludge Drying 

Technology I.D.: 2.43 

Pulp sludge~ from a paper making plant are often disposed 

of by a two step process that includes mechanical dewatering 

and fuel-oil assisted incineration in hog fuel boilers. The 

pu1p paper sludge drying alternative includes three steps: 

(1) sludge thickening, (2) solvent drying, ~nd (3) steam recovery .. . 

combustion .. The benefits of this technology include a decrease 

in fuel oil consumption; the recovery of steam, and a reduction 

in the need for landfilling. 

Service Demand Displacement 

The service demand displacement for this technology_was 

derived from·the proposer's data for the new and conventional 

sludge drying process based upon a 50 ton/day dry weight 

plant. The conventional process consumers 3.63 ·x 10 9 Btu/yr 

of electri~ity in dewatering and 127.46 x 10 9 Btu/year of 

fuel in incineration. The new sludge drying system consumes 
9 35.9 x 10 Btu/year of electricity but then produces steam, 

an equivalent of 20.40 x 10 9 Btu/year of fuel oil. The 

service demand displacement for this technology is the net 

energy savings for the 4 fuels: 

Equipment Cost 

115.8 x 10 9 Btu/year= 

7500 Hours/Year 
15.44 MMBtu/hr 

The proposer estimated a total installed cost of $3 

million for a 50 ton/day plant. EEA assumed this represented 

ideal circumstances, an~ expected that for some pulp plant 

configurations this coat could be as high as $5 million. 

No incremental operating or maintenance costs were expected 

compared with the conventional system. The'equipment cost were 
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linearly scaled to match the ISTUM dirty direct heat size 

categories. 

Ma·ximum Market Fraction 

The.potential market size for this technology was not 

clearly identified by the proposer. EEA estimated the tech~ 

nology might compete for 1 percent of the dirty direct 

heat in paper making. 

Data Quality 

The ISTUM technol~gy specification for this process 

modification suffers from the early stc;tge of development of 

this project and the difficulty of modeling a 4 fuel technology. 

For these reasons, EEA gave the pulp sludge drying technology 

a "C" data quality code . 

.. 
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Technology name: Direct Reduction of Aluminum 

Technology I.D.: 2.46 

The direct reduction method of making aluminum is a 

radical process change, from the conventional Hall cell 

technology. The new aluminum technol?gy would save 50,000 

Btu/lb over conventional electrolytic production. 

The technology data supplied by the DOE project manager 

was based upon a 300,000 ton/year direct heat process that 

could potentially displace 38 x 1012 Btu/iear of electric 

energy. Although the ISTUM specification is based upon this 

data, the final technology specification was scaled to one 

third this size to avoid a technical computer modeling 

problem associated with the size specification of this 

technology. The following table compares the two aluminum 

technologies: 

Direct Reduction Conventional Electrolytic 

Plant size 

Btus of Fuel consumed 

Service Sector 

Fuel Use Efficiency 

Hours of Operation 

Service Demand 

300,000 tons/year 

38 x 1012 Btu/year 

Direct Heat* 

.8** 

6500 

(38 X 1012 ) X 8 
6500 = 

4676 MMBtu/hr 

300,000 tons year 
. 12 

38 x 10 Btu/year 

Electrolytic 

1.0 

6500 

(48 X 1012 ) X 1.0 
6500 

7384 MMBtu/hr 

* Since the direct•reduction process is a substitute for the 
the electrolytic service sector, the technology is actually 
placed in the electrolytic service sector. · 

** 
The DOE project manager states that this efficiency is the 
result of capturing off gases from the blast furnaces. 
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service Demand uisplacement 

The service demand displacement for the direct reduction 

process is based upon the service demand of the conventional 

system. One direct reduction unit is equal to a 7384 MMBtu/hr 

electrolytic plant. Since this size exceeded ISTUM model limits, 

EEA scaled this technology specification to one third size 

or 2462 MMBtu/hr. To reflect the efficiency improvements of 

this process, the final fuel use efficiency was made 1.58, 

based upon the ratio of electrolytic service demand to direct 

reduction service demand. 

electrolytic service demand = 7384 

direct reduction service demand 4676 

Equipment Cost 

= 1. 58 

The DOE project manager indicated a capital cost of $150 

million dollars. Based upon the one third scale down, EEA 

estimated 20 percent of all direct reduction plants would 

· cost from $50 to 60 million. An additional 60 percent of 

all facilities would cost from $60 to 100 million. 

Operating and maintenance costs were estimated at 12 

percent of capital cost. The one third scale direct reduction 
I 

was linearly sized to the ISTUM 600 MMBtu/hr electrolytic size 

category. 

Maximum Market Fraction 

Due to_the early development stage of this technology, the 

maximum market fraction is surrounded by uncertainty. The· 

chemical properties_ of the new aluminum, might limit the 

market for direct reduction to aluminum used in casting, 

about 15 percent of production in 1976. 
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Data Quality 

Due to the difficulties of modeling direct reduction, the 

lack of outside documentation, and some of the technical un­

certainties about the new process, EEA considered the data 

quality to be code "C". 
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Technology name: Aluminum Smelter Modification 

Technology I.u.: 2.56 
r-. 

The aluminum smelter modification specificatiop in ISTUM 

is based upon an.improved cathode for the basic Hall cell. Al­

though primarily .conceived as a retrofit technology, this 

process modification would also apply to new aluminum facilities. 

The smelter modification would not be applicable for Direct 

Reduction of Aluminum (ISTUM technology 2.46). 

Servic~ Demand Displacement 

With a 25 percent savings of electrical energy over the 

existing Hall cell process, the service demand displacement 

in the electrolytic service sector is as follows: 

fuel x 
efficiency 

annual energy consumption x fraction saved = ISTUM Ser-
hours of operation vice Demand 

Displacement 

LO 
g· 

x 22.75 x 10 Btu/cell/yr. x .25 = .88 MMBtu/hr. 

6500 hr/yr. 

Equipment Cost 

The DOE project manager estimate a capital cost of $165,000 

including a $40,000 installation charge for an ideal application 

of this technology. EEA assumed that half of all aluminum 

cells could be modified for a cost (block A 2.56) between 

$165,000 and $185,000 based upon a 50 percent increase in 

installation cost. Another 40 percent of all applications would 

face installation charges between 50 and 100 percent greater than 

the ideal modification cost. 

EEA assumed that the operating and maintenance charge of 

the new technology would equal the conventional system, so no 
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incremental O&M was reported in the ISTUM specification: 

The cathode modification cost was linearly scaled up to the 

ISTUM electrolytic service sector size of 600 MMBtu/hr. 

Maximum Market Fraction 

This technology is applicable to all existing and new 

aluminum production facilities based upon the Hall cell. 

With a 25 percent savings in electro~ytic energy, the ISTUM 

maximum market fraction is 0.25. The current formulation of 

the ISTUM model logic does not adju~t for the presence of a 

mutually exclusive aluminum tec~nology, direct reduction. 

Nor does the model provide any information about attractive­

ness of premature retirement and retrofit applications of 

the cathode modification. 

Data Quality 

The cost and energy savings of this technology received a 

"C" data quality code because no component break down of cost 

or supporting technical documentation of energy savings was 

provided by either the proposer or the DOE project manager. 

The maximum market fraction received a quality "C" code because of 

the ISTUM model's inability to consider the interaction of the 

Aluminum Smelter Modification with the Direct Reduction of 

Aluminum technology. 
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Technology Name: Lube Oil Rec.overy 

Technology I.D.: 2.57 

This DOE sponsored research project is directed at the 

development of an improved process for recovering lube oil. 
6 The ISTUM specification is based upon a 10 x 10 . gallon/year 

re-refining plant. The lube oil recovery technology competes 

for liquid feedstock service demand in SIC-29 petroleum refining 
, 

and related industries. 

Service Demand Displacement 

The DOE project manager indicated that the proposed re­

refining plant would process 10 .x 10 6 gallons per year with 

a 70 percent efficiency. Since the re-refined oil would 

consume 1.28 x 10 6 Btu/Bbl compared to 2.2 x 10 6 Btu/Bbl for 

virgin lube oil, this techDology would save about 21,900 

Btu/gallon of lube oil. Based upon this data, the service 

demand displacement for this technology is: 

plant capacity x efficiency x energy savings 
hours of operation = service demand 

displacement 

10 x 10 6 gal/yr x .7 x 21,900 Btu/gal 

8000 hours/year 
= 19 MMBtu/hr. 

Equipment Cost. 

The proposer identified a capital cost of $3 million 

for a re-refining facility. EEA assumed this cost repr:~sented 
,. 

an ideal application, and that only 50 percent of all lube 

oil recovery plants would be built at a cost of $3 to 3.6 

million dollars. Another 40 percent of all applications were 

expected to cost from $3.6 to 5 million dollars. Operating 

and maintenance charges were expected to annually total 12 
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percent of the total in~talled capital cost. The 19 MMBtu/hr 

unit was linearly scaled to 250 MMBtu/hr size category in 

the liquid feedstock service sector. 

Maximum Market Fraction 

EEA calculated that 25 percent of annual consumption of 
9 1.35 x 10 . gallons of lube oil in the United States could 

be collected from fleet maintenance yards, gasoline stati~ns, 

and lube oil recycling centers (such as sponsored by states 
. 6 I under EPCA). Based upon a 10 x 10 gallon. year facility, 

' 
the total market for re-refining plants is: 

1. 35 X 10 9 gallon/year X .25 34 plants = 
10 X 10 6 gallon/year/plant 

Using a 34 plant market the maximum service demand dis­

placement is: 

number of 
plants 

34 X 

plants 

x hourly x hours of = 
service operation 
demand 

19 X 10 6 

Btu/hr 
X 8000 = 5.168 X 1012 

hr/yr Btu/hr 

The maximum market fraction is therefore: 

maximum service 
demand displacement 

' 

maximUm service demand displacement = 
liquid feedstock service demand 

maximum market 
fraction 

5.168 X 1012 

736.4 X 1012 

Data Quality 

= .007 

The primary weakness in the data supporting this technology 

was the energy savings calculation. Because the energy savings 

was not verified by engineering·analysis or by an outside 

reviewer, EEA gave the lube oil recovery technology a 11 C11 

quality code. 
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Technology Name: Polypropylene to Fuel 

Technology I.D.: 2.413 

The focus of this proposed DOE project is the thermal 

cracking 6f wast~ atactic polypropylene into a low sulfur 

#6 fuel oil. The ISTUM technology specification is based 

upon a 200 million lb/year plant. EEA placed th~ poly­

propylene technology in the non-coal indirect heat service 

sector. 

Service ,Demand Displacement 

The 200 million pound per year plant could create 3.46 

x 1012 Btu/year of #6 fuel oil according to the proposer. 
. 6 

The plant would consume 2.4 x 10 KwH/year of electricity. 

Based upon this data, the service demand displacement would be: 

3413 
(3.46 X 1012 Btu/year) X .7- (2.4 X 10 6kWh/yr X ---1- X .9) = 

8300 hr/yr. 

291 MMBtu/hr 

Equipment Cost 

The proposer identified a $2 million dollar capital 

cost for a polypropylene cracking plant. EEA assumed that 

this represented an ideal application, and that some applica­

tions might face a cost 50 percent higher, or $3 million. 

The proposer indicated that operating and maintenance 

would include a $3.5. million cost for atactic polypropylene 

collection and a $300,000 credit for avoided landfilling costs. 

This resulted in a net O&M of 2 percent. 
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Maximum Ma.rket rraction 

The calculation of a maximum market.fraction for this 

technology is hindered by significant lack of information. 

No reliable prediction of future production of atactic poly­

propylene exists today. In addition, the economics of recovering 

prevLoQsly landfilled polypropylene have not been determined. 

EEA conservatively estimated a market for two 200 x 10 6 

lb/year plants in 1978: Based upon a 291 MMBtu/hr service 

demand displacement and 8300 hr/year operation, the maximum 

market fraction is: 

maximum serviqe demand displacement = maximum market fraction 
ISTUM service sector service demand 

2 X 291 X 10 6 
X 8300 = .0168 

286.7 X 1012 / 

Data Quality 

The use of a very conservative maximum market fraction 

made a "B" data quality code. However the difficulties 

of modeling the energy savings of this technology, es~entially 

involving a new product and uncertain costs for waste material, 

indicated a "C" quality code for energy savings was appropriate. 
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Technology name: Refuse in Cement Kiln 

Technology I.D.: 2.414 

Refuse derived fuel (RDF) is a combustible material 

extracted from·municipal solid waste. The goal of this DOE 

sponsored project is the 30 percent substitution of RDF 

for conventional fuels in the calcining service sector for 

SIC 32, the cement industry. ·Approximately two thirds of 

all cement is produced in. coal fired kilns. Therefore in 

most plants,·. implementing this technology would substitute 

one relatively dirty fuel for another. 

Service Demand Displacement 

f h 1 d . t' l/ t th t Data rom t e Port an Cement Assoc1a 10n sugges s a 

new dry-process cement kilns will consume approximately 

6 x 10
6 

Btu/ton. The DOE project data assumes an energy 

savings of 550 x 10 9 Btu/year for a 305,000 ton/year kiln. 

The hourly rating for this example is therefore: 

Combustion Percent Energy x capacity = service 
·demand 
displacement 

X X efficiency RDF Consumption 
per ton 

.33 

substitution 

X • 3 x 6 MMBtu/ton x 305,000 ton/yr = 25.9 MMBtu/hr 
7000 hr/yr 

Equipment Cost 

The DOE technology documentation reported a $2 million 

capital cost for a modification of a 305,000 ton/day cement kiln, 

1/ 
Energy Conservation Potential in the Cement Industry, FEA Con­
servation - Paper 26, June 1975 and 1974 Energy Report for 
the U.S. Portland Cement Industry: Summary Analysis, 
Portland Cement Association, May 1975. 
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but provided no bre~kdown of the components of the charge. 

EEA assumed this data was based upon an ideal application 

and specific circumstances at some plants could increase 

this cost to $3 million (block 2.414). Operating and main­

tenance charges were estimated to be 5 percent of capital costs. 

A linear scaling factor of 1.54 was used to match the ISTUM 

size category of 40 MMBtu/hr. in the calcining service sector. 

Fuel Used 

A market price for RDF does not exist in the United States 

at this time. The nandful of demonstration programs in solid. 

waste combustion identified significant technical obstacles in 

the prepar~tion and combustion of refuse fuels. If these 

hurdles could be passed and a viable market for RDF created, 

EEA assumes the fuel price would generally track the price 

of coal. Since ISTUM does not have an RDF price, the 

"fuel" for this technology was therefore specified as coal. 

Maximum Market Fraction 

The potential market for this technology theoretically 

includes 385 kilns which annually produce 85 x 10 6 tons of cement. 

However, many of these kilns are located far from urban 

areas and a reliable source of refuse fuel. EEA assumed that 

about half of the U.S. production would face this restriction. 

The maximum service demand displacement for a 100 percent 

penetration of the remaining market would be: 

u.s. Pro- Unit Combustion Maximum RDF maximum 
duction X Energy x Efficiency X RDF Sub- x· Availa- = service 

Consumption stitution bility demand 
Restric- displace-
tion ment 

85xl0 6 
X 6xl0 6 

X . 33 . X . 3 X . 5 = 25.2xlo12 

ton/yr Btu/yr 
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The I.STUM maximum market fract.;ion is : 

ma·ximum: t·e·chnolo·gy service demand displacen1ent ~ 
applicable industry service demand 

25.2 X 1·012 

324.7 X 1012 

Data Quali·ty 

= .078 

maximum 
market 
fraction 

The energy savings and potential market fqr a RDF system 

could be calculted from the Portland Cement Association data. 

However, the costs_of this technology are based upon poorly 

documented equipment costs and considerable uncertainty about 

the market price for RDF. The ISTUM quality codes reflect 

the reliability of technology specification from this data. 

Cost is considered "C" quality data, while maximum market frac­

tion and energy savings are rated as "B" quality data. 

) 
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Technology name: Blended Cement 

Technology I.D.: 2.514 

The blending of pozzolanic material, such as blast 

furnace slag or fly ash into Portland cement can reduce the 

overall energy consumption in cement production. According 

to Portland C~ment Association data1/, approximately 7 pe~cent 
of current United States cement production is blended with 

pozzolanic material. This DOE project aims at increasing the 

market for blended cement by overcoming existing institutional 

and technical barriers. The ISTUM technology specification is 

based upon a 250,000 ton/year cement kiln using a 30 percent 

substitution of fly ash or slag. The impact of the DOE pro­

gram supporting this process change in the calcining service 

sector is expected to·have its initial impact in 1980. 

Service Demand Displacement 

The energy consumpt~on of new cement kilns utilizing the 

d~y process averages about 6 x 10 6 Btu(year. The service 

demand displacement for a 250,000 ton/year blended cement plant 

using a 30 percent substitution of pozzolanic material is: 

Hourly x 
·Capacity 

250,000 ton/yr 
7000 hr/yr. 

Equipment Cost 

Percent 
Energy 
Savings 

X .30 

x Energy x 

X 

Consumption 

6 X 10 6 

Btu/ton 
X 

Fuel = 
Efficiency 

.33 = 

SE".rvice 
Demand 
Displacement 

21.2 MMBtu/ 
hr. 

Based upon the proposer's estimate of $5.00 per ton of capacity 

for a blended cement facility, the minimum cost (~lock A 2.5141 

1/ Energy Conservation Potential in the Cement Industry FEA 
Conservation Paper 26, June 1975. 

VI-46 



• 

for a 250,000 ton/yea:r:- plant is $1.25 II!illion. EEA assumed that 

half of all potential applications would fall between this 

minimum'cost and $1.45 million. Only 10 percent ot all cement 

plants were expected to incur equipment and installation costs 

greater than $7.00 per ton of capacity, or $1.75 million for 

a 250,000 ton/year facility. 

Operating and maintenance charges for blended cement 

equipment were estimate9 to be 5 percent of capital costs. 

The additional electricity costs of this technology were 

considered minor and are included in the O&M charge. 

Maximum Market Fraction 

The 385 kilns in the United States currently produce 85 

million tons of cement each year. EEA conservatively estimated 

that overcoming technical hurdles and relaxing-institutional 

barriers could potentialy increase the market from 7 to 

50 percent of total production. Based upon a 30 percent sub­

stitution of pozzolanic material, the maximum service demand. 

displacement of the technology is: 

Energy X Percent X u.s. Pro- X Fuel X Technical = Maximum 
con sump- Savings duction Effi- Limitations service 
tion/ton ciency demand 

displacement 

6 X 10 6 
X .30 X 85 X 10 6 

X .33 X • 5 = 25.2 X 1012 

Btu/ton tons/yr. Btu/year 

The IS TUM maximum market fraction is: -

maximum service demand displacement 
industry service sector demand 

324.7 X 1012 = .. 078 
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Data Quality 

The ISTUM specification f9r blended cement is based on 

data from the Portland Cement Association, the DOE project 

manager, and the proposer. The technical data is supported 

by operating characteristics of blended cement facilities in 

Japan, Germany, Italy, and the United States. Therefore 

EEA rated the data quality for all categories in blended 
'· 

cement as "B". 
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Technology Name: Glass _Conglomera.te 

Technology I.D.: 2.415 

The glass conglomerate technology is a method for pre­

heating pelletized glass container batch (~ith potential 

applic~~ions in other glass processes) to save meeting energy, 

increase furnace life expectancy, and reduce air pollution. 

Under some circumstances this technology could significantly 

increase the capacity of an existing furnace. However, the 

ISTUM specification is based upon a 150 ton/day glass regenerative 

furnace operated a 80° C lower temperature. In addition to 

energy savings, and pollution control a furnace operated in 

this manner would require less frequent furnace wall rebuilds. 

Service Demand Displacement 

The service demand displacement calculation is based 

upon a 150 ton/day furnace operating 7920 hours/year.* 

The conventional furnace consumes 328 x 10 9 Btu/year but the 

pelletized preheating glass furnace consumes 307 x 10 9 Btu/year. 
. 9 

Based upon a 21 x 19 Btu/year fuel savings, the service 

demand displacement is: 

Incremental Fuel Savings X 

hours of operation 

21 X 10 9 
X .3 

7920 

* 

= .795 MMBtu/hr 

Fuel Efficiency = service demand 

displacement 

The proposers documentation is based upon 7920 hour/year 
operation. The ISTUM assumption for glass melting is 
7000 hours/year. 
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Equipment Cost 

The proposer estimated a capital cost of $1 miilion for 

this technology. EEA assumed this represented an ideal 

application and ~hat 50 percent of all applications would 

cost between $1 and 1.3 million. EEA estimated that another 

40 percent of all applications would cost between $1.3 and 

1. 8 million. 

The proposer did not identify the operating costs for 

this technology. However, ~perating the f~rnace at an 80°C. 

lower temperature would extend the wall liner life from 3 to 

5 years. The proposer estimated this could annually save 

$133,000 in maintenance. The glass conglomerate technology 

might also reduce the need for pollution control equipment. 

For the ISTUM specification of this technology, EEA assumed 

a net operating and maintenance savings of 12 percent. 

Maximum Market Fraction 

The pelletizing preheat technology is currently being 

tested on a glass container furnace, but could potentially 

be adapted ·to flat glass production. The proposer's data 

indicate an energy savings of slightly higher than 6 percent. 

Based upon this data, EEA assumed that glass conglomerates 

could compete for 6 percent of the glass melting market. 

Data Quality 

The proposer's glass conglomerate documentati9n emphasizes 

the tentative nature of the analysis for this technology. Since 

the glass conglomerate process has not been demonstrated 

beyond the bench test level, EEA assumed a "C" data quality 

code was appropriate. 
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Technology name: Flat Glass Energy Reduction 

Technology I.D.: 2.515 

The goal of this technology is reducing energy consumption 

in the flat glass industry. The proposer claimed this could 

be accomplished by installing optical sensors and microprocessor 

controls to monitor and control glass output. 

Service Demand Displacement 

The energy savings potential of this technology has not 

been technically demonstrated, but may include reducing the 

cullet percentage in glass melting and optimizing the quantity 

of glass for a given sheet thickness. If a .4 x 10 6 Btu/ton 

energy savings can be achieved with this technology, the 

service demand displacement will be: 

energy savings x combustion 
efficiency 

X furnace = 
capacity 

.4 X 10 6 
X .3 

Btu/ton 
X 16.25 = 1.95 MMBtu/hr 

ton/hr 

Equipment Cost 

service demand 
displacement 

The proposer indicated that an ideal application of this 

technology would cost about $70,000. EEA assumed that unique 

circumstances in some glass plants could re~ult in a total 

installed cost of $140~000. The ISTUM capital cost distribution 

for this technology (Block A2.515) was based upon this range. 

Annual operating and maintenance charges were antipated 

to be 10 percent of capital costs. The 1. 95 MMBtu/hr glass 

sensing equipment was li71early scaled to both ISTUM glass melting 

size categories. 
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Maximum Market Fraction 

-The proposer indicated a market for this technology in 

38 glass plants. The maximum serv~ce demand displacement for 

a plant with this control technology might be calculated as 

follows: 

energy X technical X annual X combustion = maximum 
savings applicable capacity efficiency demand 

service 

displacement 

0.4 X 10 6 
X .75 X 136,500 . 3 12 X 10 9 Btu/yr 

Btu/ton ton/yr. 

Based upon the proposer's estimate of 38 applications in 

the United States, the maximum market fraction is: 

Service Demand Displacement for Total Market Penetration 

ISTUM Glass Melting Service Demand 

38 X (12 X 10 9 ) = .006 

79.4 X 1012 

Data Quality 

Maximum 
= market. 

fraction 

The DOE project manager indicated that the flat glass energy 

reduction proposal is still in its early stages of development. 

The technology data has not been verified by outside review 

or engineering calculations. Because of the lack of corroborating 

data and the poor definition of the source ·for energy savings, 

EEA considered very low data quality codes appropriate. 
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Technology name: Cement Block Drying 

Technology I.D.: 2.516 

The curing of cement block at l50°F currently consumes 

3300 to 6000 Btu/block, although ideally the process should 

consume only 1000 to 1400 Btu/block. This D~E sponsored 

technol6gy is directed at minimizing energy consumption of 

this proces~ by adding ~ozzolanic material to the cement 

mix, insulating the curing unit, and using' the exothermic 

reaction in the block to drive the curing process. For the 

ISTUM specification, the modified curing technology was 

placed in the brick making service sector as a process 

change. 

Service Demand Displacement 

Proposal data indicated that cement block kilns using 

this proces~ could save 1.3 x 10 9 Btu/year. The ISTUM 

service demand displacement for this. curing modification is 

therefore: 

Annual Energy Savings x fuel efficiency = service 
Hours of operation demand displacement 

9 1.3 x 10 Btu/year x .3 = .195 MMBtu/hr. 
~2~0~0~0~h_o_u_r_s_/'y-e~a~r---------------

·I· 

For most conservation technologies, the hours of operation 

used in the service demand displacement c~lculation is identical 

to the ISTUM service. sector specification. However, in this . . 

case EEA determined that. the cement block plants typically 

operate at 2,000 hours/year and not the 7,000 hours/year 

assumed by ISTUM for the brick firing service sector. Using 

a load factor of 2000 hour/year therefore inc~eases the 

accuracy of the service demand displacement calculation in 

this exceptional case. 
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Equipment costs 

The equipment mo<'lifications required for this process 

change are relatively modest. The cement. block curing chambers 

would be insulated to retain the exothermic heat of the curing 

reaction. EEA assumed that 90 percent of all cement kilns 

could adopt this technology at a cost (block A 2.516} of 

$1750 to $3000. Operating and maintenance costs would be 

approximately 5 percent of capital cost. The cost of the 

modified cement block curing process was scaled up linearly to 

the 13.1 MMBtu/hr brick firing service demand size. 

Maximum Market Fraction 

EEA estimated that the market for this process change 

includes approximately 7000 kilns for cement block curing. 

The maximum service demand displacement for a 100 percent 

market penetration is: 

Existing X Energy X Fuel = Maximum Service 
Market Savings Efficiency Demand Displacement 

7000 units X 1.3 X 10 9 
X . 3 = 2.73 X 1012 

Btu/unit/year Btu/year 

The ISTUM·maximum market fraction for cement block curing 

in the brick firing service sector is: 

maximum service demand displacement 
industry service demand 

12 2.73 x 10 Btu/year = . 034 

80.3 x 1012 Btu/year 
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Data Qua·li ty · 

Because .this technology is not technically complex, 

using conventiona~ insulation practices and proven ~echniques 

for modifying the block mix composition, "B" quality codes 

were appropriate. and modification in the block mix composition, 

indicated that a "B" quality codes were appropriate. 
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Technology Name: CU~OLA FURNACE MODIFICATION 

Technology I.D.: 2.417 

The off-gases of conventional cupola furnaces contains 

large quanti ties of carbon monoxide which is typi<?.ally incinerated 

by a natural gas after-burner. 'The cupola modifications proposed 

in this DOE sponsored project would {3-llow a furnace to,operate 

without the naturaL gas incineration. For th~.ISTUM model, this. 

technology was placed in the ironmaking service sec·tor. 

Service Dema·nd Displacement 

The proposer of this technology indicated that a typical 

cupola furnace modification could save 35 x 10 9 Btu/year of 
' natural gas. Based upon this data, the annual service demand 

relief is: 

energy savings x combustion efficiency = 
hours of operation 

35 X 10 9 
X .4 

5000 

Equipment Cost 

= 2. 8 MMBtl;l/hr ,. 

' 
'se'i:vice demand 
displacement 

The proposer indicated ·a ca~ital cost range of $60,000 

to $90,000 for this technology. EEA assumed that 20 percent 

of all applications would cost between $60,000 and $75,000. 

Extenuating circumstances in 60 percent of the applications 

would increase-the price to $75,000 to $90,000. 

No incremental operating or maintenance costs are 

anticipated. The 2.8 MMBtu/hr service demand displacement 

required that the cupola modification capital costs be linearly 

scaled to ISTUM size categories in ironmaking. 
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Maximum Market Fraction 

The market for this techriology includes about 1,000 

existing. cupolas in the United States. However, the future 

market for this technology depends upon the economic viability 

of the cupola iron casting process. EEA calculated a conserva­

tive maximum market fraction by assuming only half of existing 

cupolas would be technically suitable. The maximum market 

fraction is therefore. 

technical 
limitation 

X total x energy X 

market savings 
units 

ISTUM ironmaking service demand 

• 5 9 
X 10 X .4 X 1000 X 35 

46.3 X 1012 = .15 

Dat·a Quality 

combustion 
efficiency 

= maximum 
market 
fract.ion 

This technology ·specification was not supported by com­

ponent cost breakdowns, detailed engineering analysis, or review 

by outside sources. For these reasons the energy savings and 

cost data quality wer~ coded as·"c''. Due to the special 

difficulties in identifying the potential market for this 

technology, EEA assumed a "D" quality code for maximum market 

fraction was appropriate. 
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Technology Name: Blast furn~ce Gasifier 

Technology I.D.: 2.219, .2.41 

This technology involves the use of existing blast furnaces 

not currently in operation to produce medium Btu gas (MBG) 

for industrial applications. There are currently 40 such retired 

units in the U.S .. capable of being retrofitted to consume 

coal, coke breeze, BOF slag and scrap materials and produce 

fuel gas, molten iron and slag. In addition to refitting the 

existing blast furnace to accomodate different proportions of 

input materials at new charging and residence rates, there 

is a requi."rement to add an oxygen plant and the associated 

piping to support combustion in the fb~nace. 

The specification of this technology is hindered by the 

following factors: 

1: The technology is intended as a retrofit application 

to utilize existing retired blast furnaces. Be­

cause the ISTUM methodology does not currently 

capture the .market dypamics of retrofit technologies, 

the·Blast Furnace Gasifier project must be specified 

as a new technology. 

2. The original specifications for the capital cost 

of this technology were erroneou~ly assumed not to 

have included the cost of the oxygen plant and other 

contingencies. The inclusion of these costs, which 

were based on the specifications for a similar facility 

to_ generate MBG gas, caused the Blast Furnace Gasifier 

capital cost to nearly double. 
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3. Little information is available about the MBG 

_gas distribution sy~tem required or the' cost of such 

a system. The large volume of_ gas expected to 

be produced by the Blast Furnace Gasifier may create 

a requirement fo·r an extensive pipeline system for 

its distributio-n. 

The uncertainties a~sociated with the abbve factors and 

with the corresponding results of the ISTUM model runs for 

this technology require that the results not be relied upon 

as representative of the expected market acceptance of this 

technology~: 

.li 

Service Demand Displacement 

Based o~n .an original. estimate for a 20 foot furnace 

using _630 tons/day of molten metal and 1575 tons/day of coal, 

the average blast furnace gasifier unit will produce 10 

trillion Btu per year of medium Btu gas. Assuming that the 

Blast Furnace Gasifier is operated for 6000- hours per year 

(330 days/year) the service demand displacement per unit can 

be calcula~ted: 

~ 1 . annua energy sav1ngs 
hours of operation 

service demand 
= displacement 

10 x 10
12 

Btu/yr = 9 1.67. x 10. Btu/year 
6000 hours/yr 

i ,t-

The gasifier operating under these conditions will produce 
. 9 . . . 

1. 67 x 10 -Btu/year of HBG gas. The unit will consume roughly 

20 percent more energy in-the coal input than is produced by 

the process, for an overall efficiencies of approximately 75 

percent. 
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Equipment Cost 

As previously indicated the installed capital costs, in­

cluding contingencies, for this technology were estimated to be 

nearly twice the cost indicated by the project manager. The 

original specifications were assumed to exclude the cost of 

the oxygen plant and other contingencies. The cost of the 

components erroneously added to account for these factors more 

than doubles the annualized capital cost of the technology. For 

.more information concerning the specification of these additional 

components (boiler equipment, site preparation, gas distribution 

system, etc.), refer to the description of the medium Btu. 

Gasifier technology. 

Credits 

The Blast Furnace Gasifier technology receives for a pro­

ducing hot metal in addition to MBG. Assuming that one and one 

half ton of ore is required to produce 1 ton of hot metal 

in this process, the net credit for the iron produced is: 

VALUE OF IRON PRODUCED (@ $100/TON) 

COST OF ORE REQUIRED (@ $50/TON) 

NET CREDIT FOR IRON PRODUCED 

$100/ton x 630 
iron 

tons/day 
iron 

X 330 days/yr = $20.79 X 10 6 

-$50/ton x 630 
ore 

tons/day X 1.5 tons ore x 330 days/yr 
iron ton iron 

= $15.59 X 10 6 

NET CREDIT FOR IR,ON $4.2 X 10 6 

Maximum Market Fr:action 

The maximum market fraction is determined as the service 

demand displaced for all units potentially able to use the 
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technology. 'The service demand for the Blast ·~urnace Gasifier 
' 

is determined as the service demand relief provided to the end 

users of the MBG produced. Hence, .the service d'emand calcula­

tion subsumes the efficiency of the end use process into the 

calculation: 

40 plants x 10 x 1012 Btu 
plant 

x .75 end use 
conversion 
efficiency 

= .3 X 1015 Btu 
service demand 

Competing in the steam and steel reheat service sectors, 

this technology is expected to provide only a fractipn of the 

end use energy requirement. It is estimated that from 20 

to 25 percent of the energy in these and other sectors can 

use low or medium.Btu gas. There, assuming 240 ~tu is available 

for use in steam production and 60 Btu for steel reheating 

the maximum market fracti.on can be estimated, for these service 

sectors: 

fraction of low Btu 
applications 

x steam service 
demand relief· 

= steam market fraction 

steam service demand requirement 

.25 X 240 X 1012 Btu 

192 X 1012 Btu 
= .31 

Fraction_of low Btu x Steel Reheat service 
Applications de~and rel{~f . . 

Steel Reheat Service Demand Requirements 

.25 X 60 X 1012 Btu 

66 X 1012 Btu 

= • 22 
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Da tc\. Qual;ity 

The uncertainty associatE!d with t:he capital costs of this · 
. ~ 

technology has alreaJy been ack~owled;ed. Even after the 

ch.:\rges for s:L te preparation, :f:eed wai:er .. bo:~ler, and ga,s 

d::_stribution sysb~ms are resolved, the range of: capital cc\st~: 

is expected to be very high. Because of the3e difficuJ.ties, 

"t".he energy savings data was g:i.ven a "C" quality cod·::~. 

The extremely large size o~ the blast furnace gasifier 

requires a c:lu!::ter of ~!BG users. Very li -.:tle data is av.::l.il.:o.blo:::' 

on -t:he pot~~ntial for linkin•J major industrial enE~rgy consumeri:.. 

Since these concerns are based upon retrofit appli~ations 

which are not accomodated by thE! current n)TUM model logic 

and i:avolve ·the ::;ervic·~ demand in mul tip.le sE~rvice sectoru 

EEl,. ra-~.:ed the maximum marke-t: fraction as "D" quality data in 

r.ecogni ti::m o:f the mocleli.ng difficulties. 

The su:pporting document.atioz: .for t:he fuel sw.i.tchin•J poten­

tial fer this technology was relatively good and could be pa~­

tially confirmed by engineering cal.::-:ulations. EEl\. rated fhe 

enex·gy savings component. of the blast furna.ce gas.ifit::!r a.s -

"B". quality data. 

( 
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Technology name: Moving Hearn furnace 

Technuloyy I.D.: 2.419 

The Moving Beam technology involves an improved transpor­

tation mechanism in a steel reheating furnace. The new unit 

reduces the vibration in the furnace, thereby maintaining 

the integrity of the insulation, a major problem with con­

ventional walking beam or pusher furnaces. The ISTUM speci­

fication is based upon data from the American Iron and Steel 

Institute report Energy co·ns·erva·tion in the Iron and Steel 

Industry (page 121) for new applications in steel reheating. 

Energy Savings 

The AISI data claims the moving beam furnace uses 2.25 

x 10 6 Btu/ton compared to a conventional walking beam or 

pusher furnace which consumes 2.4 x 10 6 Btu/ton. The ISTUM 

service demand rating of a 300 ton/hour moving beam furnace is: 

capacity x incremental x fuel = 

300 
ton/hr 

Equipment Cost 

energy savings efficiency 

X .15 X 10 6 

Btu/ton 
X . 33 = 

ISTUM service 
demand displace­
ment 

15 ~.fMBtu/hr . 

The capital cost of this technology (block A2.419) was 

drawn from the AISI data. About 20 percent of the applica­

tions were expected to cost between $2.0 and $2.6 million 

dollars. An additional 60 percent of the units were expected 

to cost between $2. 6 and 3. 5 million dollars.. EEA estimated 

that operating and maintenance charges for the moving beam 

technology would be equal to those in the conventional 

system, so the ISTUM specification includes no incremental 

O&M costs. Because the moving beam furnace is rated at 15 
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MMBtu/hr, EEA used linear scaling fa,ctors to set capital 

costs at the ISTUM steel reheating service sector sizes. 

of 3 and 60 MMBtu/hr. 

Maximum Market Fraction 

Only 50 percent of all reheating involves steel slabs. 

The ISTUM maximum market fraction for this technology is as 

follows: 

technical 
market· 
limit 

. 5 

Data Quality 

X 

X 

percent 
energy 
savings 

= 

.15 .x 10 6 B~u/fon 
2.4 x 10 6 Btu/ton 

maximum 
market 
fraction 

= .03125 

Due to the discrepancies between the AISI and·DOE project 

manager data fo~_the moving beam furnace, EEA rated the tech­

nology specification as a. "C'~ data quality. code. An additional 
~ 

reason for the low data quality code was the potential diffi-

culties of modeling the possible differences in throughput 

capacity between the monobeam and conventional steel reheating 

technologies. The transport mechanism in the moving beam 

may significantly increase the capacity of reheat furnaces, 
~ . : . 

thereby reducing the total'num:ber of furnaces required. 
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GENERAL IDENTIFICATION FOR CONSERVATION TECHNOLOGIES 

PAGE 1 
API< 7r 1978 6l28l44 F"M 

TECH "fECHNOLOGY 'J"EAR FUELS FUEL E~f;b-~EE:~£!!;;!:!£:f §!~!f-B~,:.!~g ~ga~_B8!JQ~ -~8~!~Y~-EB9£!~!!~ 
Ill HAME AVAIL USED SHARE COMB TRAN F'II·fL (MMF,TUfHI<) (H~:S/"fl<) INC~:E J;:ETf::o CONSE 

(1ST USTN SMIS USE LO HI LO HI MEHTL FIT RVATN 

F"UEL) 

2. 11 POIL" AII<fF"L CON 1980 7 1.oo ·· 1.00 1.oo 0.82 -1 -1 -1 -1 1.00 o.oo 0.02 
2.113 HTR AII</F"L CON 1980 7 1.oo 1.oo 1.00 0.67 -1 -1 -1 -1 1.00 o.oo 0.02 
2. J2 HTR AIF:fF"L CON 19&0 7 1.oo 1.oo 1.00 0.36 -1 -~. -1 -1 1.00 o.oo 0.02 
2.13 Hl:j;; AII<fF"L CON 1980 7 1.oo 1.00 1.oo 0.30 -1 -·1 -1 -1 1.00 o.oo 0.02 
2.:21 HEAT PUMP-STEAM 1982 4 6 -1.67 3.30 0.98 0.98 0 100 -1 -1 0.10 o.oo 1.00 
2.219 BLAST FURN-tMBG 1982 1 1.00 0.75 0.94 0.40 -1 -1 -1 -1 0.30 o.oo 1.oo 
2.22 COAL ALUM REMEL 1982 1 1.00 1 .• oo 1.oo 0.33 -1 -1 -1 -1 0.66 o.oo 1.00 
2.26 GAS TUTB OI<P 1980 2 1.00 1.00 1.oo 0.46 -1 -1 -1 -1 1.oo o.oo 1.00 
2.31 PLTR't' PROC MOt• 1980 6 1.00 1.oo 1.oo 0.60 50 ~;o 4000 4000 0.03 .o.oo 1.00 
2.314 HIGH TEMP f':ECUP 1980 6 1.0C• 1.00 1.oo 0.33 -1 -1 -1 -1 o.os o.oo 1.00 
2.315 HIGH TEMP RECUP 1980 6 1.oo 1.oo 1.00 0.33 -1 -1 -1 -1 0.13 o.oo 1.00 
2.317 HIGH _TEM~· I<ECUP 198~ 6 1.00 1.00 1.00 0.33 -1 -1 -1 -1 0.18 o.oo 1.00 
2.319 HIGH TEMF' F:ECUP 1980 6 1.00 1.00 1.00 0.33 -1 -1 -1 -1 o.18 o.oo 1.00 
2.32 HIGH TEMP RECUP 1980 6 1.00 1.00 1.00 0.33 -1 -1 -1 -1 0.18 o.oo 1.00 
2.33 HIGH TEMF" RECUP 1980 6 1.00 1.00 1.oo 0.33 -1 -1 -1 -1 0.18 o.oo 1.00 

<! 2.41 EcLAST FURN ... MicG 1982 1 1.00 0.75 0.94 0.82 -1 -1 -1 -1 0.20 o.oo 1.oo 
"H 2.413 POL 'fF·ROP'fL FUEL 1980 7 1.oo 1.00 1.oo 0.70 -1 -1 -1 -1 0.01 o.oo 1.00 

I 2.414 REFUSE-tCMT K.ILN 1980 1 1.00 1.oo 1.00 0.30 -1 -1 -1 -1 o.o8 o.oo 1.00 

"' 2.415 GLASS CO,.,GLOM 1982 6 1.oo 1.00 1.00 0.33 -1 -1 -1 .-1 0.06 o.oo 1.00 
Ul 2.417 CUPOLA FUf;:N MOll 1983 7 1.oo 1.oo 1.oo 0.33 -1 -1 -1 -1 o.1s o.oo 1.oo 

2.419 MOVING PEAM 1983 7 1.00 1.oo 1.oo 0.33 -1 -1 -1 -1 0.03 o.oo 1.00 
?..43 PAPER PULF" SLt•G 1982 4 2 2.15 1.00 1.00 1.54 -1 -1 -1 -1 o.o1 o.oo 1.oo 
2. 46 llii<ECT RE[• ALUM 1985 1 1.oo 1.00 1 •. oo 1.26 -1 -1 -1 -1 0.15 o.oo 1.oo 
2.51 H[•BX FOF: PAPER 1982 7 1.oo 1.00 1.00 0.82 250 250 7000 7000 0.03 o.oo 1.oo 
2.314 BLENDED CEMENT 1980 5 1.00 1.00 1.oo 0.30 -1· -1 -1 -1 0.07 o.oo 1.oo 
2 .• 515 FLAT GLASS E•l F: 1982 7 1.oo 1.00 1.oo o·.3o -1 -1 -1 -1 o.o1 o.oo 1.oo 
2.516 CEM BLOCK DP.'r'G 1979 5 1.00 1.00 1.00 0.30 -1 -1 -1 -1 0.03 o.oo 1.oo 
2.56 ALUM SMLTEP. MO[I 1981 6 1.00 1.00 1.oo 1.00 -1 -1 -1 -1 0.12 o.oo 1.00 
2.57 LUBE OIL ~:EC 1981 5 1.00 1.oo 1.00 0.70 -1 -1 -1 -1 0.01 o.oo 1.oo 
2.61 PULP PAPER CHAP. 1984 7 1.oo 1.00 1.oo 0.82 -1 -1 -1 -1 0.02 o.oo 1.00 
2.71 H'r'PERFILTF<:ATION 1980 6 1.00 1.00 1.oo 0.82 -1 -1 -1 -1 0.24 o,oo 1.oo 
2.81 LOW LEVL HT F·MP 1982 4 6 0.33 2.50 0.98 0.98 0 200 -1 -1 0.05 o.oo 1.00 
2.91 FOAM F"IPEI< TECH 1979 7 1.00 1.oo 1.00 0.82 -1 ""1 -1 -1 0.15 o.oo 1.00 
2.92 HT PMP-Bf::A'r'TON 1982 4 6 -1.55 2.50 0.98 0.98 -1 -1 -1 -1 o.os o.oo 1.oo 
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TECH 

[[' 

2.11 
2.113 
2.12 
2.13 
2.21 
2.219 
2.22 
2.26 
2.31 
2.314 
2.315 
2.317 
2.319 
2.32 
2.33 
2.41 
2.413 
2.414 

.2. 415 
2.417 
2.419 
2.43 
2.46 
2.51 
2.514 
2.515 
2.516 
2.56 
2.57 
2.61 
2.71 
2.81 
2.91 
2.92 

'ECHNOLOG>. 

NAME 

BOIL AIRfi'"L CON 

HTI': AII':/FL CON 

HTI': AIRfFL CON 

HTI': AII':fFL CON 

HE~T PUMP-STEAM" 

EtLAST FURH-tMBG 
COAL ALUM I':EMEL 

GAS TUTB ORB 
PL TR't' PROC MOD 

HYGH TEMP RECUP 
HXGH TEMP F:ECUP 
HIGH TEMP RECUP 
HIGH TEMP RECUP 
HIGH TEMP RECUP 
HIGH TEMP RECUP 
BLAST FURN-tMEcG 
POL"t'PROP"fL FUEL 

REFUSE-tCMT KILN 
GLASS CONGLOM 
CUPOLA FURN MOD 

MOYIHG BEAM 
PAPER PULF' SLDG 

DIRECT RED ALUM 
Ht•BH FOR PAPER 

BLENDED CEMENT 
FLAT GLASS EN·R 
CEM 9LOC'K t•R'J"G 

ALUM SML TER MOt• 

LU9E OIL REC 
f·ULP f·APEP. CHAR 

H'fPEP.FIL TRATIOtl 

LOW LEVL HT PMP 
FOAM FXBER TECH 
HT PMP-£cRAYTON 

SERV ----~9!9_g~9b!!!___ CONST 
SECT MAX COST EHER ACCE PER 

1 
13 

2 
3 
1 

19 
2 
6 
1 

14 
15 
17 
19 

2 
3 
1 
4 

14 
15 
17 
19 

3 
6 
1 

14 
15 
16 

6 
7 
1 
1 
1 
1 
2 

FI':AC SAVE LEI': (YI':S) 

[• 

c 
c 
c 
8 

8 

c 
8 

c 
8 

c 
[o 

[' 

c 
[' 

8 
8 

8 
8 

8 

c 
c 
8 

8 

8 

8 

8 

8 

8 

8 

c 
8 

c 
c 
c 
c 
c 
c 
c 
8 

c 
8 

c 
8 

c 
c 
8 

c 
8 

8 
c 
c 
c 
8 

8 

c 

8 

8 

8 

A 

A 

A 

A 

8 

c 
e. 
c 
c 
c 
c 
c 
c 
[• 

[' 

8 

c 
c 
[o 

8 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c· 
·c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

0.1 
0.1 
0.1 
0.1 
1.0 
2.0 
2.0 
1.0 
o:t 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
3.0 
0.2 
1.0 
0.2 
0.2 
1.0 
1.0 
0.1 
1.0 
1.0 
0.1 
1.0 

':'H·,·s DOE 
LIFE ACCEL 

( ·,·Rs) ( ·rRS) 

20 
20 
20 
20 
15 
20 
30 
20 
10 
10 
10 
10 
10 
10 
10 
20 
20 
20 
20 
30 
30 
16 
40 
20 
20 
20 
10 

8 
20 
10 

8 
15 
15 
15 

4 
4 
4 
4 
.3 

3 
5 
2 
5 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 

3 
3 

10 
5 
5 
5 
3 
3 
3 

10 
3 
3 
3 
3 

LASl" UPf.!Al'EJ) 

MA~: 13, 19'78 
MAl': 20r 1978 
MAR 17, 1978 
MAl': 17r 1978 
API': 6, 1978 
MAl': 17r 1978 
MAl': 17r 1978 
MAR 17• 1978 
AF·f': 5r 1978 
MAl': 15• 1978 
MAR 15r 1978 
MAR 15r 1978 
MAl': 15r 1978 
MAl': 26, 1978 
MAR 15r 1978 
MAR 17r 1978 

. MAl': 23, 1978 
AF·f': 6r !978 
MAR 12r 1978 
MAR 15r 1978 
MAl': 1Sr 1978 
MA~: 27r 1978 
APR 6r 1978 
AF·f': 5r 1978 
AF·R ~i, 1978 
MA~: 12r 1978 
MAl': 12r 1978 
MAl': 17r 1978 
MAl': 12r 1978 
API': 5r 1978 
MAl': 13r 1978 
API': 6• 1978 
AP~: 5r 1978 
API': 6r 1978 

3!02!37 F·M 
9!42!28 F"M 

9!46!03 Plo< 

9!46!50 PM 
9! 1() !.11 AM 

9: 37: 11 F·t<. 
9!36!05 F·r.t 

10!42!54 F·M 

5!30!53 PM 
1!48!26 PM 
1 !48!37 F·M 

1!39!14 PH 
1!40!56 PM 

11!20!18 AM 
1!38!12 PH 

9!34!12 PM 
10!41!53 AM 

9!12!40 AM 
3!08!24 F·M 

5!18!28 PM 

5!17!42 F·N 

4!37!12 F·M 

9!12!07 ~M 
5!31!00 FM 
5!28!59 PM 

3!00!49 PM 

3!02!46 PM 
9!43!14 F·H 

3:14!03 PM 

5!29!10 F·M 

3!01!47 PM 

9!14!29 ~M 
5!29!21 PM 

9!10!57 AM 
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TECH TECHNOLOG"t' APPLJ:CAE-LE INI)US'fRIES (MOC•IFIE[• SIC C:OC•ES) 

XO NAME 

20 21 22 23 2•1 25 26 27 28 29 30 31 32 331 3334 334 34 35 36 37 38 39 01 02 10 14 

2.11 90IL AXP.fFL COI·I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2.113 HTP. AIR/FL COI·I 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2.12 HTR <HP./FL CON 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2.13 HTP. AX~:fFL COH 1 1 1 l 1 1 1 1 1 1 1 1 1 1 l 1 
2.21 HEAT PUHF·-STEAH 1 l 1 1 1 1 1 
2.219 E'LAST FURN-tMDG 

2.22 COAL ALUM REHEL 

2.26 GAS TUT9 OR9 1 
2.31 PLTR't' F'ROC MOO 

2.314 HIGH' TEMP RECUP 

2.315 HIGH TEMP ~:ECUP 

2.317 HIGH TEMP RECUP 1 
2.319 HIGH'TEMP RECUP 1 
2.32 HIGH TEMP RECUP 1 1 
2.33 HIGB TEMP P.ECUP 1 1 

<: 2.41 BLAST FURN-tMBG 1 
H 2.413 POL 'fPROP'fL FUEL 1 I 2.414 F:EFUSE ... CMT KIL"I 
0'1 
-...I 2.415 GLASS COHGLOH 

2.417 CUPOLA FUP.N MOO 
. 2.419 HOVII~G 9EAH 
2.43. PAPER PULP SLDG 

2.46 OIRECT F:Et• ALUM 

2.51 HC•BX FOR PAF·ER 

2.514 BLENt•EI:I CEMENT 1 
2.515 FLAT GLASS EN P. 1 
2.516 CEH 9LOCK DR'r"G 1 
2.56 ALUM SHLTER HOD 

2.57 LU9E OIL REC 1 
2.61 PULP PAPER CHAR 1 
2.71 HYPERFILTF=:ATION 

2.81 LOW LEVL HT PMP 1 
2.91 FOAM FX9E~: TECH 

2.92 HT PMP-BRA'r'TON 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

9UIL[•ING BLOCK COEFFICIEI·ITS 

f'RINl"EP Af'R 7r 1978 6:35:55 f'M 

TECH II> 2.11 
UF·DATED APP. 6r 1978 6:13:19 f'M 

BLOCK BLOCK SIZE SIZE 
II> COEFF COEFF COEFF 

A 2.11 1.00 15.20 76.20 
H 8.11 0.90 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH II> 2.113 
UP£•ATEt• Af'R 6r 1978 9:oo:2 

BLOCK BLOCK SIZE 
II> COEFF COEFF 

A 2.12 1.00 76.20 
H 8.11 0.90 1.00 
I 8.11 1.00 1,00 

TECH II• 2.12 
Uf'PATEP Af'R 6r 1978 9:oo:23 AM 

BLOCK 9LOCK SIZE SIZE 
I [•· COEFF COEFF COEFF 

,<: A 2.12 1.00 3.00 15.20 
H H.8,11 0.90 1.00 1.00 
I I 8.11 1.00 1.00 1.00 

0'1 
00 

TECH II> 2.13 
Uf'[IAl'E[• AF·P. 6r 1978 9:oo:23 AM 

9LOCK 9LOCK SIZE SIZE 
I[• COEFF COEFF COEFF 

A 2.12 1.00 3.00 15.20 
H 8.11 0.90 1.00 1.00 
I 8.11 1.00 1.oo 1.00 

TECH II> 2.21 
UPDATE[• MAP. 20. 1978 8:so:s8 f'M 

BLOCK EtLOCK SIZE SI<:E 
II> COEFF COEFF COEFF 

A 2.21 1.00 5.00. 25.00 
H 8.11 0.95 1.00 1.00 
I 8.11 1.00 1.00 1 .oo 



CONSERVATiON TECHNOLOGIES SPECIFICATIONS continued 

TE_cH. tD 2.21~ 
UF·[•ATED APR 7.r 1978 11:11:33 AM 

BLOCK PLOCK SIZE SIZE 
ID COEFF COEFF COEFF 

A 2,41 1.00 o.oo 0.04 
A 8.319 1.00 o.oo 1.00 
F 8.319 1.00 1.00 o.oo 
c 8.216 1.00 0.35 3.53 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 ·1.00 1.00 
E 1.31 i.oo o.oa 1.50 

TE·C'H I[• 2.22 
UPOATED MAR 20r 1978 9:11 :sa PM 

l'LOCK £4LOCK SI'ZE SIZE 

ID COE~F CpEFF COEFF 

A 2.22 1.00 O.:?O 2 .. 30 
H 8.11 1.00 1.00 1.00 
I 8.11 1.00 1.00 ~ .oo 

TECH ID 2.26 
UP~ATEII APR 4r ·1978 2:23:4 

<! PLOCK BLOCK SIZE 

H ID COEFF COEFF 

I " 2.25 1.0,0 6.00 
·m c 5.71 2.4.0 1.00 
1.0 H 8.11 0.90 1.00 

J 8.11 1.00 1.00 

TECH ID 2.31 
UF-[tATED AF'f:: 5r 1978 5:19:29 PM 

f-LOCK EtLOCK SIZE SIZE 
J,J) c·oEFF COEFF COEFF 

A 2.31 1.00 6.25 31.25 
H 8.11 0.90 1.00 1'.00 

8.11 1.00 1.oo 1.00 

TECH ID 2.314 
UPt•ATEt• MAR 20r 1978 ~:so: 

BLOCK PLOCK SIZE 
I<• COEFF COEFF 

A 2.314 1.00 26.70 
H 8.11 0.95 1.00 
I 8.11 1.00 1.00 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

TECH X[o 2o315 
UPDATE[• MAR 20r 197B a:so:sa PM 

llLOCK [cLOCK SIZE srzE 
X[o COEFF ·coEFF COEFF 

A 2o315 loOO 27.70 '14o50 
H'Boll Oo95 loOO loOO 
X Bo11 1.00 loOO 1.00 

TECH XD 2o317 
UPDATED MAR 20r 197B Bl50l5B PM 

llLCICK llLOCK SIZE SIZE 
X[o COEFF COEFF COEF'F 

A 2o317 loOO loOO BBo70 
H Bo11 Oo95 loOO loOO 
X Boll looo· loOO 1.00 

TECH ID 2o319 
UPDATED MAR 20r· 197B e:so:5a PM 

llLOCK BLOCK SIZE SIZE 

II:' COEFF COEFF COEFF 

A 2o319 loOO 2.00 40o00 
H Bo11 0.95 loOO loOO 

< I Boll loOO loOO loOO .H 
I 

-...J 
0 TECH XD 2.32 

UPDATED APR 7r 197B 11 l56l24 AM 
llLOCK llLOCK SIZE SIZE 

XI:' COEFF COEFF COEFF 
A 2o32 loOO 6o70· 33o30 
H Boll Oo95 loOO loOO 
I Boll loOO loOO 1.00 

TECH ID 2o33 
UPDATED MAR 20, 197B a:so:sa PM 

BLOCK EtLOCJC SIZE SIZE 
ID COEFF COEFF COEFF 

A 2~33 loOO 6"o 70 33o30 
H Boll Oo95 looo loOO 
I Boll 1.00 loOO 1.00 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

TECH ID 2.41 
UPDATED MAR 22r 1978 2144133 PM 

BLOCK [4LQC'K SIZE SIZE 

lD COEFF C'OEFF COEFF 

A ·2,41· 1.00 0.03 0.15 
A 8.11 0.46 ·o.64 2.10· 
B 8.11 0.29 0.64 2.30 
E 8.11 0.60 0.64 2.25 
H 8.11 1.00 1.00 1.00 
X 8.11 1.00 ·loOO loOO 
E 1.31 :1,00 1.20 6.00 

TEC'I.,. ID 2.413 
UPDAITED MAR 22r 1978 2:52: 

BLOCK i:'LOCK SXZE 

ID COEFF C.OEFF 

A 2.413 1.00 0.86 
H Boll 1.oo ,1.00 
I 8.11 1.oo· 1.00 

TECH ID 2.414 
UPDATED APR 5r 1978 512313 

<: BLOCK BLOCK SIZE 

H XD COEFF COEFF 

I A 2.414 1.00 1.54 
-...J H 8.11. 0.95 1.00 
...... I 8.11 1.00 1.00 

TECH XD 2.415 
UPDATED. MAR 20r 1978 9108114 PM 

BLOCK BLOCK SIZE SXZE 

ID C'OEFF COEFF COEFF 

A 2.415 ·1.00 52.00 83.40 
H 8.11 0.95 1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 2.417 
UPDATED APR Sr 1978 5123133 PM 

BLOCK 9LOCK SIZE SIZE 

ID COEFF COEFF COEFF 

A 2.417 1.00 0.57 47.50 
H 8.11 0.95 1.00 1.00 
I 8.11 1.00 1.00 1.00 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

·rECH XD 2.419 
UPI•ATED MAR 22, 1978 2:48:58 PM 

l'LOCK E<LOCK SIZE SIZE 
XD COEFF COEFF COEFF 

A 2.419 1.00 0.20 4.00 
H 8.11 0.95 1.00 1.00 / 
% 8.11 1,00 1.00 1 ;oo 

TEC,H %[• 2.43 
UPt•ATED MAR 27. 1978 4:24:45 PM 
£1~0CK BLOCK SIZE SIZE _, 

%[• COEFF COEFF COEFF 
A 2.43 1.00 0.50 2.50 
H 8.11 0.95 1.00 1.00 

• % 9;11 1.00 1;oo 1.00 

TECH XD 2.4·6 
UPDA"':'ED API" 5r-1978 5:19:2 

E<LOCK l'LOCK SXZE 
XD COEFF COEFF 

A 2.46 1.00 0.24 
H 8.11 1.00 1.00 

< I 8.11 1.00 1.00 
H 
I 

-....1 TECH XD 2.51 
N UPDA.TEI• APR 5r 1978 s:t9:29 PM 

9:LOCK PLOCK SIZE SIZE 
%[• COEFF COEFF COEFF 

A 2.51 1.00 4.27 21.37 
H 8 "11 0.95 1 ;oo 1.00 
% 8 •. 11 1.00 1.00 1.00 

'' 

TECH XD 2. ;514 
UF·t•Ai-ED.• 'APR .5. 1978 5:23i3 ' l'LOCK BLOCK SIZE 

XD COEF'F COEFF 

~ 2.514 1.00 1,~89 
H' ,8,11 0.95 1 .oo 
% 8.11 1.~00 1.00 

TECH It• 2.515 
UPDATED MAR 22r 1978 2:54:11 F·M 

l'LOCK t•LocK SIZE SIZE 
XD COEFF COEFF COEFF 

A 2.515 1.00 21.30 34.20 
H 8.11 0.90 1.00 1.00 
% 8.11 1.00 1.00 1.00 

-------........................................ ______________________ -----~ 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

TECH II• 2.516 
Uf•[•ATED MA~: 22r 1978 2!54! • 

BLOCK BLOCK SIZE 

II• COEFF COEFF' 

A 2.516 1.00 65.~0 

H 8.11 0.90 1.00 
I 8.11 1.00 1.00 

TECH ID 2.56 
UPt•ATEt- APR 6r 1978 5!25!0 

PLOCK PLOCK SIZE 

IO COEFF COEFF 

A 2.56 1.00 681.00 
H 8.11 0.95 1.00 
I 8.11 1.00 1.00 

TECH ID 2.57 
UPDATE[• MAR 20r 1978 9:11: 

BL.CCIC BLOCK SIZE 

ID COEFF COEFF 

A 2.57 1.00 13.20 

< H 8.11 1.00 1.00 

H 
I 8.11 1.00 1.00 

I 
-...) 

w TECU I I• 2 •. 61 
UPt•ATEt• AF·R 5r 1978 sit9:29 PM 

EoLOCK PLOCK SIZE SIZE 

=o COEF'F COEFF COEFF 

A 2.61 1.00 7.85 39.25 
H 8.11 0.90 1.00 1 •. 00 
I 8.11 1.00 1.00 1.00 

TECH I I• 2.71 
UPt•~TE[t MAR 20r 1978 9:07:12 PM 

(tL!JCK Eo LOCK SIZE SIZE 

ID COEFF COF.FF CO~FF 

A 2.71 1.00 42.00 208.00 
H 8.11 0.95 .1.00 1.00 
I 8.11 1.00 1.00 1.00 

TECH ID 2.81 
UF·t•ATEI• APR 5r 1978 5!19:29 F·M 

EtLOCK BLOCK SIZE SIZE 

II• .COEFF COEFF C::OEFF 

A 2.81 1.00 2.16 10.77 
H 8.11 0.95 1.00 1.00 
I 8.11 > 1.00 1.00 1.00 



CONSERVATION TECHNOLOGY SPECIFICATIONS 

TECH XD 2.91 
UPDATED MAR 20· 1978 9107:12 Plot 

BLOCH liLOCK SIZE SIZE 
XD· COEFF COEFF COEFF 

A 2.91 1.oo 17.00 86.00 
H 8.11 0.95 1.00 1.00 
I 8.11 1.00 1-.00 1.00 

TECH XD 2.92 
UPDATED MAR 22· 1978 2156149 PM 

DLOCIC BLOCK SIZE S:IZE 

ID COEFF COEFF COEFF 
A 2.92 t.oo 0.76 3.80 
H 8.11 0.90 1.00 1.00 
X 8.11 t.oo 1.00 1.00 
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CONSERVATION BUILDING BLOCKS 

PUILDING &LOCKS 

PRINTED APR 7, 1978 6:40:52 PM 

ItJ: A 2,11 
H~ME: BOXLER AIR FUEL CONTROL 
LAST UPDATED APR 6• 1978 9:04:42 AM 
SIZE OF UNIT COSTED OUT (MM~TU/HR)I 3.28 
TYPE S 
FRACTXOH OF COSTS FOR O+M: 0,04 
FP.EOUENC"f 

0.500 
0.400 
0.100 
o.ooo 

AND COST DATA: 

115.000 
135;ooo 
180.000 

o.ooo 

icq A 2.12 
HAMEl HTR AIR FL CON 

LAST UPDATED APR 6• 1978 J:04136 AM 
SIZE OF UNIT COSTED OUT (MM~TU/HR)I 3,28 
TYPE 5 
F~ACTIOH OF COSTS FOR O+M: 0,044 
FREOUENC"f' 

0.500 
0.400 
0.100 
o.ooo 

AND COST t•ATA: 

115.000 
135.000 
180.000 

o.ooo 

XD: A 2,21 
HAME: W4EST HT PMP 
LAST UPDATED MAR 15• 1978 5111108 PM 
SIZE OF UNIT COSTED OU~ (MM9TUfHR): 10 
Tl"PE 5 

FRACTION OF COSTS FOR 0+~: 0,1 
F'F:EOUEHC"Y" AND 

0.500 
0.400 
0.100 
o.ooo 

xr-: A 2.22 

r.os·r DATA: 

350.000 '' 
450.000 
600.000 

o.ooo 

HA~E: COAL ALUM REMELT. 

LAST UPDATED APR 5, 1978 8131105 PM 
SIZE OF UHIT"COSTE~ OUT·(M~~TUfHR): 20 
TYPE S 
FRACTION OF COSTS FOR O+M: 0,02 
FREQUENCY AND COST DATA: 

0.500 
0.400 
0.100 
o.ooo 

·1o.ooo.ooo 
11.600.000 
13.800.000 

o.ooo 



<: 

CONSERVATION BUILDING BLOCKS 

ID! A 2,25 
NAME: CAPITAL EOUIPMEfiT 
LAs·r UPDATED _MA~ 17r 1978 7!45!33 AM 
SIZE OF UHIT COSTED OIJT (MM9TUjHR)! 100 
T"fF•E S 

F~ACTIOH 0~ COSTS FOR O+M-! 0,05 
FF:EllUEHC'f AN[• 

1.000 
o.ooo 
o.ooo 
o.ooo 

II•! A 2,31 

COST I•t.\1'A! 

7.804.800 
o.ooo 
o.ooo 
o.ooo 

NAME! POULTRY P~OCEWSS MODIFICa~\ST 
LAST ~PDATED AP~ 5r 1978 8!29!28 PM 
SIZE OF U~IT COSTED OUT (MM9TU/HR)! 8 
TYPE S 

FRACTION OF COSTS FOR O+M: 0,04883 
F~EllUENCY AH~ COST DATA! 

0.300 
o.soo 
0.200 
o.ooo 

80.000 
87.000 
94.000 
o.ooo 

H II•! A 2.314 
I NAME! HT REC 

-.......] LAST UF·DATEI• MAf;: 1Sr 19.78 5!07!23 PM 

0'\ SIZE a·F UNIT COSTE[• OUT_(MMBTU/Hf":)! 1,5 
T'r'PE S 

FRACTION OF COST~ FOR O+M! 0,06~ 

FF:Et1UENC'r· 

o.soo 
0.400 
0.100 
o.ooo 

AND COST I•ATA! 

62.200 
114.400 
167.000 

o.ooo 

I I• ! _A' 2 , 315 
NAME! UT. REC 

LAST UPDATED MAR 15r 1978 5!07!56 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HR)! 1,5 
T'r"F'E 5 

FRaCTION OF COSTS FOR O+M! 0.064 
FREOUEHCY AND COST DATA: 

0.500 62.200 
0.400 114.400 
04100 167.000 
o.ooo o.ooo 
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to: A 2.317 
fofAME! HT REC 

CONSERVATION BUILDING BLOCKS 

LAST UPDATED MAR 15r 1978 5l09l07 PM 
SIZE OF UHrT COSTED OUT (MM&TUfHR): 1,5 
T"t'PE 5 

"F~ACTIOH OF COSTS FO~ O~M! 0,064 
FREfiUENC'r' AJ.I[• 

o.soo 
0.400 
0.100 
o.ooo 

Ir•: A 2.319 
'NAME! HT R:EC 

COST DATA: 

62.200 
114.400 
167.000 

o.ooo 

LAST'UPDATED MAR 15( 1978 5l10l27 PM 
SIZE OF UHI! COSTED O~T (MM9TU/HR)! 1,5 
T'r'F·E· 5 

F~ACTIOH OF COSTS FOR O+M: 0,064 
F~E~UEHCY AND COST DATAJ. 

o.soo ~2.200 
0.4.00 114.400 
0.100 167.000 
o.ooo o.ooo 

ID! A 2,J2 
HAirE:! HT F!EC 

LA~T,UPDATE~ MAR 15r 1978 5!06!13 PM 
SIZE OF UNIT.COSTED OUT (MMB_T~/.HR): (,S 
T'f'F"E 5 

FRACTION OF COSTS FOR O+M! 0,064 
FREQUENCY AND 

o.soo 
0.400 
0.100 
C•,OOO 

ro: A 2. 33 
HANE: HT REC 

COST' [•~TA! 

62'~200 
114.400 
167.000 

o.ooo 

LAST UPDATED MAR 15r 1978 5!06!48 PM 
SIZE OF UNIT COST~~ OUT (MM8TUfHR)! 1,5 
T'(f•E 5 

FRACTION OF COSTS FOR O+M! Q,Q64 
FREQUEH~Y ~ND COST DATA! 

o.soo 62.200 
0.400 114.400 
0.100 167.000 
o.ooo o.ooo 
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CONSERVATION BUILDING BLOCKS 

xn: A 2.41 
HAME! BLST FURN GAS 
LAST UPDATED MAR 17r 1978 10:06:46 PM 
SIZE OF UNIT COSTED OUT (MM9TUfHR): 1670 
T'r"PE S 

FRACTIO~I OF COSTS FOR O+M! 0,1 
FF:~~GtJENC"r" AND COST DAJ"A! 

0.200 
0.600 
0.200 
o.ooo 

Ir•: A 2,413 

32rOOO.OOO 
36rOOO.OOO 
42rOOO.OOO 

o.ooo 

HAME! POLYPROPYLENE WASTE TO FUEL 

LAST UPDATED MAR 22r 1978" 2:05:07 PM 
SIZE OF UNIT COSTED OUT (MM9TUfHR): 290 
T'I"PE S 

FRACTION OF COSTS FOR O+M! 0,02 
FREQUENCY AND COST DATA! 

O,SOO 2rOOO.OOO 
0.400 2r400,000 
0.100 3rOOO.OOO 
o.ooo o.ooo 

I[•! A 2,414 
NAME! RDF IN CEMENT 
LAST' UPD,ATED APR S r 1978 8:29:34 PM 
SIZE OF_UNIT COSTED OUT (MM9TUfHR): 
T)"PE S 
FRACTION OF COSTS FOR D+M! 0,05 
FREQUENCY AND COST DATA! 

o~soo ~.ooo.ooo 
0.400 2r500,000 
0.100 3rooo;ooo 
o.ooo 0~000 

ID: A·2,415 
NAME! GLASS CONGLOMERATES 

25.9 

LAST UPDATED MAR 27r 1978 4:22100 PM 
SIZE OF UNIT COSTED OUT (MM9TUfHR)I 0,8 

FRACTION OF COSTS FOR O+M! 0 
FREQUENCY. AND COST DATA! 

o.soo 1.ooo.ooo 
o.4oo 1r3oo.ooo 
0.100 1r800,000 
o.ooo o.ooo 

) 
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CONSERVATION BUILDING BLOCKS 

H'l A 2o417 
HAME: CUPOLA FURNACE MODIFXCATXOH 

LAST UPDATED APR 5r 1978 8l25l00 PM 
SIZE OF UNIT COSTED ou·r (MMBTUfHR): 2.8 
TYPE S 
FRACTION OF COSTS FOR D+M: 0 
FREQUENCY AND' COST DATA: 

0,200 
0.600 
0.200 
0.'000 

1:0: A 2.419 

60.000 
75.000 
90.000 
o.ooo 

N~ME: MOVING BEAM SLAB TRANS MECH 

LAST'UPDATED MAR 15, 1978 5:27:28 PM 
sizE OF UNIT COSTED OUT (MM9TU/HR)l 15 
Tt'PE S 

FRACTION ~F COSTS FO~ O+M: 0 
. FJO:EOUENC't" AND 

0.200 
0.600 
0.200 
o.ooo 

1:r-: A 2.43 

COST [tATA: 

2rOOO.OOO 
2r600.000 
3r5oo:ooo 

o.ooo 

NAME: PAPER 'PULP SLUDGE DRYING 

LAST UPDATED APR 5r 1978 8l31l00 PM 
SIZE OF UNIT COSTED OUT (MM9TUfHR): 

TYPE S 
FRACTION OF COSTS FOR O+M: 0 
F"REOUEHC't" AND COST DATA: 

0.500 
0.400 
0.100 
o.ooo 

J:D: A 2,46 

3rOOO.OOO 
4rOOO,OOO 
s.ooo.ooo 

o.ooo 

NAME: DIR RED ALUM 
LAST UPDATED APR 5r 1978 8l32l55 PM 

15 

SIZE OF UNIT COSTED OUT (MM9TUjHR)l 2466 
~ '"PE S 
FRACTION OF CO~~~ FtiR O+M: . 0,12 
FREQUENCY AND COST DATA: 

0.200 
0.600 
0.200 
o.ooo 

50rOOO.OOO 
60rOOO.OOO 

100rOOO.OOO 
o.ooo 



CONSERVATION BUILDING BLOCKS 

·< 

ID: A 2e51 
NAME: HEADBOX FOR PAPER 
LAST UPOATED APR 5r 1978 8130109 PM 
SI~E OF UH~T COSTED OUT (MMBTU/HR)! 11.7 
TYPE 5 
FRACTIOH.OF COSTS FOR O+M: 0 
FREOUEHCY AHD.COST DATA: 

o.5oo '7oo.ooo 
0~400 900.000 
.0.100 1r200,000 
o.ooo o.ooo 

IDI A 2o514 
NAME! ~LENDED CMEEHT 

LAST UPDATEO APR 5r 1978 8129139 PM 
SIZE OF UHIT COSTE~.OUT (MM9TU/HR)I 21,2 
TYPE 5 
FRACTiciH OF COSTS FOR,O+MI 0,05 · 
FREQUENCY AHD COST D~TA: 

0,500 1r250.000 
0~400 1r450.000 
0.100 
~.000 

1r750,000 
o.ooo 

H IOI A 2.515 
I HAME! FLAT GLASS E~E~G'( REDUCTION 

CO LAST UPI•ATED MAR 13r 1978 4101122 F·M 
0 SIZE.~F UNIT COSTE<~ OUT (MM9TU/HR)I 1o95 

TYPE S 
FRACTION OF COSTS FOR O+M: 0.1 
FREGUENCY A~D COST DATA! 

0.200 
0.500 
0.300 
o.ooo 

IDI A 2o516 

70.000 
100.000 
140.000 

o.ooo 

NAME! CEMENT BLOCK CURING 

LAST UPOATEO MAR 13r. 1978 4110131 PM 
SIZE OF UNIT COSTED OUT (MMBTU/HR)! 0.2 
TYPE S 

FRACTION OF COSTS FOR O+MI 0,05 
FREOUENCY ANI) 

0.500 
0.400 

·0,100 
o.ooo 

COST [•ATA! 

1.700 
2.000 
3.000 
o.ooo 

\. 

.: 
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CONSERVATION BUILDING BLOCKS 

ID! A 2,56 
NAME! ALUM SMELT MOD 
LAST UPDATED APR 5, 1978 8!29!45 PM 
SIZE OF UNIT COSTED OUT (MMDTUfHR'! 0,88 
T'fPE 5. 

FRACTION OF COSTS FOR O+M! 0 
FREGUENC"J' AND 

0.500 
0.400 
0.100 
o.ooo 

II:•! A 2 1 57 

COST r•ATA! 

165.000 
185.000 
205.000 

o.ooo 

H~ME! LUeE OIL RECOVERY 
LAST UP~ATE~ MAR 13, 1978 4:13:39 PM 
SJZE OF UHIT COSi~~ OUT (MM9TU/HR): 19 
T''IPE S 

FRACTION OF COSTS FOR O+M! 0,12 
FREGUEHCY AND COST DATA! 

0,500 
0.400 
0.100 
o.ooo 

ID! A 2,61 

3.ooo.ooo 
3·600.000 
;:s.ooo.ooo 

o.ooo 

HAME! PULP PAPER CHARACTERIZATIO~I 
LAST UPDATE~ APR 5, 1978 8129:57 PM 
SIZE OF UNIT COSTED OUT (MMDl'U/.4R)! 
TYPE S 
_FRACTION OF COSTS Fok'O+M! 0,05 
FREQUENCY AND COST DATA! 

0.500 110.000 
0.400 120.000 
0.109 160.0~0 
o.ooo o.ooo 

I D: A 2, 71. 
NAME! HYPERFILTRATION 

6.37 

LAST UP~ATE~ APR 5, 1978 8:30103 PM 
SIZE OF UHIT COSTE~ OUT (MM9TU/H~)I 1,5 
TYPE S 
FRACTION OF COSTS FOR O+M! -0,12 
F~EOUEHCY AND COST DATA! 

0.500 
·0.400 
0.100 
o.ooo 

133.000 
150.000 
180.000 

o.ooo 

- .. 
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CONSERVATION BUILDING BLOCKS 

rr•: A 2.81 
HAMEl LLHR HEAT PUM~(MTI) 
LAST UP~ATE~ APR 5, 1978 8!29:50 PM 
SI~E.OF UNiT COSTE~ OtJi (MMDTU/HR): 23,2 
T'fPE S ' . • . . 

FRACtiON OF COSTS FOR b+MI 0,07 
FREOUEHCY AI~D COST DATA! 

0.500 750.000 
0.400 950.000 
0.100 1.300.000 
o.ooo o.ooo 

Irq A 2.91 
HA~E! FOAM FIDER TECH 
LAST UP~ATE~ MAR 13, 1978 4108148 PM 
SIZE~ 0~ UH~T COSTED OUT (MM~TU/HR)! 2,91 
T'r'PE 5 

FRACTION OF COSTS FOR D+M! 0 
FREOUEHCY AND COST DATA! 

·o.5oo 65.ooo 
0~400 85.000 
a.1oo 1oo.ooo 
o.ooo o.ooo 

Irq A 2.92 
HA~~! HEAT PUM~ GARkETT SRAYTON 

LAST UP~ATED MAR 15• 1978 5:11:54 PM 
SIZE'ciF UHIT COSTE~ OUT (MMBTU/HR): 
T'i'PE 's • ' 

FRACTION OF CbST~ FOR O+MI 0,05 
FP.EQUENC'"l' ANf.• 

o:5po 
0.400 
o·; 100 
o.ooo 

COST D~TA! 

225.000 
3oo;ooo· 

- 500.000 
o.ooo 

IDI A 8,11 
HA~E:· SITE PREP 

13.2 

LAST~U~~ATED MAR 12•: 1978 6:30:33 PM 
SIZE.OF UNIT COSTED OUT (MMDTU/HR)I 120 
TYPE. s' · 

F~~~ixbN ~F cosi§ ~o~ o~~: b.o~ 
FREQUENCY AHD COST DATA! 

·o·.5(fo ... <541.ooo. 
··o:4bO ~·c823.000 

o:1oo' 1;·761.000' 
o.ooo o.ooo 
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CONSERVATION.BUILDING BLOCKS 

IDI A 8,319 
HAME! PRIMARY SYSTE~ (SMALL SXZE CLASS) 

LAST UPDATED MAR 21r 1978 10102101 PM 
SIZE'OF UNIT COSTED OUT (NMBTUfHR)I 3 
TYPE S 
F~ACTIOH OF COSTS FOR O+M: 0.1 
FRERUEHCY AHD COST DATA! 

0.400 
o.4oo· 
0.200 
o.ooo 

ID! F.t 9,11 

50.000 
71.000 

114 .ooo 
o.ooo 

HANEl BOILER EOUIPMEHT (GENERAL) 

LAST UPDATED MAR 12r 1978 6154153 PM 
SIZE OF UNIT COSTED OUT (NNBTU/HR): 120 

FRACTION OF COSTS FOR O+MI 0o115 
F~EOUEHCY AND COST DATA! 

0.350 1r500.000 
0.550 2r100,000 
0.100 2r520,000 
o.ooo o.ooo 

ID: C 5,71 
NAME! DEMAND CHARGE 
LAST ·uPDATED APR 7r 1978 3153157 PM 
SIZE OF UNIT COSTE~ OUT (MM9TUfHR)! 

FR~CTION 0~ COSTS FOR O+M! 0 
FREQUENCY AHD COST DATA! 

0.030 
0.940 
0.030 
o.ooo 

Ir•: c 8.216 

1.5QO 
3.580 
5.670 
o.ooo 

HAMEl FUEL{ HANDLING (OIL) 

250 

LAST UPDATED MAR 18r 1978 6115106 PM 
SIZE OF UNIT COSTED OUT (MMBTUfHR)I 13,1 

·t·~o. 
T"t'PE 5 

FRACTION OF COSTS FOR O+M! 0,05 
FREOUEHC"t' 

0~500 
0.500 
o.ooo 
o.ooo 

AN[• CO~T [lATA! 

77.000 
92.000 
o.ooo 
o.ooo 
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xr-: E 1.31 
NAME: DISTRI~UTIOH SUSTEM 

LAST U~DATED A~R 6• 1978 2l44l40 ~M 
SIZE OF UNIT COSTED OUT (MMDTU/HR)I 50 
TYPE S 

FRACTION OF COSTS FOR D+M: 0,08 
FREOUENC"t" AND 

0.300 
0.400 
0.300 
o.ooo 

Il:>l E 8,11 

COST DATA: 

582.000 
930.000 

1.332.000 
o.ooo 

NAME: FEEDWATER SYSTEM AND UTILITIES 
LAST U~OATED MAR 12• 1978 7101l07 ~M 
SIZE OF UNIT COSTE!:> OUT (MMBTU/HR)I 120 
T"fF·E S 

FRACTION OF COSTS FO~ D+M: 0.07 
FREOUEHC)" -AI~[t COST DATA: 

0.200 
0.500 
0.300 
o.ooo 

IDI F 8,319 

210.000 
260.000 
660.000 

o.ooo 

NAME: PRIM SYS LARGE SIZE 

LAST UPDATED MAR 22r 1978 7:49t25 PM 
SIZE OF UHIT COSTE!:> OUT (MM~TU/HR)I 60 
TY~E S 
FRACTION OF COSTS FOR O+M: 0,1 
FREQUENCY AHD COST DATA: 

0.400 1·000.000 
0.400 1·250.000 
0.200 1.750.000 
o.ooo o.ooo 

ID: H 8,11 

CONSERVATION BUILDING BLOCKS 

NAME: INDIRECT CAPITAL COSTS (EHGIHr CO~tTIH) 

LAST U~OATED MAR 12, 1978 7108123 ~M 
SIZE OF UHIT COSTED OUT (MMBTU/HR)I 0 
TYPE M 
FRACTION OF COSTS FOR 0+~: 0 
FREQUENCY AHD COST DATA: 

o.sso 
0.350 
0.100 
o.ooo 

1.300 
1.400 
1.500 
1,"650 

~- -··· 
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n:·r· • a.11 
t·;A-.tEf COIIS1'f':UCT101·!. Illt•ICES 

U\ST IH'[ .. \TIH• Ml\1~ 12r 19"78 ·7109136 r-M 

~IZE or ouoH-r cos·•·F.:o:·. u•n· (MM[ITUfll~'<l 1 o 
·-.·,·pE ,.. 

Fr::nCTIOf: Of~ COS'I'S F'Of:: O+MJ 0 
'p·r.:E:oue:r!c"t' nt'n• cos·r t:n·rnt 

.Q.400 0.070 
0.400 0.970 
o:2oo 1.070 
o.oo~ 1.2so 

~·F:c.u:;r.:I\H EH J TEt:• 

" 
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