
IHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
FE246844 

One Source. One Search. One Solution, 

GUIDELINES FOR ECONOMIC EVALUATION 
CONVERSION PROCESSES. FINAL REPORT 
010 

OF COAL 
ON TASK 

ENGINEERING SOCIETIES COMMISSION ON 
ENERGY, INC. 
WASHINGTON, DC 

APR 1979 

U.S. Department of Commerce 
Nat iona l  Techn ica l  I n fo rmat ion  Serv ice  



One Source.  One Search.  One Solut ion.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
t o  U . S .  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 

largest repository and disseminator of government- 

initiated scientific, technical, engineering, and related 

business information. The NTIS collection includes 

almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magnetic tape, diskette, multimedia, microfiche 
and paper. 

Search 

Link to 

the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of the bibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



Dist. C a ~  

FE246844 
111 IIIII IIII I111111111 IIIII Illl] IIIII IIII IIII 

Final Report 
on 

Task 010 

GUIDELINES FOR 

ECONOMIC EVALUATION OF 

COAL CONVERSION PROCESSES 

Bernard C. McBeath 
Task Manager 

The Engineering Societies Commission on Energy, Inc. 

444 North Capitol Street, N.W., Suite 405 

Washington, D. C. 20001 

Date Published - April 1979 

PREPAP~D FOR 
THE UNITED S~ATES DEPARTMENT OF ENERGY 

Under Contract No. EF-77-C-01-2468 



ACKNOWLEDGMENTS 

This task has enlisted the efforts of many people. The need for the 

guidelines to reflect the conmensus of a broad group of companies and agen- 

cles was recognized in forming the task plan. An Advisory Board of seven 

members was formed and met twice in Washington, D.C.; first to provide advice 

on the direction of the guidelines; and second to review and advise on the 

final draft. Their broadly based points of view were an important factor in 

the task effort. Members of the Advisory Board are: 

G. Philip Booker 
Manager, Cost Engineering 
Salt River Project 

Morris Fitzgerald 
Director, Division of Audits 
Office of Chief Accountant 
Federal Energy Regulatory Commission 

Dr. Richard S. Leavenworth 
Professor of Industrial and 

Systems Engineering 
University of Florida 

Theodore P. Swick 
Senior Vice President 
Bache Halsey Stuart Shields, Inc. 

Cecil R. Gibson 
Director, Process Engineering Group 
E1 Paso Natural Gas Company 

B. G. Hooten 
Vice President 
Gilbert Commonwealth, Inc. 

Paul Wellman 
Manager, Process Engineering 
Synthetic Oil Department 
Ashland Oil, Inc. 

Glenn J. Davidson, Assistant General Manager of Gilbert Commonwealth, 

Inc., represented Mr. Hooten at the first Board meeting. 

In addition to the Advisory Board, a Review Group was formed of 

several individuals with experience and interest in the procedure for deter- 

mining energy costs. Members of the Review Group who reviewed drafts and 

provided comments and suggestions for improvement are listed in Appendix C. 

ii 



ACKNOWLEDGMENTS 

This task has enlisted the efforts of many people. The need for the 

~uidelines to reflect the consensus of a broad group of companies and agen- 

ties was recognized in forming the task plan. An Advisory Board of seven 

members was formed and met twice in Washington, D.C.; first to provide advice 

on the direction of the guidelines; and second to review and advise on the 

final draft. Their broadly based points of view were an important factor in 

the task effort. Members of the Advisory Board are: 

G. Philip Booker 
Manager, Cost Engineering 
Salt River Project 

Morris Fitzgerald 
Director, Division of Audits 
Office of Chief Accountant 
Federal Energy Regulatory Commission 

Dr. Richard S. Leavenworth 
Professor of Industrial and 

Systems Engineering 
University of Florida 

Theodore P. Swick 
Senior Vice President 
Bathe Halsey Stuart Shields, Inc. 

Cecil R. Gibsoh 
Director, Process Engineering Group 
E1 Paso Natural Gas Company 

B. G. Hooten 
Vice President 
Gilbert Commonwealth, Inc. 

Paul Wellman 
Manager, Process Engineering 
Synthetic Oil Department 
Ashland Oil, Inc. 

Glenn J. Davidson, Assistant General Manager of Gilbert Commonwealth, 

Inc.~ represented Mr. Hooten at the first Board meeting. 

In addition to the Advisory Board, a Review Group was formed of 

several individuals with experience and interest in the procedure for deter- 

mining energy costs. Members of the Review Group who reviewed drafts and 

provided comments and suggestions for improvement are listed in Appendlx C. 



A significant amount of effort and information was furnished by 

others in forming the document. Dr. Fred Hayoz of TRW contributedthe 

sections on plant design and cost estimating. Dr. Carlos W. DiBe!la of 

DOE contributed the section on scoping projects, in addition to his review 

and comments as draft material developed and his participation at Advisory 

Board meetings. 

ESCOE staff members Thomas A. Boyce, Richard L. Thomas and 

Bernard C. McBeath contributed written material and edited the guidelines. 

Dr. Christian W. Knudsen of DOE attended and partieipated with 

the Advisory Board in providing review and comment. ESCOE staff members, 

Dr. Lewis D. Conta, Dr. Richard F. Hill, ~chael L. McKimmey, Vinod K. 

Nangia, William F. Reed, Jr., Dr. Kenneth A. Rogers, and Adrian S. Wilk 

reviewed the draft and provided comment for improvement. 

These guidelines have been substantially improved by the informa- 

tion and suggestions of the participants. Their many hours of review, pro- 

viding written comments, and attending discussions are appreciated. 

We would welcome comments and suggestions for improvement from 

users of these guidelines. 

Bernard C. HcBeath 
Task Manager 

iii 



ESCOE TASK 010 

GUIDELINES FOR ECONOMIC 

EVALUATION OF COAL CONVERSION PROCESSES 

SUMMARY 

1.0 INTRODUCTION 

2.0 REPORT SUMMARY REQUIREMENTS 

2.1 Purpose of Evaluation 
2.2 Description of Facilities 
2.3 Stage of Technical Development 
2.4 Accuracy of Cost Estimate 
2.5 Construction and Operation Schedules 

3.0 SCOPE OF PROJECT 

4.0 PROCESS DESIGN 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

Process Schematic Diagrams 
Process Flow Diagrams 
Heat and Material Balances 
Equipment Design and Selection 
Waste Management 
Engineering Assumptions 

5,0 CAPITAL COST ESTIMATE 

5.1 Methodology 
5.2 Capital Cost Breakdown 
5.3 Construction Schedule 
5.4 Capital Recovery at End of Project Life 

6.0 OPERATIONS COST ESTIMATE 

6.1 
6.2 
6.3 
6.4 

Estimating Methods 
Annual Cost Breakdown 
Total Annual Operating Costs 
Production Schedule 

7.0 MARKET STUDY AND BY-PRODUCT REVENUES 

7.1 Market Study Requirements and Reporting 
7.2 Marketable By-Products and Their Prices 

7.3 Revenue Schedule 

Page No. 

i 

2 

i0 

13 
13 
14 
14 
17 

18 

21 
22 
24 
25 

27 
28 
29 
29 

31 
32 
33 

iv 



Page No. 

8.0 FINANCIAL ~iNALYSIS 

8.1 Reporting Financial Analysis Parameters 
and Results 

8.2 Cash Flow Schedules 
8.3 Sensitivity Analysis 
8.4 Alternative Case Analysis 

9.0 REPORT APPRAISAL 

9.1 Purpose 
9.2 Evaluating Parameter Specifications 
9.3 New Technologies and.Materials 
9.4 Reporting Office or Groups' Interest in the 

Project 

~ PEND LXE S 

A - Glossary 
B - Guidelines Checklist 
C - The Guidelines Review Group 

D - Financial Analysis Procedures 
E - Recommended Base Case Parameter Values 

References 

35 
42 
47 
47 

50 
50 
50 
51 

52 
54 
59 
60 
74 

77 

V 



Fi$ure No. 

2.1 

2.2 

2.3 

5.1 

6.1 

7.1 

7.2 

8.1 

8.2 

8.3 

8.4 

. D.I 

D.2 

D.3 

D.4 

D.5 

D.6 

E,I 

E.2 

Title Page No. 

Energy Supply Networ~ for Fossil Fuels 5 

Technical Development of Process Plants 7 
Classification of Project Stages 

Classification of Cost Estimates 8 

Capital Cost Summary 26 

Summary of Annual Operating Costs 30 

By-Product Price Adjustment 34 

By-Product Revenue Schedule 34 

Financial Analysis - Data Summary 37 

Example Rate Schedules 39 

Project Life Cycle - Cash Flow 43 

Sensitivity Analysis 49 

Algebraic Symbols 61 

Compound Interest Factors 61 
Definitions and Functional Forms 

Example Accounts for Total Invest- 62 
ment Estimate 

Example Results 65 

Project Life Cycle - Cash Flow 

Example Calculation for 68 

Cash Flow 

Example Data - Financial Analysis - 73 
Data Summary 

Recommended Financial Analysis 75 
Parameters for the Base Case 

Sensitivity Analysis Parameters 76 

vi 



SUMMARY 

These guidelines were developed for use in preparing and reporting engineer- 

ing designs, cost estimates and financial analyses of large-scale fossil 

energy facilities. They provide a uniform basis for presenting project 

expectations so that comparison between alternative projects can be done on 

a consistent basis by the U.S. Department of Energy and thereby assist in 

the establishment of technical development priorities. 

The guidelines are primarily for the preliminary economic analysis of coal 

conversion projects, producing either gas or coal liquids. In a prelimi- 

nary estimate, the process, equipment and site factors are sufficiently 

defined to justify a preliminary engineering design. However, the general 

structure and subject matter of these guidelines are applicable to either 

more simplified or more detailed analyses of energy facilities. 

The guidelines are organized by types of information needed in evaluating 

the economics of a project. Documentation of specific items relating to 

project scope, process design, capital and operating cost estimates and 

financial analyses is required to aid in assessing and interpreting re- 

ported results. Particular emphasis is placed on the treatment of capital 

cost estimates of new processes at various stages of technical development. 

Also, the financial methods and parameters to be used in determining the 

required selling price of products are defined in order to establish a 

base case for sensitivity analysis of technical, 10cational or financial 

veriabies, in addition, an appraisal of the results is requested of those 

responsible for preparing the project evaluation report. 
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1.0 INTRODUCTION 

The U.S. Department of Energy, through the Assistant Secretary of Energy 

Technology and particularly through the Office of Fossil Energy Programs 

which reports to the Assistant Secretary for Energy Technology, is respon- 

sible for developing new technology directed toward increasing utilization 

of coal and the supply of oil and gas. The ultimate goal for each tech- 

nology being developed is the capability to be commercialized by the appro- 

priate utility, industrial or mining sector. 

In order to assure the commercial viability of a technology under develop- 

ment, the Office of Fossil Energy Programs periodically subjects each 

technology to an engineering design, cost estimate and financial analysis 

review. The results of such reviews are valuable in deciding technology 

development priorities, provided the design and estimates are performed and 

reported on a consistent basis with sufficient detail for analysis. 

To provide a common basis for these reviews, the Engineering Societies Com- 

mission on Energy, Inc. (ESCOE) has undertaken the development of these 

guidelines that can be utilized by process developers and DOE. 

ESCOE is a non-profit corporation established by the Five Founder Engineer- 

ing Societies to provide independent, objective technical and economic 

assessments to the Department of Energy (DOE). The professional staff in 

ESCOE consists of Engineers in Residence who are on loan from their 

employers for approximately two years. Each Engineer in Residence has an 



outstanding record of experience and achievement related to fossil fuel 

energy technology. 

Within these guidelines, the term "Economic Evaluation" is used to 

describe the process of estimating the cost of products produced by a fossil 

energy project. The contents of the guidelines are organized by the follow- 

in~ broad steps necessary for carrying out such an economic evaluation. 

- Assessing the state of technology development 
and the accuracy of the cost estimate. 

- Defining the project scope. 

- Developing a process design and evaluating 
the design risks involved. 

- Preparing a capital and operating cost estimate 
for the project. 

- Performing a financial analysis for the project. 

3 



2.0 REPORT SUMMARY REQUIREMENTS 

This chapter outlines the types of information to be included in the 

summary of the economic evaluation report. The general purpose of 

this information is to describe the intended use of the project eval- 

uation, the facilities under study, the technical stage of development 

of the processes involved and the accuracy of the cost estimate. Appen- 

dix B summarizes these requirements in addition to serving as a check- 

list of items to be included in the report. 

2.1 Purpose of Evaluation 

The purpose should be identified as to the intended use of the report; 

for example, feasibility analysis, comparative economics, and internal 

budgetary planning. 

2.2 Description of Facilities 

The project may encompass a particular type of facility, a specific 

unit operation or a complete sequence in an energy network as defined 

in Figure 2.1. The scope of facilities covered in the project 

should be specifically stated in a one paragraph description and may 

be illustrated by an elementary process schematic. The nominal and 

operating capacity should be stated. 

4 
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2.3 Stage of Technical Development 

An important element in the economic evaluation of a project is an 

understanding of the stage of development of the technology for the 

processes involved. The stage of development may range anywhere from 

a theoretical concept to a well demonstrated use in industry. It 

may also vary for the different processes within a project. 

Figure 2.2 presents a guide to estimating the stage of process develop- 

ment. The essential main processes or components in the project should 

be characterized by one or more of the stages described in the figure 

in order to select a classification which generally describes the pro- 

ject as a whole. The general project classification, plus the classi- 

fication of the significant processes or components, should be reported 

in a one paragraph description. 

2.4 Accuracy of Cost Estimate 

The engineering effort and the resulting accuracy of the cost estimate 

should reflect the stage of technical development of the project as well 

as the intended use of the report. Three classes of cost estimates, with 

varying degrees of accuracy as a function of the amount of information 

available, are shown in Figure 2.3. The class of estimate should be speci- 

fically reported in a brief description relating the intended use, infor- 

mation available and procedures used as illustrated in Figure 2.3 

As the use of these guidelines is primarily intended for preliminary cost 

estimating of coal conversion processes, it is expected that they would 



FIGURE 2.2 

TECHNICAL DEVELOPMENT OF PROCESS PLANTS 
CLASSIFICATION OF PROJECT STAGES* 

STATE 

Concept 

Process Development 
Unit (PDU) 

Pilot Plant 

Demonstration Plant 

Commercial Demon- 
stration Plant 

PURPOSE 

The purpose of the concept stage is to provide 
a brief but complete description of an energy 
project and the essential processes so that 
initial j~dg~ents can he made for planning. 

The purpose of a PDU is to establish the basic 
technical feasibility of the process; acquire 
basic physical, chemical and englneer~ng data 
needed to eval~ate the process; and develop 
the design dat~ necessary to allow further 
scale-up to a larger stage if feasible. 

The purpose of a pilot plant is to establish 
the integrated process feasibility by combining 
commercial typ~ (not commercial size) components 
into a small model plant to test and evaluate the 
erltieal paramoters of scale-up, and to acquire 
engineering data needed to assess economic feasi- 
bility and design a larger near-eommerelal-size 
plant. 

The purpose of a demonstration plant is to demon- 
strate and validate economic, environmental, and 
productive capacity of a near-eommerelal-size 
plant by integrating and operating a single 
modular unit using eon~nereial-sized components. 

The purpose of a commercial demonstratlon plant 
is to resolve commercial investment uncertainties 
by establishing the actual economic factors, environ- 
mental feasibility, socioeconomic impact, capital 
and resource ~equlrements, constraints and product 
markets for currently available as well as newly 
introduced synthetic fuel products and encourage 
creation of a viable industry using these tech- 
nologies 

*Adapted from DOE/ET-OOI3 (78), pp. 45~-9, see reference list. 

CHARACTERISTICS 

The concept study lneludes study of process renctlons, 
materials and engineering requirements. Elementary flow 
dlagrams and plans and results o~ laboratory tents and/or 
"bench" experimental work may have been used to establish 
selentifle feasibillty of the processes involved. 

PDU's incorporate the results of laboratory "bench-scale" 
experimental work on key process steps. They form an 
integrated process unit sized to process the minimum amount 
of new material necessary to test the feasibility of the 
process. PDU's generally operate continuously and are a 
component of or contained in an existing facility (e.g., 
laboratory or plant). 

Pilot plants are the first scale-up facility to produce 
enough endproduet to permit product testing and refinement. 
They are generally limited to three years or less of 
operating llfe and are subject to continuing and signifi- 
cant modifications. Pilot plants should provide sufficient 
data about operations for cost proJeetlons and development 
of commercial demonstrations. 

D e m o n s t r a t i o n  p l a n t s  a r e  s t i l l  deve lopmen ta l  ~n the s e n s e  
that technological scale-up problems may occur and require 
engineering modification, They are planned to become part 
of a commercial plant and are used to demonstrate and 
verify those technologies not currently used eommerelally. 

,b 

Commercial demonstration plants do not constitute R&D 
work. These plants combine modular production units using 
commercial scale equipment and conditions to produce eom- 
merelally significant quantities of commercial grade 
product, 
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FIGURE 2.3 CLASSIFICATION OF COST ESTIMATES* 

CLASS OF ESTIMATES 

Purpose 

Quality 
(Error Range) 

Information 
Available 

Capital Cos t  
EstlmatinR 
Procedures 

Operating Cos t  
E s t i m a t i n g  
P r o c e d u r e s  

ORDER OF MAGNITUDE , CLASS 1 

For management decisions on feasibility for 
further study, 

...... % 

-301 t o  +50% 

The general type, quantity, and quality 
of main product(s) and supply(s). 

Individual process steps and major equip- 
ment items. 

Basic flow diagram. 

Location may be regional or a general 
site area. 

Cost-capacity curves or formulas. 

Ratio extrapolation for known equip- 
ment. 

5uildings at S/ft 2 rates. 

Percentage additions for indirect 
costs. 

Adjustment for time, size, and location. 

Percentage of capital cost. 

Cost-capacity curves or formula. 

Basic labor, materials and price 
extensions. 

*Based on classes and information from AACE (see reference l i s t )  

PRELIMINARY (bUDGET) CLASS 2 

For research and development plan- 
ning and decisions for establishing 
technology development priorities. 

-15% to +30% 

Type, quantity, and quality of 
products and feedstock. 

Preliminary flow charts, plot plans, 
layouts, heat and material balance. 

Equipment types, sizes, and 
materials of construction. 

Building, storage, auxiliary 
requirements are known. 

Location may not be specific but 
general site conditions are known. 

E s t i m a t e  i n d i v i d u a l  e q u i p m e n t  
items using S / c a p a c i t y .  p r e s s u r e ,  
$ t l b .  of  s t e e l ,  e t c ,  

i n c r e a s e  t o t a l  e q u i p m e n t  c o s t  f o r  
the total process cost by ratio. 

Building at $/ft 2 or parametric 
estimates. 

inventory, start-up, working 
capital as percent of direct 
capital or based on production 
capacity. 

Adjustment for time, size and 
location. 

E s t i m a t e  as p e r c e n t  of  c a p i t a l ,  
s i z e  of  p l a n t ,  p r o d u c t i o n  r a t e s .  

Estimated feed rate, p r o d u c t l o r  
rates. 

I n d i r e c t  c o ~ t s  as p e r c e n t  of 
c a p i t a l  c a s t  or  r a t i o  of  d i r e c t  
o p e r a t i n g  c o s t s .  

DEFINITIVE, CLASS 3 

For appropriation of funds for a 
project or for a construction con- 
t r a c t  p r i c e .  

-5% to  +15% 

S p e c i f i e d  t y p e ,  q u a n t i t y  and q u a l i t y  
of  p r o d u c t s  and f e e d  m a t e r i a l s ,  

D e f i n e d  u n i t  p r o d u c t i o n  c a p a c i t i e s ,  

Complete list of specl[ied e q u i p m e n t ,  

E n g i n e e r e d  h e a t  and m a t e r i a l  b a l a n c e  
and c o m p l e t e  f l o w  d i a g r a m .  

D e f i n e d  u t i l i t y ,  s t o r a g e ,  s e r v i c e s ,  
and h a n d l i n g  r e q u i r e m e n t ~ .  

P r e l i m i n a r y  to  c o m p l e t e  d e s i g n  draw-  
I n g s  showing s p e c i a l  f e a t u r e .  

S p e c i f i c  s i t e  c o n d i t i . m s  known. 

P r e l i m i n a r y  to  f i l i a l  ¢]:l~[cs on e q u i p -  
:nest and l a b o r  c o q t q ,  

Rough t<~ d e t a i l e d  i u . n c i ¢  t a k e - o i }  
and l a b o r  e s t i m a t e . ~ .  

Q u a n t i t y  or  a c t J v i t ¢  ( i[:-]i,{[t t~][ 
i n d i r e c t  c o s t s  

A d j u s t m e n t s  ~or  t i t l e ,  ~iZC ~lRd 
l o c a t i o n .  

D e t a i l e d  e s t i m a t e  . (  ~e.-d:. t , , ,  k ,  
s u p p l y  and p rod  w~_ [~n ~ l t e q ,  

B r e a k o u t  .,t md11,te l la l l~v , in t  .~vL[: l t ' , ld 
by m a l o r  d c F a r t ~ , ~ n t q .  

Adjus tmen t  ~ f~[ r lm~ .L~d i.~ a t  to:; .  



normally be applied at the Process Development Unit stage of technical 

development, or beyond as depicted in Figure 2.2, to assurenecessary 

physica!, chemical and engineering information of sufficient accuracy 

and reliability for preliminary design. For processes at the Concept 

stage of development, an order of magnitude estimate would be more 

appropriate based on the quality of design information available for 

cost estimating versus the engineering effort required to carry out a 

preliminary cost estimate study. Conversely, the effort required for 

a definitive cost estimate is usually justified for the economic evalu- 

ation of a Con~nercia! Demonstration Plant. The cost and elapsed calen- 

dar time e~ended in preparing the project cost estimate should be 

reported to assist in evaluating the overall quality of the designand 

cost estimate. 

2.5 Construction and Operation Schedules 

The construction time, production plans and manning levels should be 

summarized; see Chapters 5.0 and 6.0. In addition, any unusual sched- 

ule requirements, such as permit applicationsor site preparation, 

should be highlighted. 

9 



3.0 SCOPE OF PROJECT 

The project scope provides the basis for preparing the engineering design, 

cost estimate and assessment of overall project economics. In addition 

to defining boundaries and desired performance of the project, the project 

scope establishes the necessary information concerning the conditions of 

the design and estimate to permit adjustments to be made by a skilled ana- 

lyst in comparing projects. All manufacturing processes within the geo- 

graphical boundary comprising the battery limit as well as provisions of 

storage, utilities, administrative buildings and other offsite facilities 

which provide services used by the manufacturing plant should be completely 

described. The following is a list of minimum requirements for documenting 

the project description and design basis of a preliminary estimate, i.e., 

the project scope: 

Capacity. The nominal plant size should be stated in terms of 
feedstock input and product output (tons/stream day as-received 
or dried coal, or million SCF, thousand barrels or million Btu/ 
stream day). The term "nominal capacity per stream day" refers 
to the input or output quantity in a 24-hour period if the plant 
operates at design capacity. 

Capacity factor (service factor). This is defined as the expected 
annual production divided by the nominal annual production (daily 
production per stream day times 365). This factor takes into 
account both the time the plant is operating (onstream time or 
plant availability) and the capacity at which it is operated. 
The assumed or targeted capacity factor must be consistent with 
sparing philosophy, number of parallel trains, intermediate tank- 
age, scheduled maintenance, equipment reliability, etc. 

Site conditions. If the project is well defined, then the spe- 
cific or generic site conditions should be listed to the maximum 
extent known. These should include location, elevation, barometric 
pressure, seismic zone, environmental zone, summer wet and dry bulb 
temperature, minimum winter ambient temperature, soil loading, etc. 
The source of water and contaminate composition, pH, etc., should 

i0 



be specified. This will reflect on the amount of process water 
or boiler feed water treatment that is required. Also, the cost 
and availability of local construction labor should be highlighted. 
if the design is for a more generic area, productivity and craft 
labor rates should be reflective of that area. Reference should 
be made to any site evaluation studies if available. 

- Plant Life. The useful plant life (period of production) should 
be consistent with the amount of annual expenses allotted to main- 
tenance, spare parts inventory, and the corrosioh allowance used 
to design process equipment. In general, technical obsolescence 
and/or merket reasons should not govern the plant design life of 
fossil energy projects. 

- Feedstock Characteristics. The design coal properties and cost of 
coal should be listed. Among the important design characteristics 
are moisture, size, proximate and ultimate analysis, heating value, 
free swelling index, hardgrove grindability index, ash and sulfur 
analysis. Also, the acceptable variability in feedstock sources 
and specifications should be given. In addition, the form, compo- 
sition, and method of delivery of catalysts and chemicals should 

be taken into account. 

- Product Specification s. The quantity and analysis of the major 
products should be documented to the extent that processing data 
exists. For liquefactionproducts, the following is a list of 
characteristics that are to be included: heating value, API gravity, 
flash point, viscosity, elemental analysis (C,H,N,S,O), suspended 
solids, boiling range, etc. Similarly, for gasification products, 
the higher heating value, compositio n (CH 4, CO, C02, N 2, particu- 
lates, etc.) and delivery pressure and temperature should be stated 
as a minimum. 

The market specifications for which the above major products are 
intended should be stated. Particular attention should be directed 
to the quality of liquefaction products and whether further upgrading 
is required. Similarly, the types, form, quantity, purity and market 
specifications of each by-product should be included. 

- Thermal Efficiency. There are many different measures of thermal 
efficiency that have been reported in the past. Since thermal 
efficiency figures are often used as Neasures of merit to compare 
different processes, standardization of the basis for efficiency 
calculations is required. The simplest definition of an overall 
thermal efficiency is based on the higher heating value (HIIV) of 
all products and feeds that cross the plant boundary. This can 
be taken as the total energy output (from H l IV) of all products and 
by-products (including sulfur and the heat equivalent of generated 
electricity at i0,000 Btu/k~,~n) divided by the total energy contemt 
of all inputs (based on the HIIV of coal, other fuels, and the heat 
equivalent of import power). The heat content of by-product sulfur 
has been counted because the reported HHV of coal usually includes 
the sulfur contribution. In view of the numerous ways to assess 
thermal efficiency, actual calculations for the thermal efficiency 
should be included in the report. 
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- Process Schematic. The scope should include a process schematic or 
block diagram for the project which identifies the major processing 
steps and major stream flows. 

- Offsite Facilities and Utilities. Most fossil energy project studies 
are for grass roots facilities and therefore the plant should be 
as self-contained as possible. The amount of storage for raw mater- 
ial and intermediate and finished products should be documented in 
addition to power requirements and whether on-site generation or 
purchased power is used. 

A description should also be included of the method and point of 
feedstock delivery (by rail, mine-mouth conveyor, etc.) raw material 
unloading, preparation, and storage facilities, the methods used for 
product storage and transportation, water treatment facilities, and 
the inclusion or exclusion of a maintenance shop and quality control 
laboratory. This list is by no means exhaustive, but does indicate 
the types of items to be documented. However, the coal mine required 
to supply the plant with feedstock is not to be included in the plant 
boundaries. 

- Plant Expansion. It is typical to include in new grass roots plant 
designs excess capabilities in certain areas to allow for future 
expansion. For example, excess land is acquired, or water intake 

facilities and waste treatment may be considerably oversized. 
Also, process equipment such as towers and furnaces may be over- 
sized or provisions in their installation such as foundations 
and piping maybe for future expansion. The degree to which the 
initial design is to reflect capability for expansion should be 
documented. 

- Plant Turndown and Operation on Alternate Feedstocks. The capabil- 
ity of the plant to operate at reduced capacities compared to design 
conditions should be documented as well as plant capacities based on 
feedstock variability and/or alternate feedstocks. 

- Plant Manpower. The number of operators and maintenance personnel 
should be listed. 
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4.0 PROCESS DESIGN 

This chapter outlines the documentation requirements for the engineering 

and design bases used in the process design for a preliminary estimate. 

For processes that are in the bench to pilot plant scale of development, 

a great number of processing and equipment performance assumptions will 

necessarily be used; Some assumptions are easily obtained from similar 

unit operations of commercial processes. Other assumptions must be 

regarded as speculative and subject to engineering judgments. It is not 

the intent of the guidelines to require more detail and effort than that 

necessary for a preliminary design. It is the intent that all assump- 

tions and design practices should be fully documented. This will allow 

an assessment of their impact on the overall economics. The result of 

trade-off studies and the degree of subsystem optimization should be 

reported. 

4.1 

4.2 

Documentation of the process design should include to the maximum extent, 

but not be limited to, the following elements. 

Process Schematic Diasrams 

A process schematic or block diagram which identifies the major processing 

steps and all major stream flows should be provided. The flow rates of 

all major input, output, intermediate and recycle streams should be listed. 

Process Flow Diagrams 

Each process step should have a flow diagram which identifies all unit 

operations and the quantity, composition and process conditions (tempera- 

and pressure) of all streams. 
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This is particularly important when package plants are used, for example, 

oxygen plants or sulfur recovery, In this case, all input and output 

streams must be fully characterized along with utility, water, and catalyst 

requirements. It is understood that the extent of detail may be limited 

by proprietary concerns and this should be so stated where applicable. 

4.3 Heat and Material Balances 

In addition to the material balances for the individual processing steps 

shown on the flow diagrams, an overall heat and material balance for the 

entire plant should be included. The basis for the energy balance should 

be documented (base temperature for enthalpy, heating values for feedstocks 

and products, the electric power basis, stack gas losses, evaporation losses, 

etc.). Separate process flow diagrams should also be drawn for the plant 

water system, the plant steam balance, and an overall sulfur balance. Heat, 

material, and elemental balances should close. Consideration should be 

given to developing separate battery limits process flow diagrams for nitro- 

gen and oxygen balances. 

Redundancy in reporting units is encouraged. Gas phase compositions can 

be reported in moles/hour or each species CFM, total pounds or total moles/ 

hour along with volume percents of each species. Material balance tables 

as well as process flow diagrams can indicate the temperature and pressure 

of all streams. 

4.4 Equipment Desisn and Selection 

Efforts should be made to select equipment that has been proven in the 

same or similar service unless there is a substantial incentive for the 
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use of equipment without this historical experience. When service condi- 

tions dictate that non-standard equipment or materials are required, 

the manufacturers of similar equipment should be contacted to establish 

reasonable extensions of current technologies and additional costs. Doc- 

umentation of the selection and design of non-standard equipment should be 

included in the report. The equipment selected and the design practices 

used should be consistent with the targeted capacity factor (service factor) 

and plant life. 

Non-standard equipment should be particularly well documented. These in- 

clude thick walled pressure vessels, reactor configurations, vessel inter- 

nals, and equipment whose size exceeds standard manufacturing limits. Of 

special concern are the reactors. Documentation should include the reactor 

shape and size, wall thicknesses, materials of construction, special clad- 

ding, refractory linings (type and thicknesses), special internals, criti- 

cal features such as speciaily designed feed ports or reactor bottom. 

The designer should decide on the practical limits of vessel diameter, and 

other parameters that can be handled by shop fabrication. The equipment 

list should indicate which items are to be field fabricated. 

Preliminary selection of materials of construction is required. The class 

of steel used in vessels,'types of refractory linings, and internal pump 

material should all be included on the equipment lists. The corrosion 

allowance used to calculate wall thickness should be consistent with the 

targeted plant life and maintenance characteristics. 
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Size specifications on major and/or unusual equipment should be as com- 

plete as possible. While not mandatory, size specifications on other 

equipment items are desirable. As an example, information on pumps 

should include type, inlet temperature and pressures, head, horsepower, 

size and type of drive, casing and rotor materials, and capacity (gpm). 

As a minimum, the critical size specifications required for equipment 

costing should be reported. 

All equipment lists should indicate the number of operating units and 

the number of spares of a particular equipment item. Equipment sparing 

should e~;sure that the plant can operate at the design capacity factor. 

The sparing philosophy, including emergency sparing provisions for criti- 

cal processing steps, should be documented and be consistent with current 

industry practices. Additional spares should be considered in novel 

processing areas. 

In many designs, package plants (for oxygen production, sulfur recovery, 

etc.) are employed and this is accepted practice. However, input and out- 

put streams (within battery limits or between package plants) should be 

characterized (temperature, pressure, composition) to the extent that is 

known to the designer or to the extent that proprietary information can 

be reported. It is also up to the designer to ensure that any vendor 

quotations on capital costs for package plants include the cost of all 

necessary and ancillary equipment and that the capacity factor is compati- 

ble with the overall plant design. 

The trend in fossil energy conceptual designs is to consider a grass roots 

plant with power generation included within the project scope. Trade-off 
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studies should be performed to justify on-site power generation as 

opposed to purchasing power and exporting char and/or coal fines. 

Any trade-off studies made to sub-optimize various sections of the 

plant to determine the best processing technique should be reported. 

For example, there may be several acid gas removal systems that could 

be selected. After discarding those that will not perform under the 

desired process conditions, trade-off studies can be done on the 

remaining ones to determine the optimum. As a minimum, those trade- 

off studies required or recommended for optimization should be 

reported. 

4,5 Waste Manasement 

Conceptual designs are used for a number of purposes, one of them 

being environmental assessment. To assist in this goal, the waste 

management practices should be documented based on best available 

process information at the time the study is performed. The process 

design should include a description of the types of control technol- 

ogies that are used. Where datais not available or quantities 

unknown at the present stage of process development, this should be 

so stated. The design should follow the available information in 

the Resources Conservation and Recovery Act (RCRA). 

Toxic streams, both within the plant as well as the plant discharge, 

should be identified and special safety requirements documented. 
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Emissions fall into three categories: water, air, and solids. The 

documentation requirements for each are discussed below: 

- Waste water effluents. Waste water treatment facilities are to be 
included within the project boundaries. The quality and quantity 

of waste water effluents must be identified. These effluents come 

from process wastes, cooling tower blowdown, utility blowdowns and 
coal pile runoffs. Some of the contaminants that should be quanti- 
tatively identified include phenols, cyanides, ammonia, sulfides, 

oils, greases, phosphorous, metals and suspended solids. The pH 
of the effluent streams should also be estimated. Since some 
streams are intermittent, an averaged monthly value can be reported. 

Levels of waste effluents should conform, at a minimum, to the cur- 
rent federal regulations of the Clean Air Act, the Federal Water 
Pollution Control Act and the Clean Water Act. 

- Air emissions. The quantity and species of all air emissions from 
process streams and fugitive emissions should be identified. Par- 

ticular attention should be directed to H2S , S02, C02, NOx, hydro- 
carbons, and particulates. 

- Solid wastes. Provisions for solids disposal are to be included in 
the estimate. Examples include rail or conveyor facilities for ash 
disposal at the mine and landfills. The treatment and/or disposal 

of toxic solid wastes should be in accordance with available regu- 

lations. Such regulations should be referenced and requirements for 
landfill should be identified. 

4.6 En$ineerin$ Assumptions 

Three major areas of engineering assumptions are to be included. 

Sources of data, reaction assumptions, and unknown physical proper- 

ties should be documented. 

- Source of data. The source of process data should be documented, 
whether it be from pilot plant data supplied by the process devel- 
oper, an earlier conceptual design, or a complete "paper" process 
fabricated from physical principles. If pilot plant data were used, 
indicate the specific run numbers that were taken as a representa- 
tive basis for scale-up. Data summaries, and in some cases raw 
data reports, are recommended. All data sources should cite spe- 
cific references where available. Methods used for data reduction 
and correlation should be specified. 
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- Reactor design assumptions. The reactor section of a coal conver- 
sion plant, including associated systems for feeding productsand 
waste removal, is perhaps the unique feature of a process that dis- 
tinguishes it from another. Because of this uniqueness, more 
detailed assumptions have to be reported concerning reaction condi- 
tions. Any vessel in which reactions occur (such as preheaters 
and methanators) are to be included. Among the assumptions that 
can be listed (if determined) are: 

All input end output stream flow rates and compositions 

internal flow rates (if applicable) 

Temperature (and temperature profiles, if applicable) 

Pressure (and pressure profiles, if applicable) 

Residence times for each phase 

Heat transfer coefficients 

Catalyst life and activity change (if catalysts required) 

Catalyst circulation rates (if applicable when catalyst 
required) 

Catalyst makeup rates (if catalyst required) 

Percent conversion or conversion efficiency (define basis: 
carbon utilization, limiting reactant, heating value, etc.) 

Void volumes in packed beds 

E:~panded bed densities in fluidized beds 

Recirculation rates in an ebullated bed 

Equilibrium temperature and equilibrium approach conditions 

Space velocities 

Superficial velocities 

Compositions and flow rates of all bypassing, recycle or 
intermediate withdrawal streams 

Characterization of contaminants in the reactor effluent: 
particulates (quantity and size distribution), tars (in the 
case of gasification, both quantity and composition), etc. 

All other pertinent factors used in reactor design 

-Physical properties. ~ny physical properties of intermediate 
streams have to be assumed in order to size equipment. This may 
be due to a lack of full characterization from limited pilot plant 
or bench scale data. These assumptions may include heat capaci- 
ties, phase equilibrium data, densities, thermal conductivities, 
viscosities, etc. If these data are required for equipment sizing, 
then they should be documented. 
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- Others. There are many other assumptions and key factors that are 
used for equipment sizing. These may include Murphree stage effici- 
encies in distillation columns, design air cooler inlet temperatures, 
pressure drops, separation efficiencies (solid/liquid), regeneration 
efficiencies, etc. All such data should be reported. An estimate 
of the turndown ratio comparing the minimum throughput capacity to 
the design capacity for the overall plant and major processing steps 
should be presented. 
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5.0 CAPITAL COST ESTIMATE 

The estimate of the capital costs of a project is perhaps the most 

important factor in evaluating a project, in preliminary estimates, 

this figure is used as a basis for many of the elements that make up 

the operating costs. In the financial analysis, this figure is the 

basis for all capital related charges and returns on equity. ~.~ile 

very significant, a single number reported as the total capital require- 

ment is not meaningful for establishing the viability of a project. 

The independent reviewer or decision maker must know the accuracy as 

well as the background of the capital cost estimate: how it was developed, 

what elements it includes, the level of detail used, the sources of cost 

data, etc. This chapter outlines the minimum documentation which should 

accompany the preliminary capital cost estimate. 

5.1 Methodology 

Within the several classes of estimates (order of magnitude, preliminary, 

definitive, etc.) that are used for project evaluation, there are several 

methods that can be employed. For example, in preliminary estimates, some 

of the options are to use Lang factors, Guthrie's method, or the Chi!ton 

method. It is not the purpose of these guidelines to specify the method 

that is to be employed. Rather, it is to ensure that the method used is 

identified and documented. 
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Almost all methods rely on the estimated purchased equipment cost as a 

starting point. Then, installation factors are applied to obtain the in- 

stalled cost. The purchased cost for each major piece of equipment should 

be listed. It is acceptable to list only the overall cost of a package 

unit (either purchased or installed), provided that package price contains 

all ancillary equipment associated with that unit. The same date for prices 

and costs should be used throughout the estimate. The year and month, or 

year and quarter, should be reported. 

Likewise, installation factors should also be listed, either on an equip- 

ment basis (as in the Guthrie method) or as an overall plant factor (such 

as the Lang factors). 

The documentation of the sources of equipment cost data should be included. 

It should be stated whether equipment costs came from current vendor quotes, 

updated cost curves or published data. If historic data is used (that is, 

published data from previous years), then the original price year and the 

method or index used to update this data (such as the Chemical Engineering 

Plant Index, Nelson's Refinery Index, the GNP deflator, the BLS index 

for pumps, etc.) should be stated. 

5.2 Capital Cost Breakdown 

All capital cost estimates should include a breakout of purchased equip- 

ment costs by major equipment item or package plant. The installation 

costs account for field labor, construction material, piping, foundations, 

instrumentation, etc. The summation of all equipment and installation 

costs is sometimes termed the process plant installed cost. In addition, 
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there are costs associated with "offsite" equipment, sometimes referred 

to as general facilities and utilities. Included in this category are 

site preparation, buildings, storage facilities, utilities (electric 

power, plant water treatment, boilers, cooling towers, instrument air, 

etc.), yard piping, and auxiliary areas (blowdown and flare systems, waste- 

~ater treatment, incinerators, etc.). The envelope of what to include in 

the offsite category should be consistent with the project scope as out- 

lined in Chapter 3. The sum of the process plant installed cost and off- 

site costs is the total installed cost. 

The follow~ng is a list of items that are necessary to obtain the total 

project capital cost as summmrized in Figure 5.1. Tax treatment of the 

individual items variesand this is covered in Chapter 8.0, Financial 

Analysis. 

- Lend (non-depreciable). Cost of acquisition of the site itself. 

- Total Installed Cost. The sum of the process plant installed cost 
and offsites installed costs. 

-Paid-up Royalties. Process royalty cost paid to licensor to permit 
design, construction and operation of process plant (does not include 
"running" royalties which are part of the plant operating costs). 

- initial Catalyst, Chemicals and Operating Supplies. Materials con- 
sumed in the manufacturing operation but not appearing as a product. 

- Working Capital (non-depr~ciable). The funds in addition to fixed 
and land investment, which are tied up in the operation of a project. 
These funds cover such items as minimum cash required for smooth 
financial operations; raw material, unfinished and finished project 
inventoKies; warehouse stocks of chemicals~ catalysts, small tools 
and spare parts. Report the basis of the estimate. 

- Start-up Cost. The operating costs incurred to bring a plant on- 
stream. Additional capital required to correct plant problems, 
operator training, equipment testing, temporary labor, etc., is 
generally included. 

- Contractor's Home Office Cost and Fee. Usually taken as a percentage 
of installed cost to cover contractor's fee for services as well 
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as direct costs associated with a project which can be assigned to 
engineering, procurement, expediting, inspection, reproduction, 
telephone, telegraph, etc. 

- Owner's Cost. Includes process studies, market survey, site selec- 
tion, environmental studies, owner's engineering offices, and the 
costs for obtaining construction permits. 

- Project Contingency. Taken as a percentage of total installed cost 
to cover uncertainties during project execution such as equipment 
damaged during construction, delayed delivery of equipment, etc. 

- Process ContingenCy. Taken as a percentage of installed costs of 
major process sections of the process plant involving unproven tech- 
nology in order to quantify uncertainties in process equipment design 
performance and cost. Process contingency allowances should be 
reported separately and their bases documented as part of the pro- 
cess plant estimate. 

The assigned values of process contingency should reflect the stage 
of technical development of the process and/or the quality or reli- 
ability of the data being used for design. In the absence of prior 
experience with the development of similar processes, the following 
guidance is provided to aid in assigning process contingency allow- 
ances. 

DEVELOPMENT STAGE 
FROM WHICH PROCESS 
DATA IS AVAILABLE 

Concept with bench-scale work 

Process development unit 

Pilot plant 

Demonstration plant 

Commercial demonstration plant 

PROCESS CONTINGENCY 
AS PERCENT OF 

INSTALLED SECTION COST 

50% 

25% 

15% 

10% 

5% 

5.3 Construction Schedule 

An estimated construction schedule should be provided in the form of 

a milestone chart or other means to show the cumulative purchases and 

erection progress of all parts of the project. Any unusual construction 

components imposed by the design or by site location or conditions, includ- 

ing the need to complete offsite facilities, should be reported. For a 

preliminary estimate a typical "S" curve is acceptable. Chapter 8 specifies 

a schedule for baseline study. A definitive estimate will require an 

analysis of manpower distribution, craft mix, delivery schedules, etc. 
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5.4 Capital Recovery at End of Project Life 

It is usually assumed that most of the outlay for working capital is 

recovered at the end of the project life. However, this capital recovery 

itch, as well as the project Salvage value, is often neglected if a dis- 

counted cash flow analysis is used for project evaluation. Further 

requirements for treatment of these and'other capital accounts are 

covered in Chapter 8. 
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Figure 5.1 - CAPITAL COST SUMMARY 

Capital Cost Items 

Land (1) 

Working Cap i t a l  

S u b t o t a l  (Non-deprec iab le  i tems)  

Total Installed Cost (2) 

This includes process contin- 

gencies which total $ 

Initial Catalyst, Chemicals, Operating Supplies 

Start-up Costs 

Contractor Cost and Fee 

O~¢ner's Cost 

Project Contingency 

Subtotal (Depreciable Plant Costs) (3) 

TOTAL (Est imated C o n s t r u c t i o n  Costs)  (4) 

Line 
I tern 

Estimates Totals 

y- 

*All estimates in year dollars (base year date). 

Notes: (i) Where cost of land is relatively small, it may be stated 
as less than " " percent of total and not reported as 

separate item. 

(2) Total installed cost to be further broken down into sepa- 
rate estimates for process blocks and offsite facilities, 

and reported separately. Show any process contingency. 

(3) To be used as Depreciable Plant Costs in Figure 8.1. 

(4) To be used as Estimated Construction Costs in Figure 8.1 
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6.0 OPERATIONS COST ESTIMATE 

in addition to the total capital investment, an accurate estimate Of 

the annual operating cost is required to evaluate the economic feasi- 

bility of a project. In preparing a preliminary estimate, many oper- 

ating costs, for example, maintenance, insurance and ad valorem taxes, 

may depend on the capital cost estimate. This chapter will discuss 

estimating methods and the required components that make up the annual 

cost. 

6wl Estimatin$ Methods 

In a preliminary estimate, only a few basic quantities are required. 

~ne quantities of raw materials are obtained from the material balances. 

Catalyst and chemical requirements are taken from the stated makeup 

and consumption rates. The unit costs of the materials should be taken 

from vendor quotes or such sources as the Chemical Marketing Reporter. 

In cases involving proprietary catalysts, where only past costs are 

available, up-to-date costs may be obtained by escalating prices with 

some inflation index, such as the Chemical Index from Chemical and 

Engineering News. The date for price and costs, or the adjusted price 

and costs, should be consistent with the date used in Chapter 5 for the 

capital cost estimate. In any event, the source data must be referenced. 

All annual cost items are based on the stated capacity factor. Other 

estimmting factors and methods are discussed in the following seGtion on 

annual cost breakdowns. 
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6.2 Annual Cost Breakdown 

The following is a list of items to be included in the annual costs as 

summarized in Figure 6.1. 

- Feed Materials. This includes feedstocks and raw materials which 
appear in some form as a product. For coal conversion projects 
list "Feed Material-Coal" and "Feed Material-Other" separately to 
permit sensitivity analysis for coal price. Annual costs should 

be based on the stated capacity factor. Quality, quantity and unit 
prices are to be specified. 

- Catalysts, Chemicals and Operating Supplies. This includes all 
materials consumed in the manufacturing operation but not appearing 
as a product. Catalyst and chemical quantities are dependent 
on catalyst replacement rates (based on catalyst life) and chemi- 
cal makeup rates. The annual costs are determined by prices and 
the annual capacity factor. Annual quantities and unit costs should 
be reported. Operating supplies costs may be taken as a percentage 
of operating labor costs. 

- Utilities and Fuel. The fuel, stear~, air, power and water which 
must be purchased or generated to support the plant operations. If 
a siting area is chosen for the plant (for example Appalachia, 
Midwest or Western), the effects of regional differences on costs 
for utilities and fuels, especially water, must be considered. 

- Operating Labor. This is determined by the number of operators 
required per shift and the annual wage rate. In general, this 
item is independent of the capacity factor. The number of operators 
per shift is, in turn, determined by the complexity of the process, 
the number of processing steps, and the degree of automation. It 
is usually estimated from experience with similar unit operations 
from known processes. For a detailed estimate, the number of opera- 
tors is taken from manning tables and shift schedules worked up 

from a detailed analysis of the processing steps. The level of 
reporting should be consistent with the level of detail demanded 
by the estimate type. As a minimum, the number of operators, total 
salary costs at hourly or annual rate and the source of the rates 
should be documented. The rates should be based on the region appli- 
cable to the plant location. 

- Maintenance. This is the expense incurred to keep manufacturing 
facilities operational. In a preliminary estimate, the total annual 
maintenance cost for a particular processing unit is usually taken 
as a percentage of the capital investment of that unit. This total 
annual maintenance cost is then divided between maintenance labor 
and maintenance supplies. Maintenance labor is determined as a 
percentage of total maintenance cost or from a detailed manning 
table. The total cost for maintenance must be consistent with the 
assumed capacity factor, the sparing philosophy, and the assumed 
production life of the project. The method used to compute main- 
tenance costs should be documented. 
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- Supervisory Labor. For preliminary estimates this is often taken 

as a percent of operating and maintenance labor. 

- Administration and General Overhead. For preliminary estimates 
this is usually a percentage of total labor. 

- F r i n g e  Benefits. This includes payroll costs other than wages 
and salary paid directly to employee - usually estimated as a 
percent of the labor plus supervision cost to cover such items 
as holidays, vacations and sick leave, federal old age insurance, 
pensions, life insurance, savings plans. 

- Local Taxes and Insurance. These estimates are related to the 
total plant investment. Unless specified otherwise, typical values 
to use are 2% of the total plant investment for property taxes 
and 0.75% for insurance for a total of 2.75%. 

- Royalties. These are "running" royalties paid to others for the 
use of a proprietary process. Report the basis of the estimate. 

- Waste Disposal. This is the expense incurred for the removal of 
chemical and material wastes generated as a result of manufacturing 
operations. Each case where significant amounts of waste are in- 
volved should be calculated individually. 

6.3 Tota!Annual Operatin$ Costs 

Figure 6.1 reports the estimate of the total annual operating costs. 

This should be the estimate of annually recurring disbursements directly 

attributable to the production schedule. By-product credits and other 

annual adjusting accounts such as debt interest and depreciation are 

covered in the following chapters of these guidelines. 

6.4 Production Schedule 

An annual operating schedule should be provided indicating the hours 

per year devoted to production and to downtime. Allowances should be 

made for reduced production capability during plant start-up and initial 

operations as shown in Figure 8.2. Also any allowances for future 

changes such as ~ajor equipment replacement or rehabilitation should 

be reported. Downtime for scheduled maintenance and repairs as well 

as unscheduled plant outages should be included in the capacity factor. 
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FIGURE 6.1 SUMMARY OF ANNUAL OPERATING COSTS* 

Cost Group 

Feed Materials - Coal 

Feed Materials - Other 

Catalysts, Chemicals and 
Operating Supplies 

Utilities and Fuels 

Operating Labor 

Maintenance 
Labor 
Material 

Supervisory Labor 

Administration and Overhead 

Fringe Benefits 

Local Taxes and Insurance 

Royalties 

Waste Disposal 

TOTAL** 

Estimate Base 

Unit Quantity Price Annual Cost* 

* All estimates are in year dollars (base year date). 
** To be used as Annual Operating Costs for Base Year Estimates in Figure 8.1. 
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7.0 MARKET STUDY AND BY-PRODUCT REVENUES 

An assessment of market conditions considering the impact of production 

of all major products and by-products on the market and transportation 

systems should be carried out as part of the project evaluation. In 

addition, the revenues realized for by-products should,be evaluated based 

on a realistic assessment of market value and the transportation, storing, 

handling and selling costs which take theby-product from the project site 

to the point of sale. The market study andby-product revenue reporting 

requirements for a project evaluation based on a preliminary estimate are 

outlined in this chapter. The estimating and reporting basis for major 

product revenues are presented in Chapter 8. 

7.1 Market Stud X Requirements andReporting 

The assessment of market conditions for all major products and non-fuel 

by-products should reasonably fit the project study objectives. A 

brief summary should state the depth and scope of the market study and 

include a statement on each of the points below. 

a. Location of the expected market relative to the project location. 

b. Types of available transportation systems to transport product 
from the project to market, and the corresponding distances. 

c. Estimate of the relative increased requirement the project produc- 
tion will have on the transportation system. 

d. Estimate of the amounts of project production relative to total 
amounts in the market. 
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The purpose of this information is to provide a measure of the impact 

of plant production on the market and transportation ~ystems as well 

to indicate any transportation or marketing problems. The effort as 

put forth in assessing market conditions should be consistent with the 

stage of technical development of the project. For a project evalua- 

tion utilizing a preliminary estimate based on pilot plant quality 

process data, supporting data for either generic or specific site 

determinations should be reported as appropriate to the study objec- 

tives. 

7.2 Marketable By-Products and Their Prices 

The reporting of quantity and quality of by-products is covered in 

Chapter 3, Project Scope. The bases for estimating the quantities and 

unit prices shall be reported in determing the by-product revenues. 

In the case of a fuel products project, a single fuel product contri-- 

buting less than two percent of the tota] plant revenues may be 

treated as a by-product. 

Report the source of price for each by-product bringing Jnrevenue and 

adjust each to a unit price F.O.B. at the project site. The unit price 

of by-products shou%d be taken from vendor quotes or such sources as 

the Chemical Marketing Reporter. Such spot prices should be reviewed 

for validity and adjustments should be made to reflect project location, 

transportation and market conditions. Prices may be updated by escalating 

prices with some inflation index, such as the Chemical Index from Chemical 

and Engineering News. The format in Figure 7.1, or a similar format, may 

be used to show adjustments. Indicate the effective date of all prices. 

Report any indexes that adjust prices and the original date of prices. 
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.3 Revenue Schedule 

The full revenue schedule for all products will be a part of the 

operating revenues and expenses schedule which is required under 

Chapter 8 of these guidelines. The revenues from individual by- 

products as well as the total product credit from the sale of by i 

products shall be reported in a format similar to Figure 7.2 for the 

expected annual production as defined in Chapter 6. Variations in 

schedule are treated in Chapter 8. 

it should be noted that the by-product prices and revenue schedules 

developed in Figures 7.1 and 7.2 reflect only current market conditions. 

The assessment of future market prices and subsequent project revenues 

are beyond the scope and the intent of the market study required in 

these guidelines. Projects with unusual by-products or market condi- 

tions may be subjected to study under the Alternative Case Analysis 

procedure described in Section 8.4. 
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FIGURE 7.1 

BY-PRODUCT PRICE ADJUSTMENT 

All prices on a unit basis 

i. Name of By-Product 

2. Unit of Sale 

3. Unadjusted Market Price 

a) Date of Price 
b) Adjustment Index 

4. Adjusted Price, Point of Sale 

5. Shipping and Selling (i) 

6, Price, F.O.B., Project Site 

(Adjusted prices are in __year dollars (base year date). 

(i) Allow for all costs for transporting, storing, handling and selling 
which take the product from the project site to the purchase point. 
of sale. 

FIGURE 7.2 

BY-PRODUCT REVENUE SCHEDULE* 

Name of By-Product 

ls 

2. 

3. 

etc, 

Annual 
Amount 

Unit 
Price 

Revenue 
$i,000 

Total By-Products Revenue** 

* At the expected annual production after start-up. 

** To be used for Annual By-product Revenue for Base Year Estimates in Figure 8.1. 
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8.0 FINANCIAL ANALYSIS 

This chapter defines parameters and methods to be used in performing the 

financial analysis and the reporting of the analysis results. The pri- 

mary objective is to determine the requiredselling prices of the major 

products identified in Chapter 7. The required selling price is that 

price of product required to meet all expenses and recover all investment 

at the defined rate of return. This required selling price is determined 

by project requirements and not by market conditions. 

The methods set forth here are to be used in calculating the required 

selling price for the base case and for any sensitivity analysis on para- 

meters values used in the base case. The base case is the set of estimates, 

parameter values, and the outcome of the analysis which is to be used as 

a reference datum. 

8.1 Reportin$ Financia! Analysis Parameters and Results 

The analysis required uses a cash flow approach, which means total annual 

disbursements and receipts, and conventional time discounting methods. 

In performing and reporting a project financial evaluation it is helpful 

to keep in mind that the total estimates are based on the goods and ser- 

vices required to construct and operate the project and goods and services 

produced for sale by the project. Money is a yardstick for measuring 

those goods and services. The cash flow analysis expresses that measurement 
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in terms of dollars for the quantity of goods and services transacted 

in each period of time. 

Figure 8.1 summ~arizes the data required to perform a cash flow analysis 

and the reporting of the analysis results considering: 

I. 

. 

. 

. 

. 

The sponsor type and dollar method of analysis which 
determine the parameter values to be used. See defini- 
tions in the following subparagraph. 

The base year estimates of construction, depreciation, and 
operating costs defined in Chapters 5 and 6, and by-product 
revenues defined in Chapter 7. 

The financial analysis parameters to determine investment 
return appropriate to the type of project sponsor. 

Adjustment of the above base year , data to the project 
start-up year based on construction, operating and 
retirement schedules established for the project. 

The analysis results in terms of the required product 
price(s) and other measures of project performance. 

8.1.1 

The following paragraph subsections sequentially discuss each of these 

areas from Figure 8.1 in tezms of their usage and definitions. Appendix 

E contains specified parameter values to be used with these guidelines 

on an initial basis. 

Sponsor and Dollar Method 

The sponsor is the combined group of investors, both those investing in 

debt financing and those investing in equity financing for the project. 

The dollar method refers to the financial analysis method of dealing 

with inflation. A project financial analysis may deal with price change 

in one of two ways, (i) use of then-current dollars, or (2) use of con- 

stant-date dollars. Then-current dollars are the inflating dollar. 
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FIGURE 8,1 
FINANCIAL ANALYSIS - DATA SUmmARY 

~ponsor ( P r i v a t e / U t i l l t y )  

~ o l l n r  Method ( T h e n - c u r r e n t / C o n s t a n t  dale) 

Rsse Year Estimates 

Dollar Year for all Base Data  

Estimated Construction Coats (F~g. 5.1 total) 

Depreolable Plant Costs (l) 

Annual Operating Costs (F ig .  6.1 total) 

Annual By-product Revenue (Fig. 7.2 total) 

~e t :  O p e r a t i n g  Costs Less  By-P roduc t s  Revenue 

HaJo~ P r o d u c t ( e )  Ou tpu t  (2) 

Analysis Parameters 

Schedules Dates 

' Construction to 

O p e r a t i o n  to 

Retirement to  

Construction Exp. 

Rates (Z/year) (3) 

Plant S t a r t - u p  Rates (Z Annual P r o d u c t i o n  Rate) 

Oiscomlt Rates (% p e r  year) 

Construction Loans 

Debt Financing 

Equity Financing 

Overall Project Rate 

F i n a n c i a l  S t r u c t u r e  

Debt (% total) 

Equity (~ total) 

E s c a l a t i o n  Ra tes  (% p e r  y e a r )  

General Rate 

D e p r e c i a t i o n  Methods 

Tax Life  (years) 

Method 

Times, years 

Analysis Parameters (c~nt.I 

Tax Sa te  and Schedules (4) 

Effective Income Tax Rate 

Federal Income Tax Rate 

Etate/incal Income Tax Rste  

E f f e c t i v e  Inves tment  Tax C r e d i t  Rate  (ITC) 

ITC Claim Schedule (year, ~ of investment) 

Income Tax C r e d i t  Trea tment  (5) 

Bose Da,~a A d j u s t e d  to Star t -up . . .Date  

T o t a l  C a p i t a l i z e d  Inves tment ,  TIC ($) 

D e p v e c i a b l e  Plant Investment (I) 

Annual Operatln R Costs 

Annual By-product Revenue 

Net Annual O p e r a t i n g  Cost ( S / y e a r )  

Year  o f  Adjusted Data 

Analysis R e s u l t s  

Major  P r o d u c t s  P r i c e  ( S / u n i t )  (2) 

P r i c e  Date  (dollar y e a r )  

Overall Project R a t e - o f - R e t u r n  (% p e r  y e a r )  

Equity Investors' Rate-of-Return (% per  year) 

Payout Period ( a t  zero  interest) 

L e v e l i z c d  P r o d u c t  P r i c e  

Notes: ( i )  D e p r e c i a b l e  costs"  a r e  t o t a l  c o s t s  l e s s  n o n d e p r e s i a b l e  
items. See Figure 5. I for items. 

(2) List each  p r o d u c t  to be p r i c e d .  

(3) P e r c e n t a g e  o f  base y e a r  estimate. 

(4) For  income t a x e s  add inves tmen t  t a x  c r e d i t s  o n l y .  

(5) For  c a s e s  where a l l ewcd  d e d u c t i b l e  expenses  exceed 
a c t o a l  revcnuso, 



The constant-date dollar is a method of analysis in which there is no 

inflation, prices do not change, and estimates of all project transactions 

are adjusted to prices which are in effect on a single selected date. 

Dollar year dates are required with either method. 

8.1.2 Base Year Estimates 

All figures under Base Year Estimates, Figure 8.1, should be for the 

same dollar year. Estimates of construction costs and the depreciable 

plant cost are those shown in Figure 5.1. Annual Operating Costs are 

taken from the total in Figure 6.1 and Annual By-Products Revenues from 

Figure 7.2 is to be subtracted for the Annual Net Operating Cost. Major 

Products Output is the annual production of the major product to be 

priced. This should be the same as the amount of product reported in 

Chapter 3 under "Product Specifications" for a normal year's production. 

8.1.3 An.alysis Parameters 

Schedules. The three phases of project activity considered are 
construction, operations, and retirement. Calendar year dates 
for each phase are required for then-current dollar analysis. The 
elapsed time for each phase must be shown. 

The schedule for Construction Expenditure Rates is the percentage 
expended of the Estimated Construction Cost for each sequential 
year of the construction phase, using base year values. Plant 
Start-up Rates are the percentage of annual production achieved in 
each start-up year in sequence. See Figure 8.2 for graphic examples. 

Discount Rates. These are annual rates of discounting to be used 
in the analyses whenever the specific item is being discounted. 
Rates may be for the three general types of finance sources as 
shown. The interest rate for debt financing and rate-of-return on 
equity for equity financing apply to the guidelines method. 

The overall project rate is the weighted, after-tax rate for the 
debt equity structure indicated below. Its computation and use is 
discussed later. 
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FIGURE 8.2  E~Y2kMPLE RATE SCHEDULES 
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Year (2) 

% Year (3) 

Accum. % (4) 
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(I) Period with reference to plant start-up date. 
(2) -Show calendar year when applicable. 
(3) Each schedule is based on a total estimate. Show each period's percentage of to.tal. 
(4) Show percentage'accumulated at the end of each period. 



Financial Structure. The financial structure is that combination 
of debt and equity financing making up the total capitalized cost 
at the start-up of the plant. It is described by the debt equity 
ratios. The debt ratio, rd, is the total debt financing divided 
by total capitalized cost where O>rd> 1. The equity ratio is 

(l-rd) • 

Escalation Rates. Escalation is a price change of an item over 
time for any reason, including inflation. Some project evaluations 
may use different escalation estimates for each of several expense 
or revenue categories. However, for methods specified in this 

Chapter, the use of a single escalation rate is required. 

Depreciation. Depreciation is a method for annual allocation of 
cost of an asset over its useful life. It is an account used in 
these analyses in determining income tax to be paid and is not a 
cash flow per se, as used in these guidelines. Both tax life of 

the project and method shall be consistent ~ith IRS requirements, 

and with the project schedule. 

Tax Rates and Schedules. These rates and schedules apply to income 
taxes and the investment tax credits and the year-of-claim schedules. 
The Effective Income Tax Rate combines federal and state income 
tax rates. The full Federal Income Tax Rate is to be used and re- 

ported. 

The effective rate for Investment Tax Credit, ITC, and the schedule 
of time at which tax credit can be claimed is dependent on the type 
of sponsorship for the project. The credit amount and claim time 
is limited. At present, unused credit may be claimed on taxes due 

from the preceding three years through the following seven years. 
The time schedule and claim rate should be indicated. 

The Income Tax Credit is a provision for the case where actual reve- 

nues are less than the allowed tax deductions. For these guidelines 
it is recommended that both ITC and income tax credit be treated as 
credit to the sponsor in the year-of-occurence. This assumes the 

sponsor has other tax obligations. 

8.1.4 Base Data Adjustment to Start-Up Date 

The Total Capitalized Investment, TIC, is defined as the investment in 

the project at start-up date. It includes the compounded value (future 

value at start-up date) of each year's net investment by the sponsor. 

The discount rate and Investment Tax Credit to be used on the investment 

depends on whether the sponsorship is private, utility, or public author- 

ity. Depreciable Plant Investment is Total Capital Investment less the 
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non-depreciabie cost items identified,in Figure 5.1, which have been 

adjusted in the same ratio as the total. 

i~e adjusted ~nnual Operating Costs less credit from Annual By-products 

Revenues are the Net Annual Operating costs. These costs and revenues 

~ust be adjusted for escalation changes between the base year date of 

the estimate and plant start-up date. 

Methods for adjustment are discussed further under paragraph 8.2. 

8.!.5 Ar~alysis Results 

For a project producing a single product, the required selling price is 

equal to the total required annual revenue divided by the total annual 

production. 

~nere more than one product is produced, the required selling price for 

each product is to be based similarly on its individual allocation of 

annual revenues and its production. However, for these guidelines the 

ratios of the revenue for each product line to each other should be kept 

constant. The ratios should reflect theestablished market price ratios 

in order to determine realistically the total revenue from all product 

lines. 

The reference year selected for market prices should be the same as the 

base year selected for estimation of construction costs, operating expense 

cost, and by-products revenues estimate. The reference products should 

be the same as those specified for the project, or as close as possible 
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to the specification for each product. When the analyst believes pro- 

ject or market conditions justify other assumptions about reference 

prices, those assumptions should be subjected to a sensitivity analysis, 

or an alternative case analysis. 

Further discussion of price ratios is presented in Appendix D.7. 

Example calculations for the overall project rate of return, equity 

investors' rate-of-return, levelized fuel products prices and payout 

period price are presented in Appendixes D.I, D.5, D.6, and D.7, 

respectively. If other single value measures are calculated, such 

values should be reported. 

8.2 Cash Flow Schedules 

A Cash Flow Schedule, as defined in Section 8.l, is required for the 

base case. 

The Cash Flow Schedule is the schedule of annual disbursements and 

receipts for the defined project accounts, reported annually for the 

construction, operation, and retirement phases of the project. For 

convenience in discussing estimating and reporting, the Project Life 

Cycle has been divided into two parts, a Capital Investment Period and 

a Project Operating Period. A reporting form shown in Figure 8.3 or a 

similar form listing the suggested line items, should be used. All 

calculations must conform to the general requirements listed under sub- 

paragraph 8.2.3. 
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FIGURE 8,3 - CASH FLOW 
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8.2.1 Capital Investment Period 

The information needed to prepare a schedule of Cash Flow for the 

Capital Investment Period is shown in Figure 5. i, Capital Cost Summary, 

and Figure 8.1, Financial Data Summary. An example is presented in 

Appendix D. That example shows the components which contribute to the 

total investment for each investment period year. These components are 

(i) the cash contribution to construction to be made by the investor, 

which has been adjusted for escalation and investment tax credit, (2) 

the unpaid interest on balance in the debt financing, (3) the upaid 

return for equity financing, and (4) the income tax reduction claimed 

as a credit for the debt interest in item 2. The total of these is 

repeated for each investment year on line 1, Capital Investments, Figure 

8.3. 

The following points are to be observed in treatment of the Total Capi- 

talized Cost, TIC: 

The schedule in Figures 8.1 and 8.2 for the construction expenditure 
rates is based on constant-date dollars. It has not been adjusted 
for escalation. 

The annual net cash applied to the project is the construction 
expenditure less Investment Tax Credit. 

Where debt financing is used there will be income tax credit based 
on debt interest due. This is to be claimed in the year it occurs 
and applied to reduce that year's balance due the investors. Use 
of the overall project return rate for calculation will automati- 
cally effect this requirement. 

8 . 2 . 2  Project Operating Period 

The information needed to develop accounts under Cash Flow during the 

project operating period is shown in Figure 6.1, Summary of Annual 
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Operating Costs, Figure 7.2, By-product Revenue Schedule for Uniform 

~_nnua! Production, and Figure 8.1, Financial Analysis Data Summary. 

The accounts and their components to be covered are listed in Figure 

8.3. More detailed discussion is found in Appendix D, Sections D.2 and D.3. 

The specific method of calculating these items is optional, but the 

fo!!o~in~ assumptions must be observed to determine the amounts for the 

Cash Flows in Figure 8.3: 

No cash contributions are made by investors except those scheduled 

under capital investment. 

In any one year all production revenues and production expenditures, 
including both Principal Product Revenues and Net Operating Expenses, 
vary directly with the operating level of the plant. Escalation is 
applied uniformly to both revenues and expenses. 

The capital recovery costs, items 9 through 12 in Figure 8.3, include 
both debt and equity recovery. Income taxes, which are a function 
of debt retired plus equity recovered, are included in this group. 

income tax credits are claimed as they occur and may act as credit 
first to Debt Interest and Equity Return, then to Debt and Equity 
Retirement. Income tax calculations use full debt interest due. 

if total revenues plus tax credits are not sufficient to cover ex- 
penses and capital recover~ the amount of the shortfall shall be 
added to the balance due to investors. 

For the correct solution for the required selling price, the balance 
due to investors is zero at the end of the project. The present 
worth of all capital returns to investors is equal to the total 
investment taken at start-up-d~te. 

8.2.3 General Requirements 

The calculations performed must conform to the following general require- 

ments : 

Estimates of all costs and by-product revenues shall be adjusted 
for the same base year. 
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Each annual account is considered to be a discrete end-of-year 
transaction. All discounting and escalation is to be done on 

the same basis. 

Escalation of prices or cost estimates shall be applied at the 
full rate to each year's transaction. All cash flow transactions 
including construction expenditure, net operating expenses, and 
price of all products shall be escalated. 

Investment tax credits are claimed in the year they occur. If they 
occur, income tax credits (when revenues are less than allowed tax 
deductions) are claimed in the year they occur. 

Depreciation is used in computations for tax or rate base, but is 

not a cash flow item for these guidelines. 

The project plant is assumed to operate at the capacity factor 
reported in Chapter 3, excepting the start-up production scheduled 

and shown under "Analysis Parameters" in Figure 8.1. 

Estimated net retirement costs and capital recovery should be treated 

as occuring at the end of the last year of operation. Estimates 
showing a zero net may be appropriate but this should be noted in 

the report. 

Investment capital shall be sufficient so that no cash deficits 

occur. This applies in particular to the start-up time. 

8.2.4 General Assumptions Used in the Analysis 

Two basic assumptions have been made which determine the outcome of the 

analysis. First, the product price is to be a single price at all times 

when that price will be expressed in constant-date dollars, For thp 

base case that price will be expressed in then-current dollars and it 

can escalate only at the general inflation rate. Second, all changes 

to debt and equity investors' balance are done annually, and are made 

in amounts which maintain the original debt to equity ratio. 

The examples cited in this guideline are for then-current dollars calcula- 

tions from the point of view of a large private investor. The calculation 

method is fhe same for utilities and public authorities. However, the 
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financial parameter values will be different. If results in constant- 

date dollar values are desired, a conversion using the escalation rate 

is recommended. This will avoid the difficulties in adjusting depre- 

ciation and tax rates. Further discussion of the guidelines method 

is continued with examples in Appendix D. 

8.3 Sensitivity Analysis 

A sensitivity analysis should be run for each of the selected parameters 

and other variabi~s. The selected parameters and their test ranges are 

sho~m in Appendix E. Each sensitivity result shall show the change in 

the selected measure of project performance which is caused by change 

in that one parameter with all others held constant at the original base 

level. Report the parameters, ranges tested, and results in a format 

suggested in Figure 8.4. 

Parameters may be classified as technical, locational, or financial. 

Technical parameters are related to the project process and include items 

affecting plant operation and plant construction. Locational parameters 

are those related to specific sites or geographical location. Financial 

parameters are those related to financing and prices of materials as 

determined by the general market. 

Alternative Case Analysis 

The alternative case analysis is defined here as an analysis using con- 

ditions not covered in the base case or by sensitivity analysis procedures. 

For example, interest on debt and return on equity could be raised and 

the debt to equity ratio lowered; a combination which would indicate 

scarcity of investment capital. 
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The alternative case analysis may also be used for changes in basic 

assumptions such as different escalation rates for product and feedstock, 

or for some other operating cost components. A different start-up costing 

procedure is another example of an alternative. 

When any alternative case analysis is reported, the report should speci- 

fy all assumptions and parameter values and indicate those which differ 

from the base case. 
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9 . 0 REPORT APPRAISAL 

9.1 Purpose 

The Report Appraisal is a means for the re~ort writer to comment on 

results of the study, the report content and also to recommend usage, 

and limitations. The subjects suggested here are not intended to be 

a limit. The Report Appraisal should suggest any special use of value 

of the information in the report. In addition, limits and precautions 

in the use of report results should be clearly stated. Recommendations 

for further work may be included. 

Discussion of report content in the Report Appraisal allows the 

reporter to interpret results of the base case study, sensitivity 

analysis, and selection of parameters and values. 

9.2 Evaluatin$ Parameter Specifications 

These guidelines present specified parameter values and evaluation 

methods to be used. Some studies may have special circumstances not 

covered or not tested by guidelines procedures. Should this occur, 

the report writer should direct attention to the circumstance and 

evaluate its effect on the study outcome. 

9.3 New Technolo$ies and Materials 

Parts of a project may require use of a technology or a material 

which has not been tested under expected operating conditions. 
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Chapters 2 and 3 call for identification of technological develop- 

ment of components. However, where the component is an essential 

part of the project a limited evaluation of alternatives for that 

component may be presented. If optimization studies for components 

were done the results of such studies should be summarized and reported. 

9.4 Rep0rting Office. o.r Groups' Interest in the Project 

Some information about the office or groups performing the economic 

evaluation of the coal conversion process is useful for the report 

evaluation. A brief paragraph should be included which states the 

reporting organization's interest in the project and report. Such 

statements may cover work being done by the organization on similar 

projects, manufacture or use of materials used in the project, or 

potential follow-on studies, where these are known. 
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Apendix A 

GLOSSARY 

AFDC, Allowance for Funds During Construction. This is the accumulated 
return due on the capital investment at the time of plant start-up, assum- 
ing return rate applied to construction expenditures from payment date to 

start-up, or an equivalent allowance for the same. 

Base Case or Baseline Study. The set of estimates, parameters and evalu- 
ation outcome for an economic evaluation of the project. It should be the 
estimate of the most probable outcome. It is used as a reference point in 

sensistivity analysis. 

Battery Limit. A goegraphical boundary defining the manufacturing area of 
a proposed plant, including all equipment employed in the actual manufac- 
turing process, but excluding provisions of storage, utilities, administra- 
tive buildings and other facilities which provide services used by the manu- 

facturing plant. 

Base Year. The calendar year selected for the first estimates of Capital 
Cost, Annual Operating Cost, and By-product Revenues. The prices used for 

estimates are either for that year or adjusted to it. 

Capacity. The nominal plant size stated in terms of feedstock input or 
product output (tons/stream day as-received or dried coal, or million SCF, 
thousand barrels or million BTU/stream day). The term "nominal capacity 
per day" refers to the input or output quantity in 24-hour period if the 

plant operates at design capacity. 

Capacity Factor (service factor). This is the expected annual production 
divided by the nomimal production (daily production per stream day times 365). 
This factor takes into account both the time the plant is operating (on- 
stream time or plant availability) and the capacity at which it is operated. 

Cash Flow. The total of annual receipts and annual disbursements of cash 

for a project or project accounts, taken in annual sequence. 

Constant-Date Dollar. A method of analysis where the purchasing power of 
the dollar remains constant. That value is determined by prices which 
exist on the single date selected for use in the analysis and all esitmates 
are adjusted to that date. The amount and year should be indicated; for ex- 

ample, $12,750(77). 

Debt Financing. Capital investment from sources requiring a specific rate 
of''interest and repayment terms. Bank loans and bond sales are two examples. 

Depreciatio ~. A systematic and rational way of allocating cost, less sal- 
vage value, of a tangible asset over the useful life, modified by tax regu- 
lation practices. Also, the annual amount allocated. An allocation, not 

valuation. 
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Discount Rate. The ratio of change in value of a transacted amount over a 
unit of time, usually expressed as percentage annually andused to determine 
the equivalent value over time. 

fisca[ation. The percentage increase in one year in historic or estimated 
cost of equipment, materials, or labor as result of price increases. 

Interest Rate. The ratio of interest payment to remaining principal for a 
given unit of time usually expressed as percent per year. Frequently used 
on a contractual basis, for exampe, savings deposits or bank loans. 

Levelized Cost, Leve!ized Price. A goemetric series of costs or prices 
converted to a uniform series. As used in the guidelines, the costs or 
prices are the geometric series which increase at the escalation rate. 

Life Cycle Costs. The stream of costs incurred by a project over its entire 
life from concept study through construction, operation, and retirement. 

Net Salvage Value. The total of all receipts at retirement from sale of pro- 
ject salvage less all costs of retirement. It is part of the project capital 
accounting and can be positive or negative. 

Parameters. A set of values of variables which determine the characteristics 
or behavior of something. The financial analysis parameters determine the 
relationship of the required prices to the cost estimates. 

Process. A set of units operating together, or a single unit, which per- 
forms a defined conversion or transformation in the energy supply system. 
As used here, a project usually contains several processes, but may be a 
single process. 

Project. A specific design or plan for an energy facility. This may vary 
from a complete unit which is part of a process to a complete energy system. 
(See Battery Limits.) 

Required Selling Price. A calculated price which will pay all costs of pro- 
duction, including all operating expenses, taxes and a specified return on 
the capital investment. It is sometimes referred to as a minimum selling 
price, required revenue price, or a cost-based price. 

Start-up Date. The calendar date beglnning the continuous production run 
period for a project. 

Then-Current Dollar. A dollar having the purchasing power as of the date of 
transaction. The amount and year should be indicated; for example, $15,500(81). 

Turndown Ratio. A comparison of the minimum throughput capacity to the 
design capacity for the overall plant or major processor. 

Working Capital. The amount of the funds in addition to fixed capital needed 
to meet current disbursements during the operationalphase of the project. 
These funds cover such items as minimum cash required for smooth financial 
operations; raw materials, unfinished and finished project inventories; 
warehouse stocks of chemicals, catalysts, small tools and spare parts. 
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APPENDIX B 

GUIDELINES CHECRLIST 

This appendix summarizes the reporting requirements for" ar, eco- 
nomic evaluation report based on a preliminary cost estimate. The 
numerical listing of items refers to chapters or articles in the guide- 
line and Js provided as a convenience to the guideline user. Where 
information relating to a specific item is beyond the scope of the 
study or the information is not known, this should be so noted. For 
projects utilizing processes at the concept stage of development, 
information relating to many of the items will be necessarily incom- 
plete. Conversely, for a Commercial Demonstration Project, Jt is 
expected that informatie~ pcrtairdng to each item will bc fully avail- 
able and the list eonsf,!ered a minimum for reporting and evaluation 
purposes. 

,,, ,, 

Article 
NO, 

2.1 

2.2 

2.3 

2 .4  

2 .5  

3 .0  

4 . 0  

4 .1  

4 .2  

DcseJ'ipvJ or, 

P u r p o s e  o f  t h e  R e p o r t .  

Scope  o f  f a c i l i t i e s  in  one p a r a g r a p h ,  i n c l u d i n g  nominal  and 
o p e r a t i n g  c a p a c i t y ,  

C l a s s i f i c a t i o n  o f  p r o j e c t ' s  s t a g e  o f  t e c h n i c a l  d e v e l e p m e n t .  

C l a s s i f i c a t i o n  o f  c o s t  e s t i m a t e  and p r e p a r a t i o n  e f f o r t .  

C o n s t r u c t i o n ,  p r o d u c t i o n  and manpower s c h e d u l e s .  

P r o j e c t  S c o p e .  

C a p a c i t y  
C a p a c i t y  F a c t o r  
S i t e  C o n d i t i o n s  
P l a n t  L i f e  
F e e d s t o c k  C h a r a c t e r i s t i c s  
P r o d u c t  S p e c i f i c a t i o n s  
Thermal  E f f i c i e n c y  
P r o c e s s  S c h e m a t i c  
Offsite Facilities and Uti.lities 
Plant Expansion Allowances 
Plant Turndown and Alternate Feedstock Capabilities 
Plant Manpower 

Plant Design - Document the following: 

Process schematic diagrams 

Process flow diagrams 
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D.4 

computation will then give a negative amount which should be treated 

as a credit. This implies the sponsor can apply that amount to taxes 

due on other programs, and claim credit for the project accounts. 

The algebraic treatment will remain the same. 

Shortfall in Revenues. 

The example shows a negative amount for the first year's change in 

investor's balance ABAL. This means revenues were insufficient to 

cover net expense% interest on debt, return on equity and taxes, 

even though a t~x credit oecured. This shortfall should be distri- 

buted to debt principal retired, C~ and equity retirement, H~ in the 

regular way. No change in method is required, but debt interest and 

equiiy return should be footnoted to indicate that those amounts due 

are to be debited the amount of The shortfall. 

~[aintaining the algebraic sign in ABAL, as determined by the equa- 

tion in Figure D.5, ~il! correctly increase BAL by the amount of 

The shortfall It also provides the correct amounts returned to 

debt investors (B t + C t )  and t o  e q u i t y  i n v e s t o r s  (S t + H t ) .  Th i s  

means (E~. ~ + C_~) and (S t + H t) can continue to be used in present 

worth calculations. 

T L~ cccur~nce of shortfall and tax credits for the project does not 

ch~nZe the sponsor's debt service and tax obligations. It does pro- 

vide an accounting method to assure the project investment return is 

met. 

Equity Investors' Return. 

The present worth of pa3~ents to debt and equity investors should 

equal the start-up date investment. This amount for the equity 

investors is the sum of the discounted values of each year's equity 

return plus retirement, S t + Ht, taken at the equity discount rate 

i , or 
s 

m 
(i - r d) (TIC)=t~I[(S t + H t) (1 + is )-tl 
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D.5 

D.6 

The equity investor's rate of return is the value of i which makes 
S 

the equation true- The rules established for calculatin~$ the base 

case are based on this relationship. 

Levelized Fuel Products Price. 

The levelized required price is a product price which remains uni- 

form for the entire project life cycle. It is often used in stating 

the required price as determined by the utility financing nethod. 

The levelized price or revenue is a geometric series converted to 

the equivalent uniform series for the discount rate selected. In 

the example, the principal product revenues are escalating geometri- 

cally at the escalation rate. 

~athematically, the levelized required revenues may be determined by 

taking the present worth of all preduet revenu~ LC and cenverting 

that to equivalent uniform annual reve~u~e. 

A simpler method may be used with the~ ~ata developed in the example. 

Use start-up date required revenue, Le, to obtain the levelized 
! 

required revenue, L , for i of 0.122 and j of 0.07. 
P 

v 

L = no (i + j )  (P /A,  i p ,  j ,  m) (A/P ,  i p ,  m) 

= 362 .3  x 1 .07  x 11 .79  x 0 .136  

= 619 .4  

The l e v e l i z e d  p r i c e  would  have  a r a t i o  o f  6 1 9 . 4 / 3 6 2 . 3 ,  or  1 . 7 1 ,  t o  

t h e  r e q u i r e d  p r i c e  c a l c u l a t e d  f o r  s t a r t - u p  t i m e .  

Payback Pericd. 

Payback period is defined as the time required, using net revenues, 

to recover the initial investment at zero interest rate. Net 

revenues are defined as principal product revenues, Lt, less net 

e x p e n s e s ,  Nt, l e s s  t a x e s ,  T t .  N a t h e m a t i c a l l y  i t  s t a t e s  

Z X 
(TIC) - t ~ l  [L t  - (Nt + T t ) ]  
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D.7 

where x is the minimum value that makes the inequality true. For 

the exampl~ x = 7. 

ReNuired Selling Price for Several Products 

Section 8.1.5 presents the relationship required for determining 

required selling price for more than one major product. Where more 

than one product is produced, the required selling price for each 

product maintains a constant ratio to the required selling price of 

the other products. The ratio of the required revenues for each 

product line would also be constant. These should be based on estab- 

lished market price ratios in order to determine realistically the 

total revenue from all product lines. 

The ratio of each of the product,s selling price in any year, t, to 

its corresponding product price in a selected reference year will be 

the same for all major products. By maintaining the above relation- 

ships on price and revenue, plus equal escalation, the common 

rati~ c~ for year t can be defined as 

c t = Lt/L r 

where L r is a reference revenue based on the reference year prices, 

using the same production level for yeart. If Px,y is the price of 

the xth product in year y and Qx,y is the quantity of product then 

Lr = Pl,r Ql,t + P2,t +"" 

and 

Lt = ct (Pl,r Ql,t + P2,r Q2,t "") 

and the allocated required prices are ct,Pl,r; c t P2,r 

It is recommended that t be set for the start-up date (t=O) and all 

prices calculated accordingly. However a price for any year t may 

... respectively. 

71 



be converted to a price at start-up date by use of the escalation 

factors (1 + j) 

P0 - Pt (i + j) -t 

D.8 Example Data Summary 

Figure D.6 shows the Financial Analysis -- Data Summary with informa- 

tion developed in the example. 
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FIGURE 1) 6 EXAYPLE DATA 

~ I ~ A N C I A L  A N A L Y S I ~  - DATA 8U~,~,R.Y 

(Private/U~i l i ty) Pt~'v~tc 

~ o l l a r  Method (Then-c~rrent/Conatant date) 

Base Year Es t ima tes  

Ool la r  Year fop a l l  ~ase Data 197~ 

Estimated Construction Costs (Fig. 5.1 total) 

Depreeiable Plant Costs (1} 

Angus1 Operating Costs (Pig. 6.I total} 

Annual By-product Revenue (F ig .  7.2 to ta l )  

.(,9.~,~ TIOI 
I ~4 .~ I06  

Net: Operating Costs less By-products Revenue 1~J.SxlO ~ 

Major Product(s) Outout (2) 

Analysis Parameters 

Schedules Dates Times, years 

Construction ~I to  . ~J 4 

Operations ~5 to 2004 20 

Retirement 200,1 to 0 

Construct ion Exp, 
Rates (Z/year) (3) 9, 25, 36, ~0 

Plant Start-up Rates (% Annual Production Rate) 50,90,[00 ... 

Discount Rates (% per yeae) 

~onstruot ion Loans 

Debt Financing I0.0 

Equi ty  Financing 17.0" 

Overall Project Rate 

Financial Structure 

Debt (S to ta l )  JO 

Equity (% t o ta l )  60 

Escalation Rates (~ per year) 

General Rate 7.0 

Depreciat ion Hethods 

Tax Life (years) 15 

~ethod , SVP 

Analy~i~ Paramct~r~ ( c~n t . )  

Tax ~ate  and schedules  {,I) 

Effective Income To× ~at,: 

Federal In~c T~; Iiatc 

~tate/Leesl I~ccme Tax ~te 

EfFective l~vest~ent T~X Credit ~atc (ITC) 

ITC Claim ~chedulu (year, ~ of  investment} 

Tncome Tax Credit Treatment {5) 

d. 07J 

0.09 

BaseData Ad~ug.~ed to Start-up Date 

Total Capitalized Investment, TIC ($) 1259.~ I0° 

Oepreeiabls Plant Investment (1) 1~)~.A~.[,7 ~ 

Annual Operatln~ Costs fOO. Ot]O ~ 

Annual By-product Revenue 0 

Net Annual Opernting Cost (S/year) 200~I06 

Year of Adjusted Data 19~5 

Analysis Results 

Major Products  P r i ce  ($ /un l t}  (2} 30.19 

P r i c e  Date ( d o l l a r  yea r )  19~5 

Overall Project Rate-of-Return (% per year) IC~? 

Equity Investors' Rate-of-Return (% per  year} 17,O 

Payout Period [at zero interest) ~ !te,I~ 

Levelized Product Price ~I.~I 

Notes: 

(1) 

(2) 
(J) 

(4) 

(s) 

Oaprec[ahle costs are total costs less aondepreeiah[e 
items. See Figure 5.1 for items, 

List each product to be priced. 

Percentage of base year estimate, 

For income taxes and investment tax credits only. 

For cases wher~ allowed deduetsble expenses exceed actual revenues. 



APPENDIX E 

RECOMMENDED BASE CASE PARAMETER VALUES 

This appendix lists financial parameter values for use in the base 

case analysis. These are shown in Figure E.I. Value ranges for sensi- 

tivity analysis for six parameters are shown in Figure E.2. 

The use of specified financial parameter values and the procedure 

in Chapter 8 are recommended to give a common basis for the financial 

analysis and the determination of the required price. The values speci- 

fied in this appendix are the result of discussion among participants 

and review of data for reports on prejects similar to those covered by 

the guidelines. Periodic updating should be done, but for the purpose of 

continuity a minimum period of two years is recommended. 

Where the analyst believes there are more appropriate parameter 

values than those specified, an alternate case should be run, and results 

reported alon~ with the basis for the changes as set forth in Article 8.4. 

Also, the alternative case approach is recommended for comparison of the 

project to other project studies which have already been completed and in 

which different values for parameters were used. 
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FIGURE E. 1 

RECO}£~ENDED FINANCIAL ANALYSIS PAEA/iETERS 

FOR THE BASE CASE 

Sponsor: A !arqe investor-owned, non-utility firm. 
and claimin~ tax credits as they occur. 

Dollar M~thod: Then-Current Dollars. 

Capable of financing project 

Oollar Date for Base Year Estimate, 1979 

Schedules 

Construction 

Operations 

Retirement 

Coustruction Expenditure Rate (% year) 

Plant Start-up Efficienees (% each year) 

Discount Rates (% per year) 

Construction Loans 

Debt Financing 

Equity Financing 

Financial Structure 

Debt (% total) 

Equity (% total) 

Escalation Rates (?~ per year) 

General Rate 

Oepreciation ~lethods 

Tax Life (years) 

Method 

Tax Rates and Schedules 

Effective Income Tax Rate 

Federal Income T~ Rate 

Effective Investment T~x Credit Rate (ITC), % 

ITC Claim Schedule a year,% of investment 

Income and Other Tax Credit 

Dates 

1981 - 1984 Incl. 

1985 - 2004 Incl. 

2004 

Time, Y e a r s  

4 

2O 

( I n s t a n t )  

9/-4,251-3,361-2,30/-t 
5 0 / 1 , 9 0 / 2 , 1 0 0 / 3 ,  e t c .  

n/a 

I0 

17 

40 

60 

15 

SYD 

0 .50  

0 .46  

9% 

Year of Oecurence 

Year of Occurence 
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FIGURE I<-2 

SENSITIVITY ANALYSIS 
PARAMETERS 

Parameter 

Financial 

Fina:'cial Structure 

Debt (% Total)* 

Escalation, % 

Investment, % Base Case 

Investmcut Tax Credit, % 

Locational 

Coal Price ~/Ton 

( E a s t e r , , )  

C o a l  F r i c e  ! / T o n  

Lcw Med. 
Low 

0 30 

4 

90 

0 

17 22 

Test Values 

Base 

Case 

40 

7 

16o 

Med. 

High 

65 

IIJqh 

i00 

12 

o 5 39 

II 14 

40 

~g 
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4.~ 

4.5 

4.6 

5.1 

5.2 

Heat and material balances 

Equipment design and selection listing 

Non-standard equipment 
Materials (e.g., linings, special steels, etc.) 
Specifications (e.g., size, type, etc.) 
Number of spares and operating units 
Package plants 
Power generation or source 
Results of trade-off studies 

Waste Management 

Document p r o c e s s  design, types of control technologies, 
toxic streams and their special safety requirements for 
water, air and solid emissions. 

Engineering assumptions 

Data sources 
Reaction design assumptions 
All input and output stream flow rates and compositions 
Temperature (and temperature profiles, if applicable) 
Pressure (and pressure profiles, if applicable) 
Residence times for each phase 
Catalyst life (if catalyst required) 
Catalyst circulation rates (if catalysts required) 
Catalyst makeup rates (if catalysts reqdired) 
Percent conversion or conversion efficiency (define 

basis) 
Void volumes in packed beds 
Expanded bed densities in fluidized beds 
Recirculation rates in an ebullated bed 
Equilibrium temperature 
Space velocities 
Suoerficial velocities 
Compositions and flow rates of all bypassing, recycle 

or intermediate w~thdrawal streams 
Characterization of contaminants in the reactor 

effulent: particulates quantity and size 
distribution, tars (in the case of gasification, 
both quantity and composition), etc. 

Stream physical properties of intermediate streams 
Other assumptions used for equipment sizing 

Method of estimating capital cost 

Installation factors for equipment 
Source of equipment cost and price information 
Price year and escalation factors 

Process and offsite purchased equipment and installation 
costs 

A list of all major equipment and plant components~ 
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5.3 

5,4 

6,1 

6.2 

6.4 

7.1 

7.2 

Capital cost summary 

Land 

Total installed cost 
Paid-up royalties 
Initital cata]yst chemicals and operating supplies 
Working capita] 
Start-up cost 
Contractor's home office' costs and fee 
Owner's cost 
P r o j e c t  coutJ~ency 
Process contingency 

Construction schedule 

Treatment of capital recovery 

Source of price data for Feed materials and other supplies 

E s c a l a t i o n  and price index used 

Estimates showing quantity and amount ef the following 
annual costs: 

Feed materials - coal 
Feed materials - other 
Catalyst, chemicals, operating supplies 
Utilities and Fuel 
Operating labor 
Maintenance 
Supervisory labor 
Administrative and general overhead 
Fringe benefits 
Local taxes and insurance 
Royalties 
Waste disposal 

Production Schedule 

Market study summary covering: 

Depth and scope of study 
Market location and types of available transportation 
Impact on transportation system capacity 
Impact of production size on market 

For each by-product: 

Name 

Unit of sale 
Unadjusted market price, data source 
Adjusted price, point of sale 
Shipping and selling costs 
Price F.O.B., project site 
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7.3 

8.1 

8.2 

For each by-product: 

Name 
Annual quantities 
Unit price 
Annual Revenue 

Sponsor (ts~e) 
Dollar method 
Base year date for all estimates 
Construction cost* 
Depreciable plant cost* 
Operating costs estimate* 
By-product revenues* 
Net expenses* 
*Also report adjusted estimates at start-up date 
Start-up date 
Construction schedule (dates) 
0Derations period (dates) 
Ret{rement schedule (dates) 
Construction expenditure schedule, % each year 
Plant start-up efficiency, % each year 
Construction loan discount 
Debt ~nterest rate 
[quity rate-of-return 
Overall project rate-of-return 
Debt as percentage of financing 
Equi~ as percentage of financing 
Escalation rate 
Depreciation method 
Depreciation period (tax life) 
Effective income tax rate 
Federal income tax rate 
State/'local income tax rate 
Investment tax credit rate and schedule 
income tax credit claim schedule 

Product price(s) and date of price 
Project rate-of-return realized 
Equil-y investors' rate-of-return realized 
Pay out period 
Levclized product price(s) 

Year-bynvear schedule of following: 

Capital investment 
Capital returns or losses on retirement 
Product revenues 
By-product revenues 
Feedstock expenses  
Other operating expenses 
Debt interest 
Debt retired 
Equityreturnand recovery 
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8.2  

8.3 

8,4 

9 .0  

Y e a r - b y - y e a r  s c h e d u l e  o f  f o l l o w i n g :  I c o n t . )  

Income t a x c s  
D e p r e c i a t i o n  

List of parameters and values for sensitivity analysis 

For alternate case analysis - provide same information 
as 8,1, 8.2 and 8.5 

Comment on : 

Recommended use of the report 

Parameter values validity 
New technologies and material reliability 

Status of the reporter 
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APPENDIX C 

THE GUIDELINES REVIEW GROUP 

When ESCOE announced the commencement of this task to prepare guide- 
iinc~ for estimatin~ cost of energy projects there were several expressions 
of interest by individuals with knowledge and experience in dealing with 
thi~ subject. A~ Advisory Board of seven had been formed to give a broad 
viewpoint, but it was apparent that the additional review would help. 
The review Group ~embers who provided review and comment are listed here. 
Their help has been a significant contribution and their efforts are appre- 
ciated. The final preparation and content of the guidelines, however, is 
the responsibility of the Task Manager. 

G. I. Ard<rum 
U . S .  Department of E n e r g y  

Louis H. Berkshire 
Economist 
U.S. Department of Energy 

George H. Bolton 
Director, Supply Technology 
Columbia LNG Corp. 

Harry W. Colborn 
Manager, Technical Assessment 

Planning Staff 
Electric Power Research Institute 

Niehael S. Edwards 
Oak Ridge National Laboratory 

Stanley W. Ehrlich 
Director, Engineering 

Construction 
Brooklyn Union Gas 

Michael Gluck~an 
Electric Power Research Institute 

Duryea A. Gray 
[I.S. Department of Energy 

Roger G. Gregoire 
The Center for Environment 

and Man, Inc. 

Howard C. Heard, Jr. 
Federal Energy Regulatory Commission 

Donald H. Hess!in~ 
Cities Service Company 

James E. Jones, Jr. 
Director, Technology Assessment 
Kentucky Bureau of Energy Research 

Joseph M. Kaeser 
Manager, Market Planning 
Computer Sciences Corporation 

Professor Sidney Katell 
College of Mineral and Energy 

R e s o u r c e s  
West Virginia University 

J. Kinane 
Manager of Estimating and Cost 

Engineering 
Arthur G. McKee and Company 

H. J. Klooster 
Manager, Process Engineering 
Fluor Engineers g Constructors, Inc. 

Delbert M. Leppke 
Vice President 
Fluor Power Services, Inc. 

Charles M. Minott 
Boston Edison Company 

Frank D. O'Brien 
President 
Project Management Institute 

Dr. N. S. Parate 
Pennsylvania Public Utility Commission 

Royes Salmon 
Oak Ridge National Laboratory 
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Appendix D 

FINANCIAL ANALYSIS PROCEDURES 

D.I 

Appendix D gives background and examples for the financial analysis 

requirements of Chapter 8. This material uses the same basic calcu- 

lation rules and assumptions that were set forth in that chapter. 

The financial analysis parameter values are taken from Figure E.I. 

Algebraic symbols and compound interest factors used in this appendix 

are shown in Figures D.I and D.2, respectively. 

Calculating Total Capitalized Cost~ TIC 

The examples in this discussion assume the estimated construction 

cost is $1,000 x 106, stated in prices as of start of construction 

date. That is shown as the base year amount in Figure D.3. The 

following steps are needed to complete the figure: 

(1) Estimate the construction period discount rate. For private 
and utility financing use the overall project rate of return. 
This is the after tax weighted average; see the example below. 
For a public authority use the appropriate debt financing 
interest rate. 

Example: After tax weighted return 

Weighted return for project i 
P 

Effective income tax rate f : 0.5 

D e b t  i n t e r e s t  r a t e  (10%) i d = 0 . 1  

Equity return rate (17%) i = 0.17 
s 

Debt f~nancing ratio r d = 0.4 

ip = (I-f) x r d x i d + ..(l-rd)i s 

= 0.5 x 0.4 x 0.i + (i-0.4) x 0.17 

= 0.122 (12.2%) 
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I 

Figure D,I 

ALGEBRAIC SYHBOLS 

Cash ~Iow Items e 

= Sntcrest payment on debt 
D - Debt principal retired 
S = Equity return 
H = Equity retired 
L = Major p r e d t l c t ( s )  rcvsnu~ 
N " Net operating expenses, total expenses l e s s  by-product 

revenues, but excluding depreciation or lnterest 
T = Income taxes 
W = Net retirement phase salvage or cost~ including land 

and working capital 

Non-Cash Plow Items* 

Q " Quantity of  m a j o r  p r o d u c t ( a )  produced 
D = D e p r e c i a t i o n  

Rate____~s ,. 

i d - Interest r a t e  on deb t  

i = Rate of r e t u r n  on e q u i t y  
S 

t - O v e r a l l  rate of r e t u r n  
P 

j - Escalation or inflation rnte 

Other  V a r i a b l e s  

t =  
k -  
m m 

r -  
e m 

C m 

p =  

r d "  

TIC - 
9AL - 

EV - 
ECC " 

Year In a sequence, used as subecrlpt 
Tax ills, fordepreciatlon 
Number of years productive operation . 
Effective income tax rnte 
Percent of annual production realized 

( f o r  start-up s c h e d u l e ) *  
P r i c e  c o e f f i c i e n t * *  
Product price; may have subserlpte 

f o r  product number and yea r**  
Debt f i n a n c i n g  to  T o t a l  C a p i t a l  Investment r a t i o  

Total capitalized investment at start-up 
Balance of unretlred investment* 
Balance of  depreclable investment, Book Value* 
Estimated conetructlon cost in base year 

*Symbol is to be subcrlptcd wlth t to indicate year of occurcnce. 
**Oeed to allocate costa where there is more than one Euel product. 

• r" • 

Figure D.2 

COMPOUND INTEREST FACTORS 
DEFINITIONS AND FUNCTIONAL FOR~IS* 

P " Present Amount (Present Worth) 

F m Fut,re hmo,nt (Future Worth) 

A " Annuity (equal annual or periodic amounts) 

- Gradient (equal llne~r increments) 

i m Discount Factor (e.g.. interest rate) 

J - Exponential Increase (for inflation) 

m = Number of Periods 

Present Worth of a Future Amount 

(PIF,I,m) - (I + I) -m 

Present Worth of  an Annuity 

(P/A,i,m) - [(I + i) m - I] /[ i(l+i) m] 

F u t u r e  Worth o f  an Znnu i t y  

( P / A , i , m )  - [(1 + t )  m - I] / i  

Present Worth of Gradient (beginning in second p e r i o d )  

(P/G,i,m) = [l - (I + ml)(l + i)-m]]l 2 

Present Worth of Geometrically Increasing Annuity, (White, p. 72) 

(P/Al,i,~,m) - [I - (I + J)m(1 + l)-m]/(l - J); i ~ J 

All factors are based on end-of-period transactions. 

*Adapted from ANSI Z94.5 - 1972, 
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All dollars in t hen-curr~n t  (a) 
Escalation rate 7% 

Item 

or 
Acct. 
No. 

Description 

Scheduled Construct ion 
E~timate (not escalated)  

E~ calated E s t a t e  

Inves tors  Contr ibut ion  (b ) 

Return due on Balance 

I n v e s t o ~  ' Balance 

(a) Except row ! i s  in  1980 

(b) The e~calated construct% 

(c) The exampZe ~ e ~  90% of 
This is  $1,000 x 106. 

(d) Total  cap i taZiz¢  C inves~ 

FIGURE D.3 

EXAMPLE ACCOUNTS FOR TOTAL INVESTMENT ESTIMATE 

($ x 10 6) 

Base, COl. No. 
Year %~ yr/(3oun t \ )! 

873.44 
(I000 in  1980) 

zons tan t -da te  do, 

on es t imate  for  

t~6~ amount ~ d 

~ent at  ~ t a r t - u p  

! 2 3 4 5 

81 82 83 84 

-4 -3 -2 -I  

~ 0 

(90.0) 

96.3 

87,6 

87.6 

:he y¢ar Zes~ 

preciab£c l~ 

(250.0} (360.0) (3oo.o) 

Start-up 
(Totals) 

t ime,  TIC. 

286.2 

260.5 

10.7 

441.0 

401.3 

43.7 

393.2 

351.8 

98.1 

1216,8 

1107.3 (c) 

152.5 

358.8 

[ n v ~ t ~ e n t  

tve~ tmen t.  

803.9 

Tax Cr~d6t, 

1259.8 

ITC. 

1259.8 (d) 



D.2 

(2) Scheduled construction estimate. Line 1 in Figure 
D.3 is an example. Allocate the base year unadjusted 
construction investment in accordance with the schedule 
of Construction Exp. Rates under Analysis Parameters in 
Figure 8.1. The schedule rates in percent/year speci- 
fied in Figure E.I are 9/-4, 25/-3, 36/-2, and 30/-1. 

(5) Escalated estimate, line 2. 
Adjust each year's scheduled construction estimate for 
escalation. Use an escalation factor (I + j)At for 
escalation rate j, and time At from the base year of 
the estimate to year of construction. 

(4) Investor's contribution, line 3. 
Adjust each year's escalated estimate for the invest- 
ment tax credit, .ITC, to be claimed. This amount is 
the investor's net cash contribution for that year. 
The example uses ITC of 9%, or 0.09, and the third line 
is (1-0.09) times the escalated estimate. 

(5) Interest on balance, line 4. 
This is the interest plus return, less income tax credit 
due the investors. It is the overall return i , times 
the previous year's balance, BAL(t_I ) . P 

(6) Investor's balance, line 5. 
This is the sum of the previous year's balance BAL 

(t-l}' the Investor's Contribution and Interest on Bazance. 
The balance at start-up time is the Total Capitalized 
Investment, TIC. 

The use of the overall rate-of-return to determine interest on 
balance in step 5 implies that interest on debt is used in estimating 
an iucome tax credit that is claimed by the sponsor. 

Principal Product Revenues Estimate 

Principal Product Revenues, Lt, are the required revenues used in 

determining product required price. For each year the principal 

product revenue L t, must cover debt interest Bt, debt retirement 

C t, equity return and retirement S t and Ht, income tax T t and net 

expense N t 

L t = B t + S t + H t + T t + N t 

where the income tax factor f is used to calculate tax T t. 

T t = f [ L  t - (N t + B t + D t ) ]  
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The calculation methods described in this appendix r e q u i r e  estimates 

of the following accounts at start-up date. 

D.3 

(i) Investor's Balance, BAL o. This was determined by the 

procedure described above Jn Article D.I and shown as 
6 

an example in Figure D.3. The amount is $1,259.8 x I0 
for the example. 

(2) Depreciable Investment, or book value at start-up, BV 
was estimated in Figure D.3 as $I,000 x 106 . o 

(3) Net Annual Operating Costs at Start-up, N 
o 

Adjust the net annual operating cost for escalation 
changes between the base year date of the estimate in 
Figures 6.1 and 7.2 and plant start-up date indicated 
in Figure 8.1. This amount is also shown in Figure 8.1 
under Base Data Estimates. As an example of adjustment 
of base year estimate in net operating cost, N,, to a 
start-up value, N , over the period 1978 to 1985 assume 
At = 7% escalation, j = 0.07. Then, 

At 
N O = N . ( I + j )  7 

= 125 X 1.O7 

= 200 (A 60.6% increase) 

(4) Principal Product Revenue, L 
o 

An approximate estimate of" L may be obtained by the 
o 

following: 

L = N + (TIC) (A/P, i ,m) 
o o p 

In the example: 

L 
0 

= 200 + 1259.8 x (A/P, 12.2, 20) 

= 200 + 1259.8 x 0.1356 

= 3 7 0 . 8  

The solving value is 362.3. 

Completing the Estimates for the Project Life CTcle - Cash Flow• 

Figure D.4 shows the results of the example calculations for the 

capital investment period and four selected years during the 20- 

y e a r  i n v e s t m e n t  p e r i o d .  
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Ln 

[ ~l l  d o l l a r a  in then-current ( t )  

: s c a l a t i o n  r a t e  .7% (2) 

Ite~ 
Dp 

Acct. 
No. 

Oesuript ion 

1 £apL~a2 invg.~tmcn~ 

3 pn~,~c, LWA t>zoduc~ nevenua~ 

It O~te..z .,zev~tueA [B~j-paedac.~) 

5 ToZa2 revenue.4 

?~03~lCT~qCW EXP&~llT;YJ~£S la) 

7 O~:hea opeaa2.~ 9 exp~z~e.~ 

8 7oZa2 , ,xp~g/JAu~ e~ 

CA~YFAL R6COVE~ & TAX 

9 Debt .i.ake,ze,.st. 

10 Deb~ p,'vLr~cipa, l. ne:6iaed 

11 £qu£,t~ 4~, ,dm 

12 £qu, i~p - ~eZi-~emer~ 

13 .qrtcome Tm= 

ll~ To~a,L Can. ~ecove,  uj Co,a,f. 

O~IP~TAT~t Y ACCO~INTS 

15 ,'?o.2 exper~ "~ Ib) 

16 OaptecJ.aZ'on 

18 "P4oduc~o'~ l e v e l  (d) 

(a) ~xclude2 cuLL c~zp~o~ ceeove4 

Ib) Line  6 p2aj dJ.ne 7, ie~ £1n, 

(cJ Deb~ and ~qui~y ./nve4-~oa6 ~ u~ 
bai~mce, Znc/~de~ /~e~e~ 

{d) Sho~ on~bz~am e a p a c i ~  pe,zee~ 

Col No. I 
B a s e ' ~  
Year ~ _ J _ 3  

~,16.3 I£~0.0 

[9001 

r, ~c.lutUJty U te~e~ o~ 

,'l~eOV~tl~d 

FIGURE D.4 - EXAMPLE RESULTS 

PROJECT LIFE CYCLE - CASH FLOU 

2 3 .I 5 ~ 7 #. 

-1 

,~7 • 6 

- 3  

87.6 

bt. 

(~) Either "the,:-atwPent" or dale fop c o n s t a n t - d a t e  d o l l a r s  
(~) Genera l  r a t e .  q n d i c a t e  any d i f f e r e n t :  l i n e  i tem r a t e s  unde r  d e s c r i p t i o n .  
(3) Year .  C a l e n d a r  y e a r  i s  r e q u i r e d  w i t h  t h e n - c u r r e n t  d o l l a r  ana ly .~ i s .  
(4) Per iod  number w i th  r e s p e c t  to  p l a n t  s t a l ,  t - u o  d a t e .  

10,7 

3~8.X 

-2 

43,'; 

30 L ? 

-1 

I 
~57,.V 

I 
I 98.  I 

12";9.8 

I 
i 

i 

I 
I 
1 
I 

I 
i 
I 
1 

i i ! 

I 
I I 2 0 0  
I 

! [t~)D) 

;~59.8 

19J.9 

50.4* 

-19.1 
128.5" 

-28.7 

-$'4. t 

86.q  

107 . 0 

12 ~. 0 

l ~07.n 

O, 5 
I 

86 

'2 

373.4 

52.3* 

-7.0 
133.4" 

- I0 ,5  

-O.g 

167,3 

206.1 

116.7 
1325.1 

0~9 

21 22 

15 t~ 

42.~ 38;9 

3~.0  48 ,4  
109.2 99.3  

5 ~ . 5  72.5 

19~.4 ~20.2 

447.9 479.5 

551.~ 590.4 

~.3 0.0 

9 7 3 , 4  852.5 

*Amemlt d.0 (uve~ h"~, ,h/juz, t 
bat'atwo due by the a,]vmlt o,~ 
,.hc,'it(~aCl' ~,hva'~l e .  the ' u , t / ' t e -  
r~tOlli" t ' t ' . t '  i.*pi..'d/,ltt't'{I be~'t'v.'. 



Investment and Retirement, Lines i and 2. 

The method for obtaining the investment schedule was described in 

the example in Article D.I. Note in Figure D.4 that line i, 

Capital Investments, shows the schedule of cash input to the pro- 

ject or the investor's contribution of Figure D.3. Line ]4 shows 

the added obligation for interest and equity return less income 

tax credit. These two amounts are added to the previous year's 

balance to get the new balance on line 17. Actual construction 

payout is not shown, but would be line i plus the amount of that 

year's investment tax credit. 

Production Revenues, Lines 3, 4, and 5. 

A method for a preliminary estimate of Principal Product Revenues, 

L o, was sla¢,wn above. As stated in Chapter 8, any subsequent amount 
t 

Lt, in year t varies directly with the inflation factor (l+j) and 

production level e t. 

L t L (1+j) t = 0 X e t 

A l l  r e v e n u e s  and e x p e n s e  i t e m s  a r e  t r e a t e d  a s  p r o p o r t i o n a l  t o  t h e  

p l a n t  p r o d u c t i o n  l e v e l  and  t h e i r  c o r r ' e ~ n o n d i n g  p r i c e s  a r e  e s c a l a t e d  

a t  t h e  same r a t e .  The fo r~nu la  and e x a m n l e  c a l c u l a t i o n s  a r e  shown 

in Figure D.5. 

By-products revenues is the only source of other revenues considered. 

The original data from Figure 7.2 should be adjusted for escalation 

and both amounts reported in Figure 8.1. No revenues are shown for 

by-products in the example in Figure D.4. 

Production Expenditures, Lines 6, 7, and 8. 

These expenditures have been divided into feedstock and other costs 

to permit sensitivity study on the former. Both data would be taken 

from Figure 6.1 and adjusted to start-up date. These are also 

treated as proportional to the plant production level and escalated 

at the same rate; that calculation procedure is the same as the one 

shown in Figure D.5 for Principal Product Revenue and for Net 
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0peratin Z Expense. The example in Figure D.4 does not break out 

the production expenditure components. 

Capital Recovery and Tax, L{nes 9 - 14. 

These are cash flow accounts. Their completion requires the use of 

the computation accounts below. The recovery of the equity invest- 

ment has been broken into two accounts, return and retirement, so 

that a~k shortfall in return maybe identified. 

Computation Accounts, Lines 15-18. 

These lines are computation accounts used to complete the cash flow 

accounts For each year and to provide other record information. 

The computation for these last two sets is based on the rules set 

forth in Article 8.7 and the formulae presented in Article D.I. 

Principal product Revenue L t, must cover debt interest B t, debt 

retirement C t, equity return and retirement S t and H t, income tax 

T t and net expense N t 

L~,~ = ~ + C t + H t + T t + N t 

T t = f [L t - (N t + B t + Dt)] 

Procedure for L t has been covered above. Figure D.5 shows the 

formula and example computations for each of the line items. 

There are two circumstances that require special consideration, 

income tax credit and shortfall in revenues for capital recovery. 

These are discussed below. 

Treatment of Income Tax Credit. 

As shown in the example, in the early years of operation, the allowed 

expenses for tax computation maybe greater than income. The tax 

67 



0% 
00 

Line* 

3 P r i n c i p a l  Product 

Revenue 

15 Net Operating Exp. 

9 Debt Interest 

16 Depreciation 

(SYD) 

13 Income Tax 

11 E q u i t y  Return 

- Retire from Balance 

I0 Retire Debt Principal 

12 E q u i t y - R e t i r e m e n t  

17 New Balance 

FIGURE D.5 

EXAMPLE CALCULATION FOR CASH FLOW 
, , , , ,  , 

I t e m  F o r m u l a  Example Example 
t = 1 t = 16 

L =L (l+j)te 
t o t 

Nt=N ( l + j ) t e  
o t 

Bt=idrdBAL(t_l) 

D =2BV ( k + l - t ) / [ k ( k + l ) ]  
t o 

T t = f [ L t - ( N t  +Bt+Dt ) ]  

S t = t s ( 1 - r d ) B A L ( t _ l  ) 

(&BAL)=L- (Nt+Bt+Tt+S t )  

3 6 2 . 3 x l . O 7 1 x O . 5  
= 193.9  

200x l .O71xO.5  
= 107 .0  

O. lOxO,4x1259 .8  
= 50.4* * 

2xlOOO(16-I)/240 

= 125.0 

0.5[193.9-(i07+50.4+125)] 

= -44.3 

0.17(0.6)1259.8 

= 128.5"* 

193.9-(107+50.4-44.73+1285) 

3 6 2 . 3 x l . O 7 1 6 x I  
= 1069.7  

200x l .  OT16xl 
= 590 .4  

O. lOxO.4x973 .4  
= 38 .9  

2 x 1 0 0 0 ( 1 6 - 1 6 ) / 2 4 0  
= 0 

0 . 5 [ 1 0 6 9 . 7 - ( 5 9 0 . 4 + 3 8 . 9 + 0 ) ]  
220.2 

0 . 1 7 ( 0 . 6 ) x 9 7 3 . 4  
= 99 .3  

1069 .7 - (590 .4+38 .9+220 .2+99 .3)  

Ct=rd(ABAL) 

Ht=(1- rd) (ABAL)  

BALt=BAL(t_I)-(ABAL) 

= -47.8 

0.4(-47.8) 

= - 1 9 . 1  

0 . 6 ( - 4 7 . 8 )  
= -28.7 

1259.8-(-47.8) 

= 1307.6 

= 120.9  

0 . 4 x 1 2 0 . 9  

= 48.4 

0.6x120.9 

= 72.5  

9 7 3 . 4 - 1 2 0 . 9  
= 852.5 

* Line numbers as shown in Figure D.4. 

** Indicate in the report that amount due must be adjusted for shortf~i!l. 
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