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FOREWORD

THIS FINAL REPORT 1S SUBMITTED TO GEORGE C. MARSHALL SPACE
FL1GHT CENTER, NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, BY
THE TecHNoLoGY DEVELOPMENT CorPoRATION (TDC). THIS DOCUMENT
SERVES AS THE FINAL REPORT OF THE STUDY ENTITLED “CoAL CONVERSION
INDUSTRIAL APPLICATIONS” UNDER CONTRACT NAS8-338u43, TeCHNICAL
DIRECTION FOR THIS STUDY EFFORT WAS PROVIDED BY MR. JOoSEPH HAMAKER.
QUESTIONS OF A TECHNICAL NATURE SHOULD BE DIRECTED TO EITHER
Mr. Dennis WARREN orR MR. Josepn Dunkin oF TDC AT (205) 837-7762.



CONCLUSIONS

TH1S STUDY'S PRIMARY EMPHASIS WAS ON THE DEVELOPMENT OF THE
SynFueLs Economic EvarLuaTtion Moper (SEEM). HoOWweveR, THE MODEL WAS
UTILIZED FOR ANALYSIS OF THE TVA COAL CONVERSION FACILITIES COST
AND PRODUCT ECONOMICS., ALSO, SIX MANWEEKS OF EFFORT WERE DEVOTED
TO CUSTOMER GAS CONSTITUENT REQUIREMENTS AND NEW INDUSTRY ENERGY
REQUIREMENTS. MAJOR CONCLUSIONS FROM THIS STUDY ARE SHOWN ON THE
FACING PAGE.
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CONCLUSIONS

o MoperATE YEARLY FUTURE EscALATIONS (= 6%) IN CurRRENT NATURAL GAs
Prices WiLL ResuLT IN Mepium-BTU Gas BECOMING COMPETITIVE WITH
NATURAL GAs AT THE PLANT BOUNDARY.

i e UrtiLizing DRI Price PROJECTIONS, THE ALTERNATE SYNFUEL PRODUCTS,
| ExcepT FOR ELECTRICITY, WiLL Be COMPETITIVE WITH THEIR
COUNTERPARTS.

o CeNTRAL-SITE FueL CELL GENERATION OF ELecTricITY, UtiLizine MBG,
s EconoMmICALLY LESS ATTRACTIVE THAN THE OTHER SYNTHETIC FUELS,
G1ven ProJecTED PRICE RISES IN ELeECTRICITY PRODUCED BY
ALTERNATE MEANS.

o Because ofF THE ESTIMATED NORTHERN ALABAMA SYNFUELS MARKET DEMAND,
ExISTING CONVENTIONAL FUELS, INFRASTRUCTURE AND INDUSTRIAL
SyNFUELS RETROF1T PROBLEMS, A DiVERSITY OF TRANSPORTABLE
SyNFUELS PropucTs SHouLd BE PRODUCED BY THE CoAL CONVERSION
FaciL1Ty,



TECHNICAL APPROACH

THE STUDY OBJECTIVES AND THREE PRIMARY TASKS ARE ILLUSTRATED.
MAJOR SUBTASKS ARE ALSO DEPICTED
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TE NICAL

STUDY OBJECTIVES

e Deverop SYNTHETIC FUELS
PropucT Mix MopcL
o AnALYZE ReEG1ONAL INDUSTRY —
BENEFITS
o IpeNTiFY CusTOMER GAS CONSTITUENT
REQUIREMENTS
TASK 3

GAS COWSTITUENT REQUIREMENTS 1

PROACH

TASK 1

SYNFUEL ECONOMICS MODEL

OBTAIN/ExPAND DATA ON SuppLy,
Demanp, CosT & PRICE

ComPUTERIZE EconNoMIC ESTIMATING
RELATIONSHIPS

FORMULATE & EXECUTE SYNFUEL
PRODUCTION SCENARIOS

COMPARE WITH SELLING PRICE OF
CompPeTING FossiL FueLs

TASK 2

IDEnTIFY GAS REQUIREMENTS FOR
SpeciFIC INDUSTRIES

NEW INDUSTRY ENERGY
REQUIREMENTS

o ExAMINE NATIONAL & REGIONAL
INDUSTRY GROWTH

o IDenTiFy New LARGE INDUSTRY
USErs

¢ DescrIBE NEw INDUSTRIES BY
SYNFUEL USE




PROJECT SCHEDULE

THE STUDY PROJECT FOUR-MONTH SCHEDULE, MILESTONES, AND CONTRACT
MANHOURS ARE SHOWN. AGAIN, THE MAJOR RESOURCES WERE ALLOCATED 10
DEVELOPMENT OfF THE SYNFUELS Economic EvaLuation MoDEL.
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PROJECT SCHEDULE

WEEKS AFTER CONTRACT AWARD CONTRACT
ITEM MANHOURS
12131415161 718{9}10111(12}13|14]15]16
® INITiAL COORDINATION A
MeeTine wiTH COR
B UL ] S ———
. 1,040
DEVELOPMENT & ANALYSIS
e New INDusTRY ENERGY 120
REQUIREMENTS _
@ IpenTiFicATION OF CUSTOMER
- BGAs CONSTITUENT - 126
REQUIREMENTS
o OTtHER TAsks _ 160
o FiINAL BrRIeriNs AT NASA/MSFC A
@ FiINAL RePoRT PREPARATION d 200
® FiNAL RePorT DELIVERY- A
® PROGRESS REPORTS A A A A
TOTAL 1,640
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TASK 1

SYNFUEL Economic EvaLuATION MoDEL (SEEM)

TASK OBJECTIVE:

Desien, Cope, EXecuTe, AND DOCUMENT A COMPUTERIZED
SIMULATION WHIcH WiLL MODEL THE Future MARKETABLE
SELLING PRICES OF DIFFERENT SYNTHZTIC FueL Propucts,
THEIR RespecTive ProbucTION CosTs, AND THE

MARGIN FOR PROFIT AVAILABLE From EacH ProbucT,
IDENTIFY THE MosT ATTRACTIVE SynevEeL ProbucTs,



SYNFUEL ECONOMIC EVALUATION MODEL
- MATRIX-ORIENTED PROGRAM STRUCTURE -

The SynrFuerL Economic Evaruation Moper (SEEM) 1s ORIENTED AROUND
THE CHANGE IN VALUES OF THE ELEMENTS OF CERTAIN MATRICES. THE COSTS
UF BUILDING AND OPERATING THE PLANT ARE COMPUTED IN THE FUNDAMENTAL
Cost MATRIX. PRICES OF FUELS, SUCH AS NATURAL GAS, WHICH COMPETE
WITH SYNTHETIC FUELS, ARE CALCULATED IN THE CoMPETING FueL PRICE
MATRIX. THE QUANTITY OF SYNFUEL WHICH 1S MANUFACTURED EACH YEAR IS
COMPUTED IN THE SYNFUELS SuUPPLY MATRIX. THE AMOUNT OF ANNUAL REVENUE
WHICH WOULD BE GENERATED BY SELLING THE SYNFUELS AT THE MARKET PRICE
OF THE COMPETING FOSSIL FUEL IS CALCULATED IN THE SYNFUELS REVENUE
MATRIX. THE CAsH FLOW MATRIX THEN CONTAINS THE REVENUE MINUS COST,
CN A YEARLY BASIS, OF THE PLANT FACILITY OVER THE LIFETIME OF THE
PLANT.



SYNFUEL ECONOMIC EVALUATION MODEL

- MATRIX-ORIENTED PROGRAM STRUCTURE -

FCM - FunpAMENTAL CosT MATRIX

CFP - CompeTiNg FueL PRICE MATRIX
SSM - SynrFueLs SuppLiEs MATRIX
SPM - SynFueLs PRICE MATRIX

SRM - SynFueLs REVENUE MATRIX

CFM - CasH FLow MaTRIX
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SYNFUEL ECONOMIC EVALUATION MODEL
- Basic ProcrAM INPUT -

THE BASIC PROGRAM INPUTS INCLUDE TV .ANT CONSTRUCTION SCHEDULE,
THE COSTS OF OPERATING THE PLANT, THE  .UDUCT TYPE, AND THE QUANTITY
OF COAL WHICH IS CONSUMED ON AN AN. uAL BASIS, ESCALATION RAT#S ARE
EITHER READ INTO THE PROGRAM OR INTERNALLY GENERATED FOR BOTH SYNFUEL
PRUDUCT COSTS AND PRODUCT PRICE!

THE PROGRAM REQUIRES NUMEROU3 INPUTS IN ADDITION TO THE ABOVE
VARIABLES, HOWEVER, ALL OF THE DATA FOR A SAMPLE RUN 1S ALREADY
EMBEDDED WITHIN THE PROGRAM CODE, SO THE PROGRAM CAN BE RUN WITHOUT
ANY ADDITIONAL DATA INPUT BY THE USER, IF HE DESIRES A SAMPLE RUN.
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SYNFUEL ECONOMIC EVALUATION MODEL

- Basic ProGgrAM INPUT -

e For EacH MoDuLE

- CoNsTRUCTION START, StoP
- OperaTION START, StoOP

- ConsTrRucTION CoOST

- OpreraTiInG CosT

- CoaL Cost

- Probuct Tyre

- Process EFFICIENCY

- ProbucT TrRANSPORTATION CoST
- CoAL QuanTITY

- EscaLaTion RaTes

- Premium/SuBsipy FAcTor

12

e For EacH ComPETING FuEL

-~ 1980 MARkeT PRrICE
- EscaLaTion RATES

o MiscELLANEOUS

- GENERAL INFLATION RATE
- NumBer ofF Data Cases
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SYNFUEL ECONOMIC EVALUATTON MODEL
- PROGRAM SEQUENLE -

THE COMPUTATIONAL FLOW OF THE PROGRAM PROCEEDS AS FOLLOWS. THE
YEARLY COSTS OF BUILDING AND OPERATING THE SYNFUEL FACILITY ARE
COMPUTED AND PLACED IN THE ELEMENTS OF THE FUNDAMENTAL CosT MATRiX
(FCM). (HE PROJECTED PRICES OF COMPETING FOSSIL FUELS, SUCH AS
NATURAL GAS, ARE COMPUTED AND PLACED IN THE CoMPETING FUeL PRICE
MaTRIX (CFP). NEXT, THE AMOUNTS OF SYNFUELS IN MILLIONS of BIU’s
WHICH ARE GENERATED BY THE FACILITY ON AN ANNUAL BASIS ARE CALCULATED.
THE MARKETABLE SELLING PRICE OF THE SYNFUEL DURING EACH YEAR IS FOUND
BY SETTING THE PRICE OF THE SYNFUEL EQUAL TO THE PRICE OF ITS FOSSIL
FUEL COUNTERPART. AT THIS POINT, THE PROGRAM TAKES ONE OF TWO
ALTERNATE PATHS. IF ”“L = 1", THE YEARLY REVENUES OF THE PLANT ARE
SET EQUAL TO THE YEAR COSTS OF THE PLANT; THIS 1S A “YEARLY BREAK-Down”
ANALYSIS. IF "L = 2", THE YEARLY REVENUES ARE SET EQUAL TO THE
INCOME PRODUCED BY SELLING THE PLANT PRODUCT AT THE MARKETABLE SELLING
PRICE OF THE COMPETING FOSSIL FUEL. AFTER THIS STEP, A LEVELIZED
REVENUE (COST) VALUE 1S COMPUTED TO OBTAIN A LEVELIZED $/MMBTU NuMBER.
THIS NUMBER 1S UTILIZED AS A SINGLE FIGURE OF MERIT TO DESCRIBE THE
ENTIRE LIFE CYCLE ECONOMICS OF THE SYNFUEL FACILITY,
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SYNFUEL ECONOMIC EVALUATION MODEL
- PrROGRAM SEQUENCE -

CSTART))

SET YEARLY
TE REVENUES
Compu ECM £Q SRM
YEARLY el MATRIX
CosT MaTR1x MARKET
REVENUES
CompPuTE SET YEARLY
COMPETING ﬁFP Revenues .EQ. girntx
FueL Prices | 'ATRIX YearLy CosT
CoMPUTE
SYNFUEL ﬁSM
SUPPLIES ATRIX CompuTE
LEVELIZED
REVENUE
CoMPUTE
SPM
SYNFUEL CoMPUTE
PRICES MaTR1X $/MMBTU
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SYNFUEL ECONOMIC EVALUATTYON MODEL
- Basic ProGcrAaM Output -

THE BASIC OUTPUT OF THE Sy FueL Economic EvALuAaTION MODEL 1S THE
ANNUAL PLANT CONSTRUCTION AND O“ERATING COSTS, THE REVENUES GENERATED
BY SELLING THE SYNFUEL PRODUCTS ON THE MARKET AND THE NET CASH FLOW
OF THE PLANT., As A SINGLE FIGURE OF MERIT, THE LEVELIZED REVENUE,
WHICH IS EQUAL TO THE LEVELIZED COST OF THE PLANT OVER ITS LIFE CYCLE,
IS ALSO OUTPUT,
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SYNFUEL ECONOMIC EVALUATION MODEL
- Basic ProgrAaM QuTPuT -

e By YEAR o Summary QuTtPuT

- Puant CesTs

- SyNFueL SuppLIES

- ComPeTING FUEL PRICES
- SyNFueL PRICES

- SyNFueL REVENUES

- Net Cash Frow
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LeveL1zep INFLATED REVENUE
LeveL1zep INFLATED $/MMBTU
LeveL1zep Revenue (1930 DoLLArs)
LeveL1zep $/MMBTU (1980 DorLars)



SYNFUEL ECONOF ° EVALUATION MODEL
- Basic ProGrRAM MoDELING CAPABILITIES -

THIS CHART ILLUSTRATES SOME OF THE BASIC MODELING CAPABILITIES
OF THE SYNFUEL Economic EVALUATION MoDEL. THE DAPK DOTS BY THE

NUMBERS INDICATE THOSE SENSITIVITY STUDIES WHICH WERE PERFORMED DURING
THIS CONTRACT,
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(1)
(2)
(3)
(4)

(5)
(6)

(7)
(8)
(9)
(10)
(11)
(12)

SYNFUEL ECONOMIC EVALUATION MODEL
- Basic ProGrRAM MoDELING CAPABILITIES -

DiFFerReNT CAPITAL CosT ESTIMATES
DiFFERENT CONSTRUCTION SCHEDULES
DeLAays iN CONSTRUCTION & OPERATION

Cost oF ConsTRucTION FunDs, Raw
MATERIALS, & OPERATION &
MAINTENANCE

DiFFereNT Types oF CoALS

ProJeECTED FUTURE PRICES OF
CoMPETING FUELS

ParT1AL PLANT CoMPLETION
ParTIAL PLANT OPERATION

SynFueL Propuction CosTs
SYNFUEL SELLING PRICES

MARKET PRICE PREMIUMS/D1SCOUNTS
Non-UNIFORM EscALATION RATES
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(13}
(1)
(15)
(16)
(17)
(18)

(19)

(20)

(21)

(22)
(23)
(24)
(25)

D1FFERENT SYNFUEL PRODUCTS
TRANSPORTATION COoSTS OF SYNFUELS
DiFFeReNTIAL RATES OF INFLATION
YearLy PLANT CosTs

YeARLY PLANT REVENUES

YEARLY PRODUCTION QUANTITIES
D1FFereNT Process EFFICIENCIES

Cross-0Over ofF Propuction CosT &
MARKET PRriICE

SINGLE OR MuLTiPLE MoDULE
EVALUATION

LeveL1zeED EXPENSE STREAMS
LeveL1zep ReEVENUE STREAMS
LeveL1zep Propuct Cost - $/MMBTU
LeveL1zep Probuct Price - $/MMBTU



SYNFUEL ECONOMIC EVALUATION MODEL
- MoDEL ASSUMPTIONS -

SOME OF THE FUNDAMENTAL UNDERLYING ASSUMPTIONS WHICH ARE PRESENTLY
INCORPORATED IN THE SYNFUEL Economic EvALUATION MODEL ARE SHOWN ON
THIS CHART.
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SYNFUEL ECONOMIC EVALUATION MODEL
- MopeL ASSUMPTIONS -

DesiGNED To SupPORT PARAMETRIC SYNFUELS FACILITY ANALYSIS
TVA MopuLe ScHEDULES & EcoNomic GUIDELINES

No Tax or DeBt1/EquiTy CONSIDERATIONS

EacH MopuLe Wi Have 90% Operating CAPACITY

SynFueLs PrRices Can INcLupe SuBsIDIES AND PRemIums
CompeTiING FueL Prices Basep oN DRI ProJECTIONS

SYNFUELS TRANSPORTATION CosT CONSIDERED

EscaLation RaTes Basep oN TVA & DRI PRoJECTIONS

ProcrRAM OuTPUT IN THEN YEAR DoLLArRs AND 1980 PRESENT VALUE
CasH FLows DisBursep AT BecINNING OF EAcH CALENDAR YEAR
InFLATION AND INTEREST ExPENSE ConNsIDERED DurING CONSTRUCTION

20



SYNSUEL ECONOM! EVALUATION MODEL

- Test CASE \SSUMPTIONS -

FOR PURPOSES OF ILLUSTRATING THE CAPABILITIES AND OUTPUT OF THE
SynFueLs Economic EVALUATION MODEL, THE TEST CASE DATA WHICH IS SHOWN
ON THIS CHART WAS INPUT INTO THE SIMULATION. ALL OF THE BASIC
CAPITAL COST AND OPERATING COSTS ESTIMATES WHICH WERE INPUT TO THE
MODEL IN THIS STUDY WERE OBTAINED FROM ESTIMATES PRODUCED FOR NASA/MSFC
By THE BDM CorPORATION AND THE MITTELHAUSER CORPORATION.

21
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SYNFUEL ECONOMIC EVALUATION MODEL

- Test CASE ASSUMPTIONS -

KorPERS-TOTZEK GASIFIERS

TotaL CapiTAL ConsTrucTION CosT = $1.8 BiLrLion DoLrars (1980 DoLLARrs)
FOR Four-MopuLe MBG PLANT '

INTEREST RATE oN ConsTRucTION LoAN 1s 122
CoaL Cost = $30/Ton (1980 DoLLARS)

THe Four MopuLes Become OPERATIONAL IN 1985, 1986, 1987, AND
1988 RESPECTIVELY

EacH MopuLe HAs A TWeNTY-YEAR OPERATIONAL LIFE

Prices oF CoMPeTING FossiL FueLs ARe BAseD oN MARKET
ProJecT1ONS BY 2TA Resources,. Inc. (DRI)

22



COAL GASIFICATION PROJECT-SUMMARY SCHEDULE

THIS CONSTRUCTION SCHEDULE WAS UTILIZF' .o THE NOMINAL SCHEDULE
FOR MODULE CONSTRUCTION IN ALL OF THE DAT HICH WILL BE PRESENTED IN

THIS REPORT.

23
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FOUR-MODULE SYNFUEL FACILITIES COST

THIS FIGURE SHOWS THAT THE TOTAL COST, IN INFLATED DOLLARS, OF
BUILDING THE BASIC FOUR-MODULE MBG PLANT IS APPROXIMATELY 2.25
BILLION DOLLARS.

THIS FIGURE ALSO ILLUSTRATES THAT THE CONSTRUCTION COSTS OF
PRODUCING ADD-ON EQUIPMENT TO THE BASIC FOUR-MODULE MBG FACILITY IS
WITHIN APPROXIMATELY ONE BILLION DOLLARS OF BUILDING THE MBG FACILITY,
ASSUMING THE SAME CONSTRUCTION SCHEDULE FOR THE MODULES,

25
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YEARLY REVENUE FOR VARIOUS
FOUR-MODULE PLANTS

THE LARGEST ANNUAL REVENUE IS GENERATED RY THE SALE OF MeDIUM-BTU
GAS. REVENUE FROM THE SALE OF HYDROGEN IS ALMOST EQUAL TO THAT OF
THE MBG PRoDUCT, ELECTRICITY GENERATED AT THE COAL CONVERSION FACILITY,
UTILIZING FUEL CELLS, GENERATES THE LEAST REVENUE BECAUSE IT IS
ASSUMED THAT THIS ELECTRICITY IS SOLD AT THE SAME RATES AS ELECTRICITY

FROM OTHER SOURCES. THESE FUTURE RATES ARE PROJECTED TO BE LOWER
THAN NG RATES.

27



AnnUAL REVENUE
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YEARLY REVENUE FOR VARIOUS
FOUR-MODULE PLANTS

20
MBG
HYDROGEN
~ 15
§§ SNG
£§ GASOLINE
a MeTHANOL
L
< 10
=
3 /
Z
4 5]
=
ELECTRICITY
0 ! | H | I
1980 1985 1990 1995 2000 2005

YeAR

28



FOUR-MODULE MBG
SYNFUELS FACILITY COSTS

THIS CHART SHOWS THAT IN THE TEST CASE, THE LARGEST COST DRIVER
OVER THE SYNFUEL PLANT LIFE CYCLE COST IS THE COST OF COAL., THE

SECOND LARGEST COST DRIVER IS THE 08M cosTts (EXCLUDING COAL) AND THE

THIRD LARGCST DRIVER IS PAYBACK OF THE CONSTRUCTION LOAN PLUS INTEREST
ON THIS LOAN,
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BILLIONS OF

DOLLARS
(INFLATED DOLLARS)

Four-MopuLe MBG
SYNFUELS FACILITY COSTS

2.S_j — -— CoaL CosT
OperATION & MAINTENANCE CosT
] —-—-=-— ConsTrRUcTION CosT PAYBACK /'\
2.0
1,5_]
1.0_]
0.5_]
] - \,
IIIIIIITIIIIII[IIIl'llllllTI
1980 1985 1990 1995 2000 2005
YEAR
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YEARLY SYNFUEL PRODUCTION COSTS
FOR FOUR-MODULE FACILITIES

THIS FIGURE ILLUSTRATES THAT CENTRAL SITE FUEL CELL GENERATION
OF ELECTRICITY HAS THE HIGHEST ANNUAL PRODUCTION COST. Mep1um-BTU
G6As (MBG) HAS THE LOWEST ANNUAL PRODUCT COST.
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EFFECT OF PARTIAL PLANT
COMPLETION ON MBG PRODUCT COST

IF PLANT CONSTRUCTION WAS TO CEASE AFTER COMPLETION OF THE
FIRST MODULE, THEN THIS FIGURE INDICATES THAT THE MAXIMUM INCREASE
IN PRODUCT COST, ON A DOLLAR PER MILLION BTU BAsIs, wouLD BE APPROXI-
MATELY 1 $/MMBTU.
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EFFECT OF PARTIAL PLANT
COMPLETION ON MBG PRODUCT COST

One-MobuLe OPeraTION
Four-MobuLe OperATION

(1985)

(1986)

(1987) (1988) (1989)

YeAarR oF OPERATION
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FOUR-MODULE MBG PLANT
SYNFU"  REVENUE

THIS REVENUE IS ASSUMED TO BE GENERATED BY SELLING ALL OF THE
PLANT’S OUTPUT AT THE PREVAILING PRICE, ON A $/MMBTU BAsis, oF

NATURAL GAS. THE MAXIMUM YEARLY GENERATED REVENUE 1S APPROXIMATELY
20 BILLION DOLLARS.
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F. R-MODULE MBG ™ ANT
NET CASH FLOW

THIS FIGURE ILLUSTRATES TW KEY POINTS ONCERNING THE YEARLY
NET CASH FLOW OF THE MBG PLANT, AFTER THE PLANT STARTS OPERATING.
THE FIRST POINT IS THAT THE YEAPLY NET CASH FLOW, AFTER THE START
OF OPERATION, IS ALWAYS POSITIVE, SECONDLY, THE MAGNITUDE OF THE
CASH FLOW IS VERY LARGE, PEAKING OUT AT APPROXIMATELY 15 BILLION
DOLLARS PER YEAR, THIS LARGE PCSITIVE CASH FLOW IS A CONSEQUENCE
ofF: (1) AssSuMING THAT, ON A $//™BTU BAsis, THE MBG CAN BE SOLD AT
THE SAME PRICE AS THE PREVAILING NATURAL GAS PRICES; AND,
(2) ASSUMING THAT FUTURE NATURAL GAS PRICES WILL ESCALATE AT THE
RATES PREDICTED BY DATA REsources, INc,
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FOUR-MODULE MBG T
YEARLY FACILITIES COST

THE ANNUAL COST OF OPERA™ o THE MBG FACILITY PEAKS OUT AT
APPROXIMATELY 4 BILLION DOLLARS PER YEAR,
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EFFECT OF YEA™ . 08&M COSTS ON
COS JF MBG

THE SENSITIVITY OF THE OVERALL COST OF MEDIUM-BTU GAS TO CHANGES
IN THE COST OF OPERATING AND MAINTAINING THE GASIFICATION FACILITY
IS ANALYZED IN THIS FIGURE. T1E YEARLY 0&M cosTs ARE IN 1980 DOLLARS.
FROM THE FIGURE, THE FOLLOWING FORMULAS CAN BE DERIVED:

CHANGE IN 0&M CosTs

AN =

= 100 - 10 = 90

(1N mILLIONS OF 1980 DOLLARS)
CHANGE IN OVERALL Costs = ADC = 13 -7 = 6 $/MMBTU
AC/ DOW) = E_;% = 06667
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MBG CosT
(INFLATED $/MMBTU)

EFFECT OF YEARLY 08&M COSTS ON
COST OF MBG

14

12: /
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0 20 40 60 80 100

0&M CosTs/YEAR
MiLLioNs oF DoOLLARS
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EFFECT OF PARTIAL PLANT
COMPLETION ON MBG PRODUCT COST

THE SENSITIVITY OF THE OVERALL MBF  LucT cosT To PARTIAL
PLANT COMPLETION IS ANALYZED HERE. T _ :FFECT OF COMPLETING ONLY
ONE MODULE, INSTEAD OF THE ORIGINALLY SCHEDULED FOUR MODULES, IS
TO RAISE THE cOST OF THE MBG, ON A LEVELIZED $/MMBTU BAs1S, FROM

APPROXIMATELY $4,75 To APPROXIMATELY $5.17.
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EFFECT OF PARTIAL PLANT
COMPLETION ON SYNFUEL COST

THE EFFECT OF COMPLETING ONLY ONE MODULE, INSTEAD OF THE
ORIGINALLY SCHEDULED FOUR MODULES, FOR MBG AND THE ALTERNATE SYNFUEL
PRODUCTS CONSIDERED IN THIS STUDY, IS SHOWN IN THIS FIGURE., ON A
$/MMBTU BAS1s, THE EFFECT IS APPROXIMATELY $1/MMBTU OR LESS LEVELIZED
IN ALL CASES,
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SynrFueL Cost, $/MMBTU
(LeveL1zep INFLATED DOLLARS)

18
16
14

12

EFFECT OF PARTIAL PLANT
COMPLETION ON SYNFUEL COST

Four-MoDULE PLANT
ProbucTt CosT

B OneE-MopuLE PLANT
‘ PropucTt CosT

MBG

SN5 MeTnanoL GAsoLINE HYDROGEN

SyYNFUEL ProbucT

ELECTRICITY



FOUR-MODULE MBG PLANT
SYNFUEL PRICE

THIS FIGURE ILLUSTRATES THE RAPID INCREASE IN THE MARKETABLE
SELLING PRICE OF MBG 1F: (1) IT 1S ASSUMED TO SELL AT EXACTLY THE
sAME PRICE (ON A $/MMBTU BAsSIS) AS NATURAL GAS; AND, (2) THE FUTURE
PRICE INCREASES IN NATURAL GAS ARE BASED ON RECENT PROJECTIONS BY
DAaTA Resources, INc.
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FOUR-MODULE MP™ PLANT
SYNFUEL PRODUT, 10N COST

THE YEARLY ANNUAL COST OF PRODUCING MBG RISES FROM APPROXIMATELY
10 $/MMBTU (1IN IN-LATED DOLLARS) TO SLIGHTLY OVER 40 $/MMBTU DuriNG
THIS COST INCREASE 1S CAUSED BY ESCALATION

THE LIFETIME OF THE PLANT.
IN COAL COSTS AND "THER O8M COSTS, SUCH AS IMPORTED ELECTRICITY,
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FOUR-MODULE MBG PLANT
YEARLY SYNFUEL SUPPLIES

AssuMING THAT THE MBG FROM THIS PLANT 1S PRCDUCED BY KOPPERS-
ToTZEK GASIFIERS, THEN, AFTER ALL FOUR MODULES ARE OPERATING, THE
YEARLY ouTPUT OF MBG, IN BiLLIONS OF BTU, 1S APPROXIMATELY
101 TrRiLLioN BTU’S PER YEAR.
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SENSITIVITY OF LOAN PAYMENTS TO INTEREST RATES
FOUR-MODULE MBG PLANT

THIS FIGURE INDICATES THAT YEARLY DEBT REPAYMENTS INCREASE FROM
250 MILLION DOLLARS PER YEAR TO APPROXIMATELY 525 MILLION DOLLARS
PER YEAR IF THE INTEREST RATES ON THE BORROWED MONEY INCREASE FROM

8Z A YEAR TO 167 A YEAR.
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SENSITIVITY OF LOAN PAYMENTS TO INTEREST RATES

FOUR-MODULE 1MBG PLANT
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SENSITIVITY OF MBG PRODUCT COST
T0 DELAYS IN START OF CONSTRUCTION
FOR FOUR-MODULE FACILITY

ONE PARAMETER OF INTEREST 1S THE "FIRST VEAR MBG Propuct CosT”
BECAUSE 1T 1S DESIRED THAT THIS COST OF PRODUCTION BE AT A LEVEL
THAT WOULD ALLOW THE PRODUCT TO BE SOLD AT A MARKET PRICE AT WHICH
A FINANCIAL LOSS WOULD NOT BE SUSTAINED. THIS FIGURE SHOWS THAT
THE FIRST YEAR PRODUCT COST, IN INFLATED DOLLARS, RISES FROM APPROXI-
MATELY $9.30 peEr MMBTU to $15/MMBTU, IF THE INITIAL START OF PLANT
CONSTRUCTION 1S DELAYED FOR FIVE YEARS, TH1S ASSUMES AN 8% ANNUAL
INCREASE IN CONSTRUCTION COSTS,
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SENSITIVITY OF MBG PRODUCT COST
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SENSITIVITY OF FOUR-MODULE MBG
FACILITY TO DELAYS IN START OF CONSTRUCTION

THIS FIGURE ILLUSTRATES THAT THE CONSTRUCTION COST OF A FOUR-
MODULE MBG FACILITY, IN INFLATED DOLLARS, INCREASES FROM APPROXIMATELY
2.2 BILLION DOLLARS TO 3.2 BILLION DOLLARS IF CONSTRUCTION IS DELAYED

FOR FIVE YEARS, THIS ASSUMES AN 8% ANNUAL INCREASE IN CONSTRUCTION
COSTS.,
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REYTON T

SENSITIVITY OF CUMULATIVE
NET CASH FLOW TO OVERALL
PROCESS EFFICIENCY

THIS FIGURE ILLUSTRATES SEVERAL IMPORTANT FEATURES ABOUT THE LIFE CYCLE ECONOMICS
OF THE FOUR-MODULE MBG FACILITY, SOME OF THE MosT IMPORTANT OBSERVATIONS ARE SUMMARIZED

BELOW:

(1)

(2)

(3)

A DrRoP IN CONVERSION EFFICIENCY FROM 902 To 70Z RESULTS IN A LOSS OF
APPROXIMATELY 75 BILLION DOLLARS OVER THE LIFETIME OF THE PLANT OR
APPROXIMATELY 33Z (75 BILLION/225 BILLION) OF THE “PROFIT” oF THE PLANT,

SINCE THE MBG 1s ASSUMED TO BE SOLD AT EXTREMELY HIGH PROJECTED NATURAL
GAS PRICES (BASED ON PROJECTIONS BY DATA Resources, INC.), THE conveRrsion
EFFICIENCY AT WHICH THE LIFE CYCLE REVENUES EQUAL THE LIFE CYCLE COSTS

(THE BREAK-EVEN POINT) IS VERY LOW, APPROXIMATELY 15% (see PoInT P1 oN
THE FIGURE),

IF THE conveRrsiON EFFICIENCY WAS ZERO, THEN THIS POINT GIVES THE LIFE
CYCLE COSTS OF OPERATING THE PLANT, Tuis 1s PoINT P2 oN THE FIGURE,
AND WE SEE THAT THE LIFE CYCLE COSTS OF OPERATING THIS MBG FACILITY 1s
APPROXIMATELY 50 BILLION DOLLARS (N INFLATED DOLLARS),
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SENSITIVITY OF CUMULATIVE
NET CASH FLOW TO OVERALL
PROCESS EFFICIENCY
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POTENTIAL COAL-DERIVED SYNFUEL PRODUCTS

THE six (6) PRODUCTS ON THIS CHART ARE THE ONES WHICH WERE
ANALYZED IN THIS STUDY UTILIZING THE SYNFUEL EcONOMIC EVALUATION

MopeL (SEEM).
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POTENTIAL COAL-DERIVED SYNFUEL PRODUCTS

(1)
(2)
(3)
)
(5)
(6)

Mep1um-BTU Gas (MBG)
SYNTHETIC NATURAL GAs (SNG)
MeTHANOL

GAsoLINE

HyDROGEN

Fuer CeLt ErectricITy
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PROCESS - PRODUCT - SYNFUELS - TRANSPORTATION

THIS CHART ILLUSTRATES THAT DIFFERENT GASIFICATION PROCESSES,
sucH As Koppers-ToTzek, TexAco, AND BaBcock & WiLcox, CAN ALL BE
UTILIZED TO PRODUCE MeDIuM-BTU cAs (MBG). Tuis MBG cAN IN TURN BE
CONVERTED INTO MANY OTHER USEFUL PRODUCTS, SUCH AS METHANOL, GASOLINE,
ETC.
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SYNFUELS SCENARIOS

THIS CHART ILLUSTRATES SOME OF THE POTENTIAL PRODUCTS WHICH THE
VARIOUS MODULES OF THIS COAL GASIFICATION FACILITY COULD PRODUCE,
ADDITIONALLY, POTENTIAL CUSTOMERS FOR THE MODULE OUTPUTS ARE SHOWN,
AS WELL AS PRODUCT TRANSPORTATION MODES.
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SYRFUELS SCENARIUS

”

1*ODULE/PRODUCT CUSTOMER TRANSPORTATION
1, MBG FIPELINE COMPANY SHORT PIPELINE
2, MBG CHEMICAL COMPANY SHORT PIPELINE
3. MBG NORTHERN ALA, INDUSTRIES PIPELINE
4, FUEL CeLL | TVA ELECTRICAL GRID
ELECTRICITY
1, VBG NORTHERN ALA. INDUSTRIES PIPEL:NE
2 . MBG [ n " [}
3. SNG PIFELINE COMPANY SHORT PIPELINE
q \ SNG [ [ 4 [ 1]
L
1. MBG INDUSTRIES IN SOUTH EXTENSIVE
2, MBG : CENTRAL TENN, & NORTHEPY ALAJ PIPELINES
3. MBG & NORTHERN ALA,
4, MBG |
1. VFETHANOL  INDUSTRIES BARGE OR TRUCK
2, VMETHANOL ¢ !
' 3, GASOLINE ' GASOLINE DISTRIBUTOR BARCE
{4, GASOLINE " "
1. MBC INDUSTRIES PIPELINE
2, MBG " "
3, HYDROGEN " "
4, HYDROGEN Y "
1. FUEL CELL | TVA ELECTRICAL GRID
2 . " n
3 . ”n [ ]
q . o ]
. SNG PIPELINE COMPANY SHORT PIPCLINE
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FOUR-MODULE MBG VERSUS GASOLINE

THIS FIGURE ILLUSTRATES THAT FROM THE STANDPOINT OF "PROFIT",
THAT 1S, PRICE MINUS coST, MBG AND SYNTHETIC GASOLINE ARE APPROXI-
MATELY EQUIVALENT, THAT IS, THE DELTA DIFFERENCE, ON A $/MMBTU
BASIS, BETWEEN THE MBG COST AND PRICE CURVES 1S ABOUT THE SAME AS
BETWEEN THE GASOLINE COST AND PRICE CURVES, HOWEVER, TWO CAVEATS
SHOULD BE NOTED WHEN INTERPRETING THESE CURVES:

(1) MBG PIPELINF AND USER RETROFIT COSTS HAVE NOT
BEEN CONSIDERED.

(2)  THE QUANTITY of BTU’s proDUCED BY AN MBG PLANT
1S MUCH HIGHER THAN THE QUANTITY PRODUCED BY
A GASOLINE PLANT OF SIMILAR SIZE,

67



250

200 _

150 |

100

$/MMBTU
(INFLATED DOLLARS)

50 -

FGUR-MODULE MBG VERSUS GASOLINE

(:) GAsoLINE MARKET PRICE
(:) GasoLINE Propuction CosT
(:) MBG MARKET PRICE
(:) MBG PropucTion CosT

—-—

— —— —— — -

1930

T T y
1985 1990 1995 2000 2005

YEAR



FOUR-MODULE MBG VERSUS METHANOL

THIS CHART COMPARES THE RELATIVE EcONoMIcS OF MBG AND METHANOL
WHEN BOTH ARE FRODUCED BY A 20,000 ToN PER DAY COAL CONVERSION
FACILITY. IN THIS PARTICULAR CASE, THE METHANOL, ON A $/MMBTU BaAsis,
COSTS MORE TO PRODUCE THAN MBG WHILE IT SELLS FOR LESS.

69



$/MMBTU
_(INFLATED DOLLARS)

q1 49vd TVNIONC

ALITVAD ¥00d 40

250 | FOUR-MODULE ¥BG VERSUS METHANOL

(:) MeTHANOL MARKET PRICE

200 - <:) MeTHAnoL ProbucTion CosT ,
(:) MBG MARKET PRICE <:>/
/
(E) MBG PropucTion CosT / (:)
/
150 _

—
(e
o
|

50 A

—

! I | I I
1330 1985 1990 1995 2000 2005

YEAR

TN



FOUR-MODULE MB6 VERSUS HYDROGEN

THIS FIGURE COMPARES THE RELATIVE ECONoMics OF A 20,000 Ton
PER DAY MBG PLANT WITH A PLANT WHICH UTIL1ZES THE SAME AMOUNT OF
COAL TO PRODUCE PURE HYDROGEN, IN THIS CASE, THE HYDROGEN COSTS
MORE TO PRODUCE BUT IT IS ALSO ASSUMED TO SELL AT A PREMIUM TO
NATURAL GAS BECAUSE IT IS A "CLEANER" FUEL, PRODUCING NO C02 DURING
COMBUSTION AND ALSO BECAUSE IT COULD BE UTILIZED AS A CHEMICAL
FEEDSTOCK WITHOUT FURTHER CHEMICAL DECOMPOSITION, THUS, THE
RELATIVE ECONOMICS OF THE MBGC AND HYDROGEN FACILITY APPEAR TO BE
APPROXIMATELY EQUALLY ATTRACTIVE. (IT SHOULD BE NOTED THAT THE RELATIVE
DEMAND FOR THESE PRODUCTS BY THE USER COMMUNITY IS NOT EXAMINED
HERE,)
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FOUR-MODULE MBG VERSUS SNG

THIS FIGURE ILLUSTRATES THE RELATIVE ECONOMICS OF A FOUR-MODULE
COAL CONVERSION FACILITY WHICH PRODUCES MEDIUM-BTU GAS VERSUS A
FACILITY WHICH PRODUCES SUBSTITUTE NATURAL GAS (SNG). It IS ASSUMED
HERE THAT BOTH MBG AND SNG wILL SELL ON THE SAME $/MMBTU BAsIs As
NATURAL GAS. A coMPARISON oF CURVE 2 AND CuRVE 4 SHOWS THAT SNG
cosTs MORE THAN MBG To PRoDUCT oN A $/MMBTU Basis, HOWeveR, wHAT 1s
NOT SHOWN IN THE FIGURE IS THE FACT THAT THERE ARE VERY SMALL PIPE-
LINE COSTS ASSCCIATED WITH DISTRIBUTING SNG INTO THE EXISTING
PIPELINE SYSTEM AND, MORE IMPORTANTLY, THERE ARE NO USER RETROFIT COSIS
WHEN SNG 1S PRODUCED INSTEAD oF MBG, OF COURSE, THERE WOULD BE NO
RETROFIT COSTS FOR ANY NEW INDUSTRIES THAT WERE BUILT SOLELY TO
UTILIZE THE MBG FROM THIS PLANT,
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FOUR-MODULE MBG VERSUS ELECTRICITY

THIS FIGURE EXAMINES THE RELATIVE ECONOMICS OF A FOUR-MODULE
COAL CONVERSION FACILITY VERSUS A FACILITY WHICH UTILIZES COAL TO
PRODUCE A GAS TO FEED TO FUEL CELLS, LOCATED AT THE COAL CONVERSION
FACILITY, WHICH WOULD THEN PRODUCE ELECTRICITY TO INSERT IN THE
TVA ELECTRICAL GRID NETWORK, THE WASTE HEAT FROM THESE FUEL CELLS,
IN THIS EXAMPLE, HAS NOT BEEN UTILIZED IN ANY SORT OF COGENERATION
MODE. ANOTHER VERY IMPORTANT ASSUMPTION IN THIS CASE IS THAT THE

ELECTRICITY CAN BE SOLD ONLY AT LOW PROJECTED RATES. THESE RATES
ARE ASSUMED TO INCREASE SLOWLY IN FUTURE YEARS.

GIVEN ALL OF THE ABOVE ASSUMPTIONS, THE RELATIVE ECONOMICS OF
A FOUR-MODULE MBG PLANT VERSUS A FOUR-MODULE FUEL ELECTRICITY PLANT
CAN BE SUMMARIZED AS FOLLOWS, THE MARKETABLE SELLING PRICE OF THE
FUEL CELL ELECTRICITY IS ALWAYS BELOW ITS PRODUCTION COST. RESULTING
IN A CLEARLY UNECONOMICAL SITUATION., ADDITIONALLY, THE FOUR-MODULE
MBG FACILITY IS CLEARLY THE FACILITY OF CHOICE IN THIS SPECIFIC CASE,
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LOSS OF REVENUE INCURRED BECAUSE OF
PLANT DOWN-TIME

- Four-MopuLe MBG PLANT -

THIS FIGURE ILLUSTRATES THE IMPACT OF DOWN-TIME (LOSS OF
MODULE PRODUCTION) DURING THE FIRST FIVE YEARS OF PLANT OPERATION,
AN EXAMPLE OF THE INTERPRETATION OF THIS FIGURE IS AS FOLLOWS. IF
THE DOWN-TIME (FOR ALL OPERATING MODULES) iS 202 PER YEAR, THEN AT
THE END OF THE FIFTH YEAR (YEAR 5) OF OPERATION, THE PLANT IS
LOSING APPROXIMATELY 750 MILLION DOLLARS PER YEAR IN POTENTIAL REVENUE.
(THIS INCOME WOULD BE REALIZED IF ALL MODULES HAD BEEN OPERATING
1002 OF THE TIME, INSTEAD OF BEING DOWN 20% OF THE TIME,)
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ANNUAL OPERATING LOSSES

LOSS OF REVENWUE INCURRED BECAUSE OF
PLANT DOWN-TIME

- Four-MobuLe MBG PLANT -
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DELTA COST INCREASE IN MBG PRODUCT
BECAUSE OF PLANT DOWN-TIME

- Four-MopuLe MBG PLANT -

THIS FIGURE SHOWS THE INCREMENTAL, OR DELTA, COST ADDED TO THE
MBG PKODUCT COST BECAUSE THE PLANT IS NOT OPERATING AT 100% of
CAPACITY. FOR EXAMPLE, THE INCREMENTAL COST ADDED TO THE Basic MBG
PRODUCT COST, iF THE PLANT OPERATES WITH 20% pown-TIME (50% OF CAPACITY),

IN THE FIFTE *. R OF OPERATION 1S APPROXIMATELY $3/MIBTU IN INFLATED
DOLLARS.,
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DELTA COST INCREASE IN MBG PRODUCT
BECAUSE OF PLANT DOWN-TIME |
- Four-lopuLe MBG PrLaaT - a
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NET CASH FLOW FOR FOUR-MODULE FUEL CELL PLANT

THIS FIGURE ILLUSTRATES THAT THE NET CASH FLOW (REVENUES MINUS
COST) FOR CENTRAL-SITE FUEL CELL ELECTRICITY, USING COAL GAS AND
SELLING THE ELECTRICITY AT PROJECTED TVA RATES, IS NEGATIVE FOR EVERY
YE-R OF PLANT OPERATION. ON THE OTHER HAND, USING DRI PROJECTED
NATURAL GAS PRICES, THE NST CASH FLOW FOR AN MBG PLANT OF THE SAME
SIZE IS POSITIVE FOR EVERY YEAR OF OPERATION,
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MBG MARKET ECONOMICS WITH
5% ANNUAL INCREASE IN NATURAL GAS PRICES

THIS FIGURE ILLUSTRATES THAT, GIVEN THE CURRENT HIGH PRICES OF
| NATURAL GAS AND DRI PROJECTED PRICE INCREASES, THEN, IF NATURAL GAS
] PRICES INCREASE AT 5% A YEAR coMpounDED, BY 1996 the MBG PropucTiON

cosT, oN A $/MMBTU BASIS, WILL EQUAL THE SELLING PRICE; I,E., BREAK-
‘ EVEN WILL HAVE OCCURRED,




MBG MARKET ECONOMICS
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MBG MARKET ECONOMICS WITH |
0% ANNUAL INCREASE IN NATURAL GAS PRICES i

THIS FIGURE ILLUSTRATES GRAPHICALLY THE IMPORTANCE OF MARKET
PRICES OF COMPETING FUELS, IN THIS CASE NATURAL GAS, ON THE ECONOMICS 1
OF A SYNFUELS PLANT. GIVEN THE OBVIOUSLY THEORETICAL SCENARIO WHERE |
NATURAL GAS PRICES DO NOT INCREASE IN THE FUTURE, EVEN IN INFLATED TERMS,

THEN THE YEARLY MBG PRODUCT COST IS ALWAYS HIGHER THAN ITS SELLING
PRICE, AND THE MBG MusT BE SOLD AT PREMIUM PRICES OF UP TO $2,50/MMBTU
OVER THE PRICE OF NATURAL GAS (IN 1980 DOLLARS), JUST FOR THE MBG_PLANT

i
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SENSITIVITY OF MBG
TO ANNUAL INCREASES IN NATURAL GAS PRICES

THIS FIGURE ILLUSTRATES THAT, GIVEN THE CURRENT HIGH PRICES
OF NATURAL GAS AS A BASE, THESE NATURAL GAS PRICES NEED INCREASE AT
AN ANNUAL COMPOUNDED RATE OF ABoUT 6.5Z ForR our MBG pLANT TO
BREAK EVEN AFTER 20 YEARS OF OPERATION, (IT SHOULD BE NOTED THAT
UNDER SUCH CIRCUMSTANCES, THE PLANT WOULD SUFFER HUGE OPERATING
LOSSES DURING ITS EARLY YEARS OF OPERATION.)

I
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SENSITIVITY OF MBG
TO AWNUAL INCREASES IN NATURAL GAS PRICES
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SENSITIVITY OF MBG PRODUCT COST
TO THE COST OF CAPITAL

THIS FIGURE SHOWS THAT, OVER THE LIFETIME OF THE PLANT, THE MBG
PRODUCT COST 1S RELATIVELY INSENSITIVE TO WHETHER THE INTEREST RATE
ON BORROWED CAPITAL 1S 9% oR 16%Z. THE REASON FOR THIS INSENSITIVITY
IS THAT INTEREST PAYMENTS ARE ONLY A SMALL FRACTION OF THE TOTAL
PRODUCT COST. THE MAJOR ON-GOING CONTRIBUTORS TO PRODUCT COST ARE
coAL cosTs anp 08M ccsTs,
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SENSITIVITY OF MBG YEARLY REVENUES
T0 PARTIAL PLANT COMPLETION

THIS FIGURE ILLUSTRATES THE IMPACT ON THE MAGNITUDE OF YEARLY

REVENUE IF PLANT CONSTRUCTION IS STOPPED AFTER EITHER 1, 2, 3 oR
4 MODULES HAVE BEEN COMPLETED,
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SENSITIVITY OF MBG PRODUCT COST
TO EFFICIENCY OF THE PROCESS

THIS FIGURE SHOWS THAT THE MBG PRODUCT COST GOES UP EXPONENTIALLY |
IF OVERALL MBG CONVERSION EFFICIENCY (FROM THE RAW COAL) DROPS BELOW j

APPROX IMATELY 50%.
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SENSITIVITY OF MBA PRODUCT COST
T0 COAL COST ESTIMATES

THIS FIGURE SHOWS THE SENSITIVITY OF THE MBG PRODUCT COST, IN
LEVEL1ZED 1980 $/MMBTU, TO VARIATIONS IN THE COST OF COAL FROM
$10/Ton TO $50/Ton,
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SENSITIVITY OF MBG PRODUCT COST
TO 0&M COST ESTIMATES

THIS FIGURE SHOWS THE SENSITIVITY OF THE MBG PRODUCT COST, IN
LEVELI1ZED 1930 DOLLARS, TO VARIATION IN INITIAL OPERATIONAL COSTS
oF FrRoM 507 (4O M1LLIoN/160 MiLLIoN) To 300% (240 MiLLion/80 MILLION)
OF THE NOMINAL 80 MILLION DOLLAR OPERATING COST OF THE PLANT.
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SENSITIVITY OF MBG PRODUCT COST TO
CONSTRUCTION COST ESTIMATES

THIS FIGURE SHOWS THAT, OYVER THE LIFETIME OF THE PLANT, THE MBG
PRODUCT COST IS RELATIVELY INSENSITIVE TO A VARIATION IN INITIAL
CAPITAL COST ESTIMATES OF FRoM 50% (1 BiLLION/2 BiLLION) To 200%

(4 BILLION/2 BILLION) OF THE NOMINAL $2 BILLION COST OF THE PLANT,
THE VARIATION IN LEVELIZED 1980 $/MMBTU 1s onLy From $4,25 TO
$6.5 per MILLION BTU,
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SENSITIVITY OF MBG PRODUCT COST
TO CONSTRUCTION COST ESTIMATES
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ONE-MODULE SYNFUEL FACILITIES COST

THIS FIGURE SHOWS THAT THE INFLATED COST OF THE FIRST MODULE OF
THE FOUR-MODULE FACILITY RANGES FROM APPROXIMATELY 600 MILLION DOLLARS
T0 850 MILLION DOLLARS, ASSUMING THE SAME NOMINAL SCHEDULE, IF THE
CHOICE OF MBG AND ALTERNATE PRODUCTS SHOWN 1S EXAMINED. IT sHouLD BE
NOTED THAT THE ALTERNATIVE PRODUCTS ARE ASSUMED TO BE PRODUCED BY
"ADDING ON" TO THE ORIGINAL MBG MODULE, THEREFORE, THE MBG MODULE Is
THE LOWEST COST MODULE IN THIS SITUATION,

hadil, T
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EFFECT OF DOWN-TIME ON MBG COST

THIS FIGURE SHOWS THAT DOWN-TIME (LOSS OF MODULE PRODUCTION)
CAN SIGNIFICANTLY IMPACT THE COST OF PRODUCTION OF MBG, FOR EXAMPLE,
WITH A 20% DOWN-TIME RATE, BY THE END OF THE FIFTH YEAR OF PLANT ‘
OPERATION, THE MBG IS SELLING AT A PRODUCT COST OF OVER $16/MMBTU |
(IN INFLATED DOLLARS), VERSUS A PRODUCT OF APPROXIMATELY $11,75/MMBTU
wiTH OZ DOWN-TIME,
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MBG MARKET ECONOMICS WITH
10Z ANNUAL INCREASE IN NATURAL GAS PRICES

THIS FIGURE ILLUSTRATES THAT WITH 10Z ANNUAL COMPOUNDED PRICE
INCREASES IN NATURAL GAS, BREAK-EVEN WILL OCCUR IN 1990. It TuRNS oOuT
THAT, IN THIS CASE, BREAK-EVEN OCCURS EARLY ENOUGH IN THE MBG PLANT'S

LIFE THAT IT MAKES MONEY BY THE END OF iTs 20-YEAR LIFE,
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SYNFUEL COST VERSUS PRICES
(1980 poLLARS)

THIS CHART ILLUSTRATES THAT IF A FOUR-MODULE SYNFUELS PLANT
WERE OPERATING TODAY (1980), THEN THE COST OF PRODUCING ITS PRODUCTS
WOULD BE HIGHER THAN THE PRICE OF COMPETING FOSSIL FUELS,
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MBG SENSITIVITY TO NATURAL GAS PRICES

THIS FIGURE SHOWS THAT, IN LEVELIZED ECONOMIC VALUES, THE
SELLING PRICE OF MBG EVENTUALLY EXCEEDS I1TS PRODUCTION COST IF NATURAL
GAS PRICES INCREASE AT A HIGH ENOUGH RATE OVER THE LIFE CYCLE OF THE

MBG PLANT.
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PROJECTED NATURAL GAS PRICES
ASSUMING VARIOUS ESCALATION RATES

THIS FIGURE SHOWS THAT THE ESCALATION RATES, DERIVED FROM DATA
Resources, INc, (DRI) PROJECTIONS, FOR NATURAL GAS PRICES ARE EQUIVA-
LENT TO UNIFORM ANNUAL NATURAL GAS PRICES INCREASES OF ABOuUT 17%
(BETWEEN 157 AND 207 oN THE CHART). THESE DRI PROJECTIONS ARE THE

BASIS FOR THE MBG SELLING PRICES THAT ARE UTILIZED IN THE BASE CASE
IN THE COMPUTER MODEL.,
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g MBG SENSITIVITY TO ANNUAL INCREASES
< IN NATURAL GAS PRICES

wid
LAVER

THIS FIGURE SHOWS THAT THE CROSS-OVER POINT, IN LEVELIZED
ECONOMIC TERMS, OCCURS WHEN NATURAL GAS PRICE INCREASES EXCEED
APPROXIMATELY 6% PER YEAR (COMPOUNDED). AT THE CROSS-OVER POINT,
THE LIFE CY"LE COSTS OF PRODUCING THE MBG EQUAL THE LIFE CYCLE
REVENUE PRODUCED FROM SELLING THE MBG,
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SYNFUELS COSTS VERSUS PRICES

AT THE DRI ESCALATION RATES ASSUMED IN THIS STUDY, IT CAN BE
SEEN THAT IN LEVELIZED ECONOMIC TERMS, THE LIFE CYCLE COSTS OF
PRODUCING THE VARIOUS SYNFUEL PRODUCTS WILL BE LESS THAN THE LIFE
CYCLE SELLING PRICE OF THE MBG, EXCEPT FOR FUEL CELL ELECTRICITY

PRODUCED AT THE CENTRAL SITE,
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ANNUAL SYNFUEL PRODUCTION COSTS & PRiCES
OF COMPETING FUELS

(INFLATED $/MMBTU, DRI PROJECTIONS)

THIS CHART ILLUSTRATES TWO IMPORTANT POINTS. FIRST, FUTURE
SELLING PRICES OF MBG, wHICH ARE BASED ON DRI PROJECTIONS FOR NATURAL
GAS PRICES, ARE EXTREMELY HIGH, RANGING FrRoM $9,91 In 1985 1o $184.83
IN 2006, THIS MAKES MBG LOOK EXTREMELY ATTRACTIVE AND PROBABLY
OVERSTATES ITS ATTRACTIVENESS. SECONDLY, ELECTRICITY PRICES ARE ASSUMED
TO ESCALATE MUCH MORE SLOWLY, THUS STRONGLY AFFECTING THE SELLING PRICE
OF FUEL CELL ELECTRICITY AND MAKING CENTRAL-SITE GENERATION OF FUEL
CELL ELECTRICITY UTILIZING COAL APPEAR TO BE UNECONOMICAL.
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ANNUAL SYNFUEL PRODUCTION COSTS & PRICES OF COMPETING FUELS
(INFLATED $/MMBTU, DRI PROJECTIONS)

5‘) - K _‘i

P B

S1 39Vd TVNIODIO

ALrTvad 400d 40

MBG SNG METHANOL GASOLINE HYDROGEN ELECTRICITY

YEAR Cost Price Cost | Price Cost | Price | Cost | Price Cost | Price | Cost |Price
1985 9.38 9.91} 15.40 9.91]|15.34| 17.43] 20.80 26.721 16.74 | 12.80| 21.46 11.04
1986 9.37 12.35} 15.59} 12.35}15.59} 22.13| 21.15 33.92| 16.97 15.95} 21.93 | 12.77
1987 10.01] 15.75} 16.66 | 15.75}16.67 | 21.09] 22.59] 32.32]| 18.09| 20.35] 23.44 | 14.21
1988 10.77 20.09| 17.88 20.06 | 17.92 25.79 ] 24.22 39.52 | 19.34 25.95] 25.14 15.43
1989 11.65] 25.89} 19.26 | 25.89 | 19.32| 29.39{ 26.05| 45.04} 20.76 | 33.45] 27.04 | 16.98
1992 12.52 33.71( 20.67 33.71 1 20.76 { 37.48) 27.93| 57.44| 22.20| 43.55( 29.01 19.26
1991 13.44 ) 43.19] 22.17 | 43.19 [ 22.29| 41.66| 29.93] 63.84)] 23.74} 55.80} 31.11 | 21.26
1992 14.45| 49.11] 23.81 ) 49.11} 23.97| 47.50| 32.13| 72.80] 25.42| 63.45| 33.41 | 23.09
1993 15.56| 55.72} 25.61 | 55.72}25.81| 49.54) 34.54} 75.92)| 27.27| 72.00} 35.95 | 25.03
1994 16.72) 63.00| 27.52 | 63.00) 27.77| 54.03)| 37.11| 82.80} 29.23| 81.40) 38.65| 27.14
1995 18.01 71.01} 29.63 ) 71.01}29.93] 58.88] 39.92} 90.24] 31.39} 91.75) 41.61 | 29.42
1996 19.41] 79.76} 31.93 | 79.76 | 32.29 ] 64.21| 43.02] 98.40] 33.76 ] 103.05| 44.87 | 31.86
1997 20,90 89.16( 34.39| 89.16| 34.82| 69.95( 46.33| 107.20{ 36.29 | 115.20| 48.37 | 34.52
1998 22.51| 99.00| 37.07 ] 99.00} 37.57| 76.26}] 49.93| 116.88| 39.03] 127.90| 52.17 37.46
1999 24.23| 109.17} 39.95 | 109.17 | 40.54 | 83.10] 52.82| 127.36) 42.00] 141.05] 56.31 | 40.57
2000 26.09 | 119.66 | 43.07 | 119.66 | 43.76 | 90.62 | 58.04) 138.88| 45.20 | 154.60] 60.78 | 44.01
2001 28.09] 130.03 | 46.44 }1130.02 | 47.23 | 98.76) 62.59]| 151.36| 48.66 ] 168.20) 65.61 | 47.67
2002 30.19} 140.60 | 50.02 | 140.60 ) 50.93 ] 107.64 ] 67.45| 164.96 ]| 52.34} 181.65)} 70.79 ] 51.73
2003 32,48 150.85} 53.94 | 150.85| 54.99 | 117.35} 72.77| 179.84} 56.37 ] 194.90| 76.48 | 56.06
2004 34.90| 161.46| 58.10 | 161.46 | 59.30 | 127.89 | 78.42| 196.00| 60.65 | 208.60 | 82.53 | 60.77
2005 37.331172.72 (1 62.41 {172.72 ]| 63.79]| 139.37}| 84.34] 213.60| 65.11 ] 223.15| 88.93 | 65.88
2006 40.37 | 184.83| 67.68 | 184.83 1 69.24 | 151.95| 91.541] 232.88| 70.59 | 238.80

96.63 ( 71.37
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ANNUAL OPERATION & MAINTENANCE COST
FOR VARIOUS FOUR-MODULE PLANTS

(MILLIONS OF INFLATED Loo ARS)

THIS TABLE SHOWS THAT O8M COSTS, EXCLUDING COAL COSTS, ARE LOWEST
FOR THE MBG FACILITY AND HIGHEST FOR THE FUEL CELL ELECTRICITY FACILITY.
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ANNUAL OPERATION & MAINTENANCE COST
FOR VARIOUS FOUR-MODULE PLANTS
(Millions of Inflated Dollars)
\
‘ YEAR MBG SNG METHANOL GASOLINE HYDROGEN ELECTRICITY

AT 1985 35.4 73.2 85.4 88.5 75.2 111.0

I 1986 117.0 241.9 282.3 292.5 248.6 367.0

1987 171.2 354.0 413.0 428.0 363.8 537.0

1988 188.8 390.3 455.5 472.0 401.2 592.2

1989 | 297.2 428.4 500.0 518.0 440.3 649.9

1990 228.0 471.4 550. 1 570.0 484.5 715.1

1991 251.2 519.4 606.0 628.0 533.8 787.9

1992 276.0 570.6 665.9 690.0 586. 5 865.7

1993 304.0 628.5 733.4 670.0 646.0 953.5

1994 334.4 691.4 806.7 836.0 710.6 1,048.9

1995 367.2 759.2 885.9 918.0 780.3 1,151.7

1996 404.0 835.3 974.7 1,010.0 858.5 1,267.2

1997 464 .8 919.6 1,073.1 1,112.0 945.2 1,395.1

1998 488.8 1,010.6 1,179.2 1,222.0 1,038.7 1,533.1

1999 538.4 1,113.1 1,298.9 1,346.0 1,144.1 1,688.7

2000 592.0 1,224.0 1,428.2 1,480.0 1,258.0 1,855.8

2001 651.2 1,346.4 1,571.0 1,628.0 1,383.8 2,042.5

2002 716.0 1,480.3 1,727.4 1,790.0 1,521.5 2,245.7

2003 788.0 1,629.2 1,901.1 1,970.0 1,674.5 2,471.6

2004 866.4 1,791.3 2,090.2 2,166.0 1,841.1 2,717.5

2005 715.2 1,478.7 1,725.4 1,788.0 1,519.8 2,243.2

2006 262.2 542.1 632.6 655.5 557.2 822.4
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ANNUAL SYNFUEL REVENUES FOR VARIOUS
FOUR-MODULE FACILITIES

(BiLLions ofF INFLATED DoLLARS)

THIS TABLE SHOWS THAT MBG PRODUCES THE HIGHEST YEARLY REVENUE,
OF THE PRODUCTS CONSIDERED. THIS 1S A CONSEQUENCE OF THE FACT THAT

MBG HAS A HIGH SEL.ING PRICE AND MORE MBG IS PRODUCED THAN ANY OTHER
ALTERNATIVE PRODUCT,
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ANNUAL SYNFUEL REVENUES FOR VARIOUS
FOUR-MODULE FACILITIES

(Billions of Inflated Dollars)

YEAR MBG SNG METHANOL GASOLINE HYDROGEN ELECTRICITY
- 1985 0.34 0.26 0.48 0.57 c.33 0.23
% 1986 1.29 0.98 1.37 1.63 1.25 0.76
- 1987 2.19 1.67 2.23 2.65 2.13 1.09
1988 2.82 2.16 2.54 3.02 2.74 1.21
1989 3.67 2.81 3.24 3.86 3.57 1.37
1990 4.70 3.60 3.61 4.29 4.58 1.51
1991 5.34 4.09 4.11 4.89 5.20 1.64
1992 6.06 4.64 4.29 5.10 £.90 1.78
1993 6.85 5.25 4.68 5.56 6.67 1.93
1994 7.73 5.91 5.10 6.06 7.52 2.09
1995 8.68 6.64 5.56 6.61 8.45 2.26
1996 9.70 7.42 6.06 7.20 4.45 2.45
1997 16.77 8.24 6.60 7.85 10.05 2.66
1998 11.88 9.09 7.19 8.55 11.57 2.88
1999 13.02 9.96 7.84 9.33 12.68 3.12
2000 14.16 10.84 8.55 10.17 13.79 3.38
2001 15.30 11.71 9.32 11.08 14.89 3.67
2002 16.41 12.56 10.16 12.08 15.98 3.98
2002 17.57 13.44 11.07 13.17 17.10 4.31
2004 18.79 14,38 12.07 14.35 18.30 4.67
20C5 15.08 11.54 9.87 11.73 14. 69 3.80
2006 5.38 4.12 3.58 4,26 5.24 1.37
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ANNUAL COST FOR VARIOUS FOUR-MODULE PLANTS
(BILLIONS OF INFLATED DOLLARS)

THIS TABLE SHOWS, FOR EXAMPLE, THAT MAXIMUM ANNUAL COSTS IN

INFLATED DOLLARS FOR THE DIFFERENT FOUR-MODULE SYNFUELS PLANTS RANGE
FROM 3.80 BILLION DOLLARS FOR MBG To 5.86 BILLION DOLLARS FOR

CENTRAL-SITE FUEL CELL ELECTRICITY GENERATION,
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ANNUAL COST FOR VARIOUS FOUR-MODULE PLANTS
(Billions of Inflated Dollars)

, YEAR MBG SNG METHANOL GASOLINE HYDROGEN ELECTRICITY

K 1985 0.26 0.32 0.33 0.35 0.34 0.38

S 1986 0.76 0.97 1.01 1.07 1.04 1.17
1987 1.09 1.39 1.44 1.52 1.48 1.66
1988 1.17 1.49 1.55 1.63 1.59 1.78
1989 1.27 1.60 1.67 1.75 1.70 1.92
1990 1.36 1.72 1.80 1.88 1.82 2.06
1991 1.46 1.85 1.93 2.01 1.95 2.21
1992 1.57 1.98 2.08 2.16 2.08 2.37
1993 1.69 2.13 2.23 2.32 2.24 2.55
1994 1.82 2.29 2.40 2.49 2.40 2.74
1995 1.96 2.47 2.59 2.68 2.57 2.95
1996 2.11 2.66 2.80 2.89 2.77 3.18
1997 2.27 2.86 3.01 3.11 2.98 3.43
1998 2.45 3.09 3.25 3.35 3.20 3,70
1999 2.64 3.33 3.51 3.62 3.44 4.00
2000 2.84 3.59 3.79 3.90 3.71 4.31
2001 3.06 3.87 4,09 4,20 3.99 4.66
2002 3,28 4.16 4.41 4.53 4.29 5.02
2003 3.53 4,49 4.76 4.89 4.62 5.43
2004 3.80 4,84 5.13 5.27 4.97 5.86
2005 3.05 3.90 4.14 4.25 4.00 4.73
2006 1.10 1.41 1.50 1.54 1.45 1.71
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YEARLY REVENUE - MINUS - COST FOR VARIOUS
FOUR-MODULE FACILITIES

(BiLrions ofF INFLATED DoLLARrS)

TH1S TABLE SHOWS THAT MAXIMUM REVENUES MINUS COSTS, EXCLUDING
TAXES, RANGE FROM +15 BILLION DOLLARS (INFLATED) FOrR MBG TOo -1.18
BILLION DOLLARS FOR CENTRAL-SITE FUEL CELL ELECTRICITY,
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YEARLY REVENUE - MINUS - COST FOR VARIOUS
FOUR-MODULE FACILITIES
(Billions of Inflated Dollars)

Y S

YFAR MBG SNG METHANOL GASOLINE HYDROGEN ELECTRICITY
1985 0.08 -0.06 0.15 0.22 -0.02 -0.15
1986 0.52 0.01 0.36 0.56 0.21 -0.41
1987 1.00 0.29 0.79 1.14 0.64 -0.57
1988 1.64 0.67 0.99 1.40 1.16 -0.58
1989 2.40 1.20 1.57 2.11 1.87 -0.55
1990 3.34 1.87 1.81 2.41 2.75 -0.55
1991 3.88 2.24 2.18 2.88 3.26 -0.57
1992 4.49 2.66 2.21 2.94 3.82 -0.59
1993 5.16 3.11 2.44 3.24 4.44 -0.62
1994 5.91 3.62 2.69 3.57 5.13 -0.66
1995 6.72 4.17 2.97 3.93 5.88 -0.69
1996 7.59 4.76 .26 4.31 6.68 -0.73
1997 8.50 5.38 3.59 4.74 7.51 -0.77
1998 9.43 6.00 3.94 5.20 8.36 -0.82
1999 10.38 6.63 4.33 5.71 9.23 -0.87
2000 11.33 7.25 4.76 6.27 10.08 -0.93
2001 12.24 7.84 5.23 6.88 10.90 -0.99
2002 13.13 8.39 5.75 7.55 11.69 -1.05
2003 14.03 8.95 6.31 8.28 12.48 -1.11
2004 15.00 9.54 6.93 9.08 13.32 -1.18
2005 12.04 7.64 5.72 7.48 10.68 -0.93
2006 4.28 2.71 2.09 2.73 3.79 -0.34
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SUMMARY OF TEST CASE OU"™UT FOR VARIOUS PRODUCTS
(FOUR-MODULE FACILITIES)

THIS TABLE ILLUSTRATES SOME OF THE CAPABILITIES OF THE SYNFUEL
Economic EvALUATION MODEL To PROVIDE QUANTITATIVE INFORMATION ON THE
IMPORTANT ECONOMIC PARAMETERS OF COAL-BASED SYNTHETIC FUEL COMPLEXES.
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SUMMARY OF TEST CASE OUTPUT FOR VARIOUS PRODUCTS
(FOUR-MODULE FACILITIES)

MBG SNG METHANOL | GASOLINE | HYDROGEN | ELECTRICITY
TOTAL SYNFUELS PRODUCTION
(Quadzillion BTU's) 2.18 1.67 1.73 1.34 1.64 1.43
TOTAL LIFETIME PLANT COST
(Billions of Inflated $) 44 . 54 56.40 59.43 67.39 58.64 67.83
AVERAGE SYNFUELS COST
20.47 33.87 34.33 45.70 35, 47.80
($/MMBTU) 3 5.76
TOTAL SYNFUELS REVENUES
(Billions of Inflated $) 197.72 151.30 129.51 154.02 192.51 52.14
TOTAL SYNFUELS CASH FLOW 1
(Billions of Inflated §) 153.18 94.90 70.08 92.63 133.87 15.69
TOTAL PRESENT VALUE
(Billions of Inflated $) 16.38 9.66 7.90 10.55 13.92 -2.26
LEVELIZED INFLATED COST 0.8645| 1.0946| 1.1475| 1.1914| 1.1465 1.3119
(Biilions of §)
LEVELIZED INFLATED REVENUE
(Billions of $) 3.32 2.54 2.33 2.77 3.23 0.97
LEVELIZED INFLATES PRODUCT COST
($/MMBTU) 7.95 13.14 13.26 17.74 13.98 18.49
LEVELIZED INFLATED PRODUCT PRICE
30.53 30.53 26.94 41.29 39 .44 13.72
($/MMBTU)
LEVELIZED 1980 COST 518.28 655.65 687.98 714 .25 687.38 786.53
(Millions of $§)
LEVELIZED 1980 REVENUE
(Billions of $) 1.99 1.52 1.40 1.66 1.94 0.58
LEVELIZED 1980 PRODUCT COST
4.76 7.88 7.95 10. .38 11.08
($/MMBTU) 63 8.3
LEVELIZED 1980 PRODUCT PRICE 18 .30 18.30 16 .15 24 75 23 65 8 23

($/MMBTU)




SENSITIVITY OF MBG PLANT CASH FLOWS
TO NATURAL GAS PRICES

THIS CHART SHOWS THE EXTREME SENSITIVITY OF THE LIFE COST
ecoNoMics OF THE MBG FACILITY TO THE PRICE OF THE NATURAL GAS WITH
WHICH IT COMPETES, IT IS OBVIOUS THAT THE PROFITS OF THE PLANT WILL
INCREASE IN A STRONGLY NON-LINEAR F/SHION AS NATURAL GAS PRICES

INCREASE,
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SEiSITIVITY OF MBG PLANT CASH FLOWS
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MBG VERSUS METHANOL

TH1S PAGE PRESENT SEVERAL CHARTS WHICH ENABLE ONE TO PERFORM
COMPARATIVE ECONOMIC EVALUATIONS OF ALTERNATIVE COAL-BASED SYNTHETIC
FUEL COMPLEXES. THIS PARTICULAR COMPARISON 1S BETWEEN MBG AND METHANOL.
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"MBG VERSUS GASOLINE"

THIS PAGE ILLUSTRATES THE RELATIVE ECONOMICS OF A COAL-BASED
MBG FACILITY VERSUS A COAL-BASED SYNTHETIC GASOLINE FACILITY,
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*MBG VERSUS HYDROGEN"

THIS PAGE ILLUSTRATES THE RELATIVE ECONOMICS OF A COAL-BASED MBG
FACILITY VERSUS A COAL-BASED HYDROGEN FACILITY,
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“MBG VERSUS FUEL CELL ELECTRICITY”

THIS PAGE, AND THE NEXT PAGE, ILLUSTRATE THE RELATIVE ECONOMICS
OF A COAL-BASED MBG FACILITY VERSUS A CENTRAL-SITE FUEL CELL FACILITY
WHICH USES A COAL GAS IN ITS FUEL CELLS,
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465 miLLioN poLLARS (1S30 DOLLARS) THEN ALL OF THE ADD-ON UNITS ;

o - M S et T £ ot

ONE MODULE CONSTRUCTION COSTS

THUS TABLE SHOWS THAT IF THE BASIC MBG MODULE COSTS ABOUT

TO MAKE THE OTHER PROLUCTS FALL WITHIN 209 MILLION DOLLARS OF |
THIS BASELINE cosT., (1.E., 674 - 465 = 209 MILLION DOLLARS)
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ONE MODULE CONSTRUCTION COSTS

ConsTRucTION CosTS

MopuLE TypPE (1980 DoLLARS)
MBG 165,220,720,
SNG 520,720,720,
METHANOL 577,720,720,
GASOLINE €37,495,720,
HYDROGEN 667,220,720,
ELECTRICITY 674,220,720.
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ONE-MODULE FACILITIES
YEARLY OPERATION & MAINTENANCE COSTS

THIS CHART GIVES THE RELATIVE 0 & M COSTS OF ONE MODULE OF
MBG VERSUS OTHER SYNFUEL PRODUCTS WHICH WOULD UTILIZE THE MBG out-
PUT OF THIS MODULE TO PRODUCE OTHER SYNFUELS
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SENSITIVITY OF THE FIRST MBG MODULE
70 DELAYS IN START OF CONSTRUCTION

THIS FIGURE SHOWS THAT A FOUR-YEAR DELAY IN STARTING CONSTRUCTION
OF THE FIRST MODULE WILL CAUSE THE CONSTRUCTION COST OF THIS MODULE,
IN INFLATED DOLLARS, TO RISE FROM 503 MILLION DOLLARS TO 807 MILLION
DOLLARS, AN INCREASE OF 214 MILLION DOLLARS. THIS INCREASE ASSUMES
AN 87 A YEAR INCREASE IN CONSTRUCTION COSTS.
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SENSITIVITY OF MBG PRODUCT COST
TO DELAYS IN START OF CONSTRUCTION
OF THE FIRST MODULE

THIS FIGURE SHOWS THAT A FOUR-YEAR DELAY IN STARTING CONSTRUCTION
OF THE FIRST MODULE RESULTS IN THE FIRST YEAR COST OF PRODUCING THE
MBG To RISE FROM APPROXIMATELY $9,50/MMBTU To $13.25/MMBTU, 1w
INFLATED DoLLARS.
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ONE MBS MODULE VERSUS ONE SNG MODULE
PropucT CosT

THIS FIGURE SHOWS THAT, ON A ¢/MMBTU BASIS, THE COST OF PRODUCING
SNG 1S GREATER THAN THE COST OF propucinGg MBG. HOWEVER, THIS FACT
MUST BE ASSESSED IN PROPER PERSPECTIVE. A HUGE PIPELINE DISTRIBUTION
SYSTEM 1S ALREADY IN PLACE FOR TRANSPORTING NATURAL GAS. ALSO, THERE
IS NQ RETROFIT COST FOR THE END-USER of SNG, IF HIS PLANT ALREADY

USES NATURAL GAS.
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f%~ ONE MBG MODULE VERSUS ONE SNG MODULE
| PRODUCT REVENUES

IF THE FIRST MODULF 1S UTILIZED FOR SNG PRODUCTION, RATHER THAN
MBG PRODUCTION, THEN THIS FIGURE SHOWS THAT THE YEARLY REVENUES
GENERATED BY SELLING THE MBG WILL BE HIGHER THAN THOSE GENERATED BY
SELLING THE SNG ouTpuT. THIS ASSUMES THAT BOTH MBG anD SNG arg soLp
AT THE CURRENT YEAR MARKET PRICE OF NATURAL GAS.
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ESCALATION FACTORS

Usine DRI AND TVA ESCALATION RATES FOR ELECTRICITY AND COAL,
THE PRICE INCREASES WILL AMOUNT TO FOUR TIMES THE PRICE FRom 1980
To 2000 usinGg THE TVA RATES, AND »LMOST EIGHT TIMES USING THE DRI
RATES. OBVIOUSLY, THESE ESCALATION RATES ARE VERY SIGNIFICANT AND
WILL DETERMINE THE ECONOMIES OF SYNFUEL PRICES IN COMPETING WITH
CONVENTIONAL FUELS. TDC usep THE DRI ESCALATIONS IN PERFORMING
PRICE ANALYSIS OF FUELS.
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PROJECT FUEL INCREASES

DATA Resources, INc., (DRI) USES ECONOMETRIC MODELS TO PROJECT
FUEL PRICE INCREASES. THE PERCENTAGE OF INCREASE AND THE CORRE-
SPONDING FUEL PRICES ARE SHOWN FROM 1930 1o 2007 FOR COAL, NATURAL
GAS, ELECTRICITY, GASOLINE, METHANOL, FUEL OIL, AND HYDROGEN,
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FUEL CELL DEVELOPMENT

FIRST GENERATION FUEL CELLS WILL BE COMMERCIALLY AVAILABLE
(AcCORDING To EPRI) puring 1983, PHOSPHORIC ACID AND MOLTEN CARBONATE
FUEL CELLS ARE CONSIDERED TO BE ADVANCED TECHNOLOGY AND WILL NOT BE
AVAILABLE COMMERCIALLY UNTIL 1938 - 1989, THE ADVANCED TECHNOLOGY
FUEL CELLS WILL REQUIRE FEWER BTU’s peER KWH OF ELECTRICITY GENERATED
(7500 versus 9300 BTU/KWH). A TVA DECISION ON USAGE OF THE PHOSPHORIC
ACID OR MOLTEN CARBONATE COULD NOT BE MADE UNTIL 1988, ABOUT THE TIME

MODULES 3 AND 4 wouLD BE COMING ON-LINE.
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FUEL CELL DEVELOPMENT
(EPRT R & D STATUS REPORTS)

1978 | 197911980 ] 1981 | 19821 1983 ] 1984 | 1985 § 1986 | 1987 | 1988 | 19R9 | 1990
- . - — R

PPVISRREPNE: WRN—— PR B S S g

FIRST GENERATION TECHNOLOGY*

45-MW Demonstration

Technology Improvement
Commercial Prototype Field Test

Commercial Prototype Follow-On Orders

ADVANCED FUEL CELL TECHNOLOGY**

Phosphoric Acid Technology
Molten Carbonate Technologv

Full-Scale Stack Demonstration

Multimegawatt Demonstratior.

Commercial Prototype Field Test

Commercial Orders

TVA FUEL
CELL DECISION

*9300 BTU/KWH

**7500 BTU/KWH; 0.78 VDC Individual Cells; Power Densities 150 H/Frz-
40,000 Hours Demonstration
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ELECTRICAL UTILITY LOAD DEFINITION

FUEL CELLS CAN OPERATE OVER A WIDE LOAD, THEREFORE CAN BE
UTILIZED FOR BASE, PEAK, OR INTERMEDIATE ELECTRICAL LOADS. T1DC
ANALYZED FOUR MODULE PRODUCING MEDIUM-BTU GAs FOR FUEL CELLS
OPERATING IN A BASE LCAD. THEREFORE, THE FUEL CELLS WOULD BE COM-

PETING ECONOMICALLY AGAINST TVA’s FOSSIL FUEL AND NUCLEAR POWER
PLANTS.
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BASE LOAD

PEAK LOAD

INTERMEDIATE
LOAD

ELECTRICAL UTILITY LOAD DEFINITION

80Z + UTiLizATION; > 8000 Hours/YrR; LarGe CAPITAL
INvESTMENTS; Low $/MBTU OPeraTiING AND CAPITAL
Recovery Costs; EFFICIENCIES 34 - 45%.

15% UTiLizaTioN; Low CAPITAL INVESTMENT; OPERATE
1500 Hours/YrR; HicHER OPeErATING CosTs;
EFFiciencies 13 - 24%.

40%7 oF Less UtiLization; OperaTe > 3500 Hours/YR;
TypicaLLy NATURAL Gas oF O1r FIReD;

Base AND Peak Loap PLANTS; EFFiclencies 24 - 34Z,
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TYPICAL UTILITY GENERATOR HEAT RATE
CHARACTERISTICS

TVA 1S CURRENTLY USING TURBINES FOR PEAK POWER GENERATION,
THESE TURBINES OPERATE DURING JANUARY AND FEBRUARY WHEN HOME AND
INDUSTRIAL HEATING REQUIREMENTS ARE HIGH. TVA IS CONSIDERING
COMBINED-CYCLE UNITS FOR POWER GENERATION. AS THE FIGURE SHOWS,
ADVANCED FUEL CELLS OPERATE OVER WIDE LOADS AND REQUIRE THE LESSER
HEAT RATE FOR ELECTRICAL GENERATION,




TYPICAL UTILITY GENERATOR HEAT RATE CHARACTERISTICS
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TVA SYSTEM GENERATING CAPACITY

FOR FUEL CELLS TO BE VIABLE COMMERCIALLY, THEY MUST COMPETE
WITH THE CURRENT AND PROJECTED TVA ELECTRICAL GENERATING CAPABILITY.
TVA HAS SEVERAL NUCLEAR PLANTS COMING ON-LINE DURING THE 1980°'s. |
THESE PLANTS WILL BE GENERATING AN INEXPENSIVE ELECTRICITY. TVA j
ELECTRICAL RATES DURING THE 1980°s ARE PROJECTED TO GROW BY |
PERCENTASES RELATIVELY SMALL COMPARED TO PRETROLEUM PRODUCTS AND |
NATURAL GAS. THEREFORE, ECONOMICALLY, IT 1S DIFFICULT FOR CENTRAL- |
SITE FUEL CELLS, OPERATING AT BASE LOADS, TO COMPETE WITH PROJECTED

TVA ELECTR:iCAL RATES,
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1979 TVA ELECTRICAL LOADS AND SUPPLY

FUEL CELLS COULD BE UTILIZED FOR PEAK POWER LOAD REQUIREMENTS
DURING THE MONTHS OF JANUARY AND FEBRUARY, JUNE AND JuLY. CURRENTLY,
TVA USES COMBUSTION TURBINE GENERATORS FUELED BY DIESEL OIL. IN
1979, approxXIMATELY 1.8 TRILLION BTU’S OF FUEL WERE USED TO GENERATE
PEAK ENERGY REQUIREMENTS., THE COMBUSTION TURBINES WERE USED AT
APPROXIMATELY 2% OF THEIR OPERATING CAPACITY,
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FUEL CELL ACID TECHNOLOGY

A SCHEMATIC IS SHOWN USING A 10,000 TPD ADVANCED GASIFIER TO
GENERATE FUEL FOR A CENTRAL FUEL CELL POWER GENERATION FACILITY,
THE COAL GASIFICATION SYSTEM INCLUDES AN AIR SEPARATOR, ACID GAS
REMOVAL, AND CLAUS SULPHUR AND (0p REMOVAL. THE FUEL CELL SCHEMATIC
IS SECOND GENERATION ACID TECHNOLOGY BEING DEVELOPED BY EPRI,
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MOLTEN CARBONATE FUEL CELL

THE SCHEMATIC sHows A 10,000 TPD ADVANCED GASIFIER GENERATING
FUEL FOR A CENTRAL-SITE FUEL CELL BANK. THE COAL GASIFICATION
SYSTEMS INCLUDE AN AIR REDUCTION, HEAT RECOVERY, AND SULPHUR
REMOVAL. THE FUEL CELL SCHEMATIC IS A SECOND GENERATION MOLTEN ﬂ
CARBONATE TYPE BEING DEVELOPED BY EPRI. |
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FUEL CELL PARAMETERS

TDC DEVELOPED FUEL CELL COST PARAMETERS FOR TOTAL FACILITY COST
AND ECONOMIC ANALYSIS. THE CENTRAL SITE 20,000 TPD couLD GENERATE
APPROX IMATELY 2,600 MEGAWATTS OF ELECTRICITY, WHICH IS SIGNIFICANTLY
LARGER THAN THE TYPICAL FOSSIL FUEL POWER PLANT. THE ESTIMATED
CAPITAL INVESTMENT COST FOR THE MOLTEN CARBONATE FACILITY IS $745.1
(1980 $ MiLLions) AND $836.4 MILLIONS FOR THE SECOND GENERATION ACID
TECHNOLOGY. CAPITAL INVESTMENT ($/K¥) 1S 282 AND 322 FOR MOLTEN
CARBONATE AND ACID FUEL CELLS RESPECTIVELY.
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SOURCE
FUEL RATE

Type
(CenTrAL Base LoaD)

Co SHIFT

REFORMING

HEAT EXCHANGER

Aux. BoiLER

TurbO GENERATOR

CeLL StAack & ANCILLARIES

FueL CONDITIONING

TotaL CapitaL Cost

YEARLY LABOR &
MAINTENANCE (17)

GENERATING, MW

$/KW

Heat RaTe (BTU/KWH)

FUEL CELL PARAMETERS
($1980, MiLLIONS)

EPRI
250 BBTU/Day MBG

MoLTEN
CARBONATE

93.70
63.70
60.10
527.60

745,10

7.45
2,640.00
282.00
7,720.00
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AciD

22.10

74.40
24,80
645.20

_ 70,00
836.40

8.36
2,600.00
322.00
7,840.00




SYNTHETIC NATURAL GAS (SNG)
PRODUCTION SCHEMATIC

MeTHANATION OF MEDIUM-BTU cAs (MBG) INVOLVED DRYING THE MBS
AFTER ACID GAS REMOVAL, AND SHIFTING AND METHANATING THE GAS. CARBON
DIOXIDE (COZ) AND HYDROGEN ARE REMOVED TO PROVIDE ESSENTIALLY
PURE METHANE (CHy). THE SCHEMATIC IS A TYPICAL METHANATION PROCESS
OF A SYNTHESIS GAS AND IS STATE-OF-THE-ART.
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KOPPERS-TOTZEK MBG TO HYDROGEN

CONVERTING MEDIUM-BTU GAS FROM THE KorPPERS-TOTZEK PROCESS TO
HYDROGEN IS SHOWN ON THE SCHEMATIC. SULPHUR AND CARBON MONOXIDE ARE
REMOVED AND CARBON DIOXIDE 1S SHIFTED. EssenTiALLY PURE (99%)

HYDROGEN 1S GENERATED AT 1000 psie.

MOBIL METHANOL TO GASOLINE

MopiL OIL HAS DEVELOPED A PROCESS TO CONVERT METHANOL TO
GASOLINE, CALLED THE MoBiL-M PRoOCESS. CRUDE METHANOL (17% WATER)

IS CONVERTED TO PROCESSED HIGH-OCTANE GASOLINE.
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SYNFUELS PARAMETERS

1980 CAPITAL COST ESTIMATES FOR ADDING HYDROGEN AND SYNTHETIC
NATURAL GAS (SNG) To THE Four-MoDULE MEDIUM-BTU eAs (MBG) FAcCIL1TY
ARE ILLUSTRATED. THE MBG FueL RATE 1s AssuMmed To BE 250 BBTU/Dav.
THE SNG FACILITY CONTAINS A 35 MILE PIPELINE COST TO GADSDEN.

IN BOTH CASES, IT 1S ASSUMED THE YEARLY OPERATIONS AND MAINTENANCE
cosTS ARE 1% OF THE CAPITAL INVESTMENT,
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ProbucT

SOURCE

MBG Fuer RATE

SYNTHES1S GAs COMPRESSION
Co SHIFT

€0y & HoS REMovVAL
METHANATION & DRYING
PrRoODUCT COMPRESSION
SULFUR RECOVERY

ToraL CapiTaL CosT

YEARLY LABOR & MAINTENANCE

SYNFUELS PARAMETERS

HYDROGEN
KopPERS-TOTZEK
250 BBTU/DAY
$10,50
12,90
97.50
8.30
8.00
_17.60
$54,80
$ 0.54
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SyNTHETIC NATURAL GAS
PARSONS

250 BBTU/DAY

SHIFT CONVERSION
METHANATION

SNG TREATING

PipeELINE (GADSDEN)
ToraL CapitaL CosT
YeAarRLY LABOR & MAINT,

husnacb SR naes | H‘ ‘

$76.63
0.77
62.16
12,96
$152.52
$ 1,52
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COAL-TO-METHANOL FACILITY

A CcOAL-TO-METHANOL BADGER FACILITY DESIGN IS SHOWN FOR A
10,500 TPD coAL GASIFICATION FACILITY, THE METHANOL PRGCESS INCLUDES
CO SHIFT, PURIFICATION, AND METHANOL SYNTHESIS.
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METHANOL AND GASOLINE SYNFUEL PARAMETERS

METHANOL AND GASOLINE CAPITAL AND OPERATIONS AND MAINTENANCE
(08M) cOST ESTIMATES ARE DEPICTED, IHE ESTIMATES WERE DERIVED FROM
BaBcock AND Wrrcox, MoeiL, AND ESCOE ReporTs, ONE PERCENT OF THE
CAPITAL ESTIMATE COSTS ARE ESTIMATED To BE 08M. THE COST ESTIMATES
ARE BASED ON AN MBG rueL RATE ofF 250 BBTU/Dav.
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PrRODUCT |

SOURCE

MBG FueL RaTe
METHANOL SYNTHESIS

- SYNTHES1S GAS COMPRESSION

MeTHanoL DRYING

MeTHaNoL PURIFICATION
ProDUCT STORAGE

TotaL CapitaL Cost

YEARLY LABOR & MAINTENANCE

SYNFUELS PARAMETERS

($1980, MirLL1ONS)

MeTHANOL

BaBcock & WiLcox

250 BBTU/Day
$176.20
28.80

16.70

4,50
_13.50
$239.70

$ 2.39
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REACTOR
CONVERSION

Gas PLANT
PoLLution SysTems
COMPRESSION
STORAGE

GASOLINE
MosiL & ESCOE
250 BBTU/Day
$122.80
79.90
11.50
46.40
34,80
14,50
$317.70
$ 3.16
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NCAS
FCM (1,
SSM (1,9
CFF (1,J)
SPM (1.,J)
SEM (1. 0)
CFM (D)
DCFM (D)

)
PCT1 (D)
PCT2 (D)
PCT3 (1)
PCTL (1)
PRSD1 {J.D)
PSRD2 (J.1)
EP1
EP2
EP3
EPY

SYNFUEL ECONOMIC EVALUATION PARAMETERS

INPUT VARIABLES

NumBer oF Cases 1o Re Run
FunpamentaL Cost MATRIX
SYNFUEL SuppLY MATRIX
CompeTiING FUEL PrICE MATRIX
SynFueL Price MaTrix
SynFueL Revenue MaTrIx

CasH FrLow MATRIX

Discountep Casu FrLow MaTrIx

Percent oF Cost (NoT CURRENTLY EXERCISED)
PercentT oF ConsTrucTION CosT For MopuLe 1 ALLoTTeD To YEaRr |
” ”n [/} n n MODULE 2 ” n YEAR I
” ”n n n ” MOD UL E 3 n [/} YEAR I
” ” " n n MODULE q " n YEAR I
PReMIUM OR SuBsiDy FacTor FOrR CosT IN YEaR I For ProbucT J
PrRemium or Sussipy FACTOR ForR PRICE IN YEAR | FOR PropucT J
EFFiciENcY oF THE GASIFICATION Process For MobuLe 1
" " n n ” n MODULE 2
” n ” n n ” MODULE 3
n ” ” ”n n ” M ODULE l'
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IMPUT VARIABLES (CoNTINUED)

JT1 PesieNATION OF SynFUEL ProbucT fFor MATRIX PosiTion, MobuLe 1
JT2 " " “ y “ “ " MoDuLE 2
JT3 " " " " ” " " MobuLe 3
JTL " " " " " " ” MobuLE 4
IST1 - STArRT oF ConsTrRucTION FOR MopuLe 1
IST2 . "o y " MobuLe 2 |
IST3 e " " MopuLe 3
ISTH oo " ”  MopuLE U
[0P1 START oF (PerATION FOR MobuLe 1
[0P2 "o " " MobuLE 2
10F3 oo " ” MopuLe 3
[0PY v " “  MobuLE U
1X1 SHuT-Down Time oF MopuLe 1 AT EnD ofF LiIFe
1X2 " # " Mopye 2" " " "
1X3 oo " Mopue 3" " " ”

B 1X4 "o “ " MopuLe g " " " "

, 1YEAR YeAR OF CURRENT ANALYSIS
1IFLAG FLac To Execise FueL Price EscALATION PARAMETERIZATION POUTINE
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XCC1
XCC2
XCC3
XCCy
CC051
CC052

CCo53

CCOo54
XC051
XC052
XC053
XCosSt
0C1
0C2
0C3
ocy
PNG
PFO

INPUT VARIABLES (CONTINUED)

ConsTRuUCTION CosT For MoDuLE 1

" " “  MoDULE 2
“ " ” MoDULE 3
" " " MopuLe U
vearLy CoaL CosT For MopuLe 1
" " " " MODULE 2
n n " " MODULE 3
g " " " MopuLE U
YEARLY TrRANSPORTATION CosT FOR MobuLe 1
" “ " ”  MoDuLE 2
" " “ ” MopuLE 3
" " “ ” MoDuLE 4
YEARLY UPERATION AND MAINTENANCE CosT FOR MoDUuLE 1
" " " ”  MoDuLE 2
" " ” " " ” MopuLE 3
" " " " " ” MopuLE U
CURRENT PRICE OF MATURAL GAs ($/MMBTU)
" “ " Fyer O1L "
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S T T

PEL
riSL
PMET
PHZ

RCO (D)
RNG (1)
RFO (1)
REL (1D
RGSL (1)
RMET (D)
RHZ (1)
PCC1 (1)
RCC2 (D)
FCC3 (D)
RCCY (1)
M (D)
RXP (1)

yNPUT VARIAPLES (CoNnTINUED)

CurRRENT PRICE OF

n n "
" “ o
” ” "
INFLATION FACTOR
” ”
" ”
n n
n ”n
L n
n ”
INFLATION FACTOR
" ”
” [ /4

n n

INFLATION FAcTOR
InFLATION FACTOR

ELEcTRICITY ($/MMBTU)
GASOLINE "
METHANOL
HYDROGEN y
FOrR CoAL PRrICE IN YEAR I
”  NaTUurRAL GAs Price IN Year |
FueL O1L Price IN YEAR |
FLecTrRICITY PRICE IN YEAR |
GasoLINE PrRICE IN YEAR |
MeTHANOL PRICE IN YeAR |
HYyDrOGEN PRICE IN YEAR |
ForR ConsTRucTION CosT oF MopuLe 1 IN YEAR |
" " “ " MopuLe 2 " Year |
MobuLe 3 " YeaAr |
MobuLe 4 " Year |
ForR OPERATION AND MAINTENANCE CosT IN YEAR |
FOR TRANSPORTATION CosT IN YEAR |

n

n
n
n
"

L4

" " n n

n n n
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SUP1
SUP2
SUP3
SUPL
XR1
XR2 .
XR3
XR4
D1
RINF
ESRT
BINF
CINF
COiNF
OMINF
FINF

INPUT VARIARLES (CoNTINUED)

YearLy CoaL Input IN BTU’s For MobuLe 1

" " " n ” ”n MODULE 2
4 n n n n n prULE 3
n n ” ” n ” MODULF L'

INTEREST RATE ON MONEY BORROWED FOR CONSTRUCTION OF MopuLe 1

n n " ” n ”
” n ” n ” ”

n ” n " ”n n

DiscounT INTEREST RATE

GeENERAL PRICE INFLATION

EscaLaTioN RATE oF CompeTiNG FUELS
Basic UNDERLYING INFLATION PATE
CoNSTRUCTION INFLATION RATE

CoAL INFLATION RATE

OPERATION AND MAINTENANCE INFLATION RATE

" ”  MoDULE 2 ‘
” "  MopbuLE 3 é
" ”  MopuLE U

FacTor OF GENERAL INFLAY10% Due To Fuer PrICE INCREASE
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COMPUTATICHAL VARIABLES

ArL InPuT VARIABLES:

L CounTer To Exercise PrRice THEN CosT Loops
I Year Counter (Row)
J PropucT DesicnAaTOR (CoLUMN)
AA INFLATED ConsTRucTION CosT FoR Mobute 1 1N YeAR |
RR - " " " “ MobuLe 2 " YeAr |
cc " " " “ MobuLE 3" Year |
DD " " " " MopbuLe 4 " Year 1
StMIN Sum oF CONSTRUCTION Costs FOR N YEARS FOR MopbuLe 1
SUM11 .o " oo ”  MopuLe 2
SUM12 "o . " ewoo" " MepuLe 3
SUM13 " " " owoon " MobuLE 4
£C1 TotaL ESCALATED (ONSTRUCTION Costs For MopuLe 1
CC2 " " ”  MopuLE 2
CC3 " " " " ” MopuLEe 3
CCy ” ” " " ”  MopbuLe 4§
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SUM1Y
SUMIS
SUM1F
SUM17
DM

COMPUTATIONAL VARIAPLES (CoNTINUED)

DestanaTor PorTion of ConsTRucTion CosT To Be CHARGED INTEREST,
Year !, Mopure 1

DesicnaTor PorTion of ConsTRucTioN CosT To Be CHARGED INTEREST,
Year 1, MopuLe 2

DES1GNATOR PoRTION OF ConsTRucTioN CosT To BE CHARGED INTEREST,
Year I, MopuLe 3

DesiGNATOR PorTioN OF ConsTRucTioN CosT To BE CHARGED INTEREST,
Year 1, MopuLe 4

VARIABLE USED FOR STORING CONSTRUCTION COST WITH INTEREST
Durine ConsTrucTION, MopuLe 1

VARIABLE UsED FOR STORING CONSTRUCTION CoST WITH INTEREST
Durine ConsTRucTION, MoDULE 2

VARIABLE Usep For STorinG CONSTRUCTION CoST WITH INTEREST
Durine ConsTRucTiON, MopuLe 3

VeariaBLE Usep For SToRING CONSTRUCTION CoST WITH INTEKEST
Durine ConsTRucTION, MopDuLE 4

V.- asLE FOR CompuTing ToTAL SynFueLs CosT
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COMPUTATIONAL VARTABLES (CONTINUED)

Cap1TAL Recovery FacTor oN ConsTRucTION CosT FOR Mopute 1
”n . n ” (4 [/ " ”n MOD ULE 2
MoDuLE 3
MobuLe 4
Cap1TAL Recovery FAcTor MurtipLiep By CosT FOR MODULE 1
” n n " " ” " MODULE 2
n n " n” n n [/ MODULE 3
[ n n " n n n MOD'JLE q
VARIABLE WHICH Apps ConsTRucTION CosTs FOR DESIGNATED YEARS,
MopuLE 1
VARIABLE wHICH ADDS CONSTRUCTION CosTs FOR DESIGNATED YEARS,
MoDULE 2
VARIABLE WHICH Apps ConsTRucTION CosTs FOR DESIGNATED YEARS,
MopbuLE 3
VARIABLE wHICH Apps ConsTRucTioN CosTs FOR DESIGNATED YEARS,
MopuLe 4

n n n n 14 " "

n ” [ ”n n n "
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COMPUTATIONAL VARIABLES (CoNTINUED)

X1 Var1aBLE FOR CoMpuTING OPERATING CosT oF APPROPRIATE YEARS,
MobuLe 1
X2 VAR1ABLE FOR CoMPuTING OPERATING CosT oF APPROPRIATE YEARS,
MoDuLE 2
X3 Var1ABLE FOR CompuTING OPERATING CoST OF APPROPRIATE YEARS,
: MobuLE 3
X4 Var1ABLE FOR CoMpuTING OPERATING COST OF APPROPRIATE YEARS,
MopuLe 4
Yl Var1ABLE FOR SToRING CoaL CosT oF AppRoPRIATE YEARS, MoDuLE 1 |
Yz ” ” n " /] [/} ”n " MODULE 2 |
Y3 " " ] ] " " ] n MOD ULE 3 g
vl! n n n 9 " n " " MODULE u
/1 VARIABLE FOR STORING TRANSPORTATION CosT OF APPROPRIATE YEARS,
MopuLe 1 1
72 VARIABLE FOR STORING TRANSPORTATION CosT OF APPROPRIATE YEARS, i
MobuLE 2 -
23 VARIABLE FOR STORING TRANSPORTATION CosT OF APPROPRIATE YEARS, |
‘ MobuLE 3 L
| 4 VARIABLE FOR STORING TRANSPORTATION CosT OF APPROPRIATE YEARS, |
! MopuLE U4 |
| 1
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CPCST (JT1,D)
CPCST (JT2,D)
CPCST (JT3,1)
CPCST (JT4,1)
SUM1

T1

T2

T3

T4

SUME

SUM3

SUM8

¥PU

YT0T

DPM1

FACT1

FACT2

SAVE (1)

. | [ SIS {

COMPUTATIONAL VARIABLES (CoNTINUED)

COMPUTED CosT of MopuLE 1 ForR YEAR I
# " MopuLe 2 " VYeAr |
MobuLe 3 ” Year |
" # " MopuLe 4 " Year |
VariABLE FOR ApDing ToTaL AnnuaL CosT
VARIABLE FOR CompuTING & STORING SynFueL SuppLy For MopuLk 1
n " n ” " ”n o MOD ULE 2
n n n n " n ” ” M ODU L E 3
MobuLE 4

n n "

n " " 4 n n n "

VARIABLE FOR CompuTiNG TOTAL SYNFUEL SupPLIES

VARIABLE FOR CoMpuTING TOTAL SYNFUEL REVENUES

VARIABLE FOR CoMPUTING LEVELIZED REVENUE STREAM

VARIABLE SET TO ANNUAL EQuIVALENT FACTOR FOR LEVELIZED STREAM
TotaL SynrFueL SuppLIED FOR Four MobuLES

VARIABLE SET To LEVEL1zED Propuct Price 1N $/MMBTU
DiscounTING FACTOR

PorTION Of MNUMERATOR IN UNIFORM PAYMENT FACTOR

UNINFLATED Pevenue STReaM (D1SCOUNTED)

192




COMPUTATIONAL VARIABLES (CoNTINUED)

Suma VARIABLE FOR SUMMING UNINFLATED REVENUE STREAM
UPF1 NumerATOR IN UNIFORM PAYMENT FACTOR

UPF2 DenoMINATOR IN UNIFORM PAYMENT FACTOR

UPF UniForM PAYMENT FACTOR

AP LeveL1ZzeD UNINFLATED ANNUAL PAYMENT

DPM2 . LeveL1zep CosT oF Probuct 1n $/MMBTU

TEMP1 Var1ABLE FOR CompuTiNG CAsH Frow For YEAR [
SUMy VARIABLE FOR SumMinNG CAsH FLow

SCOST SynFueLs Cost on A $/MMBTU Rasis

SUMS VARIABLE FOR SumMING D1scounteDp CasH FLow

d TVNIDI®)

nd ¥00d JO

ALY
S1 3OV
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OUTPUT VARIABLES

FCM (1,9 FunpamenTAL CosT MATRIX
SUM1 ToTAaL SynFueLs CosT
SSM (1,J) SynNFUEL SuppLy MATRIX
SUME ToTAL SYNFUEL SUPPLIES
SCOST SynrFueLs CosT on A $/MMBTU Basts
CFP (1, CompeTiNG FueL Price MATRIX
SPM (1,J) SYNFUEL PRICE MATRIX
SRM (1,J) SYNFUEL ReEVENUE MATRIX
SUM3 ToTaL SynFueLs REVENUES
CFM (D CasH Frow MaTrix
SUMy TotaL SynFueLs CasH FLow
DCFM (D) Discountep CAsH Frow MATRIX
SUMS TotAaL PRESENT VALUE
SUM8 LeveL1zep INFLATED REVENUE
DPM1 InFLATED $/MMBTU
AP LeverL1zep 1980 REVENUE
DPM2 LeveLizeo 1980 $/MMBTU
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TASK 2. INDUSTRY ENERGY REQUIREMENTS

DURING THIS THREE MANWEEK TASK, TDC DETERMINED NATURAL GAS
CURTAILMENTS IN NORTHERN ALABAMA AND SoutH CENTAL TENNESSEE,
PERFORMED A SYNFUEL MARKET ASSESSMENT, DETERMINED CURRENT AND
PROJECTED INDUSTRIAL GROWTH, {\ND ANALYZED AN INTEGRATED INDUSTRIAL !
CO-GENERATION PARK,
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TASK 2 - INDUSTRY ENERGY REQUIREMENTS

FueL CURTAILMENTS

SYNFUEL MARKET ASSESSMENT
INDUSTRIAL GROWTH
Co-GENERATION

: 202




B o S

INDUSTRY ENERGY REQUIREMENTS

IN Previous NASA/MSFC conTrRACTs, TIC ESTABLISHED AN INDUSTRIAL DATA BASE CONTAINING
INDUSTRY ENERGY REQUIREMENTS, MANUFACTURING PROCESSES, AND NUMBER OF EMPLOYEES FOR 1,200
BUSINESSES IN NORTHERN ALABAMA AND SOUTH CENTRAL TENNESSEE, THE CURRENT TDC CONTRACT EMPHA-
SIZED NEW INDUSTRY MOVING INTO THE TVA REGION BECAUSE OF THE COAL CONVERSION FACILITIES'
SIGNIFICANT ENERGY AVAILABILITY. TDC ALSO DETERMINED THE PRIME INDUSTRIAL SYNFUEL USERS,

IN ORDER OF HIGHEST PRIORITY AND PRIMARY SYNFUEL UTILIZATION, TO BE:

1. CHemicaL (Feepstock)

2. RuBBER (THERMAL)

3. PRIMARY METALS (THERMAL)

4. PeTroLeuM (THERMAL AND FEEDSTOCK)

IN 1978 anD 1979, TEXTILES, woOD PRODUCTS, RUBBER, FABRICATED METALS, APPAREL, AND
ELECTRONIC EQUIPMENT INDUSTRIES GREW THE MOST IN THE TVA AREA. ONLY WOOD PRODUCTS AND RUBBER
INDUSTRIES ARE LARGE ENERGY AND SYNFUEL USERS.

NATIONALLY, ELECTRONIC EQUIPMENT, MACHINE TOOLS, PLASTICS, CHEMICALS, AND METALS
INDUSTRIES GREW THE MOST, CHEMICALS AND METALS INDUSTRIES UTILIZE THE MOST ENERGY. TDC
ANALYZED POTENTIAL INDUSTRIAL SITES FOR NEW L.ARGE ENERGY USERS RELATIVE TO THE MuRrRPHY HiILL
SITE. ESTIMATES WERE MADE ON SYNFUEL UTILIZATION, CAPITAL INVESTMENT, ENERGY USE, EMPLOY-
MENT AND LAND REQUIREMENTS,
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CURRENT INDUSTRIES

e 1200 INDUSTRIES IN
NORTHERN ALABAMA &
So. CENTRAL TENNESSEE
e PLANT Tours

INDUSTRY ENERGY REQUIREMENTS

POTENTIAL

PRIME SYNFUEL USERS

® CHEMICALS
RuBBER

°
o PriMARY METALS
¢ PETROLEUM

TVA REGIONAL GROWTH

TEXTILES

Woop Probucts
RUBBER

FaBrICATED MeTALS
APPAREL
ELecTronIC Eauilrp,

NEW LARGE ] INDUSTRIAL
ENERGY USERS SITES
METALS e LoOcATIONS
CHEMICALS o RELATIVE TO
RUBBER ”’//' MurPHY HILL
TEXTILES ® RESTRICTIONS

Woop PropucTs

PeTroLEUM REFINING

Foop PROCESSING

8 TRANSPORTATION

NATIONAL INDUSTRIAL GROWTH

ELecTroNIC EquiP,
MacHINE TooLs
PLasTiICS

OrGAN1C CHEMICALS
MeTaLs

CHEMICALS

NEW INDUSTRIES

SynFueL Use
CAPITAL
INVESTMENT
EnerGY UsE
EMPLOYMENT
LAND
REQUIREMENTS
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TVA COAL CONVERSION FACILITY
MODULE SYNFUELS PRODUCTS

THE ILLUSTRATION SHOWS THE FOUR-MODULE COAL CONVERSION FACILITY
PRODUC ING MBG. THE FIRST TWO MODULES USE METHANATION UNITS TO
GENERATE SYNTHETIC NATURAL GAS (SNG) wHICH couLD BE SOLD DIRECTLY
TO DISTRIBUTORS OF NATURAL GAS. MoDULE 3 couLDd SELL MBG ovER THE
FACILITY BOUNDARY TO A CHEMICAL FIRM WHICH WOuLD CONVERT THE MBG ToO
METHANOL AND THEN GASOLINE. THE FOURTH MODULE cOULD GENERATE MBG
FOR PIPELINE TRANSPORTATION TO INDUSTRIES IN NORTHER ALABAMA, THIS
STUDY ALSO ANALYZED AN ALTERNATIVE TO THE FOURTH MODULE; THAT IS,

AN INTEGRATED CO-GENERATION INDUSTRIAL PARK USING MBG AND/OR METHANOL
AS FUEL AND FEEDSTOCKS.
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STORAGE

]
: TVA COAL CONVERSION FACILITY
| MODULE SYNFUELS PRODUCTS
]
L]
|
MopuLe 1 METHANATION ;
MBG SNG .
\ NATURAL GAS
; PIPELINE
| ]
MoDuLE 2 METHANATION !
MBG SNG ]
|
)
__-_--____-___J
1
MapuLe 3 :
MBG | METHANOL GASOLINE
| !
: {
{
; MopuLE 4 !
; MBG MBG PIPELINE INDUSTRIES
L
|

: FaciLiTy
| BOUNDARY
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SYNFUELS MARKET POTENTIAL

A MARKET ASSESSMENT OF THE SIX SYNFUELS WAS MADE FOR UTILIZATION
iN NORTHERN ALABAMA, THE SUPPLY OF FOUR MODULES PRODUCING THE
SYNFUEL 1S COMPARTED TO 1980 AND 1990 ESTIMATED MARKET DEMANDS. As
CAN BE SEEN, SYNTHETIC NATURAL GAS AND GASOLINE WOULD NOT CREATE AN
OVER-SUPPLY SITUATION., CURRENTLY, A SMALL OR NON-EXISTENT MARKET
EXISTS FOR METHANOL AND HYDROGEN. MARKETS COULD BE DEVELOPED FOR
METHANOL AND HYDROGEN BY INDUSTRIES LOCATING IN NORTHERN ALABAMA AND
USING THE SYNFUELS FOR FUEL OR FEEDSTOCKS. THE CONCLUSION WHICH CAN
BE DRAWN FROM THE CHART 1S THAT THE 20,000 TPD COAL CONVERSION FACILITY
WILL SATURATE THE NORTHERN ALABAMA MARKET, AND A DIVERSITY OF PRODUCTS
WHICH CAN BE EXPORTED (I1.E., SNG, ELECTRICITY, GASOLINE) SHOULD BE

CONSIDERED.
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SYNFUELS MARKET POTENTIAL

PRICE ($/MBTU)

MG METHANOL SNG ELECTRICITY HYDROGEN GASOLINE
POTENTIAL CHEMTCALS INDUSTRIAL FUEL WIDE WIbE AMMONTA FUEL
CUSTOMERS RUBHER CASOLINE BLENDING INDUSTRIAL INDUSTRIAL GLASS
METALS PEAK POWER SHAVING | USE USE METHANO". (+C0)
PETROLEUM HYDROTF EATING
METALS
PETROILEUM REFINING
AMOUNT YEAKLY
PRODUCED * 110,44 86.74 83.42 71.02 82.16 67.31
(4 MOD; TBTU/YR)
1980 NORTH ALA.
MARKET (TBTU/YR) . .
ket { 27.0 NON 124.8 56.6 (INCLUDES 7.5 139.2
(EXCIUDES E RESIDENTIAL) 39
BIRM INGHAM)
1990 NORTH ALA.
MARKET (TBTU/YR) 40.0 »50.0 184.7 83.6 11.8 145.9
1980/1990* 4.80/30.45 7.50/135.73 7.80/30.45 14.85/21.88 8.20/38.06 10.80/31.87

COMMENTS

TVA PLANS TO
SELL 3/4 OF
OUTPUT DIRECTLY
TO PIPELINE/
CHEMICAL
COMPANIES

COULD CONVINCE
SEVERAL LARGE
INDUSTRIES TO
CONVERT TO
METHANOL AS
FUEL

EFFICIENCY OF
SNG PRODUCTION
APPEARS HIGH
COMPARED TO MBG

FUEL CELL
ELECTRICITY

NOT ECONOMICALLY
Ct MPETITIVE WITH
FOSSIL & NUCLEAR
ELECTRICITY

HYDROGEN PRICES
A STRONG FUNCTION
OF QUANTITY SOLD
PER DAY

GASOLINE DEMAN)
1S EXPECTED TO
REMAIN FLAT OR
DECREASE

*90% OPERATIONS; 20,000 TPD; 24,050,000 BTU/TON
**1980 PRODUCTION COSTS EQUALS PRICE; 1990 COMPETING FUEL ESCALATION PRICE
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MAJOR INDUSTRIAL GROWTH
IN TVA REGION

During 1978 anp 1979, ABour 180 NEW INDUSTRIES LOCATED IN
THE TVA rRecionN., Over 200 EXISTING INDUSTRIES EXPANDED THEIR FACILITIES.
EMPLOYMENT INCREASED BY OVER 20,000 £AcH YEAR. INDUSTRIES RANKED BY
GROWTH ARE ILLUSTRATED. THE MAJOR INDUSTRIAL GROWTH IS NOT FROM
LARGE ENERGY USERS,
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MAJOR INDUSTRIAL GROWTH
IN TVA REGION

1978 1979
New PLANTS 171 181
ExpAaNSIONS 254 281
KW Demanp 277,905 469,505
INVESTMENT $915,027,000 $2,100,260,000
EMPLOYMENT 21,637 28,400
INDUSTRIES RANKED BY GROWTH

1. INSTRUMENTATION 8. FABRICATED METALS
2. MACHINERY 9., Paper*
3. ELECTRONIC MACHINERY 10. Foop
4, ApPAREL 11. RuBBEer*
5. TexviLe MiLLs 12. Stone & CLAy
6. FurRNITURE MANUFACTURING 13, CHemicALs*
/. PRIMARY MeTALS*
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NORTH ALABAMA INDUSTRIAL
SYNFUELS SELECTION

PasT TDC STUDIES CONCLUDED THAT THE METALS, CHEMICALS, WOOD,
RUBBER, AND PETROLEUM INDUSTRIES WOULD HAVE A PROPENSITY TO USE
SYNFUELS OR LARGE AMOUNTS OF ENERGY. THE TVA AREA HAS RESOURCES
OF WATER, POWER, WOOD, LAND, AND INEXPENSIVE LABOR. CURRENTLY, THERE
ARE NO PETROLEUM REFINERIES IN NORTHERN ALABAMA; THEREFORE, A REFINERY
WOULD BE A PRIME NEW INDUSTRY. WITH THE TENNESSEE-TOMBIGBEE CANAL,
ALUMNA AND CRUDE COULD BE SHIPPED FROM THE GULF TO NORTHERN ALABAMA.
NEW INDUSTRIES WOULD LOCATE NEAR THE MurpHy HiLL SITE TO AvOID
TRANSPORTING SYNFUELS LONG DISTANCES. NEW INDUSTRIES LOCATING IN
NORTHERN ALABAMA COULD BE INTEGRATED WITH EXISTING INDUSTRIES AND
UTILIZE FUEL CELLS AND CO-GENERATION OF ENERGY.
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NORTH ALABAMA INDUSTRIAL
SYNFUELS SELECTION

PRIME SYNFUELS INDUSTRIES - MeTALS. C(HeMicALs, WooD, RuBBER,
PETROLEUM

MaJor REGIONAL RESOURCES - WATER, POwer, Woop, LAND, LABOR
No PeTroLeuM REFINERY IN NORTHERN ALABAMA

ACCESS TO NORTHERN ALABAMA THROUGH TENN-TOMBIGBEE FROM
GuLs (CRUDE & ALUMNA)

EmPHAS1ZE New INDUSTRIES LocATING Near MurpHy HiLL

DemonsTRATE New ENerecy TecHNoLoGY sucH As FUEL CELLS AND
Co-GENERATION

INTEGRATE WITH EXISTING INDUSTRY SUCH AS ALUMINUM, RUBBER,
CHeMicALS, WooD




INDUSTRIAL SITE SELECTION

NEW INDUSTRIAL SITES SHOULD BE SELECTED FOR PROXIMITY ToO
MurPHY HILL WITH ADEQUATE LAND, ON THE MAIN CHANNEL 0OF THE TENNESSEE
RIVER, AND BE ENVIRONMENTALLY ACCEPTABLE. FOUR SITES WERE SELECTED
CONSIDERING THE ABOVE CRITERIA, THREE OF THE SITES ARE OWNED BY
TVA, THE FOURTH (THE Revere SITE AT Goose PoND) couLp BE SHARED.




NAME
CONNORS

[sLAND

FINLEY
[sLAND

COURTLAND
Goose PoOND

INDUSTRIAL SITE SELECTION

ProxiMITY TO MurpHy HiILL

°
o Lanp AvaruasiLity (> 200 ACRES)
e ONn MAIN CHANNEL OF RIVER
o ENVIRONMENTALLY ACCEPTABLE
e No LARGE INDUSTRIAL RESTRICTIONS
PRELIMINARY SITES
APPROX IMATE CURRENT
PROXIITY ACRES OwWNER
GUNTERSVILLE 600 TVA
DecCATUR 6,000 TVA
COURTLAND 3,000 TVA
SCOTTSBORO 300 REVERE

214

CHANNEL
MILES FROM
MurpHy HILL

12

62

82
1




INTEGRATED NORTHERN ALABAMA
CO-GENERATION INDUSTRIAL PARK

COMBINING SYNFUEL INDUSTRY TYPES, NORTHERN ALABAMA CHARACTERISTICS,
CO-GENERATION, AND FUEL CELLS, THE SCHEMATIC SHOWS AN INTEGRATED
INDUSTRIAL PARK POSSIBLY LOCATING CLOSE TO MUuRPHY HiLL. THE ALUMINUM
PLANT COULD BE AT REVERE OR THE PAPER MILL wouLD BE AT COURTLAND,

THE PETROLEUM AND PETROCHEMICAL PLANT wouLD BE NEw: VCM Is vINYL
CHLORIDE MONOMER, WHICH IS USED TO MAKE PLASTICS, AND STYRENE 1S USED
IN MAKING TIRE CORD, ALUMNA AND CRUDE COULD BE SHIPPED IN VIA THE
TENNESSEE-TOMBIGBEE WATERWAY,
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INTEGRATED NORTHERN ALABAMA

CO-GENERATION INDUSTRIAL PARK

216

MBG or
MeTHANOL
PowER FueL CeLLs STEAM
ALumNA
ZINC
MANGANESE - ALumINUM FINISHED CRUDE
SILICON PLANT ALuMINUM S . PETROLEUM
TEAM ~  REFINERY
Power
Power Heat
MBG or
MeThanoL | Co-GeneraTion "
PLANT ETHANOL = PETROCHEMICAL
LimesTone | (BOILERS, GENERATORS, STEAM PLANT
' TURBINES) Power (ETHYLENE-BASED)
STEAM PodErR Woop
WASTE
Pur PAPER
PAPER MILL PRODUCTS

FueL OiLs
GASOLINE

ETHYLENE

V(M

S

STYRENE




CO-GENERATION INDUSTRIAL PARK
ESTIMATED PARAMETERS

ESTIMATES WERE MADE OF FUEL REQUIREMENTS, ELECTRICITY NEEDS,
CAPITAL INVESTMENT, AND NUMBER OF EMPLOVEES THE INDUSTRIAL PARK WOULD
REQUIRE. FUEL CELLS AND THE CO-GENERATION PLANT WOULD GENERATE
ELLCTRICITY AND STEAM. MeTHANOL AND/OR MBG wouLD BE IMPORTED FROM
THE COAL GASIFICATION SITE.




t; CO-GENERATION INDUSTRIAL PARK ESTIMATED PARAMETERS |
f
: 1980 CapiTAL
Fuer Reas. ELecTRICITY INVESTMENT NUMBER OF
ELEMENT (TBTU/YR) (TBTU/YR) ($ MiLLion) | EMPLOYEES
Paper MiLL 2,5 0.9 350 800
ALUMINUM 3.0 6.0 400 1,500
- PeTROLEUM 2,5 0.3 80 600
REF INERY
PeTROCHEMICAL 1.5* 2.0 110 300
Co-GENERATION

PLANT Prus 50.0%** -- 400 200
MeTHANOL Reas,

FueL CewLs | 10,0** - 100 150
[ TOTALS 60.0 9.2 1,440 3,550
| {EXCLUDES

F
;{ INDUSTRIES)
|

*Does Not INc_upe CRUDE AND MeTHanoL FEEDSTOCKS

**Co-GeNERATION PLANT AND Fuet CeLLs GENERATE ELECTRICITY AND STEAM;
MeTHANoOL IMPORTED 218
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CUSTOMER GAS CONSTITUENT REQUIREMENTS

TDC ANALYZED NATURAL GAS MONTHLY DEMAND SCHEDULES AND QUANTITY
OF FUELS PURCHASED BY NORTHERN ALABAMA INDUSTRIES. THIS WAS REPORTED
SEPARATELY UNDER A MEMO ENTITLED “NATURAL GAs DeEMAND IN NORTHERN
ALABAMA”. A BRIEF MEDIUM-BTU GAS APPLICATION AND INDUSTRY RETROFIT
ASSESSMENT WAS MADE. EIGHT LARGE INDUSTRIES IN NORTHERN ALABAMA WERE
VISITED AND FUEL REQUIREMENTS WERE DETERMINED.

STUDY CONCLUSIONS AND RECOMMENDATIONS ARE MADE FOLLOWING THE
TASK OUTPUTS.

4 40
IO

ALITVAD ¥
71 3ovd TV

219




B i i onku i Sl A

Task 3

CUSTOMER GAS CONSTITUENT REQUIREMENTS

CusToMER GAS CONSTITUENT REQUIREMENTS

- DemMAND SCHEDULES

- QuanTiTY OF FUELS PURCHASED

- Mepium-BTU GAs APPLICATION

- NorTHERN ALABAMA LARGE ENERGY USER PLANT
Tours

- ReTROFIT ASSESSMENT

CONCLUSIONS AND RECOMMENDATIONS
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INDUS/RY ENERGY CURTAILMENTS

NATURAL GAS CURTAILMENTS DURING 1977 AnD 1978 WERE COMPILED
BY TDC FOR MAJOR ENERGY CONSUMING INDUSTRIES IN NORTHERN ALABAMA,
To AVOID RELEASING PROPRIETARY INFORMATION, THE INDUSTRIES WERE
GROUPED BY STANDARD INDUSTRIAL1ZATION CoDE (SIC) ON A TWO-DIGIT
LEVEL. THE LISTED SIC CODES ARE THE GROUPS THE NATURAL GAS CURTAIL-
MENTS WERE AMALGAMATED INTO,
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INDUSTRY ENERGY CURTAILMENTS

STANDARD INDUSTRIAL CLASSIFICATION
(SIC) Cobes

SIC Two-Dic1T InNDUSTRY TITLE

22  TextiLe MiLL ProbpucTs

26 PAPER AND ALLIED PRODUCTS

28 CHemicALs AND ALiLIeD PropucTs

30 RuBBER AND LEATHER PrODUCTS

32  StoNe, CLAY, GLass AND CoNCRETE PRODUCTS
33  PrIMARY MeTALs INDUSTRIES
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NATURAL GAS CURTAILMENTS

GROUPING ALL THE NORTHERN ALABAMA INDUSTRIES TOGETHER, NATURAL
GAS CURTAILMENTS RANGED FROM A Low oF 1,095 sirLLion BTU (BBTU) per
MONTH DURING APRIL oF 1977, To A HIGH OF 2,345 BBTU DURING JANUARY
ofF 1978. PEAK CURTAILMENTS OCCURRED DURING THE SUMMER AND WINTER
MONTHS WHEN RESIDENTS HAVE FRIORITY OVER INDUSTRIES ON ENERGY SUPPLIES.
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NATURAL GAS CURTAILMENTS FOR SIC's 22, 26, 28, 30, 32, 33

HieW 2345 BBTU
Low 1095 BBTU
Rance 1550 BBTU
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INDUSTRIAL NATURAL GAS DEMAND

NORTHERN ALABAMA INDUSTRIAL NATURAL GAS DEMAND (INCLUDES FUEL
OIL USEAGE DURING NATURAL GAS CURTAILMENT) IS SHOWN TO PEAK DURING
THE SUMMER AND WINTER MONTHS., THE VARIATION IN DEMANDS IS OVER
900 BBTU PER MONTH.




NG DemanD
(BBTU)

7000

6500

6000

MONTHLY VARIATION i INDUSTRIAL NATURAL GAS DEMAND
SIC CODES 22, 26, 28, 30, 32, 33
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NORTHERN ALABAMA INDUSTRY SURVEY

E1GHT LARGE ENERGY CONSUMING INDUSTRIES WERE SURVEYED AND VISITED
DURING JUNE, 1980, BY REPRESENTATIVES FRoM NASA, TDC, anp UAH. ResuLts
OF THE SURVEY SHOW THAT THE iNDUSTRIES SURVEYED PREFERRED NATURAL GAS
BECAUSE OF RETROFIT AND HEATING REQUIREMENTS. MONSANTO COULD USE
HYDROGEN, BUT NOT IN THE AMOUNT THAT WOULD BE SIGNIFICANT. REvNoLDS
METALS COULD BE A LARGE USER OF SYNTHETIC NATURAL GAS BY THE LATE
1980's, AND couLp possiBLY use MBG.
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NORTHERN

ALABAM/

INDUSTRY SURVEY

ESTIMATED ENERGY USEAGE

ESTIMATED
> 7 o
PLANT PRODUCT NATURAL FUFL* OTHER SYNFUE! | DFMAND SCHEDULE COMMENTS
(TBTU/YR) | UTIL1Z/ " ic & VARTANCE
GAS oi1L ELECTRICAL 31007 s
(TBTU/YR) (TBTU/YR) (TBTU/YR) : ”
NO FIRM NATURAI
ALUMINUM 0.2 A RAL
FRUEHAUF 0.6 N/A PROPANE 1.0 SNG 24 HOURS/DAY GAS CONTRACT,
EXTRUS IONS 2?2 5-6 DAYS/WK DIRECT FIRE FURNACES
~2% HOURS/DAY -
AMOCO ACID 4.4 o 2.4 BUTANE SNG OR MBG | sttt SARSANCE INTEREST, ros
: 507 CAPACITY O TTRE R
NeERTATN T
24 HOURS/DAY -
FORD ChsTInGS 0.04 -- 0.006 -- -- 7 DAYS/WK I LANT WILL STAY
§ SMALL VARIANCE | IN PRODUCTION,
PREFERS ELECTRICITY
CO-GENERATION
ACYLIC, SYN- 1.1 HYDROGEN 24 HOURS/DAY :
MONSANTO | THETIC WOOL, 1.8 -- 0.52 LARGE COAL | . 2:%mc | 7 DAYS/WK T oo S
POLYESTER, COKE USER 2 SMALL VARIANCE | oot STUDIES
ALUMINUM 0.587 24 HOURS/DAY MBG RETROFIT, FUEL
REYNOLDS | o 0 e SHEETS 6.9 (I4CLUDES DIESEL, 12.6 0.32 30.0 7 DAYS/WK CELL, MHD STUDIES
LUBE, & KEROSENE) COAL SNG OR MBG | 4+ 507 VARIANCE |} PC FOWER NEFED
NO SYNFUEL
Coansbeny | TIRES & TUBES 1.3 0.38 N/A -- 1.5 SNG 24 HOURS/DAY | yTILIZATION
#6 5-6 DAY WEEK | STUDIES UNDERWAY
CO-CENERATION,
REPUBLIC | STEEL PLATES 0.2 1.8 6.0 SNG 24 HOURS/DAY COAL GASIFICATION
STEFL % SHEETS 6.0 ) N/A COAL OR 5-6 DAY WEEK STUDIES PERFORMED:
4 3.0 MEG + 507 VARIANCE | USE LOW BTU BRLAST
FURNACE GAS
COODYEAR TIRE CORD 0.05 a GAS REQUIREMENTS
0.5 N/A PROPANE 0.5 24 HOURS/DAY | SENSITIVE TO BTU
(DECATUR) & FABRIC 2 SNG 6 DAYS/WK CONTENT

*RECENT NATURAL GAS CURTAILMENTS SMALL; USUALLY UTILIZE
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CUSTOMER GAS CONSTITUENT CONCERNS

FROM THZ SURVEYED EIGHT COMPANIES, ALL EXPRESSED CONCERN ABOUT
RETROFIT COSTS. SULFUR CONTENT, COMBUSTION PRODUCTS, AND SAFETY
ARE ALSO CONCERNS OF SUME OF THE INDUSTRIES.
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CUSTOMER GAS CONSTITUENT CONCERNS*

PLANT NAME RETROFIT SuLFUR CONTENT ComBusT10ON PrRODUCTS SAFETY

FRUEHAUF
Amoco

Forp

REvyNoLDS

GooDp YeAr (GAD)
Goop Year (Dec)
REPuBLIC STEEL

> > > > 5 > > >

MonsaNTO

*THIS EXCLUDES THE COST OF BUYING THE MBG, AND THE COST OF RETROFITTING CUSTOMER PLANTS
To THE MBG.
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POTENTIAL CUSTOMER UTILIZATION OF MBG

Mep1um-BTU cAs (MBG) CAN BE USED AS A THERMAL SOURCE OR
FEEDSTOCK. ALL THE SURVEYED INDUSTRIES COULD USE MBG IN INDIRECT
HEATING, ONLY AMoco AND MoNsANTO couLD use MBG As A FEEDSTOCK,
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i: POTENTIAL CUSTOMER UTILIZATION OF MBG

THERMAL CHEMICAL
SOURCE FEEDSTOCK
o0
oa
-
el
ez
# %Q { ]
| =
v ElRECT INDIRECT CATALYTIC Non-CATALYTIC
«LAME HEATING ProcEss Process
CoNTACT
® FRUEHAUF © FRUEHAUF (NonE) e Amoco
e ForD o Amoco o MonsaNTO |
o RepuBLIC STEEL e FoRrD |
o ReyNoLDs |
o Goop YEAR (GAD)
e Goop Year (Dec)
0 RepuBLIC STEEL
o [loNSANTO




INDUSTRIAL GAS CONSTITUENTS

COMMERCIAL-GRADE INDUSTRIAL GAS CONSTITUENTS ARE SHOWN FOR A
VARIETY OF GASES., KOPPERS-TOTZEK (K-T) MBG 1S ALSO SHOWN FOR
REFERENCE. _METHANE (OR NATURAL GAS) HAS AN ENERGY_CONTENT AROUND
1000 BTU/FT3 compARED To THE K-T MBG oF 300 BTU/FT~,
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INDUSTRIAL GAS CONSTITUENTS

- CoMMERCIAL GRADE -

CarBoN  CARBON KoPPERS-
ConsTITUENTS HvprogeN  Monoxipe  Dioxipe  NiTRogen  OxYGEN  METHANE  TOTZEK
€0, - 2000 ppm  99.5% 0.0022 10 ppm  0.70% 9,3%
0y 20 ppM 0.4% 0.0862  0.02% 99,6% 0.1% -
Ny 5 PPM 0.8% 0.342% 99.9% 0.5% 0.47% 1.0%
Hy 99,957 0.7% -- -- -- -- 34,37
Hy0 -- -- 0.072%  0,0017 10 ppmM -- 1.9%
co -- 98.0% -- -- -- -- 53.0%
CHy -- -- -- -- -- 93,63% 0.5%
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KOPPERS-TOTZEK MEDIUM-BTU GAS (MBG)
INDUSTRIAL APPLICATION

FLAME TEMPERATURES FOR MBG AND NATURAL GAS ARE ABOUT THE SAME,
THE BURNER NOZZLES OF BOILERS WILL HAVE TO BE MODIFIED SINCE THE
STREAM VELOCITIES AND FUEL RICHNESS ARE DIFFERENT, Usine MBG INSTEAD
OF NATURAL GAS WILL PROBABLY CAUSE FLUES TO BE MODIFIED; PIPING,
VALVES, AND CONTROLS WILL HAVE TO BE MODIFIED, EACH PLANT WILL HAVE
TO BE ANALYZED FOR RETROFIT OF MBG SINCE BOILERS, BURNERS, AND
PIPING ARE UNIQUE,
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KOPPERS-TOTZEK MEDIUM-BTU GAS (MBG)
INDUSTRIAL APPLICATION

FLAME TEMPERATURE oF 3600°F Is ABouT SAME ForR MBG AND NATURAL
GAs .

BurNer FLAME LenNeTH To NozzLe DiAMETER RATIO FOR MBG Is ABour
1/3 ofF NATURAL GAs

NATURAL GAs Burner NozzrLes WiLt Have 1o Be MobpiFiep rFor MBG
STREAM VELOCITIES AND FUEL RICHNESS TO PREVENT
FLASHBACK

SteAM BoiLer UseAce oF MBG WiLL Cause FLue GAs VOLUME AND
STEAM FROM HYDROGEN PROBLEMS

MBG PipiNG, VALVES, AND ConTrRoLs WiLL HAVE To BE RETROFITTED
MBG IesNiTABILITY IN GENERAL Is No ProBLEM

EacH PLANT Useace oF MBG WiLL Be UniQue AND RETROFIT STUDIES
WiLL HAvVE To BE PeRFORMED
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GASEQUS FUELS

NATURAL GAS, IN NORMAL USAGE, 1S CONSTRUED TO BE A NATURALLY t
OCCURRING MIXTURE OF HYDROCARBONS AND NON-HYDROCARBONS ASSOCIATED f
WITH PETROLIFEROUS GEOLOGIC FORMATIONS. [T CONSISTS PRIMARILY OF
METHANE (CHy) WITH MINOR AMOUNTS OF ETHANE (CoHg) AND OTHER HEAVIER
HYDROCARBONS AND CERTAIN NON-COMBUSTIBLES SUCH AS CARBON DIOXIDE,

NITROGEN, AND HELIUM. NATURA.. GAS AS SUPPLIED BY THE UTILITY COMPANIES |
USUALLY CONTAINS FROM 80 10 95 PERCENT METHANE, WITH ETHANE, PROPANE, |
AND NITROGEN MAKING UP THE REMAINDER. THE HEATING VALUE OF SUCH
GASES RANGES FROM 900 1o 1200 BTU/cu.FT., WITH THE SPECIFIC GRAVITY
(A1R = 1.0) varvyine From 0.58 vo 0.79.

ALTHOUGH THERE 1S NO SINGLE COMPOSITION THAT MAY BE TERMED THE
"TYPICAL"” NATURAL GAS, THE NEXT TABLE SHOWS ANALYSES OF NATURAL GAS AS
DISTRIBUTED IN A NUMBER OF CITIES IN THE UNITED STATES.
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ANALYSES OF NATURAL GAS*

o City —_—— — “::::l:f s,t.m.«if e
sl‘; Methane Fthane Propane Butanes Pentanes Hexanes co N Misc. RTU/cu. Fu. Gravity
E Flus 2 2
Baltimore, MD 94 .40 3.40 0.60 0.50 0.00 0.00 0.60 .. 105) 0 sen
Rirmingham, AL 93.14 2.50 .67 .32 12 .05 1.06 2.14 e 1024 wno
Roston, MA ‘ 93.51 3.82 .93 .28 .07 .06 0.94 0.9 ee. 1057 h0g ;
Colunbus, Ohio 93.54 3.58 0.66 .22 .06 .03 .85 | 1.1 - 1028 Y |
Dallas, Texas 86.30 7.25 2.78 .48 .07 .02 63 | 2.47 . 1003 ful
Houston, Texas 92.50 4.80 2.00 .30 .27 0.13 1031 hl
Kansas City, MO 72.79 6.42 2.91 .50 .06 Trace .22 {1710 945 w95
Los Angeles, CA 86.50 8.00 1.90 .30 .10 .10 .50 | 2.60 ... 1084 R \
Milwaukee, WI 89.01 5.19 1.89 .66 44 .02 .0C 2.1 .06 He 1051 (98]
New York, NY 94.52 3.29 0.73 .26 .10 .09 .70 0.31 . 1049 S
Phoenix, AZ 87.37 8.11 2.26 .13 .00 .00 61 | 137 ... 1071 ST
Salt Lake City, UT 9.17 5.29 1.69 .55 .16 .0) .29 | o0.82 . 1082 e1h
San Francisco, CA 88.69 7.01 1.93 .28 .03 .00 62 | 1.43 | .01 ne 1086 P
Hashington, D.C. 5.15 2.84 0.63 .24 .05 .05 62 | 042 o 1042 san
!

*Source: Ref. 1 i
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IMPU"  LES IN RAW NATUPAL

ANALYSIS OF A SAMPLE ofF NATURAL Gas*

COMPONENT MoLe %

METHANE , . . . . . . .. ... .. 762
Etvane ., . .. .......... 6.4
PROPANE , . . . .. .. +.4'+v..., 3.8
N-ButaNe . . . ... ....... 1.3
IsoButane . , . . ......... 0.8

N-PENTANE , ., . . . . . .. ... 0.3
IsoPentANE , , , . . . ... ... 0.3
CycLoPenTAME ., . . . . . . ... . 0.1
HEXANE + HYDROCARBONS , . . ., . . . 0.3
NITROGEN , ., . ., . . . .+ . ... 9.8
OXYGEN , ., . . v v v v v v+ + .+« TRACE
ARGON . . . . + v v v v v+ s+ . . Trace
HYORGGEN , ., . ., . . . .+ ... . 0.0

HYDROGEN SULFIDE ., . . . . . . . . 0.0
CARBON DIOXIDE , 4+ + v+ +» + » + » » 0.2
HELIUM [ ] [ ] [ ] * L] [ ] [ ] » ] * [ ] * ] 0.45 *SOUI'CE: Ref' 1

* PANHANDLE NATURAL GAS FIELD (TExAS).
-y 4 ,

i
-




CARBON COMPOSITION OF CRUDE PETROLEUM

Fuel Tvee
Grs
GASOLINE

KEROSENE

Fuer O1L
LuBricATING CIL
ReS1DUE

*Source: Ref.

2

NuMBer oF CARBON ATOMS

IN THE FUEL
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C1-Cy
C5-C12
C10-C16
C15-C22
C19-C35
C36-Cap
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ANALYSES OF WORLD CRUDFE OTLS Source: Ref. 1
Arabian q::,:,:::;;'(;:;,;,::{ r::::n“l:{: Gulf Niperia Zulia, Veneruela Tran Kuwnit
Gravity, °API 30.0 35.3 35.0 3.7 25 2 166 oS
Distilation, °F.
Type D 86 D 86% ] UoP 76 F vol.% °F Vol% | Hempel vol.%Z | Hempel
I8P (initial boiling point) 77 173 594 IBP 400 | 34.1 ] 1BP 140 6.3 18P 122 0.1 I8P 122 1.5 J1BP 122
5% 160 216 662 400-500 9.31 140-170 1.8 122-167 1.2 122-167 2.8 122-167 2.
10 231 246 699 500-650}1 20.3{ 170-310{ 16.8 167-212 2.3 16/7-2121 4.5 167-217 3
20 287 295 750 650-750 9.0} 310-520) 26.5 | 212-257 3.7 212-257 6.3 ) 212-057 A
30 c. e 341 792 750-900| 11.4] 520-680) 19.3 257-302 3.9 7.1 237-302 4
50 330 427 890 900+ 17.2 680+ 30.9 302-347 4.1 302-347 5.6 302-347 ¥
70 4135 497 1042 cee ce s oo 347-1392 3.6 347-392 5.4 } 347-197 g
90 452 575 Cracked 392-437 3.4 192-437 5.4 302-4137 A
95 526 519 437-482 4.7 437-4821 5.5 | my7-am2| 4
EP (end Polnt) 526 639 1042+ 482.527 6.0 482-527| 7.4 | 4R2-527) 5
' 527-58) 2.2 527-583 2.6 527-583 7.
583-633 5.1 583-631 6.6 583-631 7.
631-687 4.9 6331-6871 5.6 | 631-087 i
687-738 5.2 687-738 5.1 687-738 “
738-790 7.1 738-790 5.9 718-190 M
% recovered 99.0 72.5 101.3 101.6 57.7 77.3
% residue 1.0 27.5 . - 42 .1 22.5 4R
Total sulfur, wt % 3.ns 0.2 0.4Y 0.16 1.69 1.12 A
Reid vapor pressure, psig 3.8
Pour point, °F -13 0 45 20 5 5 5
Gasoline, vol % 29.1 11 34 24.9 8.9 32.2 )
Kerosine, vol % 16.0 16 9.3 26.5 141 1.3 1y 7
Gas ofils, vol % 12.5 14 40.7 19.3
Residuum, vol 7 42 4 59 17.2 30.9
Metals in gas oils, ppm:
Vanadium 0 25 0.7
Nickel 0 11 5.1
Iron 3
Salt, 1b/1,000 bbl 12 Trace 5
242




TYPICAL ULTIMATE ANALYSES OF PETROLEUM FUELS
Low High
No. 1 No. 2 No. 4 sulfur, sul fur,
Composition, fuel oil fuel oil fuel oil No. 6 F.O. No. 6
% (41.5° A.P.1.) (33° A.P.1.) (23.2° A.P.1.) (12.6° A.P.1.) (15.5° A.P.1.)
Carbon . 86.4 87.3 86.47 87.26 84.67
Hydrogen . 13.06 12.6 11.65 10.49 11.02
Oxygen . 0.01 0.04 0.27 0.64 0.38
Nitrogen . 0.003 0.006 0.24 0.28 0.18
Sul fur . 0.09 0.22 1.35 0.84 3.97
Ash <0.01 = 0.01 0.02 0.04 0.02
C/H Ratio 6.35 6.93 7.42 8.31 7.62
Source: Ref. 1
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CHEMICAL AND PHYSICAL PROPERTIES™

PETROLEUM FUELS CONSIST PRIMARILY OF PARAFFINS, [ SOPARAFFINS, AROMATICS,
AND NAPHTHENES, PLUS RELATED HYDROCARBON DERIVATIVES OF SULFUR, OXYGEN, AND
NITROGEM THAT WERE NOT REMOVED BY REFINING. OLEFINS ARE ABSENT OR NEGLIGIBLE
CXCEPT WHERE CREATED BY CRACKING OR OTHER SEVERE REFINING. VANADIUM AND NICKEL
COMPOUNDS ARE LOW IN VOLATILITY AND DO NOT DISTILL inTo THE No. 1 anp No, 2
FUEL OIL FRACTIONS. VACUUM-TOWER DISTILLATES WITH A FINAL BOILING POINT
EQUIVALENT To 850 TO 1050°F, AT ATMOSPHERIC PRESSURE ARE OCCASIONALLY AVAIL-
ABLE AS FUEL NOT CONFORMING WITH A.S.T.M. SPECIFICATIONS AND MAY CONTAIN 0.1
10 0.5 P.P.M, VANADIUM AND NICKEL.

THE BLACK VISCOUS DISTILLATION-TOWER BOTTOMS (RESIDUUM) MAY BE TAKEN
DIRECTLY FROM THE STILL AND BURNED AS INDUSTRIAL FUEL WITHOUT COOLING BELOW
4500F,, OR MAY BE BLENDED INTO THE RESIDUAL FUELS OF COMMERCE. DILUTED WITH
5 vo 20 PER CENT DISTILLATE THIS BECOMES No. 6 FUEL OIL, OR 1T MAY BE CUT
LACK WITH 20 To 50 PER CENT DISTILLATE TO MAKE No. 4 AmMD 5 FUEL OILS FOR
COMMERCIAL USE, AS IN SCHOOLS AND APARTMENT HOUSES. DiSTILLATE-RESIDUAL
BLENDS ARE ALSO USED AS DIESEL FUEL IN LARGE STATIONARY AND MARINE ENGINES.
HOWEVER, DISTILLATES WITH INADEQUATE SOLVENT POWER WILL PRECIPITATE ASPHALTENES
AND OTHER HIGH-MOLECULAR-WEIGHT COLLOIDS FROM "\ 1SBROKEN” (SEVERELY HEATED)
RESIDUALS. I BLOTTER TEST, A.S.T.M. D 2781, cAN BE USED TO DETECT SLUDGE IN
PILOT BLENDS. CENTRIFUGE TESTS, FILTRATION TESTS, AND MICROSCOPIC EXAMINATION

HAVE ALSO BEEN USED.

No. © FUEL OIL CONTAINS 10 1o 500 P.P.M. VANADIUM AND NICKEL IN COMPLEX
ORGANIC MOLECULES, PRINCIPALLY PROPHYRINS, WHICH CANNOT ECONOMICALLY BE REFINED
OUT OF THE OIL. SALT, SAND, RUST, AND DIRT MAY ALSO BE PRESENT, GIVING No. 6

A TYPICAL ASH CONTENT OF 0.01 70 0.5 PER CENT BY WEIGHT.
*Source: Ref. 1

245




COMBUSTION DEPOSITS™

RESIDUAL FUELS COST ILFSS AND HAVE HIGHER HEAT CONTENT PER GALLON THAN DISTILLATE
FUELS, BUT THEY USUALLY HAVE HIGHER SULFUR CONTENT PLUS SODIUM, VANADIUM, NICKEL. AND
OTHER ASH-FORMING INGREDIENTS. IN AND NEAR THE COMBUSTION ZONE, MOSTEN ASH CAN
CAUSE CORROSION AND DEPOSITS; IN OTHER AREAS THAT ARE BELOW SSDOF., WATER AND
SULFUR COMPOUNDS CONDENSE INTO CORROSIVE ACID SOLUTIONS.

DURING COMBUSTION, THE ASH-FORMING MATERIALS ARE CONVERTED TO OXIDES WHICH
INTERACT TO FORM A VARIETY OF CHEMICAL COMPOUNDS. IF THEY COOL AND SOLIDIFY BEFORE
STRIKING A SCLID SURFACE, THE ASH PARTICLES ARE LIKELY TO PASS THROUGH THE EQUIPMENT.
HOWEVER, PARTS OF A BOILER (OR GAS TURBINE OR DIESEL ENGINE) WHICH OPEIATE AT THE
ASH FUSION TEMPERATURE OR HIGHER MAY ACCUMULATE SLAG DEPOS!TS AND BE SUBJECT TO
CATASTROPHIC CORROSION, VANADIUM COMPOUNDS ARE PARTICULARLY CORROSIVE WHEN MOLTEN.

COMBUSTION AIR OFTEN CARRIES DUST THAT AFFECTS FURNACES. A CLASSICAL EXAMPLE
IN LIMESTONE AREAS IS THE DIOPSITE FORMED IN THE FLAME BY LIMESTONE AND SILICA DUST,
AND DEPOSITED ON REFRACTORIES AS A GLASS, SPALLING OCCURS WHEN THE FURNACE COOLS
BECAUSE THE DIOPSITE AND REFRACTORY SHRINK AT DIFFERENT RATES,

ASHES ARE MIXTURES OF COMPOUNDS WITH DIFFERENT SINTERING AND SOFTENING TEMPERATURES,
AND FUSION MAY OCCUR OVER A RANGE OfF 200CF, BETWEEN THE INITIAL SINTERING AND FINAL
COMPLETE LIQUEFACTION, FOR EXAMPLE, V205 MELTS AT 1243°F., BUT OIL ASH FUSION TEMPER-
ATURES RANGE FROM BELOW 1000 To over 2000°F., DEPENDING ON THE RELATIVE CONCENTRATIONS
OF FLUXES (PRINCIPALLY SODIUM) AND REFRACTORY COMPOUNDS (SUCHAS SILICA, MAGNESIA,
AND ALUMINA), As A GENERAL RULE, VANADIUM CORROSION USUALLY OCCURS AT TEMPERATURES ¥
aBovE 1250%F., AND SULFIDATION (ATTACK OF NICKEL ALLOYS BY SULFATES) ABOVE 1650CF, .
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MAGNESIA, EPSOM SALTS, AND OTHER INEXPENSIVE MAGNESIUM COMPOUNDS ARE ADDED AT
Me/V WEIGHT RATIOS OF 3 To 1 oR 3.5 70 1 TO PREVENT CORROSION AND DEPCSITION BY
RAISING THE ASH FUSION TEMPERATURE., THERE 1S DISAGREEMENT OVER THE VALUE OF ALUMINA
AS A COADDITIVE TO OVERCOME THE SLIGHT TENDENCY OF MAGNESIA TO FORM DEPOSITS.
CALCIUM COMPOUNDS HAVE BEEN WIDELY TESTED BUT ARE NOW CONSIDERED UNDESIRABLE BECAUSE
THEY FORM HARD, ADHERENT, INSOLUBLE DEPOSITS. MANGANESE COMPOUNDS AND, TO A LESSER
EXTENT, LEAD AND COPPER COMPOUNDS ARE BEING USED AS COMBUSTION CATALYSTS TO REDUCE
SOOT AND SMOKE FORMATION. ASIDE FROM ADDITIVES DESIGNED TO MODIFY THE ASH OR COM-
BUSTION PERFORMANCE, THERE ARE MANY PROPRIETARY ADDITIVES SOLD TO BENEFIT THE FUEL
HANDLING SYSTEM. THESE MAY CONTAIN SOLVENTS OR DISPERSANTS TO COMBAT SLUDGE DEPOSITS,
EMULSIFIERS OR DEEMULSIFIERS FOR WATER IN THE FUEL, CORROSION INHIBITORS, AND OTHER
SPECIFIC FUNCTIONAL INGREDIENTS., FUEL SUPPLIERS SHOULD BE CONSULTED FOR POSSIBLE
ADVERSE REACTIONS BETWEEN THE ADDITIVE AND FUEL, AND CLAIMS FOR THE ADDITIVE SHOULD

BE EVALUATED CAUTIOUSLY, BUT THEIR POTENTIAL USEFULNESS FOR SPECIFIC PERFORMANCE
PROBLEMS SHOULD NOT BE OVERLOOKED,

*Source: Ref. 1
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TYPICAL SLAG FROM BOILER FIRED WITH NO, 6 FUEL OIL*

o L
fLFe
- o Te

SUPERHEATER
O1L ASH, DEPCSIT,
z yA
AL203 0.3 4,1
F5203 3.8 5.3
Ca0 1.7 4,5
Me0 1.1 2.5
N10 1.9 1.1
V205 /.9 0.9
NAZO 31.3 25.7
803 42.3 46.4

L

From McILroy, HoLLer, anp Lee, A.S.M. E., Paper no. 52-A-160
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FUEL CHARACTERISTICS™*

FUELS USED IN INDUSTRIAL ENGINES OF THE INTERNAL-COMBUSTION TYPE ARE
USUALLY DERIVATIVES OF PETROLEUM, OR ELSE NATURAL OR MANUFACTURED GASES,
ALCOHOLS AND MIXTURES OF GASOLINE AND ALCOHOL OR BENZOL CAN ALSO BE USED,
A GAS ENGINE WILL OPERATE SATISFACTORILY ON ANY GAS WHICH IS FREE OF DUST,
NON-CORROSIVE (1.E., LESS THAN EQ GrAINS H,S pErR 100 cu. FT.), DOES NOT
DETONATE, DOES NOT PREIGNITE DURING COMPRESSION STROKE, AND PRODUCES
ENOUGH HEAT ON BURNINEG TO DEVELOP POWER.

IN GENERAL THE FUEL MUST HAVE A HEAT CAPACITY oF over 600 BTU/cu. rT.
GASOLINE ENGINES REQUIRE IN ADDITION THAT THE FUEL WILL VAPORIZE IN THE
CARBURETOR., DIESELS WILL BURN ANY FUEL THAT CAN BE INJECTED, PROVIDED
THAT IT WILL BURN UNDER CONTROLLED CONDITIONS, POSSESSES SUFFICIENT
LUBRICITY TO LUBRICATE THE INJECTION PLUNGERS, WILL SUPPLY ENOUGH HEAT,
AND IS GRIT-FREE, CONTAINING LESS THAN 3 PER CENT SULFUR, /0 p.P.M.
VANADIUM, AND 125 p,P.M. VANADIUM PENTOXIDE. MOST DIESEL ENGINES USE
EITHER No. 2 or No. 5 FUEL o1LS., THE LATTER MUST BE HEATED TO A VISCOSITY
ofF 50 To 70 S.S.U. (2509F, APPROXIMATELY) FOR PROPER INJECTOR LUBRICATION
AND INJECTIUN CHARACTERISTICS.

GASEOUS FUELS CONTAINING FRACTIONS WHOSE IGNITION TEMPERATURE IS
LOWER THAM THAT OF METHANE MAY REQUIRE THE USE OF LOW-COMPRESSION HEADS
AND A RESULTING DERATING OF THE GAS ENGINE.
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THE METHOD OF REPORTING FUEL CONSUMPTION VARIES AMONG THE DIFFERENT
INDUSTRIES AND ALSO AMONG COUNTRIES. TRADE ASSOCIATIONS USUALLY HAVE
RECOMMENDED PROCEDURES, THUS THE DIESEL ENGINE MANUFACTURERS ASSOCIATION
(UNITED STATES) CALCULATES EFFICIENCIES BASED ON THE LOWER HEATING VALUE
(LHV) FOR GAS FUELS AND THE HIGHER HEATING VALUE FOR OIL FUELS. IT Is
GENERAL PRACTICE TO REPORT GAS-ENGINE PERFORMANCE IN TERMS OF BTU/HP.-HR.
(LHV) AND OIL-ENGINE PERFORMANCE IN TERMS OF POUNDS OF FUEL CONSUMED PER
HORSEPCWER-HOUR, FOR ELECTRIC POWER PLANTS, FUEL CONSUMPTION IS REPORTED
IN TERMS OF KILOWATTS, THE AUXILIARIES INCLUDED WITH ENGINE-EFFICIENCY
CALCULATIONS VARY WITH INDUSTRY PRACTICE,

*Source: Ref. 1
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RETROFIT OF INDUSTRIAL BURNERCT*

COMBUSTION TRIALS YWERE COMPLETED WITH THE FOURTH BURNER (HIGH-FORWARD-
MOMENTUM) AND THE FIFTH BURNFR (FLAT-FLAME)., EXPERIMENTS HAVE BEGUN WITH THE
SIXTH BURNER (HIGH-EXCESS-AIR), THE HIGH-FORWARD-MCMENTUM BURNER COULD BE
OPERATED WITH A STABLE FLAME USING ALL THREE OF THE SUBSTITUTE FUEL GASES,
Kop~ers-ToTzek oxYGeN (KTC), WerLiman-GaLusHAa AIr (WGA) AnD WINKLER AIR (WA},
KTO PERFORMED SLIGHTLY BETTER THAN NATURAL GAS IN TERMS OF THERMAL EFFICIENCY
wHILE WGA AND WA DID NOT PERFORM AS WELL AS NATURAL GAS.

THE FLAT-FLAME BURNER COULD NOT BE OPERATED WITH A FLAT-FLAME USING ANY
OF THE SUBSTITUTE FUELS. SUSSEQUENT EXPERIMENTS FOUND THAT MODIFYING THE AIR
INLET AND DOWNRATING THE BURNER FROM 3 MiILLION BTU/HR To 2 miLLioN BTU/HR
COULD ACHIEVE A FLAT-FLAME WITH KTO FueL 6AS. MucH MORE SERI0US DOWNRATING
WOULD BE NECESSARY FOR THE LOW-BTU WELLMAN-GALUSHA AIR AND WINKLER AIR FUEL
GASES ON THIS PARTICULAR BURNER,

*Source: Ref. 3
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ABSTRACT™

DATA WERE GATHERED TO DETERMINE THE PERFORMANCE OF A HIGH-FORWARD-
MOMENTUM BURNER WHEN RETROFIT WITH THREE Low-TO-MEDIUM-BTU GAses., THE
BURNER WAS FIRED ON THE IGT PILOT~SCALE TEST FURNACE WITH A LOAD SIMULATING
ONE ZONE OF A CGONTINUOUS REFRACTORY KILN OR ONE INSTANT DURING THE HEAT-UP
OF A BATCH KILN., THE LOW-AND MEDIUM-BTU GASES SIMULATED FOR THESE COMBUSTION
TRIALS WERE KoPPERS-TOTZEK OXYGEN, VELLMAN-GALUSHA AIR, AND WINKLER AIR FUEL
GASES. ALL OF THE SUBSTITUTE FUELS EXHIBITED STABLE FLAMES WHEN DIRECTLY
RETROFIT ON THE BURNER, KoPPERS-TOTZEK OXYGEN GAVE A THERMAL EFFICIENCY
SLIGHTLY GREATER THAN THAT FOR NATURAL GAS, BUT WELLMAN-GALUSHA AND
WINKLER AIR FUEL GASES EACH HAD LOWER EFFICIENCIES., KOPPERS-TOTZEK OXYGEN
AND WELLMAN-GALUSHA AIR FUEL GASES HAD FLAME LENGTHS LONGER THAN THAT FOR

NATURAL GAS, WHEREAS WINKLER AIR FUEL GAS HAD A FLAME LENGTH COMPARABLE TO
THE NATURAL GAS FLAME,

*Source: Ref. 4
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APPRCACH *

COMBUSTION DATA WAS GATHERED FOR EIGHT TYPES OF INDUSTRIAL BURNERS

WITH THREE LOW-BTU GASES IN ORDER TO EVALUATE THE MAGNITUDE OF THE RETROFIT
PROBLEM, THE THREE GASES ARE KOPPERS-TOTZEK OXYGEN, WELLMAN-GALUSHA AIR,
AND WINKLER AIR, THE EIGHT TYPES OF BURNERS ARE FORWARD FLOW, KILN, NOZZLE
MIX, HIGH FORWARD MOMENTUM, FLAT FLAME, HIGH EXCESS AIR, PREMIX TUNNEL, AND
BOILER BURNER., THE FIRING LEVEL AND LOAD CONFIGURATION ON THE IGT pILOT-
SCALE FURNACE WILL BE ADJUSTED TO SIMULATE A FURNACE ON WHICH EACH BURNER
IS TYPICALLY FOUND, THE FOLLOWING DATA WILL THEN BE COLLECTED:

RATE OF GAS AND AIR FLOW INTO THE BURNER

COMBUSTION AIR PREHEAT TEMPERATURE

VELOCITY OF FUEL AND AIR AT BURNER OUTLET

FLUE-GAS TEMPERATURE

VOLUME OF FLUE GASES

FLUE-GAS SPECIES CONCENTRATIONS

HEAT ABSORPTION PROFILE

RESONANCE NOISE LEVEL

FLAME LENGTH MEASUREMENTS AND PHOTOGRAPHIC DOCUMENTATION OF THE FLAME

FLAME-WIDTH MEASUREMENTS

FURNACE EFFICIENCY

RADIANT HEAT FLUX FROM THE FLAME

RADIANT HEAT FLUX ACROSS THE FURNACE

PosT FLAME EMISSIVITY

AVERAGE FLAME TEMPERATURE AT SIX AXIAL AND TEN RADIAL POSITIONS ALONG
THE FURNACE CENTER LINE

® FLOW DIRECTION PROFILE

Lo N ~8s |
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THIS REPORT PRESENTS THE RESULTS OF COMBUSTION TRIALS USING A NORTH
AMER1CAN MANUFACTURING Co. TEMPEST BURNER, WHICH IS REPRESENTATIVE OF THE HIGH-
FORWARD-MOMENTUM (HFM) BURNER TYPE. THE BURNER SIZE AND FIRING RATE WERE
CHOSEN TO SIMULATE THE FIRING DENSITY (BTU/CF-HR) IN A REFRACTORY KILN,

*Source: Ref. 4
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NOMINAL CHARACTERISTICS OF KOPPERS-TCTZEK MEDIUM RTU GAS*

ADIABATIC
HEATING FLame
VALUE, Temp,* SPECIFIC
FueL o Hp  C0p  CHy Ny H0  BIU/SCF °F GRAVITY
KopPeRS-TOTZEK 53.0 34,3 9.3 0.5 1.0 1.9 287 3570 0.68
OXYGEN
*Source: Ref. 4
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Natural Gas

Koppers-Totzek

*Source:

1 AV TVNIDINO
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FURNACE AND HIGH-FORWARD-MOMENTUM BURNER

Alr Flue Gas Volume Flow
Veloctty, Tempgrature, Flue Gas
LAY I R I _SCF/UR

200 2969 33.540

158 19 30,330

256

OPERATION CONDITIONS™

Flue Cai Analysis

Efficiency,
%




TEMPERATURE PROFILES (°C) FOR TEMPERATURE PROFILE (°C) FOR
NATURAL GAS ON THE HIGH- KOPPERS-TOTZEK OXYGEN FUEL
MOMENTUM BURNER GAS ON THE HIGH-FORWARD-

MOMENTUM BURNER

Flue—-————-— [ ———— Flue
400 - 400 4 _
1100
1150 1150
300 - ’ 300 -1
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: £
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? 1fg’ ?
g 200 \\\\\ 1200{ j 200
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1000
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Furnace Width, cm Furnace Width, cm

Source: Ref. &
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HEAT-ABSORPTION PROFILES FOR KOPPERS-TOTZEK OXYGEN AND
NATURAL GAS ON THE HIGH-FORWARD-MOMENTUM BURNER
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' 0.05

P
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b= T T r § 1
0 0.2 0.4 0.6 0.8 1.0

DisTANCE FroM BURNER WALL
FURNACE LENGTH

Source: Ref. &4
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KOPPERS-TOTZEK OXYGEN FUEL GAS RETROFIT CONCLUSICNS™

KTO WILL GIVE FEW PROBLEMS WHEN RETROFITTED TO THIS BURNER IF THE
EXTENDED FLAME LENGTH (11] cm vs. 66 cM) 1S ACCEPTABLE. THIS WILL PROBABLY
BE THE CASE FOR MANY APPLICATIONS OF THIS BURNER., THE THERMAL EFFICIENCY,
FLAME TEMPERATURES, AND HEAT ABRSORPTION PROFILE ARE ALL SIMILAR TO THOSE
MEASURED FOR NATURAL GAS.
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*Source: Ref. 4




o A PRELIMINARY Surv

- PLANT-SPECIFIC Da
_  APPARENTLY SIMILAR Pr

- Process ENERGY DI1FFERE

GAS CONSTITUENT REQUIREMENTS
- DATA SEARCH -

gy oF INDUSTRIAL PROCESSES INDICATED THAT:

1A Is ABSENT.

oCESSING ROUTES May UsE

DirreReNT MIXES OF FueL EVen THoueH THE ToTAL

EnerGY CONSUMED Is THE SAME.
DirrerReNT COMPANIES OPERATING APPARENTLY
IDENTICAL SYSTEMS FreqUENTLY CONSUME D1FFERENT
AMOUNTS OF ENERGY BecAuse OF PLANT Ace, DEGREE
oF MAINTENANCE, Etc.
nces MAY ARISE BECAUSE OF
TILIZING THERMAL By-PropucTs

DiFFERENT WAYS OF U
FLAMMABLE By-PropucT GASES,

SuCH AS WASTE STEAM,
Evtc.
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NONHYDROCARBON IMPURITIES IN COAL GASES®

! Type OF IMPURITY © TypicAL CONCENTRATION,
Percent BY Yorume ‘

HYDROGEN SULF IDE 0.3-3.0

2 CARBON DI1SULFIDE 0.016

| CARBON OxYSULFIDE 0.009

| THIOPHENE 0.010 |
MEREAPTANS 0.003 |
AMMONI A 1.1 E
HyproGEN CYANIDE 0.10-0.25 i
PyriDINE BASES 0.004
NiTric OxIDE 0.0001
CarBoN D1OXIDE 1.5-2.0

*Source: Ref. 5

261




CONCLUS:ONS

THE COAL CONVERSION FACILITY UNDER DESIGN CONSIDERATION WILL
PRODUCE AN AMOUNT OF ENERGY WHICH WOULD SATURATE THE NORTHERN ALABAMA
REQUIREMENTS. THEREFORE, DIVERSIFICATION OR EXPORTATION OF PRODUCTS
IS NECESSARY. SYNTHETIC NATURAL GAS (SNG) OR GASOLINE WOULD BE PRIME
PRODUCTS SINCE THE INFRASTRUCTURE EXISTS FOR DISTRIBUTION. METHANOL
COULD BE DEVELOPED INTO A FUEL OR FEEDSTOCK, ESCALATION OF CONVEN-
TIONAL FUELS (P RTICULARLY NATURAL GAS) SHOULD PROVIDE COMPETITIVE
ECONOMICS FOR SYNFUELS DURING THE 1980’s.

AN ALTERNATE TO RETROFITTING SEVERAL LARGE INDUSTRIES FOR MBG
WOULD BE AN INDUSTRIAL PARK DEMONSTRATING FUEL CELLS AND CO-GENERATION.
A FEW LARGE COMPANIES OR FUEL DISTRIBUTORS WILL USE THE MAJORITY
(IF NOT ALL) THE SYNFUELS PRODUCTS FROM THE COAL CONVERSION FACILITY.
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CONCLUSIONS

o CoaL ConversiOoN PLANT Propuces AMOUNT ofF ENErcY WHicH WouLD
SATURATE NORTHERN ALABAMA REQUIREMENTS; THEREFORE,
ExPORTATION IS REQUIRED

o PrIMe SynFueLs ForR CURRENT MARkeT Couibp Be SNG AND GASOLINE
Because oF ExisTing DisTrRiBuTION SYSTEM; MeTHanoL Couup Be
DeveLorep INTO PRIME FUEL

o EscaLaTioN oF CoMPETING CONVENTIONAL FueLs PRICES SHouLD
ProviDe SyNFueL CompeTiTiVE Economics IN FUTURE

® ATTRACTIVE ALTERMATE TO RETROFITTING EXISTING INDUSTRIES FOR
MBG (SMALL MARET) WourLbp Be New INDUSTRIES IN
Co-GenrraTion INDUSTRIAL PARK AND/OR ProbDucCING SNG
AND Y- “HANOL

o AFew L. .c .. .3TRIES OR FueL DisTRiBUTORS WiLL UTILIZE
MaJor (Ir o7 AtL) ofF SYNFUELS UNDER Lonc-TERM
CONTR.." S




RECOMMENDAT IONS

NASA/MSFC SHOULD CONTINUE TO DEVELOP AND EXPAND THE CAPABILITIES
TC PERFORM SYSTEM ENGINEERING STUDIES TO OPTIMIZE DESIGNS OF COAL
CONVERSION FACILITIES FOR PRODUCTION OF ALTERNATE FUELS. ENERGY
SYSTEMS SHOULD ALSO BE ANALYZED FOR USE OF CO-GENERATION TECHNIQUES
AND DEMONSTRATION OF FUEL CELLS. COMPETING FUEL PRICES SHOULD BE
BETTER UNDERSTOOD SINCE COMMERCIALIZATION OF SYNFUELS WILL BE DRIVEN
BY COST AND PRICE. THE SynrFueLs Economic Evaruation Moper (SEEM)
SHOULD BE EXPANDED FOR EXTENSIVE COST AND ECONOMIC ANALYSIS. METHANOL
IS CURRENTLY NOT BEING EXTENSIVELY USED IN NORTHERN ALABAMA; IT SHOULD
BE INVESTIGATED FOR USE AS A FEEC3STOCK OR FUEL.
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RECOMMENDATIONS

CoNTINUVE CoAL CONVERSION SYSTEM ENGINEERING STUDIES FOR
ProDUCTION OF SNG, GAsoLINE, MeTHANOL, ELECTRICITY,

AND MBG
ANALYZE Co-GENERATION AND FueL CeLL InDusTRIAL PARKS

CoMPETINS FUEL PRice EscaLaTion WiLL Make or BrReak Ecunomics
of CoAL CoNVERSION FACILITY; THEREFORE, BETTER UNDER-
STANDING OF PRICE EscaiLATions [s NECESSARY

SynFUELS Economic EvarLuaTioN Moper (SEEM) SHourD BE ENHANCED
AND UTIL1ZED To SupPORT ENGINEERING AND PRODUCT MARKET
AssesSMENT of CoAL ConvERs1ON FACILITY

INVESTIGATE UTiLIzATION OF METHANOL As FUEL AND FEEDSTOCK
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