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CHAPTER ONE: EXECUTIVE SUMMARY R é‘ ’
1.1 OVERALL PROSPECTS FOR THE TECHNOLOGY

The Koppers-Totzek coal gasification system has been
in widespread commercial use since 1949. During this time,
19 coal-fired plants have been constructed using the K-T
gasifier to supply synthesis gas for ammonia production.

As a result of this extensive operating experience, the K-T
system is widely recognized for being a reliable, efficient
method for gasifying coal. The entrainec flow design, which
is the basis for several advanced gasification technologies,
offers high coal throughputs, slagging operation, produces
no tars or oils, operates on fines and can accept any type
of coal. These features combined with reasonable production
costs indicate that the Koppers-Totzek gasifier could play
an important role in a synthetic fuel industry based on
coal.

1.2 ENGINEERING ASPECTS

Due to the fact that th2 gasifier operates in an
entrained flow mode, pulverized coal is needed. As such,
fines which are normally produced as a by-product of
crushing operations to prepare coal for fixed-bed gasifiers
{such as the Lurgi system) need not be sold but create an

opportunity for using a K-T system in conjunction with a
fixed-bed gasifier.



Pulverized coal is transferred and fed pneumatically
to the K-T system. Because the gasifier itself is highly
tolerant of moisture, the extent of drying is determined
primarily bv the potential for clogging pneumatic transfer
lines. Drying is often accomplished simultaneously with
crushing, and produces an added benefit of higher raw gas
heating value due to the absence of the diluent moisture.

The entrained flow design allows gaseous and solid
reactants to react in cocurrent flow. To maintain this
cocurrent flow, gas velocities must be high enough to carry
the solid coal particles completely through the reactor
without deposition. These high velocities imply that, for
any reasonably sized reactor, the residence time in the
reaction zone will be guite limited. Thus, in order to
insure complete reaction between gases and solids, the
reaction rate must be rapid, which occurs only at high
temperatures if no catalysts are present. (Catalysts are
not used in the K-~T system.) The high temperatures in the
reactor destroy any higher molecular weight compounds such
as tars and oils which would otherwise complicate downstrean
heat exchange and water treatment operations. The high
velocities used in the reactor are responsible for the high

coal throughput which is possible with a comparatively small
device. '

However, the need to maintain a minimum throughput
because of the low reactor inventory results in a turndown
ratio of only 2:1. In addition, the extremely high temper-
atures reached in the reactor, combined with its low (at-
mospheric) pressure operation, assure that no methane is
produced in the raw gas. Low pressure operation imposes a
requirement for expensive raw gas compression when high



pressure applications are concidered. The use of high
temperatures in the reactor means an increase in oxygen
consumption relative to other gasifiers operating under less
severe conditions (although oxygen consumption in the K-T
gasifier is typical of entrained flow systems). The high
temperature operation alsc imposes a reguirement to recover
as much of the heat in the raw gasifier effluent as possible
in the interest of process efficiency. This suggests that
quenching of the raw gas is undesirable due to the unavoid-
able loss of heat which occurs with this method. Although
more expensive, an indirect waste heat recovery system

{most likely for steam generation) is indicated with this
gasifier. High temperatures also require the use of a
refractory lining in the gasifier, which is subject to
fairly rapid deterioration.

Operatisn of other downstream equipment is primarily
a function of coal type and application, and is relatively
unaffected by gasifier characteristics.

1.3 CURRENT COSTS

The total capital requirement for this 50 x 1012
Btu per year plant is $790 million, which is dominated by a
plant capital investment of $529 million. Interest during
construction is the next largest at $173 million, with
start-up and working capital making up the remainder.

Annual operating and maintenance (at a 90% plant
capacity factor) costs, exclusive of coal costs, total $35.4
million. Major items contributing to these costs are
maintenance, supplies, labor, and local taxes and insurance.
By-product sulfur is given a credit of $40/ton which reduces
operating costs to $30.6 million per year, net.
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Taken together with a 20 percent capital charge, these
operating costs result in a product cost of $4.19/million Btu,
which is exclusive of coal costs.

1.4 RESEARCH AND DEVELOPMENT DIRECTIONS

The mature state of the K-T gasification technology
suggests that many of the uncertainties normally associated
with developing technologies have already been resolved in
this case. However, further improvements in gasification
efficiency may be possible. The recovesry of high tempera-
ture heat in an efficient manner has traditionally been a
difficult problem due to the severity of the environment.
Even though materials are available which have acceptable
lifetimes, the coating of solidified slag materials on cool
boiler tubes drastically reduces the effective heat transfer
coefficient. Methods to circumvent this difficulty have
been explored by others, and have application in the K-T
gasification system. An effective method for recovery of
Leat in the molten slag might also be incorporated in such
a systen.

Operation of the gasifier under elevated pressure
would broaden its scope of application. Aside from & re-
engineering of the structure, a new pneumatic feed system
for pulverized coal would be necessary.

Operation of the gasifier at lower temperatures
by means of a catalyst or other method would lower oxvgen
consumption, raise methane production (especially if done
under pressure), decrease the rate of refractory deterior-
ation and generally improve the longevity of the system.
One method for achieving this might involve a slight ad-
justment in the flow patterns of gases and solids to
achieve better mixing. A closer approach to ideal mixing
would provide the most efficient use of reactor volume and
help to reduce the amount of unreacted carbon which escapes
the reactor (unreacted carbon is not a serious problem).
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CHAPTER TWO: ENGINEERING E2ECIFICATIONS
2.1 GENERAL DESCRIPTION OF THE TECHNOLOGY

In the Koppers~-Totzek process, finely pulverized coal
is introduced through the vertices of an ellipsoidally~shaped
gasifier and is reacted with steam and oxygen at atmospheric
pressure. The resulting product is purified and cooled to
yield a low-sulfur med: m-Btu (280 Btu/scf) gas.

In some applications, the Koppers-Totzek product gas
is processed by shift conversion, methanation, and CC; re-
moval units to yield a high-Btu pipeline-quality gas. This
andé other modifications to the basic process are being re-
searched by Koppers Co. Inc., the solie North American licensee
for the process.

The first Koppers-Totzek demonstration unit was built
in 1948 and was operated jointly by Koppers Co.; Heinrich
Koppets, Gmbh; and the U.S. Bureau of Mines. Alithough
over thirty Koppers-Totzek coal gasification plants have
been built in Europe, Asia, and Africa, a commercial plant
has not yet been built in the U.S.



2.2 PROCESS FLOW, ENERGY, AND MATERIAL BALANCES

Relevant plant area numbers and co:rresponding unit
descriptions for the Koppers-Totzek process are given in
Table 2-1, while the interactions among these units in the
overall compiex is shown in Figure i-1. Compositions and
flow rates of streams shown in the conceptualized process
flow diagram (Figure 2-1) are given in Table 2-2.

As shown in Figure 2-1, coal for the process is dried
and pulverized to approximately 70 percent minus 200 mesh.
Nitrogen produced by the air separation unit is used to con-
vey the coal to beneficiation and storage units. The dried
coal feed, along with steam and oxygen, is injected into
the entrained-bed gasifier and reacted at approximately
3300°F to yield a synthesis gas composed primarily of CO
and H>. Molten coal ash is removed from the bottom of the
gasifier as slag, quenched with water, and slurried to a
wastewater treatment unit. The raw synthesis gas leaves the
gasifier at 3000°F and sensible heat is extracted from this
gas stream by a waste heat boiler which produces steam LoT
compressor and pump power.

Gas leaving the waste heat boiler is piped to a
series of washers for particulate removal and is further
cooled to 1050F. Waste water from the washers and
coolers is combined with the slag slurry in the waste-
water treatment unit. Solid effluent is removed from
this unit to a disposal site, while water is sent to a
cooling tower and recycled tc the plant.
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The cocled synthesis gas is delivered to an acid
gas removal unit which extracts COy and sulfur~bearing
compounds from the stream by absorption in a methyldieth-
anolamine (MDEA) solution. A sulfur recovery unit converts
acid gas to liquid elemental sulfur and tail gas which
can be burned to raise steam for power generation.

Portions of the clean fuel gas which leave the acid
gas removal system are combusted in coal drying and power
generation areas of the plant. The remainder of clean gas
product (1.036 million lbs/hr) can be combusted in onsite
boilers or shipped to remote users. Table 2-3 provides an
overall material and energy analysis for the Koppers-
Totzek plant. A cocal input rate of approximately 1.6
million lbs/hr wou.d produce 50 x 1012 Btu/year of medium-
Btu product gas (heating value: 283 Btu/scf), while the overall
plant efficiencv, based on data in Table 2-3, is 68 percent.
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Table 2-1

Relevant Koppers-Totzek Plant Area Numbers

100

200

300

1200

1300

1400

1600

1960

2000

2100

COAL STORAGE AND BHANDLING
110 Coal Storage
COAL PREPARATION
210 Coal Crushing
220 Coal Pulverization
230 Coal Beneficiation
240 Coal Drying
GASIFICATION

310 Gasification
320 Slag Quench

RAW GAS COOLING

1210 Particulate Removal
1220 Quenching and Cooling

ACID GAS REMOVAL AND GAS CLEANING
1310 Acid Gas Removal

SULFUR RECOVERY AND TAIL GAS TREATING
1410 Sulfur Recovery

COMPRESSION

AIR SEPARATION

UTILITIES AND SUPPORT SYSTEMS
2010 Steam Generation (Waste Heat Boiler) and

Power Recovery (Steam Turbine)

2020 Wastewater Treatment

QFFSITES AND MISCET.LANEQUS

2140 Cooling Towers

2=4
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Input
Coal

Steam
Oxygen

Total Input

Products
Medium-Btu Gas
Tail Gas

Sulfur

Table 2-3

Overall Material and Energy Balances

Mass Flow Rate Gross Heating Value
k1b/hr MM Btu/hr

788.2 85132
204.P

_365.2

1598.3 8513
1036.1 5708
165.8 6

—22.5 -

1224.4 5804

5804

Overall Plant Efficiency = KR 68.2%

aHeat content:
b

10,800 Btu/1b
Gasification steam generated from heat exchange on gasifier effluent.

Gas heating value: 283 Btu/scf.



2.3 PLANT SIZING AND SITING ISSUES AND CONSTRAINTS

The Koppers-Totzek plant described herein, sized to
produce 50 x 1012 Btu/year of medium-Btu gas should be located
on several acres {a comparably sized plant requires approximately
ten acres of land2-l) of relatively flat land located near a
rail spur or riverside coal supply facility. The onsite air
separation facility would be sized to produce 565,000 lb/hr of
98 percent pure oxygen. The required water supply described
in Section 2.4 below would need to be readily available to
the piant.

2.4 RAW MATERIAL AND SUPPORT SYSTEM REQUIREMENTS

Approximately 9500 tons per day of coal (as received)
are required by the plant. Properties of the coal are assumed
to be as shown in Table 2-4,

Total water reguirements - including makeup for gas
cleaning and water treatment processes, cooling towers, and
potable supplies - would be on the order of six million
gallons per day.



Table 2—4

Koppers-Totzek Coal Feed Properties

Component Wt %
s 3.50
c 59.31
Hy 4.05
02 6.76
N> 1.18
Ash 16.7C
H»0 8.50
Heat content: 10,800 Bru/lb
Ash fusion temperature: 2300-2500°F
Free-swelling index: 3-7

Source: Reference 2-1
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2.5 EFFECT OF COAL TYPE

Coals of a wide variation in rank and ash fusion properties
can be handled easily by the Koppers=Totzek entrained-bed slagging
gasifier. Adequate coal preparation procedures should be akle to
keep gasifier feed meisture content to below 8 percent in corder to
ensure successful conversion. Ekelatively high-moisture coals may
even improve overall plant eificiency by lowering gasifier steam
requirements. In addition, the high reactivity of low-rank cozls
such as lignites would result in more complete carbon conversion
and higher overall process thermal efficiencies. Although or-
dinarily not required, the addition of fluxing agents may be
necessary in order to facilitate slag removal when cocals with
high ash fusion temperatures are gasified.

2.6 AIR POLLUTION CONTROL TECHNOLOGY

Fugitive dust emissions from the coal preparation area
are controlled by a bag/filter dust collection system. Coal
ash is removed primarily as slag, although some flyash is en-
trained in the raw gas flow and is removed by washers, keeping
particulate emissions to a minimum.

Most of the sulfur in the product gas is remcved by
the acid gas removal and sulfur recovery units. A small
quantity of tail gas containing COS, SO;, and H3S is
produced. As an alternative to being vented, this gas can
be combusted in a boiler along with the clean product gas.

2.7 WATER POLLUZION CONTROL TECHNOLOGY

Waste water from raw gas washing units is combined with
the slag slurry frowm the gasifier in a waste water settling and
treatment unit. Relatively pure water from this unit is removed



at approximately 115° and sent to cooling towers. Effluent
from the unit, consisting of ash and water, is conveyed to a
disposal area -~ usually an evaporation pond where dry ash is
collected and sold as concrete aggregate or disposed of in a
landfill.

2.8 SOLID WASTE HANDLING

The most significant solid waste product from the
Koppers-Totzek process is the gasifer ash, which is dis-
posed of in the manner described in Section 2.7 above.

2.9 DSHA ISSUES

Worker safey may be endangered in the coal preparation
and storage areas. The coal storage pile will‘be subject to
dust generation and risk of fire. Coal preparation, during
which coal is ground to a very fine 70 percent through 200
mesh, will generate dust and noise.

Gas leaks from the gasifier could expose workers to
hot toxic gases, especially carbon monoxide and hydrogen
sulfide. An advantage to the Koppers~Totzek process is that
it produces no tars or liquid by-products, and so the
hazards associated with handling ligquid coal by-products are
not present.



2.10 PROCESS PERFORMANCE FACTORS

2.10.1 Product Characteristice and Marketability

The primary product of the Koppers-Totzek process is
a medium-Btu gas with 2 heating value of approximately 280
Btu/scf. A typical analysis of this gaseocus product when
derived from coal with a heating value of 10,800 Btu/lb is
shown below.2-1

Compound Volume %
Ho 34.12
N7 1.17
H20 5.68
co £3.11
CO2 5.72
HoS 0.19
coSs 0.01

This Koppers-Totzek fuel gas can be substituted
for natural gas by utilities for steam generation and by
industries for process heat and steam production.

2.10.2 Capacity Factors, Flexibhility, Reliability

The Koppers-Totzek gasification sysrem described
herein is designed to produce 50 x 1012 Btu/year of syn-
thetic gas at full capacity. For the purposes of economic
analysis, a capacity factor of 90 percent is assumed (see
Chapter 3. Koppers-Totzek gasifiers are capable of firing
a variety of fuels - including tars, oils, and essentially alil
ranks of coal. 1In addition, a wide range of products can be
produced. The clean medium-Btu gas can be shipped directly to

2-13



utilities and industries for process heat and steam generation
or it can be upgraded by CO shift and methanation processes to
produce high-Btu gas for residential as well as industrial use.

The Koppers-Totzek technology has been proven to be a
feasible and reliable one. Since 1948, successful gasification
plants have been operated in Europe, Asia, and Africa for syn-
thesis of methanol and ammonia.

2.11 TECHNOLOGY STATUS AND DEVELOPMENT POTENTIAL

The first Koppers—-Totzek demonstration unit was
designed and built by the Koppers Company in 1948. The unit
was operated jointiy by Koppers Co.; Heinrich Koppers, GmbH;
and the U.S. Bureau of Mines. Since that time, over thirty
Koppers-Totzek coal gasification plants have been built in
Europe, Asia and Africa. Although many years of successful
exper:ence have been achieved, a commercial plant has not
yet been built inside the U.S.

As a result of the successful past experience, the
limitations and technical uncertainties associated with
this process are relatively few. However, some engineering
difficulties remain, including:

e Corrosion, which may occur as a result of
the direct contact of sour gases on heat

exchanger surfaces;

e Recovery of waste heat from water quench

of gasifier exit gas; and

e Mainta.ning an adequate supply of oxygen to
to the gasifier.

2-14



2.12 REGIONAL FACTORS INFLUENCING ECONOMICS

A variety of constraints apply to the regional design
and construction of a Koppers-T.tzek plant. Sectiens 2.3 and
2.4 above describe the land, coal, and water requirements of
such a complex. Environmental control constraints would be
determined according to the particular meteorology and top-
ography of a proposed site.
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CHAPTER THREE: ECONOMIC ANALYSIS

This section discusses the economics of a Koppers-
Totzek medium-Btu gasification plant. 1In Section 3.1,
the methodoleogy used is explained. Section 3.2 presents
itemized capital costs for a Koppers-Totzek facility.
Section 3.3 contains operating and maintenance costs for the
facility. Section 3.4 discusses the effect of technology
development on gas costs. In Section 3.5, the cost of

producing the gas, excluding fuel, is computed.

3.1 Methodology and Introduction

3.1.1 Economic Analysis Methodolrgy

The economic analysis relied on published engineering
cost estimated (3-1, 3-2, 3-3, 3-4). A report by Bechtel
{3-1) was chosen as the best source of capital cost infor-
mation on the Koppers-Totzek process. The cost estimate in
the Bechtel report was scaled to a typical commercial plant
Size and corrected to third qQuarter 1980 dollars. The
&djusted cost estimate was used to compute non-fuel gas
costs.

3.1.2 Scaling Factors

The Bechtel repert (3-1) presented costs for facilities
with capacities of 3.5, 17.3, and 73 trillion Btu per year.
Fifty trillion Btu per year was judged to be a typical size



for'a commercial-scale medium-Btu coal gasification plant.
The cost for the 50-trillion-Btu plant was scaled up from
the cost of the 17.3-trillion-Btu plant according to the
formula:

New Plant Size )se Reference

New Plant Cost = X
(Reference Plant Size Plant Cost

where se is the cost scaling exponent.

Different scaling exponents were applied to different
cost components. Operating perscnnel, with a scaling
exponent of 0.57, displays more economies of scale than does
the gasification section, which has a scaling exponent
of 0.97. The cost scaling exponents were derived from
costs presented in reference (3-1) and are presented in
Table 3-1.

TABLE 3-1

CAPITAL COST SCALING EXPONENTS
KOPPERS-TOTZEK GASIFICATION SYSTEMA

COST SCALING

ITEM EXPONENT
Gasification Area 0.97
Air Separation 0.93
Other FacilitiesP 0.87
Coerating Personnel 0.57

8source: Derived by ERCO
from Table 5-1 in Reference 3-1.

PIncludes 'site improvements,
buildings, coal-preparation, waste
disposal, raw gas compression, gas
sweetening, sulfur recovery, pro-
cess utilities, and interconnecting
piping.



3.1.3 Price Indices

The cost information in Reference (3-1) was presented
in 1976 dollars and was corrected to third quarter 1980
dollars. Different cost indices were applied to different
cost elements in order toc ensure accuracy.

The Chemical Engineering Plant Cost Index (3~5) was
used to correct elements of construction cost. The Chemical

Engineering Plant Cost Index is a weighted average of the

eguipment, construction and engineering costs incurred
during the construction of chemical process plants.

Because equipment costs were not presented independently of
engineering and construction costs in the reference document,
each element of construction costs could rot be inflated
separately. The Chemical Engineering Index, as a weighted

average of all elements of the construction cost, is a valid
substitute for inflating each element of plant costs separately.

Labor costs were corrected with the Bureau of Labor
Statistics index of wages in the refinery industry. Catalysts
and chemicals were inflated with the Producer Price Index
for Industrial Chemicals. The by-product sulfur credit was
computed through reference to market prices. Sulfur prices,
at $40/long ton, are lower than actual 1980 prices of
550-55/1long ton. This discount was made because the market
for elemental sulfur is relatively small, and byproduct
sulfur from coal conversion plants will probably force
market prices down. Table 3~2 details the inflators or
prices used for each element of Koppers-Totzek costs.



TABLE 3-2

INFLATORS AND PRICES USED

TO CORRECT COSTS TO 1980 DOLLARS

SOURCE OF INFLATOR
ITEM INFLATOR OR PRICE OR PRICE
Plant Capital Costs, Chemical Engineering 1.38
Supplies, Maintenance, Plant Cost JTndex
Materials and Labor,
Taxes and Insurance
Operating Labor Bureau of Labor 1.42
Statistics Index of
Petroleum Refining
Wages
Engineering and Chemical Engineering 1.47
Bome Qffice Costs Englneering and Super-
vision Manpower Index
Catalysts and Department of Commerce 1.53
Chemicals Producer Price Index
for Industrial
Chemicals
By-Product Sulfur Market Prices $40/
4dong ton




3.1.4 Economic Criteria

The economic analysis was based on the following
economic criteria:

o

Interest During Construction - Computed at a

15 percent annunal compounded rate on funds borrowed
during construction. It was assumed that the
borrowing schedule was 25 percent in the third year
before construction, S0 percent in the second vyear
before construction, and 25 percent in the third
vear before construction, with all funds borrowed in
a given year borrowed at the beginning ¢f the

year. .

Working Capital - Defined as the sum of:

- 1.5 months total operating costs
(with coal assumed to be S$31.32/ton)

- 3.5 percent of total plant investment

- 1 month's supply of coal at full capacity
{$10,095,000)

- 1 mornth's catalvsts and chemicals
(method is from [3-7])

Startup - Defined as the sum of:

- One month variable operating costs excluding
goal. Variable costs are catalysts and chemicals,
utilities, and maintenance materials.

- Two month's fixed costs. Fixed costs are
operating and maintenance labor, administrative
and support labor, general and administrative
expense and property taxes and insurance.

- 5 percent of total plant investment

- 25 percent of one month's coal at full load

Methodology source: 3-7.

Plant Life - 20 years’

Capacity Factor - 90 percent

Escalation During Construc¢tion ~ zero

3-5



3.1.5 Contingencies

Two contingencies were applied to the capital cost
estimates: a process contingency and a project contingency.
The process contingency covers technical uncertainties
within a particular process which might cause costs to
increase. The process contingency was applied on an area-by-
area basis according to the level of technical development
of each area as is shown in Table 3-3. The process contin-
gency varies from 0 percent for a commercialized technology
to S50 percent for a technology not yet at the pilot plant
stage. These contingencies were derived judgmentally bv
ERCO with reference to industry contacts.

The process contingency percentages applied to each
area are shown in Table 3-4. Gasification, because it has
not been demonstrated in the United States, was assigned a
10 percent contingency. & 10 percent contingency was also

assigned to the acid gas removal area to allow for technical
development.

A project contingency of 15 percent was applied to the
total of the costs of each area and unit (not including
process contingencies) and contractor's fees. This project

contingency is meant to allow for unanticipated cost increases,

which usually arise as the plant design is made more complete.

3.2 Capital Costs

3.2.1 Itemized Capital Costs

The total plant investment for a 50-trillion-Btu/year
Koppers-Totzek gasification facility would be $529.2



TABLE 3-3

PROCESS CONTINGENCIES BY
LEVEL OF TECHNICAL DEVELOPMENT

LEVEL OF PROCESS CONTINGENCY
OF DEVELOPMENT (PERCENT)
Commercial scale 0
Demonstration Plant : 10
Pilot Plant 25
No Pilot Plant 50

Source: ERCO.

TABLE 3-4

PROCESS CONTINGENCY BY PLANT AREA

CONTINGENCY

NUMBER ITEM (PERCENT)
100 Coal storage and handling 0

200 Coal preparation a

3040 Gasification and power recovery 10
1200 Raw gas cooling 0
1300 Acid gas removal and gas cleaning 10
1400 Sulfur recovery and tail gas treating Q
1700 Shift conversion 0
1800 Methanation Q
1900 Air separation 0
2000 Utilities and support systems 0
2010 Offsites and miscellaneous 0

Scurce: ERCO.




million in third guarter 1980 dollars. The most expensive
element of plant cost would be the gasification plant which
would cost $150.6 million, or 28.5 percent of the total.

Air separation to provide oxygen for the gasifier would be
the second most expensive component of plant cost, at $109.2
million, or 20.6 percent of the total. A contingency of
$83.6 million was added to plant costs to cover unantici-
pated technical problems or changes in design. Itemized
plant capital costs are presented in Table 3-5.

Total plant investment is combined with other elements:
of plant cost in Table 3-6. Interest During Constructicn
adds $173.3 million to che plant capital requirement.
Working capital and startup costs add $46.4 million and
$41.5 million respectively. The total capital reguirement
amounts to $790.4 million. The specific capital cost (cost
per unit of capacity) was 515.81,106 Btu.

3.2.2 Variability of Capital Costs

The Bechtel report (3-1} produced an "order-of-
magnitude” type estimate. This estimate is based on pre-
liminary flow sheets, energy. and material balances. The
plant plot was only ocutlined. Major plant elements were
costed, while the cost of less important areas was estimated.
Because the Koppers-Totzek is a commercialized technology,
the "order-of-magnitude” method may be used without major
risk of estimation error. This estimate can be considered
accurate within +30 percent.
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TABLE 3-6

TOTAL CAPITAL REQUIREMENT: KOPPERS-TOTZEK?

COST SPECIFIC CAPITAL COST
ITEM (106 $)¢ ($/106 Btu capacity)
Total Plant Investment 529.2 10.58
Escalation During G D
Construction
Interest During 173.3 3.47
Construction @ 15%
StartupP 41.5 0.83
Working Capital 46 .4 0.93

Total 790.4 15.81

acapital requirement for a conceptual 50 x 1612 Bru/year
Koppers-Totzek gasification facility, Source 3-1, updated and
scaled by ERCO.

brneludes initial charge of catalysts and chemicals.
CThird guarter 1980 dollars.

3-10




3.3 Operating and Maintenance Costs

3.3.1 Itemized Operating and Maintenance Costs

Annual operating and maintenace (0&M) costs for a
50-trillion-Btu/year capacity Koppers-Totzek facility
would total $35.37 million. This amount excludes the cost
of coal. The largest component of these costs is labor
at $13 million. Supplies will cost $10.3 millicn or
29.1 percent of the total. Local taxes and insurance would
cost $7.9 million, or 22.3 percent of the total. <Catalysts
and chemicals add $4.2 million or 11.9 percent to costs.
There is no allowance for administration and general over-
head. Table 3-7 lists the elements of 0O&M costs.

The gasification plant will produce salable elemental
sulfur as a by-product. This sulfur, valueé at $40 per long
ton, is worth $4.8 million. Net Q&M expenses, which
include both 0&M expenses and by-product credits, total
$30.6 million as is shown on Table 3-7.

3.3.2 Vvariability of Operating and Maintenance
Expenses

Operating and maintenance (0O&M)} expenses are derived
from the plant design. Therefore, Q&M expenses are usually
approximately as variable as the plant capital cost, es-
pecially in this case because 70.6 percent of the opera-
ting and maintenance expense estimate (maintenance supplies
and labor, local taxes and insurance} was directly factored
from the capital cost estimate. As a result, the basic
operating and maintenance [0O&M) coSts estimate may be
considered as variable as the capital cost estimate, or
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TABLE 3«7

NET OPERATING AND MAINTENANCE EXPENSES:

KOPPERS-TOTZEK?

COST PERCENT OF TOTAL
ITEM (106 s)¢c GROSS EXPENSES
Local taxes and insurance 7.9 22.3
Labor:
Process coperation 5.1 14.5
(includes supervision)
Maintenance 7.9 22.3
Total Labor 13.00 36.8
Supplies:
OperatingP 1.1 3.1
Maintenance 9.2 26.0
Total Supplies 10.3 29.1
Catalysts and Chemicals 4.2 11.9
Total Gross Operating 35.4 100.0
and Maintenance Costs
By-Product Sulfur {4.8)
@ S40/long ton
Net Operating and 30.6

Maintenance Costs

Agxpenses are for a Kogpers-rotzek gasification plant

with a capacity of 50 x 101

Btu/year, producing at 90 per-

cent capacity factor. Source 3-1, updated and scaled by

ERCO.
BIncludes utilities.
CThird quarter 1980 dollars.
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430 percent. The estimate, however, omitted general and
administrative expenses, which typically amount to 10 to
20 percent of gross O&M costs. Therefore, the range of
variability should be considered approximately -20 to
+40 percent.

3.4 Effect of Technology Development on Costs

As the Koppers-Totzek process is commercialized in the
United States, the cost of constructing Koppers-Totzek
gasification facilities will fall in real dollars. New
technigues and better methods for using older technigues
will be ceveloped. The effect of increased experience on
technology costs is often quantified through the use of
"experience" (sometimes called "learning™) curves. The
experience curve describes an inverse relatiocnship between
the cumulative number of units of an item produced and the
unit capital cost of the item. The effects of experience
are shown with a log-linear curve which exhibits a constant
percent decline in the unit cost of production capacity for
each doubling of completed capacity. The slope of this
curve is called the experience factor. For example, a 10
percent experience factor implies that the cost of the
fourth plant would be 81 percent (90 percent times 90
percent) of the cost of the first plant. It has been
estimated that 10 percent is the upper limit on the experi-
ence factor for new energy process technologies (3-6).

The 10 percent experience factor is valid for sections
of plant using new technology. Most sections of thé plant
employ mature technologies whose costs would decline little
as more Koppers-Totzek plants are built. The accumulated
volume of production of these components is already so
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large that the construction of several gasification plants
would result in negligible cost reductions through added
experience. Areas employing immature technology, which
include the Gasification and Acid Gas Removal sections
account for 40 percent of total plant investment. Approxi=-
mately 40 percent of the contractor's fees and contingency
must be allocated to the immature technologies, &nd so
approximately 40 percent of the total plant investment 1is
spent on immature technologies.l The experience factor

for Roppers-Totzek gasification plants is then 40 percent of
the 10 percent maximum or 4 percent. Each doubling of
Koppers-Totzek capacity might result in a 4 percent reduc-
tion in unit capital costs.

3.5 Non-Fuel Progduct Costs

The cost of the product gas is composed of three
components: capital charges associated with plant capital
costs, plant operating and maintenance (O&M) costs, and coal
costs. The cost of the gas excluding the cost of coal
(non-fuel costs) yields an indication of the economic

~viability of the process. Non-fuel gas costs can be com-
puteé from capital charges and O&M costs according to
the following formula:

K x CRF + OM
CAP x F

lThe 40 percent of Total Plant Investment has two
components: Direct expenditures on immature technologies,
which cost 31.8 percent of tctal plant investment, and the
portion of the fees and contingencies which are spent on the
immature technologies, 8 percent of Total Plant Invest-
ment. These two components sum to approximately 40 percent
of total plant investment.
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where:
P = product cost excluding fuel

K = total capital requirement of the plant,
$790.4 million, from Table 3-4.

CRF = capital recovery factor, assumed to be
20 percent

CAP = total plant annual capacity, 125 trillion Btu

F = plant capacity factor, 90 percent

OM net annual operating and maintenance expense,

$30.6 millicon, from Table 3-4.

This formula yields a product cost (excluding fuel)
of:

($790.4 x 106 x 20%) + 30.56 x 106
50 x 1012 Btu/year x 90%

$3.51/106 Btu + $0.68/106 Btu
$4.19/106 Btu

The total non-fuel gas price is $4.19/10% Btu with $3.51/
106 Btu capital costs and 0.68/10% Btu net operating and
maintenance costs. The $4.19/108 Btu figure is only as
reliable as the cost estimates on which it is kased. These
were accurate within approximately +30 percent.1

lcapital cost estimates are accurate within +30 per-
cent; O&M costs within -20 to +40 percent. Because capital
costs dominate the non-fuel gas costs, the weighted average
variability is about +30 percent.
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