4.0 TECHNICAL REVIEW

one of the purposes of this study is to make a technlcaI appra15a1 of
all processes covered. Since the processes are in varlous stages of
development, this part of the study should iend further insight into

the ultimate prospects for commerc1al sSUCccess.

As a general comment it is felt that any fully integrated process that
‘can be operated continuously on a small scale can be made to succeed on
a large scale. There are no lmpedlments to commerciallzation due to
"lack of control or analytical equipment. At present, no needs exist to
develop special devices to accompllsh coal conversion. There will‘al-
ways be possibilities for lmprovement but no noticeable change in coal
conversion viability or economlcs 15 expected from 1n5trumentat10n

developments.

- The areas where significant development could affect commercial pros- )

pects include:

1. Methods to allow more coal types to be used effectively.

2. Improved practical systems to achleve maximum recovery of
.usable energy.

3. Reactor and process lmprovements to achieve better yields
' and greater product selectivity. ‘ '

4. TImproved chemistry to reduce environmental problems further
and cheaper. . ) . :

5. Improved high-temperature gas turbine materials technology.
6. Better hot gas ¢leaning processes. o

The first item would enhance application. All the subsequent improve-
ments would result in lower cost for -the product.

4 1 PROCESS COMPLEXITY

all of the processes studied for this report were analyzed to determine
both the common and the singular features. Most had many common unit
operations and comparable overall complexity. & list of significant
considerationg which have peen factors in process development to-date
was prepared. To this were added items which do differentiate some of
the processes to a degree that labor requirement or reliability for an
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actual Plant could be affected. The list used and values for Process
Complexity are shown in Table 4.1. |

It iS'apparent from the list of éoﬁsiderations used'to develop the Pro-
cess Complexity Inqex that the items_are_not of egual weight. Thus the
Coﬁplexity Index values show a numbéé for identified complexities but
should not be construed to be directiy propcrtional'to operational dif-
ficulty, reliabilitx or labor requirements. It is apparent that many
'unit“opérations common to practicaliylall of the processes are not in-
cluded dﬁ'the list. This is_pﬁrticularly true for proven operatidné
used in existing process industries. There are many examples of dig-
tillation'columns, acid gas remdyalffegeneratibn syétems and Claus
bPlants that operate with relatively'little attention.

The réasoning behind the items used to determine complexity is as fol-
lows: |

© High Pressure and Temperature:. Relatively more difficult condji-
tions and possible material-construction problems.

© Ebullated or Fluidized Bed: More sophisticated system with greater
start-up difficulty and less forgiving to changes in operating -
conditions. ‘

© Ash Fusion: Can lead to unreliable performance and reactor shut-
down. :

© Recycle Pump or Compressor: Recycle fluid streams can contain
higher residual solids leading to seal leakage and erosion. In
‘the case of H-coal, the internal recycle pump can give severe
maintenance problems. These items are high energy users if heads
are high.- ' -

¢ Solid-Fuel Separation: wNot dlways a problem - depends on actual
values for density difference or fiuid rroperties.

0 Solids Handling: Solids handling always entails higher maintenance
and less reliability than comparable for fluids. _

© Power Turbine: These equipment items are still being developed and
subject to damage by process upsets. )
® Cxygen: A potentially dangerous material requiring extreme and
L continuing safety precautions. . - -
... 9 Tar Preducts: Viscous ligquids that sometimes cause line plugging
" problems and general handling and disposal problems. o
T o Chemical Complexity: Highly sensitive reactions or fragile cata-

lysts.

9 Fired Preheater: Subject to coking and tube damage diréctly affect-
ing equipment reliability. : .

35



PR TR AL DU R

rable 4.1: PROCESS COMPLEXITY
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TR AR ol e s
i o | 0| joje (k|0
aiam|lowlalals P ik a4
I o) g I e W [D et
- I & n M=
Item " | 518
e — m
1. Higheéﬁ pressure of Group - X X
2. Highest Temperature of Group - : XiX|X | XX
3.-'Ebullated or Fluidized Bed ' X x|x|x Xl
4. Multi~Fluidized Beds L 1 [xjxix
- 5, Ash Fusion Problems . . y XX
§. Cumbersome Recycle Pump Or x| |X{X
- . Compressor - . : '
7. Solid-Fluid Separation Problem X XX X
B. Signficiant_Solids Handling X | XX X
9. Power Turbine Critical to XX
Cycle
10. ‘'Oxygen Used in Process R | I1x{x Xixi -
11. Tar_Prdducts _ | , X ? X
12, Chemical Reaction Complexity @ - X XX
13. Fired Preheater Used : | x|z (XX
Complexity Value 31242266 43532

- (Note that a lower value indicates less complexity.
The items shown do not have equal importance and
thus the Complexity Value scale 15 not linear and
‘may not be monotonous-) T
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Even though the table shown for compexity can have qualitative value,
it is clear that this comparison alone can not be used to choose or
eliminate a process. '

4.1.1 Reactor Comparison

Because the reactor system is the chief area where differences axist
between competing processes, the subject requires special study. The
reactors are where the highest temperatures and pressures occur and
where most of the materials-of-construction problems are found.

Because of the higher mobility of gases than liquids within a reactor
vessel, and the presence of 3 phases, from a‘ﬁransport phenomena .stand-
point, all gas reactors tend to be more complex interﬁally than iiquid
phase reéctor Systems. This is in addition to the highef operaﬁing
temperature associated with coal gasification reactors. Thus, generally
all of the gasification reactors are more complex than any of the ligque-~
faction reactors. Within the group of gasification reactors, those with
all three phases normally pPresent must be judged the most complex. This
touches on the key to coal handling problems (due to caking) and the
belief that the Bigas process is probably not viable due to contiﬁuing
slag removal difficulties.

Fluid beds are considered more complex than other types of solids_;on~
tacting systems. They are, furthermore, constrained withlrespect to
process modulation compared with non-fluid bed reactors. The other
general reactor problem is bypassing within the vessel. This is a . -
recognized area where good design is Tequired. However, simple and
economical methods such as baffle use or nozzle modification can fedqce
problems from this source.

Particular reactor problems éncountered with some of the various Pro-
cesses will be digcussed.below in Section 4.2. Table 4.2 shows conditions
in the reactor. The actual values during operation may vary for dif-
ferent coals. Data shown are from reports by the process developers.
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4.2 PROCESS COMPARISONS

The coal conversion processes must be compared and evaluated from

both a technical and an aconomic standpoznt. The two approaches will
necessarily be interdependent and the. ultimate goal is to develop the
most inexpensive substitutes for raw coals, natural gas and petroleum
fuels. The purpose for ProCéss. comparison is to determine which of

the options have the best prospects and should be pursued and optimized.

The national needs are for processes whichi

1. Pprovide affordable, abundant fuels.

2. Minimize waste of existing resources.

3. Accomplish the conver51on with acceptable environmental

impact.

The required additional processing. to meet existing environmental
standards .is included in all procesgses and costs shown. For a number
of the cases, the primary reason for the processing of the coal is to’
produce a fuel which will be more environmentally acceptable and more

economical than conventional coal burning with flue gas scrubbers.

It must be assumed at thlS stage that no improvements or cost savings
will be achieved. It is expected that some improvements will be
achieved but these will be largely confined to internal systems and
future costs of machinery due to experience and production economics.
There are many who belleve that 1ncreased demands for further environ-

" mental restriction will 'offset all other hopes for product cost
decreases. Hopefully, some progress. will be made in the assessment

of values achieved and total effects on environment, economy and living

standards.

No 51ng1e measure can Plnlent a best process for coal conversion.
Some major users have flexlblllty in thelr operations and can utilize
any of the energy forms listed in Table 4,5. 1In other cases the
choice is limited to one type of fuel and a product cost from a 31te
specific study 1s_needed to choose the best process.

The various criteria included in Table 4.4 are discussed in Section
2.0 and further below.
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4.2.1 Efficiency

Process efficiency is shown in Table 4.4 if it was feportéd-b& the design
firm for the particular source Study used for this report.: ‘

The product efficiency was calculated from the Product data used for

- this report. The reason for showing ‘both values is that a significant
difference between the two values allows the implication that there

are potential process improvements, most likely waste heat recovery and
Possible convetsion to 919ctric power. It should be noted that if all
light o0il naphtha Products were upgraded to gasoline, the product ef-
ficiency would decrease, ‘

4.2.2 Process Development Status

The ‘Confidence Index column in Table -4.4 lists 'a two part alpha-numberic
.-identifier which assigns a level for both process development and eco-
nomic reliability. - As shown in Table 4.3, there are four ‘possible choices
for each category. ' '

Table 4.3: Procéss Confidence Index

| Process Develophent. , - Economic Reliability

D - Exploratory stage - not . B 5creenihg'estimate,'very'
.. beyond simple bench tests . .o+ . - approximate L :
C ~ Development Stage - oper- , 3 - Incomplete.definition for
; ated on small integrated _ estimates usged
-scale only o T f o
. B = Pre-commercial - successful ' "2 - Firm basis for values devel-
‘ pilot plant operation , - oped AT _
A - Complete - process demonstra- 1 ~ Values considered. to. be sat-
ted sufficiently to insure isfactory for commercial
" commercial success venture

The fact that few of the processes studied are rated higher than Cf3
is a warning that numbers shown for éioduct'COSt are ndt'of high re-
liability. While this often automatically triggers a tendency to add
d dontingency or “safety factor", it ‘can aléalhopefuliy:iﬁdicate that
at least some of the processes shoﬁid:have'lowér  costs with more
development work.

4
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As suggested above, costs are very important criteria. The cost for
product takes into account all significant money and time reguirements
including capital investment, financing charges, construction period,
plant maintenance and expected 1ife. These are explained in further
detail in Section 5. Economics. In addition to the values described
above, Table 4.4 presents a summary description of key'considerations

for all of the processes studied.

Further description of the amounts and specifications for delivered

products 1is given in Table 4.5 and Appendix 1.

4.3 PRODUCTS

As discussed above, all of the main products from coal conversion pro-
esses are replacements for existing commodities now in the market-

place. The immediate need is to produce products compatible with

existing equipment to perform in conformance with all environmental

constraints.

Table 4.5 gives a listing of all products produced for each of the
processes studied., Any fuels consumed within the plant are not listed.
Fuel amounts are shown as barrels (42 gallons/barrel) per operating

day for liquids, tons per operating day for solids, and million stan-
dard cubic feet per aperating day for gases. The last column gives
value factors. The value factor, f£j. is the ratio of market value of

the actual product produced to gasoline as the reference fuel.

Most of the processes included here are covered by several published
reports showing much laboratory data and projected product gualities

" and quantities. Where the reported results were recent and appeared

compatible with the purposes of this study, they were adjusted to the
same basis and used. Source reports are identified., For ‘those process-
es where either recent material balances were not published or if those
available were not based on optimum design, the process developer was
contacted. An "A" in the. data source column of Table 4. 5 indicates the
information ‘uged for energy and material balances was received directly
from the process developer. Even though a few of the processes may
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Table 4.5:

PRODUCTS SUMMARY

Quaﬁt‘ity By
Product Amount fDay
SRC Salid 10,880 Tons
Fuel 0§l 7,500 RBbl
LG 5,500 Bb]
Naphtha 10, 700 -Bbi
Fuel 0i1" 45,300 Bb
Gasg 23,1 MMSCF
Propane 3,270 Bb1
Butanc 3,500 Bhl
Rnphtha 19,900 BbL]
Fuel Dil 28,7G0 Ebl
C2—Cas 41,9 MMSCF
Naphtha 18,200 Bbl
Fuel Qil 42,200 Bbl
Gas 19.7 MMSCF
Naphtha 31,900 Bhl
Fuel 0il 24,300 Bbl
Gas 56,3 MMSCF
Gasoline 18,200 ¥h}
LEG 18,800 Bbl
No. 2 Qi1 1,200 Bbl
Fuel 0il 2,000 Bbl
Hed. Btu Gas 906.7 MMSCF
C2-Gas 37.2 MMSCF
Premium Casoline 52,700 Bbi
LG 7,300 Bb1
Mcthyl Fuel 113,400 pb]
Hethauol o '8,400 BB1
SNe ' "333.R MMSCF
Baphtha . 6,800 Bbl
SNG L 50,0 MMSCF
CHAR ST 1,345 Tons
sNe 397.9 MMSCF
SNG 326.4 MMSCF
Tar 081 4,500 Bb1 - -
Haphtha 2,200 Bbl
sNG 38B.2 MuSCF
SYNGAS 1143, miSCF
BYNGAS 1272 MMsCF
T . o -
Elcetric Power 2625 Mw
My

'flectri: Power 2838

PLANT ¥EED RATE = 25,000 TONS/DAY DRY COAL (NOTES 1,2)

Sourca data hes been corrected to zero cvlectric
uzing 10,000 Beafklily for ren—slce- geuaralion.

BASIS:
" Date {5)
Process Source
SRC-I B-18
SRC-ET A
Ens B=-5
H-Coal
Fuel 011 A
H-Coal
Sypcrude A
F-T B=19
"M~Gasoline B-12
20
Methanol B-20
HYGAS A
Synthane B-10
C0s Acceptor B=-17
LURGT B-17
 BIGAS B-1
€O, Accepter B-17
Westinphouge A
Hes:inghéuse .
CE A
NOTES: 1.

Products have buen a
11,200 Btu/LE-Dry.
In the above Table,

to No. 6 oil,

Gases shown as MMSCF -

Data zourcews:

S

Value Focror
Gasoline Reference
-Fu

.50
.56 "

1.08
1.07
.B2
.56
1.00

82
W56
1.00°

_.82
.56
1.00

90

2.60

power requirnueat

djusted for source coal BV to a common basis of
fuel oii means low sulfur boiler fuel comparable

Hillion Siandurd Cubic Feet {200C, 1ATM),

A — Direet data from process developer.
B ~ Cbtained from published report cited,
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include an optimistic bias as to product yields, no bases for adjust-
ment is available and thus the data was used as presented.

4.3.1 Solid Products

The general public will nndoubtedly continue the aversion to the use
of solid coal and solid derivatives for residential heating. This
attitude was a factor in the 40~year shift to oil and gas. Labor

|

b

i

|

|

!

!

J savings and better system reliability are major reasons for the pre-
i ference. .Itwould require a significant cost incentive to encourage
! greater use of solvent refined coal solid or char for home heating.
1 On the other hand, the utility and large industrial market is a real-
| istic goal for solids. Far less cost incentive is required to win

these markets.

|
ii 4.3.2 Liquid Products
l The major markets for'liquid coal derivatives are boiler fuel and

transportation fuels. The specifications for the products will neces-
sarily make their use environmentally acceptable. The major national
penefit will be reduced dependence on imported petroleum.

Liquids have advantages over other energy products in being both eco-

- nomical to transport and store. The liguids produced are close
encugh to petroleum products to be able to tot&lly replace convention-
al crude oil by coal ligquids. 'Sbme'additionél processing would be
required to make coal-derived liguids completely interchangeable with
all refined petroleum products. o '

4.3.3 Gaseous Products

The final properties of the product from gasification processes can

pe varied depending upon the use to be made of the gas. The heating
value of gas.destined to be used as industrial boiler oY Process

heating fuel, can be as low as. 100 Btu/SCF while high-~Btu gas . for general
utility service must have a heating value over 900 .Btu/SCF. Similarly,
the specifications governing contaminants and diluents, including sul=-

fur compounds and nitrogen, are more flexible for industrial fuel gases.
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Nevertheless, good Practice requires that the gasification process pro-
duce a gas-which will not excessively corrode the transportation and
utilization equipment and not create unacceptable stack emissions when

burned.

While no specific pProduct quality standards exist for comparing low-
Btu‘and intermediate-Bty Processes, the gas Produced must be coordi-
nated with the proposed use, Thus low=Btu gas which would be used
directly in combustion Processes must either be of sufficiently high
heating value to independently sustain ccmbustion or it must be deliv-=
ered to the combustor at an elevated temperature. A gasifier system
usad with a gas turbine must deliver a product free of pParticulate
matter which might damage turbine blades. Synthesis gas used as a
chemical feedstock would normally contain a minimum of diluents such
as methane or nitrogen in order to maximize the reactive gas (CO and
H3} content. Chemical feedstock gas would also normally be scrubbed
to remove all sulfur compounts to avoid catalyst poisoning.'

The quality specifications for high-Btu gas have been much more rigid-
ly defined. The Primary standard is that the gas must be fully inter-
changeable with pipeline quality natural gas. Heating values as low

as 300 Btu/SCF may bhe permissable if other quality standards are met
and the gas is mixed with natural gas. Some states set minimum qual-
ity standards. 1in addition to heating value, other combustion charac~-
teristics must match those of natural gas. These properties, lifting,
flashback and yellow tipping, are affected by fhe chemical constituents
but, so long as methane constitutes most of the combustible gas content,
these requirements are easily met. Sulfur compounds and carbon mon-
oxide are the contaminants most often found in high-Btu gas. Carbon
monoxide concentration is limited to O.l'volume percent while total
sulfur content may not exceed 10 grains/100 SCF. Hydrogen sulfide is
objectionable even in low concentrations. The allowable level is 0,25
grains/100 SCF. Water isg objectionable in that it may cause corrosion
in pipeline systems. Normal moisture content acceptable for pipelines

is 7.0 lbs. of water Per million SCF.
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4.3.4 By-~-Products

By-products are prodﬁced in significant quantities by conversion plants
processing 25,000 tons/day of coal. Except for a few special cases,
mos£ of the processes export pure sulfur and émmonia'as convenient forms
to dispose of the sulfur and nitrogen from the raw coal, These are
aélable products with ammonia iﬁ particular having a place in the
fertilizer market.

Sqmé capitél investment and expense will be involved in marketing and
shipﬁing these materials. At the least, the net dispesal of by—products
should not add to the cost of plant fuel products. At most, the

amodnt of by-products is small and even if high market prices are
obtained by current standards, the effect will not reduce major product
price from the plant by as much as five percent. '

4.3.5 Power

Two of the processes studied, CE and Westinghouse, -are specifically ¢
designed to produce electrical power as the final product. Electricity
is a premium form of energy and as;ignment of appropriate value is
discussed later.

For coal conversion process designs that require electric power import,
adjustment of products and capital are made to allow for on-site genera=
tion of all require& power via coal. burning to generate steam for .
driving-turbine-genefators. Most of the processes were essentially
power independent due to effective waste heat recovery.

43




