ENVI RONVENTAL | SSUES OF SYNTHETIC
TRANSPORTATI ON  FUELS FROM COAL

SUMVARY REPORT

I NTRODUCTI ON

Environnental inpacts from |arge-scale commercialization of
coal liquefaction are inportant to governnent, industry, the pub-
lic, and a variety of interest groups. This report reviews envi-
ronmental issues associated with coal |iquefaction processes by ad-
dressing the follow ng topics:

.A conparison of the environnental differences anong
t echnol ogi es;

e A conparison of the inpacts anong different coa
regi ons;

.A description of the uncertainty of synfuels data and
environnmental effects; and

.An identification of problens aggravated by accelerated
devel opnment schedul es.

Section 1 summarizes expected environnental inpacts from nmajor
steps in the liquefaction process--that is, mning, |iquefaction,
and end-use. The technol ogies are conpared in Section 2, enpha-
sizing how the differences may affect environnmental issues. Sec-
tion 3 identifies inpacts affected by l|ocational differences, while
Section 4 explores institutional issues. The concl uding section

(5) discusses environnmental risks intensified by rapid conmercial -

i zation prograns.



As indicated in Figure 1-1, after coal is mned, prepared, and
shipped to a conversion facility, there are two basic nethods of
getting liquid fuels from coal --the direct and the indirect routes
--both based on chemstry developed in Germany before World War 11.
The direct way (or hydrogenation method) involves fracturing the
conpl ex coal nolecules and adding hydrogen to the fragnents; the
smal ler the fragnments and the nore hydrogen added, the lighter the
['iquids produced. On the other hand, the indirect nethod first
converts (by inconplete conbustion) the coal to a nmediumBtu gas,
primarily carbon nonoxide and hydrogen. After purification, the
carbon nonoxi de and hydrogen are conbined catalytically to produce
the liquid fuel--either nethanol (nethyl alcohol) or hydrocarbons,
dependi ng upon the catalyst.

Today there are three direct processes in the advanced pilot
pl ant stage:

.Solvent Refined Coal Il (SRC I1);"

.H-Coal ; and

e Exxon Donor Sol vent (EDS).

They differ mainly in their nmechanical features (e.g., reactor de-
sign) and in whether or not the hydrogenation is done catalytical-
ly. Each requires:

(1) Preparation of a coal slurry--ground coal plus solvent;

(2) Preheating the coal slurry near reactor tenperature,;

lThe SRC | process also is a direct process producing liquid
pr oduct s. Because it has been developed to produce a clean solid
fuel and because it is closely related to the SRC-II process, it
is not enphasized in this report.
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(3) A ligquefaction step in the reactor;

(4) The separation of hydrogen from the reactor effluent in
order to recycle hydrogen; and

(5) Distillation of the liquid from Step 4 to provide pro-
ducts, recycle solvent, and an ash-laden liquid slurry.

They differ principally in that SRC Il uses no catalyst, H Coal has
catalyst in the liquefaction reactor and EDS partially hydrogen-
ates, catalytically, the recycle solvent in a separate step. Fol -
lowing the separation of the lighter liquids and distillate, the
di sposition of the heavy “bottons” (which also contain nost of the
ash) is a comon problem It can be used as a fuel or, via partial
conmbustion, as a hydrogen source; the choice depends upon the en-
ergy balance and economcs of specific commercial plant designs.

There are three basic indirect processes for producing trans-
portation fuels from coal:

(1) Methanol;

(2) Mbil’s Methanol to Gasoline conversion; and

(3) Fischer-Tropsch.
Al'l indirect processes first gasify coal to produce a synthetic gas
--a mxture of carbon nonoxide and hydrogen (plus inpurities). Af-
ter purification, the gas is fed to a catalytic converter. One
type catalyst will produce nethanol and is used commercially today
on carbon nonoxi de/ hydrogen m xtures obtained from natural gas
(methane ) . Met hanol can be blended with gasoline or, with certain
engine nodifications, can be used directly as notor fuel. A cat a-
| yst devel oped by Mbil can convert nethanol directly into gaso-

l'i ne. The Fischer-Tropsch process enploys catalysts that produce



a range of primarily |ight hydrocarbon fuels. The products of
both the direct and indirect processes are summarized later in
Section 2.

For direct process liquids, considerable upgrading is required
to produce stable fuels. Upgrading is mnimzed if fuels are used
in stationary conbustion such as for industrial boilers. | f trans-
portation fuels, such as gasoline, are desired then refining is re-
qui r ed. This refining requires extensive hydrogenation and other
steps to neet fuel specifications . The Fischer-Tropsch indirect
process produces liquids that also require sone upgrading, although
to a nuch | esser degree. The Mobil Methanol -to-Gasoline technol ogy
does not require an additional refining step, nor does nethanol
which in sone applications can be blended in small anmounts with ex-

isting transportation fuels.

1.0 OVERVIEW OF ENVI RONMENTAL CONCERNS
Coal synfuels wll produce many environnental problens, sone of
whi ch are unavoi dable while others can be avoided or at least mni-

mzed with appropriate designs and nmanagenent practices. Sone en-

vironnental problens are simlar to those encountered wth any

| arge-scale industrial activity, especially those utilizing the na-

tion's coal resources, while others will be relatively unique to
coal liquefaction. Cenerally, problens will vary anong regions and
the types of coal |iquefaction technol ogies enployed. Table 1-1

sunmmari zes major environnmental issues associated with producing

synthetic fuels from coal, according to the major steps in the
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process--coal mning, |I|iquefaction and refining, and the transport

and end-use of the product.

1.1 M N NG
The inpacts from coal mning include:

.Disruption of aquifers, threatening nearby water wells;

Water pollution caused by runoff from disturbed |ands
(particularly siltation and acid drainage);

.Losses in land productivity from soil alteration
(especially in prinme agricultural areas);

* Loss of wildlife habitat;

e Risks to worker health and safety; and

.Subsi dence.

Coal liquefaction creates particular concern about mning im
pacts because of the very large coal requirenents; for exanple, a
twomllion barrel per day (bbl/day) coal synfuel industry would
consunme roughly 300 mllion tons of coal per year, an anount equal
to 37 percent of the coal produced nationally in 1980. Sone pro-
jections for coal production for the year 2000 have indicated a
| evel of about 1,500 to 2,000 mllion tons per year (tpy) (US.,
Congress, OTA 1979). | f the synfuel industry achieves a |evel of
production of two mllion bbl/day, about 15 to 20 percent of U S,
coal mning would be dedicated to coal Iiquids. Based on proj ected
coal mning patterns (i.e., projected regional distributions and

surface vs. underground), over a 30-year period the surface area

disturbed by mning at this rate would equal about 850 square niles

(See Section 32). Figure 1-2 illustrates the regional variation
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Figure 1-2: Surface area requirenents for coal strip-mning over
a 30-year lifetine for a 50,000 bbl/day plant.

by showing the coal land requirenents over 30 years for a 50,000
bbl /day plant located in four different coal regions. As indi-
cated, the variation can be large, ranging from 1,000 acres in cer-
tain western coal fields to 55,000 acres in the |east productive
Interior region coal fields. These differences are due to a vari-
ety of factors, but are a function of variations in the coal seam

t hi ckness and energy content of the coals.

1.2 COAL LI QUEFACTI ON AND REFI NI NG

Table 1-1 also indicates the range of potential environnenta

i mpacts created by the coal Iliquefaction plant itself. Al t hough



i nportant technol ogical differences exist anong the various coal
i quefaction processes (Section 2), there are also nmany simlari-
ties from an environnmental standpoint. All plants are designed to

transform a solid fuel, high in polluting conpounds and m neral

matter, into liquid fuels containing low levels of sulfur, nitro-
gen, trace elenents, and other pollutants. In these processes,
| arge volunmes of gaseous, liquid, and solid process streans nust be

continuously and reliably handled and separated into end-products
and waste streans. These waste streans, which can be air pollu-
tants, water effluents, or solid wastes, nust be treated to neet
current laws and regulations that protect environnental values and
should be treated to control discharges unique to this technol ogy
that are currently unregul at ed. In addition to these waste
streans, other environnental concerns include potential ecosystem
di sruptions from popul ation increases associated with building and
operating the plants, the water requirenments for cooling and other
process needs, occupational safety and health risks, and possible

i ncreased hazards from using the synthetic fuels.
Air
Figure 1-3 shows the range of expected em ssion levels for se-

lected “criteria pollutants” for liquefaction plants producing

50, 000 bbl / day. As a point of conparison, a new coal -power plant

neeting existing air emssions standards and capable of wutilizing

the sane rate of coal as a 50,000 bbl/day liquefaction facility

(which would have a capacity of about 1,700 to 2,600 negawatts)

woul d produce roughly five to thirty tines as nuch NQ and
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Figure 1-3: Range of air pollution em ssion |evels.

SO, and one to twenty times as nuch particulates. ~Therefore,

while the emssions of criteria pollutants from coal synfuel plants
are certainly not insignificant, they are generally nuch |ess than
what could be expected from a large coal-fired power plant. The
size of a coal-fired power plant (with emssion rates equal to
those described in the preceding footnote) which would give equiva-
lent levels of emssions is shown in Figure 1-4. On the basis of

pl ant size shown in the figure, the coal I|iquefaction plants are

lPower plant and liquefaction facility size and em ssion rates
are based on continuous operating conditions. Assuned |i quefac-
tion thermal efficiencies range between 45 and 69 percent (see sec-
tions 2.4 and 2.5), and power plant efficiency is 35 percent. The
standards assumed for the coal-fired power plant (i.e., New Source
Per f ormance Standards) are: 0.03, 0.6, and 0.7 pounds per mllion
Btu's of coal burned for particulate, SO3, and NQ, respectively.
Em ssion standards are nore conplex than this, but these em ssion
rates can be considered as “typical” values.

10
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Figure 1-4: Size ranges of coal-fired power plants with em ssions
equal to 50,000 bbl /day synfuel pl ants.

equivalent to relatively small power plant units, except for par-

ticul ates. Air dispersion nodeling calculations have, in fact,

shown that coal liqguefaction facilities should be able to neet

even the relatively stringent Prevention of Significant Deterior-

ation (PSD) Cass Il standards for anbient air quality during

“normal ” operations in all |ocations studied.' However, it should

be enphasized that this general finding is based on em ssion rates

during “normal” operations only; during “upsets” or energencies the

| ocations yhere dispersion nodeling has been performed include

western, interior, and eastern states (see Background Report).
However, if multiple industrial pollution sources desire to locate
in an airshed, PSD Cass Il increments could pose a constraint.

11



PSD Cdass Il standards do not apply, but em ssion rates could be
considerably higher for relatively brief periods.

Anot her potential problem is odor, which can be quite inportant
on a localized basis. Qdor epi sodes outside plant boundaries are
wel | docunented from petroleum refineries (NAS, 1979). Conpl ai nts
by residents living near refineries include description of repeated
annoyance, and frequent or occasional dizziness, nausea, vomting,

eye irritation, burning and irritation of the nose, and other synp-

tons (MTRE, 1981). At the present tine, infornmation is not avail-
able to indicate whether odor problens from coal liquefaction fa-
cilities nay be better or worse than refineries. Li ke petrol eum

refineries, hydrogen sulfide is likely to be one of the major nal-
odorous em ssions (MTRE, 1981) because of its relative abundance
in process streans. The |owest detection thresholds are for chem -
cals such as chlorophenols and nercaptans. Em ssion sources of
many of the mal odorous chemicals include fugitive emssions from
valve fittings and punps, venting or flaring, waste treatnent
ponds, and storage ponds. Data on levels of em ssions from coal
liquefaction facilities for specific malodorous conpounds are not

avai |l abl e.

Trace O gani c Conpounds

Trace em ssions of carcinogenic conpounds fornmed in the |ique-
faction process are probably of nore concern than criteria pollu-

tants. Some coal |liquefaction processes (primarily those of the

“direct” type) produce a wide range of organi c conpounds i ncluding

pol ynucl ear aromatic hydrocarbons and pol ynucl ear aronatic am nes

12



known to be carcinogenic. The concern is that workers and the

general public could be exposed to these substances through trace
levels in pollution streams, through accidental releases to the air
and water, and through direct contact wth end-products which m ght
contain these conpounds. At the present tinme, the degree of risk
is highly uncertain due to:

Lack of information on the precise nature of the
chem cal conpounds produced,

Uncertainty about the ability to control releases;
Potential for nultiple exposure paths for the popul ace;

I nadequate scientific understanding of the |long term human
health effects from lowlevel but chronic exposures; and

Potential for detoxifying the end products.
These uncertainties are primarily related to the absence of conmmer-
cial plant experience and the limted environnental health testing
of internmediate and end products.

Because of these human health concerns, detoxification or seg-

regation of these streans with on-site use and disposal or special

transportation nethods nay energe as an essential prerequisite to a

direct process |iquefaction industry. For exanple, operation of

plants to maxim ze the naphtha fractions (gasoline blending stocks)
could elimnate the export of hazardous heavy fractions since these
woul d be used on-site for hydrogen and/or power production (see

al so, sections 2.4 and 2.5).

Wat er
Coal liquefaction plants will also produce a nunber of waste-
water streans which contain many pollutants known to cause health

13



and environnmental problens. For exanple, process wastewaters wl|

contai n phenol, ammonia, polynuclear aronmatic hydrocarbons, chlo-

rides, sulfates, cyanides, and a variety of trace elenents such as

arsenic, cadmum and nercury. Exi sting industrial wastewater

treatnent technologies are expected to be able to control npbst of

t hese effluents. However, three factors contribute to the poten-
tial for water pollution. First, there is the possibility for in-
cidents that will cause the wastewater treatnment systens to not

neet design specifications. For exanple, violations of discharge

permt standards apparently occur in the range of between about one
and six times per year for a refinery (U S., EPA Research Triangle
Park 1981)." Second, it is still not certain that pl anned wast e-

water treatnent technologies can continuously control the trace

el ements and toxic organic conpounds or the potential interactions
anong the various pollutants associated with coal |I|iquefaction pro-
cesses. Finally, designers are planning on “zero discharge” in the
West through the use of evaporative holding ponds, but in the East,

plans now call for continuous or intermttent discharge of

lyiolations are recorded primarily for discharges of total sus’
pended solids, biochenical oxygen demand (BOD) or pH, not for trace
el ements, organics, or phenols (U S., EPA Research Triangle Park
1981). Refineries operated by major oil conpanies generally have
fewer violations than small independent refineries. In addition,
because refineries now enploy Best Practicable Control Technol ogy
Currently Available, problems with conpliance with discharge permt
standards have been significantly reduced during the past several
years (U S., EPA Research Triangle Park 1981). Wl | managed
treatnent plants rarely have problens with conpliance (Franzen
1981), while poorly managed facilities have recurrent violations
(U.S ., EPA NEIC 1981) .

14



pol lutants.' Options that avoid direct discharge have been re-
viewed for pioneer plants including deep well injection, surface

i npoundnent, brine concentration, water reuse, evaporation, and in-
cineration of residues. However, even where plans call for |ow or
zero discharge rates to surface streans, there are risks due to

wi ndbl own drift, seepage, spills, or flooding of holding ponds.

Solid Wastes

The disposal of solid wastes also represents an inportant is-
sue, both in ternms of its long-term |and-use effects and in terns
of the possibility of toxic materials being |eached from the dis-
posal site. Despite a wide variation in the conposition of these
solid wastes, they are basically of two types:

.Large volunes of ash wastes that were originally part of the
coal; and

.El enents separated from ash and coal, wastewater treatnent
sl udges, other added materials (such as catalysts) and
partial conbustion products.

The magnitude of the wastes (largely ash) is great--a 50,000

bbl /day plant over 30 years would produce enough ash to require one

square mle of land with waste piled 50 feet high. One of the nm-

jor issues has to do with whether these wastes (or some portions
t hereof) should be declared “hazardous” under the 1976 Resource

Conservation and Recovery Act and, thus, be subject to very

1In Eastern locations discharge volumes may represent Up to
one-fourth of water w thdrawn for process or cooling purposes. For
exanpl e, average discharge for the 6,000 tons per day (tpd) coal
capacity SRC-II pilot plant is expected to be 1,238 gallons per
mnute, and withdrawals are to be 4,826 gallons per mnute.

15



stringent disposal requirenments. If this were to occur, it could

have serious econom c consequences for a synfuels industry.

Q her | npacts

A range of other environmental problens in addition to those
related directly to gaseous, liquid, and solid wastes is inportant.
For exanpl e:

The extrenely large plant size--requiring approximtely

2,000 acres for a 50,000 bbl/day facility--creates
aesthetic and |and-use inpacts;

.Large shipnments of coal to plants located away from m nes--
for a 50,000 bbl/day plant, roughly 20,000 tons per day, or
200 train cars carrying 100 tons each--create noise, dust,
and disruptions to local road traffic; and

« The consunption of water for plant operations--anywhere from
3,400 to 5,900 acre-feet per year (AFY) for a 50,000 bbl/day
facility, depending on the design--although only a snall
fraction of existing supplies in nobst areas, raises concerns
over the appropriate use of an increasingly scarce resource,
especially in the arid West.

The process of wupgrading and refining the products of coal
liquefaction (when required) could occur in on-site refining opera-
tions or at a separate refinery. Refineries processing coal 1ig-
uids need a large capacity for hydrotreating and hydrocracking
capability to break down and inprove the quality of coal |iquids.
Many of the wastewater treatnment and air quality problens described
above for the liquefaction process will be simlar for refineries.
However, downstream refining problens are likely to be less criti-

cal than coal liquefaction steps due to the followi ng features:

.Nearly all of the entrained solids have been elim nated
from the product streans. This reduces air, water, and
solid waste disposal requirenents;

16



* The sulfur and nitrogen have been largely renoved; and

.Most of the trace elenents have been renoved.
However, conpared to existing refineries with crude oil feedstocks,
refineries processing coal liquids face additional problens:

.The heavy liquids from coal are not conpatible with the

heavy ends of crude oil, and therefore would have to be
refined in separate units;

From direct coal Iliquefaction processes, sonme en-
trained particulate matter containing trace elenents
remai ns;

.Heavy coal |Iliquids fractions wll contain polynuclear

aromati ¢ hydrocarbons and pol ynuclear aromatic am nes

that need to be segregated and hydrotreated to reduce
their toxicity;

More severe hydrotreatnment capacity is needed, and
special wastewater treatnent capacity and capability
may be needed;

.Al'though much of the sulfur and nitrogen may be renoved,

| evel s may exceed those normally found in petroleum
feedstocks (especially for nitrogen); and

.Coal liquids are unstable conpared to petroleum feedstocks,
requiring short distance transport and tinely utilization of
feedstocks (Conser, Garrett and Wiszmann 1979).

No data are available on the air, water, and solid waste dis-
charges anticipated from a coal |iquids refinery. This may mark a
significant omssion in the Departnent of Energy (DOE) and Environ-
mental Protection Agency (EPA) progranms for characterizing advanced
fossil fuel programs. Coal liquids are being tested in existing
refineries, but a large-scale coal liquids-refining operation would
most i kely require a grass roots refining facility, probably in
close proximty to the coal liquefaction plant, in order to utilize
the unstable coal I|iquefaction products (Conser, Garrett and

Wi szmann 1979),

17



1.3 PRODUCT TRANSPORT AND END- USE

As with crude oil and existing transportation fuels, the trans-
port of coal l|iquefaction internediate and final products wll be
by pipe, rail, truck, and barge. Envi ronnental inpacts can result

fromspills, fires, and explosions. The nature of nost transporta-

tion inpacts from shipping coal liquids is simlar to those for
shipping crude oil, now a w de-spread activity. However, two dif-
ferences stand out: the toxicity of internediate products from di-

rect processes is higher than for petroleum which may result in a
greater environnental risk and may require special clean-up precau-
tions to avoid contam nation of workers; and coal liquid feedstocks
may plug or reduce pipeline performance. For these reasons, spe-
cial precautions in shipping direct process internediate products
may be appropriate. For exanple, transportation systens nay need
to enploy insulated pipe or heated containers (U S., DCE 1981la).
Some coal |iquefaction products will be shipped relatively

short distances (less than 100 mles) to nearby refineries, while

others will be shipped nmuch |onger distances by rail, truck, or
pi pel i ne. However, due to product instability and gum fornmation
for direct process coal liquids, long distance pipeline shipnent of

some products may be restricted primarily to batch bul k shipnents,
such as tank-cars. For exanple, fuel oil fractions fromthe SRC Il
denmonstration facility (6,000 tpd of coal feed) are expected to be
shi pped by rail. Each nonth the denonstration plant would use
about 12 unit trains, each containing 63,000 tons, for shipping the

fuel oil. Based on extrapolation from spills of hazardous

18



commodities, a “reportable” spill would be expected to occur every
1.3 to 2.8 mont hs. Spills over bodies of water would be expected
to occur once every 30 to 60 nonths (U S., DOE 1981a). Based on
volune of a product shipped, a commercial-scale plant would have
about 5 times higher probability of spills than would the denon-

stration plant. Because the transport of products is essential to

the coal |iquefaction fuel cycle, neasures to mnimze frequent

spills along transportation corridors should be considered an inte-

gral part of the safety and hygiene provisions for this technol ogy.

The inpacts from end-use of synthetic fuels, conpared to those
from conventional fuels, depend on the type and uses of fuels pro-
duced (ranging from heavy oils to be used in industrial and utility
boilers to nethanol to be used in autonobiles) and the degree of
refining used to upgrade the synfuel products. Table 1-2 sum
mari zes the problens associated with the transportation uses of the
various fuel fornms as conpared to petroleum derived |iquids.

Differences in environnmental effects from alternative fuels
end-use are primarily a function of conbustion products. However,
concern over fuel handling and the effects on engines and their
performance may also have secondary environnmental consequences.

Em ssions are primarily dependent on the quality of fuels
and how they are utilized. Direct processes produce fuels which

are generally high in aromatic conpounds, sulfur, and nitrogen

1p “"reportable” o, j5 one for which l|osses in value or to
property exceed $2,900 (U.S., DOE 1981la).
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TABLE 1 - 2: SUMVARY OF TRANSPORTATI ON END USE PROBLEMS
Coal Derived
Transpor - Conmbust i on Engi ne
tation Fuel Characteristics Em ssi ons Effects Sour ces
Gasol i ne Simlar to NQ, hi gher Epperly,
from direct gasol i ne Pl un ee and
processes Trace el ements Wade 1980;
Bl endi ng agent hi gher
(can inprove Si nbeck,
oct ane) Di ckenson
and Mol |
1980.
Di esel * Aromatic fuels Particulate Possi bly Ghassem and
f uel snoke much hi gher reduced lyer 1981.
(from m | eage
direct Low cet ane NQ,and hydr o- with | ower
processes) nunber (depends carbons higher cet ane
on hydro- potentially nunbers
treating) (depends on
hydr ot r eati ng)
Jet fuel Aromatic fuels Particul ate Bur nt Del aney
(from direct  snoke, and hydrocar - conbustors and Lander
processes) i nconpl ete bons hi gher 1980.
combusti on
Gasol i ne Simlar to Simlar to Simlar to Kam 1980.
(fromin- gasol i ne gasol i ne gasol i ne
di rect
processes)
Met hanol Simlar to | ncreased Corrosi on Ker mode,
gasol i ne when evaporative Ni chol son
bl ended in em ssi ons and Jones
smal | but possible 1979;
proportions reduction in
exhaust em s- U S., DCE 1978,
Uncertain sions (except
stability al dehydes) Barr and
Parker 1976.

aperformance of diesel fuels derived from direct
with severe hydrotreatnent,

t he extent of hydrotreating.
number of 40 can be achieved (Sullivan et al.
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conpared to indirect processes or to petroleum derived fuels.'

Diesel and jet fuels nust be low in aromatic content to avoid in-
conpl ete conbustion and snoki ng. In contrast |ightweight aromatic

conpounds are good gasoline feedstocks. For this reason the naph-

tha fractions of synthetic coal liquids provide a good blending

stock and actually can inprove the octane rating and performance of

gasoline engines. Wth extensive refining, including severe hydro-

treating and hydrocracking, fuels that neet diesel and jet specifi-
cations can al so be nade. Oxygen and nitrogen present in small
anounts in direct process conponents also contribute to product in-
stability. More studies are needed to conpletely evaluate the
storage and long-term performance of liquid fuels derived from di-
rect processes.

Indirect process liquids typically have no sulfur, nitrogen,

or particul ate. Gasoline from the Lurgi Sasol plant has a |ow

octane rating, but can be upgraded to prem um specifications. The
Mobi | Met hanol -to-Gasoline process directly produces a premum
grade gasoli ne. Met hanol can be used as is or blended, and gener-
ally has |ower emnissions conpared to gasoline, except for alde-
hydes. Al dehydes can contribute to the formation of photochem cal
oxi dant s. A major benefit of nethanol is |ower NQenmssions re-

sulting from |l ower flane tenperatures.

IMost crude oils, conpared to direct process liquids, are |ower
in aromatic conpounds. However, crude oils have a w de range of
conpositions in sulfur, nitrogen, and aromatic content. Many U. S.
refineries are being nodified to accept poorer quality crude oils.
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However, the overall and long term performance of engines uti-
lizing these alternative fuels is uncertain. Met hanol is relative-
Iy corrosive and can reduce engine life. In addition, the insta-
bility of fuels and their tendency to form deposits and guns may
reduce engine performance and contribute to exhaust em ssions. The
quality of fuels, however, is largely anenable to nodification, so
that one major variable affecting performance is the cost and ef-
ficiency of refining to provide a suitable grade of fuel. The
efficiency of refining is discussed in Section 2.5 which conpares
the refined products in nore detail.

One inportant issue concerning end-use and the entire synfuel
cycle is the global CQOproblem (i.e., the “greenhouse” effect) and
the relative effects that a synfuel program could have. Figure 1-5
shows the contributions to COemssion rates relative to crude oil
(this includes COemssions at both the conversion/processing
stages and the end-use stage) . As indicated, the production and
use of coal synfuels wll release approximately 1.7 tines nore CQ
than crude oil over the entire fuel cycle. One mgjor study con-
cluded that because synfuels wll represent a relatively snmall con-
tribution to worldw de energy supplies, “CO emssions do not ap-
pear to be a major environnental constraint in the devel opnent of a
Us. synthetic fuels prograni (U S., DOE, Asst. Sec. for Environ-
ment, Of. of Technology Inpacts 1980, p. 5-32). However, if CO

is perceived to be a mmjor environnental problemin the future,

then even the relatively small COcontribution from synfuel plants

will need to be considered in the context of other contributing
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Figure 1-5: Relative CQem ssions from conbustion of various
fuel sources.

Source: U.S., DOE, Asst. Sec. for Environnent, Of. of Technol ogy
| npacts 1980, p. 5-32.

factors (e.g., coal conbustion and deforestation) and mtigating

nmeasures (e.g., substitution of nuclear power and energy conserva-

tion)

2.0 ARE THERE SIGN FI CANT ENVI RONMENTAL DI FFERENCES AMONG THE
COAL LI QUEFACTI ON PROCESSES?

This section summarizes the variations in environnmental inpact
that are related primarily to differences anong coal |iquefaction
processes. Figures 21and 2-2 are sinplified diagrams show ng
effluent streans which nust be dealt with in direct and indirect
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PROCESSES EFFLUENTS .—= = CoNTROL

COAL INPUT | -veeees ....pharticulates e .= Gyclones, bag filters
AND Hater from coal dramage and drying
PREPARATION --------------------------------------------------- p Recover and re-uyse or Send to
wastewater treatment (WWT)
Flue gases
sTEaM AanD_ | LTINS K e e = Particulate removal, SO
ELECTRICITY Bottom ash ) 2 scrubber
GENERATION | socvcsecesccccosccccnsrcasecaacanscn. = Landfill
Coohng tower blowdown
............ “eeeseceesccsssscsscvins WT
SLURRY HEATER FUELS Flue gases
PREPARATION Jecevececee ceesscsscnan esseses  eceescasssscscsssese tesascens = Particulate removal

Controlled combustion

H.
[
H M, ,CO,,Hg,F,etc.
----- 2 A R e e Acid gas clean-up processes
REACTOR gf\JSRIFICATION ..... P rocess wastewater = . = Treat for reuse, phenol recovery,
ammonfa recovery, WWT, sludge
incinerators
; l RECYCLE H,
GAS/LIQUID .
SEPARATION f....... e EMRTGRNCY QUMDING e = Safety flare and combustor
2 Fugitive organics
.......,..’,....g. ......... g. ......................... «---=Directed maintenance PrOQgram
R
3 ‘ H25m3,C02,Hg,F.e‘tc ........ == Acid gas clean-up processes
DISTILLATION Z LooAshandslag oLl = Holding ponds and landfill
CENERATION Process wastewater -
, Flue gases
‘ . Tesseacsccces g. ....................... b Part1culate remva}
BOTTOMS c d i
T ASH ' ontrolled combustion
STEAM AND
ELECTRICITY
2%%‘:& GENERATION
* *
. orrreara R Y.em:‘lf)g.;mﬂml ............... T ﬂoaﬁng roof and vapor
t collection system
Figure 2-1: Sinplified Direct Liquefaction Process-waste Stream

Sources and Contr ol
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PROCESSES EFFLUENTS +eceeee-4 > CoNTROL
coaL eur | Particulates .. .. .. ..ciiiciiiiiiiinnas. »Cyclones, bag filters
a0 feeeeeeellld Water from coal drainage and drying __ . __ vastewater treatment (WWT)
PREPARATION
veee..flue qases ..., m-Particulate removal, SO, scrubber
...... Bottom ash o ..eiieeeeno.om-landfill
...... Cooling tower blowdown - T
BASIFIERS cescscscces e%'.‘..a-n.d..s.l.eg ....................... eecccccans T Ho]ding ponds and landfi' !
........... T: ".E.ff‘f’..o.‘.]f.Q‘.u.r.g.i..‘?'.‘!ﬁ..-................—Tars and oils separation
H,S,NH,,Hg,F,HC,etc.
s I /.'\ ................ 2. .......................... = Acid gas clean-up processes
PURIFICATION | =ececcceees ................E!T'.GLEQQOGY.AUI‘P‘.E‘S ........... = Safety flare and combustor
ceeeees AN ..Process wastewater . » Treat for reuse or tertiary
N treatment (WWT
CATALYTIC Fuqgitive HC emissions : :
CONVERTERS Prgcesswastewater .......................... m= Directed maintenance program
.............................. ..----.-.------.------.-...—Treat for reuse or WWT
PRODUCTS
STORAGE .
N__.__._.y_e_n_t_'l_qg_.cgp.t_r:ql_ ............................. = Floating roof and vapor
collection system

Figure 2-2 : Sinmplified Indirect Liquefaction Process-waste
Stream Sources and Control
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processes, respectively. Wiile there are significant control pro-
cess stream differences between the direct and indirect plants,
both routes to liquid fuels nust deal with the sulfur, nitrogen,
and mneral matter in the coal feed. Potentially toxic hydrocar-
bons and del eterious oxygenated chem cals generated during pro-
cessing which enter the gas or liquid effluent streans nust also be

controll ed.

As indicated in the follow ng subsection, inportant differences
can be identified between the two mmjor types of liquefaction tech-
nol ogi es, direct and indirect. However, several factors conplicate

the conmparison of technologies based on existing data, as described

bel ow

(1) The environnental controls being planned for synthetic

fuel plants are prinmarily based on utilizing technologies from the

petroleum utility, and simlar industries, but (a) at present the

designs are not final, and (b) there are inportant differences from

this past experience. For exanple, the wastewater effluents from

pilot plants have generally not been sent through a conplete envi-
ronmental control system such as those anticipated for comercial
units. The waste streans of sone plants have only been subjected
to laboratory and bench-scale clean-up tests. Based on past exper-
i ence, devel opers expect that extrapolation from bench-scale tests
to commercial operations wll not produce significant deviations.

However, several inportant differences can be found in coal

liquefaction conpared to previous refinery and petrochenical ex-

peri ence.
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Larger levels of trace elenents em ssions are involved,
the fate and controls for em ssions have not been
determ ned, especially for direct processes;

* The problem of handling liquid streans containing |arge
anmounts of solids (mainly coal ash) presents nechanical
design and operational difficulties because of pipe and
valve erosion and the potential for flow bl ockage. Thi s
is primarily the case for direct processes (e.g., nmajor
problens of this type were encountered in the H coal
pilot plant);

.Large quantities of reduced sulfur conpounds are produced
which require handling; and

» The existence of large conplex aromatic conpounds in coal
liquefaction process streans and end-products (especially
for direct processes), sone of which are known carcinogens,
presents relatively unique problenms. The coal tar industry
has experience with such conpounds, but under very different
ci rcumnst ances

(2) Direct conparison of emssion levels and control costs be-

tween different liquefaction processes is difficult because the

bases and premises of the plant designs differ from one devel oper

to anot her. As an exanple, the sulfur concentration in the coal

feed is inportant. If a sulfur recovery system is designed to col -
lect 99.8 percent of the sulfur, the effluent wll have total sul-
fur em ssions directly proportional to the sulfur in the coal; i.e.,
5 percent sulfur coal wll release 5 tinmes nore sulfur than a one
percent feed. Costs may differ because of plans based on different
choi ces of process steps (e.g., selection based on reputed higher
reliability levels but at |ower control |evels). Al these types
of decisions are bound up in comercial plant designs so that the
only valid conparisons between processes would be from designs

which used the sane bases for the different processes. W thout

that commonality, cross-conparisons can be highly m sleading.
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(3) Finally., although synfuel plants will be requl ated under

a large nunber of state and federal environnmental |aws, em ssion

control standards are not yet devel oped. Plants are currently be-

ing designed with environnmental controls that devel opers believe
are adequate to obtain the necessary permts. At the same tine,
EPA and DCE are drafting Pollution Control uidance Docunents
(PCE's) which will provide recomended “guidelines” for the I|ique-
faction technology prior to comercialization. These PCGED s are
not legally binding for industry but are advisory for permtting
and environnental inpact statement review officials.

G ven these three areas of wuncertainty, analyses of environ-
mental differences anong processes nust be nmade with caution.
For exanple, although the literature may report different air
em ssion levels for tw different processes, these differences
may Not necessarily reflect basic differences in the processes.
Rather, they mght result from different assunptions about the con-
trols applied or the coal characteristics, and from different neth-
ods of analysis. The followi ng sections address whether or not
di fferences exist anong process types in the follow ng categories:

Alr and water pollution levels under “routine” operating
condi ti ons;

.Potential accidents or “upset” conditions;
* Health risks; and

* Conversion efficiency and end-products.
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