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§ NOSI DEPARTHENT OF CHENICAL ENGTAEERTHS X

PooMD es R swE i
T S R

" RUN HUMBER A-N-30
INTECRATED
BATE  3/28/1%20

- -GTREAN CONPOSITION (MBL-1)-

X t X
SOUR GAE  GOHEETGAS  FLASHBAS  GTRIPN2Z  ACID GAS  ABSERROT  FLASHRDT  STRIPEDT

43,200 0,600 71,500 5,918 5343 0,000
H28 0,910 9,048 0,634 0,000 2,937 €.220 0.21& 0,080

5
-

8
[y
-

o
o~
<&

oo 0,042 0,003 0.043 §,000 0147 0,010 0,010 0,400
3t +£00 0,000 0,400 0:000 + 92,764 93,887 s

H2 33170 43,150 15.240 ’ 0.000 0,419 0.4 0.502
(%1 21,040 28,430 22,720 0,000 1,020 0,204 0,000 0,600
2 18.500 24.87% 14,730 100,002 24,350 0.202 0.057 0.000
Gl 1,640 1,930 3,450 0:000 0.420 -~ 0,084 0.030 0.0

t .
CALCULATED

¥ASS BALAMIE (LB-XCLED/RR)

0| our
4 3
SERBS SR N2 SYEETCAS  FLesEEAS AMIDEAS TOTAEL I TOTAL GOT 7 RELIVERY

ca2 0,554 0,020 0.023 0.038 0530 0.5 0,411 110.3
H25 0,020 0,000 6,001 0.001 9.020 0,020 8,021 101.7
s 0001 0.000 8.000 04880 0.001 0,001 9,001 1040
HEDH 0,000 0,000 0.000 0,000 0.000 0.000 . 0.000 '

K2 0:747 0.000 0.692 0,013 0.000 Q.747 0,705 94,4
g 0,474 0,000 0,455 04020 0,002 €.474 0,483 10629
H2 0.417 8,182 0.35% 0,612 0.189 0.5%9 0.401 160,32
THa 0,037 6,600 ¢.031 0,003 0,003 0,037 0,037 10%.4
TOTAL 2:253 0.182 1.602 0.057 0,749 2433 2:441 101,130

{L3-HELES/ERY

METHBIEL-TREE BASIS

TOTAL METHAMCL LOSS= 0,000 LB-HOLESAR = 0,000 GHLONEAR
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RE¥ HBEIR 4-¥-30
THTEERATER
DATE  §/28/1980

COLEY TEIFIRATIRE PREFILE

ABSGREZR CRLUSN PRECSIRE =397.2 PSIB
TOTAL PACKING REIBNT= 7.10 FEET
PACKING USED = $/4* CERANIC IHTALDY GADMES

> S¥EET 858
9.58 SLFH

LrY DR P T T

FEECUFENEPEEEEREFESED

2 1
0,660 8PE i
~34:13 F 3
————————% z
4 ¥
3
b 3 7+10 FY
X 3
| 3
3 1
L3 3
¢ 3
x 3
“Z9.43 F I~ ALTFT
3 3
X |
4 |
3
$ |
] 3 ‘
3 “3J1F I—= 245 FT
3 X
{ 3
| X
X |
* ‘28327 F *“"‘ 1021 FT
X L4
4 1
=20 F P O
b3 4 .
E S 4
; “14,11 F ;—-—- 0.3 FT -
b ¢ =¥——- 0,00 FT
| X
% 4
SEUR GAS THET 2 |
13,43 CLFd L & L
54,03 F t %
TRARSHITIER BEIEHT ABRE FEIENT OF TEFERATIREID)
625 TMET PLET30
e 4,79 4,79 ~20:83
71351 2,44 2445 =21477
11352 1.21 : 1.21 -28:27
&3 0.31 £:31 -14,11

11354 °i79 L _0§79 ‘23-»&
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R T R
X x
X HCSI) DEPARTHENT OF CHENICAL ENSIHFERTHE £
I AID B8 RENDWL SYSTEM X
O L R S O Y

RUM NUNBER A-H-35
INTEGRATED RUN
DATE  4/26/1980

STREAM COHPOSITION (MOL T)

¥ — X
SOUR GAS  GWEETBAS  FLABHBAS  STRIFM2  ACID BAS  ABSORBOT !~'I.A‘:‘,!-!Bﬂ'i';t STRIPEOT

£oz 28,010 4,930 42,450 0,000 71500 54674 3361 0,000
H2S 0,807 5037 0,324 0,000 1.970 0,142 0.15% 0.008
Cos 0,043 0,003 0.038 0.000 0:127 0,009 0,007 0,000
HEDH 0,000 0.009 1,310 0,000 2,910 93,534 74,368 99,901
H2 33,190 45,500 4,210 0,000 0.400 0.118 0.083 0,090

£g 20,200 27,850 23.930 0660 1,530 0,043 4000 +000
N2 15,700 23,230 134450 100,000 0.000

CHa 2.010 2,440 L0 6,000 0,690 0,054 0.021 0,000

b 4
CALCULATED

MASS BALAMLE (LB-MDLES/HR)

m owT
| ‘ z 1
SOUR BAS  STRIP W2 . GYEETGAS  FLASHGAS  ACID 635 TOTAL I TOTAL OUT % RECOUSRY

{02 0,418 0,000 0,015 0,033 9,582 0,418 0,433 162.4

© §2§ 0,018 6,000 0,001 0,000 8,015 0,018 0.017 5.3 -
Cos 0,001 0,000 0,060 2,000 0,001 0,001 0,061 11,9
oo om o dm WM be o e b W
0 0,435 5,000 0.440 0:020 0:012 0.435 0,473 1083
H2 0,343 . 0,367 9,011 0,168 0,528 0,547 103,
CH4 0,084 0,000 0,039 0,003 0,006 0,044 0,048 17,5
TOTAL 2,205 0,182 1,581 0,085 0,809 2,385 2,441 162,301
{LB-¥BLES/HR)

x
METHANDL-FREE BASIS

TOTAL METHANMGL LOSS= 0.025 LB-MOLES/HR = 0,117 GALLONS/HR
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RUN NUMBER A-M-35
INTEGRATED RUM
DATE  6/26/1580

COLURY TEWPERATURE FROFILE

ABSORBER COLUMM PRESSURE =394.4 PSIB
TOTAL PACKTHG HEIGHT= 7.10 FEET

PACKING USED = 1/4* CERMHIC INTALGX SADDLES

g O
-36:31 F

SOUR GAS THLET
13,19 SCFH
53,86 F

EEEEFEEECEEEEFEREEE

TRANSHITTER HEIGHT ARDVE HEIBHT OF
: BA3 THLET PACKING
Ti330 479 4,73
T35 2:48 2446
T332 1,21 1.24
TI333 0,31 0,31
77354 0

0.79
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R » SWEET 645
3 9.44 SLFH
;
F 4 H
b 4 X
4 4
2 | X
X X
X 3
¥ I 710 FT
X 3
X &
3 x
X 4
X X
x 1
X -34405 F — A4L79FT
]
X L]
X |
¥ X
b X
X
| ~34.865 F ¥ 2,46FT
4 X
X X
X X
b | X
X 1 .
| -30.97 F o 121 FT
X 1
X i '
* "25030 F -— 0:79 FT
X ¥
] X
g -17.77 F §-—- 0,31 FT
X f———  0.00 FT
4 b 4
¥  §
3
X X
X

TERPERATIRE(F)

-34.05
~34:5
-30,%9
-1.77
25,30
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¥

SOIR GAS  SRIP M2

SOUR GAS

£o2 20,900
H28 0,892
L) 0.048
¥EDH 0,000
H2 33,445
o 17,030
N2 26.19%
{Ha 1,274
o2 0,476
H28 0,020
£os 8,001
HEDH 0.000
H2 0,742
[ 0,388
M2 G257
CHa 8,0

TOTAL 2,278
{LB-RELER/HR)

0,000
04800
0,000

]
*

0,060
0.182
0:

6,182

© TOTAL METHANGL LOZS= 0,000 LB-MOLES/IR = 0,000 GALLONS/MR

FEE R HEMEF R R ECEPECR LR EE N RS EEER N EER

¥ 3
i MCSU DEPARTYENT OF CRENICAL EMSTMEIRTHE ¥

3
X

ACID BAS  REMDVAL  SYSTEM

3
|
3

'
R R EEEE N A E LN E R M P EEEEE VRN E R L EREREERE. .

RUM HEHEER A-B-28

INTEERA
BATE

TED RIN
7/18/1980

STREAY COWPDSITIOY (BRL 200

FLASHGAS  STRIRNZ  ACID G&S
34.170 0.000 £9.770
0,559 0.080 2225
8,033 0.000 0,133
0,000 0,800 0,000
13.870 0,000 8000
22,020 0,800 0.570
25,490 100,000 284340
24830 0.¢00 0,350
¢
Calfinamn

MASE BRLAMIE (LB-HRLEC/IR)

SHELTGAS  FLASEBAS ACID 683

0,007
04001

o

METHANCL-FREE BASIS

588

0,518
0,017
6,001
0,400
0007
0.197
0,003

0.743

FLASHEOT

4,302

X
STRIPEOT

0,000
0,023

. 0,000
- 97,947
0,000
0,030
0,000

L 4

&
TR I TOIAL A

0,548
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COLUM TENFERATURE PREFILE

RUY M¥EER A-¥-35
THIEERATED RIN

DATE  7/18/198D

ARBORIER CGLIGR! PRESSURE =294.9 PEIG
TOTAL PALKING HEIBHT= 7.10 FEET

PACKIES USED = 1/4* CERMMIC INTALOY SADDIES

P X LY TR

> GWEET G5

10.63 SLFH

EFECEEFFFFEBRPEEFEREE

MEDH FiBY % X
0.790 6% % ) 4
-32,38 F b ¢ S
>3 b 4
| E 4
3 |
3—
4 X
b 4 4
3 ) ¢
3 L 4
LS 3
3  $
S =30.20 F T
¢ |
3
X ¢
|  {
X ) b
3
b 4 -30,20 F +—
3 L3
4 3
% X
4 3
E 1
i ‘Eoﬂ F *“—
3 b
X 3
L -18.52 F —
| 3
X 4
L 14,41 F -
X ¢
3 b &
023 b 4
SEREMS IHET X 3
13,83 &LF L3 3
57,50 F X 3
TRAERHITER KEIGHT ARDVE EIGT oF
GAS TaEY PRLING
T3S 4,79 4,75
Tiesl 2:45 2odd
71352 .21 1.21
TiEs 0,31 0,31
T3 879

590

0,77

7:16 F1

479 FT

285 FT
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0.77 FT

031 FT

Q00 FT
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5,22

’14:41
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FOEFEEGEPFEHFREEL R EECLEREL U NELEENEREUEEEHR

X X
¥ HCSU DEPARTEENT OF CHEWICAL ENDINFERTHS X

4 b ¢
I M0 s ARV o 3
T T R S T T

RUM RIGRER A-N-37
TNTEERATED RIS
BATE  7/25/1%30

STREAN COMPOSITIEN (ML 2}

| X ¥
SOUR GAS  SHEETGAS  FLASHBAD  GTRIPMZ  ACID GAS  ABSDRBBT  FLASHROT  STRIPROT

2 25,030 0.640 47,820 0.0L0 71,03 5408 4,975 0000
H28 0,842 0,041 0,628 0,000 2.?69 0.183 8:179 0,080

£05 0,047 0,003 0,043 0.0600 0.1 0,010 8,010 0,000
HEDH 0000 0000 0.870 0s 4,020 93,853 o&87 99,
h2 38,930 93,980 s 0,480 G000 4,000 + 0.000
o 18,818 23,920 22,340 0. 000 0:940 G310 0,089 0.010
W2 14,820 19.300 12,94 160,000 21350 0,174 0,048 8,114
thd 1,150 1,160 3.140 0:000 0,220 ° 0057 0,037 0.020
t .
CROLATES

PASS BALANCE {LO-NGLEE/MR)

H aut
' 3 %
_SOUR BA5  STRIP W2 SEETTEAS  FLASHEAS  ACID EAS TOTAL TH  TOTAL GUT = ¥ RECDVERY

€02 0.579 0,000 0,014 0,653 0,589 0,579 0,450 112,2
K28 0:020 8,000 0,604 0,601 0,019 0,020 0,020 100.4
€05 0,001 0,060 0,000 0,600 0,001 0,001 0,001 108:6
Bl 0, . 0,000 0,004 0,033 0,000 . .
B2 0,900 0:000 0,525 0,012 . 6,950 0,937 164,1
co 8udss . 0,402 0,023 . DS Wiz 7
e 0,333 8,192 0,355 0,013 0,175 0.525 0.514 97:5
CHs 0037 0s o, 0603 0002 0,027 0025 X
TOTAL 2,313 0,182 1,483 0,104 0,830 2,487 2,580 103,732
(LBXp s8R

HETHAMCL-FREE BASIS

TOTAL BETHANGL LOSS= 0,034 LB-HDLES/IR = 0,164 GALLONS/R
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RUH MBEER A-¥-37
TNTEERATED RIN
BATE  7/8571980

COLURY TEMFERATURE PROFILE

#BSORBER COLUMM PRESSURE =448.4 PSIS
TOTAL PACXING BEIBNT= 7.10 FEET
PACKING USED = 1/4* CERAMIC INTALGY SADRLES

g CHEET G5
§ 10,67 SOFH
:
H
EEGHFIBY X
0,783 828 X
-386:33 F % |
>3 L
i 3
i 3
¥ 3——  7.10 FT
¢ ¥
|
X
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3 ]
X ~28.44 F — A9FT
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¥
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| 3
3 1
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3 ,
X s
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X ¢
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13.8% 8IFH 3 X
W2 F S 3
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'ﬁ"éﬁ 4;79 4079 “'2606“
77351 2.% 25*6 .2765‘!
71352 1,21 1,4 2220
11333 2,31 0,34 -10,87

Tz 0,79 0.7% 48,03
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POLLUTION CONTROL GUIDANCE DOCUMENT
FOR
LOW—BTU GASTFICATION TECHNOLOGY‘

BACKGROUND STUDIES

W C. Thomas, G. C. Page and D. A. Dalrymple
: Radian Corporation .
8500 Shoal Creek Boulevard
Austin, Texas 78758

ABSTRACT

The Envirommental Protection Agency is currently preparing a Pollu-
tion Control Guidance Document (PCGD) for low=Btu gasification (LBG) facili-
ties which use atmospheric pressure, fixed-bed gasifiers. The PCGD is intend-
ed to aid industry and govermment in their efforts to commercialize LBG tech-
nology in an envrronmentally acceptable manner. This paper presents some of \
the preliminary results of background studies performed to support the devel-
opment of the LBG PCGD. .

A model plant approach was used to assess the envirommental control

' needs for LBG facilities. The plant configuration and coal feed combinations
- for which pollution controls were identified and evaluated were selected based

on existing and proposed plants in the U.S. The major .variables examined were
coal feed type (anthracite, lignite, and high- and low-sulfur bituminous coals)

- and degree of product gas purification (production of hot, cooled, and desul-

furized low-Btu gas). In all, eleven combinations of these variables, i.e.,

‘model plants, were selected for study. Each model plant had a nomlnal capacity

of 45 MJ/s (150 x 109 Btu/hr) of low-Btu gas:

Mnltlmedla pollutant sources and pollutants of potentizl comcern were

. identified and quantified for each model plant. - The bases for these determin-

ations were field test data and calculated emissions projections. The EPA's
low-Btu gasification envirommental assessment program was the major source of

- the field test data, but results from other government and 1ndustry test .pro—-
grams were also used.

Control/disposal options were identified and evaluated for ~each

discharge stream. .Factors that were considered included the need for control,

current industry- practices, control equipment performance, capital investment
requirements, annual operatlng costs, energy 1mpacts, and secondary env1ronr
mental discharges. .
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POLLUTION CONTROL GUIDANCE DOCUMENT
for
LOW-BRTU GASIFICATION ‘'TECHENOLOGY:

BACKGROUND STUDIES

INTRODUCTION

Over the past several years the United States has moved from a posi-
tion of energy independence to ome of energy dependence. A decade ago this
country imporied only about ten percent of its crude o0il needs and now the
figure is around fifty percent. The amount of oil and gas produced in the U.S.
has declined slightly over this period despite a doubling of drilling activity.
The country's vast coal reserves, however, have not been developed with the
same intensity. With the changing emergy picture there has been a growing
interest on the part of govermment and industry in the technologies that
produce clean fuels and chemical feedstocks from coal. One such technology is
low-Btu coal gasification (LBG).

The Envirommental Protection Agenmcy is respoamsible for emsuring that
LBG technology and other alternate energy technologies are developed in a man—
ner which protects public health and the enviromment. As part of that effozrt,
the EPA has initiated programs to assess the envirommental impacts of LBG.

The EPA has developed the Pollution Control Guidance Document (PCGD)
concept to aid industry and govermment in their efforts to commercialize low—
Btu gasification technology in 2 manner that will be environmentally accept~
able. . The primary purposes of a PCGD are to:

° Provide guidance to permit writers om the best control approaches
presently available at a reasonzble cost for the processes under
consideration.

® Provide system developers with an early indication of EPA's as-

sessment of the appropriate multimedia envirgnmental protectionm
needs for each of these processes, considering costs, so that de~
velopers can design their facilities to achieve this level of
protection (rather than add potentially more costly retrofit
controls later).

° Describe to public interest groups EPA's judgment of the best
available controls for these processes.

e Provide the regulatory offlces in EPA with 1nformat10n useful in
developing future regulations.

The low-Btu gasification PCGD will describe the performance capabil-
ities and costs of currently available controls for IBG facilities which use




fixed~bed, atmospheric pressure gasifiers. (This type of gasifier is believed
to be the likely candidate for near-term commercial use). :The PCGD will. pro-
vide guidance both for currently regulated pollutants and for sources and/or

" poliutants not covered by current standards. The guidance will be based on a |

coordinated evaluation of available data by EPA's research and development,
regulatory, and permitting/enforcement offices. In the PCGD, suggested levels
of envirommental protection considering costs, multimedia tradeoffs, znd con—
trol system reliability will be specified for all air, water, solid waste, and
product/by-product streams. The PCGD will consist of three volumes whose
contents can be summarized as follows: :

e Vblume I will describe the-technslogy, identify applicable
existing regulations, and present the control guidance;

® Volume IT will summarize all of the data embloyed and present
the baseline engineering design, waste stream characterizations
and-control option evaluations; and . .

° Volume III (Appendices) will contain detalled data llstlngs and
calculatlons which support the guidance,

This paper presents some of the preliminary results of background
studies being conducted to support the development of the LBG PCGD. TIncluded
in this paper are: 1) a description of the technology anmd an identification
and characterization of its multimedia discharges (including flow rates and
factors affecting discharge characteristices); 2) an identification and evalu-
ation of available control techniques; and 3) an estimation of ‘the capital and
annualized cost impacts of available controls.

Technology Overview

© Low-Btu coal gasification technology has been commercially available
for over 60 years. In the U.S., there are currently 20 known LBG plants either
in operation, under construction, or being planned for comstruction in the near
future. All of the commercially operating plants use fixed-bed, atmospheric
pressure gesifiers and are gemerally located im the industrialized Midwest aad
Northeast régions of the Country. Feedstocks used at those plants imclude an~
thracite, lignite, and low-sulfur (<1%) bituminous cocal. No high-sulfur coals
are currently in use. The only gas purlflcatlon process used at most of these

- plants is a hot:.gas cycloné for particulate removal. Tar and oil removal using
' gas quenching/scrubbing is practiced at ome plant and is . proposed for several

| future plants. Sulfur compound removal is currently practiced only at one

- plant. Current end-uses of low-Btu product gas include fuel for brick and lime
-kilns, process heaters, and steam boilers. -

LBG systems featurlng fixed-bed, atmospheric pressure gasifiers are
most suitable for relatively small appllcatlons, with fuel demands ranging from
about 8.8 to 88 MW of thermal emergy (30-300 million Btu/hr). This would re-
quire using from 1 to 10 gasifiers, depending on the coal feed. 'Energy demands
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greater than about 88 MW (300 million Btu/hr) may be better served by gasifica—

tion systems using gasifiers with larger capacities (for example, pressurized
gasifiers).

Applicable Existing Feéeral Regulations

New low-Btu gasification plants will have to comply with existing

Federal regulations for 1) sources within the plant that are already subject to
* regulation (NSPS); 2) the disposal of solid wastes (RCRA); and 3) ambiént-based
limitations, such as Natiomal Ambient Air Quality Standards (NAAQS), Prevention
of Significant Deterioration (PSD) requirements, Water Quality Criteria, and
Drioking Water Standards which may indirectly limit the quantities or comcen—
trations of compounds in specific source discharges., However, at the current
time there are no Federal regulations which apply to specific air or water dis—
charge sources within an IBG faecility. In addition, products and by-products
may be subject to restrictions if they contain toxic substances.

New plants will also be required to comply with state and local regu-
lations. The guidance in the PCGD is not intended to supersede the require-
ments of any of these existing or proposed regulatioms.

Approach Used For Background Studies

In conducting the background studies, an inventory of waste streams
and pollutants generated in model plant facilities was prepared and an assess-
ment of the performance and costs of various control alternatives for those
streams and pollutants was made. The approaches used to develop the pollutant

inventory and to select and evaluate applicable controls are briefly described
below.

Pollutants Comsidered. A listing of all the currently regulated pol-
lutants which have been found in the gaseous and aqueous wastes from LBG facil-
ities is provided in Table 1. The major pollutants not listed in this table,
but which are expected to be present in an LBG system's discharges are poly-
cyclic organic matter (POM), hydrogen cyanide and ammonia in the uncontrolled
gaseous emissions, and 2 oumber of specific organic compounds which are only
covered by gross parameters such as "organic carbon” in the aqueous effluents.

Model Plants. A model plant approach was used to characterize the
potential uncontrolled discharges from LBG systems and to evaluate pollution
control alternatives for those discharges. The model plants selected represent
processing configurations currently in use or proposed for use in the U.S.

Each has similar processes in the cozl preparation and coal gasification oper—
ations. They differ inm the areas of coal feedstock used and the degree to
which the low-Btu product gas is purified. For the background studies, recom—
mendations were mot made as to which model plant should be used, but pollutiom
control information for the discharges from each model plant was developed.
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The characteristics of the coal being gasified influence the presence,
composition and flow rates of the discharges from low-Btu gasification plants.
In order to evaluate the impact of coal properties om the discharge streams,
four different coals were examined: anthracite, lignite, low-sulfur bituminous
coal, and high~sulfur bituminous coal. These feedstocks span the range of

coals and coal properties which are or might be used im low-Btu gasification
plants.

Using the data sources described below, mass balances were calculated
for a basic plant capacity of 45 MW (approximately 150 x 106 Btu/hr) of ther-
mal energy in the product gas (based on the higher heating value of the gas).
This capacity is representative of the plant sizes expected to be comstructed
in the near future. The mass balances provided a consistent basis for calcu-
lating "uncontrolled" mass discharge rates.

"Based upon the expected characteristics of the waste streams, pollu—
tion control processes were idemtified and evaluated. “Secondary" waste

streams resulting from pollution control were also defined and controls for
these streams evaluated.

Data Sources. The major source of data used in the background
studies is an EPA-sponsored envirommental assessment program for low-Btu gasi-
fication techmology. As part of that program, a series of field test programs
are being conducted. To date, three data acquisition programs have been com-
pleted, another is om~going and a fifth is -planned for the fall of 1980.1,2,3
A1l test sites are either commercially operating or commercial-size demonstra—
tion units located in the U.S. Additional data sources are other govermment
and industry sponsored test programs.

Information used to identify and evaluate pollution control alterna—
tives was mainly obtained by techmology transfer, f.e., extrapolation from
other industries with identical or similar pollution control problems. Addi-
tional technical information was obtained from process vendors, process devel-
opers, and published literature. Only limited pollution control information

was obtained from the field test programs because of the essentially "uncon-
trolled” mnature of the sites tested.

PROCESS DESCRIPTION AND POLLUTANT SOURCES

Low—Btu coal gasifjcation systems can be considered to comsist of
three basic operations: coal preparation, coal gasification, and gas purifi-
cation. Each of these operations in turn consists of process modules that are
employed to satisfy the functions of the operitions.

As mentioned previously, a model plant approach was used to character—
ize the potential uncontrolled discharges from LBG systems and to evaluate pol-
lution comtrol altermatives for those discharges. Block diagrams of the three
model plants examined are shown in Figure 1. These represent all the proces—
sing configurations of plants currently operating or proposed in the TU.S.
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The first model plant produces a hot low-Btu product gas. The only |
gas purification process used is a hot gas cyclone for partial removal of
entrained particulate matter. This process configuration is typical of most of

the plants currently in operation and several plants which are proposed or
under construction.

The second model plant produces a cooled low-Btu product gas. Im this
plant, a series of wet scrubbers are used to quench and cool the hot gas. This
step also removes additional particulate matter and the majority of tars and
oils present. This configuration is similar to an existing LBG plant which
uses Chapman gasifiers.

v The third model plant produces a desulfurized product gas and as a re~
sult has the most extensive gas purification scheme. In addition to a hot gas
- cyclone and quenching/cooling, this model plaat uses an electrostatic precipi-
tator for removal of residual tars/oils and a sulfur removal process. Avail-
able sulfur removal processes can be broadly classified as 1) those that remove
sulfur compounds and directly comvert them into elemental sulfur, and 2) those
that remove sulfur compounds and produce an off-gas containing the removed
sulfur species. An evaluation of these processes, including discussions with
process licensors, indicated that the direct oxidation processes are the pre—
ferred sulfur removal technique for low-Btu gas derived from fixed-bed, atmos-
pheric pressure gasifiers. While some of the other types of processes (e.g.,
the monoethanolamine process) could be used, difficulties would be encountered
in treating the sulfur species laden off-gas due to its high C0y content. .
This conclusion is supported by the fact that all existing and proposed designs
of LBG facilities which remove sulfur species use direct oxidation processes.
Thus, for the Model Plant III systems, only direct oxidation processes are
examined for sulfur removal. For study purposes, the Stretford process was

selected as being representative of commercially available direct oxidation
processes,

Descriptions of the three basic operations, the process modules which
might be found in them, and the potential discharges from each operation are
presented in the following sections. ’

Description Of The Coal Preparation Operation

Fixed-bed, atmospheric pressure gasifiers require a sized coal feed.
Current practice at all commercial LBG facilities in the U.S. is to purchase
pre-sized coal, eliminating the need for on~site crushing and sizing equipment.
Future LBG facilities are also expected to purchase pre-sized coal. As a re-
sult, coal preparation requirements for these facilities will most likely con-
sist only of coal receiving and storage, and means for transporting cozl from
storage to the gasifier coal feed hoppers. Some facilities though may have to
perform final, om-site sizing if fuel size degradatiom occurs in shipment.,

Discharges from the cozl preparation operation include airborme coal
dust particles from coal handling, rainwater runoff from coal storage piles, . .
and, if final on-site sizing is performed, small amounts of coal fines. No
test data are available on the discharges from the coal preparation operation.
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However, their physical and chemical characteristics can be estimated from data
for similar discharges from the coal minming and coal-fired steam electric in~
dustries. Coal pile runoff temds to contain high levels of suspended and dis-
solved solids (including heavy metals) and can have an acidic or alkaline pH.
Dissolved organics tend to be at negligible or non-detectable . levels. Dust
from coal handling and storage consists of small coal partlcles.

Description Of The Coal Gasification Operatlon

There are six commercially available gasifiers thet operate ip'a
fized-bed mode and at atmospheric pressure. They are:

Chapman (Wilputte),.
Foster-Wheeler/Stoic,
Riley,

. Wellman—-Galusha,
Wellman Incandescent, and
Woodall-Duckham/Gas Integrale.

These gasifiers produce low-Btu gas by countercurrent ga31f1cat10n of coal with
a mixture of air and steam.

Cozl is fed to the top of the gasifier from am overhead bin through a
lock hopper and/or a rotary feeder. As the coal gravitates downward through
the gasifier, it is contacted by rising hot gases and passes through * zones" of
progressively higher temperatures before exiting the bottom of the ga51f1er as
ash. As the coal is heated, it undergoes a series of physical and chemical re—
actions. Sequentially, these are drying, devolatilization, .gasification, and
finally combustion. Air saturated with water, i.e., steam, enters at the bot-
tom of the gasifier., The steam absorbs some of the heat released in the com—

" bustion zome, which helps to maintain the combustion temperature below the coal

ash softening temperature.

With most gasifiers5‘ash is collected at the bottom of the gasifier in
a water sealed ash pan and removed from the unit using an ash plow. The

Wellman-Galusha gasifier however, collects the ash in an ash hopper located be-

neath the gasifier. - Ash is removed by adding water to the hopper and draining
the ash slurry through a slide valve. The water also serves to seal the gasi-

fier internals from the atmosphere during the ash removal step.

A Pokeholes are located on the top of the gasifier. "Rods are inserted
through the pokeholes to measure the depth and location of the "fire" and ash

-zonmes. These rods can 2lso be used to break up -any agglomerates formed in the

bed.

| The Wellman—Gzlusha, Chapman, and Riley gasifiers produce a single
low-Btu gas stream that exits the top of the gasifier. The Foster-Wheeler/

"Stoic, Wellman Incandescent, and Woodall-Duckham/Gas Integrale ga51f1ers are
two—stage‘gaSLflers that produce two gas streams. A clea: gas stream,

‘rna -



constituting approximately ome~half of the total gas production, is withdrawn .
from the gasification zone (near the middle of the gasifier). As such, it
contains essentially no tars or oils. The remaining gas, which contains tars

and olls, is withdrawn from the top of the gasifier where devolatilization of
the coal occurs.

At present, very limited envirommental characterization data zre
available for two-stage gasification systems. From a process viewpoint, the
two-stage gasification arrangement simplifies the gas purification operationm,
but it does not appear to alter materially the system's potential environmental
impacts. The background study deals specifically with single-stage gasifica—
tion systems. However, the information developed is felt to also be genmerally
applicable to two—stage gasification systems.

Discharges from the coazl gasification operation include:
. Gaseous emissions — pokehole gases
- coal feeder gases

= transient gases

. Liquid effiuents - ash sluice water
(from Wellman—Galusha gasifiers only)

. Solid wastes — gasifier ash .

Coal feeder gases, pokehole gases, and transient gases generated dur—
ing start-up, shutdown, and upset conditioms are essentially raw low-Btu gas.
These discharges contain primarily carbon monoxide, carbon dioxzide, hydrogen,
nitrogen, and water vapor. Minor componments include hydrogen sulfide, carbonyl
sulfide, ammonia, hydrogen cyanide, entrained particulates, trace elements, low
molecular weight hydrocarboms, and, if the coal feed is lignite, bituminous, or
subbituminous, higher molecular weight organics (e.g.,.tars and oils).

Ash sluice water from Wellman-Galusha gasifiers contains suspended and
dissolved solids, including trace elements. Negligible or nondetectable levels
of organics have been identified, with.most of them being attributable to arti-
facts of the sampling and analytical procedures. The pE of ash sluice water
can vary widely, depending on the characteristics of the ash. An alkaline pH
is typical if lignite is the coal feed, while acidic or neutral pH's are typi-
cal for other coal feeds.

Ash from the gasifier is similar to bottom ash from a coal-fired boil-
er although higher levels of residual carbon are present, Data for gasifica—
tion of several coals indicate that trace elements are not leachable in amounts
which would result in classification of gasifier ash as a hazardous waste.

Description Of The Gas Purification Operation

The purpose of the gas purification operation is to remove undesir—
able constituents such as entrained particulate matter, tars, oils, and sulfur
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from the raw low-Btu gas. Depending on the comcentratioms of these comstitu—
ents in the raw gas and on the product gas specifications imposed by the end-
use (by either process or envirommental comsiderations), none, some, or all of
these constituents may need to be comtrolled. No attempt was made to evaluate
systems producing a predefined product gas quality. Instead, systems were
selected based on existing or proposed purification configurations, with the

assumptlon that the resulting product gas quallty would be suf£1C1ent to meet
the user' S needs.

Particulate Removal. Entrained particulate matter can be removed
from the low-Btu gas with cyclomes, wet scrubbers, and/or electrostatic precip—
itators (ESP). <Cyclonmes are currently used in all domestic commercial IBG
facilities. ‘ ' ‘

Tars and 0ils Removal. The primary means of removing tars and oils °
from raw low-Btu gas is to use wet scrubbers. These include in~line sprays,
wet cyclomes, and spray, tray, or packed scrubbers. Most of the commercial-~
ly available sulfur removal processes have limitations on the concentrations of
tars and oils in the gas to be treated. Normally, these levels cannot be
achieved using wet scrubbers alone. Detarrers (electrostatic precipitators)
have been used with some success for residual tars and oils removal.

Tars/oils—-laden water from the scrubbers is directed tb a gravity sep—
arator. Here, the heavier-than-water tars/oils are separated from the water
and recovered as a by-product. The scrubber water is then cooled in imdirect
heat exchangers and recycled. Some volatile organic and inorganic species are
.absorbed from the lowBtu gas when it is scrubbed. These spec1es tend to de—
sorb from the scrubber water and f£ill the separator vapor space.. They can be
recombined Wlth the low-Btu gas by ductlng the vapor space to the low-Btu gas
line.

In order to control the buildup of dissolved solids in the recircula-
ting scrubber water and/or to maintain a water balance in the serubbing loop, a
portion of the. scrubber water is removed as blowdown. The .gize of this blow—
down depends on such factors as the moisture and chloride cdntent of the coal,

cooled. SRS

- . Sulfur Compounds Removal. Commercially available sulfur removal pro-.
. cesses include those using physical solvents, chemical solvents, combinations
‘of physical and chemical solvents, and processes featuring removal and -direct
oxidation of sulfur compounds to produce elemental sulfu:.4"Physical sol-
vent, combination chemical and physical solvents and some of the chemical
solvent processes are mnot well suited to the removal of sulfur compounds from
an atmospheric pressure, low-Btu gas.5_ Several of the alkanolamine (chemical
solvent) processes can be used, but they require moderate pressurization of the
gas in order to obtain low residual sulfur levels. Regeneration of the

-GN5 . .



alkanolamine solvent also produces an off-gas which contains the removed HgS .
and COp, and which must be further processed for sulfur recovery. Standard V
means of treating these off-gases (which will contain 70-95% CO9) is to rToute

them to a Claus unit. The low HS/high CO; content of these off-gases can

limit the recovery efficiency of the Claus unit and prohibit the use of a Claus

‘tail gas treatment process such as the SCOT wnit. Thus, while alkanolamine

processes appear to be feasible for treating low-Btu gas, techmical (and

economic) conmsiderations indicate they are a poor choice. In light of the

above factors, nome of the chemical or physical solvent processes were

evaluated in the background studies for the model plant III configurations.

The direct oxidation processes do not have gas pressure limitations
and are very effective in removing H3S. These processes also convert the
removed H9S directly into elemental sulfur, thus eliminating the need for ad-
ditional treatment of an HyS—laden off-gas. However, direct oxidation pro-—
cesses do not remove significant amounts of non-H9S sulfur species such as
carbonyl sulfide (COS).? For purposes of analysis, the Stretford process was

selected as a representative example of a commercially available direct oxida-
tion type sulfur removal process.

Summary of Discharges from Gas Purification. The existence, quan—
tity, and characteristics of discharges from the gas purification operation
depend on the degree of gas purification desired. In general terms, as the
low-Btu gas undergoes additiomal cleam-up, additional waste streams are
created. These waste streams include:

° collected particulate matter from cyclomes (all Model Plants),
scrubbing liquor blowdown (Model Plamts II and III),
° by-product tars and oils (Model Plants II and III except for
anthracite feed), and
° vent gas and sulfur cake from direct oxidation
sulfur removal processes (Model Plant ITI).

Collected particulates or cyclone dust has a very high carbon coatent
and resembles devolatilized coal. Leaching tests indicate that cyclone dust is
not a toxic waste. '

Scrubbing liquor blowdown contains suspended solids, dissolved inmor—
ganics (including trace elements and soluble gaseous components such as HpS
and NH3), and, unless anthracite is the coal feed, dissolved orgamics. By-
product tars/oils derived from gasification of nom~anthracite coals are pre-
dominantly organic material, but also contain ash and various trace elements.

This material has a significant energy content, and represents a fuel resource
which should be recovered.

Discharges from the sulfur removal module include vent gases from the
Stretford oxidizer and sulfur cake. The oxidizer gases comntain primarily

nitrogen, oxygen, and water vapor, with minor amounts of ammoniz, carbon
dioxide, and reduced sulfur compounds. Other components of the low-Btu gas .
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may also be absorbed by the Stretford scrubbing liquor and réleased in the
oxidizer. However, this is not expected to occur to any -significant extent.

Sulfur produced in the Stretford process is 1n1t1ally recovered as a
cake containing nominally 507 water. Dissolved in the water are Stretford
scrubblno chemicals (sodium vanadates, anthraquinone disulfonic ac1d ethylene
diamine tetracetic acid, iron, carbonates, and bicarbonates) and high levels of
nonregenerable sulfur components such as sulfates, thiosulfates, and.
thlocyanates. '

o EVALUATION F POLLUTION CONTROL TECHNOLOGIES

Evaluatlons of control technologles for appllcatlon to individual
waste streams were based on considerations of control efficiency, ability to
comply with emissions regulatioms, capital and operating costs, energy and re—
source consumption, reliability, simplicity, multi-pollutant abatement capabil-
ity, residue gemeratiom and disposal requirements, potential for recovery of
by-products, and stage of development. The above criteria were used as a basis
for comparison of candidate comtrol technologies either used alome or im
combination with in-plant control methods or other add—-on controls.

Performasnce data for applicable'ebnfrol'technologies were obtaimed
primarily from the open literature supplemented by vendor supplied data in some

~.cases. The capabilities of various control technologies were not usually as~

sessed on a design—specific basis but rather upon a gemeralized basis derived
from test results and/or engineering studies of the subJect technologles.

In many cases performance can only be estlmated in terms of control of
major constituents (e.g., carbon momoxide) or gross parameters (e.g., TOC)
since often no information is available for removal efficiencies -for specific
substances. Further, even in those cases where substance~specific performance
information exists for a control techmology, accurate or complete characteriza—
tion of the waste streams requiring control may be lacking. In the final ana-
+ lysis of course, the capabilities of state—of-the-art controls for IBG facil-
ities can be accurately evaluated only by testing operating facilities. Since

- these opportunities are generally not available, the performance estimates -

presented here are believed to reflect the best information currently available
~ based on actual experience and/or engineering analys1s.

- Air Pollution Control

) The uancontrolled gaseous emissions from IBG facilities sre summarized
.in Table 2. The pollutants of potentisl concern, factors affecting the emis—
sion characteristics, and estimated emission flow rates are also summarized in
this table. “Available comtrol techniques for these emissions are discussed
below. : ' '
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Airborne Particulates from Coal Handling and Preparation. - Most IBG

- installations will receive coal that has been crushed and sized. - For these

installations, no significant particulate emissions are -expected and therefore,
no control is necessary. If the coal feed is crushed and sized on site, then
airborne particulates generated by these operations may be a problem. Control
techniques involve enclosing the coal unloading facility, storage bims, crush-
ing and sizing equipment and any conveying devices. These enclosures should be

- vented by low pressure ducting to a central bag filter collection system. An
induced draft fan at the outlet of the bag filters would provide the necessary

air flow and emsure that any leakage would be into_the'system.

Cozl Feeder Gases. Low-Btu gas can leak from the gasifier vessel
through the coal feeder mechanism and up into the coal bin area by passing
countercurrent t6 the coal flow. One method of reducing the hazards from this
emission is to collect it before it enters the cozl bin area and then disperse
it to the atmosphere through a vent pipe. The top of the coazl bin must be
sealed (hooded) and a pipe run from there to an elevated outside venting point.
An induced draft fan in the vent line would draw air into the cosl bin through
slots in the side of the bin. Coal feeder gases which pass -up throudgh the coal
in the bin would them be swept into the vent pipe. While this control option
incurs no significant operating costs or energy requirements, it does not
decrease the amount of coal feeder gases emitted to the atmosphere.- -

Another, and more effective means of controlling‘thésé emissions is to
return them to the process. This strategy can be done in ome of two basic

. ways. - One approach is to enclose the cozal bin (as with the atmospheric venting

option) and run a duct to the intake of the gasifier air blower. To provide
continuous sweeping air in the coal bin (to prevent a possible explosive mix—
ture in the bin during very low air rates), a small vent and ‘blow~off valve

- will be needed in the air blower discharge line for venting during periods of

low gasifier air requirements. A second approach imvolves slightly pressuri-
zing the coal bin with an inert gas. This approach prevents the passage of
low-Btu gases into the coal bin. Either of these control options'can effact
almost complete (99%) control of the coal feeder gases during normal gasifier
operations. oo ‘ '

, Pokehole Gases. Low-Btu gas escapes from pokeholes during and be-
tween poking operatioms. Improved pokehole designs are available with closer
tolerances and positive seal valves. While effective in reducing emissions
between poking operations, this control method still allows significant quan-
tities of gases to continue to escape during the poking operation.

‘ A second control technology is to combine improved pokehole sealing
methods with the injection of an inmert gas during poking operations. The imert
gas effectively eliminates lowBtu gas leskage. Nitrogen is a possible choice
for the imert gas but this may incur operating costs (mainly for the purchase
of nitrogen) of up to two percent of the base plant anoualized costs. If
available, steam-might be a more economical choice since- the steam require-
ment would be less than 0.1 percent of the product gas_ehergym
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Stretford Oxidizer Vent Gases. For systems using the Stretford pro— .
cess to produce a desulfurized product gas, an air blown oxidizer is used to
convert the reduced Stretford solution back to its oxidized form. A large ex-
cess of air is used in the oxidizer and released in the vent. The vent gases
consist primarily of oxygen and nitrogen plus water vapor from the Stretford
solution. Minor amounts of ammonia and carbon dioxide and other components
absorbed from the Stretford solution may also be present. This emission is not

expected to pose a significant envirommental problem if adequately dispersed to
the atmosphere.

Startup, Shutdown and Upset Gases. During gasifier startup, shut-
down, and upsets, gases are produced which do not meef product specifications.
If the gas is being burnmed locally and the customer can safely and economically
continue to combust the gas (possibly with auxiliary firing), then this is ob-
viously a good option and really represents a "no comtrol required” situation.
If this option is not available, then two possible control strategies may be
used. One option is to combust these gases in an incinerator or flare. This
option requires installing piping, valves, and instrumentation. A second op—
tion is to vent the low~Btu product gas lime to the atmosphere through a stack.
This option could pose localized odor problems. Therefore, its viability could
be limited to those areas where adequate dispersion is attainable.

Water Pollution Control

The uncontrolled effiuents from LBG facilities are summarized in Table .
3. The pollutants requiring control, factors affecting the effluent chzracter—
istics, and estimated effluent flow rates are also summarized in this table.
Most of the processas considered for treating these effluents have not been
applied to the treatment of low-Btu gasification wastewaters. .Therefore,
decisions related to the applicability, performence capabilities, and costs of
controls were based upon experience gained in related industries including the
coking, petrolewm refining, and electric utility industries.

Coal Pile Runoff and Ash Sluice Water. These two effluents are very
similar to their counterparts in coal-fired power plamts. They contain sus-
pended solids and dissolved inorganics but negligible dissolved orgamnics. -
Treatment techniques used in the utility industry include sedimentation, clari-~
fication or filtration for suspended solids removal and acid or base addition
for pH adjustment. An additional treatment step available is chemiczl precipi-
tation for removal of selected trace elements. Use of these techniques for
coal pile runoff and ash sluice water from LBG facilities should produce an ef-
fluent which would meet the NSPS for coal-fired power plants.

Process Condensate. Process condensate contains suspended solids and
dissolved gases, organics, and trace elements. Viable treatment techniques for
dissolved organics include activated carbon adsorption and biological oxida-
tion. Sour water strippers can be used to remove dissolved gases. . Chemical
precipitation treatment can be used to reduce the levels of trace elements,
although treatment to remove orgamics will be the key to disposing of this ‘
stream in an environmentally acceptable manner. '
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Thus two treatment options appear to be available for treating process .
condensate: . one uses carbon adsorption and steam stripping while the other
uses biological oxidation and steam stripping. Chemical precipitation could be
used with either option. For both of the options, the organics removal wit isg
required only if the coal feed produces tars and oils when gasified. Since
anthracite does not produce tars and 0ils, the treatment of condensate from an
anthracite gasifier may not require dissolved organics removal. Representative

performance criteria for two treatment options for process condensate are
summarized in Table 4.

TABLE 4. ESTIMATED PERFORMANCE CAPABILITIES OF PROCESS CONDENSATE TREATMENT

TECHNOLOGIES

Component Untreated Effluent Treated Effluent® Treated EffluentD
7SS 140 <10 <30
0il and Grease 400 <10 <30
BOD 9000 ? <1000
Phenols 2000 <5 <20
TOC 5600 <700 <700
NHq i 4000 <50 <50
HoS 220 <10 <10
cN— 1100 <10 . <10
Trace Elements Yes some removalC some removalC

Unit: mgfl

& Treatment using activated carbon adsorption and steam stripping.
Treatment using biologicazl oxidation and steam stripping.

€ Increased removals of cationic trace elements can be achieved using
chemical precipitation.

Solid Waste Management Alternatives

The solid wastes generated by low-Btu gasification facilities are sum=-
marized in Table 5. Included in this table are estimated flow rates, impor—
tant characteristics (such as physical condition, energy content, potential en-
vironmental'problems), and expected classification (as hazardous or nonhazar—
dous) for each waste. Management techmiques for these wastes should be based

on the criteria and guidelines developed by the EPA in response to the Resource
Conservation and Recovery Act.

Cozal Fines. Generally, coal fimes are not expected to be a waste
produced by low-Btu gasification facilities. This is because presized coal is
normally purchased, eliminating the need for om~site crushing and sizing. How-
ever, it is possible that final, on-site sizing may be required if fuel size
degradation ocecurs in shipment and handling. If so, a coal fines stream will
be produced. The quantity of fines produced is difficult to estimate but
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should be very small. Since coal fines have the same energy content as cozl, a .
desirable means of handling them is to recover their energy value. Because of
the small quantities involved, this may be practical only if am existing com—~
bustor is available oo-site or mearby. If resource recovery is not practical,

then the coal fines should be disposed of as a nonhazardous waste in a sanitary
landfill.,

Gasifier Ash. Gasifier ash is the unreacted portion of the coal fed
to the gasifier — predominantly mineral matter but also some carbonzceous
material. After dewatering, it is a damp solid comtaining 20 to 30 weight per—
cent water. All available data on gasifier ash indicate that it is a nonhazar—
dous waste. As such, the most reasonable optiom for disposing of gasifier ash
is disposal in a sanitary landfill.

Cyclone Dust. Cyclone dust resembles devolatilized coal. It has a
carbon content as high as 90 percent and a heating value of 25 MJ/kg (11,000
Btu/ib) or higher. It is removed from the cyclones as a dry, powdery solid.
All available data indicate that cyclone dust is a nonhazardous waste and could
be disposed of in a sanitary landfill. Because of its high energy content
though, consideration should be given to recovering its fuel value.

Stretford Sulfur Cake. Elemental sulfur is produced by a Stretford
unit and recovered as a filter cake containing approximately 50 percent water.
No test data are available for this waste. However, it will contain Stretford
solution chemicals (vanadates, anthraquinone disulfomnic acid salts, EDTA, and
iron) and nonregenerable sulfur ¢omponments such as thiocyanates and thiosul—-
fates. Because of the presence of these contaminants, Stretford sulfur czke is
suspected to be a hazardous waste. If so, the management technique for this
waste would have to comply with the Subtitle C criteriz and guidelines for haz-
ardous waste disposal. Alternatively, the contaminated sulfur can be processed
to recover a saleable by-product. This option produces-an effluent containing
the contaminants originally present in the sulfur cake. Reductive incineration
and high temperature hydrolysis are two techmiques recently ‘developed for

treating Stretford solution effluent, but these approaches are not proven com-
mercially, ’ ‘

Tars and Qils. By-product tars and oils contain a number of toxic
organics. However, due to the high specific gravity and viscosity of this
material, it is expected to have a low vapor pressure which will minimize the
release of volatile organics during storage. Operators and handlers should
take precautiomary steps to minimize contact with this material. Special note
should be tzken of the NIOSH proposed criteria for coal gasification plants.
Because of its significant fuel value, the logical management technique for
by-product tars and oils is resource recovery. This would involve using the
material to fire a boiler or furnace.
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SUMMARY OF POLLUTION CONTROL COSTS AND ENERGY REQUIRMNTS"_

In order to compare controls for cost effectlveness and to estimate
the impact of pollution comtrol costs on overall plant costs, approximate cap-—
ital and operating costs for individual control processes/equipment were devel-
oped. These costs are based primarily on factored estimates of costs contained
in nom-proprietary published literature, nmormalized to a first quarter 1980
basis. In some cases actual vendor quotes have been used but generally, it was
beyond the scope and purpose of the background studies to develop the detailed
engineering designs necessary for cost estimation at the "firm" (approachlng +
10 percent) level. Altrhough the accuracy of the cost estlmates varles, most
are believed to be within 50 percent.

For purposes of presentation in this paper, costs fbr various pollu-—
tion control optioms. are given as a percent of the "uncontrolled” plant capital
and total annualized costs. This format was selected since it more clearly .
indicates the magnitude of pollution control costs on overall plant costs than
would actual dollar estimates. This approach has the additional bemefit of
being less sensitive to assumed ecomomic factors such as 1nflat10n, interest
rates (cost of capital), etc.

Total annualized costs were calculated as the sum of annual operating
cost and anmualized capital costs. TFor purposes of annnallzlng the capital
investment, a fixed rate charge factor of 0.175 was calculated. Thig repre—
sents the fraction of the total capital investment that must be assessed as
annuallzed capital charge. - :

Table 6 summarizes the capital and annualized- cost impacts of pollu—
- tiom control for the thres model plants examined. The ranges shown reflect
differences in control costs as a result of gasifying the four coals studied.
They are nmot intended to reflect the accuracy of the cost impacts. All cost
numbers are expressed in terms of a percent of the uncontrolled base plant
costs.

As shown in this table, the cost impacts for emission controls are °
minimal. Capital costs or annualized costs do not exceed 2 percent of the base
'plant cost for any emission and, most of the control costs are below 1 percent.
On a total plant basis, the emission controls are estimated to ‘add approxi-
mately 1 to 3 percent to the base plant capital requirements’ .and increase an~
- nualized costs by 2 to 5 percent.. Energy requirements for air pollution con-

trol are negllglble. : ) ' -

: The cost impacts for comntrolling a specific llquld effluent are great—
- est for the hot gas systems and least for the desulfurized gas systems. This
reflects an increase in the base plant costs and not a decrease in the control
costse ~Total plant water treatment costs tend to increase or remain approxi-

. mately constant as the degree of gas purification increases. This reflects. the

fact that increases in the base plant costs (the denomimator. used to calculate
the pereentage cost 1mpacts shown) -are offset by 1ncreased treatment costs (the
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numerator used to calculate the cost dmpacts) resulting from the need tthreat
additional effluents. On a total plant basis, water pollution comtrol costs
are estimated to increase the base plant capital costs by 3 to 15 percent and
annualized costs by 1 to 9 percent. Energy reguirements for water pollution
control amount to Q.6 to 2.1 percent of the energy content of the low-Btu
product gas. This is almost entirely attributable to the sour water stripper
steam requirements for treatlng process condensate. .

Capital cost estimates were not available for the solid waste disposal
practices. The waste disposal annuzlized costs are dominated by the costs of
handling gasifier ash, with the only other significant costs being those as—
sociated with sulfur cake disposal. (For the high sulfur bituminous coal case,
sulfur disposal costs are dominant). Cost factors used for disposal of wastes
were $21 and $71 per metric ton for nomhazardous and hazardous wastes, respec~
tively. Although $71 per tomme is a relatively high estimate for hazardous
waste dispoal, it may not truly reflect the costs associated with disposing of
very small quantities of hazardous wastes. For small quantities, the relative
impacts of capital costs and administrative costs (in terms of dollars per
tonne disposed) can be very large.

Energy requirements for disposing of solid wastes are minimal and are
estimated at 0.2% or less of the low-Btu gas emergy content. The energy re-
quirements are malnly fuel for haul trucks and earthmov1ng equipment.

The total plant pollutlcn'control cost impacts are estimated to range

from approximately 6 to 17 percent of the base plant capital investment and
from 9.5 to slightly over 18 percent of the base plant's annualized costs.
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 ABSTRACT

- ‘Synfuels present both an opportunity and a problem for EPA in terms of’
developing a new environmentally acceptable industry. The opportunity is for
EPA to encourage environmental controls to be incorporated/developed as an
integral part of the first plantdesigns rather. than as "add on" -technology in .
an existing industry. The problem is -that an adequate data base for pro-

‘mulgation of defensible regulations for synfuels plants does not now exist and

will likely not exist until after the first plants have been constructed and

- operated for some period of time. EPA has responded to this situation with

the "Pollution Control Guidance Document (PCGD)" concept, in which the best’

| - thinking of the various EPA R&D program and regional offices is to be provided
- to permitters and to industry in the fOrm of "guidance” for an 1nter1m period

~ rather than as regu]at1ons.

The Indirect L1quefact1on (IL) PCGD is one of the First such docunents '

| .which EPA is preparing with the technical support of various contractors.

-~ .TRW, Radian, Versar and RTI are invoived in the preparatzon of the data base
o fbr the first techn1ca1 draft of the ILPCGDWQ - _

Th]S paper summar1zes the technoTogy basis for contro1 1eve1s 1dent1f1ed '
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DEVELOPMENT OF A POLLUTION CONTROL GUIDANCE DOCUME}NT
FOR ETDIRECT COAL LIOUEFACTION

The proc‘luct:.on of transportat:.on fuels from domestic coal to. dz.splace
fuels derived from J.mported petroleum has h:.gh priority in the overall U.S.
energy pollcy. Since indirect liquefaction (IL) is the only commercially

demonstrated means of producing t.?:ansportatz.on fuels from coal, this technology -

is likely to be among the first to be employed for synthet:.e fuels production
in the United States.

The Environmental Protection Agency (EPA) is' responsible for ensu’::ing )
that the designs of first generat:.on synthetic fuel technologies prov:.c‘ie for
adeguate protect:.on of the env:.romnent. " To serve this need and to avoid
costly delays in the comerczaln.zatlon of a process due to uncertainties con-
eemin'g. envizronmental controi--rec_{uirements, EPA developed the Pollution Con-
trol Guidance Document (PCGD) approach. This paper summaxrizes the data. base
that has besen develcped for the pzepazatlon of the PCGD for Lurgi-based I

'technology. EPA's techm.cal support contractors in th:.s effort are TR,
Rad:.an, Versar, and RTI.

The .approach for the IIPCGDS was to develep e series of model plants
based ‘on Lurgi, Temeo, and Keppers-'rotzek (K-T) gasification using methanol,
F:.scher—Tropsch (F=T), and Mobil M-gasolme synthesis, These i;echnologies
are cons:.dered commercial ox near—comnerc:.al. Major and minor constituent
material balances weras establ:.shed for 1ntegrated model plants us._ng three
U.S. coals (Montana Rosebud subbltlmlnous, Ilhnoa.s No. 6 bz.tumlnous, and
North Dakota l:.gn_:r.te) in ozder to provide estimates of th_e- volures and load-
' inés of'\-ra'.rio-us waiste strea‘zas which would be generate&. Waste stream con~
st:.tuents covered by the PCGD :anlude both convent:.onal/cr:.tena/consent decree
pollutant‘““a*cnrrently unzegulated substances (e g., TON) .

The PCGD data base :.ncludes an 1dent:.f:.catlon and evaluation of var:.ous
pollut:.on ccntrol options, based on the expected capab:.l:.t:.es ‘of available
technolog:.es, for all major gaseous, aquecus, and solid waste streams gen-
erated in an integrated facility. This paper presents several of the control

a
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ont:.ors develo:_oed in’ the data base. " The contzol options ara ‘based on con=

) sidezations of the voluma and toxa.c:.ty of the spec:.f:.c waste’ stream, costs,
safety, rel:.aba.lz.ty, degzen to wh:.ch controls have beeza den:onstrated, intra-
and intsrmedia tzadeofzs, and site specz.f:.c factozs. o

'.t’hs major sources of data- used z.n the Luzg1 data base for defz.zu.ng the types )
and chazacter:.st‘z.cs of mzcontrolled a.nd:..ract lz.quefact:.on plant wasta stzeams
are (1) data obtaz.ned as pazt of an EPA s;_:onsorsd envz.romental test program

- of a Lurgl gasa.fz.cat:.on fac:.l:.ty at Kosovo, Yugoslav:.a, {2) data’ obta:.ned as

. paxrt of an. Ene*gy Research and Development A&m.m.stzat:.on (ERDA, now DOE)
soonsorad progzan mvolv:.ng the gas:.f:.cat:.on of Amncan coals in a I.uzg:. '

- gasifier at Westfield, Scotland, (3) data obta:.ned as pazrt of an. American

. Natuzal Gas, Inc. sponsozad :gzogram :.nvolv:.ng gas:.f:.cat:.on of North Dakota

| l:.gm.te at the SF.SOL plant in Souﬂz Afz:.ca- (4) datz p:rov:.ded to EPA by South
'Afr:.can Coal and ‘Gas Csz. Lid. (SASOL), ‘and (5) data, contamed in vaz:.ous pez-
mit filmgs and envz.zomnental impact statez:snts foz proposed Lurgz.-basea SNC.'
and ina:.zect lz.quefact:.on faca.l:.ta.es m the . S. ‘

) Da'l:a souzcas emnloyed for davalopment of model plant/procass confz.guza—
"'t:.ons wara pz:.mar:.ly eng:.neazz.ng stud:.es oﬁ the. technology sponsorad by DCE, .

) ~E‘9A, ‘ahd EPRI. Data souzces which. servad as ths basz.s fo: the analysls of

i pollution contzol’ appl:.cabz.lity and oosts mclude 'i.-he above eng:mae*:.ng
studies, stad:.es conductaa by VA, var:.ous pemt f:.lmgs, techn:.cal mfonr_a—

',t:.on obta:.ned fzom pollut:.on control equ:.pmnt venﬂozs an& pzocass aavelooe_a,

. and publ:.shssi lz.tazatura Much of the :.nformat:.on on controls is dez:.vaa

from a;_:plz.catz.ons in relataa mdustr:.es such as petroleum :ef:.m.ng, natu:al

gas pzoeessa:ng by-groﬂuot -coke proéuctzen, eleotnc ut:.l.’.:tles, and ooal

- p:anazatzon. . S

'Iha configuzations of i:he model’ plants waza basad on aesigns of Lurgi _
plants wha.ch azre either p:ooosed oz, curzently in opezation. Auxiliaz-y proc-

', esses considezed we:s those which would rendez' a facility essem’::.ally self-

: 'sufzz.c:lent in ensrgy (cne wh:.ch would need only m—of-—mine coal, raw watez,
' and vazious chemicals and catalysts ‘as im:uts} A plant s:.ze cozzespona:.ng

to 1 b3 1011 Btu/day (2.5 =. 101 kecal/day) of. total product was selectad as .

. reprasentat:.va cf the firat plant(s) which may be bu:.lt. " qhis oorrasponas

to about 7000 bbls/aay {1200 l\m3/day) gasol:.ne plus 50 % 3.06 scF (1.3 2 1.('.\6

" Nm ) of substituta natuzal gas pez day (co-producea in the case of Lurg:r.
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gasificatio;z); This is approximately:the size of the first phase facility .
-
Planned by American Natural Resources: for their North Dakota SNG project.

Figuzes 1 azid 2 are simplified flow diagrams of the main procéss train
and auxiliary operations associated with J.ntegrated Lurgi IL fac:al:.t:r.es.
System operations include coal Preparation, coal gasification, gas purifica~

"tion and upgrading, crude pzoduct synthesis and separation, and product up-
‘grading. Nonpollution control auxiliary p;o‘cess'es include procesé cooling,
product storage, raw water treatment, steam and powex gez}ez:ation, and oxygen
production. - .Thg major waste streams idenﬁfied for facilities depicted in
the figures are .liste{i in Table 1 along with the primary constituents/para-
meters of concern for each waste. '.T.’he' remainder of this paper will focus on
contzol options for thes_é major streams in Lurgi-based facilities. Note that
no fundamentally new problems are be.lievef_.i to apply to K-T or Texaco gasifi-
cation which do not alsc apply io- Lurgi. gasification, although differences

do exist”in the relative quantitiés’ of wastes/waste constituents which are
geﬁerated. I.n&eed, K-T and Texaco gasifica;.tion- may be somewhat less com—
plicated than Lurgi since the former gaéifiezs generate fewer organics (other

' than methane and formic acid) which would eventually becoms components of

waste streams. 'Ihe organics in Lurg:. wastes present some of the more 4iffi-
cult po]lut:.on control problems.

Gaseous: Waste Streams

F:.g'ure 3 éummarizes-the primary-contz.cl options for Lurgl é.cid gases.
’ Ind:.cated in the figure ars both select:.ve and nonselect:.ve Rectisol* acid
gas remval (RGR) ; that is, separate removal of co cand H s from product gas
generat:.ng an st-r:.ch stream and a CO -rich stream or comb:.ned removal gen-

2

erat:.ng only one- d:.lute E.zs styraam. 'Ihe prx.mazy goal o:E select:.ve AGR :.s tc

Produce. a Jmore concentratea sulfu:c-beanng straam for sulfur reccvery allow—
ing either the use of Claus technology or the reduct:.on in a Stretford plant
size {and thus reduced cost) . Sz.nce selective AGR is s:.gn:.f:.cantly more
expensive. than nonselective AGR, it is economically just:.f:.ed only iEf cost
savings are realized in sulfur recovery/pollut:.on ccntrol. if ¢ for environ-
mental reasoas, the Coz-r:.ch stream from selective AGR cannot be. dz.rectly
d:.schazged “to the atmasphere {(with perhaps incineration), then treatment

*Rectisol is a I.urgz.-l:.censed acid gas removal (AGR) process and would be .
usad w:.th all Lurgl gasifiers in the U.S.
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costs for this stream would likely mske the selective AGR option unattractive
and designers 'may revert to nonselective modes.
Opt:.on I .in F:Lgure 3 consz.sts of Stretford or Claus sulfur recovery

.followed by tail gas treatment (TGT) for residual sulfur removal and hydro-
carbon control. . In the Claus cases, enr:.chment of the ¥ S feed stream may

;be“requ:.red oz aes:red and an amne (ADIP) system is :md:x.cated .in the f:.gure
The ADTP offgas and the Claus offgas both rece:t.ve TGT prior to atmospher:.c ;
d:.scharge, the C02 rich gas from select:f.ve AGR' is directly dlscharged to the
atmosphere. TGT technologres inciude :.nc:.nerat:.on/FGD (e.g. 7 Wellman—Lord)

and catalyt:.c reduct:.on I—IZS recycle (e.g. v Beavou). .

The Option IT alte.mat:.ves cons:.st of ez.ther Stretford sulfur racovery
followed by :.nclnerat:i.on for hydrocarbon control or Claus’ sulfur recovery
followed by SCOT TET. Neither Claus w:.thout sulfur IGT noxr d:.rect incinerz~
tion followed by fiue gas desulfur:.zat:z.on :r.s cons:i.dered adequate un&er Optlon _-
IT since ne:.t_her of these controls achieves 'the sams levels of total sulfur

, emissions compared to Stretfozd or Claus/SCOT; Note that the alteznat:.ves in

. E':Lgure 3 represent the range of controls env:.s:.oned by all conceptual and
Proposed Luxgi gas:.f:.catz.on projects in the . S . which have been identified
to date. :

Table 2 summarz.zes the est:unated costs and energy requlremnts for control
'.'of ac:Ld gas in :Lntegrated facilitdies. The cost data represent the least exnen- ’
‘sive system in each: opt:.on but assume no credit for’ energy recovery from incin-
erat:.on of Lurg:. gases. Total annual:.zed costs range from 3.8 to 5. 7% of base
plant costs for sulfur recovery with TGT compared to 2.3 to _.O for sulfur re-
'moval ouly (Stzetfoxd). Enezgy requ:.rements of control of acid gases vazy
from essent:.ally Zexo to 1. 9“ of pla.ut J.nput energy, &epend:..ug pr:.mar:.ly on’
the extent of heat recovery pract:.ced durmg J.nc:meratz.on. Recovered energy
could exceed that regu:.red to operate the sulfur control systems

Optz.ons for the control of hoz.ler fiue gas em:.ss:.ons correspond to the
levels  defined by electr:.c utility NSPS .(Option I) and 1arge :.ndustr:.al bo:.ler

NSPS (Opt:Lon II) . Table 3 summarlzes the soz, part:.culates , and NO,, opt:.ons.
.For gaseous and 1J.quz.d fuels dexived from ooal (e.g., ‘tars, OllS, phenols,

. naphtha, low Btu gas) ; ‘the: same limits apply as to the petroleum or natural
gas fuels. ’




| TABLE 2. RELATIVE COSTS AND ENERGY REQUIREMENTS FOR CONTROL OF ACID GASES .

(AS PERCENT OF BASE PLANT COST OR ENERGY INPUT)

Low Sulfur Coal

Total
Capital  Annual Energy

High Sulfur Cozl
Total
Capital Annual Energy

Optieon I
(Sulfur zemoval
plus tail gas
treatment)

Option IT
(Suifur removal,
minimmm or no
tzil gas
treatment) -

3.2 3.8 0 -0.84

1.6 2.3 Q- 0.8

5.3 5.7 0-1.9

3.0 4.0 0-1.8

TABLE 3. CONTROL OPTIONS FOR COAT, BOILER S0,, PARTICULATE, AND NOy EMISSIONS

Option T

Option IT ‘II’

sG

Particulates.

. NO, Lignite &

bituminous
cozals _

" Subbituminous
coals

‘iurgi o
byproducts

g/10% cal (1b/105 Btu)
2.16 (1.2)
and 90% contzol unless
emissions. less than
i1.09 (0.6) in which’
case 70% required
0.054 (0.03)

1.1 (0.6)
0.88 (0.5) -

1.1 (0.6)

q/10% cal (1b/10% Btu)

2.16 (1.2)

0.18 (0.10)

1.26 (0.7)




Costs assoc:i.ated with a representata.ve FGDh system (Wellman-Lord) appl:r.ed
to a coal- and Lurg:.—byproduct—flred bo:Ller are estimatéd in Table 4.. Annuzl-
"g:.zed costs of .the FGD systems ampunt to 2. A - 3.9% -of base plant costs, depend-

ing on the boilex s:.ze, coal sulfur content, and degzree of 502 removal atta:.ned.
Energy requ:.rements for the exam;_:le FGD um.ts ra.nge from 2.9 to 5 8% of the
boiler heat J.nput, or ‘0.4 to 0.6% of total plant input energy.- Note that
":.ncremental costs for FGD sulfur remcval are about $11-15/ ib ( $24-33/kg)
' wh::.le incremental costs for sulfur recovery FGT sulfur remcval are about $20~
. 30/1b ($44-66/kg). Thus, it may be less’ e@ens:.ve to des:.gn for lower emisg-
' sions at the boiler rather than lower ems.ss:.ons from sulfur recovery opera-
tions if minimim overall sulfur emissions contrcl at least cost is a def:.ned

: goal ana is env:.ronmentally acceptable. N

Table 5 sxmmarz.zes the contrcl opt:.ons for smaller volume waste streams
in. Largi :mél:rect 11quefactz.on fac:.l:.t:i.es. ' Generally , the controls for o
these streams consist of :.ncz.neratlon with or without addz.t:.onal SC)2 and/or
particulate control.

. _ . Rgueous Waste Streais
| Figu.re' presents the major options efra-iuateé for control of gasification

" and synthes:r.s wastewaters. Tuargi wastewaters (gas l:l.quors) axe treated for
Atar/o:.l separat:.on ' phenol removal (Phenosolven) , end azcmom.a removal as
bas:.c steps in all cases. Further treatm..nt would cons:.st of bz.ologlcal or

: chemical oxidation for buik organ:l.cs removal and chem:.cal precz.p:.tat:.on and

' carbon abscrpt:.on for. trace elements and refractory organ:.cs remova__ when

- discharge to surface waters is the wastewater disposal method (Opt:.on I).
When "zezo discharge® to surface waters is to be pract:.ced, treatment wounld
‘consist of volmee reduct:.on via use of cocl:mg towers, evaporators and/or

L a.nc:Lnerators. . B:s.olog:.cal ox:.dat:.on may precede the cocl:.ng tower concentza~-

‘ ,t:.on step. Uit:.mate disposal of residual br:.nes may be v:.a underground
mject:.on (Opt:l.cn II) , ‘surface :.mgoundment (Optz.on III) 2 and ash quench:.ng

- "(Option IV) .

The “zerc c‘i:.s:...harge“ options 1nvolve various tradeoffs w:.th air emis-
s:.ons (cool:.ng tower evaporatlon/dr:.ft) or solid waste d:.sposal (leach:.ng of
_V , ’ ', orgam.cs or trace elements in surface m@oundments or landfz.lls) . In the
. ’ case of codlspcsal of br:.nes w:i.th ‘ash, the. combined. waste may be rendered haz-

ardous due to the residual organics or trace elements contaihed in -the brine.
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TABLE 4

SO, EMISSIONS, COSTS, AND ENERGY Rzommms ASSOCTATED WITH
BOIJ.ER/WEILMAN IORD FGD SYSTEMS !

- Costs , -

Sulfuxr S0, Capital - Anmnual Energy***

Reroval | Emissions ' . ($/kg S { Requirements
(%) |(kg/10% kecal)| (2)#* [(5)** Removed)}  (s)
Low Sulfur’ 70 ®.88 2.6 2.7 9.7 2.9
(Rosebud) 80 0.58 1, 3.9 12.0° '3.2
High Sulfur 80 0.98 2.5 2.4 9.2 5.2
(fllinois Ne. 6) | g 0.51 3.2 |36 12.0 5.8

*Coal to bhoiler
**peyxcentage of uwncontrolled base plant costs
***As percentage of coal fed to boiler

TABLE 5.

CONTROL OPTIONS FOR SMALL VOLUME LURGT WASTE GASES

Féea Lock
Vent Gases

Transient
Waste Gases

, ~ Catalyst
Decommissioning Offgases

~, Option I

'éption 1T

Recompression/

racycle or use -
. as fuel for

high pressure
gases, incin-

| eration of low-
prassura

rasiduals

Discharge of
. rasiduals via

16w enexrgy
scrubber

Incineration
with SOj and
particulate
control

Incineration,.
short term dis-
'} ¢harge of high
oxygen content
waste gases

Incineration with SO5

and particulate
-control-

Incineration

630




, - " pmumoisup) Jumld uojonjonbyy soeapuy peseq-iin dof suopdg jonwey  *v eanbta 0
o . . A wagym apanisolgh 00 . . -
mnann e } L RELE Tk o coL o .
NSV 0L . : . . : _
; : NOtL NOLL NOILVGIXD ’ .
.  YHLNIINGD YU LNIINDD 4 - S
HaNaND - . MELTIT CENUNERTECT A LT e
NSV 01 zsg_@.mz_uz._;n ——— .
. L S o zo.Ecuz_uz.
w<e"_"_o 141Uy : SRS I 1Y : S L
. : Eoﬂéo&i ~HSV HLW "IVS0dSig-00 s : ST e -
mmﬁem:.z . 4 , Al'NOLLIO TOMINOD | - S o ST
- oo } N apamsoig . , . ‘ . .
sanod Lo - - . o - L = YILYMILSVI W TIEOW
NOILVYOdVAT fVT S T — . . :
| . : : ‘ , -HILYMALSYM 1-d
ﬁ —. o || s e o
| . , 0. swoLiog : S .
| SUNDY ‘ : vaLNaons - _ o S
| nowvugvas € . . —_._ma«m_uz_dmaw TILS UOV | e._ouwui . v
I o . - . Allﬁ%zm_azoo ™
. INSWANNOdNI 30VAENS | WY oiteauss faf nouovesxa HoIU Nok. ©
: 441HG/NOLLVHOVAS Y « itt. NOILJO TQHINOD . T4 Wvas JUEFSTI ,
YILYM . Jsanisolg SN B . . y ; svo §<=
R am¢m>8uz NMogmote .
Qm.—.<—.._._.2u020° . HamoL . AN3INT1443
. / - .. DNIT009 ol .
; NOIL _ ) .
NOILI3rN NOUVAIXe L
Tamdaan [ zczémz_uz. T <Eaum"§mm . vaigotom [V T . ) AUIAGITU
. A M - .\ =2AV ﬂ:a
$35VD B I -idwa NOILAICHE TI3M d238 . .
antd : SvDi40: \zo_»<¢c._<>m i NoLdo ._oz.-zou o X
FOUVHISIO §— . 4 . $A5VO DNIJILY
1N3gHos $39aN154 . . = S
1N3ds. 4 S o .. _l..v mann.,_a.oa. :
. 1. wowvaixo — = :
o SI10 €] NOLLIHOSTY __Inouvuaiazue IVl 1™ spuvnosia aovaung
SOUVHISIO €—1 " onova _All, wamang [ 4 v ¥ NOFLdO TOULNOD _—
SV9-4d0 A - . o S
NOILYHANADIY . o T ,

NOgUVYI anLLOY ¢




Table 6 summarizes the estimated costs and energy requirements for the

water poliution control technologies depicted in Figure 4. Although tzreat-
ment éqsts are highly coal-, gasifier-, and synthesis-case specific, these
estimates indicate the relative contribution of various wumit processes to
overall costs.  The basic treatment staps, _éhenol ren'm‘ral, ammonia removal,
and biological oxidation, constitute 40 to 80% of total treatment costs (or
about 3.1% of the base plant annualizedlcosts) Carbon absorption/chemical -
precipitation is seen as a less expensive route than forced evaporation or
surfacé impoundment for Ffurther treatment. The data also indicate that the
basic treatment processes aiso~contzibute a large fraction of the total ene:cgy‘
reguirement foxr watez: ;_pollution control, with further treatment contributing
heavily only with incineration. The use of the cooling tower as a “precon-
centration" step has been assumed in the estimaies in Table 6; hence treat-
.ment of wastewaters by forced eiva;goratiozi, incineraticn, or surface impound-

ment without prior volume reduction could dramat:.cally increase the costs of
water pollution ‘contzol.

Solld/Hazardous Wastes . ' ' ' .

Opt:.ons foxr the d:.sposal of solid wastes generated by the subject faci~
l:Lt:Les are determined both by the character:.stlcs of the waste and by the
local environment providing candidate disposal s:f.tes. The general ope:cat:.on
perzomance standards for var:.ous hazardous waste disposal methods ars cur-
rently be:Lng drafted by EPA's Office of Solid Waste.. These standards, based
on "best engineering judg}nez'at, " are expected to largely define the practices
for and site-specific factcrs to-be cons:.dere& in the treatment/disposal of
hazardous {&nd in many cases nonhazardous) wastes. Thus, for purposes of
PCGD development, the focus has been on providing a data base fér the classi-

fication of indirect 1iquefaction wastes based on their' éhéractei‘istics-.

‘Perhaps the most 1mportant waste from the standpoz.nt of volume in the
subject facilitiesg is gasifier ash. Several papers presented at this sym-
posium have provided data on the 1each1ng characterlstlcs of ash from a
variety of gasz.flers and coal types. Generally, these data suggest that
gasifier ash is not ei@ected to be haza.rdous based upon the RCRA Extractlon

Procedure® test. Thus, th:Ls materz.al will likely be handled in a manner

*Refers to the E;:traction Procedure defined in 40 CFR 261. . .
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- TABLE 6. TYPICAL COSTS AND ENERGY mDUIREM.ENTS OF WATER POII.UTION CONTROL

TECHNOLOGIES
Cost* . . Energy#®¥-
Capital Annual vRequiremepts
. Phenosolvan "l.2 1.4 1.3
'NH3 Stripping 0.9 0.6 2.9
Biological ozidation - l.e: 1.1 0.1
Chemical precipitation 0.5, .4 0.04 -
carbon adsorption 0.3. 0.2 - 0.01
‘Forced evaporation. 1.3 1.1 . 0:2
. Incineration . 0.3 0.3 s c.e
Deep well injection 0.2 - .
' Evaporation ponds 7.1 4.3 -

' *As percentage of uncontrolled base plant costs
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similar to boiler botto:'n ash and FGD sludges in the electric utility industry.

Limited data indicate that when such4 wastes are to be disposed of in surface
mines that placement should be in "V—notch" areas of the spall pile rathex
than in the pit bottom to minimize leach:.ng.

Two importanf wastes ‘are potentially generated by wastewzter treatment
(W@T) brines from evaporators or incinerator scrubbers and sludges from bio-
logical treatment. In the case of the former, codisposal with gasifier or
boiler ash is commonly propv‘ased (codisposal with some type of sélid 'material
wauld be .required in any case since RCRA guidelines prohibit the disposal of
f__v:ee flowing liquids in landfills). Codisposal of WWT brines with ash is

.believed to render the ash hazardous if the ozganics are not previously des~

troyed by incineration oxr wet oxidation. - However, if the oxganics in the

' brine are destroved prior to codispoéal, available data indicate that the

ash/brine mixture would be classified as nonhazardous according to the RCRa
Extraction Procedurs test. Thus, a tradeoff may exist between WWT costs for
organics ‘destruction and solid (hazardous) waste disposal costs for hazard-

ous vs. non~hazardous disposal. WWT brines —ma'.y also be disposed of in sur-

-face impoundments or by undergiozmd injection consistent with RCRA reguire—

ments. In the latexr case, c;rganics in the waste may have to be destroyed
Prior to injection to prevent plugging of the accepting fomation,

Eiésludges from WWT wd:_.ld likely be considered a hazardous waste under
RCRA.. Options for disposal include landfarming, incineration.with air pollu-
tion contzrol, léndfill oz mine diéposal, and suxface imi:oundmen{:. Dewatezrsd
sludges may be beneficially utilized by landfarming in éonjm‘:.cticn with
revegetation of surface mine spoil overburden. . .

' ‘Several types of spent catalyst wastes ére generated in indirect lique-

. faction fac:.l:.t:.es, including those from shift synthesis (methanol, F-T,

Mob:.l) ’ methanat:.on, and aixr pollut:.on control (Claus, Beavon) . Wastes such
as spent shift catalyst are expected to be hazardousddue +o their inherant

metal content as well as other toxic elements derived from coal. Wastes

y such as Mobil-M (a zeolite material) and Claus (Bé.ﬁxite) spent catalysts axe
_ not believed toc be haza:_:dous, but data are 1_atcking on RCRA leach character- .

istics or other toxicity information. Many of the catalyst materials can be
economically recycied for their metal values, part:.cularly when the costs of

dlsposal as hazardous waste are set as the po:.nt of reference.
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Table 7 summarlzes the total estimated costs and energy 1mpact of pollu~'

tion control for the optlons presented. The data indicate that alr pollutlon‘
control can add up to 142 of base plant annuallzed costs, water pollutlon
.control w to about 9%, and solid/hazardous waste dlsposal up to 3 3%, or up
-to 26% for comtrols in all medla.

. Enexgy requzzements for pollutlon control range fram 4,4 to almost 1is
of plant 1uput energy, w1th watexr pollutlon control contrzbutlng over 60% of
the requlrement. The differences in energy reguirements between the control.
' options arxe not especlally large. ’ '
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TABLE 7. SUMMARY OF TOTAL COSTS AND ENERGY IMPACTS FOR POLLUTION CONTROL IN

AN INTEGRATED FACILITY

Pollution Control

% of Total Annualized Costs

% of Plant Energy Regmts.

Technology Opcion T Option IL Option I Option IT
2ir 9.1 -14.1 5.8~ 11,7 | 1.6 - 2.8 1.4 -~ 2.5
Water 3.7 - 8.5 3.1 -7.5 | 3.0 - 8.0 3.0 - 7.9
Solid Waste 2.6 - 3.3 1.8 = 2.3 0.06 -~ 0.08 0.04 - 0.06
Total Pexcent 15.4 - 25.9

of Base Plant’

10.7 - 21.5

4.7 - 10.9 4.4 - 10.5

636



iNITIAL EFFORT ON A POLLUTION CONTROL
GUIDANCE DOCUMENT; DIRECT LIQUEFACTION -

'J. E. COTTER, C. C. SHIM, B. ST. JOHN
. TRW, INC, -~ . .
REDONDG BEACH. CA 90278

.(ABSTRACT)

Development of the pollution control guidance document (PCGD) for direct
coal Tiquetaction is preceding in parallel with the permitting and construction
of the first demonstration-size Tiquefaction plant, the SRC-IT wunit in Ft.
Martin W.V. In addition to the SRC-II process, the PCGD will provide guidance
goﬁ‘thé’other’majd? liquefaction.teclinologies:s SRCHI, H-Coal, and Exxon Donor

olvent. :

The control technology guidance will be related to baseline designs
prepared for each of the four liquefaction processes, sized at 100,000 bbls/day
production. The baseline designs are composed of material balance flowsheets and
. uncontrolled waste stream calcuations, using plant configurations which are
most Tikely to occur in future commercial size plants.. Variations of the
baseTine designs will be considered if they affect control decisions. A :
range of feed coals have been selected for the baseline cases, with at .least
. one common coal type that could be used by all four processes, . The present
 effort is focused on identification of the pollutants of concern using pilot-
plant test data from coal Tiquefaction developers, DOE, and EPA sponsored
testing.programs. These data will be evaluated with a variety’ of engineering
analysis methodologies, so that the subsequent examination of control aptions
can be carried out. : : ' Co :

The fange_of control options--air, water, solid waste--will be selected
from those methods that have a known track record in related industrial
applications, such as petroleum refining, coke ovens, and. mining. -

The control technologies will be charaterized parametrically according to

. the inlet stream compositions and quantities, and their percentage release of
specific pollutants. Finally, the cost of control will be developed according .
. to the same parameters, with a range of costs obtained depending on the com-

- plexity and efficiency of control. ‘ . RN
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INITIAL EFFORT ON A POLLUTION CONTROL
GUIDANCE DOCUMENT; DIRECT LIQUEFACTION

. DIRECT COAL LIQUEFACTION PROCESSES

The Direct Liquefaction PCGD will be based on those Tiquefaction processes
that are the closest to commercialization. The SRC-I, SRC-II, H-Coal and
Exxon Donor Solvent (EDS) processes are all at an advanced stage of pilot-
plant development, and the SRC-I and SRC-II processes will be expanded to
demonstration size units in the next few years. Although other "second
generation” direct Tiquefaction processes are in bench-scale development, they
will not be ready for commercialization unti1 the early 1900's. The current
status of the advanced development processes are:

¢ The SRC-I process is being tested in a 50 tons/day piiot plant
at Fort Lewis, Washington, and in a 6 tons/day process develop-
ment unit at Wilsonville, Alabama. Preliminary designs for a
demonstration plant, to be Tocated near Newman, Kentucky, were
completed on July 1979. The demonstration plant is designed to
praduce the equivalent of 20,000 barrels of oil per day, and is
scheduled to be completed by 1984. Current plans call for en-
largement of the facility to produce the equivalent of 100,000
barrels of oil per day in 1990. '

e The SRC-II process is also being tested in the pilot plant at
Fort Lewis, Washington. Preliminary designs for a SRC-1I
demonstration plant, to be Tocated at Fort Martin, West
Virginia, were completed in July 1979. The demonstration plant
is designed to process 6,000 tons of coal per day to produce
the equivalent of 20,000 barrels of oil per day. Completion of
the plant is scheduled for 1984. :

¢ The EDS pilot plant at Baytown, Texas, started up on June 24,
1980. This plant has a capacity of 250 tons per day of coal
Teed to produce approximately 600 barrels per day of synthetic
Tiquid fuel. A 70 tons per day Flexicoking unit at the same
site is planned to be completed in the second quarter of 1982.
The design of a demonstration plant could begin as early as

the fourth quarter of 1982, Teading to a start-up date of about
1988.

e The H-Coal pilot plant at Catlettsburg, Kentucky, has been
operational since June 1980. This plant has a capacity of 600
tons per day of coal feed. Support work in a 3 tons per day
process development unit is also continuing. Groundbreaking
for-a commerical plant in Breckinridge, Kentucky, is planned

for 1983. The commercial plant is expected to start production
as early as 1987.
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SrC-I PROCESs(L)

- The SRC-I is a process for converting high-sulfur, high-ash coals to
a Tow-su1fur and substantially ash-free solid fuel. 1In-the SRC-I process
(Figure 1), feed coal is pulverized "and slurried in a process—deriVed
solvent. This sluryy is then pumped to reaction pressure (2000 ps1g),
mixed with hydrogen-rich recycle gas, and then heated to react1on temperature
in a fired-heater. Within the fired-heater, coal dissolution is accomplished
and hydrogenation reactions begin. . At the exit of the firéd-heutér; hot
hydrogen makeup gas from a hydrogen makeup area is added to ‘the s1urhy, and
the mixture is sent to the dissalver. '

The d1ssolver>eff1uent is flashed. The raw gas is sent to gas purifica-

“tion, and the g}urry containing unconverted coal and ash from the Tow-pressure

flash is sent to a vacuum column, where process solvent and Tighter compo~
nghts,dre removed from the SRClsTurry. _The SRC ash. sTurry is then sent to
solvent deashing unit, where it is separated into’SRC and.ash'toncentrates.
The ash concentrate, consisting of ash and unreacted coa],'and some

residual SRC, is gasified with steam and axygen.- The-syngas produced, after
shift conversion and acid gas removal, is-coﬁverted to hydrogen and sent to
the disso1ver‘unit as makeup. The major portion of the SRC conceﬁffate-is
solidified into the primary final product solvent refined coa1

SRC-II PROCESS(2)

The SRC-II process is designed to produce low-sulfur Tiquid fuel from
high-sulfur bituminous coals. -As shown in Figure 2, raw coaT(is pulverized,
mixed with a recycie slurry stream from the process, and then pumped together
with recycle and makeup hydrogen through a preheater to a dissolver operated
at high temperature and pressure. - The coal is first dissolved fn‘theﬁliquid
poftidn of the recycle slurry and then largely hydrocracked to T1iquids and

gases. Much of the sulfur, oxygen, and nitrogen in the or1g1na1 coal is-

hydrogenated to hydrogen su1f1de, water, and ammonia, respect1ve1y The
rates of these reactions are 1ncreased by the catalytic activity of the un-

" dissolved mineral residues. The recycle of a portion of the hrodubt sTurny
' contr1butes substantially to the process by 1ncreas1ng the concentrat1on of

'cataiyt1c mineral res1due in the reactor. .
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The dissolver effluent is separated into gas,.Tight hydrocarbon Tiquid
and slurry streams using conventional flashing and fractionation techniques.
A portion of the mineral residue slurry and hydrocarbon Tiquid from the
separation area is recycled to blend with the feed coal in the slurry prepar-
ation plant. The balance of the mineral residue slurry is vacuum flashed
to recover the fuel oil product. -

The dissolver area gas stream (consisting primarily of hydrogen, Tight
hydrocarbons, and hydrogen sulfide) is treated for liquid hydrocarbons and acid
gas removal, and the major portion of this gas is then recycied to the process.
Mekeup hydrogen for the process is produced by the gasification of mineral
residue sTurry to produce synthesis gas, followed by shift conversion.

Liquid products from the main process area are refined in the fraction-
ation section into naphtha, light fuel oiT, and heavy fuel oil. Various by-
product 1iquid and gas streams are treated further in the gas plant to produce
propane, butane, and pipeline gas. Secondary recdﬁeny plants are provided
to recover ammonia, tar acids and sulfur. .

EDS PRocEss (3)

The ExxonﬁDonor Solvent (EDS) is a noncatalytic process that Tiquefies
coal by the use of a hydrogen donor solvent obtained from coal-derived
distillate. The donor solvent transfers hydrogen to the coal, thus promoting
the Tiquefaction of coal.

In the EDS pirocess (Figure 3), ground coal is slurried with the recycle
donor solvent. The slurry is heated by a fired-heater, and preheated hydrogen
is added. The Tiquefaction reaction is carried out in a tubular reactor at
800-900° F and 2000 psig. Products from the Tiquefaction reactor are sent to
several stages of separation units for recovery of gas, naphtha,. middle dis-
tillate, and bottoms comprised primarily of unreacted coal and mineral matter.
* Solid and Tiquid products are separated by distillation.
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The heavy vacuum bottoms from distillation are fed to a FLEXICOKING
unit with air and steam to produce additional distillate 1iquid products and
a low Btu fuel gas for process furnaces. In the FLEXICOKING unit, essen-
tially all organic material in the vacuum bottoms is recovered as Tiquid
product or combustible gases.

Hydrogen for in-plant use is produced by steam reforming of Tight hy-
drocarbon gases. An alternative method for hydrogen production is part1a1
oxidation of the heavy vacuum bottoms or of coal.

H-COAL PRocESs(%)

The H-Coal process is a catalytic hydro1iquéfactioh process that converts
high-sulfur coal to either a Tow-sulfur boiler fuel or to a refinery syncrude.
In this process (Figure 4), coal is dried and crushed, then slurried with
recycled oil and pumped to a pressure of 2000 atm. Compressed hydrogen is
added to the slurry, and the mixture is preheated and charged continuously to
the bottom of the ebullated-bed catalytic reactor. Upward passage of the inter-
nally recycled reaction mixture maintains the catalyst in a fluidized state B .
(catalyst éctivity is maintained by the semicontinuous -addition of fresh catalyst
and the withdrawal of spent catalyst). Typical mixiﬁg temperature entering the
reactor is 600° to 700 F.

The vapor product leaving the top of the reactor is cooled to.condense
the heavier components as a liquid. Light hydrocarbons, ammonia and hydrogen
sulfide, are absorbed and separated from the remaining gas, Teaving a hydrogen-
rich gas which is recompressed and recycied to be combined with the input siurry.
The Tiquid-solid product, containing unconverted coal, ash, and oil, is fed 1into
a flash separator. The bottoms product containing solids and heavy oil is
further separated with a hydroclone, a steam str1pper, and a vacuum still.

The gas and Tiquid products (hydrecarbon gas, hydrcggp_sﬂgﬁde, amo-

nia, Tight and heavy distillates, and residual fue]) may be further ref1ned
while heavy distillate is recycled as the slurry medium.
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APPROACH TO PROCESS CHARACTERIZATION

A methodoTogy has been established that uses a baseline design for each
process, sized at 100,000 bbls/day net equivalent of product 1iquids, fuel
gaseé,'and coal-replacement solid products. The design and pilot-plant ex-
perience of the several Tiquefaction processes has been Timited to certain
types of feed coals, so that the guidance document will have to recognize that
expected variations in proposed Tiquefaction plant feed coals will be limited
to an experience range. This will be particularly critical for the non-
catalytic SRC-I and SRC-II processes, which depend on the catalytic properties
of constituents found in bituminous coals for adequate yields. At least two
feed coals will be used in the PCGD analysis for each given Tiquefaction
praocess, with I11inois No. 6 grade being common to all processes. Initial
baseline design concepts are being prepared arid submitted for comment to
the developers of the four liquefaction processes. In most cases, commercial
design concepts of these process developers are somewhat of a moving target, .
and it is generally recognized that the baseline design cases will not neces-
sarily represent a particular final design configuration. The process developers
will be asked to confirm that proposed baseline designs represent a feasible
plant configuration, and to estimate the impact that various design options may
have on the waste stream characteristics of a baseline case. The goal of this
" preparatary step is to provide a process description that EPA permit reviewers
can reasonably compare with submitted applications. S

The initial baseline designs, including material balances and Flowcharts
which identify the major and minor stream constituents at key points, are-
being prepared by incorporating pilot plant test results and engineering estimates
with commericai-plant design cases that have been released by each process
developer. A critical feature of these analyses wiil be the validation and
interpretation of pilot-plant test data. Determinations will be made as to
whether these data were obtained under steady-state conditions, using standard-
ized sampling and analysis techniques. The uncontrolled constituents in_
"each waste stream ( gaseous, Tiquid, or solid) have to be estimated in these
baseline design cases in order to realistically evaluate control technology .
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requirements. A substantially inaccurate estimate could Ieed to either inade-
quate control technoTogy specifications or unnecessary po11ut1on control invest-
ment requirements. '

The .major gaseous. em1ss1on ‘streams requ1r1ng contro] 1nc1ude the f011ow7ng

Fugitive dust emissions from coal storage :

Fug1t1ve'dust emissions from coal and siag handiing . _
Fugitive hydrocarbon emissions from valvee ‘flanges, and seals :
Fugitive hydrocarbon emissions from product and byproduct storage

0Fff gas from coal -dryer

Acid.gases containing HzS, o2, COS CSz, and mercaptahshand NH3

- from sour water stripping units

Flue gas from process heaters

Flue gas from steam plant

Flue gas-from power plant

Evaporation and drifts from cooling towers

- An essent1a1 element of these uncontro]led stream charater1zat1ons is the

. fug1t1ve vapor emission category. A very limited amount of ambient organic
vapor semp]1ng has been conducted at the SRC-IT pilot plant at Ft. Lewis.

Although this sampling and analysis effaort cannot be directly extrapolated to
full-scale plants because of operations which are unique to the pilot '

plant,

the measurements offer some insight into the ab111ty of heavy organics

(e.g., POM) to d1sperse into the surround1ng atmosphere as a result of small

_ V&pOY‘ em1 ssions.

The maJor wastewater streams requiring control 1nc1ude the fol]ow1ng

Sour process wastewater from vapor washes, condensers, ‘

fractionator overhead drums, sulfur recovery plant, and

coal slurry mixing operat1on'
Cooling tower blowdown

'Boi1er b]owdown

Coal pile runoff
011y water runoff from processing areas
MisceTlaneous small wastewater streams

"Untreefed'wastewater characterizations will be'derived'ffdm measuréments
conducted by process developers, EPA, and DOE sampling and ana1y51s efforts.
Some Judgements w111 have to be made concern1ng the effects of coa] feed
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characteristics and process operating configurations on these measurement
values. Most of these measurements have focused on process wastewater (or
"sour water", following refinery terminology). Other anticipated sources of
wastewater include coal pile and area runoff, cooling tower blowdown. and
discharge from dust collection and conveying use. These other catagories are

analagous to related discharges from coal handling and other industrial
operations.

Solid waste discharges will include gasifier sTag (from hydrogen syn-
thesis), spent catalysts, wastewater and raw water treatment sludges, and
possibly non-salable byproduct residues. Some limited amount of leaching
tests have been done to characterize gasifier slags and some residue material,
but more work will have to be done before a determination can be made as
to the possible characterization of these wastes as non-hazardous or hazardous.

CONTROL TECHNOLOGY EVALUATION

EPA permit reviewers will be faced with a range of possible control
technologies connected with direct l1iquefaction process designs. To help
the permit reviewers in their examination of submitted plans,. a number of
best-available-control-technology (BACT) options will be evaluated for each
potential waste stream for each of the four major 1iquefaction processes.

In addition, two Tevels of control effectiveness will be included. The
evaluation of each control technology will include the efficiency of pollu-
tant removal from a stream, multipollutant removal capability, installed and
operating cost, reliability, turndown ratio, sensitivity to process stream

conditions, energy consumption, and any other operating history information
such as maintenance requirements.

A primary air poliution control concern in Tiquefaction processes is
the treatment of acid gases generated in the Tiquefaction reactor, from sour
water stripping, and in gasification of residiuum streams to make hydrogen.
A typical process design method for removing COs and HpS constituents from
these streams is some form of absorption, such as DEA, Selexcl, or Benfield
processes. The H2S-rich gas stream stripped from the absorbing Tiquid
constitutes.the acid gas stream requiring further control. Representative
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acid gas stream compositions are shown in Table 1. These stkéams can be
subjected to two stages of sulfur removal. Concentrated (20 70%) HpS streams
will be handled by a process techno]ogy that does buik su]fur remova] The
Claus sulfur recovery process is the most Tikely cand1date fbr th1s jaob,

_ based on a 1ong history of refinery and gas processing exper1ence, but
investigations are underway to evaluate Stretford process app11cab111ty with
h1gh H2S concentrations. Residual sulfur removal options are numerous; some
technologies accept Claus tail-gas directly and hydrolize SQO2 to'HQS others
require oxidation of H2S in the stream to SOp. The PCGD evaluation will
evaluate many combinations of control technology types to. establ1sh BACT
performance and cost ranges.

An example of a number of combinations is shown in Table 2 using two
.bﬂ]k-squur removal options, three residual sulfur removal options, and a
final incineration step option (for potent1a1 trace organ1c removaT and
oxidation of trace sulfur to SOz).
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standardized ‘guidetines prepared by IERL/RTP

_require disposal planning if the recovered sulfur is not;salable, Wastewater .
* treatment guidance is expected to emphasize the stripping of ‘ammonia and

CTABLE 2
. Bulk-S Rémoval Residual-S Remdvaiy o j Incineration -
. ' o - SCOT/ ‘WeTllman-
Claus Stretford  Beavon SUPERSCOT  * .Lord
1 J ® L
2“ ) ® ]
3 [ 2 )
4 ° . °
-5 0 ) °
6 ] .

An additional combination will be examined for streams containing”very 1ow
HoS ( or COS. CS2 etc.) concentrations, since these may be d1rect?y incinerated.

Both cap1ta1 and operat1ng costs will be determined according to the

(3) " the impacts on other media

for any of the po]]ut1on control technologies will also be quant1f1ed the acid gas
gas treatment systems above ‘will praduce spent catalysts as well as minor

Tiquid purge streams. A substantial .non-hazardous solid waste quantity will

H2S from sour water streams, and the absorption of phehoisg'-The sequence
of these byproduct recovery steps may be significant to recovery efficiency.

‘ Subsequeﬁtntreatment steps will be selected to minimize the release of
trace organics and heayy metals to the environment. - Investigations of "zero
d1$charge" evaporat1ve methods are currently being compared with more con-
vent10na1 biological treatment technologies.” A high degree of water reuse

-will be emphasized no matter what treatment method is used. .-
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The impact on solid waste handling and management requirements may be
substantial, depending on the control options recommended for wastewater
treatment and air pollution control technology. The cost and stringency

of solid waste management practites will be greatest for wastes Hesignated
as hazardous under RCRA definitions.
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