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OPTIMIZATION OF COAL GASIFICATION PROCESSES
. PROGRESS REPORT NO. 47
JANUARY 31, 1971
to

Office of Coal Research
Contract Neo. 14-01-0001-497

Gasification Phase

Calculations of carbonr utilizetion without recycle in the gasification

system arc under study.

The computer programs simulating.the following three cases have been

ccmpletedv.
(i) gesification — 5 shift conversion — 3 purification
———> methanation ——— pipeline gas

(2) gasification w3 shift conversion —————3 purificaticn
_— hydrogasification ——y pipeline gas

(3) gasification ___¢ " shift conversion — 3 purification
methanation —_— pipeline gas

< hydrogasification ——3 pipeline gas

The program is to evaluate the effect of variations of parameters on

methane production.

Accounting Procedure

Procedure for computation of gas price is reviewed.

Overall Plant Optimization Phase

Carbor utilization for coal gasification processes has been studied.



-2 -

The number of moles of carbon required to produce one mole of methane
was tentatively set as the objective function to be optimized. Before
the optimization can be done, computer simuiations of gasification
processes ic terms of material an& energy balances of each stage, have
been prepared. The possible optimization technique to be used for this

study is so called, "Multilevel Optizizarion Techmique.'

/
(L e
EE*?;/yén, Project Director
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FilWRUARY 25, 1971

o

GLfice of Geont Rosau
Coutraclt Xo. IL—OI-OO“’—"'?
Cowputer simulations for a hydrogasification system has beon made.
Thne following assumptlions were nade for the simulation.

1. Char used for the sccoandaxy gasification is supplicd by the

range of CO/ atioc (1/4, 178 acd 1/10).

3. Water gas—s‘nift equilibrium and hydrogeun—methane—carbon pseudo-
equilitrium (rith an zpprosch fzctor of 2) were assumed in the
primary gasification.

4. The heating valve of pipeline gas is about 900 BTU/S.C.F.

Based on above assucptions, material balarce 2nd enmergy balance, eq: 11librium

relztions as well as heatinz value coanstrairt were used for setti - up

the system equations. Elght egquaticns for eight variables have been obtaized.

1
A mwodified Newron-Raphson method subroutine from the compulter cents:r

librory has been used teo solve these simeltenecus equations.

¥rom the attached figures, it can be seen !Iat if no excess char is
aliowed to be produced from the gasification system, the optimum carbon
utilizocion defincd as h-mole of carbon used/lb-mole of methane produced
is at the rappe of D.25 — 0.3 carbon conversion in the primary gasifier.

A yeport, "Stndy of Carbon Brilizatios in Coal Gasificatlon Processes,

"

iz beins prepared which will beceone available in o short riwe
v !
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OPTIMIZATION OF COAL GASD:-‘ICAIIO& PROCESSES
PROGRESS REPORT NO. 49
MARCH 31, 1971
. to
Office of .Coal Research
Contract No. 14-01-0001-497

Effects of temperature on a selected ‘gasificat‘ion system, ‘consisting
of primary gasi’.f_ication, secondary gasification,.. sr;ift"coixversion';
| purification and methanation, have been studied. Based on severai
: différent temperatures and 2 set of constanf inlet conditions, the hydro-
_gasi.fier was simulated in a c:omputér. Typicai results are shown in the
attache& figures. Tons of coal used for each @: and fo::_.the entire |
system per MSCF of pipelfne gas are plotted versus carbon comversicn
in the hydrogasifier. The balance operatingz line representing the
condition of no excess or addiriomal char needed for th’é‘en;‘ti.re gasifi-
cation system is also showz in Figs. 1 and 2. | 4

A simflar system, but vithout hydrogasifier, has also been studfed.
This system is arranged in such a way that the gas leaving the gasifier
is shifted to achieve a H,-CO ratio approximately equal to 3. This gas
is subsequently methapated a’ter purification to remove co, and HjS.
Fig. 3 presents the thermodynamic e.fficienéy of the systex in terms of
mumber of tons of coal required to feed pei thousand standard cubic feet
of pipeline gas produced.

Apparently, more oxygen is required if the reaction is to be main-
tained at a higher temperature. It is also evident from the figure that
for the same amount of the pipeline gas produced, the amount of coal

tequired Increases with an increase in temperature.

c. Y. en7 o:]’ ¢t Director
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Total coal used for entire gasification system.
Coal used for secondary gasification.

Coal used for primary gasification

Coal used for steam generation.

Coal used for oxygen production.

—~ Inlet Gas
"‘Composition
co 10.62
- CHy - 0. %
— -Hy0 2.9%
B 85.1% Adiabatic Condition
- JTemp. of Primary Gasifier =
1500°F ‘
Coal Analysis a
= c ©71.20% g
B ' 5.4z @
02 ’ 6.03% - a
Ash, ete. 17.63%
Moisture 1.31z 3
i i 1 1 3
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Carbon Conversion in Primary Gasifier

Fig. 1. Efficiency of Coal Gasification System, Case I
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Coal used for secondary gasification.
Coal used for primary gasification.
Coal used for steam generation.
Coal used for oxygen production.
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co, 1.2z
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H20 3.0% Adiabatic Condition
H, 85.22 Temp. of Primary Gasifier = 1700°F

Coal Analysis
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. Carbon Conversion in Primary Gasifier
Fig. 2. Efficiency of Coal Gasification System, Case II
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Fig. 3. Efficiency of Coal Gasification System
and Oxygen Requirement,” case IIL

Oxygen Reqiired/Coal Feed in Gapifier, MSCF/Ton




OPTIMIZATION OF COAL GASIFICATION PROCESSES
PROGRESS REPORT NO. 50 -
APRIL 30, 1971
to
Office of Cozl Research
Contract No. 14-01-0001-497
A gasification process closely related to the B. C. R.
Two-Stage Supe’r-Pressdre Gasification Process has been studied.
"The system was simulated in a computer. Assumptions made for
the simulation are:
1. The temparature-of the’ 1st stage is 2300°F and that
of the 2nd stage is 1700°F..‘ |
2. Carbon is completely converted in the lst stage.
3. -No free oxygen :Ls prese.ﬁt in the lst stage
effluent gas. ’
4. .Il;e _water-gas 'shift equilibrium is assumed in the
1st s:;ge:_
3. Both water-gas shift and carboo-~nydrogen-methane
‘equilibrium are assumed in the 2nd stage.
Parameters studied in the simulation are the amount of
_stean introduce& in the lst stage and the carbon conversion in
the 2nd stage. Results are stown in the attached figure.
For a comstant carbo;:t conversion in the 2nd stage, an
increase in the amount of steam istroduced into the 1st stage
increases the amount of coal required per unit amount of pipe-

line gas production. For a constant steam rate a higher carbon



conversion in the 2nd stage decreases the amount of coal required
per unit amount of pipeline gas production.

From the results of the above simmiation, it was found
that most of the steam introduced into the 2nd stage was used for
cooling, i.e., the qegree of steam decomposition in the 2nd stage .
is not high. In order to 'study the effect of the amount of steam
introduced iato the _an stage on the pipeline gas produetion, a
heat exchanger wnit is inserted between the st stage and 2nd
stage gasifier. By passing the hot lst stage effluent gas
throngh the heat exchanger, the temperature of the 2nd stage
:l:flet gas can be controlled to any point as ope desires. The
temperatures used for.the couputer simulatiorn are 2300°, 2100°
and 1900°F. A typical result is shown in Table I. The result
shows that the steam used in the 2nd stage decreases with a
decrease in the temperature of tl;e 2rd stage inlet gas. As a
cousequence of this reduction in steam consumption, a higher
pipeline gas production per umit amount of coal is obtained.

C.Y. me

C. Y. Wen, Project Director




rarbon Conversion

1 Ton of Coal

in 2nd Stage 0.3 0.35

Foal fed into

Casifier 1b, 100 100
[Bteam used in let '

Stage 1b-mole 6 6
*cmperature of 2nd '

Staga Inlet Oas °F 2300 2100 1900 2300 2100 1900
ﬁStcam used in 2nd

Stage lb-mole 7.10) 5,333 3,432 5,496 3,654 1,536
M. 8cF Pipeline Oas

16,572 | 17,156 | 17.829 [17.404 | 18.064 | 16,888

Table I. Effect of Temperature of 2nd Stage Inlet Gas on Pipeline Gan

Production,




Ton Coal/M. 8OF pipeline gas

- 0.07

0.06

0.05

0.04

0.03

10.02

0.01

0.00

1.
2.
3.
4.

—

Total coal used for entire .gasification system
Coal used for 1st & 2nd stage gasification
Coal used for steam generation

Coal used for oxygen production

2.
S

Parameter: lb-mole of steam introduced
into 1st stage per 100 1b
of coal charged into gasifiey

\\ 8
. 3
&
- \\\
4
0.3 0.4 0.5

Carbor conversion in 2ud stage gas:tfier-

Figure 1. Efficiency of Coal Gasification
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OPTIMIZATION OF COAL CONVERSION  PROCESSES
PROGKRESS REPORT NO. 51
NOVEMRER, 1971
to
0ffice of Coal Research
Contract No. 14-01-0001-497

The gasification process propcsed by the Bureau of Mines, "Hydrane
Process” was studied. Based on the available experimental data on Eydro-
gosifiers and Devolatizers, the material and heat balances on shilt con\»érsion,
purification gasification and methanation were calculated. The integrated
gasification process has been developed and the price of pipeline gas was
escimated. -

New optimization techmiques for the complex system have been studied. The
optimization method used in t‘be. prev':'.ous work is nmot as efficient as it was
expected. The problem of tying up the sub-system cptimizations together and
obtaining an overall optimization is not an casyv task. The multilevel
optimization techniques discussed iz an earlier report is ome of the attractive
methods to be used for this type of problem. However, when the mumber of .
variables in the systems are interacting, the multilevel method becoxmes too
coaplicated and the efiiciency decreases. The nmew approach is based on 2
, .
simplificd ceal conversion plant such that all parts of the plant can be
considered simultarevusly. Using some sort of efficiency factor as an objective
function the plant will be optimized. It is hoped that some relation cor be
established between this efficiency factor and the gas price. The new
optimization techniques under study are: the Carroll~Fiacco penalty function,

the created response surface, the Paviana, and the compiex methods.




The production of fuel gas in thc atmospheric pressure gas producer is

compared with tli: production of high pressure pipc¢line gas from various coal
gasification processes studied.

Instezd of oxygen which is used for pipeline gas production, air frozm a
blower is introduced into a gas producer where coal and steam are added to
produce the raw gases. To obrain a cold clezp gas from a hot raw gas, the
raw gas may be passed through the gas cleaning system to remove impurities
fron the raw gas. The economic evaluation of fuel gas productioﬁ processes will

be made based on criteria developed for the coal gasification processes.

(:"17/ /I":'.
A - -~
- -/Il‘ - t,’lp’/"‘-"

c. }/// Uen, Project Director

174
-




OPTIMIZATION OF COAL CONVERSION PROCESSES
PROGRESS REPORT X0. 52
DECEMBER, 1971
to

Office of Coal Research
Contract No. 14-01-001-497

A study is being made of the coal gasification system developed by the
TU. S. Bureau of Mines known as the "Synthane Px:ocess." This process scheze
is similar to the "Alternate I" System described in our Fizal Report, Contract
No. 1%4-01-001-£37, September 15, 1971, except that the pretreatment and gasi-
fication sections, considered as separate units in "Alternate I, is cexbirced
into onc step in the "Synthane Process™. The material and heat balzances have
been completed for this process, using bituminous coal as the feed, and the
optimization of this system and its comparative gvaluatioa to cther gasificztion
processes are now being undertaken.

The previous competer programs for the high pressure coal gasification
Processes usiang oxyzen to produce pipline gas have Been reviewed with the
intention of modifving the programs to use azbrient 2ir at atmospheric prassurs.
The modified compurer programs are now baing written cnd dedugged.

As discussed In Progress Report 51, the mathematical optimizztion technigue

used up to the present has been quite satisfactory in optimizing the individual
upits, bvt its efficiency in coordinaring the sub-system cptinizations to
produce zn oversll optimized process is less thzn satisfacterv. 3 pew cptizmi-
zation technique called che "Cozplex Methoc", proven by other iavestigarors teo
coordinarte sub-systcms mere eff{iciently. is being tested for its usefulness in
the study of the proposed coal zesification operatioss. The U. S. Bureau of
Mines' "iivdrune Process” has becn chosen as the first process o de tested dy

this now oprimizatioa method. The “Hydrane Freaess" Los been mathematically




simulated and is now being optimized, using the process overall thermal efficiency

as the objective function to be optimized. At this time the precise optinmum
independent parameters for the overall process have not been pinpoiated; however,
enough cvidence have been gathered to prove that the "Complex Method of
Optimizarion" can be used effecrively in evaluaring coal utilization processes
of the type we are studying. Preparation of a supp]ementa{ report to our interin
report on "Optimization of Coal Gasification Processes” is being contemplated.
The next phase of this project involves applying the previously developed
optimization techniques to evaluate the coal liquidification processes. Soxe
of the processes to be studied are; H-Coal Process (Hvdrocarbon Research, Igc.),
COED Process (F. M. C. Corporztion), and the Sclvent-Refined Coal Process
(Pittsburgh & Midway Coal Xining Company). The next porth will de devoted to
the collection of process data from the respective companies and from published

literature, and to tane mathematical simulation of the varions process sub—systens.
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K
C. Yf:wen, Project Director
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