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I. project Objective 

The overall ohjective of this project is a process for production of pipe- 

line gas from coal that is economically attractive for supplementing natural 

• gas supplies. The present objective is the design, construction, and opera- 

tion of a large integrated pilot plant to obtain scale-up data and operating 

experience. Deve]~,pmental research, engineering stt, dies, and economic 

¢,valuations are in p':ogress to help attain this objective. 

IL Achievements 

HIGH-FRESSURE METHANATIO~N 

Results ]rom a se~ ies of runs at low flow rates and low pressures checked 

well with results at high pressures. These tests are aimed at extending the 

range of rner.hanation rate correlation. 

ENGINEERING ECONOMICS S T U D I E S  

A computer program was developed to estimate the cost of vessels as a 

function" of vessel dimensions and configurations. We began a study of the 

effect of using a i r  cooling to reduce the requirements for cooling water in 

pipeline-ga s plants. 

DEVELOPMENT UNIT STUDIES 

Results from a free-fall thermal treatment at 1300"F of lignite showed 

14~ carbon gasificat~,on using nitrogen as a sweep gas. The degree of gasl- 

ficadon at 280 psi is com~,arable to that from another run at 1000 psi, indi- 

• caring devola_tilization is the only reaction occurring. 
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Hydrog .~s i f i ca t ion  of lignitt~ at  500 psi  with  h y d r o g e n  and s team showed  

41% c a r b o n  gas i f i ca t ion ,  i nd i ca t ing  no s ign i f i can t  l o s s  of r e a c t i v i t y  f r c m  the 

l O 0 0 - p s i  o p e r a t i o n .  

A s e r i e s  of p r e t r c a t m e n t  runs  th is  mon th  p r o d u c e d  cha r  for  h y d r o g a s i f i -  

c a t i o n  and a l so  da ta  to de f ine  d e t a i l s  of p r e t r e a t e r  o p e r a t i o n  in tim HYGAS 

pilot plant. 

Four tests were made in the electrothermal gasificr at I000 psi with a 

concentric electrode arrangement. Allfour tests were stopped du~ to diffi- 

culties in equipment such as feeders and the pressure-relief valvu. These 

difficulties, although minor, all led to a loss of fluidization, which caused 

a r c i n g .  

W o r k  w a s  begun on e v a l u a t i n g  the  perforr,1,:lace of s p r a y  d e v i c e s  that  w o u l d  

b e  u s e d  in the HYGAS p i lo t  p lan t  for  d i s t r i bu t i ng  %he c o a l  feed s l u r r y  to the  

s l u r r y  d r y e r .  E q u i p m e n t  is  be ing  se t  up to s t udy  the d r y  le,"down of cha r  f r o m  

high  p r e s s u r e .  

NEW PROCESS STUDIES 

Design and cost estimates are being prepared for gas transfer ducts and 

current collection equiplnent. Electrical overload and protection systen~s 

a r e  be ing  de s igned .  

P I L O T  P L A N T  C O N S T R U C T I O N  

Engineering i s  90~, complete, purchasing is 83% complete, and material 
receipt is 35~ complete. The hydrogasifier reactor vessel %vas shipped 

from Struth ,~ . rs -Wel ls  C o r p .  on J a n u a r y  17 and should a r r i v e  un the s i te  the  

first week uf February. "['he package hydrogen plant is also complete and 

en route from C&I/Girdler. Construction is Z0go complete. Plant comple- 

tion date, barring labor shortage and unexpected cold weather, is early 

July 1970. 
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III. Problems 

No m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  this month .  

IV. Recommendations 

We r e c o m m e n d  that the p r o j e c t  p r o c e e d  into the a r e a s  de f ined  in the con-  

tract a m e n d m e n t .  

V. Status of Funding 

i. A.G.A. Funding 

A, 1970 Funds Allocated 

B. F u n d s  Expended  This Month (estimated) 

C. Funds. Expended to Date (estimated) 

$300,000 

$ 36,600 

$ 36,600 

2. OCR Funding 

A. Funds Expended This Month (estimated) 

B. F u n d s  Expended Since Contract Amendment 
No. 1 (estimated) 

$ z6z,ooo 

$ 3,664,000 

As a r e s u l t  of p e r s o n a l l y  r e v i e w i n g  the p e r t i n e n t  data and i n f o r m a t i o n  

r e a s o n a b l y  ava i lab le ,  it is cu r  op in ion  that  the project's o b j e c t i v e  wi l l  be 

attained within the contract term and the funds allocated. 

2 •  r o v e  PP ~ / A,,-t'2/, .~., ~- ~ .... 
F~ank C :  Fr6hor~a, 5r/~ "B%rna-~-d S. L e e  

Manage r  
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Apl)cn'.tix. :~.~shit~vumu,ats i .n J a n u a r y  

COAL C l I A R A C T E R I Z A T I O N  

A r e v i s e d  p l o t  of the volat: ' te  m a t t e r  v e r s u s ,  v i t r i n i l c  r e f l e c t a n c e  t)f coa l s  

u s e d  in hydrop,  a s i f i c a t i o n  t e s t s  is shown in F i g u r e  1. ' l 'hcse  p o i n t s  m a y  bc 
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MEAN MAX REFLECTANCE OF VITRINIt 'E IN O I L , %  a e~ 

F i g u r e  1. V O L A T I L E  M A T T E R  AND V I T R I N I T E  R E F L E C T A N C E  
OF  T E S T  COALS 

c o m p a r e d  to r e s u l t s ,  a l so  shown, c o m p i l e d  f r o m  a n u m b e r  of  p e t r o g r a p h y  

• l a b o r a t o r i e s . ~ '  T h e  Sewe l l  s e a m  c o a l  f r o m  Nicho l a s  County,  W.Va . ,  h a s  

been  added  s i n c e  the p lo t  was shown in the  F o u r t h  Q u a r t e r ,  1967, P r o j e c t  

S ta tus  R e p o r t .  T h i s  exh ib i t s  the c o v e r a g e  of  the r a n g e  of r a n k  o f  b i t u m i -  

nous  c o a l s  we h a v e  a c h i e v e d .  

HIGH-PRESSURE M E T H A N A  TION 

To extend the range of the rate of methane formation, data were obtained 

at low flow rates and low pressures. The results, Runs Zc)2 to Z95, are in 

good agreement with high-pressure data obtained previously. (See Table l,) 

Run Z96 was  m a d e  to check  the c a t a l y s t  a c t i v i t y  a f t e r  the c a t a l y s t  w a s  in use  

~c 
Bayer, J. L., "Report on Comparative Coal Petrographic Analyses by U.S. 
Laboratories." Paper presented at meeting of Coal Petrographurs at the 
Illinois State Geological Survey, Urbana, Illinois, October 8, 1964. 
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"Fable 1. LOW P R E S S U R E - L O W  FLOW R-%TE METHANATION 
E X P E R I M E N T A L  D A T A  

Pressure, Flow Rate, rCH4' 
Run Nit. 'l't:mp, °F p s i g  S.CF/hr. (Ib m o i e / h r - g  c a t . ) ~  10 - 4  

292 575 103 3.35 1.13 
293 575 103 1.6Z 0.85 
Z94 575 102 0.84 0.56 
Z95 575 10Z 0.83 0.58 
Z96 575 594 1.25 1.02 

s i n c e  Run 291. Wu found tha t  the r a t e  was l o w e r  by 15~o than the averag l :  of 

p r e v i o u s  runs  at  the s a m e  c o n d i t i o n s .  Ana ly s i s  of  the c a t a l y s t  a f t e r  Run 296 

showed  that  the ca rbon  c o n t e n t  i n c r e a s e d  f r o m  4.9 to 6.1~0 by weight ,  the s ig -  

n i f i c a n c e  of which  is being d e t e r m i n e d .  Changes  in su l fu r  or n icke l  con teh t  

were negli-ible. 

ENGINEERING ECONOMICS 

A c o m p u t e r  p r o g r a m  f o r  e s t i m a t i n g  the cos t  of  v e s s e l s  used  in p lant  es t¢-  

m a t e s  h a s  been deve loped .  The  p r o g r a m  c a l c u l a t e s  the wa l t  t h i c k n e s s  and ~ c i g h t  

of sh¢~ll plus ellipsoidal h~ads, adds the cost of atte.chments and fittings, and 

determines the cost of a shop-fabricated vessel from a weight vs. cents/Ib 

relationship co-rected for cost-index changes. 

As a corollary program, the size and cost of reactor vessels such as 

m,..thanation or shift reactors can bt~ calculated from design gas linear and 

space velocities, including a11owance for int~:rnal insulation. 

We a r e  s t a r t i ng  to wt~rk un the e f fec t  of r e d u c i n g  coo l ing  w a t e r  r e q u i r e -  

m e : , t s  by the use  of a i r  c o o l i n g  w h e r e  f eas ib l e  in the l ign i te  p ipe l ine  gas  p lant  

d~s ign .  

DI.'.V E L O P M E N T  UNIT STUDI ES  

H y d r o g a s i f i c a t i o n  To.sis 

We a r e  p r e s e n t i n g  the r e su l t s "  of two g a s i f i c a t i o n  t t : s t s  conduc t ed  in p r e v i -  

o u s  m o n t h s  in the h i g h - t e m p e r a t u r e  b a l a n c e d - p r e s s u r e  d e v e l o p m e n t  un i t  

(Runs  HT-Z34  and H T - 2 3 9 )  with u n t r e a t e d  Nor th  Dako t a  l ign i te  f r o m  the G l e n -  

h a r o l d  m i n e .  Run H T - 2 3 4  ( F o u r t h  Q u a r t e r ,  1969, P r o j e c t  S t a t u s  R e p o r t )  w a s  

d e s i g n e d  to obta in  a l i m i t e d  c o n v e r s i o n  of the l i gn i t e  (Z0~  o r  l e s s ,  if p o s s i b l e )  

by  t h e r m a l  t r e a t m e n t  of the l i gn i t e  while in f r e e  fa l l  t h r o u g h  the 15-1/2-- f t  

h e a t e d  s e c t i on  of the h y d r o g a s i f i c a t i o n  r e a c t o r  tube,  wi th  no feed  gas .  The  

5 

I N  S T I T U T E O F G A S  T E C H N O L O G Y  



o b j e c t i v e  o.,~ Run  HT--~39 ( F o u r t h  Q u a r t e r ,  19o9, P r o j e c t  S t a t u s  R e p o r t )  w a s  

to s t u d y  tk.t~ h y d r o g a s i f i c a t i o n  r L : a c t i v i t y  of  a N o r t h  D a k o t a  l i g n i t e  w i t h  h y d r ~ -  

gen  and  s t , : a m  in a fh, i d i zcd  bed  a t  a s y s t e m  p r e s s u r L :  ¢;f 500 p s i g .  F e e d  

l i g n i t e  f o r  t h e s e  t e s t s  w a s  p r e p a r e d  by c r u s h i n g  a n d  sc'n'e,.-ning tt, a - l O + 8 0  

m e s h  s i z e  a n d  a i r - d r y i n g  in the f l u i d i z e d - b e d  c o a l  p r t 2 t r t : a t m e x l t  un i t  a t  £ZO ° -  

g 4 0 ° F .  

O p e r a t i n g  c o n d i t i o n s  and  r e s u l t s  o f  t h e s e  two r u n s  a r c  p r e s e n t e d  in T a b l e s  

2 a n d  3. C o m p o s i t i o n s  ~'nd s c r e e n  a n a l y s e s  o f  the  t 'cecls a n d  r e s i d u e s  ~.re  

g i v e n  in T a b l e  4. L iq t t id  p r o d u c t s  a n d  c o m p o s i t i o n s  a r e  s h o w n  in  T a b l e  ft. 

T h e  t h e r m a l  t r e a t m e n t  o f  N o r t h  D a k o t a  l i g n i t e  in f r e e  f a l l  in Run I I T - ) 3 4  

{ T a b l e  2) r e s u l t e d  in the  g a s i f i c a t i o n  of  2 4 . 5 %  of  the  l i~ni t t ,  on a m o i s t u r e - ,  

a s h - f r e e  b a s i s .  G a s i f i c a t i o n  of  c a r b o n  in the  lignitL: w a s  l i m i t e d  to I 3 . 7  "t • l l  • 

T h i s  i n c l u d e s  the  f o r m a t i o n  of h y d r o c a r b o n s  ( p r i m a r l y  m r : t h a n e ) ,  c~ l rbon  

m o n o x i d e ,  a n d  c a r b o n  d i o x i d e .  A d d i t i o n a l  l i g n i t e  w a g  cm~ver t ec l  to l i q u i d  

p r o d u c t s  w i t h  7.1 I %  go ing  intL~ th.e f o r m a t i o n  of  w a t e r  and  1 .91% l t r o ( t u c i n g  

o i l s .  T h e  c a r b o n  a p p e a r i n g  in the  o i l  r e p r e s L . ' n t s  2.41'!o of  the c a r b t m  in tlm 

l i g n i t e  ( T a b l e  5). B a s e d  on an a s h  b a l ; t n c e ,  0 .7 , '8  lb of  p a r t i a l l y  g a s i f i e d  H g -  

n i t e  w a s  r e c o v e r e d  f o r  e a c h  p o u n d  o f  l i g n i t e  f ed .  T h e  v o l a t i l e  m a t t e r  c o n t e n t  

of  Jhe l i g n i t e  w a s  r e d u c , : d  f r o m  40 .0  to 1 1 . 9 ~ ,  w h i l e  th~ a s h  c o n t e n t  i ~ , c r e a s e d  

f r o m  7 .66  to 1 0 . 5 4 %  a s  a r e s u l t  o f  t h e  c a r b o n i z a t i o n  ( T a b h -  4).  T h e  r e s u l t s  

of  t h i s  t e s t  a r e  s i m i l a r  to t h o s e  o b t a i n e d  in Run I I T - 2 2 9  { A u g u s t  1969 P r o j e c t  

S t a t u s  R e p o r t ) ,  the  f i r s t  l i m i t e d  c o n v e r s i o n  t e s t  p e r f o r m c c i  witl :  a M o n t a n a  

l i g n i t e  a t  s i m i l a r  c o n d i t i o n s ,  bu t  a t  a s y s t e m  p r e s s u r e  of 1004 l, Sig.  

T h e  h y d r o g a s i f i c ~ . t i o n  r e a c t i v i t y  o f  a N o r t h  D a k o t a  l i g n i t e  w i t h  h y d r o g e n  

and  s t e a m  r e r n a i n ~  ¢ e l a t i v e l y h i g h  a t  a s y s t e m  p r , . ' s s u r c  o f  500 p s i g ,  a s  s h o w n  

by  th~ r e s u l t s  in T a b l e  3, On a m o i s t u r e - ,  a s h - f r e e  b a s i s ,  o v e r  ~4% o f  the  

l i g n i t e  w a s  gas~fiedw wi th  4 1 . 4 %  o[  the  c a r b o n  in thu l igni t t ;  c o n v e r t e d  to  g a s -  

e o u s  p r o d u c t s .  F u r  c o m p a r i s o n  p u r p o s e s ,  k~y  r e s u l t s  of t h i s  t e s t  a r c  p r e -  

s e n t e d  in Tabl~ 6 with those of Run HT-145 (February 1967 Project Status 

Report), conducted at generally similar conditions, but at a system pressure 

of I000 psig. Carbon gasification at 500 psig was only somewhat less than 

the 42.1~0 obtained at I000 psig. However, there was a shift in the propor- 

tion of the carbon in the lignite converted to hydrocarbons and to carbon oxides 

as shown by the SCFllb yi~.'h] data for these gaseous products. The hydro- 

c a r b o n  y i e l d  a t  500 p s i g  w a s  o n l y  86% of  t h a t  a t  100D p s i g ,  w h i l e  t h e  c a r b o n  
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Coal 

Soil r(2~ 

Slew: Sizu, USS 

Run Nu. 

Dura t ion  of Tust ,  h r  
S t e a d y - S t a t e  O p e r a t i n g  P e r i o d ,  rain a 

OPERATING CONDITIONS 

Bud l tcight ,  it 
R e a c t o r  P r e s s u r e ,  ps ig  
R e a c t o r  "I 'unaperaturt:,  ° F b 

Inches  Fronl Bot tom 
6-'- I/Z 
67-3/4 
73 
78- 1/-I 
8 3 - 1 / -  
8') 
9.t-112 
I00 
104 
114 
124-112 
13~ 
lqq 
155-1/2 
166 
1"16 
187-1/2 
197 
207 
" 1 7 - 1 / 2  

A v c r - g e  
L ign i t e  Rate,  l b / h r  c 
Sweep Ni t rogen tlat,2, SCF/hr 
S u p e r f i c i a l  Sweep Ni t rogen  Velocity, f t / s  d 
L ign i te  Space Veloci ty ,  l b / c u  f t - h r  c 

OPERATING RHSU LTS 

Product-Gas R.lte (n~.trogon-free), SCF/hr 
Net Btu Rucovury, I000 lJttl[Ib 
Product-Gas Yield, SCF/Ib 
Hydrocarbon Yield, SCF/lb 
Carbon Oxides Yield, SCF/Ib 
Residue, lh/Ib lignite f 
Liquid :Products, Ib/Ib lignite 

Watu r 
0ii 

Table 2. OPERATING CONDITIONS AND RESULTS OF THE 
CAI{BONLZATION OF A NORTH DAKOTA LIGNITE IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 
FOR RUN HT-234 

North Dakota  L ign i t e  

G lenha ro ld  Mine 

-I 0 +80 

HT-234  

3 - 1 / 4  
134-212 

Free-fall 
282 

955 
1200 
1280 
1310 
1380 
1265 
1190 
1400 
1300 
1400 
1265 
1430 
1280 
1420 
1425 
1310 
1360 
1355 
1255 
1060 

19.68 
185.1 

0 ,0975  
14.37 

59.59  
1.404 
3.027 
0 .9 0 2  
1 .659 
0.728 

0.0711 
0.019i 
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T a b l e  Z, Cont.  O P E R A T I N G  CONDITIONS AND RESULTS OF  THE 
CARBONIZATI ON OF  A NORTH DAKOTA LIGNITE  IN 

H I G H - T E M P E R A T U R E  ADIABATIC REACTOR 
FOR RUN H T - : 3 . I  

Net  MA F L i g n i t e  Gas[ f i cd ,  wt ~'~g 
C a r b o n  G a s i f i e d ,  wt % 
O v e r a l l  M a t e r i a l  Ba lance ,  % 
Carbon Balance, % 
Hydrogen Balance, 
Oxygen Balance, #/o 

PRODUCT GAS PROPERTIES 

Gas Composition (nitrogen-free), mole ~o 
Carbon Monoxide 
Carbon Dioxide 
H y d r o g e n  
M e t h a n e  
E thane  
P r c p a n e  
B e n z e n e  

Total 
Heating Value, B:ulSCF h 
Specific Gravity (Air = 1.00) 
N i t r o g e n  P u r g e  Rate,  S C F / h r  

HT-Z34 

;4.48 
13.68 
10Z.I 
104.3 
89.3 
10Z.7 

14.3 
40.5 
15.4 
;5.0 
I..'" 
3.b 

Trace 
I00.0 
456 

0.975 
183.5 

a. From start of lignite feed. 

b. Tube wall temperatures. Heated reactor length of ]5.5 ft. 
inlet at 62-in. level. 

Sweep nitrogen 

c. Operating conditions and results based on weight of dry rued.  

d. ( C F / s  sweep  n i t r o g e n  a t  r e a c t o r  p r e s s u r e  and t u m p u r a t u r e ) / c r ~ , s s - s e c -  
• t i ona l  a r e a  of r e a c t o r .  

e. Based on 1.37-cu-'ft h e a t e d  reactor volun~e. 

f. By weight of residue recovered, 

g. 100(wt product gas/wt of moisture-, ash-free lignitu). 

h. Gross, gas saturated at 60°F, 30"in" Hgpressure. SCF: 
in $CF at 60°F, 30-in. Fig pressure. 

d ry  Has v o l u m e  

I N $ T I T U T E 0 F 
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Tabh: 3. OIJICI/A'I'ING CONDITIONS AND RESULTS OF THE 
IIYI)ROGASII"ICATION OF A NORTH DAKOTA LIGNITE IN 

I lIGt I- TI.:MPERATU RE ADIABATIC REACTOR 
1.'OR RUN IIT-, '39 

C o ; l  [ 

Sou roe  

Sievt- Size,  USS 

ffun No. 

Dura t i on  of Tes t ,  hr  
S t e a d y - S t a t e  Ope ra t ing  P e r i o d ,  rain a 

OPERATING CONDITIONS 

Bed ih: ight ,  ft 
Reactor Pressure, l}sig 
Reactor 'temperature, F b 
Inch~:s From ih, ttnm 

6z- 1/2 
67- 3/.t 
73 
7~- 1/4 
s~-il., 
89 
9"I- I/-i 
100 
I O4 

Ave rage  
Lt~nite Rate, ib/hr c 
Hydrogen Gas Rate, S C F / h r  
Steam Rate, t b l h r  
S t eam,  mole ~ of hydrogen-steam m i x t u r e  
H y d r o g e n / [ , i g n i t e  Ratio,  % of s t o i ~ h i o m e t r i c  d 
l l y d r o g e n / S t e a m  Ratio,  m o l e / m o l e  
B u d - P r e s s u r e  Di f fe ren t i a l ,  in. wc 
Lign i t e  Space Veloci ty,  l b l cu  f t - h r  
Feed-Gas Res idence  T ime,  m i n  e 
S u p e r f i c i a l  Feed -Gas  Veloci ty ,  f t / s  f 

OPERATING RESULTS 

P r o d u c t - G a s  Rate,  SCF/hr 
Net Btu Recover) . ,  10 3 B tu / lb  
P r o d u c t - G a s  Yield, SCF/Ib 
Hydrocarbon Yield, SCFJlb 
Carbon Oxides Yield, SGF/Ib 
Net Reac t ed  Hydrogen ,  S C F / l b  
Res idue ,  lb ] lb  coalg  
Liquid  Products, Ib/Ib coal h 
Net MAF Lign i t e  Hydrogas i f i ed ,  wt ~ i  
Ca rbon  Gas i f ied ,  wt % 
Steam Decomposed, l b / h r J  
S team Decomposed ,  ~ of s t e a m  fed 
S t eam Decumpos~d, $'0 of total equiva len t  fed k 

N,,rfla Dakota  Ligni te  

Glenharo ld  Mine 

--10~80 

HT-239 

5-114 
165-307 

3.5 
478 

1310 
1480 
i500 
1515 
~6ZO 
1550 
15ZO 
1680 
1630 
t535 
3Z.07 
368.8 ' 

8.69 
33.1 
34.2 
Z.O~ 

103.7 
0.294 
0.199 

694.8 
4.579 
21.67 
4.33 
3.68 
3.33 

0.439 
0.261 

54.Z 
41.4 
1.49 

17.16 
56.9 

I N S T I T U T E O F 
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Table 3, Part 2. OPERATING CONDITIONS AND RESIILTS OF TEIE 
" HYDROGASIFICATION OF A NORTH DAKOTA LIGNITE IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 
FOR RUN t-IT-239 

O v e r a l l  M a t e r i a l  Balance,  go 
C a r b o n  Ba lance ,  % 
H y d r o g e n  Balance ,  % 
Oxygen Balance, % 

PRODUCT GAS PROPERTIES 

Gas Compositien, mole a/o 
Nitrogen 
Carbon Monoxide 
Carbon Dioxide 
Hydrogon 
httethane 
Ethane 
Propane 
Butane 
So/IZ(~ Fle 

H y d r o g e n  Sulfide 
To ta l  

Heating Value, Btu/SCF m 
Speci f ic  Grav i t y  (Air = 1.00) 
Nitrog~a P u r g e  Rate., SCF/hr 

HT-239 

')7.3 
97,5 
9Z.0 
9..t.5 

2 4 , 8  
9.4 
7.6 

37,7 
18.7 
0.9 
0,4: 

0.4 
0 .1  

Too.o 
377 

0.606 
l"tz 

I N S T I T U T E 0 F 
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Table B, Part 3. OPERATING CONDITIONS AND RESULTS OF THE 
HYDROGASIFICATION O F  A N O R T H  D A K O T A  LIGNITE IN 

H I G H - T E M P E R A T U R E  A D L % B A T I C  R E A C T O R  
F O R  R U N  H T - 2 3 9  

a. From s t a r t  o f  coal feed. 

b.  T u b e  w a l l  t e m p e r a t u r e s .  B o t t o m  of  c o a l  b e d  a t  62 in .  

c .  O p e r a t i n g  c o n d i t i o n s  a n d  r e s u l t s  b a s e d  on w e i g h t  o f  d r y  f e e d .  

d. P e r c e n t  o f  the  s t o i c h i o m e t r i c  h y d r o g e n / c h a r  r a t i o  - the  n e t  f e e d  h y d r o g e n /  
c h a r  r a t i o  r e q u i r e d  to c o n v e r t  a l l  the  c a r b o n  to m e t h a n e .  

e .  C o a l  b e d  volume/(CF]min f e e d  g a s  a t  r e a c t o r  p r e s s u r e  a n d  t e m p e ~ r a t u r e ) .  

f. ( C F / s  f e e d  g a s  a t  r e a c t o r  p r e s s u r e  a n d  temperat,,re)]cross-seetional a r e a  
o f  r e a c t o r .  

g. By  a s h  b a l a n c e .  

h. I n c l u d e s  c o n d e n s e d ,  u n d e c o m p o s e d  s t e a m .  

i. 100 (wt of  p r o d u c t  g a s - w t  h y d r o g e n  i n - w t  d e c o m p o s e d  s t c a m - w t ' n ~ . t r o g e n  
i n / w t  of  m o i s t u r e - ,  a s h - f r e e  c o a l ) .  

j .  C o m p u t e d  a s  d i f f e r e n c e  b e t w e e n  s t e a m  f e e d  r a t e  and  the  m e a s u r e d  l i qu id  
w a t e r  r a t e  l e a v i n g  the r e a c t o r .  

k. C o m p u t e d  a s  d i f f e r e n c e  b e t w e e n  the  t o t a l  e q u i v a l e n t  s t e a m  f e e d  r a t e  ( in -  
c l u d e s  m o i s t u r e  c o n t e n t  o f  f e e d  c h a r  a n d  b o u n d  w a t e r  c o r r e s p o n d i n g  to 
o x y g e n  c o n t e n t  o f  f e e d  c h a r )  and  the  m e a s u r e d  l i q u i d  w a t e r  r a t e  l e a v i n g  
t h e  r e a c t o r .  

m. Gross, gas saturated at 60"F, 30-in. Hg pressure. SCF: dry gas volume 
in SCF at 60°F. 30-in. Hg pressure. 

11 
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Table  4. C I l E M I C A L  AND S C R E E N  ANALYSES OF 
L I G N I T E  F E E D  AND RESIDUE 

Run No. 

S a m p l e  

Proximate Analysis, wt % 

Moisture 

Volatile M a t t e r  

Fixed Carbon 

Ash 

Tota l  

Ultimate Analysis (dry), wt % 

Carbon 

Hydrogen 

Nitrogen 

Oxygen 

S u l f u r  

Ash 

To ta l  

Screen Analysis, USS, wt % 

+20 

+30 

+40 

+60 

+8O 

+100 

+ZOO 

+325 

-325 

Total 

HT-234 

Fecd Residue Fead 

HT-L39  

Residue 

1.1 0.2 2.1 1.0 

40.0 11.9 38.3 5.6 

51.3 77.4 51.8 75.1 

7.6 10.5 7.8 18.3 

100 .0  100 .0  100 .0  1 0 0 . 0  

65.3 79.3 65.7 76.9 

4.35 2.35 4.12 0.86 

0.93 1,42 1.10 0.39 

21.07 5.69 2"0.26 2 .74  

0,69 0.70 0 .8 !  0.65 

7.66 10.54 8o01 18.46 

100,00 100.00 100,00 100.00 

25.7 24.5 22.0 13.4 

19.0 11.6 14.7 22.8 

23.2 20.8 21.9 26.5 

20.4 22.3 23.7 2~.5 

7.6 10.3 10.3 6.9 

2.1 3.5 3.4 2.2 

1.6 4.6 3.0 4.1 

0.2 1,1 0.5 1.1 

0.2 1,3 0.5 0.5 

I00.0 I00.0 I00.0 I00.0 
i 
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Table  5. 

Run No. 

Sample 

Liquid Products, 

Ib / Ib  l igni te  

Composi t ion  of Liquid 

Products, wt % 

Water 

Oil 

Total 

Composition of Oil 

Fraction, wt 

Carbon 

Hydrogen 

Total 

Carbon in Oil Fraction, 

lb/Ib lignite 

wt ~ of carbon in lignite 

COMPOSITION OF LIGNITE CARBONIZATION 
LIQUID PRODUCTS 

HT-Z34 

Condenser 

0.0902 

78.79 

21.ZI 

100.00 

8Z.7 

7.63 

8 9 . 8 3  

0.0157 

2.41 

HT-E39 

Condenser 

0.2-609 

86.03 

13.97 

100.00 

85.7 

7.49 
93.19 

0.0312 

4.75 

I N S T I T U T E  O F  
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'Fable 6. 

1000 AND 500 psig 

Run No. 

R e a c t o r  Pressuru, psig 1048 

Lignite Bed Temp Average, °F 1675 

Lignite Bed Height, ft 3.5 

Lignite Fecd Rate, Ib/hr ~5.76 

Hydrogen Feed Rate, SCF/hr 710.3 

Steam Feed Rate, Ib/hr 15.35 

Steam/Lignite Ratio, ib/Ib 0.179 

Hydrogen/Lignite Ratio, % of s t o i c h i o m e t r i c  2-4.7 

Steam Concentration in Feed Gas, mole ~0 31.Z 

Steam Decomposed, % to total ~quivalent 
steam fed 75.9 

Carbon Gasified, % 4Z.l 

MAF Li gn i t e  Gas i f i ed ,  % 58.1 

H y d r o c a r b o n  Yield, SCF/ lb  5.06 

CO + COt Yield, SCF/Ib 3.ZZ 

Carbon in Oil Fraction, % of carbon in l igni te  7.39 

Product-Gas Composition (nitrogen-free), 
mole % 

Carbon Monoxide I I.Z 

Carbon Dioxide 14.Z 

H y d r o g e n  34.9 

Methane 37. I 

E t h a n e  1.6 

Propane 0.8 

Benzene 0.Z 

H y d r o g e n  Sulf ide -- 

T o t a l  I00.0 

Product-Gas Heating Value (nitrogen-free), 
ntu/SCF 574 

COMPARISON OF NORTH DAKOTA LIGNITE 
HYDROGASIFICATION RESULTS AT 

H T -  14 I[T-239 

478 

1535 

3.5 

3Z.07 

368.8 

8.69 

0.2"/1 

34.Z 

33.1 

56.9 

41.4 

54.Z 

4.33 

3.68 

4.75 

12.5 

10.1 

50.2 

24.9 

1.Z 

0.5 

0.5 

0.1 

100.0 

5 0 1  

I N 5 T I T U T E O F 
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ox ides  y ie ld  at  the l o w e r  p r e s s u r e  was  115% of tha t  at  tile h i g h e r  p r e s s u r e .  

The  h ighe r  h y d r o g e n - t o - l i g n i t e  ra t io  of Run HT-239  (34.Z% of s t o i c h i o m e t r i c )  

c o m p a r e d  to tha t  of  R u n  HT-145 (Z4.7% of s t o i c h i o m e t r i c )  is p a r t i a l l y  r e -  

spons ib le  for  the l i g n i t e  g a s i f i c a t i o n  a t  500 ps ig  be ing  s i m i l a r  to tha t  a t  1000 

ps ig .  Ca rbon  c o n v e r s i o n  to oil  a t  500 ps ig  (4.75% of t h e  c a r b o n  in the l ign i te )  

was  64% l e s s  than  tha t  c o n v e r t e d  to oi l  a t  1000 p s i g  (7.39% of the c a r b o n  in 

the l igni te ) .  A l o w e r  m e t h a n e  c o n c e n t r a t i o n  in the p r o d u c t  gas  of  the  t e s t  a t  

500 ps ig  is  as  e x p e c t e d  because  o£ l o w e r  e q u i l i b r i u m  m e t h a n e  c o n c e n t r a t i o n  

a t  th is  p r e s s u r e  c o m p a r e d  with that  a t  1000 p s i g .  

Dur ing the m o n t h  we conducted  a s e r i e s  of  coal  p r e t r e a t r n e n t  o p e r a t i o n s  

(Run F P - 1 4 1 )  in whici ,  we l igh t ly  p r e t r e a t e d  12-50 lb of P i t t s b u r g h  No. 8 

s~am,  I r e l a n d  m i n e  b i t u m i n o u s  coal  to p r o v i d e  a f eed  fo r  the h y d r o g a s i f i c a -  

t ion d e v e l o p m e n t  un i t .  The coal  was  p r e t r e a t e d  with a i r  and n i t r o g e n  in a 

f l u i d i z e d  bed a t  7 5 0 " - 8 0 0 " F .  L a b o r a t o r y  a g g l o m e r a t i o n  t e s t s  of the p r e -  

tr .zatud coal  showed tha t  a l l  of the cak ing  c h a r a c t e r i s t i c s  w e r e  no t  d e s t r o y e d .  

The  coa l  wil l :  t h e r e f o r e ,  have to be t r e a t e d  a second  t ime  b e f o r e  i t  can be 

u s e d  for  h y d r o g a s i f i c a t i o n .  During the p r e t r e a t m e n t  o p e r a t i o n  we c o l l e c t e d  

and  s e p a r a t e d  about  85 lb of o i l s  and t a r s  f r o m  the condensed  l i qu ids  f o r  de -  

t a i l ed  l a b o r a t o r y  c h e m i c a l  and p h y s i c a l  a n a l y s i s .  We a l so  m e a s u r e d  the 

s c rubb ing  w a t e r  r a t e  to the p r e t r e a t m e n t  u n i t  v e n t u r i  s c r u b b e r .  Th i s  a v e r a g e d  

9950 l b / h r .  Data  on the  o i l s  and t a r s  and  the s c rubb ing  w a t e r  wi l l  be  u sed  as  

gu ides  fo r  o p e r a t i o n  of  the coa l  p r e t r e a t s r  s e c t i o n  of the h y d r o g a s i f i c a t i o n  

pilot plant currently under construction. 

ELECTROTHERMAL GASIFIC.ATION 

Four tests were conducted in the electrothermal gasifier during the month. 

The tests were conducted with the concentric electrode configuration at 1000 

psig using a hydrogasified high-volatile bituminous char. The four tests were 

terminated before steady-state operating conditions were attained due to var- 

ious operational difficulties. 

The first run, l~G-3c), was terminated when the r~actor discharge screw 

jammed, preventing the continual flow of solids through the unit, and the 

steam-transfer line heate.r to the orifice meter failed, causing erratic steam 

flow rate ineasurenaent. 

A p r e s s u r e  u p s e t  o c c u r r e d  du r ing  the h e a t - u p  per.led of Run EG-40 ,  c a u s i n g  

un load ing  of  c h a r  f r o m  the feed  hopper  to t he  r e a c t o r ,  se t t l ing  of the l o w e r  
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s u c t i o n  of the c h a r  bud, and s u b s e q u e n t  a r c i , l g  : u : a r  the  e l e c t r o d e  t ip.  The  

t e s t  w a s  t e r m i n a t e d  wht:n the  c h a r  bud b r i d g e d  in tht: r e a c t o r  and pr t~vuntud 

the  d i s c h a r g e  of char from the  unit. 

I n s p e c t i o n  of the un i t  f o l l o w i n g  the run  s h o w e d  the  e l e c t r o d e  to be s l i g h t l y  

m e l t e d  a l o n g  a 3 - i n c h  l e n g t h  f r o m  the  t ip.  A Z-3 ir ich h o l e  was  b u r n e d  t h r o u g h  

t he  6 - i n . - I D  s t a i n l e s s  s t e e l  s h e l l .  We th ink  the b u r n o u t  w a s  c a u s e d  by the  

l o s s  of  f l u i d l z a t i o n  in the  b e d  n e a r  the e l e c t r o d e  t ip .  

Run  E G - 4 1 ,  c o n d u c t e d  a t  the  saxne c o n d i t i o n s  a s  the  p r e v i o u s  t e s t s ,  w a s  

t e r m i n a t e d  d u r i n g  the  r e a c t o r  h e a t - u p  p e r i o d  w h e n  a s u d d e n  i n c r e a s e  in  the  

b e d  t e m p e r a t u r e s  (1300 ° -  1 8 0 0 ° F )  n e a r  the e l e c t r o d e  t ip  o c c u r r e d  soon  a f t e r  

e s t a b l i s h i n g  the s t e a m  f l ow  r a t e  into the r e a c t o r .  Relnc, v a l  of  the e l e c t r o d e  

s h o w e d  a b u r n e d  spo t  t i n c h  a b o v e  the  tip o p p o s i t e  the  h01c in the r ~ a c t o r  

w a l l  l e f t  o v e r  f r o m  the  p r e v i o u s  run .  

The  c e n t e r ,  e l e c t r o d e  w a s  s h o r t e n e d  6 in.  p r i o r  to Run  E G - 4 Z  to avo id  any  

a d v e r s e  e f f e c t  of the  h o l e  in  the r e a c t o r  w a l l  on t he  o p e r a t i o n  of  the un i t .  

A l s o ,  the  r e a c t o r  h e a t - u p  r a t e  w a s  m a i n t a i n e d  a t  a s l o w e r  r a t e  to p r e v e n t  

overheating of the electrode tip. Following a smoothheat-up to 1300°F, the 

s t e a m  f low r a t e  w a s  e s t a b l i s h e d  and the p o w e r  i n p u t  w a s  i n c r e a s e d  to 15 kW 

to r e a c h  1900*F .  As the  b e d  t e m p e r a t u r e  a p p r o a c h e d  r u n  c o n d i t i o n s  s e v e r a l  

t h e r m o c o u p l e s  i n d i c a t e d  a h o t  spo t  n e a r  the  r e a c t o r  t ip .  The  r u n  was  t e r m i -  

n a t e d  w h e n  the  o v e r a l l  r e s i s t a n c e  of the s y s t e m  d e c r e a s e d  f r o m  0.7 to l e s s  

t h a n  0.5 o h m  and the  bed  t e m p e r a t u r e  n e a r  the  e l e c t r o d e  tip r o s e  to ZZ00 ° F .  

i R e m o 4 a l  of  the e l e c t r o d e  f o l l o w i n g  the run  sho~x ed  i t  to be  s e v e r e l y  m e l t e d  

a l o n g  one  s ide  f o r  15 i n c h e s '  f r o m  the tip.. A l a r g e  h o l e  w a s  b u r n e d  t h r o u g h  

t h e  6 - i n .  r e a c t o r  s h e l l  o p p o s i t e  the m e l t e d  a r e a  o f  the e l e c t r o d e .  The  d a m a g e  

to the reactor liner will require its replacement. The extent of the burned 

section [s shown in Figure 2. 

2, suspected cause of the high current density which caused the reactor 

d a m a g e  was  the v e n t i n g  of  s t e a m  t h r o u g h  a s p r i n g - l o a d e d  h i g h - p r e s s u r e  r e -  

l i e f  v a l v e  a t  the ex i t  of  the  s t e a m  s u p e r h e a t e r .  T h i s  o c c u r r e d  d o w n s t r e a m  

f r o m  the s t e a m  flow o r i f i c e  m e t e r ;  the a c t u a l  f l o w  of  s t e a m  to the r e a c t o r  

w a s  i n s u f f i c i e n t  to f l u i d i z e  the  c h a r  bed.  The  s t e a m  w a s  observed to be  v e n t i n g  

d u r i n g  the  shu tdown of  the  u n i t , a l t h o u g h  the  s u p e r h e a t e r  was  o p e r a t i n g  w e l l  

b e l o w  the  r ~ l i e f  set~.ing o f  the  v a l v e .  A s u c c e s s f u l  l e a k  t e s t  was  p e r f o r m e d  

p r i o r  to the  run a t  r o o m  t e m p e r a t u r e s ,  bu t  the  v a l v e  m a y  h a v e  u n s e a t e d  w h e n  

16 
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Figure Z. 6-in. REACTOR LINER REMOVED FOLLOWING RUN EG-42 

subjected to operating conditions. The valve will be closely observed'during 

future tests to ensure its correct operatiun. A new 6-inch Type-316 stain- 

less steel reactor liner is being installed in the pilot unit. 

Coal Slurry Pumpin~ 

Work has resumed on the coal slurry feed system. After consultation 

with the Spraying Systen%s Company, three different-sized nozzles have been 

ordered for evaluation. 

We plan photographic determination of the median slurry particle size at 

various flow rates through each nozzle. 

Dry-Char Letdown 

Work has begun on assembling the equipmen£ nueded £o gather data on the 

letdown of dry char from high pressure. A n~odified Conoflow valve has been 

installed at the e~it of our high-pressure vessel. A cyclone separator has 

been installed to retain the exit char. The study will att~Inpt ~o detern~ine 

the ratio of solid to gas flow and the attrition of char particl~s. 

17 
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F U E L  C E L L  ENGINICERING STUI)Y 

I, :rrata 

" r . t a l  P E G  fo r  e s t i m a t e  D shown in T a b l e  8 of  the F o u r t h  Q u a r t e r ,  1969, 

P r o j e c t  S t a t u s  R e p o r t  shou ld  be r e a d  a s  65 .5  in p l a c e  of 56.5.  

Gas  Duct  S y s t e m  

The  d e s i g n  of  a p a c k a g e  of  8 b a t t e r i e s  e a c h  c o n s i s t i n g  of  100 c e l l s  w a s  

c o m p l e t e d  l a s t  m o n t h  and an e s t i m a t i o n  w a s  m a d e  for  P u r c h a s e d  E q u i p m e n t  

Cost (PEC) of the package. The packages are arranged in rows of 8, with 

each row designated as a power unit. A pair of power units is supplied wi th  

g a s e s  th rough  a s i n g l e  m a i n  duct .  The  d u c t  w a l l s  a r e  c o m p o s e d  o f  m i l d  s t e e l  

c a s i n g  l ined  w i th  a r e f r a c t o r y  and i n s u l a t i n g  m a t e r i a l .  The c o s t  o f  the  d u c t  

w o r k  fo r  s u p p l y  o[  g a s e s  to a l l  the p o w e r  u n i t s  i s  e s t i m a t e d  to b e  a b o u t  $1Z]  

kW. A c o s t  e s t i m a t i o n  of  duc t  w o r k  f o r  b u r n e r s ,  h e a t  e x c h a n g e r s ,  and o t h e r  

e q u i p m e n t  is  in  p r o g ' - ' e s s .  

C u r r e n t  C o l l e c t i o n  and  B a t t e r y  P r o t e c t i o n  

The p a c k a g e s  in the  p o w e r  unit a r e  c o n n e c t e d  in s e r i e s  to b u i l d  up 4800 V. 

All  the p o w e r  u n i t s  a r e  then c o n n e c t e d  in p a r a l l e l .  S ince  the p a c k a g e s  a r e  

o p e r a t i n g  a t  1 4 0 0 * F ,  the  s t a i n l e s s  s t e e l  e l e c t r i c a l  t e r m i n a l s  hav~  to b e  c o o l e d  

to 700*F  o r  l o w e r  b e f o r e  c o p p e r  c o n d u c t o r s  c an  be  used .  In c a s e  a p a c k a g e  

f a i l s  du r ing  o p e r a t i o n ,  the  p a c k a g e  h a s  to b e  i s o l a t e d  f r o m  the c i r c u i t  f o r  

m a i n t e n a n c e .  C i r c u i t  b r e a k e r s  and i s o l a t i n g  s w i t c h e s  should  t h e r e f o r e  be  

i n c o r p o r a t e d  in the  c i r c u i t .  D e s i g n  and  c o s t  e s t i m a t i o n s  ai 'e  b e i n g  p r e p a r e d .  

E n g i n e e r i n g  d e s i g n  of  the hea t  t r a n s f e r  and  r e c o v u r y  s y s t e m  i s  a l s o  in 

p r o g r e s s .  D e s i g n  of  o t h e r  c o m p o n e n t s  such  a s  b l o w e r s ,  b u r n e r s ,  and  ga s  

s t r e a m  s p l i t t e r s  w i l l  be  c o n s i d e r e d  n e x t .  

P I L O T  PLANT C O N S T R U C T I O N  

E n g i n e e r i n g  

A m a j o r  p o r t i o n  o f  the  e n g i n e e r i n g  e f f o r t  d u r i n g  th is  r e p o r t  p e r i o d  w a s  in-  

s t ruf i~enta t ion  d e t a i l s .  E l e c t r i c a l  d e t a i l  d r a w i n g s  a r e  95% c o m p l e t e  and  in- 

s t r u m e n t  d r a w i n g s  a r e  40% c o m p l e t e .  E i g h t y - f i v e  p e r c e n t  of the  p i p i n g  p l an  s 

and d e t a i l s  h a v e  b e e n  i s s u e d .  The to!.al p r o j e c t  de t a i l ed  d e s i g n  and  d r a f t i n g  

is  92% c o m p l e t e .  

18 
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"P r u c u  r t2m~t , t  

"l'ht~ t a y d r o g a s i f i t ~ r  r u a c t o r  w a s  s h i p p e d  on J a n u a r y  17 ~nd  i s  s c h e d u l e d  ~o 

a r r i v e  d u r i n g  the  f i r s t  wt~ek in  F e b r u a r y .  ]:~igurc 3 s h o w s  t h ~  c o m p l e t e d  v e s s e l  

Figur~ 3. HYDROGASIFIER REACTOR READY FOR S H IPPIN G  

19 

I N S T I T U T E O F G A $ T E C H N 0 L O G Y 

best avai lable copy 



r e a d y  for  sh ipping .  Other  m a j o r  e q u i p m e n t  i s  a r r i v i n g  as p r o m i s e d ;  no i t e m s  

have been d e l a y e d .  S e v e r a l  l a r g e  p a c k a g e  p l a n t s  (i .e. ,  h y d r o g e n  and su l fur  

plants} a r e  to be d e l i v e r e d  du r ing  th i s  r e p o r t  pe r iod .  

The a l loy  pipe f a b r i c a t i o n  p u r c h a s e  o r d e r  was  i s sued  and  d e l i v e r y  of al l  

a l loy  pipe h a s  been  p r o m i s e d  by A p r i l  1. The s l lbcon t rac t  fo r  the e l e c t r i c a l  

work will be let during the week of January 19. 

The p e r c e n t  comple t ion  r e p o r t e d  above fo r  p u r c h a s i n g  i n c l u d e s  s u b c o n t r a c t s .  

P u r c h a s i n g ,  exc lud ing  s u b c o n t r a c t s ,  i s 9 4 %  c o m p l e t e .  

Construction 

Major equipment is being erected as received. Field pips fabrication is 

5~ complete. Concrete pipe rack bents are 60% fabricated and 40~ erected, 

The gin poles are being readied for the reactor erection. We anticipate the 

necessity of beginning overtime construction during the next report period to 

maintain the manpower level required to complete the project on schedule. 

Schedule  

The p r o j e c t  schedu le  was  updated  and r e v i e w e d  with P r o c o n .  The c o m p u t e r  

run was  m a d e  and r e f l e c t s  a nega t ive  f loa t  of a p p r o x i m a t e l y  15 days ,  based  on 

us ing  j u l y  1, 1970, a s  the t a r g e t  comple t i on  da te ,  P r o t o n  f e e l s  tha t  t h e r e  a r c  

some  c o n s t r u c t i o n  ac t iv i t y  d u r a t i o n s  tha t  can be r educed  a s  f i e ld  w o r k  p ro -  

g r e s s e s  to r e d u c e  the to ta l  nega t ive  f loa t  for  the p r o j e c t ,  

It should  be noted  that  the p r o j e c t  schedu le  does  not  inc lude  a.ny c o l d - w e a t h e r  

t ime .  Th i s  t i m e  could cause  an ex t en t i on  of the comple t ion  da t e .  F i v e  such 

cold-weather days have occurred to dat~. 

Figure 4 shows the overall plant in its present state of completion, looking 

~.vest, 
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Figure 4. OVERALL PLANT, LOOKING WEST 
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Project Status Report 
F o r  

O F F I C E  OF C O A L  R E S E A R C H  
and 

AMERICAN GAS ASSOCIATION 

R e p o r t  F o r  February 1970 

OCR Report No. 65 
Project Title Pipeline Gas From Coal- Hydrogenation (IGT Hydrogasification 

Process) 

OCR Contract No. 14-01-0001-381 (I) A.G.A. Project No. IU-4-1 

I. Project Ob)ective 

The overall objective of this project is a process for production of pipe- 

line gas from coal that is economically attractive for supplementing natural 

gas supplies. The present objective is the design, construction, and opera- 

tion of a large integrated pilot plant to obtain scale-up data and operating 

experience. Developmental research, engineering studies, and economic 

evaluations are in progress to help attain this objective. 

II. Achievements 

COAL CHARACTERIZATION 

A test for rating the attrition resistance of coal chars is being developed. 

We are studying the behavior of compounds formed from minor coal constzt- 

uents in the HYGAS Process steps, for example, ammonia formed from 

nitrogen in the coal. 

HIGH-PRESSURE METHANATION 

The methanation rate expression has been extended to cover regions with 

large excesses of hydrogen and methane. An improved correlation was obtained. 

kl P c o P H  o.s 
r = , ~ , 

I + kZpHz + k3pcH 4 

D a t a  a t  low c o n v e r s i o n s  and  n e a r  e q u i l i b r i u m  a r e  be ing  c o l l e c t e d  to t e s t  th i s  

co r r e l a t i o n .  
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A s m a l l  l a b o r a t o r y  is b e i n g  s e t  up to m e a s u r e  the  s t t l fu r  t o l e r a n c e  of  the  

type of nickel catalyst that w£11 be used in the pilot plant. Sulfur concentra- 

tions in the low-ppm range will be used under conditions simulating plant 

operation. 

ENGINEERING ECONOMICS STUDIES 

A study using air in place of water cooling in a HYGAS plant shows that 

the cooling water requirement can be reduced by as n'luch as 63~0. This 

assumes air cooling to 140°F with final coelihg by water'. 

The uffects of financial factors on the return on equity for gag utility finan- 

cing are discussed and the results presented in graphical form. 

DE~VELOPMIENT UNIT STUDIES 

Results of lignite gasificatio,~ at 500 psi with synthesis gas-steam and 

hydrogen-steam mi~'tures show that about 5~o more carbon (36 vs. 41~) was 

gasified with the hydrogen-ste;~m mixture. However, either ga's mixture is 

adequate for the HYGAS Process in terms of obtaining the required gasifica- 

tion. 

Minor mechanical difficulties first in the exit-gas quench system and then 

in the coal feed system caused shutdown of two runs in the electrothermal 

gasifier, Modifications were made that eliminated the problems in the quench 

sy stem. 

NEW PROCESS STUDIES 

Design worl~ for accessories in the 400-MW fuel cell power plant is con~- 

plot=. Capital investment ranges from $94 to $168 per kW for two power 

densities and two sets of equipment cost factors. A power cost of 4-5 mills/ 

kWhr is esti~nated for a high-power density of 3¢]0 ~,,atks/sq ft. 

PILOT PLANT CONSTRUCTION 

Engineering is 95a/= complete, purchasing 8690 complete, and material 

receipt 729~ complete. The hydrogasifier reactor and t he  hydrogen plant 

wc~ru received onsite. All major equipment, except for less than i0 small 

items, have: been r¢~c eiv~d. No delays are expected due to equipment arrival. 

Cnnstruction is 24~0 complete. Overtime construction, 50 hr/wk, began 

t,~ February I0 in an effort to attract the pipefitter/welder mi%npower re- 

quired to n]ain'tain the construction schedule, 

g 
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III. P r o b l e m s  

No m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  th i s  m o n t h .  

IV. R e c o m m e n d a t i o n s  

We r e c o m m e n d  that  the  p r o j e c t  p r o c e e d  into the  a r e a s  de f ined  in the  con-  

t r a c t  a m e n d m e n t .  

V. s__ta.tu s of  Fund in~  

1. A.G.A. F u n d i n g . .  

A. 1970 F u n d s  A l l o c a t e d  

B. F u n d s  E x p e n d e d  Th i s  Month  ( e s t i m a t e d )  

C. Funds Expended .~o Date (estimated) 

Z. OCR Funding 

A. F u n d s  E x p e n d e d  This  Month ( e s t i m a t e d )  

B. F u n d s  E x p e n d e d  S ince  C o n t r a c t  A m e n d m e n t  
NO. I (estimated) 

$ 300,000 

$ 36,600 

$ 73,000 

$ 993,000 

$4,693,000 

As a r e s u l t  o f  p e r s o n n a l  7 r e v i e w i n g  the  p e r t i n e n t  da ta  and i n f o r m a t i o n  

reasonably available, it is our opinion that the projectts objective will be 

attained within the contract term and the funds allocated. 

Approve Fr~%k ~. Sc%dra, J[A 

Director ,// 

Ja~MrZIuebler 
V~Pr esident 

7 

/ Signed 
']Bernard "5. Lee 
Manager 
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Appendix, Achievements in February 

COAL CHARACTERIZATION 

A test for rating the attrition resistance of hydrogasification and other 

chars is being developed. A microtumbler test with results on coal 

correlated with Hardgrove grindability was investigated. In this test 2 

grams of a 20-30-n-lesh sieve fraction are placed in a IZ-in. long, l-in. [D 

cylinder with Ig steel balls; th,~ cylinder is turned end-over-end for 800 turns 

at a specified rate. In the test used. on coal, the amount passing a 100-nResh 

sieve is then determined. Results found on Ireland mine coal and on several 

chars are shown in Table I. The value found on Ireland mine coal agrees 

with thos~ reported in the literature on Pittsburgh seam coal. Reproducibility 

is satisfactory, but so much of the char is ground in the test that its use for 

characterization of behavior in a fluidized bed is very questionable. Tun%bling 

with glass hails is being investigated. 

Table I, ATTRITION TESTS 

S a m p l e  

I r e l a n d  M[ne  

Ash,  wt ~/o 
Original --30+40 S i e v e  
Sample Fraction 

19.4 Z3.3 Residue HT-210, 
Ireland Mine Coal 

Sieve Analysis of Tumbled Sample 
USS30 --30+100 --100+Z00 -ZOO 

% 

0.8 37.9 2.4.7 36.6 
0.4 38.Z 24.9 36.5 
0.6 38.2 2-3.7 37.5 

0.0 5.0 19.5 75.5 
0. l 3.4 19. 2. 77.3 
0.0 3.6 17.8 78.7 

Residue HT- 192, 14.6 IZ.5 0.0 16.9 17.7 65.5 
N. D. Lignite 0.0 16.0 18.3 65.7 

0.0 8.3 19.9 71.7 
0.0 10.4 2Z.5 67.1 

Residue EG-37 27.3 Z8.4 0.0 4.4 16.Z 79.4 
0.2 3.6 14.9 81.3 

The  e f f e c t s  o f  n i t r o g e n  and m i n o r  e l e m e n t s  in c o a l  on the  h y d r o g a s i f i c a t i o n  

p r o c e s s  a r e  b e i n g  i n v e s t i g a t e d .  A m m o n i a  i s  f o r m e d  in the  p r o c e s s ,  a s  shown  

by  the  p r e s e n c e  of  a so l i d  a m m o n i u m  s a l t  ( p r e s u m a b l y  the b i c a r b o n a t e )  in 

s o m e  of the  c o n d e n s a t e s  f r o m  r u n s  in  the  e x p e r i m e n t a l  uni t .  T h e r m o d y n a m i c  

c a l c u l a t i o n s  i n d i c a t e  t h a t  no so l id  p r o d u c t  o f  a m m o n i a ,  c a r b o n  d i o x i d e ,  and  

water will form in any section of the plant ahead of the quench tower. The 
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effect of the ammonia on a solution of carbon dioxide and hydrogen sulfide in 

the quench xvater and the cffec~ of this on the process is being investigated. 

Many elements are present in coal in amounts varying from a few parts 

per million to as much as several percent. Some of these are combined with 

the organic part of the coal, e.g., germanium, which is present in some coals 

to as much as 0.Z~ of the ash. We are investigating which of the elements 

may have stable volatile forms under the conditions in the hydrogasifier and 

thus may become trapped therein. 

HIGH-PRESSURE METHANATION 

Kinetic Study 

The methanation reactor was overhauled. New seal rings, bearings, and 

thermocouples were installed. Analytical instruments, t h e  gas partitioner 

and infrared analyzer, were calibrated. A total of 138 data points were ob- 

tained at 575°F for kinetic stud[es to date. About 30% of these data weru 

collected to find the order of CO and 35~ to find the order of Hz; the remainder 

were to find the effect of excess H.~ and CH 4 on the rate of methanation and o£ 

the presence of an inert (He) and of benzene in the feed gas. 

The final set of data used to find a rate model for methanation is presented 

in Table Z. The order of CO was found to be approximately 1.0 and that of Hz 

about 0.45. When the rate model, r = l~- _0.s --pCOFHz, was used to fit the data the 

represontation was not good, esp~cially at higher partial pressures of H z. 

The data were analyzed for the effect of excess H z and CH 4 by plotting 

PooPS. J p p0.S 
vs. and CO Hz vs. 

r PH z r PCH 4" 

From this study, we found the equation-- 

k,PGoP~Sz 
r = 

I + kzPHz + kaPcH 4 

where 

k, = rate constant = Z X I0 -s at 575°F 

kz-" 0. I 

k a = 0.05 

p : partial pressure, psig 

Ib-mole X 10 -4 r = rate of methane formation, hr-g catalyst 
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T h i s  e q u a t i o n  f i t s  a l l  t he  d a t a  in  T a b l e  2 w i t h  a s t a n d a r d  d e v i a t i o n  o f  11~'~ 

a n d  a n  a v e r a g e  d e v i a t i o n  of  2 0 % .  ( T h e  r e s u l t s  a r e  p r e s e n t e d  in T a b l e  ? a n d  in 

F i g u r e  l . )  .Data a t  l o w  c o n v e r s i o n s  and  n e a r - e q u i l i b r i u m  c o n d i t i o n s  a r e  b e i n g  

o b t a i n e d  to t e s t  t h i s  r a t e  e q u a t i d n .  

S u l f u r  R u s i s t a n c ¢  S t u d i e s  

Laboratory ,_~quiprnent is being set up to measure the reFistance of the 

n~thanation catalyst to various sulfur compounds to provide information for 

operation of the pilotplant, in addition, the two process gas chromatographs 

which will be used in the pilot plant ar~ being installed in the same labora- 

[or)-. A schematic diagram of this equipment is shown in Figure 2. 

.4 gas mixture having the same composition as that expectud in the pilot 

plant methanator feed will be doped with various sulfur compounds in thu Iow- 

pp*n concentration range. This gas will be fed to a small fixed-bed reactor 

containing I/8-inch pellets of nickel-on-kies'elguhr catalyst. 

The operating conditiono and gas loading will duplicate those ekpected in 

the pilot plant. The two chromatographs will be te~'ted for general perform- 

ante as well as used for analysis of feed and product gases. In addition, the 

interfacing of these analyzers with the data-loggh:g computer will be worked 

out under conditions approxin~ating actual operation. This should help i,n- 

prov~ data handling during initial plant operation and point out potential 

problem areas. 

ENGINEERING ECONOh, LICS STUDIES 

Substitution of Air for Coolin~ Water in Pipeline Gas_Plants 

We are studying the use of air cooling in the pipeline gas-from-liqnite 

plant design. In the original design water cooling is user/ requiring 219,220 

gpm within a 85a-l15"F cooling range, of %vhich 88,400 gpm was for %urbine 

steam condensation, The plant cooling water makeup amounts to 80ZZ gprn 

or 11,552-,000 gal/day. An additional 3640 gpm is required for the quench 

tower, bringing the total cooling ~vater makeup to 16,793,000 gal/day. 

A series of specifications for the application of air coolers to the above 

dusign was prepared and submitted to Hudson Engineering Corporation, 

suppliers of air cooling equipment, for its estimate of capital and operating 

costs, Heat transfer curves and condensate formation versus temperature 
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plots were prepared. Other pertinent design data, such as composition and 

density of vapor phases, were also submitted. 

Most of the requirements are for cooling down to 100°F. Usually air 

cooling down to this temperature is not economical; final cooling is done 

with water. The breakpoint between air and water cooling depends on costs 

for the two types. However, we expect air cooling at least down to 140°F to 

be feasible. 

On the basis of cooling to 140°F with air, the amount of cooling water and 

resultant makeup is greatly reduced. Process cooling water is reduced from 

140,8Z0 to 16,960 gprn, resulting in a saving of 4335 gprn makeup water. If, 

instead of cooling hydrogasifier effluent from 4Z5 ° to 100°F by quench water, 

air cooling is used to first cool to 140°F and then ~he final cooling is done 

by direct contact, an additional 3640 gpm makeup water is saved. These 

figures assume that the 88,400 gpm cooling water is still required for turbine 

steam condensation. 
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Ia addi t ion  to the above s a v i n g s  in mak, 'up w a t e r ,  wi th  a i r  coal ing it n~.a) - 

be f eas ib l=  to recovt~r w a t e r  f r o m  the lignitt:  d r y i n g  o p e r a t i o n .  This is not 

p r a c t i c a l  with w a t e r  coo l ing  b e c a u s e  w a t e r  r e c o v e r e d  f r o m  the li.anite d r y e r  

wuuld  be counterbalancc=d by equiva len t  e v a p o r a t i o n  l o s s e s  in the piani c,,~,iin- 

t o w e r .  The p r e l i m i n a r y  f i g u r e s  a r c  s u m m a r i z e d  in "l'ablu 3. 

Tab le  1. WATER MAKEL'I  ~ REQUIREMEI'~TS LN 500 BILLION Btu 
PlPELINE GAS-FRO.M-LIGNITE PLA~T 13Y WATER AND AIR COOLH<G 

l luat E x c h a n g e r s ,  gpm 

Quench  Towt~r, gpm 

P r o c e s s  Water ,  gpm 

Total 

R e c o v e r e d  F r o m  Lign i t e  
D r y e r ,  gpm 

Net Makeup,  gpm 

Plant Makeup, gel/day 

Wate r  Cooling 

8023 

3640 

4:5B 

15,916 

15,916 

22,919,000 

Ai r  Cooling to 1-;0".F; 
Wa te r  Cooling to 100+F 

( including s t e a m  
turbin~ cond~nsursl 

3688 

4253 

7941 

2075 

5866 

8,447,000 

A r e d u c t i o n  of 63~  in m a k e u p - w a t e r  r e q u i r e m e n t s  a p p e a r s  pos s ib l e  by a i r  

coo l ing .  We expec t  to ob ta in  c o s t s  for  the a i r  c o o l e r s  and e n g i n e e r i n g  con-  

f i r m a t i o n  of th is  po t en t i a l  f r o m  con t ac t s  with the a i r - c o o l e r  m a n l f f a c t u r e r s .  

E f f e c t  o~ F i n a n c i a l  F a c t o r s  on the Re tu rn  on Equ i t y  
• + , , ,  • 

The  N o v e m b e r  1969 P r o j e c t  S ta tus  Repor t  p r e s e n t e d  r e s u l t s  of the e f f e c t s  

of varying financial factors on the price of gas by the ac, ~unting procedure 

we h a v e  t r a d i t i o n a l l y  u sed .  In the ca lcu la t ion  p rocedure~  the r e t u r n  on equ i t y  

i s  no t  an  input, but is  d e p e n d e n t  on the f a c t o r s  s e l e c t e d  for  input.  C e r t a i n l y  

the rate of return on the rate base should be selected to give reasonable rates 

of return to both debt and equity capital. But in the mechanics of computing 

the gas price based on assumed values of debt-to-equity ratio, return on rate 

base, interest, and income, equity return does not appear in  the revenue re- 

quirement calculation. 

In the memorandum by J. F. Kavanagh outlining the procedure, he presented 

a computation of return on equity. This computation shows that the cash flow, 
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duprcciation plus net income, exceeds the sum of debt retirement plus nut 

income_ (dividends) by a fixed amount. Surplus cash flow is used to liquidate 

the outstanding equity, just as the debt is retired in equal annual install- 

taunts over a Z0-yu~tr period. 

Table 4 s u m m a r i z e s  the p e r t i n e n t  f inanc ia l  data for the p ipe l ine  gas  plant 

us ing e l e c t r o t h c r m a l l y  gene ra t ed  syn the s i s  gas .  The annual  s u r p l u s  equals 

d e p r e c i a t i o n  m i n u s  5% of the in i t ia l  debt ,  

Table 4. CAT.CUJ.,ATION OF PERCI/~NT RETURN ON EQUITY 

InstaU. :d Equ ipmen t  

Total  F ixed  Inves tmen t ,  $ 

Total  Cap i t a l  Inves tmen t ,  $ 

Deb t /Equ i ty  Rat io  

Initial Debt, $ 

Ini t ia l  Equi ty,  $ 

Return on Rate Base,~ 

I n t e r e s t  on Outs tanding  Debt, % 

Annual  Deprec i a t i on ,  $ 

Arnual Debt lRetirerr.ent, $ 

Annual  Surp lus ,  $ 

Equity, Liquida t ionj  $ 

Net Income ,  $ 

ZO-yr 

or  Bare  Cost,  $ 

End  o£ End o£ 
20th 7r  

31,302.,000 6,Z03,000 

3, 191,000 282,000 

$1,737,000 
Avg R e t u r n  on Outs tanding Equi ty  .$18,75Z, 000 X 100 

Avg Return ,  Income P lus  Surp lus ,  on Or ig ina l  Equity 

$1,737,000 + $1,321,000 
~ 31, 623, 000 X 100 = 9 . 4 9  

20 -y r  

76,920,000 

87,009,000 

93,208,000 

0.0.'3 

60,585,000 

32,623~000 

7 

5 

4,350,000 

3,02.9,000 

1,321,000 

20-yr  

18,752,000 

1,737,000 

= 9.3% 

In these calculations, equity for a given,year is the end-of-year amount 

just as the end-of-year undepreciated investment is used in the rate base. 

Equity is not completely liquidatecl; average return is 9.3%. Another return 

can be calculated~ the net income plus the annual surplus a~ a percentagu of 

original equity, amounting to 9.4% for this case. 

U sing the computerized A.G.A. accounting procedure we calculated 

the effect of varying financial factors on the return on equity. ' We used the 

IZ 
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investment and operating costs for the plant in which synthesis gas is gener- 

ated by electrothermal gasilication of spent ch~tr. To show sensitivity to 

investment, the installed equipment cost was doubled from $76,900,000 to 

$153,800,000. For these equipment costs the ranges of financial factors 

are -- 

Debt  Fraction 0.6 to  0.8 

Interest Rate 5, 6, 7, 8, and 9~o 

Return on Rate Base 7, 8, and 9~ 

Percentage returns on both average outstanding equity and on original 

equity were calculated. Results are shown in Figures 3 to 5, which present 

plots of percent return on equity versus percent interest on debt at a con- 

stant debt fraation, with families of curves for a fixed return on the rate 

base. 

As shown in Figures 3 and 4, percentage return on average equity is very 

insensitive to the level of investment. The greatest sensitivity occu@s at the 

higher debt ratio. For return on initial equity the effect is so slight that we 

have not included a second plot. 

All the families of curves (constant return on rate base) show a similar 

pattern. As the interest rate increases, return on equity drops. As the debt 

ratio increases from 0.6 to 0.8, the sensitivity of equity return to interest 

charges more than doubles. The sensitivities of equity return to changes in 

interest rate and return on rate base are surrLrnarized as follows: 

Chan6e in E@.ait), Return for l ~ Chan~e in Interest Rate 

Debt  Ratio 

0.6 
0.7 
0.~ 

~o R e t u r n  on ZO-yr  
Avg Equ i ty  

($76.9 to $153.8 X 106 
Installed Cost) 

1.4 to 1.5 
2.I to 2.25 
3.2 to 3.6 

R e t u r n  on 
Original Equity 

0.8 
I.Z5 
2.I0 

Change in Equity Return for 1 ~ Chang e in Return on Rate Base 

0.6 
0.7 
0.8 

2.25 to 2.35 
Z.85 to 3.0 
3.9 to 4.2 

1.25 
1.75 
Z.55 
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Changes  in r e t u r n  on the r a t a  base  have  a l a r g e r  e f f ec t  ori equ i ty  r e t u r n  

than changes  in i n t e r e s t ,  but  the e f f ec t s  a r e  of the same  g e n e r a l  l eve l .  Changes  

a r e  g r e a t e r  f o r  the p e r c e n t  r e t u r n  on 2 0 - y e a r  a v e r a g e  equi ty .  The  g r e a t e r  

e f f e c t s  at h i g h e r  debt  fractions i l l u s t r a t e  the "leverage" e f f ec t  of high debt  

u t i l i t y  f inanc ing .  F o r  any g iven  debt  r a t io  the h n e s  a r e  a l l  p a r a l l e l .  

Note that  f o r  any g iven  r e t u r n  on r a t e  b a s e  t h e r e  is a p a r t i c u l a r  i n t e r e s t  

r a t e  w h e r e  the l ines  i n t e r s e c t  w h e r e  the re  is  only  one equi ty  r e t u r n  r e g a r d -  

l e s s  of debt  f r a c t i o n .  This  po in t  is  i ndependen t  of the i n v e s t m e n t  l eve l .  

D E V E L O P M E N T  UNIT STUDIES 

Hydrogasification Tests 

We are presenting the hydrogasification results of Run I-IT-Z41 conducted 

in December 1969 in the high-temperature balanced-pressure development 

unit with untreated North Dakota lignite from the G1enharold mine. The ob- 

jective of th is  t e s t  w a s  to s tudy the h y d r o g a s i f i c a t i o n  r e a c t i v i t y  of the l ign i te  

with a synthesis gas and steam at a system pressure of 500psig. For this 

test the lignite was crushed and screened to a --I0 +80 mesh size and air- 

dried in the fluidized-bed coal pretreatrnent unit at 220 =-2400F. 

Operating conditions and results of this run are presented in Table 5. 

Compositions and screen analyses of the feed and residue are given in Table 

6. Liquid produces and composition are shown in Table 7. 

H)drogasification of the lignite in a 3.5-ft fluid bed with synthesis gas and 

steam at an average lignite bee temperature of 1590"F resulted in the gasifi ~ 

cation of 51.65~ of flee moisture-, ash-free lignite and 36.0"% of the carbon ira 

the l ign i te .  Those conversions warp obtained with a synthesis-gas rate giving 

a hydrogen-tc-lignite ratio of 16.9,"/ of the stoichiometric ratio, and a stean] 

concentration of 49.8.% in the feed gas (Table 5). Additional lignite was con- 

verted to liquid products containing oil that included g.YZ$~ of dle carbon in 

dle lignite. 15ased on an ash balance, 0.551 Ib of lignite residue was recovered 

for every pound of l ign i te  fed. 

For conlparative purposes, key results of Run HT-241 are presented in 

Table  8 with t hose  of Run HT-239 ( J anua ry  1970 P r o j e c t  S ta tus  Repor t ) ,  

conduc ted  at  500-pszg s y s t e m  p r e s s u r e  with the s a m e  Nor th  Dakota  l igni te ,  

bUt with a h y d r o g e n - s t e a m  feed  gas .  With s y n t h e s i s  gas about  5% l e s s  c a r -  

beta was  ga s i f i ed  than with hydrogen ,  a l though the m o i s t u r e - ,  a s h - f r e e  
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Table 5, P a r t  1. 

C oal 

Source  

Sieve Size, USS 

Run No. 

Duration of Test., hr  

Steady-State Operating Period, rain a 

OPERATING CONDITIONS 

Bud Height, ft 

Reactor Pressure, psig 

Reactor Tennperaturc, °F b 
Inches F r o m  Bottom 

62-I/Z 

67-3/4 

73 

78-1 /4  

83-I/Z 

89 

9 4 - 1 / !  

100 

104 

Average  

Lignite Rate, I b lh r  c 

Feed  Gas Rate, S C F / h r  

Steam Rate, l b / h r  

OPERATING CONDITIONS AND "RESULTS OF THE 
HYDROGASIFICAT!ON OF NORTH DAKOTA LIGNITE IN 

HIGH- TEMPERATURE ADIABATIC REACTOR 

North Dakota Li.~nih: 

Glenharold Mine 

--10+80 

HT- l-I I 

5 

139-304 

Steam,  mole  % of h y d r o g e n - s t e a m  mix tu r e  
d Hydrogen/Lignite Ratio, % o£ stoichiometric 

H y d r o g e n / S t e a m  Ratio, m o l e / m o l e  

13cd-Pressure Differential, in. wc 

Lignite Space Velocity,  Ib lcu  f t -h r  

F e e d - G a s  Res idence  Time,  min e 

Super f i c ia l  F u e d - G a s  Velocity,  f t / s  f 

3.5 

498 

1465 

15!0 

1640 

1590 

1655 

1660 

1510 

1665 

1595 

1590 

_,i.9, 
Z76.7 

13.08 

49.8 

16.9 

0.529 

77.3 

0.Z97 

0.196 

I N S T I T U T E  O F  
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Table 5, Part Z. OPERATING CONDITIONS AND RESULTS OF THE 
H YDROGASIFICATION OF NORTH DAKOTA LIGNITE IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 

HT-Z4] 

OPERATING RESULTS 

Product Gas Rate, SCFlhr 

Net Btu Recovery, i03 Btullb 

Product-Gas Yield, SCF/Ib 

Hydrocarbon Yield, SCF/Ib 

Carbon Oxides Yield, SCF/Ib 

Nut Reacted Hydrogen, SCF/Ib 

Residue, ib]Ib coalg 

Liquid Products, ib]lh coal h 

Net MAF Lignite Hydrogas i f i ed ,  wt °'/oi 

Carbon Gasified, wt ~o 

Steam Decomposed, Ib/hrJ 

Steam Decomposed, ~ of steam fed 

Steam Decomposed, ~o to total equivalent fed k 

Overall Material Balance, 

Carbon Balance, $~ 

Hydrogen Balance, ~o 

Oxygen Balance, ~o 

PRODIJCT GAS PROPERTIES 

Gas Composition, mole ,~o 

Ni t rogen  
Carbon Monoxide 
Carbon  Dioxide 
H y d r o g e n  
Methane  
E thane  
P r o p a n e  
Butane 
Benzene 
Hydrogen Sulfide 

Total 

Heat ing  Value,  Btu/SCF m 

Specific Grav i ty  (Air -- 1.00) 

Nitrogen Purge Rate, SCF/hr 

F e e d  

43.0 
4.5 

5Z.5 

m .  

N .  

I00.0 

304 

0.521 

786.5 

4.i75 

3Z.88 

3.62 

3.59 

0.531 

0.393 

51.6 

36.0 

4.22 

32.3 

86.O 

99.5 

I00. I 

97.0 

98.6 

Product 

36.1 
14.Z 
13.0 
Z4.8 
I0.2 
0.5 
0.3 

0.2 

I00.0 

Z49 

0.786 

28~ 
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Table 5, Part 3. OPERATING CONDITIONS AND RESULTS OF THE 
HYDROGASIFICATION OF NORTH DAKOTA LIGNITE IN 

HIGH-TEMPERATURE ADIABATIC REACTOR 

a. From start of ligmtc feed. 

b. Tube wall temperatures. Bottom of coal bed at 6Z in. 

c. Operating conditions and results based on weight of dry feed. 

d. Percent of the stoichiometric hydrogen/dhar ratio-- the net fccd hydrogen/ 
char ratio required to convert all the carbon to methane. 

~. L ign i t e  bed vo lum~. . / (CF/min  feed  gas  at  r e a c t o r  p r e s s u r e  and t u m p c r a t u r c , .  

f. ( C F / s  f eed  gas  at  r ~ a c t o r  p r e s s u r ~  and t e m p e r a t u r e ) / c r o s s - s e c t i o n a l  a r e a  
of reactor. 

:~. By ash b a l a n c e .  

h. i n c l u d e s  condensed ,  u n d e c o m p o s e d  s t e a m .  

i. 100 (wt of p r o d u c t  g a s - w t  feed  gas  i n - w t  d e c o m p o s e d  s t e a m - w t  n i t rogun  
i n / w t  of  m o i s t u r e - ,  a s h - f r e e  lignitL:). 

j .  C o m p u t e d  as  d i f f e r e n c e  be tween  s t e a m  feed  ra te  and .the m e a s u r e d  liquid 
water rate leaving the reactor. 

k. Computed as difference between the total equivalent steam feed rate (in- 
cludes moisture content of feed char and bound water corresponding to 
oxygen content of feed char) and the measured liquid water rate leaving 
the reactor. 

m. Gross, gas saturated at 6.0°F, 30-in. Hg pressure. SGF: dry gas volun~u 
in SCF at 60°F, 30-in. Hg pressure. 
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T a b l e  6. 

Run .No. 

S a m p  I~ 

Proximate Analysis, xvt 

Moisture 

Volatile Matter 

Fixed Carbon 

Ash 

Total 

Ultimate Analysis (dry), wt % 

Ca rbon 

H y d r o g e n  

N i t r o g e n  

Oxygen 

S u l h l r  

A s h  

T o t a l  

S c r e e n  Analysis, USS, ~vt 

+Z0 

+3O 

+40 

+60 

+8O 

+100 

+g00 

+3 Z5 

--325 

ToZal 

C H E M I C A L  AND S C R E E N  A N A L Y S E S  OF 
L I G N I T E  FEED A N D  R E S I D U E  

H T - Z 4 ]  

F, , 'cd R : ' s i d ' ; , '  

Z.6 

34.1 

55 ,0  

8 .3  

100.0  

68 .9  

3 .94  

1 . 1 9  

16,71 

0.7Z 

8 .54  

100.00 

36.0 

ZO.6 

16.1 

16.0 

7.3 

2.3 

1.5 

0.I 

0.I 

100,0 

_-t ' J 

77.~ 

15.9 

100.0 

7q.6  

0 .57  

2,4~ 

0.2 .' 

i 6 . 0 ~  

100,0(3 

24 ,4  

ZZ.6 

31.5 

20.0 

6.7 

2.5 

0.2 

0.2 

I00.0 

I N S T I T U T E O F 
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Table 7. C OMPOSITION OF H YDROGASIFICATION 
LIQU ID P RODU C TS 

Run No. 

Sa.mple 

Liquid Products,* 

ib/Ib lignite 

Composition of Liquid Products, wt 

Water  

Oil 

Total 

C o m p o s i t i o n  of Oil Fraction, wt ~{ 

Carbon 

H y d r o g e n  

Total 

Carbon in Oil Fraction, 

ib/ib lignite 

wt ~, of carbon in lignite 

HT-241 

C o n d e n s e r  

0.393 

94.29 

5.71 

I00.00 

83.70 

7.i9 

90.89 

0.01876 

2.72 

-':" Inc ludes  condensed,  u n d e c o m p o s e d  s t eam.  

g a s i f i c a t i o n  was l e s s  by only  Z.6%. p a r t i a l l y  r e s p o n s i b l e  for  the 

lower level of lignite gasification in Run HT-Z41 is the lower hydrogen 

plus carbon monoxide.to-lignlte ratio, 30.7 ~'~ compared to 34. Z ~,:, in 

Run HT-Z39. The lower carbon gasification of Run HT-Z41 is also re- 

flected in the significantly smaller hydrocarbon yield, compared to that of 

Run HT-Z39. The carbon oxides yields in both tests were nearly the same 

at 3,59-3.68 SCF/Ib of lignite. Product-gas compositions of the two runs 

show large differences. With synthesis gas as ~.',,~ feed gas, the methanu 

concentration was 16.0%, coxnpared to Z4.9~ with hydrogen as the feed gas, 

while the carbon oxides concentration at 43.69 was nearly twice that of the 

test with hydrogen. 

Run FP-141 coal pretreatrnent operations, conducted on a one shift per 

day basis, were concluded in the pilot plant fluid-bed coal pre£reatment unit. 

Over Z000 Ib of lightly pretreated Pittsburgh No. 8 seam high-volatile-content 

bituminous coal was produced. The coal was pretreated with air and nitrogen 

ZZ 
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Table 8. COMPARISON OT NORTH DAKOTA LIGNITE 
HYDROGASIFICATION RESULTS AT 500 psig WITH SYNTHESIS GAS-STEAM 

AND WITH H Y D R O G E N - S T E A M  FEED GASES 

Run No. HT- 239 HT-241 

Feed Gas Hydrogen + Steam Synthesis Gas - bt,,a,',- 

R e a c t o r  P r e s s u r e ,  psig 478 q9~ 

Lignite Bed Ternp Average, °T 1535 1590 

Lignite Bed Height, f£ 3.5 3.5 

Lignite Feed Rate, ib/hr 32.07 Z3,9/ 

Feed-Gas Rate, SGT/hr 368.8 276.7 

Steam Teed Rate, ][5/hr 8.69 l'~.0~ 

Steam/Lignite Ratio, lh/lb 0.271 0.547 

Hydrogen, or Hydrogen +Cacbon Monoxide] 
Lignite Ratio, ~o of stoichio."netric 34.2 30.7 

Stuarn Concentration in Teed Gas, rn.ole/hr 33.1 49.~ 

Steam Decomposed, ~ of total equivalent fed 56.9 86.0 

Carbon Gasified, ~ 41.4 36.0 

MAT Lignite Gasified, 510 54.2 51.6 

Hydrocarbon Yield, SCT/Ib 4.33 3.62 

CO +CO z Yield, SCT/Ib 3.68 3.5?. 

Carbon in Oil Traction, ~o of carbon in 
lignite 4.75 Z.77. 

P redact- Gas Cornpo sitiou (nitrogen- free), 
mole ~o 

Carbon Monoxide I 2~ 5 iI. 3 

C a r b o n  D i o x i d e  10.1 21.3 

H y d r o g e n  50.2 3S.~ 

Methane  Z4.9 16.0 

E thane  1.2 0.8 

Propane 0.5 0,.& 

Benzene 0.5 0.5 

Hydrogen Sulfide 0. l -- 

Total 100.0 100.0 

Product-Gas Heating Value (nitrogen-free), 
B t u / S C T  501 300 

Z3 
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tn a f lu id |zeal  bed  a t  7 5 0 " - 8 3 0 ° F .  L a b o r a t o r y  t e s t s  s h o w e d  tha t  th,: rr , . iI  ~:a.~ 

s t i l l  l i gh t ly  a g g l o m u r a t i n g ;  ther , . . fo ru ,  i t  w a s  t r e a t e d  a s e c o n d  t imt :  i z t  att¢, th, :r  

s e r i e s  of O l ; c r a t i o n s  (Run  F P - 1 4 2 )  a t  the  s a m e  c o n d i t i o n s  a s  in Run F P - 1 4 1 .  

Oil aunc shift per day basis, Run FP-l-12 extcndt.'d ovi:r a I~v-riod of 6, d,ty.~. 

E LECTROTHERMAL GASIFICATION 

. Two tests were conducted in the eluctrothur'ma] gasifier and st,mr.- tn~n,,r 

t~l,,difications were made t:n the umt dttring the month. The tests w,.r,. ,.t,~,- 

ductud with the concentric electrode confi.~uration at 1000 psig using a hydr~,- 

.~asifi,.'d hi~h-volatile bituminous char. Both tests had to he terminat,:d d.,,: 

~L, ~ipcrati,,nal difficulties buforu steady- state ~,[,urating c¢,nditirJns ,..,:r,: 

i" ~-.ac lied. 

Run EG-43 had a normal heat-eli except /or s,,rnu small pressurt: '.LbS,:ts 

which made it difficult to control bud height. Once steam was intrr,ducu¢i i:~,.,, 

the l-tee:for the pressure upsets b~come worse,and the st~nrcu uf the di/ficulty 

was traced to the erratic flow of the quench--wat~:r ,.xit sLrt-an~,. The test "~:'a.~ 

t e rn~b~a t ec | , a nd  a p r e s s u r e  e ( |ua l i z in ) /  lira: w a s  i n s t a l l e d  b e t w e e n  t h e  s c r u b b ~ : r  

a n d  |.hi; q u e n c h - w a t e r  c o l l e c t i n g  po t .  A c h e c k  o f  the  sys t~;m und,-r p r , ' . s s n r u  

r e v e a l e d  l i i t l e  i m p r o v e n ~ e n t .  "I'o u n s u r u  p r e p e r  c c , n t r o l  of the  q ~ . - n c h - w a t u r  

c.x[t s t r e a n %  the  w a t e r  d r a i n l [ n u  f rorn  thu s c r u b b e r  to th(: q u e n c h - w a t u r  c o l -  

l e c t i n g  pot  w a s  i n c r e a s e d  in i n s i d e  d i a m e t e r  f r o m  1.0 to 1..5 i n c h u s .  T o  p r e -  

v e n t  f u r t h e r  a c c u m u l a t i u n  o f  f i ne s  in the  l i q u i d  s i g h t  gage ,  t he  g a g e  w a ~  

t a p p e d  d i r e c t l y  in to  .d.e q u e n c h - w a t e r  coHectin.%, p o t .  (See  F i g u r u  6.J 

T h e  h e a t - u p  p e r i o d  o f  R u n  E G - 4 4  w a s  o n e  of  t h e  s m o o t h e s t  to da t~ ,  althou.,_,h 

tI~e f e e d  s c r e w  j a r n r n o d  s e v e r a l  t i r n e s  in the  b e g i n n i n g  d,,e to mois tu r ,~ '  in the  

c o a l  f e e d ,  T h e  m o d i f i c a I ~ . o n s  on the q u e n c h - w a t e r  e x i t  e l i m i n a t e d  the  p r e s s n r , ' -  

u p s e t s  float o c c u r r e d  d u r i n g  d r a i n i n g ,  A f t e r  t he  i n t r o d u c t i o n  of  s£ean ' ,  t h e  f e e d  

sc r (~w j a m m e d  o n c e  a g a i n , a n d  d u r i n g  a m a n u a l  a t t e m p t  to f r e e  it, t he  s h e a r  

p i n  in the d r i v e s h a f ~  b r o k e ,  c a u s i n g  the t e s t  to .be  t e r m i n a t e d ,  To r e c t i f y  t h i s  

r~curring problem, strip heaters are being placed on the feed hopper and 

covered with sufficient insulation £o p'rev~nt steam condensation 

during small pressure upsets. In addition, a continuous nitrogen 

purge will prevent steam from seeping into the feed hopper durin~ normal 

operation of the unit. Inspection of the reactor after both tests revealed no 

damage to the walls or the electrode. 
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An e l e c t r o d e  of  s i l i c o n  c a r b i d e  w a s  b o u g h t  and  m o d i f i e d  to o u r  powc , -  .~,..r. ,, 

in p r e p a r a t i o n  f o r  f u t u r e  t e s t s .  A s i l i c o n  c a r b i d e  tube ,  to bu ,lst.'d a s  au t,t:tvt- 

e l e c t r o d e ,  h a s b e e n  o r d e r e d .  T e s t s  w i l l  be  m a d e  to d e t e r m i n e  the s u i t a b i l i t y  

of  s i l i c o n  c a r b i d ~  / o r  electr~thern~al g a s i f i c a t i o n .  

FUEL CELL ENGINEERING S T U D Y  

D e s i g n  a n d  c o s t  e s t i m a t i o n  f o r  d u c t w o r k  and  e l e c t r i c a l  c o n n e c t i , , n s  is  c .m : -  

p i t t e d .  T o t a l  c a p i t a l  i n v e s t m e n t  i s  e s t i m a t e d  f o r  cell r a t i n g s  of  150 anti 3:~0 

W / s q  ft ,  T a b l e  9 s h o w s  the d e t a i l s  o f  the  e s t i n a a t e .  C o s t  of  fu~l  c e l l  c u n , p u -  

n ~ n t s  c o n s t i t u t e  a b o u t  4 0 - 5 0 %  of t o t a l  c a p i t a l  i n v e s t m e n t .  O p e r a t i n ~  t ' t ,s 1. [lilt] 

r e v e n u e  r e q u i r e m e n t  p e r  k i l o w a t t - h o u r  of  e n e r g y  a r c  shown  in T;tblt :  ltJ. l'ht: 

p r i c e  of  a n o d e  g a s  w a s  a s s u m e d  to be  Z 5 ~ l m i l l i o n  But .  D e p r e c i a t i o n  w a s  

c a l c u l a t e d  on  the  basis of  the  f o l l o w i n g  u s e f u l  l i f e  of  p l a n t  c o m p o n e n t s :  

C o m p o n e n t  Useful L.ifu, y r  

E l e c t r o l y t e  3 
E l e c t r o d e s  3 
D i s t r i b u t o r  P l a t e  I0 
S p a c e r  I 0 
Casing C o m p o n e n t s  20 
All Other Items 20 

Waste gases from the fuel cell, available at 1385°F, can be used to generate 

s t e a m  f o r  the  H Y G A S  p l a n t .  W a s t e - h e a t  c r e d i t  f o r  e n e r g y  a b o v e  3 0 0 ~ F  i s  sub -  

t r a c t e d  f r o m  o p e r a t i n g  c o s t  to a r r i v e  a t  n e t  o p e r a t i n g  c o s t .  T o t a l  r e v e n u e  

r e q u i r e m e n t s  a m o u n t  to 4 - 5  m i l l s / k W h r  f o r  a c e l l  p e r f o r m a n c e  of  300 W / s q  ft. 

P I L O T  P L A N T  C O N S T R U C T I O N  

E n g i n e e r i n ~  

A m a j o r  p o r t i o n  of  the e n g i n e e r i n g  e f f o r t  d u r i n g  t h i s  r e p o r t  p e r i o d  h a s  

b e e n  i n s t r u m e n t a t i o n  a n d  r e l a t e d  d e t a i l s .  E l e c t r i c a l  d e t a i l  d r a w i n g s  a r e  

c o m p l e t e ;  i n s t r u m e n t  d r a w i n g  i s  6"v O.,o c o m p l e t e d .  A l l  p ip ing  p l a n s  and 

d e t a i l s  h a v e  b e e n  i s s u e d .  T o t a l  p r o j e c t  d e t a i l e d  d e s i g n  a n d  d r a f t i n g  i s  95% 

c o m p l e t e .  

P r o c u r e m e n t  

T h e  r e a c t o r  a r r i v e d  on  F e b r u a r y  6 th .  Al l  m a j o r  e q u i p m e n t  and  m a t e r i a l s  

s c h e d u l e d  to  b e  r e c e i v e d  h a v e  a r r i v e d ,  w i t h  the  f o l l o w i n g  e x c e p t i o n s :  A p o r t i o n  

of the  s w i t c h g e a r  and  a c o m p r e s s o r  m o t o r  w e r e  d e l a y e d  due  to the  G e n e r a l  

Electric Company strike; the pretreater reactor, several small vessels, antl 
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Table I0. ANNUAL OPERATING COST AND REVENUE REQUIREMENTS 

Estimz~te C 
(300 w/sq ft; F,) 
rrdlls/kwh gTRR 

E s t i m a t e  D 
(300 {v/sq ft; F~) 
mills/kwh <TRJ< 

Raw material (anode gas)' at 
zb~/~mbTU Z. 8Z0 

Labor &nd supervision cost 0. ]Z9 

~fain%enance (34 Direct Plant 
Cost) 0. Z79 

55.5 Z. 820 67.6 

Z.4 0.1Z9 3.1 

5.5 0.218 5.2 

l ~ t e r i a l  Supp l i e s  (I 5% 
k4~tint chance) 

0. 042 0. 8 0. 033 0.8 

Depreciation* I. 411 Z7.8 0.893 Zl. 4 

Insura,~ce, Local Taxes 
(1~ FcO 

Subtotal 

0.1Z8 2.5 6.100 Z.4 

4. 809 94.5 4.193 ] 00. 

Contigency (2% Subtotal) .096 I. 9 0. 084 Z. ] 

Operating Cost 4. 905 96, 4 4. Z77 1 0Z. 6 

~Vaste Heat credit at Z0~/ 
MBTU I. Z35 24.3 zg. 6 

Net Operating Cost 3. 670 7Z. 1 73.0 

Cress Return (7~ TCI) 0.946 18,6 0.75Z 18.0 

Federal Income Tax (50 -/.' Gross 
Return 0. 473 9.. 3 0. 376 9.0 

i. Z35 

3.04Z 

Total Revenue Requirements 
(TRR) 5.0B9 I 00 4.1 70 1 00 

* C a l c u l a t e d  by s t r a i g h t  l ine  m e t h o d  and  u s e f u l  l i fe  ef i n d i v i d u a l  con~i .oncuts .  
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a portion of the material handling equipment will arrive late due t o  recent 

dosign changes and additions. The above delayed deliveries can be worked 

into thu construction schedule without extending the completion date. 

%re have anticipated possible del.~yed delivery of both carbon steel and 

alloy shop-fabricated pipe which would directly affect the construction 

schedule. Therefore, a maximum expediting effort is being made to main- 

tain promised deliveries. 

Construction 

Overtime construction began on February 10th in an effort to attract the 

pip,fitter/welder manpower required to I~%aintKin the construction scheduled. 

No immediate increase occurred; however, %he manpower s~tuation in this 

craft will be watched closoly to determine if fur,_her measures are required 

to ~ncroas~ the manpower level. 

Preparations for the reactor erection are almost complete. Structural 

steel and major equipment have been and are being erected. A total of 10 

cold-w~eather days was accumulated to date; 5 occurred in this report 

period. On these days no significant outside progress was made. 

Schedule 

The project schedule.was updated and reviewed with IGT. The computer 

run was made and reflects a negative float of approximately 8 days based on 

using /uly i, 1970, as the target completion date. 

The pretest pipe-rack bents have been erected, except in those areas -~vhere 

erection of equipment requires an open pipe-rack area. First-level pipe-rack 

piping has begun, but is proceeding slowly due to lack of manpower. A delay 

in the start of process area piping is foreseen due to lack of manpower. 

The electrical subcontractor h~LS moved to the field and is presently 

workin~ ill the motor control center. 
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I. 

Coal Hydro.qasification Pilot Plant 

SUMMARY 

Engi neeri ng 95% 
P ur c ha s i ng 86~; 
M'.ceriai Receipt 72~ 
Constructi on 24% 

A. ENGINEERING 

A major portion of the engineering effort during this report 

period has been instrumentation related details. Electrical 

detail drawings are complete and instrument drawing completion 

is 65 percent. All piping plans and details have been issued. 

Total project detailed design and drafting is 95 percent com- 

plete. 

B. PROCUREMENT 

The reactor arrived on February 6th. All major equipment and 

materials that are scheduled to be received have arrived, with 

the following exceptions: a portion of the switchgear and a 

compressor motor which were delayed due to the General Electric 

Company strike; the pretreater reactor, several small vessels, 

and a portion of the material handling equipment which will 

arrive late due zo recent design changes and additions. The 

above delayed deliveries can be worked into the construction 

schedule without extending the completion date. 

We have anticipated possible delayed delivery of both carbon 

steel and alloy shop fabricated p~pe which would directly affect 

the construction schedule. Therefore, a maximum expediting 



B. 

C. 

Page Two 

PROCUREMENT (continued) 

effort is being made to maintain as promised deliveries. 

CONSTRUCTI ON 

Overtime construction began on February lO~h as an effort to 

attract the pipefitter/welder manpower required to maintain the 

construction scheduled. No immediate increase occurred, however, 

the manpower situation in this craft wi l l  be watched closely to 

determine i f  further measures are required to increase the man- 

power level. 

Preparations for the reactor erection are almost complete. I t  is 

now scheduled to be erected on the 18th. StrQctural steel and 

major equipment have been and are being erected. 

We have experienced a total of ten cold weatF, er days, five of which 

occurred in this report period..On these days no significant out- 

side progress was made. 



I I .  

Page Three 

SCHEDULE AND S-CURVE REPORT 

The project schedule was updated and reviewed with IGT. The 

computer run was made and reflects a negative float of approximately 

eight days based on using July l ,  1970 as target completion date. 

Bar Chart - The bar chart in this report shows the cr i t ical path 

construction acti,vities with scheduled early start and finish dates. 

I t  should be noted that this bar chart does not include any cold 

weather time. This time could cause an extention of the completion 

date. 

The precast pipe rack bents have beer erected except in those areas 

where erection of equipment requires open pipe rack area. 

First level pipe rack piping has begun, but is proceeding slowiy 

due to lack of manpower. 

A ~elay in the start of process area piping is foreseen due to lack 

of manpower. 

The e lec t r i ca l  sub=ontractor has moved to the f i e l d  and is presently 

working in the motor control center. 
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] I I .  CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R0178 has been completed and reflects 

actual cost incurred through the last calendar month; estimated 

costs during this month; and the estimated total cumulative cost 

through this month. All costs have been rounded off to the nearest 

thousand dollars. 
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E r l U C A T I O N  - R1ESEArlCH 

INSTITUTE OF GAS TECHNOLOGY - l i T  CENTER - CHICAGO 60616 

P r o j e c t  S ~ a t u s  R e p o r t  

F o r  
O F F I C E  OF C O A L  R E S E A R C H  

and 
AMERICAN GAS ASSOCIATION 

Report For First Quarter, 1970 
OCR Report No. 66 

Project Title Pipeline Gas From Coal- Hydrogenation (IGT Hydrogasification 
P r o c e s s )  

OCR C o n t r a c t  No. 14-01-0001-381 (1) A.G.A. P r o j e c t  No.. IU-4-1 

L Project Objective 

The overall objective of this project is a process for producing pip~- 

line gas from coal that is economically attractive for supplementing natural 

gas supplies. The present objective is the design, construction, and opera- 

tion of a large integrated pilot plant to obtain scale-up data and operating 

experience. Developmental research, engineering studies, and economic 

evaluations are in progress to help attain this objective. 

If. Achievements 

COAL CHARACTERIZATION 

A test for rating the attrit[on resistance of coal chars is being developed. 

Initial results from studying the distribution of minor coal constituents in 

the HYGAS Process show that all the nitrogen removed from the coal appears 

as ammonia; over 75% of it is in the recycle quench water. If a cooling tower 

is used, then most of the ammonia would be released to the atmosphere. We 

are studying means of recovering the ammonia and avoiding atmospheric 

pollution. 

HIGH- PRESSURE ME THA NATION 

Results from a series of runs at low flow rates and low pressure agreed 

well with results at high pressures. The methanation rate expression has 

been extended to cover regions with large excesses of hydrogen and methane. 

An improved correlation was obtained. 

klPcoPH2 °'s 

r = I +kzPHz + k3PCH 4 



Data at low conversions and near equilibrium arc being collected to test this 

correlation. Initial data indicate that the correlation requires modification 

/or conditions near equilibrium. 

Preliminary tests will be made to determine the feasibility of using the 

heat release during ethylene hydrogenation to start up the HYGAS hydro- 

gasifier. 

The small laboratory for measuring the sulfur tolerance of the catalyst 

is essentially completed. Initial poisoning tests will be done with a typical 

methanation feed gas doped with I00 ppm of HrS. 

ENGINEERING ECONOMICS STUDIES 

A computer program was developed to estimate the cost of vessels as a 

function of their dimensions and configurations. The ef/ects of financial 

factors on the return on equity/or gas utility financing were calculated and 

the results presented in graphical forrr:. ° 

A study using air in place of water cooling in a HYGAS plant shows that 

the cooling water requirement can be reduced by as much as 63~. This 

assumes air cooling to 140°F with final cooling by water. 

The economics of lock hopper and slurry systems for feeding preZreated 

char to the hydrogasifier were compared. Recent data on lock hoppers were 

used in the study. The results indicate that the lock hopper system could 

show a gas price advantage of 3~/million Btu if a reasonable life of the con- 

trol valves can be expected. These valves must seal against 500 psi differ- 

ential pressure and must hand.le solids flowing through them. Further 

probing is planned. 

DEVELOPMENT UNIT STUDIES 

Results from a free-fall thermal treatment of lignite at 1300°F showed 

14~0 carbon gasification using nitrogen as a sweep gas. The degree of gasi- 

fication at re0 psi is comparable to that from another run at 1000 psi. indi- 

cating that devolatilization is the only reaction occurring. 

Hydrogasiflcation o£ lignite at 500 psi with hydrogen and steam showed 

41~ carbon gasification, indicating no significant loss of reactivity from 

the 1000-psi operation. Results of lignite gasification at 500 psi with syn- 

thesis gas-steam and hydrogen-steam mixtures show that about 5 ~ more 
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c a r b o n  (36 vs .  4 l i f o ) w a s  g a s i f i e d  wi th  the h y d r o g e n - s t e a m  m i x t u r e .  H o w e v e r ,  

c:ither gas mixture is adequate for the HYGAS Process in terms of obtaining 

the  r e q u i r e d  g a s i f i c a t i o n .  

F o u r  r u n s  w e r e  m a d e  t h i s  m o n t h .  "1"he one u s i n g  p r e t r e a t e d  I r e l a n d  m i n e  

c o a l a n d  a s y n t h e s i s  g a s - s t e a m  m i x t u r e  a t  1500 p s i  was  s u c c e s s f u l ,  The 

o t h e r  t h r e e  t e s t s  wi th  M o n t a n a  s u b b i t u m i n o u s  c o a l  a t  500 p s i  w e r e  only p a r -  

t i a l l y  s u c c e s s f u l  due to m e c h a n i c a l  d i f f i c u l t i e s .  

M i n o r  m e c h a n i c a l  d i f f i c u l t i e s  f i r s t  in the e x i t - g a s  q u e n c h  s y s t e m  and t h e n  

in  t he  c o a l  feed  s y s t e m  c a u s e d  the  shu tdown o£ a n u m b e r  of  r u n s  in the e l e c -  

t r o t h e r m a l  gas i£ i e r .  A f t e r  m o d i f i c a t i o n s ,  t h r e e  s u c c e s s f u l  r u n s  w e r e  m a d e  

t h i s  m o n t h  a t  1900"1" and 1000 p s i  us ing  our  own h y d r o g a s i f i e d  c h a r .  A 

s i l i c o n  c a r b i d e  ele-_trode i s  b e i n g  i n s t a l l e d  for  the  nex t  r u n .  

W o r k  is  in p r o g r e s s  to e v a l u a t e  the  perform,-u~ce of s p r a y  d e v i c e s  tha t  

w o u l d  be u s e d  in the HYGAS "pilot p l a n t  fo r  d i s t r i b u t i n g  the  coa l  f eed  s l u r r y  

to t h e  s l u r r y  d r y e r .  E q u i p m e n t  i s  be ing  se t  up to s~udy the  d ry  l e tdown of  

c i i a r  f r o m  high p r e s s u r e .  

NEW P R O C E S S  STUDIES 

T h e  f u e l  ce l l  e n g i n e e r i n g  s t u d y  w a s  c o m p l e t e d  t h i s  m o n t h .  De t a i l s  of 

p o w e r  p l a n t  c o n f i g u r a t i o n  and  c o s t  c a l c u l a t i o n s  a r e  g iven ,  A bus  b a r  p o w e r  

c o s t  of  4.5 and 5,4 m i l l s / k W h r  i s  e s t i m a t e d  fo r  f u e l  ce l l  p o w e r  d e n s i t i e s  of  

300 a n d  150 w a t t s / s q  ft .  C a p i t a l  i n v e s t m e n t  i s  e s t i m a t e d  a t  $19-3 and $ 9 9 /  

kW f o r  ce l l  p o w e r  d e n s i t i e s  of  150 and 300 w a t t s / s q  ft. 

P I L O T  P L A N T  C O N S T R U C T I O N  

Engineering is 97~0 complete., purchasing 89% complete, and material 

r e c e i p t  86% c o m p l e t e .  The b y d r o g a s i f i e r  v e s s e l  w a s  e r e c t e d  on F e b r u a r y  

Z1. No d e l a y s  a r e  e x p e c t e d  due  to e q u i p m e n t  d e l i v e r y .  

Construction is 3?-% complete, Overtime construction, 50 hr/wk, began 

on February 10 to attract the pipefitter/welder manpower needed to main- 

t a i n  the  c o n s t r u c t i o n  s c h e d u l e ,  

I N S T I T U T E  O F  
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liT. Problems 

No m a j o r  p r o b l e m s  w e r e  e n c o u n t e r e d  th is  month .  

IV. Recommendations 

We r e c o m m e n d  that the p r o j e c t  p r o c e e d  in the a r e a s  de f ined  in the con-  

t r a c t  a m e n d m e n t .  

I. A.G.A. Funding 

Z. 

V. Status of Fundin~ 

A. 1970 Funds Allocated 

B. Funds Expended This Month (estimated) 

C. Funds Expended to Date (eskimated) 

OCR F u n d i n g  

A. F u n d s  E x p e n d e d  This  Month ( e s t i mB t ed )  

B.  F u n d s  E x p e n d e d  Since C o n t r a c t  A m e n d m e n t  
No.  1 ( e s t i m a t e d )  

$ 300,000 

$ 36,6oo 

$ II0,000 

$ 590,000 

$ 7, 320, 000 

A s  a r e s u l t  of  p e r s o n a l l y  r e v i e w i n g  the  p e r t i n e n t  da ta  and i n f o r m a t i o n  

r e a s o n a b l y  a v a i l a b l e ,  it i s  our  op in ion  tha t  the p r o j e c t ' s  o b j e c t i v e  wi l l  b e  

a t t a ined  w i t h i n  the  c o n t r a c t  t e r m  and the funds  a l l o c a t e d .  

M a n a g e r  

0 
F~afik C. Schora', Jr. //'" 
Director / 

/ 

Ja  (lk! H u e b l e l  " 
V ~ c / - P  r e  s iden t  

S igned  

I 
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Append ix .  A c h i e v e m e n t s  in M a r c h  

COA L CI {ARACTERIZA TION 

Quench  Wate r  and C o n d e n s a t e  Gon tamina t ion  

The  p r o d u c t  gas  f r o m  the h y d r o g a s i f i c a t i o n  s tep  con ta in s  a m m o n i a ,  c a r -  

bon dioxide ,  h y d r o g e n  su l f ide ,  l ight  oil, and o t h e r  c o n t a m i n a n t s  tha t  d i s s o l v e  

to some extent in the steam condensate (or quench water if it is used) when 

the gas is cooled. The amount and disposition of these materials is of con- 

cern from the standpoint of water pollution and by-product recovery, and of 

air pollution if the quench water is recycled through a cooling tower. 

The yield of ammonia in hydrogasification has been determined on only 

one run in the past. A yield of 0.00501 Ib NHs/Ib char was found for Ru:. 

No. 42- made in March 1959 with Consolidation Coal Co. char as feed. This 

corresponds to a yield of 23% o£ the nitrogen in the feed. 

We are determinin&; the an'ioun~ of ammonia in the water condensate of 

current runs. A yield of 0.0096 ib NH3/lb dry coal was found for Run HT- 

24% with Montana subbituminous coal as feed. This corresponds to 05~ of 

the n i t r o g e n  in the coa l .  

The  c o n v e r s i o n  of n i t r o g e n  ill the coa l  was  c a l c u l a t e d  fo r  a l l  r u n s  on the 

Mon tana  s ubb i t um i nous  coa l  and on I r e l a n d  m i n e  p r e t r e a t e d  coa l  (Runs HT-  

94 to H T - 1 6 ? ) .  R e s u l t s  a r e  p lo t t ed  in F i g u r e  1 a g a i n s t  c a r b o n  c o n v e r s i o n .  

A c c o r d i n g  to this  c o r r e l a t i o n  the expec t ed  n i t r o g e n  c o n v e r s i o n  fo r  Run HT-  

243 is  6.0%, c o m p a r e d  to the d e t e r m i n e d  a m m o n i a  y ie ld  of  6 5 ~ .  Thus ,  i t  

• appears that substantially all gasified nitrogen is in the form of ammonia. 

The 500 billion Bin/day lignite plant in a study by Tsaros et el. ~ was used 

as a cas~ stud)- of the flow of am."noni.-~, hydrogen s.dfide, ]£ght o~I, and the 

accompanying carbon dioxide. Two levels of ammonia, 500 and 2000 moles 

per hour, were assumed. About 1600 moles per hour were expected for this 

plant if the correlation for subbituminous coal in Figure I holds for lignite, 

and if all converted nitrogen appears as ammonia. 

The plant's quench water circuit with some minor changes in tank con- 

ditions [s shown in Figure 2. The quench water was assumed to he saturated 

with carbon dioxide and hydrogen stllfide (corresponding to the composition 

of the gas entering the quench tower) at the temperature the water leaves the 

Reference 4, p. 20. 
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Figure 1. CONVERSION OF COAL NITROGEN IN HYDROGASIFICATION 

quench tower. Complete absorption of ammonia was found to be reasonable. 

The wa,~-r in tile two tanks was flashed to equilibrium. In She recycle-water 

settl~.ng tank a partial pressure of 0.Z atmosphere was assumed for the 

carbon dioxide in order to remove a substantial part of the hydrogen sulfide 

and c a r b o n  dioxide, 

. T h e  e q u i l i b r i u m s  w e r e  c a l c u l a t e d  in  t e r m s  o f  the  f o l l o w i n g  i o n i z a t i o n  a n d  

Henry's law constants: 

Ionization Constant Henry's Law Constant 
Component - 100"F 250°F " ---------100°l~ Z50°l? 

NH3 1.83 X I0 -s 1.09 X I0 "s 1.9 Z5 

I-]zS 9.5 X 1 0  - s  4.0 X 10 -s 830 1700 

COz 4.5 X 10 -7 1,9 X I0 -z Z300 5400 

Hz O Z,4 X I0 -*4 0.98 X I0 "]z 

Only  th,; f i r s t  cons tant  for  h y d r o g e n  su l f ide  and c a r b o n  d i o x i d e  was  u s e d .  

The  i o n i z a t i o n  cons tant s  of  c a r b o n  d i o x i d e  and h y d r o g e n  su].fude at 25002 -` 

w e r e  e s t i m a t e d .  The s o l u b i l i t y  and v a p o r  p r e s s u r e  of  l i gh t  o i l  w e r e  t,~ken 

I N S T I T U T E  O F  
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GAS 425~'F 
1090 psig 

LIGHT OIL 

I MAKEUP 
QUENCH WATER 
TOWER I 

.•MIXING TANK J -  

_ Lo 
300LING 
TOWER 

~ ] U  tBINEGA S 

I GAS 
J i [ : 6 6 2 , 8 0 0  mol /hr  ~ " 

f EC CLE WATER'  
| ~ SEPARATOR ~SETTLING TANKJ ~ 2500F 130psig "~ 12psig 240eF/ 

WASTE WATER A-40338 
63,620 mol/hr 

Figure g. LIGNITE PLANT QUENCH WATER CIRCUIT 

to be those of benzene; although, both solubility and vapor pressure will, in 

fact, be slightly lower. 

Calculated amounts and concentrations of the contaminants in the streams 

of the quench water circuit are presented in Table I. From these it appears 

that over thrt'.u-fourths of the ammonia is retained in the recycle quench 

water. Most c,£ this ammonia would be [osf. to the atmosphere in an open- 

cool ing s y s t e m  atong with a s m a l l  amount  of hyd rogen  sulf ide and about  4 

tons per hour of light oil. 
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I I I G H - P R E S S U R I ~  M E T H A N A T I O N  

Kine t i c  Study 

R e s u l t s  of  e x p e r i m e n t a l  r u n s , n u d e  a t  575 ° , 630 °, and 8 5 0 ° F  and c l o s e  to 

e q u i l i b r i u m  c o n d i t i o n s  a r e  be ing  anaJ .yzed.  T h e  in i t i a l  i n d i c a t i o n  i s  t ha t  the  

r a t e  e q u a t i o n  p r o p o s e d  i~ the  F e b r u a r y  1970 P r o j e c t  S t a t u s  R e p o r t  r e q u i r e s  

m o d i f i c a t i o n s  a t  c o n d i t i o n s  c l o s e  to e q u i l i b r i u m .  None  of  the r e p o r t e d  

m e t h a n a t i o n  r a t e  e x p r e s s i o n s  in the  l i t e r a t u r e  a p p l y  a t  c o n d i t i o n s  c l o s e  to 

e q u i l i b r i u m  conve  r s i o n .  

E t h y l e n e  H y d r o g e n a t i o n  

An a p p a r a t u s  w a s  bu i l t  f o r  a p r e l i m i n a r y  s t u d y  of  e t h y l e n e  h y d r o g e n a t i o n  

a t  e l e v a t e d  p r e s s u r e s  (up to 500 p s i g )  and t e m p e r a t u r e s  ( 7 0 0 ° - l l 0 0 ° g ) .  The  

p u r p o s e  of  th i s  s tudy  is  to c h e c k  the f e a s i b i l i t y  of  u s ing  the  h e a t  r e l e a s e  

f r o m  e t h y l e n e  h y d r o g e n a t i o n  to s t a r t  up the  NYGAS h y d r o g a s i l i e ÷ .  

The  f l u i d i z e d - b e d  r e a c t o r  u s e d  fo r  t h i s  s t u d y  i s  shown  in F i g u r e  3. The  

m i x t u r e  of  g a s e s  e n t e r s  the  r e a c t o r  and p a s s e s  t h r o u g h  a b e d  of s and  o r  

sand  and N i - M o  c a t a l y s t .  The  t e m p e r a t u r e s  of  the  bed  a r e  r e c o r d e d  and  the 

p r o d u c t  gas  is  analyz~:d.  The  r e a c t o r  is  l / Z  inch in d i a m e t e r  and i s  54 

i n c h e s  long.  T h e r m o w e l l s  a r e  i n s t a l l e d  f r o m  bo th  e n d s  so  theft the  t e m p e r a -  

t u r e s  of  t h r e e  p o s i t i o n s  in the  rear_ to t  can  be  r e c o r d e d .  

S u l f u r  R e s i s t a n c e  S t u d i e s  

The  l a b o r a t o r y  uni t  is  e s s e n t i a l l y  c o m p l e t e d ,  and g a s  m i x t u r e s  tha t  w i l l  

b e  d o p e d  wi th  s u l f u r  c o m p o u n d s  a r e  be ing  p r e p a r e d .  A m e e t i n g  w a s  he ld  

With H a r s h a w  c h e m i c a l  Co .  r e c e n t l y ,  w h i c h  p r o v i d e d  i n f o r m a t i o n  on  the 

p o i s o n i n g  b e h a v i o r  of  n ; . c k e l . . m e t h a n a t i o n  c a t a l y s t s .  B a s e d  on th i s  d i s c u s -  

s i o n  w e  can p r o b a b l y  l i m i t  o u r  s t u d i e s  te  H2S p o i s o n i n g ,  s i n c e  H a r s h a w  

f e e l s  tha t  a l l  s u l f u r  c o m p o u n d s  a r e  e s s e n t i a l l y  e q u a l l y  tox ic  and w i l l  a l l  

b e  r e m o v e d  q u a n t i t a t i v e l y  by the  c a t a l y s t .  

E N G I N E E R I N G  E C O N O M I C S  S T U D I E S  

E c o n o m i c  C o n a p a r i s o n  of  L o c k  H o p p e r  and S l u r r y , S y s t e m s  fo r  F e e d i n p  
P r e t r e a t e d  C h a r  to the  Hyd, r o ~ a s i f i e r  

Two  s y s t e m s  to f e e d  c h a r  f r o m  a tmosp ,  h e r i c  p r e s s u r e  to the l l 0 0 - p s i g  

h y d r o g a s i f i e r  h a v e  b e e n  u s e d  in p r e v i o u s  d e s i g n s :  l o c k  h o p p e r s  and  s l u r r y  

f eed .  The  HYGAS p i l o t  p l an t  w i l l  u s e  a s l u r r y  f e e d  sys tem because the  
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u p e r a t i o n  is l:xpc:cgcd to be.' e a s i e r  and, fo l lowing suits the c o s t  e s t i m a t e  f o r  

the 500 b i l l ion  B t u / d a y  p i pe l i ne  g a s - f r o m - l i g n i t e  p lan t  a l s o  used  such a 

s y s t e m .  H o w e v e r ,  we did not  }lave an e c o n o m i c  c o m p a r i s o n  of I o c k h o p p u r s  

v e r s u s  s l u r r y  f eed  s y s t e m s  f o r  a c o a l - b a s e d  gas  plant .  

The original lock hopper system used in the earlier cost estimates was 

derived f r o m  one used by Kellogg in [to hydrogasification system design for 

Project PB-Z3a. z The basic ideas in that design were also used in the three 

pipeline gas-from-coal plant estimates that, preceded the design for lignite. *,5,6 

A lock hopper operating cn a half-hour cycle discharged into a continuous 

feed hopper with a 30-minute holding capacity for the above designs; 8 pairs 

of such hoppers are required to handle the flow of char. Lock hoppe, s are 

pressurized either with |hydrogen or methane, which after depressurization 

is vented to a large surge drum and then recompressod, requiring signifi- 

cant power consumption. 

With some up-to-date infer,nation on lock hoppers and coal preparation 

costs, we decided £o size and cost both systems to handle the process coal 

required for the gas plant using eleci."othermal gasification, l In the original 

electrothermal design, only part of the spent char flows from the hydrogasl- 

£ier to the electrogasifier; the excess must be cooled and let down to atmos- 

pheric pressure as a by-product fuel. The same scheme was used for both 

cases compared, By-product char is quenched in a spray chamber from 

1800 ° to 600°F by water sprays and the steam generated (145 million Btu/hr) 

used to pressure the letdown lock hoppers. Since this same scheme and 

credit for heat recovery is used lot" both char feeding systems, there is no 

effect on the relative economics of  either. 

Lock Hopper Feed S),stem 

Figure 4 shows the system for feeding char via lock hoppers. Ground 

coal from the preparation system is pneumatically transferred by air to the 

pretreatment feed hopper, which also acts as a ground-coal surge tank. 

l:'retreated, hot char is pneumatically conveyed by low-pressure, lock hopper 

discharge steam. Since the char is hot there should be no condensation 

problem. This system avoids cooling the char, which would be necessary 

i f  conveyors were used. 
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Because of valve problems, it may not be possible to use a single lock 

hopper stage between 0 and 1100 psig. Assuming a 550-psi differential to be 

feasible, we used two lock hopper stages. Steam is used to pressure the 

hoppers, each operating on a 15-minute cycle. Th~ low- and high-pressure 

cycles are set so that steam from [he high-pressure hopper (550-1100 psig) 

discharges into the low-pressure hopper (0~550 psig) during depresshriza- 

tion. As the low-pressure hopper depressurizes down to 50 psig, stealT, is 

fed to the main and used for conveying char and regeneratlnghot carbonate 

solutions. 

With 15 -minu t e  s t a g g e r e d  cyc le s ,  one c o n t i n u o u s - f e e d  hopper  is  used '  f o r  

4 p a i r s  of h igh-  and l o w - p r e s s u r e  lock h o p p e r s .  T h e s e  hopper s  have  a 6 - i t  

ID, based  ell i n f o r m a t i o n  ob ta ined  f r o m  Lurg i .  F e e d  hoppers  a r e  18.5-ft  long, 

and b y - p r o d u c t  c h a r  h o p p e r s  a r e  14.5-it long. C o s t s  f o r ' t h e  ind iv idua l  hop-  

p e r s  a r e  based  on the c o s t s  of m e t a l  p lus  an a l l o w a n c e  of $10,000 and $6000 

each  fo r  the i n t e r n a l s  fo r  low- and h i , . h - p r e s s u r e  hoppe r s .  These  s i ze s  

n e c e s s i t a t e  a l a r g e  n u m b e r  of hoppe r s .  F o r  e a c h  h y d r o g a s i f i e r  t r a i n  t h e r e  

a r e  two c o n t i n u o u s - f e e d  h o p p e r s  each fed by 4 p a i r s  of lock hoppe r s ,  and one 

cont inuous  b y - p r o d u c t  c h a r  hoppe r  feeding  4 p a i r s  of  both hoppe r s .  Sir.co 

t h e r e  a r e  four  h y d r o g a s i f i e r  t r a in s ,  the to ta l  n u m b e r  of hopper s  i s  l a r g e .  

By doubl ing the capac i t y  of the indiv idual  h o p p e r  the number  of feed  un i t s  

would be ha lved ,  with a r e d u c t i o n  in cos t .  

In c o m p a r i n g  c o s t s  fc;r the r e v i s e d  and o r i g i n a l  feed s y s t e m s  (Tab le  Z), the 

saving in the i n s t a l l e d  cos t  of the f o r m e r  is  $6 m i l l i o n  over  the. o r i g i n a l  s y s -  

t e m .  Meier savings for the rc~'ised syst~n~ are in conthluous hoppers (one for 

each 4 lock hoppers instead of one-for-one as in the original system), in 

the use of 15-minute cycles, and in the elimination of conveyors and the lock 

hopper gas recycle system. The n~t power saved is 2-190 kW, r~ducing the an- 

nual purchased power r.ost to $8,358, Z00. There are some savings in feed 

hopper unit costs because, of lower vessel unit costs used in the revised 

system. (The same savings in vcssel uniL costs are also applied in the 

slurry feed system.) 

Table 3 summarizes tlle investment for the whole plant. (Compare with 

Table 5 in Reference I for the original lock hopper case.) Total installed 

equipment is reduced by $6,650,000 fronl the original. In addition to the 

above savings in tile hydrogasification system there is a SZ,7Z5,000 increase 
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Tabl~ Z. COST COMPARISON OF REVISED AND ORIGINAL FEED SYSTEMS 

Feed Hoppers 

Feed Cyclone 

Dust Lock Hoppers 

Feed Lock Hoppers 

Continuous-Feed Hoppers 
H y d r o g a s i f i e r  s (4) 

C y c l o n e s  

By-Product Char(' Hopper 

Vent-Gas Compressor 

Vent-Gas Surge Drhm 

Conveyors 

Total Equipment 

Installed Cost 

Orig ina l  L o c k  Rev i sed  
Hopper System, $ System, $ 

9,600 -- 

-- 3Z,000 

-- '40, 000 

i, 746,400 Z, 03Z, 000 

1,390,800 !76,000 

3, t98,000' 3,198,000 

16o, ooo 16o, ooo 

1,650,000 I, 083,000 

5Z5,000 -- 

49,600 -- 

135, 000  - - 

B, 864,400 6,7ZI,000 

Z5, 100,000 19, 0Q0, 000 

i n  the  sum of coa l  s t o r a g e  and g r ind ing  and a $3 ,280 ,000  d e c r e a s e  in o f f s i t e  

f a c i l i t i e s .  The former is due to upda ted  cos t s .  Savings in of f s i t e s  are due 

to a big reduction in the cost of a fired heater for superheating reaction steam. 

(The cost is reduced from the boiler cost used in Reference i, which was de- 

rived irom an earlier figure now believed to be too high.) 

Annual operating costs, calculated by the standard accounting procedure, 

are given in Table 4. In addition to regular maintenance at 3~,, additional 

maintenance for the lock hoppers amounts to $426,000 per ye~'r. This is the 

20-year average cost of replacing internals every Z years. Coal feed lock 

hoppers have given few problems at the Lurgi plant at Sasol. A~h lock hop- 

pers have given more problems. 3 The gas price with this ne'.v syst.em is 

50~/million Btu, 1.1~5 less than the original estimate. In th~ la~te-- no extra 

maintenance for lock hoppers was inc.luded, so on the sa:,'~e basis the dif- 

ference would be 1.5~ to Z~/million Bt,z. 

Slurry Feed System 

For slurry feed (Figure 5) the system in the pip-.line-gas-from-lignite 

study was uued as a model. 4 In order to prepare slurry feed so that light 

oi l  does  not v a p o r i z e ,  the t e m p e r a t u r e  o~ p r e t r e a t e d  c h a r  is  l o w e r e d  f r o m  

700 ° to Z85°F in the char cooler. The char cooler is similar in design to 

t/~e pretreater ~xcept that pretreatmeut off-gas instead of air is used for 

14 
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Tab le  3. SUMMARY O F  REVISI'.'D INVh'.STMI,'.NT FOR Z58 BILLION Btu/DAY 
P I P E L I N E  GAS -- I-IYDROGASIFICATION WITH SYNTHESIS  GAS 

G IE NERA T ED I] Y E LI':C TRO T H E R M A  1~ GASIFICA TION 

Coal  S t o r a g e  and Handl ing 

Coa l  G r i n d i n g  and P r e p a r a t i o n  

Coa l  P r e t r e a t m e n t ,  Char  Handl ing 

Slurry Makeup and Feed System 
• • 

Hydrogasification 

Quench Tower and Light Oil 
R e c o v e r y  

P r e p u r i f i c a t l o n  

M e t h a n a t i o n  and Dry ing  

G a s i f i c a t i o n  

E l e c t r i c a l  E q u i p m e n t  

Off  s i te  F a c i l i t i e s  

To ta l  B a r e  C o s t  

Igng O v e r h e a d  and P ro f i t ,  7 .73% 

Interest D u r i n g  Construction 

Fixed Investment, 5% 

Working Capital 

Total Capi ta ]  I n v e s t m e n t  

R ev i s ed  
L o c k  Hopper ,  $ S l u r r y  F~ed, $ 

2, 660, 000 Z, 660, 000 

4, 005,000 4, 005,000 

4, 650,000 5,796, 000 

--  4,958,000 

19,000, 000 ',c 17, 685, 000 I" 

-- 5, 897, 000 

15, 21 O, 000 ¢ I i, 760, 000 

Z, 800,000 Z, 800, 000 

7,510,000 7,510,000 

2,000, 000 2., 000, 000 

I Z, 430. 000 14, 800, 000 

70, 2-65', 000 7% 87 I, 000 

5,431,000 6, 174,000 

75,696,000 86, 045,000 

3,785,000 4, 3 0Z, 000 

79, 48 I, 000 90,347,  000 

6,110,000 6,326,000 

85, 59 I, 000 96, 673,000 

':' R e a c t o r  p l u s  f e e d  and s p e n t - c h a r  l o c k  h o p p e r s ,  

t I n c l u d e s  $5 ,570 ,000  fo r  s l u r r y  v a p o r i z e r ,  

¢ I n c l u d e s  $ 3 , 4 5 0 . 0 0 0  for  w a s t e - h e a t  r e c o v e r y .  

I N S T I T U T E O F 
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Table 4. ANNUAL OPERATING COSTS FOR Z58 BILLION Btu/DAY PIPELINE 
GAS- HYDROGASIFICATION WITH SYNTHESIS GAS 

GENERATED BY ELECTROTHERMAL GASIFICATION 

Raw Material 

Other D i r e c t  Materials 

Direct Operating Labor 

Maintenance at 3~o of  Bare Cost 

Added Lock Hopper Maintenance 

Supplies, 15~ 

Supervision 

Payroll Overhead 

Guneral Plant Overhead 

Depreciation 

Local Taxes and Insurance 

Eluctric Power at 3 mills/kWhr 

Operating Expense 

Contingency at Z~o 

Total Operating Cost 

By-Product Credit 

Net Operating Cost 

Capital Charges 

Annual Revenue Requirement 

Z0-Year Average Price of Gas, 
#.I10 6 Btu 

Revised 
Lock Hopper, $ S!urry Fe~d, $ 

23,377, 000 Z3, 377,000 

250,000 Z50,000 

883,000 883,000 

• P, I08,000 Z, 596,000 

426,000 -- 

316, 200 359,400 

88,300 88,300 
i" 

97,000 97, 000 

I, 697,800 i, 86Z, 900 

3,974,000 4,517,400 

Z, 384, 000 Z, 710,400 

8, 358, Z00 8, 617, 400 

43,959,500 45, 158,800 

879,Z00 ~03,Z00 

44, 838,700 46, 06Z, 000 

7,030,000 .6,469,?0o 

37, 808,700 39, 59Z, I00 

4, 548,600 5__., 097,500 

4Z, 357,300 44, 689,600 

5 0 . 0  5 Z . 7  

I N S T I T U T E O F 
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f lu id iz ing  c h a r ,  U s e  of  the c h a r  c o o l e r  r e c o v e r s  about  379 m i l l i o n  B t u / h r  

f r o m  c h a r  and p r c t r e a t m c n t  o f f - g a s  by p r e h e a t i n g  b o i l e r  f e e d w a t e r  to 2 5 0 ° F  

th rough  h e a t  t r a n s f e r  co i l s  in the  v e s s e l .  

C h a r  at  Z85*F is  m i x e d  with a r e c i r c u l a t i n g  s t r e a m  of l ight  o i l  a t  l l b ° F .  

With c h a r  f r o m  c o a l  the  b e n z e n e / c h a r  we igh t  r a t i o  is  65:35, c o m p a r e d  to 

35:65 fo r  b e n z e n e / l i g n i t e .  The high p o r o s i t y  of  p r e t r e a t e d  c h a r  m a k e s  it  

n e c e s s a r y  to h a v e  a l a r g e  p r o p o r t i o n  of l ight  oi l  in the s l u r r y  in o r d e r  to 

e n s u r e  pux~pab i l i ty  and handl ing  of  the s l u r r y .  B e n z e n e  r e q u i r e d  f o r  

1 ,212,500 l b / h r  of  c h a r  i s  2,236..000 t b / h r  c o m p a r e d  to 1,740,000 l b / h r  of  

benzene for 3,Z30,000 Ib/hr lignite. 4 On the basis of slurry densities the 

volumetric rates for the two cases were about the same, so investment for 

slurry preparation was taken as the same. Costs for the slurry vaporizer, 

quench tower, and benzene recovery were designed and estimated individually. 

Centrifugal pumps are used to transfer slurry from makeup tanks to slurry 

holding tanks sized for 20-minute slurry-holding capacity. 

The light oil vaporizer operates as in the lignite study. The light oil in 

the feed slurry is vaporized by the hot ~effluent gases from the low-tempera- 

ture reactor section and is carried to the quench system~ From the vaporizer 

the char flows to the low-temperature zone of the hydrogasifier. Because of 

the high oil-to-solids ratio in the light-oil vaporizer, a large amount of heat 

is used up in vaporizing the light oil, resulting in a lower temperature of 

light-oil vaporizer effluent than in the iignite case (500* vs. 6Z5*l~). This 

results in a lower amount of waste-heat recovery. 

In order to recover some of the waste heat, a different approach from 

that tised in the lignite study was used in designing the quench system. The 

new approach consists in having two sections for the quench tower: a) a heat 

recovery section and b) a packed tower section. 

a. In the heat recovery section light-oil vaporizer effluent is cooled from 
500* to 360°F accompanied by condensation of light oil and water vapor. 
This condensation results in a good heat transfer coefficient. Waste heat 
is transferred through heat transfer coils and used to generate 100-psig 
steam for the hot carbonate regeneration system. 

b. The packed section of the quench tower is similar to the one designed for 
the lignite study. Effluent from the heat exchange section is brought in 
direct contact with quench water at 90°F in a packed-bed tower where 
effluent gases are cooled from 360* to 100*F; the quench water is heated 
to Z50*F accompanied by condensation of light oil and water. 

18 
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Thi s  mod i f i ed  quench  s y s t e m  r e s u l t e d  in a w a s t e - h e a t  saving of 630 m i l l i o n  

Btu/hr plus a reduction in the water otherwise needed for the removal of this 

heat. The lower water requirement results in a smaller quench tower~ cooling 

tower, pumps, storage tanks, and other related equipment. The fuel value of 

the heat saved by the new quench system is about $1 million per year, The 

mixture of oil and water at Z50°F is reduced in pressure to 50 psig in hydrau- 

lic power recovery turbines and sent to an oil-water separator. Most of the 

oil at Zb0~F is recycled to slurry preparation. 

Water from the oil-water separator is reduced in pressure to 15 psig to 

release acid gases, and shored in settling tanks for 10-15 minutes. Water 

from the settling tank at 250°F is sent to a direct-contact cooling tower by 

the cooling tower feed pump. 

Economics of Lock Hopper and Slurry Feed Systems 

Tables 3 and 4 compare investment and operating costs for the entire plant 

with the two different char feeding systems. The .b~re equipment cost wi~h slur- 

ry feed [s $9.6 million higher than with the revised lock hopper. The extra 

cost is due to the vessel for cooling the pretreated char and recovering the 

heat, the slurry makeup system, quench tower and light-oil recovery equip- 

sent, and to the larger fired heater (offsltes). The fluidized-bed slurry 

vaporizer costs $1.3 million less than the lock hoppers; however, the quench 

tower and light-oil recovery systems add $5.9 mg.llion. With the lock hopper 

system there is $ 3.45 million for waste-heat recovery (in the original de- 

sign),which occurs between the hydzogasifiers and the hot carbonate scrub- 

bers. For slurry feeding, there are some waste-heat recovery coils in the 

char cooler and quench tower, the cost of which is included in these iten-,s. 

There is less waste heat to recover in this system. 

Annual charges are higher for slurry feed because of both higher invest- 

rnent and operating costs. Total operating labor for both plants was assumed 

to be the same, although there might be a couple more operators for the 

slurry system. This di[ference would not be significant. For the lock hopper 

system there was actually a reduction in power required over the base case 

because of the elimination of the recycle compressor for lock hopper gas. 

For the slurry feed there is an increase in net power (8780 kW),which raises 

annual power cost to $8,617,400. Because of the loss of waste heat in the 
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s l u r r y  feed s y s t e m ,  m o r e  cha r  ,:nust be burned ,  so the b y - p r o d u c t  c r e d i t  is 

r e d u c e d  f r o m  ~7,030,000 to  ~6,469,900.  

Both s c h e m e s  can  p robab ly  be improved :  The s ize  of the lock  h o p p e r s  

cou ld  bu i n c r e a s e d ,  with a r e d u c t i o n  in the n u m b e r  uf p a r a l l e l  s y s t e m s .  

L o c k  h o p p e r s  have  a d i s a d v a n t a g e  in the need  to c o n t r o l  a l a r g e  p r e s s u r e  

d i f f e r e n t i a l  wi th  va lve s  s u b j e c t  to e r o s i o n  a n d / o r  i n t e r f e r e n c e  by sol id  

p a r t i c l e s .  The s l u r r y  s y s t e m  would  p robab ly  have l e s s  o p e r a t i n g  p r o b l e m s ,  

bu t  has  the e c o n o m i c  d i s a d v a n t a g e  of the s l u r r y  l iquid  r e c y c l e .  A lot  of 

e q u i p m e n t  is r e q u i r e d  and e n e r g y  w a s t e d  in mak ing  s l u r r y ,  v a p o r i z i n g  l igh t  

oi l  w i th  v a l u a b l e  h i g h - t e m p e  r a tu re  w a s t e  hea t ,  and then condens ing  i t  "with 

coo l ing  w a t e r .  Th i s  r e s u l t s  in i n c r e a s e d  inves tmen£ and ope ra t i ng  cos t s .  

The Z .7¢  d i f f e r e n t i a l  is a p r e l i m i n a r y  one; both s y s t e m s  m e r i t  f u r t h e r  

s tudy  to f i r m  up c o s t s .  
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D EVELOPMENT U NIT STU DIES 

Hydrogasification Tests 

Four hydrogasification tests were performed this month in the high-temper- 

ature balanced-pressure dcv~lopment unit to study the effect of system pres- 

sure on the conversion of }~itttminous and subbitun~inous coal. In Run HT-24Z 

the reactivity of a lightly pretreated Pittsburgh No. 8 seam bituminous coal 

from the Ireland rains to hydrogasification with a synthesis gas-steam feed 

gas at [500 psig was determined. In Runs HT-243, PIT-244, and HT-Z45 the 

h ° • ° ydrogas,flcatlo,, performance of a dried Montana suhhiturninous coal from 

the Colstrip mine was investigated at 500 psig. The feed gas in Run HI"-Z45 

was a mixture of synthesis gas and steam; in the two other runs, it was hydro- 

gen and steam. The test with the Pittsburgh seam bituminous coal was 

successful~ The test with Montana subbituminous coal and a synthesis gas- 

steam feed gas was par%ia[ly successful, being of shorter than normal dura- 

tion. The two other tests with the subhiturninous coal were £ern, inated before 

steady-state operation was reached because sf coal feeding difficulties4 

Both o~ the coals were prepared for hydrogasification by first crushing 

and screening to a -10+80 mesh size. The bituminous coal was then lightly 

pretreated with air plus nitrogen at 750°-800"F in the fiuidized-bed coal 

pretreat*nent unit. The subbituminous coal, after the crushing and screening, 

was dried with air plus nitrogen in the same unit at Z20"-Z40eF from an as- 

rece'ved mo[sture level of Z3~ to one of 3~. 

Significant features of the four tests are given in Table 5. 

Run PIT-24Z is a repeat of Run HT-ZZ5 reported in the July ]969 Pro~ect 

Status Report, In Run HT-IZ5 two of the reactor heating zones failed during 

the test and the coal-bed temperatures were much below the desired 1700°F 

level. Although we had all of the reactor heaters operating during R,',n HT- 

242, the coal-bed temperatures w~re not significantly higher than those of 

Run HT-Z25. In the upper I-I/2 ft of the 3.5-it fluidized coal bed the; 

temperatures were 1555°-1600°F; in the lower part of the bed ~h.:)-were 

1250~-1350°F. Bituminous coal was fed at a rate of 4Z.6 ib/hr, synthesis 

gas at a rate of 674 SCF/hr, and steam at a rate of 32-.4 Ib/hr. At these 

flow rates, the equivalent hydrogen (hydrogen plus carbon rnonoxide)-to-coal 

ratio was 40.9~, of the stoichion, etric ratio. The steam concentration in the 
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T a b l e  5. F E A T U R E S  OF I-,:YDROGASIFiCATION T E S T  R E S U L T S  FOR 
RUNS HT-2-12 TO H T - 2 , t 5  

Rutl No. T c n a p e r a t u r e ,  °F P u r p o s e  of Run R e . s u l t s  

F e e d  S o l i d s :  P r e t r e a t e d  Pitt , .  b u r g h  No,  .8 S e a m  B i t u m i n o u s  .Coal,  
Ire!:J ud M i n e  

H T - Z d Z  1 3 0 0 - 1 7 0 0  T o  s tudy  the  h y d r o g a s i f i c a t i o n  r e -  S u c c e s s h ~ l  
a c t i v i t y  oi a h i g h -  v o l a t i l e -  c o n t e n t  
b i t u m i n o u s  c o a l  wi th  a s y n t h e s i s  
g a s  .~t~d s t e a m  a t  1500 p s i g  

F e e d  S o l i d s :  D r i e d  M o l : t a n a  S u b b i t u m i n o u s  C o a l ,  C o l s t r i p  IVline 

H T - Z 4 3  1 3 0 0 - 1 7 0 0  T o  s tudy  the  h y d r o g a s i f i c a t i o n  r e -  
a c t i v i t~  o1 a subb i tumi , ao t ,  s c o a l  
w i th  a s y n t h e s i s  g a s  a n d  s t e a m  a t  
500 p s i g  

• P a r t [ a l l y  
S U  C ¢" ¢: S S:[uJ, 
s h u r t  d u r a -  
t i o n  

H T - g 4 4  1 3 0 0 - 1 7 0 0  

H T - L - . 5  1 3 0 0 - 1 7 0 9  

T o  s tudy  the h y d r o g a s i f i c a t i o n  r e -  
a c t i v i t y  of a sub~:itu- ' .~inous c o a l  
w i t h  hyd~-ogen aud  s t c . ~ n  a t  500 
psig 

S a m e  a s  l - iT-g44  

L e a k  a t  
b a s e  of  g a s  
.rued t u b e  

Coal  feud 
s ~ r e ~ v  

j a m m e . d  

f e e d  g a s  w a s  5 0 . 3 % .  T h e  t e s t  l a s t e d  4 - 1 1 4  h r  wi th  2 - 3 / 4  h r  o f  t h i s  t i m e  a t  

s teady" s t a t e .  P r e l i m i n a r y  r e s u l t s  show t h a t  Z4 .5% of  the  c a r b o n  w a s  g a s i f i e d ,  

c o m p a r e d  to 17.4~° a t t a i n e d  in  Run  H T - 2 Z S ,  

D r i e d ,  bu t  o t h e r w i s e  u n t r e a t e d ,  M o n t a n a  s u b b i t u m i n o u s  c o a l  f ed  a~ a r a t e  

of  g l  l b ] h r  w a s  g a s i f i e d  in a 3 . 5 - f t  f l u i d i z e d  bed  in Run  I- IT-Z43 wi th  s y n t h e s i s  

g a s  (Z85 S C F / h r ) a n d  s t e a m  (12-.8 l b / h r ) .  T h e  e q u i v a l e n t  h y d r o g e n  ( h y d r o g e n  

plus carbon monoxide)-~o-coal ratio was 35% of the stoichiometric ratio; the 

steam concentration in the feed gas was 50 mole percent. The test lasted" 

.3-I]4 hr, but only 2.0 minutes of this tinac'w~t~ at steady state. The test was 

i n t e r r u p t e d  s e v e r a l  t i m e s  by  a c o a l  f e e d i n g  s t o p p a g e  a s  the  c o a l  p a c k e d  a t  

the  o u t l e t  of  the  f e e d  s c r e w .  T o o  low a n i t r o g e n  p u r g e  r a t e  to the  top  of  the  

r e a c t o r  was p a r t i a l l y  r e s p o n s i b l e  f o r  the  c o a l  p a c k i n g .  T e n t a t i v e  r e s u l t s  

show t h a t  309"o of the  c a r b o n  in the  c o a l  w a s  g a s i f i e d .  

In Run HT-244 we were gasifying the Montana subbituminous coal in a 

3 . 5 - f t  f l u i d i z e d  b e d  wi th  h y d r o g e n  a n d  s t e a m .  N o ; n i n a l  f e e d  c o n d i t i o n s  w e r e  

Z)  
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51.6  l b / h r  coa l ,  345 S C F / h r  h y d r o g e n ,  and 8.B l b / h r  s t e a m .  The h y d r o g e n -  

t o - c o a l  r a t i o  was  20% of  the  s t o i c h i o m e ~ . r i c  r a t i o ;  the s t e a m  c o n c e n t r a t i o n  

in  the  f e e d  ga s  was  35 m o l e  p e r c e n t .  Th i s  t e s t  had to be t e r m i n a t e d  j u s t  

a f t e r  s t e a d y - s t a t e  o p e r a t i o n  w a s  r e a c h e d  b e c a u s e  of  a f a i l u r e  in the  d i s -  

c h a r g e  of the coa l  bed .  A l e a k  at  the b a s e  of  thu gas  f e e d  tube  a l l o w e d  s t e a m  

to l e a k  and c o n d e n s e  in the d i s c h a r g e  s c r e w  h o u s i n g .  T h l s  w e t  the c o a l  

and  k e p t  i t  f r o m  f lowing .  P r o d l l c t - g a s  s a m p l e s  w e r e  t a k e n  b e f o r e  s h - t d o w n  

so tha t  a c o n d i t i o n a l  u v a l u a t i o n  of the t e s t  c o u l d  be m a d e .  

Run H T - 2 4 5  w a s  c o n d u c t e d  a t  c u n d i t i o n s  s i m i l a r  to t h o s e  o£ Run H T - 2 4 4 .  

After feeding coal for 12 minutes, the coal feed screw jammed, The test 

was terminated when efforts to clear the jamming by partial depressurization 

of the reactor failed. Analysis of the coal feed showed a moisture cont~:nt of 

8~. At this relatively high moisture level the coal particles tend to pack 

under the forces exerted by the feed screw and to jam at the mouth of the 

coal feed tube. To remedy this situation the coal will be redried to a 5go 

moisture level for the next hydrogasification test. 

Complete hydrogasificat.ion results of Runs HT-Z4P and HT-Z43 will be 

p r e s e n t e d  when  a n a l y s e s  of  t h e s e  t e s t s  a r e  c o m p l e t e d .  

E LEG TRO TH ERMA L GASII~'ICA T 10 N 

During the month three successful tests were conducted in the electro- 

thermal gasifier. The tests were made at 1900°F reactor temperature and 

1009 psig pressure using an IGT hydrogasified high-volatile bituminous char. 

Minor modifications w,:re made in the feed system to control fines entrain- 

ment. 

N o r r i n a l  t e s t  condiL~ons : , ~ e r e -  

11,,. l'Ioal l ,-D.d hh-,ma I , q*iI II, .., l',r ll,',i~ l- • 

l :~ i . .i~l 7 r I Ill; ; "11~ I II l" 

I.II, • 17 T I I J.'" I'0 I~' i t'l' I 

I.I, 4~I l~i 12.11 I'IUI, : I'll' 

p,,%,.i T t,1-, I ' l , l | l  ~I ; 'AI I I  ~']~1 r 
I . lq , .e l ._~( ' -  It . . . . .  I., ,,llr,~ (" ,z.,~.r. ~I °- (:.,..¢r. ,~!  '* 

7 l i t -  l , , t  o' I , ~  4'~ 

1,7 . ;  U . s . : '  ~,1~ .I I 

Run E G - 4 6  w a s  the  f i r s t  t e s t  a t  1000 p s i g  in  w h i c h  r e a c t o r  t e m p e r a t u r e s  

in excess of 1900°F were attained. The reactor heat-up was very smooth 

and progressed at a rate of 1000°F/hr. The test was terminated after l-I/Z 

hr of steady-state operation when the supply o¢ feed char was exhausted. No 
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~-o~api icat ions  w u r u  e n c u , , ~ t e r c d  wi th  th~ i ced  s c r e w  f o l l o w i n g  the  i n s t a l l a t i o n  

c~f a continuous nitrogen purge. Considerable finks entrainnxent ,.,;as encoun- 

tered, making it unnecessary to discharge solids fL'om the botton~ of the 

reactor. Preliminary data from the Lest indicate nominal char gasification 

of 48~ by weight, stean~ decon~position of 65~ by weight, and a stdady-sLaLe 

power input of 73,5 kW, accon~panied by an eye-'all resistance of 0.62 ohm. 

Operating conditions for Ru~t ~G-.&7 ~vere identic~l tc~ the last run t::¢cept 

the steam feed rat~ was increased in order to achieve a higher char conver- 

sion, A l-l]4-hr steady-staLe operating period was obtained durin~ ~v~ich 

fines entrainment was again noticeable. Initial data indit:ate only a sli[4htly 

higher char conversion of 49,~/o by weight. Steam conve,'siort was 52"/o by 

weight; an overall resistance o[ [.Z9 ohn~ requiring ar~ averaKe %~owe~r input 

of 63. | k%V was observed. A Vycor £t~ed tub- was extt~ndt~d into th~ reactor 

in an attempt to eliminate */ae fines entrairunent {Figure 6). 

The longest steady-stat~ operating pearled was reached in Run EG-4t$. 11. 

was terminated after 2-1/g hr of operation durb:g which thne the b~d heighl 

%vas controlled by bottom discharge. Inspection of the quench water syst~n~ 

after the test indicated some particle carry-over took place. Steam conver- 

se.on ~,as estimated at 66~ and char conversion at 41% by weight. The 

average power input during steady state was 67.Z kW and the overall x'esis- 

Lance was 0.82 ohm. 

After Run EG--18 the Type-316 stainless stetti electrode was renaovcd 

from the reactor. The only physical wear on the electrode after six Zests 

was a thin scale o~ its surfa6~ (Figure 7). 

A silicon carbide tub~ is being installed in the reactor for the next test 

(Figures 6 and 8). Electrica! properties of the m a t e r l a l w i l l  be cletern~ined 

rising a concentric electrode configu,.'tttion. 

The completed data and results of ]{uns '~G- t.6, '£f.~ -.7, and EG-4B v-~ll be 

reported as soon as they become available. 

FUKL CE, LL ~NGINIEERING STUDY 

O.~),~ctive 

• The  ~uel c e l l  e n g i n e e r i n g  s tudy  w a s  c o m p l e t e d  th i s  monLh.  

p o r t  s u m m a r i z e s  the  r e s u l t s  of a m u l t i m e g a w a t t  m o l t e n  c a z ' b o n a t u  p o w e r  

T h i s  f i na l  r e -  

?.4 
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N 2 PURGE AT 
CHAR iNLET 

LW FIRECRETE 
CASTABLE REF~-~,ACTOR~; 

VYCOR FEED TUBE 
20-in. LONG 

7913 vYCOR T U B E - - - I  
PROVIDES ELECTRICAL 
INSULATION 

UPPER RADIATION , - /  -- 
BEAM . , , /  

316 S S "I'UBE 
(G.O-in. I D = 6.625-in. OD 
x IOI-m. LONG) 

~'~'--THREE I/4-,n. SS HIGH- 
PRESSURE TUBES 

T SPACED AT 120 =' INTERVALS 
AROUND TUBE. 

I NO.I THERMOWELL 80-in. 
LONG; NOS. 2 R, 3 
THERMOWELLS 72-in.  LONG 

23.5- in 

5i-C ELECTRODE ROD- 
(1.50- m.OD x 0.94 -in. I D 
x 28.0- m. LONG} 

FIBERFRAX INSULATION 

\ 

THRFE 1/4-in. SS TUBES 
PLACED ADJACENT TO LONG 
THERMOWELL ALL 3,5-in. 
LONG 

A-40342 

Figure 6. ELECTRODE CONFIGURATION FOR RUN EG-4? 
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• • .- ".'.~ 

i 

Figure 7. 316 SS ELECTRODE AFTER 6 RUNS, EG-43 TO EG-48 

F i g u r e  8. SILICON C A R B I D E  TUBE; 
( l . 5 0 - i n .  OD x 0 .94 - in .  ID .x Z S . 0 - i n .  long) 

Z6 
R e p r o d u c e d  f rom I 
b e s t  a v a i l a b l e  c o p y  I 

I 
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plant design. This is a first round design and no attempt was made to opti- 

mize it. 

During Oc tobe r  i969, work s t a r t e d  on the engineer ing  study of a mol ten  

ca rbona te  fuel  ce l l  power  plant which wil l  supply 400 MW of d - c  e l e c t r i c a l  

energy. The objective of the study is to answer the question: Can we scale 

up a molten carbonate fuel cell power plant to multimegawatt capacity from 

the viewpoints of engineering, hardware, and costs? 

Fuel CelI-HYGAS Plant Concept 

The power plant is part of the coal-to-pipeline gas HYGAS plant. An 

integrated flow diagrana is shown in Figure 9. The coal char exhaust is used 

to supply a producer-gas fuel for the fuel cell. In turn the electrical energy 

from the fuel cell powers the electrothermal gasifier unit of the HYGAS plant. 

The wa ,re hear'of lhe fuel cell can be recovered in two ways: steam genera- 

tion and added t:lectrical energy generated by prime movers. Both of these 

methods were studied. The results of the power plant study reported 

here are based on the latter method (Option B in Figure 9). We feel that this 

mixed fuel cell-prime mover power plant more clearly exposes the full po- 

tential and problems of a naultimegawatt, molten carbonate fuel cell power 

plant. 

Power Requirement and Desi~,n Base Points 

The electrical power requirement of the electrothermal gasifier of the 

.HYGAS plant and the fuel cell design base points are given in Table 6, 

Table 6. POWER REQUIREMENT AND FUEL CELL DESIGN POINTS 

Electrothermal Ga s i f ie r  

Power Requirement, MW 400 
Voltage Requirement, V 5000 

Single Cel l  

Voltage Design Point,  V 0.75 
C u r r e n t - D e n s i t y  Design Point  l, A / s q  ft Z00 
C u r r e n t - D e n s i t y  Design Point  II, A / s q  ft 400 

Fuel  Cel l  

P o w e r - D e n s i t y  Design Poin t  I, W / s q  ft 150 
Power-Density Design Point II, W/sq  ft 300 

Active Are.a of Single Cell, sq ft 10 
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Tim d , : . ign  cah:ulation.~ -.v,..re based  on two p e r f o r m a n c e  de s ign  po in t s  of 

the  s i ng l e  fuel  ce l l .  The  f i r s t  d e s i g n  po in t  of 0.75 vo l t  at  200 A / s q  ft  ( power  

d e n s i t y  of 150 W/so' ft) can be a c h i e v e d  with p r e s e n t  m o l t e n  c a r b o n a t e  fu+.-1 

c e l l  t e c h n o h ,  gy. Based  on the  fuel  and ox idan t  gas  c o m p o s i t i o n s  and the  p l an t  

ope ra t ing ;  cond i t i ons  we f e e l  that the  fuel  ce l l  p e r f o r m a n c e  can  r e a s o n a b l y  be 

e x t r a p o l a t e d  t:, Des ign  P o i n t  !!, i . e . ,  0.75 vol t  at 400 A / s q  It (powt=r d e n s i t y  

of 300 W/sq ft). 

T h e  s i n g l e - c u l l  des ign  and  c o s t s  a r e  s i g n i f i c a n t  f a c t o r s  in the p o w e r  p lan t  

d e s i g n .  The  to ta l  c,Jsts of a l l  tht~ s ingle  c e l l s  cou ld  a m o u n t  to 2-5-40% of the 

t o t a l  c a p i t a l  investxner'.t c o s t  of  the  power  p lan t .  S ~ v e r a l  d e t a i l e d  d e s i g n s  of 

th~ s i n g l e  c e l i w e r t ~  c o n s i d e r e d .  A 10-sq-f t  c c l l w a s  c h o s e n  f o r  this  des ign  

s tudy .  T h i s  f u e l - c ~ l l - s i z e  d e s i g n  point  is  of c r u c i a l  i m p o r t a n c e ;  it mu=t  be 

c o n f i r l n e d  in a f u t u r e  t e c h n i c a l  t e s t i n g  p r o g r a n - .  

P o w e r  P l a n t  S p e c i f i c a t i o n s  and P e r f o r m a n c e  

Tim s p e c i f i c a t i o n s  and p e r f o r m a n c e  of the m o l t e n  c a r b o n a t e - p r i m e . m o v e r  

m i x e d  g e n e r a t i n g  plant  a r e  g iven  in "Fable 7. 

Tab le  7. O V E R A L L  P O W E R  P L A N T  S P E C I F I C A T I O N S  
AND P E R F O R M A N C E  

F u e l  Ce l l  P l a h t  

G r o s s  P o w e r ,  MW 4~2 
P a r a s i t i c  P o w e r  Requi=-err:ent, MW 2-0 
Net P o w e r ,  MW 40Z 

P o w e r  of  P r i m e - M o v e r  Waste-H0.'.~t R ~ c o v e r y  P l a n t ,  MW 391 

T o t a l  P o w e r  of Mixed  F u e l  C e l l - P r i m e  M o v e r  P l an t ,  MW 793 

T o t a l  No. of Single  F u e l  C e l l s  z81 ,60e  

No. of Cells in Basic Fuel Cell Power Package S00 

No. of Basic Power Packages in Fuel Cell Plant 35Z 

S p e c i f i c  Volume of B a s i c  F u e l  C e l l  P o w e r  P a c k a g e ,  cu f t / k W  0.75 

S p e c i f i c  Weight  of Bas i c  F u e l  Gu l l  P o w e r  P a c k a g e ,  I b / k W  39 

O v e r a l l  T h e r m a l  E f f i c i ency  of  M i x e d  Fue l  C e l l - P r i m e  M o v e r  P o w e r  P l a n t  = 

E l e c t r i c a l  Ener, - Output  
- -  , .... gY 
HHV Of F u e l  + Sens i b l e  Heat" = 56% 

2"he o v e r a l l  m a t e r i a l  and  e n e r g y  b a l a n c e s  of the  fue l  c e l l  p o w e r  p l an t  a r e  

shown in F i g u r e  I0.  The  gas  f low r a t e s  and hea t  f l u x e s  a t  v a r i o u s  po in t s  of 

the plant were used  f~r sizing and heat transfer calculations of the components 

of  the  fue l  ce l l  stack. 
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t 7 O -~,;.. COMBuSTIONI 

STD HEA! OF REAC'- 
"rlON'l,~06 g. ,0 ~ 

B'u / nr 
FLAME T.~ MPER,~ 

I,JRE 20115°F 
! 

i ,, 
CROSSFEED 

m0[e I l l -  
CO 2 4 6 . 2 5 0 , 0  
02 225 ,3  

H20 1 7 , 5 t 5 , 5  
N z 49 ,O82.9 

, 13.073 7 
TEMPERATURE 

2065°;" 
ENTHALOf 

.~89XIO s e, lu/hr 

BURN[ R AiR 

ANODE GAS 

faole , hr 
02 5 , t g z  ?' I 

N 2 19.588.1 j 
24.780.8 I 

T E MPERAT.JRE 60=f I 

E NTHALPY I 
: 0  B!U /h ,  r 

I 

I 

I 
L (:ATHODE GAS 

tool e / fir 
CO 2 140.400, I 
02 8;  ,79~.5  
H?O 5 1 .538.4 
N 2 520 ,380 .O 

794 .  112.0 
TEMPERATURE 

1215 "F 
ENTHALPY 

8.389x IO6 B:u.'P, 

oROCESS AIR 

mole/hr 

O? 3 , ' . 5 0 3 . 5  

N2 2;O_L!8 
I 17 ,622  .O 

EMP[ RATuRE60"F 

EN rHALPY 

FuEL CELLS 

= O B tu /~ r  

"co~ G~S 
m.Ql~/.J~ 

CO 2 2 0 , 2 3 5 , 8  
O? O.O 
H20 537,5  
N 2 3 , 0 5 2  ,.5 

2 4 , 8 2 5 , 8  
TEMPERATURE 

300 °F 
ENTHALPY 

84 XlO 6 9 l u / h r  

1 | 
RECYCLE GAS 

J 
I CO 20,359.1 

H z I 2 , 2 2 6 . 9  
CO z 2 , 8 0 4 . 7  
HzO 4 ,916,7 
N z 2 9 , 4 9 4 . 8  

70 ,202.9 
tEMPERATURE 1225"F 
ENTHALPY~706X 106B~U 
HV , 4,021 := u06BtU/~ 

FuEl C~.NVER31ON 70 % 
HEAT OF REACTION 2.654x,OGBvu/~r 
ELECTRIC POWER t.442 x 106B~u/hf 

[= 422 .4  MW) 
HEAT GENERATED 1,212Xl0SBtg/hr 

ELECTRIC POWER 
= 5 4 4 %  

HEAT OF REACTION 

I 
~NODE DISCHARGE 

molet., 
C0 6. 110,7 
H 2 3,801 .6 
C02 40 .  144,9 
H20 13,742,1 
N 2 2 9 , 4 9 4 , 8  

93,294.1 
TEMPERATURE 1370"f 
EN THALPY. 1.40(1, X IO Ge 
HV • 1,206 X l06 Btu/hr 

,l~ BIuIhf 

i :_ 
;ATHODE DISCHARGE 

mole,. ,  
CO 2 117 ,308 ,9  
0 z 7 0 , 2 4 7 . 9  
H20 5 1 . 5 3 8 . 4  
N z . ¢ 2 0 . 3 8 0 . 0  

7 5 9 , 4 7 5 , 2  
TE MPERATURE 

1370 °F 
ENTH/~LPY 

m01e/hr 
C02 7 3 , 9 1 4 . 4  
G~ 4 4 . 0 6 4 . 8  

H20 32,485,4 
N 2 326 ,125 .9  

4 7 8 , 5 9 0 . 5  
TEMPERATURE 

1370=F 
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5.688x~oG Rlu/hr 

9.023 X I06 Blu/hr 

W A S T E  GAS 
rnolelhr 

C02 43 ,394 .5  
02 26, t83.I 
HzO 19.053,0 
N 2 192,254,1 

280,884.7 
TEMPERATURE 

i 3 7 0  "F 
ENTHALPY 

3,335 X IO6 Blu/hr  

D. $02Z.~ 
NOTE ENERGY BALANCES BASED ON 

STD STATE AT 60°F .  WATER 
• AS LIQUID 

Figure 10. MATERIAL AND ENERGY BALANCES FOR 400-MW 
COAL-FUELED M O L T E N  CARBONATE FUEL CELL POWER PLANT 
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'I'h~ to ta l  o£ 280,000 s ing le  ¢'ells is  subd iv ided  into s m a l l e r  g r o u p i n g s  to 

r e n d e r  the c e l l - s t a c k i n g  l ) r o b l e m  m o r e  manag~.~.ble. The  ba s i c  p o w e r  p a c k a g e  

is m a d e  up of 800 c.~lls in B b a t t e r i e s  of  i00  e a c h .  The  p o w e r  p lan t  l ayou t  of 

th~ 352 power  p a c k a g e s  is  shown in F i g u r e  11. The  spec i f i c  v o l u m e  and 

we igh t  of the p o w e r  p a c k a g e  {based on 150 W / s q  ft p e r f o r m a n c e )  a r e  0.75 

cu f t /kW and 39 Ib /kW.  The  powe:" p lan t  l ayou t  in F i g u r e  I I  does  not  inc lude  

the  w a s t e  hea t  r e c o v e r y - g e n e r a t o r  s u b s y s t e m .  The fue l  c e l l p o w e r  p l a n t  

ou tpu t  i s  422 MW, of  which  20 MW is r e q u i r e d  as  p a r a s i t i c  power ,  m a i n l y  fo r  

the  gas  b lowers°  The c o m b i n e d  output  of the fue l  c e l l  and the p r i m e  m o v e r  

~Icnera tor  is 793 MW. 

Th¢: o v e r a l l  t h e r m a l  e f f i c i e n c y  of the m i x e d  fue l  c e l l - p r i m e  m o v e r  p l a n t  

is  56~ .  The  fut:l c,:ll pf~,,vL.r p l an t  a lone  has  an e f f i c i e n c y  of 28%, baaed on 

the h i g h e r  hea t ing  va l ue  of the fi le!  gas and i ts  s e n s i b l e  hea t .  If we n e g l e c t  

the  s e n s i b l e  hea t ,  the fue l  c e l l | s  e f f i c i e n c y  b e c o m e s  38%. 

B a s i c  F u c l  Ce l l  P o w e r  Packag.9  Cos t  Esth~uation 

A c os t  f a c t o r  m e t h o d  was  u s e d  to es t imate :  the p u r c h a s e d  e q u i p m e n t  c o s t  

( P E C )  el  the b a s i c  fue l  c e l l  p o w e r  package ,  T h e  d e t a i l e d  d e s i g n  of each  c o m -  

ponen t  of the fu¢~l ce l l  s t a c k  w a s  the b a s i s  f o r  c a l c u l a t i n g  the r aw  m a t e r i a l  

w e igh t  of tha t  c o m p o n e n t .  Then  the r a w  m a t e r i a l  c o s t  of. each  c o m p o n e n t  was  

c a l c u l a t e d ,  Th~ to ta l  r a w  ~ n a t e r i a l  c o s t  of the c o m p o n e n t  was  m u l t i p l i e d  by , 

a c o s t  f a c t o r  to y ie ld  the p u r c h a s e d  e q u i p m e n t  c o s t .  C o s t  f a c t o r s  used  f o r  

the v a r i o u s  c o m p o n e n t s  e l  the fu~l ce l l  s t ack  a r e  shown in Table  8,. In i t i a l ly ,  

the f i r s t - r o u n d  s e t ' o f  c o s t . ~ a c t o r s ,  Fi,  was u sed .  S u b s e q u e n t l y ,  s e v e r a l  of  

the  c o s t  f a c t o r s  w e r e  r c e v a h i a t e d  and n lod l f i ed .  The  s econd  se t  of c o s t  

f a c t o r s ,  Fz, was  u sed  in the r e s u l t s  of the c a p i t a l  c o s t s  r e p o r t e d  h e r e .  

Tab le  9 i s  the  e s t i m a t e d  P E C  of the  bas i c  p o w e r  p a c k a g e  at  de s ign  po in t s  

of 150 and  300 W / s q  ft .  The  P E C  in d o l l a r s  p e r  k i l owa t t  a r e  $74.71 and 

$45 .35 .  Note that  the un i t  c e l l  c o m p o n e n t s  a m o u n t  to abou t  t h r e e - f o u r t h s  of 

the total package cost in both cases. 

T o t a l  Cap i t a l  I n v e s t m e n t  of  the P o w e r  P l a n t  
- = ,  

T a b l e s  IO and I I show the to t a l  c ap i t a l  i n v e s t n l c n t  c o s t s  (TCI) of the  -Luel 

c e l l - p r i m e  m o v e r  g e n e r a t i n g  p lan t  a t  fue l  c e l l  r a t i n g s  of  150 and 300 W / s q  ft.  

The  c o s t s  in d o l l a r s  p e r  k i l o w a t t  in the fue l  c e l l  p l an t  c o l u m n  a r e  b a s e d  on 

the  ne t  p o w e r  p r o d u c e d  by the fue l  ce l l  on ly  (402 MW). The  t u r b i n e  p l a n t  
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Table 8. COST FACTORS (F) FOR OBTAINING PURCHASED EQUIPMENT 
COST (PEC) OF INDIVIDUAL COMPONENTS OF POWER PACKAGE 

PEC = (Component wt, Ib) .X (Cost, $11b) X (Cost Factor, F) 

Description 

Cell Components 

Anode 

C a t h o d e  

E l e c t r o l y t e  

D i s t r i b u t o r  P l a t e  

M o d u l e  C o m p o n e n t s  

Spacer (He~t Transfer 
Gap) 

Battery Components 

End Plate 

Tie Rod 

Casing Components 

Gas Stream Sepa1'ators 

Current Collectors 

Casing inner L i n i n g  

Casing Shell 

Thermal Insulation 

First- Round  
M a t e r i a l  Factors, Fi 

Second- Round 
Factors, Fz 

Ni f e l t  4.0 '  8 .0  

Ni f e l t  4 .0  8 .0  

Li- Na- K:CO 3 g. 0 5,0 
+ AlzO 3 

SS 316 L 1.5 Z.0 

SS 316 L 1,5 Z.0 

316 SS 1.5 1.5 

316 SS 1.5 1.5 

A l u m i n a  Z.0 5.0 

316 SS 1.5 1.5 

F i r e c l a y  Z.0 5 .0  

Mi ld  S t e e l  Z.0 5.0 

Kao l in  Wool  Z.0 5-'0 

Note: Estimates of subsequent tables are all based on second-round cost 
factors, F z. Final results for F l ."re reported in parentheses at the 
end of subsequent tables. 
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Table I0. TOTAL CAPITAL INVESTMENT FOR THE POWER PLANT 

F u e l  Cel l  Rat ing  = 150 W/sq £t 

i t e m  

P u r c h a s e d  Equ ipmen t  Cos t  of F u e l  
Cel l  P a c k a g e  74.71 

installation (15% PEC) I t.Zl 
Subtotal 85.92 

Duct Work l 1.30 
Electrical Connections and Protection 4.48 
B l o w e r s  8.00 
Burner s I. I 0 
Instrumentation and Control 1.50 
Land Structures and Yard Improvements 5.00 

Subtotal, Fuel Cell Plant 

Boiler P l a n t  
T u r b o g e n e r a t o r  P lan t  
E l e c t r i c a l  Connec t ions  and P r o t e c t i o n  
M i s c e l l a n e o u s  Equ ipment  
Additional Land and S t r u c t u r e s  

Subtotal, Turbine Plant 

Tota l  Physical Cost (TPG) 
Engineering and Construction (7~o TPC) 

Direc t  Plant Cost (DPC) 
Cont ingency  (10~o DPC) 
I n t e r e s t  During Cons t ruc t ion ,  7%.]yr0 

F ixed  Cap i t a l  I n v e s t m e n t  (FCI) 
Working  Capi ta l  

To ta l  Capi ta l  i n v e s t m e n t  (TCI) 

To ta l  Cap i t a l  I n v e s t m e n t  Based  on F! 

B a s i s . o f  I n v e s t m e n t  R.er kW 
Fue l  Ce l l  'Tu rb ine  Tota l  Gene ra -  

Plant ,  $ /kW Plan t ,  $ /kW tion, $ /kW 

117.30 

26.6 
27.1 

5.5 
1.3 
4.5 

.. 6 5 . 0  

9 1 . 4 4  
6 . 4 0  

97.84 
9.78 

10.27 

117.89 
5.00 

122.89 

(lO2.28) 

~' C h a r g e d  for  50~o of 5 - y e a r  c o n s t r u c t i o n  p e r i o d .  
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Tabh~ II. TOTAL CAPITAL INVESTMENT FOR THE, POWER PLANT 

F u e l  Cell R a t i n g  : 300 W / s q  f t  

I t e m  

Purchased Equipment Cost of F u e l  
Cell Package 45,35 

Installation (15~o PEC) 6.80 
Subtotal 5 Z. 15 

Duct  W o r k  7:90 
E l e c t r i c a l  C o n n e c t i o n s  and P r o t e c t i o n  4 .48 
B l o w e r s  8.00 
B u r n e r s  I . I 0  
I n s t r u m e n t a t i o n  and Control 1.50 
Land  S t r u c t u r e s  and Yard  I m p r o v e m e n t s  5.Off 

Sub to ta l ,  Fuel Cell P l a n t  

Boiler Plant 
Turbogener~tor Plant 
Electrical Connections and Protection 
Miscellaneous Equipment 
Additional Land and Structures 

Subtotal, Turbine Plant 

Total Physical Cost (TPC) 
Engineering and Construction (7% TPC) 

Direct Plant Cost (DPC) 
Contingency (I0~ DPC) ' 
I n t e r e s t  During Construction, 7~o/yr:~ 

Fixed Capital Investment (FCI,I 
W o r k i n g  Capital 

Total Capital Investment (TCI) 

Total Capital Investment BAsed on F, 

B a s i s  t,f I n v e s t m e n t  p e r  kW 
F u e l  Ce l l  • . T u r b i n e  T o [ a t  G e n e r a -  

Plant, $/kW Plant, $/kW tion, $/kW 

Z6.6 
Z7.1 
5.5 
1.3 
4.5 

72.64 
5.08 

77.72 
7.77 
8.16 

93.65 
5 . 0 0  

98.65 

(85.67) 

~,~ Charged for 50~ of 5-year construction period. 
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c o l u m n  c o s t s  a r e  s i m i l a r l y  b a s e d  on t h e  391 MW  p r o d u c e d  by t h e  t u r b i n e .  

The total generation column and the final total capital investment results 

a r e  b a s e d  on the  t o t a l  powc~r o u t p u t  of 793 M W  o f  t h e  m i x e d  p o w e r  p l a n t .  

For the presently achievable fuel cell rating o£ 150 W/sq ft we calculated 

a total capital investment cost of $ IZ3/kW. If the improved rating of 300 

W/sq ft is realized, the TCI will drop to $99/kW. Although these results 

are contingent upon our initial assumptions, some of which mt~st be con- 

firmed by testing, we are very much encouraged. The capital investment 

cost of $ Ig3/kW coupledwlth an overall efficiency Of 56~ makes the pros- 

pect of a multimegawatt molten carbo,tate fuel cell power plant very bright. 

At 300 W/sq ft, which we expect to achieve in the not too distant future, the 

TCI of $99/kW is 19~ below the average TCI of $1Zh/kW of a conventional 

steam generating plant at 40~ efficiency. 

Bus Bar Electrical Energy Costs 

The bus bar elec~£ical energy costs for fuel cell ratings of 150.an.d 300 

W/sq f t  (Table Ig) are 5.386 and 4.516 mills/kWhr. The contribution of the 

diHerent cost components for the 500 W/sq £t case are shown diagramatical!y 

in Figure 12. [[he producer-gas fuel cost amounts of 33.09 and the depre- 

ciation of the generating equipment is 2Z.0~f0 of the bus bar energy cost. 

The data in Table 12 and Figure 12 set the producer-gas fuel cost at Z56/ 

million Btu. The depreciation of the fuel cell generating plant is based o,t a 

straight-line method and a weighted average power plant life of I0 years. 

The assumed service life of t he  single-fuel-cell components is 3 years, 

while that for the other convenlional components is I0-20 years. 

Three parameters of the fuel cell power plant design which may be largely 

uncertain are the producer-gas cost, the installed cost o f  the fuel cell stack, 

and the service llfe of the plant components. In Figures 13, 14, and 15 these 

t h r e e  p a r a m e t e r s  a r e  p l o t t e d  a g a i n s t  t he  bu:i b a r  e n e r g y  c o s t .  F i g u r e  13 

shows that fox" the 150 W/sq ft case a fuel c,Jst change of lOG/million Btu 

w i l l  r e s u l t  in  a n  I I%  c h a n g e  in  t he  b u s  bar e l e c t r i c a l  e n e r g y  c o s t .  A s i m i l a r  

change in fuel cost for tlm 300 W/'sq ft case will produce a bus bar energy 
~f 

cost change of 13~o. The bus bar energy cost change is linear with respect 

to  t h e  f ue l  cost change. 
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Table It. ENERGY COST FOR KILOWATT-HOUR PRODUCED~: ~ IN 
COMBINED FUEL CELL TURBINE PLANT 

Power Density, ' W/sq ft 
150 3O0 

I. Raw M a t e r i a l  (Anode Gas)  a t  
Zb~/106 BLu 1.494 

Z. L a b o r  and Supervision Cost , 0.1Z9 

3. Maintenance (3~'. DPC) 0.535 

4. Material Suppl~es (15~o Maintenance) 0.050 

5. Operating Cost 2.008 

6. Depreciation 1.387 

7. Insurance and Local Taxes (4~o FCI) 0.538 

8. Gross Return (7~ TCI) 0.982 

9. Federal Income Tax (48~o Gross Return) 0.471 

10. Fixed Charges (Nos. 6 tO 9) 5.578 

11. Energy Cost (Operating Cost Plus 
Fixed Charges) 

It. Energy Cost Based on F I 

n-,ill s / kWhr 

1.494 

0.1Z9 

0.Z66 

0.040 

1.9Z9 

0.993 

0.4Z8 

0.788 

0.378 

2.587 

5.386 

(4.5o6) 

4.516 

(3.96 ) 

"~ 100~o load f ac to r  is  a s s u m e d  fo r  these  e s t i m a t e s .  
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In the  bar  c h a r t  ( F i g u r e  14) the bus b a r  e n e r g y  c o s t  i s  p lo t t ed  a g a i n s t  the 

i n s t a l l e d  e q u i p m e n t  c o s t  of the b a s i c  fue l  eel !  p o w e r  p a c k a g e .  F o r  both  p o w e r  

r a t i n g s  of the fue l  ce l l  the  bus  b a r  e l e c t r i c a l  e n e r g y  cos t  a p p e a r s  to be f a i r l y  

i n s e n s i t i v e  to the i n s t a l l e d  e q u i p m e n t  c o s t  of  the fue l  ce l l  p o w e r  p a c k a g e .  

F o r  an e q u i p m e n t  c o s t  c h a n g e  of $ 1 0 / k W  the bus  b a r  e l e c t r i c a l  e n e r g y  c o s t  

changes about 0,3 to 0.4 mill/kWhr for the 150 and 300 W/sq ft ratings. 

Figure 15 shows the bus bar electrical energy cost as a function of the 

weighted average service life of the fuel cell power plant. In both the 150 

and 300 W]sq ft cases, t-h.e horiz~.,:,%¢~i dotted iine is the bus bar energy cost 

of 4.61 mills/kWhr for a high-pressure, coal-fueled, steam central station. 

The broad-curve area indicates the possible range of the fixed capital cost 

of the plant equipment. For a 150 W/sq ft raturl fuel cell, the weighted 

average service life must be more than 11 ),cars before the bus bar energy 

achieved parity with the reference cost of 4.61 mills]kWhr. At the high, 

fixed capital cost range of $ llSIkW, parity is not attained until we have a 

weighted avera[.~ life of 20 years. However, for a 300 W/sq ft rated fuel 

ce l l ,  e q u i v a l e n c e  with the 4.61 m i l l s ] k W h r  r e f e . r e n c e  is r e a c h e d  a t  10 y e a r s  

s e r v i c e  l ife,  even  for  the  h i g h - r a n g e  f ixed cos t  of  S 9 4 ] k W .  At a l l  po in t s  

beyond the IC'-ye-r weighted average service li/%the bus bar energy cost is 

s i g n i f i c a n t l y  below the r e f e r e l~ce  cos t .  At 20 y e a r s ,  the fue l  ce l l  bus b a r  

e n e r g y  cost ranges f r o m  3.7 to 4.0 r n i l l s / k W b r .  

P r o b l e m  A r e a s  and F u t u r e  W o r k  

In the  cour.~o of th i s  e n g i n e e r i n g  s tudy  wt: c o m p i l e d  a li : i t  of the p r o b l e m  

a r e a s  in s ca l i ng  up a m o l t e n  c a r b o n a t e  fue l  c a l l  p o w e r  p l a n t  to mu~t in~ega-  

w a t t  c a p a c i t y .  Some o f  the m o s t  s i g n i f i c a n t  p r o b l e m  a r e a s  a r e  -- 

1. 1VIecha,.ica] l i m i t  of  s i ze  and c o n f i g u r a t i o n  of the  e lec t r t~ ly te  b r i c k  and 
s t u d y  e l  t e c h n i q u e s  f o r  i t s  manufactt , -  -~ 

2. N l a t e r i a l  t e c h n o l o g y  t e s t i n g  of  cel l  compt,nenP:~ 

3. T P c h n o l o g y  t e s t i n g  of  ce l l  p e r f o r m a n c e  t,f f u e l  ,cel l  u s i n g  anode and c a t h o d e  
gas of the specified composition 

4. O p t i m i z a t i o n  of r e c y c l e  r a t i o s  in r,:lati.'~tl to fi:-'c,i c a p i t a l  and oI ,era t l l , . :  
cost 

5. Determination of r~:sponsc ..)f cell pcrforxnance to fuel variation and in- 
v e s t i g a t i p n  of a l l o w a b l e  f]n,v v a r i a t i o n s  f r o m  c e l l  to c,.ql 
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6. Experimental determination of heat transfer coefficients, pressure drops, 
and conductivities under operating conditions 

7. Prediction of performance under nonuniform temperature. Estim.~tion of 
maximum tolerable temperature gradients and their effect on the life of 
the cell. 

These and other problem areas can form the bases for the work tasks of a 

technology *_esting program. 

PILOT PLANT CONSTRUCTION 

E1}gineering 

A n~ajor  p o r t i o n  of the  engine, e r i n g  e f fo r t  du r ing  th is  r e p o r t  p e r i o d  ha s  

b e e n  i n s t r u m e n t a t i o n  and r e l a t e d  d e t a i l s .  E l e c t r i c a l  and i n s t r u m e n t  de t a i l  

d r a w i n g s  a r e  c o m p l e t e  e x c e p t  for  th~ p r o c e s s  a n a l y z e r  d r a w i n g s .  The 

e m e r g e n c y  p o w e r  s y s t e m  is be ing  r e e x a m i n e d  by IGT and P r o c o n .  To ta l  

project detailed design and drafting is 97~ complete. Final work on the 

model is being done at the site. 

P rocu~ement 

The instrument electrical subcontract pr'lce and the insulation subcon- 

tract bids will be received shortly. All major equipment and materials 

scheduled to be received have arrived, with the following exceptions: a 

portion of the switchgear and a compressor motor, whlch were delayed by 

the General ,W.le,-.tric'Company strike, and the pretreator re.actor, several 

small vessels, and a portion of the material-handling equipment, which will 

arrive late due to recent design changes and additions. The above delayed 

deliveries can be worked into the construction schedule without extending 

the compl~tion date. 

We have anticipated the possible delayed delivery of carbon steei and 

alloy shop-fabricated pipe, which would directly affect the construction 

schedul~.. Promised deliveries of April I appear to be holding firm with 

the  exception of some of the heavy wall pipe. 

Construction 

The reactor was erected on Februar), 71. Major activities since that 

d a t e  have  b e e n  the se t t ing  of e q u i p m e n t ,  e r e c t i o n  of  s t r u c t u r a l  s t ee l ,  p l a t -  

f o r m s ,  and l a d d e r s ,  f i e ld  p ipe  shop f ab r i ca t i on ,  and s o m e  a r e a  p ip ing .  A l l  

bu ' i ld ings  have  been  erec te .d  e x c e p t  fo r  the s l u r r y  f i l t e r  bu i ld ing .  
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T h u r o  a r e  now 40 p i p e f i t t e r / w c l d e r s  on  the  p r o j e c t ,  r e p r e s e n t i n g  a n  i n -  

crease of I0 during this report period. It is not known i£ it will be possible 

to man the job at the level required to meet the scheduled completion date. 

We have experienced a total of 17 inclement weather days, Z of which oc- 

curred in this report period. On these days no significant outside progress 

was made. 

Figures 16- 19 show the status of plant construction. 
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Figure 16. OVERALL PLANT -- LOOKING S O U T H E A S T  
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F i g u r e  1 7 .  P R O C E S S  A R E A  - -  L O O K / N G  S O U T H - S O U T H E A S T  

-16 I Reproduced from I best available copy 
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Figure 18. GAS CLEANUP AND PROCESS AREA-- 
LOOKING NORTHEAST 

Figure 19. PROCESS AREA AND COMPRESSOR BUILDING-- 
LOOKING WEST- NORTHWEST 
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