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Abstract 

The U.S. Department o f  Energy (DOE) i s  ac t i ve l y  involved i n  the development of 
renewable energy sources through research and development programs sponsored by 
the Biomass Energy Systems Branch. The overal l  object ive o f  the  thermochemical 
conversion element o f  the  Biomass Energy Systems Program i s  t o  develop compet- 
i t i v e  processes f o r  the conversion o f  renewable biomass resources i n t o  clean fuels 
and chemical feedstocks which can supplement fue ls  from conventional sources. An 
overview o f  biomass thermochemical conversion projects sponsored by the Biomass 
Energy Systems Branch i s  presented i n  t h i s  paper. 

1 : INTRODUCTION 

The purpose o f  t h i s  paper i s  t o  provide an overview 
o f  thermochemical conversion technology development 
a c t i v i t i e s  w i th in  the Biomass Energy Systems Branch 
o f  the U.S. Department o f  Energy (WE). The Bio- 
mass Energy Systems Branch (BESB) i s  a pa r t  o f  
DOE'S Div is ion o f  D is t r ibu ted Solar Technology. 
Themchemical conversion technology development 
a c t i v i t i e s  lponsored by the Biomass Energy Systems 
Program can be catagorized i n t o  four main areas: 
d i r e c t  combustion, d i r e c t  l iquefact ion,  g a s i f i  ca- 
t ion, and i n d i r e c t  l iquefac t ion  v i a  synthesis gas. 

Pac i f i c  Northwest Laboratory (PNL) and Lawrence 
Berkeley Laboratory (LBL) have been selected t o  
provide program management services t o  the Biomass 
Energy Systems Program. Lawrence Berkeley Labora- 
t o r y  i s  responsible for  the technical management of 
development a c t i v i t i e s  on the d i r e c t  1 f quefact i  on 
of biomass feedstocks . Pac i f i c  Northwest Labora- 
t o ry  i s  responsible f o r  the technical management of 
development a c t i v i t i e s  di rected toward the t h e m -  
chemical conversion o f  biomass feedstocks by d i r e c t  
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combustion, gas l f  i c a t i o n  and i n d i r e c t  1 iquefact ion 
v ia  synthesis gas. 

Biomass comprises a1 1 p lan t  growth, both t e r r e s t r i -  
a l  and aquatic and includes renewable resources 
such as forests and fo res t  residues, agr icu l tu ra l  
crop residues, animal manures, and crops grown on 
energy farms spec i f i ca l l y  f o r  t h e i r  energy content. 

Thermochemi ca l  conversion processes employ elevated 
temperatures t o  convert biomass materials t o  more 
useful energy forms. Process examples include: 

(1) Combustion t o  produce heat, steam, 
e l e c t r i c i t y  , o r  combinations o f  these; 

(2) D i rec t  l iquefac t ion  t o  produce heavy 
o i l s ,  s r  w i th  upgrading, l i g h t e r  
b o i l i n g  l i q u i d  products such as d is -  
t i l l a t e s ,  l i g h t  fuel  o i l s  and gasoline; 

(3) Gasi f icat ion t o  produce low or i n t e r -  
mediate BTU fuel gas; 

(4) Pyrolysis t o  produce gases (low o r  
intermediate BTU), py ro l y t i c  1 iquids 
and char; 

(5) Gas i f ica t ion  t o  produce synthesis gas, 
f o r  the production o f  synthetic natural 
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. gas (SNG), amnonia, methanol, a lcohol  . 
f u e l  s , o r  F i  scher-Tropsch 1 iqu ids  and* 
gaso l ine  v i a  c a t a l y t i c  processes. 

2. PROGRAM OBJECTIVE 

The o b j e c t i v e  o f  t h e  thermochemical conversion ' 

technology development a c t i v i t i e s  o f  the  Biomass 
Energy Systems Program i s  t o  develop compet i t i ve  
processes f o r  t h e  convers ion o f  biomass feedstocks 
t o  f u e l s  and o ther  energy in tens ive 'p roduc ts :  Th is "  
o b j e c t i v e  can be accomplished.by the d i r e c t  combus- 
t i o n  07 biomass m a t e r i a l s  and the s u b s t i t u t i o n  o f  
biomass der i ved  f u e l s  and chemical feedstocks f o r  
those produced from conventional sources; . . . 

. . 

3. PROGRAM ORGANIZATION 

3.2 GASIFICATION-INDIRECT LIQUEFACTION SYSTEMS ' 

Biomass g a s i f i c a t i o n  technologies can be d i v i d e d  
i n t o  processes which produce a low BTU gas and 
those which produce a medrum BTU gas. 

Low BTU g a s i f i c a t i o n  technology i s  c o m e r c i a l  l y  . ' 

a v a i l a b l e  f o r  many types o f  biomass feedstocks and 
can be expected t o  have an impact on energy sup- 
p l  i e s  by 1985. Several o f  these c o m e r c i a l  pro- 

':cesseS a r e .  based on : low BTU coal  g a s i f i c a t i o n  
technologies and the  gas produced can bes t  be used' 
as f u e l  f o r  supplying process heat, process steam, 
o r  f o r  e l e c t r i c a l  .power generat ion. 

- .  . 

. ~ h e . v e r s a t i l  i ty o f  low BTU gas i s  somewhat 1 im i  t e d  
'and I t s  use i s  sub jec t  t o  the fol1,owing l i m i t a t i o n s :  

. - . .  . 
The thermochemical conversion technology .develop- ' : .' . (1  ) .The low heat ing va lue o f  the  gas ' 

ment a c t i v i t i e s  sponsored by the Biomass Energy 
. . u s u a l l y  requ i res  t h a t  i t  be consumed 

Systems Program can be d i v i d e d  i n t o  the  f p l l o w i n g  . on o r  near t h e  product ion s i t e  i n  a 
four categor ies:  c lose  coupled process. 

(1)  D i r e c t  L i q u e f a c t i o n  

(2 )  D i r e c t  Combustion . - 
. 

( 3 )  G a s i f i c a t i o n  

( 4 )  I n d i r e c t  L i q u e f a c t i o n - V i a  
Synthesis Gas 

I n  the  remainder o f  t h i s  paper we w i l l  . o u t l i n e . t h e  
ongoing a c t i v i t i e s  i n  each o f  these ca tagor ies . .  : 

. . . . . . . . . . . . . . . . . . . . . .  

3 . 1  eaREcf COMBUSTION .SYSTEMS 

The d i r e c t  combustion' of biomass feedstocks i s  
a l ready w ide ly  p r a c t i c e d  by severa l  i ndus t r ies ,  
e s p e c i a l l y  the  f o r e s t  products indus t ry .  Many . 
types o f  d i r e c t  combustion equipment are c o m e r -  -. 
c i a l l y  a v a i l a b l e  f o r  t h i s  purpose. : . - 
. -  - .  

TWO. p?o j& ts  a re  c u r r e n t l y '  b@ing f lnded  by: the  Blo- 
mass:Energy Systems Program i n  the area o f  d i r e c t  
Combustion technology. These p r o j e c t s  a re  shown i n  
the'  o r g a n i a t i o n  c h a r t  ill ust ra ted  i n  F igure 1. 
The Aerospace Research Corporat ion p r o j e c t  i s  d i -  
rec ted  toward.developing 'a wood.fueled combustor- 
which can be d i r e c t l y  r e t r o f i t t e d  t o .  e x i s t i n g  o i l .  
o r  gas f i r e d  b o i l e r s .  D i r e c t  r e t r o f i t  requ i res  
t h a t ' h e a t  re lease  r a t e s  equ iva len t  t o  those ob ta in -  
ed when f i r i n g  o i l  o r  gas be obta ined.  i n  the  wood 
f i r e d  combustor. Heat re lease  r a t e s  on t h i s  o rder  
have been achieved when f i r i n g  wood by preheat ing 
the combustion a i r  t o  800-llOO°F. 

The Wheelabrator Cleanfuel  Corporat ion p r o j e c t  ' i s  a 
demonstrat ion o f  l a r g e  scale co-generat ion based oil 
wood feedstock. The scope o f  t h i s  p r o j e c t  i nc ludes  
the des ign o f  the p l a n t  p lus  a d d i t i o n a l  tasks such: 
as p repara t ion  o f  an environmental impact statement, 
demonstrat ion o f  l a r g e  t r e e  harves t ing  equipment 
and de te rmina t ion  o f  feedstock a v a i l a b i l i t y  f o r  a 
l a r g e  f a c i l i t y .  

(2) S u b s t i t u t i o n  o f  low BTU gas f o r  
n a t u r a l  gas as a b o i l e r  fue l  u s u a l l y  

. . -  
. requ i res  b o i l e r  d e r a t i  ng and/or 

extens ive r e t r o f i t  mod i f i ca t ions .  

. (3)  an he h igh  n i t r i g e n  content  o f  low BTU 
' . gas p r e c l u d e s - i t s  use as a synthesis  

. .  . . - - .gas f o r  most chemical comod i  t i e s  
' - which can be produced from synthesis  - - : 'gas. - 

- .  . 
. . . . . . . . . . . - . . . . - 
;Medi"m. BTU gas has the f o l  iowing advantages over 
low BTU gas: 

. . . (1.). . B o i l e r ' d e r a t i n g  may. n o t  be requ i red  
. .  . : i o c i s  u s u a l l y  l e s s  severe when subs t i -  

t u t i n g  medium BTU gas f o r  na tu ra l  gas. 
- . .  . . . - 

: . . .  ( 2 ) '  Medium BTU gas 'can be t ranspor ted  
, .  . . .  . . . . . moderate distances. by pipe1 i n e  a t  
. . . . a  reasonable cost .  . .  . 

. .  - 

.(3) ~ e d i u m  BTU gas' i s  requ i red  f o r  the  
. .  . synthesis  o f  der ived f u e l s  and most 

. . . . 
chemical feedstocks and commodities 

- . .. . which can be produced from synthesis  

9". 
. . . . 

The v e r s a t i l i t y  o f  medium BTU gas (MBG) i s  i l l u s -  
t r a t e d  i n  F igure 2. The major disadvantage o f  MBG 
i s  t h a t  i t s  product ion from coal  u s u a l l y  r e q u i r e s  
t h e  use of a'n oxygen blown g a s i f i e r  which i s  
expensive toyoperate due t o  the  cos t  o f  t h e  
oxygen. 

I n  t h i s  respect  b iomass .gas i f i ca t ion  may have an 
advantage over  coal  g a s i f i c a t i o n .  Biomass i s  more 
r e a c t i v e  than coal .  It has the p o t e n t i a l  f o r  gas- 
i f i c a t i o n  a t  lower temperatures, w i thou t  the  addi -  
t i o n  o f  oxygen, t o  produce medium BTU gas. Severa l  
o f  the g a s i f i c a t i o n  process development a c t i v i t i e s  
sponsored by the  Biomass Energy Systems Program 
a r e  at tempt ing t o  e x p l o i t  t h i s  advantage. 
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If t h e  thermochemical conversion o f  biomass i s  t o .  
achieve i t s  maximum p o t e n t i a l  f o r  supplementing 

. e x i s t i n g  U.S. energy suppl ies i t w i l l  have t o  tie 
env i ronmenta l ly  and economical ly compet i t i ve  w i t h  
s y n t h e t i c  f u e l s  produced from coal  and i t  w i l l  have 
an impact on the a v a i l a b i l i t y  of l i q u i d  f u e l s  and 
chemical feedstock suppl ies.  .The g a s i f i c a t i o n  : 
development a c t i v i t i e s  sponsored by t h e  Biomass 
Energy Systems Program are a l s o  d i r e c t e d  toward' 
improv ing the  competi t iveness of biomass gasi f  i ca- 
t i o n  through the  use o f  c a t a l y s t s  and unique gas- 
i f i c a t i o n  reac to rs  t o  produce,, d i r e c t l y ,  s p e c i f i c  
syn thes is  gases f o r  the  product ion o f  SNG, methanol 
o r  methyl f u e l s ,  amon ia  and hydrogen. Success i n  
these e f f o r t s  cou ld  e l i m i n a t e  t h e  necessi ty  f o r  
ex te rna l  water gas s h i f t  o r  methanation steps 
when producing these commodities. The p o t e n t i a l  

' e l i m i n a t i o n  o f  the oxygen requirement and the water 
gas s h i f t  s tep  are i n d i c a t e d  by the  dashed l i n e s  i n  
F igure  2. 

G a s i f i c a t i o n  and i n d i r e c t  l i q u e f a c t i o n  technology 
development p r o j e c t s  c u r r e n t l y  sponsored by t h e  
Biomass Energy Systems Program are depic ted on the  
o r g a n i z a t i o n  c h a r t  shown i n  F igure 3. P ro jec ts  
w i t h  opera t iona l  process development u n i t s  (PDUs) 
i n c l u d e  the fo l low ing .  

( 1 )  ' The G a r r e t t  Energy ~ e s e a r c h  and 
Engineering Company i s  opera t ing  a 
mu1 ti hear th g a s i f i c a t i o n  r e a c t o r  a t  
Hanford, C a l i f o r n i a .  This  PDU, ' 

w i t h  a capac i t y  o f  approximately 3 
oven d r i e d  tons per  day (od t /d ) ,  
i s  being developed f o r  conver t ing  
d f f f i c u l t - t o - h a n d l e  feedstocks, such 
as c o t t o n  g i n  th rash  and corn  s tover ,  
i n t o  medium BTU gas. 

( 2 )  The U n i v e r s i t y  o f  Arkansas has been 
working w i t h  two r o t a r y  k i l n  p y r o l y s i s  
PDUs; a small 0 . 5  odt /d  u n i t  l oca ted  
on campus a t  F a y e t t e v i l l e  and a 28 

. 

o d t l d  u n i t  l och ted  a t  Jonesboro, AR. 

( 3 )  Texas Tech U n i v e r s i t y  i s  opera t ing  
a 0 . 5  od t /d  counter c u r r e n t  ( top  
feed) f l u i d i z e d  bed g a s i f i e r  w i t h  
a v a r i e t y  o f  biomass feedstocks t o  
produce medium BTU gas. 

(4 )  P a c i f i c  Northwest Laboratory  i s  
opera t ing  a 0.5 od t /d  f l u i d i z e d  bed 
g a s i f i e r  i n  a c a t a l y t i c  mode u t i -  
l i z i n g  a v a r i e t y  of c a t a l y s t s  t o  
produce s p e c i f i c  products and 
synthesis  gases d i r e c t l y .  . ' 

( 5 )  The U n i v e r s i t y  o f  Missour i  - Ro l la  
i s  opera t ing  the l a r g e s t  f l u i d i z e d  
bed g a s i f i e r  PDU i n  the  thermo- 
chemical conversion program. This  
u n i t ,  w i t h  a capac i t y  o f  2.4 t o  24 
odt/d, i s  c u r r e n t l y  opera t ing  i n  
the  low BTU gas mode. Future plans 
c a l l  f o r  t h i s  u n i t  t o  operate i n  
the  medium BTU gas mode both w i t h  
and w i t h o u t  c a t a l y s t s .  

G a s i f i c a t i o n  PDUs a re  i n  t h e  c o n s t r u c t i o n  stage a t  
Wright Ma1 t a  Corporat ion and B a t t e l  l e  Memorial 
I n s t i t u t e .  A b r i e f  d e s c r i p t i o n  o f  each g a s i f i c a -  
t i o n  PDU i n  the  progr im i s  g iven i n  Table 1. 

. . 
3.3 SUPPORTING STUDIES 

Support ing systems s tud ies  a re  being conducted by 
Gilbert/Cornmonwealth, Inc.. Gorham I n t e r n a t i o n a l ,  
Inc., .Science Appl icat ions,  Inc., and C a t a l y t i c a  
Associates, Inc. 

The G i  1 bert/Comonweal t h  p r o j e c t  i s  aimed a t  t h e  
development o f  a biomass resource a1 l o c a t i o n  model 
based on 1 i near p rograming .  The model , which wi 11 
i n t e g r a t e  regional/seasonal biomass feedstock a v a i l -  
a b i l i t y ,  conversion p r o c e s s . e f f i c i e n c i e s  and eco- 
nomics and regional/seasonal end product  demand 

-p ro jec t ions ,  i s  intended f o r  use as a p lanning t o o l  
by the Department o f  Energy. I t w i l l  prov ide an 
organized s t r u c t u r e  f o r  eva lua t ing  t h e  p o t e n t i a l  
economic and reg iona l  impact o f  new biomass conver- 
s i o n  technologies. Experimental data on biomass 
feedstock c h a r a c t e r i s t i c s  and conversion e f f i c i e n -  
c i e s  i s  be ing suppl ied by West V i r g i n i a  U n i v e r s i t y  
.and Environmental Energy Engineering Company under 
subcontract  t o  Gilbert/Commonwealth. 

Gorham I n t e r n a t i o n a l  i s  conduct ing a s tudy t o  de- 
termine t h e  p o t e n t i a l  f o r  r e t r o f i t t i n g  coal  gas- 
i f i e r s  t o  operate w i t h  wood feedstocks. 

Science Appl icat ions,  Inc. has r e c e n t l y  completed 
a comprehensive techn ica l  and economic assessment 
o f  producing methanol from biomass feedstocks em- 
p l o y i n g  conventional g a s i f i c a t i o n  technology. Th is  
study a1 so inc ludes an assessment o f  biomass avai  1 - 
a b i l i t y  and the  d i s t r i b u t i o n  and markets f o r  meth- 
anol fue ls .  

C a t a l y t i c a  Associates, Inc .  i s  conduct ing a study 
t o  produce a systematic assessment of the  r o l e  o f  
c a t a l y s i s  i n  thermochemical conversion v i a  g a s i f i -  
c a t i o n  and 1 ique fac t ion .  Ca ta ly t i ca .  i s  a1 so exam- 
i n i n g  t h e  p o t e n t i a l  impact o f  c a t a l y t i c  concepts 
under development i n  o ther  areas, such as coal 
conversion, and new r e a c t o r  technology on biomass 
conversion. 

Inc luded on the o rgan iza t ion  char t  i s  a proposal 
f o r  a l a r g e  experimental f a c i l i t y  (LEF) f o r  t h e  
g a s i f i c a t i o n  o f  biomass; Th is  f a c i l i t y ,  which 
would have a p ro jec ted  capac i t y  o f  300 oven d r i e d  
tons per  day o f  biomass, i s  s t i l l  i n  the  p lanning 
s tage and has n o t  been f o r m a l l y  approved. 

The LEF would serve as a demonstrat ion u n i t  f o r  the  
g a s i f i c a t i o n  processes c u r r e n t l y  be ing developed a t  
t h e  PDU stage and would p rov ide  process in fo rmat ion  
t h a t  cou ld  be used f o r  t h e  design of a c o m e r c i a l  
s i zed  f a c i l i t y .  

3.4 DIRECT LIQUEFACTION SYSTEMS 

The Biomass Energy Systems branch i s  sponsoring 
e f f o r t s  t o  develop a d i r e c t  l i q u e f a c t i o n  process 
f o r  the  thennochemical conversion of biomass t o  
1 i q u i d  f u e l s .  Lawrence Berkeley Laboratory  (LBL) 
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TABLE 1. Biomass Gas i f i ca t i on - Ind i rec t  L iquefac t ion 
Process Development Uni t s  (POUs) 

Reactor POU, Po ten t i a l  Potent ia l  
Type . Size Feedstocks Produc t ( s )  App l ica t ions Status 

~ u l t i h e b r t h  3 OOT/OQ Manure MBG Small i n d u s t r i a l  . Operational 
Non-Catalyt ic Cotton Gin Thrash (400 BTU,scf, app l ica t ions 

.Low Pressure Mood (under 100 OOT/O) 
No Oxygen Corn Stover 
t7equi red 

e R1tat-y K i l n  3 OOT/D wood chips MUG Small i n d u s t r i a l  POUdesigned. 
S ~ d a  Ash Cata lys t  ' , ( 4 5 0  BTU/scf) plants,  pulp/ s ta r t up  mid 1980 
High Pressure Methanol synthesis paper s i l l  1s 

8 NJ Oxygen gas 
acquired 

0 l b t a r y  K i l n  0.5 OOT/O Wood Chips. LOW BTU gas and Small i n d u s t r i a l  Operational 
tbn-Cata ly t ic  laboratory Saw Oust. Rice char and ag r i cu l  t u r a l  
LOW Pressure u n i t  a t  Hu l ls .  Cotton app l ica t ions 

F a y e t t e v i l l e  Gin Thrash. Nut tb Oxygen 
Required 20 ODT/o PoU I l u l l s ,  and Other 

a t  Jonesboro A ~ r i c u l t u r a l  
Arkansas 

F lu id ized 0.5 OOTlD Wood Methane, hydro- Current POU f o r  Operational ' 

.Bed Various others gen, and synthesis c a t a l y s t  screening 
0 Cata l y t i c -  gases f o r  amonta. studies - concept . . 

Various methanol and app l icab le  t o  var ious . . 
l i q u i d  hydro- g a s i f i e r s  Cata lys ts  

* Fressure carbons 
(1-10 atnl) 

0 Po Oxygen 
-Requl red 

B a t t e l l e  Memorial o l l u l  t i s o l i d s  2 ODT/O Mood-whole t ree-  liBG Larger un i ts .  POU designed , 

I n s t i  t u t e  F lu i d i zed  Bed Chtps and (2350 BTU/scf) anergy farms s ta r t up  mid 1980 
' Coluntbus. OH ' o c a t a l y t l c  Rest dues o r  Methane . (300-1.500 ODT/O) 

8 Bigh Pressure 
Uo Oxygen 
.Required 

\ : . 

Texas Tech 
Univers i  t y  
Lubbock. TX 

Uni ve rs i  t y  
Missouri  
Ro l la ,  110 

 counter Current 
F lu id ized Bed 
( t op  fced) 

e Non-Catalyt ic 
(Steam-Air 
~ a s i f i c a t i o n )  

;ow Pressure 
'lo Oxygen 
Required 

o f  F lu id ized Bed 
With o r  Withodt 
Cata lys t  

*Low Pressure 
No Oxygen 
Requl red 

*oven d r i e d  tonslday 

0.5 OOT/O Manure. Wood 
Cotton Gin 
Thrash. Corn 
Stover, and 
Other Agrl: 
c u l t u r a l  Stalks 

2.4 t o  24 Sawdust, Hogged 
ODT/O Wood Chips and 

Others 

MBG 
(270-360 BTU/scf 
as i s  bas is )  

NH3 synthesis 
935 

Low BTU gas. 
IiBG and synthesis 

gas 

Larger un i t s  0b;krational 
300-1.500 OOT/O 
atmon fa productton 
from feed lo t  wastes. 
o ther  I ndus t r i a l  
uses 

Larger un i  t s  Operational . 
300-1.500 OOT/D 
POU w i l l  be used 
t o  v e r i f y  Texas 
Tech pro jec t ions 
and develop scale up 
data f o r  comnercial 
s i ze  u n i t s  



i s  responsible f o r  the technical management of t h i s  slurry i s  pumpable and can be liquefied d i r ec t ly '  
program. An organization chart  fo r  the d i r ec t  l iq-  a f t e r  the addition of sodium carbonate (1.15 parts)  

' uefaction e f fo r t  i s  shown in Figure 4. The main o r  other ca ta lys ts .  The s lurry ,  a f t e r  being sub- 
thrus t  of the e f f o r t  i s  centered on the operation jected to liquefaction, contains an aqueous phase 

' 

of a d i r e c t  liquefaction PDU'located a t  Albany, . and an o i l  phase containing small amounts of solid . ' . .  
Oregon. Various subcontractors provide program residue. The o i l  phase i s  separated as a product. 
support. 

This optional process flowsheet was evaluated in a 
The Albany, Oregon PDU, designed to  process three PDU t r i a l - r u n  during the f i r s t  week of May with 
tons of wood per day, was constructed during-1975- moderatesuccess. For the f i r s t  time an oil  en- 
1976 and cohnissioned by Bechtel National, Inc. . t i r e l y  der:ived from wood was obtained. The o i l  has 
The PDU i s  now being operated by the Rust Engineer- a heating value of .15:,500 BTU/lb., contains about 
ing Company division of .  Wheelabrator Cleanfuel 82 percent: carbon, 8 percent hydrogen, 10 percent 
Corporation.. : oxygen, 2nd less  thin:  0.1 percent nitrogen. . 

- 1 Additional t p s t  runs on t h i s  flowsheet are  now 
The original- process flowsheet-fdr the Albany YDU: being repeated to  0btain.a large batch of o i l  fo r  
was based on a ser ies  of batchwise bench sca1.e: . - characterization and upgra:djng pur.poses. Whether 
biomass 1 iquefaction experiment3 'conducted by the: or  not tbe.Al bany PDU: is.adequate to develop th i s  
Pittsburgh Energy Research Center.. (PERC) of the  - : .process i s :  not ye t  certain.': . . 

U.S. Bureau -of Mines in the 196ps and early 1970s: 
In t h i s  flowsheet biomass- f lour (30 par ts )  is. mixed. ~ u p p o r t i n ~ ' s t u d i e s  are  'being conducted by PNL, LBL, 
with a vehicle o i l  (70 par ts )  and 20% sodium .car- .. SRI, Catalytica, and -the.University of Arizona. 
bonate solution (7.5 par ts )  and injected into a The work area being inyestigated by each of these 
high pressure vessel (3,000 psi-) along with synthe- organizations i s  shown in Figure 4. 
s i s  gas. The s lurry  i s  heated.to about 700°F a t  a-: : 
r a t e  of about lZ°F/min. The product stream i.s thenz . 4. 1: THERMOCHEMIC~L CONVERSION BUDGET . . . 
cooled and flashed in a pressure let-down vessel. - - 
The bottoms are diverted into a three phase c=ntri..- : A  geograihiial d is t r ibut ion of current biomass . 
f u 3 ~  t o  separate the sol id residue (as a sludge). - . - thermochemical conversipn projects sponsored by the 
and3he aqueous phase containing the sodium s a l t s  . -. ' Biomass Energy Systems Branch i s  shown in Figure 5.. 
fr%m the  o i l  phase. Part  of the o i l  Cabout 15 
pai-ts) i s  withdrawn as a product and: most of i t  The ~ i s c a l  Year 1979 budget for those thermochem- 
(70 p a r t s )  is.-recycled to  serve .as.a:vehicle oi-1. ical  conversion ac t iv i t i e s -  managed by Lawrence - - - Berkel ey.:and. Pacific Northwest Laboratory was ~ h : e  grotess  .development activit:ies'.based on the $12.5 mil.lio". the distr ibution of funding by 
ori6na-I -PERC-flowsheet have been bese_t:Gith -many major ac t iv i ty  element ' i s  stiown in Figure 6.  
mech>niid and operational d i f f i c u l t i e s  .and i t  :has This does not represent .the to ta l  thermochemical 
no? ye t  been possible to  obtain a pure-wood derived conversion budget for  the Biomass Energy Systems 
o i l  which i s  f r ee  of the anthracene s t a r t  up .9 i l .  Program. A few additional thermochemical conver- 
Rust-Engineering believes that  .the,PDU needs modi- sion ac t i -v i t ies ,  which are  not technically managed 
f i ca t ions . in  order t o  develop the PERC-process. by PNL and L B L ,  a r e  funded by the Biomass Energy 
However, a great  deal of engineering.desf gn and Systems Program. 
materials compatability information has been accu- 
mulated which will be useful in designing future 5. SOURCES OF ADDITIONAL INFORMATION 
bl6mass liquefaction f a c i l i t i e s .  

. . - .  The p u r p ~ s e  of t h i s  paper is to provide a brief  
Since 0eeobe;:if 1978,' LBL .has been' engaged in  . o.verview.%f the.b40mass thermocheniical conversion 
cess researth and development in support of P.DU . . :activitie-s:of the' Biomass Energy Systems Branch. 
operations. f CBL researchers -now be1 ieve that;  the - .. . D.etailed -papers on each of the projects mentioned 
s u i t a b i l i t y  of the o'l'l produced from wood to -serve' - .:i 'n.this overview were presented a t  the 3rd Annual 
as a vehicle' o i l  i s  in question; ' Based on th'e ' ' Biomass Energy Systems ConTerence held in Golden, 
r e su l t s  of bench scale experiments, they conceived Colorado, June 4-7, 1979. Copies of the proceed- 
a process in which wood chips (23 parts on dry ings of t h i s  conference will be available from the 
basis)  a r e  prehydrolyzed in water (77 parts)  con- National Technical Information Service (NTIS) as 
taining 500 ppm sul fur ic  acid. The' resul tant  SERI/TP-33-285, beginning approximately December 1 ,  

:: - 1979. 
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FIGURE 4 .  Direct Liquefaction Syste~ns ' 
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FIGURE 5. Geographic D is t r i bu t i on  o f  
Thermochemical Conversion Projects 
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812.5 MILLION TOT 

FIGURE 6. Projected Fiscal Year 1979 Budget 
Thermochemi cal Conversion 




