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AN OVERVIEW OF BIOMASS LIQUEFACTION 

Sabri Ergun 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 

ABSTRACT 

The construction of a process development unit 
(PDU) at Albany, Oregon for converting biomass to 
oil was completed in December of 1976. The design 
of the facility was based on a process conceptual
ized by the Bureau of Mines in the early 1970s. 
The PDU was sized to produce oil at a rate of 
about five barrels per day. 

This presentation deals with the background of 
liquefaction efforts and progress made at the 
Albany facility from January 1977 through Septem
ber 1978. 

OVERVIEW 

Conversion o.f biomass into oil or gas is not a new 
idea, nor is the recognition that synfuels derived 
from wood wastes or wood grown for such a purpose 
could meet a substantial portion of America's needs 
of energy and chemicals. I have not researched 
recently how far back the idea dates. Suffice it 
to state that there was a genuine interest in the 
early 1940's for fuels from wood, which was lost 
upon the discovery of huge oil fields in the 
Arabian peninsula soon after. 

The interest in synthetic fuels from biomass was 
revived some thirty years later for reasons that 
need no elaboration. The current biomass lique
faction program of DOE has evolved from the lig
nite liquefaction program of the Bureau of Mines 
in the late 1960s and early 1970s. Noting the 
widespread interest in municipal waste disposal, 
the Bureau of Mines researchers explored the 
effectiveness of a process particularly well 
suited for lignite to liquefy organic municipal 
~aste. They found that organic municipal waste 
and other biomass wastes such as sawdust and manure, 
liquefied ~ith greater ease under milder conditions 
than did lignite. Based on their research they 
conceived a process for ~ood 'liquefaction. In the 
process, 30 parts of dry wood flour is blended with 
70 parts of a vehicle oil, and 7.5 parts of 20% 
aqueous solution of sodium carbonate, then heated 
to about 700°F under carbon monoxide or synthesis 
gas pressure to a final total pressure of about 
2,500 ± 1,200 psi and for a total residence time 
ranging from 45 to 60 minutes. If completely con
verted, 30 parts of wood would yield about 17.4 
parts of oil (58%) having a heating value of about 
13,500 Btu/lb. 

Encouraged by the results of bench-scale research 
and the economic feasibility analysis provided by 

the Blau Knox Chemicals Division of the Dravo Cor
poration, Bureau of Mines.proceeded with the 
design and construction of a process development 
unit (PDU) capable of processing 3 tons of wood 
daily or to yield roughly 5 bbl oil daily. The 
plant site chosen was adjacent-to the Experimental 
Metallurgical Station of the Bureau of Mines at 
Albany, Oregon. The Albany PDU is illustrated 
schematically in Figure 1. Wood chips are first 
dried, milled to produce a -40 mesh flour, blended 
with a recycle pil, and injected into the reactor 
assembly comprised of a scraped surfac'e preheater 
and stirred tank. reactor along with sodium carbon
ate solution and synthesis gas. The exit stream 
from the reactor is cooled and sent to a pressure 
letdown vessel. The flashed liquid goes into a 
three-phase centrifuge to free the oil from unre
acted solid residue and ash as a sludge and from 
an aqueous phase containing sodium salts. The 
clean oil is sent back to the blender after a 
slipstream (about 20%) is withdrawn as the product. 
Initially the slip stream is largely composed of 
the start-up oil, e.g., anthracene. As the run 
progresses, the start-up oil will be depleted and 
eventually replaced by the oil derived from wood. 
It may take about a week or more to obtain an oil 
almost free from start-up oil. 

The plant construction was completed in December 
of 1976. However, by mid-1976, the facility was 
transferred to the Solar Energy Division of ERDA, 
now DOE, due to a reorganization at Washington. 
ERDA contracted with Bechtel Corporation for the 
acceptance of the facility,. to commiss·ion the 
facility, perform shake-down tests and conduct 
test runs. The original contract period was one 
year, which later was extended to about 18 months. 
Plant commissioning and shakedown did not prove 
to be easy. Although small, the facility is ex
tremely complex and contains process units operat
ing under conditions heretofore unencountered. 
In addition, the plant was conceptualized by one 
company (Blau Knox), detailed engineering design 
was provided by another (Rust Engineering), and 
was constructed by a third company (Maecon, Inc.). 
Since Pittsburgh Energy Research Center turned its 
attention to lignite liquefaction upon transferral 
of responsibility, effdrts involved in the various 
stages of plant design and construction could not 
adequately be coordinated. Bechtel did succeed 
in commissioning the plant and in conducting a 
limited number of test runs. However, a major 
process unit (i.e., the stirred tank reactor) 
could not be operated properly due to a design 
deficiency, and another one, the centrifuge, had 



to be bypassed due to operational difficulties. 
Therefore, the results obtained by Bechtel did 
not shed much light on the chemical, technical, 
and economic feasibility of the process. The 
contract in response to the ensuing RFP was awarded 
to Rust Engineering Company, which earlier had 
provided the detailed engineering design of the 
facility. A representative of Rust Engineering 
Company will present to you the results of their 
activities in this session. 

Recognizing that further investigation of the pro
cess chemistry on bench scale would be beneficial 
to the development program, as Bureau of Mines had 
contempiated, Pacific Northwest Laboratories 
(PNL) proposed to ERDA that PNL would undertake 
bench-scale supporting activity. After conducting 
some experiments under conditions described by the 
Bureau of Mines Researchers for purposes of com
parison, PNL widened the scope of investigation to 
conditions not covered before, provided analytical 
support to Bechtel, recommended the necessity of an 
on-site analytical facility at Albany, and co.n
ducted bench-scale tests under·conditions sug
gested by Rust. In this session, PNL will 
present the results of their recent activity. 

.The University of Arizona noted that the injection 
o{ solids into high pressure vessels was a formid
able unit operation.faced in coal liquefaction as 
well as biomass liquefaction and, accordingly, 
proposed to undertake research to develop extrusion 
techniques for biomass injection into high pressure 
vessels. Professor Don White will make a presenta
tion in this session on the subject of biomass 
extrusion into high pressure vessels. 

In October 1977, DOE contracted with LBL.to moni
tor the development program at Albany and the 
supporting activity to provide a third-party 
objectivity in the evaluation of results, to 
make recommendations regarding the future course 
of the program, and to provide assistance and 
appraisal to the new operators of the facility 
should a different company become a successful 
bidder to the RFP to be issued, i.e., to assure 
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continuity. The results of the LBL efforts will 
be presented next. 

The causes of the operational difficulties encoun
tered at Albany remained controversial. Fluctua
tions in the performances of the various equipment, 
e.g., pumps, feeders, flash tank, etc., collec
tively could abort a run by causing a breakdown 
elsewhere. The system was operated in various 
bypass modes, first the reactor was bypassed, 
then both the reactor and centrifuge were by
passed, and finally only the centrifuge was by
passed. In other words, the system was not 
operating the way it was designed to. On the 
other hand, the product obtained could have been 
a material solubilized in anthracene such that 
when anthracene concentration reached a level 
below 50%, it simply plugged the system. DOE 
concluded that the operational difficulties en
countered at Albany, Oregon proved to be a for
midable obstacle to assessment of the technical 
feasibility of the process and that the chemical 
feasibility of the process remained in question. 
Accordingly, in FY79, LBL was given the responsi
bility of providing the operating directives for 
the test runs to be conducted at Albany specify
ing the conditions of operation (e.g., temperature, 
pressure, wood/oil ratio, wood/catalyst ratio, 
wood/syngas ratio, slurry feed rates, residence 
time, etc.) to assess the chemical feasibility of 
the process. If one considers the fact that any 
operating condition that is deemed to be desirable 
from chemical or kinetic considerations, must also 
be technically feasible (about which the engineers 
in charge of the operation of the facility will 
have something to say), one appreciates the checks 
and balances aspec_t of the DOE approach. 

LBL was also given the responsibility of monitor
ing the supporting research activity on biomass 
liquefaction to utilize the results in the develop
ment program at Albany. Also, LBL proposed to 
DOE to conduct supporting engineering and develop
ment studies to provide optional approaches to 
biomass liquefaction. The results of the LBL 
studies conducted in FY79 will be the last paper 
presented in this session. 
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