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EXECUTIVE SUMMARY

Biomass represents an important but underutilized energy resgurce in the
United States. The Congressional 0ffice of Technology Assessment has estimated
that, with proper resource management and the development of efficient conver-
sion processes, the potential contribution of biomass to U.S. energy demand
could range as high as 17 quadrillion Btu per year--about 20% of current U.S.
energy consumption. Similarly, the Energy Research Advisory Board (ERAB) has
estimated a potential of approximately 10 quadrillion Btu per year. In
addition, biomass is the only renewable energy technology capable of addressing
the future need for transportation fuels.

Wood and crop residues constitute a vast majority of the biomass feedstocks
available for conversion, and thermochemical processes are well suited for
conversion of these materials. The U.S. Department of Energy (DOE) is sponsor-
ing research on this conversion technology for renewable energy through its
Biomass Thermochemical Conversion Program.

The Program is part of 00E's Biofuels and Municipal Waste Technology
Division, Office of Renewable Technologies. Pacific Northwest Laboratory has
been designated the Field Management Office for the Biomass Thermochemical
Conversion Program with overall responsibility for the Program. This report
briefly describes the Thermochemical Conversion Program structure and summa-
rizes the activities and major accomplishments during fiscal year 1985.

PROGRAM OBJECTIVE AND RESEARCH AREAS

The objective of the Biomass Thermochemical Conversion Program is to
generate a base of scientific data and conversion process information that
will lead to establishment of cost-effective processes for converting biomass
resources into clean fuels. To accomplish this objective, the Thermochemical

Conversion Program is sponsoring research activities in the following four
areas:

1. Gasification Technology
2. Liquid Fuels Technology



3. Direct Combustion Technology
4. Program Support Activities.

These activities are described in detail in this report. Major accomplish-
ments in each of these areas for fiscal year 1985 are summarized below. .

MAJOR ACCOMPLISHMENTS IN 1985 '

The Biomass Thermochemical Conversion Program made major progress in 1985
toward verifying the technical feasibility of several advanced technology
concepts. These state-of-the-art research concepts offer the potential for
significant advancement of biomass conversion technology. In addition,
progress was made at the basic level in understanding the reaction behavior
involved in converting biomass feedstocks. Accomplishments of the Biomass
Thermochemical Conversion Program during FY85 include:

®* Successful Completion of Initial Extended Term Tests for Three Medium-Btu

Biomass Gasifiers. Researchers at Battelle Columbus Laboratory (BCL),
Institute of Gas Technology (IGT), and University of Missouri-Rolla (UMR)
successfully completed initial extended-duration tests of medium-Btu

biomass gasifiers at each of those sites. The length of tests ranged
from approximately three days of continuous operation at IGT to about
five days at UMR., The tests are very important in developing process

data such as accurate mass and energy balances under continuous, steady
state operating conditions. The test results also give important informa-
tion on process reliability and other operational considerations.

Completion of Comprehensive Data Packages for Four Biomass Medium-Btu

Gasifiers. Comprehensive data packages for gasifiers at Battelle Columbus
Laboratory, Institute of Gas Technology, and University of Missouri-Rolla
were submitted to DOE in FY85. The data packages summarize the current
state-ofthe-art for each of these gasification concepts. Included in the
packages are process descriptions, recent experimental data, and other
information relating to the various gasifier concepts. The data packages
were prepared for DOE in response to a request for information retating

to a possibie scale-up activity being considered by DOE. A fourth data
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package on a gasifier operated by SynGas, Inc. under contract to Solar
Energy Research Institute is expected to be submitted in early FY86,

Determination That High Moisture Biomass Feedstocks can be Successfully

Gasified at Low Temperature. Pacific Northwest lLaboratory performed

preliminary experiments which showed high moisture biomass feedstocks can
be thermochemically gasified at Tow temperatures {~ 400°C). The concept
converts biomass in a aqueous slurry to a methane-rich gas composed
almost entirely of CH4, H2, and C02. The product gas could be used
directly as a medium-Btu fuel gas or as a high-Btu gas following 602
removal. The concept exhibits high carbon conversion efficiencies for
many herbaceous and woody feedstocks. The experimental results indicate
that thermal conversion techniques may be suitable for most biomass
feedstocks incliuding very moist ones.

Operation of an Advanced Biomass Liquefaction Reactor Capable of Handiing

Concentrated, Viscous Biomass Slurries. The University of Arizona

successfully initiated testing of an advanced concept reactor for produc-
ing biocrude liquids. The concept uses an extruder/static mixer reactor
to convert viscous, concentrated slurries of biomass into biocrude oil.
Initial testing has shown that biocrude 0i1 with low oxygen content can
be made from slurries up to 60% biomass by weight. This reduces the
recycle 0il/feedstock ratio from about 10:1 in previous systems to as low
as 1:1 with the present system. Reducing this ratio while maintaining
product quality should substantially improve process economics.

Preliminary Determination of Methods for Upgrading Biocrude 0ils to
Gasoline-Compatible Fuels. Pacific Northwest Laboratory successfully

completed preliminary experiments which identified routes for upgrading
biocrude liquefaction oils to gasoline-iike hydrocarbons. One-step
catalytic hydrotreating was found to be successful for biocrude o0ils
produced in high pressure liquefaction systems. For pyrolytic oils, a
two-step process including initial stabilization and subsequent upgrading
appears to be feasible. In both cases, the crude oils are upgraded at
high yields (>90% carbon conversion) to liquid hydrocarbons in the
gasoline boiling range. Oxygen in the biocrude oils was essentially
eliminated, and a true hydrocarbon fuel was produced.
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BIOMASS THERMOCHEMICAL CONVERSION PROGRAM
1985 ANNUAL REPORT

INTRODUCTION

Biomass represents an important but underutilized energy resource in the
United States. In 1981, for example, it has been estimated(a) that biomass
contributed about 3.5% of the nation's energy supply, approximately equivalent
with nuclear energy which supplied 3.8% that year. With proper resource
management and the development of efficient conversion processes, the Office
of Technology Assessment has estimated(b) the potential contribution of
biomass to the U.S. energy supply could range as high as 17 quadrillion Btu
per year, about 20% of current U.S. energy consumption. Similarly, the Energy
Research Advisory Board (ERAB) has estimated(c) that biomass could potentially
supply the nation with about 10 quadriliion Btu by the year 2000.

A wide variety of biomass resources such as wood and forest product
residues, grasses, agricultural crops and their residues, and animal wastes
can be used as energy feedstocks. As an abundant, renewable, domestic energy
resource, biomass can help the United States reduce its dependence on imported
oil and natural gas. In addition, biomass is the only renewable energy

(d)

technology capable of addressing the need for 1iquid transportation fuels

The U.S. Department of Energy (DOE) is encouraging increased utilization
of biomass resources through research projects sponsored by its Biofuels and
Municipal Waste Technology Division, Office of Renewable Technologies. Pacific
Northwest Laboratory (PHL)(e) has been designated the Field Management Qffice

{a) “Haggin, J. and J. H. Kriegr. Chem. and Eng. News, p. 28, March 14, 1984.

(b) Office of Technology Assessment. 1980. Energy from Biological Processes.
Vol. 1, Biomass Resource Base, U.S. Governmental Printing Office,
Washington, D.C.

{c) Solar Energy Research and Development: Federal and Private Sector Roles,
Draft Report to the Solar R&D Panel of the Energy Research Advisory
Board, September 2, 1982.

(d} Collins, P. Energy From Biomass: Building on a Generic Technology Base.
November 27, 1984, p. 5. ANL/CNSY-TM-157.

(e} Operated for the U.S. Department of Energy by Battelle Memorial Institute.




for the Biomass Thermochemical Conversion Program. As such, PNL has responsi-
bility for overall management of the program.

This report first describes the Biomass Thermochemical Conversion Program
including its organization, underlying objective and goal, rationale, and .
approach, The Program subcontracted research activities during fiscal year
1985 are then documented. Recent publications are listed in the Appendix. ,
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Project Title: Steam Gasification of Wood in a Fluidized Bed Using Indirect
Heating with Fire Tubes - University of Missouri-Rolla
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Project Title: Development of Biomass Gasification to Produce Substitute
Fuels - Institute of Gas Technology

Evans, R. J., R. A. Knight, M. Onischak, and S. P. Babu. "Development of
Biomass Gasification to Produce Substitute Fuels." In Proceedings of the
1985 Biomass Thermochemical Conversion Contractors' Meeting. Minneapolis,
Minnesota, 15-16 October 19B5. CONF-8510167 (NTIS).

Kosowski, G. M., M. Onischak, and S. P. Babu. "Development of Pressurized
Fluidized-Bed Gasification of Biomass." Symposium Papers, Energy From
Biomass and Wastes VIII, sponsored by Institute of Gas Technology, Chicago,
IL, Lake Buena Vista, Florida, 30 January - 3 February, 1984,

Kosowski, G. M., M, Onischak, and S. P. Babu. "Development of Biomass Gasific-
ation to Produce Substitute Fuels." In Proceedings of the 16th Biomass
Thermochemical Conversion Contractors' Meeting, Portiand, Oreqon, 8-9 May
1984, CONF-8405157 {NTIS).
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