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SECTION 1.0
INTRODUCTION
AIR GASIFICATION WORKSHOP - WHY, WHERE, WHAT?
T. B. Reed and D. E. Jantzen

A biomass gasifier is a device that converts wood, residues and other biomass forms to a
gas which can be burned in existing gas/oil burners for heat and power or iﬂ_)engines
for power or transport. We presently have in the U.S. roughly 10 quads (10 x 10" kjoules
(Btu)) of such residues, so clearly gasifiers could be important in replacing fossil fuel
with biomass.

Our purposes in holding this workshop were:

o to identify present manufacturers of gasifiers and their products;

o to give these manufacturers a forum for discussion where they could meet and
discuss their common problems;

o to determine the areas of general agreement on the value and characteristics of
gasifiers;

o to disseminate scientific information to the manufacturers;

o to determine areas requiring further development;

o to identify possible areas requiring research;

o to develop contacts between manufacturers and institutional moieties; and

o to determine areas in which federal and state governments could accelerate the

introduction of gasifiers as appropriate.

The workshop was held in Seattle at the Red Lion Sea-Tac Inn on February 2, 1979
following the much larger Forest Products Research Institute annual convention,
"Hardware For Energy Generation in the Wood Products Industry". Although it was
originally hoped to limit the attendance to about forty persons representing
manufacturers, research and institutional interest, 107 attendees actually registered
(Section 12). In spite of the large attendance there was a sense of keen participation by
all present and a number of groups were still talking intently when the meeting officially
closed at 10:00 p.m. An informal poll of the attendees showed that:

o 33 attendees had actually been involved in gasifier design and construction;
o 40 attendees had had "hands on" experience in gasifier operation;

o 102 attendees had actually seen gasifiers operate.
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The papers contained in these proceedings discuss in detail the characteristics of various
gasifiers. It is appropriate to answer two questions:

o Why use gasification instead of direct combustion?
o How does gasification differ from pyrolysis and combustion?

Complete combustion has been an ally to the human race for 10,000 years at least, and
we burn wood in fireplaces, stoves, furnaces, and boilers with no great difficulties.
Gasification was developed early in the last century and was also a well developed field
as attested by the "gasworks" in most U.S. cities until natural gas displaced
manufactured gas. Most of our parents knew and used this manufactured gas for cooking
and lighting, but found it too expensive for heating so used coal or wood instead.

However, we have now become accustomed to and dependent on the convenience and
high efficiency of gas or oil combustion. We also have equipment that will only burn
gas/oil and would need to be replaced if we turned back to wood or coal. The principal
justification for developing gasification today is that it would permit a retrofit of
existing oil/gas combustion equipment and immediate use of existing biomass supplies as
shown in Figure 1. We have appended a recent paper examining the relative economies
of retrofit using gasifiers vs. conversion to solid fuel combustion. This paper shows that
the cost of retrofit is about two-thirds the cost of a new solid fuel instullation. The
results also suggest that it may ultimately be always more economical to use a
gasifier/gas boiler compared to solid fuel combustion.

Two other factors make air gasification for existing boilers an attractive option today.
Gasifiers typically have low particulate emissions because the particulates are removed
in the gasifier before passing to the combustion unit. Even if some further cleanup is
required, the volume of gas from the gasifier requiring cleanup is typically less than a
quarter of the final flue products from combustion and the gases are much cooler.

Another factor which may soon favor gasification is the ability of gasifiers to burn a
wide range of biomass residues, at least if used in association with densification.
Densification (pelleting, briquetting, extrusion, ete.) can convert residues which have no
commercial value as a fuel to a superior fuel approaching coal in combustion properties
and without the pollutant emissions of coal. Densified biomass seems to be an ideal
feedstock for gasifiers.

A more compelling reason for gasification when liquid fuels become too scarce/expensive
is that the gas can be used to operate spark or diesel engines for power generation,
transportation, and heavy machinery. This aspect is particularly covered in the paper by
Eric Johannson of the Institute For Agricultural Machinery in Sweden.

There is currently some confusion between the terms pyrolysis, gasification, and
combustion and we would like to close this discussion with some recent results we have
obtained which puts these three processes into perspective. The principal distinetion
between these processes is the amount of air used relative to quantity of fuel.

The temperatures resulting from the reaction of biomass (here taken to have the
molecular formula C H; 4 00.6) with varying amounts of air or oxygen are shown in
Figure 2. (The equivalence ratio @ is the fraction of the theoretical oxygen or air
required for complete combustion which is actually used.) The resulting gas compositions
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for reaction of dry biomass with air are shown in Figure 3 while the heating value of the
gas is shown in Figures 4 and 5. (We would like to thank Dr. Ray Desrosiers for making
these calculations.) It should be stressed that these are the equilibrium temperatures and
compositions given by the various air fuel ratios. We believe that they are a close
approximation to the gas produced in downdraft and fluidized bed gasifiers where the gas
is equilibrated at a high temperature, but less representative of updraft gasifiers.

It can be seen in Figures 2 and 4 that for an equivalence ratio (#) below about 0.2 (20% of
the theoretical air required for total combustion) that a high energy gas is formed along
with char. This we define as the pyrolysis range, and though gas is produced, the
principal product is char (and sometimes oil) which often has a high sale value. For
quantities of oxygen/air where @ is between 0.25 - 0.5, (about 0.25) all char is consumed
resulting in a medium energy gas with oxygen or a low energy gas with air. We define
this as the gasification range. Finally, for # values of 1.0 - 2.0, all of the chemical
energy in the gas is converted to thermal energy and we call this the combustion range.
Thus, we see that the air (oxygen)/fuel range adequately distinguishes between pyrolysis
(lower or no air) and combustion (excess air) processes.

We hope that these proceedings will be -of benefit to all those interested in the field of
air gasification and we wish to thank the participants in this workshop for their
enthusiastic help. :
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SECTION 2.0

RETROFIT 79

A WORKSHOP ON AIR BIOMASS GASIFIERS TO REPLACE GAS/OIL FUELS*
SPONSORED BY THE SOLAR ENERGY RESEARCH INSTITUTE (SERI)

Golden, Colorado

To be held on February 2, 1979 at the Red Lion Inn in Seattle in conjunction with the
conference "Hardware For Energy Generation in the Forest Products Industry", January

30 to February 1.

Session A: Background Information On Air Gasification

8:30 a.m.

8:50

9:20

9:40

Welcome from SERI and opening remarks on Purpose of Workshop
T.B. Reed, SERI

History and Present Potential of Air Gasifiers
Brian Horsfield, Weyerhauser Corporation

Fundamental Principles of Air Gasification:
Gengas I and II Survey :
Dan Jantzen, SERI

Coffee and Private Discussions

Session B: Case Histories of Operating Gasifiers

10:00 a.m.

10:25

10:50

. 11:15

11:40 a.m.

12:15 p.m.

2:00

The Updraft Gasifier
John Burton and Al Fernie
Westwood Polygas Ltd., Vancouver, Canada

The Downdraft Gasifier
John Goss, Univ. of California, Davis

Fluidized Bed Gasifiers :
Richard Assaly, Alberta Industrial Developments Ltd.
Edmonton, Canada

Gasification Experiments Using Pellets and Oxygen
Enrichment
Dick Bailie, Univ, of West Virginia, Morgantown

Swedish Experience Operating Tractors and Trueks on
Producer Gas

Eric Johansson, National Swedish Testing Institute
for Agricultural Machinery, Uppsala, Sweden

LUNCH (Private Discussions)

Panel on Introduction of Air (Gasifiers
Bob Hodam, Moderator, California Energy Commission
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3:20
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8:30

Coffee and Private Discussions

- Manufacturer/Researcher Panel on Technical Improvement

of Air Gasifiers
Tom Reed, Moderator, SERI

Cocktails (Cash Bar)

DINNER

Dinner Speech "Biomass — Who Needs I1t? Canada!"
Ralph Overend, Chief

Renewable Energy Resources Branash
Energy, Mines, and Resources, Canada



SECTION 3.0
GASIFICATION - AN OVERVIEW

Ralph Overend
Biomass Program Director
Energy Project
National Research Council of Canada

Introduction

The upgrading of relatively low grade fuels such as lignite, peat, and wood residues to
produce a clean gaseous fuel has been used several times in recent technological
history. The stimulus to utilize these fuels has been the unavailability of demonstrably
more convenient fuels such as hard coal, crude oil and its derivatives, or natural gas.
The two world wars and "colonial" fuel needs occasioned widespread adoption of gasifiers
to provide heat, illumination, and motive power when the supply of convenient fuels was
not available. Figure 1 is a histogram of references to wood gasification in Chemical
Abstracts in two-year periods up to 1976 along with the number of recent papers in the
subject known to me. It is evident that interest in wood gasification is at an all time
high as a result of the recognition that non-renewable resources are finite. Though the
world will not run out of fossil fuels overnight, the combination of increasing world fuel
demand and the increasing difficulties in securing supplies implies that alternative fuel
substitutions will take place in the near and medium term. Given that the gasification of
wood is an "old" technology, why should there be such research interest when
theoretically at any rate, an -off the shelf purchase of a World War II design should be
possible?

Contemporary Gasifier Issues

Both public and private benefits can be seen to result from the substitution of easily
available fuel wood and wood residues for fossil fuels in stationary applications such as:
direct firing of dry kilns and lime kilns; the retrofit of a wood input to gas and oil fired
boilers; space heating; and the generation of both shaft power and eleetricity. The
extremely large investment in oil refineries and motor vehicle fuel distribution networks
has forced the development of syncrudes from oil sands, heavy oils, coal, and shales so
that the mobile gasifiers so common during the Second World War are unlikely to recur.
The expectation that wood can be used in the above applications is tempered by the
requirements that society has placed on all technologies for use in the last quarter of the
twentieth centufy. The emphasis on safety, pollution control, efficiency, and reliability
in a relatively low labor intensive environment combine to provide a far different milieu
to the expediencies of war. It is these criteria which wood utilization by gasification has
to meet over the next decade when the competition from the petroleum and natural gas
economies will still be very strong. Extensive research and development is being
conducted around the world to develop wood gasifiers to satisfy the needs above so that
today there are pre-commercial units being demonstrated and units mainly derived from
Second World War technology can be purchased.
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Principles of Wood Gasification

For the purpose of review, gasification is a process which converts a solid fuel into easily
handled fuel gases. These gases are further defined as permanent gases and are non-
condensible at ambient temperatures. Table 1 lists common gaseous products of
gasification and their heats of combustion. The process of gasification can accompany
other processes producing a liquid or a char as by—-products though these will not be
discussed here.

TABLE 1

Higher Heat of Combustion of Gases Produced in Wood Gasification (1)

MJ/M3 Btu/Sef

Nitrogen N, Non Combustible - -
Carbon Dioxide CO9 n - —
Water Vapour H)O ' n - -

Carbon Monoxide CO , 12.6 322
Hydrogen H 12.8 325
Methane C 39.8 1014
Ethane CoH 70.4 1793
Ethylene % ?I 64.0 1630

The primary means of gasification available today are air driven oxidation/pyrolysis
processes. This is not the only means by which a fuel gas can be obtained and further
exploration is necessary.

Pyrolysis - a thermal process conducted in the absence of oxygen to produce gas, oils,
and char from a solid.

Wood Pyrolysis

When wood is heated in the absence of oxygen, a sequence of reactions take place the
relative proportions of which depend on the rate of heating. For example, on heating
wood slowly (2):

Around 100°C there is a loss of water; _

From 100-250°C the wood loses mainly carbon dioxide and watet"

From 250-500°C a. fairly rapid devolatilization of gases and tars takes place,

leaving a solid char composed mainly of carbon.

Wood is composed of three polymeric substances: lignin, hemicellulose, and cellulose.
Each of these 3 polymers has a different chemical structure relating to their different
functions in the living plant. The differences in structure also give rise to different
pyrolysis products.
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Lignin has a structure 1 according to Adler (3) which is a large series of aromatic
structures joined by either furan rings or ether linkages. On heating the relatively weak
ether C-O bonds, they break to produce aromatic fragments such as vanillin Ia,
syringaldehyde IIb, phenols and cresols Ilc.

Hemicellulose III decomposes easily and the further decomposition of the pentosan
manomer such as xylose is reflected by such products as furfural IVa, furan IVb, acetic
acid and aldehydes IVe.

Cellulose pyrolysis has been studied exhaustively (4) and it is known that the polymer of
glucosan units (V) is decomposed by internal hydrolysis and dehydration to give a large
yield of levoglucosan (VI). This is stable at around 210° but at 270°C will also undergo
decomposition to form water, formic and acetic acids, and phenols.

The complex bond breaking and rearrangement processes that the polymeric components
of wood undergo on pyrolysis lead not only to a chaotic profusion of products 230 (5), but
the relative proportions of these shows a high sensitivity to the rate of heating. For
example, if the wood is finely divided and rapidly heated a higher proportion of gaseous
products relative to char and oil are produced. Conversely, slow heating of large pieces
of wood will maximize the production of charcoal at the expense of gas and oil
production.

.

Gasifier Configurations

\

In the gasification systems to be discussed, the pyrolysis processes are heated by the
oxidative combustion of the char in situ. While there are pyrolytic gas producers they
nearly all require external heat sources such as a means of combusting one of the non-
gaseous products (the char or the oil) and transferring this heat to the pyrolysis reactor.
The majority of the systems available today are autogenous with the char oxidation and
pyrolysis taking place in the same reactor. The archetypical gas producer which has been
sold in the thousands since the early 1900's is a so-called fixed bed up-draft unit. A
schematic of this is given in Figure 2. The fuel descends through the 3 zones illustrated
and. the air ascends through the oxidative combustion zone, the pyrolysis zone, and finally
the drying zone before being taken off, cleaned as necessary, and used as a producer
gas. The reactions occurring are: '

Zone A
Drying at 100-200°C
Wet Wood + Heat—=+Dry Wood + Steam

Zone B
Pyrolysis at 200-500°C
Dry Wood ! Ileat— Char | CO | COy ! II50
+ CHy + CoHy
+ Pyroligneous Acids
+ Tars

Zone C
Oxidation of Char at 1100-1500°C

Char + O, + HyO (steam either added or in fuel)=CO + H, + CO, + Heat.
The first two processes are driven by the heat given out in the oxidation zone. The
detailed thermo-chemistry of gasification can be summarized in Table 2.

3-6



FUEL
HOPPER

PRODUCER
> GAS
ZONE A
(DRYING)
ZONE B
(PYROLYSIS) . _REFRACTORY

/

ZONE C
(OXIDATION)

AIR + STEAM —




TABLE 2
Thermo-Chemistry of Gasification

Thermochemistry at 500°C

Reaction H°® /KJ/mole
1) 2C+0,22C0
2) C+0,—=2 CO, . -394 Exothermic
3) C+C%‘—' 2C0O Boudouard Reaction +172 Endothermic
4) Hy0+COZ CO,+H, Water Gas Shift +2.85 Endothermic
5) Hy0+C &= CO+%12 +175 Endothermic
6) C+2Hse2CH, -75 Exothemic

*This reaction is not favoured at high temperatures or low pressures.

Reaction 1 therefore is the sole source of heat to drive the process and explains why the
efficiency of gasification will not exceed about 70% (cold gas basis) since some part of
the fuel input is required to maintain the high temperatures of the pyrolysis zone.
Reference in the old literature is often given to the use of steam to regulate the bed
temperature and to improve the product gas. In the case of the Crossley Gasifier a note
is made that while wood does not require steam addition, the use of coal in the same
gasifier does, in order to prevent burning out the grate. The key is the endothermic
reaction 4 which subtracts heat from the reaction zone while converting the steam to
hydrogen and carbon monoxide fuel gases.

The Down-Draft Gasifier

In many respects this gasifier is very different from the previously described up-draft
reactor. Whereas the up-draft will always produce tars from wood so that the gas has to
be extensively cleaned for engine use, the down-draft configuration is designed so that
the tars and other gases all have to pass through the hot oxidation Zone C. As can be
seen in Figure 3 the gases produced by the ecombustion and "ecracking" of the tars are then
passed along with solid carbon into the reaction Zone D. This zone serves to reduce
carbon dioxide and water vapour to carbon monoxide and hydrogen by means of the
reactions 2 and 4 above.

Before reaching Zone D, the reduction zone, ideally all of the oxygen from both the.wood

and the air is in the form of carbon dioxide and water after passing through Zone C so
that the reactions:

1120 + Char == + H2
and CO + Char—+2CO

These reactions are endothermic and eventually they cool the charcoal and ash to below
' 600° Celsius and the reaction then almost ceases so that the reduction "freezes" at the
final gas composition. The reduction zone places two significant restrictions on the wood
fuel composition. Firstly, the fuel should carbonize to a fairly strong structure with a
sufficiently large particle size so that the gases will flow easily through the reduction
zone. Secondly, because of the heat removal effects of water vapour both by chemical
reactions 3 and 4 as well as the physical evaporation of water in Zone A, there is a limit
to the water content of the feedstock of around 25%. This is illustrated in Figures 4 and
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5 in which the effect of hardwood moisture content on gas composition, gasification
efficiency, gas heating value, and the temperature of the reduction zone are shown from
calculations by Gumz (6). The gas quality at 30% moisture content can-be significantly
improved by applying a preheat to the air or by improving heat transfer from the gases
leaving the reactor. As calculated by Gumz (6) the effect of an external heat supply
raising the temperature to 650° Celsius would be to produce a gas of 7.2 MJ/m3
compared with the dry gas value of 4.04 MJ/m3 for a 30% moisture content feed stock at
a reaction temperature of 555° Celsius (in British units to 193 from 108 Btu/Secf dry gas
basis). Among others, this type of gasifier is the basis of the Swedish "Gengas" unit as
well as of the Imbert design.

The Fluidized Bed Gasifier

The fluid bed consists of an inert mass of a powdered material such as sand which is
suspended by a fast flow of gas up through it. At the appropriate flow rate the individual
sand particles are separated from one another and the whole bed appears as though it is
boiling with large turbulent currents moving the sand particles around very rapidly. If
other substances are introduced into the fluid bed they will appear to float or sink
depending on their density and size, but at the same time they will be in econtact with
many sand particles. Fluidized bed gasifiers use sand and char as the fluid medium and
can be air or oxygen blown. The wood is admitted either onto the surface of the bed or
under the surface. The reactions described above now take place at the surface of the
particle which is heated very rapidly by the hot sand particles. The result is that there is
a very rapid pyrolysis of the wood and the gas given off contains high concentrations of
methane and other small pyrolysis product hydrocarbons. The heat is supplied by the
oxidation of the char and at any given moment the fluid bed will contain only a small
proportion of fuel. The time taken by a piece of wood to be completely converted to gas*
is very short, taking only minutes instead of the hours required for other gasifiers.
Because of the highly mixed nature of the fluid the throughput is a function of the
volume of the fluidized bed. Traditionally, the fluid bed has a 10:1 ratio of height to
diameter on account of the disengagement section above the bed to remove the fluid bed
medium. The traditional gasifiers usually have a H/D ratio of less than 3:1.

Other Co-current Reactors

The cross-flow reactor is one in-which air is admitted opposite to the gas exit with the
fuel admitted from either above or the side. The reactions taking place are similar to
those in the down-draft reactor. The British Columbia research council has developed a
co-current reactor which is partially fluidized using the ash and char as the fluidizing
medium. Unlike the true fluidized bed, this reactor has quite large temperature and
concentration gradients. However, it still produces a good fuel gas with a reduced tar
concentration, though enriched in methane, and it has the rapid load following
characteristies of the fluid bed.

. On a very large scale the Koppers-Totzek reactor (7) is an example of an entrained flow
co-current reactor in which pulverized fuel, such as wood, is blown along with air through
a large reaction chamber. In the reaction chamber, combustion and then reduction takes
place to produce a gas composed only of hydrogen and carbon monoxide as fuel
components.

Figure 6 is a summary of the different gasifier reactor ty[;es and their performance
variables. From the reaction temperature plots it can be seen that the up-draft unit has
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excellent heat transfer characteristics from the gas stream to the descending fuel. All
of the other configurations will require some form of heat recovery from the leaving gas
for efficient performance in applications other than the direct coupled dirty gas use.

Table 3 is a sample of the gas analyses of the different gasifier types. The nitrogen
content is around 50%, the carbon dioxide content is around 10-15%, and the remainder is
comprised of the fuel gases on a dry gas basis. The higher heating value of any gas
mixture can be calculated from the heats of combustion of each component as given in
Table 1. The gas produced will contain water vapor, reducing the apparent heating value
significantly.

TABLE 3

_I{yqﬂcﬁlﬂucer Gases from Wood

Gas Analysis — Oxygen and moisture [ree

Gasifier Type COo, Ny " CO H, CH, Unsaturates
' Up-draft

"Suction Gas" 13.7 52.1 17.4 9.8 4.6 2.4
"Westwood Polygas" 11.5 47.0 22.0 16.0 2.5 1.0
Down-Draft

"Imbert" 11.2 49.3 20.5 17.0 2.0 -
"Fouchet" 16.0 46.8 13.3 21.0 2.6 0.3
"Duvant" 15.0 48.0 15.0 20.0 2.0 -
Fluid Bed

"BC Research" 11.2 53.3 15.8 13.1 3.7 1.6
"Eeo Research 16.52 44.7 14.8 16.9 5.7 1.4

Gasifier .Ratings and Performance

The scale of gasification envisaged ranges from a throughput of Skg/hour for small scale
agricultural units to greater than 10 tonne an hour for large scale applications. At 80%
thermal efficiency to a hot gas application, these extremes are equivalent to 22.5 kW, to
45 MW, or, in British units, 80,000 Btu/hr to 150 million Btu/hr. A very approximate
energy and wood equivalence (at 100% efficient conversion) within 10% of units and
ratings is as follows: -

1,000,000 Btu/hour = 300 kW, = 50 kg/h = 100 Ib/hour of oven dry wood
Gasifiers are rated on the throughput of wood per unit time per unit area of the grate.
This is not entirely correct for a fluid bed which depends on the working volume.

However, for all of the other gasifiers, the working volume is extremely shallow and the
rating is a function of the cross-sectional area. Typical ratings are given in in Table 4.
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TABLE 4

Gasifier Ratings

REACTOR v THROUGHPUT OF DRY WQOD
Configuration (Reference) Ib/square foot/hour kg/mz/h
Up-draft (8) 20 - 40 100 - 200
Down-draft (9) 60 - 100 290 - 490
BC research (10) : 60 290
Fluid Bed (11) 300 + 1500 +

These ratings can be taken as an approximate figure of merit for the different systems.
The different throughputs arise from the mechanism of gasification. In the temperature
ranges of gasifier operation the rate determining factors are not equilibria or chemical
kinetics, but rather the rates of heat and mass transfer. The astonishingly high
throughput of the fluidized bed reactor is caused by the enhanced contact between the
gas flow and the wood. In the case of the up-draft units the rate of gas flow is limited
because the fines and other fuel particles will blow out of the reactor and channeling will
occur. The down-draft type has the gas flow and gravity working in the same direction
so that a higher gas flow can be achieved. This is not without limit, however, since too
great a pressure drop will result in channeling, and unreacted gases and wood will pass
through. -

Construction and Ancillary Requirements of Gasifiers

Gasifiers will be shop assembled and shipped out to the site. Depending on the diameter
of the grate and the appropriate figure of merit from Table 4, the size restriction of
around 3 m for the transportation of shop assembled reactors restricts the maximum size
to 0.7, 2.1, and 10.6 tonne per hour for up-draft, down-draft, and fluid bed gasifiers
respectively.

The materials of construction are mild steel shells with refractory or special steel
liners, The refractory lining will probably be installed onsite either in bricks or cast in
place. High temperature nickel alloy steels are generally used in the grate assembly.

The gasifier will al'so require:

o equipment for feedstock preparation including comminution and drying;

o piping for the air and gas lines and their associated blowers;

o ash handling facilities and disposal; and, depending on the application,

o gas cooling and cleaning equipment.
The precise requirements are obviously a function of the site and the application. All of
the equipment is commercially available with the exception of the gas cleaning

equipment which is designed for the given applicution. Figure 7 illustrates the gas clean
up train both ancient and modern. ‘
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All producer gas contains carbon monoxide which is toxie. The maximum allowable
concentration permitted for an 8 hour working day is 50 ppm (12). The gasifier should be
housed in a well ventilated building outside the main premises. If pipelines should pass
through enclosed spaces, some means of monitoring the carbon monoxide concentration
in the space should be provided. The producer gas is also explosive when mixed with air
so that motors, actuators, and switches associated with the gasifier should be
constructed to flame-and explosion-proof standards.

Costs

Because of the "boiler plate" aspect of gasifier construction, the capital cost per unit
throughput can be expected to decrease with increasing size. Based on figures made
available by 5 different sources, the cost of a gasifier (execlusive of gas clean-up and
feedstock preparation but including the feed hopper and mechanisms as well as gas
circulators %nd controls) can be predicted from the formula: Cost/kg = 80 - 160
(area*/m?%)0-7,

The grate area required for a given throughput can be predicted from the figures of
merit given in Table 4 for the three different reactor configurations.

Gasifier Operation and Controls

The gasifier will require an auxilliary source of heat in order to establish the oxidation
zone. Electric heating rods, propane burners and torches, or fuel oil burners and torches
are used in fixed bed units. The fluid bed units are ignited by means of preheating the
fluidizing air in tube and shell heat exchangers fired by gas or fuel oil. The same

preheater may continue to be fired by the producer gas if a very wet feedstock is being
used.

The initial weak gas produced on start-up is usually flared in the emergency flare
installed to take the gas in the event of interruption in its use.

The control and operation of gasifiers is based on some or all of the following
parameters:

the fuel level;

the temperature of the various sections;

the oxygen content;

the carbon monoxide level in the fuel gas; and

(> (o Sl > T BT = B o)

the pressure drop across the fuel bed.

In the main the primary control is by varying the air feed - in the operator's parlance—
the "blast"—as well as the rate of addition of the wood. The turn up/down ratio

achievable is in the range of 3 to 4; greater turn down is generally achieved by flaring
some of the gas.

*The cross sectional area of the grate.
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Ideally the fuel gas should be monitored continuously. However, during commissioning of
the gasifier with the site fuel, a correlation will have been established between the fuel
gas quality and one of the properties that can be monitored continuously such as oxygen,
carbon dioxide, or carbon monoxide. On small gasifiers the method used before
electronic chemical analysis came into being will probably be adopted. This method
utilized a small burner running on the producer gas which was watched by the operator.
A small flame implied a weak gas and thus called for remedial action.

The dynamic response of the various reactor types varies significantly. In the so-called
fixed bed units the fuel may take up to 5 hours to pass from the feed hopper to the ash
removal point. The slow movement of the fuel and the relatively small depth of the
oxidation zone (Zone C) combine to give slow responses in moving from half load to full
load. The fluid bed reactor has a very large inert thermal mass with a very small fuel
loading of less than 2% by weight. The average life of a particle of wood is
approximately 2 minutes resulting in a very rapid rate of response to changes in load. All
gasifiers retain sufficiently high temperatures in the oxidation zone so that they can be
quickly restarted after an 8 hour shut down.

Gasifier Applications

Direct firing, close-coupled applications without gas clean-up are usually retrofit
applications in which natural gas, LPG, or fuel oil fired dry kilns or package boilers are
modified to accomodate the low caloric value gas. These modifications normally include
a heated burner shell to avoid the condensation of water vapor and tars along with a
reduction in the air flow and an increase in the size of the fuel gas burner pipe to
accomodate the very low air to fuel ratio of 1.2:1 compared with a ratio of 10.7:1 for
natural gas (13)._ While the energy content of clean, cold producer gas is normally in the
range 5-6 MJ/m3 (130 - 150 Btu/Sef), the enthalpy content of the hot g%s at 200°C and
the vaporized tars bring the effective heating value to around 7.5 MJ/m* (200 Btu/Sef).
This would serve to maintain the efficiency of a package boiler designed for the volume
flow rate of natural gas firing.

In these applications the total efficiency, defined as

heat from boiler
HHV of wood to gasifier

will be at least 80% and more probably around 90%. If the fuel is dried with stack gases
from the boiler, the combination of a pyrolysis gasifier and a package boiler will be more
efficient than a wood-fired boiler according to Brink and Thomas (14), who calculate 80%
vs 65% efficiencies for a hog fuel boiler. A study of the construction and operating costs
of a fluidized bed gasifier of the BC research type with 9MW, (or 30 million Btu/hr)
output, close-coupled to a boiler (14), arrived at a total capital cost of $1,030,000. This
figure is comprised of:

o Gasifier 339,000
o Secroll burner 65,000
o Civil Engineering 62,000
o Materials handling 150,000
o Contingencies 204,765
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o Electrical 57,235
o Instruments 80,000
o Ducting and piping 72,000

Annual operating costs including the very low price of $1 per unit of hog fuel (= 1 oven
dry tonne) are 216k$ and resulted in the life ecyecle costs (calculated from Appendix 1)
which are equal to those of natural gas at $2.10/103 Scf. The influence of discount rate
and sensitivity to future gas price scenarios are shown in Figures 8 and 9 (16). The
operating costs of 216k$ are broken down: labor 71%, maintenance 10%, hog fuel 8%,
purchased power 3%, miscellaneous taxes and ash disposal 8%.

Similar conclusions as to the competitiveness of close-coupled gasifier retrofit to boilers

are drawn by Reed et al (17) who also report on air emission data from tests conducted in
California.

Environmental Impacts

There are no emissions from the close-coupled gasifier other than the stack gas from the
boiler. The EPA data on the California experiments referred to by (16) showed that
particulate, NOy, and SO, standards are satisfactorily met.

The minor amounts of condensate that might accumulate in the lines are not considered
to be a disposal problem.

Clean Gas Application

These applications require the gas to be cleaned and cooled so that they can be piped
over some distance and then burnt in space heaters or boilers, or alternatively used to
fire an engine to drive machinery or generate electricity. Cooling is necessary to
remove. the excess water vapor, which can amount to as mueh as 550 litre (120 Imperial
Gallons) of tar-contaminated water for each tonne of green feedstock at 50% moisture
content. The contaminated condensate will therefore represent a major disposal problem
particularly since it carries a burden of phenolic compounds which are known to be
extremely toxic to marine life. Solution of this problem still represents a major
challenge and is the subject of research sponsored by the CEA with the Saskatchewan
Power Corporation. The use of dry fuel reduces this problem and mobile gasifiers used
on vehicles in wartime gasified either very dry hardwood or charcoal to minimize water
and tar production (9). The down-draft gasifier will not tolerate more than 25-30% water
and, because of thc tar reforming ecapabhility, was the preferred unit for engine
applications. The low tar potential of the fluid bed gasifier using dry fuel along with the
tendency to higher concentrations of methane makes it an excellent candidate for this
application also.

The engine applications today are for diesel engines with about 10% diesel oil as the
ignition for producer gas aspirated or carburetted into the engine. Traditionally, spark
ignition engines were used. However, the relatively poor heat rate of 30 MJ/kKWh
(compared with 20-22 MJ/kWh for a dual fuel diesel engine on producer gas diesel
ignition), coupled with the wide-spread use of large stationary diesel engines has
displaced the SI engine. Two European companies, Imbert and Duvant (18, 19), market
gasifier/diesel electric generating sets in a variety of sizes. Very approximately, the
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cost of these is around $800,000 for a 1 MW, installation with a cost distribution of about
30% for the gasifier and clean up plant, 40% for the modified fuel engine, and 30% for
the electrical generator.

Competing technologiecs

The concept of the close-coupled gasifier can be extended by constructing an integral
gasifier and combustor and piping the hot gases to the drying kiln, lime kiln, or boiler. A
representative of this form of gasification is the Lamb-Cargate Industries' Wet Cell
Burner (20) illustrated in Figure 10. In this combustor, the primary air gasifies a pile fed
from the bottom which receives heat by radiation from the secondary zone combustion.
Like the close-coupled gasifier, the wood is effectively combusted with high efficiency
because of the low excess air required.

In the generation of electricity the steam boiler turbine combination is available, though
in this area the gasifier has an edge up to about 5 MW, by virtue of the high efficiency of
the diesel over the rankine cycle in small scale applications as well as steam's large
requirement of condensor cooling. In Canada, the legal requirements of manning a boiler
of greater than 50HP rating with a stationary engineer has generally prevented the use of
steam even in the 10 MW, scale because of the resultant high operating costs.

Future Prospects

The traditional up-draft and down-draft gasifiers are probably at the limits of their
technological development. The former was available from Siemens after 1860 and the
latter reached & high degree of development over 40 years ago. The combination of high
throughput and relatively lower capital cost of fluid-bed gasifiers coupled with their good
gas quality make them the best candidates for further technological improvement. As a
result of the uniform temperature and reaction conditions in a fluid-bed, it is relatively
easy to scale the design up or down with littlc of the risk associated with the other two
types of gasifiers. Because the mass transfer in a fluid-bed is very much higher than in
so-called fixed-bed types, the gasifying agent could be a mixture of oxygen and steam
and the whole reactor could be pressurized. It is anticipated that the throughput will be
linearly dependent on the oxygen pressurc so that an existing air blown reactor that can
process 1 tonne/h through an effective grate diameter of 1 meter could handle 5 tonnes
with oxygen and steam at one atmosphere and 100 tonnes/h using the same mixture at 2
MPa (20 atmospheres). Such a throughput would of course pose formidable problems for
the materials handling facilities which are a costly and relatively undeveloped component
of present day gasifiers. The excellent mass-transfer of fluidized beds also holds the
potential for the use of catalysts to modify the gas composition for use in chemical
synthesis applications.

The traditional gasifier reactor configurations are being perfected using modern
constructional materials and are being manufactured commercially in several countries.
The initial markets of sawmill and remote region electricity generation, close-couple
dirty gas applications in kiln firing, and for the retrofit of oil- and gas-fired boilers are
well identified. Given the availability of wood residues at costs of less than $1/GJ
($1/10° Btu) or 15-20 $/dry tonne, the technology is cost competitive with the offshore
price of erude oil or about $16/bbl.
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The generation of electricity from wood gasification is likely to change significantly
from the present diesel engine to a gas turbine as the prime heat engine. The gas turbine
offers lower cost with increased reliability and the high temperature exhaust can be
integrated with gasifier preheating, fuel drying, and space and process heating in co-
generation applications.

Further down the road will be the use of fuel cells to generate electricity. Using
hydrogen and air, electricity can be generated at high efficiencies without the Carnot
cycle restrictions of heat engines. The wood gasifier followed by a catalytic convertor
to produce hydrogen from carbon monoxide by reaction 3 will be ideally suited to this
application which could offer a heat rate of 10 MJ/kWh which is better than half of the
diesel/producer gas rate. :

The initial oil/gas-fired boiler retrofit market is likely to expand to include off-the-shelf
package units of close-coupled gasifiers and boilers designed for producer gas firing. The
present indications are that the gasifier/boiler configuration offers higher efficiency
than the traditional hog fuel fired boiler with appreciably improved environmental
benefits.
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Appendix I: Life-cycle Costing and the Rational Conserver

The comparison or capital-intensive (gasifier, solar, insulation...) and fuel-intensive
(most conventional) energy systems require calculation of all costs over the whole life
cycle of the system. The life-cycle cost of any energy system can be calculated from
the following:

-

_ n
LCC =K o + E t o+ RVn
Z a+it (1 +_i)n
where: t =1
LCC = life cycle cost ($)
k, = initial capital expenditure ($)
RV, =residual or scrap value in year n ($)
n = lifetime of systems (years)
i = discount rate (percent)
and, Et = Kt + (1 -F) Dt Pt + Mt
where: K; = capital expenditure in year t ($)
F = fraction of total heat demand provided by system in

question (percent)
g D; =heat demand in year t (GJ)
P; =net delivered cost of fuel in year t ($/GJ)

Mt = operation and maintenance cost in year t ($)

This equation is merely the net present value of the stream of costs involved, over time,
of providing energy. The tricky parts have to be done before the calculation begins, as it
is necessary to project the real (not inflated) prices of conventional fuels over the life of
the system. If the system has an expected lifetime as long as a mortgage, one has to
make a guess about the course of oil, gas, and electricity prices over a period of time
which has fooled many experts in the past. ‘

The lifecycle costs of a hog fuel gasification system are ecompared with the purchase of
natural gas. The data for the 9IMWt gasifier is described above. Table 1 illustrates the
two alternatives under consideration and their costs. Both alternatives assume the same
end~use of the energy in firing a boiler.
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TABLE 1

ALTERNATIVES
Natural Gas Hog Fuel Gasifier
Annual Heat Requirements - 167,532 Btu 167,532 Btu
Captial Costs ' - : $1,055,000
Annual Operating Costs $275,766 : $209,415
Unit Cost of Fuel $1.64/million Btu Unspecified
($1978) (increasing)

The conventional system uses 167,532 Btu of purchased natural gas, priced at
$1.64/million Btu, for an annual operating cost of $275,766. The hog fuel gasifier
requires a capital cost of $1,055,000 and an annual operating cost of $209,415 to produce
the equivalent amount of low-Btu gas.

Considerable uncertainty exists in future long-term gas prices. It is convenient to
present a wide band of prices and then conduct a full sensitivity analysis. Three
reference scenarios are shown in Table 2: high, intermediate, and low. Since the
intermediate projection is no more likely to occur than the high or low ones it is
important to use all three projections to determine the sensitivity of the results to
different levels of energy prices.

TABLE 2

REFERENCE PRICES OF NATURAL GAS*
(Annual pereentage rate of change - Industrial Sector)

Hig Intermediate Low
1978-82 9.4 2.6 1.4
1982-85 5.4 2.6 0.9
1985-1990 3.6 0.3 2.4

Results

Calculations of life-cycle cost of energy for the two alternatives are carried out
according to standard discounted cash flow techniques and based on the following
assumptions:

*These are hypothetical reference prices and do not reflect government policy.
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Gasifier - Natural Gas

Lifetime 20 years - N/A
Residual Value 10% of Capital Cost N/A
Rate of Discount 10% real 10% real

In all the calculations the 1978 base price of natural gas was assumed to be $1.64/million
Btu. This price was assumed to change according to the three scenarios in Table 2.

The comparison of life-cycle costs is shown in Table 3, and illustrates that the hog fuel
gasifier is cost-competitive with conventional gas supply only under a high gas price
scenario. :

TABLE 3

LIFE CYCLE COST COMPARISON*
Future Gas Price Scenariq_ :

- High B - Intermediate ) - Low
Conventional L. T '
Gas Supply $2,416,000 $2,200,000 $1,950,000
Hog Fuel Gasifier - $2,316,765 -

*10% discount rate, $1.64/million Btu 1978 gas pricé.
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SECTION 4.0
HISTORY AND POTENTIAL OF AIR GASIFICATION

by
B. C. Horsfield
Manager, Equipment Development, Raw Materials R&D
Weyerhaeuser Co., Tacoma, Washington

HISTORY OF GASIFICATION

A very brief look at the history of gasification (producer gas) technology shows a
continuous development up until the end of World War II. After the war, inexpensive
petroleum became plentiful and the economies of gasification became unfavorable, .
resulting in lack of interest on the part of both researchers and manufacturers. A very
-thorough bibliography by Nowakowska and Wiebe [1] covered the development of gas
producers up through 1944.

Stationary gas producers, using coke or coal for fuel, were first developed in Germany
when the Siemens brothers constructed a step grate producer in 1857. From that modest
beginning, technological advances were made such that around the turn of the century
gas producers were reliable enough to be used for ship power [2].

Efforts were also made to gasify fuel other than coal or coke. By 1923, stationary gas
producers had been designed for and operated with just about every conceivable form of
cellulosic residue including rice hulls, olive pits, straw, camel dung, cotton seed hulls,
sawdust, walnut shells, and many others [3]. Power-Gas Company was very active in the
design and installation of gas producers using a variety of erop residues and wood and
installed these in countries where coal and oil were scarce [4. Mining operations in
Africa and Australia utilized a variety of vegetative material as fuel for gas producers
for many years [5]. ‘

Research and development work in Europe accelerated during the 1940's with the advent
of war and the impending fuel shortages. Both stationary and portable gas producers
were manufactured. Small stationary producers were used by manufacturing firms to
insure a consistent supply of gas [6]. Portable gas producers or suction gas generators
were used for trucks, buses, and automobiles. During World War II perhaps as many as
700,000 vehicles were adapted to producer gas and they used many forms of fuel
ineluding charcoal, wood, and coconut husks. In Sweden, where automobiles were
extensively powered with wood, one trailer-mounted gas producer was tested and the
results indicated that 220 1b (100Kg) of wood was equivalent to 20 gallons (76 L) of
gasoline.[7]. Agricultural tractors also employed gasifiers and, in one instance where
straw was being used as the fuel for a track-laying tractor, it was reported that 6.6 1bs (3
Kg) of straw produced 1.3 hp hr (1 KWh) [8],

In the United States very little research effort was devoted to gasification of crop
residues; however, in 1948 Porter and Wiebe [9] tested a small gasifier at the USDA
Laboratory in Peoria, IJlinois. When coarsely ground cobs were tested, a gas of 159
BTU/cu ft (5,920 KJ/m°) was produced from cobs that had a heat content of 8,000 BTU
per oven dried Lb (18,610 KJ/Kg). :
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Designs

There are three common types of gas producers: 1) updraft, 2) downdraft, and 3)
crossdraft. The updraft design was the most common in stationary gas generators (see
Figure 1). This design produces a gas with a high tar content because the hot gases flow
counter to the fuel and in doing so, pyrolize a portion of the fuel. This is not a problem
if the fuel is going to be burned close to the gas producer, but if it is to be piped any
considerable distance the gas will cool and the tars will condense, gradually plugging the

pipe.

If an updraft gas producer is used with biomass to produce gas for an internal combustion
engine, considerable care must be used to clean the gas. Updraft producers were used on
vehicles only with tar-free fuels such as coke or charcoal. In a stationary application,
cleaning can be done with a pray tower. :

Downdraft gas producers have the potential to eliminate most of Lhe tar from thc gas
and are probably better adapted to some forms of biomass. In a 1947 issue of Diesel
Progress, Lustig describes a stationary downdraft gas prducer using ground up vegetable
matter to supply fuel for dual fuel engines [10]. This gas producer is shown in Figure 2.
It was built by the Wellman Engineering Company (now McDowell-Wellman) of Cleveland,
Ohio, and a long series of tests were carried out using a Bruce MacBeth 4-cycle engine.
It is noted in this article that "... Brazilian engineers attended the tests on the gas
producer, anxious to find an effective means of utilizing waste vegetable matter."

The downdraft design requires a fuel that is fairly uniform in size and has a consistent
and low moisture content. The updraft design, on the other hand is more flexible both in
fuel size distribution and moisture content.

Crossdraft gas producers are the simplest of all designs, but are usually limited to

relatively small sizes. They were particularly popular on motor vehicles when fueled

with tar-free fuels such as charcoal or coke. They could, of course, be used with crop
residue in situations where the gas was to be burned adjacent to the producer.

Gas producers have been made in a large range of sizes from as little as one foot (.3 m)
in diameter, consuming only 40 lbs/hr (18 Kg/hr) to as large as 12 feet (3.7 m) in
diameter, consuming 5,500 lbs.hr (2,500 Kg/hr) or more. In addition, there does not
appear to be any great difference in thermal efficiency as related to size.

Small gas producers can be extremely simple in design, having essentially no moving
parts and having the fuel bateh fed and the ash batch removed. Flgure 3 is a small
downdraft gas producer for apphcatlon to motor vehicles..

Applications

The resulting gas can either be burned directly without cooling and cleaning or it can be
cooled and cleaned and used to fuel spark ignition engines, dual fuel diesel engines, or
perhaps turbines. It is difficult to store.

Gas for Heating

Little evidence was found in the literature where biomass had been gasified for the
purpose of supplying gas for heating. Coal, on the other hand, was gasified for both hot,
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raw gas and cool, clean gas. Hot, raw gas was used extensively in the steel industry and
cool, clean gas was substituted for town gas in England during World War II. There
appears to be few restraints when substituting cool, clean producer gas for natural gas or
propane, provided the burner is of a proper design.

Gas for Engines

Considerable attention has been given to the development of gas producers for cars,
trucks, and buses. A review of some eight different gas producers appears in Automobile
Engineer [12]. A thorough discussion of gas generation principles and the application to
small gas producers was given by Lowe, who also detailed several commercial models
[11]. The Canadian Government became interested in portable gas producers and, as a
result, commissioned a series of tests on commercially available European models. As a
further result, a very detailed report by Allcut and Patten in 1943 reported on a study of
12 gas producers in which both bench tests and vehicle tests were conducted [13]. Gas
generation, composition, and BTU content are reported in detail for repeated tests on
each producer.

A recent book by Skov and Papworth describe the European experience with vehicle
mounted gas producers during World War II [14]. Fgure 4 shows a gas producer and other
components necessary to supply fuel to an internal combustion engine.

Conversion of farm tractors to producer gas was extensively studied in Australia.
Operational problems, field trials, and economies were discussed by Roberts [15].
Bowden, et al, discussed fuel consumption, power output, and the effect of high and low
compression pistons. Producer gas and kerosene were compared in terms of power
output, cylinder wear, and economics [16]. Freeth discussed in some detail the
conversion of tractors to producer gas [17]. The majority of Australian producers were
crossdraft producers using charcoal as fuel. On the other hand, the Soviet gas producers
used wood or straw fueled downdraft gas producers. A discussion of the evolution of
these Soviet downdraft gas producers appears in a 1945 edition of Gas Oil Power [18].

Reduction in horsepower has been experienced when converting gasoline engines to
producer gas. This is simply because it is not possible to get the same amount of energy
into a cylinder with producer gas as it is with gasoline. Typical reduction ranged from
40% to 50%. Two common ways of increasing power were: a) to increase the
compression ratio, and b) to supercharge. In a theoretical study Heywood thought by
increasing pressure to 20.5 psi (141.4 KPa) absolute at the beginning of compression, the
horsepower would be equivalent to that of gasoline when not supercharged [20]. In
discussing the use of wood gas in Finland, Branders indicated that a supercharging
pressure of about 6 psig (41.4 KPa) totally compensated for the power 1nss [19]. He did
not report on the vehicles' compression ratio.

For some applications, increase in compression ratio may be simpler. It has been
reported that for an engine having a compression ratio of 4.7:1, the power can be
increased to 70% of gasoline power by raising the compression ratio to 10:1 [21].

In all likelihood, large stationary engines will be compression ignition and not spark
ignition engines. Diesel engines can be converted to spark ignition without changing the
compression ratios. In an article in Gas and Oil Power, a conversion is discussed and it is
noted that the change-over reduced the output from 40 B.H.P. to 32 B.H.P. in an engine
with a compression ratio of 13.5:1 [22]. In an article appearing in the Commercial Motor,
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the benefits of feeding producer gas directly into diesel engines and injecting small
quantities of fuel oil for ignition purposes are discussed [23]. The importance of
unrestricted air intake is emphasized. Bench tests indicated that with the gas-diesel oil
mixture power was reduced from 60 to 40 HP at 1,200 rpm but that diesel oil
consumption was reduced from 1.55 pints/hour (5.46 L/hr) to 2.43 pints/hour (1.15 L/hr)
when augmented with producer gas.

Filtering of producer gas prior to its use in internal combustion engines, of course, is
essential to avoid excessive wear. In all likelihood the gas can be cleaned to satisfactory
standards by simply using a wet scrubber, many of which have recently appeared on the
market for stack gas cleaning. Stationary gas producers have the advantage that bulky,
wet cleaners are not the drawback that they are with portable producers.

Operations

Start-up and operation is relatively simple and no great deal of skill is required to
operate small gas producers. This is evidenced in the estimated 700,000 vehicles
converted to gas producers during World War II. During these times of limited
manufacturing facilities and material, gas producers operated in England and Europe as
well as in the Pacific Islands, Australia, and South America.

For small gas producers, the start-up time from lighting to full gas produclion ranged
from 1 minute to 10 minutes, depending upon the model [13].

Although gas producers used on vehicles were batch fed, most large stationary gas
producers using coal were fed automatically. The application of gas producers to crop
residue would most likely require automatic feed because of the relatively low bulk
density of the material.

CURRENT EUROPEAN ACTIVITIES IN BIOMASS GASIFICATION

Although nearly all work on producer gas development ceased after about 1945 there
have been some recent contributions.

England

A 1956 report discusses the use of producer gas and the modern diesel engine for road

transport [24]. Included are a discussion of the producer and cleaners, a road test
evaluation, and an economic evaluation. The fuel in this case was coke.

Biomass gasification is being investigated by Tropical Products Institute, in Berkshire.
Their interest is in developing a low cost, simple method of converting biomass into shaft
horsepower for developing nations. As a result, they have engaged the firm of Neal and
Spencer of Leatherhead to build a small crossdraft unit similar to the ones they
manufactured in World War II.

A. J. Brockwell, a consulting engineer in Darlington, is currently promoting updraft
gasifiers with biomass. Mr. Brockwell was formerly with Power Gas Company and, in
that capacity, designed and constructed a number of updraft gasifiers using cottonseed
husks, sawdust, olive residue, and bagasse as fuel.

4-8



France

DuVant Motors manufacture diesel-electric sets which can be dual fueled on producer
gas. They have a number of installations including some in the Ivory Coast where gas is
made from coconut husks. Their plants range is size from 400 to 1,000 Kw and operate
on a fuel intake of about 10% diesel fuel and 90% producer gas at a thermal efficiency of
36% to 38%. The controls allow the engine to go from dual fuel to pure diesel under load
with no variation in power output.

Distibois in Orchamps has a large gas producer fueled on wood. This gas producer not
only supplies gas for a 1,000 Kw diesel-electric set but also produces high quality
charcoal used for home heating. Figure 5 is an incomplete diagram of their producer
which is 98 ft (30 m) high and about 10 ft (3 m) in diameter. It is lined with light duty
fire brick and had operated 30 years before the lining was replaced.

This type of gas producer is often referred to as a 2-stage or dual mode gas producer. Its
unique characteristic is that it can produce a completely tar-free gas simply because the
flow from the combustion chamber is split in such a way that approximately 1/3 of the
gas moves up or countercurrent to the fuel flow and 2/3 of the gas moves downward. The
movement of the hot gas upwards countercurrent to the fuel flow pyrolizes the wood and
moves the volatile material upward. This volatile material is then mixed with incoming
air and burned in excess air under controlled conditions such that all the heavier
hydrocarbons are destroyed. The resulting gas then enters the main body of the gas
producer and the 2/3 that moves down undergoes reduction, thus producing the carbon
monoxide. The off-gas temperature is an indication of the progress of the endothermic
reactions.

The 1,000 KW dual fuel diesel was manufactured by Societe Alsacienne de Constructions
Mecaniques. This firm is apparently a competitor of DuVant Motors.

Sweden

The National Swedish Testing Institute has been active in producer gas design and testing
since approximately 1957. This extensive and long-term research program was initiated
after the Suez crisis when Sweden again realized that they were totally dependent on
foreign oil.

Mr. Nordstrom's work is reported in a lengthy 5-chapter report of which, unfortunately,
only 20 copies were produced. The research topies included physical dimensions of the
gas producer, characteristics of the fuel including experiments involving effects of fuel
size and the potentials for cubing and briqueting, and a large section on gas cleaning. A
summary of his work was published in 1960 [25].

Current research work in Sweden is being carried on gas producers of the downdraft type
and are quite similar to the Swedish downdraft gas producer shown in Figure 6. The
filtering of this gas, however, is somewhat unique. The filters are made of woven
fiberglass and are operated in such a way as to maintain a temperature between 480-
660°F (250-350°C). This high temperature assures that no tar condenses on the surface.
Cleaning of the filters to remove dust particles are accomplished by tapping or banging
the frame to which the fiberglass is attached.
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Fig. 6. Modern downdraft gas producers developed
in Sweden for use with wood.
(Nordstrom, 1960) (Ref. 25)
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The starting procedure for gas producers mounted on vehicles consisted of draining both
the condensors, removal of the ash from the ash hopper, and then filling the ash hopper
with chips. The stand pipe valve was then opened, a large match placed in a holder, the
match lit, and the holder shoved in a small opening in the gas producer so that the match
was positioned at the center of the tuyeres. Immediately the match hole was shut, the
small starting fan connected, and smoke began to pour from the stand pipe. After
approximately 3-5 minutes the smoke became noticeably less opaque at which point a
lighter was used to ignite the producer gas emitting from the stand pipe. The ignition of
the gas indicated the gas producer was working properly. The start fan was
disconnected, the stand pipe sealed, and the engine then started on straight diesel fuel.
As soon as the diesel engine came up to temperature, the throttle from the gas producer
was opened and the gas mixture adjusted. Under these circumstances, the tractor engine
then became a dual fuel diesel.

POTENTIAL FOR AIR GASIFICATION FOR BIOMASS

In assessing the potential- of air gasification of biomass, two questions must be
answered: 1) Is there potential for energy conversion of biomass regardless of the
method and 2) if the potential exists, what are the advantages of gasification over other
technologies?

Potential for Biomass

Three aspects need to be considered in assessing the potential for biomass conversion:

1. There must be a need for energy, preferably a steady, year-round need, in order to
maximize the utilization of the conversion facilities.

2. Biomass must be available, preferably as a by-product at the site where energy is
being consumed, in order to eliminate collection costs and so the user has control
over the quantity and quality. Size and moisture content of the biomass is also
important. Potential is increased if the biomass has no market value and has a
disposal cost.

3. Conventional energy sources must be undergoing a rapid increase in price, have an
unreliable supply, and/or have high storage or standyby costs.

If, after an analysis of the particular set of circumstances of a given user, there appears

to be potential for biomas energy conversion, then air ga31f1catlon needs to be compared
with other forms of conversion.

Potential of Air Gasification

There are several characteristics of air gasification that may make it competitive with
other conversion methods.

1. The form of energy. The output, of course, is hot gas containing some
condensibles. This gas can be transported a short distance and therefore used to
convert existing gas and oil burners in boilers, heaters, or dryers. Or the gas can be
cooled and cleaned then distributed within a plant and also put into short-term
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storage (i.e., water displacement tanks).

The energy from direct combustion is difficult to distribute directly and storage is
all but impossible. If low-temperature heat is required (for .drying), direct
combustion would require a heat exchanger whereas it may be possible to dry
directly using the products of combustion of producer gas.

Gas can be used directly in spark ignition or compression ignition (diesel) engines for
conversion to shaft horsepower. In this application, gasifier size is important.
Because a gas producer can be sized to supply gas to an engine of just a few
horsepower to one of thousands of horsepower, the process can be used to supply
shaft horsepower in a range that is not presently commercially available with steam
turbines. The fact that internal combustion engines and the service network that
accompanies them are so readily available makes them very attractive. It also
appears that the thermal efficiency in small internal combustion engines is not as
adversely affected as it is in small steam turbines.

For direct combustion to produce shaft horsepower, high pressure steam is
necessary. Because of the safety aspects of high pressure steam, a qualified boiler
operator usually must be in attendance.

There are several drawbacks to gasification. These inelude:

o A poisonous gas is being produced (CO).

o} If cold, clean gas is required, the tars must be disposed of properly. Perhaps
design innovations can solve this problem.

o) If downdraft producers are to be used, fuel of uniform size and low-moisture
content is required.

o The biomass gasification equipment industry is not mature and needs a good
track record.

Some of the above comments can be expanded upon by reviewing a few potential
applications.

Specific Applications

1.

Rice milling. During rice milling, approximately 20% of the incoming weight is
removed as rice husks. Gasification and internal combustion engines would allow the
extraction of useful energy from the rice husks for operation of the rice milling
plant. These plants potentially can run year-round. Rlce husks, however, already
have a market.

Lumber milling. Gasification and internal combustion engines would offer an
alternative to boiler and steam turbines for small lumber mills and would provide a
use for wood residues that may otherwise have to be disposed of by burning of
landfill.

Cotton ginning. In the preparation of cotton lint, approximately 140 to 180 lbs of
cotton gin trash is produced per bale. Disposal of this cotton gin trash is a serious
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problem because when it is burned in the open, it causes severe air pollution. Cotton
ginning requires electric energy as well as a substantial quantity of heat for drying
cotton in preparation for ginning and a preliminary heat balance indicates that the
energy content of the cotton gin trash could supply both the power and the heat
energy required for cotton ginning. Cotton ginning is, however, a seasonal
operation.

Corn drying. An estlmated heat equivalent of 10 million barrels of oil is required to
dry the U.S. corn crop each year. Gasification would provide the technology to
convert a small portion of the corn cobs to a useful gas that could be simply adapted
to existing corn drying facilities, thus eliminating an extensive use of propane and
making corn farmers independent of fossil fuel for drying [26].

Fruit and vegetable dehydration. Fruits and vegetables are dehydrated to make
them storable and many of these dehydration operations have ready access to crop
residues. For example, dehydration of prunes takes place adjacent to orchards
where annually large amounts of woody material are removed while pruning the
trees. These prunings could be readily stored during the summer and then used as
fuel for the gasification process to provide energy for prune dehydration. The same
is true of raisin dehydration and walnut drying. The cost of collection appears to be
a deterrent.

Pumping. irrigation water. If crop residues can be conveniently and inexpensively
collected at the farm level, gasification could be used to convert the crop residues
to a useful fuel for internal combustion engines, which in turn could be used for
irrigation pumping. '

Mobile equipment. The potential here seems small. Intensive use of the equipment
is required. Space for the gas producer must exist and payload cannot be an
important factor. The vehicle should have a travel pattern that allows it to cycle
past the fuel supply every few hours. An example might be a log stacker working
two or three shifts that has access to kiln dried mill ends that have no market.

CONCLUSION

Gasification is a proven technology. To be economically viable requires a unique set of
circumstances. The gasification equipment industry needs to understand the éxtent of
these unique sets of circumstances and if the market exists, develop the necessary
equipment along with the sales and service network,
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SECTION 5.1
THE DOWNDRAFT GASIFIER

J. R. Goss, Professor
Department of Agricultural Engineering
University of California, Davis, CA 95616

ABSTRACT

The state of the gasification art and the gasification process are:
briefly discussed with emphasis on the downdraft gasifier. The develop-
ment and description of the UCD/SERCDC pilot plant downdraft gas pro-
ducer are presented. Some design particulars are given but construc-
tion details have been omitted. The gas producer has been operated for
a total of 705 hours, 328 1/2 of which were continuous. Fifteen obser-
ved and calculated data items are presented for two 12 hour periods and
one 3.8 hour period when wood chips were gasified at 453, 678, and 682
pounds wet weight/hour. Calculated heat output in the hot gas stream
was 2.7 and 4.4 nillion BTU/hr. Process energy transfer efficiency
from fuel to hot gas ranged from 82.8 to_84.7 percent. Heating value
of the gas ranged from 184 to 190 BTU/ft3 (NTP). '

STATE OF THE ARTt

Rambush reports [1] that the first stand-alone gas producer was con-
structed by Bischof in Germany in 1839. This producer was followed
by one built in France in 1840 and another one built in Sweden in
1845. The two Siemens brothers patented their first combined gas
producer and regenerative furnace in 1861. This development started
the use of hot raw.gas for heavy furnace work.

The development. of the gas producer can be traced along two different
paths. Stationary producers were first used in the last half of the
nineteenth century to gasify coal or coke. Producers of this type
were usually "updraught" in operation, with air blown into the bottom
of the fuel bed and producer gas discharged at the top. The gas was
either fired directly in steam boilers or furnaces, or cleaned, cooled
and used as fuel for gas engines. In the latter case, manifold vacuum
was used to move air and gas through the entire system. It was found
that low grade coal and eventually wood waste and other vegetable ref-
use could be successfully gasified. The development of these residue-
fueled, stationary, updraft gas producers ceased in the 1940's and 50's.

1tThis section adapted from [2].
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In addition to stationary producers, portable units were developed for
transport use. Duxring the 1940's, with petroleum fuel shortages, re-
search into portable gas producers increased. During WW II about
70,000 road vehicles were adapted for use with producer gas by Nazi
Germany. Coal, coke and charcoal were generally used as fuels; wood
and crop residues received limited use. Three types of portable pro-
ducers were developed. Updraught design -- the same as in stationary
producers -- had the disadvantage of generating a gas with high tar
content. This was caused by the hot gases flowing counter to the fuel
and in doing so they pyrolyzed a portion of the fuel. Downdraught pro-
ducers had the potential to eliminate tar from the gas and were better
suited to crop residues. Crossdraught producers combine some of the
desirable updraught and downdraught characteristics, by the intzroduction
of combustion air at the side of the lower level of the fuel or through
an inclined grate.

The Imbert, downdraught gas producer was one of the most successful of
the portable designs used by Nazi Germany during WW II. Although most
producer development work ceased at the end of WW II, Nordstrom and
other workers in Sweden continued investigation of the Imbert producer.
The result was a highly successful, batch-fed, downdraught gas pro-
ducer for use on agricultural tractors and transpoxrt trucks. It was
fueled with sized wood chips dried to about 20% or less moisture con-
tent. The tractors and trucks were equipped with dual-fuel, naturally
aspirated diesel engines. Standard engines were modified to operate
in the dual-fuel mode or switch back to normal diesel operation.

About 10 percent diesel fuel was used to ignite the low BTU gas.

Stationary, residue-fueled, updraught producers were manufactured by
the Power Gas Company in England until about 1950. DuVant Moteurs in
France still manufactures gas-producers and diesel engines which op-
erate in dual-fuel mode with producer gas. Internal combustion en-
gines running on producer gas are still to be found in operation in
France, Italy, and in a number of Third World Countries.

Gas, from stationary updraught producers required extensive cleaning
before use in heat engines other than boiler fire boxes. This was
accomplished in a rotary tar extractor and by scrubbing with water.
The tar and scrubbing water, high C.0.D., were not without disposal
problems. The development of coal gasification has continued and
renewed interest has been generated in this concept.

From the above paragraphs, conclusions can be drawn as to the current
state of gasification development. Small portable downdraught produc-
ers have been developed to a high level of reliable operation. The
emphasis has been on lightness, simplicity, accessibility and the need
to provide a clean fuel for engines operating under variable conditions.

Large, stationary updraught producers have been successfully operated
on crop residue. Disposal of the relatively small waste streams from
gas cleaning could be handled by landfilling. Gasifiers for use with
coal are currently being operated in the United States. These are
very large, expensive units which are probably inapplicable to crop
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residues because of differences in physical and chemical make up of
coal and crop residues. Availability of satisfactory gas clean up
equipment in the United States is still a problem for large coal gasi-
fiers.

Improved performance and clean operating gas producer designs can be
achieved with the application of current technology and selection of
components and materials from the available wide range .of off-the-
shelf items. Development engineering and applications research are
needed to determine which component or material will perform optimally
in the gasifier. Automation of all gasification processes and con-
tinuous optimized performance can be achieved by the design and appli-
cation of advanced computerized process control and instrumentation
systems. Longer capitalization life can be had by the use of special
alloy metals and energy losses reduced by using efficient; high tem-
perature insulation. Advanced electro-mechanical level detectors for
particulate matter are essential elements of automatically controlled
fuel feed and ash removal. All of these features except computerized
process control have been incorporated into the design and construction
of the pilot plant gas producer.

" THE GASIFICATION PROCESS

The flows of Fuel In, combustion Air In,
Gas Out and Solid Refuse Qut are shown
in Figure 1. The first impoxrtant phase
of the gasification process takes place
in the upper fire box area where the air
being pumped in sustains partial burning
of the fuel at temperatures above 2000°F.
Carbon dioxide, water vapor, volatile
hydrocarbons and a downward moving bed of
incandescent carbon result from this in-
complete burning of the fuel. As the
gases rush through the hot bed of moving
char, hence the name down-draft gasifier,
carbon monoxide, hydrogen and gaseous
hydrocarbons, mostly methane, are pro-
duced and exit out the Gas Out port at
temperatures ranging from about 500°F

to above 800°F depending primarily on
the moisture content of the fuel. The
drier the fuel, the higher the exit gas
temperature.

Condensate
out

Gas
out

Solid refuse
out

The heating value of these combustible
gases, at 68°F and normal atmospheric
pressure ranges from 125 - 200 BTU/ft
depending on the kind of fuel fed into
the gasificr. Por a mixture of several Figure 1. Schematic of an
types of wood chips at an average mois- early design of the Pilot
ture content of 19%, wet basis, continu- Plant Gasifier.
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ous flow gas analysis instrumentation gave the following average values
for two sets of readings taken 1 1/2 hours apart. CO @ 19.7% v/v x
321.8 BTU/£t3 = 63.4 BTU/ft3. Hy @ 16.2% v/v x 275.0 BTU/£t3 = 44.6
BTU/ft3. THC (total hydrocarbon) @ 9.3% v/v x 949.4 BTU/ft3 = 88.3
BTU/£ft3. Total combustible gas heating value at NTP = 196.3 BTU/ftS.
The content of the THC was assumed to be 95% methane @ 913.1 BTU/ft3
and 5% ethane at 1641 BTU/ft3. Figure 2 is a diagramic representation
of the gasification process taken from Reference [3] which gives an
expanded discussion of the gasification process.
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Figure 2. ReactibnAzones in a downdraft producer.

DEVELOPMENT OF THE UCD/SERCDC. PILOT PLANT GAS PRODUCER

Early in 1975 a project was formulated ih cooperation with Diamond/
Sunsweet, Inc., Stockton, California, to gasify the mulled walnut shell
from the processing plant in a downdraft gas producer. The low-BTU gas
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would be burned in the fire box of a steam boilexr which was to be
equipped with a center-fired, low-BTU gas burner positioned at the
center of the existing natural gas ring burner. When low-BTU gas was
being combusted in the fire box, the natural gas supply would be modu-
lated to meet boiler demand but always maintain a low flame level to
sustain ignition of the low-BTU gas. A proposal to provide a major
portion of the funds for the project was submitted to and funded by
the California Energy Commission.

The initial activity of the project was a preliminary design study to
obtain information on the gasification characteristics and require-
ments for mulled walnut shell. Drawing upon technical literature and
previous experience with a small gas producer, a laboratory scale gas
producer was designed and constructed to investigate fire-box and ash
grate configurations for the gasification of mulled nut shell. From
the results of this work a scale-up design from a l-foot diameter fire
box to a 4-foot diameter fire box was made for the pilot plant gas
producer A special ash grate design was evolved and tested satisfac-
torily in the laboratory model to deal with the high bulk density and
small particle size of the mulled shell (about 35 1b/ft3 and all shell
passing through a No. 4 Tyler sieve and retained on top of a No. 14
Tyler sieve). The ash grate consisted of a perforated stainless steel,
truncated conical basket attached to the base of the cylindrical fire
box. Char was moved through the basket perforations by a powered
knife-wiper blade rotating just above the base of the perforated bas-
ket bottom. This design required much greater torque than indicated
by scale-up from the laboratory model and other considerations. The
combination of the ash grate design and physical characteristics of
the mulled shell resulted in much higher static gas pressures (3 to 5
psi) in the bonnet of the pilot plant than in the laboratory model.
Consequently, the fuel fred gate assembly was unsatisfactory for in-
jecting fuel and gas leakage while combustion air was supplied to the
producer Gas production was satisfactory for a batch-mode operatlon,
i.e., no fuel feeding during gas production.

These difficulties not-with-standing, the California Energy Commision
provided additional funding to modify the pilot plant and conduct test-
demonstration work on the gasification of wood chips and agricultural
residues. The results for operation on mulled nut shell and the suc-
cessful design, construction and testing of a downdraft gasifier, some-
what smaller than the pilot plant unit, producing low-BTU from corn
cobs were used to decsign and iastall new ash grate and fuel feed sys-
tems in the pilot plant gas producer.

DESCRIPTION OF THE UCD/SERCDC PILOT PLANT GAS PRODUCER*

Figure 3 is a view of the producer at its last installation site and
Figure 4 is an assembly drawing of the producer tankage. The gas pro-
ducer shell is in five sections, which are connected together by

tThis section adapted from [2].
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Figure 3. Pilot plant at its last installation site. Fuel hopper
mounted on platform scales in foreground. Mounted on the
semi-trailer to the left of the producer is first the hot
gas cyclone and then three hot gas fiberglass sock-type
filters. Combustion air, positive displacement blower with
gasoline engine drive are located on the ground at the rear
of the trailer.

bolted flanges. Inside the shell, the fuel hopper, fire box and per-
forated char basket with augers are arranged so that internal configu-
ration can be altered as desired. The producer is designed to operate
in downdraught mode with provision to convert it to an updraught pro-
ducer should the fuel characteristics require such a change. The en-
tire pilot plant has been made portable by mounting it on a flatbed
semi-trailer, and by providing a boom for assembly/disassembly of the
major sections of the producer. Partial disassembly achieves a

height limit of 13' 6" which is necessary during transport.

The: volumetric capacities of the fire box and basket are 38 cubic feet
and 143 cubic feet respectively. 'The ash pit hLas a capacity of 69
cubic feet, although much of this space is taken up with support beams
for the producer shell, fire box and char basket. The entire unit, ex-
cluding the fuel feed and ash removal systems, weighs 3.9 tons and is
17 1/4 feet high. Above the top of the basket, the producer will hold
about 54 cubic feet of fuel and char when full. The basket floor diam-
eter is 76 inches. The upper half of the producer was fabricated from
10 gauge 1020 sheet metal. The lower half of the shell and fire box
was made from AS515 steel plate.

For experimental purposes, the producer was equipped with a scale to
weigh feed fuels and instrumentation for monitoring combustion air
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Figure 4. Schematic of the Pilot Plant Gas Producer.
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rate, temperature, pressure, and gasAcomposition. The entire pilot
plant can be monitoxred and controlled from the instrument cabin mounted
on rubber pads at the front of the trailer.

Combustion air was supplied by a gasoline-engine driven, positive dis-
placement hlower. The intake air was cleaned by passing through a 2-
inch thick fiberglass filter. A pressure relief valve was placed in
the 5-inch air line immediately after the blower to bypass pressurized
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combustion air should high gas flow resistance develop in the producer
and when the manual butterfly valve in the air line about 6 feet before
the producer combustion air port was partially or completely closed.
The combustion air was fed into the top of the fire box through 8
tuyeres from a pressure balancing plenum chamber, completely surround-
ing the outside wall of the fire box.

The fuel feed system consists of a fuel hopper-box with drag chain,
fuel elevator, fuel feed chute and tramp iron magnet, knife gate and
rotary airlock feeder. Char is removed from the base of the producer
with a rotary airlock and conveyed by a char auger to a disposal pile.
Both the ash pit and fuel cylinder are equipped with level detectors
to automatically start and stop the fuel feed and ash Tremoval systems.
These systems are equipped with motion detectors and automatic/manual
controls to effectively deal with stoppages of the rotary airlocks.
The fuel hopper box has a capacity of 64 cubic feet. The rotary air-
lock feeder can deliver 45 cubic feet/minute and the fuel elevator is
rated somewhat less than this. The solid refuse rotary airlock has a
capacity of 2 cubic feet/minute. '

The grate consists of a conical basket, fabricated from 3/16" perforat-
ed stainless steel. Solid char is removed from -the basket by 3 paral-
lel and fully exposed stainless steel augers. The augers are right-
and left-hand pitched to move char from the center of the basket along
the bottom to openings in the side wall of the basket. Auger shaft
support and drive are external to the producer. Solid particulates

in the hot gas exiting from the producer are removed by a conventional
air-handling cyclone. The cyclone is equipped with a knife gate and
quick detachable, gas-tight dust bin for servicing without shuting

down the producer. The cyclone is wrapped with fiberglass building in-
sulation and jacketed with a single wrap of thin aluminum roof flashing.

The instrument control panel located in the cabin mounted on the front
end of the semi-trailer contains a schematic diagram of the producer
on which is located component status lights, pressure gauges, tempera-
ture meters, various electrical and pneumatic switches, and gas analy-
sis meters:. Chromel-alumel thermocouple wire is used for all tempera-
ture measurements. Gas constituents monitored on a continuous volu-
metric basis are C02, CO, 02, H2, and total hydrocarbon as carbon in
CH4. The instrument pancl temperature meters were paralleled to a
recording potentiometer which recorded each. temperature on a strip
chart once every six minutes. An.event tecorder was used to document
the operational status on a timed basis of such components as the fuel
elevator and ash removal gate. Hour meters and watt-hour meters were
provided to record cumulative operational time and power consumption.
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RESULTS FROM SELECTED TEST PERIODSt

The pilot:plant has been set-up. and operated in four locations in
Northern California: Diamond/Sunsweet, Inc., Stockton; Department of
Agricultural Engineering, University of California, Davis Campus;
State Printing Plant, Sacramento and The California Primate Research
Center, University of California, Davis:Campus. Total gas producer
operational time at these four locations since it was first fired in
January, 1977, is 705 hours. One-hundred-fifty-eight hours. were
accumulated at the State Printing-plant.and 531 at the Primate Re-
search.Centér from June through November 8, 1978. At.this last loca-
tion, expect for one 45-minute stoppage to repair a.component in the
producer fuel feed system- and a 7=hour break to replace the portable
electric. generator, the gas producer was operated continuously for
328 1/2 hours.  Table 1 contains results for selected operational
periods at the Primate Research Center.

TABLE 1. OBSERVED. AND -CALCULATED DATA
GAS PRODUCER OPERATION AND PERFORMANCE
THREE SELECTED TEST PERIOQDS [2]
(Tabulated values are averages for the Test.Periods)

1. Run period 7 p 10-26 6 p 11-1 7:34 - 11:22 p
7 a 10-27 6 a 11-2 11-12
2. Fuel mix. chips mix. chips mix. chips
3. Fuel moist. W.B. 19.2 13.8 13.8
4. Wet fuel rate. lb/hr 453 678 682
5. Refuse rate 1b/ht 38 43 53
6. Cyclone dust rate lb/hr .75 1.4 1.5
7. Condensate rate lb/hr nane . none noine
8. Gasification rate lb/hx: 414 634 628
9:; Hot gas .discharge temp. °F- 743 745 706
10. Heat in dry fuel BTU/hr 3,267,000 5,242,000 5,283,000
11. Enthalpy of water in fuel
and combustion air BTU/hr 4,000 4,400 9,900
"12. Total heat input BTU/hr 3,271,000 5,246,000 5,293,000
13, Heat loss: refuse, shell,
gas leakage BTU/hr 561,000 800,000 895,000
14. Energy transfer eff. % 82.8 84.7 83.0
15. Gas value (NTP) BTU/ft3 189 190 184
CONCLUSIONS “
1. Down-draft gasifiers with this pilot plant or similar designs

are restricted to fuels with low ash contents and fuel moisture
contents that are estimated to be 20 percent or less.

2. The .design concepts in this gasifier appear to be sound for long-
term continuous or short-period discontinuous opexation,

tThis section adapted from [2].
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3. Gas leakage levels at the fuel feed and refuse removal points are
the result of high internal producer gas. pressures. Reducing
these to satisfactory level is likely to increase the capital
cost of the producer.

4. The two sources for the high pressure drop across the producer
are the amount of fines in the wood chips as received from the
suppliers and the perforated ash basket design. The latter is
believed to contribute most to the high pressure drop.

5. As a test and demonstration unit, the pilot plant gas producer
has served a useful purpose. Further operation to6 acquire addi-
tional operational data will require substant1a1 funds and in-
stallation space.
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SECTION 5.2

GASIFICATION SYSTEMS—A CASE HISTORY

A. D. Fernie
Project Manager
Westwood Polygas Limited
Vancouver, British Columbia
Canada

ABSTRACT

The gasification system—case history pertains to the Westwood Polygas full-scale
prototype plant located at Ainsworth Lumber Company in Chasm, British Columbia,
Canada.

This plant has, over the past three years, operated periodically for a total of one
thousand hours and has undergone modifications to overcome many operating difficulties.

The gasifier is a fixed bed system, air blown with some steam addition for combustion
zone control and water gas production. The flow of air/gas is counter-current to the
vertical gravity fuel bed. A saturated cool 140-160 Btu gas is taken off the reactor
vessel top.

The gasifier is simple, requiring no auxiliary fuels, special subsystems or expensive fuel
preparation and can be operated by mill personnel.

The Westwood Polygas process and the Ainsworth gasifier are in the last stages of a
Canadian Government assisted research program and by mid-1979 Westwood Polygas
hopes to have developed a process and necessary hardware technology for building a
commercial fixed-bed gasifier.
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INTRODUCTION

To make a case history complete it is useful to know something of the background as well
as the present status of the continuing development of the Westwood Polygas
Gasification Program.

Approximately six years ago, Moore Dry Kiln Company of Canada Ltd., undertook, with
the assistance of the Canadian Government, the design and construction of a fixed-bed
type gasification pilot plant. The objective of this program was to demonstrate the
gasification of sawmill woodwaste to produce low Btu usable gas for lumber drying and
other thermal requirements within a mill complex.

The pilot plant was operated frequently over a period of two years and much information
was developed. Interest in the idea of obtaining usable energy from woodwaste led to the
design and construction of a full-scale prototype two-reactor plant for Ainsworth Lumber
Company who were building a new mill at Chasm, B. C.

The prototype plant was in the preliminary commissioning stage when for corporate
reasons Moore of Canada had to withdraw from the gasification program which left
Ainsworth Lumber Company with a nonoperating gasification plant. Subsequently,
Ainsworth Lumber Company, Wright Engineers Limited, and Intercontinental Engineering
joined forces under the name of Westwood Polygas to carry on the development work
started by Moore of Canada.

The Ainsworth Lumber Company plant is located a considerable distance from a source
of natural gas which led to the choice of the gasification process to supply fuel to fire
the dry kilns. Until the gasifiers are working reliably, the kilns are being fired by
Number 2 fuel oil and the woodwaste is being consumed by a teepee burner.

This paper is a case history of the gasifier and does not deal with the gas cooling and
cleaning train as this equipment is proven and its selection is dependent on the end use of
the gas.

The gasification plant envisaged is not intended to replace the large, efficient, well
proven hog fuel boilers. The gasifiers are being developed for application on a modular
basis for sawmill operations which have a need for fuel and at the same time have to
dispose of in excess of 30 units of woodwaste per day.

The most effective use of the gas produced is for direct combustion in dry kilns, pulp mill
lime kilns, or boilers.

Given the economie climate, scrubbing equipment can be installed to make the gas
suitable to fire an internal combustion engine for power generation.

To date the program has amply demonstrated the process of making an acceptable

combustible gas for direet firing. The reactor has been plagued with mechanical
problems, the last of which we hope to have designed out of the plant by mid-1979.

 BASIC PRINCIPLES

The gasifier/reactor is a ten foot diameter by approximately 20 foot high, double walled
vessel with an inverted tapered liner. The bottom part of the lining is refractory,
designed to withstand reaction temperatures which can reach 3000° F.
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The fuel (woodwaste) is fed through a rotary lock feeder at the top of the vessel, and
ash/clinker is removed from the bottom.

The flow of air/gas is counter-current to the vertical gravity fuel bed and is introduced
-through the ash bed which acts as a diffuser.

The bed profile commences at the bottom with an ash bed on top of which is the high
temperature combustion zone, followed by a carbon/char reduction and pyrolysis zone,
and drying layers from which comes a saturated, "cool" 140-160 Btu gas which is
discharged from the reactor vessel top cone.

The throughput of woodwaste in the reactor and the gas make are linked by moisture
content and quality of fuel (largely bark, versus planer shavings and clean sawdust) and
by the quantity of air and steam introduced.

The volume of air introduced is relative to the size of the combustion zone and the
amount and frequency of steam addition is dictated by the combustion zone temperature.

FIXED BED REACTOR ADVANTAGES

There are a number of woodwaste energy conversion systems available as commercial
units, and many more in the development stage such as the Westwood Polygas gasifier. A
number of the systems developed will find specific areas of application in the forest
industry.

The Westwood Polygas fixed-bed system has some distinct advantages over other
gasification systems being developed. Some of the more outstanding points are as
follows:

(a) No auxiliary fuel or catalyst is required for the process and once the fire has been
started it is self sustaining with the addition of preheated air and steam.

(b) A "cool,” 180-200° F top gas is produced making it easy to handle with minimum
cooling required to make the gas combustible (140-160° F).

(e) No strict limitations are placed on moisture content of the fuel feed. The normal
mill waste produced in the interior of B.C. runs approximately 40-509% moisture on a
wet basis. The reactor functions better when the fuel is not too dry.

(d) The system will accept hog fuel with a wide range of particle size. It has been found
that strmgy bark and branches, as well as sticks such as 2x4's and larger, should be
reduced in size to allow physical handling without creating mechamcal problems.

(e) The gasifier can be close coupled to standard gas scrubbmg and cooling systems
designed to clean the gas suitable for its intended use.

(f) Tars and particulates are readily separated from the condensate which is circulated
to the cyclone and scrubber. The tars and particulates are returned to the gasifier
for a second pass through the combustion zone.

(g) The rcactor operates al u very low pressure (1-2 psi), therefore, no special boiler
certification is required for the operator or the unit.
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(h) There is no "stack" cleanup required as the particulate emissions are well below the
acceptable standards.

(i) The gas plant is not complicated to operaté and can be maintained by millwrights
and electricians normally associated with a sawmill.

OPERATIONS

A great deal of experience has been gained operating a full-size prototype gasifier.
Much of the information obtained from the smaller scale pilot plant has been duplicated
on the prototype plant, however, scale-up problems have occurred and a number of
serious mechanical difficulties have been encountered with equipment designed into the
prototype which was not part of the pilot plant.

Three major test runs were made in 1978 producing considerable process data relative to
mode of operation, sensitivity to fuel characteristics, combustion zone control, fuel flow,
and other problems associated with ash handling and condensate disposal.

The development program has been slow by necessity. Working with a full-size plant
makes the modifications large and expensive. The principle being followed is to make a
few major changes at a time, and by trial run to check their effectiveness before
proceeding with further modifications.

The first run in 1978 was in the freezing cold of January/February. Much attention was
given to keeping the plant operating and checking out the modifications. Energy and
material baldnces were made and gas samples taken and analyzed using a
chromatograph. Little emphasis was placed on process control or operating procedures.

The winter operation gave an opportunity to test the process under difficult conditions.
As a result, much was learned for inclusion in design parameters.

The second run was in July after numerous modifications were carried out following the
January operation.

This test was plagued with mechanical problerhs and was run under very hot climatic
conditions. This tremendous contrast from the January run gave us more valuable data
for our design input. :

During this test more attention was given to obtaining process data and carrying out on-
stream surveys. Gas analyses including composition and moisture were taken
frequently. A sampling train using impingers was employed to take gas stream
particulate emissions. '

In order to complete the data collection on particulates, a cascade impactor was
employed to obtain particle size distribution in the stream. This included the tar and
nontar particulates.

This test terminated by mechanical malfunction. It was planned to stop the gasification
reaction by purging the reactor with nitrogen to complete this run.
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A tanker of nitrogen was standing by, and discharged 180,000 £t3 into the reactor over a
period of 17 houfs. The nitrogen arrested the reactions in the combustion zone rapidly
and cooling of the combustion zone and carbon bed reduced the temperatures below the
auto-ignition temperature of the fuel. The reactor remained sealed until cool, and was
opened and hand excavated to reveal the actual bed profile which up to this point had
been a matter of assumption and speculation as to its character.

The third run was in September which turned out to be the best gas making performance
to date with steady state conditions. The steady operation allowed pressure and velocity
surveys to be taken in the streams, physical poking of the bed to locate the combustion
zone, and operating procedures to be applied over a number of shifts.

A better understanding of the process variables and their control was gained during this
test run and will contribute to increased effectiveness of operation in future tests.

Further mechanical modifications are being made and a tapered refractory lining will be
installed to replace the temporary stainless steel liner used to test out the effect on fuel
flow.

When the modifications are complete, testing will continue in the spring of 1979 with gas
being produced and fired in the dry kiln.

OPERATIONAL PROBLEMS -

(a) Fuel flow was the most severe problem within the reactor. Hog fuel builds natural
arches and can easily span over a ten foot diameter. In addition to the arching
characteristics of hog fuel in the bed, the counter-current air blast assists in holding
up the fuel bed.

Modifications were made to the reactor to overcome the fuel flow problem and at
this time we are not in a position to elaborate on the measures taken but we can say
that the reactor is no longer subjected to fuel falls and severe channeling.
Particulate carryover can be a problem when the woodwaste is too dry or frozen.
When the wood fines are very dry and dusty, condensate is sprayed on the fuel prior
to entering the reactor. When the fuel is frozen, the condensate separating tank
“must be capable of handling the particulate load for return to the reactor.

(b) The major mechanical problem causing operational malfunction has been in the area
of the rotating hearth. Due to failure of the rotating element seals and the inability
of the wraparound chain drive to withstand the high temperature and hostile
environment, it has not been possible to achieve long term continuous operation.

- Maintenance shutdowns varied in duration from one hour to one day before resuming
operations. Recovery of gas production after these shutdowns was rapid but time
was required to stabilize the process.

(c) Ash content of woodwaste is extremely small resulting in very gradual ash buildup in
the base of the reactor. The process can run for days without ash removal. As a
result, the ash is fused and re-fused until a large clinker is formed making removal
difficult and reducing the effectiveness of the ash bed as an air/steam diffuser. In
order - to make ash, gravel was added to the fuel feed, which contributed three
positive improvements in the reactor's performance.
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(i) The gravel improved the bed porosity.
(ii)  The gravel added weight to the fuel bed.

(iii) Ash removal was possible on a scheduled basis relative to the amount of
gravel being added. Much of the gravel removed from the ash bed was in its
original condition and suitable for recirculation.

(d) Expansion of the combustion zone when starting up the reactor was uncontrolled and
from the very beginning the fire propagated in the direction of airflow which found the
path of least resistance through the ash bed. In order to get rapid horizontal expansion
of the combustion zone in all directions, fuel oil is now added to the starting fuel bed in a
ring which assists the fire in growing to a large diameter rapldly and brings the reactor
up to gas production within four hours.

The above descriptions highlight the major problems and some of the solutions tried and
proven to date. The only major area of concern which has not been tested to achieve
confidence is the ash removal system. It is generally felt that a complete revision of this
system will be required to give long term reliable performance.

OPERATING OBSERVATIONS

(a) From the operating experience to date, we confirm that the gasification plant can
be automated with only part-time supervision from an operator who is connected
with the equipment utilizing the gas.

(b) The Btu content of the gas is variable and can over a short period of time, range
from 120 to 170 Btu's. This is not critical to firing a kiln, but could be a problem in
other gas applications. A gas holder or accumulator may be required for some
applications.

(¢) Make gas is influenced markedly by fuel addition to the bed. From experience it has
been found that fuel should be introduced on a closely timed cyele and not be
allowed to lag for more than 40 minutes. If the interval between fuel loading
extends to an hour, the chances of running into an upset condition become likely as
gas production will drop significantly when a large quantity of fresh fuel is added,
and the fuel bed will suffer from compaction.

(d Make gas is also influenced by steam addition which has an effect on the combustion
zone temperature. If the steam purges the bed bringing the temperature below the
water gas reaction level, gas production falls off rapidly.

(e) It has been found possible to control the position of the reaction zones in the
vertical bed by careful removal of ash.

(f) The plant has turned down capability of 4:1.

The reactor can be_turned down to zero gas production by cutting off the air supply
and can rapidly recover to full production after a period of up to a week.

On the other hand, a minimum of one week is required to reduce the bed and allow
cooling time to enable maintenance to take place within the reactor vessel or ash
removal system,
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(g) From experience it has been found that gas quality can be monitored visually by
examination of the flare or by a calorimeter. In a fully automated plant it would be
necessary to have some type of broad spectrum on-stream analyzer for process
control.

EMISSION AND WASTE CONTROL

The only aromatic emission is fumes from the condensate tank, which in a commercial
plant would be contained and vented to the flare for disposal.

When flaring total gas production there is no visible plume or incandescent particulate
emission from the flare. Emissions are well below 0.100 gr/sdef. Stack emissions were
taken on the pilot plant and were below 0.010 gr/sdcf.

Condensate, which is primarily the water removed from the wood along with some light
oils and tar, is being produced at a rate of about 3 to 5 g.p.m., depending on the moisture
content of the woodwaste. The oils, tar and particulate carryover are readily separated
and all solids can be returned to the reactor for further reduction. Condensate disposal
at the present time is by incineration in the excess gas flare. It is recognized as an
inefficient means of disposal, but until a proven process is found for safe disposal, it is
the best way to handle the problem. Ash removed from the reactor is primarily dirt and
gravel which was entrained in the bark from the mill yard. The normal wood ash
component is a very small part of the total. The ash is completely ipert and would
provide good road base material.

ECONOMICS

The economics of a total gasification plant cannot be defined in simple terms. Each
application must be examined and the variables quantified to determine the overall
economics. Some of the variables which influence the cost of gas production are:

(a) End use of the gas.

(b) Total energy requirements versus energy produced. ,
(e) Woodwaste availability and type.

(d) Cost of fuel being replaced, i.e., gas or oil.

(e) Cost of woodwaste or conversely disposal cost of woodwaste.

One of the critical factors in determining the economics of a gasification plant is the
level of efficiency at which it can be operated. The efficiency in the case of the
gasification plant is defined as the ratio of the energy available in the the produced gas
to the total energy input including woodwaste feedstock, air, steam, and power consumed
in running the plant. ’

The largest single factor affecting the efficiency of the plant is the amount of energy

required to evaporate condensute; this is illustrated on the accompanying graph which
shows a significant drop in efficiency when large quantities of condensate must be
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disposed of. The exit gas temperature should be kept as high-as other considerations will
-allow and a minimum of gas condensate removed.

To outline an economic evaluation, the following parameters will apply:
(a) A single reactor plant.

(b) Zero cost for run of the mill woodwaste.

(c) Minimum gas cleanup.

(d) Gas fired direct to a kiln.

(e) Heat output at 60% efficiency.

(f) Plant operation three shifts, five days per week.

Using the above factors, a natural gas equivalent energy cost of $1.50 per million Btu's
would result.

From the above example it can be seen that in an application where a negative fuel cost

is introduced, an incentive to install a gasification plant would apply, as the current price
for interruptible natural gas is $1.50 per million Btu's.

MAINTENANCE

The prototype plant has not run long enough to determine long term effects on the
various components in the system. :

The frequency of maintenance within the reactor vessel and the internals of the ash
removing system is anticipated to be once a year, and within the mill complex eould be
scheduled for the summer period when kiln drying is greatly reduced over a period of
several months. If the gasification plant were being used for power generation and
heating, the difféfence between peak and minimum capacity would have to be at least
one reactor's output to allow scheduled maintenance.

The areas which will require running maintenance will be the instrumentation, valves,
and thermocouples. Refractory maintenance should be required only on an annual shut-
down basis; similarly, any wearing surfaces or parts in the ash removal system would be
repaired or replaced on an annual basis.

Other points of running maintenance such as bearing lubrication, pump seals, giand
packing and so forth, are no different than any other industrial plant. The simplicity of
the gasification plant allows this type of maintenance to be carried out by the oilers,
millwrights, and electricians who are normally available in the mill.
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SECTION 5.3
FLUIDIZED BED GASIFIERS

by
Richard Assaly
Alberta Industrial Developments Ltd.
Edmonton, Canada

INTRODUCTION

A new solution to the organic waste disposal problem for the forest and agricultural
industries is the Thermex-Reactor, a fluid-bed gasification process, the first in this
advanced technology, developed over the past seven years by Alberta Industrial
Developments Ltd., of Edmonton, Alberta, Canada.

With today's rapidly rising cost of fossil fuels, and the ever-increasing concern of
pollution, environment, and conservation controls, the Thermex-Reactor suits the needs
of those industries. Utilization of waste is a prime concern to the forest and food
processing companies who are large energy consumers and produce an abundance of
biomass energy, a renewable source.

The Thermex-Reactor was orignally developed for the production of charcoal in an
oxygen-free atmosphere, essentially baking the raw material. An outgrowth of this
process is the Thermex-Reactor fluid-bed process for total gasification using air.

The Thermex-Reactor is so flexible it can be operated to maximize the production of gas
or charcoal as desired.

Thermex-Reactor

First Thermex-Reactor pyrolysis plant operations
at a sawmill site on a continuous basis.
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COMPARATIVE GASIFICATION PROCESSES

The production of gas by decomposition of the solid carbonaceous material (wood
particles) takes place at high temperatures in a controlled atmosphere with limited
oxygen.

Gasificiation is a pyrolysis process. Pyrolysis of biomass is a destructive distallation
process which is on balance endothermic. Pyrolysis is usually perfomed under
atmospheric pressure and at temperatures up to 2000 C. The high temperature and lack
of Oy results in a chemical breakdown into several component streams. These are:

Wood Gas - composed of CO,, CO, CH,, C9H, and higher molecular weight
hydrocarbons.

Distillates - composed of insoluble tar (phenolics) and pyroligneous acid, the latler
containing acetic acid, methanol, acetone, esters, aldehydes, and furfural.

Solid Phase - consisting of ash and charcoal.

The higher the pyrolysis temperature, the greater the amount of gaseous product formed
and smaller amount of tar and charcoal formed. At certain temperatures, depending on
the type of equipment used, direct gasification of wood into gaseous fuel is possible.
Other factors which influence the composition and yield of the products are rate of
heating, the oxygen content of the atmosphere, type of wood, and pressure attained.

Pyrolysis may be carried out by heating biomass directly or indirectly in either a fixed-
bed, an entrained bed, or a fluidized-bed reactor, and in either countercurrent or co-
current mode in the fixed-bed.

In the countercurrent fixed-bed process, the raw material is fed into the top of the
reactor. Air flows upward through the bottom of the reactor. As the raw material
moves slowly downward, it is dried, distilled, reduced, and oxidized. It is finally
discharged from the reactor as ash or charcoal and ash depending on temperatures in the
reactor.

The advantages of a fixed-bed process are high energy conversion efficiency, low
particulate emission, and the ability to process fuel with a high moisture content.
However, the process suffers from ash removal and channelling problems. In addition,
the countercurrent mode maximizes the production of tars in the gas, thus requiring an
elaborate cleaning facility. The fixed-bed temperature in the combustion zone is in the
range of 1300 C to 2000 C.

Relatively low bed temperatures prevenl sintering and agglomeration of ash and thus
simplify ash removal, saves on costly shutdown conditions which extend reactor life,
minimize the formation of tars, and reduce gas cleaning requirements.

Moisture content in the wood removed within the reaction center reduces thermal
efficiency, reduces operating temperature, and affects the dynamics of the reaction,
consuming energy for water evaporation. All systems operate best with an evenly sized
raw material with a consistent moisture content. Raw material sizing and moisture
reduction equipment would be desirable unless sufficient raw material of a consistent dry
nature is available.

5-3-2



All by-products can be cooled, cleaned, pelletized, stored, or utilized directly for energy
consumption in boilers, kilns, dryers, electric generator sets, and space heating.

Gases utilized directly, without scrubbing and cooling, have a higher heating value and
cause less problems with tar storage or tar utilization as well as being less costly to
install.

ALBERTA INDUSTRIAL DEVELOPMENTS LTD.

Alberta Industrial Developments Ltd. (A.I.D.) was formed in 1972 with the purpose of
specializing in the field of process equipment for conversion of wood residue into usable
by-products. \

A.L.D. then obtained the licensing rights from the British Columbia Research Center for
the development of a patented charcoal and wood gasification process, then designed,
built, and operated a pilot plant at B. C. Research from 1972 to 1974. These results led
to a scale-up from an 18" diameter reactor with an input of 300 lbs. per hour to an 8'
diameter reactor with an -input of 6000 lbs per hour. This reactor was designed,
fabricated, and field tested at a sawmill site in Edmonton. :

The monitoring and analysis of this scale-up reactor was done with the assistance of
Alberta Research and Northwestern Utilities Ltd. Several species of wood and wood
waste were utilized. The production balance of charcoal and producer gas proved to be
commercially viable. The equipment was then shipped to Wisconsin for production of
charcoal for briquetting. The outcome of this move resulted in modifications to the
system to maximize either charcoal or producer gas. In order to develop the reactor
commercially, an engineering team experienced in the charcoal industry and gas
utilization have re-designed and developed ancillary equipment for the process. The
incorporation of these engineering and fabrication recommendations have resulted in an
advanced system far exceeding the orginal concept.

This prototype plant was operated over a four year period utilizing most species of North
American wood, wood waste, and bark with varying sizes and moisture content. The
plant has approximately 6000 hours of use.

A.L.D. with their experience over the past years on the system have now developed the
reactor and ancillaries to peak performance producing low BTU gas.

THE THERMEX-REACTOR PROCESS

The basic process in the Thermex-Reactor consists of distilling and gasifying cellulosic
particles varying from very fine material to particles of approximately one inch in size.
Larger materials are shredded or broken into particles small enough to be used in the
process.

Raw material is conveyed or blown to the ractor feed bin, as produced from the mill or
stock piles, manually or automatically. The size of the feed bin will determine the
intervals of loading.

Particles are directed to a bed of hot glowing charcoal in a closed chamber where wood
particles are quickly distilled and gasified. Both oxygen-containing gas and evolved gases
are present in sufficient quantity to maintain the charcoal and particle bed in a turbulent
of "fluidized" state, resulting in a uniformly high temperature throughout.
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Charcoal is continuously formed in the process. A certain amount is burned by oxygen
and removed along with accumulated ash. Evolved gases, acids, aleohols, and tars rise
through the hot charcoal body. The tar mist is cracked by heat to form lower molecular
weight hydrocarbons. The erude gas passes through a disengagement zone in the chamber
above the charcoal bed before it is withdrawn from the apparatus.

The unit is thermally self-sustaining while gasifying as the required process heat is
supplied by the partial combustion of carbon. Fuel gas is produced by rapid
decomposition in a continuous fluid bed gasifier. '

The solids remaining in the hot bed of the reaction zone and those collected by the
cyclones are continuously withdrawn from the reactor as ash or charcoal, depending upon
the operating mode.

The solids which exit through the bottom of the reactor pass through a holding gate and
into a continually moving serew conveyor. This conveyor is a conditioning unit which
cools the solids with or without water, therefore preventing hazardous hot carbon or ash
from entering the waste bins or piles. This removal is continuous.

If charcoal is to be withdrawn as a major by-product of the proceés, then a simple
adjustment to increase the raw material feed input will automatically decrease the
temperature of the reaction zone and increase charcoal production.

The best results are obtained with particles that are dried and pre-heated to the point of
thermal decomposition. However, the reactor is designed to accept a moisture level of
up to 55% wet basis. .

Where moisture levels are higher than 55% (wet basis) drying should be applied. This can
be accomplished with an attached flash drying system. Either exhaust gases can be
withdrawn for this use, or alternately the gas can be cooled and serubbed and the tars
can be utilized in a combustion furnace for. drying. The flash dryer system would be part
of the blower feed system. An attached flash drying system is relatively inexpensive and
is reecommended for consistent feed stock as it serves to prevent material handling
problems and reduction in reactor size as well as utilization of external rather than
internal heat for drying. When raw material is pre-dried there is more heat available in
the hot gas. This also reduces the heat loss required for drying internally.

The relationship between reactor temperatures and moisture content of the feed is the
minimum temperature at which most of the wood fed will gasify. Higher temperatures
will assure gasification but will lower the B.T.U. content of the dry gas, as more of the
carbon burns to carbon dioxide.

In general, the reactor must be run at higher temperatures lu winimize charcoal
production and maximize gas production, but at lower temperatures to maximize overall
therr;\al efficiency. For good operation, the reactor should be kept betwen 950°F and
1650°F.

In comparison to the econventional co~current fixed bed gasifying operation, the Thermex-
Reactor is able to.produce a larger yield of fuel gas with a higher heating value, from
157 to 200 BUT/SCF as compared to other systems of 97 to 132 BTU/SCF.

Gas production on cold start-up with raw material will take a few hours. Once a bed of

charcoal has been produced in the reactor, shutdown and re-starting will be a matter of
minutes.
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Re-starting after shutdown can take place without the start-up furnace. Air from the air
pump is all that is required for start-up. The insulated refractory-lined reactor and the
charcoal act as a heat sink which would take several days to cool.

Personnel required can perform other duties on the site or use others who may already be
employed for other purposes. One person can operate one or more modules. '

Little maintenance will be required, as there are few moving parts. Regular greasing and
oiling of the components should be maintained.

The reactor should be opened every month or two to check for sinter above the grates.
This may not be necessary with inter-connected sawmill plant installations operating on a
continuous basis.

Although modual reactor sizes can be purchased for manual operation with loading
equipment, we suggest that for best economics, units should be designed to suit the mill
waste production for automation. In this manner, material handling of the waste is
minimized and total utilization of the residue is achieved.

In the case where more waste is produced than the mill can consume in energy, excess
gases can be burned cleanly to the atmosphere or, alternately, charcoal can be produced
for storage or resale to other consumers.

In most cases equipment will be assembled prior to shipment for ease of installation at

the site. Subject to plant size and equipment required, approximately two weeks will be
necessary for technology transfer.
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EQUIPMENT LIST AND DESCRIPTION

(1) Feed bin and structure with screw conveyor bottom, operates continuously by
hydraulic variable speed motors. Feed bins can be varied in size, subject to
operation, and'can be fed automatically by different material-handling systems.

(2) Refractory-lined and insulated reactor, size to be designed to suit mill
requirements. Internals of stainless steel and particulate collecting ecyelones.
Includes structures ready for inter-connection.

(3) Ash or charcoal conditioning conveyor, with water nozzles and alr-coohng devices,
valves, compressors, pumps, motorized for continuous operation.
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(4)

(5)

(6)

Start-up furnace and controls with all instrumentation, recording devices for
temperature control, all motor starters, and safety devices, provided for manual or
automatic operation.

Control cabin, gas pipeline and gas burning furnace or stack will be provided on
request, subject to end use.

Other components, engineering requirements, design work, will be provided, subject
to the mill site and available auxiliary equipment at the site.
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SUMMARY PERFORMANCE

Feed Stock - Wood Raw Material (of varying sizes, species, moisture and operating
temperatures) (corn husks, rice hulls, coconut shells, other nut shells, etc.,
can be utilized)

Range

Operating Temperatures 800°F " 1700°F
Moisture (Wet Base) : 14% . 55%
Material Size ; + 1"
Material Bulk Density ~ ' -

(Gravity Packed) _ 6 Lb./Cu.Ft. 22.5 Lb./Cu.Ft.
Feed Rate (Bone Dry '

Basis with moisture) 50 Lb./Sq.Ft. 200 Lb./Sq.Ft.
Turn Down Ratio Jtol
B.T.U./S.C.F. 157 200
Emissions 0.090 0.127
Flue Gas (CO,) 5.4% 16%
Horse Power (8-16'

Reactors) 40 H.P. 65 H.P.
Heat Loss (Shut Down)/

Hour - _ 8°F 14°F
Start Up (Gas Produe- '

tion) Cold 5 Hrs. 12 Hrs.
Start Up (Gas Produc- . 4

tion) Hot + 1 Minute
Flame Temperature 1500°F 1750°F
Residue Ash 0.05% 5.0%
Production Charcoal 5.0% 35%

Gas Composition (Typical)

Hy - 18%/09 - 1.9%/N, - 46.2%/CO - 18.3%/CE4 - 4.1%/COq - 10.3%/Cq - 1.2%:
Total B.T.U./S.C.F. 17%. A

Does not include probable calorific value of tars and other distillates.
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OPERATIONAL SYSTEMS (TYPICAL)

Direct firing, close-coupled, utilizing green fuel for production of low 150-200 B.T.U. gas
for boilers, dryers, conditioning vats, etc. All systems can produce charcoal for storage
or resale. :
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ESTIMATED CAPITAL AND OVPERATING COST

EXAMPLE

Basis ‘

Higher Heating Value 8500/B.T.U./B.D.P.
M =1 Million B.T.U. - .

Efficiency _

Heating Value including Sensible Heat 86% -

Heat Loss - Ash and Radiation 6%

Heat Loss of Evaporation A 8%

100%

Efficiency will vary subject to type of fuel material, moisture, material size, and mode
of operation.

Plant Size
Thermex-Reactor 8' Diameter
Raw Material Sawdust
Moisture 259%
Feed Stock Dry Matter 75% 3000 Lbs./Hr.
Feed Stock Wet Matter 25% (H,0) 4000 Lbs./Hr.
Higher Heat Value (3000 Lbs. x 8500 B.T.U.) 25.5 M/B.T.U./Hr.
Heating Value including Sensible Heat 21.5 M/B.T.U./Hr.
Captial Cost
Gasification Equipment ~ $160,000.00
Annual Operating Cost
Depreciation 10% $16,000.00
Maintenance 6% ,200.00
Uthities $ .03 KWH (8000 Hrs.) 8,000.00
Operating Labor Chargeable to System 14,000.00
Insurance and Taxes 2% - 1,600.00
Interest 10% 16,000.00

‘Total $66,800.00
Annusal Gas Produced (8000 Hrs.) ' 170,000 M/B.T.U./Yr.
Gas Cost $0.39/M/B.T.U.

No consideration is taken for cost of fuel as this varies from region to region.

Material handling or sizing equipment cost is not included as these items may be
available at the plant site. Additional cost for gas transfer may be required subject to
distance of utilization.

_Total installation and energy requirements for specific sites should be reviewed for
orecise cost as support equipment will be required.
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Equipment Cost of Different Sizes
35/M/B.T.U./Hr. 12'Reactor 8000 Lbs./Hr./40% (Moisture) $264,000.00
61/M/B.T.U./Hr. 16MReactor 14000 Lbs./Hr./40% (Moisture) $420,000.00

(B.T.U./Hr. Production = Higher Heating Value plus Sensible Heat of Wet
& Dry Gas)
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ADVANTAGES OF THE THERMEX-REACTOR PROCESS

(o]

(o]

o

makes use of waste material which formerly had little or no value;
quality gas (or cﬁarcoal) can be produced from any species of cellulosic material;
Saves on fossile fuel and land-fill costs;

low capital and operation cost;

low air, power,'and maintenance requirements;

can be accurately con(trolled to produce the desired by-products;

can be shut down and started up rapidly, suitable for shift operations;
continuous process ensures constant quality of all products;

higher B.T.U./S.C.F. values than other processes;

the equipment requires no housing other than controls;

few moving parts guarantees continued low cost performance;

tar, oils, and carbons can be stored with the addition of auxiliary equipment;

' plant expansion requires only a simple addition of module units;

module units can be cut from the system operation without seriously affecting gas
operation; : .

factory—aséembled for quick installation;

can be easily re-located; |

only one skilled laborer is needed to operate several reactars;
burn-off of excess gas meets clean air standards;

gas production can be interconnected and utilized in package oil or gas burning
equipment, drying raw materials, boilers, kilns, buildings, or other related purposes;

flexibility of design allows for adaptation to a variety of industries;
ash or charcoal is removed continually;
the process will accept all fines; and

controlled temperatures prevent sintering and fusion.
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SECTION 5.4

RECENT OPERATING EXPERIENCE WITH A SMALL
DOWN-DRAFT WOOD GAS GENERATOR

D. M. Doner and R. C. Bailie

Environmental Energy Engineering
Morgantown, West Virginia 26506

ABSTRACT

Hardwood blocks, softwood blocks, wood pellets, and charcoal were. gasi-
fied using various oxygen-air mixtures. The gasifier system used was

a Swedish Hessleman Model 50/13 generator. The.unit ran on all feeds
and oxygen concentrations from 21% (air) to 100% without alteration.
The gas produced was burned in a standard North Ametican industrial
burner with no modifications. It was also used to fuel a modern Dat-
sin S10 (100 hp.) intornal combustion eiwine. The heating value ot the
gas produced ran 110+, 200*, 260* Btu/ft> (4.10 x 10°, 7.45 x 10,

9.69 x 109 joules/Jn3) for oxygen concentrations of 21, 50, and 100%.

Compared to thc up-draft gas generator the down-draft generator
*Produces a gas containing less liquid and tar products,
*1s considerably smaller for the same output: I3 x 106
Btu/ft3 reactor volume (112 x 10° joules/ m3) and 3 x 106
Btu/ft2 of hearth (34 x 109 joules/ m<)
*Is as efficient for close couples systems.
It can be mass produced at modest cost for 20-500 hp engines (14,500-
363,000 watts) and 50,000 to 1,250,000 Btu/hr burners (14,500-363,000
watts). Some modifications are necessary for a continuous feed system.

INTRODUCTION

The number of gas generators in Sweden at the end of World War II was
about 100,00, of which about half were wood-gas generators [1].

Gengas [1] states that in a wood gas generator a down druft system must
be used, and the hearth should have a constriction in the passage area
so that high temperatures are obtained. This causes the distillation

5-4-1



products which are harmful to the engine to be completely burned or
decomposed [1]. This hearth design limits down-draft generators to

the modest sizes of 20 to 500 hp or 50,000 to 1,250,000 Btu/hr (14,500-
363,000 watts). These units had a low cost because of their size,
relative simplicity, and mass production. Table 1 presents some of the
common sizes of wood gas generators.

Table 1
SOGME SWEDISH WOOD GAS GENERATORS

Model Overall ‘ Throat Hopper

Manufacturer Number Height  Diameter Diameter Capacity
- R _ (mm) (mm) (mm) (h1)
Hesselman: 50/13 1850 130 2,0
do 55/15 1850 150 2,7
Bolinder/Trim: 13/50 - 1850 ~ . 130 2,0
do 15/55 1850 150 2,7
do 17/55 1850 170 . 2,7
do 17/75 2330 170 6,0
do 17/75 1600 170 3,2

Tmbert:

Wulf & Co 130/550/170 1700 130 2,4
do 150/550/170 1700 150 2,4
do 150/650/210 2100 . 150 3,4
do 170/650/210 2100 170 3,4

Source: Gengas [1].

A Hessleman gas generator was obtained by the Départment of ‘Chemical
Engineering, WVU from Sweden several years ago. It was learned of
from two Swedish railroad buffs seeking narrow ‘gage steam locomotives
in the coal areas of W.Va. 'In their search for englnes in Sweden they
came across four units in a round house that had been crated and
stored. They were built to provide feed to an internal combustion
engine that ran a 50 Kw electric generator. The units were first
generated by undergraduate students in the department as a part.of a
national competition (SCORE - Student Competition On Relevant Engineer-
ing) on use of underutilized feeds to provide power. It was then set
aside and only. recently re-comissioned.

This Hessleman generator was tested in 1978 at Environmental Energy
anlncor1np’° commerical testing facility near Morgantown, West Vir-
ginia. .This system was tested because in the United States little
attentlon ‘has been given to the down-draft concept. This system also
permltted easy extenstion to oxygen enriched air operation and the use
of wood pellets.

DESCRIPTION OF HESSLEMAN

The gas producer, used was a Hessleman Vedgasverk, Type T-500. This is
a suction type gas produccr with a throat diameter of approximately-
‘five inches (0.130 m.). For the tests performed at EEE the gasifier
was not operated as a suction system but was blown with air or oxygén
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enriched air. Figure 1 is a sketch of the gasifier with some of the
significant dimensions. The gasifier had five air nozzles equally
spaced around the circumference of the generator. The gasifier top is
sealed with a spring loaded door which keeps the unit air tight. This
top acts as a relief valve if an explosion should occur and permits
easy opening for charging fuel to the gasifier. The product gases
leave the gasifier by passing up through the annulus and out near the
top. The gas immediately enters a cyclone for removal of some of the
entrained solids.

DOWN-DRAFT VERSUS UP-DRAFT

Figure 2 compares the up-draft, conventional down-draft, and the
Hessleman generators. In the up-draft generator the distillation oc-
curs in the top of the fuel bed and the distillation products leave
with the product gas. In the down-draft generator the distillation
also occurs in thé top of the fuel bed but the distillation products
must pass down through the combustion and reduction zones. This re-
sults in a greater decomposition of the condensables. The Hessleman
generator is a down-draft generator with a constriction in the hearth.
This constriction results in higher temperatures which helps to decom-
pose the tars and condensables [1]. Some of the advantages of the up-
draft system are:
* Simplest design.
* Most of the sensible heat in the product’ gases is used to
dry, preheat, and distill the fuel.
Some advantages of the conventional down-draft system are:
* Design simplier than the Hessleman but provisions for
air distribution should be included.
* More of the tars arc decomposed.
* Less clinker furmatlon [2]. :
Additional advantages of the Hessleman down-draft system are:
* Even more of the tars are decomposed.
* Some of the sensible heat is transferred to the
fuel Led as the gases leave through the annular
space.

In close-coupled systems where the gases are used in burners there is
no difference in the efficiencies, because the- sensible heat in the
down-draft gases is also used. For systems which are not close-coupled
this sensible heat is lost but the: tars from the up-draft generator
condense and are lost. .In internal combustion engines the up- draft
generator gas must have ‘the tars removed to protect the engine and the
down-draft generator gas must be cooled to permit a sufficient quantity
of gas to enter the engine cylinders. Figure 3 indicates the amounts
of tars that must be lost in an up-draft system to equal the amount of
"sensible heat lost in the down-draft system.

PRESENT STUDIES

The studies at E.E.E. operated the Hessleman generator on the following
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fuels:

* Charcoal briquets.

* Unprocessed charcoal (as rcceived from a charcoal kiln).

* Hardwood blocks -- slab wood cut into 1 in. x 1 1/2 in. x 3 in.
(25 mm x 37 mm x 76 mm).

* Softwood blocks -- 2 in. x 4 in. lumber cut into 1 in. x 1 1/2

in. x 3 in: (25 mm x 37 mm x 76 mm).
* Wood pellets -- Compressed sawdust 1/4" D x 3/4'" long (6 mm D x
19 mm long). .
The generator was blown with air, oxygen enriched air, and pure oxygen.

The generator gas was successfully used in an industrial hurner and an
internal combustion engine. The industrial burner was a North Ameri-
can Series 4422 XS Air Burner. The burner designation is 4422-7A. No
modifications of the burner were needed. The internal combustion
engine was a Datsun type PL-510. The engine capacity was 1595 cc and
had a maximum horsepower rating of.100 at 6000 RPM (SAE)}. The engine
was operated with no load. The only modification necessary to operate
the engine was to install a gas carburator, which was obtained with
the generator. '

PERFORMANCE

Figure 4 presents a temperature profile along the vertical axis for the
gasifier. The fuel was wood pellets and the gasifier was air blown.

An attempt was made to measure this temperature profile for a 40%
oxygen blown test, but the thermocouple probé& was melted. This oc-
curred in the air nozzle plane and suggests that the temperature was
above 2550°F (1670°K).

Figure 5 presents the effects of the oxygen concentration on the CO,
Hy, and CHg concentrations in the generator gas. Figure 6 gives the
effect of the oxygen concentration on the heating value of the genera-
tor gas. As would be expected the concentrations and the heating
value increase as the oxygen concentration increased.

The engine was operated without a load but the power loss due to using
generator gas was deduced from the gas heating value. Figure 7 pre-
sents thc power loss for different oxygen concentrations of the blown
gas. These cnrves are based on the generator gas being burned
stoiciometrically and the gasoiine being Lurncd stoiciometricully, and
with 10% and 20% excess air. Complete combustion of the gasoline
should require more excess air than will be“required for the generator
gas. 'These curves show that operating the generator with oxygen en-
riched air reduces the power loss of the engine.:

EPRI [3] has determined the effect of the heating value ol the gas on
burner efficiency. This is shown in Figure 8. The efficiency of the
burner increases as the heating value increases until a heating value
of 225 Btu/ft3 (33.3 x 106 joules/ m3) is reached. The efficiency
then decreases as the heating value increases. Two other factors to
consider are the amount of air required by the fuel and the amount of
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flue gases produced. These are shown in Figure 9. The amount of air
required to burn 10,000 Btu (41.9 x 106 joules) of fuel does not de-
pend much on the gas heating value. The amount of flue gas is also
fairly independent of the heating value of the gas for values greater
than 300 Btu/ft3 (44.4 x 106 joules/1n3). The amount of flue gases
then increases as the heating value decreases. For example the
amount of flue gases for 200 Btu/ft3 (29.6 joules/m3) gas is 44%
greater than that for 1000 Btu/ft3 (148 x 10 joules/m3).

CONCLUSIONS

* Can operate a burner with no modifications.

Can operate an internal combustion engine with

the only modification being in the carburator.

Can handle enriched oxygen.

Should have a relatively low cost,

Can handle a variety of fuels.

Compared to up-draft the gas has much less tar.

The close-coupled efficiency of the up-draft

and down-draft should be the same.

* Should be able to be fit with a stoker tor
continuous operation.

* Has a high turn down ratio-about 12 to 1.

*

* * * X *
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SECTION 5.5
VEHICLE GASIFIERS

by Eric Johansson
Director of the National Swedish Testing Institute for Agrlcultural
Machinery

ABSTRACT

The pioneer work of the use of producer gas as a fuel for internal
combustion engines was carried out in Great Britain, Germany and France.

Basic research work in the design of gasifiers was done already during
world war I by Mr Axel Swedlund in Sweden.

The most important feature of the producer gas in Sweden is to serve
as a fuel substitute at a shortage in the supply of liquid fuel.

Recent research and development work at the National Swedish Testing
Institute for Agricultural Machinery has been devoted to the converting
of the generators to-suit modern diesel engines and to improve the gas
cleaners. :

VEHICLE GASIFIERS

The use of producer gas as a fuel for internal combustion engines is’
not a new approach from a technical point of view. Gasifiers were thus
both designed and put into practical work as early as the beginning of
the 20th century. The pioneer work was done in Great Britain, Germany
and France. Anthracite, brown coal, peat and wood were used as fuel.

In Sweden a considerable interest was paid very early to the production
of producer gas. Basic research was carried out by Axel Swedlund, who
already during world war I designed a gasifier for stationary work.

The Swedlund-system was then further developed during world war II.

During world war II the import of liquid fuel to Sweden was very limited.
The practical use of vehicle gasifiers became then very important. The
numbers of designs and manufacturers were large. Already at the be-
ginning of 1940 more than 1 500 vehicle gasifiers were in practical
service. This number grew rapidly and reached 75 000 at the end of the
war 1945. At that time we had at least 500 different designs. Some of
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these dominated the market. Besides System-Swedlund we had Imbert,
Hesselman, Lion, Kdlle and Betz. System-Swedlund was made in appr.
35 000 copies.

After world war II the vehicle gasifiers disappeared just as rapid as
they had been put into use. The use of producer gas as a fuel for in-
ternal combustion engines was no longer of interest when we onee more
got free access to cheap liquid fuel. The drawbacks in the shape of
decreased power performance, tedious work and the risks of carbon-
monoxide poisoning were evident. The most important feature of the
producer gas was thus to serve as a fuel substitute at a shortage in
the supply of liquid fuel.

The increased mechanization of both agriculture and forestry together
with the very rapidly growing numbers of diesel engines in tractors,
trucks and combines have required new research and development work

in the field of wood gasifiers. Since'the beginning of the 1950th the
National Swedish Testing Institute for Agricultural Machinery has been
responsible for all official work in this field in Sweden. The larger
part of this research has been devoted to the converting of the gene-
rators to be used together with diesel engines.

Due to the fact that the numbers of vehicles have increased more than
10 times since world war II, the switch over to producer gas to be

used as an engine fuel has become a question of mass production. In

the year of 1878 we had approcimately 3 000 000 cars and trucks besides
250 000 tractors. The corresponding figure for the total number of
vehicles in the year of 1940 was 250 000.

It has therefore been necessary to modify the present gasifier -
designed for research work - to be suitable for regular massproduction.
Swedish authorities have therefore made an agreement with Volvo and
Saab-Scania to develop a standard design ot wood gaslliers im co-
operation with the National Swedish Testing Institute for Agricultural
Machinery.

Wood as an engine fuel

Wood is at present the only Swedish alternative Lo liquid fucls that
will last for a long time. The wood must either be chipped or cubed.
Chipped wood is planned to be produced in large scale at different
paper mills while cubed wood is planned to he made locally for in-
stance at the regular farms. Spruce, pine, birch and beech are ex-
amples of trees that will give wood suitable for gasifiers.
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The function of the gasifier

A PRINCIPAL DRAYWING OF A
GAS GENERATOR

OPENING WITH A
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i NG FAN
s STARTI
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Figure no 1. A gasifier or generator is required to make producer gas
suitable as engine fuel. A complete gasifier consists of a generator,
cleaner, cooler and mixer.
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Figure no 2. The producer gas will be formed through combugtion of
wood at restricted air supply in a gasifier.
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A GAS GENERATOR FOR CHIPPED WOOD
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- WATER VAPOR

GROOVE - TN

WATER VAPOR ™™~
N

AIR ORIFICE
THE RIN3 OF___
THE HEARTH
AIRINTAKE————__
THE JACKET OF ——
THE HEARTH
GRATE., AUTOMATI-
CALLY MOVED BACK
AND FORTH DURING
NORMAL OPERATIQN

CONTAINER FOR
CONDENSED WATER VAPOR

Figure no 3. The components of a wood gasifier for chipped wood.
A movable grate is required when chipped wood is used. Considerable -
design effort has also been payed to the design of the hearth.
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The components of producer gas

The producer gas contains besides cabbon monoxide and hydrpgen also
other combustible components such as small amounts of methane and
some heavy hydrocarbons.

The noncumbustible components are nitrogen, carbondioxide and water-
vapor.

The residues consists of ashes and soot.

An analysis of prvoducer gas originating from wood with a moisture
content of 12 - 20 % shows the following components.

Combustible components (volume %)

Carbon monoxide, CO 17 - 22 %

Hydrogen, H, 16 - 20 %

Methane, CHu 2 - 3%

‘Heavy hydrocarbons, CnHm 0,2 -~ 0,4 %
Noncombustible components

Carbondioxide, CO, 10 - 15 %

Nitrogen, N 45 - 50 %

2



EQUIPMENT FOR THE AUTOMATICALLY
OPERATION OF A GRATE MOUNTED '
TO A GASGENERATOR DESIGNED FOR
CHIPPED WOOD.,

3— PRODUCER GAS
i PRESSURE GAUGE —> ELECTRICAL

S SWITCH
} ¢ ELECTRIC MOTCR
L
\THE BATTERY OF THE TRACTOR

I CRANKING
OPERATING LEVER
TO MOVE THE GRATE MOVEMENT
BACK AND FORTH

Figure no 4. The automatic operation of a grate mounted to a gas
generator which is designed for chipped wood.

producer gas in the outlet pipe gets a still lower pressurce than
normal. This low pressure will influence the pressure gauge which will
switch on the electric motor whose cranking movement is converted to

a movement of the grate back and forth. After a short while the char-
coal bed will become soft.

The pressure gauge will again stop the movement of the grate as soon
as the pressure reaches its normal level.

5
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PRODUCER GAS

ﬂl \ THE OPERATING LEVER OF THE
l SECONDARY AIR THROTTLE

A MIXTURE THE OPERATING LEVER OF THE
OF PRODUCER PRODUCER GAS THROTTLE
GAS AND AIR

Figure no 5. The device for the mixing of air and producer gas.

Safety aspects

Producer gas is poisonous due to its content of carbon monoxide. This
gas neither smells nor does it tastes. The inhilation of carbon
monoxide can be very dangerous. It is therefore very important that a
person who operates a vehicle running on producer gas is well in-
formed and properly trained and thus aware of the actual safety rules.
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SECTION 6.0
SUMMARY OF REMARKS

OF A PANEL ON COMMERCIALIZATION OF AIR GASIFIERS

A panel of representatives of various institutional organizations was convened under the
direction of Mr. Robert Hodum from the California Energy Commission to discuss
possible ways in which the introduction of air gasification could be accelerated. The
members of the panel were: Vietor Engleman (Science Applications, Inc.), John Calhoun
(Forest Fuels), George Finney (Haleyon Co.), Howard Ammundson (Century Research),
John Stafford (Guarantee Fuel).

Each panel member made a statement of his own activities and answered questions from
the floor. The remarks are summarized here from recordings made at the time.

ROBERT HODUM: California has had: an ongoing program of demonstration of the
feasibility of gasification, especially at the University of California in Davis, and John
Goss, Brian Horsfield, Robert Williams and others have worked on that program. (Bob
Williams has now formed a company to manufacture gasifiers and the gasifier was
demonstrated Tuesday through Thursday:afternoon before the conference.) Several long-
term demonstrations were operated last year at state power plants. California (1) is now
buying gasifiers for state heating needs and (2) has appropriated $500,000 to co-fund
gasifier and other biomass conversion equipment with industry. In the first RFP there
were no purchasers for gasifiers:.due to.the novelty and questions of reliability of
gasifiers still remaining in the minds of purchasers. Another RFP will be issued in July.
These incentives are also avallable to supphers of biomass.

VICTOR ENGLEMAN: It is necessary to match the application to the need, and gasifiers
have wide but not universal applicability. Some markets are limited, e.g., there are only
two major seed corn driers in the United States.

There is still a 'show me' attitude among U.S. customers since there has been no past
history of gasifier use in the U.S. as there was in Europe. Maximum market penetration
will only occur when one can produce a satisfied customer. The oil. industry has had fifty
years to develop its refineries, and no doubt there were technical problems to resolve.
However, these problems were worked out in the privacy of the companies. If gasifiers
are developed on public monies, the problems will be given wide publication and slow
down commercialization.

Customers tend to want a complete package installation on gasifiers, ineluding wood
delivery and handling. Yet various options are available for each piece of the package.
This leads to confusion in the customers' mind which in turn leads to inactivity.

Incentives are needed to convince customers to burn less convenient fuels such as
biomass, and gasifiers will have to have more than a 10% initial economic edge as long as
natural gas ‘is available to overcome initial reluctance. However, when gas or oil
becomes unavailable, the customers will turn to blomass which they can control .
-themselves. '

Hodum commented that he is in continual debatc with the California Legislature as to
whether it is better to provide incentives or run demonstrations. He believes there is a
place for both.
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JOHN CALHOUN (Forest Fuels) commented that even a 50% federal subsidy is often not
sufficient to convince the customers to buy a gasifier which he considers to be
unproven. However, GEORGE FINNEY (Halcyon Company) believes that the use of
gasifiers will develop purely on their economic merits, and he is now installing two
gasifiers in Maine and in Atlanta (25 MBtu/hr) on this basis. Finney wants no part of
federal government help or interference. He will guarantee less than 0.025 grains of
particulate levels. He has met difficulty with the State of Georgia. It took three months
to complete the plant engineering and four months to obtain the purchase order through
the state legislature. Cost of complete gasifier (minus wood handling anclllarles) is
$220,000 for a 25 MBtu/hr gasifier.

HOWARD AMMUNDSON (Century): How can the large investment in a gasifier be
amortized over 10 to 20 years in these changing times? (Century has been making
gasifiers rangmg from automotive gasifiers to 80 MBtu/hr gasifiers for crop production
for 40 years in Taiwan for firms in the Far East.)

BENDERSKI (Pyros): The 1978 Agricultural Act of the U.S. Department of Agriculture,
while initially intended to support gasohol plants, could in principle also be used to give
loan guarantees for gasifier installations. It gives a firm commitment of low-interest
loans to the buyer/seller. :

JOHN STAFFORD (Guarantee Fuel): We are now negotiating two $6 million loan
guarantees for making pelletized fuels under a similar arrangement.

FINNEY (Halycon): Another problem is estabhshmg a long-range supply of fuel, We now
have orders for six plants in Massachusetts if we ean guarantee a continuing supply of
fuel. How can we overcome this barrier?

HODUM: In California, the State is acting as a customer for biomass fuels to even out
the supply. For instance, a 1500 MW coal power plant is being constructed in an area
with large quantities of biomass. We are encouraging them to install biomass co-firing
capability on the boiler.

REED (SERI): This is related to the "Golden Garbage Syndrome" discovered by
Wheelebrator-Frye. Any municipality now paying $12/ton to dispose of its garbage would
be delighted to have you haul it away - until you volunteer to do so. Then you can't have
it. Wheelebrator-Frye overcomes this problem by forming a joint parternship with the
town and keeping open books showing only a fair profit.



SECTION 7.0
SUMMARY OF REMARKS OF A PANEL ON TECHNICAL ASPECTS

AND RESEARCH NEEDS OF AIR GASIFIERS

A panel of representatives of various gasifier manufacturers and research organizations
was convened to discuss technical problems of air gasifiers, and to consider areas where
further research is needed to improve gasifier performance. Dr. Tom Reed served as
moderator of the discussion.

Each panel member briefly introduced himself and his involvement with air gasifiers
before the discussion was thrown open to the entire workshop. The discussion is
summarized here from recordings made of the meetings.

Stan Bozdech, DeKalb Ag Research

Six years ago DeKalb decided to try to use their corncobs for drying seed corn, which
presently requires liquid propane. After trying several direct combustion processes
unsuccessfully, they began a program to develop a corncob gasifier. They have a gasifier
which they used to dry seed corn and are considering building a number of larger units. -

Howard Ammundson, Century Research

Century Research has been involved with gasifiers in Taiwan and before that in China. In
the 1940's they built and repaired gas producers. They operated a 85 MBtu/hr gasifier in
Taiwan before natural gas was discovered and made gasification uneconomie,

John Calhoun, Forest Fuels

-Forest Fuels has built several sloping grate gasifiers over the last four years, and has
several units running including one firing a 12 MBtu/hr kiln. The Department of Energy
states that half the energy in the United States is burned in units smaller than 10 Btu/hr,
so they are comfortable to be in that market.

Richard Bailie, Environmental Energy Engineering

EEE does commercial testing of gasification units, but has no products or units to sell.

Amil Chatterjee, Stanford Research Institute

Before joining SRI, Amil Chatterjee worked for Torox Systems where he built, tested,
and installed the Torox gasifier which gasified municipal solid waste. SRI is involved
with Biomass studies for DOE. He believes there is still analytical and research work to
be done to optimize the design of gasifiers. The definition of the combustion, pyrolysis,
and reduction zones, and the way these zones vary with time, moisture, contact, ete.,
need further attention, in order to make a scientific design of a gasifier.

There was considerable discussion as to whether future advances in gasification
technology will be due to computer modeling studies of the gasification reactor, or due
to "hands on" hardware development by persons experiencing the problems or operating
the present generation of gasifiers. One group maintained that a relatively small effort
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aimed at better understanding of the gasification reaction would prevent costly mistakes
in the development of hardware. A second group maintained that no combustion system
had ever been designed satisfactorily by computer simulation, and warned the conference
against calling for even more computer studies. Perhaps Dick Bailie had the last say
when he stated that both types of research are necessary, with the function of computer
simulation being to indicate to the researcher the direction in which breakthroughs might
occur, and that then these areas had to be explored with actual hardware to confirm the
computer analysis.

Howard Ammundson suggested that we need to emphasize fuel handling systems and fuel
preparation. When fuels are properly prepared, many of the operating problems do not
arise. John Calhoun said that the paper companies have had many years of experience
handling wood materials, and that much of the same technology works.for fuel woods.

Bob Williams asked if anyone had suggestions on how to interest the American engine
manufacturers in developing engines suitable for power generation with gasifiers. He
said "when I call Peoria and Waukesha, their engineers say yes, Bob, we are interested in
what you are doing, but they really aren't much help to us." Tom Reed suggested that if
we tell them about the Duetz engine being imported for a 1 MW plant in Prince Edward
Island, and the Duvont engines being imported to the United States, they will be more
interested in protecting their markets. - Bob Williams said he had tried to blackmail them
that. way, but until they can see large markets for their engines they just are not
interested.

Amil Chatterjee asked if anyone had experience with gas turbines operating on low Btu
gas and what the future.of gasifiers coupled directly to a turbine was. Ralph Overend
said that in Europe the off-gas from blast furnaces is used in gas turbines. This gas is
somewhere around 90 Btu/Sef. Pete Stranges from United Technology said they have run
gas turbines on low Btu gas from coal. United Technology had to modify the combuster a
bit but otherwise the turbine worked fine. UT is concerned about the particulates. The
gas clean-up is important. UT has limited experience: maybe 10 hours of running time,
but sees no major difficulties.

Tom Reed asked how much economic penalty there is in operating if the gas is at 1
atmosphere pressure. What advantage is there for pressurized gasifiers? Pete Stranges
replied that normally gas turbines operate at 10-15 psi, and expand to 1 atmosphere.
They will lose a lot of performance if they don't operate the gasifiers at pressure.

Dick Bailie thought we were confusing the issue by discussing the use of gasifiers for
turbines. Gasifiers should be used for what they do best: that is, produce a gas that
burns. Burn it in cement kilns, for crop drying, or in. a furnace. If we go to these
complicated units we will have to wait five years to sée the first units in operation.

Amil Chetterjee asked what the advantages of pelletized fuel for a gasifier were and
whether a better Btu gas was obtained. Dick Bailie replied that a better Btu gas was not
obtained. Sawdust cannot be burned in a gasifier, because the void space in the bed is
needed to push the gas through. Pelletized sawdust works fine. The same may be true
for other potential fuels.

(These comments are a paraphrased and condensed version of the overall discussion,
which lasted for 1 1/2 hours. Although considerable discussion of a non—techmcal nature
also took place, it ‘has not been included in this summary.)



SECTION 8.0

TECHNOLOGY AND ECONOMICS OF CLOSE-COUPLED GASIFIERS

FOR RETROFITTING GAS/OIL COMBUSTION UNITS TO BIOMASS FEEDSTOCK*

T. B. Reed, D. E. Jantzen, W. P. Corcoran, and R. Witholder
Solar Energy Research Institute
Golden, Colorado

ABSTRACT

Close-coupled air gasifiers can be used to convert existing gas/oil boilers to burn
biomass. The gasifiers are relatively simple units operating at 85 to 90% thermal
efficiency. The gas contains CO, Hg, hydrocarbon gases and vapors with No, H,O, and
CO, dilutents, and has a heating value of 140 to 200 Btu/sef when burned %ot without
serubbing. Use of this gas in existing boilers may cause 5 to 10% derating. Recent tests
of a 14 MBtu/hr gasifier coupled to a power boiler in California over a 158 hour period
gave satisfactory results with low emissions and only minor technical difficulties.

The economics of two gasifiers reported in the literature are analyzed with respect to
fuel cost as a function of capital and operating costs. The gas is estimated to cost $1.40
to $2.70/MBtu for biomass feedstocks costing $10 to $20/dry ton. The capital costs of
retrofitting existing gas/oil boilers are approximately two-thirds the cost of new
installations of package wood-fired boilers. Although gasifiers larger than 100 MBtu/hr
are not now available, they could probably be used to convert larger field-erected boilers
to biomass more economically than construction of new wood-fired boilers. The cost of
construction of a new wood-fired package boiler is estimated to be about the same as the
cost of a gasifier plus a conventional gas/oil package boiler.

*Presented at "React '78," ‘The Biomass Energy Institute, Winnipeg, Canada, October 3-4,
1978. '
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INTRODUCTION

Industrial concerns will need 20/20 foresight to cope with the increasing energy problems
in our society. Many; who converted from coal to natural gas or oil during the last
decade to meet more stringent emission requirements, are faced now with much higher
fuel prices and the possible curtailment or total interruption of supply. The most obvious
course is conversion of those boilers originally using coal back to coal or wood, or the
replacement of the new oil/gas package boiler with a new coal/wood installation. Both
of these options are relatively expensive and will also require new emission controls.

A less obvious option is the use of a biomass (or coal) gasifier to retrofit the existing
gas/oil boiler to an intermediule eneirgy gas generated in situ, using the close-coupled
gasifier. We shall examine the technology and economies of biomass gasifiers, and
compare the economies of retrofit with installation of complete combustion installations
for biomass.

HISTORY AND STATUS OF GASIFIERS

The term "gasification" refers to the thermal conversion of biomass (or coal or
petroleum) to a gas to be used for heat, power, or chemical synthesis. "Pyrolysis"
actually implies production of charcoal or oil as well. A recent worldwide survey lists 55
commercial or demonstration gasification and pyrolysis projects in North America.” In
the 1930's, most cities of the United States had a "gasworks," gasifying either coal or
wood to provide gas for cooking and lighting. These units have been closed down in the
United States due to the availability of low cost naturalzgas and oil, but gasification of
biomass has been widely used in other parts of the world. §m4all portable gasifiers were
widely used during both World Wars to drive cars and trucks.”?

Although we will probably not use gasifiers for transportation in the United States in the
near future, we can use these simple devices to provide gas for retrofitting gas- or oil-
fired boilers. This will eliminate the necessity of replacing the entire system, which
would be required for conversion to a solid fuel such as wood or coal. In fact, many
industries have waste biomass which is presently a disposal problem, but which would
provide necessary process heat if suitable size gasifiers were installed.

TYPES OF GASIFIERS

There are dozens of types of gasifiers ranging in size from 100,000 Btu/hr to 100 MBtu/hr
and yielding a gas with energy content from 90 Btu/sef to 1,000 Btu/sef. The various
methods for gasification are shown in Figure 1. We wish to focus liere on the simplest
type of gasifier: the air-blown, close-coupled gasifier accented in Figure 1 in which a
relatively low energy content gas is manufactured on site and burned in existing
equipment a few feet away. This is the so-called "close-coupled" mode of operation. In
this case, there is no need to cool and scrub the oils from the gas as would be required
for use in engines or pipelines. This greatly reduces the cost and increases the simplicity
and efficiency of the apparatus.

The two principle types of close-coupled gasifiers are the updraft gasifier and the

downdraft gasifier, shown diagrammatically in Figure 2, (a) and (b). (Other types include
crossdraft and dual mode gasifiers.) In an updraft gasifier, air first contacts a bed of
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burning charecoal, generating hot CO and CO,. These gases pass successively through the
incoming biomass, first pyrolyzing-it to form volatile oils and finally drying it. The gas is
diluted by any moisture in the feedstock, but the energy content is enhanced and the
burning characteristics are improved by the high molecular weight oil vapors.

In a downdraft gasifier, the air is injected through nozzles into the hottest portion of the
charcoal fire and is drawn down through the charcoal bed along with the tars and
moisture from the fuel in the higher regions. This causes the oil vapors to crack into
gases, primarily CO and Hg. Downdraft gasifiers are especially useful for producing gas
to be used in engines, because the oil vapors will clog the engine intakes. At present,
both types are being used for retrofitting gas/oil boilers to biomass.

A preliminary list of manufacturers of gasifiers suitable for conversion of gas/oil boilers

is given in Table 1. This table also shows the type, size, and some preliminary costs of
gasifiers obtainable from the manufacturer. This will be dicussed below.

Gasifier Fuels

In principal, gasifiers can operate on any carbonaceous solid fuel such as coal, lignite, or
‘biomass. In practice, however, the satisfactory operation of any particular gasifier will
depend on its design relative to the fuels used, and depends in particular on the fuel
density, moisture content, ash fusion temperature, particle size, ete.

The satisfactory operation of a gasifier depends on a free and uniform passage of the gas
through the fuel bed. Therefore, satisfactory biomass fuels should be relatively uniform
in particle size so that the gases do not form channels. Particle size should be greater
than about one—quarter inch so that there is not too much back pressure, paticularly in
updraft gasifiers. Dusts and fines are particularly troublesome. The charcoal which
forms on pyrolysis should have moderate physical integrity to prevent collapse and
plugging of the bed.

For these reasons, wood chips and bark make excellent fuels for gasifiers. Gasifiers have
been run satisfactorily also on shells, pits, and corn cobs. However, other fuels such as
straw, cotton gin trash, food residues, ete., may require densification (cubing, pelleting,
briquettting, extrusion, ete.) in order to be used satisfactorily in gasifiers.

Biomass has many attractive features as a fuel, including very low sulfur, renewability,
low cost in many cases, and no increase in long-term atmospheric CO However,
biomass occurs in a wide variety of forms and is often too wet to burn ang too bulky to
ship. Recently, a number of companies have begun to make densified fuels, "DBF", to
nvercome this handicap and create a uniform commodity fuel selling for $20 to $30/ton.
The cost of drying and densifiying is approximately $6 to $15/ton alldsllIUbl be weighed
against the value of the biomass with and without densification. A number 08f
gasification tests have been run on pellets and they are found to be quite salisfuctory. 6

DBF has typical particle densities of 0.8-1.3, while wood chips (dry basis) have densities
of 0.4-0.5, and most other biomass is even less dense. Therefore, a further advantage of
den51f1catlon before gasification is that the capacity of the gasifier is 1ncreased due to
the higher energy density at the grate.

The energy content of the gas produced in gasifiers is low because of the dilution effect
of the nitrogen content of the air used in gasification. In addition, it may be even lower
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due to water vapor in the gas. Therefore, it is desirable to keep the water vapor in the
fuel to a minimum. Some gasifiers can operate with up to 30% moisture content, but gas
quality is degraded at higher moisture levels. It is necessary to reduce moisture content
from 10% to 20% before densification and the result is DBF with an attractively low
moisture content. _

Properties of Producer Gas

The gases produced in the gasifiers shown in Table 1 eontain CO, Hy, and hydrocarbon
gases as their principle fuel ingredients. In addition, they contain Ny, CO9, and HyO as °
dilutents. If the gases are cooled and scrubbed for use in engines or a pipeline, they have
'a typical energy content of 90 Btu/sef and are called by the names: low Btu gas (LBG),
producer gas, Gen-gas, or generator gas. A typical analysis (Davis Gasifier, Walnut
shells) show%: CO = 20.5%; Hy = 15.3%; COgq - 7.4%; O9 = 1.4%; hydrocarbons = 8.1%;
Ny =47.4%. ~

If these gases are to be used for heating, it is not desirable to remove the pyrolysis oil
vapors and the sensible heat. Then these same gases have an effective heat content of
140 to 200 Btu/scf, depending on temperature, feedstock, type of gasifier, etc. We
propose the name "intermediate Btu gas" (IBG) for this type of gas with an energy
content of 140 to 200 Btu/scf.

Efficiency of Combustion of IBG

The energy content of a gas is very important if the gas is to be shipped by pipeline.
However, the flame temperature and flue gas mass produced varies very little with
energy content because large-quantities of air must be added for combustion. The
relative efficiency of boilers using gases 5 various energy content are shown in Figure 3
as a function of energy content of the gas.” Here it can be seen that capacity is actually
higher for the medium Btu gases (MBGC) (with energy cunlenl sround 350 Btu/sef) than it
is for high Btu gas (HBG) with energy content about 1,000 Btu/sef. The efficiency falls
rapidly below about 200 Btu/sef. It can be seen that there is little loss for intermediate
Btu gas (IBG), but considerably more for low Btu gas, (LBG).

Scale of Close-Coupled Gasifiers

It can be seen from Tables 1 and 2 that there are a number of close-coupled gasifiers
being developed in the range 1 to 100 MBtu/hr. There may also be some need for even
smaller gasifiers, for instance, for heating apartments and shopping centers. At present,
there are no proven biomass gasiliers for opetation above 100 Btu/hr and there would
seem to be a need for this size for large process steam installations expecially in the
paper industry. Howcver, coal gasifiers have been built at this larger scale and there
seems to be no technical barrier to scaling gasifiers: to larger or smaller sizes.

Efficiency of Close-Coupled Gasifiers

Since all the gas generated is burned and the scnsible heat of the gas stream is also
conserved, close-coupled gasifiers .can have very high efficiencies. Essentially complete
combustion of the resulting gas is easily achieved, as a result of the two-stage
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combustion in the gasifier and boiler. The only heat losses in the gasifier are the losses
from the outer surfaces and loss to the ash wtfid:h is negligible. The Century gasifier is
reported to have a therm%l efficiency of 90%? while the Davis Gasifier operates at a
typical efficiency of 85%.° The early gasifiers used for transport in Europe had thermal
efficiencies of 80% even after cooling and scrubbing the tars.

Retrofitting Existing Boilers to Close-Coupled Gasifiers

The gases produced in the gasifiers of Table 1 can be burned in existing oil/gas
installations, and a number of commercial installations have been made. The gas is
somewhat more difficult to burn than natural gas and will require insulated piping to
prevent condensation of pyrolysis oils and tars. A gas pilot flame or flame holder will be
used to insure combsution. However, the conversion problems are minimal.

In general, the modifications needed for retrofitting existing boilers are not documented,
but a recent feasibility study at the California State Central Heatipg and Cooling Plant
in Sacremento used the Davis Gasifier to power one of it's boilers' for 158 hours. The
gasifier is 8ft in diameter and 15ft tall and produced 16 MBtu/hr. Tests were run using
three fuels: kiln dry wood chips purchased for $9/ton or $12.50/ton delivered; and
pelleted white fir sawdust purchased for $22.50/ton or $35/ton delivered. The heating
value of the gas varied from 182 to 206 Btu/scf. Emissions were: 0% SO, observed (0.2%
allowable); 130 ppm NO, (200 ppm Federal Standard); and 0.703 lbs/hr partlculates (4.09
1bs/hr a]lowable) There was some condensate, tar, and charcoal collected. The Division
of Water Quality concluded that they would not be a serious disposal problem.

Minor problems encountered during the test runs included the burning out of an auger
motor and some tar buildup in the delivery line. Most of the problems were associated
with the temporary nature of the hookup for testing and should be no obstacle to
commercialization. There was no noticeable deterioration of the metal parts. (Gasifiers
are still in operation that were built 60 years ago.) During these tests, the gasifier
production rate was controlled manually by controlling intake air. It is expected that
gasifiers will be characterized by fast response time to changes in load, since they have
been used to operate trucks, cars, and tractors.

ECONOMICS OF RETROFITTING GASIFIERS TO EXISTING BOILERS

Two manufacturers with commercial experience have projected ¢osts f%r cbmmnercial
sized units and their assumptions and costs given are shown in Table 2. The gas
costs dereived ($0.73 and $1.06) are attractive relative to natural gas costs. However,
they are not directly comparable to each other because of different assumptions used and
the different size of the units.

In order to make these costs more directly comparable with each other and with other
energy costs, we have used the cost analysis methodology developed at the Electrie
Power Research Instiﬂlte (EPRI) for 'the Energy Research and Development
Administration (ERDA). This methodology was initially developed for comparison of
fossil and nuclear steam and power costs. The methodology has recently been used at the
Solar Energy Research Institute (SF}%I) to develop a computer program for comparison of
various solar energy costs as well. The program uses certain assumptions (see Table 3)
to determine anticipated capital flows and operating costs over the lifetime of the
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facility. These costs are then used to derive a first-year fuel cost for the first year of
the application and also a levelized cost over the assumed lifetime of the facility.*

We have used the EPRI/ERDA/SERI program to determine the cost of gas produced in
the gasifiers of Table 2 as a function of input fuel cost. These first year fuel costs are
shown in Table 3, derived from the assumptions listed. The levelized fuel cost is also
shown in parentheses. In order to show the sensitivity of gas cost to the fuel, operating,
and capital costs, these factors are shown separately in Table 4 for a fuel cost of
$20/ton. Since the gas cost depends linearly on fuel costs, the gas cost can be computed
for any other input fuel cost by multiplying the fuel contributions shown in Table 4 by the -
fuel cost and dividing by 20. Gas costs for other capital or operating costs can also be
determined in the same manner.

It can be easily seen from Tables 3 and 4 that the principle factor determining gas cost is
the cost of the biomass fuel used, with operating costs and capital costs contributing
much less. Thus, gasification of low cost forest and agricultural wastes (costing $0 to
$15/ton) is less attractive in comparison with today's natural gas costs, but may soon be
competitive. Other advantages for the use of gasifiers is that they can be operated
intermittently when gas or oil is not available and depending on spot prices for both
gas/oil and biomass. Also, they perform the additional function of disposal of the
biomass which sometimes gives the biomass a negative fuel value. :

COMPARISON OF ALTERNATE FUEL CONVERSION OPTIONS

If it is difficult to establish cost guidelines for retrofitting gas/oil boilers with close-
coupled gasifiers, and it is even more difficult to compare their costs with other
conversion options in a time of rapidly changing costs and variable availability of fossil
fuels. In a recent study on wood combustion economics made by the Forest Products
Laboratory (FPL), the authors explained that "the procurement cost of combustion
equipment options is a dominant factor in their selection. In a combustion equipment
survey, cost data were found to be very difficult to obtain without establishing point
designs. Repetitive contact with Irganufacturers and review of published data ultimately
resulted in a set of cost curves." We have used similar methods here to evaluate the
use of gasifiers to retrofit existing gas/oil installations and to compare these costs to
other options.

The options available for conversion away from gas/oil today are:

1. Reconversion of an orginally solid fueled installation (which had been converted for
gas/oil) back to solid fuel. Where possbile, this is probably the most economical
conversion—yet, often the solid fuel handling equipment will have been scrapped,

- new emission control equipment will have to be added, and the existing boiler is
likely to be old and inefficient.

2. Replacement of the existing gas/oil boiler (often relatively new) and installation of a
new solid fuel system burning coal, wood, or other biomass. This will cost on the
order of $8 to $30/Ib st/hr and will require installation of new emission  control
equipment.

-

*The levelized cost is the constant price at which the gas must be sold over the life of .
the project to produce the required rated return.
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3. Installation of a close-coupled gasifier to operate the existing gas/oil equipment.
This will cost on the order of $4 to $9/Ib st/hr (see Tables 1 and 2) and makes use of
much of the existing installation. It also permits using gas/oil where and when they
are available and economic. It permits use of biomass wastes that would not have
other value as fuels.

The data shown in Figure 4 compares the costs of these options. The costs obtained from
a number of manufacturers for gas/oil package boilers are shown as open circles as a
function of plant size. The costs of wood-fired package boilers obtained from several
manufacturers along with the FPL results of 1975 (Option 2) are shown as open
triangles. The costs of the two gasifiers presented in Table 2 are shown as open squares
(Option 3). From these figures, it seems that the cost of adding a gasifier to an existing
package boiler is about two-thirds of the cost of installing a new package wood-fired
boiler (Option 2). ‘ ’

In general, the cost of package wood-fired boilers ($8 to $18/1b st/hr) is considerably less
than that for field-erected boi]§rs ($15 to $25/1b st/hr) which are required for gepgration
of steam in excess of about 10Y/1b st/hr as shown by the FPL results in Figure 4.*° In an
early study for some paper industries in Maine, the advantages of close—%oupled gasifiers
for retrofitting the very }%rge existing boilers (typically 2-10 x 10%/1b st/hr) with
gasifiers were pointed out. At pregent, this attractive option for larger boilers is not
available because no gasifiers over 10%/lb st/hr are available, but development of such a
gasifier would permit conversion of the paper industry away from gas/oil at minimum
cost.

* COMPARISON OF NEW CONSTRUCTION ECONOMICS

If gasifiers are cheaper for retrofit, one may ask whether their combination with a cheap
gas/oil boiler (two-stage combustion) may also be preferable to conventional package
wood-fired boilers for new installations. Addition of the lower two curves of Figure 4
gives prices for a complete new gasifier-boiler system of $6.9-$19.0/1b st/hr to compare
to $6.2-$18.0/1b st/hr for conventional package wood-fired boilers. The closeness of
these numbers is probably fortuitous and it is too early to conclude that the two-stage
combustion option using a gasifier is superior to the conventional package wood-fired
boiler. Yet, this cannot be ruled out and should be further investigated. The economics
which could favor the gasifier-boiler combination are the very low price of conventional
gas/oil boilers compared to wood boilers and the relative simplicity and low cost of
gasifiers compared to wood furnaces. In addition, the emissions from gasifiers may turn
out to be lower than for conventional wood firing, and the turn-down ratio of gasifiers
may be superior to that for wood firing. Use of gasifiers would permit return to fossil
. fuel (dual fuel capability) where that was feasible.

A recent study on a fluidized-bed medium Btu gasifier now under development suggests

that the combination of this more expensive technology with packagfsboilers is at least
comparable in cost to installation of solid fuel combustion equipment.
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l.

CONCLUSIONS

Wood aml biognass gasifiers are now being developed for retrofitting existing boilers
in the 10%-10*/1b st/hr (10-100 MBtu/hr) range to use wood and biomass residues.

The cost of gas from these gasifiers is estimated to be $1.40-$2.79/MBtu biomass
feedstock costing $10 to $20/ton.

The addition of a close-coupled gasifier to an existing gas/oil boiler will cost on the
order of two-thirds the cost of installation of a new package wood-fired boiler.

Although gasifiers larger than 100 MBtu/hr (109/1b st/hr) are not presently available,
they could probably be used to convert existing field-erected gas/oil boilers to

" biomass more economically than construction of new wood-fired boilers.

The use of a gasifier plus a low cost gas/oil type boiler for new construction is
comparable in cost to wood package boilers and should be investigated for future
installations, particularly where dual fuel operation is desired.
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TABLE 1

PARTIAL LIST OF BIOMASS GASIFIER MANUFACTURERS IN THE UNITED STATES

(2)
Name : Type status(l) MBGhr
Applied Engineering, Orangeburg, SC Updraft D 8
Biomass Fuel Conversion, Yuba City, CA Downdraft D 14
Century Research, Gardena, CA Updraft C 85
Davis Gasifier, U. of Calif., CA Downdraft D 14
Dekalb Agricultural Research, Dekalb, IL Updraft D 1.7
Forest Fuels, Keene, NH Updraft C 1-12
Foster-Wheeler, Livingston, NJ Updraft D 50
Haleyon, E. Andover, NH Updraft C 8
Pioneer Hi-Bred Inst., Johnston, IA Updraft D 7
Woodex Corp., Eugene, OR Updraft C 10
(1) Status of project: C, Commercial - at least one unit in field

D, Demonstration, Testing

(2) Fuel Consumption in tons/hr is approximately MBtu/hr, 16 MBtu/dry ton.
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TABLE 2

OPERATING COST OF GASIFICATION

GASIFIER A(D

GASIFIER B(%)

"Fuel

Rated Gas Production (Btu/hr)
Rated Feed Rate (ton/hr)

Capital Cost
Efficiency

Annual Operating Costs:

Walnut Hulls
14.1 M
1.19
$125,000

. 85%

Chaparral
85 M
7.87

$350,000

90%

‘Depreciation (10%) $12,580 (10%) $35,000
Repairs & Maintenance . (3%) 3,774 (3%) 10,000
Utilities (Water, Power) e 38,795
Operating Labor (250 days) 6,000 (365 days) © 14,600
Taxes & Insurance (2%) 2,516 —_
Interest . (7%)- - 8,806 ' —_
Profit ’ — —
Gasification Cost $33,676 $98,895
. Fuel Cost . ($4/ton)  $ 28,571 ($10/ton)  $689,450
Total Operating Cost $62,247 $788,345
Annual Gas Production (MBtu) 85,000 744,600
Gasification Cost ($/MBtu) $ 0.40 $ 0.13
Gas Cost ($/MBtu) $ 0.73 $ 1,06

(1) Goss, J. R. "Food, Forest Wastes = Low Btu Fuel." Agricultural Engineering. January
1978. p.30. (Davis Gasifier).

(2) Amundsen, H. R, "The Economiecs of Wood Gasification." Chaparral for Energy
Information Exchange Conference. July 22, 1976. Pasadena, CA. p. 118. (Century
Gasifier).
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- GAS COSTS
Biomass Cost-$10/ton $20/ton $30/ton

Gasifier A 1978 Cost $1.41 $2.58 $2.74
14 MBtu/hr Levilized Cost (2.08) (3.78) (5.49)
Gasifier B 1978 Cost $1.44 $4.72 $3.99
85 MBtu/hr Levilized Cost (2.12) . - ‘ (3.99) - (5.86)
Assumptions: .

1. 20-year life of project.

2. Capital and operating costs are given in Table 2.

3. Plant capacity factor - 0.92.

4. Tax and insurance rates:

TABLE 3

Effective Federal Income Tax Rates 0.48

Other Taxes ) 0.82*
Insurance Premiums : : 0.0025%*

*fraction of present value of capital investment

Capitalization Ratios: Rate of Return
Debt 0.50 0.08
Common Stock 0.40 - 0.12
Preferred Stock 0.10 0.08
Rates of Inflation:

General Economy 5%

Capital Costs 5%

Operating Cousls 8%

Maintenance 6%

Fuel Costs 7%
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TABLE 4

Detail Cost Breakdown For $20/Ton Fuel

Gasifier "A" Gasifier "B"
Levelized
1978 cost Cost
Operating Costs $0.11 0.15
Capital Costs 0.06 0.09
Fuel Cost 2.55 3.75
Total Costs 2.72 3.99

Assumptions: Same as Table 3.
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Levelized
1978 cost Cost
0.13 0.19
0.13 0.19
2.32 3.40
2.58 3.78
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SECTION 9.0

RESEARCH NEEDS IN AIR GASIFICATION

The biomass thermal conversion research section of SERI undertook this workshop in air
gasification in part to determine whether there is a need for further research in air
gasification before commercialization proceeds. It is clear from the comments in the
panel discussion and the section on governmental action that research is not high on the
priority list of most of the partlclpants

We have recently published a translation of the book "Generator Gas - The Swedish
Experience from 1939-1945", initially published by the Swedish Academy of Engineering
in 1950. This 329 page book, (available from NTIS for $12) contains a wealth of
information on both the scientific principles of gasification and the practical aspects of
fuel preparation and operating gasifiers. We recommend this book to anyone interested
in the principles and practice of air gasification.

Since over a million gasifiers were in use in Europe during World War II, it is clear that
air gasification commercialization can proceed without further research. However,
research can potentla]ly increase the understanding of operation of gasifiers and lead to
improvements in operation and efficiency.

We have formed a gasification research group at SERI to determine the principles and
fundamentals of all gasification processes in more detail than they are presently
understood. These same principles will also apply to air gasification, and it is to be
hoped that they will lead to improvements in design. However, it may take a long time
for new data and understanding to be assimilated; meanwhile, air gasifier operation is
sufficiently satisfactory to be commercialized today. Individual companies will work
hard on improvements specific to their own products, but further basic research needs
have not been identified.



SECTION 10.0

GOVERNMENT AIDS TO COMMERCIALIZATION OF AIR GASIFICATION

INTRODUCTION

At the Air Gasifier Workshop "Retrofit - 79", February 2, 1979, a suggestion was made
by Mr. Charles Bendesky, of Pyros, Inc., that there was a need for government-industry
cooperation in the rapid development of gasification to replace gas and oil, and that the
attendees would be in an ideal position to make such suggestions. With the help of Mr.
Bendersky, we drafted a letter asking for suggestions for useful government action and
sent it to the attendees. Mr. Bendersky and his staff at Pyros have made the enclosed
summary of the suggestions received, and these are presented in Table 1.
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TABLE 1 .

RETROFIT '79 — Follow-Up

"Appropriate Near Term'Rolé of Federal Government and Other Actions to Support a US Air Gasifer Industry"

Primary Interest

Federel Action

RECOMMENDATIONS

State/Local Action

Gen./Camments

Development of:

solid fuel gas-
ifier for cogen-
eration; close

coupled biomass

gasifiers; gas-
ification sys-
tem capable of
switching from
coal to wood.
Concern: clean
fuel availability

Improve flexibil-
ity of combining
technolozies

1. Fixed plant
development.

2. Mobile-plant
category

1. '77 Farm Bill,
Sec. 1420 pilot
project loan guar-
antee program -
possible approach.

2. Direct grants for
several small-scale
demos (=.g., bus/
truek, auto, boat).
Perhaps SERI could
initiate

(Note: Attachment 1

is a list of general
bioenergy commer-
cialization incen-
tive suggestions by
Dr. Paul Bente.)

1. Market guarantees
& major gasifier in-
vestment tax credit
(e.g., EPA-Califor-
nia program.)

. Bob Kennel/

Ultrasys-

tems has con-
cept for
"strike-force",
i.e., forester,
economist,

plant engineer
on demand make
immediate re-
commendation on
practical con-
version of wood
through direct
burning or gas-
ification.

ORGANIZATION
Name Type

Arkansas Power User/Utility
& Light Co. -
Little Rock,
Arkansas
Bio-Energy Consultant
Council
Washington, DC
Biomass Energy Canadian
Institute, Inc. Gov't.

Winnepeg,
Manitoba,
Cana

General

1. Need to iden-
tify location and
economic statis-
tics of any com-
mercially viable

biomee= ~asifiers,
not ju hose
in development
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ORGANIZATION
Name Type

Primary Interest

Federal Action

RECOMMENDATIONS
State/Local Action

Gen./Comments

Biomass Energy
Institute, Inc.

(continued)

2. Need closer
look at short-

- comings of sta-

tionary-type gas-
ification (auto-
mation, ease of
control, long-
term consistency
of operation).

3. Need active
experimentation
with rotary gas-
ifiers, one of
most constructive
activities toward
technology com-
mercialization.

"C'entul?y Research

'Hardware
Inc. c developer/
: T manufacturer
Gardena,
California

1. Feedstock supply

2. Importation of
foreign technology

3. Financing for
air gasifier
installation

1. Government docu-
mentation of availa-
bility of feedstocks,
i.e. ag/animal/wood

~industry wastes, low-

grade lignitic deposits,
ete.

2. Encourage importa-
tion of foreign tech-
nology and related re-
search, development,
and engineering exper-
ience.

3. Legislation author-

* izing govt. guarantee
of special type of mort-

gage loan.
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" RECOMMENDATIONS

Engineering, Inc.

Morgantown,
West Virginia

ment - general

facility/staff. This,
plus cooperation, will
help move US to ear-
liest possible commer-
cialization.

ORGANIZATION

Name Type Primary Interest Federal Action State/Local Action Gen./Comments

Richard Wright Manufecturer Economic growth of State funding/local Favor "normal
industry - general sponsorship prefer- evolution", i.e.,
Energy Research able — less cost "hands off" by
Associates and better able to federal govern-
meet local needs. ment. See
Monroe, Attachment 2 for
Wisconsin . specific recom-
mendations.

Environmental Manufacturer Biomass gasifi- US support of Sweden's 1. Get units oper-
Energy cation develop- already developed ating on modest

secale to provide
visual exposure
— may require
subsidy for extra
labor needed.



¢-0T

)

ORGANIZATION ' RECOMMENDATIONS

Name Type Primary Interest Federal Action State/Local Action Gen./Comments
Environmental : Concurrently with
Energy above, develop less
Engineering, Inc. labor intensive con-

: tinuous units, larger
(continued) units, and more effec-

tive units.

2. Establish environ-
mental consequences
associated with biogas
utilization in small
and large units.

3. Update Hessleman
gasifier to a con~
tinuous operating &
compact unit to serve
as demo & operating
unit for small scale"
uses — demo of engine
operation & firing
existing gas burners
of right size.

Gorham Paper Mill/ Wood harvesting & Specific: interest in ° Attributes slow growth
[nternational, {Consultant) distribution in DOE funding of joint of industry to depen-
[nc. demo project, with an dence of small scale in
. industrial partner, place gasifiers on second-
Portland, involving use of down ary wastes (sometime
Maine . draft gasifier chipper negative value) — more
& dryer at or near - rapid growth will require
harvesting site.(In- use of primary forest
dustry partner to use : wastes as fuel.
chips himselif or ‘
establish fuel dis- - Need new/more economi-
tribution system for cal harvesting methods,
dry/graded chips.) such as down-draft gasi-

fier chipper/dryer des-
cribed at left.
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Primary Interest Federal Action

RECOMMENDATIONS
State/Local Action

Gen./Comments

ORGANIZATION
Name Type
Haleyon Hardware
Associates, developer/
Inc. manufacturer
E. Andover,

New Hampshire

Economic growth of
biomass gasifer in-
dustry - general

Technology advancing
slowly largely due to lack
of DOE aid to smaller
companies doing actual
inventing/design/develop-
ment. Small companies
have no "in" at DOE to
obtain funding for efforts
to prove feasibility/
practicality/economy in
commercial applications.

Technology design pro-
motion—get number of
units installed & opera-
ting, requires liaison

with users. Small comp-
anies also hampered by
terms, conditions, & guar-
antees required by pur-
chasing agents & bureau-
crats,

In view of 'inevitable'
lack of DOE or other
federal support, as pub-
lic attention turns to
alternate fuels, small
companies: (a) may form
alliances with larger
ones—which have "in"
with DOE—to obtain
funds; (b) go public

to get venture capital
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RECOMMENDATIONS
Federal Action State/Local Action

Gen./Comments

ORGANIZATION -
Name Type Primary Interest
Lamb/Cargate Supblier Gasifiers in
Industries, Ltd. (British energy-saving re-
Columbia) lated equipment

New Westminster
Britisk: Columbia

Federal role

should be to reduce
risks undertaken by
supplier & purchaser
of new technology.
Canada has several
such programs:

1. E.D.P. - govt.
matches funds with
supplier; income from

sale divided equally.

between govt. & sup-
plier. .

2. Dept. Energy, Mines,
& Resources (DEMR) -
offer buyer 25% grant
on cost of total

energy saving sys-
tem. )

3. DEMR - one-time
66% loan guarantee

for financing co-

generation from wood
(1:per -province.)

- DOE should reduce ex-

cessive time for pro~
cessing applications.
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ORGANIZATION i : , RECOMMENDATIONS
Name Type Primary Interest Federal Action  State/Local Action Gen./Comments
National Center Consultant Air gasifiers - Should install units Most private users tak-
for Appropriate general in government facil- ing "show me" attitude
Technology ities. DOD - largest toward use of air gasi-
energy user - should fiers.
Butte, be prime target.
Montana (Would aid self-
sufficiency of mili-
tary installations and
be good PR). = -
Pioneer Hi-Bred User/Developer General In general, government Feel their work (use of

International,
Ine.

Des Moines

Iowa

(large seed and
grain company)

should stay out and
let profit-oriented
private industry
handle.

However, tax credit

for private industry's
investment in tech-
nology development
might be helpful,
although documentation
to satisfy tax author-
ities may be difficult

corn cobs as fuel) dif-
ferent from other alter-
nate fuel projects & not
practical to "wait" for
government sponsorship,

Time required to get
govt. support too long.

Ripley & Sun

Richland,
Washington

Funding for develop-
ment of portable/
mobile equipment,
and personnel train-
ing.

Vertical energy integra-
tion needed in agri-
cultural, forestry, and
municipal wastes. {areas
where sources & poten-
tial uses physically close.)

Ag - demo in larger agri-
business sector using
available biomass re- -
sources, transport, &
storage for use in air
gasifiers to po farm
machinery.



ORGANIZATION : RECOMMENDATIONS
Name Type Primary Interest Federal Action State/Local Action Gen./Comments

. 6-0T

Forestry - collect,
transport, process, &

transport processed
fuel form to sites for
use in stokers/gasi-
fiers. Possibly use
gen-gas fueled trucks
for transport.

Municipal wastes -
similar to above.




0T-0T

technical & environ-
mental evaluation of
operating gasifier;

(2) test varied feed-
stocks in commercial
gasifier; (3) thermo- -
chemical modelling of
data from #2 by com-
puter; (4) cost analy-
sis of biomass pre-
treatment and handling;
(5) cost effective
analysis of prepro-
cessed vs. "as received"
materials for gasifica-
tion; (6) comparative
cost benefit analysis

of biomass gasifier vs.
combustion unit for re-
fitting gas/oil-fired
industrial boilers;

(7) study factors |,
around biomass gasifier
installation in terms

of availability/quality/
cost of feedstock,

local air pollution &

residue disposal regu-
lations, tax incentives

for producing syngas, and " .
socio-economic impact.
of facility.

ORGANIZATION . RECOMMENDATIONS
Name Type Primary Interest Federal Action State/Local Action Gen./Comments

Stanford Consu’tant Proper cesign Federal funding of

Reszarch rather than just R&D required to make

Inst tute building gasi- air-blown gasifica-

fiers, which is tion commercially

. Merlo Park, currently the acceptable suceess.

Cal fornia case. Suggestions: (1)
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RECOMMENDATIONS

ORGANIZATION ) :

Name Type Primary Interest Federal Action State/Local Action Gen./Comments
Texas Tech Research Effective Util- Federal funding of See rather limited util-
University ‘ ization of gasi- information programs ization of air-blown bio-

I fiers - general and demonstrations re: mass gasifiers. Direct
» - Lubbock, o - small gasifiers (for _ combustion most effec- -
Texas transportation and tive, for new construe-
T agriculture)—justi- - tion, for using biomass
fiable because small to produce steam space
users can't make re-. . heating, and electricity.
quired technical/ ‘
economic decisions : See little need for govt.
themselves. - ‘ finanecial support & re-
L search in development
Adapt World War II and testing. Due to
gasifier data to . _problems of high cost

today's technology. and fuel supply, govt.

o , should not intervene but
let marketplace deter-
mine outcome.
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ORGANIZATION

Name

Tvpe

Primary Interest

RECOMMENDATIONS
Federal Action State/Local Action

Gen./Comments |

U.S. Forest
Service,

Forest Products
Labcratory

. Madison,

Wisconsin

Federsl
Government

Generel

Federal govt. could
be helpful in moving
gasification techno-
logy from pilot stage
to commercialization.

. Specifie suggestions:

1. Sec. 1420, "7
Farm Bill pilot pro-
ject loan guarantees.

2. 1978 NEA - get
clarification for
manufacturers of how
additional 10% tax
credit for combustion
units not using fossil
fuels might apply to
gasification units.

(See Attachment 3 for
summary of provision.)

3. Funding additional
research to solve pro-
blems re: slag preven-
tion & handling, tar
cleanup, pressurization,
fuel-bridging:in unit,
fuel handling outside
unit.

Vermont Wood

Energy

‘Corporation

Stowe,
Vermont

Hardware
developer/
manufacturer

Home heating
size gesifica-
tion units

Financial assistance for:

1. Development of small
residential gasifiers

(particularly where socio-

-economically beneficial,
as in New England).
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ORGANIZATION - RECOMMENDATIONS
Name Type Primary Interest Federal Action State/Local Action Gen./Comments

2. Development of re-
tail fuel distribution
system, via aid to inter-
ested individuals/groups.

Washington State General 1. Conduct gasifi-
State Energy Government ' cation workshops every
Offic2 . 6-8 months to intro-

- duce & educate new
Olymbdia prospective private
Washington industry users to

gasification products.
Should also include how
to handle dangers of
gas use, potentially

a significant barrier

to commercialization.

2. Tax incentives, i.e.
- rapid write-off of
capital investment in
gasification equipment.
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 ORGANIZATION RECOMMENDATIONS
Names Type Primary Interest  Federal Action State/Local Action Gen./Comments
Wood Energy Consultant General Sees major problem as lack of capital.
Consultants, (Canadian) Suggests Federal and/or state assistance by:
Ltd.
1. Purchase, by pre-payment, a number of

Charlottetown, gasifiers up to $250,000 per company. These
Prince Edward Is., gasifiers would be for future delivery at the
Canada stabilized production cost of the future. In

the meantime, the manufacturer would have .
this money to finish development work
and be capable of manufacturing units.

2. Loan guarantees to purchasers to buy units
so that the financial risk of non-performance
is on the government. With the massive impor-
tation of oil, the Federal government is spending
much more money than they would ever lose by the
failure of a few "prototype" gasifiers. These
gasifiers would help replace oil that may not
even be available within 30 years. These guar-
antees would be only to the ex:ent of the cost of
the gasifier.

The first installations should b= in rural appli-
cations near sawmills, where the wood is readily
available and the economics make most sense.
After these successes the government can take its
purchased units (prepaid as in #1) and retrofit the
applicable government buildings.

At this point, with working models and suc-

- cessful applications of the technology, the govern-
ment could order a large enough number to help the
manufacturer establish his assembly line. The units
under the government guarantee program could go
to normal purchasers or the excess into govern-
ment buildings.



ATTACHMENT 1

From "Bio Energy Commercialization Incentives", luncheon address by Paul F. Bente, Jr.,
Executive Director, BioEnergy Counecil, at IGT-sponsored Conference on Energy
Production from Biomass and Wastes, Orlando, Florida, January 23, 1979.

Keeping national goals and principles in mind, let us move on to several types of
incentives that may be considered.

1.

One type is to mandate achieving goals without specifying the means. This
happened, for example, when the government told the auto industry that its cars had

‘to reach increasingly higher mileage . performance over given periods of time,

without telling them what had to be done to achieve this end result. An analogy
would be to mandate over a period of time the addition to gasoline of increasing
amounts of alcohol fuel, regardless of origin, or perhaps even restricted to biomass
origin. ‘

Another approach is that of building a market by establishing economic subsidies
which lower the price of a product to establish its use, much as our country now
underwrites the cost of importing oil. ‘

Yet another way involves offering incentives to overcome institutional barriers that
are chiefly financial in nature. There are many such possibilities to consider,
foremost of which are loan guarantees where bank or investor financing cannot
otherwise be secured.

Loan guarantees have the effect of lowering the interest rate on borrowed money by
about 2 percent. However, loan guarantees, though authorized, are not presently
operative in the DOE budget. An amendment is needed to create a line-item in the
budget for a loan guarantee program, B

USDA, through its Farmers Home Administration, has an’ effective loan guarantee
program. In addition, the Food and Agriculture Act of 1977 set up a $60 million loan
guarantee program to guarantee loans of up to $15 million for four industrial
production projects to be selectcd from ecompetitive proposals.

About 30 requests for such assistance were received. On.January 12 the
Commodities Credit Corporation Board ruled on the first three firms to qualify for
such assistance. A guarantee was awarded to ENERCO, Inc., of Langhorn,
Pennsylvania, which has a mobile wood pyrolysis unit that can also produce
hydrocarbons. The guarantee will cover about $5 million in loans for 45 mobile
plants. A second guarantee was made to U.S. Sugars and Savannah Foods for a $15
million loan for facilities at Cleviston, Florida to conduct acid hydrolysis of bagasse
to sugars that will be fermented to make alcohol. This will be located adjacent to a
sugar mill. A third guarantee is being made to Guaranty Fuels, Inc. in Independence,
Kansas for $5.8 million in loans covering 2 plants to pelletize forest wastes.
Sometime next month the Board will select the fourth firm to be given a loan
guarantee under this program. Let us hope that the interest rates which have soared
dramatically will not be so high as to stop these projects from materializing.

Making direct government loans may even be necessary if a loan guarantee.is not a
sufficient incentive for lenders, or if interest rates from conventional sources of
finance are too high, even with the lower rates made possible by guarantees.
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8.

Utilities are vitally concerned about being able to get financing for installation of
biomass facilities. Offering investor-owned utilities government loans at reduced
rates may be necessary to provide a significant incentive for their using biomass as
fuel.

Another possibility is making an outright grant of funds, possibly on the condition
that it must be matched by funds from other sources. This might be necessary to

" expand the resource of wood via cultivation, transportation, and energy conversion.

10.

11.

12.

13.

14.

15,

16.

Such a program should be apphcable to public or private organizations as well as to
individuals.

Another type of incentive is tax exemption. Under the IRS code, Economic
Developiment Revenue Bonds of up to $1,000,000 are tax exempt if they are issued to
finance the cost of some portions of "municipal solid waste facilities". It is
considered legally possible to use this vehicle to finance wood-fueled electric
generating plants. One such case has occurred, but it is questionable if others will.
When and if tested, the IRS ruling will have to classify wood residues or wastes as
"municipal solid wastes". Quite possibly this may not be the ease. This situation
could be clarified by amending the IRS act so that it clearly qualifies wood residues
or wastes for such commercialization.

There are other taxes, such as the inventory tax and the capital gains tax, which can
discourage production, harvesting, and use of biomass for energy. Amendments to
exempt. biomass from these taxes could help to spur commercialization.

There are still other possibilities to consider including amendment to the IRS code
for a]lowmg rapid amortization to be applied against the cost of retrofitting or
converting an existing energy production unit to use of biomass as a source of
energy.

Another example might be amending the National Energy Act to allow a 20 to 40
percent investment tax credit on the basis of capital costs incurred for converting
biomass as a source of energy.

We have heard of the solar tax credit that just went into effect for those who install
solar devices to heat water, to heat or air condition buildings, or to insulate them.
Heating homes with wood, which is stored up solar energy, seems just as deserving
and could have a far greater impact, for it is more readily put to use by Mr. Public.
Hence, there is a possibility of increasing self-sufficiency of homeowners and
reducing their use of gas and oil by amending the law to allow wood heating stoves
to qualify under the solar tax credit.

Another incentive that would be both controversial and complicated to administer is
redirecting funds used to pay farmers to set land aside in order to reduce
production. Indeed, the funds could be used to pay farmers to produce biomass for
fuel. This might be a bio-energy crop of trees, corn, or other crops for conversion to
fuels and possibly other valuable coproduets such as feed supplements and
fertilizers.

Another approach to incentives might be linked to environmental regulations

involving the issuing of permits, including grandfathering arrangements. Combustion
of biomass materials on a large scale will no doubt require emission control devices
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which are expensive. Commercialization incentives might be offered by allowing quick.
amortization of capital expenditures for such equipment or by providing federal subsidies
via procedures such as tax exempt industrial development bonds. Another possibility is
to allow an investment tax credit, or to provide Small Business Administration loans of
the economic injury type. These are designed to assist small industries that cannot
benefit from the other procedures because they don't yet have enough cash flow to take a
tax write-off or because they aren't yet making a profit.

Our government might emulate the commercialization effort being put forth by
Canada. Canadians already use wood to the extent of 3-1/2 percent of total energy
consumption. Their government desires to increase this several fold and last July
launched a strong commercialization program earmarking funds to get industry to use
more wood. Canada has launched 5 programs which commit over $300 million toward
commercialization over the next 5 years.

The Forest Industry Renewable Energy (FIRE) program sets up $140 million to be used
over a 5-year period to contribute up to 20 percent of approved capital costs of systems
~ using wood as an energy form. A companion program, Energy from the Forest (ENFOR),
provides $30 million over 5 years for a new contracted-out research program to
implement large scale use of forests to provide greater amounts of transportable fuels
that will substitute for hydrocarbon fossil fuels in the late 1980's. .

To spur these two programs, a series of cost-shared, Federal-Provincial agreements will
be set up involving a Federal contribution of $114 million allocated over the next 5 years
to bring current expensive prototypes to full scale application. The Provinecial
contribution will be additional; but if this has been announced, I'm not aware of it.

In addition a loan guarantee program is being set up to encourage generation of
electricity from wood and municipal waste. The first project of its kind in any province
is eligible for a guarantee of 50 percent of loan capital for a direct generating station
and 66-2/3 percent for a co-generating station.

With the aid of these programs, a 10 percent contribution to Canada's energy supply is
considered possible by the year 2000.
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ATTACHMENT 2

Specific suggestions of Richard C. Wright:

1.

Improve accuracy of media releases. There has been too much controversial and
misleading publicity.

Differentiate between air-blown coal gas producers and biomass gasifiers. These are
entirely dlfferent devices.

Promote recogmtlon of forest products as equally lmportant for renewable energy
sources as for pulp and timber production. -

Encourage refining raw biomass into a uniform high-grade fuel. This is essentlal for
optlmum fuel ut111zatlon eff1c1ency

Sponsor voluntary grade or type specifications for refmed biomass products. For
example, indentifying specifications such as ASTM D-396 for fuel oil, or the now
obsolete "Commercial Standards" such as CS-95, Anthracite coal size standards, etec.

Avoid massive financial grants for hardware development. Too much hardware is
now being re-invented at public expense.

‘U.S. Federal support for a gasifier industry should be limited. Biomass gasification

is now off to a good start. If left to serious competition in private industry, it will
develop on a sound basis. Scientific help from a few well-qualified institutions, i.e.
Georgia Tech, U. of C. - Davis, ete. will be an advantage. Government grants to
more presently unqualified agencies are not desirable.
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ATTACHMENT 3

Summary of provision under Energy Tax Act of 1978 (part of NEA) - from DOE Summary:

7.

Business Energy Tax Credits

A variety of tax credits for investment by business is provided. An additional 10
percent investment tax credit (non-refundable except for solar equipment) is
provided for investment in:

a. Alternative Energy Property: This applies to boilers and other combustors
which use coal or an alternative fuel, equipment to produce alternative fuels,
pollution control equipment, equipment for handling and storage of alternate
fuels, and geothermal equipment. This eredit compliments and provides a major
economic underpinning for the coal conversion regulatory program. The credit
is not available to utilities. .
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BIOMASS AIR GASIFIER DIRECTORY .

Organization Address 704 Cambridge Building
Alberta Industrial Developments Ltd. ~ Edmonton, Alberta

Canada T5J 1R9
Personnel _Phone

Richard P. Assaly ~ (403) 429-4094

Type of Gasifier (up/down draft, size, fuel, application, etc.

Thermex-Reactor- (Fluid Bed) 70 ton/day
30 million Btu/hr. Design and module size unlimited.

Status (research, pilot scale, commercial, etc.)

PROTOTYPE - Now ready for commercial use.

General Information (description, photo, skétch, etc.)
Gas Generator Process by Fluid Bed (Pyrolysis) includes flash drier/.
feed bin/gasifier (Thermex-Reactor) operates on air, close couple gas
coﬁnecfion for boilers, driers, etc. '

Process can maXimize gas or charcoal production. High efficiency process
with low operating cost system can operate on very fine raw material
higher heating values of gas than other systems.

P]aﬁs for Future » L
Short Term - 1979-80 Three to six reactor installations up to 10 tons/hr.. .

Long Term - High pressure (400-600 GPSI) system for SynGas.

Name Richard P. Assaly ‘ Date January 16, 1979

\
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Applied Engineering Co. Orangeburg, S. C. 29115
Personnel Phone

E. B. Rogers/R. M. Clement 803-534-2424

Type of Gasifier (up/down draft, size; fuel, application, etc.

Updraft Gasifier fueled on green, whole tree chips or similar
free flowing feedstock

Status (research, pilot scale, commercial, etc.)

Commercial (demonstration)

General Information (description, photo, sketch, etc.)

Gasifier systems, including a proprietary burner head,
have been developed and successfully tested in sizes up to
5 MM BTU/hour. Preliminary engineering completed tor 15-20 MM
BTU/hour design. Unigque feature of system is proprietary burner
which can burn both gasified products and pyrolytic oils with-
out separation. Gasifier contains internal recycle flows for
temperature control in grate region.

Plans for Future
installation.

Ready to install prototype commercial

Name R. M. Clement Date 1-15-79
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Battelle-Northwest P.0. Box 999, Richland, WA 99352
Personnel Phone

L.K. Mudge 946-2268

P.C. Walkup 946-2432

BG—Ham $46=2083

Type of Gasifier (up/down draft, size, fuel, application, etc.

Updraft. Diameter: 1 ft; working bed height: 5 ft. Solids processed:

corn sta]ks, grass straw, wood chips, wood pellets, industrial wastes, coke,.
a1l

cha 21
€RarecoatT; \.uu T

Status (research, pilot scale, commercial, etc.)
Operational at a small pilot scale.

General Information (description, photo, sketch, etc.)

COVER~——__

The gasifier is refractory lined and
FEED HOPPER.

is equipped with an eccentric, rotating
qgrate and a mechanical feed distributor.
Solid feed is introduced at the top of VALVE
the reactor through a lock hopper and
auger. A schematic of the gasifier
is shown in Figure 1, and a photo is
attached.

MECHANICAL
DISTRIBUTOR

WASTE. . Bl INSULATION
FEEDSTOCK Rt E

L REFHACTORY

CARBONACEQUS
RES IDUE

/ROTARY GRATE

AlR
* STAR VALVE
4 FOR ASH O1SCHARGE
l 1]

ASH

AGH ez

Figure 1 Schematic of small gasifier

Plans for Future

Continue operation of the gasifier to characterize gasification characteristics
of different solids.

Name Lyle K. Mudge Date 9 January 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Bio-Solar Research & Development Corp. 1500 Valley River Drive, Suite 220
tugene, Oregon 97401
Personnel Phone

35 (503) 686-0765

Type of Gasifier (up/down draft, size, fuel, application, etc.

Updraft, tank size 12' x 25', burns WOODEX® solid fuel pellets to produce
gas for any heat application, ‘

Status (research, pilot scale, commercial, etc.)

Commercial and research

General Information (description, photo, sketch, etc.)

Bio-Solar Research & Development Corp. manufactures producer gas equipment
burning WOODEX® pelletized solid fuel, and producing a gas of high heat
-value from a non-fossil derivative. The gas is called G-GAS, and a patent
has been applied for. The gas can be used to produce heat for any purpose,
and when cleaned by proprietary methods, can be used in glass smelting.

Plans for Future Bjo-Solar Research & Development Corp. will continue to
build WOODEX® plants with G-GAS producers providing heat for dehumidification of
biomass in the manufacture.of WOODEX® pellets. Gasifiers will also be utilized .
by joint-venture plants built with major companies and through license agreement |

Name _ Ted Carpentier Date 31 January, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization dd
J B.C. Research fL_l}EEi 3650 Wesbrook Mall
Vancouver, B.C. V6S 2L2
Personnel Phone Sagada
Dr. Douglas W. Duncan (604) 224-4331

Type of Gasifier (up/down draft, size, fuel, application, etc.

Fluidized bed wood waste gasifier using run-of-the-mill sawdust or hog fuel.

Status  (research, pilot scale, commercial, etc.)

10% Btu/hr unit available at B.C. Research for research use.
4x10% Btu/hr unit at Saskatchewan Forest Products, Hudson Bay, Saskatchewan.

General Information (description, photo, sketch, etc.)

The B.C. Research unit has the dimensions Figlure 2
shown in the attached sketch. Air is supplied SRR artH SUPaED 9E0 SasmeEn
below the pinhole grate by a 3 HP blower (150 I,

3874

CFM capacity). Run-of-mill hog fuel
containing up to 50% moisture (total weight
basis) is fed into the combustion zone just
above the grate where the volatiles are driven T | O
off and consumed. The 5 ft bed consists of
charcoal and ash. Surplus ash is withdrawn
intermittently through the bottom of the unit.
The raw gas (100-150 Btu/sdcf) exits via a
port near the top of the reactor, passes

e CBSERVATION
PFCRT

O

SN
iﬁj

e

>N

=
o

e

PEEP-EGAT |

a,

g
i
2

through a dry cyclone to a [urnace where it %g |
is burncd. Lo
6 G 4 - e

The 4x10° Btu/hr unit in Saskatchewan is == =T
similar except that the reactor has an i ?a v ‘{
expanded freeboard above the ash bed to aid | P ff; ?W
in particulale removal and the raw gas exits l el ey vy
from the top of the reactor where it passes - (f - X i» e
through a cyclone and then through a gas —_TZZZZ§231£ ey i
cleaning system. The raw gas is intended to £ ' =T ==
fire a diesel generator set. g |

The Btu gasifier is being commercialized by 2 13 | Lo i
Lamb Cargate Industries Ltd., 1135 Queens - : Themoccuae re. - “"@'c B
Ave., New Westminster, B.C., V5L 4Y2. Pttt ol g

Plans for Future

Continue research studies on research reactor. Generate financing to build
20x10% Btu/hr prototype.

Namé L*k"'“-f';"' 1 I 0y Nate January 24, 1979

-
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

University of California

Department of Agricultural Engineering Davis. CA 95616

Personnel Phone
John R. Goss, Professor (916) 752-1421/0102

Type of Gasifier (up/down draft, size, fuel, application, etc.
Downdraft, 4-foot firebox, 54 ft3 fuel capacity including active firebox volume
500 to 1100 1b/hr of hogged kiln dried lumber waste and other agricultural and
forest residue.

Status (research, pilot scale, commercial, etc.)
Pilot scale for research and demonstration.

X

Pilot plant gas producer mounted on semi-trailer for transport to various test
locations. Removal of upper cylinder and fuel feed assembly to meet 13 ft 6 inch
transport height. Operation is monitored and fuel feed and ash removal auto-
matically controlled from control and instrument panel mounted in cabin at front
of trailer. Firebox volume - 38 ft3. Ash grate basket - 143 £t3. Ash pit -
69 ft3. Gas producer weighs 3.9 tons. Firebox and lower outer cylinder con-
structéd from A515 steel flat stock. Lower cylinder insulated with 2" thick

J-M Thermo 12. Normal output 4 to 6 million Btu/hr on dry wood chips. Maximum
output about 8 million Btu/hr (NTP) of combustible gases. To left of gas pro-
ducer are the hot gas cyclone and three hot gas fiberglass bag filters. Combus-
tion air blower and gasoline cngine drive on ground at rear of trailer.

Plans for Future

Property of California Energy Commission awaiting further program development.
Inquire Commission at 1111 Howe Avenue, Sacramento, CA 95825. (916) 920-6033.

Name John R. Goss Date January, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization dd

g Address University of California
Department of Agricultural Engineering Davis, CA 95616
Personnel Phone

Type of Gasifier (up/down draft, size, fuel, application, etc.’
Downdraft, 12-inch firebox, 1.8 ft3 fuel capacity, 30 to 80 pounds/hour fuel
rate with agricultural and forest residues,

Status (research, pilot scale, commercial, etc.)
Laboratory scale gas producer to investigate gasification characteristics of

fuels and test variations in design parameters,

General Information (déscription, phdto, sketch, etc.)

The gas producer fuel is batch fed
by opening the gasketed cover at
the top. Fuel cylinders with dif-
ferent configurations can be in-
serted for particular physical chars
lacteristics of fuel. A fuel column
32 inches high is accommodated
above the firebox. Tuyere nozzle 160 54~
sizes and lengths and elevation of

Fusl Hopper

/ Condensation Zone

choke plate and choke diameter can I
all be changed. Ash grates of var- tonWoten auex-Ruiegee Sols (8] g
ious configurations can be inter- conto
changed with the one shown., Hand BB < “cendonsate Guter
turning of the grate has been re- w orwres (5108)
placed with a small fractional ' — ©
| horsepower motor, gear reducing Adjustable Choke Plate~ I
box and roller chain drive. . I SRR
Eccentric Rotating Grote ——
Ash PII\ . N
14g su\\
Poching Gland—"|

Plans for Future
Continue investigating gasification characteristics of agricultural and forest
résidues and low-Btu gas utilization before .and after solid particulate filtra-
tion and then after cooling and condensing.

Name John R, Goss - . - Date January, 1979
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.BIOMASS AIR GASIFIER DIRECTORY

‘Organization ~ Address .
Century Research, Inc, 16935 S. Vermont Avonuo,Ga.zﬂem Calif,
Personnel Phone 902“7
Dr, Steve S, Hu _
Mr. Howard Re Amindsen - (213) 327 - 2405

Type of Gasifier (up/down draft, size, fuel, application, etc.

up=-draft,Layer-zoned, Oxi-reduction Minimax Gas Producer, 10 ft diameter foL:
standard_model, Fueljanimal waste,agriculture waste,forest waste, fpa r waste,
< = = . Y ~ RV B O A A of QIR e BT i ", r
)

Status  (research, pilot scale, commercial, ctc.) ; o mamufacthring
commerclal

Genera]'lnformation (description, photo, sketch, etc. )

overall dimension of stardard 10 ft diameter units 35 £t tall represented
by 15 £t of hopper and gravity feed system,10 ft of combustion chn.mber,
and 10 ft ef residue cone and residue discharge systea,

The unit can process approximately 100 tons of feed stock per day and
produce 50 to loe million btu equivalent of producer gas per heur,

The producer gas is composed of approx, 20-2%% CO, 10-1%% H2, 2%+ CH4,
and 5 -10% CO2 and 50-60% N2(by volume) It contains 125-165 btu per
cu ft under std temp and pressure condition, It can reach 2700 deg F flame
_ temperature,

A typical Century Research/ Bainien gassification plant is composed of

5 component systemss Frontend feed stock processing system, Gasification
system, Test and automatic control system, Environmental cleamup system,
and End product synthetization or utilization/application systen,

Marketable preduct on the basis of 1978 calculations is priced at $2, to
$2.50 per million btu,

Plans for Future

Development of semi-portable or portable version of the standard model,
80 that the gasifier can process lower daily tonage with high effciency
and on site to site basis,

Name Steve Hu / Howard R,Amundsen  Date Jamuary 16th, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address
Davy Powergas lInc. P.0. Box 364k4k
Houston, Texas 77036
Personnel Phone
1500 in USA (713) 782-3440
Worldwide

Type of Gasifier (up/down draft, size, fuel, application, etc.

Up draft fixed bed type, up to 13' 6" 8, broducing both gas engine
fuel and ammonia synthesis gas.

Status (research, pilot scale, commercial, etc.)

Commercial - More than twenty gasifiers built & operated

General Information (description, photo,'sketch; etc.)

This fixed bed 'Waste Refuse Producer' is an offshoot of the Powergas
Corp. Ltd. fixed bed producer of which more than one thousand gasifiers
were built and operated. This biomass unit has operated on wood,

wood bark, cotton seeds, bagasse, etc. Most of these units have been
shut down due to the availability of natural gas and oil. We believe
that one or two are still operating in Southern Africa.

Plans for Future

Davy is still promoting biomass gasification with air and now with oxygen.
We are presently proceeding with the design of a 2000 TPD methanol plant
based on wood gasification. : :

Name ED ‘.:";(.:‘}‘Ff,"ﬁ -'L."'Z"ﬁ ’4,_77'/1'&¢LL S Da tP - '?I r,//. fo. * / ('~' ¢ I’I 7 //_‘
Edgar E. Bailey /7

Pfoduct Manager
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address Technical Center

Deere & Company : 3300 River Drive
' Moline, IL 61265

Personnel Phone oMIne,

N. A. Sauter 309/757-5275

Type of Gasifier (up/down.draft, size, fuel, application, etc.

Continuous, portable, downdraft unit for converting agricultural residues
to gas and to electricity via 100 kW diesel generator set

Status (research, pilot scale, commercial, etc.)

Research Tool

General Information (description, photo, sketch, etc.)

Unit is generally described in Chapter 8, Solid Wastes and Residues -

Conversion by Advanced Thermal Processes, American Chemical Society

Symposium Series, Washington, D. C. 1978.

Schematic of portable 100 w farm power plant

Not currently active

Date 11 January 1979
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'.BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Eco-Research Limited P.0.Box 200, Station A
' ; - g%&%?wdale, Ontario. ' M2N 588

Personnel

John W. Black
: 416-226-7351

Type of Gasifier (up/doWn draft, size, fge], application, etc.

Fluidized Bed Gasifier
Application - wood, municipal refuse

Status (research, pilot scale, commercial, etc.)
25 TPD pilot plant - ready for commercialization Sept.'79

General Information (description, photo, sketch, etc.)

The pilot plant started up in May '76 and has been used
both as a combustion unit with in-bed steam generation and
a gasification system for the. production of a low BTU fuel
gas. Materials gasified have included tires, wood, wood
wastes, agricultural biomass and municipal refuse.

Plans for Future

Plans for the near term include a continuous demonstration
test of about 3 months and oxygen gasification

Name John W. Black Date Tanuary 16, 1979
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'BIOMASS AIR GASIFIER DIRECTORY

Organizafion‘ Address

Environmental Energy Engineering Inc. P.0. Box 4214, Morgantown, W.Va. 26505
Personnel ' Phone

Dr. Richard C. Bailie ~ (304) 983-2196

Type of Gasifier (up/down draft, size, fuel, application, etc.
Fluidized bed operating on wood blocks, sawdust or pellets. Operates commer-

cial burner which can be used for crop drying, furnace industrial heat and
intexrpal combustion engine. Air blown, Cap. 3 x 10% Btu/hr.

Status (research, pilot scale, commercial, etc.)
Pilot plant test facility for different feed stocks.

General Information (description, photo, sketch, etc.)

FLUIDIZED hAFTERBURNER——4 SCRUBBER ey
BED

}————3= FUEL GAS REFRACTORY LINED

] FOR TESTING 2 FOOT DIAMETER
FEED
AIR
Plans for Future
Available for commercial development.
Name P _C, BC{\lJ'L Date i) LR ;4 . 1924
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BIOMASS AIR GASIFIER DIRECTORY

Organization : Address

Environmental Energy Engineering Inc. P.0O. Box 4214, Morgantown, W.Va. 26505
“Personnel - Phone '
Dr. Richard C. Bailie ' (304) 983-2196

Type of Gasifier - (up/ddwn,draft,~size, fuel, application, etc.
Downdraft gasifier operating on char, wood blocks or pelletized wood. Oper-
ates commercial burner that can be used for crop drying, furnace industrial

—heat and internal combustion engine. Cap. 100,000/hr to 500,000 Btu/hr.

Status (research, pilot scale, commercial, etc.)

Batch system ready for commercial application but no manufacturer exists.
Continuous system requires additional development.

General Information (description, photo, sketch, etc.)

Product
Gas

t+——>

A= S ;'\,
B'—IS’\V\, C
C =50,

Plans for Future

Test in small commercial operations replécing natural gas. Test oxygen
enriched air systems. Modify for continuous operation.

Name R C Bm‘\\“;_g . Date,  Jawm. 24 ﬁ'(‘\7q
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BIOMASS AIR GASIFIER DIRECTORY

Organization =~ -~ . Address o _
Environmental Engrgy Engineering, Inc. P.0. Box 4214, Morgantown, W.Va 26505
Personnel - o Phone ' ' ‘ |
Dr. Richard C. Bailie (304) 983-2196

Type of Gasifier ‘(up/down draft, size, fuel, app]icatfdn, etc{i_

Two fluidized beds which can produce 300 Btu/ft3 gas not diluted with
N, without need for oxygen plant. Operates on most any cellulosic feed.

Status (research, pi]ot‘scalé, commercia], etc.)

Research - Pilot facility .

General Infdrmation' (description, photo, sketch, etc.) "

Sketch of commercial system is shown below. Test facility adds heat elect-
rically instead of circulating sand as shown. -

PRODUCTAGA'S

T - , PRODUCT -
{cas

FEED - . -

I <§§£&;‘ . ELECTRIC

HEAT

FEED

AIR
COMMERCIAL FACILITY , . TEST FACILITY

Plans for Future

Demonstrate with sand circulation.

Name P.C Baille Date Jeaw, 24 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Addres's

Forest Fuels, Inc. 7 Main St., Keene, N. H. 03431
Personnel Phone

Administrative Staff (603) 357-3319

3 Engineers, Mechanics

Type of Gasifier (up/down draft, size, fuel, application, etc.

Up Draft Close-Coupled 1.5MM BTU/hr. - 30MM BTU/hr. Wood chips,
pellets, etc. Retrofit Package and other Boilers - Direct Fire

Status (research, pilot scale, commercial, etc.)

Pilot - Pre-commercial in some applications;
selective commercial in others.

General Information

(descrition. photo, sketch, etc.)

Wood fuel (whole tree chips, planer shavings,

pellets, hog fuel, bark, sawdust) is fed to the
secondary air is added to complete combustion.

travelling grate in the primary burner. The fuel
is heated in an oxygen-deficient chamber,
producing a hot combustible gas containing

nitrogen, carbon monoxide, hydrogen,
vaporized resins and other volatiles. This gas

is fed directly to the mixing nozzle where

Plans for Future

Complete pilot work. Complete work on
market readiness of a range of sizes and applications and fuels.

Name .l ¢ (/l.,c/,,.,_ v Date 1/18/79

o2
g et elezas
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BIOMASS AIR GASIFIER DIRECTORY

Organization Foster Wheeler Address 110 South Orange Avenue
Energy Corp. Livingston, New Jersey
07039
Personnel Phone
Roger J. Broeker 201-533-2667

Type of Gasifier (up/down draft, size, fuel, application, etc.

updraft

Status (research, pilot scale, commercial, etc.)
Gasifier is commercial on coal. Have bench scale
gasifier and 2-ft diameter test gasifier available for test

work on wood.

General Information (description, photo, sketch, etc.)

750°F
TAR CYCLONE
COAL @éﬁ OR PRECIPITATOR PRODUCT
B PRESSURE
' ¥ 250°F 30 IN. WG
\
A -
COAL VENT (:)
ELEVATOR i
\ )
| NN 1100°F G
CYCLONE
STEAM
JACKET
SCREENING
FEEDER | FIRE ZONE-my /2 i E 5
' 7 WATER
SEAL
FINES
WATER SEAL
TAR TANK
AR
BLOWER TAR PRODUCT
Plans for Future
Name R. J. Broeker Date 1/12/79

11-16




BIOMASS AIR GASIFIER DIRECTORY

Organization Address
The Fuel Conversion Project Biomass Corporation, 951 Live Oak
"Biomass'" Blvd., Yuba City, Ca. 95991
Personnel Phone

Theodore H. Crane, President (516) 674-7230
Robert O. Williams, Vice President Engineering

Type of Gasifier (up/down draft, size, fuel, application, etc.
Downdraft, fuel from prune pit size to 2x2x2 '"hay-cubes'
5000 Btu per pound and up heating value, biomass or coal.

Status (research, pilot scale, commercial, etc.)

Commercial system. 1 to 15 million Btu per unit.
Manifold units to 70 million Btu.

General Information (description, photo, sketch, etc.)
The BIOMASS GASIFIER is a down draft, co-current flow, fixed
bed reactor for conversion of solid carbonaceous fuel to low-
Btu fuel gas. The fuel gas may be directly substituted for
natural gas or fuel oil in existing or new boilers with only a
" change in the burner. Available standard low Btu gas burners
are standard commercial products in sizes up to 100 million Btu.

The Biomass gasifier discharges no tar, oils or liquors which
could require expensive or hazardous disposal by the operator.
The char residue contains carbon and inorganic matter suitable
for blending with conventionally produced charcoal for briquettes
or as a low sulfur metallurgical carbon source. The residue is
inert and may be land filled if there is no other use for it,

A large internal fuel hopper and a system of sealed external
hoppers, augers and knife gate valves allow continuous operation
with full automation of the fuel cycle and no possibility of gas
leaks at any time.

The design analysis of the various sized Biomass gasifiers in-
cludes a detailed thermal stress study. The suspended design

of the gasifier shall allow full expansion of the gasifier
eliminating stress build-up, a subsequent shell cracking. Details
of system designs, system sizing and economic analysis of the

benefits of gasifier ownership available upon application.

Plans for Future
Detailed studies of the use of the biomass gasifier as a fuel
source for internal combustion engines. These studies will
include complete mass and energy balances and the wear factor
upon the engines.

Name _THEODORE H, CRANE ‘Date January 16, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Georgia Instituté of Technology ggog iiii;g E&it?:;tilnga. 30332

-_P@%%Hﬂﬁ%ﬁlng Experiment Station Phone

Jerry L. Birchfield , (404) 894-3448
Tomas F. McGowan

Type of Gasifier (up/down draft, size, fuel, application, etc.

Up draft, 1/2 million Btu/hr, textile drying

Status. (research, pi]bt scale, commercial, etc.)

Research, under design and construction

General Information (description, bhoto, sketch, etc.)

Up draft gasifier operating under forced draft. Product gas will be
" burned in a closecoupled arrangement. Hot combusted gases will be

‘mixed with air for textile drying and curing tests.

Plans for Future

‘Experimenté with pellets, dry and wet chip WOodvfuels.

:_ Name Thomas F. McGowan Date - 2-22-79
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~-BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Halcyon Associates, Inc. | Maple Street, East Andover, N.H. 03231
Personnel - Phone |

William G, Finnie, President : (603) - 735 - 5356

Type of Gasifier (up/down draft, size, fuel, app]ication,.etc.

Up draft - 6 MMBTUH through 50 MMBTUH - Green or.dry wood waste or
biomass fuel - For direct heating, boller firing & direct power generation.

Status (research, pilot scale, commercial, etc.)
Commercial - 4 units sold, others being negotiated.

General Information (description, photo, sketch, etc.)

The Halcyon Gasifier produces cool clean gas using green or dry
hogged size fuel or biomass. Calorific value is around 150 BTU per cubic
foot, When burned, particulates are less than .02 pounds per million BTU
with low Nox, well within E.P.A. requirements, without any cleaning of flue
gases.

The gasifier operates below ash fusion temperatures and the grates
are automatically self-cleaning. Ash removal is automatic. ,

Series of controls on the gasifier allows for automatic operation
with little supervision.: ,

A burner of up to 100 MMBTUH capacity, which can be adapted to fit
most existing oil or natural gas fired boilers, can be supplied. The burner
is capable of firing oil and/or natural gas as well as producer gas.

Output of the gasifier and burner(s) is controlled by regulating the
gas flow actuated by boiler steam pressure or dryer/furnace temperature.
Full modulation and flame failure safety features to meet insurance company
requirements are included.

On power generation or direct drives, the gas is fd;ther cleaned to
remove sub-micron size particles, and directly fuels internal combustion or
compression ignition engines. This further cleaning may be used also when
gas is burned where extremely low particulates are required.

Maintenance and power requirements are low.

Plans for Future

To engineer, manufacture, and apply units for commercial and industrial
requirements.

Name __ yillian G, Finoie Date  January 18, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization ymgert AIR GASIFIER ~ Address steinweg Nr. 11,
5760 Arnsberg 2, Germany

Per§onne] Walter Zerbin Phone (0 19 31) 35 49
Telex 84 222 ins d

Type of Gasifier (up/down draft, size, fuel, application, etc.
Downdraft air gasifier for diesel power generation

Status (research, pilot scale, commercial, etc.)
500,000 built and used over last 40 years

General Information  (description, photo, sketch, etc.)
10 to 10,000 kw qasifier power olants. complete.

R,

-

Power plant FSG 10 to 60 KVA

. Gas producer

. Gas-Cooling and cleaning
Diant

Power plant TSG 10 to- 60 KVA

~

. Molor

. Eteklric-Genorator

. Switch-Gear

. Zyaion

. Dost container

. Chassis

. Feeding installation

CwVE N,

P

(TRRY , Date _ 3/27/73
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BIOMASS AIR GASIFIER DIRECTORY

Organization

3 AQ&E&E 1135 Queens Avenue
Lamb-Cargate Industries Ltd. New Westminster, B.C.
Personnel Phone

F.H. Lamb, President 604/521-8821

Type of Gasifier (up/down draft, size, fuel, application, etc.
Up-draft, 25 x 106 Net BTU, Green Hog Fuel.

Status' (research, pilot scale, commercial, etc.)

Commercial

General Information (descfiption, photb, sketch, etc.)

The Lamb Wet-Cell Burner is a double chamber system. The fuel
is fed in up through the bottom of the grates. The lower
chamber gasifies the green hog fuel and the gases are burned
in the second'chamberswith a close control of excess air.
There are two 25 x 10° BTU/hour units in commercial services.
One in British Columbia directly fires two lumber kilns and
one in New Zealand fires a pulp flash dryer at a new TMP mill.

Plans_for Future Going up to 150 x 10° BTU/hour and firing lime
kilns, waste heat boilers, veneer dryers, rotary drvers, etc.

~ Name F.H. Lamb ] , Date 1979 February 21
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

. . 1135 Queens Avenue
Lamb-Cargate Industries Ltd. NewWestminster, B.C.
Personnel Phone
F.H. Lamb, President 604/521-8821

Type of Gasifier (up/down draft, size, fuel, application, etc.

Up-Draft, 4 x‘lO6 B.T.U./hour, clean hog fuel

Status (research, pilot scale, commercial, etc.)

Pilot Scale

General Information (description, photo, sketch, etc.)

Semi-fluid bed reactor, complete with fuel metering and continﬁ—
ous ash discharge. Fuel metering adjacent to the grate.
Equipped with gas cleaning station consiéting.of:

a) cyclone

b) wet centrifugal scrubber

c) gas dryers. '

Hudson Bay, Saskatchewan, installation includes gas engine

generation.

Plans for Future

Package generation unit for small isolated communities, dry
kilns, dryers, etc. ' '

Name F.H. Lamb ) Date 1979 February 21
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BIOMASS AIR GASIFIER DIRECTORY

Organization ' Address
~University of Missouri, Rolla V. J. Flanigan
'School of Engineering ME Dept., UMR Rolla, MO 65401
Personnel ' Phone
V. J. Flanigan N.E. Welch 314-341-4661
Y. 0. Murtag J. Halligan

Type -of Gasifier - (ub/down draft,-size; fuel, application, etc.

Fluidized Bed

Status (research, pilot scale, commercial, etc.)

research, pilot scale

Genehal Information (description, photo, sketch, etc.)

Research project to study biomass gésification in a reactor originally
designed by Coors Corporation for municipal waste.

Plans for Future

Name _ V. J. Flanigan | _‘ __ Date 3/2/79
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BIOMASS AIR GASIFIER DIRECTORY

MOTEURS DUVANT Address ONE OLD COUNTRY ROAD

Organization
CARLE PLACE, N.Y. 11514

Represented by:
INDUSTRIAL DEVELOPMENT & PROCUREMENT
Personnel Phone: 516-248-0880

Jules A. LUSSIER, Vice-President

Type of Gasifier (up/down draft, size, fuel, application, etc.

Down draft - 1 to 8 million BTU per unit. Fuel: Wood waste, chips,bark, corn
cobs, rice husks, cotton gin residues, coffee shells, coconut shells and husks,
sun flower seed re§idues, paper mill sludge, other miscéllaneous organic waste.

Status (research, pilot scale, commercial, etc.) Commercial
Several Duvant Dual Fuel Engine systems have been delivered and installed in
Europe, Africa, South Pacific, Asia, Centrzal America.

General Information  (description, photo, sketch, etc.)
Complete energy systems consisting of a low BTIU gas production unit, a filtering
and cooling unit and a dual fuel engine - generator set. Range 100 to 750 KW.

~s\-\~s\‘-\\ijijjiifity of Manifold Units.
‘ WO LY
SILENCER
congensor] m.m'
1\ - s |
)
[
1 -
QALIYCATION
r TowsR l jCR USRS
| R
REFRIORKRATION
TOWERR
j =
engine
Plans for Future
Promote and develop sales in North America.
Name Philippe Santini Date March 27, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

PIONEER HI-BRED INTERNATIONAL, INC. 5700 MERLE HAY ROAD, JOHNSTON, IA. 50131
Personnel Phone

Walter Stohlgren 1-515-245-3721

Type of Gasifier (up/down draft, size, fuel, application, etc.
Down Draft 9 x 10° Btu/Hr. Corn Cobs. Seed Dryer.

Status (research, pilot scale, commercial, etc.)

Research, Commercial

General Information (description,

Testing close coupled burner.

Looks good for eliminating the
tar problem.

Plans for Future

Redesign grate to eliminate the ash caking problem.

Date February 6, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address 570 St. John's Blvd.,

Pulp and Paper Research Institute Pointe Claire, Quebec, Canada
of Canada HO9R 3J9

Personnel Phone (514) 697-4110

S. Prehacs and M.K. Azarniouch

Type of Gasifier (up/down draft, size, fuel, application, etc.)

Down draft reactor, 316 SS, 12 in. diameter, 15 ft.high, suitable for spent
pulping liquors and lignocellulosic material, pressure - 45 psig/atmospheric,
temperature - 1450°T"/1650°F.

Status (research, pilnt scale, commercial, etc.)
Pilot scale (presently not operated).

General Information (description, photo, sketch, etc.)

@ Sy ORIFICE METERS
GD : — 1 — —
¥ I > {—= o
v GAS TO
I -l e
' SCRUBBER i =)
| GAS METER “—OQ
1
| GAS —DQ—"
_@ Gt e 1 SAMPLING —D><—
1 VALVES —D<3—
BY— PASS : |
E?E COOLER
_@ WATER
' WATER
) ¥
FIOW- FITER  FEED RCACTOR  CYCLONF SCRUBBER  CONTROL CONDENSER TRAP
METER TANKS SEPARATOR VALVE

Plans for Future

To carry out gasification tests on lignocellulosic material.

Name §S. Prahacs Date January 15, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Addréss

Agricultural Engineering Department, Purdue University, W. Lafayette,IN 47907
Personnel Phone

Robert M. Peart, Michael Ladisch  (317) 749-2971

Type of Gasifier (up/down draft, size, fuel, application, etc.

Downdraft, corn cobs, for direct firing of corn dryer.

Status (research, pilot scale, commercia], etc.)

Research, crude operational model only

General Information (description, photo, sketch, etc.)

This batch unit holds about 300
pounds of cobs, is about 8 feet
tall, 31.5 inches square, mild
steel except for stainless steel
support cone. Air flow 25 scfm,
heat output estimated approxi-
mately 250,000 Btu/hr (50 pounds
of cobs/hr). We have gasified
cobs of from 15-257 moisture,
wet basis. .

© _ SEALED
FILLING HATCH

HOT GAS
ot

TRy
N

Plans_for Future . N
"1) Build continuous flow unit for more accurate measurement of input/output.
2). Test turn-down ratios, cob moisture, air flow, insulation. o
3) Build bench test unit for more accurate tests on composition as affected
. by operating variables. ' '

Name Robert M. Peart Date  January 16, 1979
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address

Saskatchewan Power Corporation 2025 Victoria Ave., Regina, Sask., _Canad
Personnel Phone S4P-0S1

Dr. A. Verma | : 306-527-7611

Type of Gasifier (Up/dowh draft, size, fuel, application, etc.

Fluidized .bed gasifier, 4 mmBtu/hr.

Status (research, pilot scale, commercial, etc.)

Demonstration scale

General Information (description, photo, sketch, etc.)

The gasifier is a scale up of the B.C. Research unit with major modifications
and addition of a cleanup train. The gasifier is located at Hudson Bay in
Saskatchewan at the Saskatchewan Forest Products' plywood plant.

The gas will be tested in a burner as well as a modified diesel engine for
_power generation. The plant is presently undergoing startup runs.

(A slide is attached)

Plans for Future

To operate at a northern location in Saskatchewan. ‘A scaleup may also
take place if the project is successful,

Name Date ___ 1979, February 28th
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BIOMASS AIR GASIFIER DIRECTORY

Orgam'zation Address

Department of Chemical Engineering Lubbock, Texas 79409
Texas Tech University

Personnel Phone

Steven R, Beck (806) 742-3553

Uzi Mann

Type of Gasifier (up/down draft, size;‘fuel, application, etc.

Fluidized Bed, 50 1b/hr, any biomass for conversion to medium-GTU gas

Status (research, pilot scale, commercial, etc.)
Pilot scale testing has been in progress for 2 vears.

General Information (description, photo, sketch, etc.)

A counter current pyrolysis reactor for cattle wastes has been invented which
allows volatile organic compounds to escape from the heating zone very rapid-
ly. This results in a different product mix than has been observed in other
pyrolysis research, containing unusually high concentrations of ethylene.
Fuel values of gases plus the sparing of petroleum needs by ethylene, if
economically feasible, would supplement petroleum supplies. The work includes
studies in an existing 1/2 ton/day test reactor to determine the influence
of temperature, residence time, pressure, and feedstock materials on the
yield and quality of the products of reaction. The scope of work includes
economic assessments of the process, utilizing animal manures and other bio-
mass materials as feedstocks. Studies include the effects of reactor geo-
metry and solid/gas contact in cold models. Relationships for the design of
a staged reactor will be developed. This work may benefit programs on coal
hydrogasification and coal gasification.

Plans for Future
Evaluate other feedstocks. Develop kinetic model of reactor.
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address D £ Chemi . .
Texas Tech University Lﬁggéci. TQe?;ZS; Engineering
Personnel Phone
Harry W. Parker (806) 742-3553

Type of Gasifier (up/down draft, size, fuel, application, etc.

Prototype is up-draft batch, but subject to change. Objective is to
utilize -gin trash for fueling internal combustion engines on irrigation we

- Status  (research, pilot scale, commercial, etc.)

pilot scale

General Information (description, photo, sketch, etc.)

The present gasifier is a simple uE-draft batch gasifier 20 inches in
diameter. This gasifier will have to have significant modifications to
succeed in gasifying gin trash for operation of irrigation wells. Another
type of gasifier may be selected.

Plans for Future

Determine feasibility of gasifying un-cubed gin trash for powering irrigation
wells, If it is feasible a cost estimate will be made.

Name Harry W. Parker Date January 15, 1979

I
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BIOMASS AIR GASIFIER DIRECTORY

Organization Address
The Vermont Wood Energy Corporation P.0. Box 280
Stowe, VT 05672
Personnel Phone
J. Phillip Rich, President 802-253-7220

Peter H. Bauer, PrOJect Engineer Cadwa]]ader E. Brooks, Treasurer

Type of- Gas1f1er (up/down draft size, fue] app11cation etc) |

Close- coup]ed down draft, semi-automatic (wood chips or pellets, manually
1oaded) thermostatic on/off operat1on, rough]y 80,000 BTU/hr. output

Status (research pllot scale commerc1a1, etc. )
One semi-automatic test model under development, about 2/3. of the way to
successful operation.

: Generalrinformation (description, photo; sketch, etc.)

The gasifier is intended for use with a home-size furnace, to convert
~a used or new furnace from oil flame to wood gas flame, or poss1b1y as- an

adjunct installation with oil burner gun still in p]ace

The gasifier, about the size of a small suitcase, is surrounded by an
insulating enclosure and has a chip hopper above it. Combustible gases are
led through about 3 feet of pipe to the combustion chamber of a. former oil
burning furnace. The gasifier has been operating successfully using forced
draft, and an induced draft system is under development.
' When the thermostat signals for heat, the electrical/electronic control
system begins a timed sequence of events, operating an electric fuel igniter,
-and then blowers, solenoid operated valves; tickler shaft motor, low fuel
level detector motor, and the gas igniter electrodes. The controls shut: of f
and turn on the system when s1gna11ed by the thermostat. Safe shutdown occurs
upon electric supply failure or in case of various system failures or low
fuel level.

Plans for Future Compietion of development of semi-automatic test model...
Development of automatic test model by replacing chip hopper with a surge
bin, and adding a conveyor and storage bin for the fuel... Testing, prototype
installations, modifications, marketing, production, and sales of one or both
types of gasifiers

Name Peter H, BRauer Date: Jahuary'12, 1979
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SECTION 12.0

RETROFIT '79—Seattle, Washington

A

Wieble M. Alley

Arkansas Power & Light Co.
P. O. Box 551 »

Little Rock, AR 72203
(501) 371-4325

Howard R. Amundsen
Century Research, Inc.
16935 S. Vermont Avenue
Gardena, CA 90247
(213) 327-2405

Rodger A. Arola
North Central Forest Experiment

Station Forest Engineering Lab.

Houghton, MI 49931
(906) 482-6303

Richard P. Assaly

Alberta Industrial Developments
704 Cambridge Bldg.

Edmoniton, Alberta

CANADA T5J 1R9

(403) 429-4094

B

Richard C. Bailie

Environmerntal Energy Englneermg

P. O. Box 4214
Morgantown, WV 26505
(304) 296-8719

Edgar E. Bafley
Davy Powergas, Inc.
6161 Savoy Drive

P. O. Box 36444
Houston, TX 77036
(713) 782-3440

February 2, 1979
List of Attendees

Peter H. Bauer

The Vermont Wood Energy Corp.
P. O. Box 280

Stowe, VT 05672

(802) 253-7220

Charles Bendersky
Pyros, Inc.

Suite 1000

1100 - 17th St. N. W.
Washington, DC 20036
(202) 223-0900

Keith G. Bircher
ECO Research Ltd.
Box 200, Station A
Willowdale, Ontario
CANADA M4K 1L9
226-7346

Jerry L. Birchfield

Georgia Institute of Technology
33 North Avenue o
Atlanta; GA 30332

(404) 894-3475

John W. Black

" ECO Research Ltd.

P. O. Box 200, Station A
Willowdale, Ontario

- CANADA M2N 588

(416) 226-7351

Richard Bogan
University of Washington
303 More Hall, FX-10
Seallle, WA 98195

(206) 543-2538
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Desmond H. Bond
Wheelabrator Cleanfuel Corp.
Suite 600

2550 M. Street N. W.
Washington, DC 20037

(202) 466-6810

Martin D. Bosch

Applied Technology Corp.

8303 Southwest Frwy.

~ Houston, TX 77074
(713) 981-8303

Vern Bowerman

Manitoba Research Council
500 - 144 Carlton Street
Winnipeg, Manitoba -
CANADA R3C 3HS8

(204) 944-2032

Stanley L. Bozdech
DeKalb AgResearch, Inc.
DeKalb, IL 60115

(815) 758-3461

Robert J. Brandon

Institute of Man & Resources
50 Water Street
Charlottetown, Ontario
‘CANADA Cl1A 1A6

(902) 892-0361

Gregory E. Brewer
Applied Technology Corp.
8303 SW Freeway
Houston, TX 77074
(713) 981-8303

Owen D. Brown

Eugene Water & Electric Board
500 East 4th Avenue

Eugene, OR 97440

(503) 484-2411

William Bulpitt

Georgia Institute of Technology
33 North Avenue -

Atlanta, GA 30332

(404) 894-3448

John A. Burton

Wright Engineers LTD.
1444 Alberni Street
Vancouver, BC
CANADA V6G 2Z4
684-9371

c

John C. Calhoun, Jr.
Forest Fuels, Inc.

7 Main Street
Keene, NH 03431

-(603) 357-3319

Donald G. Campbell
TransArctic Air, Ltd.

11120 Roselle Street, Suite J
San Diego, CA 92121

(714) 452-8630

Ted Carpentier

Bio Solar R&D Corporation
1500 Valley River Drive
Eugene, OR 97401

(503) 686-0765

Robert A. Caughey
Forest Fuels, Inc.
7 Main Street
Keene, NH 03431
(603) 357-3319

Anil Chatterjee

SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025
(415) 326-6200

Paul Claar

Thomas R. Miles Consultants
5475 S. W. ArrowWood Lane
Portland, OR 97225

(503) 292-2919
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D

Humbert M. Dardani
Forest Fuels, Inc.

7 Main Street
Keene, NH 03431
(603) 357-3319

Ray Desrosiers
SERI

1536 Cole Blvd.
Golden, CO 80401
(303) 231-1479

Tom W. Dunbar
INTEG

1155 West Pender St.
Vancouver, BC
CANADA V7S 1W9
682-7841

Douglas W. Duncan
BC Research

3650 Westbrook Mall
Vancouver, BC
CANADA V6S 2L2
(604) 224-4331

John E. Dunwoody
Mittelhauser Corporation
5120 S. Belmont Street
Downers Grove, IL 60515
(312) 964-8164

E

Victor Engleman

Science Applications Inc.
P. O. Box 2351

La Jolla, CA 92038
(714) 454-3811

f_‘

" Robert Farley
SERI

1536 Cole Blvd. -

Golden, CO 80401
(303) 231-1190

Allan Fernie

Westwood Polygas, Ltd.
1444 Alberni Street
Vancouver, BC
CANADA V6G 274
(604) 684-9371

William G. Finnie

Halcyon Associates, Ine.
The Haleyon, Maple Street
East Andover, NH 03231
(603) 735-5356

Ralph Fredrickson
Raphael Katzen Associates
1050 Delta Avenue

‘Cincinnati, OH 45208

(513) 871-7500

George Finnie

Haleyon Associates, Inc.
The Haleyon, Maple Street
East Andover, NH 03131
(603) 735-5356

Jack Fritz

Mitre/Metrek

1820 Dolley Madison Blvd.
McLean, VA 22102

(703) 827-6424

G

Bob Gaar v

Office of Energy Resources
270 Washington Street S. W.

Atlanta, GA 30334
(404) 656-5176

John Goss

Agricultural Eng. Dept.
University of California
Davis, CA 95616

(916) 752-1421
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John Grantham

Forest Products Laboratory
1601 2nd Avenue

Seattle, WA 98101

(206) 442-7591

H. Kelton Grubbs
Mid-South Engineering
P. O. Box 1399

Hot Springs, AR 71901
(501) 321-2276

H

Don Hallbauer

Guaranty Performance Co., Inc.
1120 East Main, P. O. Box 748
Independence, KS 67301

(316) 331-0020

Robert Hodam

California Energy Commission
1111 Howe Avenue
Sacramento, CA 95825

(916) 920-6033

Brian C. Horsfield
Weyerhauser Company
Tacoma, WA 98401
(206) 924-6417

Don Huffman

Eastern Forest Products Laboratory

800 Montreal Road
Ottawa, Ontario
CANADA
993-9900

J

Dan Jantzen

SERI

1536 Cole Blvd.
Golden, CO 80401
(303) 231-1203

Eric Johansson

National Machinery Testing Institute

Box 7035
S-750 07 Uppsala 7 SWEDEN
(018) 30 19 00

Doug Jones

Wood Energy Consultants Ltd.
P. O. Box 458 -
Charlottetown, P.E.L.
CANADA C1A 7L1

K

Richard J. Kania
Westwood Polyglas

1155 West Pender Street
Vancouver, BC
CANADA V6E 2P4

(604) 682-7841

James D. Kerstetter

Montana Energy & MHD Research
P. O. Box 3809

Butte, MT 59701

(406) 494-6100

Donald Klass

Institute of Gas Technology-
3424 South State Street
Chicago, IL 60616

(312) 567-3783

John Knapp

Grenco Inc.

2035 SW 58th Avenue
Portland, OR 97221
(503) 297-2536

Terrence D. Kubly
Industrial Combustion Inec.
351 - 21st Street

Monroe, WA 53556

(608) 325-3141

L

Frank Lamb

Lamb-Cargate Industries Ltd.
1135 Queens Avenue

New Westminster, BC
CANADA V3M 1M7

(604) 521-8821
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Richard Lang

California Energy Commission
111 Howe Avenue
Sacramento, CA 95825

(916) 920-6033

Ming Liu

Combustion Power Company
1346 Willow Road

Menlo Park, CA 94025

(415) 324-4744

M

Scott MacLeod

South Carolina Energy Research Inst.
Suite 670, First National Bank Bldg.
Columbla, SC 29201

(803) 256-6400

Joseph R. McBride
McBride Engineering, Inc.
Bldg. 524 Milledge Road
Donaldson Center
Greenville, SC 29605
(803) 277-6363

Roderick O. McElroy
BC Research

3650 Wesbrook Mall
Vaneouver, RC
CANADA V6S-2L2
(604) 224-4331

Thomas MeGowan

Georgia Institute of Technology
33 North Avenue

Atlanta, GA 30332

(404) 894-3448

Graham Mackay

Western Forest Produets Laboratory
6620 N. W. Marine Drive

Vancouver, BC

CANADA V6T 1X2

224-3321 .

Ed Manuel

Brookhaven National Laboratory
Bldg. 120

Upton, NY 11973

‘James Meng

Pioneer Hi-Bred International Inc.
1000 West Jefferson

Tipton, IN 46072

(317) 675-6812

Thomas R. Miles

Consultant

5475 S. W. ArrowWood Lane
Portland, OR 97225

(503) 292-2919

Thomas Miles, Jr.

Thomas R. Miles Consultants
5475 S. W. ArrowWood Lane
Portland, OR 97225

(503) 292-2919

Lyle Mudge
Battelle-Northwest
P. O. Box 999
Richland, WA 99352
(509) 946-2268

N

John M. Nystrom

Northeast Solar Energy Center
70 Memorial Drive

Cambridge, MA 02142

(AR17) AAR1-350N

o

Michael O'Grady

North Carolina State University
P. O. Box 1488

Raleigh, NC 27650

(919) 737-3386

Ralph Overend

Department of Energy Mines & Resources

580 Booth Street
Ottawa, Ontario
CANADA K1A 0E4
(613) 995-1801
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Harry W. Parker, PH.D., P.E.
Texas Tech University

P. O. Box 4679

Lubbock, TX 79409

(806) 742-3553

Robert Peart

Agricultural Engineering Department
Purdue University

West Lafayette, IN 47907

(317) 749-2971

Randy Pierson

TransArctic Air, Ltd.

11120 Roselle Street, Suite J
San Diego, CA 92121

(714) 452-8630

Lee Piper

Science Applications Inc.
13400 B Northrup #36
Bellevue, WA 98005

- (206) 747-7152

R

Thomas Reed
SERI

1536 Cole Blvd.
Golden, CO 80401
(303) 231-1484

Charles Ripley, P.E.
Ripley & Sun

1900 - 210 Stevens Drive
Riehlund, WA 99332
(509) 943-0552

Ernest E. Robertson

The Biomass Energy Institute Inc.
P. O. Box 129, Postal Station "C"
Winnipeg, CANADA R3M 3S7
(204) 284-0472

5

Phillip Santini

Industrial Development & Procurement Inc.

1 Old Country Road
Carle Place, NY 11514
(516) 248-0880

Willard D. Sawyer

Gorham International Inc.
209 Mosher Road

South Windham, ME 04082
(207) 892-6761

Peter Schauffler

The Bio-Energy Council

1625 Eye Street, N. W. #825A
Washington, DC 20006

(202) 833-5656

Gary Schiefelbein
Battelle Northwest
Box 999

Richland, WA 99352
(509) 946-2140

Keith Sherman

Department of General Administration
216 General Administration Building
Olympia, WA 98504

(206) 753-0325

dohn A. Simmons

Science Applications, Inc.
8400 Westpark Drive
McLean, VA 22101

(703) 821-4516

Don E. Smith

" Industrial Combustion

Box 421
Milwaukee, WI 53201
(414) 962-0100
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John Stafford Z
Guaranty Performance Co., Inc.

1120 East Main, P. O. Box 748 John Zerbe
Independence, KS 67301 Forest Service, USDA
(316) 331-0020 P. O. Box 5130

Madison, WI 53705

Walter Stohlgren

Pioneer Hi-Bred International Inc.
5700 Merle Hay Road

Johnston, IA 50131

(515) 245-3721

(608) 257-2211 Ext. 320

Walter Zerbin
IMBERT Company, Stein WEG 77
5760 Arnsberg, GERMANY

02937/3547

Peter A. Stranges v
United Technologies Research Center
1125 15th Street, N. W.

Washington, DC 20005

(202) 785-7421

M. C. "Bill" Terry

Frajon Fuel Systems Limited

P. O. Box 63

Palos Verdes Estates, CA 92074
(213) 541-9444

w

Walter Walawender

Kansas State University

Department of Chemical Engineering
Manhattan, KS 66506

(913) 532-5584

Frank Weleh, P.E,

Washington State Energy Office
400 East TInion

Olympia, WA 98504

(206) 235-1350

James H. Woodward
Arkansas Power & Light Company
5th & Broadway

Little Rock, AR 72203
(501) 371-4293

Richard Wright

Industrial Combustion Inc.
Box 115

Monroe, WI 53566

(608) 325-3141
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