NERGY produced from digester
biogas is categorized as “green en-
ergy.” The processing of a range of
waste streams, including source
separated organic waste or mixed
municipal waste in anaerobic di-
gesters (AD) contributes to sus-
tainable and renewable energy targets set
by cities, electrical utilities and state gov-
ernments across North America and Eu-
rope. Given that many jurisdictions have
set mandatory RPS (renewable portfolio
standards), AD projects are becoming in-
creasingly attractive as one of a portfolio of
green energy sources that can contribute to
the goal.

In a world where carbon trading and car-
bon neutral are the current buzz words,
anaerobic digestion is looking like an ex-
citing new prospect to many stakeholders.
This article reviews developments in AD
systems and projects, focusing on trends in
Buropean countries. A brief description of
anaerobic digestion basics asgists in un-
derstanding distinctions between the AD
approaches.

ANAEROBIC DIGESTION 101

Anaerobic digestion oceurs in two phases:
In the first phase a group of microorganisms
referred to as “acid formers” breaks down
complex materials in an acidic environment.
In the second phase, a second group of mi-
croorganisms referred to as “methane form-
ers” breaks down the output from the first
phase and consume the organic material to
form biogas.

Anaerobic digester equipment is sold by a
number of vendors who vary the following
process parameters: Retention time in the
digesters {which varies from 10 to 25 days
generally); Moisture content in the digesters
{dry vs. wet designs); Operating tempera-
ture (two operating regimes, thermophilic or
mesophilic are used); and Number of stages
{one or two).

There are trade-offs between each of these
parameters and the {inal decision depends
on local conditions and project objectives, A
few key trade offs are worth noting:

Wet ve Dry: Wet digestion operates at a
higher moisture content than dry digestion.
Moisture is added to the incoming waste
stream, which is preprocessed by a number
of different technologies. The higher mois-
ture content of wet digestion is an advan-
tage for programs with a lot of plastic, as
the plastic can be floated off before diges-
tion. Wet preprocessing has also proven
sucecessful in Toronto where separation of
material such as fine particles of glass
(which would compromise the quality of fin-
ished corapost) is needed.

Wet digestion typically results in a loss of
volatile solids from the incoming waste
stream, and this can lead to lower gas yields.
Wet digestion also uses more of the energy
generated from biogas {up to 50 percent) for
higher in-plant energy needs (pumping, de-
watering) than dry digestion technoelogies
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{20 to 30 percent of energy is typically re-
guired for in-plant needs}.

Mesophilic vs. Thermophilic: Meso-
philic digesters operate at a lower tem-
perature, and therefore retention time is
longer (15 to 30 days) to generate the
same level of organic breakdown. Gas pro-
duction is reported to be lower in
mesophilic digesters, although the biolog-
ical process is considered more stable. The
longer retention time results in more
space requirements and higher costs.
Thermophilic digestion has a reported
higher gas yield and a shorter retention
time (12 to 14 days), lower space and tank-
age requirements, but higher mainte-
nance requirements and costs. '

One Stage vs. Two Stage: Some manufac-
turers design their AD systems for both the
first and second phases to occur in one tank.
Others split the phases into two tanks in or-
der to optimize operating conditions for
each. Single stage digestion is a simple de-
sign with a longer track record, and has low-
er capital costs and technical problems. Two
stage systems have lower retention times as
each stage design is optimized. There is a po-
tentially higher gas yield with two stage sys-
tems, but higher capital costs.

Biogas from digesters is 55 to 60 percent
methane; the remainder is mostly CO,. The
biogas typically is used to generate heat or
steam, through combustion in boilers, or it
is used to generate electricity. Some AT fa-
cilities convert the biogas o fuel for the com-
pany fleet,

Biogas genaration varies by material.
There is limited information on the compar-
ative biogas generation of different materi-
als in source separated organics or mixed
waste streams, AD designers generaily use

Avcust 2007 51



Table 1. Competitive biogas yield from different MSW materials {Barlaz'}

Maisture Biogas Yield mikg Bicgas Yield ff/lb

Material (% wi} Of Material Feed™? Of Material Feed
Paper

Newspaper 10 3.061 0.98

Cardhoard/boxbeard 10 3128 1.89

Telaphone directoriss 10 3.061 0.98

Qffice paper 10 3178 2.85

Mixed paper 10 3112 1.80
Kitchen Waste

Food 70 0113 1.82
Yard waste

Grass 60 0.034 0.55

leaves 60 0.023 0.37

Brush 40 0.067 1.08
Other arganic 0.101 152

Sources: ICF, 2005 and Hackett & Williams, 2004. 1Bariatz, (1997), Biodegradative Analysis of Municipal
Sofid Wasta Components In Laboratory Scale Landfills. M.A Barlaz, EPA 600/R-37-071.1997; 2Gas
production values assume a methane yield of 0.22 méfkg (3.52 BAD} of VSS (Volatite Suspended Solids).

their own proprietary data. Research was
carried out by Dr. Morton Barlaz of North
Carolina State University to model the rela-
tive breakdown of different materials in a
landfill, which is an anaerobic environment
(Table 1). The table shows that the compar-
ative gas yield (from most to least) is: Office
paper, mixed paper, cardboard and
boxboard; Food; Telephone directories and
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newspapér; Brush; Grass; Leaves. Table 2
shows reported biogas yields from different
MSW feedstocks in anaerobic digestion fa-
cilities in Eurepe.

The Dufferin Organics Processing Facility
in the City of Toronto, Ontario reports a bio-
gas production rate of 159 mé/metric ton
(6,600 cu ft/ton), whereas some European
vendors quote rates of 85 m¥/metric ton
(3,000 cu ft/ton) for single stage digestion
systems and 95 m2/tonne (8,350 cu ft/ton) for
two stage systems.

ANAEROBIC DIGESTION
OF SOLID WASTE IN EUROPE

Anaerchic digestion has been used to sta-
bilize biosolids in wastewater treatment
plants for almost 100 years. Wastewater
treatment plant engineers and designers
are familiar with the process dynamics and
the design concepts are well understood.
However, wastewater treatment bioselids
are a relatively homogeneous waste materi-
al. It is more challenging to design a di-
gester to handie the somewhat heteroge-
neous and seasonal nature of source
separated organics and other solid waste
streams, but there have been significant de-
velopments in the area in the last 15 years.
During that same time period, interest in
anaerobic digestion of solid waste has been
growing steadily in Eurcpe.

Part of that interest is attributed to the
Furopean Union Landfill Directive that re-
gquires EU member states to stabilize or-
ganic material prior to landfilling, and to
meet the following stabilization targets (ex-
pressed as the amount of unstabilized
waste that can be landfilled): 75 percent of
1995 level by 20086; 50 percent of 1995 level
by 2010; and 35 percent of 1995 level by
2016. Waste can be stabilized by incinera-
tion (with energy recovery), composting or
digestion.

Because of the EU Landfiil D1rect1ve
there has been a flurry of activity in Europe
with municipalities constructing various
stabilization plants, including digesters,
composters and MBT (mechanical biological
treatment) plants that use either digestion
or composting for the biological component.
Anaerobic digeation processing facilities can,
afford to charge high tip fees (up to
$140/metric ton) in European countries sub-
ject to the Landfill Directive as they are com-
peting with incineration and landfilling,
both of which cost $90 to $140/metric ton
{MT). There are green power incentives in
many Buropean locations, where all green
power produced hy digesters must be pur-
chased by the local utility for a minimum of
15 cents/kwhr, The combination of high tip-
ping fees and high energy revenues makes
the economics of digestion attractive in
many European locations.

Processing of the organic portion of MSW
alone (as biowaste) is a very common prac-
tice in Europe to meet the EU Landfill Di-
rective. In addition, many communities codi-
gest MSW with animal manures or biosolids
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TYable 2, Comparative hiogas yields from different AD facility MSW feedstocks

Nm3CH /fraw Biogas Biogas
Input Digestion . Ton {mé/t) {113/1)
Food waste + garden waste 50-60 80-90 2,800-3,200
Food waste + low evel of cardboard 65-75 104-112 3,700-4,000
Food waste + cardboard + garden waste 65-75 104-112 2,700-4,000
Food waste + cardboard 75-85 112-136 4,000-4,800
MSW 75-80 112-144 4,000-5,100

from wastewater treatment facilities.

The municipal solid waste AD market in
Europe has grown exponentially over the
past five to 10 years. It was estimated that
in 1999, European AD plants processed
about one million tonsfyear of mixed MSW or
source separated organies (S80) in 53
plants. In 2005, it was estimated that there
were 74 AD facilities in operation, mostly in
Europe, processing SSO or mixed MSW. In
2006, it was estimated that the number of
AD facilities commercially operating or un-
der construction had increased to 124 (many
of the facilities under construction in 2005
had become operational in 2006}, processing
almost 4 million tons/year of waste. Table 3
shows the number of anaerobic digestion fa-
cilities managing MSW in European Coun-
tries in 2006.

Many of the AD facilities currently in op-
eration, particularly those with operational
experience of preater than five years, have
capacities smaller than 20,000 MT/year, al-
though there is a trend to build larger anaer-
obie digestion facilities because of economies
of scale.

ANAEROBIC DIGESTER VENDORS

There are 15 anaerobic digestion technol-
ogy vendors of significance in the global may-
ket at this time, with a number of facilities
in operation. The majority of the AD vendors
are based in Europe, with seven providing
about 70 percent of the AD capacity in Eu-
rope and 80 percent of the facilities. Some
companies involved include: Kompogas
(Swiss); Dranco (Belgian); Linde (German);
Biopercolat (German); ISKA (German); Val-
orga {French); APS (US); Bioconverter (UUS);
Arrowbio {Israel); BTA (Germany); Waasa
(Finland); Linde {German}; Entec {Austria)
RosRoca (German); and Hasse,

Some of the key European vendors (five of
the top seven) have established North Amer-
ican partnerships, and a number have been
making significant efforts to penetrate the
North American market (in particular Dran-
co, Valorga, Arrowbio, BTA and Kompogas).
There are several U.S. anaerobic digestion
companies now in business. Table 4 profiles
the key A} companies with partnerships in
North America.

A newer trend in Europe is to market
anaerobic digestion as one component of an
integrated MBT system. Traditional AD
vendors have begun to partner with larger
MSW processors who already have compost-

BioCyere

Food waste is delivered {1} to a
Kompogas anaerabic digestion plant
near Zurich, Switzerland. A gas
starage unit (2) is in the foreground
of a Swiss digester facifity. Some
plants in Europe convert biogas to
fuel for fleet vehicles (3).

ing technologies or facilities, as well as
transfer stations and/or landfills. These
trends are expected to continue with the in-
creased interest in renewable energy and
waste diversion, as well as organic stabiliza-
tion targets in the EU Landfill Directive.
The advantage of MBT for many communi-
ties is that organics do not have to be source
separated by residents. Some A vendors
are happy with a paper-rich feedstream, as
gas production is higher,

In addition to AD plants in Europe to
process source separated organics and
mixed waste there are a few in Japan and
other countries. There are also many di-
gester facilities that operated for a short
period and were closed, and each new gen-
eration of digester designs learns from the
earlier failures.

Spain reportedly sends the most waste to
anaerobic digestion of all the EU countries.
This has been precipitated in part by a di-
rective by the Span-
e ish parliament in
August 20056 to in-
crease renewable en-
ergy production from
19 percent of the to-
tal energy mix to 31
percent. The in-
creased goal applied
to both thermal and
digestion facilities.

Spain reports hav-
ing 23 operating AD
facilities processing
about 1.8 million

il

MT/year and producing over 500,000
MWhrs/year. Some of this capacity is provid-
ed by 12 wet digestion facilities (6 Ros Roca,
4 Linde, 1 BTA and 1 Haase) and seven dry
facilities (3 Valorga, 2 Drance, 1 Linde and 1
Kompogas) located all over the country. Eco-
park in Barcelona has a few different AD
technoiogies in operaticn, inchuding a 90,600
MT/year facility constructed by Ros Roea.

ANAEROBIC DIGESTION
IN HORTH AMERICA

There are two fuli-scale AD facilities cur-
rently operating in North America that pro-
cess MSW, both near Toronto, Ontario,
Canada. The City of Toronte’s Dufferin Ox-
ganics Processing Facility has been operat-
ing full scale at a capacity of 25,000
MT/year since 2004 using BTA wet diges-
tion technology. It is located at the city’s
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Table 3. Enropean comiries with
facilities processing MSW in
anaerobic digesters in 20067

Approx.

Total
Country
Mumber  Capacity

Of Plants  (foy)
Germany 55 1,250,000
Spain 23 1,860,000
Switzerfand 13 130,000
France 6 400,000
Netherlands 5 360,000
Belghum 5 200,000
[taly 5 160,000
Austria 4 70,000
Sweden 3 35,000
Portsgal 3 160,000
United Kingdom 2 100,000
Denmark 2 40,000
Paland 1 20,000

Total 128

fdata-Alvarez, Joan April 2006; DRANCO
Information and Spanish data from
“Status And Trends of the Residual Wasts
Treatment Options {Landfitling,
Mechanical-Biological Treatment and
Incineration} In Spain, Dr-Ing., Dieler
Jurgen Korz presented at Conference on
“The Future of Residual Waste
Management in Europe” 2005,
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Tahie 4. Companies processing MSW in anaerobic digesters in Europe in 20061

Number Of Plants Approx. Total
Company Technology Infarnationially Capacity (ipy)
Vaigora internationat, France Valgora 15 {Europe} 1,000,000
OWS, Belgium Granco 16 (Europe), 1 (Korea) 475,000
Kompogas, Switzeriand Kempogas 23 {Europe}, 1 (Japan) 506,000
BTA, Germany BTA 10 {Europe}, 1 (Canada), 1{Korea) 356,000
Arrow Ecology, Israel Arrowbic 1 (Israel} 52,000

WVarious sources including, Kelieher Environmental in-house data, Mata-Alvarez, Joan April 2006 and DRANCG information

Dufferin Transfer Station. The city’s Green
Bin program provides curbside household
organics collection to 500,000 households
and 20,000 businesses, therefore a large
source separated organics stream is avail-
able for processing at the facility. (See
“Evaluating AD System Performance For
MSW Organics,” November 2006 and
“Managing AD System Logistics For MSW
Organics,” December 2006.) The second fa-
cility, located in Newmarket, Ontario out-
side of Toronto, also uses the BTA wet di-
gestion technology. The plant, owned by
Halton Recycling, had been closed but re-
cently restarted at a lower throughput than
its design capacity of 400 MT/day (see
“Source Separated Organics As Feedstocks
For Digesters,” August 2005).

Until very recently, there were no anaer-
obic digestion facilities operating in the
United States that processed MSW or
source separated organic waste. In October
20086, Onsite Power Systems Inc., in asso-
ciation with the University of California
Davis, launched their biogas energy project
with the start-up of an anaerobic digester.
Thig AD facility will initially process resi-
dential and restaurant waste from San
Francisco, gradually increasing the
amount to eight tons/day. Each ton of food
waste is expected to generate enough
bioenergy to power and heat 10 homes over

a 24-hour period.

A number of large communities in the
United States have undertaken feasibility
studies evaluating anaerobic digestion as
part. of “New and Emerging Technologies”
or “Conversion Technologies” to treat mu-
nicipal waste, One of the attractions of AD
in particular is the ability for cities to use
AD to reach renewable energy targets. A re-
port issued by New York City on New and
Emerging Technologies for MSW found

that anaercbic digestion and thermal (gasi-
fication) technologies were less costly on a
commercial seale than the current waste
export practices. The analysis concluded
that AD offered better environmental per-
formance than waste to energy facilities,
with lower air pollutant emissions, in-
creased beneficial use of waste and reduced
reliance on landfilling. A number of other
.8, communities, including Los Angeles,
Seattle, Santa Barbara County and Alame-
da, have examined AD technologies as part
of these evaluation processes,

FACILITY SCALE, COSTS

Until about five years ago, many AD
plants were relatively small (< 20,000
MT/year). At this size, there is plenty of suc-
cessful operating experience. The trend now
is towards larger AD facilities. One key ques-
tion is the extent to which the successful op-
erating experience at <20,000 MT/vear is
scalable to larger capacities.

A number of facilities are on the drawing
hoard, or have been constructed recently to
process 100,000 MT/vear or more. However,
there has been limited operating experience
with AD facilities with a capacity larger than
50,000 MT/year.

There is very limited information avail-
able on the costs of existing AD facilities,
mostly located in Europe, European vendors
can provide general ballpark costs of con-
structed facilities, but it is hard to translate
these to a North American setting,

Cost information is available for the Duf-
ferin Organiecs Processing Facility in Toron-
to. Operating costs (excluding the cost of
amortized capital) for that facility are esti-
mated at about $13%/MT of input, consisting
of $112/MT paid to the operator plus $27/in-
put MT paid by the City for hydro and
residue disposal. Amortized capital is re-

Table 5. Estimated costs of anaerobic digestion facilities to process source separated organics (S50) and

mixetl waste
Population
== 20,000 — 80,000— — 200,000— — 800,000
880  Mixed 580 Mixed 580  Mixed S50 Mixed
Annual input quantity
to facility {metric tpy} 2,000 2470 7,500 10,0060 18,500 24,700 160,000 180,000
Cost per input matric ton ($Avear) $267 3282 $156  §172 111 §123 $68 488

AvgusT 2007



BiorNeraY PROFESSIONAL SERVICES

Biomass Rules, LLC 3l

Economics/Regulations/ Infrastructure ,47, \\
e
T\

Mark Jenner, Ph.D. 4

+ Eenewab!e market/de:'elopment
+ biomass inventory/utilization i
+ streamlining ragulations W£
+ lang use / demographics 1006 E. Harris Ave
Greenville, IL 62246
phene: 618,664,9687

www.bicmassrules.com  emailt mjenner@blomassrules.com

rRD

..... BUSINESS DEVELOPMEN

Tel: 605.224,4334
Cell: 605.280.3135

Philip D Lusk, Principal
Unit Four, 200 E. Sprmg Creek Drive
Pierré, South Dakota 57501

RESOURCE DEVELOPMENT ASSOCIATES |

Consultancy Offering Technical and Analytical Support Services
For Renewab!e Erze?gy C(}mpanles

Fax: 605.224.4774
Email; plusk@pipeline.com

ECONOMIC SOLUTIONS FOR ENERGY AND ENVIRONMENT

VALLEY AIR
SOLUTIONS

Renewable Energr And
u

Environmental Solutions

Toll free: 877-430-7600
info@valleyairsolutions.com

= Methane Digesters / Anuerchic Digesters
« Digester Site Plomsand Feosthility Studies
« Renewable / Green Energy Production

+ HRSC Anaerobic Treatment Lagoons

« Biogas Treviment ond Purification

« Goss Recovery ond Delivery

+ Biogas Measurement cnd Monitoring

tocated in the California San Jougquin Valley, serving customers worldwide

« Prefilure Engine Protection
« Extended Warsanties (Ch Only)
« Multiyeer Onsite Mointenance (CA Only)

« Subsidy, Grant, Rebute and
Tax Credit Assistance

« hir, Water ond Environmentol
Porsit Assistemce

« Electrical Grid Inferconnections

4 Bums &
J McDonnell
herRsmed.com

YOU erergy and money.

onsplete Environmentol Services

8 Designing success for lients fike you.

9400 Ward Packway
Kansas City, Missourl 64114
{816) 333-9400

portedly an additional $50/input MT for a to-
tal cost of about $190/input MT.

However, as with most AD plants, it is
hard to compare the Dufferin Organics Pro-
cessing Faecility costs with other plants be-
cause it iz an “apples to oranges” compari-
son. The Dufferin facility was located within
an existing City of Toronto transfer station
site, and therefore saved some costs that
would be incurred if an anaerobic digester
was constructed on a greenfield site (l.e. 2
site which has to be developed specifically
for the digester, with no other infrastruc-
ture in place).

Estimates were developed in a recent Gov-
ernment of Canada study for digestion of
both SSO and mixed waste for communities
with populations of 20,000, 80,000 and
200,000, Findings shown in Table 5 are
based on the following assumptions: Biogas
production of 110 m3/MT for 880 and
130m3MT for mixed waste (because of in-
creased amounts of fine paper); Composting
of digestate at $25/MT; No revenue from heat
sales; Revenue of 6 cents/kWhr for green, re-
newable power (based on similar prices paid
on Prince Edward Island at this time); and
Disposal of residue at $30/MT.

The quality of the finished digestate,
which is ultimately converted to compost,
igs more of a challenge for MSW {mixed
waste) digestion, as there is more contam-
ination in the incoming feedstream which
needs to be removed to produce a finished
compest of acceptable quality {aesthetic as
well as chemical).
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THE FUTURE OF AD

There are a number of environmental ben-
efits to using anaerobic digestion to stabilize
either a source separated organics or a
mixed waste stream. These include produc-
tion of green energy supplanting the use of
fossil fuels for electricity and heat genera-
tion; ability to make a useful product out of
an organic waste stream (digestate) that can
be stabilized further to produce compost;
and & very small footprint.

AD will continue to develop in Europe and
elsewhere where the economics of the waste
management and energy markets provide
the right incentives. There is increasing in-
terest in AD in the U.S. and Canada, as
green energy and energy from biomass get
more attention, and cities pursue source
separation of organica. Codigestion with an-
imal manures or with municipal biosolids
may make sense for some communities.
Anaerobic digestion is expensive in North
America compared to other waste manage-
ment options at this time, but an increasing
interest in sustainability, energy self-suffi-

‘clency and renewable/green energy targets

are likely to create both a policy climate and
guaranteed high green energy revenues
that together will be favorable to AD in the
longer term. |

Maria Kelleher is President of Kelleher Envi-
ronmental which is based in Toronto, Ontario,
Canada. She can be contacted at: mhkelleher
@kelleherenvironmental.com; www.kelleheren-
vironmental.con.

There are 15
anaerobic digestion
technology vendors
of significance in
the global
marketplace at this
time, with a number
of facilities in
operation.
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MECHANIZING TIMBER HARVESTS

A
Biomass is
converted to
bundles as part of
strategy to
economically
recover logging
residues.

TURNING
LIMBS AND CHIPS
INTO ENERGY
BIOMASS, HUMUS

Materials are loaded onto the feed tray (end
of unit on left) of the bundler unit. Feed
roliers pull material into the presses (foward
middle of unit).

HILE lumber and pulp
mills have been using
forest residuals to pro-
duce power, most of the
leftover remains have
been underutilized in the
United States. An esti-
mated 67.1 million dry tons of logging
residues are generated annually, but the
main challenge is a lack of cost-effective
recovery techniques. Composed of limbs,
twigs, foliage and nonsalable timber, these
residues represent a substantial amount
of available biomass.

Logging residue lacks uniformity and
has a significantly lower density thansol-
id wood thereby decreasing productivity

of its recovery. One of the most common
methods of residuals recovery is com-
minution (pulverize). After materials are
brought to a central point, they are
ground/chopped and transported to gen-
eration facilities, Comminution mini-
mizes transportation problems — turning
limbs and tops into more easily trans-
portable chips.

But the primary problem is poor storage
ability. High surface area and nutrient
content lead to rapid decomposition and
dry matter loss. To become & suitable en-
ergy source, forest residuals need to be
available for power generation all year re-
gardless of weather conditions. Therefore,
the storage capacity of comminuted mate-
rials is currently limited. An alternative
process for utilizing forest residue is
bundling, Packaging coarser pieces of de-
bris into bundles can reduce dry maiter
storage loss,

One machine designed to collect forest
biomass is the John Deere 1490D slash
bundler, Developed to work in conjunction
with cut te length machines, this unit coi-
lects forest debris, compresses material,
and binds it into six to ten feet long bun-
dles that are two feet in diameter. Several
studies have investigated performance of
the slash bundler in gathering forest
residue from harvested sites, but so far
none have locked at Deep South condi-
tions. With the South providing about 60
percent of U.8, timber products (ie., log-
ging residues, timberland clearing, ete.)
it’s important to evaluate productivity in
southern timberiands.

The bundler demonstrated its opera-
tional effectiveness in southeastern
Arkansas on loblolly pine stands last July
using the ratio-delay method. Ratio delay
analyzes machine operations to figure the
ratio between delay time and actual pro-
ductivity. Materials are loaded onto the
feed tray, and feed rollers begin intake of
the materials into the presses, which re-
duce volume by about 80 percent. A three
minute time frame was used, enabling the
observer to monitor different activities —
recording what was being done. Bundling
activities included: gather, load, bundling,
cut/unload, and downtime, Total number
of each activity were divided by total ob-
servations at the site and then multiplied
by 100 to yield the percent of time that the
machine spent on a given activity. Overall,
the machine was involved in productive
work 68 percent of the time. Gathering
and loading accounted for the highest pro-
portion of productive work. |

Authors of this report include David Patter-
son of the Arkansas Forest Resources Center
at University of Arkansas, Rebecca Mont-
gomery of the Arkansas Forestry Commis-
sion, Matthew Pelkki, Professor at the
Arkansas Forest Resources Center, and
Philip Steele of Mississippi State University’s
Forest Products Department.
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