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1. Executive Summary

Over the past four months, our group has worketketermine the environmental and
economic feasibility of growing willow biomass omlgate-owned property for our steam-
generating wood-burning facility. This feasibiliyalysis is to be used primarily by the
Environmental Council and president in determirtimg future of Colgate’s heating needs, as
well as by members of Buildings and Grounds, andllfy by potentially interested growers
of willow biomass, such as local farmers.

Our primary methods of data collection include botimary and secondary
resources. The willow biomass field is still youhgwever; therefore, in order to
supplement this research, we also rely heavilyemsgnal communications with several key
experts in the science behind growing willow bioma3olgate’s landholdings, sustainable
forestry practices and the processes of the wooulitgi facility.

This document contains a detailed description efriftethods of preparing, planting
and harvesting willow for biomass. The first cadpwillow can be harvested five years after
the initial preparation of the field. Willow sternan be planted at a density of 4,000 — 8,000
plants per acre and can produce around 3.7 — B dned tons per acre per year. In this
way, Colgate could feasibly plant and maintain alémillow plantation with the aid of an
experienced farmer.

Additionally, a Geographic Information Systems ahility analysis is carried out,
which consider five criteria: road-access, landerpfavorable soil, stream buffer, and low
slope. Ultimately, 485 acres of Colgate landhaidane found to be suitable under these
constraints; however, much of this land is not lade for growing willow due to aesthetic
and tract size concerns.

Furthermore, an economic analysis concludes thauid not make sense to buy or
lease the farm equipment because of the small scaléhich Colgate would be operating.
Colgate should instead look to hire out the farmkwd-or it to be cost-effective for Colgate
to grow its own willow on 200 acres, at the curnente of woodchips, the cost of this
service would have to be no more than $48,000 @ar. At this time it is unknown whether
the farming work for 200 acres can be hired outdes than $48,000 per year, however, as
the price of woodchips increases, so does the mariprice that can be paid for this service.
Even if it is not cost-effective today, it could best-effective in the future.

Overall, we recommend the following action:
Colgate should experiment with farming willow biossaon a small-scale, which GIS

analyses indicate is the 10-acre Hamilton Street.tr This would ensure familiarity with the
process should the prices of woodchips continueséoas predicted.



2. Rationale

The importance of renewable energy is becomingeagingly important as we move
into the second decade of the twenty-first centudne major concern on the global scale is
the availability of the fossil fuels on which ourodern society is dependent. Renewable
energies represent one possibility for reducing daependence on foreign oil for the U.S.;
this is significant because currently this courgipgnds billions of dollars annually in imports
of fossil fuels such as oil and petroleum (NRDC0Q£0 Two-thirds of the oil consumed
globally comes from the Persian Gulf region, a @agfrom which the U.S. imports $25
billion dollars worth of oil annually (Lugar and Wisey, 1999; NRDC, 2004). Relying so
profoundly on this one source leaves the U.S. imezarious position because of the intense
international competition for these oil reservesnvad as the historical and current political
and social unrest experienced in the region. Tepgendence is associated with a U.S.
military presence in the Middle East, thus leadmgther foreign policy conflicts (Lugar and
Woolsey, 1999). Renewable energy could presumaldgate this dependency and the
foreign policy issues with which it is associateBurthermore, it has been calculated that
substantially integrating renewable energy intortagonal economy could save the U.S. $10
billion dollars annually by 2015 (Romm and Curfi896).

Image 1: Woodchips at Colgate’s biomass burning facility

Although Colgate University is ahead of many of paer institutions with our use of
renewable energy (our wood-chip powered steam pindufacility, and our use of
hydroelectricity), the University still pays a di@ amount for fossil fuels annually. In the
2006-2007 academic year (Jun&May 3T, Colgate paid $299,151.95 for oil. It is
expected that this number will increase in a suttstbamount for the 2007-2008 academic
year because of the expansion of Colgate’s faslitvith the completion of the Ho Science



Center (121,200 gross square feet) and the adslitmthe Case Library (51,000 gross square
feet added; 101,000 gross square feet renovatddd Science Center”’, 2008). The
construction of a second wood-burning facility wblle able to provide heat for these
additions to Colgate’s campus.

Nevertheless, the importance of renewable enengsh® purposes of our study is its
potential to mitigate human-influenced climate dmn Climate change, or global warming
as it is alternatively known, has become widelyepted by scientists and the public alike
upon the release of the review in 2001 Intergovermiad Panel on Climate Change, a
collection of hundreds of international scientissablished by the United Nations. Much
has been predicted about the consequences of gi@valing, both by this panel and other
independent researchers. Climate change couldt iesan irreversible damaging of earth’s
fragile ecological homeostasis. The IPCC hypottessithe following: increases in the
frequency and intensity of extreme weather eveimsteases in sea levels which will
effectively displace millions of coastal dwellensdadestroy ecologically necessary habitat
and the organisms that depend on them, a disrupfiorop patterns to the effect that hunger
and famine would result, political instability asesult of dislocations and social, health and
economic failures (IPCC, 2001; Climate Change anchbih Health, 1997).

Using renewable energies, such as biomass, whelbydefinition carbon neutral,
could drastically reduce Colgate’s greenhouse gaissions. The U.S. is the number one
global contributor to these greenhouse gases, ieqitt650,020 thousand metric tons of C,
or alternately, 3,851,420 thousand metric tons ©RGMarland et al., 2006). Colgate emits
an estimated 41 tons of GQer year, a value comprised of residential heat@ssions, oil
burner emissions and woodchip emissions (Hornuh@l.e 2002); though, approximately
95% of these emissions are considered carbon heagréhey come from the renewable
energy source of wood chips.

However, these numbers do not factor in the tramapon emissions associated with
trucking the tons of woodchips to Colgate’s cam@asy. The sources supplied to Colgate
come from as many as 75 miles away from campus,significantly adding to the campus’s
total greenhouse gas emissions. Growing our owlitowvibiomass, or using logging
residuals from well-managed logging operations olg&te-owned land as will be discussed
further on, would be a much more sustainable wasupplying this renewable energy source
for our campus’s needs. In the climate changeestnagricultural greenhouse gas sinks can
be instrumental in the removing of carbon fromadlmosphere by changing vegetation cover
and improving management, switching from convergicagricultural crops to forests, and
less intrusive and damaging till practices (Scheieahd McCarl, 2003). Specifically, woody
biomass crops, such as willow, represent a sigmtianethod to sequester carbon in two
ways: first, reforestation and afforestation yieddsarbon sink in the growing trees or shrubs;
second, forest products act as substitutes toigailit, socially and environmentally insecure
fossil fuels (Baral and Guha, 2003). Because esstreach maturity their potential to
sequester decreases (in conjunction with a deciedkeir growth rate), willow biomass is a
particularly good method to sequester carbon becafigts short growing time; effectively
making the willow shrubs always young, and thughair optimal sequestration capacity
(Volk et al., 2004). Short rotation woody cropscls as willow shrubs, could sequester 4.5-8
tons of carbon per hectare per year (Baral and (20@3). The planting and harvesting of
willow biomass on Colgate-owned land if justifiéd i

Cg+GCsin Cg+ Csout Cr-Co



Where G is the carbon sequestered in the biomass harvestexe production cycle; &
represents all other carbon captured during thelymtion cycle as a result of the short
rotation woody crops (e.g. carbon in the root bissnand leaf litter); . is the carbon
released back into the atmosphere when the cr@pbawvested—this value is impacted by
sustainability of the management practicesreépresents the carbon emitted over the course
of the production of the biomass crop—the machirenyssions, the out gassing fertilizers,
transportation; finally, €is the amount of carbon prevented from being reléasto the
atmosphere by the burning of the biomass as opptesednventional fossil fuels (Satori et
al., 2006). Essentially, if the amount of carbayuestered is greater or equal to that
generated in the production and burning of the bissn it is logical, at least from an
environmental perspective, to pursue this meamnefgy supply. Other studies (Volk et al.,
2004; Heller et al., 2003) have concluded thataitm®unt of carbon emitted during the entire
production cycle of biomass equals that sequesteyetthe plants; thus it seems likely that
this will prove to be the case for Colgate Univgrsas well, making biomass an
environmentally viable option.

3. Agriculture

3.1 Site Preparation

After an appropriate site in which to plant thelew has been selected, the site must
be prepared for planting. Site preparation beginsa fallow field the summer before the
planting is scheduled. In the July before plantihgs field must first be mowed and excess
vegetation should be consolidated into hay bales rmoved from the site. When the
vegetation begins to grow after mowing, the siteusth be treated with herbicides in order to
control competitive weeds. Weed competition is thest common cause of willow crop
failure. As a result, it is necessary to spray ftekl with a broad-spectrum herbicide. Dr.
Volk, a leading researcher on willow in the regimgommends the use of glyphosate, a post-
emergent, translocated herbicide (Abrahamson g@02). While Dr. Volk recommends the
use of glyphosate after vegetation has begun tw d¢pack, studies have successfully used
Simazine, a pre-emergent herbicide, immediatelr aftowing (Kopp et al., 2001).

Following the successful application of herbicidbe site must be plowed to a
minimum depth of 10 inches, which loosens the smitl mixes in fertilizer and plant
material. Upon the completion of the initial plagi cross-discing, a tillage technique that
produces finer soil, can take place on the fieldréhamson et al., 2002). Additionally, large
rocks that project more than 2 inches from the gdoshould be removed to ensure that
machinery would not be damaged later on duringhtirgesting process. The plowing, which
should be completed by mid-September, is the Stade of field preparation in the fall.

In the following spring, all crop cover must be mrad. Before planting, a
cultimulcher should be used on the field. Theioultcher is used to break surface crust,
crush clods, firm loose soil, eliminate large aickets, and leave the ground ready to plant.
In this way, willow-planting equipment can be mefectively employed.



3.2 Planting

Image 2: Double-row spacing layout for short-rotation woody crops allows for the continued use of
traditional agricultural equipment. The willow plants featured here are the new growth after one
coppicing. Image source: Volk et al., 2004, Willow Biomass Producer’'s Handbook

The design of a willow field should be carefullpnsidered in order to ensure
unproblematic and efficient planting, harvestinggd anovement of machinery throughout the
field. For use with existing planting and harvegtequipment, a double-row configuration
should be implemented. This double-row designwadldor a density of 4,000-8,000 plants
per acre (Volk et al., 2004). While rows shoulddselong as possible, it is recommended
that a 20-foot break should be inserted every S0D{éet along the row. This break in the
row will allow agricultural
equipment to freely move
between different sections
of the willow crop (Kopp
et al., 1997). For this
same reason, 20 feet
should be left at either end
of the field. Additionally,
willow rows should be
designed to run across
slopes where possible in
order to mitigate the threat
of soil erosion.

Image 3: A Fréebbesta planter, which plants cuttings.
Image source: Volk et al., 2004, Willow Biomass Producer’'s Handbook



Within days after the cultimulching has taken plabe planting of the willow should
begin. Although planting can take place as latéus, it is best scheduled to occur between
late April and the end of May. In this way, thel saill be sufficiently moist to allow for
rapid root development and frost will not pose l@dh to the sprouting willow stems. With
average field conditions Central New York, willowaosts can begin to sprout within 3 days
to two weeks of the initial planting depending d¢me tsoil and air temperature. Willow
planting material consists of dormant sections dfow stem. The willow stem sections
come in two lengths, stem cuttings and stem whiggch require different machinery for
planting. Both whips and cuttings can be trangubaver great distances when frozerf, 25
30°F, and should not arrive on site until just befplanting.

The willow cuttings are 8 to 10 inches long andeéhawdiameter of 3/8 to 3/4 inches
(Kopp et al., 1996). The Froebbesta planter, whschroduced in Sweden, is designed to
work with willow cuttings. The Fréebbesta plantiest cuts a thin, 8 to 10 inch hole in the
soil. Willow cuttings are then manually fed inteetmachine’s planting tube, which is thrust
into the open hole. Once the cutting has beenteténto the hole, a pair of packing wheels
compacts the soil around the cutting (Abrahamsai. e2002).

The willow whips are 4 to 7 feet long and have antiter of 3/8 to 3/4 inches (Kopp
et al., 1996). The Salix Maskiner's Step plantehjch is also produced in Sweden, is a
slightly more automated process, which is desigioedse willow whips as planting stock.
The Maskiner's Step planter requires the operaidieed whips into a set of mechanized
belts, which convey the whips to the planting devid@hen, a coulter, a vertical blade on the
front of the machine, cuts a thin hole in the swihile whips are simultaneously cut to a
length of 8 inches. The machine then pauses asutnehips are fed into the freshly created
holes (Abrahamson et al., 2002).

The Maskiner's Step planter is a more efficient hiae, which is able to plant an
average of two acres of willow per hour and is tégaf planting two double rows of willow
at once. In comparison, the Froebbesta is onlg &blplant a single double row and is
capable of planting around half an acre of willowan hour. While the Step planter is more
efficient in terms of planter stock and operatowtsorequired, the Froebbesta is a nimble
machine that can be more easily used on smalletstcd land in conjunction with a smaller

tractor.

Furthermore, it
is recommended that a
second round of pre-
emergent herbicide be
applied to the field
after the planting has
taken place. This
second course  of
herbicide will ensure
that weeds are
sufficiently controlled
during the important
first year of growth
(Volk et al., 2004).

Image 4: A Salix Maskiner’s Step planter, which plants willow whips
whips
Image source: Volk et al., 2004, Willow Biomass Producer’s
Handbook 9



3.3 First Growth Cycle Maintenance

Within two weeks of planting, the willow stems wiilave begun to sprout shoots and
roots have begun to form. During the first seas@mimportant to ensure that weeds do not
become competitive with the willow and that an gtable percentage of the planted cuttings
survive to grow to trees. On average, 90% survigtds can be expected. If survival rates
are lower than 75%, it may be
necessary to replant cuttings and
employ mechanical weed control, Necessary Equipment
such as cultivators or rototillers.
These machines are capable of
removing weeds between rows
without damaging the willow
shoots.

* Preparation: Mower, Tractor, Cultivator or
Rototiller, Cultimulcher

« Planting: Tractor, Froebbesta planter or

_ the Salix Maskiner's Step planter
By the end of the first

growing season, the cuttings will |, \aintenance: Tractor, Sickle Bar Mower,

have sprouted 1 to 4 stems and | Fertilizer spreader

will have grown to be between 3

to as much as 8 feet tall, | . Harvesting: Numerous modified corn
depending on the clone, rainfall harvesters are suitable

and specific site conditions

(Abrahamson et al.,, 2002). In

November after the first growing

season, the young willow trees should be cut back height of around two inches. This
practice is known asoppicingand is used to encourage the sprouting of additistems and
faster growth during the second season (Kopp £1887). While the excess willow stems
can be left in the field to reduce nutrient remotaése cuttings have the potential to serve as
the planting material for another crop of willow.

Coppicing can be preformed by a sickle bar mowsdrich can be mounted to the
back of a tractor. The sickle bar mower consi$ta stationary guide bar and a second bar
with sharp sickle sections, driven back and fodtosas the guide bar. In this way, the mower
can cleanly cut the stems and coppicing can beoprefd without damaging the root
structure of the willow (Kopp et al., 1997).

In the June of the second season after the willosxge resumed growth, the field
should be fertilized in order to ensure fast groatid to encourage newly sprouted roots to
absorb the nutrients. Dr. Volk recommends thdtlitezr be applied at the rate of 100 pounds
of nitrogen per acre of willow (Abrahamson et &@02). The fertilizer can be applied by a
variety of means providing that willows are not @dayed by bending below the bottom third
of the stem.

By the end of June of the second growing seasenyitiow should begin to close the
canopy. With willow plants standing around 6 fhigh, the closed canopy will prevent any
further competition by weed species. The growth od the willow is fastest during the third
and fourth growing seasons (Volk et al., 2004). ribgi these last two seasons the willow
should not need to be tended. After the fourtiwgng season, the willow will have reached
a height of around 15 — 20 feet high and shoulcebey for harvesting.

10



3.4 Harvesting

Four vyears after the initial
planting, the willow should be ready to
harvest. This harvest can occur during

Agr'CUIture Summary anytime in the winter season, after the

* Willows are planted in a double row leaves have fallen but before growth
configuration resumes in the spring. Harvest can take

place with snow cover, of up to a foot,

- Density of around 4,000-8,000 on the field. The harvested willow
plants per acre stems can be transported as either whole
_ stems or chipped on site. The advantage

* 3.7-5.1 oven dried tons per acre of chipping translates to more efficient

peryear handling and transport of the willow

biomass. In contrast, whole stems offer

the advantage of longer storage life, but
increase the cost of transport and handling. @urtechnology allows willow to be
harvested at a rate of around 1 — 2 acres in an(Adwahamson et al., 2002).

There are several harvesting machines availaldeifggally for willow biomass crops.
Due to the popular use of willow biomass in Swedad other European countries, most of
the willow equipment is developed and sold in Eer¢abrahamson et al., 2002). The most
popular and effective harvesters are the modifiedh€Jaguar corn harvester and the Bender
harvester (Abrahamson et al., 2002). These coruebters can be easily modified by
replacing the corn harvesting head with a headgdesl for cutting willow. The Claas
harvester has two large saw blades, which are dpacalign with each row in the double-
row configuration of willow plantations. In constathe Bender uses a single long chain-saw
cutting chain to cut two rows simultaneously, whadlows the Bender is not restricted by the
location of the rows and can be used to cut acmass, if necessary. Both harvesters cut the
stems at around 3 — 6 inches above the ground lipdlem after cutting. These chips are
then deposited into a container, which is towedrzkthe harvester or by a tractor along side
of the harvester. While these harvesters cut aigan site, there are harvesters that bundle
whole stems.

11



4. Soill

Image 5: Evidence of coppicing and root structure, Canastota plantation

4.1 Optimal Soil Conditions

In choosing an appropriate site for growing will®omass one must consider soll
properties. Like all agriculture, shrub willowsogr best in nutrient-rich soils; however, they
are hardier than many crops and can also grow evelnarginal soils (Abrahamson et al.,
2002). With willow, there is a
direct relationship between
nutrient levels of the soil and the ) e
biomass vyield harvested, until Soil Characteristics
eventually a threshold is reached. e Optimal pH is greater than 5.5, less than 8.0
The ideal pH range is between 5.5
and 8.0, which is found in the land » High moisture gradient is necessary
holdings discussed as possible site
locations for willow biomass in » Loamy soil is preferable
this paper (USDA, 2006). Willow
can be grown on all types of » Depth of at least 18 inches required for roots
loamy soil: sandy, clay or silt-
dominated soils are all acceptable.

One study concludes that coarser
grained soils are preferable to finer, silty s¢ishaff et al., 2003). Willow biomass crops
also prefer averagely well-drained sites, to thibse are habitually too dry or too wet from

12



improper drainage patterns. A depth of 18 inclsesequired for appropriate rooting and

nutrient intake (Abrahamson et al., 2002). Als@ravious study has indicated that biomass
crops perform relatively better at lower elevationsrresponding directly with a higher

moisture gradient present in those soils as theychrser to the water table (Schaff et al.,
2003).

4.2 Erosion

There have been concerns regarding willow biomassing erosion. This is an
important factor to consider when exploring theceify of willow biomass because erosion
decreases the continuing productivity of soils (Ketral., 1998). These apprehensions are
the result of the normal agricultural processeo@ated with biomass, not evidence of
atypical erosion in the harvesting of biomass (Vetkal., 2006). However, several studies
conclude that groundcover crops virtually elimingies worry (Arevalo, 2005; Volk et al.,
2006). Cover crops are alternatively called gresanure because of their utility in the
agricultural process: adding different organic ewatto the soil structure, increasing soll
microbes and nutrients, maintaining soil moistumad decreasing competition by weeds
(Arevalo et al., 2005). One study uses the comrBomch white clover for this end,
ultimately concluding this cover crop greatly redsicsoil erosion but may not increase
willow yield as predicted (Arevalo et al., 2005Jhe process involves planting a cover crop

immediately after harvest in the
fall, allowing it to protect the
integrity of the soil during

To minimize erosion ... willow’s dormant winter phase,
+ Plant ground cover crops to minimize water-caused and then destroying it with an
ez herbicide in the spring when more

. . willow is ready to be planted.
» Dutch white clover is commonly used

* Generally not a concern after root system has been .
estabnshedy y Despite these concerns,

woody biomass crops are

associated with much less wind

and water soil erosion than
traditional agriculture (Kort et al., 1998; Volk at., 2004). Once the underground root
system has been established, after two-three gyblese is virtually no erosion (Volk et al.,
2004). There is also the threat of soil compactrom harvesting and planting machines.
Overall, the degradations associated with shoatiat forestry crops can be avoided through
proper sustainable management (Mitchell, 1992). wéier, there has yet to be much
research done on the sustainability of biomassymtooh (Kort et al., 1998).

4.3 Nutrient Cycling and Fertilizers

It is necessary to keep logging residues withinetb@system to replenish the nutrients
after each cycle (Ledin, 1996). This can easilyabeomplished by harvesting in late fall,
after all leaves have fallen from the shrubs (Vetkal., 2004). One study indicates that one
to two thirds of the nitrogen and phosphorous avés can be reutilized by the next year’s
plants (Ericsson, 1992). It has been recommendeatitl nitrogen to the already growing
plants in the spring, to minimize the amount oftiieer taken up by competing plants
(weeds) or lost through runoff (Volk et al., 2004nhcreased soil aeration with agricultural
machines may also increase productivity by allovtimg roots of the willow plants to extend

13



to a much larger volume of soil and thus gain acdesmore nutrients (Mitchell, 1992).

However, with proper means of sustainable agricejtsuch as ground cover crops and
maintenance of leaf-litter, it seems that the amafnexternal fertilizers needed for the
optimal productivity of the willow is minimal (Ergson, 1992).

There are two philosophies regarding fertilizinglds for short rotation crops. One
advocates using only minimal fertilizer in ordemt@ximize the plant’s natural ability to seek
out nutrients present in the environment and alsaihimize costs and thus make the process
economical. Of course, the drawback to this mitishapproach is limited yields. The other
philosophy involves using economies of scale: \egh levels of fertilizers act to guarantee
the proper amounts of nutrients will be availaldethie plants. However, this approach is
costly and brings with it the risk of leaching tiseil of naturally-occurring nutrients
(Mitchell, 1992). The ideal situation for Colgat®uld likely be a compromise between the
two management styles just described.

4.4 Health of Soll after Willow

Short rotation forestry crops even have the patérib leave the soil in better
condition than previous to their planting, espédgidl they are growing on land previously
used for intensive traditional
agriculture. For example, at first the
biodiversity of microarthropods found
in soils of fields growing biomass are Nutrient Requirements
equal to those of other agricultural « Logging residues should remain in system
products. After several cycles
following  sustainable methOds of e Biomass requires fertilization of N and P prior to
forestry both the density and planting
biodiversity of these species increases
to levels found in untouched fallow + Soil condition is improved in comparison to
fields (Volk et al., 2004). Another traditional agriculture practices
study has shown that the deep and
extensive root system of willow
shrubs can actually improve the state
of the soil by loosening previously
compacted soil, returning nutrient- rich organic ttexa to depth from the roots, and
reintroducing nutrients back into the nutrient ey@itchell, 1992).

This soil improvement lends well to converting taad to grow another agricultural
crop after several harvesting cycles have been statghand the soil is no longer suitable for
willow. One study used corn as the conversion-erap agricultural product already well-
established in the Central New York region—to mgclecess (Devine et al., 2004). This
study is the first of its kind to measure the prttiity of the conversion crop on a time scale
of several years: several years after the lastt sbtation forestry crop was harvested, the
concentration of carbon in the soil still increas@sis nutrient increase is likely caused by
the decomposition of the woody crops’ roots. Alsoil aggregate stability—the ability of
the soil to resist disruption, typically water éoss—was improved by the forestry crops to
the advantage of the corn crop (Devine et al., 2004ese improvements are important for
Colgate when considering growing willow biomasséaese it means that the landowners to
whom we currently lease land, and who would potdigtmanage the forestry crops, would

14



not only be unaffected by the conversion to growailjpw, but would in fact benefit from
this adaptation with improved soil health and piidity.

5. Ecology

5.1 Sustainability

All too often these days, “sustainability” is ugedt as a buzz word. It is a term that is
tacked on to indicate to promote an environmenfaigndly or progressive image. In reality,
the concept of sustainability is complex. Theregseasy way to classify actions as either
sustainable or not sustainable; there is a contisgoadient of degrees of sustainability.

Environmental

Economic Social

Figurel: Environmental Sustainability.
This conceptualization of the three components of sustainability highlights the
interactions between these three seemingly independent systems
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5.2 Biodiversity

On a national scale, a significant
switch to biomass as a fuel source would
lead to massive changes in land use. With
increased demand, biomass would compete
with for arable land with agricultural crops
and also increase the pressure to clear new
farm land. Some fear this habitat
conversion would result in a loss of
biodiversity. However, these concerns must
be balanced against the threat of global
warming and the need to develop
alternative energy sources. This is an
incentive for conservationists and biomass
researchers and producers to work together
to develop biomass systems in a sustainable
manner. Maximizing the biodiversity in
biomass plantations might require a
compromise in terms of yield. However,
protecting the soil and the health of the
surrounding environment will increase the
longevity of any agricultural or silviculture
project. (Cook et al. 1991)
General principles of conservation
biology should be applied when designing
willow plantations. It is best to o _ _ _
preserve large areas of natura'mage 5: Potential wildlife habitat. Canastota, NY willow plantation.
habitat, or at the very least allow for “corridorsf suitable habitat between breeding
populations. By using a mixture of willow clonesdamaintaining a variety of ages since
coppicing, land managers can maximize the spataiptexity of the environment, and
thereby create the greatest diversity of habitatsthe greatest potential for biodiversity.

5.3 Bird Diversity

Studies by Dhondt et al. (2004 and 2007) of then€lbiLab of Ornithology, surveyed
avian species richness and nesting success in retation willow and poplar plantations in
Central New York. The authors observed birds aBBWC plots at six locations from 1999
to 2002 (2007) and 12 of these plots were useeétierohine nesting preferences (2004). They
observed 79 species of birds utilizing the SRWQsplof which 39 species were sighted
regularly and 21 species were found nesting (Dhatdal. 2007). Six other species had
consistent territories, and so were most likelytingsfor total of 27 species (Dhondt et al.
2007). Nesting preferences were highly non-randBarticularly popular clones were S25
and S365, while S301 appeared to be avoided (Dredralt 2004). However, clones were not
statistically correlated to nesting success. Rl and age of the crop since coppicing were
the only significant factor related to species bty (Dhondt et al. 2007). Overall, the
diversity observed was not significantly less tlomparable natural habitats and neither
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were breeding success rates (Dhondt et al. 2004280d). These results indicated that
willow plantations are not “ecological traps”; aseahich attract many species but result in
low reproductive success rates, making them papulainks.

Figure 2. Box plots showing that bird species richness in willow
plantations is not significantly different from most other habitat
types. From Dhondt et al., 2007.
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5.4 Sustainable Forestry

In addition to willow plantations, Colgate’'s ownrésted lands present another
possible local source of woodchips. Since our fasusn willow silviculture, we only will
briefly touch upon the ecological concerns assediawith forestry. We recommend
reviewing the “additional reading” suggestions befor more detailed information.

In general, sustainable forestry maintains unevges aof trees to promote structural
diversity of habitat. It is also ecologically bei&l to leave occasional snags (dead trees) for
their unique habitat contributions. Resource margageust be aware of the export of
nutrients when any organic material (like timbaryemoved from a forest (Perry 1998). Siill,
it is quite possible to selectively harvest treesdither timber or woodchips and maintain
most of the long-term productivity and biodiversaf the landscape (Hilborn et al. 1995).
Sustainable forestry is a broader concept thanassdile yield, because it includes the
perpetuation of forest resources other timber teisyesuch as recreational opportunities and
wildlife habitat (Floyd et al. 2001). This followisom the notion of multiple use, Floyd et al.
(2001) highlight the following five necessary compats of sustainable forestry:

Maintaining the forest

Concern for future generations

Reasonable estimates of future needs

Estimates of current rates of use and regeneration
A widely accepted view of appropriate rates of use

agrwNPE

Colgate currently has recommendations for sustéenagging of its forested lands in the
“Colgate University Forest and Open Lands Stewapd$tlan”. We hope that Colgate
continue to pursue sustainable forms of forestry.

Additional Reading:

Gale, R. P. & Cordray, S. M. (1991). What Shouldests Sustain? Eight Answers.
Journal of Forestry89 (5), 31-6.

Romm, J. (1994). Sustainable Forests And SustaarfatniestryJournal of Forestry
92 (7), 35-39.

Wiersum, K.F. (1995). 200 Years Of SustainabilityHorestry: Lessons From
History. Environmental Managemerit9, 321-29.
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6. GIS Suitability Analysis

We performed a GIS suitability analysis to calceiltite total area of Colgate land that is
theoretically suitable for growing willow. The follving five criteria were selected for on
Colgate-owned land parcels:

1.

2.

Road access: Land parcels must border a roaddatipyy and harvesting machinery
access

Land cover: We selected agricultural or easily @sted land cover types (52, 71, 81,
82)

Soil: We selected soil types which USDA (2006) &0 data classifies as well or
moderately-suited for mechanical planting and heting of wood crops. This takes
into account many factors such as slope, impendeyesrs, and erosion potential.
Streams: 10 meter buffering to protect riparianezon

Slope: Created Slope raster from DEM, and seldotstions with less than 10
degree slopes

A total of 485 acres of Colgate land meet the gateve used. However, some of the
areas included in this total are too small for atceffective willow plantation, and others
would probably not be used for aesthetic reasortss hnalysis was not meant to
conclusively determine the feasibility of all pdssi sites, but instead to give a general idea
of where we might find large areas suitable fosthind of crop. Particularly large and
promising sites include the Parker Farm tract (24Ees), Bewkes Center (40 acres), and
Hamilton Street tract (8 acres) (Fig. 6). Theseage calculations are also not meant to be
taken as absolute figures. The area that appeasablsuwithin the Hamilton tract has been
relayed to us as approximately 12 acres, whichadigure we use in our economic analysis.
Due to the low spatial resolution of some GIS ddkeese figures should be treated as
estimates. Next, we examine soil characteristicthede three sites in depth, and found no
evidence contrary to their classification as suéab
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Figure 3. Madison County roads and Colgate land parcels with road access.

Figure 4. 2001 NLCD land cover classifications.
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Figure 5. Slope gradient calculation based on USGS DEM, used to select relatively flat sites.

Figure 6. Stream distance calculation on Chenango watershed hydrography network,
used to create stream buffer zones.
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Figure 7. Soil classified as moderately or well suited for mechanical planting and harvesting of wood
crops based on data from the USDA soil survey geographic database.

Bewkes

Center
& Hamilton
er St. Tract
(0]

: . . Par oL T N
Figure 6. Calculation of the\%te): F:Ljan of fiveteria described above, resulting in 485
acres of suitable Colgate pr gr@ctn which to graéllow. Overlayed on a USGS

topographic map.

Figure 8. Calculation of total suitable land (485 acres). Three main sites of interest are indicated.
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Figure 9. The Bewkes Center, one possible willow location contains about 40 acres of suitable land
according to this GIS analysis.

Figure 10. The Parker Farm tract contains the largest area of suitable land we found,
at about 245 acres.
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Figure 11. The Hamilton Street Tract was determined to contain about 8 acres of suitable land
in GIS analysis. Other sources have given slightly larger estimates.

Figure 12. Distribution of soil types within the suitable area of the Hamilton Street Tract. The
characteristics of these soils, and the major soils in suitable areas of the Bewkes Center and Parker
Farm Tract are described in Table 1.
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Suitability

Suitability for for

Map pH at 18 inch Mechanical Mechanical

Symbol Soil Description Sites depth Planting  Harvesting

AsB Arnot channery silt loam, Parker 3.6-6.0 Moderate Good
3 to 8 percent slopes

LwB  Lordstown channery silt loam, Parker 45-6.0 Moderate Moderate
3 to 8 percent slopes

LwC Lordstown channery silt loam, Parker 45-6.0 Moderate Moderate
8 to 15 percent slopes

MaB Mardin channery silt loam, Hamilton 45-7.3 Moderate Moderate
3 to 8 percent slopes

MaC Mardin channery silt loam, Hamilton 45-7.3 Moderate Moderate

8 to 15 percent slopes  Bewkes

PgA Palmyra gravelly loam, Parker 6.1-7.8 Moderate Good
0 to 3 percent slopes

PgC  Palmyra gravelly loam, rolling Parker 6.1-7.8 Moderate Good

VoA Volusia channery silt loam, Bewkes 51-73 Good Moderate
0 to 3 percent slopes

VoB Volusia channery silt loam, Bewkes 51-7.3 Moderate Moderate
3 to 8 percent slopes

Wn Wayland silt loam Hamilton 5.1-8.4 Good Moderate

Parker

Table 1. Soil types found at the three most promising locations for a willow plantation, the Parker Farm
tract, Hamilton Street tract, and Bewkes Center, with pertinent characteristics from the USDA (2006)
SSURGO data. Ratings for suitability for mechanical planting of woody crops are based on slope, depth
to a restrictive layer, content of sand, plasticity index, rock fragments on or below the surface, depth to a
water table, and ponding. It is assumed that typical site preparation will take place. Possible ratings were:
well suited, moderately suited, poorly suited, or unsuited. For this table, “well suited” was transcribed as
“good”.

Ratings for suitability for mechanical harvesting of woody crops are based on slope, rock fragments on
the surface, plasticity index, content of sand, the unified classification, depth to a water table, and
ponding. The soils are described as well suited moderately suited, or poorly suited to this use.

More detailed information about the criteria used in the ratings is available in the "National Forestry
Manual," which is available at: http://soils.usda.gov/technical/nfhandbook. (USDA, 2006)
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7. Economic Feasibility Analysis

Colgate burns biomass, in the form of woodchipspitovide heat to most of the
campus. Over the past six years, burning woodcégpthe primary fuel, rather than oil, has
saved Colgate around $2.5 million. There is no tidldt burning biomass has been a good
option for Colgate, as it is cleaner and less gogthn oil, but there are some economic
concerns for the future that may threaten just haveh money burning woodchips can save
Colgate.

7.1 The Current and Future Woodchip Market

In the past few years, the price of woodchips intiz@ New York has consistently
increased. Colgate purchases woodchips to be bumnntéd biomass heating plant which is
used to heat most of upper campus. The rising mic&oodchips is increasing Colgate’s
heating costs each year and it is important ta etgloring alternative solutions.

The rising price of woodchips can be attributedwo main factors; the dependence
on local markets and the increase in local demandvbodchips. The process of heating
Colgate’s upper campus by burning woodchips requareery large quantity of woodchips;
so much that Colgate receives multiple deliveri€svoodchips everyday. Since regular
deliveries are required, fuel costs and time bec@miactor in supplying Colgate with
woodchips. This limits Colgate to suppliers witlairclose proximity to campus. Colgate can
order woodchips from suppliers within about 75 mité campus. Suppliers any further than
75 miles cannot provide Colgate with woodchipsias €osts and the time required to deliver
become too high to be economically efficient. BesaColgate is dependent on a local
market for its supply of woodchips, changes in $ypp demand in the local area can affect
the prices and supply Colgate is offered. The cuirsguation is that demand for woodchips

is increasing in the local
market and this is

driving the price of

45 1 woodchips up. In 2002,

40 - Colgate was paying $20

35 _ per ton of woodchips.

30 4 —_— Currently, Colgate is

S 251 paying $33 per ton. In
5 204 just under six years, the
15 price of woodchips has

10 1 — Past and Current Prices increased by 65 percent

5 4 — Estimated Future Prices (Figure 1). The local

0 E——— price of woodchips can
8838333888855 3 be expected to increase

S8 523585835285 2837+5 more in the future as

demand increases and
this makes it very

Year

important for Colgate to
explore
alternatives to buying
woodchips. Growing our own biomass, in the fornwdfow, is one option that Colgate can
consider.

Figure 13. Increasing cost of woodchips over the past six years
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7.2 Willow Economics

Willow is very much a long-term investment. Wherowing willow, most of the
costs are paid up front, as the site must be peelpand the willow must be purchased and
planted. The benefits are, however, collected f@r dwenty years with lower costs during
this period that include the cost of harvests gokkap of the plants. In order to get the full
economic benefit, seven or more rotations must drapteted; this takes about 22 years
(Abrahamson et al., 2002). Because of the natuthefcosts and benefits associated with
willow, discounting the future costs and benefitn glay a significant role in deciding
whether or not to grow willow. If high discount eat are applied, the present value of
investing in willow decreases. However, if lowesabunt rates are used, the present value of
investing in willow increases.

Annual yields of willow can be expected to increaser each rotation as is illustrated
in Figure 2. First rotation yields are expectedaibin the range of 3.7 to 5.1 oven dried tons
per acre per year (odt/Alyr). Second rotation ygahttrease by 35 to 100 percent, and, after
two rotations, yields can be expected to be ardithddt/A/yr (Abrahamson et al., 2002). It
is important to note that yields have been as hggR4 to 30 odt/Alyr in Sweden (Keoleian &
Volk, 2005). However, yields this high have not heeached in central New York.

As was mentioned before, a good portion of thetscad growing willow are
experienced up front and the benefits are accruedthe 22 year cycle (Abrahamson et al.,
2002). The upfront costs of growing willow includelying the actual plants. Costs vary
depending on how much willow is purchased and hmpthe plants are. When dealing on a
large scale, a local dealer located in Fredonia, Diduble A Willow, currently sells 10 inch
cuttings for $0.20 per cutting and 20 inch cuttirigs $0.30 per cutting. Typical planting
density is 6,000 cuttings per acre and using tifarmation, the cost of purchasing willow in
Central New York can be expected to be around $52@1800 per acre, depending on what
size cuttings are purchased.

7.3 Colgate’s Potential to Grow its Own Willow

Using Colgate’s
average annual
consumption of woodchips
from 2004-2007, which is
17,965 tons, and an average
yield of 12 odt/Alyr,
Colgate would need to
devote 1,497 acres to
growing willow in order to
produce enough woodchips
to meet its demand each
year. This is obviously not
an option at this point in
time as the Colgate Forest
and Open Lands
Stewardship Plan states

that Colgate only owns Figure 14. Economic return of willow biomass increases directly
with number of crop rotations
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1,137 acres of land (p. 2). However, by growindawl, Colgate can still currently produce a
significant amount of the biomass it burns. As tedbgy improves and average yields
increase, less land will be necessary to produsigrdficant amount the woodchips Colgate
burns. Of the 1,137 acres of land identified by $tewardship Plan, 262 acres are open, non-
forested lands. Of the open and non-forested lhati@olgate owns, we have identified the
Parker Farm Tract and the Hamilton Street Tradivaspotential sites where willow can be
grown in the near future.

The Parker Farm Tract consists of 354 acres, SAhh is forested. The farmable
portion of this land is currently leased out taedl farmer for $15,000 per year. We believe
it is a good idea for Colgate to contact this |demimer and inquire about the possibility of
him growing willow on this land to sell, in the farof woodchips, to Colgate. This would
benefit Colgate as it would help stabilize the @raf woodchips in the area by increasing
supply, and Colgate would not be responsible ferdibsts of purchasing and maintaining the
necessary equipment or for storing the woodchips.

The other potential site where willow can be grawithe near future is the Hamilton
Street Tract, Management Unit N. This unit is 1a@es and is an abandoned hay field
(Stewardship Plan, 2007). This tract of land isaative because it is mainly clear, with the
exception of some scrub brush, and it is adjacer@ main road. Its proximity to the road
makes it easily accessible for equipment and trucks

7.4 Concerns

There are some concerns : .
regarding Colgate growing its Review of Economics

own willow. These include the » Growing willow may not be cost-effective for
lack of long-term storage Colgate at this point in time

facilities for woodchips and the
potentially high equipment costs
relative to the small scale
willow production that Colgate « At today’s woodchip prices, the present value of

would be doing. Willow is less Colgate farming 200 acres of willow over the next 22
dense than other hardwoods and | Years is $638,686

would require even more storage
space for the same amount of | ¢ For this project to be cost-effective, Colgate would
weight compared to other have to hire out the farming work for no more than

$48,000 per year, or woodchip prices would have to
hardwoods. In order to store increasell?urt%/er oE

willow supplies for longer than

a few days, Colgate would have

to build a large storage unit. As

far as offsetting the equipment costs, it wouldpbssible to hire out the harvesting work and
any other machinery intensive tasks. The pricdne$¢ services was unable to be determined,
however, the process requires similar equipmetttabof harvesting corn and could be hired
out to a local farmer.

» As woodchip prices rise, growing willow becomes
more and more cost-effective
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7.5 Recommendations

To get things started we believe Colgate shoulddmnall scale test run of willow
production. We have identified Management Unit Nraf Hamilton Street Tract (p. 38 of the
Stewardship Plan) as a good location for this. As wentioned before, this 11.9 acre parcel
is attractive because of its adjacency to a rdadgroximity to Colgate, and the fact that it is
mostly clear.

The assumptions made for the analysis of this ptenas follows: the growing cycle
will be a seven rotation cycle spanning 22 yeanst Fotation yields will be 5 odt/Alyr and
the remaining six rotations will yield 12 odt/A/yfhe value of the woodchips will be today’s
current value of $33 per ton and the discountwaliebe five percent. The size of the willow
farm for this plan will be ten acres and Double Allgw will supply 10 inch cuttings for
$0.20 per cutting. The entire 22 year cycle woudddya total of 2360 tons of willow

[(5 tons x 10 acres x 4 years) + (12 tons x 10 asre 18 years)]

which, after discounting at a rate of five perceviuld be valued at $43,93%he estimated
cost to purchase the ten inch willow cuttings fen tacres is $12,000. This cost is not
discounted because it is realized upfront. Dueh® d¢mall scale of this operation, it is
recommended that Colgate hire out the planting lamdesting of the willow. We were
unable to determine the cost of this service, butHis project to be cost effective, the cost
would have to be $2400 or less each year. Thisiplprobably not cost effective, however, it
would still be important to implement in order &esif this is something Colgate can do on a
bigger, more cost-effective scale.

7.6 Future Potential

The plan described above is one way Colgate cdrthesfeasibility of growing its
own willow. Should that plan be successful, Colgedelld consider planting willow on a
larger scale on other university owned land. Appdyihe above plan to a larger scale should
make it much more cost effective. Using the samsuraptions as the above plan but
increasing the willow farm size to 200 acres woyikld a total present value of $638,686
without accounting for the
unknown cost of hiring out the
planting and harvesting
[$878686 (PV of willow yields) -
$240,000 (cost to purchase
willow cuttings)]. At the current
price of woodchips, this plan
would be cost effective if the
cost of hiring out the farming
work is less than $48,521 per
;EFdagr;% ;Ar/po leases the Parker Farm Tract: year. This may not be realistic at
this point in time, but if the price
of woodchips continue to rise as
they have over the past six years,
and this plan was reevaluated in six years, thisréi would be increased to $91,911 per year.
This figure seems much more realistic and eveief ¢ost of hiring out the farm work is

Additional Information
Local supplier: Double A Willow

*Website: http://doubleawillow.com/

Phone number:; 716-672-8493
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higher than $91,911 per year, the plan could beataated further into the future to analyze
whether or not it is cost effective then. It alpéads on how the price of woodchips changes
in the future. If prices continue to rise, thismplaill become more and more cost effective. If
prices stop rising, or even decline, Colgate wolhitnue to buy woodchips as that will be the
most economical solution.

8. Conclusions

In this project we strove to address the feasybitr Colgate to grow its own willow
biomass using all three components of sustaingbgitvironmental, economic, and social.
As such, we used an interdisciplinary approachntegrate the diversity of our academic
backgrounds.

First of all, a literature review indicates thae throduction of willow is similar to
traditional perennial cropping systems currentlypayed by New York farmers. This
review highlights important factors to consider ceming the soil type and nutrient cycling
associated with short rotation woody crops. Moegpthis review indicates that a willow
plantation can be prepared, maintained and hadesith only slight modifications to
standard farming equipment. The planter is thetrspecialized piece of equipment, but
could be borrowed through a relationship with ttNS College of Environmental Science
and Forestry.

A geographic perspective is used to discuss theynfaotors influencing soil
characteristics, and ultimately the social impimas of willow farming—that is, the
promising economic possibilities it representsdoal farmers. A biological perspective is
used to analyze the impacts this form of forestoudd have on local biota, namely birds.
We intended to determine if willow plantations wabderve as ecological traps, areas that
attract many species but result in low reproducsivecess rates. Despite these concerns, we
find that breeding success within willow monocudtsiis comparable to natural habitats.

Furthermore, Geographic Information Systems is eggd to discern the suitability
of Colgate’s landholdings for growing willow biongas Using the criteria of road-access,
land cover, favorable soil, stream buffer, and Ishpe, we preformed a GIS suitability
analysis in order to determine how much of Colgai@operty is capable of successfully
supporting a willow plantation. Of the initial 485 acres of Colgate land meet these criteria,
we have highlighted three prime candidates fonahitesting: the Parker Farm tract, the
Bewkes Center, and the Hamilton Street tract.

The growing uncertainty of the local woodchip markeitially prompted our
investigation into the environmental and economeasfbility of growing willow biomass on
Colgate-owned property for use in our steam-gemgrawvood-burning facility. A cost-
benefit analysis of the growing willow on Colgatexed property revealed that current
market conditions prevent Colgate-grown willow frdmacoming an economically feasible
alternative to buying woodchips from outside vesdeNevertheless, current trends indicate
that the market could allow for the production afiew on Colgate-owned land in the near
future. As such, Colgate should begin experim@nabn a small-scale and await shortages
in the market before undertaking large-scale grgvaperations. Ultimately, we recommend
the 10-acre Hamilton Street tract as an ideal lonafor an initial willow test plot.
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