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Abstract
Rising oil prices and increased scientific and political discussions of finding
alternative energy sources have resulted in growth of support for developing
ethanol as replacement or substitute fuel. Second generation (cellulosic) ethanol
can be developed using biomass as its feedstock, but is produced commercially
yet. The use of forest waste as a feedstock for generating ethanol is considered in
the state of Maine. Background research examines current research in the field,
the role of forests and an overview of the situation in Maine. The role of fire
management is highlighted as fire prevention methods such as thinning could
provide further inputs for ethanol generation. A spatial analysis is conducted
finding paper mills located in Maine which are in close proximity to necessary
resources. These mills can be converted to produce ethanol as well as paper.
Such a conversion would be the recommended first step in Maine to produce
significant amounts of ethanol using local resources. A discussion of the
limitations of the data and process, as well as suggestions for further research,
follows.
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Introduction

This thesis will look at where and how in Maine it will be feasible to
support the growth of the cellulosic ethanol industry based on a literature review,
a breakdown of the economics of the process and a GIS-based analysis of which
regions have the most potential based on their resources. Can Maine facilitate
local growth of the cellulosic ethanol industry by sustainably using her extensive
forest resources as a feedstock?
Why is this important, for Maine in particular? Cellulosic ethanol can be
considered a value-added wood product. Forest products have always been a
foundation of Maine’s economy and this could generate green jobs in rural
regions. Since it is not economical to produce cellulosic ethanol far from the
forests or fields that provide the wood input, providing these inputs from Maine’s
forests ensures that Maine attracts the processing plants that generate these fuels,
further bolstering local economies. Virginia Governor Tim Kaine recently
discussed giving preference to non-foodstock biofuels in his State of the State
address (Lane, 2009). With forest resources more plentiful than agriculture
(Smith et al., 2004), Maine is fertile ground for establishing similar priorities.
Because of recent scientific breakthroughs and friendly national policies,
the nascent cellulosic ethanol industry may have a bright future. Maine can
exploit this potential by using forest residue as its feedstock thus generating rural
economic development, playing a role in mitigating climate change and reducing
fire risk.
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Chapter 1: Background
In order to look in depth into the potential for ethanol generation, this
thesis will first present background on the subject to give context for the
discussion about Maine. To begin, a description of what ethanol is and how
cellulosic ethanol can be generated with forest waste leads into an overview of
forest management, which focuses on the role fire plays and how managing a
forest to minimize fire risk can be coupled with harvesting for ethanol.
Depending on the feedstock, ethanol has a number of positives and negatives,
which are reviewed in order to note in what ways using forest waste for ethanol
can be better than corn, but also carries risks that those in Maine should be aware
of as ethanol generation there increases. A brief discussion on the human and
physical geography of Maine comes next giving the reader familiarity with the
state followed by a discussion of the potential that exists for ethanol generation in
Maine and the work that is already being done there that provides a starting point
for the research. Government efforts related to ethanol are reviewed in order to
discuss what research is being done and legislation is in place on the federal level
that lays the groundwork for a near term increase in demand for cellulosic
ethanol. Additionally, research being done in other states is also reviewed to give
an example of what Maine could or should do in order to further research or
support cellulosic ethanol there. The final two sections lay out what the literature
is saying about what steps should be taken next and what evaluation tools are
being used in those next steps.
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Ethanol
The biomass energy sector comprises the oldest fuel source in the world,
used by the first Neanderthals to warm themselves by a burning wood fire. In the
modern context biomass, including waste, naturally growing sources and human
farmed crops are a renewable source as they are converted into fuels such as
ethanol, which can be used to power vehicles as well as buildings. A wide variety
of crops can be grown to be used as biofuels, with corn (in the US) and sugarcane
(in Brazil) being two of the more common sources.
Biomass as fuel has the potential to edge oil out as the main source for
vehicle power, or at the very least, reduce our need for it (Bartuska, 2008). There
are drawbacks, however. The widespread use of corn to create ethanol would be
environmentally devastating due to its inefficiency – of all the energy and
nutrients used to create one stalk of corn, only the ear itself is used in the fuel
(Nag, 2008). Furthermore, encouraging the widespread farming of biofuels will
inevitably reduce the farming of foods for consumption, as environmentally
degrading fields of corn replace potential fields of food while competing for the
market share (CBC, 2007). In Europe for example, with such a dense population,
almost all agricultural land is already devoted to farming for the food needs of its
population and any switch to biofuel farming would reduce the supply and drive
up the price (Cassedy 2000, 76). There is potential in using more
environmentally friendly, efficient crops such as switchgrass and rapeseed. The
other large issue faced here is a classic Catch-22: no car manufacturer is going to
build biofueled cars without infrastructure in place to fuel them for the consumer
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driving across the country, and no infrastructure will be put in place if no one is
driving biofueled cars!
Ethanol can also be created from cellulose which includes the entire plant
and not just the sugary portions. This cellulosic ethanol can be derived from the
rest of the corn stalk, not just the ear. Additionally, cellulosic ethanol can be
generated using other agricultural wastes, as well as forest residues. When
considering the use of forest residue as ethanol’s feedstock, issues arise in regards
to how sustainable the harvesting and processing may be (Elde, 2006). Some
critics of the process worry that extensive harvesting will have too large a
negative impact on the ecological services forests provide. (Hays, 2007)
Forest residue, or forest waste, can be the leftover slash from logging
projects, the brush piles generated by fire management thinning techniques or
detritus from a concentrated program of forest management attempting to restore
woodlands to a healthier state. Ethanol derived from the entire plant (including
the cellulosic ‘woody’ scraps and not just the edible portions) derives from a
currently more expensive second generation process involving front end
processing of the plant – typically with enzymes or bacteria – to prepare it for the
conventional first generation processing that already occurs with crops such as
corn or sugar cane (Nag, 2008). Besides forest waste, cellulosic ethanol can be
derived from agricultural waste, dedicated energy crops and other non-edible
plant byproducts (CBC, 2007; MABTF, 2008). Those options have their own
strengths and weaknesses but in order to provide in-depth research on the roll
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forests will play these other feedstock sources will only be briefly described in
this study.
This underscores the importance of determining where, and how,
renewable energy facilities should be located in Maine for maximum societal and
economic benefit. In the case of cellulosic ethanol processing and refining
facilities, planners should understand the needs, costs and benefits these facilities
represent.

Forests
The global effects of Climate Change represent a great challenge facing
our generation today. For several decades there was debate over whether the
problem exists at all, and once it was determined conclusively by the IPCC that it
does exist – and that it is heavily influenced by the actions of mankind (IPCC,
2001), the debate has shifted to determining what we should/could do about it.
Though no ‘silver bullet’ has arisen to replace oil or sufficiently reduce the
greenhouse gases (GHG) being released, many experts believe a combination of
actions – including energy efficiency measures, renewable energy and carbon
sequestration – could be a solution (IPCC, 2001). The use of cellulosic ethanol as
the ‘fuel of the future’ could be a significant player in any renewable energy
portfolio (Farrell et al., 2006; DiPardo, 2002).
To battle climate change, there need to be strategies for both adaptation
and mitigation. Carbon sequestration is a commonly suggested mitigation
strategy. While the use of ethanol does generate carbon emissions, this comes
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from a source that also sequesters carbon and is far closer to carbon neutral then
oil or coal, if the feedstocks are managed and harvested right. Burning a forest
down to create room for a new biofuel crop is not a good strategy to sequester
carbon. The payback period is too long. Sustainably harvesting that forest’s
waste, on the other hand, allows the forest to continue sequestering carbon, while
still providing feedstocks for cellulosic ethanol plants.
Any publicly or privately managed forest may have any number of diverse
goals in their forest plan. Forests can be managed for economic benefit,
environmental protection or – ideally – both. Economic benefits from forests
include the extraction of trees or biomass intended for fire wood, building
materials and wood pulp (used in paper and clothes production, among other
things). However forests also provide ecological services such as watershed
protection, cleaner air and as sources of biodiversity, as well as carbon
sequestration as discussed above. Finally, these woods may be used
recreationally for hunting, fishing, hiking and camping.
The concepts of forest management tying environmental protection and
community welfare to the economic benefit of harvesting have been gaining
attention and are referred to as ecological forestry and community forestry.
Ecological forestry is the idea that forestry should have more objectives than
solely wood production (Hays, 2007). Community forestry recognizes the value
of the forest to local communities as a source of both jobs and ecological services
(Baker and Kusel, 2003). This emphasizes a focus on equity and social justice
concerns when exploiting a forest’s resources. Citizens who benefit from their
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forests, whether financially, ecologically or both, are more likely to be interested
in good management of these resources. Forests in Maine, should they be
increasingly harvested for ethanol, will need to be managed in such a sustainable
way in order to preserve their ecological and financial value to their communities.
A major issue in forest management is the risk of fire. The quantity and
severity of wildland fire worldwide has been increasing over the past few
decades. In the western United States’ mid-altitude forests, for example,
frequency and average burn areas have increased 400% and 650% respectively
from 1970 to 2003 (Westerling et al., 2006). Over the past decade, fire ecologists
and managers have been recognizing that these increases, previously blamed
mostly on land use policies, are actually another symptom of global Climate
Change – which may worsen if we continue with business as usual (San Diego
Declaration, 2006).
The Greenhouse Effect occurs when ‘greenhouse gases’ (GHG), such as
carbon dioxide build up in the atmosphere, trapping heat near the earth’s surface
This process has been well researched and documented (IPCC, 2001). What is
less well understood is how the increase in heat will interact with the earth’s
cycles, both natural and manmade, and how feedbacks from those cycles will
either calm or accelerate the heating from the Greenhouse Effect. It is important
to examine these feedbacks to see what effect they are already having and to try
and predict what further effects will result. Wildland fires are an example of one
such cycle that is affected by, and in turn affects, the heating caused by increasing
carbon levels (Amiro et al., 2003, Schimel & Baker, 2002). One of the earlier
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articles on fire and carbon cycles was written for Science in 2001 by Pacala et al.
They claim that the increase in fire activity will deplete American carbon sinks,
currently estimated at 20-40% of carbon absorbed, and may result in our forests
becoming a net source of carbon emissions rather than a reliable sink.
These effects include, but are not limited to: changes in vegetation
patterns, more rapid drying of vegetation creating more fuel load for the fire, and
increasing insect (in this case beetle) populations causing widespread harm to
forests as their ranges shift and grow. The latter effect has mostly been written
about as a Western states problem, but recently it has been found on the East coast
as almost 20,000 trees could be destroyed to battle the advance of the Asian
Longhorn beetle in Massachusetts (Associated Press, December 3, 2008). These
trees are then ground up in order to kill off the larvae at which point, “the wood
chips can then be used as mulch or burned for energy” (Associated Press, October
23, 2008). If these beetles get deeper into New England the effect could be
devastating for the region’s forests, with thousands of acres of dead wood
generating the same extreme fire risk that such beetle killed trees have been
having in western forest ecosystems.
Wildland firefighters use preventative methods to reduce fire risk such as
mechanical tree thinning, creating fire breaks to slow the spread of potential fires,
and prescribed burning. With vast acreage at risk, the first two methods are
focused on areas where forest meets people – the zone referred to as the Wildland
Urban Interface (WUI). This is the region where housing and vegetation
intermingle and thus are where the costliest damage from fires occurs. These
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practices are vital to ensuring that when an unplanned fire burns through that area,
it will be less severe, and hopefully will be stopped short of homes and
businesses. Prescribed burning can be unpopular with residents as there is some
risk involved, and if nothing else, it generates smoky conditions. Increasing the
creation of fire breaks and thinning in the WUI is less risky and more accepted.
Both these actions create piles of dead and downed wood – which is left to
provide nutrients for the soil or burnt. Instead of burning it, this is a potential
feedstock for cellulosic ethanol. Thinning can be expensive, but isn’t as
expensive as damage done by severe fires.
A fire burning in the uninhabited backcountry is generally good for the
ecosystem, but when it approaches these human occupied areas, the priority shifts
from ecosystem health concerns to man-made structures. A thorough, coast to
coast assessment of the WUI in the lower 48 was conducted in 2005 using a
combination of land cover and census housing density data (Radeloff et al., 2005).
It was determined that the vast majority of WUI acreage is in the eastern united
states, even though the heaviest, most frequent fires occur in the west. Fire
regimes in Maine are relatively infrequent but there is still concern of a fire
getting into developed areas should one break out. Mapping where these
locations are in comparison to the locations of pulp mills helps forest managers
focus thinning efforts close to a potential source of income for the forest wastes
created.
In 2007, “the Forest Service spent $741 million more than budgeted and
[Department of] Interior spent $249 million more than budgeted for emergency
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wildfire suppression, or a total of nearly $1 billion” (Star-Tribune, 2008). In
response to this situation, the House of Representatives introduced a bill in March
of 2008 that would start a fund for those years when the costs of fighting fire is
particularly burdensome to these organizations. Only two percent of fires account
for 80 percent of the costs (Star-Tribune, 2008). As the quantity and severity of
these fires has increased, both the Forest Service and the Dept of the Interior have
been forced to redo their budgets to cover these unexpected bills. In the words of
Rep. Nick Rahall, D-W.Va , this “has eroded critical funding for non-fire
programs and severely altered the core mission of our federal land management
agencies.” (Star-Tribune, 2008). If more money was spent to mitigate climate
change, these U.S. government agencies may not have found themselves needing
to spend more to adapt. In effect, money spent up front on clearing the woods of
dangerous fuel buildup will save more money in the future on fire suppression.
This is especially true in the West where the fire regime is much shorter, but also
applies to the East Coast, and the most heavily forested state (Smith et al., 2004)
in the nation: Maine.
The San Diego Declaration advocates for ‘no regrets’ measures that will
be effective at adapting to and mitigating climate change while at the same time
being smart management practices and techniques for controlling the spread and
severity of fire (San Diego Declaration, 2006). These include incorporating “the
likelihood of more severe fire weather, lengthened wildfire seasons, and larger
sized fires when planning and allocating budgets;” “restoring ecosystems and
reducing uncharacteristic fuel levels through expanded programs of prescribed
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burning and mechanical treatments;” along with further education, research and
public outreach efforts (San Diego Declaration, 2006). The USFS agrees: “Forest
management techniques such as prescribed burning or thinning dense forests, can
make forests more resilient to wildfire and decrease fire emissions” (Conard
2007).
The only current financial incentives to thinning are the proceeds derived
from selling these trees as lumber. This could change if the biomass that is
thinned could also be sold as a feedstock to refineries. This would make it a more
financially viable to thin more extensively and thus increase the buffer between
forests and urban areas. Timber companies need to be careful how they log
however: In a major study of the 1983 Borneo fires, it was found that "forests that
had been logged were the ones that burned; unlogged forests resisted fire" (The
Independent, January 31, 2008). This is caused when the sun is allowed to pierce
the canopy in the newly opened sections and dry the leaf litter on the forest floor,
turning it into tinder. Replanting a forest after a timber harvest is paid for by the
timber sale, but there is no fund for replacing burnt forests. Of 1.1 million acres
needing replanting in the federally managed land in the US, 704,000 were caused
by fires and only 120,000 by harvesting (an additional 33,000 were caused by
insects or disease) (Senate Hearing, 2007). Forming public-private partnerships
do help out with covering some costs, but only 5% of the financial need is met
this way.
Maine does not have the same fire risk as states in the West, but with all
their forestlands fire does still burn through from time to time. Prevention efforts
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such as thinning are underway in and around wildlife refuges, state and national
parks, as well as by private home and land owners throughout the state. These
efforts can be expensive, but are important. The potential for making this
profitable, or less costly, could lead to an increase in such efforts throughout the
state and the reduction of fire risk to people and property.

Positives and Negatives of Using Forest Waste for Ethanol
The precursor to cellulosic ethanol in America (corn based ethanol) has
been falling out of favor with environmentalists as more studies are released
decrying its negatives as outweighing the positives. Some of the major concerns
are the food vs. fuel debate (subsidizing corn for ethanol has driven up global
food prices), the ecological effects (increased corn production leads to faster soil
erosion and nutrient leaching) and the growing realization that, once life cycle
effects such as harvesting and production costs are weighed, the total CO2
emissions for this sector come close to or even exceed that of oil (Farrell et al.,
2006; CBC, 2007; DiPardo, 2002; Griffin and Lave, 2006).
Cellulosic ethanol could overcome many of its perceived and actual
negatives, with all the positives still left intact. Of course, cellulosic ethanol then
comes with its own set of drawbacks to be weighed. First and foremost is the
state of the technology. It is not currently at a stage where it can be commercially
viable on a large enough scale (Farrell et al., 2006; Moller, 2005; CBC, 2008). In
2008, however, many corporations and venture capitalists began to investigate its
potential by investing in start-ups and building test plants capable of generating
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large quantities of the fuel (Khosla, 2008). Until the technology scales up or new,
cheaper, faster enzymes are developed for the processing phase, however, there
will be cost issues as well. Cellulosic ethanol may always be a more expensive
option when compared with corn- or sugar cane-based ethanol due to that extra
processing step on the front end (Griffin and Lave, 2006). However, advances in
science and technology through the discovery of new enzymes or processes would
have the potential to change that.
Another consideration is what feedstock, or combination of feedstocks,
will be most economical, not to mention practical or environmentally safe. Forest
waste is only one option of the many that are being considered – but due to the
large potential supply in our nation’s public and private forests it has the potential
to be one of the largest sources if it can be extracted correctly (NRBP, 2001).
Currently the future of cellulosic ethanol is unclear as there is active debate in
business and scholarly circles as to its validity and potential. For the purposes of
this paper, the assumption will be made that it does have potential so the issue of
using forest waste as its feedstock can be examined.
A recently released assessment of the situation called the “billion ton
report” states that this fuel could serve up to 1/3 of the bio energy needs of the
country (Perlack et al., 2005). Currently some of this forest floor material is
being used in a “fuel for school” program using biogenerators (Senate Hearing,
2007). This doubles as a way to use a more carbon friendly fuel and reduce fire
risk by removing the fuel load.
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However, there are risks associated with an increase in forest harvesting
for ethanol. This industry must be closely regulated, especially if demand begins
to rise quickly. The major risks associated with this process are environmental:
loss of biodiversity, reduction of water resources, erosion, loss of soil nutrients
and reduced capacity for biologic sequestration of carbon. Improper or
overharvesting of forest resources can also lead to reduced capacity for future
extraction which in turn has a long term negative impact on the economies of
forest-dependent communities. This is a common concern with lumber
companies who often replant an area after harvesting in order to harvest it again in
the future. This strategy will also work well for ethanol harvesting in Maine.
Both the Griffin and Lave (2006) and DiPardo (2002) articles claim that
the use of forest residue as a feedstock will have a role in cellulosic ethanol’s
future, but that its significance may be its ability to make thinning for fire
protection profitable, or at least, less costly. Forest management practices
focusing on logging remove larger trees thus reducing average tree diameters –
leading to forests that are more susceptible to fire (Hays, 2007) – whereas tree
diameter does not matter when harvesting for cellulosic ethanol. Often, “market
pressures (lead) to a preference for cutting the larger trees and leaving the smaller
ones, a practice … known as “high grading” (Hays, 2007). This decreases the fire
resistance of that particular forest. Creating a market for those smaller trees could
lead to increased resistance, but also increases the risk of overharvesting an area
by taking everything and leaving no biomass behind to restore soil nutrients.
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All these opportunities and drawbacks exist for Maine to use her forests as
feedstock for cellulosic ethanol. As it becomes more economically competitive,
the potential for the industry could increase in the state. However, assurances
should be in place to protect against overharvesting.

Maine in Brief
Maine is home to 16 counties: Androscoggin, Aroostook, Cumberland,
Franklin, Hancock, Kennebec, Knox, Lincoln, Oxford, Penobscot, Piscataquis,

1
Fig 1: Population Density by County. Cartographer: William Smith; Data Sources: MEGIS, US Census Bureau, ESRI
Fig 2: Population Density by Census Block. Cartographer: William Smith; Data Sources: MEGIS, US Census Bureau,
ESRI

Sagahadoc, Somerset, Waldo, Washington, and York. The most populous of
these tend to the southwestern portion of the state, with Cumberland county
1

The assessment of population density was performed to assess where the potential customers are
for ethanol. The starting point for creating the population density raster file was a point file
provided ESRI based on US Census data. The points in this file represent the centroids of census
blocks, and contain the information of those blocks, including population levels per block. The
spatial analyst extension provided by ArcGIS was then used to create a density surface
representing estimates of population density within each cell, in this case set to six square miles.
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(home to Portland - Maine’s largest city) having the highest population. Farther
inland counties are larger, with the northern most county, Aroostook being by far
the largest at almost 7000 square miles – just 200 square miles smaller than the
states of Connecticut and Rhode Island combined. Maine itself is almost as large
in land area as all other five New England states combined, making up 48% of all
the land area in New England (US Census Bureau, 2009). The population
densities are displayed in these two graphics. Both demonstrate the higher levels
in the southwestern area of the state, the former by county and the latter with
more localized precision to display the distribution more accurately within each
county
Maine has a unique geography, much of it owed to geologically recent
glacial activity. Her well known rocky, island scattered coastline – nearly 5500
miles long (Maine Office of Tourism, 2009) - is counterbalanced by a
mountainous, heavily forested interior where the Appalachian range reaches its
northern end around Maine’s highest point: Mt. Katahdin. Rivers flow
predominantly north to south or south east with the Saco, Androscoggin,
Kennebec, Penobscot, and St. Croix being some of the more prominent. The St.
Croix forms Maine’s border with New Brunswick to the East, while the St. John
drains the northwestern slopes of the Appalachians before forming the northern
border and gradually flowing through Canada to the Atlantic. The St. John is the
only major river not to follow the general north south pattern of the rest.
Historically rivers have been a major transportation source for loggers and their
product. Most paper mills are based along major rivers for this reason, as well as
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the necessary access to water for their processes (Nag, 2008). Additionally, they
provide the potential for marine transport of the product if it proves to be
economically feasible.

Ethanol Potential in Maine
Maine has long been known as a center for wood product industries.
Historically, lumber and paper mills have been the cornerstone of many towns
and cities across the state. However, recently some mills have been struggling
economically and have been closing down around the state due to high energy
costs (Oilweek, May 29, 2008). One such mill was the Georgia-Pacific Corp. mill
in Old Town, ME. This mill struggled early in this decade, after operating in
Maine for more than a century (Bangor Daily News, October 24, 2008). Finally
in 2006, it declared bankruptcy and closed its doors. Later that same year a
company called Red Shield Environmental “brought in a company to operate the
mill and received a $30 million grant from the U.S. Department of Energy to
work with the University of Maine on a pilot ethanol production plant” (Bangor
Daily News, October 24, 2008). After operating as a paper pulp facility for a
year, the facility again ran into financial trouble in early 2008 with the price of
wood chips skyrocketing and had to declare bankruptcy. However, a New York
investment company, Patriarch Partners, bought the business and sees a future for
both its paper pulp operation (which will be its primary function) as well as its
cellulosic ethanol potential. “Red Shield could make ethanol for less than $1.30 a
gallon, according to chief executive Ed Paslawski. Red Shield … expects to begin
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production in [2010] and make about 5 million gallons a year” (Boston Globe,
August 18, 2008). In working towards these goals, Red Shield has partnered with
UMaine in recognition of the work that they have done in advancing research on
cellulosic ethanol.
UMaine, along with Red Shield Environmental among others, are partners
involved in the Forest Bioproduct Research Initiative (FBRI). The three main
goals of the FBRI are to promote forest health for a sustainable bio-economy,
understand and separate wood components, create and commercialize new
bioproducts (”Forest Bioproducts Research Institute,” 2009). The FBRI website
explains why Maine is a prime candidate for such an initiative: “Maine is
uniquely positioned with all the essential and creative ingredients, tools, and
relationships to evolve a bio-economy that is sustainable, marketable and
extraordinarily useful as a national and international model.” Stephen Shaler, a
UMaine professor of wood sciences and technology and FBRI’s Science Director
states, “almost anything that is now made from petroleum, can now also be made
from wood." (”Forest Bioproducts Research Institute,” 2009). Among such
bioproducts they are researching is cellulosic ethanol:
“UMaine's proprietary “van Heiningen process,” which applies
hemicellulose extraction techniques to wood chips prior to the pulping
process, is moving towards technology deployment at Red Shield
Environmental’s nearby mill in Old Town. … In the future these
hemicellulose-rich extracts will feed the mill’s proposed ethanol refinery
process, capable of producing two million gallons of ethanol per year.”
(”Forest Bioproducts Research Institute,” 2009)
There are eleven other pulp mills like Red Shield operating in Maine, one of
which is currently closed (”Maine Pulp and Paper Association,” 2009). If they all
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followed in Red Shield’s footsteps, these plants could produce ethanol in addition
to the other pulp products they already create. This research will determine a
more accurate assessment of that potential after examining where the necessary
resources are located in relation to each other.

Government Efforts
Government at all levels has enacted policies and legislation to encourage
and support the research and development of cellulosic ethanol. The fact that so
much work is being done on the subject, in both federal and state governments,
demonstrates to Maine that their is potential for a near term increase in the
demand for cellulosic ethanol as well as provides an overview of what other states
are doing on their own in the field – examples which Maine may use as a template
in the way forward.
The US Department of Energy presented information on the U.S
bioindustry and available biomass in 2007 (DOE, 2007). Titled “Feedstock
Platform,” this reviewed the work being done at places such as the Idaho National
Laboratory, the Oak Ridge National Laboratory, Mississippi State University and
others. Each project was summarized by their goals and objectives, a description
and summary of work done to date. Several of them were focusing on reducing
costs in the feedstock supply chain while others were examining which crops had
the most potential as well as what methods of harvesting and processing would be
the most efficient. A few of them were working on developing various GIS-based
methods to locate biomass feedstocks (DOE, 2007).
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However, a long held viewpoint by some policy makers is that
government should not ‘pick winners’ in commercial competition (Nelson and
Langlois, 1983; Grant, 1982). The private markets, though not perfect, do a very
good job at weeding out infeasible technologies. Often, any attempts by the
government to pick a certain kind of technology to solve a problem results in
either “duplicating private efforts, subsidizing those efforts and thereby replacing
private with public funds or investing in designs the private sector had long
abandoned as unpromising” (Nelson and Langlois, 1983). Government’s role
should be to support generic research and not to back one solution or another. In
the case of climate change, the government has the capacity to establish more
forward thinking policies then the market might otherwise accept, but it should
not pick which combination of energy efficiency and renewable energy will be
right as we move forward. The policies discussed below adhere to this maxim
and though they have the potential to support the growth of the cellulosic ethanol
industry, much of the work remains to be done on the industry side.
Federal Level
In February 2009 the US Department of Agriculture released their ten year
agricultural projection which foresees an increase in corn usage for ethanol,
though that growth is expected to slow due to the economic downturn (USDA,
2009). It also suggests that there will be a further increase in demand for
vegetable oils as other countries work to meet their biofuel standards (USDA,
2009). The higher demand for ethanol in general will cause industries that use
feedstocks that are less common than corn or sugar, such as forest waste, to be
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more lucrative. This may occur as research aimed at decreasing the price of
producing cellulosic ethanol for one feedstock might also be useful for decreasing
the price of forest residue. Also, no matter what the source is – corn, switchgrass,
forest waste, etc. – the final ethanol product is the same (Nag, 2008); thus
increased usage of ethanol in general may benefit the use of all feedstocks,
provided the processing and transport costs are comparable.
Another government body doing research in this area is the US Forest
Service which recently released a report, penned by Dr. Ann Bartuska, Deputy
Chief of Research & Development, on their role in using biomass for energy
(Bartuska, 2008). In this article she discusses the pros of sustainable forest
management, highlighting the importance of removing biomass to reduce fire risk,
as well as using this process as a method to improve ecosystem health in some
cases. The Forest Service looks to increase its collaboration with industry to
“resolve energy issues” (Bartuska, 2008) in addition to their role in scientific
research.
A study published in the Journal of Forestry last year with contributions
from various forestry nonprofits and government bodies examined the issue of
forests and climate change (Malmsheimer et al., 2008). Their wide-ranging
research looked at the possible effects climate change may have on forests and a
variety of methods to prevent GHG emissions with such tactics as wood
substitution, biomass substitution, wildfire behavior modification and avoided
land use change (Malmsheimer et al., 2008). The most relevant section to this
thesis is Chapter 4 on biomass substitution. Here they outline the basics of
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converting wood to energy, as well as estimating national availability of biomass
based feedstocks such as logging and other residues (41 million dry tons), fuel
treatments (60 million), fuelwood (35 million), forest products industry wastes
(106 million) urban wood residues (37 million) and forest growth (89 million).
This adds up to 279 million dry tons of biomass available in the nation that could
possibly be used for converting wood to energy. The use of biomass in any or all
of those categories could have a role to play in the growth of the ethanol industry
in Maine.
The Healthy Forests Restoration Act of 2003 (HFRA) was enacted to
“speed up hazardous-fuel reduction and forest-restoration projects on specific
types of Federal land that are at risk of wildland fire and/or of insect and disease
epidemics” (HFRA, 2003). One of its primary purposes is to “authorize grant
programs to improve the commercial value of forest biomass … for producing …
transportation fuel” (HFRA, 2003). These grant programs could be sources of
funding in Maine. Red Shield Environmental in Maine has already received a $30
million grant for their conversion (site).
The 2007 signing of the Energy Independence and Security Act (EISA)
established an annual production goal for ethanol of 36 billion gallons per year by
2022 (Dickerson and Rubin, 2008). Thus, the stage is set for the next few decades
to see heavy interest in, and support of, further development of both the
technology and infrastructure for ethanol production. To reach this goal would
involve a drastic upscaling of current production since “in 2005, total U.S. ethanol
production was 3.9 billion gallons” (Dickerson and Rubin, 2008). This is not
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feasible given the current methods of ethanol production, largely manufactured
using corn or sugar cane as industry estimates put maximum levels of grain
ethanol production levels at 15 bgy (Farrell et al., 2006; Griffin and Lave, 2006).
To reach the 36 bgy mark cellulosic ethanol will have to be upgraded from lablevel production to a commercial scale.
Making that jump will not be easy and there are many issues to take into
consideration. One of these is the net energy of the process (net energy is a
comparison of how much energy input it takes per amount of energy output), for
both corn and cellulosic ethanol. An assessment was conducted reviewing six
studies with a range of assessments for this value in order to determine “whether
manufacturing ethanol takes more nonrenewable energy than the resulting fuel
provides” (Farrell et al., 2006) or not. This study underlined the importance of
using realistic assumptions, accurate data and relevant performance metrics
(Farrell et al., 2006). It also concluded that using corn for ethanol releases similar
GHG levels as gasoline, and that scaling up the ethanol industry will almost
certainly require the increase of cellulosic ethanol production.
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Table1: Federal Government efforts to research or legislatively support ethanol
Federal
Government
Department

Programs and
Research

Summary

US Department of
Agriculture

10-year agricultural
projections

* forecasts increase in corn usage for
ethanol, expected to slow
* suggests increase in demand for
vegetable oils

US Forest Service

The Role of the UDA
Forest Service in
Managing and Using
Biomass for Energy
and Other Uses

* highlights importance of removing
bioimass to reduce fire risk and improve
ecosystem health
* USFS plans to increase collaboration
with industry to resolve energy issues

Healthy Forests
Restoration Act of
2003 (HFRA)
Energy Independence
and Security Act of
2007 (EISA)

* enacted to speed up hazardous-fuel
reduction and forest-restoration projects
on of Federal land at risk of wildland fire
and/or of insect and disease epidemic
* authorizes grant programs to improve
the commercial value of forest biomass
for producing transportation fuel
* establishes an annual production goal
for ethanol of 36 billion gallons per year
by 2022

Congress

Congress

State Level
A number of states have been examining the potential biofuels have in
their states. Senator Richard Alarcon of California became interested in biomass,
and specifically cellulosic ethanol in 2005. At his request, Dr. Rosa Maria Moller
at the California Research Bureau prepared a brief on the subject to determine the
potential use it might have in the state of California. Her paper (Moller, 2005)
presented a definition of biomass and a description of how and where it might be
used in the state for energy generation. She focused on cellulosic ethanol,
outlining the benefits as well as the costs and challenges associated with the
process. Finally, she listed in depth many federal and state policies which
encourage the use of biomass for ethanol. This both provides a guide to those
wishing to generate cellulosic ethanol, as well as painting a picture of where there
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are holes in the established policy structure to that end that might need to be
filled.
The West seems to be fertile ground for ethanol development as Oregon
has also expressed interest in the product. The Oregon Office of Energy
identified “opportunities, barriers and risks for the industry” (White, 1999). This
led to a more extensive report of the potential in Oregon, specifically for
cellulose-based feedstocks (Graf and Koehler, 2000) the following year. This
latter document goes into depth regarding the status (now outdated), the
feedstocks and the market potential including an overview of good sites for
refineries. More recently, there has been interest in the use of forest waste for
both fuel and logging from fuel reduction treatments in northern California and
southwest Oregon (Barbour et al., 2008). That last study concluded that stand
scale fire risk reduction can effectively be linked with providing wood production
facilities with material, but may involve removing a large amount of commercial
size trees to successfully accomplish both goals.
An additional hurdle that will have to be overcome in the face of
increasing ethanol is the right infrastructure and automotive technology in place.
Also on the West Coast, California, Oregon and Washington are joining efforts to
establish a Green Energy corridor they refer to as a “green freeway” consisting of
alternative fueling stations equipped to handle vehicles ranging from electric to
E85 (fuel that is 85% ethanol rather than the standard 10%) and beyond (Seattle
Times, March 8, 2009). This attempt is expected to compete for some of the $15
billion economic stimulus package that is slated for green jobs and alternative
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energy. Policies like these both on the state level and the federal level provide
templates for Maine to follow.
There has been action in the East as well. In November 2007,
Massachusetts created the “Advanced Biofuels Task Force” which published a
100-page report on the issue, with recommendations to the legislature and the
governor, by spring of 2008 (MABTF, 2008). These recommendations included
legislative changes that could be enacted, as well as standards and infrastructure
that would need to be in place to bring Massachusetts to the forefront of achieving
Low Carbon Fuel Standards statewide. In addition, the report outlined the
economic potential available in the field, what feedstocks were available for use
and a comparison of the life cycles of first and second generation biofuels
(MABTF, 2008).
In his 2008 state of the state address, Maine Governor John Baldacci
announced the formation of a wood to energy initiative. The hopes he expressed
were that “In this energy crisis, we will develop renewable sources of energy
made in Maine, by Maine businesses for Maine people” (Baldacci, 2008). His aim
is to decrease Maine’s dependence on fuel that is imported while simultaneously
increasing the use of wood for energy.
Further studies have been done on biomass feedstock supplies in
Mississippi (Perez-Verdin et al., 2007), and the Chesapeake Bay states (CBC,
2007) as well as Canadian biomass feedstocks (Wood and Layzell, 2003). The
Chesapeake Bay Commission also published a separate report discussing policy
implications (CBC, 2007). In the late 1990s and early 2000s, the Northeast
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Regional Biomass Program commissioned a series of reports from various local
consulting agencies on potential for ethanol in the 11 northeast states from
Maryland to Maine (NRBP, 1996; NRBP, 2001; Fallon and Breger, 2002; NRBP,
2003). Some of this is outdated now as technology has improved, but it provides
good overviews of the supply of woody biomass as well as what is necessary for
ethanol production in the region, including economic and environmental impacts,
policy recommendations and plant siting guidelines.
Table 2: State Government efforts to research or legislatively support ethanol
State

California
Oregon

California
and Oregon
California,
Oregon and
Washington

Programs and Research

Brief on Biomass and
Cellulosic Ethanol
Office of Energy - Oregon
Cellulose-Ethanol Study
Potential biomass and logs
from fire-hazard-reduction
treatments in Southwest
Oregon and Northern
California

* describes the use of forest waste for both fuel and
logging from fuel reduction treatments in northern
California and southwest Oregon
* proposing a “green freeway” consisting of
alternative fueling stations equipped to handle
vehicles ranging from electric to E85
* recommendations for legislative changes,
standards and infrastructure that could aid MA in
achieving Low Carbon Fuel Standards statewide
with biofuel
* outlines the economic potential available in the
field and what feedstocks are available for use

Green Energy Corridor

Mississippi

Advanced Biofuels Task
Force
Woody Biomass Feedstock
Supplies and Management
for Bioenergy in
Southwestern Mississippi

Chesapeake
Bay states

Chesapeake Bay
Commission

Northeast
States

Northeast Regional
Biomass Program

Mass.

Summary
* describes biomass and how and where it might be
used in the state for energy generation
* focuses on cellulosic ethanol, outlining the
benefits as well as the costs and challenges
associated with the process
* lists federal and state policies which encourage
the use of biomass for ethanol production
* discusses the feedstocks and the market potential
including an overview of good sites for refineries

* assessment of available biomass using forest
resources as feedstock within the state of
Mississippi, conducted by University of Mississippi
* reports published include "Biofuels and the Bay
Getting it Right to Benefit Farms, Forests and the
Chesapeake" and "Next Generation Biofuels Taking
the Policy Lead for the Nation"
* reports published include " An Ethanol Production
Guidebook for Northeastern States," "Securing a
Place for Biomass in the Northeast United States: A
Review of Renewable Energy and Related Policies"
and "Siting an Ethanol Plant in the Northeast"
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Next Steps
Suggestions on what may come next for the industry have appeared in
various articles. These lay the groundwork for what Maine could do in the coming
years and decades. The research discussed here presents a picture of the industry
moving forward – with some risk, but much potential as well. Griffin and Lave
see the US as having a “unique window of opportunity” (Griffin and Lave, 2006)
to support the development of cellulosic ethanol. They describe the state of corn
ethanol, and what we need to do to move beyond it – starting with increasing its
production in order to build up facilities that can be refitted for cellulosic ethanol
in due time and importing more ethanol from abroad (currently restricted due to
high sugar tariffs) (Griffin and Lave, 2006). Though they see energy crops as the
primary source of cellulosic ethanol in the future; land use requirements will be a
barrier that may be difficult to overcome without increasing fuel efficiency as
well.
DiPardo presents three different scenarios for midterm ethanol production
(DiPardo, 2002). He spends more time discussing the potential for forest residue
then Griffin and Lave did, but also sees their future role limited to small quantities
as limited by collection costs. The opportunity to use them as a feedstock in
conjunction with thinning for fire risk reduction is found to be more consequential
than any significant role in generating large quantities of ethanol.
Cassedy gives technological and economic assessments of the market
readiness for renewable energy, presenting a risky picture of the current and
short-term overall capacities, but he qualifies these statements with the idea that
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more public policies promoting renewable energy development would be a
significant accelerant to the process by increasing their overall market
competitiveness (Cassedy 2000).
Vinod Khosla is an entrepreneurial venture capitalist who has been
involved on the cutting edge of diverse tech fields, best evidenced by his role
founding computing giant Sun Microsystems in the 1980s. Recently, he has
turned his attention to biofuels, recognizing the field’s growth potential. Last year
he wrote an article entitled “Biofuels Trajectory to Success: The innovation
ecosystem at work” (Khosla, 2008). This article provides a broad overview for
the state of the industry at the time, including discussions of what start-up
companies are engaging in what kind of research on the various biofuels. The
article examines what feedstocks are available, describing current biofuels
compositions and discussing some of the work being done on more advanced
fuels. He ends it with an outline of potential scenarios for land use in the future as
the biofuels industry expands in the coming decade, driven as he states “by the
innovation ecosystem” in America.
Many studies (Mitchell, 2006; Larson et al., 2006; van Heiningen, 2006)
have examined whether it would be economically better to invest in a stand-alone
biofuel refinery or to add the capacity to current pulp and paper mills to generate
biofuels, in addition to the pulp and paper they already make with forest products.
Two of these studies (Mitchell, 2006; Larson, 2006) argued that the best return on
investment is the latter option – that of “co-locating a biorefinery at an already
existing Kraft pulp mill, even with necessary conversion costs.” (Larson et al.,
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2006). Maine has one recently closed and 11 currently operating pulp and paper
mills, one of which, discussed earlier, is already in the process of converting to a
biorefinery. These will be examined in the next chapter to see what their potential
could be for increasing the quantity of ethanol generated in Maine.

Evaluation Tools
Two powerful tools that can be used for evaluating the resource
availability are GIS and Remote Sensing. One way to describe GIS is as “a
technological tool for comprehending geography and making intelligent
decisions.” (ESRI, 2009). This ability to sort through and legibly display large
quantities of spatial and tabular data makes it a valuable analytical tool when
examining the forest resources available to Maine’s paper mills for the production
of ethanol. Remote Sensing, whether the imagery comes from satellite or aerial
platforms, also can provide valuable information on land cover whether used
independently or in conjunction with GIS.
Geographic Information Systems (GIS)
The FBRI (mentioned in Chapter 1), in conjunction with the University of
Maine, has produced a wealth of research on the potential for ethanol. One such
study conducted last summer compares different processes that can be used in
refineries to produce ethanol, specifically focusing on the ability of pulp mills that
use the common Kraft process, mentioned above, for pulp extraction to produce
cellulosic ethanol as a coproduct (Dickerson & Rubin, 2008). They touch on
proximity to wood resources and transportation costs towards the end, but use a
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simple GIS buffer to determine where these resources may be located in
proximity to the mills already producing paper pulp in Maine. The assessment
conducted for this thesis uses a more in depth method and will compare the results
to this as well as the following similar studies, discussed below.
In West Virginia, forest researchers conducted a more in-depth
examination of saw mill proximity to forest resources in the state (Harouff et al.,
2008). Instead of the standard 60 mile straight line buffer, they used a more
sophisticated network analysis tool to determine 30 minute drive time buffers
from each of the saw mills in the state. They also took into account certain areas
where bridges or slope may not be able to sustain the heavy truck traffic resulting
from harvesting wood. This study just looked at saw mills, which are different
then paper mills, and was not interested in the relation to harvesting for ethanol.
They successfully mapped out regions in the state that were underserved by saw
mills; however, the Forest Inventory and Analysis (FIA) data they used from the
USFS was only available summarized and presented at the county scale. Future
studies in the region, the report suggests, should use a “more robust classification
scheme” (Harouff et al., 2008). Another issue they point out is the likely artificial
suppression of values near state borders, as travel times to resource locations in
neighboring states is not considered.
GIS was the focus of a study conducted in Tennessee (Downing et al.,
1995). These researchers used a system called BRAVO which assessed the
marginal cost of wood chips based on road network maps and maps of farmgate
prices and supplies of wood chips from energy crops grown on Short Rotation
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Woody Crop (SRWC) Plantations. In this study farmgate price refers to “the
wood price needed to induce a farmer to grow SRWC plantations ($/Mg).” This
does not include any additional costs such as shipping, handling, storage or profit
for other companies in the supply chain. While their study was successful, they
noted some drawbacks to their method as it used aggregate pricing and uniform
transportation costs as inputs. Siting a biomass processing facility in this fashion
can be misleading and result in missed opportunities or an overestimation of
available supply (Downing et al., 1995). This study is slightly different from the
focus of this thesis as they were more interested in using wood chips from crops
and not forest residue, but the principles are the same.
Remote Sensing
Remote Sensing has been an important tool for planners since the first
earth observing satellites were launched in the 70s. There are many applications
for these satellite and aerial images, with terabytes of data available – and more
streaming in every day. The value is certainly recognized in the field, as
evidenced, for example, by an entire issue of the journal Progress in Planning
being devoted to the subject in 2002. Using remote sensing interpretation
techniques coupled with GIS’s spatial analysis capabilities gives planners a
formidable toolbox in any attempt to assess local resources; of particular interest
to this thesis is the ability to monitor and map forest cover change of all types.
Methods for this analysis have become more sophisticated since the
1970s, coincident with an increase in pressure on dwindling forest resources.
Domestic and international forest protection goals today include protecting forest
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biodiversity, reducing carbon emissions and encouraging sustainable forest
management practices (Potapov et al., 2008). The Potapov et al. article outlines
the techniques used most recently to map large intact forest landscapes (IFL) and
is intended to encourage international and regional strategic partnerships to
protect these resources, the ecological services of which often benefit the global
community and not merely the forest host country. Of significance to this
analysis is their discussion of the issues in assessing burned regions and locating
these IFLs in Maine that should be excluded from harvesting. While many of
their methods are more sophisticated than that intended for use here, and on a
broader scale, the applications presented for assessing and protecting Maine’s
large intact northern forests should not be overlooked in future research.

Conclusion
Cellulosic ethanol may have a role to play in America’s energy future.
Governments, both on the state and federal level, are increasing their support for
renewable energy in general, and ethanol in particular in some cases. Though the
utility of the final product itself is not debated, the feedstocks, methods and
processes to generate it can be widely varying and each come with individual
positives and negatives. Using forest waste as a feedstock, where available, is
generally considered more environmentally friendly than corn, though the
quantity of ethanol derived is significantly less and the processes more expensive.
In different regions, different feedstocks make more sense. There are far more
corn farmers in the Midwest than in Maine. Maine, well known for her forests, is
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well placed to – and is in the process of – further research and demonstrate the
best practices for harvesting and processing forest waste for ethanol. A
conversion of the Kraft process in use at paper mills throughout the state has been
shown to be effective in generating the fuel. Being involved in the paper
business, these locations are already in close proximity to the necessary forest
resources. However, forest waste does not only come from companies logging for
paper, but also from government and private efforts to protect homes from fire
through thinning and creating fire breaks in the Wildland Urban Interface (WUI).
In the first steps of going forward with ethanol generation in Maine, the location
of forests and WUI regions needs to be assessed to determine where maximum
effective harvesting may take place in closest proximity to the mills in operation
already.
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Chapter 2: Methodology
The goal of this research is to determine where and how in Maine it will
be feasible to support the growth of the cellulosic ethanol industry. Over the next
several years to decades there will be many stages of this development, and the
first steps are already being taken at the Old Town mill by Red Shield
Environmental (”Forest Bioproducts Research Institute,” 2009). Research has
shown that it is more cost effective to co-locate a biorefinery at an existing pulp
and paper mill that uses the Kraft process. (Mitchell, 2006; Larson, 2006). This
conversion is being done at the Old Town mill – and could be done at any of the
11 other mills located throughout the state. Which of these other mills would be
the best candidate(s) for conversion? Knowing this could help guide grant money
from public or private institutions or encourage the owners and operators to
undertake the necessary investments to add ethanol generating capacity. The
spatial analysis performed for this thesis focused on the quantity of forest
resources within reach of each facility, as well as the amount of land considered
to be in the Wildland Urban Interface in order to determine where the inputs could
come from and where opportunities exist to couple harvesting with efforts to thin
fuel loads for fire management.

Data Collection Methods
In order to conduct the analysis, spatial data was created or gathered from
a variety of public and private sources. ESRI’s ArcGIS 9.3 software package was
used to organize, manipulate and display this data.
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Population Density
The assessment of population density was performed to assess where the
potential customers are for ethanol. The starting point for creating the population
density raster file (displayed above) was a point file provided ESRI based on US
Census data. The points in this file represent the centroids of census blocks, and
contain the information of those blocks, including population levels per block.
The spatial analyst extension provided by ArcGIS was then used to create a
density surface representing estimates of population density within each cell, in
this case set to six square miles.
Maine Paper Mills
Paper mills that use the Kraft process for their paper making already create
waste that could be a useful input for cellulosic ethanol (Larson et al., 2006). One
mill in Old Town, ME is already working on adding capacity to enable them to
potentially turn out two to five million gallons a year (”Forest Bioproducts
Research Institute,” 2009; Boston Globe, August 18, 2008). Thus, these mills
represent a potential source of cellulosic ethanol in Maine. The Dickerson &
Rubin study identified 11 mills in Maine that use this method. Further research
(”Maine Pulp and Paper Association”, 2009) turned up two more. These thirteen
mills form the basis for an analysis of where in Maine current harvesting is
happening and where gaps exist.
A GIS shapefile for Maine’s paper mills was created using the addresses
of members of the Maine Pulp & Paper Association. These addresses were
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inputted into Google Earth where the exact location of each mill could be
determined (addresses of large facilities can be misleading). The latitude and
longitude of each facility was noted and a shapefile created using the “Add X-Y
data…” function from the toolbar.
Road Centerline Data
The US Census Bureau provides files with geographic and cartographic
information from their MAF/TIGER® (Master Address File / Topologically
Integrated Geographic Encoding and Referencing) database which are provided in
shapefile format. They are commonly referred to as Tiger/line files. For Maine,
this data came by county. Road centerlines were then extracted (separated from
the hydrography, railroad and other various boundary lines included) and merged
to form one statewide road centerline file for Maine. Maine’s GIS website
(MEGIS) also has road datasets provided by the Department of Transportation.
This MEDOT data was not used as it focuses more on higher level roads and
many back country or logging roads represented in the Tiger/line data did not
appear here. A more complete rural road shapefile is being developed in Maine
as part of the state’s 911 emergency response program, but it is currently
incomplete in most of the north woods and other scattered, less developed
townships. 2 The final statewide TIGER/Line street shapefile was then converted
to an ArcGIS network file so it could be used by the network analyst extension in
creating more accurate buffers, discussed below.

2

Maine has a system of unincorporated towns known as TRs (Townships and Ranges) that are
identified only by the number associated with their location in a rough grid. Data for these
sometimes uninhabited regions is often hard to come by, but was included in the Tiger/line data
files.
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Buffering
Wood must be moved from the forest to
the refinery before it is processed into
the final product, whether ethanol or
paper. This creates a zone of economic
limitation surrounding each mill. Forest
workers must transport the wood a
certain distance – the longer that
distance, the more expensive the process
becomes. In the Dickerson & Rubin
study they claimed 60 miles was the
benchmark in Maine for these paper
mills (Dickerson & Rubin, 2008). The

Fig 3: 60 Mile Buffering Techniques Cartographer:
William Smith; Data Sources: MEGIS, Dickerson & Rubin,

West Virginia study on the other hand,

2008, Maine Pulp and Paper, US Census Bureau Tiger/line

used a 30-minute drive time buffer (Harouff et al., 2008), but they also dealt with
many more mills throughout the state and did not focus on Kraft mills alone. This
research will use the distance of 60 miles based on the former since it was more
similar, involving paper mills in Maine. However, their methodology used
straight line buffers. This fails to account for variations in actual accessibility
provided by street networks. The assessment in this research will therefore assess
resources located within 60 miles of paper mills, as reachable by connected roads.
The difference between the two methods is not negligible. This diagram
demonstrates the area that would be included in straight line buffers, that is not
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actually accessible in such a short distance. A numerical breakdown of the
percentage of each county that may be covered by any particular paper mill is
provided in Table 3 below. This shows a total reduction by 16% of truly
accessible land area. The coverage in some counties (100% in several cases that
find themselves close to one or more mills) does not change, but less inhabited
counties, such as Piscataquis and Aroostook are overrepresented by as much as a
third through the straight line method.
Table 3: Comparison of Straight Line and Street Network Buffering techniques
County
Androscoggin
Aroostook
Cumberland
Franklin
Hancock
Kennebec
Knox
Lincoln
Oxford
Penobscot
Piscataquis
Sagadahoc
Somerset
Waldo
Washington
York
TOTAL

Area
(Sq Mi)
497
6823
919
1743
1691
950
376
477
2175
3554
4375
256
4091
852
2755
1012
32546

Straight Line
(% total area)
100
83
100
96
100
100
100
100
100
100
88
100
65
100
100
100
90

Street Network
(% total area)
100
48
100
83
99
100
87
87
92
94
61
100
47
100
97
100
74

Percentage
Difference
0
-35
0
-13
-1
0
-13
-13
-8
-6
-27
0
-18
0
-3
0
-16

Wildland-Urban Interface
The Wildland-Urban Interface (WUI) is the region where housing meets
vegetation. These regions are often the most at risk for damage from wildfires.
Thinning at the WUI is often one of the top priorities for fire management
professionals, whether through prescribed burning or mechanical treatments. No
matter the means, the end goal has traditionally been to reduce the build up of
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vegetation in these regions. By coupling this thinning with the possibility of
selling the forest waste to a refinery, the amount of area that can be thinned – and
the risk of damage – can be reduced further.
Recently, the continental United States was comprehensively mapped by
researchers at the University of Wisconsin-Madison (Radeloff et al., 2005). They
used census blocks as the smallest unit mapped, and combined land cover data

Figure 4: WUI by County. Cartographer: William Smith; Data Sources: MEGIS, Radeloff et al., 2005
Figure 5: Wildland Urban Interface. Cartographer: William Smith; Data Sources: MEGIS, Radeloff et al., 2005, US
Census Bureau Tiger/line
3

with housing density reports to determine where the interface and intermix is
located. This dataset came with several categories such as high density interface
or medium density intermix. Whatever the associated density, anything that is an

3

“Intermix WUI are areas where housing and vegetation intermingle; interface WUI are areas
with housing in the vicinity of contiguous wildland vegetation” (Radeloff et al., 2005). The
interface zone extends a mile and a half into urban areas from the forest’s edge since that has been
the distance determined by the California Fire Alliance (2001) that firebrands can be carried from
a wildland fire to the roof of a house.
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intermix or interface is considered the WUI (Radeloff et al., 2005). Thus, these
areas are the ones of interest to this study.
Following the pattern of population density displayed above, much of the
WUI falls in the more heavily populated southwestern regions of the state. The
above graphics display the Radeloff data (Figures 4 and 5), first in density of
WUI area by county and second in their raw form. The second graphic also
includes an overlay of the buffer representing area within 60 miles by road from
any one of the 13 paper mills in Maine. Much of these WUI regions are thus
already within the harvesting range of these facilities, with the largest exception
being a section in the central eastern portion of Aroostook county.
Forest Resources (Land Cover)
The Land Cover dataset used in this analysis has been assembled by the
Maine Office of GIS (MEGIS) using three seasons of Landsat data provided by
USGS from 1999-2001 and updated with higher spatial resolution SPOT data
from 2004. The image analysis used to produce this map included supervised
classification and spatial modeling. This Landsat data, which included leaf-off as
well as leaf-on data, enabled the analysts to more accurately discriminate between
various tree species and wetland boundaries (Maine Office of GIS, 2009).
There are several categories of interest to this thesis. Deciduous Forest,
Evergreen Forest, and Mixed Forest make up the current forest cover features.
However, land that has been harvested, either partially or in full and including
land that is currently viewed as forest regeneration represent areas of future forest
resources as these areas grow back. Considering that wide spread harvesting for
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cellulosic ethanol is still several years away, it is feasible that some of these lands
will be back in circulation by that time. Thus they were included and classified as
“Forest Resources.”
The dataset for Maine’s Land Cover (MELCD) is provided on the MEGIS
website as raster data. To perform an analysis, the zonal statistics function of the
Network Analyst tool was used to calculate areas of the raster data identified as
one of the various types of forest resource within each buffer bubble.
Subsequently, the raster data set was converted to a vector polygon dataset using
the Spatial Analyst extension. The data was then reclassified to binary values,
representing either current forest cover features (including those harvested areas
that may be future resource areas) or non forest resource areas (all other values).
Similar to the WUI graphics above, the graphics below (Figures 6 and 7) display
forest resources in Maine, first in density of area by county and second in their
raw form. The second graphic also includes an overlay of the buffer representing
the area within 60 miles by road from any one of the 13 paper mills in Maine.
Much of the heavier forestation occurs inland, and away from population centers
of the southwest, as expected. The lower density in Aroostook County is a result
of the swaths of farmland on its eastern borders. As Maine is the most heavily
forested state in the nation (Smith et al., 2004) it is not surprising to see the nearly
continuous nature of the green in the latter graphic, with gaps mostly found only
in a few large population centers, lakes and agricultural regions.
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Fig 6: Forest Resources by County. Cartographer: William Smith. Data Sources: MEGIS, USGS Landsat, US Census
Bureau Tiger/line
Fig 7: Forest Resources. Cartographer: William Smith. Data Sources: MEGIS, USGS Landsat US Census Bureau
Tiger/line

Data Limitations
There are limitations to the data gathered for the analysis. Since it is only
based on imagery intended for classifying land cover types statewide, the Land
Cover dataset does not contain information tailored to wood harvesting. The
collection of that information would add significant cost to any assessment as it
would involve more in-depth ground truthing. Ground work is outside the scope
of this thesis, but could include such information as “species names of all plants
in a plot (includes place of origin in case of exotics), mortality due to stresses
(fire, insects, diseases), total above ground-biomass including coarse and fine
woody debris, and current (5-year) volume growth based on periodic
remeasurements” (Wulder et al. 2004). It is likely that the individual mills, as
they already operate in the wood processing business, have a better idea of what
43

resources are available to them in their regions of influence. This forest data is
not meant to replace that; rather it is presented as a method of comparing between
the different regions of influence of each mill
Another factor introducing error into this analysis is the road data used in
creating the 60-mile buffer by road. Tiger/line data originates from the US
Census bureau, but this data is based on 1;100,000 scale paper maps. Maps at this
scale are held to the federal standard of 166.67 feet minimum accuracy. This is a
minimum and in some cases error for the location of the road lines can be up to as
much as 300 or more feet. However, while it may cause issue for smaller area
analysis, this level of error was deemed negligible when creating 60 mile radius
buffers. In future analysis, when Maine has completed their E911 road shapefile
project, that data would be a better dataset to use.

Data Analysis
After gathering and processing the data, the next step was to determine the
quantity of forest resources and WUI regions within the 60 mile road buffer of
each paper mill in Maine identified as using the Kraft process. Creating the 60
mile buffer was accomplished by first creating a network file out of the Tiger/line
files and then using the Network Analyst feature to generate the 60-mile buffer
shells around each of the mills. These buffer shells were merged to create another
shapefile displaying all areas of Maine within range of the mills (Fig 3, above) in
order to compare it to the 60 mile straight line technique. As discussed above,
significant differences appeared.
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A new WUI file was made
using the WUI file from Radeloff et al.
(2005). The new file contained binary
figures 1 and 0 where 1 represented the
merger of all categories of WUI
(intermix and interface regions) and 0
represented the non WUI regions.
Similarly, a new forest cover file was
generated with the same 1/0 system
where 1 represented areas of forest
resource as defined above and 0

Fig 8: Red Shield Environmental. Cartographer William Smith;
Data Sources: MEGIS, Landsat USGS, Radeloff et al.(2005),

represented non forest resource

Dickerson and Rubin (2008), US Census Bureau Tiger/line

Thus, for each 60 mile buffer region associated with the different mills,
the WUI and Forest Resource shapefiles were clipped and displayed with red as
WUI region and green as Forest Resource. An example is displayed below in
Figure 9 for the buffer area surrounding the Red Shield plant in Old Town, ME.
The remainder of the maps are displayed and analyzed in the following chapter.
Once clipped, the total area of WUI and Forest Resources could be quantified
within each mill’s area of influence to determine how many square miles of each
were within reach of the processing facilities. In addition to reclassifying and
clipping the vector image for display purposes, the zonal statistics feature in the
Network Analyst tool was used to calculate how much of the Forest Resource
area of the original raster image fell within each buffer bubble. These findings
are discussed and compared in the next chapter.
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Chapter 3: Results
The goal of this thesis is to identify where and how to support the
development of cellulosic ethanol. The first steps are being taken by the
partnership between UMaine’s FBRI and Red Shield Environmental at the Old
Town Pulp Mill site. The next step is to increase the number of mills in Maine
that convert from producing just paper to both paper and ethanol as outputs of
their wood processing. Finally, if cellulosic ethanol production does increase, it
will be important to determine where a good location would be for establishing
stand alone facilities. Siting these biorefineries is only one part of the problem,
however. It must be determined what role public and private institutions may
have in the process, as well as what policies exist or could exist that would
facilitate the industry’s growth.
If only a few of these other mills make the conversion, which should be
first? What resources are available for them? This research looked at the quantity
of forest resources within the 60 mile street network buffer for each mill using
remotely sensed land cover data. Besides comparing access to forest regions in
the state, the analysis also looked at the quantity of WUI within each region of
influence for the mills. Some of the literature discusses the benefits of using
forest waste generated by thinning for fire management as an important potential
input for cellulosic ethanol (Griffin and Lave, 2006; DiPardo, 2002). This could
bring an increase in revenue for fire prevention efforts as well as generating
nearly carbon neutral fuel from a local source.
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The following maps illustrate the differences between forest cover and
WUI areas for the various regions of influence surrounding each mill (the closed
Katahdin Paper Company in East Millinocket is not represented since it is located
within a few miles of the Katahdin Paper Company Mill in Millinocket and their
regions are nearly identical).
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Fig 9: Androscoggin Mill
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Fig 10: Bucksport Mill
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Fig 11: Fraser paper
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Fig 12: Katahdin Paper Company
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Fig 13: Lincoln Paper
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Fig 14: Madison Paper
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Fig 15: Otis Mill
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Fig 16: Red Shield Environmental
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Fig 17: Rumford Paper Mill
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Fig 18: Somerset Operations
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Fig 19: Woodland Mill
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Fig 20: Westbrook Operations
For Figures 9 - 20:Cartographer:William Smith; Data Sources: MEGIS, Landsat USGS,
Radeloff et al.(2005), Dickerson and Rubin (2008), US Census Bureau Tiger/line
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Mill Comparisons
The following charts display both total area (in square miles) covered by
either identified forest resources or WUI within each mill’s region of influence as
well as the percent of the total area represented. Higher forest cover represents an
area with good potential resource availability and higher WUI represents an area
with good potential for combining harvesting costs with fire management costs,
thus the best regions for consideration are those with high levels of both.
Table 4: WUI area within 60 miles of each mill, in descending order by highest
total WUI area
Mill
Somerset Operations
Otis Mill
Androscoggin Mill
Westbrook Operations
Madison Paper
Bucksport Mill
Rumford Paper Mill
Red Shield Environmental
Lincoln Paper and Tissue LLC
Katahdin Paper Company
Katahdin Paper Company
CLOSED
Woodland Mill
Fraser Paper
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Total Area
(Sq Mi)
6891
6725
6292
4859
7130
5779
5228
6431
5839
6059

WUI
%
54.4
55.5
53.5
63.5
43.2
47.3
43.4
33
18
8

WUI Area
(Sq Mi)
3749
3734
3364
3087
3078
2732
2269
2119
1048
482

5562
3442
2187

6.8
7.3
7.4

377
250
162

Table 5: Forest Resource areas within 60 miles of each mill, in descending order
by highest total Forest Resource area
Mill
Somerset Operations
Androscoggin Mill
Madison Paper
Red Shield Environmental
Otis Mill
Katahdin Paper Company
Lincoln Paper and Tissue LLC
Rumford Paper Mill
Bucksport Mill
Katahdin Paper Company
CLOSED
Westbrook Operations
Woodland Mill
Fraser Paper

Total Area
(Sq Mi)
6891
6292
7130
6431
6725
6059
5839
5228
5779

Forest
Cover %
85.5
93.4
80.5
79.7
73
79.7
77.8
83.6
71.2

FR Area
(Sq Mi)
5890
5875
5738
5122
4910
4826
4540
4371
4114

5562
4859
3442
2187

73.6
70.1
74.2
68.6

4095
3404
2555
1500

This data reveals some overlap between areas with high forest resources
and high WUI coverage. Two methods of analysis turn up similar results. Table
6 below displays aggregate ranking for each mill. This was derived by ordering
the 13 mills by percentage of WUI and percentage of forest resources, then
combining the rankings. For example, Androscoggin Mill has the highest
percentage of forest coverage area and the fourth highest quantity of WUI area,
thus resulting in an aggregate rank of 5. This represents a fine balance between
rural and urban areas within 60 miles of the mill. Westbrook Operations
demonstrates a site with no such balance. It ranks at second to last for total forest
resources and at the top of WUI coverage. This mill is located in the southeastern
part of the state where the heaviest population is. Thus, though there might be
good opportunities to combine thinning efforts in the WUI, and good markets for
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the ethanol once it is produced, there are less available forest regions to harvest
from.
Table 6: Aggregate ranking of combined FR and WUI area, ordered
Mill
Somerset Operations
Androscoggin Mill
Rumford Paper Mill
Madison Paper
Otis Mill
Westbrook Operations
Red Shield Environmental
Katahdin Paper Company
Bucksport Mill
Lincoln Paper and Tissue LLC
Woodland Mill
Katahdin Paper Company
CLOSED
Fraser Paper

Rank
FR %
2
1
3
4
10
12
6
5
11
7
8

Rank
WUI %
3
4
6
7
2
1
8
10
5
9
12

Aggregate
Ranking Order
1
1
3
4
5
6
7
8
9
9
11

9
13

13
11

12
13

Another way to look at the data is to examine not percentages but total
area. The percentages method can be misleading when some of the regions are
significantly smaller than others. That size limitation has already been imposed
by the road system in place (and also by the state borders which is an unfortunate
drawback noted in the West Virginia study as well as this one). The data
displayed below reorders the mills with that method, though with the same four of
the top five. The data was ranked by total area (displayed) and then the total area
of forest resources and WUI was combined to produce the Aggregate Area
measurement, which is what the mills are ordered on in descending order from
greatest total area of both to least.
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Table 7: Aggregate Area of FR and WUI areas combined, ordered
Mill
Somerset Operations
Androscoggin Mill
Madison Paper
Otis Mill
Red Shield Environmental
Bucksport Mill
Rumford Paper Mill
Westbrook Operations
Lincoln Paper and Tissue LLC
Katahdin Paper Company
Katahdin Paper Company
CLOSED
Woodland Mill
Fraser Paper

FR area
rank
1
2
3
5
4
9
8
11
7
6

WUI area
rank
1
3
5
2
8
6
7
4
9
10

Aggregate
Area (Sq Mi)
9639
9239
8816
8644
7242
6846
6639
6491
5588
5309

10
12
13

11
12
13

4471
2805
1662

The company that is currently engaging in efforts to convert to ethanol
production, Red Shield Environmental, comes out in the middle of the pack when
looking at percentages, but moves up slightly to fifth when total area is
considered. If they believe they will be successful in producing two to five
million gallons a year once conversion is complete in 2010, those with higher
levels of forest resources to harvest from and/or WUI regions to partner with may
also find similar success. Somerset Operations, Androscoggin Mill, Madison
Paper and Otis Mill all appear in the top five with both methods of analysis.
Production capacity of these mills is also an issue. Though they all
produce the same product, they aren’t all at the same level. Data was not
available for their actual annual paper production levels, but according to industry
research, there are differences in facility size and number of employees signifying
a range of outputs. The Millinocket Katahdin Mill and the Madison Mill are both
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smaller than the rest in square footage. Table 8 denotes the differences in
employee counts for the various mills in this study. Of the four top mills
mentioned above, Androscoggin and Somerset are still in the top four in size,
whereas Otis and Madison find themselves toward the bottom. The difference in
their relative sizes may affect their potential as effective ethanol production
facilities as some smaller ones may not find the upfront conversion costs to be
worth the investment based on potential output.
Table 8: Maine’s Paper Mill Employee counts (“Reference USA,” 2009)
Mill
Androscoggin Mill
Rumford Paper Mill
Bucksport Mill
Somerset Operations
Fraser Paper
Woodland Mill
Westbrook Operations
Katahdin Paper Company
Lincoln Paper & Tissue Llc.
Otis Mill
Katahdin Paper Company
Madison Paper Industries

Employees
1200
1100
1051
1000
825
500
491
425
350
247
19
3

Additionally, some of them have been facing economic troubles lately.
The East Millinocket Katahdin Mill closed down for the month of April, laying
off three quarters of their employees on a temporary furlough (Bangor Daily
News, April 02, 2009). The Millinocket Katahdin Mill has been idling since
September (Bangor Daily News, April 02, 2009), only maintaining a skeleton
staff, but will be operational again soon. Finally, the Madison Mill has been in
decline and is currently not producing paper. In all cases, the facility is still
present and could be restarted to become a dual production facility of paper and
ethanol if the economic climate was right.
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Overlap may also need to be taken

into account. Red Shield is based outside of Bangor in the central region of the
state. All four of those mentioned above as top contenders are located farther
south and west. This explains why they have such good access to both forest
resource and WUI areas. They have located themselves at the northern edges of
the thickest settlements which still gives them range to reach into the less settled
regions of the two most heavily forested counties in the state: Oxford and
Franklin. Otis Mill and Androscoggin Mills regions are almost identical. Thus
there is greater competition for resources between them then between either of
them and Red Shield, for example. This may have to be taken into consideration
when determining the economics of investing in converting.
This analysis also assumes that the proximity of WUI regions and FR
areas are equally important. The tables above were not weighted to favor one
over the other. This assumption is made since having a good quantity of forests
nearby is important to paper pulp production and the research has shown that
coupling WUI thinning efforts with ethanol production may be the best use of
forest waste for ethanol. Any weighting of the table would lead to slightly
different conclusions. This would have the most noticeable effect if proximity of
WUI regions took priority over FR regions. In that case, the locations of Otis
Mill and Westbrook Operations would seem to have more potential than is
suggested in the current study. However, without further information on which is
more important to consider the current assumption will stand. Perhaps after Red
Shield’s conversion is complete, some data can be gathered on how much local
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forest managers actually couple their fire management thinning efforts with
ethanol production and weighting of the rankings could be considered.

Limitations
By both percentage of WUI and FR area, and by total area of WUI and FR
available near their mills, Somerset Operations, Androscoggin Mill, Madison
Paper and Otis Mill consistently rank in the top tier in this assessment. This
information can be used by owners of those saw mills to realize they may have
access to a profitable business in addition to the pulp they already generate. It can
also be used by granting institutions or the government to see where dollars
should be invested to generate the best return for cellulosic ethanol. The
information generated here is only a portion of the research to be done on this
subject. There are a few limitations this study encountered which leads to the
suggestion of potential alternative methods that could be used, as well as places
where future research may be necessary.
This research was restricted to state wide data and thus did not examine
potentially accessible land across the border in Canada or New Hampshire. Most
of the mills examined were well inland and thus not affected, but those near state
borders generated a potentially misleading 60 mile buffer that may be prematurely
cut even if there is forest resource and WUI area accessible across the border.
This was also mentioned by Harouff et al. (2008) in regards to their West Virginia
study. Maine’s issue is complicated further by the presence of the international
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border that is not found in West Virginia as there may be issues of international
commerce if wood is harvested in one country and processed in another.
Additionally, the method of assessing forest cover was dependent on land
cover only. This only gives information on the type of forest resource available in
a given area. There is no statewide dataset detailing the size (as typically
measured in DBH – diameter at breast height) or quality of the forest resources in
question. Thus, the acreage of biomass in an area can be determined, but not
whether it is actually a feasible location for harvesting. The dataset used did
identify regions that had been harvested previously, which gives an indication of
regions that are practical to harvest in, but that does not apply to other regions
labeled solely by tree category present.
The Dickerson and Rubin (2008) study examined how much of Maine’s
forest resources were within a 60-mile radius of each paper mill. However, this
does not take into consideration the road system, or the lack thereof, in parts of
rural Maine. The Harouff et al. (2008) study used network analysis to better
estimate the forest products that were within a reasonable distance from saw mills
in the state of West Virginia. The method they used measured 30 minute drive
times based on recorded speed limits. However, the road centerline data used in
this thesis’ analysis came from the US Census Bureau which did not include
complete data for speed limits for much of Maine’s rural roads. There are street
shapefiles that do contain this information but these were found to have less road
coverage. Thus an alternative method for this analysis could have been an
examination of drive time rather than pure distance on these roads.
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Potential for Future Research
These limitations lead to possible future studies. To deal with the problem
of only knowing quantity and not quality can be resolved with on-the-ground
assessments, referred to as ground truthing. Ground truthing was performed on
the land cover dataset, but only to determine if their classification was accurate.
A separate classification could be created assessing the harvestability of each
region rather than just the coverage type.
Most incorporated towns in Maine have zoning ordinances within their
borders. Using a dataset incorporating this information could also give a better
idea as to where harvesting is legal. Areas that have been labeled by this study as
potential forest resources may in fact be private or state land off limits to
harvesting. Taking these no-harvest zones into account would create a more
accurate assessment of actually harvestable forest resources within each 60 mile
buffer rings. However, acquiring and assembling such a dataset would be time
consuming and costly since there are still some towns that do not or cannot
maintain up-to-date GIS data. Additionally the many unincorporated townships
in Maine have their own regulations as overseen by Maine’s Land Use Regulation
Commission (LURC), which would have to be assessed separately.
If cellulosic ethanol becomes a profitable industry in Maine, there is
potential for an increase in harvesting beyond what is ecologically or
environmentally responsible. This may make a rigorous program of forest
monitoring necessary. There are many methods to accomplish this, and remote
sensing can play a large role. There is a range of sensors and methods available
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for measuring forest canopy cover over large areas (Franklin and Wulder, 2002).
The science of forest monitoring through remote sensing has advanced
significantly from the first satellite. However, the availability of methodologies
and technologies will not matter if these are not accompanied by a capable
monitoring organization: “the true success of remote sensing will come when the
results of research are transferred to organizations that have the power to use this
information in deciding policy with which to sustainably manage and use the
Earth’s forest resources” (Boyd and Danson, 2005). It remains to be seen whether
demand will increase enough that such an organization will be necessary to
monitor Maine’s use of forests for ethanol.
Gradually phasing in the currently operating mills as suggested here could
provide the initial inertia for the industry to develop further. Analysis to find
potential locations for future stand alone refineries could be conducted to
determine where gaps exist in coverage within the state and which regions would
benefit the most from the presence of these facilities.
Due to centuries of heavy logging, even Maine’s remote North Woods do
not qualify as an Intact Forest Landscape (IFL as discussed above and represented
as green on the map below) according to recent research (Potapov et al., 2008).
However, almost the entire state does represent valuable forested land outside the
IFLs (yellow) and certainly merits some level of protection in order to protect
forest biodiversity, reduce carbon emissions and encourage sustainable forest
management practices (Potapov et al., 2008). Placing an ethanol refinery in the
heart of the more remote forested areas not only do not make sense economically
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being too far from significant markets, but also may lead to unnecessary logging
which may be ecologically damaging.

Fig 21: Global Intact Forest Landscapes (IFLs – Green) and valuable forested land outside the IFLs (yellow); Data
Source: Potapov et al. 2008
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Chapter 4: Conclusion
This thesis examined where and how Maine may be able to support the
growth of the cellulosic ethanol industry. There are many feedstocks that can be
used to generate this fuel, but Maine’s strength is her extensive forestlands.
Research revealed ways in which the coupling of wood harvesting and ethanol
production may be combined by converting current paper mills that use a specific
pulp to paper process, known as the Kraft process, into paper and ethanol
generating facilities. Not only is it possible, but one such facility in Maine is
currently undergoing this conversion and will be operational as a demonstration
facility within two years. Providing that this system does prove as effective and
profitable as research suggests, the question remained as to what other facilities
existed – and what resources they had access to – that could be next in line for
such a conversion.
It was demonstrated that GIS and Remote Sensing can play an important
role as tools for evaluating where and how to establish these refineries. Several
other Kraft paper mills are in operation in Maine, scattered throughout the state.
Which one(s) had the best potential based on geographic proximity of resource
availability? This question looked beyond just the forest cover available and also
sought to tie harvesting to fire management efforts. Mills that were near heavily
forested areas, as well as regions known as the Wildland Urban Interface – where
most fire management efforts are focused – scored highly in the analysis as the
harvesting occurring here could be coupled with forest thinning to minimize costs
of that thinning and the transport of the wood waste to the facility.
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Several mills using this Kraft process were found to be near ample forest
resources and WUI regions. These are Somerset Operations, Androscoggin Mill,
Madison Paper and Otis Mill. If the Red Shield efforts to generate ethanol in Old
Town, ME are shown to be a successful, profitable venture and these other mills
follow their example, the cellulosic ethanol industry will be on firm footing in the
northeast. Thus, Maine can facilitate local growth of the cellulosic ethanol
industry by sustainably using her extensive forest resources as a feedstock. They
can, and should, do this as quickly as possible. However, it may take more than
the acknowledgement of its potential. This thesis merely shows where cellulosic
ethanol may begin to grow in Maine, and discusses some of the friendly policies
in the state and at the federal level, many already in place, that can help the
industry further. However, the limitations discussed, and the variety of further
research proposed, emphasize that this work is just a beginning. The results
delineate which mills would be the best to convert next, but any of the mills may
find it profitable to make the conversion if the right economic climate exists for
ethanol. Looking at it from the other side, in the wrong economic climate, or with
lack of demand for the ethanol product, then no matter how many forest resources
are available or WUI regions exist nearby to coordinate with, none of these mills
might find it profitable. This is just laying out the first few steps; more
investigation into the economics and ecological impacts need to be conducted to
ensure viability. The implication of this research is that the resource potential is
there – it remains to be seen if theory will become practice.

72

The world today increasingly acknowledges climate change, has a higher
awareness of international interdependency and faces depleting supplies of fossil
fuels originating from distant, increasingly conflict-ridden corners of the globe.
In this environment, an interest and a need is arising in America for new sources
of cleaner, renewable energy to replace the old, dwindling, dirty forms. This
transition will not occur on its own. A change from a hundred year-old tested,
entrenched system will require widespread support both politically and
economically. Most importantly, it will require policy makers to innovate – and
politicians to adopt - clear and effective solutions both for the short term and the
long term. Lessons of already successful policies from various countries should
be put to use globally, and not only on an isolated case-by-case basis. New
solutions should be tested and disseminated to work out the best path to a
renewable future. Patton and Sawicki (1993) devote an entire chapter to
identifying alternatives and they conclude with this advice:
“The analyst [should] engage in a systematic, careful search for relevant
alternatives, to develop an inventory of generic options that can be
modified to fit the current problem … and to be aware that political and
bureaucratic processes may act to eliminate relevant, possibly optimal
alternatives before they can be formally evaluated.” (Patton and Sawicki
1993, 254)
That last pitfall will be a particularly difficult trap to avoid when opposing a
politically powerful force like the fossil fuel industry.
Unfortunately for the carbon levels of our atmosphere, fossil fuel burning
will continue to be our main energy source for some time to come. One of the
most valuable methods to level the playing field is to eliminate the incentives that
have been propping up and aiding conventional sources and redirect that to
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renewable energy. Sawin states in succinctly: “Mature technologies and fuels
should not require subsidization, and every dollar spent on conventional energy is
a dollar not invested in clean, secure, and sustainable renewable energy” (Sawin
2004). To reduce our carbon emissions, these incentives should instead switch to
renewable energy sources.
The scaling up of the cellulosic ethanol industry is particularly dependent
on continuing to advance the technology involved. It should be as cost effective
as sugar based ethanol for it to compete successfully for its market share. In
recent years, the food versus fuel debate has been sharpening as the price of food
has been driven up by demand for biofuels, from palm oil plants driving out rice
farmers in Asia or the price of tortillas rising in Mexico as corn is increasingly
dedicated to energy markets instead of providing sustenance (Brown, 2008).
Though the production of cellulosic ethanol has been demonstrated, and new
bacteria (Nag, 2008), enzymes (Nag, 2008) and processes (van Heiningen, 2006)
are emerging, the challenge of bringing these technologies up from demonstration
to commercial scale remains.
In our current bad economy, the ethanol industry in general has been
struggling, but there is still support for it from agricultural interests as well as the
new administration. The new 2007 Energy Independence and Security Act
(EISA) established the nation’s intent to scale up cellulosic ethanol production in
the coming years. This is a policy that declares support for the industry without
specifying exactly what technologies should take us there, which is instead left to
the market to decide. The pairing of paper production using the Kraft process
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with ethanol production will have its chance to demonstrate its marketability as
Red Shield’s plant comes online in 2010. With the issues the corn ethanol
industry is facing today, there may be even more incentive for ethanol to come
from alternative sources such as forest waste. If ethanol production from corn is
curtailed due to rising food prices, ethanol production from Maine’s forests could
have an increased role to play as a substitute.
Using our homegrown forests for fuel would be a better policy than
importing oil from unfriendly countries abroad, but that doesn’t mean we should
cut down all our forests so we can drive more. The use of forest products for
energy will only be a piece of the puzzle, however, and not the final solution. It is
important that policy makers in Maine understand this. At a time when public
support is behind such green economic recovery efforts and both pledged and
actual government action is occurring on the climate change front, Maine and the
cellulosic ethanol industry have a chance to be on the front lines.
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