








Models reported in Tables 2.7 and 2.8 are similar to the ones discussed
previously, but do include plant fixed effects. In these cases, variations from
plant-specific variables such as air, water, old, pulp and kraft are implicitly captured
by the fixed effect estimator and, thus, dropped from the output. At the national
level, now only BAT-covered plants seem relevant and the effects were consistently
higher immediately after promulgation date compared to compliance years.
Specifically, the impact is of 24% lower employment after 1997 and close to 19%
lower employment after 2000. Both production workers and production hours had
declines of over 21% after 1997 and over 16% after 2000. When all years are
combined, BAT-covered plants seems to have experienced an overall decrease of
close to 16% in employment and production workers and 15% in production hours.
Interestingly, only MACT-covered mills were affected in the Northeast with 1998,
2000 and overall effects in the order of 31%, 36% and 21% declines in total
employment, close to 29%, 30% and 0% declines in production workers, and roughly
31%, 38% and 25% lower levels of production hours, respectively.

As far as the control variables included in the last specifications for the national
sample, only cost of material is statistically relevant but its magnitude remains
insignificant. The same is true in the Northeastern models. Nationally, no
statistically significant effects are obtained from Ln(Income), population,
unemployment rate, paper recovery rate, BMPs and stumpage prices. The direction
and magnitude of the P&P Share of GDP and Paper Consumption variables remain
remarkably similar to those reported in Table 2.5. The Northeastern models only
return statistically significant results for P&P Share of GDP and its impact is
around 17% higher employment and production hours, and just over a 16% increase
in production workers.

These findings stem from models which are inherently imperfect and thus results

should be examined with caution. The main limitations of this work are threats to
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identification resulting from potential selection bias and omitted variables. The
assignment of plants to treatment and control groups is not entirely random and the
systematic differences between these groups may obscure some of the statistical
analysis. However, the Air and Water dummy variables should theoretically
neutralize any confounding effects that these systematic differences may introduce.
Additionally, using similar data and models, Gray et al. (2014) performed
robustness checks which confirmed the validity of a difference-in-differences (DiD)
estimator in these models. On the other hand, the omitted variables issue is largely
related to lack of data on plants’ capital-labor (k/1) ratios. As facilities become
more efficient and technological advances increase the productivity of machinery,
labor demand is likely to suffer as mills will move towards reliance on the more
efficient capital over human labor. This, in fact, may be a large explanatory factor
behind the latest declines in employment at mills, especially since the
manufacturing processes at mills become more sophisticated. Porter and van der
Linde’s theory would even suggest that the Cluster Rule may help exacerbate this
trend towards efficiency. Unfortunately, none of the models in this analysis include
data on capital-labor ratios which implies that some of the effects reported could
have been overestimated. This is especially true in the baseline and robust models,
but the plant-specific fixed effects should serve as controls for k/I variations at the
plant level. Lastly, future research should conduct a Wald test on the null
hypothesis that the addition of M ACT « CRY ear and BAT % C'RY ear equals 0.
Since the complete differential effect of the Cluster Rule on BAT mills relative to
the control group can be obtained from the cumulative effect of these two
coefficients, rejecting the null hypothesis of such Wald test would provide further

evidence of an effect of the Cluster Rule on employment at mills.
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2.5 Conclusions

The pulp and paper industry has undergone substantial structural changes in the
last few decades. Various factors play important roles in shaping the nature of the
industry and, due to its highly pollution-intensive nature, environmental regulations
have been part of these factors. A rather recent and large decline in employment at
pulp and paper plants nationally, and especially in regions such as the Northeast,
motivates studies of this nature to identify major drivers of labor demand in the
industry. Using confidential establishment-level data from the Annual Survey of
Manufacturers and the Census of Manufacturers, collected at a Census Bureau’s
Federal Statistical Research Data Center in Boston, MA, and employing a
difference-in-differences (DiD) estimator, I found evidence of negative employment
effects from the so-called Cluster Rule on employment levels at pulp and paper mills
both at the national level and in the Northeastern region of the United States.

At the national level, evidence of negative impacts on employment levels in this
industry are strong. Specifically, these results suggest that mills which were subject
to compliance with BAT standards for water discharges at the time of the rule
promulgation have suffered roughly a 20% decline in employment. The magnitude
of this effect is larger for Northeastern mills -above 30% on average- and the impact
stems from MACT standards instead, both at the time of promulgation and the
effective compliance date. However, this finding is only observed in specific models
and statistically significant at only a 95% confidence level. All results are relatively
consistent over different measures of employment such as production workers and
production hours. My research expands the work of Gray et al. (2014) and these
impacts are considerably higher than those reported in their study and discussed in
the literature review.

These conclusions have policy relevance. The closure of mills has impacted many

small communities which relied on them for taxes and for maintaining an
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economically sustainable population. Efforts to design regulations which focus on
costs and potential effects on labor and productivity, so as to avoid some of the
impacts found in this work, are of critical importance, especially in regions where
entire communities can be affected. Furthermore, understanding what types of
plants or processes tend to be related to higher levels of employment is crucial when
considering new developments in the pulp and paper industry. Further research
should include data on capital-labor (k/1) ratios to understand potential effects of
improvements in technology and productivity on labor demand. This analysis could
further benefit from robustness checks related to the validity of DiD estimators and

plant-specific information on emissions.
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CHAPTER 3
WOOD-BASED BIOFUEL REFINERIES DEVELOPMENTS IN

MAINE

3.1 Introduction

Maine is the most heavily forested state in the U.S. and has long been known for
its iconic, mostly naturally regenerating forests. The state’s forest products industry
is among the most diverse in the nation (MFS, 2018). However, Maine’s forest
resource faces increasing pressure from shifts in ownership, declining markets,

" spruce budworm, emerald ash borer) and climate

disturbance agents (e.g., "pests,'
change. From ecological, economic, and social perspectives, there is a growing
interest in determining the value of emerging markets and opportunities for Maine’s
forest product industry as well as identifying cost-effective policies to achieve its
market potential. Simultaneously, the pulp and paper industry in Maine has
suffered an accelerated decline during the last two decades. The closing of pulp and
paper mills has spurred a growing interest in re-purposing idle facilities in order to
restore economic activity and bring back growth to the many rural towns where
these plants used to operate. Recent research has highlighted the potential for
emerging technologies such as wood-based cellulosic biofuels to enhance the state’s
forest product industry (Rubin et al., 2015). However, uncertainty about the
economic viability and ecological integrity of renewable fuels has raised concerns
about the long-term viability of investing in bio-refineries in the state.

In this chapter, I provide a thorough review of the literature on the
socioeconomic feasibility of biofuel refineries developments in Maine. Previous

studies address this question from various perspectives, such as social acceptability

and public awareness of biofuels (Noblet et al., 2012; Silver et al., 2015), biomass
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availability in Maine (Wharton and Griffith, 1998; Laustsen, 2008; Rubin et al.,
2015), biomass potential in the next decades and forest carbon implications (Smeets
and Faaij, 2007; Daineault et al., 2012; Lauri et al., 2014; Sohngen and Tian, 2016),
costs of delivered biomass in Maine (Whalley et al., 2017), life cycle assessments
(Neupane, 2015) and techno-economic analyses of biofuel production (Langton,
2016; Gunukula et al., 2018), and even market potentials for by-products from
biorefineries (Dalvand et al., 2018).

The decision to pursue the development of a wood-based biofuel refinery in
Maine is multi-faceted and various factors inform it. There is an ongoing effort at
The University of Maine to combine most of the research conducted up to date and
create a Multi-Criteria Decision Analysis (MCDA) tool to summarize and simplify
these various factors and their outcomes. Nevertheless, multiple researches conclude
that biofuel developments are economically feasible and should be considered as an
alternative to pulp and paper mills to bring back economic activity and prosperity

to small Maine communities which heavily rely on the forest products sector.

3.1.1 Maine’s Forests

The predominant land cover type in Maine is forest lands. According to the
Maine Forest Service (MFS), 90% of Maine’s land is forested, which makes Maine
the most heavily forested state in the nation. Ninety five percent of all forested
areas are privately owned, largely by private companies and family owners.
Approximately, 39% of Maine’s forests contain softwood species, mostly located in
Northern portions of the state, and 61% contain hardwoods, widely spread across
Southern regions. The most common species in Maine are aspen, oaks, birch,
spruces, red and sugar maples, white and red pine, among others. According to the
latest Silvicultural Activities Report from MFS, only 344,210 acres were harvested in

Maine in 2016. This is the lowest amount of harvesting in decades since the annual
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total area of harvest since 2000 has consistently been above 500,000 acres. Figure

3.1 is a map of land cover types in Maine obtained from the Maine Office of GIS.

Figure 3.1. Land Cover - Maine, USA
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The frequent shades of green in the map represent different types of forests, and
are only marginally interrupted by water bodies, agricultural lands in the

Northeastern region of the state, and urban developments. The state’s abundance of
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forestland can also be represented by available stock of woody biomass and Figure
3.2 plays that role. This map also shows the geographic distribution of wood

manufacturing mills in the state.

Figure 3.2. Above Ground Biomass Stock (dry t/ha)
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This figure shows the geographic distribution of above ground woody biomass
stock in dry tonnes (DT) per hectare. These data were collected from the Forest

Inventory Analysis and are based on plot estimates from 2012 to 2016. The highest
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density of biomass per hectare occurs in the Southern areas of the state, with
moderate to high levels only sporadically in central and upper regions. On average,
a hectare in Maine contains roughly 120 DT of biomass, and the most dense areas
can comprise up to over 700 DT. The stock of biomass can be further converted into
sustainable biomass, following some of the methods by Rubin et al. (2015) and
Whalley et al. (2017) discussed below. On this line, Figure 3.3 is a map of above

ground sustainable woody biomass stock in DT per hectare.

Figure 3.3. Above Ground Sustainable Biomass Stock (dry t/ha)
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3.1.2 Wood-Based Biofuel Refineries

The Forest Bioproducts Research Institute (FBRI) at the University of Maine
has developed a process called Acid Hydrolysis Dehydration (AHDH) which
converts wood-based biomass into Thermal Deoxygenated (TDO) oil which can be
upgraded to a drop-in! biofuel (Langton, 2016). This process can be ecologically
sustainable when the biomass is obtained from residues resulting from other forest
silvicultural activities. This invention, coupled with the recent decline in the pulp
and paper industry, has brought attention to the wood-based biofuel refineries as
the next step for the forest products industry in Maine. On this note, several
studies have investigated the social, economic and technical feasibility of
wood-based biofuel developments in the state of Maine.

Initially, research has focused on the social acceptability of wood-based biofuel
production in the state of Maine. Noblet et al., (2012) conducted a survey and
various focus groups in parts of Maine and New England and concluded that people
make their fuel choice primarily based on price. They also found that there is a lack
of awareness of ethanol sources, but those who recognize its presence on their fuel
tend to drive, on average, 60 miles more per week than other groups. Their research
suggest that consumers in the Northeast would value biofuels greatly from economic
(competitive prices, job creation, etc.), national security (less dependence on foreign
oil) and environmental (improvements in air-quality) perspectives. Beyond
consumers, Silver et al., (2015) investigated the perceptions about this industry from
private landowners, who own most the forestlands of Maine and would become vital
stakeholders in the supply of woody biomass. They interviewed 32 private woodland
owners (PWOs) and found that only 28% of them had harvested specifically for
bioenergy purposes in the past 10 years. They concluded that anthropocentric

values prevailed over biocentric values and overall knowledge of biomass and

I"Drop-in" refers to fuels compatible with current infrastructure.
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bioenergy was poor. On this line, Joshi et al., (2013) conducted a choice experiment
using a nested logit model to understand the harvesting preferences of nonindustrial
private forest (NIPF) landowners in the Southern United States. Their data were
obtained from a survey administered to 2560 NIPF landowners in the state of
Mississippi from December 2009 to February 2010. Their results suggest that age of
the landowner plays a detrimental role in the propensity to harvest for
woody-biomass, while higher education and income were favorable factors. They
concluded that, overall, most NIPF landowners are not averse to supplying woody
biomass for wood-based bioenergy and that higher awareness on ecological factors
would increase willingness to participate in the wood-based biofuel industry.

On the biomass availability questions, several studies have focused on Maine and
one of the latest estimates, by Rubin et al. (2015), calculated sustainable biomass
obtainable taking into account retention rates for ecosystem health and forest
regeneration. Wharton and Griffith (1998) challenged traditional volume measures
of biomass and created estimates from regressions. Their result was that, in 1995,
Maine had 900 million dry tons of biomass on timberland and nearly 928 million dry
tons of biomass on all forest land. Laustsen (2008) calculated biomass available for
existing pulp and paper mills in the state and found that Maine could provide up to
1.9 million DT per mill. Taking into account 60-mile woodshed areas (including
out-of-state regions), he concluded that each mill could be supplied with up to 3
million DT annually. Rubin et al. (2015) conducted the first of these studies
considering the need for retention rates and focusing on nonmerchantable residue
from harvest operations. Their model uses Forest Inventory Analysis (FIA) data on
nonmerchantable limbs and tops, cull trees? and saplings®. Their estimates are

focused on consistency with EPA regulations on what is considered renewable

2Their study considered cull trees which are 5 inches in diameter breast height (DBH) or larger
and nonmerchantable because of rot or roughness.
3Saplings are trees with 1-4.9 inches of DBH.
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biomass for the assessment of biomass available for cellulosic drop-in (TDO)
biofuels. Their main conclusion is that Maine can sustain up to 3.9 million DT of
sustainably harvested biomass annually. Based on these estimates and their claim
that a new, commercial-scale biofuel refinery would require 2,600 m® of biomass per
day to operate, preliminary work from the University of Maine, following the
approach of Daigneault et al. (2012), estimates that under current biomass demand
scenarios, Maine could sustain up to 11 new plants. A high biomass demand
scenario, driven by local, national and international factors, could even sustain up
to 16 biorefineries, since high demand for biomass has the potential to increase
prices and foster higher forest management practices. On a less localized level, the
"Billion-Ton Report" is a vast effort from the Energy Department to assess the
potential availability of biomass in the United States with economic and
sustainability considerations. The major conclusion of the latest report is that the
United States is capable of sustainably supplying at least one billion dry tons of
biomass from various sources with the potential to be used for energy generation
without affecting agricultural production (Billion-Ton Report, 2016).

An important aspect to be considered to assess the viability of wood-based
biofuel refineries in the state of Maine is the environmental impact. Neupane (2015)
created an integrated life cycle model through a multi-criteria decision analysis to
address this question. Comparing this potential source of new energy with
conventional fossil fuel sources, he concluded that TDO biofuels would produce
substantially low greenhouse gas emissions. A major component in reaching this
conclusion is the treatment of some of the major production by-products, such as
furfural and char. Neupane’s goes on to develop models and produce results in line
with the studies discussed below.

Beyond the availability of biomass for potential TDO biofuel refineries, other

studies have investigated the feasibility of new biofuel developments in Maine from
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various economic perspectives. Whalley et al. (2017) developed a comprehensive
supply chain model to calculate the delivered cost of biomass chips to a refinery for
biofuel production under different scenarios. Their study included stumpage prices,
costs of harvesting and chipping, and costs of transportation. They found that if
harvesting was excluded and only forest residues were procured, the delivered
biomass cost ranged from $4 to $24 per green tonne (GT). If a portion of the
harvesting costs was included, these estimates intuitively increased to $8 to $82 per
GT. Their results were highly sensitive to variations in diesel prices, since diesel is a
key input in both the harvesting and delivery process. Dalvand et al. (2018)
investigated the potential market for furfural, which is a highly valuable by-product
of the TDO process of fuel production. They found a significant market for furfural
derivatives which not only aids in making biofuel production profitable by
cross-subsidizing the process but can also highly impact and even generate their
own markets. These findings create the possibility of developing biorefineries
focused on different product suites, which has been studied and is discussed below.
Two studies have conducted techno-economic analyses of the TDO process for
production of biofuels from Maine’s harvest residues. Langton (2016) expands
Whalley et al. (2016) costs estimates by following the process through the
production stage under various comprehensive scenarios. Langton’s cost estimates
resulted in $0.79 to $2.25 per gallon total production costs after taxes in Maine. He
claims these cost values would generate $49.5 to $55.4 million annually in excess
profits. His cost and profit estimates are based on scenarios which vary the
utilization and cost of by-products such as furfural and char, and the assumptions
underlying models of delivered costs of biomass. Gunukula et al. (2018) examined
the economic impact of TDO biorefineries under two different product suites
scenarios and considering plant siting in greenfields or brownfields. Their product

variations include production and commercialization of fuel and furfural or
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production and commercialization of fuel and levulinic acid. As far as siting,
brownfields refer to the re-purposing of well-maintained but currently idle pulp and
paper mills. They conclude that production of fuel and furfural would turn into a
product-driven biorefinery, while the levulinic acid suite would be driven by energy
production. Their total capital investments for a TDO oil and furfural plant is
estimated at roughly $451 million and the respective annual operating costs at $81
million. These numbers differ for a Levulinic acid plant, since capital investments
estimates are $470 million and annual operating costs rise to $83 million. Regardless
of product suite choice this study concludes that capital investments can be reduced
by 23% to 27% by building TDO refineries in well-maintained, re-purposed pulp
mills.

Lastly, Crandall et al. (2017) estimated the economic impact of a potential
biorefinery built in Maine. Their analysis modelled a typical plant that would
employ 40 workers and consume 2,000 dry metric tonnes of biomass daily. Their
analysis is conducted on IMPLAN (Impact Analysis for Planning), which is a
software originally developed by the U.S. Forest Service and that uses Input-Output
models to calculate direct and indirect effects of economic activity through
multipliers. Based on Langton (2016)’s estimates of $550 million in construction
costs, their IMPLAN model found that a new biorefinery would generate a direct
contribution of close to $69 million, 40 new jobs and $2,600,000 in compensations.
When adding the induced effects in the forest product industry and the entire state
economy, the new plant’s total impact increases to over $88 million in output, 160
jobs and $7,674,356 in compensations.

None of the previous studies which aimed to assess the feasibility of wood-based
biorefineries developments in Maine has examined the procurement competition in
overlapping woodshed areas between the potential new developments and other

currently operating forest products manufacturing industries (e.g., sawmills,
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pulpmills, etc.). Anderson et al. (2011) conducted a geographic information
system-based spatial analysis of wood procurement for sawmills in Maine, New
Hampshire, Vermont and parts of New York state. They used data from 273 survey
responses to create woodshed maps and estimate woodshed areas of nonrespondent
mills. They found that most sawmills in the Northeastern United States procure the
majority of their wood from within 30 to 70 miles from the mill locations.
Specifically, they report that the average woodshed area for sawmills in Northern
New England is 4,230 mi?, which is roughly equivalent to a 37-mile radius.

Future research on this area should use Anderson et al. (2011)’s estimates and
create a geographic information system-based spatial analysis of wood procurement
on a fully operating forest products industry in Maine. As an alternative to their
estimates, a survey of sawmills in Maine could be conducted to gain knowledge on
typical sawmills’ procurement practices in the state. Additionally, data on pulp and
paper mills capacity can be used to model woodshed areas based on their demand
for biomass. Above ground biomass stock data can be obtained from Forest
Inventory Analysis data, as in Figure 3.2. Following the approach from Rubin et al.
(2015) and Whalley et al. (2017), the stock of above ground biomass can be
converted into a "sustainable" biomass estimate, provided by nonmerchantable
harvest residues and observing retention rates. Finally, potential woodshed areas for
new biorefineries can be calculated based on their predicted intake of biomass.
These data could be combined with road networks and conserved lands information
to confirm the accessibility of biomass. Spatial, Geostatistical and Network Analyst
tools from ArcGIS 10.5 could be used to model spatial competition for woody
biomass and identify optimal locations for new developments in the forest product

industry.
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3.2 Conclusions

Given the ongoing structural changes in the entire pulp and paper industry,
which deeply affect the entire forest products industry and, specifically, many small
communities in places like Maine, the need to assess potential alternatives and new
markets for forest products is imperative. One of the most prominent alternatives in
the state of Maine is the development of wood-based biofuel refineries. This chapter
provided a review of some of the most relevant literature for the state of Maine on
this topic. It also provided suggestions for future further research.

All of the studies presented in this chapter concluded, from their own
perspectives, that developments of wood-based biofuel refineries are feasible and
should be considered as an alternative or complement to existing forest products
manufacturing industries. The impact these developments could have on small
communities are enormous and would help to revert the current negative economic
and population outlooks which, in some cases, threaten towns’ very existence. In
pursuing such developments, several factors can play substantial roles in
determining their overall impact and should therefore be carefully considered. Some
of these factors include diesel prices, which deeply affect mills’ cost of delivered
biomass, production and commercialization of by-products such as furfural and
char, which have impacts on a plant’s initial capital investment costs, annual
operating costs and long-term profitability, and developing on re-purposed idle pulp

and paper mills facilities or plain "greenfields,"

which also significantly impacts
initial capital investment estimates.

Maine’s forests remain a large part of the state economy and play a very
important role in Mainer’s lives, sustaining massive industries, attracting tourism

and providing superb outlets for recreational activities. The forest products

industry has continually evolved and continues to do so today, and the role of the
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pulp and paper industry continues to be central for the sector. The hope is that this

work contributes to the conversation as the future of this industry in Maine unfolds.
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APPENDIX
EMPLOYMENT CHANGE TRENDS IN SELECTED INDUSTRIES IN
MAINE

Figure A.1. 12-Month Net Professional Business Industries’ Employment Change in
Maine
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Figure A.2. 12-Month Net Hospitality Industry’s Employment Change in Maine
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Figure A.3. 12-Month Net Mining and Logging Employment Change in Maine
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