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Executive Summary
Redwood Coast Energy Authority (RCEA) has received complaints from community members in Humboldt
County due to the current combustion of biomass to supply electricity, which releases pollutants into the air.
Humboldt State University’s Environmental Resources Engineering Spring 2020 Capstone class has been
tasked with assessing alternative uses for biomass in Humboldt County.
Alternative solutions were sought that were 1) capable of managing 80% of Humboldt County’s woody biomass
residues, 2) reduced associated greenhouse gas emissions, 3) was in compliance with all local, state, federal, and
OSHA standards and permitting processes, 4) was economically feasible and had a means of funding the
project, and 5) was in compliance with all soil and water quality regulations such as the CWA, CERCLA, and
RCRA. To select the preferred alternative use of biomass, a set of environmental, economic, and social criteria
were established; the environmental criteria include minimizing particulate matter emissions, greenhouse gas
emissions, and required footprint, the economic criteria include minimizing payback period and maximizing
local job production, and the social criteria include maximizing public perception and ease of use. Each criterion
was weighted by RCEA depending on the relative importance to the project needs. These weights were used
in the Delphi method to determine what alternative is the best solution. The alternatives considered for this
project were modular gasification, woodchip bioreactors, bioplastics, and composting.
Composting was found to be the best alternative for the project, as it best fit the client-weighted criteria. The
net emissions for composting were estimated at approximately –887,000 MTCO2e, including the direct
emissions from the compost piles and transportation of feedstock, and the indirect emissions that are avoided
from the diversion of biomass and food waste, as well as carbon sequestration. A summary of the emissions
can be seen in Table 0.1 below, where a negative sign represents the emissions that are being avoided by
composting.
Table 0.1: Emissions associated with the current system and composting

Source

Emissions (MTCO2e)

DG Fairhaven biomass power plant
HSC Scotia biomass power plant
Landfill (food waste)
Composting
Carbon Sequestration
Transportation of feedstock to compost facility
TOTAL

-176,738
-258,042
-473,648
17,269
-4.07
4,357
-886,807

After optimizing the feedstocks and the design of the compost piles, the area requirement was found to be 504
acres. The feedstocks considered were woody biomass and food waste with required mass inputs of 10,800,000
kg/week and 16,800,000 kg/week respectively. The woody biomass will come from Korbel Sawmill, Britt
Lumber, Mad River Lumber, Sierra Pacific Industries, Schmidbauer Lumber, CW Wood Products, and
Redwood Lumber Company, and the food waste will come from the Humboldt Waste Management Authority
(HWMA) transfer station in Eureka, with the possible need for sources outside of Humboldt County.
Additional work would be required for source separation, which would be included in the next steps of the
analysis. To sustain the required area for the composting system, four vacant agricultural parcels are being
proposed as shown in Table 0.2 below.
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Table 0.2 Proposed parcels of land for composting facilities (Humboldt County GIS 2020).

Humboldt County APN

Area (acres)

106-081-002

161

106-111-008

240

204-391-004

153

309-251-002

168

The materials needed for operation of the composting facilities are windrow turners (two per site) for aeration
of the compost piles, grinders (one per site) to create a homogeneous composting mixture, stacking conveyors
(one per site) to organize the finished material into piles for distribution, front-end loaders (two per site) for
the removal of windrows and loading of grinders and stackers, and dump trucks (one per site) for the reforming
of windrow piles. A diagram illustrating a proposed composting facility, including area distributions for each
stage of composting plus additional land allocated to equipment storage, can be seen in Figure 0.1.

Figure 0.1. Proposed composting facility footprint illustrating zone parameters and area requirements.
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Land procurement costs plus the costs associated with the equipment resulted in a total capital cost of
$3,086,024. A sensitivity analysis on the effect of density of the compost on the difference in annual returns
showed that profit increases with an increased density. Another sensitivity analysis was conducted to assess the
effect of density on the required area, which showed that area decreases with an increased density of compost.
In conclusion, large-scale industrial windrow composting facilities were proposed to provide an alternative use
to the biomass currently being incinerated for power production in Humboldt County. In order to ensure a
proper environment for full decomposition of compost consistent of both food waste and woody biomass, and
to ensure feasibility of meeting regulation requirements and adequately maintaining windrows by use of heavy
machinery, four individual composting facilities were proposed in southern Humboldt County. The success of
this project is directly dependent on the availability of feedstocks. With the option of including local agricultural
waste in the form of manure, and sourcing food waste from neighboring municipalities outside of Humboldt
County, windrow composting as a method to utilize woody biomass increases in feasibility and practicality and
may hold promise both for future state waste diversion goals and the minimization of greenhouse gas emissions
in California.
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1. Introduction
Humboldt County is situated in Northern California in the heart of the redwoods and other national forests.
One of the leading industries in Humboldt County is the timber industry. Humboldt Redwood Company
(HRC) runs a sawmill in Scotia, California that generates sawmill waste as a byproduct through lumber
production. A local biomass plant called D.G. Fairhaven Power, primarily to be run on sawmill waste, opened
operations on the Samoa Peninsula in Humboldt County in 1987 (Marino, Lecture, 2020). In 1989, HRC
opened up Humboldt Sawmill Company, a second biomass power plant which also utilizes the sawmill residues
for electricity production via biomass combustion (CBEA 2020,b).
The Redwood Coast Energy Authority currently purchases 33% of Humboldt's power from these biomass
plants, however there are community concerns surrounding the emissions of this energy source (RCEA 2020,b).
Although biomass is considered a renewable energy source in California, a recent RCEA public meeting
indicated that approximately 53% of community members preferred to either minimize or eliminate this energy
source (RCEA, Lecture, 2020). The objective of this project is to investigate alternative sustainable uses for
woody biomass residue in Humboldt County to make a recommendation for alternative uses that best meets
the criteria of the project. This project will explore the uses of biomass and will not be concerned with finding
alternative energy sources to replace biomass energy.

2. Constraints
Constraints are defined as client driven project restrictions that the suggested alternative must meet under all
circumstances. If an alternative is shown to not meet a given constraint, it will not be considered as a feasible
alternative. A successful alternative to woody biomass utilization in Humboldt County, California would meet
all constraint conditions outlined in Table 2.1. These constraints were developed via communication with
RCEA representatives and consulting current Humboldt County and California sustainable energy goals.

Table 2.1. Constraints which must be met by a design chosen to deal with Humboldt’s biomass.
Constraint
Greenhouse Gas Emissions

Description
Greenhouse gas emissions because of the proposed project alternative
must not exceed emissions associated with current technologies
The proposed solution must offer a way to beneficially use 80% of

Biomass Utilization

Humboldt County's sawmill waste and other woody biomasses currently
being processed by biomass power plants

Workers and Public Safety
Economic Sustainability
Federal, State, Regional Regulation Accordance

The proposed solution must not violate OSHA standards or threaten public
safety in any significant or illegal way.
The proposed project solution must have a sustainable source of funding
throughout the entire life of the project
Woody biomass utilization technology must be in accordance with all
applicable federal, state, and regional regulations
All required permits must be obtainable upon project approval and the

Permitting

project must be adaptable in meeting all permit renewals throughout the
entire life of the project

Soil/Water Contaminants

The project should meet all soil and water quality regulations, such as the
CWA, CERCLA, and RCRA
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3. Criteria
Criteria are a set of developed conditions by which project alternatives can be quantitatively and qualitatively
compared. By assigning weights to each criterion based on its relative importance in comparison to one another,
alternatives can be given performance scores that can be used to determine the most feasible and desirable
alternative. Environmental, economic, and social criteria for woody biomass alternative technologies can be
referenced in Table 3.1, which were determined based on information gathered through background
development and client consultations.

Table 3.1. Weighted criteria which will govern the decision process between design alternatives.
Criteria

Description

Method of Comparison

Weight

Environmental
Particulate Matter

PM10, PM2.5

The alternative with the lowest mass of pollutant
will be rated highest. (mass/time)

4

Greenhouse Gas
Emissions

CO2, CH4, N2O

The alternative with the lowest net GHG emissions
will receive the highest score. (mass/time)

4

Required Footprint

Area required to make the project
feasible

The alternative with the lowest required area will be
rated the highest.

2

Economic
Payback Period

Length of time for the project to
recover the initial investment

The alternative with the shortest payback period will
receive the highest score.

5

Local Job
Production

Amount of Humboldt County jobs that
will be sustained as a result of this
project

The alternative with the highest number of
projected jobs in Humboldt County will receive the
highest score.

5

Social

Public Concerns

How the alternative is perceived by
the general public

The alternative with the best public perception as
obtained through public opinion surveys will be
given the highest score.

7

Technical
Complexity for
Operation

The amount of technical training
required to operate the alternative.

The alternative with the lowest employee
certification time will receive the highest score.
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4. Background
This section discusses relevant background information as it pertains to the project setting and ultimately
analyzing alternative uses for woody biomass debris in Humboldt County. The overall geographical location,
existing technologies related to biomass, permitting and regulations are all discussed in this section.
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4.1. Geographical Considerations
Geographical considerations are important for developing an understanding of biomass power production in
Humboldt County as well as considering the feasibility of potential alternatives.

4.1.1. Humboldt County, California
Humboldt County (Humboldt) is located in Northern California approximately 50 miles south of the Oregon
border (ESRI 2018). This densely forested coastal county has a current population of 140,000 with 59% of the
population living around Humboldt Bay, illustrated in Figure 4.1 (Humboldt County 2020b). Due to this
population distribution and the large amount of unincorporated redwood forests, Humboldt has had a long
history with logging and wood manufacturing since the 1850s (NPS 1982). To this day, the lumber industry
remains an important source of economic activity in Humboldt, providing thousands of local jobs and
approximately 28% of Humboldt’s power through combustion of biomass debris left over from wood
manufacturing (RCEA 2020).

Figure 4.1. Locator map of Humboldt County, California, and its location within the United States of America.
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4.1.2. Biomass Power Plant Locations
The two facilities that produce power from biomass in Humboldt are DG Fairhaven Power (DGF) and the
Humboldt Sawmill Company (HSC). DGF is situated at 97 Bay Street in Samoa, California with an Assessor’s
Parcel Number (APN) of 401-121-011, as shown in Figure 4.2 (Humboldt County 2020a). DGF is an 18.8 MW
generation facility that utilizes a mechanical stoker type boiler to burn biomass fuel followed by a multiclone
dust collection system and an electrostatic air cleaner (Title V Permit NCU 096-12). While up to 18.8 MW can
be produced at this plant, 10 MW is made available to RCEA through a 1-year contract that, in turn, gets sold
to Humboldt residents (RCEA 2020b). It is worth mentioning that the facility uses two natural gas burners for
start-ups, shut-downs, emergencies, and periods of time where biomass supply is poor (Title V Permit NCU
096-12).

Figure 4.2. DG Fairhaven Power Plant located in Samoa, California.
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The second power plant, HSC, is located at 108 Main Street in Scotia, California with an APN of 401-121-011,
as shown in Figure 4.3 (Humboldt County 2020b). Being the larger of the two power plants, HSC has a 28 MW
capacity with 13.25 MW available to RCEA through a 5-year contract (Title V Permit NCU 060-12). Because
HSC has the luxury of also being a lumber company, biomass supply is usually available for combustion in one
of three steam generator boilers (Title V Permit NCU 060-12). Much like DGF, HSC utilizes a multiclone dust
collection system and an electrostatic air cleaner as particulate control equipment and a diesel oil burner for
startups (Title V Permit NCU 060-12).

Figure 4.3. The Humboldt Sawmill Company located in Scotia, California.
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4.2. Sources of Energy in Humboldt
This section discusses the current source of energy in Humboldt County including the current biomass power
plants, other sources of energy, and distribution within the county.

4.2.1. Current Biomass Plants
RCEA purchases biomass electricity from Humboldt Sawmill Company, located in Scotia, and DG Fairhaven
Power, located on the Samoa peninsula. The Humboldt Sawmill Company biomass plant handles approximately
6,000 cubic yards of biomass per day, while the DG Fairhaven plant handles about 4,200 cubic yards per day
(RCEA 2020b). Humboldt Sawmill Company generates 28 MW of electrical power from woody biomass and
the power plant consists of three boilers and three steam turbine generators (California Biomass Energy
Alliance 2020, b). To control emissions of particulate matter, the boilers have multi-clones and electrostatic
precipitators attached (California Biomass Energy Alliance 2020, b). The DG Fairhaven Power plant generates
approximately 18 MW of electrical power and consists of one boiler that powers a non-reheat condensing steam
turbine. The boiler can handle wood with high moisture content and produces 180,000 pounds per hour of
steam (RCEA 2016).

4.2.2. Other Sources of Power
In Humboldt County, RCEA buys energy for Humboldt County residents and allows consumers to choose
between the automatic REpower plan, or to pay more for the REpower+ plan which provides only renewable
energy to the home (RCEA 2020a). Table 4.1 below shows the distribution of power sources supplied for each
plan, and compares them to energy plans provided by PG&E. The most commonly used energy plan in
Humboldt county, RCEA’s REpower plan, shows that Humboldt’s main sources of energy are (in descending
order): hydroelectric, wind, unspecified sources not traceable, biomass & biowaste providing 12% of total
power, and solar (PG&E n.d.). A comparison of energy source distributions for PG&E and RCEA as providers
can be found in Table A.1.

4.2.3. Humboldt County Power Distribution
The power that is produced by DGF and HSC biomass power plants is bought by RCEA and is distributed to
consumers in Humboldt county through PG&E’s power distribution lines (RCEA 2020b).

4.2.4. Goals
The Redwood Coast Energy Authority is Humboldt County’s primary distributor of electricity. RCEA’s goals
for future energy sources are for one hundred percent clean and renewable sources for electricity in the next
five years, with one hundred percent of those sources to be generated locally within the next ten years, and by
the 2021-2024 period, RCEA would like to have sixty-five percent of renewable sources to be contracted for
ten or more years (RCEA 2020a). In their current attempt to achieve these goals, RCEA, with PG&E and the
Schatz Energy Research Center, plan to build a solar array with a battery energy storage system at the Arcata
airport, which is projected to supply 2.25 MW of power to the county (RCEA 2020a).
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4.3. General Biomass
This section serves to define biomass in the context of a natural resource, as well as to introduce various ways
in which biomass use has developed and is currently developing. Some of the chief concerns with using biomass
as an energy source are addressed, such as: technology efficiency, availability, and emissions control.

4.3.1. Biomass Defined
The United States Department of Energy defines biomass as, “a renewable energy resource derived from plantand algae-based materials” ("Bioenergy Basics n.d.). Plant based materials include various green waste materials
such as: crop materials, scrap wood, wood chips, sawdust, and forest floor debris in the form of branches,
twigs, and logs. Biomass is rich in carbon, making it an energy-rich resource.

4.3.2. Biomass Energy Technologies
Biomass can be used either directly or indirectly as an energy source. Direct technologies involve the
incineration raw biomass including but not limited to woody biomass in the form of forest debris, sawmill scrap
material and woodchips, while indirect technologies utilize higher efficiency biofuels processed from raw
biomass. This section will introduce these methods as well as discuss the costs and benefits associated with
each method.

Gasification
Gasification is a process that converts biomass into energy-yielding biofuels. This conversion is desired because
more energy is contained in the products of the combustion of biomass than is contained in the biomass itself
(SERI 1988). The biomass that can be utilized for gasification include but are not limited to woody biomass
including forest fuels, woodchips, and other sawmill scrap waste. These materials are burned to produce gases
including nitrogen, carbon monoxide, hydrogen, carbon dioxide, water vapor, and methane (in order of greatest
to least percent composition) (SERI 1988).
There are three main types of gasification including fixed bed, fluidized bed, and modular. The efficiency of
these gasification technologies ranges from 65% to 72% where fixed bed gasification has the lowest efficiency,
and high pressure fluidized bed gasification shows the most efficiency (EPA 2007). Gasification uses a much
smaller air to feed biomass ratio than direct biomass combustion. Where the quantity of air in terms of mass
which is required for direct biomass incineration is up to 14 times the quantity of biomass, the mass of air used
in gasification is only up to 2 times the mass of biomass (EPA 2007). Airflow also has a direct impact on the
efficiency of gasification (James et al. 2015).
Byproducts and overall efficiency in the gasification process is dependent upon the specific type of biomass
used in the conversion process. The byproducts which are produced during gasification including tar,
particulates, alkali, and ammonia require cleaning and conditioning prior to meeting emissions standards (EPA
2007).
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Torrefied Biomass
Torrefaction of biomass involves a mild form of pyrolysis to woody biomass, similar to roasting, at
temperatures between approximately 230 to 300 degrees Celsius (Wild & Deutmeyer 2016). Unlike combustion,
the pyrolysis process is characterized by thermal decomposition of a material an environment devoid of oxygen
(EPA 1992). The result is a material which is lighter than its parent material, due to a lower moisture content.
This process is applicable to woody biomass in the form of forest debris, sawmill waste, and wood chips.
Torrefaction not only dries the woody biomass, but also alters its chemical composition to yield a higher carbon
content and a less volatile and therefore more heat resistant material. The benefits of having this devolatilization
is a lower emission rate of carbon monoxide, carbon dioxide, methane, and other byproducts as well as a larger
energy to mass ratio than non-processed biomass (Wild & Deutmeyer 2016). Each kilogram of torrefied woody
biomass produced from sawmill waste and wood chips can produce a caloric energy output from 18.5 MJ to
19.8 MJ (Bienert et al. 2014).

Direct-Fired Biomass
Direct-Fired Biomass involves the utilization of a boiler to convert the heat from incinerated biomass to steam
which is used to produce turbine-driven energy. Boiler technology varies, and boilers which are used in the
biomass energy conversion industry are typically categorized as either basic stoker boilers or fluidized-bed
boilers (EPA 2007). Direct-Fire methods are the most largely used current technology in the biomass industry
in California and base operation on the Rankine Cycle (Birdsall 2012). A simple Rankine Cycle is shown in
Figure 4.4.

Figure 4.4. A generic depiction of the Rankine Cycle for steam energy generation—where the combustion of
biomass would serve to generate heat within the furnace of the boiler, driving steam to the turbine.

Fluidized-bed boilers facilitate the process of biomass combustion using an inert intermediate medium such as
sand and can handle the moisture contents of biomass (Power 2012). The purpose of the fluidized-bed medium
is to actively abrade the excess carbon-bearing residuals which result from the burning of biomass and produce
a cleaner and more effective burn to release more energy-generating heat; this process lends to more appropriate
emissions levels than combustion processes lacking the fluidized-bed component (EPA 2007).
Contrary to Fluidized-bed boilers, Stoker boilers use a bare grate on which to apply fuels such as biomass and
are also commonly used in coal fired power plants. Stoker boilers use an oxygen rich environment with high
furnace airflow to aid in the combustion of coal, biomass or both in a process called co-firing (EPA 2007). This
method allows for minimally processed biomass.
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4.3.3. Emissions Control Technologies
Emissions control technologies are implemented on an industrial scale in order to meet air quality standards
based on acceptable particulate exposure to human health. Biomass energy plants must employ emissions
control technologies for the safety of plant workers as well as for reduction to environmental impact.
Baghouses, electrostatic precipitators, and cyclonic or multi-cyclonic systems are a few of the leading
mechanisms to appropriately reducing emissions from biomass plants and will be discussed in this section.

Baghouses
Baghouses are used as common air filtration systems for industrial plants including biomass power plants.
Baghouses use heat tolerant fabrics to collect particulates expelled from combustion processes occurring within
a boiler. Baghouses are sized according to the ratio of the gas flow being filtered to the filtration fabric surface
area, and will vary in their overall design with the option to be cleaned by shaking mechanisms or compressed
air jet cleaning, based on applied technologies (Turner et al. 1998). High efficiency baghouse fabric filters are
capable of 99% total particulate matter removal including 2.5-micron particles and are considered to have a
higher particulate removal than technologies such as multi-cyclones (BERC 2011).

Electrostatic Precipitation
Electrostatic Precipitators (ESP) are a form of emission technology which uses an internally generated
electromagnetic field to charge particles within influent gas flow. The ESP ionizer positively charges air
contaminant particles so that negatively charged surface within the precipitator will attract particulates and
ultimately remove them from the air flow, releasing effluent with a 95% removal for 10-micron particles and a
90% removal for 2.5-micron particles (BERC 2011).
Similar to the cleaning mechanism in a baghouse, the particles are either blasted or shaken mechanically from
the plates into a hopper which is used as a collection basin to be cleaned intermittently. ESP technology works
best for a relatively constant influent flow rate, otherwise discontinuities in flow can cause the ionization process
to inadequately remove contaminants (EPA n.d., a.). ESP units generally require less energy input than do other
emissions control technologies due to a low-pressure differential in influent and effluent gasses (EPA n.d., a.).

Gas Cyclone Systems
Cyclones and Multicyclones are mechanical emissions technologies which serve to reduce emissions without
the use of filters. Cyclones centrifuge particulate matter from gases, reducing the amount of size 10- and 2.5micron particles by 50% and 5% for single cyclones and 75% and 10% for multicyclones, respectively (BERC
2011). Higher efficiency has been achieved for High Efficiency Multicyclones operated at less than 10 million
btu per hour (approximately 3.4 megawatts), which use a higher pressure drop to achieve a greater removal
rate, and result in a larger energy demand for operation (Hinckley 2010).
Although HEMC units can remove up to 70% 2.5 micron particles, it is recommended that these be used in
conjunction with other emissions control technologies, particularly using cyclones to precede electrostatic
precipitation technology to further decrease overall emissions as well as to prolong the lifetime of the equipment
(EPA n.d., b.)
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4.4. Alternative Uses for Biomass
This section summarizes alternative biomass uses including biopower, biofuels, compostable materials, biomass
fertilizer, and biochar.

4.4.1. Biopower
Approximately 2% of total U.S. energy production is generated using biomass or other organic waste material
(EIA 2016), within Humboldt county this number rises to about 23% (RCEA, Lecture, 2020). The majority of
biomass power world-wide is produced from biomass burning systems, also known as direct-fired systems
(Walton et al 2020). The alternative biopower solution is referred to as a cofiring system, this is a process in
which biomass is used in conjunction with another fuel to create steam and spin a turbine to ultimately generate
electricity (American Coal Council 2019). Conversely, direct-fired systems utilize exclusively biomass or organic
waste material as the primary fuel to generate power (Williams 2016).

While relatively benign in its greenhouse gas production, direct-fire biomass power generally only reaches an
overall efficiency of about 25% (Williams 2016). Biomass power generation has been shown to reduce the
greenhouse gas emissions when compared to other fossil fuels such as coal, natural gas, or oil (ReEnergy Holdings
2011). This is commonly regarded because should biomass not be used for energy generation; its stored carbon
would be released into the atmosphere in a relatively short time period. Conversely, the carbon stored in fossil
fuels could remain in their solid or liquid form for an additional thousand or million years, should these
resources not be used for energy production (ReEnergy Holdings 2011). However, despite this overall reduction
in greenhouse gases when compared to other energy alternatives, many members of the public express concerns
about this methods’ sustainability and its qualification as a renewable energy source (RCEA, Lecture, 2020).

4.4.2. Biofuels
Fuels created from biomass in the form of a gas or liquid are referred to as biofuels, examples include ethanol,
biodiesel, green diesel, and biogas (Chen 2020). Biofuels can be used in vehicles to help make transportation
requirements more sustainable, among other uses where traditional fossil fuels are typically used (Energy.gov
n.d.). There are three primary methods for producing biofuels: gasification, anaerobic digestion, and pyrolysis.
The most common method, gasification, places the biomass in a high temperature reactor that is typically above
700 C with some oxygen to create synthesis gas, which is a blend of mostly hydrogen and carbon monoxide
(Energy.gov n.d.).
Pyrolysis is a similar process in which the biomass is heated quickly at a temperature between 500 C and 700 C
in a reactor free from oxygen (Energy.gov n.d.). This process allows it to be broken down into vapor gas and
char within the reactor (Energy.gov n.d.). The final method to produce biofuel is anaerobic digestion, which
involves utilizing bacteria and other microorganisms such as enzymes to breakdown the biomass (Dombrowski
2018). The byproduct of this decomposition of the organic material is a mixed gas that contains methane and
carbon dioxide (California Energy Commission 2019). Overall, the efficiency of biomass depends largely on its
source, though it typically only ranges from 4-6% (Tan 2020). This seems relatively low compared to most
energy production methods, however, significant amounts of the biomass would go to waste should it not be
utilized for energy production.
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4.4.3. Compostable Materials
Currently, most items made from plastics are made from fossil fuels such as oils or natural gas (The Problem
with Plastic 2018). These types of plastics can contain additional potentially carcinogenic chemicals that can be
harmful to the population and the environment (The Problem with Plastic 2018). These plastics can also take
over 400 years to fully degrade, leading to a buildup and additional pollution in the environment and landfills
(Wright et al 2018). Recently, scientists have perfected types of compostable plastics, called Polybutylene
Succinate (PBS), that can be made largely from biomass (Microdyne Plastics 2017). One of the primary benefits
to this form of biodegradable plastics is that when compared to petrochemical based plastics, they release about
70 % less greenhouse gases into the atmosphere (Woodford 2020). Bioplastics can be made from many sources
of organic materials and biomass including corn starch, straw, woodchips, saw dust, and food waste (Carrington
2018). Biodegradable plastics can be used for many products with short expected lifespans and be fully
compostable, ultimately alleviating a significant amount of litter and pollution that would normally be caused
by plastic materials. In addition, they can be designed to last longer if required depending on the use of the item
(Carrington 2018). However, some types of bioplastics can still release harmful greenhouse gases such as
methane when allowed to compost (Microdyne Plastics 2017).

4.4.4. Biomass fertilizer
Another utilization of biomass is to produce organic fertilizers from it for agricultural purposes. Decomposed
organic biomass, or biodigestate, is a by-product of anerobic digestion and can be used as a fertilizer that will
promote growth of various crops in the agricultural industry (Trinchera et al 2013). This type of fertilizer may
be blended with animal manure and is often called organic fertilizer (Science Direct). Organic fertilizer contains
significantly lower concentrations of nitrogen and phosphorous which are some of the primary pollutants
within the agricultural industry (Green 2015). Organic fertilizers also have many other industrial benefits
including the improvement of the structure of soil, resistance to over fertilizing, no toxic chemical buildup, and
they are renewable (Lipford 2019).

4.4.5. Biochar
Biochar is a byproduct of both pyrolysis and gasification (Spears 2018). It is produced after the biomass is
burned in a reactor to produce electricity (Spears 2018). The production of biochar reduces the total amount
of CO2 in the atmosphere because it is composed of about 70% carbon (Spears 2018). The majority of biochar
is currently used in animal farming is used as feed supplement and to absorb odors (BioEnergy Consult 2019).
In addition, biochar can also be added to organic fertilizers to increase the nutrient concentrations or as a soil
conditioner to improve the overall structure of the surrounding soil for agricultural purposes (BioEnergy
Consult 2019). A recent study found that woody biochar used to amend soil can reduce the nitrous oxide
emissions of the soil finding that this technique could substantially reduce emissions from agriculture (Rose et
al 2016).

4.5. Environmental impacts
This section discusses the environmental impacts associated with current power production through biomass
combustion as well as the environmental impacts associated with alternative uses for woody biomass.
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4.5.1. Community Concerns Regarding Biomass Utilization
RCEA has had many members of the community reach out to them with concerns about environmental and
health effects caused by emissions from biomass powerplants (RCEA 2020b). According to the California Air
Resources Board (CARB) Pollution Mapping Tool, the DG Fairhaven biomass plant emitted 1,344 MTCO2e
of total greenhouse gases while the Humboldt Sawmill Company biomass plant in Scotia emitted 235,524
MTCO2e of total greenhouse gases in 2017 (CARB 2017). The state of California considers the carbon dioxide
emitted during combustion of biomass to be carbon neutral because this carbon is considered to rapidly cycle
(Cho et al. 2019). Many people believe that this technology isn’t actually carbon neutral because trees aren’t
being planted quickly enough to create this balance (Cho et al. 2019). Criteria pollutants are also of concern
because they are harmful to human health (EPA 2018). A list of the criteria pollutant emissions from the
Humboldt County biomass plants can be seen in Table 4.1 below.
Table 4.1. Criteria pollutant emissions for each biomass power plant (CARB 2017).

Pollutant
NOx
SOx
PM10
PM2.5

DG Fairhaven
3.38 tons/year
0.318 tons/year
0.287 tons/year
0.272tons/year

Humboldt Sawmill Company
167 tons/year
34.5 tons/year
35.7 tons/year
32.9 tons/year

DG Fairhaven emitted 3.38 tons of NOx, 0.318 tons of SOx, 0.287 tons of PM10, and 0.272 tons of PM2.5
while Humboldt Sawmill Company emitted 167 tons of NOx, 34.5 tons of SOx, 35.7 tons of PM10, and 32.9
tons of PM2.5 in 2017 (CARB 2017). While these numbers may seem large, the time scale is important since
advection and dispersion of pollutants naturally occur and can prevent human health effects, as long as there
is no inversion layer trapping the pollutants at ground level (Dr. Yacob, ENGR434 Lecture, 2020).

4.5.2. Hydroelectric Impacts
Humboldt County has multiple existing hydroelectric power plants: Mill and Sulphur Creek Project with a 1
MW capacity, Baker Creek Project with a 1.5 MW capacity, Mathews Dam Ruth Lake (HBMWD) with a 2 MW
capacity, Essex Road Pumping Station (HBMWD) with a 2 MW capacity, and Kekawaka Creek/Zenia with a
5 MW capacity (Zoellick et al. 2005). Before a hydroelectric plant is built, environmental impact studies must
be done to determine if there will be significant impacts on the surrounding environment; in environmental
impact reports, fish habitats, water quality, water temperature, and cultural heritage are the most common
concern tied to small hydroelectric plants (Bakken et al. 2012).

4.5.3. Wind Impacts
Wind power does not release any emissions and therefore is not a source of pollution to the environment
(Zoellick et al. 2005). However, the placement of wind turbines may have an environmental impact by disturbing
habitats or harming birds that may fly into them (Zoellick et al. 2005). The Redwood Coast Offshore Wind
Project has a lot of community support, but as there is a lot of fishing activity in Humboldt Bay, mitigation
measures must be taken to ensure sustainability of the fishing industry (RCEA 2020a).
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4.5.4. Solar Impacts
In Humboldt County, most solar electric power is connected to the home of the individual consumer and is
connected to the grid so that any excess energy will go to the grid rather than being stored in a battery (Zoellick
et al. 2005). Humboldt County has about 150 solar systems connected to the grid, which combine to a total
capacity of 380 kW (Zoellick et al. 2005). There have also been approximately 1,000 off-grid solar power
systems installed in Humboldt County, which make up approximately 1 MW of capacity. The ACV Microgrid
project that has been proposed determined that there would be no significant impacts in relation to the project
and therefore submitted a negative declaration rather than an environmental impact report (Humboldt County
Public Works Department 2018). It was determined that the only emissions from the project would be from
the construction processes and would be less than significant (Humboldt County Public Works Department
2018). The only listed potential impacts were biological resources, cultural resources, and noise. The concerns
regarding biological resources related to a rare plant species and the removal of trees found to be a nesting
habitat for birds; however, both of these concerns could easily be mitigated (Humboldt County Public Works
Department 2018). The concerns with cultural resources and noise are associated with the construction of the
project and have proposed mitigation measures (Humboldt County Public Works Department 2018).

4.5.5. Natural Gas Impacts
Though natural gas power is not provided via RCEA’s REpower plan, it is generated locally by PG&E. The
Humboldt Bay Generating Station is a power plant owned by PG&E and it has a 163 MW capacity (Wartsila
n.d.). After upgrades to the plant’s turbines, it is now more efficient, produces less ozone, and emits fewer
greenhouse gases (Wartsila n.d.). The Humboldt Bay Generating Station released 199,429 metric tons CO2e of
total greenhouse gases (CARB 2017). The criteria pollutants released, shown in Table 4.2, are significantly lower
than the biomass facilities which also have a much lower capacity than the Humboldt Bay Generating Station.

Table 4.2. Natural gas criteria pollutant emissions from Humboldt Bay Generating Station (CARB 2017).

Pollutant
NOx
SOx
PM10
PM2.5

Emissions
27.3 tons/year
1.35 tons/year
4.8 tons/year
4.77 tons/year

4.6. Stakeholders
The stakeholders for the biomass industry in Humboldt County include all of the people and organizations
effected by the operation and production of the county’s two power plants and the county’s allocation of
biomass. This includes people who are employed directly or indirectly by the plants, the suppliers and the
consumers of the electricity output, and the residents affected by any environmental impact the biomass plants
pose.

4.6.1. Redwood Coast Energy Authority
The Redwood Coast Energy Authority (RCEA) has a net-zero greenhouse gas goal for Humboldt County, and
purchases electricity from both the DG Fairhaven biomass plant and the Humboldt Sawmill Company power
plant at rates of $65/MWH (RCEA 2020b). RCEA envisions that the county will eventually run on 100%
locally sourced power, and the two biomass plants contribute heavily toward this goal.
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4.6.2. Humboldt Sawmill Company (Scotia)
The Humboldt Sawmill Company has been employing Californians since 1989 when it began its operation as a
biomass energy plant. Approximately 25 people are directly employed by the company (CBEA 2020b.). The
Scotia plant currently operates under a five-year contract with RCEA to provide the organization with energy
through their biomass operations (RCEA 2020b).

4.6.3. DG Fairhaven Power
There are 22 people who are directly employed by DG Fairhaven Power, as well as approximately 30 indirect
employees responsible for biomass operations outside the power plant. These operations include the
transportation and processing of the woody biomass which is purchased by the DG Fairhaven power plant
(CBEA 2020, a.). The Fairhaven plant currently operates under a one-year contract with RCEA to provide the
organization with energy through their biomass operations (RCEA 2020b).

4.6.4. Pacific Gas & Electric (PG&E)
Biomass energy in Humboldt county offsets Humboldt energy consumers’ demand on PG&E natural gas
generated power (Furniss 2020). PG&E infrastructure is used to transmit energy from both the Humboldt
Sawmill Company and the DG Fairhaven Power companies. PG&E benefits through money invested to local
energy infrastructure through RCEA’s program (RCEA 2020b).

4.6.5. Humboldt County PG&E Customers
Biomass energy is a large sorce of the total energy consumed in Humboldt County. RCEA purchased bioenergy
supplied Humboldt County energy consumers with approximately 23% of their power supply in 2018 (RCEA
2020b). Without the subsidized energy benefits through the biomass operations, it is possible that Humboldt
County customers may not receive the same energy rates.

4.6.6. UCCE Eureka
Under the University of California Cooperative Extension (UCCE), a small percentage of woody biomass
material is provided to Humboldt County’s biomass power plants. This material is in the form of branches and
other plant materials associated with active research on forest pathogen, “sudden oak death” Phytophthora
ramorum (Furniss 2020).

4.7. Regulations and Permitting
Alternatives for utilizing woody biomass are ultimately subjected to federal, state, and regional air quality
regulations as well as permitting processes related to soil amendments and wastewater discharge. Understanding
current regulations related to woody biomass combustion are the basis for developing viable alternatives
through criteria comparisons.
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4.7.1. Federal Regulations
Air pollutants, like those of which that are produced at the Fairhaven Power Plant and the Humboldt Sawmill
Company, are regulated at the Federal level by the EPA through Title V of the Clean Air Act. Major source
permit holders regulated by Title V are required to operate in agreeance with their issued permit by certifying
annual compliance with specific air discharge requirements outlined in Part 71 of Title 40, Code of Federal
Regulations (40 CFR). Table 4.3 shows the Title V emission limits as they apply to woody biomass combustion
for FPP. While these pollutants are of concern for HSC, compliance monitoring of emission rates is not
included in their Title V permit.
Table 4.3. Pollutants of concern and respective emission rates for
biomass combustion at FPP (Title V Permit NCU 096-12).

Pollutant
PM10
PM2.5
NOx
VOC
CO
SOx

lb/hr
12.6
12.6
154.8
5.37
1,264
7.9

Emission Rate
tons/yr
55.4
55.4
236
23.5
3,316
34.6

Additional federal regulations for both power plants regarding particulate loading (d) and visible emissions (f)
are covered in 40 CFR § 60.43b and are as follows:
•

Particulate loading shall not exceed a particulate matter (PM) discharge of 0.04 lb/MMBTU/hr.

•

Visible emissions of any gaseous mixture shall not exceed 20% opacity over a 6-minute average not
including one allotted 6-minute period where the opacity can be as high as 27%.

4.7.2. State Regulations
In addition to federal air quality regulations codified within 40 CFR, separate State regulations are set forth in
Division 26 of the California Health and Safety Code and are issued by the California State Air Resources Board
(Board). While the Board is responsible for maintaining regulations set forth by Division 26, it is ultimately the
responsibility of regional organizations to issue permits on behalf of the EPA and the Board that are in
compliance with both 40 CFR and Division 26.

4.7.3. Regional Regulations
The regional organization responsible for maintaining air quality regulations within Del Norte, Trinity, and
Humboldt Counties is the North Coast Unified Air Quality Management District (District). Combined, these
counties make up the North Coast Air Basin (Basin) and operate as a single entity to regulate and permit major
source air polluters through Regulation 1, which covers general provisions, prohibitions, and permits within
the Basin.
Rules covered in Regulation 1 that are relevant to both power plants in respect to woody biomass combustion
are as follows:
•

Particulate matter discharge shall not exceed 0.1 grains per cubic food of exhaust [Rule 104(C)(2)]
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In addition to permit requirements in pursuant of regulations set by 40 CFR and Division 26, the District
reserves the responsibility to construct permit conditions as they see fit through District Rule 102(E). Provisions
outlined in FPP’s Title V permit that are covered by 102(E) are provided in Tables A.2 and A.3 while relevant
102(E) regulations for HSC are shown in Tables A.4 and A.5.

4.7.4. Other Required Permits
In addition to Title V permits that are required for air pollutant discharges related to biomass combustion,
DGF is required to hold a National Pollutant Discharge Elimination System (NPDES) permit for cooling tower
and boiler cooldowns (NPDES No. CA0024571). The effluent discharge point is located approximately two
miles off the Samoa coast in the Pacific Ocean and at a dilution of 115:1, DGF is permitted to discharge up to
500,000 gallons per day (RCEA 2016). Furthermore, DGF has developed and must maintain their Storm Water
Pollution Prevention (SWPP) Plan in accordance with the State of California Industrial Activities Storm Water
Permit, Water Quality Control Order No. 97-03-DWQ (RCEA 2016). The SWPP Plan outlines DGF’s on-site
practices aimed at preventing point-source pollutants from contaminating stormwater runoff passing through
their location.
DGF also recycles all fly ash product created through woody biomass combustion, and therefore, is required
to hold a commercial fertilizing licenses as issued thorough the California Department of Food and Agriculture
(FIRM #1844). Holding this permit allows DGF to distribute fly ash to be used by local farmers as a soil
neutralizer, which helps prevent certain agricultural diseases (RCEA 2016).
Several other permits may be required to operate a woody biomass power plant. Continuing with DGF as an
example, a comprehensive summary of their required permits can be referenced in Table A.6.
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5. Alternatives
The alternative technologies for biomass utilization that have been selected for the decision process are modular
gasification, woodchip bioreactors, bioplastics, and composting. These alternatives will be evaluated according
to the defined constraints and criteria for the Humboldt County biomass project.

5.1. Modular Gasification
The first alternative under consideration is modular gasification; a process in which small, mobile units use
woody biomass as a fuel source under choked combustion conditions to create syngas and biochar as useable
products (NREL 2002). Choked combustion is also sometimes referred to as incomplete combustion, meaning
the gasification process burns its feedstock without enough air to complete the combustion process, leaving
the remaining syngas with combustion potential (Dufour 2016).

5.1.1. Processes and Reactions
While gasification processes differ based on the type of thermochemical reactor chosen, the desired syngas
product, the relative scale of operation, and the main reactions remain the same throughout (Dufour 2016).
These main reactions are primary pyrolysis, primary tar production, and gas-phase conversion, which is
illustrated in Figure 5.1. The combination of these three main reactions is what makes up the gasification
process.

Figure 5.1. Main reactions associated with gasification of biomass (Dufour 2016).

Pyrolysis is the process of applying heat at approximately 150-500°C to raw biomass to create solid combustible
charcoal and volatile tars in the form of liquids and gases (All Power Labs 2020). The tars are then converted
into syngas through the gasification process via catalyst introduction or high temperature gas conversion at
approximately 800°C (Dufour 2016). Syngases can then be used to substitute natural gas in an engine or turbine
for power generation or refined and sold as transportation fuels (Power House Energy 2020). Oxidant gases
(O2, H2O, and CO2) are added to oxidize the solid char and promote syngas production while O2 oxidation
serves an additional task by supplying reactor heat (Dufour 2016). This process can be referenced in Figure 5.2.
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Figure 5.2. Typical gasification process for woody biomass feedstock including usable products and associated
emissions (Adapted from Dufour 2016 and CEC 2019).

Drying the biomass prior to pyrolysis is an important step in ensuring that gasification efficiency remains high
and associated emissions remain low (CEC 2019). The California Energy Commission (2019) recommends that
woody biomass feedstock should have a moisture content less than 25% following processing with typical
biomass deliveries having moisture contents of 35 to 50%. Reaction kinetics for the drying process and the
pyrolysis/gasification process depicted in Figure 5.2 are shown below in Equations 5.1 through 5.6 (CEC 2019).

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑖𝑛 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 → 𝐻2 𝑂

(5.1)

𝐵𝑖𝑜𝑚𝑎𝑠𝑠 → 𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒𝑠 (𝐶𝑂, 𝐶𝑂2 , 𝐻2 , 𝐶𝐻4 , 𝐶2 𝐻2 , 𝐶2 𝐻6 ) + 𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑐ℎ𝑎𝑟 + 𝑇𝑎𝑟

(5.2)

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑐ℎ𝑎𝑟 + 𝑛1 𝑂2 → 𝑛2 𝐶𝑂 + 𝑛3 𝐶𝑂2 + 𝑛4 𝐻2 + 𝑛5 𝐻2 𝑂 + 𝐶ℎ𝑎𝑟

(5.3)

𝐶 + 𝐶𝑂2 ↔ 2𝐶𝑂

(5.4)

𝐶 + 𝐻2 𝑂 ↔ 𝐶𝑂 + 𝐻2

(5.5)

𝐶 + 2𝐻2 ↔ 𝐶𝐻4

(5.6)

5.1.2. Scale of Operation
The scale of this operation is what sets modular gasification apart from standard gasification facilities. Modular
systems, like the one shown in Figure 5.3 produced by Power House Energy (2020), boast the ability to utilize
up to 110 tons of woody biomass per day with just one system. With an estimated biomass usage from DGF
and HRC of 561,600 metric tons per year, it would require 12 systems to adequately offset the demand (CBEA
2020).
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Placement of these systems would be done so in a way to maximize potential grid connections. Placing modular
gasification along city boundaries in Humboldt County would ensure that regions could be energy independent
during certain power shut off circumstances and would be in close vicinity of lumber facilities for a constant
supply of biomass (CEC 2019). Additionally, placing these systems as close as possible to lumber facilities
would reduce transportation costs (CEC 2019).

Figure 5.3. The modular PHE G3-UHt Gasifier System designed and supplied by Power House Energy (2020).

5.1.3. Constraint Performance
Modular gasification systems are expected to meet all constraints outlined in Table 5.1. Typical greenhouse
gases associated with four modular gasification systems tested by the California Energy Commission (2019) can
be referenced in Table 5.1, which suggests that utilizing modular gasification will yield a lower CO2-eq. than
currently employed methods of biomass combustion.
Table 5.1. Typical CO2-eq. for modular gasification units all showing net negative quantities per year (CEC 2019).

Complete biomass utilization is feasible; however, many units will be required to do so. While this removes
some ease of maintaining large central facilities such as DGF and HRC, several modular facilities spread out
throughout Humboldt County has the added benefit of allowing the County to be more energy independent
and better equipped to meet fluctuations in grid demand (CEC 2019).
Workers and Public Safety is not expected to be compromised through utilizing modular gasification systems
as there are several proprietary designs that have undergone extensive QA/QC testing. These systems are
available for purchase, and thus, must meet standard safety requirements (Power House Energy 2020).
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Economic feasibility is also not expected to be compromised due to the production of energy as a product,
which is desirable to Humboldt County Residents and RCEA. Economic performance evaluated for several
modular gasification systems suggest a competitive levelized cost of energy (LCOE) of $310 to $403 not
including the profit gained from any by-product value for biochar (CEC 2019). Due to the value of producing
energy as a product and the inevitability of demand, the payback period for mobile gasification is not expected
to be unreasonable.
Biomass gasification is subject to a number of regulations in California that require permitting, plans, and other
forms of approval from various State, Federal, and Local agencies. Required permits are permit information,
as determined by the California Energy Commission, can be referenced in Table A.7. Because these permits
cover all water and soil discharges, modular gasification will meet all soil and water contaminants constraints
so long as proper permits are acquired and maintained.

5.1.4. Criteria Performance
Particulate matter production is expected to follow a rate of 0.31 pounds per MWh (CEC 2019). This is an
allowable amount and will be controlled by the projects Title V permit to operate as an air emitter.
As shown by the greenhouse gas emissions associated with gasification in Table 5.1, gasification is estiamted to
have a net negative CO2-eq, making it perform well in the greenhouse gas emissions criterion. While there are
still greenhouse gas emissions, they are offset by carbon sequestration and avoiding pile burning and mastication
(CEC 2019).
Table 5.1 suggests that there will be some amount of landfill dependence due to solid wastes associated with
construction and operation of the facilities, however, this amount is not expected to be unmanageable or hinder
daily operations.
The payback period is dependent on the relative scale and distribution of the implemented project; however,
modular gasification has been shown to be profitable, especially in areas of California where woody biomass
debris is so prevalent (CEC 2019).
Because the gasification system would be modular, and spread throughout Humboldt County, most, if not all
jobs sustained due to the project are expected to be County residents. The California Energy Commission
(2019) suggests that 4.9 local renewable energy jobs per MW will be produced and sustained because of a
successful modular gasification project.
Public concerns are expected to be less than favorable, as air emissions are still associated with this process,
however, gaining public support is possible through factual discussions. Implementing modular gasification in
Humboldt County will require a thorough public outreach campaign, question and answer seminars, and public
development meetings. It should be stressed that without an overwhelming amount of support from the public,
this alternative will not be feasible as the County of Humboldt and RCEA will more than likely abandon pursuit.
Finally, because modular gasification systems are proprietary, operation is rather simple and requires a minimum
amount of supervision. Additionally, their location in proximity of lumber facilities or cities make them ideal
for finding skilled labor.
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5.2. Woodchip Bioreactors and Bioswales
Woodchip bioreactors and bioswales are used as natural treatment systems for removing contaminants from
stormwater or agricultural runoff prior to groundwater recharge. These systems consist of gravity-driven
drainage through a channel or piping network to an underground bed of carbon rich material in the form of
woodchips that may be amended with biochar for higher efficiency. The size of the woodchip bed depends on
the surface area and the characteristic runoff flow rates of a particular area of drainage. As contaminated water
filters through the bioreactor media, bacterial degradation of nutrients containing nitrogen and phosphorus,
hydrocarbons, and heavy metals occurs; this eliminates lawn or crop fertilizers, automobile leakage, detergents,
and suspended solids from groundwater recharge. (Ashoori 2019).

5.2.1. Inputs and Outputs
The main inputs of woodchip bioreactors vary according to what type of groundwater contamination is being
targeted. Contaminants in the form of high concentrations of nutrients such as nitrogen are input into
woodchip bioreactors designed for agricultural runoff. Nutrients as well as metals and trace organic
contaminants are targeted by stormwater woodchip bioreactors. For both applications, woodchips are a key
input. Types of woodchips include but are not limited to Douglas fir, tan oak, and redwood (Ashoori 2019).
The end product of all applications of woodchip bioreactor treatment systems is groundwater recharge with
significantly lower concentrations of contaminants. The lifetime of the bioreactors depends on the
concentrations introduced to the woodchip biological filtration system and the volume of influent/effluent
and require periodic flushing (Addy et al. 2016). As a result, at the end of a bioreactor’s lifetime, the
woodchip media itself would, in turn, become an output in need of replacement.

5.2.2. Processes and Reactions
There are currently two main uses for woodchip bioreactors as a natural treatment system. These include both
denitrification of agricultural runoff and the removal of nutrients, metals, and trace organics within storm water
treatment systems. Each of these applied uses involve naturally occurring bacterial reactions to remove
contaminants. The process of natural treatment of agricultural infiltration is shown in Figure 5.4. This schematic
illustrates how non-point source pollution via infiltration can be captured along a neighboring stream channel
or drainage ditch with an adjacent woodchip bioreactor filled cavity prior to ground water stream capture.
Ammonia rich fertilizers can be further broken down into naturally occurring nitrogen gas in this process.

Figure 5.4. A schematic of agricultural treatment design for a woodchip bioreactor (Addy et al. 2016).
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Extending the hydraulic retention time (HRT) of woodchip bioreactors is associated with higher contaminant
removal rates due to more efficient biological reaction (Addy et al. 2016). Controlling the flow rate of influent
and effluent into and out of the reactor affects the HRT which is a function of both the flow rate and the
volume of the subsurface woodchip bed.
A separate process for the removal of stormwater contaminants is shown in Figure 5.5. This depicted method
relies on the capture of either non-point source or point-source stormwater pollution in a detention pond
prior to infiltration to the water table. Contaminants such as fertilizers can be reduced to less harmful byproducts just as in the agricultural application of woodchip bioreactors. Metals and trace organics are also
bacterially degraded in-situ through various naturally occurring reaction processes within the controlled
system as opposed to running directly into an aquifer or creek.

Figure 5.5. A schematic of stormwater treatment design for a woodchip bioreactor (Lopez-Ponnada 2017).

During the bacterially mediated reaction that removes nutrients, occurring in both storm water and
agricultural applications, ammonia is oxidized to nitrite. This is shown in Equation 5.7 (EPA 2007). The
nitrite produced from this first reaction is then oxidized to nitrate (Equation 5.8), which serves as a key
reactant in the woodchip bioreactor’s denitrification process (EPA 2007).

𝑁𝐻3 + 𝑂2 → 𝑁𝑂2− + 3𝐻 + + 2𝑒 −

(5.7)

𝑁𝑂2− + 𝐻2 𝑂 → 𝑁𝑂3− + 2𝐻 + + 2𝑒 −

(5.8)

The final reaction that occurs during the denitrification process, shown in Equation 5.9, involves the
conversion of carbon-based contaminants to biological degradation by-products and groundwater recharge
that is free of these contaminants (EPA 2007).

6𝑁𝑂3− + 5𝐶𝐻3 𝑂𝐻 → 5𝐶𝑂2 + 3𝑁2 + 7𝐻2 𝑂 + 6𝑂𝐻 −
23

(5.9)

5.2.3. Scale of Operation
The application of woodchip bioreactors and bioswales for the utilization of woody biomass primarily from
local sawmill waste is limited, for this project, to Humboldt County locations. This limitation is due to the
feasibility of transportation associated with woodchip distribution. Natural treatment of runoff through
woodchip bioreactors or simple bioswales is applicable to any area with a substantial low permeability surface
such as parking lots, construction sites, urbanized neighborhoods, as well as permeable agricultural lands
including but not limited to dairy land and commercial livestock land. Natural treatment systems can help
businesses and industry comply with state or federal permitting and regulations and are also often used as a
form of mitigation for other forms of environmental impact.
Woodchip bioreactors designed for storm water have shown a 99% removal of nitrate at a detection limit of
0.05 mg/L given a flow rate of 120 mL per hour through biochar amended woodchip media (Ashoori 2019).
Full removal of trace organics such as fipronil, atrazine, and benzotriazole was achieved under the same
conditions, as well as 80% removal of metals including cadmium, copper, nickel, and lead (Ashoori 2019). Much
larger flow rates are associated with agricultural drainage which typically would not mimic natural infiltration
rates as a storm water designed reactor would. These reactors show an approximate 57% of nitrogen reduction
with flow rates ranging from 0.23 to 1.99 cubic meters per hour (Christianson 2012). The effluent load handled
for the same conditions for which these measurements were recorded was an average of 24.2 kg of nitrogen
per hectare of agricultural land (Christianson 2012).

5.2.4. Criteria Performance
The level of appropriateness of woodchip bioreactors for the beneficial use of surplus biomass in Humboldt
County can be evaluated by the criteria expressed in Table 3.1. The use of woodchip bioreactors does not
contribute to particulate matter emissions, but detectable levels greenhouse gases such as nitrogen dioxide have
been measured as approximately 0.0062 kg of 𝑁2 O per kg of N removed (Moorman 2010). Woodchip and
biochar disposal do not contribute to landfill expenses since the organic material can be composted on-site.
There may, however, be some costs associated with composting a large quantity of woodchip filter media. The total
land use associated with the use of woodchip bioreactors containing a year’s worth of Humboldt County biomass
was approximated to be 5 acres, based upon an average woodchip bioreactor volume of 10,000 cubic feet and a
depth of 4.5 feet of media (Christianson 2011).
Though the natural treatment system alternative does not directly offer a marketable product that can be used to
determine payback period, the payback period can be determined by how much money is saved by pro-active
contaminant removal as opposed to fines associated with the EPA’s illicit discharge detection and removal program
at the price of $8.82 to $17.62/pound of N removed (EPA 2015). It would also provide an opportunity for
industry as well as local job production directly proportional to the number of sites where the proposed systems are
applicable. To further understand how woodchip bioreactors and bioswales are viewed by the public, it is likely that
a survey would be conducted. Currently, various locations in Humboldt County are already using bioswales as natural
treatment systems. Relative to energy generation from biomass, the operation complexity of woodchip bioreactors
is low. Little maintenance is required after the bed installation, though more complex systems do require flow control
and monitoring.
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5.2.5. Constraint Performance
The constraints set for this project in Table 2.1 govern whether an alternative can be considered during the
design process. To meet the constraint of 80% Biomass Utilization, the amount of biomass that is produced
by sawmill waste and other sources must be adequately used by this alternative. This would require enough
treatment systems in the Humboldt County area and would include re-chipping as end-of-lifetime maintenance.
The GHG, public safety, regulations and permitting constraints would all be met by this alternative, as
demonstrated in existing systems. Natural treatment systems are often used as a mitigation technique to achieve
permitting standards and directly improve soil and water quality. Economic sustainability of this alternative
depends on the demand for natural treatment systems and the willingness of the county to implement these
systems by means of grants and/or monetary contributions by agencies who wish to comply with water quality
standards and avoid legal issues or fines.

5.3. Bioplastics
Currently, about 99% of utilized plastics worldwide is produced from chemical processes derived from fossil
fuels (Ciel 2015). These plastics can take hundreds of years to break down in the environment, this lack of
ability to naturally decompose contributes significantly to plastic pollution in the environment (Expainthatstuff
2020). This could lead to disruption of wildlife habitats through physical endangerment and toxic chemical
exposure (The Ocean Cleanup 2020).

5.3.1. Inputs and Outputs
Bioplastics are biodegradable and can help mitigate plastic pollution problems by reducing the buildup of the
materials in the environment and reducing the toxic chemical concentrations. In addition, traditional fossil fuel
plastics contribute more significantly to greenhouse gas emissions to the atmosphere (Connecticut Plastics
2015). Biodegradable plastics are manufactured from biomass, including plant material, corn oil, food waste,
starch, and other organic materials, this allows for the material to generally decompose much quicker than
traditional plastics in the environment (Connecticut Plastics 2015). Despite a quicker decomposition time,
bioplastics should generally be handled similarly to composted materials to fully decompose in a short time
period at the end of the products lifespan (Connecticut Plastics 2015).

5.3.2. Processes and Reactions
A detailed description of the manufacturing process for bioplastics is described in the book, “Introduction to
Bioplastics Engineering” authored by Syed Ali Ashter. According to this source the first step in bioplastic
production is gathering and extraction of the raw materials that will be used for the bioplastic production, in
this case woody biomass is the main raw material that would be used in Humboldt County. The materials are
then processed in refineries through heat exposure to break down and extract the starch material from the
organic biomass materials. This organic starch mixture is then refined further by exposure to enzymes that
break it down further to produce the base chemical compound in the form of polymer structures that can be
used later to form into plastic. Biopolymers can consist of many different chemical compounds such as starches,
polyhydroxyalkanoates (PHA), cellulose, polysaccharides, and poly lactides. The final process is polymerization,
in which, the chemical compounds in polymer form are converted into plastic materials (Ashter 2016). A
diagram of the lifecycle for the production of bioplastics can be seen below in Figure 5.6. Polymerization is a
process in which monomers chemical compounds react to produce larger macromolecules by applying various
pressures and temperatures to the material, forming plastic in the process (Shrivastava 2018).
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Figure 5.6. Diagram of the life cycle for bioplastics (Ashter 2016).

5.3.3. Scale of Operation
The project constraints specify that the alternative must utilize the entirety of the biomass that is currently being
used in Humboldt County. This indicates that the scale of operation would be design to utilize approximately
234,000 cubic meters per month of biomass, where the remaining 40% or about 156,000 cubic meters would
still be transported outside Humboldt County monthly (RCEA, Lecture, 2020). This production could be used
to satisfy the local plastic demand with a higher priority and the excess could be sold and exported for
manufacturing of other items. Currently there is significant uncertainty around the production yield of
bioplastics derived from biomass, however, current processes can typically yield about 1 kg of biopolymer,
which can be converted directly to plastic, from about 1.6 kg of biomass, where the remaining mass becomes
vaporized or solid waste (Plastics Insight 2016). It was also found that this can range as high as 4.8 kg of
biomass, depending on the quality and density of the utilized biomass (Plastics Insight 2016). A manufacturing
plant at full capacity would likely produce more bioplastic than could be utilized within Humboldt County,
though the excess could be exported and sold to other companies for a profit. A more detailed analysis of the
cost/benefits will be explored in the Alternative Analysis section.
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5.3.4. Constraints Performance
There are multiple constraints for the project and a correct implementation must abide by each of these. A
qualitative summary of how this alternative may score for each constraint is shown below in Table 5.2. Each
constraint along with a qualitative analysis in regard to bioplastic production is provided with respect to each
constraint category shown below.

Table 5.2. Constraint comparison for bioplastic alternative.

Constraint

Qualitative Comparison

Greenhouse Gas Emissions

Bioplastics ultimately release the same amount of greenhouse gases that
its biomass equivalent will. However, the GHG’s will not be release
until the bioplastic is composted.

Biomass Utilization

A bioplastic manufacturing plant could utilize all of the biomass that is
currently utilized in Humboldt County. However, the excess bioplastic
not used locally would be exported for a profit.

Workers and Public Safety

The process of manufacturing bioplastic is considered safe and does
not release harmful or toxic emissions during the process.

Economic Sustainability

Further data is required to fully assess this constraint. However, the
current power plant could possibly be converted into a bioplastic plant
as a lot of the initial steps are similar to producing energy.

Federal, State, Regional
Regulation Accordance

Bioplastic production could abide by all regulations.

Permitting

This constraint required further data.

Soil/Water Contaminants

This alternative would not affect local soil conditions.
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5.3.5. Criteria Performance
Several criteria in the environmental, economic, and social category were considered regarding biomass. A
summary of a qualitative analysis can be seen for each of these criteria for bioplastic production below in Table
5.3.
Table 5.3. Weighted criteria which will govern the decision process between design alternatives.

Criteria

Qualitative Comparison

Particulate Matter

There should not be any production of particulate matter.

Greenhouse Gas Emissions

Minor amounts of methane are released during the initial heating
processes.

Landfill Dependence

There would likely be a small amount of unusable material that
would be waste, however this would be biodegradable material.

Payback Period

Further data is required to fully assess this criterion.

Local Job Production

The manufacturing plant would likely require a similar amount of
people to keep it running as either of the current biomass plants in
Humboldt County.

Public Concerns

Bioplastic generally has a shorter lifespan than traditional fossil fuelbased plastic and the public would have a positive opinion of its
production.

Technical Complexity for Operation

The initial cost investment and complexity would be relatively high
as this is a newer technology.
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5.4. Composting
Composting is the conversion of organic material to healthy soil using aerobic decomposition processes (BARC
2019). The composting process relies on microorganisms to break down the organic material and requires
specific environmental conditions for the microorganisms to thrive (Roman et al. 2015).

5.4.1. Inputs and Outputs
Composting requires both carbon and nitrogen inputs; some carbon-rich materials include wood or cardboard
and nitrogen-rich material includes food waste, greens. The desired carbon to nitrogen ratio is 30:1 (Trautmann
et al. n.d.). Other inputs required are air and moisture, 40-60 percent is desired, to allow the microorganisms to
quickly decompose the material (Ross 2018). The outputs involved with composting are soil and emissions of
GHG’s such as methane and carbon dioxide, as well as ammonia and VOC’s (CARB 2015). According to the
California Air Resources Board, composting contributes to only one percent of California’s reactive organic
gases (CARB 2015).

5.4.2. Processes and Reactions
Composting processes rely on microorganisms that break down the organic material. When compost has the
optimal conditions, these microorganisms can degrade the organic material much more quickly (Ross 2018,
Traumann et al. n.d.). The interaction of nutrients, air, water, and microorganisms create heat, carbon dioxide
and small amounts of other emissions, water, and compost (Ravi 2017). A diagram of composting inputs and
outputs, as well as a general reaction, can be found in Figure 5.7 below.

Figure 5.7. Composting Process (Ravi 2017).
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5.4.3. Scale of Operation
Aerated static piles and windrow composting are effective for large scale composting systems (Sherman n.d.).
The effectiveness of composting was analyzed and found to have a ratio of 1.5-2.5:1 for composting output to
input of woody biomass (Lee et al. 2010). Currently, there are no local composting facilities that can handle
the amount of biomass obtained by Humboldt County (RCEA 2020a). Therefore, for this technology to be
feasible, a new facility may need to be proposed, or this alternative may have to be combined with another
alternative.

5.4.4. Criteria Performance
The environmental category has three criteria: particulate matter emissions, greenhouse gas emissions, and
required area. Though composting reportedly does emit some particulate matter, the California Air Resources
Board 2009 emissions inventory showed no particulate matter emissions due to composting (CARB 2009).
Therefore, composting will score high for the particulate matter criteria. The composting process does release
greenhouse gases such as carbon dioxide and methane (Lee et al. 2010). However, an improvement in soil
quality can increase carbon sequestration and lead to a decrease in climate change (Roman et al. 2015). Based
on these facts, composting will score relatively low for greenhouse gas emissions released from the pile, but
once the avoided emissions are incorporated, composting will have negative net greenhouse gas emissions.
With the large amount of biomass in Humboldt County, a large amount of nitrogenous material is required to
achieve optimal conditions for composting. With such a large amount of feedstock, a lot of land is required to
sustain this alternative.

The economic category has two criteria: payback period and local job production. Payback period incorporates
the initial cost, cost of maintenance and operation, and profits from the output. While capital cost for this scale
is high along with paying annual salaries for many employees and other maintenance costs, there will be a high
profit from selling the cured compost as well as receiving tipping fees for disposal of waste. Therefore, the
payback period for composting is relatively high. Windrow composting of this scale will produce a lot of local
jobs due to the need for operating various equipment.

The social category has two criteria: public concerns and technical complexity for operation. Composting is
viewed very highly by the public in Humboldt County and therefore has few public concerns. Composting
scores high for technical complexity of operation due to the short amount of time required for training
operators (BioCycle 2012).

5.4.5. Constraint Performance
Since the emissions from composting are considered carbon neutral, composting meets the greenhouse gas
standards set by the EPA of 431 MTCO2e/year (CARB 2019). Since this composting system was designed to
handle 80 percent of Humboldt’s biomass, it meets the constraint for biomass utilization. While heavy
equipment such as windrow pile turners will be used, there is not a concern for public safety due to the training
that will be provided to employees. The source of funding is currently unknown, but this technology will have
a short payback period therefore will be able to meet the economic sustainability constraint.

30

The City of Arcata currently has small-scale composting systems in place, such as the Earth Tub Composting
Program, so composting is a feasible alternative based on the federal, state, and regional regulation accordance
constraint (The City of Arcata n.d.). Composting facilities must obtain permits through the California
Department of Resources Recycling and Recovery and the Regional Water Control Board. Since composting
creates healthy, nutrient-rich soil, this alternative doesn’t contribute to soil contaminants. Although nutrient
concentrations are regulated, the Clean Water Act only applies to surface waters and not groundwater, so this
alternative could be mitigated by choosing a location far away from any surface waters (EPA 2019a).

6. Alternative Analysis
This section discusses the quantitative process involved with determining each alternative’s performance in
meeting the project criteria. Through this process and creating a decision matrix, the preferred biomass
utilization alternative is identified.

6.1. Modular Gasification Analysis
The basis of determining criteria performance for modular gasification first began with determining the
theoretical power production considering the current biomass feedstock. Gasifier performance was assumed
to be a scaled version of a CircleDraft Gasifier coupled with an ORC generator. Gasifier performance was
obtained through field testing of this model performed by the California Energy Commission (2019). The
CircleDraft gasifier had a tested throughput rate of 4,970 kg/hr with a tested engine power of 3,067 kW. Using
a total throughput rate of 32,054 kg/hr (CBEA 2020), a scaled theoretical power production was estimated at
approximately 20 MW. Potential energy production calculations are summarized in Table 6.1.

Table 6.1. Potential energy production from modular gasification with the utilization of woody biomass debris in
Humboldt County.

767.12

Total biomass throughput rate (tons/day):

769,315

Total biomass per day (kg):

32,055

Theoretical throughput rate (kg/hr):
Tested throughput rate (kg/hr):

4,970

Tested engine power (kW):

3,067
19,781

Theoretical power production (kW):

19.78

Theoretical power production (MW):

6.1.1. Environmental Performance
The environmental performance consisted of particulate matter (PM), greenhouse gas emissions, and the
required project footprint. The particulate matter emission rate was estimated by referencing tested emission
goals for similar systems as determined by the California Energy Commission (2019). Using a PM emission rate
of 0.31 lb/MWh and the previously determined theoretical power production, a PM rate of 26.86 tons/yr was
estimated for modular gasification. Particulate matter emission rate calculations can be referenced in Table A.8.
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There were several components that went into estimating the total greenhouse gas emissions for modular
gasification including constriction, project, and transportation emissions (CEC 2019). The net negative carbon
emissions that was considered was from the sequestration of carbon. Tested models showed net negative CO2equivalents (CO2e) emission rates as shown in Table 6.2. Using a relative scale of 6.45 kW/kW from the tested
models, a greenhouse gas emission rate was estimated at approximately 315,441 MT CO2e/yr.

Table 6.2. Potential CO2e emission rate from modular gasification with the utilization of woody biomass debris in
Humboldt County (CEC 2019).

Construction Emissions (MT CO2e/yr):

8.25

Project Emissions (MT CO2e/yr):

56,648

Mobile Emissions (MT CO2e/yr):

926

Sequestered Carbon (MT CO2e/yr):
Net Lifecycle Emissions (MT CO2e/yr):
Relative scale (kW/kW):

8674
48,908
6.45

Theoretical Lifecycle Emissions (MT CO2e/yr):

315,441

The final environmental consideration, project footprint requirement, was determined through analyzing case
studies’ power productions associated with specific land constraints, assuming the projects produced the most
power possible given the land they had. One study obtained by the California Energy Commission (2019),
showed that the maximum possible power production for a gasifying system with a land constraint of five acres
was 3 MW. Using the relative scale mentioned previously, a projected required acreage of approximately 33 was
determined for modular gasification. It should be noted that because of this project’s modularity, these 33 acres
would be distributed amongst Humboldt County to make best use of the County’s feedstock supply and energy
needs.

6.1.2. Economic Performance
The two economic criteria analyzed were modular gasification’s payback period and the potential for local job
production. Payback period was determined by referencing capital costs and O&M costs associated with case
studies of similar systems (CEC 2019). Additionally, a levelized cost of energy (LCOE) for modular gasification
of 124.66 $/MWh was used. Costs from the case study systems were first scaled to determine initial and annual
costs associated with modular gasification of this magnitude, as shown in Table 6.3. Gross annual profit was
determined by multiplying the LCOE by the estimated annual energy production, resulting in $21,601,386.
Annual net profit was then determined by subtracting the scaled O/M costs. Final payback period was found
by dividing the scaled capital cost by the annual net profit, suggesting a 3.6-year payback period for modular
gasification in Humboldt County. It should be noted that because this calculation was of simple payback period,
interest rates were not considered over the life of the project.
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Table 6.3. Estimated simple payback period for modular gasification in Humboldt County.

Tested Capital Cost ($):

2.29E+07

Scaled Capital Cost ($):

1.48E+08

Tested O/M Cost ($/yr):

2.67E+06

Scaled O/M Cost ($/yr):

1.72E+07

Theoretical annual Energy (MWh):
SB 1122 competitive LCOE ($/MWh):
Annual gross profit ($):

173,282
124.66
21,601,386

Annual net profit ($):

6397052

Payback Period (yr):

3.58

The California Energy Commission suggests that modular gasification has the potential to support 4.9
person/MW (2019). Assuming the project implemented in Humboldt County would maximize this estimate,
97 theoretical local jobs would result from a modular gasification project in Humboldt County. These jobs are
permanent and do not include any temporary jobs created through construction or implementation.

6.1.3. Social Performance
The social criteria of interest when considering the feasibility of modular gasification are public concerns and
the technical complexity of operation. Public concerns for gasification, all be it a relatively new process with a
lack of public exposure, tends to follow favorability levels relatable to natural gas-based power. Plate et al.
(2010) suggest this to be no more than 46% favorable. Compared to other existing forms of energy production,
most notable green energies such as wind and solar, this is an extremely low favorability rating. As mentioned
previously, implementing modular gasification in Humboldt County will only be successful if it is accompanied
by an extensive public outreach campaign sought to improve percent favorability.
Technical complexity for operation was measured by determining the average employee certification time.
Assuming modular gasification operator certification followed closely with power plant operators, distributors,
and dispatchers, an average certification time of 0.25 yr was estimated (BLS 2018). It should be noted that this
does not include the time required to meet preliminary requirements such as a high-school diploma.

6.2. Woodchip Bioreactor Analysis
Woodchip Bioreactors were evaluated according to the amount of contaminants removed per volume of
biomass utilized and the quantity of by-products, by mass, of the reactions which occur to complete the process
of de-contaminating both urban stormwater runoff and agricultural runoff. To evaluate the feasibility of full
utilization of Humboldt County's biomass, the total required land use was considered and the estimated cost
of implementing enough natural filtration system units to adequately use the available biomass. When
considering the alternative’s appropriateness for the Humboldt County community, the number of jobs which
would be made available and the technical training required for community members who would hold these
jobs also played a role in determining if woodchip bioreactors would serve to replace the current biomass
industry.
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Finally, the public’s opinion was considered about the implementation natural treatment systems. The public,
as a key stakeholder, plays an important role in determining the outcome of Humboldt County’s biomass
industry; as a result, public opinion was regarded as a most important criterion.

6.2.1. Environmental Performance
Both emissions and land use are evaluated regarding the environmental performance of woodchip bioreactors.
Particulate matter is not actively emitted from underground woodchip beds, however particulate matter is an
issue during the construction phase, specifically during excavation. The daily emission of particulate matter
during this process is assumed negligible when considering the full lifetime of the reactor of approximately 15
years (Christianson 2011).
GHG emissions were considered in terms of CO2-equivalents for standardization. 8.2 to 34 mg N per kg
woodchips is removable from runoff, where 0.0062 kg of N2O per kg of N is emitted (Moorman 2010). This
results in an estimated 0.13 mg of N2O released per kg of woodchips. This equates to 0.039 tons of CO2equivalents per ton of biomass used in woodchip bioreactor runoff treatment applications, based upon a ratio
of 298 N2O per CO2-equivalents, as shown in Table 6.4.
Table 6.4. Potential CO2e emission rate from woodchip bioreactors in Humboldt County.

Nutrient Removal Emissions (kg N2O /kg N):
Biomass Removal Capacity (mg N/kg):
Theoretical Lifecycle Emissions (CO2e/yr):

6.2E-03
2.1E+01
0.039

Based on the assumed value of 450,000 tons of biomass/year diverted from the biomass plants, and an assumed
density of 315 kg per square meter of woodchips, a yearly 272,000 cubic meters of biomass would be applied
to bioreactors. With an estimated depth of approximately 4.5 feet or 1.4 meters per reactor (Christianson 2011)
this alternative requires an area of 200,000 square meters, equivalent to approximately 5 acres.

6.2.2. Economic Performance
A simple payback period of 0.23 years was calculated assuming an initial cost of $57.5 million and a savings of
$194 million per year from EPA penalty avoidance for illicit nitrogen discharge. These calculations were based
upon the nitrogen removal capacity corresponding to 450,000 tons of biomass per year, $1.06 to $12.30 per kg
of N removed (Christianson 2012) versus $8.82 to $17.62/pound of N removed through EPA illicit discharge
detection and remediation program (EPA 2015). These parameters for simple payback are shown simplified to
average values in Table 6.5.
Table 6.5. Estimated simple payback period for woodchip bioreactors in Humboldt County.

Capital Cost ($):
Annual Nitrogen Removal (kg):
EPA Illicit Discharge Cost ($/kg):
Annual net profit ($):
Payback Period (yr):
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57.5E+06
8.6E+06
29.15
2.51E+08
0.23

A yearly 272,000 cubic meters of biomass would be applied to bioreactors. Approximately 10 reactors of a
typical volume of 10,000 cubic feet (Christianson 2011) could be constructed, supplying permanent positions
for 10 maintenance workers (given assumed 1 reactor per worker maintained).

6.2.3. Social Performance
The social performance of the woodchip bioreactor alternative was evaluated according to the overall public
opinion of natural treatment systems as a method of runoff treatment, and on the technical complexity of the
design of such systems. On a nation-wide scale, 54% of surveyed jurisdictions have approved and/or
implemented similar stormwater natural treatment systems to woodchip bioreactors (Carlet 2014).
No technical training is required for operation provided an entry level biological technician (Lepine 2018).
Entry level biological technician positions typically require a bachelor’s degree, according to U.S. Bureau of
Labor Statistics (BLS 2019). For this reason, an estimated 4-year degree completion was used to represent the
required technical training period for the operation and maintenance of a woodchip bioreactor.

6.3. Bioplastics Analysis
The foundation for the analysis of the feasibility of Bioplastic production is based on the commercial and
industrial value of bioplastic from the woody biomass in the area. Overall, the performance regarding bioplastic
production can be broken down into three overarching categories: Environmental, Economic, and Social. The
environmental category deals with the potential objective impact of this alternative on the environment
including impact on public health via increase in particulate matter, greenhouse gas emissions, and increased
demand in landfill dependence. The economic category encompasses the alternatives simple payback period
and the impact on local jobs. Lastly, the social category factors in the public opinion towards bioplastic and the
complexity of job training for bioplastic production. The results for each performance category will be discussed
below.

6.3.1. Environmental Performance
The evaluation of bioplastic production with respect to its environmental performance incorporates the
increase in particulate matter, greenhouse gas emissions, and the footprint or required project area. The
production of bioplastic mainly involves the extraction of starches and cellulose from woody biomass to create
biopolymers in a heated liquid mixture which can then be cooled and processed further to form solid bioplastics
(Ashter 2016). This process does not involve handling of solids until the production is complete and thus the
particulate matter production is negligible or near to zero (Ashter 2016). Greenhouse gas emissions for
bioplastics are considerably lower than petroleum-based plastics at about 0.03 (kg CO2eq / kg Biomass). Lastly,
the required apparatus for bioplastic production is small and depends largely on the scale of production.
However, the equipment required is very similar to a biomass powerplant and thus the Fairhaven and Scotia
plants could be converted to bioplastic plants if this alternative were to be implemented, which would keep the
required footprint below 1 acre (Ashter 2016).

35

6.3.2. Economic Performance
The overall economic performance of bioplastic production was determined by factoring both the overall
simple payback period of the project along with the total job production of the project. The job production of
the project would require a similar number of jobs that would be required to run a biomass power plant (Ashter
2016). The simple payback period was determined by approximating the overall operation and maintenance
(O/M) cost per year as well as the overall revenue per year based on the mass of bioplastic that could be
produced. This allowed for an approximation of the total annual profit of the project. The total initial capital
cost was then divided by the annual profit to calculate the time to breakeven on the project. A summary of this
calculation can be seen below in Table 6.6.
Table 6.6. Payback period summary of calculations for bioplastic production.

Payback Period
Calculation:

Value

Units

O/M Cost:

1.70

$/kg/year

Source
Sustainable Bioplastics Council of Maine
2010

Total O/M per year

939,802,500.00

$/year

Calculation

Biomass Volume

234,000.00

m3

Biomass density

315.00

kg/m3

RCEA, Lecture, 2020
Density of Sawdust in 285 units and
reference information

Biomass mass

884,520,000.00

kg/year

Calculation

Bioplastic mass

552,825,000.00

kg/year

Calculation

Initial Cost:

600,000,000.00

$

Chiarakorn et al 2011

Bioplastic/Biomass ratio

0.63

N/A

Retail Price

1.85

$/kg

Plastics Insight 2016
Sustainable Bioplastics Council of Maine
2010

Revenue

1,022,726,250.00

$/year

Calculation

Profit

82,923,750.00

$/year

Calculation

Payback Period:

7.24

Years

Calculation

6.3.3. Social Performance
The overall social performance for bioplastic production can be broken down into public concerns/opinion
and technical complexity for job training. Recent polls on public opinion of bioplastics indicated that about
68% of the public stated that they would like to see more plastics items created from bioplastics (Dikes et al
2019). In addition, about 96% of the public stated that bioplastic would be about the same or better than
utilizing petroleum-based plastic (Dikes et al 2019). Lastly, the required job training for most workers who
operate a bioplastic production plant would be fairly minimal only requiring multiple months of on the job
training (Ashter 2016).
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6.4. Composting Analysis
Composting was considered as an alternative for biomass usage in Humboldt County due to its overall benefits
for the environment and positive public perception. The feasibility of this alternative for this project was based
on environmental, economic, and social criteria. Composting is a technology that is well known by most
communities with little public concern and generally has low emissions, diverts waste from landfills, is low cost,
easy to use, and provides lots of jobs. The one concern for composting as an alternative is the large land
requirement, though that was a criterion of low importance by RCEA.

6.4.1. Environmental Performance
The environmental performance of composting was based on emissions of particulate matter and greenhouse
gases, along with the land requirement for a composting facility capable of handling the required amount of
biomass. Composting does not involve any burning of materials, and in the 2009 CARB emissions inventory,
particulate matter emissions were listed as not available (CARB 2009). Greenhouse gases are produced from
the decomposition of organic material, resulting in carbon dioxide and methane emissions. Literature values of
1.7 grams of methane per kilogram of feedstock and 19 grams of carbon dioxide per kilogram of feedstock;
these values were converted to the units of tons/ton of biomass (Vergara and Silver 2019). Nitrous oxide
emissions were found to be non-detectable (Vergara and Silver 2019). Before a land requirement could be
calculated, the composition of waste had to be determined and optimized and then be used to find a volume
of raw materials (see Appendix A.3). Excel’s solver tool was used to find the optimal input masses of each
material that will allow for the ideal C:N ratio of 35 and moisture content of 40-60%. The raw materials
considered were food waste, yard waste, and wood chips (biomass). To sustain the amount of biomass being
produced in Humboldt County each day, a total volume of raw materials was found to be 101,656 cubic meters
per week. To determine the area of land required, the compost was broken up into raw materials storage, active
composting, curing, and cured compost storage. The area for each composting stage was based on the amount
of time the materials can stay in each stage; for materials storage, one week was assumed for food waste and 20
weeks was assumed for yard waste and biomass (based on moisture content), active composting typically lasts
15 weeks, curing typically lasts 12 weeks, and cured compost storage typically lasts six weeks (Vergara, Solid
Waste Management, 2020). The total area required was found to be approximately 504.2 acres.

6.4.2. Economic Performance
The economic performance of composting was based on the payback period and local job production. To
calculate payback period, initial cost, operation and maintenance costs, and profits were considered (values
shown in Table 6.7 below). With the values shown in Table 6.7, a payback period of 4.1 years was determined.
Table 6.7. variables considered for composting payback period.

Economic
input/output
Capital cost ($)

Literature value
3,500,000

O&M ($/year)

16,000,000

Revenue ($/year)

30,000,000
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For local job production, literature values showed that composting provides 4.1 jobs for every 10,000 tons per
year (BioCycle 2020). This value was converted to 405 jobs per year based on the tons of compost that would
be produced for this alternative, which was estimated to be 0.01 tons/day. A summary table of direct and
indirect jobs for composting compared to the current power plants are shown below in Table 6.8. The indirect
jobs associated with composting are for waste collection and transportation to the facility (Otoo and Drechsel
n.d.). Recology is a waste collection service which currently employs 3,600 people at over 60 locations, meaning
that each location has approximately 60 employees (Recology n.d.). An estimated three Recology locations
would have to be created for curbside pickup to sustain the multiple composting facilities required for this
project, which would create approximately 180 indirect jobs.
Table 6.8. Comparison of direct and indirect jobs from composting and biomass power plants.

Composting
DG Fairhaven
HRC Scotia

Direct
405
22
25

Indirect
180
19
NA

Total
585
41
25

6.4.3. Social Performance
The social performance of composting was determined based on public perception and the technical complexity
for operation. There was no found data on Humboldt County’s public perception of composting, but a survey
showed that 77% of Americans either currently participate or are willing to participate in community scale
compositing if they had access to separation bins (National Waste & Recycling Association 2014). Technical
complexity for operation was determined by the amount of time it takes to train each operator. Training
programs can take up to five days, so the technical complexity for operation was found to be 0.014 years per
operator (BioCycle 2012).

6.5. Decision Matrix and Preferred Alternative
To select the best alternative for the appropriate utilization of Humboldt County’s biomass, the project criteria
were weighted and applied to a Delphi Matrix for quantitative competitive analysis. Criteria weights were
provided by Redwood Coast Energy Authority according to importance on a scale of 1 to 10. Scoring for how
well each alternative met each criterion was based on a scale from 1 to 5, as shown in Table 6.9.
Each alternative was able to be compared using the scoring quantification from Table 6.9 and the weights
assigned by RCEA, which can be seen in Table 6.10 below.
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Table 6.9. Scoring Quantification for Criteria Bin Values for Delphi Matrix Comparison of Alternatives.

Score

1

2

3

4

5

Qualitative
Rating

Very Poor

Poor

Average

Good

Very Good

Particulate
Matter

> 50 tons/yr

40 to 50 tons/yr

10 to 40 tons/yr

Up to 10
tons/yr

Zero
Emissions

GHG
Emissions

>0.1 CO2eq

0.01 to 0.1
CO2eq

Up to 0.01
CO2eq

Zero
Emissions

Sequesters
Emissions

Required
Footprint

> 60 acres

40< acres <60

20< acres <40

1< acres <20

< 1 acre

15 + yrs

10 < yrs <15

5 < yrs < 10

1 < yrs < 5

< 1 yr

0 to 1 Job

1 < Jobs < 40

40< Jobs < 60

60< Jobs<100

100 + Jobs

Public
Opinion

0 to 20 %
Approval

20 to 40%
Approval

40 to 60%
Approval

60-80%
Approval

80-100%
Approval

Required
Training

8 + yrs

5 to 7 yrs

2 to 4 yrs

1 yr

< 1 yr

Payback
Period
Job
Production

The scores given to the alternatives for each category were multiplied by their corresponding weights to give
values that could be summed to show which alternative had the highest overall score. The alternative with the
highest score proves to be the desired option since it best fits RCEA’s needs for the project. Table 6.10 shows
how each alternative scored for all of the criteria, along with the total scores.
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Table 6.10. Delphi scoring matrix.

Criteria

Weight
(0-10)

Particulate
Matter

4

Alternatives

Normalized
Bioplastics
0.93

5

Composting
5

20
Greenhouse
Gases

4

0.93

2

2

0.47

2

5

5

1.17

5

1.17

7

1.63

4

3

0.70

5

111

20

10
3

21
5

21
3

15
118

25
2

28

15
Total:

15

3

5

8
5

25

28
Required
Training

6

4

4

8
4

20

15
Public Opinion

4

3

5

20
2

2
4

3

12

3

15
Job Production

5

8
1

3

3

1

10
Payback Period

W.C.
Bioreactor

20

8
Required
Footprint

Gasification

15
93

9
101

Composting scored high in all categories except greenhouse gas emissions, due to the initial analysis only
considering the emissions from the pile and required footprint. Due to the relatively low weight of those two
criteria, composting was still able to score highest with a total of 118, with bioplastics scoring 111 as the next
highest alternative. Therefore, composting is the chosen alternative for this project.
Each of the alternatives were scored according to the criteria above and were assigned a score from 1-5
accordingly. The alternatives were then multiplied by the assigned weights from the client and summed to
produce an objective score for each alternative by which they can be compared to one another. This analysis
resulted in the composting alternative scoring the highest, followed by bioplastics, a woodchip bioreactor, and
finally gasification.
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After further analysis on the benefits of composting, the net GHG’s were calculated considering the avoided
emissions from the biomass being used at the power plants and the emissions avoided from the food waste and
yard waste that would have otherwise been landfilled. While composting emits approximately 17,269
MTCO2e/year, the use of composting would prevent the 176,738 MTCO2e emitted by DG Fairhaven and
258,042 MTCO2e emitted by the Humboldt Sawmill Company in Scotia (CARB 2017). A separate analysis was
conducted using the EPA waste reduction model (WARM) which modeled the emissions avoided for food
waste from being composted rather than landfilled. The optimized masses of waste for this project were used
in the WARM tool; for 873,600 tons/year of food waste an estimated 473,648 MTCO2e is emitted from
landfilling. The default assumptions of the WARM model were used in this analysis. Another consideration for
greenhouse gas emissions is the carbon that is sequestered by composted soil. An experimental study showed
that compost sequesters approximately 0.3 Mg CO2e/ha, which gives approximately 4.07 MTCO2e for this
composting system considering cured compost storage takes up approximately 33.5 acres of land (DeLonge et
al. 2013). Another source of emissions for this alternative will come from transportation of feedstock. Heavyduty trucks typically emit 0.00139 MTCO2e/mile (EPA 2019b). With an approximation of 14,105,728 miles
travelled per year for an estimated 788 truckloads per week of food waste from Eureka and a total of 595
truckloads per week of biomass from the seven sawmills in Humboldt, this project will emit approximately
4,357 MTCO2e every year due to transportation. With all the emissions resulting from composting and avoided
by composting, a total of -886,807 MTCO2e net greenhouse gas emissions was calculated.
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7. Specification of Solution
The section discusses the in-depth design proposal for windrow composting of woody biomass in Humboldt
County. In doing so, the following topics will be covered: 1) the general functions and operations associated
with the composting process, 2) the potential target audience for the compost product, 3) recommended scale
and location of the composting facilities, 4) lifetime costs including capital and projected operating costs, 5)
permits that will be required to implement and operate the project, and 6) design specification sensitivity results.

7.1. General Function and Operations
The general functions and operations associated with windrow composting are primarily associated with
creating windrows of the proper size given the amount of feedstock present and accounting for the working
area where aeration and maintenance can occur. This maintenance area is known as the compost pad and it will
contain the monitoring equipment and heavy machinery necessary for daily functions (Tchbanoglous and
Kreith 2002).
The properties of the feedstocks can be found in Table A.9, with the required inputs of 16,800,000 kg/week
of food waste and 10,800,000 kg/week of biomass. While the biomass will come from the seven sawmills in
Humboldt County, the source of food waste is still unknown. Humboldt Waste Management Authority is
capable of supplying a large portion of the required food waste, but other sources outside of Humboldt will
need to be considered.

7.1.1. Windrow and Compost Pad Design
Windrow pile sizes were based off of common values but modified slightly to optimize the area of land required
for the alternative to be more feasible. The maximum allowable height of approximately 3 meters was used to
decrease the overall area needed (Vergara, personal communication, 2020). The length and width of the piles
were set to be 40 meters and 7.6 meters, respectively, because an increase of dimensions for each pile would
decrease the number of piles needed. The spacing along the width of the piles was set to be 8 meters while the
spacing along the length of the piles was set to be 2 meters. These values were chosen to try to minimize the
area requirement while still allowing for space the equipment to mix the piles.
Because this windrow design results in a relatively large composting area of 504 acres, it is recommended that
this project be divided into four, independent 150-acre facilities. Opting for four facilities as opposed to one
large facility brings with it the added benefit of being able to optimate locations based on feedstock demand
and compost supply, however, this does increase equipment costs as each facility will need the ability to operate
independently of one another.
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7.1.2. Facility Area and Total Land Requirement
The number of acres required for a feasible and healthy environment regarding decomposition of the biomass
and food waste feedstocks was determined by optimization of the feedstocks and land allocation for various
areas designated for the receiving/storage, windrows, and curing of the compost. The storage area was
determined by allocating space for rows approximately 15 meters long by 5 meters wide by 3 meters long, with
a 1.5 meter spacing between rows to allow for access and equipment. The total area for this section of the
facility was approximated as 28 acres. The windrows themselves would occupy approximately 63 acres of each
facility, with dimensions as mentioned previously in section 7.1.1. Curing compost would occupy approximately
26 acres per facility with rows 40 meters long by 5 meters wide and 3 meters height. Curing compost would be
spaced with 1 meter between rows. Finally, the finished compost product in its stable form would occupy
approximately 8 acres per facility and would be placed in rows 15 meters long by 5 meters wide and 3 meters
high. Spacing to allow for loaders to retrieve this finished compost was determined as 1 meter between rows
and 4 meters at the end of each row for truck access.

7.1.3. Mechanical Pile Turners
Compost turners are vital to any large scale composting facility as they serve two main purposes: 1) they mix
oxygen and water into the compost pile with a large mechanical mixing rod and on-board water spray system
and 2) they reduce and maintain the temperature to maintain ideal environments for composting
microorganisms (Scarab 2018). A typical pile turner, shown in Figure 7.1, mainly consists of a mobile
mechanical drum capable of rotating at speeds up to 800 rpm that is housed to prevent composing material
from being thrown in the air (Scarab 2018). These turner units are capable of being manually driven, selfpropelled, or pulled by a motorized pully system or tractor.
Each proposed compost facility, with a turn frequency of every three to five days, can be properly aerated with
one large scale full hydraulic crawler compost turner, however, it is recommended that each facility have two
available turners to account for mechanical failures and maintenance down time (CT 2015). In total, ten
hydraulic compost turner systems are needed for the entire design, each with an estimated cost of $125,000
(Tchbanoglous and Kreith 2002).

Figure 7.1. Example of a typical mechanically operated crawler windrow composting turner (BHC 2020).
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Mechanical pile turners such as hydraulic or self-propelled windrow turners require less spacing between rows
than do tractor driven turners. The BACKHUS A75® by Ecoverse is an example of a self-propelled windrow
turner with dimensions accommodated by a windrow design width of 7.62 meters, a height of 3.35 meters, and
an estimated windrow pad length of 8 meters. Dimensions were determined by the turner’s 25’ by 11’ windrow
capacity (Ecoverse 2018). The spacing at the end of the windrows, the windrow pad, must accommodate the
machine’s ability to transition from row to row. A typical turning radius accommodation of twice the length of
the machinery is a sufficient windrow pad length (McSweeny n.d.).

7.1.4. Feedstock Grinders
Another vital piece of machinery for each proposed facility will be a feedstock grinder. This device combines
the woody biomass, yard waste, and food waste into a homogeneous mixture with particles of similar size
(SMSC 2018). These grinders operate on a similar principle as the pile turners, in that, the main mechanism
utilized is a mechanically rotating drum, however, they are rotating at much slower rates, usually around 40 rpm
(SMSC 2018). Having a slower grinder system is beneficial because it prevents equipment damage and operator
danger associated with hard objects such as rocks entering the grinder system and it allows inorganic material
to be more easily separated as their structure is not nearly destroyed as much (SMSC 2018).
A popular grinder style for composting facilities is known as a tub grinder, shown in Figure 7.2. These grinders
are loaded with a top-loader and the product material is transferred up a conveyer system where it can be more
easily piled or loaded into the rear of a dump truck (Tchbanoglous and Kreith 2002). Typical composting
facilities operate with a single grinder system as daily operations usually maintain an excess of useable windrow
material so redundancy is less important than it is for pile turners (Tchbanoglous and Kreith 2002). Taking this
into consideration, the projects entirety for all facilities will required five tub style grinders, each with an
estimated cost of $100,000 (Tchbanoglous and Kreith 2002).

Figure 7.2. Typical tub style grinder system being loaded with a front-loader and piling the mixed material to be
piled into windrows (Tchbanoglous and Kreith 2002).
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7.1.5. Stacking Conveyors
The last major piece of equipment needed for each facility is known as a stacking conveyor, or stacker for short.
The main purpose of these stackers, shown in Figure 7.3, is to organize the finished compost material into large
piles to be readied for distribution. Much like the grinder system, stackers are typically supplied via a frontloader and the conveyor system stacks the compost into piles or into the back of dump trucks (Tchbanoglous
and Kreith 2002). Typical conveyor costs are approximately $40,000 and each of the five facilities will require
its own for daily operations and distribution.

Figure 7.3. Top loader, large capacity conveyor stacker system designed and distributed by McCloskey (Agg-Pro
2020).

7.1.6. Other On-Site Heavy Machinery
Dump trucks and front-end loaders are typically used for the removal and reforming of windrows in between
pile sessions (Figure 7.4) and the loading of grinders and conveyors throughout the composting process
(Tchbanoglous and Kreith 2002). For smooth daily operations, it is recommended that each facility have with
it one dump truck for creating windrows and transporting compost and two front-end loaders for uninterrupted
loading of both the grinder and stacking conveyor systems. Capital costs associated with dump trucks and frontend loaders are expected to be $50,000 and $75,000, respectively (Tchbanoglous and Kreith 2002).
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Figure 7.4. Example of a bulldozer being used for the laying of windrow piles (Archer Et al. 2020).

7.1.7. Waste Collection and Monitoring System
As part of each facilities’ waste discharge permit, strict monitoring guidelines must be followed. Typical
monitoring equipment for windrow composting facilities include in-pile temperature probes to ensure proper
internal temperatures, weather stations to account for wind speeds and precipitation patterns, and small scale
laboratories to perform basic compliance measurements such as moisture content, bulk density, and pH (Coker
2020). All components would be unified through a Supervisory Control and Data Acquisition (SCADA) system
that would allow operators to monitor these parameters at a single centralized location. Typical costs for the
entirety of these components at each facility are estimated at $15,000 (Coker 2020).

7.1.8. Conceptual Model
There are many ways a composting site could be designed and implemented. The most common would contain
a storage area, composting area, along with a wastewater channel and waste section. A diagram for an example
conceptual model can be seen below in Figure 7.5.
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Figure 7.5. Conceptual model of a typical windrow composting facility (BHC 2020).

7.2. Target Market and Product Distribution
The target market for amended soil is prioritized to be local farms, excess amended soil could be exported to
nearby counties to be sold to farms for a profit. Overall, the soil amendment market is currently valued at about
3.7 billion (USD) in 2020 and is estimated to grow about another 10% per year (Soil Amendments Markets
N.D.). This demand is driven by the degradation of soil in the US which disappears at about 1.7 billion tons of
farmland per year (Soil Amendments Markets N.D.). Therefore, there would be significant demand for the
commercialization and selling of amended soil in Humboldt County. The excess soil produced from this
alternative could be exported and sold in nearby farming counties for a profit, aiming to minimize
transportation greenhouse gas emissions.

7.3. Location and Scale
When considering viable locations for woody biomass composting facilities in Humboldt county, several factors
were considered including 1) the facilities’ location in reference to its feedstock as to minimize transportation
costs and greenhouse gas emissions, 2) the facilities’ potential to create odor problems with nearby
communities, and 3) land availability.

7.3.1. Minimizing Feedstock Transportation
When considering potential biomass composting locations in Humboldt County, it is important to recognize
the distance the biomass feedstock must travel. To do this, timber zones were identified for DGF, Green Leaf
(Owner of HSC), and Blue Lake (No longer in operation) that had transportation costs less than or equal to
10$ per BDT of biomass (Kisha Et al. 2015). Because feedstock from these locations have the lowest costs for
current biomass users in Humboldt County, composting facilities located in the shared timberland zones
highlighted in Figure 7.6 were assumed to be ideal locations for reducing transportation costs. Furthermore,
currently operating lumber mills in Humboldt County that produce woody biomass as a waste product and
their locations are summarized in Table 7.1.
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Figure 7.6. Woody biomass residue shared timberland zones for DGF and HSC (Kisha Et al. 2015).

Table 7.1. Humboldt County Sawmill companies and respective cities of operation (adapted from Kisha Et al. 2015).

Humboldt County Sawmill Companies
Korbell Sawmill
Britt Lumber
Mad River Lumber
Sierra Pacific Industries
Schmidbauer Lumber
CW Wood Products
Redwood Lumber Company

City within Humboldt County
Korbell
Arcata
Arcata
Weaverville
Eureka
Fortuna
Scotia
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7.3.2. Minimizing Community Odor Concerns
Resulting odors from windrow aeration can become an issue if composting facility locations begin to impede
on urban developments. Issues are primarily in the form of odor complaints from urban populations within
vicinity of the composting facility. Composting odors are generally the result of anaerobic conditions, which
can be caused by improper maintenance of the piles (Tchbanoglous and Kreith 2002). Ideally, if anerobic
conditions are avoided, odor should be kept at manageable levels. Windrow composting, as mentioned in the
General Functions and Operations, will require mechanical aerators in the form of pile turners to achieve this.
Though odor is not anticipated to produce public complaints if highly considered when studying potential
locations, odors can be significantly reduced by implementing air scrubber systems (Tchbanoglous and Kreith
2002). Implementing air scrubber systems to the composting facilities would also have the potential of utilizing
the woody biomass as an odor filter, however, these systems bring significant capital costs (Tchbanoglous and
Kreith 2002). While the associated costs and implementation of air scrubber systems are not addressed directly
in this report, they should be considered in situations where odor concerns are a top priority.

7.3.3. Potentially Available Land
There are 32,651 acres of agricultural land in the Lower Eel River watershed and 11,436 acres in the Eureka
Plain region (Humboldt 2003). The proposed alternative would utilize approximately 504 acres of these lands
to establish windrow composting facilities which would adequately compost 80% of Humboldt County’s
biomass which is currently used in biomass power generation.
A geospatial analysis showed that there are currently 141 vacant agricultural parcels available in Humboldt
County, all located south of Humboldt Bay. Four of these parcels were selected due to their location in the
shared timberland zone highlighted in Figure 7.6 and their ease of accessibility in reference to Highway 101.
The locations are in the same general facility of Humboldt County, stretching from Loleta at the north most
facility and Rio Dell for the southernmost facility, as shown in Figure 7.7. Areas and assessors’ parcels numbers
(APNs) for each recommended parcel of land are summarized in Table 7.2.
Using APN 204-391-151, a diagram illustrating an example composting facility was created as shown in Figure
7.8. The contents of the facility, as discussed in the General Functions and Operations section of this report,
contains areas for material storage, equipment storage, curing, cured storage, and composting piles. While the
actual areas of each parcel will change depending on what is available, the average percent allocation between
facilities is expected to remain the same.
Table 7.2. Summary list of recommended parcels within Humboldt capable of sustaining the biomass composting
project (Humboldt County GIS 2020).

Humboldt County APN

Area (acres)

106-081-002
106-111-008
204-391-004
309-251-002

161
240
153
168
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Figure 7.7. Locations of the five proposed parcels for woody biomass composting within Humboldt County
(Humboldt County GIS 2020).
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Figure 7.8. Proposed composting facility footprint illustrating zone parameters and area requirements.

7.4. Capital and Operating Costs
Total capital costs for land leases and equipment purchases can be seen in Table 7.3.

Table 7.3. Capital costs associated with windrow composting facilities and equipment

Purchase Item
Initial Land Payment
Windrow Turner
Grinder
Stacking Conveyor
Front-End Loader
Bulldozer

Price ($)
1,136,024
125,000
100,000
40,000
75,000
50,000

Unit

Quantity

LS
EA
EA
EA
EA
EA

1
8
4
4
8
4

TOTAL CAPITAL COST
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Equipment Cost ($)
1,136,024
1,000,000
400,000
160,000
600,000
200,000
3,496,024

7.4.1. Tipping Fees
Separate tipping fees are charged for the disposal of yard waste and food waste to large composting facilities.
This source of income is separate from the selling of the finished compost product. Tipping fees for food and
yard waste were estimated based on existing costs at local facilities. Humboldt State University currently pays
$160 per ton for food waste disposal to a local worm composter (Comet 2020). Based on these local values,
disposal costs of $160 per ton of food waste would be the maximum appropriate tipping fees for the proposed
windrow composting facilities to remain competitive with current operations.

7.5. Permitting
To establish an industrial scale composting facility in the state of California, permitting for a solid waste facility
must be attained and the facility must abide by all waste discharge requirements therein. Permitting under the
State of California Department of Resources Recycling and Recovery and the Regional Water Quality Control
Board is required for the operation of the biomass composting facility proposed by the selected alternative
which would handle both source-separated food waste and grinder-chipped biomass combined with sawmill
waste residues.

7.5.1. Permit Requirements
A report of waste discharge is required by the California State Water Resources Control Board under Water
Code section 13260 (DWQ 2015). Composting facilities are subject to environmental health standards
addressed by the California Code of Regulations 14 CCR § 17868. These include sampling requirements,
maximum metal concentrations, pathogen reduction, physical contamination limits, clean green material
processing requirements, and green material and vegetative food material processing requirements.
Composting facilities also must operate in compliance with the Air Quality Management District, the California
Department of Health Services, the Department of Toxic Substances Control, the Integrated Waste
Management Board, the United States Environmental Protection Agency, as well as any other state standards
for the handling and disposal of solid waste in the form of compostable materials (CalRecycle 2020).

7.5.2. Criteria Pollutants
Criteria pollutants including PM10, NOx, SOx, VOC, and CO are monitored in the state of California, and must
be quantified to ensure that significant impact to the environment is not posed by a proposed project. Emissions
ranging from 20 to 40 mg/kg of VOC have been observed from composting mixed wastes including both
woodchips and yard wastes (Buyuksonmez 2007). This is equivalent to 3.0E-05 US tons of VOC emitted per
US ton of compost, on average. PM10 and PM2.5 emissions from windrow composting were observed at levels
of 0.091 and 0.045 tons per year, respectively. These values were determined from a throughput of 16,122 US
tons of compost per year and simplify to 5.6E-06 US tons of PM10 and 2.8E-06 US tons of PM2.5 emitted per
US ton of compost (BioMRF n.d.). Through this same facility, no detectable NOx, SOx, or CO concentrations
were emitted from the windrows, although equipment for grinding and screening during materials processing
run by diesel engine emitted 0.645 US tons NOx, 0.111 US tons CO, and 0.0007 US tons SOx for the yearly
compost throughput of 16,122 US tons (BioMRF n.d.). Based on these values, average criteria pollutant
quantification by tons of each criteria pollutant emitted per ton of biomass utilized are shown in Table 7.4.
Table 7.4. Estimated tons of criteria pollutant emissions per US ton of biomass utilized in windrow composting

PM2.5

PM10

CO

NOx

SOx

VOC

7.2E-06

1.4E-05

---

---

---

7.7E-05
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The average criteria pollutant quantification on a yearly basis for windrow composting without consideration
of equipment emissions is shown in Table 7.5. The values for yearly criteria pollutants were determined based
on the assumption of 80% utilization of Humboldt County’s biomass (561,600 MT per year) which would
account for approximately 39% of the total estimated yearly compost mass including biomass and food waste.

Table 7.5. Estimated criteria pollutant emissions from windrow composting (US tons/year)

PM2.5
4.4

PM10
9.0

CO

NOx

SOx

VOC

---

---

---

47.6

7.6. Specification Sensitivity
The density of the biomass has significant uncertainty and varies spatially and temporally. This uncertainty can
cause drastic uncertainty in the required area for the project, the projected annual return, and other deciding
factors in the implementation of this alternative. The effect of changes to the density on the footprint can be
seen below in Figure 7.9. The relationship appears to be logarithmic, approaching an asymptote as density is
increased. This demonstrates diminishing returns if an effort is placed into increasing the density to reduce the
required area.

800

Required Area (Acres)

750
700
650
600
550
500
175

225

275

325

375

425

475

Density (kg/m3)
Figure 7.9. Sensitivity analysis showing the effect of the density on the required area.

The density of the biomass also influences the annual return of the project. This relationship can be seen below
in Figure 7.10. As the density is increased, one would also see diminishing returns as the increase in annual
profit decreases rapidly.
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Difference in Annual Retrun (%)
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Figure 7.10. Sensitivity analysis for the effect of the change in density of the biomass on the difference in annual
profit.

8. Conclusion
Currently excess biomass from local sawmills and other sources are used as an electricity source at both biomass
powerplants in Humboldt County, DG Fairhaven and Humboldt Sawmill Company in Scotia. Public concerns
regarding the environmental and public’s health created hesitations with the continued use of biomass as a
power source within Humboldt County. As a result, a preliminary analysis was performed on four different
alternative uses for the biomass that is currently used to generate power at these local powerplants. The
alternative uses for the biomass that were analyzed include gasification to produce biofuel, conversion to
bioplastics, composting, and surface water treatment using bioswales.
The alternative uses for biomass were scored based on criteria and weights provided by RCEA. A decision
matrix was used to determine that the preferred alternative for Humboldt’s biomass utilization for the client is
composting. An exploratory design solution has been prepared and presented within this document to outline
what the implementation of this alternative may look like in Humboldt County. In total, the four proposed
composting facilities will handle the incoming feedstocks of 10,800,000 kg/week of biomass and 16,800,000
kg/week of food waste. Several potential composting locations were chosen throughout Humboldt county to
help minimize transportation costs and emissions. An approximation for the required area and the type of
utilization were also proposed to divide the sites into their uses: biomass storage, curing area, equipment storage,
and active composting area. The total capital and operating costs were also approximated, totaling about $ 3
million as an initial investment. The potential required permits along with the criteria pollutants for this
alternative were also outlined. Lastly, the density of the biomass may have a substantial effect on various aspects
of the implementation of the project including the annual return and the required area. Thus, a sensitivity
analysis was performed on both these parameters to understand the relationship with the density of the biomass.
Both the parameters showed to have logarithmic relationships with biomass density and thus have diminishing
returns should the density of the biomass be increased.
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Appendices
Table A.1 Comparison of energy distributions for PG&E and RCEA as providers (PG&E n.d.).

Specific
Purchases
Renewable
Biomass &
Biowaste
Geothermal
Eligible
hydroelectric
Solar electric
Wind
Coal
Large
Hydroelectric
Natural Gas
Nuclear
Other
Unspecified
Total

PG&E
34%
4%

Percent of Total Retail Sales (kWh)
PG&E
RCEA
Solar Choice
REpower
100%
42%
0%
12%

RCEA
REpower+
100%
12%

4%
3%

0%
0%

0%
0%

0%
0%

18%
10%
0%
13%

100%
0%
0%
0%

9%
21%
0%
40%

44%
44%
0%
0%

15%
34%
0%
0%
100%

0%
0%
0%
0%
100%

0%
0%
0%
18%
100%

0%
0%
0%
0%
100%

Table A.2. Seasonal Carbon Monoxide (CO) limitations for FPP (Title V Permit NCU 096-12).

Tier

June 1st to
October 31st
(Dry Season)
Lb CO/MMBTU
24-Hour Average

November 1st to
May 31st
(Wet Season)
Lb CO/MMBTU
24 Hour Average

Allowable Frequency in Each Tier for
Each Month

1

1.8

2.5

CO emissions may not exceed the Tier 1
limit except as noted below for Tier 2 and
Tier 3.

2

1.8 < x ≤ 2.3

2.5 < x ≤ 3.3

CO emissions shall not occur in the Tier 2
and Tier 3 ranges for more than eight (8)
24-hour averages each month.

3

2.3 < x ≤ 3.0

3.3 < x ≤ 4.0

CO emissions shall not occur in the Tier 3
range for more than three (3) 24-hour
averages each month.
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Table A.3. Average 24-hour Nitrogen Oxide (NOx) limitations for FPP (Title V Permit NCU 096-12).

Tier

Lb NOx/MMBTU
24-Hour Average

Allowable Frequency in Each Tier
for Each Month

1

0.16

NOx emissions may not exceed the Tier 1 limit
except as noted below for Tier 2 and Tier 3.

2

0.16 < x ≤ 0.18

NOx emissions shall not occur in the Tier 2 and
Tier 3 ranges for more than eight (8) 24-hour
averages each month.

3

0.18 < x ≤ 0.23

NOx emissions shall not occur in the Tier 3 range
for more than three (3) 24-hour averages each
month.

Table A.4. Average 24-hour Carbon Monoxide (CO) limitations for boilers at HRC (Title V Permit NCU 060-12).

Tier

Boilers A and B
(Lb CO/MMBTU
24-Hour Average)

Boiler C
(Lb CO/MMBTU
24-Hour Average)

Allowable Frequency in Each Tier for
Each Month

1

1.2

0.8

Base limit, 24-hour average needs to be
attained for the highest percentage of time

2

1.2 < x ≤ 2.0

0.8 < x ≤ 1.0

Total 24-hour averages per month must not
exceed eight

3

2.0 < x ≤ 3.0

1.0 < x ≤ 1.5

Total 24-hour averages per month must not
exceed eight

Table A.5. Average 24-hour Nitrogen Oxide (NOx) limitations for boilers at HRC (Title V Permit NCU 060-12).

Tier

Boilers A and B
(Lb NOx /MMBTU
24-Hour Average)

Boiler C
(Lb NOx /MMBTU
24-Hour Average)

Allowable Frequency in Each Tier for
Each Month

1

0.2

0.22

Base limit, 24-hour average needs to be attained
for the highest percentage of time

2

0.21 < x ≤ 0.22

0.23 < x ≤ 0.25

Total 24-hour averages per month must not
exceed eight

3

0.23 < x ≤ 0.26

0.26 < x ≤ 0.30

Total 24-hour averages per month must not
exceed eight
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Table A.6. Required Permits for daily operations at DGF (RCEA 2016).

Permit

Permit Description

Title V Permit

North Coast Unified Air Quality Management District Permit to Operate
NCU 096-12

Wastewater Discharge

North Coast Regional Water Quality Control Board (NCRWOCB) Order
No. R1-2002-0076; NPDES No: CA0024571; ID NO. 1B85026RHUM

NPDES Permit

NCRWQCB No. 96-92; NPDES Permit No. CA0024571; ID NO.
1B85026RHUM

Stormwater Discharge
(Statewide General Permit)

State Water Resources Control Board (SWRCB) No. 97-03-DWQ, (NPDES
No. CAS000001) WDID No. 1B12S016487

Commercial Fertilizing
License

State of California Dept of Food and Agriculture FIRM#1844

Certificate of Registration
(Weights and Measures)

County of Humboldt - Department of Agriculture Weights and Measures
State of CA No. 33690

Weightmasters License

Department of Food and Agriculture - Division of Measurement Standards
11453

Cal/OSHA Crane Permit

Serial#141477 issued by D&T Crane Certificate

Permit to Operate Steam
Boiler

State of CA Dept of Industrial Relations Div of Occupational Safety and
HealthState Serial#B001455-86, N.B.#15455

Permit to Operate Air
Pressure Tank

State of CA Dept of Industrial Relations Div of Occupational Safety and
Health No. 85154; Tank No. 1458-86; NB 61633

Permit to Operate Air
Pressure Tank

State of CA Dept of Industrial Relation Div of Occupational Safety &
Health No. 85155; Tank No. 24767-87; NB 67155
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Table A.7. Required State, Federal, and local regulations and permits as they relate to modular gasification in
California (CEC 2019).
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Table A.8. Estimated yearly PM mass rate for modular gasification in Humboldt County.

PM emission rate (lb/MWh):

0.31

Timespan (hr):

24

Energy production (MWh):

690.20

PM daily mass (lb/day):

213.96

PM daily mass (tons/day):

0.11

PM yearly mass (tons/yr):

39.05

Table A.9. Optimized composition of compost.
Material

Mass
(kg/wk)

Density
(kg/m3)

Moisture

Biosolids

0

840

80

0

4.5

Food waste

16800000

290

70

5040000

Yard waste

Dry mass
(kg/wk)

%N dry

C:N
(-)

Volume
(m3/wk)

N
(kg/wk)

C
(kg/wk)

10

0.0

0.0

0.0

2.4

15

57931.0

120960.0

1814400.0

190

45

0

1.8

40

0.0

0.0

0.0

Cardboard

0

150

10

0

0.1

565

0.0

0.0

0.0

Woodchips

10800000

247

50

5400000

0.1

600

43724.7

5400.0

3240000.0

SUM

27600000

-

-

10440000

-

-

101655.7

126360.0

5054400.0

Mixture

27600000

271.5

62

10440000

-

40.0

101655.7

126360.0

5054400.0
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