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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 ofri@ss to supply etdcity, which releses pollutants into the air.
Humbol dt State Uni v e rcasiEngnéesing Epningi2020 Capstond clabs hdsebasen u r
tasked with assessing alternative uses for biomass in Humboldt County.

Alternative solions were soughtitatwerel)capablef managing®ofHu mb ol dt Count yds woc
residue?) reduced assiated greenhouse gas emissR)ngas incompliance withll local, state, federal, and

OSHA standamd and permitting processéswas ecoomically feasiblend had a means fainding the

project and 5was incompliance with all soil and water quedigylations such as the CWA, CERCLA, and
RCRA. To select the preferred alternative use of biomass, a set of environmental, econoialicyiéeiasoc

were stablished; the einenmental criteria include minimizing particulate matter emissions, geegalous
emissions, and required footprint, the economic criteria include minimizing payback period and maximizing
local job production, andelsocial criteria¢lude maximizinguplic perception and ease of use. Each criterion

was weighted by RCEA depegdam the relative importance to the project needs. These weights were used
in the Delphi method to determine what alternative is the hégirsdrhe alterniaves considered rfahis

project were modular gasification, woodchip bioreactors, biopladt@snaosting.

Composting was found to be the best alternative for the project, as it best fittheighesd criteria. The

net emissios for compostingvere estimatedat aproximatelyd887,000 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 watbas sequestratioA summary of themissions

can be seen in Table 0.1 below, where a negative sign represents the emissions that are being avoided by
composting.

Table0.1: Emissions associated with the current system and cotimgps

Source Emissions(MTCO2e)
DG Fairhaveriomass power plant -176738
HSC Scotia biomass power plant -258,042
Landfill (food wasje -473648
Composting 17,269
Carbon Sequestration -4.07
Transportatiomof feedstock to compost facilit 4,357
TOTAL -886,807

Afteroptimizing the feexfocks anthe design of the compost pitbe area requirement was found t6Me

acresThe feedstocks considered were woody biemdfssd wastevith required mass inputsi®80Q000
kg/weekand 16,800,00@g/w ee respectivgl The woody biomass will come frafdorbel Sawmill Britt

Lumber, Mad River Lumber, Sierra Pacific Industries, Schmidbauer Lumber, CW Wood Products, and
Redwood Lumber Compaaydthefood waste W come fronthe Humboldt Waste Managemauathority

(HWMA) transfer station in Eurekavith 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
analysisTo sustain theequired area fahe compostingystemfour vacantagricultural parcetsebeing
proposeds shown iffable0.2below.



Table0.2 Proposed parcels of laridr composting facilities (Humboldt County GIS 2020).
Humboldt County APN  Area (acres)

106081-002 161
106111008 240
204391004 153
309251002 168

The materials needfedt operation of the composting facilitiesvarerow turnergtwo per sitgfor aeration

of the compost pilegrinderqone per sijgo create Aomogeneasicompostingnixture stacking conveyors
(one per sibeto organize the finished material into piles for distrihditr-end loader@wo per sitgfor

the removabf windrowsandloading ofyrinders and stackeasiddump truckgone per $&) for thereforming

of windrow pilesA diagram illustrating roposed composting facility, including area distributions for each
stage of compostinus additional land allocated to equipment storage, can be seenGnlFigure

by - Materials Storage
C1t12r|ng kZonet‘ -Woody biomass
> =3 - 12 weekcure time — -Food waste
) '1 7 -21% arearequirement S8 - 22% arearequirement

Equipment Storage
- Windrowturners

- Grinder

- Stacking conveyor

- Front endloaders

- Dumptrucks

- Maintenance equipment

7y

Cured Compost Storage
- 6 week storagetime
- 7% arearequirement

Active Composting
- Windrow Piles
Y - 40mx3.35mx7.62m (LxWxH)
- 2mdistance between piles
-3to 5 day pileturn time
- 15 weektotal compostingtime
% -50% arearequirement

500 1,000

Figure0.1. Proposed composting facilfigotprint illustrating zone parameters and area requirements.



Land procurement costs plus the costs associated wihuipenentresulted in a total capital cost of
$3,086,024 sensitiity andysis on theffect of density adhe compost on thdifference in annual returns
showed thgprofit increases with an increased dersiyther sensitivity analysis was conductsststhe
effect of density othe required area, which showett tira decreasegth an increased density of compost.

In conclusion, largecale industrial windrow composting facilities were proposed to provide an alternative use
to the biomass currently being incinerategdarer production in Humboldt County. drderto 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 maintainindgpyvirsir@ivheavy
machinery, four indohual conposting faitities 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 theokm of manure, and sourcing food wste néghboring maicipalities 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 diveysas and the minimization of greenb@asmissions

in California.



1. Introduction

Humboldt County is situated in Northern California in the heart of the redwoods and other national forests.
One of the leadingndustries in Humboldt County is the timber industry. Humboldt Redwood Company
(HRC) runs asawmill inScotia, Californithat generatesawmill wastas a byproduct through lumber
production A local biomass plant called D.G. Fairhaven Power, primadlyuio on sawmill waste, opened
operations on the Samoa Peninsula in Humboldt YCoudi®7 (MarinoLecture, 2020). In 1989, HRC

opened up Humboldt Sawmill Company, a second biomass power plant which also utilizes the sawmill residues
for dectricity poduction via biomass combust{@BEA 2020,b).

The Redwood Coast Energy Authorityrently purchases3%6 of Humboldt's power from these biomass
plants, however there are community concerns surrounding the emissions of this endRGESRO2EI]).

Although biomass is considered a renewable energy source in California, a recenbliR CiAtipg

indicated that approximately 53% of community members preferred to either minimize or eliminate this energy
source (RCEA, Lecture, 2020). The objective opthject is to investigate alternative sustainable uses for
woody biomass residueHumbddt County ® make a recommendation for alternatsesthat best meets

the criteria of the project. This project will explore the uses of biomass and wibbmodined with finding
alternative energy sources to replace biomass energy.

2. Constaints

Constraints 1@ defined as client driven project restrictions that the suggested alternative must meet under all
circumstances. If an alternative is shown to notanggeen constraint, it will not be considered as a feasible
alternative. A succesiséltenative to wody biomass utilization in Humboldt County, California would meet

all constraint conditions outlined in Table These constraints were developed wancmication with

RCEA representatives and consulting current Humboldt Countgldochi@ sustainab energy goals.

Table2l./ 2y 3N Ay(id 6KAOK Ydzad o6S YS( obbomdss. RSaAdy OK23

Constraint Description

o Greenhouse gas emissiobscause bthe proposed project alternative
Greenhouse Gas Emissions o ) . ]
mustnot exceed emissions associated with current technologies

The proposed solution must offer a way to beneficially 88&of
Biomass Utilization Humboldt County's sawmill waste and other woody biomasses curren
being processed by biomass power plants

) The proposed solution must not violate OSHA standards or threaten pt
Workers and Public Safety . N .
safety in any significant or illegal way.

e ic Sustainabili The proposed project solution must havewstainabé ource of funding
conomic Sustainabili
y throughout the entie life of the project

Woody biomass utilization technology must be in accordance with al

Federal, State, Regional Regulation Accordan ] ] )
applicable federal, state, and regional regulations

Allrequired permits must be obtainable upon projecpproval and the
Permitting project must be adaptable in meeting all permit renewals throughout t
entire life of the project

The project should meet all soil and water quatiégulations, such as the

Soil/Water Contaminants
CWA CERCLA, and RCRA




3. Criteria

Criteriaare a set of developed conditibgsvhich project alternatives can be quantitatively and qualitatively
compared. By assigning weights to each criterion bésaelative importance in comparison to one another,
akernatives can be given performarmcees that can be used to deterntieeniost feasible and desirable
alternative. Environmental, economic, and social criteria for woody biomass alternative technologies can be
referenced in Tabl8.1 which were datmined based on information gatheredbugh background
developmerdind cliehcongiltations

Table3.1. Weighted criteria which will govern the decision process between design alternatives.

Criteria Descriptin Method of Comparison Weight

Environmental

The alternative with the lowest mass of pollutant

Particulate Mater PM10,PM2.5 will be rated highestmass/time) 4
Greenhouse Gas CG. CH, NO The alternative with the lowest net GHEnissions 4
Emissions S will receive the highest scorénass/time)
. . Arearequiredto make the project | The alternative with the lowest required area will b
Requiredrootprint . . 2
feasible rated the highest.
Economic
Payback Period Length of tlm.e. for Fhe project to The alternative wlth the shortest paybacknmnd will 5
recover themitial investment receive the highest score.
Amount of Humboldt County jobs tha The alternative with the highestumberof
Local Job : . . . . . . .
) will be sustained as a result of this| projeded jobs in Humboldt County will receive thg 5
Production - .
project highest score.
Social

The alternative with the best public perception ag
obtained through public opinion surveys will be 7
given the highet score.

How the alternativas perceivedy

Public Concerns the generalpublic

Technl_cal The amount otechnical training The alternative with the lowest employee
Complexity for ; ; e 3 . : 3
Operation required to operate the alternative. certification time willreceivethe highest score.

4. Background

This section discusses ratevzackground information as it pertaingh® project settgn and ultimately
analyzing alternative uses for woodmags debris in Humboldt Couritire overall geographical location,
existing technologies related to bionmessitting and regulation®all discussed in this section.



4.1. Geographical Considerat®n
Geographical considerations are important for devglapinnderstanding of biomass power production in
Humboldt County as well as considering the feasibility of potential alternatives.

4.1.1. Humboldt County, California

Humboldt Countyf{Humbold) is locatedn Northern Californiapproximatel$0 niles south othe Oregon
border(ESRI201§. This densely forested coastal county has a current population of 140,000 with 59% of the
population livingground Humboldt Bay, illustrated in Figdré (Humboldt Count 2020). Due to this
population distribiin and the large amount of unincorporated redwood fdtestdoldthas had a long

history withlogging and wood manufacturing since the 1850s (NBSTi®&his day, the lumber industry
remains an important soarof economic activity in Humboldt, pding thousands of local jobs and
approximately 28% of Humbol dt s power t Rvood u g h
manufacturing (RCEA 2020
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Figured.1. Locator map of Humboldt County, Califagrand its location within the United States of America.
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4.1.2. Biomas$?owerPlantLocations

The two facilities thagroducepowerfrom biomass in Humbdt ae DG Fairhaven Power (DGF) and the
Humboldt Sawmill Compay ( HSC) . DGF is situated at 97 Bay Str
Parcel Number (APN) of 40R%011, as shown in Figyt@ (Humboldt County 2020a). DGF isl&h8 MW

generatin faglity that utilizes a mechanical stoker type boilertodiomass fuel followed by a multiclone

dust collection system and an electrostatic air cleaner (Title V Permit NQ)J \08tilaip t018.8 MWcan

beproduced at this plarit) MW is made alabke to RCEA through a\lear contract that, in turn, geikls

to Humboldt residents (RCEA 2020b). It is worth mentioning that the facility uses two natural gas burners for
startups, shutlowns, emergencies, and periods of time \lwrass supply por (Title V Permit NCU

09612).

Figured.2. DG Fairhaven Power Plant located in Samoa, California.



The second power plant, HSC, is located at 108 Main Street in Scotia, CaliforrAdivitif 401121-011,

as shown in Figure3 (Humboldt County 2020b). Bethg larger of the two power plants, Hfa€ £8 MW
capacitwith 13.25 MW available to RCEA throughyad contract (Title V Permit NCU @Bf). Because
HSC has the luxury ofalbeing a luber compay, biomass supply is usually avafl@abé®mbustia in one

of three steam generator boilers (Title V Permit NCA260uch like DGF, HSC utilizes a multiclone dust
collection system and an electrostatic air cleaner as tmdanti®l egpment ad a diesel oil burner for
startups (Title V Permit NCO6G12).

A
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Figure4.3. The Humboldt Sawmill Company located in Scotia, California.



4.2. Sources oEnergyin Humboldt
Thissection discuss¢he currergource of energy in Humboldt County includiegctirrent biomass power
plants, other sources of energy, and distribution within the county.

4.2.1. CurrentBiomas$lants

RCEA purchases biomass electricity from Humboldt Sawmilb@pnigrated iScotia, and B Fairhaven

Power, located on the Samoa peninsb&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). Humbdt Sawmill Capany generates 28 MW of electrical power frardywmomass and

the power plant consists of three boilers and three steam turbine generators (California Biomass Energy
Alliance 2020, b). To control emissions of particulateriithe boilerbave multclones and electrostatic
precipitators attach€@alifornia Biomass Energy Alliance 2020, b). The DG Fairhaven Power plant generates
approximately 18 MW of electrical power and consists of one boiler that powezbeatcotensing steam

turbine. The biter can handle wood with high moisture contesitproduces 180,000 pounds per hour of

steam (RCEA 2016).

4.2.2. OtherSourcef Power

In Humboldt County, RCEA buys energy for Humboldt County residents and allows consumese to choo
between theutomatic REpaer plan, or to pay more for the REpower+ plaichvprovides only renewable

energy to the home (RCEA 2020a). Tableelow shows the distribution of power sources supplied for each

plan, and compares them to energy plansde by PG&E. fie most comnmdy used energy plan in
Humbol dt ¢ o ubnptoywe rR@HAAONS, R hows that Humbol dt ds mai
order): hydroelectric, wind, unspecified sources not traceable, biomass & biowaste providingall2% of t
power, andolar (PG&E rd.).A comparisonf energy source distributidas PG&E and RCEA as providers

can be found ifable 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 istdistributed
consumers N Humbol dt county t htioolineg RCEAGEREH s power di str

4.2.4. Goals

The Redwood Coast Energy Auy hadirgttryi bt ddru mbofo | elt e «Ctol
for future energy sources are for one hundred pereantasid renable sources for electricity in the next

five yess, with one hundred percent of those sources to be generated locally within the nexatehlyears

the 20242024 period, RCEA would like to have dixty percent of renewable sourceset@dmtracteéor

ten or more years (RCEA 2020a). In theientuattempt to achieve these goals, RCEA, with PG&E and the

Schatz Energy Research Center,tplanild a solar array with a battery energy storage system at the Arcata
airport, which is projesd to supplR.25 MW of power to the county (RCEA 2020a).



4.3. General Biomass

This section serves to define biomass in the context of a natural resoul@es asinteoduce various ways
in which biomass use has developed and is currently developrg.tBerchieconcerns with using biomass
as an energy souare addressed, such as: technology efficiency, availability, and emissions control.

4.3.1. Biomass Defined

The United States Department of Ener gwdfomflatnes bi ¢
andalgagb ased mat er i al n.d). Alaht Basad enaterialsgnglud8 \aaous@green waste materials
such ascrop matdals, scrap wood, wood chips, sawdust, and forest floor debris in the form of branches,
twigs, and log&iomass is ricim carbon, making it an energh resource.

4.3.2. Biomass Energyechnologies

Biomass can be used either directly or indirectyn aseégy source.Direct technologies involve the
incineration raw biomass including but not limited to wooehaboin theofm of forest debris, sawmill scrap
material andvoodchipswhile indirect technologies utilize higher efficiency biofuels processeadviro
biomass. This section will introduce these methods as well as discuss the costs and bewrefitgitassociat
eachmethod.

Gasification

Gasification is a procehat convertbiomass into energjelding biofuels. This conversion is desired because
more energy is contained in the products of the combustion of biomass than is contained in thelbiomass itse
(SERI 1988 The biomass that can be utilizeddgasificabn includebut are not limited to woody biomass
including forest fuelajoodchipsand other sawmill scrap waste. These materials are burned to produce gases
including nitrogen, carbon monoxikdgdrogen,arbon dioxide, water vapor, and methane (in ardezatest

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 technaésgrangesdm 65% to 72% where fixed bed gasificsizantie lowesefficiency,

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 comb/igoa.the cantity of air in terms of mass

which is requirefibr direct lomass 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 haspadirecttira

efficiency of gasification (James et al. 2015).

Byproducts anaverall efficiency in the gasification process is dependent upon the specific type of biomass
used in the conversion process. The byproducts which are produced during gasdiodiran tar,
particulates, alkali, and ammonia requirerdeamil contibning prior to meeting emissions standards (EPA
2007).



Torrefied Biomass

Torrefaction of biomass involves a mild form of pyrolysis to woody biomass, similar to roasting, at
temperatures bewen approximately 230 to 300 degrees Celsiig@élUtmeye2016). 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 wkitighter tha its parent material, due to a lower moisturecb
Thisprocess 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 chemicdticonopgisdl a higher carbon

content and a less volatile dretefore rare heat resistant material. The benefits of having this devolatilization

is a lower emission rate of carbon monoxide, carbon dioxide, methane, and other byproducts aswell as a larg
energy tanass ratio than negrocessed biomass (Wild & Deayer 2016)Fach 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 ofiebtoconvert the heat from incinerated biomass to steam
which is used to produce turbiiiiven energyBoiler technology varies, and boilers which are used in the
biomass energy conversiodustry areypically categorized as either basic stokersboildlidizedbed

boilers (EPA 2007pirectFire methods are the most largely used current technology in the biomass industry
in California and base operation on the Rankine Cycle (BOt2all 2 simie Rankine Cycle is shown in
Figured.4.

Boiler

Pump | Condenser |

Figue 4.4. A generic depiction of the Rankine Cycle for steam energy generatitere the combustion of
biomass would serve to generate heat withie farnace of théoiler, driving steam to the turbine.

Fluidzedbed boilers facilitate the process of biomass combustion using an inert intermediate medium such as
sand andan handléhe moisture contents of biomass (Power 2012). The purpose diitesfheid medium

is to actively abrade the excess cavbamg residuals which result from the burning of biomass and produce

a cleaner and more effective burn to release more@emeggting heat; this process lends to more appropriate
emissions levethan combustioprocesses lacking the fluidibed compona (EPA 2007).

Contrary to Fluidizeded 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 beilmsouggen riobnvironment with high

furnace airflow to aid the combustion of coal, biomass or both in a process cdilao@&PA 2007). This

method allows for minimally processed biomass.



4.3.3. Emissions Control Technologies

Emissions control techmglies are implem&don an industrial scale order to meeair quality standards

based on acceptable particulate exposure to human health. Biomass energy plants must employ emissions
control technologies for the safety of plaotkers as well as foeduction to enwimmental impact.

Baghouses, electrostaticcjpitators, and cyclonic or nudiclonic systems are a few of the leading
mechanisms to appropriately reducing emissions from biomass plants and will be disisussetibim. t

Baghouses

Baghouses are dsas common air filtration systems for ingalsplants including biomass power plants.
Baghouses use heat tolerant fabrics to collect particulates expelled from combustion processes occurring within
a boiler. Bghouses are sized acawgdb the ratio fathe gas flow being filtered to the filoatfabric 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 tdobies (Turner et al. B)9High efficiecy baghouse fabric filters are

capable of 99%ptal particulate matter removal includingnicson particles and are considered to have a

higher particulate removal than technologies such asyiolties (BERQ21).

Electrostatic Preipitation

Electostatic Precipitators (ESP) are a form ofssam technology which uses an internally generated
electromagnetic field to charge particles within influent gas flow. The ESP ionizer positively charges air
contaminahparticles so that neyaly charged dace within the precipitator will attracttisaftates and
ultimately remove them from the air flow, releasing effluent with a 95% renidvaliéoonparticles and a

90% removal fa2.5micronparticles (BERC 2Q).

Similar to the cleng mechanism i baghouse, the particles are either blasgtdken 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 constanfluent flow rate, berwise discontiiities in flow can cause the ionization m®ce

to inadequately remove contaminants (EPA n.d., a.). ESP units generally require less energy input than do other
emissions control technologies dueltavagpressurdifferential in influentral effluent gass€EPA n.d., a.).

Gas Cyclone Systems
Cyclores and Multicyclones are mechanical emissions technologies which serve to reduce emissions without

the use of filters. Cyclones centrifuge particulate matter from gases, reducing the d&@ed®nanl .5
micronparticles by 50% and 5% for singyabnes 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 (approximdye3.4 megawattsyihich use a higher pressure drophiesea 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
conjunction wh other emissions control technologpericularly using cyclones to precede electrostatic
precipitation technology to further decrease overall emissions as well as to prolong the lifetime of the equipment
(EPANd., b))
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4.4. AlternativeUsesfor Biomass
This section summarizaternative biomassas 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 otheastegaratewal

(EIA 2016), within Humboldiounty this numbeises to about 23% (RCEA, Lecture, 2020). The majority of
biomass power worldide is produced from biomass burning systems, also known d#atiregstems

(Walton et al 2020). The alterreativopower soluin is referred to as afiring system, this a process in

which biomass is used in conjunction with another fuel to create steam and spin a turbine to ultimately generate
electricityAmerican Coal Council 2Q1€onversely, direfited systems utilizxclusively biomassarganic

waste matetlias the primary fuel to generate power (Williams 2016).

While relatively benign in its greenhouse gas productionfidireitmass power generally only reaches an

overall efficiency of abb25% (William2016). Biomass power getion has been showo reduce the
greenhouse gas emissions when compared to other fossil fuelsosiliatedigral gas, or dldEnergy Holdings

201). This is commonly regarded because should biomass sex b# energy geration; its stored ¢am

would be releas@uto 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 yektghekeu

resource not be used for enengroduction ReEnerdoldings 201 However, despite this overall reduction

in greenhouse gases when compared to other energy alternatives, many members of the public express concern
about t hi s niigytadd @sogddatien asatreméwnl@dnbrgy source (RCHAecture, 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 biogher( 2020 Bioluels can be uséuvehicles to help makansportation
requrements 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, argesidi; dnd pyisis.

The most common ethod, gasificatioplaces 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 similar process in whithe biomass is hedtquickly 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 (Energywa.d.). The fial method to producedbiuel is anaerobicgdistion, which

involves utilizing bacteria and other microorgasisch as enzymes to breakdown the biomeasshfowski

2018. The byproduct of this decomposition of the organic materiaixedigas that ctains methane and

carbon dioxideQalifornigEnergy Commission 2Q1®verall, the efficiency of biomass depends largely on its
source, though it typically only ranges fre8fo4Tan 202D This seems relatively low compared to most
energyproduction methds, however, siditant amounts of the biossmwould 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 Mdier@lgast

with Phstic 2018 Theseaypes of plastics can caim additional potentially carcinogenic chemicals that can be
harmful to the population and the environm&he(Problem with Plastic 2018hese plastics can also take

over 400 years to futhegrade, leading abuildupand aditional pollution in thenvironment and landfills

(Wright et al 2018). Recently, scientists have perfected types of compostable plastics, called Polybutylene
Succinate (PBS), that can be made largely from bidlicessyfie Plastics 29. One of the pmary benefits

to this formof biodegradable plastics is that when compared to petrochemical based plastics, they release about
70 % less greenhouse gases into the atmosphere (Woodford 2020). Bioplastics can bmargdeoinores

of organic materialsd biomass including cotarch, straw, woodchips, saw dust, and food Wastengton

2018. Biodegradable plastics can be used for many products with short expected lifespans and be fully
composable ultimately alléating a signifast amount of ligr and pollution that wouttbrmally be caused

by plastic materials. In addition, they can be designed to last longer if required depending on the use of the item
(Carrington 2028 However, some types of bioplasticsstéinrelease haful greenhouse g6 such as

methane whenlaled to compostMicrodyne Plastics 2017

4.4.4. Biomass fertilizer

Another utilization of biomass is to produce organic fertilizers from it for agricultural purposes. Decomposed
organic biomassr biodigestates ia byproduct ofanerobic digestion and damused as a fertilizer that will
promote growth of various crops in the agricultural indiisingl{era et al 20L3This type of fertilizer may

be blended with animal manure and is ofterdaaifjanic fertidler (Science Digd. Organic fertilizer ctains
significantly lower concentrations of nitrogen and phosphorous which are some of the primary pollutants
within the agricultural industry (Green 2015). Organic fertilizers also haveheramdwstrial besfits

including he improvement of the sttuece of soil, resistance to over fertilizing, no toxic chemical buildup, and
they are renewablgi{ford 2019.

4.4,5. Biochar

Biochar is a byproduct of both pyrolysis and gasification (Speart R0p8dduced &r the biomass is

burned in a reactor to hace 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 arrently used ianimal farmings used as feed supplement tandbsorb odordBjoEnergy 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 overatusture of the wrounding soil fioagricultural purposeBidEnergy

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 redumesdnaigsagriculre (Rose et

al 2a6).

4.5. Environmentaimpacts
This section discusses the environmental impacts associated with current power production through biomass
combustion as well as the environmental impacts associated with alternative osigsionvass.
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4.5.1. Canmunity Concern®RegardingiomassJtilizatian

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). AccordififptaithAiCa
Resarces Board (CARB) Pollution Mapping To@[% 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 208REBQR017). Theate of California considehe carbon dioxi

emitted during combustion lbibmass to be carbon neutral becauseaHhi®nis considered to rapidly cycle

(Cho et al . 2019) . Many peopl e beutrdl ecaesectrelsa ta rtemidg
being planted quickly enough teagr this balance (Cho et al. 20C%iteria pollutantare also of concern

because they are harmful to human héaRA 2018)A list of the criteria pollutant emissions from the
Humboldt Comty biomass plasitan be seen in Tablk elow.

Table4.1. Criteria pollutant emissions for each biomass power plant (CARB 2017).

Pollutant DG Fairhaven  Humboldt Sawmill Company
NOXx 3.38 tongyear 167 tondyear
SOx 0.318 obngyear 34.5 tongyear
PMio 0.287 tonyear 35.7 tonkear
PM:s 0.272tongyear 32.9 tonkear

DG Fairhaven emitted 3.38 tons of NOx, 0.318 tons of @@87 tons of PM10, and 0.272 tons of PM2.5

while Humboldt Sawmill Company &ea 167 tons of NOx34.5 tons of SOx, 35.7 tons of PM10, and 32.9

tons of PM2.5 in@L7 (CARB 2017). While these numbers may seem large, the time scale is important since
adwection and dispersion of pollutants naturally occur and can prevent humafféetalths long dsere

is no inversion layer trapping the pollutants at growsldDev Yacob, ENGR434 Lecture, 2020).

4.5.2. Hydroelectridmpacts

Humboldt County has multipgxisting hydroelectric power plants: Mill and Sulphur Creek Project with a 1
MW capacity, Baker @leProject with a 1.5 MW capacity, Mathews Dam Ruth Lake (HBMWW&PWwIW
capacity, Essex Road Pumping Station (HBMWD) with a 2 MW capacity, and Kalesk&lenia with a

5 MW capacity (Zoellick et al. 2005). Before a hydrogiantitics built, enkonmental impact studies must

be done to determine if there Wil significant impacts on the surrounding environimesryironmental
impact reportsfish habitats, water quality, water temperature, and cultural heritage are dcbmmms
concern tid to small hydroelectric plants (Bakken et al. 2012).

4.5.3. WindImpads

wind power does noeleasanyemissionsand therefore is not a source of pollutioth® environment
(Zoellick et al. 2005However, the placement of wind turbinag have an envinmental impact by disturbing
habitats or harming birds that mayiritp them Zoellick et al. 2005The Redwood Coast Offshore Wind
Project has a lot of monunity support, buasthere is a lot of fishing activity in Humboldt Baygatitn
measures muke taken to ensure sustainability of the fishing industry (R2B&#).2

13



4.5.4. Solarimpacts

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 excesge will go to thgrid rather than being stored in a battery (Zoellick

et al. 2005 Humboldt County ha$aut 150 solar systems connected to the grid, which combine to a total
capacity of 380 kW (Zoellick et al. 2005). There have also been apprakideelfgrid sohr power

systems installed in Humboldt County, which make upxapptely 1 MW of capaci The ACV Microgrid

project that has been proposed determined that there would be no significant impacts in relation to the project
and thereforeubmitted a negatideclaration rather than an environmental impact report (Hu@boidy

Public Works Degartment 2018). It was determined that the only emissions from the project would be from
the construction processes and would be less thanaig(tifionboldt CountyPublic Works Department

2018) The only listed potential impaestsre biological resoes; cultural resources, and noise. The concerns
regarding biological resources related to a rare plant species and the removal of trees donestita be
habitat or birds; however, both of these concerns could easily be dnitigateoldt County Pulal Works
Department 2018Yhe concerns with cultural resources and noise are associated with the construction of the
project and have proposedigdtion measuré¢idumboldt County Public Works Department 2018)

4.5.5. Natural Gasmpacts

Though natur al gas power is not provided via RCEA
Humboldt Bay Generating Station is a power plant owned by PGé&tthasc 163 MW capty (Wartsila
n.d. ). Af ter upgr adsnsw more efficerd, prpduces lésd azone, and kmita feveer it

greenhouse gag®¢artsila n.d.)The Humboldt Bay Generating Station released 199,429 metric tons CO2e of
totd greenhouse gas€fRB 2017). The criteria pollutants released, shown id Zadie significantly lower
than the biomass facilities which also have a much lower capacity than the Humboldt Bay Generating Station.

Table4.2. Natural gas criteria pollutant emissicinem Humboldt Bay Generatj StatiofCARB 2037

Pollutant Emissions
NOXx 27.3 tonkear
SOx 1.35 tonkear
PM10 4.8 tongyear

PM2.5 4.77 tonkear

4.6. Stakeholders

The stakeholders for th@omass industry in Hlaldt County include all of the people and organizations
effected by the operation apdd oducti on of the countyds two power
biomass. This includes people who are empitingatly or indirectlpy the plants, the suppk and the
consumers of the electricity output, and the residents affected byrangnental impact the biomass plants

pose.

4.6.1. Redwood Coast Energy Authority

TheRedwood Coast Energy Autho(RCEA) has a neero greenhousegygoal for Humboldt Cotyy and
purchases electricity from both the DG Fairhaven biomass plant and the H8evwolitit Company power
plant at rates of $65/MWKRCEA 2020p RCEA envisions that the county will eventoatiyon 100%
locally sourced powamnd the two biomass plarcontribute heavily toward this goal.
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4.6.2. Humboldt Sawmill Company (Scotia)

The HumboldSawmill Company has been employing Californians since 1989 when it began its operation as a
biomass energy pta Approximately 25 people areedily employed by thempany (CBEA020b). The

Scaotia plant currently operates under gy&gae contract witRCEA to provide the organization with energy
through their biomass operations (RCEA 2020b).

4.6.3. DGFairhaven Power

There are 22 people who arediy employed by DG Haaven Power, as well as approximately 30 indirect
employees responsible for biomagsrations outside the power plant. These operations include the
transportation and processing tud ivoody biomass which is purchased by the dx@aven power plant
(CBEA 2020, a.)lhe Fairhaven plant currently operates underygeaneontract with R@&o provide the
organization with energy through their biomass operations (RCEA 2020b).

4.6.4. PacificGas & Electric (PG&E)

Biomass energy in Humbbltbunty offsets Humbdd ener gy consumersd demand
generated power (Furniss 2020). PG&Eadifucture is used to transmit energy from both the Humboldt
Sawmill Company and the DG Fairha®ewer companieBG&E benefits through monewested to local

energy nfrastructure through RCEAGs program (RCEA 20:

4.6.5. Humboldt County PG&E Customers

Biomass energy is a large sorce of the total energy consumed in Humboldt County. RCEA purehngged bioen
supplied Hmboldt County energy consumeith approximately 23% their power supply in 2018 (RCEA
2020b)Without the subsidized energy benefits tirabe biomass operations, it is possible that Humboldt
County customers may not receive the saergy rates.

4.6.6. UCCE Eureka
Under the Universitgf CaliforniaCooperatie Extension YCCE), a small percentagé woody biomass
material iprovided to HumbaltCo u nt y & powédr plantslais nsaterial is in the forof branches and
other plant materials associated withiveresearcton forest ptnogen,0sudden oak dest Phytophthora
ramorum(Furnis2020).

4.7. Regulations anBermitting

Alternatives foutilizing woody biomasare ultimately subjected to federal, state, and regjiogality
regulationas well as permittipgocessa®latedd soil amendments andsiewater discharggnderstanding
current regulations relatedwomody biomass combuwsti are the basis for developing viaiiernatives
through criteria comparisons.
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4.7.1. FederaRegulations

Air pollutants, like thosé which thatare produced at the Faven Power Plant attte Humboldt Sawmill
Companyare regulated at the Federal leydhe EPA througliTitle V of the Clean Air AcMajor source
permit holdersegulated by Title ¥re requiretb operate iragreeanceith ther issued permit by cdying
annualcompliance with specific air discharge requireimettiteed m Part 71 ofTitle 40 Code ofFederal
Regulation®40 CFR)Tabled.3 showgheTitle V emissiorlimitsas they apply to woody biomessbustion
for FPP. While these pollutantseaof concern foHSC, compliance monitoringf emission rateis not
included in theifitle V permit.

Table4.3. Pollutants of concern and respective emission rates for
biomass combstion at FPP (Title V PeriNiCU 096L2).
Emission Rate

Pollutant

Ib/hr tons/yr
PM10 12.6 55.4
PM2.5 12.6 55.4
NOx 154.8 236
VOC 5.37 23.5
CO 1,264 3,316
SOXx 7.9 34.6

Additional federal regulations for both power plagfardingparticulate lading(d) and visiblemissias (f)
arecovered iM0 CFR§ 6043band ares follows:

A Particulate loading shall eateed a particulattter (PM) dischargé0.04 IoMMBTU/hr .

A Visible emissionsf anygaseous mixtushall not excee2D% opacitpvera 6minuteaverag@ot
includingone allotted -6ninute periodvhere the opacitan be as high as 27%.

4.7.2. StateRegulations

In addition b federahir qualityregulations codified within 40 CBBparat&tateregulationsire set fortlin
Division 26 of the€CaliforniaHealth and SafeCodeandareissued by the California State Air Resources Board
(Board). While the Board is responsiblet@intaining regulatis set forth bivision 26, it is ultimatetlye
responsibility foregional organizationis issie permits on behalf of tHePA and theBoard that are in
compliance with both 40 CFR and Division 26.

4.7.3. Regional Regulations

The regionaorganization respdb$ for maintaining air quality regulatiovithin Del Norte, Trinity, and
Humboldt Countiess the North Coast Unified Air @@lity Management District (Distri€@pmbined, these
counties make up the North Coast Air Bé&asin ard operate as a singletity toregulate and permit major
source air pollutetiroughRegulation 1, which covers gengravisionsprohibitionsand permits within
the Basin.

Rulescovered in Regulatiorttiat are relevant to both power plants in t¢pevoody biomass combustion
are as follows:

A Particulate mattelischarge shall nexceed.1 grains per cubic fooflexhausfRule 104(C)(R)
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In addition topermit requirements in pursuantrefulatios set by 40 CFR and Division && District
regrves the responsibilitydonstrucpermit conditions as they se#tibughDistrict Rule 102(EProvisions
outlingd inF P PTitls V permit hat arecovered by 102(Eyeprovidedin TablesA.2 andA.3 whilerelevant
102(E) regulations for HSC arewh in Table#\.4 andA.5.

4.7.4. OtherRequired Permits

In addition to Title V permits that are required for air pollutachaliges relatéd biomassombustion,
DGFisrequired to holdNational Pollutant Discharge Elimination System (NPDES) permitliogdowaer

and boiler cooldown®NPDES No. CA002437. The effluent discharge point is locatpdroximately two

miles &f the Samoa cetin the Peific Ocearand &a dilution of 115:1, DGEB permitted to discharge up to

500,000 gallons per dBRCEA 20.6).Furthermore, DGF has developed and must nrathigir Storm Water

Pollution Prevention (SWPP) Pilamccordanceith the State ofaliforniandustrial Activies Storm Water

Permit Water Quality Control Order No.-03DWQ (RCEA 2016)The SWPPRBIn o ut | ionstes DGF 0 s
practices aimed at pretirg pointsource pollutanfsom contaminating stormwater runoffgiag through

thdr locatian.

DGF also recycles all fly ash product created through woody biomass combustion, and therefore, is required
to hold a commercial fertiliziigensesasissuedhorough the California Department of Food and Agriculture

(FIRM #1844). Holding tid permit atiws DGF to distributély ash to be used by local farmers as a soil
neutralizerwhich helps prevent certagricultural diseases (RCEA 2016).

Several othergomits may be required to operateoady biomass power plant. Couitigg with DGF agn
exampleacomprehensiveummary of their required pernaiés baeferenced in TableG.
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5. Alternatives

Thealternative technologies Biomass utilizatiainathave been selected for the decision proceasdinéar
gadiication, woodchip bioreactpbioplastics, and compostifigese alternatives will be evaluated according
to the defined constraintsdacriteria for the Humboldt County biompigect.

5.1. Modular Gasification

The first alternativender consideration isodular gasificatipmproes in which small, mobile units use
woody biomass as a fuel source under choked combustion conditieate teyorgas and biochar as useable
productdNREL 2002)Choked combustion elso sometimes referred to as incompbetdgstion meaning

the gadiication process buriits feedstock without enough air to complete the combustion pleaeswy

the remaiing syngas with combustion potenbaff¢ur 2016).

5.1.1. Proesses and Reactions

While gasification processes differ bamedhe type of thermocherdiceactor chosen, the desired syngas
product,the relative scale of operatiandthe main reactiomemainthe same throughout (Dufour 2016).
Thesemain reactions angrimary pyrolysigrimary tar production, arghsphase caversion which is
illustraed in Figure 5.1The combination of these three main reactions is what makes up the gasification
process

CO, H,0, H,,
CO,, CH, etc.  GASPHASE and/or CATALYTIC
35 Nk ) CONVERSION CO,, H,0,
mZK- .
gt co, H
% c.w,,T, H. + 02, HzD, COz 2
oH TAR, etc.
‘ =3 PRIMARY TAR
[ b
BIOMASS e T L

v HOe— [ R

\ o = © ©o

. + 03, H;0, CO, CO,, H,0

»

CO, H,

PRIMARY  pap

PYROLYSIS
CHAR OXIDATION

Figure5.1. Main reactions associated with gasification of biomas(ID@016).

Pyrolysis is tharocess of applygrheat at approximatdy0500 C to raw biomad® createsolidcombustible
charcoal rd volatiletars in the form of liquids and gases (All Power Labs Z02Qars are then converted

into syngas throughe gasification process walyst introduabin or high temperature gas conversion at
approximately 80G (Dufour 2016)Syngasesmtéhen be used to substitute natural gas in an engine or turbine
for power generation or refined and sold as transportaels (Power House Ener@2®. Oxidant gass

(O, H-0, and CQ) are added to oxidize the solid char and promote syngas prodbiédd oxidation
serves an additional task by supplying reactor heat (Dufour 2016). This process can be refigueméel. in
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Woody Biomass

Feedstock
Gasification Reactor
Y
Crushing Pyrolysis
and | and CO, Ha Ho0, COy, CH tar »-| Tar Removal
Drying Gasification
Emissions
Syngas Biochar (CO,, PM, CO,
NOy, VOCs)

Figure5.2. Typical gasification process for woody biomass feedstocklinglusable products and associated

emissions (Adapted from Dufour 2016 and CEC 2019).

Dryingthe biomass prior to mlysis is an important stepeimsuing thatgasification efficiency remains high
and associated emissions remain low (CEC 2019gnliftvai@ Energy Commission (2019) recommends that
woody biomass feedstosould have moisture content less than 28Howing processing with typical
biomassdeliveriehaving moisture contents of 35 to 50%. Reaction kinetics finythg process aribe
pyrolysis/gasification process depicted in Figuaeesshown below in Equatidng through 5.8CEC 2019).

D€ Qi 00H @ & IGO0

6 "Q¢ G Ricié a GosQBRHOM A 'O ™0 01 Q4 @@did "YOI

01 Q4 @i ¢ 6 0860 ¢60 &0 ¢ OO
6 60 P ¢b 0
& 0GP 60 O
6 COP &0

5.1.2. Scale of Operation

The scale of this operation is what sets modular gasification apart from standard gasificativiotaddities.
sydems, like the one shown in Figu@pBoduced by Power House Energy (2020), boast the ability to utilize
upto 110 tons of woody biomass per day with just one sygitnan estimated biomass udema DGF

and HRCof 561,600netrictonsper year, itvould require 12 systems to adequattdgt thedemand (CBEA

2020).

19

O@oi

(1)
(62)
(5.3)
(5.4)
(5.5)
(5.6)



Placement of these systems would be done s@jnta maximizgotential grid connections. Placing modular
gasification along city boundaries in Humboldt County would ensure thatoedibbe energy independent
duringcertain pwe shut off circumstances and would be in close vicinity of lumbgedgor a constant

supply of biomass (CEC 2019). Additionally, placing these systems as close as possible to lumber facilities
wouldreduce transportation costs (CEC 2019)

Figue 5.3. The modular PHE @™t Gasifier System designed and supplied by Power House Energy (2020).

5.1.3. Constraint Performance

Modular gasification systems are @egdeto meet all constraints outlined abl€5.1. Typical greenhouse

gases associated with four madgésification systems tested by the California Energy Commission (2019) can
be referenced in Table 5.1, which suggests that utilizing modulatiamasificgteld a lower C&eqg. than

currerlly emplogdmethods of biomass combustion.

Table5.1. Typical CO2q. for modular gasification units all showing net negative quantities per year (CEC 2019).
System1 System2 System3 System4

Construction Emissions (MT CO2e/yr) 8.25 8.25 8.25 8.25
Project Emissions (MT CO2e/yr) 19,623 28,402 56,648 54,757
Mobile Emissions (MT CO2el/yr) 926 926 926 1,389
Gross Emissions (MT CO2e/yr) 20,557 29,336 57,582 56,154
Avoided Pile & Burn (MT CO2e/yr) 10,405 14,591 30,038 29,035
Avoided Mastication (MT CO2e/yr) 8,935 12,529 25,794 24,932
Sequestered Carbon (MT CO2el/yr) 3,005 4,213 8,674 10,951
Gross Savings (MT CO2elyr) 22,345 31,333 64,506 64,918
Net Lifecycle (MT CO2elyr) -1,788 -3,005 -6,924 -8,764

Complée biomass utilizatias feasible; howevenany ung will be required to do so. While this removes

sone ease of maintaining large central facilities such as DGF and HRC, several modular facilities spread out
throughout Humboldt County has the added fitesfeallowing the Caty to be more energydependet

and better equipped to meet fluctuations indgnaand (CEC 2019).

Workers and Public Safety is not expected to be compromised through utilizing modular gasification systems
as there are several gnietary designs thaave undergone extersiQA/QC teding. These systems are
available for purchasedahus, must meet standard safety requirements (Power House Energy 2020).
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Economic feasibility is also not expected to be compromised due to tliqrrardienergy as agaluct,

which is desableto Humboldt County Residents and RCEA. Economic perfarenavaluated for several
modulargasificatiorsystems suggest a competitive levelized cost of energy (LCOE) of $310 to $403 not
including the profitajned fromany byprodict value for biochdCEC 2019)Due to the value of producing

energy as a prodwidthe inevitability of demand, the payback periatidbile gasification mot expected

to be unreasonable.

Biomasgasificatiolis subjecto a umber of regulaticrin California that regre permitting, plans, and other

forms of approvdrom various State, Federal, and Local agencies. Required permits are permit information,
as determined by the California Energy Commission, can be referéabéelil. Because tBe permits

cover allater and soil discharges, modular gasificationeet all soil and water contaminants constraints

so long as proper permits are acquired and maintained.

5.1.4. Criteria Performance
Particulate matter productioneispected to follow ete of 0.31 pounds pdViWh (CEC 2019). This is an
allowable amount and will be controlled by the projects Tilemit to operate as an air emitter.

As showrbythe greenhouse gas emissasssciatedith gasificatiom Table 5.1gasificaon is stiantedto
have a net nagve CQ-eq, making it perform well in the greenhouse gas emissions dMieitthere are
still greenhouse gas emissithiey, ar@ffset by carbon sequestration and avoiding pile burning aicdtioast
(CEC 2019).

Table 5.1 suygests that there wile some amount of landfill dependence due to solid wastes associated with
construction and operation of the facilities, hewyéhvis amount is not expected to be unmanageable or hinder
daily operatian

The paback period is dependam the relative sieaand distribution of the implemented project; however,
modular gasification has been shown to be profitable, espediallg of £alifornia where woody biomass
debris is so prevalent (CEC 2019).

Because thagasificatiorsystem wdd be modular, and igad throughout Humboldt Counigost, f not all
jobs sustained due to the project are expected to be County residergdiforhia EnergCommission
(2019) suggests that 4.9 local renewable @resgyer MV will be produced arglistainedecause oh
successful modular gasification project.

Public concernare expected to be less than favagrablair emissions are still associated with this process,
however, gaining public support is possible througial fdiscussions. Implemting modular gasiition in
Humboldt County will require a thorough jpubutreach campaign, question and answer seminars, and public
development meetindfsshould be stressed that withantoverwhelmingmount of support frorthe public

this altemative vill not be fasible as the County of Humboldt and RCHAnere than likelyabandon pursuit.

Finally, because modular gasification systems are proppetatjon is rather simple and requires a minimum
amount of supenim. Additionally, theiocation in proxinty of lumber facilities or cities make them ideal
for finding skilled labor.
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