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Acronym Full Term
ACB Air Curtain Burner
ABP Avoided Burn Probability
AWE Avoided Wildfire Emissions
EPA Environmental Protection Agency
BC Black Carbon
BCPOS Boulder County Parks and Open Space
BRD Boulder Ranger District
BVLCD Boulder Valley and Longmont Conservation Districts
BWC The Boulder Watershed Collective
CFSY Community Forestry Sort Yard
9c W Methane
(6{0) Carbon Monoxide
98 h Carbon Dioxide
98 hIJ Carbon Dioxide Equivalent
CSFS Colorado State ForestService
CWPP Community Wildfire Protection Plan
EPA Environmental Protection Agency
FVS Fores Vegetation Simulator
FPD Fire Protection District
GHG Greenhouse Gas
GWP Global Warming Potential
IPCC Intergovernmental Panel on Climate Change
ISO International Organization for Standardization
LCA Life Cycle Assessment
Mg Megagram (metric ton)
NMOC Non-Methane Organic Compounds
OSMP Open Space and Mountain Parks
PM2.5 [ RUDWAC¢C!I qRAE2GEqUW~¢aqaqlll W /=K
REM Reduce Emissions fromMegafires
TRL Technology Readiness Level
TWC The Watershed Center
USFS United States Forest Service
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Boulder County and its regional partners face growing challenges at the wildlangrban interface,
where increased wildfire risk, dense forest fuels, and climate pressures converge. In response, this

report provides a comprehensive strategy for managing anatilizing woody biomass generated from
forest restoration and wildfire mitigation treatments.

This report estimates that organizations withinBoulder County currentlyproduce approximately 55,000
green tons of woody biomass annually from treatment activities. With full implementation of priority
projects under the 2024 Community Wildfire Protection PlariBoulder County CWPP, 2024)annual
production could reach up toan estimated 135,000 green tons.

This report assessedwelve biomass utilization pathways, considering environmental impact,
economic feasibility, technical maturity, co-benefits, and local infrastructure. The topranked
pathways - biochar, compost, and firewood- received the highest combined scores and offer strong
potential for scalable implementation. Other evaluated options include small sawmills, biomass heat,
animal bedding, mass timber, bicoil and more. Eachutilization pathway was assessed in detail, with
additional life cycle analysis completed for the top three to quantify greenhouse gas benefits.
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For biomass managers, this effort developed detail profiles for each biomass utilization pathway
including information on feedstock, economic, infrastructure, technology,environmental, and other
considerations. The reportcataloged over 40 wood products facilities within a 56mile radius ofthe City
of Boulder, gathered from state and local databases and verified through public records and direct
outreach. These facilities span 13 categories of wood useincluding firewood, compost, mulch,
lumber, and other specialty products - and are further classified by size (small, medium, or large)
based on workforce and operational capacityFor each facility, the types of accepted feedstock were
also identified. The report also includes a detailed breakdown of transportation and processing costs,
offering a framework for estimating delivered biomass costs based on travel distance and facility
logistics. Two key infrastructure assets, Nederland and Meeker Park Sort Yards, are noted as
community-operated sites critical for aggregating and processing woody biomassdm fire mitigation
and forest restoration efforts.

faGlI Y2IT WG cUenNUaWUqWYnWs YYT ! WHRYGC
Modeled findings from a co-benefits assessmentdemonstrated that the large-scale implementation of
fuels reduction treatments - especially those proposed under the Boulder County CWPP (2024yield

forest health andclimate benefits, including over 200,000 metric tons of avoided greenhouse gas
emissions over 40 years if the annual burn probability is 2.7% or higher. Modeled treatments also

21



indicated reductions in particulate matter and nitrogen oxide emissions by 17% and 52% respectively,
indicating a likely benefit to public health if populations were exposed. At this scale, forest health
metrics evaluated improved: treated areas exhibited!3% tree mortality (in terms of basal area) by 2047
compared to 75% tree mortality in untreated areas, and lower stand density index values indicated
healthier forest structure with reduced competition and greater resilience. Canopy cover reductions in
treated areas lowered the risk of higkseverity crown fires while aligning with historical forest
conditions.

uld! WEYUt RI I ¢cpa&®&Y O WK UHID OFBA RY U
1 Scale and Feasibility : While largescale biomass production is technically possible, nearterm
efforts should prioritize pathways that align with existing infrastructure and offer flexible
deployment. Small and mediumscale solutions - such as onsite chipping for compost, or

mobile firewood or biochar units- may offer the best return on investment given logistical
constraints.

1 Infrastructure Gaps : Existing facilities like the Nederland and Meeker Park Sort Yards play a
vital role in processing biomass. However, scaling utilization will require investment in
processing, drying, and transport capacity, along with publigrivate partnerships and incentive
mechanisms to attract market participants.

1 Co-Benefits: Biomass utilization provides important ancillary benefits, including avoided
wildfire emissions, improved forestand soil health, and support for the circular economy.
These cabenefits strengthen the case for public investment and regional collaboration on
forest fuels reduction actions.

1 Policy and Programmatic Support : Success hinges on leveraging state and federal funding,
streamlining permitting for small-scale processing, and aligning with broader sustainability
goals. Proposed actions include subsidizing transportation, enabling projeesite processing
permits, and exploring carbon finance mechanisms.

uld! W WHEYAGAGWUT ¢ q RYUH Gzl 1Yad Wa 6 W IIGY |

1 Enhance community sort yards by expanding hours, staffing, and equipment to improve
biomass throughput.

1 Develop supply agreements with utilizers for pre-processed biomass, improving value and
market certainty.

1 Explore partnerships for new regional biomass processing facilities, particularly those that
integrate composting.

{1 Subsidize transportation to improve material flow from forest sites to processing facilities.

1 Encourage small-scale and on-site processing to improve cost-efficiency and utilization
rates.

1 Leverage carbon financing by investing in biomass pathways that generate marketable carbon
credits (e.g., biochar, bicolil).

1 Support post -fire recovery and community resilience by linking biomass utilization to wildfire
risk mitigation, health, and economic strategies
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TheReportis structured into four main chapters, supported by an executive summary, glossary, and

multiple appendices. Each chapter addresses a distinct aspect of biomass utilization, moving from

resource availability to pathway analysis, environmental cebenefits, and final recommendations.

—;

1 Executive Summary and Introduction T These sections frame the purpose and urgency of the
plan, citing wildfire risk, climate mitigation goals, and state and federal policy support as key
GYqR2c¢caqVYl t IOWNGIJ! WIt q¢c HORY W7 VYedl DI W9YeUq! kt WRU
climate strategy and wildfire mitigation tool.

1 Chapter 1: Estimates of Woody Feedstock Availability T This chapter quantifies current and
future woody biomass supply using a combination of reported data and modeled projections. It
evaluates historical removals from public agencies and land managers and uses tools like
TreeMap and the Forest Vegetationi®ulator (FVS) to model potential production under
different thinning prescriptions. Supply estimates range from 55,000 to 135,000 green tons
annually, depending on treatment extent and implementation feaibility.

1 Chapter 2: Biomass Utilization Pathways and Infrastructure Assessment T This chapter
inventories more than 40 wood product facilities within 50 miles of Boulder County and
evaluates 12 selected biomass utilization pathways using a mukcriteria matrix. Pathways are
ranked based on factors like climate benefits, economic \ability, scalability, and technical
readiness. Biochar, compost/mulch, and firewood rank highest. The chapter includes detailed
profiles of each pathway, a life cycle assessment (LCA) tliree key pathways, and
transportation cost estimates for biomass delivery.



1 Chapter 3: Evaluation of Co-Benefits of Fuels Reduction Projects T This section analyzes
ecological and social benefits of biomass removal and fuels reduction projects. It includes
modeling of avoided wildfire emissions, forest health indicators (e.g., canopy cover, stand
density index), biodiversity, invasive speciesontrol, and impacts on recreation, tourism, and
watershed protection.

1 Chapter 4: Conclusions and Recommendations T The report concludes with practical
recommendations for enhancing biomass utilization in Boulder County. Suggestions include
expanding sort yard capabilities, developing sitebased processing permits, investing in
transportation subsidies, exploring cabon financing, and leveraging publieprivate
partnerships.

91 Appendices T These provide supporting data, facility listings, model assumptions, biomass
evaluation tables, and modeling methodologies used foavoided wildfire emissions.

Overall, the report is structured to support datainformed decision-making by combining quantitative
feedstock analysis, infrastructure assessment, pathway feasibility evaluation, and cdbenefit modeling
-CUOWECGRNUNT Ws Ra6 W7 Ye i lididegtal¥. 2 Uq! Kkt WHGRGC qWwe UT Wi 134



96 ¢ G} aINGE a 13t WY n Wi YYT ! W[ 1311
L L] o

7RYUct !t WOqRORACcqRYU

9 6 ¢ GNfHLEI (U ¢ | !

The chapter evaluates woody biomass availability in Boulder County, Colorado, between 2017 and

2024, combining reported biomass removal data with modeled projections and future estimates from

the 2024 Boulder County Community Wildfire Protection Plari7(Y 2 0 1 131 W9 Y 2 U ¢ RepdrtedA A A L= N
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Urban Forestry and Open Space and Mountain Parks programs, the Longmont and Boulder Valley

Conservation Districts, and the U.S. Brest Service. Modeled estimates were used to supplement gaps

where data were incomplete or biomass was not removed, employing spatial datasets and forest

simulation tools like TreeMap and the Forest Vegetation Simulator (FVS). Across reported and modeled

sources, the county currently produces approximately 55,000 green tons of biomass annually. Future

potential biomass production could increase significantly- up to 135,000 green tons per yearif

planned treatments outlined in the CWPP are fully implemeted, although this is an optimistic scenario
based on full treatment of identified priority areas.

In terms of decisionrmaking, several considerations are highlighted: existing infrastructure capacity for
processing biomass, treatment feasibility in difficult terrains (especially in areas far from roads or with
steep slopes), and the differences betweeraccessible and inaccessible biomass. The scale of
opportunity is substantial, but practical biomass removals are constrained by site accessibility, agency
resources, and funding availability. Furthermore, distinguishing between biomass that is technically
produced (but often left in place) versus biomass that is actually removed and available for utilization is
critical. These insights emphasize the importance of strategic planning and prioritization to scale up
biomass utilization initiatives in Boulder @unty while balancing ecological, operational, and economic
realities.
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Municipality Cubic Yards Green Tons End Use and Notes
Louisville 6,500 4,388 In-house landscaping and free pile
Erie 1,000 675
Longmont (Logs) 500 338 In-house landscaping
Longmont (Chips) 6,000 To Al for compost via Longmont Waste Services
TOTAL 11,400
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REPORTED MODELED (30 BA Residual)
Total

Ve Boulder Ur_ban Conservation | Reported CSFS O.SMP Modeled | Biomass

County | (City of District Subtotal | Aggregated (City of USFS Subtotal

(P&OS) | Boulder) 9greg Boulder)
2019 1,368 5,985 7,353
2020 668 668 50,841 4,352 92,543 | 147,736
2021 11,163 | 11,198 22,361
2022 1,380 4,705 6,085
2023 2,161 5,927 4,298 12,386 32,170 6,980 47,858 87,008
2024 5,375 4,674 7,380 17,429
Total 22,115 | 32,489 11,678 66,282 83,011 11,332 | 140,401 | 234,744 | 301,026
Annual

3,686 6,498 5,839 16,023 13,835 1,889 23,400 39,124 55,147
Average
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The analysis of woody biomass availability in Boulder County provides detaibf current and future
feedstock supplies for biomass utilizationplanning purposes Between 2019 and 2024, an average of



approximately 12,320 green tons of woody biomass per year was removed from completed wildfire
mitigation projects, largely sourced from Boulder County Parks and Open Space, the City of Boulder,
and other conservation entities.Other municipalities in Boulder County reported an annual estimate of
11,400 green tons of urban biomass removed and utilizeddditional biomass was generated from U.S.
Forest Service projects, although much of it remained osite, and thus required modeled projections
rather than reported removals. Spatial modeling efforts estimated even greater biomass availability
when accounting for areas where biomass was produced but not removed, yielding an overall
combined estimate of about 55,000 green tons of woody biomass produced annuallynder existing
treatment programs.

Future projections suggest that Boulder County could increase its biomass supply if planned mitigation
projects from the 2024 Community Wildfire Protection PlanRoulder CountyCWPP, 2024) are
implemented. If the full scope of identified priority areas is treated over a 2Qear timeframe, annual
biomass production could reach approximately 139,000 green tons. Shorteterm projects outlined in
Boulder CountyCWPP(2024)Appendix J are projected to generate a similar annual volume of roughly
132,000 green tors over the next decade. However, while higher biomass production estimates
highlight significant potential, they reflect idealized assumptions about treatment implementation,
accessibility for utilization, and project completion rates.

In practice, nearterm biomass availability is expected to remain closer to the current level of around
55,000 green tons annually. Thigstimate reflects actual past removals and considers realistic
constraints such as logistical, operational, and economic factors. Overall, while Boulder County has a
robust baseline biomass supply to support utilization efforts todayadditional gains are possible with
expanded treatment activities andtransportation/ infrastructure investments, particularly if challenges
related to biomass removal and processing can be addressed.
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Chapter 2provides a comprehensive assessment of biomass utilization infrastructure and pathway
opportunities for Boulder County, Colorado. It begins by cataloging over 40 wood products facilities
within a 50-mile radius of Boulder, gathered from state and local d@abases and verified through public
records and direct outreach. These facilities span 13 categories of wood useéncluding firewood,
compost, mulch, lumber, and specialty products - and are further classified by size (small, medium, or
large) based on wokforce and operational capacity. Two key infrastructure assetdNederland and
Meeker Park Sort Yardsare noted as community-operated sites critical for aggregating and processing
woody biomass from fire mitigation and forest restoration efforts.

The report identifies, scores, and ranks twelve biomass utilization pathways using a muttriteria

matrix approach that considers environmental, economic, and technical factors. These pathways were
selected through stakeholder input and further evaluatedacross attributes such as technology
readiness, operational costs, feedstock requirements, market potential, and permitting complexity.
Each pathway received a score out of 210 possible points. Tanked pathways included biochar (169
points), compost/mulch (168 points), and firewood (164 points), reflecting their strong climate
mitigation potential, product value, and relative technical feasibility. Other pathways evaluated include
small sawmill operations, animal bedding, biomass heating, mass timber, aicurtain burners, pellets,
bio-oil, post and pole production, and fungal decomposition.

In comparing climate impacts, the analysis found GHG benefits to be broadly similar across the
highest-ranked pathways(i.e., biochar, compost, and firewood) This led to emphasis on other
considerations, such as the scale of landscape improvement (e.g., biochar supports wider acreage
benefits), presence of existing infrastructure (e.g., compost facilities), and air quality regulations
(notably affecting firewood usage). The report also includes a detailed breakdown of transportation and
processing costs, dfering a framework for estimating delivered biomass costs based on travel distance
and facility logistics. Overall, the analysis supports a diversifiedhiomass utilization strategy for Boulder
County, where different pathways may be optimal depending on sitepecific factors such as feedstock
availability, facility access, permitting environment, and desired cebenefits like wildfire risk reduction
and circular economy advancement.
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This section identifies existing biomass management facilities and their potential for liability biomass
utilization. To assist Boulder County decisioamakers and project managers, detailed lists of facilities
within a 50-mile radius of Boulder, includingdrive distances and loading/unloading costs, were
compiled.
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Information for the list of facilities in Table 2.1 and the Tables in Appendix 2.A were acquired from
various databases, such as the Colorado State Forest Service (CSFS) Wood Utilization and Marketing
Program, the CSFS Forest Products Database, the CSFS®&pen Data Portal, lists from local
organizations, and the City of Boulder forestry department. Information and data from these sources
were merged in an electronic database that lists wood products facilities in a 5énile radius of the City
of Boulder. The types of facilities that were incorporated into this project facilities database were the
following general categories:
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Firewood
Compost
Mulch

Wood chips
Animal bedding
Lumber products
Beams

Pellets

Post & Pole
Shavings

Log Homes
Wood Furniture

Specialty Products



The merged information and data sources resulted in over 40 facilities within a 8file radius of the

City of Boulder that offered some type of wood utilization in the 13 categories. Next, an extensive
investigation of the identified companies was undertakn. Each company was called to verify their
continued operation and the categories of products they produce or utilize. Further, the Colorado
Secretary of State online records were searched to ascertain their status as an operating business in
a6 1JWe NAJURY TKWE q ¢ UT RUNK WHIWJI qRNnRACqRYUWGI YNI ¢ G1O
As part of the continued efforts to verify the previously identified businesses, an additional online
search was conducted to assess key indicators such as the presence of an active website and current
ratings on community platforms (e.g., Yelp, Facebookand the Better Business Bureau). This evaluation
process aimed at determining both the operational status and the capacity of each listed business.

Given that many local businesses are smalkcale operations, often relying solely on personal phone
contact without a dedicated website, this verification process ensured that such businesses were not
inadvertently excluded, provided they remained active ad open to hew business opportunities.
Businesses falling within this category were classified aSmall (S)enterprises. For more established
entities - those employing three or more individuals and maintaining a physical business location, and
possibly awebsite - are categorized asMedium (M)businesses. These companies typically possess the
capacity to manage multiple projects simultaneously. Finally, organizations characterized by high
operational throughput, a workforce of ten or more employees, and large or multiple physical locations
were classified asLarge (Lpusinesses. This classification system allowed for a clearer understanding
of each business's scale and operational capability, ensuring a comprehensive and accurate
assessment. It should be moted that the listings presented in Table 2.1 below are not necessarily an
exhaustive compilation of all wood products facilities in the Boulder Region.

Accompanying the listing for thethirteen categories are detailed maps in Appendix 2.A, which show the
location of the respective wood products category facilities listing preceding the figurdt was the
location of these facilities and their location to relative to roads and highways from the geographic
center of the City of Boulder that determined the actual distances in the facility tablesThis resulted in
road miles in some cases exceeding 50 miles, even though facilities are with the-Bdile radius.

Boulder County currently operates twoCommunity Forestry Sort Yard¢CFSY) that facilitate the
collection and processing of woody biomass to mitigate wildfire risks and promote forest healtiThese
facilities are:

1 Nederland Sort Yardr located at 291 Ridge Road, Nederland (approximately 17 road miles west
of the city of Boulder)

1 Meeker Park Sort Yard located at 8200 Highway 7, Allenspark (approximately 35 miles
northwest of city of Boulder).

The following requirements apply for biomass received at CFSYs:
1 Logs
o All species are accepted.
o Trim the branches, flush to the trunk.
o End of logs must be cut square.
o Burned logs are accepted.
1 Slash andBranches
o Separate conifers and broad leaf trees.
o Chunk and decayed wood.

o All wood must be free of nails, wire, and metal.



o Remove root ball.
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noxious weeds, nearly all materials (>95%) brought to these facilities have been woody biomass
removals from fire mitigation activities (Wayne Harrington, @rs. comm.).

In addition to the two Boulder County facilities, a significant local/regional waste management
company, Western Disposal Services, also accepts and processes wood and woody yard waste at its
Material Management Center (2052 63Street, Boulder) from both residential and commercial sources
(primarily landscaping and tree trimming companies). The woody portion of the waste is ground at the
facility and then repurposed for local composting. Unlike the County sort yards, the Westeffacility
charges a tippingfee for acceptance of the wood waste. These fees are currently $2.97 per 100 pounds
for residential yard/wood waste generators, and $99.20 for commercial yard/wood waste generators.
The City and County of Boulder offer a 40% subsidy of this rate for C&punty residents.

Most of the liability biomass generation in the Boulder County Region (discussed in Chapter 1), has
historically been either piled and burned at the site of the biomass reduction activities, or in some
instances chipped and spread onto the forest floor. Whle logs have also been removed during these
activities and utilized by local and regional firms for various wood products such as lumber. Lumber is
currently the least utilized market for logs sourced from Boulder County forests.
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Although the identified and verified facilities accept a wide variety of woody biomass waste, each
category has specific requirements for the type of woody biomass. Users of the category lists should be
aware of these requirements during their project planing and when engaging with specific facilities.
Table 2.2 below outlines the types and forms of woody biomass by wood product category.

As there are no mass timber production facilities identified to date within the 5@nile radius, it was not
included in the above table However, if liability biomass was to be utilized for mass timber production,
primarily whole logs are needed for long, uniform, and structurally sound boards necessary for
engineered wood products.



Table 2.1 Boulder region wood product facilities

I Facility name Distance A Compost | Wood Mulch | Wood Chips Anlmal Lumber Beams Pellets Post, Pgles & Shavings | LogHomes| Furniture SEEE]
Number wood Bedding Products Fencing products
1 J.C. Custom Design Works 56.3 X
2 JCK Corp. 30.5 X X
3 Jeremiah Johnson Log Homes Inc. 50 X X
4 JKC Woods LLC 13.4 X X X X
5 Al Organics - Eaton 70.6 X X
6 Blue Pine Woodworks 28.2 X X
7 Clear Creek Service Company LLC 34.4 X X X X
8 Cleveland Creek Log & Lodge Furnitun 26.9 X X
9 Crown Hill Landscaping LLC 27.6 X
10 Deerwood Forest Products Co. 43.7 X X
11 Denver Wood Slabs 24.6 X X X X
12 Frameworks Timber 63.7 X
13 Golden West Pine Mills LLC 65 X X X X
14 Hard Up Lumber 86.4 X X X X X X
15 LumberJacks Logging & Firewood 22.8 X X X
16 Meier Skis 32.5 X
17 Moose Haven Milling Ltd. 29.7 X X X X
18 Morgan Forest Agriculture 7.2 X
19 bl idNBQa /&8s 15.1 X
20 Reclaimed West 11.2 X X X X X
21 Al Organics - Keenesburg 54 X X
22 TimberScapes 47.3 X X X X
23 ¢WQa 222R t NRPRdzOi 57.4 X X X X
24 Rocky Mountain Log & Saw Co. LLC 69.6 X X
25 Ryan Schlaefer Fine Furniture Inc. 32.5 X
26 Sears Trostel Lumber CO 63.3 X X
27 Shreiner Enterprises 71.9 X X X X X X X X X X X
28 Timberline Log Exteriors 49 X X X
29 TM Grand County Inc. 97.3 X X X
30 Western Log Creations 49 X X
31 Mountain Woodworks 315 X X
32 Mourning Reclaimed Wood 34.8 X X X X X
33 Naked Aspen Designs 82.5 X X
34 Andersons Adirondacks 35.9 X
35 GreenWay Building Products LLC 31.6 X X X X X
36 Morgan Timber Products 69.8 X X X X X X X X X X
37 Summerhill Tree Farm 46.1 X X
38 T & G Hardwood Flooring Specialists 23.4 X
39 TC Woods, Tree Recycling Center 7.9 X X X
40 United Wood Products Inc. 11.8 X X X X
41 Where Wood Meets Steel 24.6 X X X
42 Wood Butcher Ltd. 40.8 X X X X X X X X
43 Wood Source 24.8 X X X X




Table 2.2 Acceptable liability biomass per wood products category

Facility Category
Firewood

Compost

Mulch

Wood Chips

Animal Bedding

Lumber Products

Beams

Pellets

Pole & Pole

Shavings

Log Homes

Furniture

Specialty Products

Acceptable Woody Biomass
Logs and large limbs greater than 3 inches idiameter.

Any forest liability biomass, especially slash composed of smaller branches, twigs,
bark, needles and leaves. Preference is chipped or ground material, however some
composters have shredders and grinders and some could accept logs.

Any forest liability biomass, especially slash composed of smaller branches, twigs,
bark, needles and leaves. Preference is chipped or ground material, however some
composters have shredders and grinders and some could accept logs.

Branches and larger twigs; barused for highquality decorative purposes); smalt
diameter logsT (logs that are not suitable for lumber but can be chipped for
landscaping purposes; treetops (upper portions of trees, which are typically less
useful for lumber, can be chipped); small trees.

Bark-Free Logsr Debarked softwood logs (like pine or aspen) are processed into
shavings or sawdust for clean, dusffree bedding. Branches and SmaiDiameter
TreestT Whole small trees can be chipped angrocessed into fine bedding material.

Logs of the main bole or a tree used in CO.
Logs of the main bole or a tree used in CO.

Bark-Free SmaltDiameter Logst Whole small trees that are not suitable for lumber
can be chipped and processed into pelletsiTree Tops and Branches, can be
chipped and used;Wood chipsT can be processed into finer particles for pellets.

Straight, small tomedium-diameter treesT The tree bole of the tree is the primary
source for poles and posts. Trees with minimal taper and few knots are preferred.
Whole SmallDiameter Treesrt entire young trees are used for fence posts, utility
poles, and construction poles.

Debarked Logsr The main trunk (bole) is the primary source of highuality
shavings, especially for animal bedding and packaging materials; smatliameter
trees.

Main trunk (bole)T Thestraight, thick, and knotfree portion of the trunk is the
primary source of logs for building construction;Full-Length Logsr In traditional log
home construction, long logs are used to minimize joints and maintain structural
stability.

Main trunk (bole)T Thestraight, defect-free section of the trunk is the primary
source for high-quality furniture wood and slabs;Large branchesrt Thick, strong
branches are used for rustic furniture, artistic designs, or specialty piecesjree butt
(Base of the Trunk) Can contain unique grain patterns and burlsmaking it valuable
for decorative furniture and veneers.

Whole logs, branches and limbs expect relatively low volumes needed.
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In the Tables in Appendix 2.Adistances from the center of the City of Boulder to the 44 wood utilization
facilities within a 50-mile radius were calculated. These calculations included the following:

1. Real Distance
Formula: RealDistance = TotalDistance x 2

Total Distance:One-way distance (in miles).
Assumption: Accounts for roundtrip travel (to and from the destination).

2. Total Drive Time
Formula: TotalDrive Time (hours) = ReaDistance x Averagespeed

Average Speed: Fixed at 30 mph.

3. Drive Cost Subtotal
Formula: Drive Cost Subtotal =TotalDrive Time x $/hrTruckingCost

$/hr Trucking Cost: Fixed at $160/hr.

4. Unload Time Cost
Formula: Unload TimeCost = UnloadTime x $/hrLoad/Unload

Unload Time: Fixed at 1 hour.
$/hr Load/Unload Cost: Fixed at $250/hr.

5. Estimate Delivery Cost
Formula: Estimate Delivery Cost = DriveCost Subtotal + UnloadTime

6. Per Ton Delivered Cost
Formula: PerTonDelivered Cost = EstimateDelivery Cost /Tons per load

20 total tons of feedstock transported in one trip.

Assumption: The truckoperates at full capacity, carrying 20 tons per trip.
Delivery costs are evenly distributed across all tons.

Example Calculation

Given: Total Distance 50 miles (oneway)

1. Real Distance: 50 miles x 2 (roundtrip) = 10@niles

2. Total Drive Time: 100 miles/30 mph = 3.3%ours

3. Drive Cost Subtotal: OOOWG6 Yel t WEW3INZIMIOMMIWY W3 POOKMM
4. Unload Time Cost: 1 hour x $250 per hour =$250

5. Estimate Delivery Cost:  $533.33 + 250 = $783.33

6. Per Ton Delivered Cost: 3 TY OKOOO0 = MlUmeYtont WHLW3 OPIONT

As the mileage and transport costs calculated for the various facilities was determined using the City of
Boulder as the starting destination, additional miles will need to be added for any liability biomass
removal activity. The above assumptions and stefby-step example calculation will allow for extra
distances and therefore costs of delivered liability biomass to be further estimated for fire mitigation
project management costs. For example, if liability biomass was to be transported from the Boulder
County Nederland Sort Yard, which is approximately 16 miles for the center Bbulder, anadditional
$21.03 per ton is estimated (32 miles round trip/30 mph X $160 + $250 = $420.66/20 = $21.03).
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This section describes the liability biomass utilization pathways selection and analyses process that

was conducted. This process used the following protocols, previously used for several other similar
projects in the Western United States:

Listing and categorization of potential biomass utilization pathways currently in use.
Selecting technologies in coordination with stakeholders.
Subijecting the stakeholder selections to a matrixased scoring and ranking.

Conducting follow-on detailed analyses of the topranking technologies.
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Currently established and emerging biomass utilization pathways were listed each with a summary of
the required woody biomass feedstock specifications, main equipment to produce their respective
bioproducts, market potential, and general comments about thepathway and its applicability. These

pathways and attributes were placed in tabular form for ease of review. The full tableiigluded in
Appendix 2.B

A matrix of various biomass utilization technologies and pathways (27 in total), along with facilitating
discussion, was presented to the Biomass Management and Utilization Core Team (for full matrix, see
Appendix 2.B). To facilitate the selection of 10 ghways for further review and analysis, support, mixed
support, and non-support of the pathways was requested by the Core Team representatives at a
meeting on August 26, 2024, at the Boulder County Parks and Open Space offices. Table 2.3 below
displays theresults on that selection interaction.

Table 2.3- Initial biomass utilization pathways examined

Selected - Highly Not Supported T Not

Supported Selected -Supported Mixed T Not Selected Selected
Biochar Biomass Heat Biomass Burial Electricity Generated
Bio-Oil Compost/Mulch Composites Biofuel

Firewood Fungal Decomposition Hog Fuel
Small Sawmill Chips for Pulp
Post & Pole Landfill
Mass Timber

Animal Bedding
Air Curtain Burner
Pellets/Fuel Bricks

Twelve technology pathways were supported by the Core Team and then subjected to the next step in
the selection protocol.
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The scoring and ranking methodology used for this project has been utilized on several other biomass
utilization pathway projects to assist in a more systematic approach to further refining information and

selecting technology pathways that are most beneft R¢ 0 Waq Y Weé W WNRYUkt WHARYGcEt + W

methodology compares attributes common to forest woody biomass utilization needs. Some of these
included:

1 Nevada County Biomass Feasibility Assessmenti{tps://tssconsultants.com/wp -
content/uploads/2015/10/FSCNC-Final-Report-20141201.pdf)


https://tssconsultants.com/wp-content/uploads/2015/10/FSCNC-Final-Report-20141201.pdf
https://tssconsultants.com/wp-content/uploads/2015/10/FSCNC-Final-Report-20141201.pdf

1 Wood Waste Utilization Assessment for the Greater Taos New Mexico Region
(https://tssconsultants.com/wp -content/uploads/2017/01/TNC-Report-Final-20170112.pd)

1 Feasibility Assessment for a Commercial Sacle Woody Biomass Conversion Facility in Central
Arizona fittps://tssconsultants.com/wp -content/uploads/2018/11/UVRWPGCom-Facility-
Assess-Report-Final-20181017.pdf)

9 Biomass Utilization Solutions for Forest Fuels Reduction Activities for the Eastern Sierra
(https:// tssconsultants.com/wp -content/uploads/2023/12/Biomass -Utilization-Solutions-for-
Forest-Fuels-Reduction-Activities-for-the-East-SierraaFINAL-20221017.pd9)

9 Bioenergy Solutions for Forest Fuels Reduction Activities for the Eastern Sierra
(https://tssconsultants.com/wp -content/uploads/2023/12/Biomass -Utilization-Solutions-for-
Forest-Fuels-Reduction-Activities-for-the-East-SierraaFINAL-20221017.pd)

1 Feasibility Study for a ValueAdded Wood Products Campus within the Central Sierra Region of
California (https://tssconsultants.com/wp -content/uploads/2024/07/Feasibility -Study-for-a-
Value-Added-Wood-Products-Campus-Within-the-Central-Sierra-Regionof-California. pdf)

1 Woody Biomass Energy Technology Evaluatioht{ps://tssconsultants.com/wp -
content/uploads/2024/10/YWA-BioenergyTechnology Evaluation-October-2023.pdf)
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In the scoring and ranking methodology, several attributes are considered. These attributes were used

as evaluation criteria to aid in identifying viable utilization pathways and were presented to the Boulder

County Biomass Management and Utilization Cor&@eam for their input and suggested changes. The

following are the final attributes along with a description used for semguantitatively scoring each of
the 12 selected pathways:

Primary Products- What are the marketable products produced via these pathways? Are there
multiple products? What waste materials might require postproduction handling or disposal?
Identifying marketable byproducts, in addition to the primary products, is crucial sincehese
byproducts can significantly enhance revenue generation.

Feedstock Matches- Can the pathway utilize all components of liability biomasg such as wood, bark,
needles, and coneg or is it limited to clean bole wood only?

Technology Considerations and Maturity Is the pathway technology commercially available with
established equipment vendors in the United States, or is it only available outside the U.S.? The federal
Technology Readiness Level (TRL) should be considered, with a minimum of TRL 7. A TRL of 9 is
preferred for immediate commercial operations. See Table 2.4 below for details.

Scalability - Can the pathways and associated technology and equipment be easily scaled if the
availability of woody biomass feedstock increases over time?

Transportation of Feedstock- Can the processing activity be located closer to the source of the woody
biomass? Transportation capacity and distances are the highest costs in wood utilization pathways
and is a critical factor in the financial viability of any biomass utilization projetc

Capital Expenditure (CAPEX)Does the producing of woody biomasshased products facility require
significant investments in infrastructure, including building construction, site preparation, and the
purchase of specialized machinery?

Operational Expenditure (OPEX)Does the woody biomassbased industry heavily depend on a
consistent supply of feedstock materials (e.g., timber, logs, wood chips, slash)? Feedstock costs are
typically a major component of OPEX. Labor costs, including salaries, wages, benefits, and traig
programs, usually rank second in OPEX considerations after feedstock expenses.

Feedstock SpecificationswCan local and regional wood feedstock types be processed meet the
specification needs for efficient, high-quality production? Meeting specific feedstock standards, such


https://tssconsultants.com/wp-content/uploads/2017/01/TNC-Report-Final-20170112.pdf
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https://tssconsultants.com/wp-content/uploads/2024/10/YWA-Bioenergy-Technology-Evaluation-October-2023.pdf

as sizing and dimensions ensures better processing, higher quality/value end products, and optimized
production costs.

Current Use of Technology in the RegianCan expanding or enhancing existing facilities, with the
possible use of new biomass utilization processes and equipment, be accomplished in the region? This
approach can help reduce capital expenditures, simplify site issues, and alleviate personnel

acquisition challenges by leveraging existing infrastructure.

Potential Co-benefits Importance - How important are the cobenefits of biomass utilization pathways

to the Greater Boulder Region? Consider aspects such as greenhouse gas emission reduction, carbon
sequestration, waste reduction, circular economy contributions, enhanced resource efficiency
sustainable forest management, and reduced wildfire risk by creating value for liability biomass.

Market Potential- Is there a demand in local and regional markets for products derived from biomass
utilization? Is the market sufficiently large to absorb additional woody biomas#ased products if
production is expanded with new or upgraded facilities?

Environmental and Permitting IssuesuHow difficult are the biomass utilization facilities environmental
and permitting challenges, particularly regarding the handling of organic materials, emissions, and
sustainability considerations?

Table 2.4 Summary of technology readiness levels.

ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

SYSTEM COMPLETE AND QUALIFIED

SYSTEM PROTOTYPE DEMONSTRATION IN OPERATIONAL
ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN RELEVANT ENVIRONMENT

TECHNOLOGY VALIDATED IN LAB

EXPERIMENTAL PROOF OF CONCEPT

TECHNOLOGY CONCEPT FORMULATED

RESEARCH DEVELOPMENT DEPLOYMENT

BASIC PRINCIPLES OBSERVED
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The scoring and ranking matrix (matric) is the heart of the pathway selection process. It compares and
scores for each pathway by the attributes (evaluation criteria) listed above. For each attribute under the
pathways shown in Table 2.5, a score of 1 tovBas assigned, with 5 being the most favorable for that
combination of attribute and utilization pathway. For example, lower cost for capital or operational
expenditures would be assigned a high score within the range of 1 to 5. Conversely, if a pathwag ha
potentially significant environmental effects and/or permitting challenges a lower score would be
assigned. In addition to the evaluation of the candidate technologies and the attributes considered
below, an importance factor was applied to each attribué. This importance level of each attribute is a
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consideration of the needs for the Boulder Region. An importance ranking of 1 to 5, 5 being of highest
importance, is presented in Table 2.5 below. It acts as a nfiiplier of the 1 to 5 attribute scores, 5 being
the best obtainable score per the attribute under consideration. Thus, a pathway could obtain a
maximum numerical score of 25 for a given attribute.

The results of the biomass utilization pathways scoring are presented in Table 2.6. Each attribute is
further addressed for pathwaysin Appendix 2.C(Tables 1, 2, and 3)These matrices contain important
summaries of how the attributes are addressed. The evaluation of woody biomass utilization pathways
ranked twelve options based on a maximum possible score of 210 points, reflecting considerations
such as environmental berefits, technical feasibility, market potential, and scalability. Biochar
emerged as the highestranked pathway, scoring 169 points (80.5%), followed closely by
compost/mulch production at 168 points (80.0%) and firewood production using kilns at 164 points
(78.1%). Other strong performers included small sawmill operations (157 points, 74.8and animal
bedding production (152 points, 72.4%). Biomass heat and mass timber pathways also performed
moderately well, each scoring just above 69%. Loweranked options included air curtain burners and
pellets/fuel bricks (both at 68.1%), bicoil (65.7%), post and pole production (64.3%), and fungal
decomposition (63.8%). The relatively close clustering of top scores indicates that multiple pathways
could offer viable opportunities for biomass utilization, though pathways like biochar, composting, and
firewood present the most immediately promising options based on their combined environmental,
economic, and operational benefits.
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Table 2.5 Biomass utilization pathways scoring matrix (part 1).

Biomass Utilization Pathways ) Biochar Bio-0il Firewood/Kiln Biomass Heat Compost/Mulch Fungal Decomposition
Importance*

Biomass Utiliation Attributes l Weighted Score Weighted Score Weighted Score Score Weighted Score Weighted Score Score Weighted Score
Primary products 4 16 8 16 4 16 20 3 12
Feedstock matches 2 10 8 8 5 10 6 3 6
Technology considerations and maturity 3 12 12 15 5 15 15 3 9
Scalability 5 20 10 25 3 15 25 4 20
Transportation of feedstock 5 20 20 15 2 10 15 5 25
Capital Expenditure 4 16 16 20 3 12 12 0 0
Operational Expenditure 3 9 9 3 3 9 9 3 9
Feedstock specifications 2 8 8 8 4 8 10 3 6
Current use of technology in region 2 8 6 10 4 8 10 4 8
Potential co-benefits importance 5 25 20 15 4 20 20 3 15
Martket potential 4 16 12 20 4 16 20 3 12
Environmental & permitting issues 3 9 9 9 3 9 6 4 12
TOTAL WEIGHTED SCORE POSSIBLE 210 169 138 164 - 148 168 - 134

Seorepercease 80.5% 65.7% 78.1% 70.5% 80.0% 63.8%




Table 2.5 Biomass utilization pathways scoring matrix (part 2).

Biomass Utilization Pathways s Animal Bedding Pellets/Fuel Bricks Small Sawmill Mass Timber Post&Pole Air Curtain Burner
Importance*

Biomass Utiliation Attributes 1 Weighted Score Score Weighted Score Score Weighted Score Score Weighted Score Weighted Score Score Weighted Score
Primary products 4 16 4 16 5 20 5 20 16 2 8
Feedstock matches 2 8 4 8 3 6 3 6 6 3 6
Technology considerations and maturity 3 15 4 12 5 15 5 15 15 5 15
Scalability 5 20 4 20 4 20 4 20 25 3 15
Transportation of feedstock 5 15 3 15 3 15 2 10 0 3 15
Capital Expenditure 4 12 2 8 3 12 2 8 12 5 20
Operational Expenditure 3 9 2 6 3 9 3 9 6 3 9
Feedstock specifications 2 6 3 6 3 6 3 6 6 3 6
Current use of technology in region 2 8 2 4 3 6 2 4 6 3 6
Potential co-benefits importance 5 15 4 20 4 20 4 20 15 3 15
Martket potential L} 16 4 16 4 16 4 16 16 4 16
Environmental & permitting issues 3 12 4 12 4 12 4 12 12 4 12
TOTAL WEIGHTED SCORE POSSIBLE 210 152 - 143 - 157 - 146 135 - 143

Seore percen e 72.4% 68.1% 74.8% 69.5% 64.3% 68.1%




Table 2.6 Biomass utilization pathways ranking summary.

Rank Pathway Score (out of 210 points) Score (Percent)
1 Biochar 169 80.5%
2 Compost/Mulch 168 80.0%
3 Firewood/Kiln 164 78.1%
4 Small Sawmill 157 74.8%
5 Animal Bedding 152 72.4%
6 Biomass Heat 148 70.5%
7 Mass Timber 146 69.5%
8 Air Curtain Burner 143 68.1%
9 Pellets/Fuel Bricks 143 68.1%
10 Bio-Oil 138 65.7%
11 Post & Pole 135 64.3%
12 Fungal Decomposition 134 63.8%
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The following provides a review of the top three biomass utilization pathways: biochar, compost,

and firewood, as identified in Table 2.6 (above). It alstescribes nine other pathways to offer a
range of options for decisionmakers and project managers.
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Biochar is a carbonrrich material produced through the pyrolysis of biomass under oxygelimited
conditions, offering benefits in soil enhancement, carbon sequestration, and renewable energy
production. Typically derived from forest residues such as loggimand thinning waste, branches,
and underbrush, biochar is created through slow or fast pyrolysis, with the former maximizing yield
and the latter favoring bicoil production. Various reactor types, including batch kilns, retort
systems, and continuous reators, facilitate biochar production at temperatures between 300 and
700°C. The process consists of drying, devolatilization, and carbonization phases, followed by
cooling in an inert atmosphere to prevent oxidation. Posprocessing steps such as particlesize
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applications include improving soil health, stabilizing carbon in soil to mitigate climate change,
filtering contaminants from wastewater, and supporting ren@vable energy initiatives Cambium
Carbon, 2022. As an efficient and sustainable solution for forestry residue utilization, biochar is
gaining recognition as a key contributor to circular bigeconomies and climate resilience

strategies.

The production of biochar from woody biomass through pyrolysis involves a series of critical steps,
from sourcing the feedstock to delivering the final product to the market. In the pyrolysis process,
biomass feedstock is introduced into the pyrolysis sys#m using automated feed mechanisms,
which may function in either batch or continuous mode. Thermal decomposition occurs in the
absence of oxygen, typically at temperatures between 30600°C, with slow pyrolysis maximizing
biochar yield at approximately 3050% of the original mass. Precise control over temperature,
heating rate, and residence time ensures optimal product quality. After thermal decomposition,

the separation of pyrolysis products takes place, where biochar is extracted and cooled to prevent



combustion. Additionally, bio-oil and syngas are collected as valuable energy sources or €0
products, enhancing the sustainability of the process.

Post-processing steps are crucial for stabilizing biochar and ensuring its safe storage and usability.
Cooling and stabilization involve mechanisms such as water sprays, air quenching, or inert gas
purging to prevent reignition. A curing process follows allowing the release of volatile organic
compounds (VOCs) and ensuring chemical stability. If necessary, biochar undergoes sieving and
grinding to optimize its properties for applications such as soil amendment, filtration, or energy
use. Pelletization orbriquetting is employed to enhance handling and transport efficiency. The
packaging phase involves bulk storage in silos or covered piles, with smaller retail packages
available for ease of distribution. A structured pyrolysis process ensures sustainableitmass
utilization while maximizing resource efficiency and environmental benefits.
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where it is generated. This alleviates the need to transport tHEomass to an oftsite centralized

facility which can lower the overall cost of the biochar production pathway. The U.S. Forest Service

and other researchers, through considerable experimentation, currently recommend eight different

methods and equipmentthat could be used for inforest biochar production from liability biomass.

These are: A& curtain burners (CharBoss®, BurnBoss®, or Tigercat 606@escribed in more detail

in the Air Curtain Burner section below), pile burning (hanrthade or machinemade), and kilns of

various sizes (e.g., Ring of Fire®, Oregon Kiln, or Big Box KiISHS, 2024. These mobile systems

employ flame carbonization to produce biochar (and essentially remove the waste wood from the
environment). Flame carbonization operates on the principle of togit, oxygen limited combustion,

where the flame front moves downward though stacked layers of biomass, partially combusting

the upper material while pyrolyzing the lower layers. As the top layers combust, they produce a

flame and release pyrolysis gases, which in turn create a higiemperature environment. The heat
generateddrives off volatiles from the unburned wood beneath while limiting oxygen exposure,

thereby inducing pyrolysis. As lower layers become charred and combustion threatens to reach

them, they areextinguished orsmothered - either by adding fresh green wood, soil, or by dousing

with water - to preserve the biochar structure andprevent it from oxidizing to ash.

GGURHCqRYUt
Agriculture and Environmental Remediation Biochar enhances soil health by improving
structure, water retention, and nutrient availability. It aids in carbon sequestration,
regulates pH, and acts as a slowrelease fertilizer carrier. In livestock management, it
absorbs moisture and odors in stals and enhances silage preservation. Environmentally,
biochar can filter pollutants from water, immobilizes soil contaminants, controls odors,

and reduces methane emissions in landfills. It also mitigates stormwater runoff, preventing
nutrient leaching (Léhman et.al., 2015).

Energy, Industrial and Construction Uses Biochar supports renewable energy through
syngas production and as a lowemission solid fuel. It is processed into activated carbon
for industrial adsorption. In construction, biochar strengthens cement, improves asphalt
durability, and enhances insulaion in eco-friendly buildings. It is also used in
biodegradable plastics and industrial filtration (Lehman et.al., 2015).

Animal Husbandry and Household Uses As a livestock feed additive, biochar improves
digestion and reduces methane emissions. It aids manure treatment and aquaculture



water filtration. Household applications include air purification, personal care (toothpaste,
skincare), and deodorization (Lehman et.al., 2015).

Climate Mitigation - Increasingly important in climate mitigation, it qualifies for carbon
credit trading, supports reforestation, and reduces wildfire risks.
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Biochar production begins with the sourcing of forest biomass feedstock, which includes residues
such as branches, bark, sawmill waste, thinning from forest management, logging slash,
deadwood, and occasionally whole trees. These materials are collecteddm logging and land
clearing operations and transported to a processing facility, where they are chipped or shredded to
improve transport and handling efficiency. Preprocessing involves drying the biomasgrucial
because freshly harvested wood can contai 30r50% moisture - to reduce the moisture content
below 20% for effective pyrolysis. On average, producing one ton of biochar requires approximately
four bone-dry tons of biomass or up to eight green tons if the moisture content is around 50%.

TheBiochar Nowfacility in Berthoud, CO, which is the principal biochar production facility in the
vicinity of Boulder County, currently sources its feedstock primarily from dead trees under
stewardship contracts, wooden pallets, and biomass removed from regional resenirs.*
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Biochar production costs vary based on feedstock procurement, transportation, processing, and
market dynamics. The estimated feedstock costs can range from $30 to $40 per bone dry ton (BDT)
delivered. Preprocessing, including drying and chipping, adds furer costs depending on

equipment and energy prices. The pyrolysis process itself has a production cost ranging from $0.14
to $3.66 per pound influenced by reactor design and operational efficiency.

The biochar market price varies widely, with bulk biochar averaging $243 per cubic yard, while retail
prices in small bags can reach $1,143 per cubic yard. Logistics costs also impact pricing, with
transportation up to 500 miles increasing costs to $540 peton. These prices are based on current
information from one of the largest producers in the United States (based in California) and can be
used to gauge how much biochar purchased in bulk is worth. That pricing is reported for truckloads
in Table 2.7°

Table 2.7 Example biochar prices.

Full Truckload Size T 90+

Cubic Yards (CY)/15 tons HODP LSS R

1 to 11 Truckloads 12 to 100 Truckloads

Purchased at Facility
Delivery up to 200 miles
Delivery up to 300 miles

Delivery up to 500 miles
Delivery up to 700 miles

$50/CY, $300/ton
$60/CY, $360/ton
$70/CY, $420/ton

$90/CY, $540/ton
$100/CY, $600/ton
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$40/CY, $240/ton
$50/CY, $300/ton
$60/CY, $360/ton

$80/CY, $480/ton
$90/CY, $540/ton

$35/CY, $210/ton
$45/CY, $270/ton
$55/CY, $330/ton

$75/CY, $450/ton
$85/CY, $510/ton
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Biochar production from forest wood not only offersenvironmental benefits but also presents

economic opportunities through carbon dioxide removal (CDR) creditsThe revenue potential from
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biochar and the prevailingmarket price for carbon credits.
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production methods, and carbon content. According to data from Puro Earth (puro. Earth), biochar

derived from wood feedstocks can sequester between 2.57 to 32 Waq Y Ut WY n W9 § WG| WaqVY U
produced, with an average sequestration factor of 2.83 (Biochar International, 2023).

The value of biochar carbon credits has seen significant fluctuations, influenced by factors such as
demand, certification standards, and market dynamics.Notable data include:

Puro.Earth CORCHAR IndexAs of January 2025, the CORCHAR index price was
approximately $151 USD per ton of C@&equivalent (PuroEarth, 2025).

Other Biochar Credit Price Index Recent Averages In 2024, prices for biochar carbon
credits averaged $190 USD per ton of G@quivalent.

Potential Carbon Credits Revenue§ UlJ W YU WY n WHRYHG ¢ | WeW=ZYOWaqYUt L
(the average between the two referenced prices) = $537.70.

When entering the carbon credit market, several key considerations must be considered.
Certification costs can significantly impact net revenue, as obtaining accreditation for carbon
credits involves expenses related to compliance, verification, and ongommonitoring. Additionally,
market variability presents a challenge, as carbon credit prices are subject to fluctuations based
on demand, certification standards, and broader economic conditions.

Other challenges impact the economic viability and scalability of biochar production. High
transportation and preprocessing costs can make feedstock sourcing expensive, particularly when
handling wet biomass that requires drying. The cost of pyrolysis equnent varies significantly, and
advanced separation technologies for biochar, bieoil, and syngas require capital investment.
Additionally, obtaining certification for carbon credits involves costs that may reduce net revenue.
Market variability in biochardemand and carbon credit pricing further complicates financial
planning. Local policies, permitting, and infrastructure limitations can also pose barriers to large
scale biochar implementation.
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Biochar production has significant environmental benefits, including carbon sequestration, soil
enhancement, and waste biomass utilization. By converting waste wood into a stable form of
carbon, biochar reduces greenhouse gas emissions and mitigates wilda risks by removing excess
biomass from forests. It also enhances soil fertility and water retention, reducing the need for
chemical fertilizers. However, sustainability concerns arise from energy consumption in
processing, emissions from transportation,and potential land-use changes affecting feedstock
availability. Optimizing pyrolysis efficiency and utilizing renewable energy sources can mitigate
some of these impacts (Lehman et.al., 2015).
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Establishing a centralized biochar production facility requires infrastructure for biomass
collection, preprocessing, pyrolysis, postprocessing, storage, and distribution. Facilities must
include equipment for drying, chipping, and feeding biomass into &ctors, as well as cooling and



stabilization systems to prevent biochar reignition. Storage solutions, such as silos or covered
bulk areas, are essential to maintain biochar quality. Efficient transportation networks are also
necessary to ensure costeffective distribution to end-users.

Also, as described above, there are potential imn Y | 1J4 orAILIGOE WG YARGWWARY H#SE ¢ | LG
systems which can be, and have been used, in the Boulder Region.

Currently there is an operating wood waste to biochar facility near Boulder County in Berthoud, CO.
TheBiochar Nowfacility in Berthoud, CO, currently processes up to 18 tons of biomass daily, with
stated plans to expand to 708800 tons per day depending on financing (and feedstock availability),
highlighting the scale of infrastructure required for commercial biochaproduction. To achieve

these quantities, Biochar Nowmust use waste biomass from forests, agriculture, urban, and
industrial sources.

Even though this facility was not included in Table 2.(above)as it was the only commercial
biochar production facility in the 50-mile radius, cost information isadded nonetheless:

1 One-Way Distance (miles): 41.4
1 Estimated Delivery Cost ($): 691.60
1 Cost per Ton Delivered ($/ton): 34.58

In addition to the Biochar Now facility, Boulder County awarded funds to High Plains Biochar
(Laporte, CO) to deploy smalscale biochar production kilns at 5 to 15 farms across Boulder
County.® Although these units will be at farmland locations and likely using both forest and
agricultural sourced biomass, it is another step in increasing infrastructure in the Boulder County
region.
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Benefits

I Carbon Sequestration:Converts unstable biomass carbon into more stable biochar,
reducing greenhouse gas emissions.
1 Waste Utilization: Provides a productive outlet for excess, hazardous, or lowalue forest
residues.
1 Wildfire Mitigation: Removes flammable material from forests, reducing fire risk.
Drawbacks

1 Permitting Complexity:Emissions and site operations may trigger air quality and landse
permitting.

1 Feedstock Logistics:Collecting and transporting dispersed forest residues can be costly
and labor-intensive.

9 Variable Quality:Heterogeneous feedstock can produce inconsistent biochar
characteristics.
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https://bouldercounty.gov/news/boulder-county-announces-2024-climate-innovation-fund-recipients/
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Composting forest-sourced wood waste is a controlled biological process that breaks down woody
organic materials into a stable, nutrientrich humus-like substance. Given the high lignin and
cellulose content in wood waste, successful composting depends on maintaining a proper balance
of carbon and nitrogen, ensuring adequate moisture, providing sufficient aeration, and fostering
microbial activity. Managing these factors is essential to accelerate decomposition and pduce
high-quality compost.

The wood composting process begins with collecting and sorting suitable wood waste materials,
including wood chips, sawmill residues, bark, sawdust, small branches, leaves, and pine needles.
However, chemically treated, painted, or engineered wood productshould be excluded due to
contamination risks and slow decomposition rates. Preprocessing, such as chipping and
shredding, is necessary to reduce particle size and increase microbial colonization. Since woody
materials have a high carborto-nitrogen (C:N)ratio (300:1 to 500:1), nitrogerrich materials such
as manure or green waste must be added to achieve the ideal ratio of 25:1 to 30:1. Maintaining
moisture between 40% and 60% is crucial to sustain microbial activity and prevent anaerobic
conditions.

Various composting methods are used depending on the scale of operations and resource
availability. Windrow composting, where long piles are periodically turned, takes six to twelve
months. Aerated static pile (ASP) composting accelerates the process to tee to six months by
supplying forced air. Industriatscale in-vessel composting, which occurs in enclosed systems,
produces compost in six to eight weeks by precisely controlling temperature, moisture, and
aeration. Passive pile composting is the simplesinethod, where wood waste is left to decompose
naturally over one to two years, requiring minimal labor but taking longer to complete.

Several key factors must be monitored to ensure effective composting. Temperatures between
131°F and 160°F promote pathogen destruction and organic matter breakdown. Oxygen levels
must be maintained through turning, forced aeration, or passive airflow toupport microbial
activity. Moisture should be carefully managed, and adjustments made if it is too high or too low.
To further enhance microbial activity, composters may introduce fungrich inoculants such as
white-rot fungi or apply compost teas to boosinicrobial populations and improve compost quality.

After active composting, the material undergoes a four to eighiveek curing phase, where
beneficial microbes stabilize the organic matter and reduce harmful compounds. The compost is
then screened using a sieve (3/8 to 1/2 inch) to remove large undecompas&vood particles,
ensuring a fine, uniform final product. Any oversized particles can be reused in new compost
batches as bulking agents or applied separately as mulch.

Finished compost offers multiple benefits across agricultural, economic, and environmental
dimensions. In terms of applications, compost improves soil structure, enhances moisture
retention, and provides a slowrelease source of macronutrients and micronutients, making it
suitable for use in agriculture, landscaping, erosion control, and land reclamation.

Economically, compost reduces the need for synthetic fertilizers, lowers irrigation costs through
improved water retention, and provides a marketable product from organic waste streams,
supporting local waste diversion efforts. From a carbon sequestratioperspective, compost
contributes to long-term soil organic matter buildup, stabilizes organic carbon in soils, and
reduces methane emissions by diverting biodegradable materials from landfills (Browr2015)
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Compost has a wide range of applications across agricultural, environmental, and urban settings,
each leveraging its ability to enhance soil quality, support plant growth, and improve ecosystem
health. In agriculture, compost is used as a soil amendment tboost soil organic matter, increase
nutrient availability, and improve water retention, reducing the need for synthetic fertilizers and
irrigation. This makes it particularly valuable in regenerative and organic farming systems. In land
restoration and reclamation projects, compost is applied to degraded soils to promote vegetation
establishment, stabilize soils, and reduce erosion, making it a key tool for rehabilitating mine
lands, construction sites, and wildfire-impacted areas. Compost is also commonlyused in
landscaping and urban green spaces to support healthy lawns, gardens, and tree plantings by
improving soil structure and fertility.

In stormwater management, compostbased products like compost blankets and filter socks are
used to reduce runoff, filter pollutants, and control sediment on construction sites and along
roadways. Compost's ability to support microbial life also makes it aluable for bioremediation
efforts, helping break down contaminants in soils and water. Additionally, compost is increasingly
used in carbon farming initiatives, where its application to rangelands and croplands can help
sequester atmospheric carbon, contibuting to climate change mitigation goals. Each of these
applications underscores compost's versatility as an environmentally beneficial product that
supports soil health, water conservation, pollution control, and greenhouse gas reduction.
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Woody biomass materials such as tree trimmings, brush, wood chips, mulch, sawdust, wood
shavings, and bark waste are commonly used in composting when properly processed. Tree
trimmings and brush provide a rich carbon source but must be chipped or ground snhance
decomposition. Wood chips and mulch improve pile aeration and structure, though their high lignin
content slows breakdown, requiring mixing with nitrogerrich materials. Sawdust and wood
shavings are fine and absorbent, aiding moisture control butecessitating balance with high
nitrogen inputs to avoid nutrient deficiencies. Bark waste, while slow to decompose due to its
dense and tanninrrich compaosition, adds beneficial structure and porosity when shredded and
properly incorporated into the compasting matrix.

Woody biomass can be used in compost, but it should generally make up no more th2@-30% of
the total compost mix by volume. This is because woodmaterials, such as branches, wood chips,
and sawdust, have a high carbo#to-nitrogen (C:N) ratio and decompose much more slowly than
other organic materials.

To ensure proper composting with forest wood included:

Balance carbonrich and nitrogentrich materials - Woody biomass is high in carbon, so the
addition of nitrogen-rich materials (like food scraps, manure, or grass clippings) is needed
to accelerate decomposition.

Shred or chip the wood smaller pieces break down faster.

Monitor moisture and aeration- woody materials can dry out compost, so maintaining
adequate moisture is important.

If too much woody biomass is added, it can slow down the composting process and lead to
poor decomposition. However, if managed properly, it can improve aeration and create a
well-structured compost.
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Composting woody biomass into marketable compost involves a wide range of costs depending on
material sourcing, preprocessing, composting method, and refinement steps (Table 2.8). Sourcing
wood waste may cost between $0 $50 per ton, with potential saving if materials come from
forestry operations but added costs when transport is required. Sorting to remove contaminants,
particularly from urban wood waste streams, adds another $10$25 per ton. Transportation to a
composting facility typically ranges fom $5- $30 per ton. Preprocessing, such as chipping and
shredding, varies significantly depending on equipment type and fuel costs, ranging from $50
$200 per hour, with industrial chipper purchases exceeding $100,000. Supplementing nitrogen
(e.g., withmanure or food waste) adds another $286100 per ton, and moisture control measures
cost $51$25 per ton. Labor expenses for preprocessing typically run $1$30 per hour.

The choice of composting method windrow, aerated static pile, or passive pile substantially
affects total costs. Windrow composting involves land preparation ($1,006$10,000), equipment
purchases (up to $200,000 for turners), and ongoing fuel and labgosts. Aerated static piles
require upfront investments in aeration systems ($10,008$100,000) but reduce labor needs.
Passive pile composting has minimal equipment costs but entails longer processing times, tying up
land for up to two years. Monitoringprocesses - such as tracking temperature, oxygen levels, and
moisture - add $10- $50 per ton, depending on the complexity of the system. Curing and
refinement steps, including space rental and equipment for screening and sorting compost,
contribute an additional $10 - $60 per ton. Altogether, the total estimated cost to produce one ton
of finished compost ranges from approximately $75 to $535, depending heavily on operational
scale, method chosen, and feedstock characteristics.

On the revenue side, higklguality compost can be sold atprices typically ranging from $20 to $50
per cubic yard at the wholesale level, and up to $75 or more per cubic yard at the retail level,
depending on the compost's nutrient value, certification (e.g., OMRI listing for organic farming), and
market demand. Since one ton of compost roughly equates to about 1.3 to 1.5 cubic yards
(depending on moisture content and density), gross revenue per ton could range from
approximately $30 to $110, or higher in specialty markets. Thus, while composting can generate
modest revenue streams, especially when markets are wellleveloped and product quality is high,
it typically does not fully offset all production costs without subsidies, tipping fees for green waste
intake, or valueadded markets like landscaping, agriculture or reclamation projects. Successful
compost operations often rely on a combination of sales revenue, waste disposal fees, and
partnerships with municipalities, agriculture, or land restoration projects to maintain financial
viability.
To summarize key cost factors and optimization strategies:

Scale Matters- Larger operations benefit from economies of scale, reducing peton costs.

Equipment Selection- Renting vs. buying equipment depends on lonterm usage.

Composting Method- Passive pile composting is cheapest but slowest; irvessel
composting is fastest but highest in cost.

Labor Efficiency- Automated systems reduce labor costs but require higher upfront
investment.



Table 2.8 Composting cost and price.

Expense Item
Materials Selection Costs

Wood Waste Sourcing

Sorting & Contamination
Removal

Transport Costs
Preprocessing Costs
Chipping & Shredding

Equipment Purchase
(Chipper/Shredder)

Nitrogen Supplementation

Moisture Control (Water Supply,
Bulking Agents)

Labor for Processing

Windrow Composting

Land Preparation

Turning Equipment
(Tractors/Windrow Turners)

Fuel & Maintenance
Labor for Turning

Aerated Static Pile Composting
Aeration System (Pipes,
Blowers, Controls)

Electricity for Aeration

Labor (Lower than Windrow)

Passive Pile Composting

Land Use Costs

Lower Equipment Costs
Longer Processing Time

Process Monitoring Costs

Temperature Sensors
Oxygen Monitoring

Moisture Control Costs

Microbial Inoculants (Fungal
Additives, Compost Tea)

Estimated Cost Range

$OT$50 per ton

$101$25 per ton

$51$30 per ton

$501$200 per hour
$10,000r$100,000+

$201$100 per ton

$51$25 per ton

$151$30 per hour per
worker

$1,000r$10,000

$20,000r$200,000

$107$50 per ton
$51$20 per ton

$10,000r$100,000

$11$10 per ton
$27$10 perton

$5001$5,000 per acre

$0T$10 per ton
Indirect cost

$5071$500 per unit
$1007$1,000

$51$25 per ton

$501$500 per
application

Notes

May be free if sourced from forestry waste
but can incur costs when transported.

Labor cost to remove treated/painted
wood and othercontaminants possible in
urban sourced woody green waste.

Based on distance from source to facility
and fuel costs.

It depends on chipper/shredder type, fuel,
and labor costs.

Higher costs for largescale industrial
machines.

Manure, food scraps, or green waste
costs.

Cost of adding water or dry bulking agents
(wood chips, straw).

Based on wages and required workforce.

Grading and setup ofcomposting area.

Purchase or rental costs.

Diesel, electricity, and repair costs.
Based on frequency of turning.

Capital investment for forced aeration.

Powering blowers for oxygen circulation.
Reduced turning frequency saves labor
costs.

Minimal infrastructure needed.

No aeration or turning needed.
Ties up land for 12 years.

Needed for tracking microbial activity.
Sensors or manual testing costs.
Water application or drying agent
expenses.

Optional but speeds decomposition.



Expense Item Estimated Cost Range Notes
Curing and Refinement Costs
Curing Space Rental/Land Use = $5001$5,000 per acre = Space needed for 48 weeks.

Screening Equipment $5,00071$50,000 Machinery for refining compost texture.
Labor for Screening & Sorting $107$30 per ton Manual or machine-assisted process.
Reuse of Oversized Material Minimal cost Can be reintroduced as bulking agents.
Total Estimated Costs Per Ton of Compost

Material Selection & Transport $151$75

Preprocessing $301$150

Composting (Varies by Method) $101$200

Monitoring & Quality Control $101$50

Curing & Refinement $101$60

Total Cost Per Ton $751$535
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Compost provides a wide range of environmental benefits that make it a valuable tool for
sustainable land management and climate resilience. By returning organic material to the soll,
compost improves soil structure, enhances water retention, and promotesealthy microbial
activity, all of which supports plant growth and reduces the need for chemical fertilizers. Applying
compost helps sequester carbon by increasing soil organic matter, thereby playing a role in
mitigating climate change. Additionally, composting organic waste reduces the volume of material
sent to landfills, which in turn lowers methane emissions a potent greenhouse gas generated
from anaerobic decomposition in landfill environments. Compost also helps prevent soil erosion
by improvingsoil aggregation and stability, and it can filter pollutants, reducing nutrient runoff into
waterways and protecting water quality. Overall, composting transforms organic waste from a
liability into a critical environmental asset that enhances soil healthreduces emissions, and
supports ecosystem services.

However, composting also poses some environmental challenges that require effective
management. Air quality concerns include the emission of odors, greenhouse gases like methane
and nitrous oxide, and the release of airborne particulates and bioaerosols, vich can affect both
workers and nearby communities. If compost piles are not properly aerated, anaerobic conditions
can develop, intensifying these impacts. There are methods to control odors and air emissions
from composting operations such as covered ges or invessel composting, forced aeration or
composting in an enclosed structure with biofilters, activated carbon filters, or chemical

scrubbers, as well as best management practices which include mixing in of wood chips (to reduce
odors) and optimizing composting conditions to ensure aerobic decomposition.

Water and soil quality must also be safeguarded. Leachate and stormwater runoff can transport
nutrients, pathogens, and contaminants to surface and groundwater, necessitating welliesigned
drainage and containment systems. Robust feedstock screening can deice the introduction of
persistent chemicals, heavy metals, or plastics into the compost, which negatively affect soil
health and the usability of the final product.

Additional considerations include the attraction of pests, potential pathogen survival from
insufficient thermophilic conditions, and negative community impacts such as noise, odor, and
visual disruption - especially when facilities are sited near residerial areas. Ensuring regulatory
compliance, maintaining operational controls, and implementing best management practices are



essential for minimizing environmental risks while maximizing the sustainability benefits of
composting.

Composting facilities are governed by environmental regulations aimed at safeguarding public
health and the environment, with specific attention to water quality, air quality, and overall
environmental integrity. In Colorado, the Colorado Department of Pulz Health and Environment
(CDPHE) regulates these facilities under the Solid Waste Regulations, which classify operations
into three categoriesy Class I, Il, and Ill. Recent revisions to these regulations are intended to
streamline the permitting process while reinforcing environmental protections, supporting the
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commercial composting facilities must secure a Special Use Permit from the Community Planning
& Permiting Department, which requires detailed site design, engineering and operational reviews,
traffic assessments, and environmental impact analyses, with all necessary mitigation measures
implemented before approval.
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Composting at substantive commercial level occurs in the region around Boulder County at the Al
Organics facilities in Eaton, Keenesburg, and most recently Sheridan, CO. As the principal
composter of organic waste in the region, Al Organics requires a sufasitial amount of wood

waste, both from urban and rural lands. A1 Organics can receive wood waste in all forms, and will
accept branches, limbs, whole logs, leaves and needles, and brush from liability biomass
management activities.

The Keenesburg composting facility is considered by A1 Organics as a potential prime receiver of
liability biomass and has been taking in forest biomass from the Boulder County sort yards (i.e., the
Nederland facility).” The facility does charge a tipping fee which can be as high as $15 per cubic
yard of waste delivered to site. That is in addition to the removal, processing, and transportation
costs incurred by the liability biomass generator.

The $15 per cubic yard tipping fee is affected by the state in which the wood is received (i.e., the
density of the material). Chipped wood in the Boulder Region that is fresh, and green is in the range
of 500 pounds per cubic yard, with dry chips comingniat 250 to 350 pounds per cubic yard. Whole
pine logs, recently cut, can range from 1,500 to 2,500 pounds per cubic yard. Clearly, the state of
the liability wood waste affects the total cost of moving liability biomass to the composting.

Although a more costly alternative, discussions with A1 Organics management indicate that the
Keenesburg facility could potentially take all the liability biomass that could be generated within
Boulder County according to the estimates presented in Chaptet, especially all the liability

biomass not managed directly by the U.S. Forest Service. The facility rotates approximately
400,000 cubic yards of composting materials annually,which could equate to a need of 100,000
cubic yards of green wood chips, which weighing in at a conservative 1,000 pounds per cubic could
be 50,000 tons per year.

Boulder County is also conducting technology pathway feasibility and siting study for a potential
compost facility within Boulder County. As of February 2025, the current study underway has
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recommended that a new centralized composting facility in the form of turning windrows and
aerated static piles is likely the best composting approach in Boulder County. Composting can
take all forms of organic waste materials generated in the County, inatling liability biomass in
appropriate amounts. The study has now moved into site identification, and financial and end
market analyses.

The advantages of incorporating forest wood waste into composting include promotion of
sustainable waste management by diverting organic materials from landfills and burn piles. Wood
waste enhances compost structure by improving aeration and preventing copaction, thereby
supporting aerobic microbial activity.

The slow decomposition of wood waste presents a major challenge due to its high lignin and
cellulose content. Without nitrogen supplementation or microbial inoculation, breakdown is
significantly delayed. Moisture management is also critical, as dry, coarse materials can lose
moisture too quickly, while fine sawdust may absorb too much, leading to anaerdb conditions.
Contaminants, such as treated or painted wood, can introduce harmful chemicals into compost.
Improperly managed wood piles may become habitats for pests, fungi, or pathogens. Additionally,
processing wood waste requires specialized equipmentincreasing operational costs. Some types
of wood, like pine needles, can acidify compost, requiring pH adjustments for optimal microbial
activity.

To optimize the composting of wood waste, proper particle size management is essential. Chipping
and shredding materials to one to three inches enhance microbial colonization and
decomposition. Fine materials like sawdust should be mixed with coarser mateals to prevent
compaction. Since woody materials are carborrich, nitrogen supplementation is necessary,
typically by mixing with manure, green waste, or food scraps in a threge-one carbon-to-nitrogen
ratio. Moisture control between 40% and 60% is vitdbr microbial activity, and excess moisture
should be managed by improving aeration or adding dry bulking agents. Aeration should be
maintained through regular turning or forced airflow to prevent anaerobic conditions. Monitoring
temperature and pH ensures effective decomposition, with compost temperatures maintained at
1311160°F to destroy pathogens. Acidic compost can be balanced using alkaline materials like
lime or biochar.
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T Scalability: Composting is highly scalable, from smalscale household systems to large
industrial facilities, but the level of scalability depends on waste availability, infrastructure,
public participation, and market demand for finished compost. Large scale composting
requires significant infrastructure, including large processing facilities, trucks for waste
collection, and advanced monitoring equipment. Composting technologies like turned and
aerated static piles enable processing at a variety of scales.

1 Waste Diversion Reduces the amount of organic material sent to landfills, lowering
methane emissions.

1 Soil Health Improvement Enhances soil structure, water retention, and nutrient content
through increased organic matter.

1 Carbon Sequestration Helps store carbon in soils, contributing to climate change
mitigation efforts.

1 Erosion Controt Improves soil stability and aggregation, helping to reduce erosion on
vulnerable landscapes.



Pollution Reduction: Filters and retains nutrients, minimizing nutrient runoff into waterways
and protecting water quality.

Support for Local Agriculture Produces a valuable soil amendment for farmers,
landscapers, and restoration projects.

Market Potentiat Compost can be sold for landscaping, agriculture, reclamation, and retalil
gardening, creating a modest revenue stream.

Lower Air Emissions Compared to BurningAvoids air quality impacts associated with open
pile burning or combustion.
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High Preprocessing CostsWoody material requires chipping or shredding before
composting, adding significant labor and equipment costs.

Nitrogen Supplementation RequiredWood is carbontrich but nitrogen-poor, so additional
green materials (e.g., manure, food waste) must be mixed to maintain proper
decomposition rates.

Longer Processing TimeWoody biomass decomposes more slowly than food or green
waste, requiring longer composting and curing periods.

Land Use RequirementsLarge areas may be needed for windrows, aerated piles, or
passive piles, tying up land resources for extended periods.

Variable Market Prices Compost prices can be modest and may not fully cover operational
costs without tipping fees or subsidies.

Contamination Risks Urban-sourced woody waste can contain treated or painted wood,
requiring additional labor for sorting and contaminant removal.

Water Needs Moisture must be carefully managed, requiring water input during dry
periods, which can add operational complexity.

Regulatory Compliance Composting facilities must often meet permitting requirements for
water runoff, air emissions, and operational standards, adding administrative and
compliance costs.
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Thecommercial firewood production process is a structured and mechanized operation focused
on maximizing efficiency, sustainability, and product quality. It encompasses a series of
coordinated stages from raw material acquisition to final distribution, leveraging specialized
equipment and best practices in forestry management, processing, drying, and logistics to deliver
consistent and marketready product.

The process begins wittsourcing and transportation, where wood is obtained from logging
residues, forest thinning, salvage logging, and shotiotation coppicing. Efficient transportation
methods - such as log trucks, biomass haulers, and mobile chipping nits - are employed to
optimize logistics and minimize environmental impact. Upon delivery, theeception and

storage phase involve sorting logs by species, size, and moisture content to streamline
downstream processing. Storage practices, including operair piles and covered storage areas,
help preserve wood quality and support consistent drying.

In the cutting and splitting stage, logs are processed into firewooeength sections using chainsaws
or mechanized firewood processors. Hydraulic log splitters with varying wedge designs enhance
production speed and ensure uniform product sizing. Thdrying processis critical for combustion
efficiency and emission reduction. Firewood is dried either naturally via ventilation and sunlight
over several months- or artificially through kiln drying, which uses controlled heat and airflow to
reduce moisture content to below 20% within days.

Following drying, thecleaning and quality controlstage removes bark and debris using tumblers or
disc screeners, while quality is verified through moisture testing and visual inspection to ensure
compliance with market standards. Packaging and storagemethods vary by market channel, with
firewood offered in bulk, palletized, or bagged formats. Automation in packaging systems
contributes to operational efficiency and consistency. Finallydistribution and sales are carried out
through wholesale (e.g., hotds, restaurants), retail (e.g., supermarkets, hardware stores), and
direct-to-consumer channels, including online platforms and subscription models. For
international markets, compliance with phytosanitary regulations is mandatory to prevent pest and
disease transmission.
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Firewood has a range of practical applications that have remained important both historically and
today, particularly in rural, forested, and colder regions such as Boulder County. Its most common
use is as a residential heating source, where it providesammth through fireplaces, wood stoves,
and modern highefficiency wood-burning appliances. In many areas, especially where access to
natural gas or electricity is limited or costly, firewood remains a reliable and affordable form of
home heating. Another ley application is in outdoor recreation: firewood is widely used for
campfires, cooking in fire pits, and heating in cabins and campsites, providing not only utility but
also a cultural and social experience.

Firewood also plays a role in emergency preparedness. During power outages caused by storms,
wildfires, or other disasters, wood stoves and fireplaces fueled by firewood offer a critical, offrid
heat source. In agricultural and homestead settings, firewod is sometimes used for heating
greenhouses, workshops, or small outbuildings, extending its utility beyond just homes.



Additionally, artisanal uses of firewood- such as woodired ovens for baking bread or pizzas and
traditional smoking of meats- are valued for the distinctive flavors and cultural practices they
preserve.

However, while firewood offers versatile and accessible applications, its use must balance with
environmental and health considerations. Older woodburning technologies can emit substantial
particulate matter and contribute to local air quality problems, gompting the need for cleaner
burning certified stoves and responsible firewood sourcing and burning practices. In modern
biomass strategies, firewood remains a practical option for using lowegrade woody biomass but
often fits best at smaller scales or vhen paired with improved technologies to reduce emissions
and maximize efficiency.
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Roundwood logsare the primary and most desirable form of woody biomass used in firewood
production. These logs are typically sourced from wholdree harvesting operations and range from
approximately 6.5 to 20 feet in length, with diameters between 4 anth inches. Their straight form
and structural integrity make them weltsuited for mechanical processing, including cutting and
splitting.

Forest thinning and logging residues, which include tops and largéiameter branches left behind
after forest management and timber harvests, can also be utilized in firewood production. These
materials must be carefully sorted to exclude unsuitable or exessively irregular pieces that could
hinder processing efficiency or product uniformity.

Salvage woodfrom dead or damaged trees, such as those affected by storm events, insect
outbreaks, or forest fires, can serve as a viable input for firewood production if the wood remains
structurally sound. While some decay is acceptable, heavily deteri@ted or overly brittle material
is unsuitable. Salvage wood is especially relevant from site undergoing forest health treatments,
where removal of compromised trees is necessary to reduce fire risk and improve ecosystem
resilience.
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Producing and selling firewood involves a wide range of capital, operational, and logistical costs
across multiple stages (Table 2.9)Sourcing and transportationcosts include the initial investment
in harvesting equipment, ranging fron$600,000 to $2,000,000 with operational and maintenance
costs between $120 and $650 per houdepending on machinery type. Labor for harvesting typically

costs $201$50 per hour per workerand transportation expenses vary widely depending on
distance and fuel costs, typicaly $5 1 $20 per tonmile.

Processing costsare substantial, requiring about$389,000for facility setup, including firewood
processing equipment $171,000), site preparation $88,000), and project management and
permitting ($95,000). Machine operation for cutting and splitting firewood typically cost$50 T
$150 per hour with additional annual maintenance costs o0f$5,000T $20,000.

Fordrying and seasoninginstalling a kiln system requires abou800,000in capital investment,
with kiln operation costs estimated at$50 T $300 per cord Alternatively, air drying presents lower
capital costs but requires longer processing times and careful yard management, costing about
$10T $30 per cord



Table 2.9- Firewood production costs.

Cost Component

Sourcing and Transportation

HarvestingEquipment

Harvesting Operation &
Maintenance

Transportation
Processing

Capital Investment for Facility

Firewood Processing Equipment
Site Preparation & Building Costs

Project Management & Permits
Drying and Seasoning

Kiln Drying System

Air Drying

Packaging and Distribution
Firewood Bundle Wrapping
Machine

Transportation and Distribution

Waste Management & Environment

Waste Management

Environmental Compliance

Sourcing and Transportation

Harvesting Labor

Equipment Fuel & Maintenance

Log Transportation

Machinery

Machine Operation (Firewood
Processor)

Labor for Cutting & Splitting

Estimated Cost

$600,000- $2,000,000
(capital investment)

$120- $650 per hour

Varies based ondistance

and fuel costs

$389,000.00
$171,000.00
$88,000.00

$95,000.00

$800,000 (installation
and equipment)
Lower capital cost, but
requires longer time

$1,500.00

Varies

Varies

Varies

$20- $50 per hour per
worker

$120- $650 per hour

$5- $20 per tonmile

$50- $150 per hour

$15-$30 per hour per
worker

Notes

Includes logging machinery for cutting and
processing.

Cost depends on equipment type and
utilization.

Dependent on location and logistical factors.

Covers equipment, site preparation, and
project management.

Includes firewood processors, kilns, bundling
machines, and log transfer systems.

Covers footings, shell building, and
installation.

Includes licenses, engineering, andegulatory
compliance.

Provides rapid moisture reduction for higher
efficiency.

Requires space for propeistacking and
seasoning.

Used for packaging firewood for retail sale.

Includes fuel, vehicle maintenance, and labor.

Costs depend on handling sawdust, chips,
and by-product sales.

Covers permits, sustainability certifications,
and impact assessments.

Costs depend on region, workforce size, and
skill level.

Includes fuel, repairs, and parts replacement
for harvest machinery.

Dependent on distance, fuel prices, and truck
capacity.

Covers fuel, electricity, and routine
maintenance.

Varies byfacility size and automation level.



Cost Component Estimated Cost Notes

Covers wear and tear, repairs, and

Equipment Maintenance $5,000- $20,000 annually replacement parts

Kiln or Air Drying

Kiln Operation (Fuel, Electricity,
Labor)

Higher cost than air drying buprovides faster

$50- $300 per cord turnaround.

Includes stacking, monitoring, and space

Air Drying Yard Management $10- $30 per cord management.

Packaging and Distribution

$12- $25 per hour per

Costs vary based on automation level.
worker

Labor for Packaging

Includes plastic wrap, mesh bags, and

Bundling and Wrapping Materials $0.50- $2 per bundle labeling.

Dependent on fuel costs, truck size, and route

Transportation & Delivery $0.50- $2 per mile distance.

Waste Management & Environment

Costs vary if selling sawdust/chips vs. landfill
disposal.

Envwonmental Permits & $1,000- $10,000 annually IncIL_J(_jes_emlssmns monitoring, sus_tamablllty
Compliance certifications, and regulatory compliance.

Waste Disposal or Processing $5 - $50 per ton

Firewood Prices

Firewood per cord $300 to $400 Prpes vary per venQor contacted and is
subject to seasonality.

Packaging and distributioninvolve purchasing a bundle wrapping machine §1,500) and incurring

labor costs of $12 T $25 per hourfor packaging. Bundling materials add an extr&0.50 T $2 per

bundle, and transportation and delivery costs range fron$0.50T $2 per mile

Waste management and environmental compliancemust also be accounted for, with disposal or
processing costs for byproducts (e.g., sawdust and chips) ranging fron$51t$50 per ton Annual
environmental compliance costs, including permits and certifications, are estimated between
$1,000 and $10,000

Finally, firewood market pricestypically range from$300 to $400 per cord subject to seasonal
variations and local demand. Successful operations must balance these substantial capital and
operating costs with market dynamics, regulatory requirements, and the seasonal nature of
firewood demand to maintain profitability.

On the revenue side, firewood typically sells for between $300 and $400 per cord in local and
regional markets, with premium kilndried firewood sometimes commanding even higher prices

up to $450 per cord in certain retail markets. Firewood can also beokl in smaller bundles

(typically 0.7571 1.0 cubic foot per bundle) at retail outlets such as grocery stores, gas stations, and
campgrounds, with retail bundle prices ranging from $5 to $10 per bundle. A single cord of wood
can produce approximately 85t 100 retail-sized bundles, potentially generating $425 to $1,000 in
gross revenue per cord if sold in the retail market rather than bulk. Therefore, retail firewood sales



offer significantly higher revenue per cord compared to wholesale, but they require additional
labor, packaging, marketing, and distribution logistics.

In consideration of possible firewood markets in Boulder County, aord of firewood is128 cubic
feet of tightly stacked wood (4' x 4' x 8"). The conversion frogneen tons (or dry tons) to cords
depends on the species and moisture content of the wood. However, an approximating rule of
thumb is one green ton of forest wood yields 1.5 to 2 cords. Tonvert dry tons of forest wood to
cords, an approximate metric is one dry ton yields 1 to 1.6 cords.

Anecdotal evidence indicates that individual households in similar climates to Boulder County
consume between 2.5 to 4 cords of firewood per winter seasoAssuming an average consumption
of 3.25 cords per household and considering that 1 cord of seasonddrest wood weighs
approximately 1.3 tons, each household would use about 4.3 tons of firewood annually.

Boulder County has approximately 135,000 households, and the 2022 U.S. Census Bureau
estimated that 1,162 households heat with wood which is less than 1% of the households in
Boulder County (U.S. Census Bureau, 2022). Multiplying this by the average conguiion per
household, the total annual firewood usage in Boulder County would be approximately 3,777 cords
equivalent to 4,997 tons of wood.

The scalability of firewood production facilities in the Boulder, Colorado region is influenced by a
combination of ecological, regulatory, and market conditions specific to the area. The availability
of raw material- primarily sourced from forest thinning, wildfire mitigation, and deadwood removal

- is sufficient to support small to medium-scale operations, especially when coordinated with

public land management agencies such as the Colorado State Forest Service and Boulder County
Parks & Open Space.
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strict land use and zoning regulations, environmental protection requirements, and community
sensitivities. Larger facilities may trigger more intensive peritting processes, including Special
Use Reviews and environmental impact assessments, especially if located in the Wildlardrban
Interface or near protected ecosystems. Additionally, the region's air quality regulations and fire
risk management protocolsimpose operational limits that affect production volume and storage
capacity. Labor scalability can also be challenging due to the physical nature of the work and
limited seasonal workforce availability. Market demand in the Boulder Region is present bt i
largely seasonal and consumerdriven, with opportunities for growth probably limited if more
restrictions on wood burning for heat are put into place. Overall, while firewood production is
technically scalable in Boulder County, any expansion requires caful navigation of regulatory
frameworks, sustainable sourcing strategies, and alignment with local environmental and
community standards.

Overall, while capital and operational costs for firewood operations are substantial, particularly for
kiln drying and compliance, the ability to generate diversified revenue streams (bulk cords, retail
bundles, premium kiln-dried wood) improves financialviability. Profitability will depend heavily on
operational efficiency, local market conditions, distribution partnerships, and the ability to
differentiate products (e.g., kiln-dried or sustainably sourced firewood) to capture premium
pricing.

EU2RI YUGUUqc¢cato9 YUt RT DI ¢qRYUH
Firewood production in Boulder, Colorado must comply with strict air quality standards due to the
| JNRY Uk t HaWahividni3tatlsYRIocessing activities such as cutting, splitting, and kiln



drying can generate particulate matter (PM10/PM2.5) and volatile organic compounds (VOCs).
Dust suppression methods and emissions controls are necessary, particularly for kiln operations.
Oversight by the Colorado Department of Public Health and Environmé&(CDPHE) and Boulder
County Public Health ensures adherence to local and state air quality regulations.

Firewood use is also of concern as it can contribute to air quality impacts in the Boulder Region.
Firewood combustion releases particulate matter, carbon monoxide, volatile organic compounds,
and nitrogen oxides.

Sustainable sourcing is critical to minimizing environmental impact. Firewood should originate
from forest health treatments, wildfire mitigation, or salvage operations, following guidance from
the Colorado State Forest Service. To prevent the spread okasive pests like the emerald ash
borer, facilities must comply with transport regulations. Public land harvesting may require permits
and coordination with agencies such as Boulder County Parks & Open Space.

Facilities must manage stormwater to prevent runoff of wood debris and pollutants into nearby
waterways. Compliance with the Clean Water Act and potential CDPHE stormwater discharge
permitting is required. Operations near riparian zones must take additiorigrecautions to avoid
ecological disruption and water quality degradation.

Wood storage in thewildland-Urban Interface (WUI) can increase fire hazard. Facilities must
create defensible space and adhere to Boulder County fire codes. Seasonal fire restrictions may
limit operations during highrisk periods. Mitigation measures such as spacing, fuel lsaks, and fire
safety protocols are essential.

Zoning rules in Boulder County do not explicitly categorize firewood production facilities as a
standalone land use (County of Boulder, 2024). Such operations may be permissible in broader
land use classifications, contingent upon the specific zoning distict. These include:

1 Agricultural (A) District:This district is primarily intended for agricultural activitiesUses like
Agricultural Products Processing and Storage are allowed subject to Special Review, which
involves a public hearing process to assess potential impacts

9 Forestry (F) DistrictWhile not explicitly detailed in the provided excerpts, the Forestry
district typically accommodates uses related to forest management and may allow for
firewood production, subject to specific use classifications and reviews.

1 Rural Residential (RR) and Estate Residential (ER) District$iese districts are primarily
residential. Firewood production in these areas would likely be limited to accessory or
home occupation uses, with strict limitations to minimize impacts on residertial character.
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The technical feasibility for firewood production facilities is good, particularly in regions such as
Boulder with access to suitable woody biomass, established forestry infrastructure, and a demand
for heating fuel. Key technical considerations include fedstock availability, site requirements,
processing equipment, labor, and compliance with environmental and safety regulations. When
these factors are adequately addressed, firewood production can be scaled to serve residential,
commercial, or institutional markets.

Feedstock availability is a primary determinant of feasibility. A consistent local and regional supply
of appropriate woody biomass is nheeded to ensure product quality and market competitiveness.
Sources may include roundwood from logging operations, salyge wood, and largerdiameter

forest thinning and logging residues. In addition, site selection is critical for a new firewood
production facility - the facility must have sufficient space for log reception, storage, processing,

M



drying, and packaging, while also allowing for truck access and adherence to zoning and
environmental permitting requirements.

The core of the technical operation involves processing equipment such as firewood processors,
hydraulic splitters, tumblers, kilns (for accelerated drying), and automated packaging systems.
These technologies are commercially available and widely used Horth American and European
markets. Equipment selection should align with desired production capacity, feedstock
characteristics, and labor availability. Natural air drying may suffice in certain climates, but kiln
drying can be used for its speed, consitency, and moisture control. Additionally, staffing needs
include operators skilled in equipment handling, quality control, and logistics coordination.

Firewood production facilities are technically feasible to establish with a wellstructured design

and operational plan. The modular nature of the processing equipment allows for phased
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local conditions. When backed by a sound supply chain and proper facility layout, such operations

can deliver consistent, highquality firewood while adhering to environmental and safety

standards.

The Boulder region supports a comprehensive infrastructure for firewood production and
distribution, integrating municipal programs, private enterprises, and community initiatives to
meet the area's demand for firewood Municipal efforts play a pivotal role in firewood provisionThe
City of Boulder operates a Firewood Program that repurposes wood from forest management
activities. This program offerdfirewood to permit holders at designated locations, such as the
South Boulder Creek West Trailhead and the Parks & Recreation Forestry IRadrticipants are
required to obtain a permit and adhere to specific collection guidelines (City of Boulder, 2025).

In the private sector, numerous businesses contribute significantly to firewood production and
distribution. For instance, Morgan Forest Agriculture, located in Boulder, emphasizes sustainable
practices by thinning overstocked forest stands to reduce firdhazards, thereby supplying firewood
while enhancing wildlife habitats. Additionally, United Wood Products Inc., situated in Longmont,
offers a diverse range of wood products, including firewood, logs, and lumber, with delivery
services available to the Balder area.

Community initiatives further bolster the region's firewood distribution network The Firewood Bank
Assistance Program has funded numerous firewood distribution programs, enhancing accessibility
for residents. For example, the Four Mile Fire Protection Disct west of the City of Boulder

received funding from this program for a community wood lot (Alliance for Green Heat, 2025).

Collectively, these municipal programs, private enterprises, and community efforts establish a
robust and sustainable firewood production and distribution infrastructure in the Boulder Region,
effectively addressing both environmental management objectiveand the community's heating
needs.

EaGOcl ! OoYn7UIUW3qt toc U1 10?1 ¢ 5 He At
73003 qt

1 Reliable Heat Source Provides an affordable and dependable source of heating, especially
in rural or offgrid areas.

1 Low Technological Barrier Processing firewood requires relatively simple and widely
available technologies (splitters, kilns, basic sawmills).



Market Familiarity. Firewood has an established market with predictable seasonal demand,
particularly in colder climates.

Higher Revenue Potential with Retail SaleKiln-dried or bundled firewood sold through
retail channels (e.g., grocery stores, campgrounds) can achieve higher penit revenue.
Utilization of LowerQuality Wood Firewood production can make use of smaldiameter
trees, defect-laden logs, or other wood not suitable for sawmills or highevalue products.
Local Economic Benefits Supports small businesses, provides rural jobs, and keeps
heating dollars circulating within local economies.

Disaster Resilience Offers an independent, offgrid energy source during power outages or
natural disasters.
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Air Quality Impacts Burning firewood releases particulate matter (PM2.5), volatile organic
compounds (VOCs), and other pollutants that can harm human health and degrade air
quality.

Climate Considerations: Although burning wood is sometimes considered "carbon
neutral," emissions from inefficient combustion can contribute to localized greenhouse gas
and pollutant loads.

Labor and Handling CostsProcessing, drying, stacking, bundling, and delivering firewood
are labor-intensive and require ongoing operational management.

Capital Costs for Kiln Dryinglnstallation of modern kiln systems for faster drying and
improved air quality compliance can require significant upfront investment.

Seasonal Demand Firewood sales are strongly seasonal, with limited demand in warmer
months, which can affect cash flow stability.

Regulatory Constraints Increasingly, local and regional air quality regulations may restrict
or discourage residential wood burning, reducing londerm market growth potential.
Lower Scalability Compared to industrial-scale biomass pathways (e.g., bioenergy
production), firewood operations are typically suited for small to medium scales.
Resource Competition High-value wood could potentially be diverted to higheend uses
(e.g., lumber, mass timber), reducing available feedstock for firewood operations.



Al Y30t WY nNWg q6 )l WOqRIRACqRYUWACEC qb6s
With the top three pathways addressed in detail (above), the remaining pathways that had the

support of the Biomass Core Team are discussed below. These include:
Small sawmill

Animal bedding
Biomass heat

Mass timber

Air curtain burner
Pellets/fuel bricks
Bio-oil

Post and pole

Fungal Decomposition
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A small-scale sawmill is a compact, often portable facility designed to convert logs into lumber for
personal or local use. These mills are ideal for landowners, small forestry operations, or
woodworking businesses, offering efficient timber processing with lower cost and complexity than
industrial mills. Core components include bandsaws, circular saws, @ chainsaws- each with
trade-offs in precision, speed, and waste. Power sources (gasoline, diesel, electric, or power take
off [PTQ]) influence efficiency and mobility. Production typically ranges from a few hundred to a few
thousand board feet per day, @pending on mill size and feedstock availability. Small sawmills are
well-suited for custom cuts, small builds, and niche lumber sales.

GGiURHC qRYUH
Applications include the production of dimensional lumber, liveedge slabs, green building
materials, and specialty products for local builders, artisans, and remodelers. Small mills also
supply secondary products like firewood, mulch, and even biochar. Markets are driven by the

demand for unigue, sustainably sourced wood for furniture making, estom construction, and
crafts.
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The primary feedstock consists of logs between 6 and 36 inches in diameter. Smaller logs are
inefficient for milling, while larger logs may require specialized handling equipment. Feedstock
sources include:

1 Forest Timber:Harvested from managed forests, salvage operations (fire, beetle kill), or
forest restoration projects.

1 Urban Timber:Sourced from landscape tree removals, utility clearances, or storm damage;
offers unique species but can contain metal contaminants.

Feedstock quality affects yield and mill efficiency. Urban logs can offer high value but may have
inconsistencies.

Product Yield:

1 Softwoods: ~200r250 board feet (green) to ~278325 board feet (dry) per ton.

1 Hardwoods: ~175225 board feet (green) to ~25(B00 board feet (dry) per ton.
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Using smalldiameter or liability biomass from forest thinning is costeffective for fire-prone
regions like Boulder County but requires careful economic management:

1 Feedstock Costs:$01$30 per ton (public thinning programs); transportation adds $15$30
per green ton.

1 Processing Costs:Capital investment of $50,000$250,000 for bandsaws, edgers, kilns.
Labor costs $15$35/hour; fuel and maintenance add $10$25 per ton.

1 Product Value:Lumber prices range from $1.08$5.00 per board foot depending on species
and quality. Firewood ($156$300/cord), mulch ($15r$35/ton), and biochar ($30G
$600/ton) provide secondary revenue streams.



1 Profitability: Stronger when all tree components are utilized and operations maintain
diversified product offerings.

Success depends on operational efficiency, proximity to feedstock, and diversified product lines.
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Environmental impacts center on air, water, and noise pollution, and sustainable sourcing
practices:

1 Air Quality:Kiln operations and biomass combustion may require air quality controls.

1 Water Quality:Sawdust and runoff management is needed to prevent soil and water
contamination.

1 Noise: Mitigation may be needed near residential areas.

1 Sustainable Sourcing:Utilizing thinning residues aligns with wildfire mitigation and forest
health goals in Boulder County. Compliance with Colorado Department of Public Health &
EU2RI YUGUUqWl WNed¢aqRYUt WeUOT W7Yedl I W9VYeUq! kit LW
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Modern portable bandsaw and resaw technologies support flexibility and relatively low capital
investment for small mills.

1 Technical Feasibility:Portable mills are advantageous in mountainous terrains and can
process logs, onsite, into lumber, slabs, and niche products efficiently.

71 Infrastructure Needs:A flat, accessible site with space for log storage, drying yards, and
waste handling.

1 Challenges:Regulatory permitting for air emissions, stormwater, and noise become more
demanding at scale. Transporting logs from remote sites can be logistically complex.

1 Market Context:7 Y2 01 DI W9 YaUq! kKt Wel qRt ¢0We U1 WrYUt ql 2 HqR
wood sales. Institutions like the University of Colorado contribute skilled labor and
research support.

Example: Golden West Pine Mills (Ault, CO) demonstrates successful small sawmill scaling,
processing 4r5 million board feet annually with state and federal support.

Eaddcl ! OYNO7JUL3Zqt toc UT 10?1 ¢ 5 HE HE

Table2.10t 2 GG ¢ | RAY W6 Wt 3! WHWYUWSZ qt We UT Wi | ¢5 e HE+ Wet Y
b HCOWUW ¢sOROOWGEeqés ¢! WRUOW7Yadal Wl WoYeUq! lOWi 6 RO IJWE &
RUARGaT RUNW] D¥RARGORq! ALWGIYs WHE GRa¢ 0 WRUR W o9 0@ @ I LUk d) &
Gl Dt Q0qUWrRSEcGauUNt W Baecqll WqYWYGWI ¢qRYU¢cOW H#¢ O13aLWl
OUT It gq¢ U1 RpNaqIeRH WilgRGRIFHC G WYl WI2c¢cldac qRPNLWaE 1IWn 1J¢
FHCOUW ¢s ROORUNWE WE dle aqlRYRIAE g iRIY YaliGI Ic WifcR Y



Table 2.10. Summary of potential benefits and drawbacks from small sawmill for different decision

categories.

Category Benefits Drawbacks
Capital Lower upfront capital costs compared to | Scaling up requires significant additional
Investment industrial mills. investment.

- Supports custom cuts, specialty lumber, | Limited processing capacity compared
Flexibility . : . . .

and use of diverse woodspecies. to larger, industrial-scale sawmills.

Mobility Portable mills enable onsite operations, | Logistical challenges transporting

useful in mountainous and remote areas.

feedstock from remote thinning sites.

Environmental
Synergy

Utilizes liability biomass from thinning
projects, supporting forest health and
wildfire mitigation.

Requires compliance with strict
environmental regulations (air
emissions, waste management).

Market Demand

Strong demand for sustainable, locally
sourced wood products (e.g., slabs, green
building materials).

Niche markets may be seasonal;
success depends on diversified product
lines.

Workforce

Access to skilled labor and technical
support from local institutions.

Labor- and maintenance-intensive
operations.

Regulatory
Environment

[ Raqt W7 Yedal 3l W9VYeUq!
local sourcing values.

Expansion constrained by zoning laws,
permitting complexity, and operational
restrictions
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Wood-derived animalbedding is widely used for pets, livestock, and laboratory animals because of
its strong moisture absorption, odor control, and comfort. Common types include wood shavings,
pellets, chips, and sawdust, with softwoods like pine and aspen often preferred. Bse products
are biodegradable and compostable, offering environmental benefits. However, fine dust particles
can cause respiratory issues in sensitive animals, and certain woods, such as cedar, may contain
harmful aromatic oils. The production process inwlves sourcing clean, untreated wood residues,
processing them into specific bedding forms, and ensuring drying, screening, and packaging to
maintain product quality and safety.

GGiURHC qRYUH
Animal bedding products serve diverse applications acros$ivestock farming and pet care sectors.
Shavings are commonly used for horses, poultry, and small mammals, while pelletanade from
compressed sawdust- expand when wet and are ideal for stalls, coops, and litter boxes. Coarser
wood chips are better suited for outdoor livestock environments, providing durable ground cover
with moderate absorbency. Fine sawdust, known for its excellent moisture absorptioris often
used in deep litter systems for poultry, swine, and cattle, although dust control is essentido

protect animal health. Overall, wood-derived bedding enhances hygiene, animal comfort, and odor
management in a variety of agricultural and domestic settings.
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Suitable feedstocks for animal bedding production include bark, wood from trunks and large
branches, and sawdust. Bark, although coarse and less absorbent, is used in outdoor livestock
environments or mixed with finer materials. Solid wood yields shavingend chips that offer
structural integrity and moderate moisture control. Sawdust, generated during milling and sawing
operations, provides high absorption but must be carefully processed to limit dust hazards.
Needles and leaves are generally excluded du® poor absorbency and potential phytotoxicity.
Feedstock sourcing emphasizes clean, untreated material to avoid chemical contamination and
ensure animal safety.

Animal bedding yields vary by product type. From one ton of wood, estimated outputs are
approximately 90r110 cubic feet of shavings, 4555 cubic feet of pellets, 7490 cubic feet of chips,
and 90r110 cubic feet of sawdust. Actual yields depend on speciesnoisture content, and
processing efficiency.
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Production costs for animal bedding depend on product type and processing metho@able 2.11)
Chipping and shaving operations typically cost $28550 per ton, while drying adds $18640 per ton.
Pellet production, involving grinding and extrusion, is more expensive at $88100 per ton.
Screening and dust collection add an additional $18$25 per ton Packaging contributes another
$2071$40 per ton depending on bagging or baling needs. Labor costs in Boulder County range from
$201$35 per hour, with total annuallabor costs between $50,000 and $100,000. Overhead for

utilities and administrative expenses adds $15$30 per ton. Capital investments for small to
medium-sized facilities range from $50,000 to $300,000.

Production costs generally range from $986160 per ton for shavings and sawdust, $6110 per
ton for wood chips, and $133$220 per ton for pellets. Despite these costs, strong market potential



exists, with retail prices reaching $308$500 per ton for bagged shavings, $4G8$700 per ton for
pellets, and $100r$200 per ton for bulk chipgTable 2.11) Animal bedding thus represents an
economically promising pathway for biomass utilization, particularly when leveraging loveost or
subsidized feedstocks.

Table 2.11lKycost and revenuemetrics for animal bedding production

Metric Estimated Range Notes
Feedstock (Wood Sqftwood logs, sawdust, Preferably clean, untreated material
Type) chips, bark

- Shavings: 9G'110 ft3
Yield per Ton (1,000 | - Pellets: 45155 ft3- Chips: 70t | Varies based on moisture content and wood
Ibs) 90 ft3 species

- Sawdust: 90r110 ft3

- Shavings: $9@$160 per ton
Production Costs - Chips: $60r$110 per ton

- Pellets: $130r$220 per ton

Capital Investment $50,000r$300,000

Includes processing, drying, screening,
packaging

For equipment like chippers, planers, dryers,

pelletizers
Labor Costs $201$35 per hour Based on Boulder County wage rates
Overhead Costs $151$30 per ton Utilities, administration, compliance

- Shavings: $306$500 per ton

Retail Revenue - Pellets: $400r$700 per ton

Higher revenue for bagged and specialty

Potential - Chips: $100r$200 per ton products

Market Demand High Driven by livestock and pet sectors in Boulder
County

Environmental Benefit | High Cqmpostable, diverts biomass waste, supports
soil health
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Environmental impacts vary depending on the processing intensity. Chipping and shaving have
relatively low energy requirements, while pelletizing and kiln drying are more energytensive and
can increase emissions if fossil fuels are used. However, utiliag forest residues for bedding
instead of landfill disposal or open burning generally results in a net climate benefit.

Air quality is a key consideration, as processing generates fine particulates that require dust
management to protect worker health and meet air pollution standards. Water use for dust
suppression and runoff management must also be carefully controlled. Sgnt bedding, when
properly composted, returns valuable organic matter and nutrients to soils, although
contamination with animal waste requires careful handling to avoid nutrient runoff and water
guality degradation. Overall, replacing noarenewable materials like sand or peat with forest
derived bedding improves sustainability outcomes.
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The technical feasibility of animal bedding production in Boulder County is generally favorable but
depends on feedstockavailability, processing infrastructure, and market access. While Boulder
County itself lacks largescale timber processing facilities, nearby sawmills, logging contractors,
and biomass processors can provide raw materials. Equipment such as chippers, gders, dryers,
and screeners are commercially available and technically mature, but producing finer, dudiee,
kiln-dried bedding requires additional capital investment.



The Boulder County region presents strong market opportunities, driven by its agricultural sector.
According to the 2022 USDA Agricultural Census, the county hosts thousands of livestock,
including cattle, horses, sheep, goats, and poultry, supporting conistent demand for bedding
products. However, only three identified bedding production facilities are located within 50 miles,
suggesting that new operations or partnerships would be needed to scale production efficiently.
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Category Benefits Drawbacks
. Excellent moisture absorption, odor Fine particulates (especially from
Animal Health & . N : . .
control, and insulation improve animal sawdust) can pose respiratory risks
Comfort ; .
hygiene and welfare without dust control
. Biodegradable and compostable; Spent bedding mixed with animal waste
Environmental . : . . . )
composted spent bedding enriches soils | requires careful handling to avoid
Impact . .
and reduces landfill use nutrient runoff or odors

Strong demand from livestock and pet Market competition and seasonality

Market Potential sectors in Boulder County and regionally | may affect pricing and sales stability

Efficiently uses forest residues and Not all liability biomass (e.g., leaves,
Use of Biomass sawmill byproducts; supports wildfire needles) is suitable for bedding
mitigation efforts production
Attractive profit margins for bagged and | High-quality kiln-dried or pelletized
Economic Viability | pelletized products; diverse product bedding requires significant capital
options investment
Technical Mature technologiesare available for I.nfr.astr.ucture n I_Souldelrlc_:ounty 'S
Feasibilit rinding. drvina. and pelletizin limited; few existing facilities require
y g g. drying. P 9 new development
Regulatory Generallylow impact if dust and Dust, air quality, anq.water runoff must
) . o be regulated and mitigated to meet
Considerations emissions are managed

compliance standards
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Institutional and commercial biomass heating systems offer a viablesustainable alternative to
fossil fuel-based heating. Utilizing forestsourced wood fuels such as wood chips, pellets,
cordwood, and residuals like bark and sawdust, these systems deliver thermal energy for space
heating, water heating, and industrial proesses. Biomass heating aligns closely with carbon
emission reduction goals, supports sustainable forest management practices, and strengthens
local and regional energy security. When properly designed and maintained, biomass heating
systems can achieve conbustion efficiencies of 80- 90% or higher while meeting stringent
environmental regulations through advanced emission control technologies. Boulder County has
already demonstrated leadership in this area with biomass heating installations at thBoulder
County Open Space and Transportation Complex and the Boulder County Jail, both fueled by wood
sourced from forest management activities aimed at wildfire risk reduction.

GGURHCcqRYUH
Biomass heating systems are highly adaptable and are widely used across various sectors.
Applications include space heating for schools, healthcare facilities, municipal buildings, and
commercial enterprises, as well as supplying process heat for industrie such as agriculture and
light manufacturing. Systems can range from small installations for individual buildings to large
district heating networks, and they can integrate with thermal storage or hybrid energy systems for
enhanced operational flexibilitfOlI7 Ya G T I W9 Ye Uq! Kkt WYs UWRUt qetadcecqRYUt
versatility, supporting both administrative complexes and correctional facilities with reliable,
renewable thermal energy sourced from local forests.

[ DUT + qY#HT 09 YUt RT DI ¢qRYU}

Woody biomass used for heating is available in several forms, each with distinct handling, storage,
and combustion characteristics. Wood chips are commonly used due to their availability and
compatibility with automated systems, though their variable sizeand moisture content require
careful management. Wood pellets offer consistent quality and high combustion efficiency, ideal
for highly automated systems, but are susceptible to moisture damage and duselated hazards.
Cordwood is less suitable for commecial operations due to manual handling requirements and
inconsistent combustion. Residual materials like bark and sawdust help utilize wood waste
streams but present additional feeding and combustion challenges. The energy yield from biomass
varies with masture content; a ton of dry wood (~20% moisture) contains about 16 million BTUSs,
while wood chips with 30r50% moisture produce between 913 million BTUs per ton.
ERYUYOGRHKO YUt RT UI ¢ qRY Ut

Biomass heating can be economically competitive with conventional energy sources, depending
on feedstock costs, operational expenses, and capital investment. Compared to natural gas,
where 16 MCF (thousand cubic feet) costing around $158 is needed to matte energy in one ton
of dry wood, or electricity costing approximately $562 to produce the same energy, biomass
heating presents a lowercost alternative when wood is affordably sourced. Using an example 10
MW thermal biomass system, total heating cost including feedstock, operation and maintenance,
and capital recovery- is about $5.88 per kW thermal produced. Capital investment for biomass
boilers and handling systems is substantial, often requiring grants, subsidies, or favorable
financing mechanisms to offset upfront costs. Longterm, however, lower fuel costs and carbo



incentives can make biomass heating financially attractive, particularly in sectors with consistent,
high thermal energy demand.

Table 2.13. Key metrics for biomass heating systems.
Category Metric/Range Notes
- Dry wood (~20% moisture): ~16
million BTU/ton

- Wood chips (30r50%

Feedstock Energy Moisture content significantly affects energy

Content moisture): ~9r13 million yield

BTU/ton
Co_m_bustion 80%T90% Ad\_/anced boiler designs with proper
Efficiency maintenance

- Wood biomass (dry): lower

than natural gas or electricity
Heating Cost - Natural gas: ~$158 for Biomass generally offers lower operational
Comparison equivalent energy fuel costs

- Electricity: ~$562 for

equivalent energy
Total Heating Cost ~$5.88 per kW thermal Includes feedstock, operations, and capital
(10 MW system) produced recovery

High (varies by scale, commonly| Requires grants, loans, or public funding

in millions for larger systems) support for feasibility

Air Emissions _PM, NO, CO, VOCs Requires emission .control technologlgs (e.q.,

electrostatic precipitators, baghouse filters)

Dust and Noise . Enclosures and suppression systems
Required ;

Management necessary for handling and storage

Ash can be reused as soil amendment if

tested and certified

Capital Investment

Ash Production 1%t13% of feedstock weight

- Fuel storage
Infrastructure Needs | - Handling systems
- Space requirements

More land area needed compared to fossil
fuel systems

. Positive (when sustainably Displaces fossil fuels and supports carbon

Climate Impact .
sourced) neutrality goals
. Includes fuel system upkeep, combustion
Maintenance : . : o
: Moderate to High system cleaning, ash handling, and emissions
Requirements o
monitoring
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Environmental impacts of biomass heating center around air emissions, dust management, noise,
and ash disposal. Combustion of woody biomass produces particulate matter (PM), nitrogen
oxides (NO), carbon monoxide (CO), and volatile organic compounds (VOCSs). Effective
combustion design, along with emission controls like electrostatic precipitators and baghouse
filters, are essential to meet air quality standards and reduce environmental impact. Osi and
noise generated during fuel handling must be managed tbugh enclosures and suppression
systems to protect local communities and worker health. Ash, while potentially usable as a soll
amendment, must be tested for contaminants before reuse or disposal. Overall, biomass heating
systems that utilize sustainablysourced biomass contribute positively to climate goals by
displacing fossil fuel use and promoting carbon neutrality, provided that environmental controls
are diligently applied.
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The technical feasibility of woody biomass heating is high, with mature, proven systems

commercially available for awide range of building sizes and energy needs. Key components such

as fuel storage, handling systems, combustion chambers, and heat exchangers are weleveloped

and increasingly automated, improving operational efficiency and reliability. Systems can opate

with minimal on-site oversight when equipped with automation and remote monitoring
qUHSUYOGYNRItL WOW7 Yedal DI W9YaUq! Kkt WI+FRt qRUNDWH '+ qG We
demonstrate the viability of such systems at institutional scales. Infrastructureneeds include

reliable local biomass sourcing, properly designed storage facilities to manage moisture and dust,

¢cUT W YAet quwé ¢ UT a RUNWWe RGEWUqWqYWJIUt 21 3WHRYUt Rt qU
management activities- producing biomass from thinning, urban tree removals, and beetkkilled

trees - create a strong foundation for expanding biomass heating efforts, especially if integrated

into additional public and private sector facilities.
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Table 2.14. Benefits andlrawbacks of biomass heating systems

Category Benefits Drawbacks
. . Emissions of PM, NO, CO, and VOCs
Carbon-neutral when sourcing biomass . e
Carbon Impact X o . require advanced emission controls to
sustainably; displaces fossil fuel use . )
meet air quality standards
. Potential long-term cost savings over High upfront capital costs for boiler
Economic - . .
N natural gas and electricity, especially systems, storage, handling, and
Viability . o .
with low-cost feedstock emissions control infrastructure
Strengthens local energy security; Requires reliable local biomass supply
Local Benefits creates rural forestry and maintenance | and quality control (moisture, size,
jobs cleanliness)
. Proven, commercially available systems | Larger systems increase permitting,
Technical . R X . :
Maturit with modular scalability; high environmental review, and maintenance
y automation potential complexity
Environmental Supports wildfire risk reduction by Dust, noise, an(_j gsh management are
. I . necessary to minimize local
Resilience utilizing excess forest biomass . .
environmental impacts
. Suitable for a wide range of applications | Requires more onsite space for fuel
Operational . g . )
- (schools, municipal buildings, district storage and handling compared to
Flexibility . o .
heating) traditional fossil fuel systems
Eligible for grants, carbon incentives, . .
. Dependence on evolving policy and grant
Policy Support and state/federal renewable energy . - . o
programs landscapes to improve financial feasibility
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Mass timber production transformssustainably harvested wood and wood waste into engineered
wood products for structural applications in construction. The process integrates sustainable
forestry practices with advanced manufacturing techniques, utilizing both virgin timber and wood
waste from sawmills and construction debris. Logs, primarily from species like spruce, pine, fir,
and Douglas fir, are debarked, kilrdried, and processed into products like crosslaminated timber
(CLT), gluedlaminated timber (Glulam), laminated veneer lumber (L), and oriented strand board
(OSB). These materials undergo adhesive bonding, pressing, and precision cutting, with rigorous
quality control ensuring structural integrity, fire resistance, moisture performance, and compliance
with safety standards. Masstimber supports eco-friendly construction by promoting carbon
storage, resource efficiency, and the repurposing of wood byproducts into bioenergy.
GGURHAC qRYUH
Mass timber products are increasingly used in residential, commercial, and institutional
construction. Applications include structural framing for mid-rise and highrise buildings, flooring
systems, roofing panels, wall assemblies, and architectural elemets like exposed timber facades.
In Boulder County, projects such as The Loading Dock (2017) and the upcoming Alpialsam
redevelopment illustrate growing local adoption. Mass timber appeals to architects and developers
due to its aesthetic qualities, fader construction timelines, lighter weight compared to concrete,
and its contributions to carbon reduction goals. Future trends suggest expanding applications

across multi-family housing, civic infrastructure, educational facilities, and mixeduse
developments.

[ WIT+ qYHL 09 YUt RT I ¢qRYUt

Preferred feedstocks for mass timber include softwoods like spruce, pine, fir, and Douglas fir,
selected for their strengthto-weight ratios and workability. SmaHldiameter logs from thinning
projects and sustainable forestry operations are prime candidats, offering an important use for
liability biomass. However, the mechanical variability, dimensional instability, and shorter log
lengths of such biomass require careful processing. Machine stress grading, adapted visual
grading, kiln drying, fingefjointing, and hybrid panel designs help mitigate these challenges,
enabling the use of lowergrade wood in nonstructural layers of products like CLT{Table 2.15)On
average, one ton of raw wood produces approximately 76900 kilograms of finished mass timber
products, with byproducts like sawdust and offcuts repurposed for bioenergy or other uses.

Table2.15. Estimated mass timber yield per one ton of wood

Mass Timber Product Yield from One Ton of Conversion Average Price per

Raw Wood (kg) Efficiency Square Foot*

Cross-Laminated Timber 0

(CLT) 6501800 kg 65180% $50

Glued-Laminated Timber 7001850 kg 70T85% N/A

(Glulam)

%‘gg;ed Strand Board 8507950 kg 85795% $0.751$1.10

Particleboard / MDF 900t1,000 kg 9071100% $0.851$1.40

* Source: The Beck Group (2015)
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Mass timber production involves substantial initial capital investment, including hydraulic presses,
kilns, adhesive systems, and precision machining equipment. However, automated and modular
production lines enhance efficiency and scalability over time. Market demands rising, with higher
prices commanded for CLT panels (~$50/sq ft) and OSB panels ($0183..10/sq ft). Operational
models that vertically integrate forestry, sawmilling, and panel manufacturing further streamline
supply chains and reduce costs. Regionatoalitions like the Colorado Mass Timber Coalition, and
trends toward green building standards, provide financial and policy incentives that strengthen the
business case. Although Boulder County currently lacks mass timber production facilities, strong
regional market growth suggests a supportive environment for future investment.

EU2RI YUGUWUqc¢cato9 YUt RT DI ¢qRYU

Mass timber construction offers significant environmental advantages, particularly through carbon
storage and reduced embodied emissions compared to concrete or steel. Sustainable sourcing
certifications (FSC, PEFC, SFI) ensure that raw materials suppoiibdiversity and forest

I 9NPBO0UI ¢qRYUOW T T-dherdy Brodadicn préfildl soxtivolites tolbdrbdsneutral or
carbon-negative construction outcomes. However, environmental tradeoffs exist, particularly
concerning adhesives. Some resins used imass timber products emit volatile organic
compounds (VOCSs), impacting indoor air quality and complicating enaf-life disposal or recycling.
To minimize these impacts, manufacturers are increasingly using lov@mission, formaldehyde-free
adhesives. Optimiang energy use during kiln drying and lamination further protects the
environmental benefits of mass timber production.

fUnl ¢t ql erqel D0OcUT IONDHSURHE GO9 YUt RT DI ¢ qRY U

Although Boulder County currently has no mass timber production facilities, the region
demonstrates growing market readiness through pioneering projects like The Loading Dock and the
Alpine-Balsam redevelopment. Architectural firms such as OZ Architecturbave led the adoption

of CLT and Glulam in local construction. The Colorado Mass Timber Coalition (formed in 2023)
further supports infrastructure development through advocacy, education, and industry
coordination. Scalability is feasible given mass timbet + WG YT 2 G ¢l Wd¢c¢UeneHagel ROUNLW
allow phased expansion by adding press lines or machining centers. Key technical challenges
include managing feedstock variability, ensuring adhesive compatibility, and certifying products
against rigorous structuraland fire safety standards (APA, ANSI, IGES). Infrastructure needs

such as proximity to feedstock, skilled labor, transport links, and urban market accesswiill

influence where future facilities are best located.
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Category

Benefits

Drawbacks

Carbon and
Sustainability

Stores carbon; significantly lower
embodied emissions compared to steel
and concrete

Environmental concerns from adhesives
(e.g., VOC emissions) complicate
recyclability and indoor air quality

Efficient use of smaltdiameter logs and

Liability biomass introduces challenges

Fggdstpck sawmill byproducts, supporting forest like dimensional instability and
Utilization o . L
health and resource efficiency mechanical variability
Market and Strong and growing d-emand fo.r ) High product costs may limit adoption in
sustainable construction materials; . .
Demand ; low-margin or smaller projects
favored by architects and developers
Economic Supports local and regional green building | High initial capital investment required

Development

industries; opportunities for modular,
scalable production

for presses, kilns, and precision
machining equipment

Certification of non-standard feedstocks

Technical Mature, automated technologies available : o L :
oo . - ) requires additional testing, increasing
Viability for scalable, high-precision production o
costs and timelines
. Strong support through green bL_nIdlng Dependent on continued growth of
Policy and standards, low-carbon construction .
. o ; supportive regulatory frameworks and
Incentives policies, and carbon accounting .
construction market acceptance
frameworks
. Emerging regional leadership (e.g., As of 2025, no mass timber production
Regional : DR . L
Readiness Colorado Mass Timber Coalition); example| facilities currently exist in Boulder

projects in Boulder County

County
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Air curtain burners (ACBs) are specialized combustion systems designed for the controlled
disposal of woody biomass, such as logging slash, tree trimmings, and storm debris, through high
temperature incineration. Unlike open burning, ACBs use a highelocity air curtain projected over
the combustion chamber to enhance oxygen delivery, contain emissions, and promote complete
combustion. This technology achieves up to a 90% reduction in particulate emissions compared to
open burning. ACBs can also produce ashs a soil amendment or, when combustion is adjusted,
generate biochar for carbon sequestration markets. Leading manufacturers include Air Burners,
Inc., with models ranging from portable units like the BurnBoss T24 to largeeale PGFireBox
systems capableof producing electricity, and Tigercat, offering the Carbonizer focused on biochar
production. ACBs offer an effective, regulatorycompliant solution for on-site biomass disposal,
supporting forest health and wildfire risk reduction efforts.

GGURHAC qRYUH
ACBs are highly adaptable and find application across forestry operations, lardearing projects,
disaster debris management, and wildfire mitigation efforts. In forestry, they enable efficient
disposal of thinning slash, undergrowth, and deadwood, eliminating the need for costly
transportation or landfilling. ACBs also provide orsite solutions for urban forestry operations, park
maintenance, and utility rightof-way clearing. Certain models, seh as the PGFireBox, integrate
waste-to-energy capabilities, enabling electricity generation alongside biomass disposal.
Additionally, biochar production with ACBs offers new applications in soil enhancement and
carbon credit generation. Their ability to perate in rugged, remote locations makes them ideal for
Boulder County's wildland-urban interface (WUI) areas and public land management activities.

[ DUT + qY#HT 09 YUt RT DI ¢qRYU}

ACBs are engineered to efficiently process a wide range of woody biomass types commonly
generated from forest management, land clearing, and storm events. Suitable feedstocks include
logging slash, dead or diseased trees, brush, undergrowth, and tree trimings. Materials such as
small- to medium-diameter logs, chunked wood sections, and rounds are ideal, while unchipped
material is generally preferred to maximize combustion performance. Although chipped material
can be processed, it typically requires caregifil handling. Stumps and root balls may also be utilized
if preprocessed. ACBs accommodate variable feedstock moisture contents and particle sizes,
making them highly adaptable to the diverse biomass profile found across Boulder County.

ERYUYOGRHKO YUt RT UI ¢ qRY Ut
Capital and operational costs for ACBs vary by model and system size. Typical capital costs
include:

1 BurnBoss T24: $85,008$125,000

 FireBox S220/S330: $150,0066350,000

1 PGFireBox: $750,000+ (includes power generation capabilities)

Operating costs are driven primarily by diesel fuel consumption (0.3% gallons per hour), with
minimal maintenance compared to grinders and hauling systems. Daily operating costs for larger
systems are approximately $1,200, with typical daily biomass thnaghput of 10r20 tons. Labor



requirements are low, typically needing only one operator and possibly a spotter for fire safety
compliance.

Compared to grinding and hauling operations, ACBs offer significant savings by eliminating
transportation and landfill tipping fees. Furthermore, the production and sale of biochar, and
participation in carbon markets, offer additional revenue streams thatan offset operational costs.
Tigercat's Carbonizer has similar operational costs but a higher upfront price due to its specialized
design for biochar recovery.

EU2RI YUGUWUqecato9 YUt RT Ul ¢qRY U

ACBs provide key environmental benefits by dramatically reducing emissions compared to open
burning. Sustained high combustion temperatures and the air curtain containment system reduce
particulate matter, carbon monoxide, volatile organic compounds (VOCs)and other pollutants by
more than 80% (San Joaquin Valley Air Pollution Control District, 2017). ACBs also contribute to
wildfire risk mitigation by enabling rapid removal of hazardous fuels without extensive transport.
Where combustion is carefully manayed, ACBs can produce biochar, further supporting carbon
sequestration goals. However, careful site selection is critical to avoid localized environmental

impacts such as soil compaction, excessive localized heat, or minor noise pollution. Only clean,
untreated biomass should be burned to avoid toxic emissions.
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Boulder County is weltpositioned to deploy ACBs due to its extensive wildfire mitigation programs,
slash pile sites, and defensible space zones, which provide accessible staging areas. Public
agencies such as Boulder County Parks and Open Space, the Cityn W7 Yea T IJI Kk W8 GUWUWEG¢e¢
Mountain Parks, and the U.S. Forest Service are potential partners for widespread implementation.
Mobile models like the BurnBoss and TrackBoss can navigate rugged terrain, while stationary
FireBox units could be installed at catralized treatment areas(Table 2.17) ACBs require minimal
infrastructure: basic site access, fuel delivery for blowers, and ash management. Regulatory
pathways exist through the Colorado Department of Public Health and Environment (CDPHE) for air
guality compliance, and Community Wildfire Rotection Plans (CWPPs) can facilitate operational
integration. Scalability is supported through modular deployment of multiple units, enabling

flexibility for projects of varying size and urgency.

Table 2.17 - Air Curtain Burner Model Summary

. Model Processing Amount
Series Type Number (tons/gour) End Products
FireBox Series 5220 5.0 Ash, Biochar
FireBox Series S330 13.0 Ash, Biochar
TrackBoss/BurnBoss| BurnBoss T24 15 Ash, Biochar
TrackBoss/BurnBoss TrackBoss 3.0 Ash, Biochar
Power Series PGFireBox Up to 20.0 Ash, Blgqhar,
Electricity
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Category

Benefits

Drawbacks

Air Quality Impact

Reduces particulate emissions by over
80% compared to open burning; supports
regulatory compliance

Still produces emissions; requires
permitting for air quality and fire safety

Operational
Flexibility

Portable and stationary units allow use in
remote, rugged, or urbaredge areas

Site-specific management needed to
prevent localized soil compaction and
thermal impacts

Cost Savings

Avoids hauling and landfill tipping fees; can
reduce biomass disposal costs
substantially

Daily operational costs (~$1,200/day
for larger units) accumulate over long
duration projects

Feedstock
Versatility

Handles a wide range of unprocessed
biomass: slash, brush, storm debris,
deadwood

Performance varies slightly depending
on moisture content and feedstock
size

Revenue Potential

Opportunities to produce and sell biochar
or generate carbon credits

Biochar production requires specific
burn management and market
development

Infrastructure
Needs

Minimal infrastructure required (basic site
access and fuel supply)

Requires reliable diesel fuel supply for
blower operation

Scalability and
Deployment

Easily scalable by deploying multiple units;
rapid setup and takedown enable project
flexibility

Larger units (e.g., PGFireBox) have
significantly higher capital and
operational costs
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Pellet and fuel brick(briquette) production transforms forest-sourced wood waste into dense,
energy-rich biofuels that provide a renewable alternative to fossil fuels. This process offers a dual
benefit: reducing wildfire-prone biomass in forests and producing a standardized;lean-burning
fuel suitable for residential, institutional, and industrial applications. Production begins with
sorting and cleaning to remove contaminants, followed by drying the biomass tor&2% moisture
content using systems like rotary drum, flash, obelt dryers. Material is then sizereduced to
uniform particles (typically ¥a%2 inch) using chippers or hammer mills. Densification occurs in
pellet mills via compression through dies at temperatures around 194°F, activating lignin as a
natural binder. Pelkts are cooled, screened, and packaged. Fuel bricks follow a similar pathway
but often use finer particles and are densified using hydraulic or mechanical presses.

GGURHCcqRYUH
Pellets are primarily used in residential stoves and boilers, while fuel bricks are better suited for
industrial-scale heating systems and combined heat and power (CHP) plants. Both products
appeal due to their high energy density, ease of handling, cleamombustion, and compatibility with
automated feeding systems. Their standardized size and moisture content ensure consistent
performance and make them viable in applications ranging from home heating to institutional and

industrial energy systems. In Bouldr County, these fuels are welaligned with existing biomass
heating infrastructure and climate resilience goals.

[ WIT+ qYHL 09 YUt RT Ul ¢qRYUt

Suitable feedstocks for pellet and brick production include a wide array of forest residues such as
logging slash, thinning waste, sawmill byproducts (sawdust, shavings, chips), and stortiamaged
or insect-infested wood. The material must be clean, untread, and preferably below 15%
moisture content to ensure quality and efficiency. Liability biomass though abundant- presents
challenges due to its heterogeneity, ash content, and contamination risks (e.g., dirt, nails, treated
wood). Preprocessing stepssuch as drying, magnetic separation, and screening are critical.
Blending feedstocks is common to balance calorific value and ash contenOne ton (2,000 lbs)of
dry wood typically produces 1,800 1,900 Ibs of pellets or fuel bricks.

ERYUYOGRHKO YUt RT UI ¢ qRY Ut

Pellet and fuel brick production is capitatintensive, particularly for drying and densification
equipment. Key cost components include energy use, emissions controls, and labor. Despite high
upfront costs, the market for biomass fuels continues to expandin Boulder County as of March
2025, heating pellets retail for approximately $300 per ton (in 4 bag format). Production
efficiencies range from 9@ 95%, with modest losses in dust and fines. Commercial viability

depends on consistent feedstock supply,market access, and the ability to meet product
certification standards (e.g., ISO 17228).

Economies of scale reduce pefton costs, but large centralized plants require steady feedstock
flow and efficient logistics. A huband-spoke model, with distributed preprocessing and centralized
pelletizing, may improve viability. Operational costs are als sensitive to moisture control and
contamination management, which influence equipment wear and product quality.
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Pellets and bricks made from liability biomass offer lifecycle carbon neutrality when sourced
sustainably. Their use displaces fossil fuels and supports wildfire risk mitigation. However,
emissions during production- particularly from dryers- can releaseparticulate matter (PM),

volatile organic compounds (VOCSs), and greenhouse gases. These impacts are especially relevant
in Boulder County, which lies within a federal ozone nonattainment area. Compliance with
Colorado Department of Public Health and Envenment (CDPHE) air quality regulations is
mandatory, and technologies such as cyclones, baghouses, and thermal oxidizers are often
required.

End-use combustion emissions (PM2.5, CO, NQ are lower than traditional wood but still pose
local air quality concerns, particularly during winter inversions. EPA&ertified stoves and boilers are
necessary to mitigate impacts. Dust management in production facilities also improves worker
safety andfire risk. Water usage is minimal and largely confined to dust suppression.
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Pellet and fuel brick production from liability biomass is technically feasible but requires robust
infrastructure. Feedstock collection and preprocessing (drying, milling, contaminant removal) are
essential to produce consistent, highquality fuel. Pelletsystems must be equipped to handle
variable input material and meet performance standards for durability, ash content, and calorific
value. Failure to do so limits access to premium residential and commercial markets.

In Boulder County, existing infrastructure- including biomass-fueled boilers and support from the

oYuvY!l ¢l YWEqcEqUW[ YI 13t qWE I -previdés ia fouddalor forlHopigip U 131 N1 WA |
However, new investments in preprocessing yards, drying systems, and pellet mills will be

necessary. Certification under programs like the Sustainable Biomass Program (SBP) or Forest

Stewardship Council (FSC) can strengthen market access and ensure respdhke sourcing.
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Category Benefits Drawbacks
High energy density (6,908,200

FugI.Quahty & BTU/Ib): low ash and moisture improve Requires intensive drymg-and contaminant

Efficiency : - removal to meet fuel quality standards
combustion efficiency

Feedstock Makes productive use of forest ::/:rrr:akljigg[lelZgig;ggrilor:)iseigiin and fuel

Utilization residues, sawdust, and liability biomass P P g

certification
Near carbon-neutral lifecycle emissions | Emissions from drying and combustion
when sustainably sourced; displaces must be tightly controlled, especially in air

Climate & Carbon

Impact . . .

fossil fuel use quality-sensitive areas

Expanding market demand for Sensitive to commaodity pellet pricing and
Market Viability renewable fuels in residential and limited by regulatory classification of fuel

institutional heating quality

Compatible with existing biomass High capital investment required for
Infrastructure . : . - e

: heating systems; scalable via modular | drying, milling, densification, and

Readiness . o X

equipment emissions control equipment

. Production can meet air quality Requires permits for PM, VOCs, and NO
Environmental . i S .
. standards with proper controls; low emissions; dust and noise must also be

Regulation

water use managed

Pellets and bricks are compact, Highly moisture-sensitive; requires dry
Storage & ; . . ;

A transportable, and compatible with storage and proper packaging to avoid

Distribution ;

automated feed systems degradation
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Bio-oil production from forest-sourced wood waste represents an emerging pathway for
sustainable energy generation and londerm carbon sequestration. Produced via fast pyrolysis a
thermochemical process that rapidly heats biomass in lowoxygen environments- bio-oil is a dark,
viscous liquid rich in oxygenated organic compounds. The process also yields biochar and syngas,
each with its own valueadded applications. Bio-oil can be combusted for energy, refined into
biofuels and biochemicals, or injected into deep geological formations to achieve stable, longterm
carbon removal. Charm Industrial, a leading company in this space, operates mobile pyrolysis
units out of its Ft. Lupton, Colorado facility, with field deployments near Boulder County. These
units allow onsite biomass canversion, reducing transportation costs and emissions while offering
a scalable model for Pyrolytic Carbon Capture and Storage (PyCCS).

GGURHCcqRYUH
Bio-oil can serve multiple end uses depending on its stabilization and refinement. In sequestratien
focused applications, bio-oil can be injected into deep geological formations such as depleted oil
and gas reservoirs or saline aquifers, where its high wesity and microbial resistance ensure
permanence. It may also be stabilized into londived industrial materials, including asphalt binder
replacements, adhesives, and resin feedstocks, effectively embedding carbon in infrastructure. On
the energy side, pgraded bic-oil can be refined into green diesel, aviation fuel, or marine bunker
fuel. However, these energy applications require largacale refineries and are not yet widely
commercialized. Additionally, bio-oil contains chemical precursors- such as phenols, furans, and
levoglucosan- that are of interest in bioplastics and pharmaceuticals. Biochar and syngas
produced during pyrolysis can be utilized for soil health and energy recovery, respectively.
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Bio-oil production is compatible with a wide range of forestsourced woody biomass, including
sawdust, bark, thinnings, slash, and other liability biomass residues. Fast pyrolysis yields the
highest bio-oil output, typically producing 60r75% by weight of éedstock. Softwoods such as pine
and spruce, as well as mixed residues, fall within this yield range, generating approximately 1,200

1,400 Ibs of bicoil per ton of biomass(Table 2.20) Co-products include biochar (10r25%, or ~20G
500 Ibs/ton) and syngag10115%, or ~2060 MMWG At o qYUb AW U6 ¢ URRUND Wa 6 1IJ W !t
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Feedstock Bio-Qil Yield (%) Bio-Oil Production (Ibs/ton)
Softwood (e.g., pine, spruce) 60T70% 1,200t11,400
Liability Biomass (mixed) 60T170% 1,20011,400
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The currenteconomic value of bic-oil production in Boulder County primarily derives from its

carbon sequestration potential. Deep injection of bieoil yields carbon dioxide removal (CDR)

credits. Given that biooil is about 60% carbon, each ton stores ~0.6 tons of @mental carbon,

Jhe ¢ qRUNWqYW=ZO=WaqVYUt WYNLW9 § hlls 6 JUWY+RT RAUT Weiet RUNLW
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sequestered could yield ~$1,650 in CDR revenue
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The estimated cost of biomass delivery from Boulder County to the facility is $30.03/ton, with a



one-way distance of 32.8 miles. While capital and operational costs for mobile pyrolyzers are high,

the revenue potential from carbon removal and tax incentives can offset these expenses,

especially as Charm scales to meet commercial contracts such as Godg lJk + WUI=ZMZ P WGT T NIJWq
I JGY2UWNMMAMMMLIWGQ YUt WYn W9 § hWA! W=MOMIO
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Bio-oil production and sequestration present both environmental opportunities and challenges.

When responsibly managed, the process can achieve nategative carbon emissions by removing

cquyYt Gl RAW9 § hle UT Wt q Y ! RUNWR q R hilst becedlippadivity | &+ HOLc
emissions controls to manage particulates, VOCs, and NOgenerated during biomass conversion.

Additionally, bio-oil is acidic, viscous, and chemically reactive- requiring corrosion-resistant
storage, spill containment, and leakdetection.

Subsurface injection introduces geotechnical risks similar to those in traditional carbon capture
and storage (CCS), including induced seismicity, brine displacement, and wellbore failure. Proper
site characterization, monitoring, and pressure management g necessary to ensure safe
containment. Despite these risks, the use of mobile units reduces environmental impacts from
biomass transport and supports distributed mitigation strategies.
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reduce the need for centralized plants by enabling oisite biomass processing. Each unit includes

drying, pyrolysis, and storage functions, and they are staged drsupported out of Ft. Lupton, CO.

Bio-oil must then be transported to permitted injection wells, currently located in nearby states.

The infrastructure also requires robust quality control for feedstock, corrosiofresistant tanks and

pipelines, and rigoraus safety protocols.

Fast pyrolysis operates at 450550°C, is technically mature (TRL¥B), and has been commercially
demonstrated. However, bic-oil must be stabilized to prevent degradation. Technologies like
hydrogenation and buffering are under development to improve storagintegrity. Despite
challenges, netnegative emissions can be achieved, especially if systems are powered by
renewable energy and integrate ceproduct reuse (e.g., biochar as a soil amendment).
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Category

Benefits

Drawbacks

Carbon and
Climate Impact

Achieves permanent carbon removal
through geological injection of bicoil;
supports net-negative emissions

Requires longterm monitoring of
injection sites to manage risks like
seismicity or brine migration

Feedstock
Utilization

Converts lowvalue woody biomass and
liability fuels into high-value carbon
removal and energy products

Biomass variability can reduce pyrolysis
efficiency and affect product
consistency

Revenue Potential

Generates premium carbon removal
HI DT Rt WelH3TPMoqY UL
demand (e.g., Google)

High capital and operational costs;
economic viability currently hinges on
voluntary carbon market pricing

Deployment
Flexibility

Mobile pyrolysis units allow onsite
processing, reducing biomass transport
and emissions

Bio-oil is chemically unstable and
corrosive, requiring specialized
handling, storage, and transportation

Co-Product Value

Produces biochar and syngas, enabling
additional climate and soil benefits

Co-product markets are stillemerging
and may require investment in additional
processing or logistics

Environmental
Performance

Lower lifecycle emissions than fossil
fuels; supports wildfire mitigation and
forest health

Emissions from pyrolysis (PM, VOCs,
NO ) must be controlled with
appropriate air quality systems

Technical Viability

Fast pyrolysis is commercially
demonstrated (TRL 68); adaptable to

regional biomass conditions

Limited regional infrastructure for
injection and stabilization may constrain
near-term scalability
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The production of wood posts and poles offers an efficient and sustainable use of smaliameter
trees and residual biomass generated from forest thinning, wildfire mitigation, and land
management operations. Common softwoods such as lodgepole pine, pondesa pine, Douglas

fir, and red pine are primarily used due to their straight form and ease of peeling and treatment. The
process begins with mechanical or highpressure debarking, followed by shaping, sizing, and drying
- either by air or in kilns. Finishd products typically undergo preservative treatment (e.g., pressure
impregnation with copper-based chemicals or thermal modification) to enhance durability,
especially for outdoor applications. Throughout processing, byproducts like bark, sawdust, and
trimmings are repurposed into mulch, pellets, or composite wood products. With proper handling
and compliance, post and pole production supports wildfire risk reduction, forest health goals, and
local economic development.

GGURHCcqRYUH
Posts and poles serve a wide variety of practical applications. These include agricultural fencing,
utility infrastructure, trail construction, structural supports, landscaping features, and erosion
control measures like retaining walls and riverbank staltization. In Boulder County, demand is
driven by agricultural operations, local construction, and restoration projects. For example, United
Wood Products and JKC Woods LLC provide locally sourced materials for fencing, beams, and
decorative landscaping fedures. The widespread utility and aesthetic versatility of wood posts

make them suitable for both functional and desigrbased uses, reinforcing their market relevance
across urban and rural settings.
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The ideal feedstock consists of straight, solid roundwood with minimal taper, sweep, or visible
defects such as knots, spiral grain, or rot. Preferred species include lodgepole pine, ponderosa
pine, Douglas fir, and southern yellow pine, which respond wetb peeling and treatment. Some
hardwoods, such as black locust and eucalyptus, are used when natural durability is preferred.
Standard log lengths range from 6 to 12 feet, though utility poles may exceed 25 feet. Diameter
requirements vary: fence posts ae typically 3- 6 inches in diameter, while utility poles range from 8
to 12 inches or more(Table 2.22) Yield depends on wood species, moisture content, and size.
Processing waste (1830%) and green vs. dry weight differences also affect output.
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Post/Pole Size (Dia x Volume per Post Weight per Post (Ibs, Posts per Ton (2,000
Length) (ft3) dry) Ibs)
4" x 6' (Fence Post) ~0.5 ft3 ~17 lbs ~115 posts
4" x 8' ~0.67 ft3 ~23 Ibs ~87 posts
6" x 8' ~1.5 ft3 ~521lbs ~38 posts
6" x 12' ~2.25 ft3 ~78 Ibs ~26 posts
8" x 20' (Utility Pole) ~7 ft3 ~245 Ibs ~8 posts
10" x 25' ~13.6 ft3 ~476 Ibs ~4 posts
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Economic viability depends on biomass characteristics, productspecifications, labor, and scale.
Debarking and peeling cost between $20$40 per ton, with trimming, grading, and sorting adding



$10- $25 per ton. Preservative treatments cost $0.50$1.50 per linear foot, and drying (especially
kiln drying) addsanother $20- $35 per ton. Labor, typically ranging from $20$35 per hour, is a
significant cost factor, along with safety compliance and insurance. Equipment investments range
from $50,000 for small setups to over $250,000 for mechanized systems.

Production costs vary based on treatment and finish:
1 Untreated posts: $0.80- $2.50 per linear foot
 Treated/final products: $2.00- $4.50 per linear foot
f Total processing and delivery: $80$160 per ton

Costs are competitive with other lowtech biomass pathways and scale moderately with
production volume.
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Environmental impacts are mostly associated with processing rather than harvest. Pressure
treated posts - particularly those using copperbased preservatives- can pose contamination risks
if runoff is not managed. Treatment facilities must include containment, spill response systems,

and proper permitting. Kiln drying can emit VOCs, particulates, and GHGs, requiring emissions
controls. Dust from debarking and trmming may pose health risks without filtration and PPE.

Wood waste (e.g., bark, trimmings, defects) should be reused as mulch, compost, or biomass fuel
to minimize landfill disposal. Properly managed, post and pole production supports forest thinning,
reduces wildfire risk, and contributes to carbon sequestratbn by displacing emissionsintensive
building materials. Siting facilities away from sensitive communities and applying best
management practices further mitigates noise and visual impacts.
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Post and pole production is technically mature and readily scalable. Small to medium operations
can be established using mobile or fixed processing equipment. Air or kiln drying, mechanical
peeling, and preservative treatment systems are commercially avable and adaptable to a variety
of biomass types. Harvesting liability biomass for poles is feasible with existing forestry equipment,
and technical standards such as ASTM and AWPA ensure product reliability. In Boulder County,
existing agricultural and castruction markets, plus regional sustainability goals, support

infrastructure development. Local suppliers like JKC Woods and United Wood Products already
serve relevant markets, indicating strong integration potential.
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Category Benefits Drawbacks
Feedstock Effectively uses smaltdiameter logs and Requ Ires straight, dgfectfree logsy
o o L limiting use of someirregular or lower
Utilization liability biomass from forest thinning

grade materials

Market Demand

Consistent demand for fence posts,
utility poles, landscaping materials, and
erosion control

Market saturation possible at scale;
product value depends on species,
treatment, and finish

Economic Viability

Modest capital investment; low-tech
operations can be locally scaled

Treatment, grading, and drying add
processing costs; labor and compliance
raise overhead

Environmental Co -
benefits

Supports forest health, reduces fire risk,
and displaces emissionsintensive
alternatives

Treated wood may leach chemicals; kiln
drying and debarking emit particulates
and VOCs

Requires systems to manage and store

Byproduct Bark, trimmings, and sawdust easily . :
processing residues to prevent waste or
Recovery repurposed for mulch, compost, or fuel fire risk
. . . ) Chemical treatment systems require
Infrastructure Commercially available equipment; containment. spill response. and
Readiness compatible with mobile or fixed facilities » SP P '

permitting

Technical Maturity

Proven technologies with standardized
products and grading systems (e.qg.,
ASTM, AWPA)

Requires skilled handling and grading to
meet quality and safety standards
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Induced fungal decomposition- also known as fungal decay is a biologically driven technique that
accelerates the breakdown of lignocellulosic woody materials through the intentional cultivation of
saprotrophic fungi. This method leverages native or locally adapted fungal species to manage
woody biomass onsite, enhance soil health, and improve nutrient cycling without the need for
industrial processing. Though fungi have long been known to decompose wood in natural
ecosystems, the targeted application of fungal decay as a forest biomass management strategy is
relatively new, with the first longscale trial launched by the Coalition for the Upper South Platte in
2014. Fieldscale implementation can process forest byproducts such as slash, chips, and smaH
diameter limbs over a3-to-5-yearperiod, reducing fire risk and supporting ecological restoration.
GGURHAC qRYUH
Fungal decomposition offers a promising biomass management tool for wildfire mitigation,
ecological restoration, and soil enrichment. It is particularly wellsuited for remote or ecologically
sensitive areas where traditional biomass removal or industrigbrocessing is impractical or costly.
Applications include in-forest chip pile decomposition, restoration of degraded soils, and orsite
recycling of forest thinning residues. The process can also be integrated into agricultural land
applications where mycdium-enriched substrates may benefit soil structure and fertility. Locally,
Boulder Mushroom and MycoReach have piloted the use of active mycelium to decompose excess
biomass in forests and urbanagricultural interfaces, in partnership with Boulder Countyand City
of Boulder agencies.
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Fungal decomposition requires a clean, lignirrich substrate, free of excessive soil, rocks, or
chemical contaminants. Ideal feedstocks include freshly chipped tops, limbs, and small boles.
Materials that have been masticated, or that contain substantial dt, are not suitable due to poor
air flow and contamination. These feedstock constraints may necessitate modified forest
treatment prescriptions, which could raise upfront costs. However, when compared with higltost
alternatives such as chipand-haul, fungal decomposition may offer significant savings in
situations where biomass cannot be economically transported or processed.

ERYUYOGRHKO YUt RT UI ¢ qRY Ut

The economics of fungal decomposition vary based on project size, fungal strain sourcing, and
application method. Small projects that require custom or native strain development incur higher
costs due to the labor and time needed to clean, propagate, andondition fungi. In contrast, larger
projects that can reuse existing, locally sourced inoculum are more coseffective. Treatment costs
have been reported in the range of $45 to $150 per bomlry ton (BDT) of wood chips. Although

commercial fungal strains could reduce costs, their use is discouraged due to potential ecological
risks. Thus, balancing cost savings with ecological integrity is central to project design.
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When properly applied using native fungal species, fungal decomposition carries very low
environmental risk. The process promotes nutrient retention, minimizes emissions by avoiding
combustion, and may enhance longterm soil carbon sequestration. Because fingal decay occurs

at the treatment site, it eliminates the need for transportation and reduces labor and fuel inputs.
However, ecological risks arise if nomative or commercial fungal strains are used without strict

T



biosecurity controls. Successful implementation requires adherence to chairof-custody
protocols and ecological safeguards, as inappropriate inoculation could lead to the spread of
invasive fungal species.
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Fungal decomposition requires specialized expertise in mycology, microbiology, and ecological
restoration. It also demands strict biosecurity and standardized protocols to avoid cross
contamination or ecological disruption. Currently, there are few commeral facilities capable of
producing high-quality fungal inoculum. The two notable examples in the Boulder region are
MycoReach in Wheat Ridge and Boulder Mushroom, which have demonstrated the viability of
fungal decay at small scales. Due to the difficultyand cost of transporting fungal spawn over long
distances, a decentralized model- where localized facilities produce and apply inoculum-is
considered the most promising for scaleup. Despite its potential, the technique lacks
standardized protocols, and there is currently no National Environmental Policy ACNEPA
assessment to guide its application on federal lands, which limits broader adoption.

E2dGc¢l ! oY nckared (&13 FoptHHO |
The following table(Table 2.24)summarizes the key benefits and drawbacks of using fungal

decomposition as a biomass management strategy. This emerging pathway offers a lompact,
decentralized solution for forest restoration, wildfire mitigation, and soil enhancement, particularly
in areas where transportation and industrial processing of woody biomass are not feasible.

However, fungal decompaosition is still an experimental practice that requires specialized
expertise, careful ecological controls, and futher regulatory development.
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Category

Benefits

Drawbacks

Environmental
Impact

Low-impact, in-situ decomposition
with no combustion or transport
emissions

Use of nonnative fungi poses ecological
risks if not properlycontrolled

Soil and
Ecosystem Health

Enhances nutrient cycling, microbial
activity, and long-term soil carbon
sequestration

Effectiveness may vary with site
conditions, fungal strain, and feedstock
quality

Cost Efficiency

Avoids chip hauling andndustrial
processing; cost range of $45%$150 per
BDT is competitive

Higher costs if custom or native fungal
strains must be developed or scaled

Requires minimal physical

Infrastructure . Limited access to commercial inoculum;
infrastructure and supports L - )

Needs ; : . few specialized facilities currently exist
decentralized implementation

. . . Requir xpertise in mycol
Technical Once inoculated, the process is low equires expe tise ycology,
. ) . microbiology, and ecological site
Feasibility maintenance and passive

assessment

Scalability and
Access

Rapid inoculum expansion possible;
well-suited to small and remote sites

No standardized protocols or NEPA
assessment limits applicability on federal
and state-managed lands

Feedstock
Compatibility

Works well with clean, freshly chipped
material from thinning or slash piles

Not suitable for dirty, masticated, or soit
contaminated biomass
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Table 225. Key input variables for the pile burn GHG flux calculations.

General Inouts Global Warming Value (MtCO2e/ Mg dry Source
P Potential (Mg CO2e) biomass)
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1 Composting follows the windrow method with minimal processing efforts (e.g., no kvessel
composting).
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9 No process heat is required to produce compost.

1 Fossil fuel emissions tooperate the composting process (turning/aeration) were
considered de minimis (per Mondello et al., 2017; 0.5 liters diesel and 0.145 MWh
electricity per Mg wet food waste)

9 Baseline scenario pile burn emissions from woody biomass account for a portion of the
biomass that remains stored as charcoal (around 4%) on sit?Non-CO, GHGemissions
during the pile burn process are consideredincluding black carbon.
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Table2.26. Key inputs for compost production and associated baseline assumptions.

6¢l REAIN | OORq | éc¢iid EVYal AN 9Ya&NUgq
] WO ¢eatof UGe qt
xREHRUORq! W7RY E6Y! qWa]NMAN fOqUl UcdWett e
~NWHEYGO G
OYUGYt quwovYU21 bil I ! bol MIOP f UqUl UcdWectt e
nIUTt qY
. o E WY N W Ny - L .
OYUGYt qU~ YRt q SURnécp E f Ugqldl UcdWctt ed
9¢!lI AYOWOYUqUU EWYnWwr | E
- . 1 ] A1 cegamy | N'ON = WENDILLBTO M LUt
9¢!I AYOWOVUqUUEWYnWI | | EME|:pomuno | 8¢ aaBemedwsaw
EGGURHECqRYUWI ¢
Al YHUDt t RUNDICEG Rt + RYU
e x & [ Yt ROWnea o WRUC
~ | < £ oz .
CHORUNI! ° | 1000 RWR G RY
. . . . bt 2000 Wl ¢ Ut G
PL;EEgYummmYM R“ng: M qEBY GGVt qWGl YL
a- a ne¢HRGRG! IO
. . . .o ~ROW Wb bt o2 0lXl UdaGRY a ¢l
NI ¢Ut GYl aqcaqRY ql RGu| =M qyWIoTl Wwet 13
NlerME&RiiéY~D#€?J;FM@MIENEMEO NYqeéeaw]i A6 gl e

9YUGYt qt0 GGUR

ArcqRYUYUOA¢c UnWiae UT

GGURHC qRYULWA

~NDWuT I !

NP IO

9~97? Wkl
AHet T Wy
¢cUERIG 2 131
bl= MNOb

§UNWaqRGNVLWE GG R
He ARELW! ¢ 1 Wt Wb N
HYOGYo @rl IJWbINO

Elhe Ut ql ¢qRYU

~nDuw
9 &Joc¢ HI |

N HOr1

9~97? Wkl
Act 13T WYy
¢cUBRG2 I
bl= MNOb

9vYGGe!l T WaV WNIJ
biNet ¢ UAW=MNY b
b 6130aqt Weit YRG W
NI ¢t t OcGilid miGse IR
MONP WAIDIEFAD ! 1J¢ |

EWhe 3t ql ¢qRYU

olclt

9~97 LWh]
Act 13T Wy
cUBRG2 I
bl= MNOb

9vYGGe!l UT WaVY WKNIJ
biNat G ¢ UAW=ZMNY b
b 6 1J0qt Wet YRO W
NI ¢ttt acUT oRI I R
MNP WAIDWHSD ! ¢ |

At 20 qt KIDIY Y GROX 9 RION

K6 1I0¥Llome OLUIBgIB] WA U3 qf Wn Yl Wadé Rt WG @ lfl-s 0-1HEC | AT LIBRATS HDFATIS LU |

¢l Yo UT WNYAMMMUW~ D WoT | ! ddjLe bGP G YL dp LG Y NG TG2Y H# 14 TLLLRE 1LUD #d (R 13T
Het 3T WnWRT+ qYAtsWe Ul WUINAZMMWE HI W WY nW ¢0nae Ul Wal I
s Rgéa MIRGRIAVWH:z | UWRNDZMBORIY 610ty Ud ! WHY UL RT 1 RUNW YR W
HIJOW3qt Algs WO qWw] ¢] WARUWU3 qf WGIH Wl g QWD We ¥ RBAIY G W
YU RGO DWHY O GYt qlU¢c GG R H ¢gNRe V) (LI90&® | ¢ IFLL RYE b B LBBKSHI DIDLLLNY 2h 10U LU
SMW! el t b OWNE RIJWE O oRe! meh(IFR a1 (LG ME TG N Q] LU 1, 6L @ FOLW bl = MN'Y
Jt qRG ¢ qJT LANGOZ I3 L9 &1 A WEOEI ARUINIOMN I1d~ ALY 8Jt GUHqR21J0! A LW

T



l ¢qlt oW] ¢] WAKUOW3Z qt Wett 2007 WROWRWI 1T ¢HY2UqWnY!l WHRYO G
GRNEMP W~ QXS @eUNz t G c e mBMNY ¥ WRURAG 2T It W6 W 2 At qRq
URaq!l YRNUUWNWUI qRORAII Ws 6 RAEG LURD GlE oY LRy N2 MIMGLYELHA 1318 ¢ IEYGHI LR
HYz ol W DRUVR2VWHYGGYt quwWecUUecida! AWt et q¢ RURUNWe WaqVYqc

YaqcHOG! AW7Yedl Wl W9YeUq! WEGUUWEGE #IJWGHY WTANMMLE #1131

Table 2.2%7. GHG relevant results for the composting technology pathway. Primary outputs refer to the GHG
emission impact analysis (LCA) while secondary outputs are of additional informational value. GHG benefits
are accruing and are being reported on an annual basiait include GHG fluxes out to 100 years post
application.

Output Variable Unit Value
Primary Outputs
100-YearGHG Benefits from Compost Application Mg CQelyear LNLER Y M N
7RYNBORHILRY Ut W?el RUNWAI YT eHqR ~NLW9 §1FdJlo i ®A DM
Liability Biomass Transport Emissions Mg CQelyear bl =AMM
Compost Transportation Emissions Mg CQelyear i PP M
Avoided Pile Burn Emissions Mg CQelyear HNAMM
Total GHG Benefits Mg COselyear @ 5PM LU
Secondary Outputs
Compost Produced Mg (dry)/year 18,000
Treated Rangeland Acreslyear 1,200
100-year GHG Benefits per Unit of Compost cl\(glapc):o%tezcl\iﬂr?/) 1.9
100-year GHG Benefits per Unit of Feedstock fel\ggs?o%ilz\g?y) 1.0
100—yea}rGHG Benefits Per Unit of Feedstock Including AWE Mg CO2e/Mg 57
(assuming2.7% ABP) feedstock (dry)
100-year GHG Benefits per Treated\cre and Year (soil Mg CQe/acrelyear 15

amendment only)
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https://bouldercounty.gov/open-space/management/agriculture/statistics-and-acres/
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1 The biochar process is well maintained and produces higljuality biochar (high carbon
content associated with long residence time).

1 The heat required for biochar production is derived from the unit itself (e.g., Timonen et al.,
2019).

1 Syngas is flaredi(e., no CH, emissions, no electricity production or other use of excess
heat production).

1 Baseline scenario pileburn emissions from woody biomass account for a portion of the
biomass that remains stored as charcoal (around 4%) on site. Ne@O, GHG emissions
during the pile burn process are consideredincluding black carbon

1 Biochar applications on rangelands do not replace mineral nitrogen fertilizer.
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Variable | Unit | Value Source | Comment
General Inputs
Forest Biomass Short tons (dry) 10,000
Focus on biochar production.
Biochar Yield % of dry weight 35% Regular pyrolysis (focus on
electricity generation): 5-25%
Carbon Biosolid 0 : 0
Converted to CH % of dry weight 5% EPA(2014)
Eir(‘)egrgg Content MWH/m*LHV | 0006 | IEAQ2023) | Equivalent to ~700BTU/f
Processing Emissions
Internal Electricit % of
y Generating 10% Internal electricity needs
Need .
Capacity
NI ¢ Ut GYIl ql ~RaIJt Ws s M
[ ¢cHRORGq! ql RGb
Transport to End Use| Miles (return 60
(Rangeland) trip)
Truck Emissions Mg ?O%;em/ishort 0.002 EPA(2023) | Total GWP; truck emissions
Biochar Application on Rangeland
Biochar
Sequestration Years 100 Woolf et al.
. (2021)
Lifespan
. Output calculations; entirely
Biochar GHG Impact Mg CQe /acre 5 based on data from Woolf et al.,
Factor
2021
. Output calculations; entirely
Biochar GHG Impact | Mg .CQE" Mg 2 based on data from Woolf et al.,
Factor biochar 2021
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Table 229. GHG relevant results for the biochar technology pathway. Primary outputs refer to the GHG
emission impact analysis (LCA) while secondary outputs are aidditional informational value. GHG benefits
are accruing and are being reported on an annual basis but include GHG fluxes out to 100 years post
application.

Output Variable Unit Value
Primary Outputs
100-year GHG Benefits from BiochaApplication Mg CQelyear 3,700
7RYNDUDURHWEGRY t RYUt W22l RUNWAI Y ~NDW98=1Jd WNMAY
Liability Biomass Transport Emissions Mg CQelyear i =AM
Biochar Transportation Emissions Mg CQelyear i O MM
Avoided Pile Burn Emissions Mg CQelyear 21,000
Total GHG Benefits Mg CQelyear 11,200
Secondary Outputs
Biochar Produced Mg (dry)lyear 3,200
Treated Rangeland Acreslyear 1,300
100-year GHG Benefits per Unit of Biochar Mg CQe/Mg biochar 1.0
100-year GHG Benefits per Unit of Feedstock fe'\(/elgs?o%lf /(I\élg/) 1.2
100-year GHG Benefits Per Unit of Feedstock Including AWE Mg CO2e/Mg 29
(2.7%ABP) feedstock (dry)
i(r)ll(;-)yearGHG Benefits per Treated acre & year (soil amendmen Mg CQe/acrelyear 12
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Output Variable Unit Value
Primary Outputs
100-y GHG Benefits Firewood Mg CQely 10,800
7RYNDUDURAWIGRE + RYUY W31 WUs Y ~DW98=o N> AZ
GHG emissionsr Liability Biomass Transportation Mg CQely (2,400)
GHG emissionsT Firewood Transportation Mg CQely (1,800)
Avoided Pile Burn Emissions Mg CQely 21,000
Total 100y GHG Benefits Mg CQely 10,900
Secondary Outputs
Residential Heat Provided MWhly 35,000
Firewood Produced Short Tons 10,000
Homes Heated # 1,170
, - Mg CQe/short ton
100-year GHG Benefits per Unit dfirewood firewood (15% moisture) 0.6
100-year GHG Benefits per Unit of Feedstock Mg CQe/(l\(/jlrgy;eedstock 1.28
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The climate impacts across the three biomass utilization pathways composting, biochar

production, and firewood use- are relatively similar. Biochar and firewood pathways each achieve
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Gl YRt U]l AWs RGNV WS DWHYAIGYH qRUNWGE qés5 ¢! Wei6RII21IE W
ton processed. In all cases, the baseline assumption pile burning of biomass- has the largest

influence on the overall climate benefit. For example, processing 10,000 dry metric tons of liability

biomass annually would yield approximately 9,550 Mg CBIJWR UW¢ UUz ¢ G WHWUW N Rqt Wa6 |
HYOGGYt qRUNAWNNA=ZMMW-~NW9 § Al W61 Ye NS WHRYHG eI WGl YT 2 #
use.

Given that the climate outcomes are comparable among the pathways, other factors become
important in decision-making. These include the presence of existing infrastructure (such as
operational composting facilities), the potential acreage improved (e.g., lochar production may
benefit more acres than compost production), and air quality considerations (such as firewood use
regulations that address smoke emissions).

Greenhouse gas (GHG) benefits from utilizing liability biomass can also help offset climate impacts
in cases where avoided wildfire emissions (AWE) benefits are not realized at the forest site, such as
those discussed in Chapter 3 under scenarios with anvdided Burn Probability (ABP) of less than
2.7%. In other words, if a fuel treatment like mechanical thinning results in initial carbon losses

that cannot be fully offset over time through improved fire behavior, the resulting "carbon debt" can
still be partially mitigated through the climate-beneficial biomass utilization pathways described
above.

However, using firewood as a heat source brings both benefits and challenges, particularly
concerning health impacts and wood stove efficiency. Burning wood releases pollutants such as
fine particulate matter (PM2.5), carbon monoxide (CO), volatile organmmpounds (VOCs), and
other hazardous air pollutants. Exposure to these emissions, especially PM2.5, has been linked to
respiratory and cardiovascular diseases, including asthma, bronchitis, and heart disease.
Communities that rely heavily on wood burningluring the colder months often experience
significant declines in air quality, posing additional public health risks. In terms of efficiency, older,
uncertified wood stoves typically have low combustion efficiency, meaning they burn wood
incompletely and produce higher levels of smoke and emissions. In contrast, modern EP¢ertified
wood stoves and advanced combustion technologies offer much higher efficiency, often exceeding
70%, and release significantly fewer emissions. These newer stoves burn wood marempletely,
reducing both the amount of wood needed and the impact on indoor and outdoor air quality. Even
with these improvements, proper stove operation, the use of dry and seasoned wood, and regular
maintenance are critical to achieving high efficiencyand minimizing health risks associated with
wood heating.
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The evaluation of fuels reduction projects across Boulder County reveals a direct and measurable

relationship between the scale and geographic distribution of treatments and thékely benefits

they produce. Treatmentsevaluated - spanning completed, planned, and proposed projects were

modeled across diversevegetation types, includingponderosa pine and lodgepole forest types

and topographies, encompassing aeasonably largetreatment footprint (~58,000acres) selected

for wildfire risk mitigation basedlargely on treatment areas proposed in the2024 Boulder County

Community Wildfire Protection Plan. Wd Raq Il ¢ qe |l W W2RWIs We UT WaG YT Wd RUN LW:
Ucd!t Rt UINYY O Wbi[ 9 NibellisaJR @G0LIE a3 R Yo ll RIictoeld Tall2¢ldj 13 2 + We U

b #IU0CI RYY Wet RUNDW2IINUgeqRYUWNI Ysq6We Ul Ws RGT 31 W RG.

The findings demonstrate that largeiscale treatments - especially those proposed under the
Boulder County CWPR2024; modeled to occur by 2027 - yield climate benefits, including over
200,000 metric tomes of avoided greenhouse gas emissions over 40 years if the annual burn
probability is 2.7% or higherModeled treatments also indicated reductions in particulate matter
and nitrogen oxide emissions by 17% and 52% respectively, indicating a likely benefit to public
health if populations were exposed At this scale, forest health metrics evaluated improved:
treated areas exhibited 43% tree mortalityin terms of basal area)y 2047 compared to 75%ree
mortality in untreated areas, and lower stand density index values indicated healthier forest
structure with reduced competition and greater resilience. Canopycover reductions in treated
areas lowered the risk of higkseverity crown fires while aligning with historical forest conditions.

A spatial analysiscompleted in combination with modeled outputs related to fire severityrevealed
that treated areas overlapping with special ecological designationssuch as high biodiversity

areas, wildlife corridors, and critical habitats- showed reduced longterm exposure to highseverity
fire, illustrating how location-specific treatments confer biodiversitymaintenance and habitat
resilience. The chapter also underscores that fuel reduction and invasive species management are
synergistic tools essential to maintaining ecological resilience in Boulder CountyFurthermore,
through a literature review fuels treatments were found to mitigate cascading posffire impacts

like sedimentation, erosion, and water quality degradation, particularly in highisk watersheds.
These benefits were most pronounced in accessible, forested areas with moderate slopes nea
roads, where implementation was feasible at meaningful scales.

The chapter also reviews the implications of wildfire for recreation and tourism. While literature on
economic impacts is mixed, wildfiresin Boulder Countycan reduce visitation, damage
infrastructure, and affect regional economies. Overall, the chapter supports the premise that
thoughtfully planned andstrategically implemented fuels treatments not only reduce fire risk but
yield meaningful ecological and community cebenefits.
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Table 3.1. AWE results from all fuel treatment projects combined. The fuel treatments start to generate
climate benefits when applying a ABP of 2.7% or higher. An ABP of 0.46% as proposed by Kearns et al.
(2022) for the area of interest and the current year would not generate climate benefits over the project
period. Following the REM methodology, a 10% discount to account for uncertaintyapplied to the AWEs
calculated. Carbon stocks in wood products and mobile equipment fossil fuel emissions were notcaounted
for due to their minimal impacton overall emissions.
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Addington etal. (2AY b WT Rt Hat + 13t Wl DUWAYI q¢tdRq! WRUWIYaGYI ¢T Yk
natural ecological processes, fire regimes, insect outbreaks, and restoration practices.

Historically, tree mortality occurred because of mixed-severity fire regimes, which included both

low-intensity surface fires and more severe crown fires that created openings and influenced forest

structure. These natural mortality patterns helped maintain forest heterogeneity and resilience.

However,due to decades of fire suppression ad changes in forest structure, current patterns of

tree mortality are often more severe and widespread. High tree densities and homogeneous stands

can facilitate the spread ofinsect infestations and crown fires, particularly by bark beetles and
pathogens(Schoennagel et al., 2012)The result has been extensive areas of complete tree

mortality in large highseverity fire patches, such as those seen in the 2002 Hayman Fi{@raham,

Oy Co O —( VW U Co



2003). These areas can persist as treeless landscapes for decades or longer due to poor
regeneration conditions and lack of nearby tree seed sourceGuiterman et al., 2022)
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Forest Long-term

Structure Unitof | Treatment | .7 | 5055 | 2027 | 2032 | 2037 | 2042 | 2047 | Mean (2037 to
. Measure Status
Metrics 2047)

% of Treated 75 83 75 67 54 47 43 48

Tree Mortality Basal
Area Untreated 76 85 85 83 81 78 75 78
Treated 40 40 26 27 27 28 29 28

Canopy Cover %

Untreated 44 45 47 48 49 50 50 50
Stand Density | | . Treated 175 | 177 | 106 | 113 | 120 | 127 | 133 127
Index Untreated | 192 | 208 | 223 | 237 | 251 | 263 | 274 263
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Canopy cover is a key element in understanding and restoring ponderosa pine and dry mixed

HYURNWI WnY!l Wt qft WROW9 YaYI ¢T Ykt W I YOqWAecUNRDUWEHHYI TR
forests exhibited a wide range of canopy cover values, shaped bgctors such as fire regimes,

topography, and natural disturbances. Frequent, lowto mixed-severity fires helped maintain open,
heterogeneous forest structures, often characterized by low to moderate canopy cover, which in

turn supported diverse understorycommunities and reduced the likelihood of severe wildfires

(Addington et al. 2018).

Over time, however, fire suppression, grazing, and logging have led to increased forest density and

more continuous, closed-H¢ UY G! WHYUT RqRY Ut WR Bih@ntetial, 201%; Ykt Wnl Y U q LW
Addington et al, 2018 Battaglia et al., 2018). This densification has decreased spatial

heterogeneity and increased fuel loads, thereby elevating the risk of large, higleverity fires. In

restoration efforts, Addington et al. (2018) recommends reducing canopy cover where it exceeds

historical ranges of variability- particularly in lower montane areas- and reintroducing more open,

patchy structures. Specifically, restoration practices should aim to create a mosaic of canopy

cover ranging from low (1840%) to medium (43T ME b AWT WGUUT RUNWY U W6 YW RaIK |
elevation, and ecological context. Such variation is essential for enhancing resilience, promoting

biodiversity, and maintaining key ecosystem functions across scales.

[9 RWaGYT WGRUNWYNWY21 ¢caaWwrae UYG! WHY 2131 W 132 13¢ 0137 We W
2Uql Weql Wt qe Ul WRUW=M=ZTWs 6 30WaVYt qWYnWagdéJWnea IJd Wal
Ne AdIJWOK=E b oW~ YT 136 137 We Uqgl 3¢ aq 3T We Il 10shkIOIMEa STRUS 18 TRUEE RUBE |
RUT RECQUWWGIW2¢ qIT W R € WYNWHI Ys OWws 1 13t we 0T oV WwWy2131 ¢
RTWUqR3WT WA W TTROUNqYUWWqLWeE G Wei=MNY b FOWNT B¢ qUT W qé 0
He UV G! WHY21J1 Ws 6 RAG WHRYS VT WY én ALGHIaI0 2016 IR R SR 6L S | 1 O

N M



60

o 50 o - _ - -
Q - _
8 _
O 40
)
o 30
c
]
O 20
X
10
0
2017 2022 2027 2032 2037 2042 2047 Long-term
Mean (2037
to 2047)
Year

W Treated OUntreated

[ RNz | DOdai at09 YaGel Rt YOIOYnIOG YT DG T tore UY G! IOHY 2 131 OV h tOq | 1J¢é
gl DeqaWUqonYYqGl RUqgto

Eqc¢ Ul W?2 30+ Ra! Wf UT 13+ W

Eqc¢ UT W?2 130+ R! Wf OT D+ WLlE?f b WRY Weé Ws RT JG! Wet T WhececUqR
J2¢ctecqlWeUT WRYGGE! JWnY!l Wt qut q¢ UT WHYUT RqRYUt WHAHEH
| DG¢qRYUt 6RGWHNqs WU Wa 6 1BLEGRRIANIGHT 1AL LBy 13 RL q LI dJAJI 1LLEGIID LT 2 RIGRAq)|
GIURNG @UUIRBEAEAUIIOC HG RUNDWN Y 3t qJl + WagYWet t 13+ W6Ys WHI Y
GYqUWUaqRcOWGec+RG2GWI VWUt Rq! WOWE?f WRY WGE! qRHA2GCE ! T Wet
TROWI WUqWnY! ¢JU ollie) GIGHR UGB VE gt RqRY Ut HOWF q W6 1Ja Gt WRU®
me ot WGecUecNWGUUqWA! WRT JUqRN! RUNW q¢UT + W6 ¢ qluc! 3wy
Fal Db YL H W eRAGWEY W1 Ye NP dp2 IR RiqlD #ig IRYI 4 ¢ H IGNGIGHILRY 6 LGS WLE 121
¢ Wt GPHARIAHRI HIWGA ¢ # R 2 0 Wel Y'n q lgoJdlR GuthRID 1 WG RLGYY HEC A LR ap LIRLGH R)
HYGGUqRaqRYUWecaYUNWaql DIt WnY!l W Kt Yel AL WIRt JWIRNE q4A
q6 RUURUNDWHe UWRGGI Y2 1IWn Y 1J0 UL 13 i \ajap RUBAMD L) 11310 12 HIRIONDE LR §
1 W Rt t OWNGe2t AWE?f WRY We Wt ! Wa gl REAWRUWNz RT RUNWN Y
HYUT RqRYUt AWAc G ¢ URRUNWUHYGYNRAC G W Ut RIRUUADAWSs RO
f UWGYUT U1 Yt ¢ WGRUWWNY! It qf WRUWSYOY!I ¢T Ykt Wity Uq il ¢ U
al ¢ R ¢ Wl Dd¢cqR2UIWI WU Ra! WYNWONEWLE?f oE?2f WGC+6WNTF
BIAIJI + IOW9 YO G IOALW=MZP b @IOEWIRIDT Rt 2 MHITLLISY 10 RS difaREAR M B RUY Ut 1)
t RDURIZ Ut WhneadaWt RoqUWYHA:2 Ge UR! We UT1a 13y caUA 1 e LHRSUR 1IR22IR T Liz
Gc+ROaOW2Yla0WWs R WEHqR2IUIWHAYAGGUqRaqRYUOW UgUE? f WY™N
q6 RUUCRUNAWe UT Wt qe NUcqRYUWYnWUWs WNI Ys q6 10

TTRUNDGEMBMNYHIADG G6¢t RAUT Wabcaqlé6 Rt qYI RACTOWNYI! 13t qtf W
E?2fW2¢te 0t W 2lWagYWnl Whue JUqW3 !l WAWs 6RASWAECRUqe RUNT W
cavyuUnuwagl! WUt oW TTRUNqYUWYaqWe G HOWsFEMINYLRIRY TARIF ¢Udp|BI RUGBI.
qé6caqWz2zc¢cl ! RUNDWE?f WeHI Yt WeWagl JeqaWlUqWe URqWrRe UWAqq

[ YI WagdéWWagl BeqaWlUqWnYYqGl RUqWU2¢cdecqll Ws RgéiW[ 9 N4 LI
BE?2f WFHWJWI RUNDW=ZPMWY! WPZEMHIWEZ OOR2 GRUDMREqIillt &S I1Jd R
| 3t Yel #IJt Wei[ RN2 | WWOKY AWNE AT WWOK= b towf U WH WNaVZ dLiady AL q |

N M



NOOLWY!l Wl Jae G]RZ wr ot RG]RIJH LWFYh UL =R hER_L}Iﬁ] I L”)'HLLI.U):I\/TYEWL’].IjlaGﬁIf{ZG]I\R'LlUG]” ML
| Wt RERWUqWnYI W qligl WRWNT ¥Ys qéWwe U7 w B e®/UT WHYAGGWaRQ
t 2UGRNGqb 1O

%>§ 300 o

£ 250

2 200

2 150

(O]

0O 100

2 50

8

n 0

2017 2022 2027 2032 2037 2042 2047  Long-term
Mean (2037
to 2047)
Year

W Treated OUntreated

[ RNz | WIOOaYAt09YaGe! R YOOYNIOG YT WG 3T 1ot q¢ UT 101 WUt Rq! IORUT 3% 1O
nYVYqGl RUqOY2 11 IOqRGIWIOEYSZTT 10qYIOYE Xi Ht0os Rag6 RUMOG S 13t0q 1 3¢ q b 130

N M



7RYI R21IJI t Rqg! Wc Ul WccHRagcql

2 lJat W Wl ed#qRYUWG!I YTWUARH AWECRAGUT We qWdRqRNEqRUNWSs RG
DNWagéc¢ qRYUWe UT wrYUT emqRUNWAEYUq! YGGUT WAH21 Ut AWwW6ee21W
0T WARYGYNRACOGW R2UIt Ra! OWHBERO VMG oRal WS U LRUmAY U
RAGGUINAGNWUqe qRYUWEUT WIHYGYNRACTWHRYUqU* qtO

[ YOGWeWARNUW3Zqt Wt q¢UT GYRUGORNEYOY DB & MG & Uik YMe OT 266 R
HeOWl Wt qY! DWERt qYIl RAc O W Rt qel He UHUDW WNRG WL AWGI YO Y
b GUHRIJY OW[ YI WRUt qe¢ URPAWROWI | ' WHRYURNWII Yet WnY!l 3t qt a1
OT Ul qYl W nU0gREAUALVEGF IV RMRBRWI + JWGGH¢ UqUt GUHRIJY
RO MMPRINIDI 1t q LOLGUSCRH HIllE=GWE Orbe H6 W6 ¢+ WHIWUOW 6 Ys Ul Y WR Ut
R21I1 + Rq! WYnW2 @IYRY¥&ILVa G fil0¢ ¥ RGOWRIIDUIgqc qRYUWHRE ULWH
CHRcC qUt ql 2 #ge AWAEA e GG LLGHHILE[IMOFAINFM B ERU URUND We UT WG|
GGl Y2 Wz UT W1+t qVYl ! WGG¢UqWl R2UJIt Ra! AWANNUN3IqRUNWUC q
YI WO+ ¢c0GUUWAWEqUGE UL WJglle 0 OWZMN=Zb WnYe Ul W6 ¢ qlUGI
BOT 21 RUNDWINAIARUUYIWIALRIUEH I+ qY 1 ! Wt GUAERIIE W RASUWIL + Wab6c¢ UL
¢UUezc¢oWGH¢ Uqt AwWws RopéayRe2qdigy Uy20cY aRrRUII OIVNG Rt W U6 ¢ UG DU
2GGYIl qt We WA YeT W1 W ¢UnPWYnuwy Y1 ¢wWweUT IRW¢ 2GR Hca Iy + + |
DaMEMENL WIGGEEt RADW6 VKBS GH6 | AR WY S @g 10 Ry Wie DR ¥ s
5 Ra6 RUWc WH g d0dIbEUIH QU WHaIDI 2 JWE + WGGH ¢ #HIIE WY NnWGI YqUHRqRY UL
nY!l Dt qWARI T HOW[ 230t W T eAqRYUOWal BeqGUUqt Wre OWG6 GG
AUJ6c¢c2RYI We UT WG 3t 31 2RUNDWY ql eAqel ¢aWl R21JI+ Rq! WeEHI Y

Ouwgl WOUuWIHEYH 't quUaGt Ut eASWet WGYUT U1 Y ¢ WGRUWDWNY! 13t ¢
ql e Ejdfallc WG Y1 ywyYGcuUWnyY!l 3t quAYUT RgqRYUW2 R¢ Wag6 RUURUN W
I W INRGIJWIIQO 1IJH gt THELLNeE IR LULEANT O 3cqit 1A X Uq Wt GIURRIJY Wa 6 ¢
OT W T e H®HUT WAYAGGUWqRqRYUWnN Y WIKWLSID WIS I & ¢ RO Wik '¢ Tay 0T HI 1511
Yi ¢cRHWYNWSECHRqE qt gl eHqel It Weat YWsWaGWie RUge RUWII
2 DOt W U e AlRTOYUHG WH4IR Tl MR DOWPHY I E € WGY AW G ¢ 00 WG ¢
2l 2R21DWs Raq6RUWez UHz 1 UNT WGec qHE6 13t WGecRUqec RUDT Wadl Yen
D Wu DO a! Woigd WHle T MRS IOWANGIG | We WHI 2 & RIEIIIIT Y 6 13 WR U WY
Rt GUI t ¢ 0 Bd YWEN u10& g RIFt 1O

cYs W20 AWRNWIYqWHE! Unedd! WGHc¢UUWT AlWme Jat W U7 eAqRY!
qRGWIWe UT Wt GeRVWWNS W PaY2edWYnw2UunNnWgeqRYUWHe UG IIE
AYUUURqR2Rq! Wttt DUqRecOWnY! W GHBEROY WMWY IO B0 aey 810 W
HYz | + JWs YYT ! W WAl Rt We UT WrRe¢ UYG! WHY2 V! o WOWIT T Wn VYl W
D+ HIJEE R21IIW2 1IN aq @ grReYuUlmnealyo2ud Fil AdeGtcliGI 1Y TIIHt W6 ¢ 2 WAL
TecheNUWgYW2UNUae¢ qRYUIWATOD 0 Y REY FINEGY RGadt Wn Yl W2¢l R
pif UNcOt ADDAW=ZMMPbOW TT RqRYUcOO! AWgd IWHI e qRYU WY N W
nl ¢NAWNUqWsec ARqe qt We UT WRUq! YT e BUIWAIT NUIWUIO WHAqt Wad ¢ qll
Geqbésc! t RAVUWMUEURRII GURVYI 1YY @ tHdy R MR 100U aldd | SO =IWVKSLLT 2 | ¢
| BT e AqRYUWRGGe Hat AWRUWqS W 6 Y1 qgldl G AWWG 13t JWgl ¢ q
blOUT U1 5 YY1 UAMRUERIGRA LIRIMNIML6 I W1 3G Y 2 ¢ O WY W2 aJimadayld lqlR DI LLL
2¢1 RYet Wt GUARRUY OW[ YI WRUt q¢c URIAWY qal RIJY W6¢2W 6Ys U
t GUARIUY WIRt DWW ¢aRNY!I URc Wt GYqaqWT WYs GWA! Wedqldl R
l ¢ qlt WeiNIJG GG W g We G OIS M NR wWd A3 1L 10 1JAUHsYdi1a Y isdpd 1mAE ! W
HYUn UpqWd W 003t WA! W 37T e HRUNDWI I JW 32101 Rg! We Ul WG

O N

— 0Oy U

—

—(I)_'_l—| Co O (N¢ *+— —h

N M



] DO ¢aa! AWA! W YT e#RONWn Yl 3t qWl WUt Ra! We OT Wl WRUq! VY]
ORORHAWe WUcqel ¢caW3!l YW YNRAGWDWI+FGUHqUT WnY!l WeWiYHEqRY
DU ¢ UHNDWARYT R21J1 + Rq! IOWNY LKY 0@ ¢ IURHIALS IRE T 131 IDILE RaqRG 9 IRF
RUOqUNI ¢qUlWs RAGT GRNUIWHYUY W1 2¢ qRYUWRUqqYWne Jat W U7 2 Hq
AYUUUHqR2Rq! AWGI Wt Wl 2RUNWHI RqRHC T WS ¢ HRaec qlWnde aqal 131
| Jhue RI 138 130 o IDENRAJL GOMFCYIIN ¢ HY 1 ¢ qR2 JWE GGl YEHG It Wq6 ¢ q R
¢cUT WaYrRcOWARYG G2 URqRIDY WHecUWS WG GW It RNUWq! WeqaUqt W
HRYT R21JIt Rq! O

§2101 cO0AWs 6 NUWRAGGINAWNUqUT W ql ¢cqUNRACGG! We UT WeT ¢ Gaq
bet qc RURUDWNY! I3t qWUHYH T qUGWEETq6OWNG ! WHe Owae RO
b W0t RQR2 W GUHRIDY AWe UT WR TS IDHlad L1210 Vi YUDR # & dRWINIL
cOaql T W3y EuBRRG AN Ws 6 JUWRY U RT W1 RUNDWagé WWedqdl U¢ q
CHI YHE WGe!l NUW s¢qét WYnWeWaeUOTHHeGUWnY! W WHeT 13t oW

N6 Rt Wt DAqRYUWWI+GOaY! Ut Wagd W RoWI WOHLDY WRUOWG YT 130 1T W3
g6 lWRYUqU+qWYnwl ROWI WUqWt GUHRécOGWe ! e W 3t RNU¢ qRY U
tealWagl BeqaWUqWnYYaqGl RUqgt We H#YTIGH diuglld tA100GLE R WWdpd 1008 IR
C2CROUCHONWE t WHH GNW0qWo6¢ Gqlll WNKW YaqeéeAGa! AWy Ud! WGYI
TROWI DUqWt GUHRcOWe !l e Wl 3t RNU¢cqRYUY IOWRG 2+ AWa YT 130137
b GURRceOWE! 3¢ Wi 13+ R opt quiRs Y10 LS LT 123 GlRURJ ¢ldpldy HO
NSWWnYadYsRONWI 3t A1 RAWY Wa 6 13WT RIGIRID W U o Rz G0 HIRE g é 1J LG
9VYI DWNWcaWnY!l WagdRt Wett Bttt alUqlo

HIJ1 qbt HOE R IRINIS HLENUE ok R FhiReaR | 2l bIHDCH FLILB & Y+ 10! Wet + YHR
GYUT Ul YIARIIG R BOGWHILN I3l Y& @it VT WhEaEé RDEWSOHART JWIt+ DUqR
befRSGWEt WnY YT AW0 I @R 2 RUHLR dJIb U 1RGO TIJLE 8 A2 D YO®I6 Ldle G a Y1 ¢
7Y dlT Ul W9YeUq! AW YO YI ¢T YAW6 13t 1JW hue Rl 7 dQJINR HIROBICIH R q |
7Rt DO IEGUNGR GO T! WnYe Ul We qWIa 2 ¢ dpR Y U+ R eqORGLIUIENG] GYHE
E2 Rq@ dHHE REIC IGWHB ¢ | ¢ Haq I RAIT TULH Ry ¢ Wiel U 11125 1R0 6 WaN PHEIDLILIUY Ra R
ZPWP DI WG WEPUHEaeE! 3AWGT VT NI IRRBO@IHIR MG Do dé LR 6 DM G 138 1 &
bI?27cbOW HWI gqbt W hveRIT KOt WG InJI WnY!l Jt qtft Ws Ragé WY GO
CHADH WqYWnYYT W Yel AIJF OWNG 13! WYnaqUW o WHEqWUIt qllgl
qVYaqcdlWal WG IR NEGYNE WEIIR Qe a1 [ & O i O8I0 Mé OB IV AIY § A
GalcUWEHqR2ZRQRIJY Wt 2 H6 We GLWIVNRRUMS &P U HIA KRG DA LWE W 6L
qY Wl DOtpndume @OUT + WagdcaqWice! WOYqt e GGY ! qllgd LW ¢ G 13 Wi
6 ¢ ARIq@&at HY 1 Y2 N 6HllRell cAIR@AMIFMNP bl WHE S ¢ UNIE AW AL qbt W h
AYGGYUUUqWYnw7VYedl DI W9YaUq! bt WGYUqe OUWWGEYUT I Yt ¢ WG

N M



Longmon
Q

O Boulder County Boundary
B3 Aberts Squirrel Habitat Area

Lafayefye
Louisville
~ Superior
Broomfig
O
EFny ‘ Sy O]
P, | ! 7: Jaly !
ili,'{ } 4 Sirk |
Legend 0o 2 4 8 12
Miles

CWPP Project Status

N
B completed
[7] Planned w E
B Proposed s Spatial Informatics Group

KKRM 2 | JI0da dato~¢ GIOYNIOt e RaEHGWK AW qbt Ot ue RI T D006 ¢ ARq ¢ q tOI

RqRHE¢

91 RqRH¢ O W R

0 R RDRhIHKEOEN e tlg e Uq! WEct WIt q¢c AGRY 6 13T We W
v ail a

RnlJlWc ¢ HRacaqt Wui9i co WaqYWaYUt 31 213We 0T W

Dt t JUqRcEcGWEEHRaE qt IOWNG 1t DWe !l Wet WemPWWHRVED RHEIAWE @I &l

2ROc¢cOWqY W6 IWHYUt DI 2¢qRYUWYnWs RGT GRNUWRUWq6WWHY:2 U

f c¢cRNG K7 REFEGIdqRIMR ¢ qt W6 caqllt e GGY I qliec WE RNG WT 1IN 131
UcqR2UWqVYW7VYedl Il W9YeUq! O

YOuwYy! wayr wwie qR2 JWs Ra T @

T 9YUHNUq! caRYRBIOARI WgWAWRT DUqRICHIWWIYHeqRY UL Waé ¢ ql
BSTRIY Lt Y@ 1) HLR 1yt ¢ UDT1Jd iIRIG0FHLZ & @& O |
tet qc RURUNWGYGztc¢cqRYUt WelJIONIOAWAT JIT RGMAY T WUt R

N M



1 €éRaqC0IccHRALE dH[CIDdEd IYIZIRT RUNDWGE! + RAc G We UT WHRY I YNRY
G¢cRUqUUcURDAWY eHAD tna W IERY21 ! AWyl w WRUq!l YT 2 Ha
ovYU#HNI UlO

T NS1IF Wl 3t RNUcqRYUY WNea RT WG e UT Wet 3wl WARY RYUt we UOT L
DOt el RUNDWa@6 ¢ qW I20aYGGWUqWe Ul WYqd6 !l WeHqR2RqRIJE W
6CHRqcat OWNSKIW7Yaal I W9YeUq! W9 Ya GO G IR AR
HYaUq!EIwHYGGRmﬂUUqquMIeiqCRURUDMCUTMGIYmUHqRUK

| JNRYU¢ 0 MHRYIR2UIiRm o

/'?’
47

_Longmorg
o

Lafa)l e

&
Lomswlle U
 Superior A

-

Broomﬁt

S TR

Legend 0o 2

IS
()

12
Miles

D Boulder County Boundary =~ CWPP Project Status

m Critical Wildlife Habitats B completed
[ Planned

B Proposed Spatlal Informatics Group

[ RNz | DIO®4 TS g0~ ¢ GHOY n tOH | RqRchros RGTGRNIJIOG ¢ ARqE qtol JdcqR2 11

N M



EU2RI YUGUUq¢ 0109 dHbEIdE CBunty iR dédignatetd Envirihmental Conservation
Areas (ECAs) to safeguard regions of significant ecological val{i€igure 3.11) These ECAs
encompass diverse habitats andspecies, ensuring the preservation of the county's rich

biodiversity. The largest ECA, centered on the Indian Peaks Wilderness and Rocky Mountain
National Park, spans 112,344 acresover 20% of Boulder County. This area serves as a vital habitat
for species such as lynx, wolverine, elk, and bighorn sheep. It also contains elstowth forests and
significant wetlands, including the Copeland Willow Carr Natural Area. Conservation effortsere
have focused on protecting montane parklands and facilitating wiltife movement corridors to

lower elevations.

The North Saint Vrain area covers 38,133 acres west of Lyons. This region features some of the best

roadless foothill habitats along the Front Range, with old@jrowth ponderosa pine forests, elk winter
concentration areas, and golden eagle nesting sites. EiNorth Saint Vrain Creek is recognized as a

Wild Trout Stream and supports a population of the rare plant Larimer aleteéletes humilis).

Conservation initiatives have included land acquisitions and designations to prevent habitat

degradation. The SouthSaint Vrain and Foothills ECA, encompassing 25,929 acres, is

characterized by old growth forests and serves as critical winter range for elk. Efforts in this area

have been aimed at preserving private lands through conservation easements and open space

acquisitions, enhancing the protection of its ecological valuesN 6 13+ JWe¢ | J¢t W ¢ UT WY q6 11
HlI RqR#eECGW Bt Yel AUt AWRUHAG2T RUNDWI ¢ JWGaecUqurYGGaURq
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Figure 311. Map of Environmental Conservation Areas relative to treatment areas
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Figure 3.13. Map of Significant Natural Communities relative to treatment areas.
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Encouraging the efficient processing of woody biomass directly at forest project sites will require
the development of a more accessible and streamlined permitting process. While this effort would
demand significant up-front staff time from Boulder Countyand the City of Boulder, it represents
one of the most costeffective strategies available. Currently, land zoned for notfindustrial uses -
including forestry - requires a Special Use Permit even for smalicale processing activities, such
as the use of amobile sawmill. To address this barrier, a permitting pathway specifically designed

for biomass processing and utilization should be created, offering a more predictable and efficient
approval process.

It is recommended that Boulder County and City of Boulder staff form a team to review existing

regulations related to biomass processing at project sites. Based on this review, they should design

a new, accessible permitting framework- potentially using tools like a simplified environmental

checkilist - to streamline regulatory review. Anticipated constraints will likely center around air

quality standards and fire safety considerations, particularly for pyrolysis technologies producing

biochar or bic-oil. Additional limitations, such as establishing minimum landing sizes for

processing equipment, may also be necessary. However, the focus should remain on creating a

clear, efficient process that actively incentivizes onsite biomass processing by reducing rgulatory

uncertainty and administrative burden.
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https://www.westerndisposal.com/materials-management-center/
https://doi.org/10.1016/j.rser.2023.113749
https://doi.org/10.1021/acs.est.1c02425
https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20%26%20Regulations/Summary_of_Gas_Rates_as_of-02-01-2023.pdf
https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20%26%20Regulations/Summary_of_Gas_Rates_as_of-02-01-2023.pdf
https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20%26%20Regulations/Summary_of_Gas_Rates_as_of-02-01-2023.pdf

GGIUUI RHIJ

GGUINIOR¥OWE Ye | HIJt WY NWAWGY! qJT Wi YYT !
bt YRARCqUT WEGI Bel t 610 W0qt W[ RGWIW ¢ G134

EYel HOUWY N WAWGY

TRYGEHT WALGY 4 EGI ¢TIt 61 J0cWl] RGIIJW ¢ (

7RYGc¢tHt WO cCUHaOecq7Ye GARNMAEt + WANDGY! qlJT Wé MION KO 0

7Yedl DI W9YeUq! WA, .- oo el WA | ¢ IE
EGcHIUWBT9ASEL 7Yadl Wl wWw9vYaUq! WAeEI t+ W8 GUULWEG

7Yell DI W9 YeUq! W9

9 £ = o W? N ] Y O W= 50 =M=
[Y||J|G]|!LUEY|G]LUOC9[EOL”' N Wnl YoW=MMYUWqqRGIW=MZ

9Rq! WY ndilv We WILP IV L

o R 5 o s s .
Al YNDI ¢aLw 9Rq! WYNTOT Hz WILBIRMu ¢t + WWEt qRu ¢ d

> | Y ] &) GUE ‘ . .. .. . ~ ..
ORaq! WYNICWHWEGC Y o o o\ |1y W7 vedl W1 WSE-~AW] VI 1 qU

~YaUqcRUWAe¢!I t+ W

o e L o, 19YUt Wl 2¢qRYULW
xYURuYUqllcUI W7 Yel 5 - : o e o
g S B -, ?Rt ql RAgqx7Yeadl I x7RYuctt x +tt
?
QYU*UIQCG]RYULU'R*EMEI‘HO#G!#

CWHEDH L W GI WeTlt 60 0qallec qgé dWnYadaYs RUNDWGERUY W
6qaGt aooll R2ZUIONYYNGUOHYGol IRZBNh V(I NDEEeNe D€



https://drive.google.com/drive/folders/1AIUxdJhYuJWqypgmAJ-D6RTFXF1B22MM?usp=drive_link

Ne AN Ve GT 101 WAUNRYOW[ RI Ws YYT WAW[ 2 Was YYT W[ ¢ HRGRqQRIJ
Firewood & Fuelwood

Facilty Total Distance | Estimate Est 5/ton Facility
Number —— Phons Addra s {miles) | DeliveryCost | Delivered Facility Contact hlotes size

a Crown Hill Landscaping LLC (303) 6180731 |13B0 Simms5t. Lakewood, COBD215 27.6 5544.00 527.20| Mileage needs recalculated. Supplies firewood buys log by the truckload delivers to Boulder. |5

10 Deerwood Forest Products Co. (303)590-5225 |400 Eagles Mest Trail Evergreen, CO 80439 43.7 571570 535.80| Small family group that harvests their own trees and sells alittle firewood 5

15 Lumberlacks Logging & Firewood [720)212-1875 |5324 Highway 72 Black Hawk, CO 80422 22.8 549290 524.60|0pen and as stated 5

18 Maorgan Forest Agriculture [720)B18-2316 |2B83 Lee Hill Dr. Boulder, COB0302 7.2 5327.00 516.40|In Boulder county. Log their own property and sell firewood. 5

22 TimberScapes [970)B19-9767 |1543 Walnut 5t. Windsor, CO 80550 47.3 5754.60 537.70| Buys logs M

24 Rocky Mountain Log & Saw Co. LLC |(970)482-3790 |[2318W. County Road 54G Fort Collins, COB0524 69.6 5992.00 549.60|0n going concern. Firewood rough cut, sells squared blanks to other mills. Buys logs. M

27 Shreiner Enterprises (970)689-B78E |4719 Arthur Mae Ln. Laporte, 0O B0535 71.9 51,017.20 550.90 | Mitigation Logging, firewood 5

36 Morgan Timber Products [970) 4844065 |2532 County Road 54G Fort Collins, COB0524 69.8 5994.00 549.70| The real Deal, Mill, Logging, sales of anything woody. Old description is correct. L

37 Summerhill Tree Farm (970)669-1238 | 1854 Quillan Gulch Rd. Loveland, CO 80537 46.1 5742.10 %37.10| Small famaily operation 5

39 TC Woods, Tree Recycling Center (303)666-B989 [9850 Arapahoe Lafayette, COB0026 7.9 533380 516.70| Operational. Moinfo changed. M

40 United Wood Products Inc. (303)652-2872 |7860 Diagonal Hwy. Longmont, CO 80503 11.8 5376.00 S1B8.80|Operational all info still accurate. L

42 Wood Butcher Ltd. (701)720-0B0B |16 Tracy Trail Rd. Loveland, CO BO537 40.8 5685.40 534.30|0ne man show, still cutting and selling products. Not buying. 5
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Gmpost
Facilty Total Distance| Edtimate Est $/ton -
Number Name Phone Address miles DeliveryCost | Delivered Fecility Contact Notes Sze
2 JK Corp. (303)288-0654 (11481 Brishton Rd. Henderson, 080640 30.5 $575.10 $28.80|Ongoing concern. Doesnot useany wood in compost N/ A
5 Al Organics- Eaton 970-454-3492  [16350 County Road 76 Eaton, 080615 70.6 $1,003.50 $50.20| Oneof the Largest producersthat takewaste biomass. L
21 Al Organics- Keenesburg [970-454-3492 |12002 WCR59, Keenesburg, 0080643 54 $826.50 $41.30|Oneof the Largest producersthat takewaste biomass. L
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Mulch
7zdl37 Name Phone Address LT I?laance E@mate = $/ton Faciity Contact Notes 21057
Number (miles) DeliveryCost | Delivered Sze
5 Al Organics-Eaton 970-454-3492  |16350 County Road 76 Eaton, 080615 70.6 $1,003.50 $50.20| One of the Largest producersthat take waste biomass. L
21 Al Organics- Keenesburg 970-454-3492 (12002 WCR59, Keenesburg, 0080643 54 $826.50 $41.30|Oneof the Largest producersthat takewaste biomass. L
36 Morgan Timber Products (970)484-4065 |2532 County Road 54GFort Collins C080524 69.8 $994.00 $49.70| Thereal Dedl, Mill, Logging, salesof anythingwoody. M
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