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]ũŸƚƚċƖǃ 
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 
9cЍ Methane 
CO Carbon Monoxide 
9§Ћ Carbon Dioxide 
9§ЋĲ Carbon Dioxide Equivalent 
CSFS Colorado State Forest Service 
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 [ŔŰĲШÂċƖƣŔĦƨũċƣĲШ~ċƣƣĲƖШыӅΞЮΡШůŔĦƖŸŰƚь 
REM Reduce Emissions from Megafires 
TRL Technology Readiness Level 
TWC The Watershed Center 
USFS United States Forest Service 
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EǂĲĦƨƣŔƻĲШÉƨůůċƖǃ 
ÑőĲШĦőċũũĲŰŊĲаШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШĲǭŸƖƣƚШŊĲŰĲƖċƣĲШũŸƣƚШŸŉШƽċƚƣĲШƽŸŸĬ 
Boulder County and its regional partners face growing challenges at the wildland-urban interface, 
where increased wildfire risk, dense forest fuels, and climate pressures converge. In response, this 
report provides a comprehensive strategy for managing and utilizing woody biomass generated from 
forest restoration and wildfire mitigation treatments.  

This report estimates that organizations within Boulder County currently produce approximately 55,000 
green tons of woody biomass annually from treatment activities. With full implementation of priority 
projects under the 2024 Community Wildfire Protection Plan (Boulder County CWPP, 2024), annual 
production could reach up to an estimated 135,000 green tons.  

This report assesses twelve biomass utilization pathways, considering environmental impact, 
economic feasibility, technical maturity, co-benefits, and local infrastructure. The top-ranked 
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, bio-oil and more. Each utilization pathway was assessed in detail, with 
additional life cycle analysis completed for the top three to quantify greenhouse gas benefits. 
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ǯƖĲƽŸŸĬШƓċƣőƽċǃƚШĲċĦőШċĦőŔĲƻĲШċĤŸƨƣШΝЮΞШůĲƣƖŔĦШƣŸŰƚШŸŉШ9§ЋрĲƕƨŔƻċũĲŰƣШы~ŊШ9§ЋĲьШƖĲĬƨĦƣŔŸŰШƓĲƖШ
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For biomass managers, this effort developed detail profiles for each biomass utilization pathway т 
including information on feedstock, economic, infrastructure, technology, environmental, and other 
considerations. The report cataloged over 40 wood products facilities within a 50-mile radius of the City 
of Boulder, gathered from state and local databases and verified through public records and direct 
outreach. These facilities span 13 categories of wood use - including firewood, compost, mulch, 
lumber, and other specialty products - and are further classified by size (small, medium, or large) 
based on workforce and operational capacity. For 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 biomass from fire mitigation 
and forest restoration efforts.  

fůƓƖŸƻĲĬШůċŰċŊĲůĲŰƣШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШŔƚШċũƚŸШċШĦũŔůċƣĲШƚŸũƨƣŔŸŰ 
Modeled findings from a co-benefits assessment demonstrated that the large-scale implementation of 
fuels reduction treatments - especially those proposed under the Boulder County CWPP (2024) - yield 
forest health and climate 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 
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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 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 high-severity crown fires while aligning with historical forest 
conditions. 

uĲǃШĦŸŰƚŔĬĲƖċƣŔŸŰƚШŉŸƖШĬĲĦŔƚŔŸŰрůċťĲƖƚШŔŰĦũƨĬĲа 
¶ Scale and Feasibility : While large-scale biomass production is technically possible, near-term 

efforts should prioritize pathways that align with existing infrastructure and offer flexible 
deployment. Small and medium-scale solutions - such as on-site chipping for compost, or 
mobile firewood or biochar units - may offer the best return on investment given logistical 
constraints. 

¶ 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 public-private partnerships and incentive 
mechanisms to attract market participants. 

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

¶ 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 project-site processing 
permits, and exploring carbon finance mechanisms. 

uĲǃШƖĲĦŸůůĲŰĬċƣŔŸŰƚШŉƖŸůШƣőĲШƖĲƓŸƖƣШŔŰĦũƨĬĲа 
¶ Enhance community sort yards  by expanding hours, staffing, and equipment to improve 

biomass throughput. 
¶ Develop supply agreements  with utilizers for pre-processed biomass, improving value and 

market certainty. 
¶ Explore partnerships  for new regional biomass processing facilities, particularly those that 

integrate composting. 
¶ Subsidize transportation  to improve material flow from forest sites to processing facilities. 
¶ Encourage small -scale and on-site processing  to improve cost-efficiency and utilization 

rates. 
¶ Leverage carbon financing  by investing in biomass pathways that generate marketable carbon 

credits (e.g., biochar, bio-oil). 
¶ Support post -fire recovery and community resilience  by linking biomass utilization to wildfire 

risk mitigation, health, and economic strategies. 
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ŉŸƖĲƚƣƖǃШƚŸƖƣШǃċƖĬƚШŔŰШ ĲĬĲƖũċŰĬШċŰĬШ~ĲĲťĲƖШÂċƖťЯШċũŸŰŊШƽŔƣőШƨƖĤċŰШŊƖĲĲŰШƽċƚƣĲШĦŸũũĲĦƣŔŸŰШƣőƖŸƨŊőШ
ìĲƚƣĲƖŰШ?ŔƚƓŸƚċũЯШőċƻĲШƚƨƓƓŸƖƣĲĬШũŸĦċũШůċƣĲƖŔċũШċŊŊƖĲŊċƣŔŸŰШċŰĬШƖĲĬŔƚƣƖŔĤƨƣŔŸŰЮШÑőĲШĦŸƨŰƣǃШőċƚШƓŔũŸƣĲĬШ
ĤŔŸĦőċƖШťŔũŰƚЯШŔŰƚƣċũũĲĬШĤŔŸůċƚƚШĤŸŔũĲƖƚШċƣШŊŸƻĲƖŰůĲŰƣШŉċĦŔũŔƣŔĲƚЯШċŰĬШƓċƖƣŰĲƖĲĬШƽŔƣőШũŸĦċũШĤƨƚŔŰĲƚƚĲƚШƣŸШ
ĬŔƻĲƖƣШƨƖĤċŰШƽŸŸĬШƽċƚƣĲШŔŰƣŸШƓƖŸĬƨĦƣƚШũŔťĲШǯƖĲƽŸŸĬЯШůƨũĦőЯШċŰĬШĦŸůƓŸƚƣЮШÑőĲƚĲШĲǭŸƖƣƚШũċŔĬШċŰШ
ŔůƓŸƖƣċŰƣШŉŸƨŰĬċƣŔŸŰШŉŸƖШůŸƖĲШŔŰƣĲŊƖċƣĲĬШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓũċŰŰŔŰŊЮ 

7ƨŔũĬŔŰŊШŸŰШƣőŔƚШőŔƚƣŸƖǃЯШƣőĲШĦƨƖƖĲŰƣШŔŰŔƣŔċƣŔƻĲШċŔůƚШƣŸШƚĦċũĲШƨƓШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШŔŰШƽċǃƚШƣőċƣШĬĲũŔƻĲƖШ
ĦŸрĤĲŰĲǯƣƚШŉŸƖШĦũŔůċƣĲШůŔƣŔŊċƣŔŸŰЯШŉŸƖĲƚƣШőĲċũƣőЯШƖƨƖċũШĲĦŸŰŸůŔĦШĬĲƻĲũŸƓůĲŰƣЯШċŰĬШƣőĲШĦŔƖĦƨũċƖШ
ĲĦŸŰŸůǃЮШÑőŔƚШƓũċŰШŔƚШƚƨƓƓŸƖƣĲĬШĤǃШċШŉċƻŸƖċĤũĲШƓŸũŔĦǃШũċŰĬƚĦċƓĲЯШŔŰĦũƨĬŔŰŊШ9ŸũŸƖċĬŸШÉĲŰċƣĲШ7ŔũũШΞΞр
ΜΜΤЯШƣőĲШcĲċũƣőǃШ[ŸƖĲƚƣƚШċŰĬШéŔĤƖċŰƣШ9ŸůůƨŰŔƣŔĲƚШ ĦƣЯШċŰĬШŉĲĬĲƖċũШŔŰƻĲƚƣůĲŰƣƚШŉƖŸůШƣőĲШfŰŉƖċƚƣƖƨĦƣƨƖĲШ
fŰƻĲƚƣůĲŰƣШċŰĬШsŸĤƚШ ĦƣЮШxŸĦċũũǃЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШ9ũŔůċƣĲШ ĦƣŔŸŰШÂũċŰШċŰĬШìŔũĬǯƖĲШ~ŔƣŔŊċƣŔŸŰШÉƣƖċƣĲŊǃШ
ĲůƓőċƚŔǍĲШŔŰŰŸƻċƣŔŸŰШŔŰШĦċƖĤŸŰШůċŰċŊĲůĲŰƣШċŰĬШƚƨƚƣċŔŰċĤũĲШůċƣĲƖŔċũƚШƨƚĲЮШÑŸŊĲƣőĲƖЯШƣőĲƚĲШĬƖŔƻĲƖƚШ
őŔŊőũŔŊőƣШċШƣŔůĲũǃШŸƓƓŸƖƣƨŰŔƣǃШŉŸƖШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƣŸШċũŔŊŰШŔƣƚШŉŸƖĲƚƣШůċŰċŊĲůĲŰƣШċŰĬШĦũŔůċƣĲШŊŸċũƚШĤǃШ
ƣƖċŰƚŉŸƖůŔŰŊШƽŸŸĬǃШĤŔŸůċƚƚШŉƖŸůШċШũŔċĤŔũŔƣǃШŔŰƣŸШċШƚƣƖċƣĲŊŔĦШƖĲƚŸƨƖĦĲЮ 

The Report is 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 co-benefits, and final recommendations. 

¶ Executive Summary and Introduction  т These sections frame the purpose and urgency of the 
plan, citing wildfire risk, climate mitigation goals, and state and federal policy support as key 
ůŸƣŔƻċƣŸƖƚЮШÑőĲǃШĲƚƣċĤũŔƚőШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШŔŰƣĲŰƣŔŸŰШƣŸШƨƣŔũŔǍĲШƽŸŸĬǃШĤŔŸůċƚƚШċƚШĤŸƣőШċШ
climate strategy and wildfire mitigation tool. 

¶ Chapter 1: Estimates of Woody Feedstock Availability  т 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 Vegetation Simulator (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 feasibility. 

¶ Chapter 2: Biomass Utilization Pathways and Infrastructure Assessment  т This chapter 
inventories more than 40 wood product facilities within 50 miles of Boulder County and 
evaluates 12 selected biomass utilization pathways using a multi-criteria matrix. Pathways are 
ranked based on factors like climate benefits, economic viability, scalability, and technical 
readiness. Biochar, compost/mulch, and firewood rank highest. The chapter includes detailed 
profiles of each pathway, a life cycle assessment (LCA) of three key pathways, and 
transportation cost estimates for biomass delivery. 
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¶ Chapter 3: Evaluation of Co-Benefits of Fuels Reduction Projects  т 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 species control, and impacts on recreation, tourism, and 
watershed protection. 

¶ Chapter 4: Conclusions and Recommendations  т The report concludes with practical 
recommendations for enhancing biomass utilization in Boulder County. Suggestions include 
expanding sort yard capabilities, developing site-based processing permits, investing in 
transportation subsidies, exploring carbon financing, and leveraging public-private 
partnerships. 

¶ Appendices  т These provide supporting data, facility listings, model assumptions, biomass 
evaluation tables, and modeling methodologies used for avoided wildfire emissions. 

Overall, the report is structured to support data-informed decision-making by combining quantitative 
feedstock analysis, infrastructure assessment, pathway feasibility evaluation, and co-benefit modeling 
- ċũũШċũŔŊŰĲĬШƽŔƣőШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШĦũŔůċƣĲШċŰĬШƖĲƚŔlience goals. 
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9őċƓƣĲƖШΝЮШEƚƣŔůċƣĲƚШŸŉШìŸŸĬǃШ[ĲĲĬƚƣŸĦťШ ƻċŔũċĤŔũŔƣǃШŉŸƖШ
7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰ 
9őċƓƣĲƖШΝШÉƨůůċƖǃ 
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 Plan (7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠ). Reported 
ƖĲůŸƻċũƚШĦċůĲШŉƖŸůШƚŸƨƖĦĲƚШƚƨĦőШċƚШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲЯШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖќƚШ
Urban Forestry and Open Space and Mountain Parks programs, the Longmont and Boulder Valley 
Conservation Districts, and the U.S. Forest 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 year - if 
planned treatments outlined in the CWPP are fully implemented, although this is an optimistic scenario 
based on full treatment of identified priority areas. 

In terms of decision-making, 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 between accessible 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 County while balancing ecological, operational, and economic 
realities. 

9őċƓƣĲƖШΝШfŰƣƖŸĬƨĦƣŔŸŰ 
ÑőŔƚШĦőċƓƣĲƖШċƚƚĲƚƚĲƚШƽŸŸĬǃШĤŔŸůċƚƚШƚƨƓƓũǃШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШ9ŸũŸƖċĬŸЯШŉƖŸůШΞΜΝΤШƣŸШΞΜΞΠЮШfƣШ
ĦŸůĤŔŰĲƚШĬċƣċШŸŰШĤŔŸůċƚƚШƖĲůŸƻċũƚШŉƖŸůШĬŔǭĲƖĲŰƣШŢƨƖŔƚĬŔĦƣŔŸŰƚЯШůŸĬĲũĲĬШƓƖŸŢĲĦƣŔŸŰƚШƨƚŔŰŊШƚƓċƣŔċũШ
ĬċƣċƚĲƣƚШŸŉШŉƨĲũШƣƖĲċƣůĲŰƣШċƖĲċƚЯШċŰĬШŉƨƣƨƖĲШƓƖŸŢĲĦƣŔŸŰƚШŉƖŸůШƣőĲШΞΜΞΠШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШ
ìŔũĬǯƖĲШÂƖŸƣĲĦƣŔŸŰШÂũċŰШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШ7ŔŸůċƚƚШƖĲůŸƻċũƚШƽĲƖĲШĦŸůƓŔũĲĬШŉƖŸůШƓƨĤũŔĦШ
ċŊĲŰĦŔĲƚШċŰĬШŉŸƖĲƚƣƖǃШƓċƖƣŰĲƖƚЯШƽőŔũĲШƣƖĲĲШŔŰƻĲŰƣŸƖǃШƣŸŸũƚЯШċŰĬШċШƻĲŊĲƣċƣŔŸŰШŊƖŸƽƣőШƚŔůƨũċƣŸƖЯШĤċƚĲĬШŸŰШ
ĬŔǭĲƖĲŰƣШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸƚЯШċĦĦŸƨŰƣĲĬШŉŸƖШƨŰƖĲƓŸƖƣĲĬШŸƖШŔŰċĦĦĲƚƚŔĤũĲШĬċƣċЮШÑőĲƚĲШƚŸƨƖĦĲƚШƓƖŸƻŔĬĲШċШ
ĦŸůƓƖĲőĲŰƚŔƻĲШƻŔĲƽШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШċƻċŔũċĤŔũŔƣǃШŉŸƖШƓŸƣĲŰƣŔċũШƨƣŔũŔǍċƣŔŸŰШĲǭŸƖƣƚШŔŰШƣőĲШƖĲŊŔŸŰЮ 

ÅĲƓŸƖƣĲĬШìŸŸĬǃШ7ŔŸůċƚƚШÅĲůŸƻċũƚШŉƖŸůШ9ŸůƓũĲƣĲĬШÂƖŸŢĲĦƣƚ 
ÑőĲШŉŸũũŸƽŔŰŊШƚŸƨƖĦĲƚШŸŉШƖĲƓŸƖƣĲĬШĬċƣċШƽĲƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƖĲůŸƻĲĬШĤŔŸůċƚƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċŰĬШ
ƚƨůůċƖŔǍĲĬШŔŰШÑċĤũĲШΝЮΝШĤĲũŸƽЮШìőĲƖĲШĤŔŸůċƚƚШƽċƚШƖĲƓŸƖƣĲĬШĤǃШƽĲŔŊőƣЯШŔƣШƽċƚШĦŸŰƻĲƖƣĲĬШƣŸШŊƖĲĲŰШƣŸŰƚЮШ
ìőĲƖĲШĤŔŸůċƚƚШƽċƚШƖĲƓŸƖƣĲĬШċƚШƻŸũƨůĲШыĦƨĤŔĦШǃċƖĬƚШŸƖШĦƨĤŔĦШŉĲĲƣьЯШŔƣШƽċƚШĦŸŰƻĲƖƣĲĬШƣŸШŊƖĲĲŰШƣŸŰƚ1Ш
ƨƚŔŰŊШċШůƨũƣŔƓũŔĲƖШŸŉШΡΜШƓŸƨŰĬƚШƓĲƖШĦƨĤŔĦШŉŸŸƣШыìŔŰŰШĲƣШċũЮЯШΞΜΞΜьЮШ9ċũĦƨũċƣŔŸŰƚШċŰĬШƣŸƣċũƚШċƖĲШƚőŸƽŰШŔŰШ
љ7ŸƨũĬĲƖЮ7ŔŸůċƚƚЮÅĲƓŸƖƣĲĬЮéΧдΤдǂũƚǂѠЮƚƓƖĲċĬƚőĲĲƣШċŰĬШũŔƚƣĲĬШŔŰШ ƓƓĲŰĬŔǂШΝЮ Ю 

7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲШрШÑőŔƚШƚŸƨƖĦĲШƓƖŸƻŔĬĲĬШŔŰŉŸƖůċƣŔŸŰШƖĲŊċƖĬŔŰŊШĤŔŸůċƚƚШ
ƖĲůŸƻĲĬШŉƖŸůШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲШы79Â§ÉьШƓƖŸƓĲƖƣŔĲƚШċŰĬШĬĲũŔƻĲƖĲĬШŉƖŸůШƣőĲШ
9ŸůůƨŰŔƣǃШ[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬШы9[ÉòьШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣŔĲƚЯШƚƨĦőШċƚШƣőĲШĤŔŸůċƚƚШ
ĤŸŔũĲƖƚШŔŰƚƣċũũĲĬШċƣШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ§ƓĲŰШÉƓċĦĲШċŰĬШÑƖċŰƚƓŸƖƣċƣŔŸŰШ9ŸůƓũĲǂШċŰĬШƣőĲШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШsċŔũЮШ7ŸƣőШƣǃƓĲƚШŸŉШĬċƣċШƽĲƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШƣŸƣċũШĤŔŸůċƚƚШƚƨƓƓũǃШĲƚƣŔůċƣĲƚШĤƨƣШĦċŰШĤĲШ

 
1ШΞЯΜΜΜШƓŸƨŰĬƚШŰŸƣШċĬŢƨƚƣĲĬШŉŸƖШůŸŔƚƣƨƖĲШĦŸŰƣĲŰƣЮШ 



  Π 

ƚĲƓċƖċƣĲũǃШĬĲƣċŔũĲĬШċŰĬШƚƨůůċƖŔǍĲĬЮШ ĬĬŔƣŔŸŰċũũǃЯШĬċƣċШŉƖŸůШƣƽŸШƚŔŊŰŔǯĦċŰƣШƓƖŸŢĲĦƣƚШĦŸůƓũĲƣĲĬШŔŰШΞΜΞΠШ
ƽĲƖĲШƓƖŸƻŔĬĲĬЯШƽőĲƖĲШƣőĲШĤŔŸůċƚƚШƽċƚШŰŸƣШƖĲůŸƻĲĬШыƚĲĲШÑċĤũĲШΝЮΝШĤĲũŸƽьЮШÉŸƨƖĦĲШĬċƣċШŔƚШũŔƚƣĲĬШŔŰШ
ƓƓĲŰĬŔǂШΝЮ ШċŰĬШĦŸŰƣċŔŰĲĬШŔŰШƣőĲШѢ7ŔŸůċƚƚЮ?ĲũŔƻĲƖŔĲƚЮшЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮÂċƖťƚЮ§ƓĲŰЮÉƓċĦĲдǂũƚǂѢЮ 
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ĤŸƨƣШőċũŉШŸŉШƣőŔƚШůċƣĲƖŔċũШŔƚШƖĲƣċŔŰĲĬШŉŸƖШůƨŰŔĦŔƓċũШũċŰĬƚĦċƓŔŰŊШŸƖШƓƖŸƻŔĬĲĬШŉƖĲĲШƣŸШƖĲƚŔĬĲŰƣƚШŉŸƖШƣőĲŔƖШ
ƨƚĲЯШƽőŔũĲШƣőĲШŸƣőĲƖШőċũŉШŔƚШĦŸůƓŸƚƣĲĬЮШ 

§ƣőĲƖШÂŸƣĲŰƣŔċũШÖƖĤċŰШìŸŸĬǃШ7ŔŸůċƚƚШÉƨƓƓũǃШÉŸƨƖĦĲƚШтШШĬċƣċШƖĲƕƨĲƚƣШƣŸШŸƣőĲƖШůƨŰŔĦŔƓċũŔƣŔĲƚШŔŰШ
7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШŔŰĦũƨĬŔŰŊШxŸƨŔƚƻŔũũĲЯШEƖŔĲЯШċŰĬШxŸŰŊůŸŰƣЯШƖĲƻĲċũĲĬШċŰШċĬĬŔƣŔŸŰċũШΝΝЯΠΜΜШŊƖĲĲŰШƣŸŰƚШŸŉШ
ĤŔŸůċƚƚШċŰŰƨċũũǃШыÑċĤũĲШΝЮΞьЮШ ĤŸƨƣШőċũŉШŔƚШƨƚĲĬШŉŸƖШůƨŰŔĦŔƓċũШũċŰĬƚĦċƓŔŰŊШŸƖШƓƖŸƻŔĬĲĬШƣŸШƖĲƚŔĬĲŰƣƚЯШ
ƽőŔũĲШƣőĲШƖĲƚƣШŔƚШĦŸůƓŸƚƣĲĬЮШ ũƣőŸƨŊőШŔĬĲŰƣŔǯĲĬШċŰĬШĲŰƨůĲƖċƣĲĬЯШƣőŔƚШĤŔŸůċƚƚШƚƨƓƓũǃШŔƚШƖĲƓŸƖƣĲĬШőĲƖĲШ
ĤƨƣШƽċƚШŰŸƣШŔŰĦũƨĬĲĬШŔŰШƣőŔƚШċŰċũǃƚŔƚЮШ 

ÑċĤũĲЮΤдΥдЮÅĲƓŸƖƣĲĬЮċŰŰƨċũЮĤŔŸůċƚƚЮƚƨƓƓũǃЮċŰĬЮƨƣŔũŔǍċƣŔŸŰЮŉŸƖЮxŸƨŔƚƻŔũũĲеЮEƖŔĲеЮċŰĬЮxŸŰŊůŸŰƣЮĦŸůůƨŰŔƣŔĲƚдЮ 
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 A1 for compost via Longmont Waste Services. 
TOTAL  11,400  

 

~ŸĬĲũĲĬШ7ŔŸůċƚƚШÂƖŸĬƨĦƣŔŸŰ 
ШƚƓċƣŔċũШůŸĬĲũŔŰŊШƣĲĦőŰŔƕƨĲШƽċƚШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƖċƣĲƚШŉŸƖШŉƨĲũШƖĲĬƨĦƣŔŸŰШ
ƣƖĲċƣůĲŰƣШċƖĲċƚШƽőĲƖĲШĤŔŸůċƚƚШƖĲůŸƻċũƚШƽĲƖĲШŰŸƣШĬŔƖĲĦƣũǃШůĲċƚƨƖĲĬШċŰĬШƖĲƓŸƖƣĲĬЮШfƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШ
ŰŸƣĲШƣőċƣШƣőŔƚШċŰċũǃƚŔƚШĬŸĲƚШŰŸƣШĲƻċũƨċƣĲШƣőĲШċĦĦĲƚƚŔĤŔũŔƣǃШŸŉШƣőĲШĤŔŸůċƚƚШŉŸƖШƖĲůŸƻċũЯШŔƣƚШƚƨŔƣċĤŔũŔƣǃШŉŸƖШ
ƓƖŸĦĲƚƚŔŰŊЯШŸƖШƣőĲШǯŰċŰĦŔċũШŉĲċƚŔĤŔũŔƣǃШŸŉШƚƨĦőШċĦƣŔƻŔƣŔĲƚЮШÉƓċƣŔċũШĬċƣċƚĲƣƚШĦŸŰƣċŔŰŔŰŊШƓƖŸŢĲĦƣШċƖĲċƚШƽĲƖĲШ
ƚƨƓƓũŔĲĬШĤǃШƓƖŸŢĲĦƣШƓċƖƣŰĲƖƚЯШŔŰĦũƨĬŔŰŊШĬĲƣċŔũƚШŸŉШƣƖĲċƣůĲŰƣШċƖĲċƚШċŰĬШƣƖĲċƣůĲŰƣШǃĲċƖƚШы[ŔŊƨƖĲШΝЮΝьЮШ
ÖũƣŔůċƣĲũǃЯШƣőƖĲĲШĬċƣċƚĲƣƚШƽĲƖĲШƨƣŔũŔǍĲĬЯШĲŰĦŸůƓċƚƚŔŰŊШƣőĲШůŸƚƣШƖĲĦĲŰƣШƣƖĲċƣůĲŰƣƚШƽŔƣőШĦũĲċƖũǃШĬĲǯŰĲĬШ
ĤŸƨŰĬċƖŔĲƚШċŰĬШƣƖĲċƣůĲŰƣШǃĲċƖƚЯШŔŰĦũƨĬŔŰŊЮ 

ÖÉШ[ŸƖĲƚƣШÉĲƖƻŔĦĲШыÖÉ[ÉьШƚƓċƣŔċũШĬċƣċШŉƖŸůШƣőĲШ7ŸƨũĬĲƖШÅċŰŊĲƖШ?ŔƚƣƖŔĦƣЯШċŰĬШƓƨĤũŔĦũǃШċƻċŔũċĤũĲШŸŰũŔŰĲШ
ĲŰƣĲƖƓƖŔƚĲШĬċƣċЮШ 

¶ ÖÉ[ÉШcċǍċƖĬŸƨƚШ[ƨĲũШEŰƣĲƖƓƖŔƚĲШxċǃĲƖШ 
¶ 7ŸƨũĬĲƖШÅċŰŊĲƖШ?ŔƚƣƖŔĦƣШŉƨĲũШƣƖĲċƣůĲŰƣШũċǃĲƖШ 

 

9ŸũŸƖċĬŸШÉƣċƣĲШ[ŸƖĲƚƣШÉĲƖƻŔĦĲШы9É[ÉьШċŊŊƖĲŊċƣĲĬШĬċƣċШŉŸƖШƓƖŔƻċƣĲШċŰĬШŰŸŰрŉĲĬĲƖċũШũċŰĬƚ 

¶ 9ŸũŸƖċĬŸШ[ŸƖĲƚƣШÑƖċĦťĲƖШтШƓƖŔůċƖǃШĬċƣċƚĲƣ 
¶ ]ĲŸÑƖċĦťƚШтШƖĲĦĲŰƣШƓƖŸŢĲĦƣƚШŰŸƣШǃĲƣШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШ[ŸƖĲƚƣШÑƖċĦťĲƖ 

 

§ƓĲŰШÉƓċĦĲШċŰĬШ~ŸƨŰƣċŔŰШÂċƖťƚШы§É~ÂьЯШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖ 

¶ ΝΜрǃĲċƖШĦŸůƓũĲƣĲĬШƣőŔŰŰŔŰŊШƣƖĲċƣůĲŰƣƚ 



  Σ 

 

§ƣőĲƖШĬċƣċƚĲƣƚЯШƚƨĦőШċƚШƣőŸƚĲШŉƖŸůШƣőĲШ9ŸũŸƖċĬŸШ[ŸƖĲƚƣШÅĲƚƣŸƖċƣŔŸŰШfŰƚƣŔƣƨƣĲЯШìċƣĲƖƚőĲĬШ9ĲŰƣĲƖЯШċŰĬШ
7ŸƨũĬĲƖШìċƣĲƖƚőĲĬШ9ŸũũĲĦƣŔƻĲЯШƽĲƖĲШƖĲƻŔĲƽĲĬШĤƨƣШŰŸƣШƨƚĲĬШĤĲĦċƨƚĲШƣőĲǃШƽĲƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШ9ŸũŸƖċĬŸШ
[ŸƖĲƚƣШÑƖċĦťĲƖШĬċƣċƚĲƣЮШ79Â§ÉШƚƓċƣŔċũШĬċƣċШƽĲƖĲШċũƚŸШĲǂĦũƨĬĲĬШĬƨĲШƣŸШċƻċŔũċĤũĲШƖĲƓŸƖƣĲĬШƖĲůŸƻċũШĬċƣċЮ 

 
[ŔŊƨƖĲЮΤдΤдЮ~ċƓЮƚőŸƽŔŰŊЮƚƓċƣŔċũЮĬċƣċƚĲƣƚЮƨƚĲĬЮƣŸЮůŸĬĲũЮĤŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃдЮ ŸƣĲжЮÑőĲЮĤũċĦťЮ
ŸƨƣũŔŰĲЮŔƚЮƣőĲЮ9ŸƨŰƣǃЮĤŸƨŰĬċƖǃзЮƓƖŸŢĲĦƣЮċƖĲċƚЮŸƨƣƚŔĬĲЮŸŉЮƣőĲЮĦŸƨŰƣǃЮƽĲƖĲЮŰŸƣЮŔŰĦũƨĬĲĬЮŔŰЮƣőŔƚЮċŰċũǃƚŔƚдЮ 
 

~ŸĬĲũŔŰŊШ ƓƓƖŸċĦő 
ÉƓċƣŔċũШŸƻĲƖũċƓШƽċƚШƖĲůŸƻĲĬШŔŰШƣőĲШĬċƣċƚĲƣƚШƨƚĲĬШŔŰШƣőĲШůŸĬĲũШƣŸШċƻŸŔĬШĬŸƨĤũĲрĦŸƨŰƣŔŰŊЯШƽŔƣőШƣőĲШ9É[ÉШ
[ŸƖĲƚƣШÑƖċĦťĲƖШĬċƣċƚĲƣШĤĲŔŰŊШƨƚĲĬШċƚШƣőĲШƓƖŔůċƖǃШĬċƣċƚĲƣШƽőĲƖĲШƣőĲƖĲШƽċƚШŸƻĲƖũċƓЮШÑƖĲĲ~ċƓЯШċШƣƖĲĲрũĲƻĲũШ
ůŸĬĲũШŸŉШƣőĲШŉŸƖĲƚƣƚШŸŉШƣőĲШĦŸŰƣĲƖůŔŰŸƨƚШÖŰŔƣĲĬШÉƣċƣĲƚШыÅŔũĲǃШĲƣШċũЮЯШΞΜΞΝьЯШƽċƚШƣőĲŰШƨƚĲĬШƣŸШĬĲƻĲũŸƓШċŰШ
ŔůƓƨƣĲĬШƣƖĲĲШŔŰƻĲŰƣŸƖǃШŉŸƖШƣőĲШƣƖĲċƣůĲŰƣШċƖĲċƚЮШÉĲƻĲƖċũШƣƖĲċƣůĲŰƣШƓƖĲƚĦƖŔƓƣŔŸŰƚШƽĲƖĲШċƓƓũŔĲĬШƣŸШƣőĲШ
ƣƖĲĲрũĲƻĲũШĬċƣċШŔŰШƣőĲШ[ŸƖĲƚƣШéĲŊĲƣċƣŔŸŰШÉŔůƨũċƣŸƖШы[éÉбШ?ŔǂŸŰЯШΞΜΞΡьЮ2ШÑőĲШƣƖĲċƣůĲŰƣШƓƖĲƚĦƖŔƓƣŔŸŰƚШċƖĲа 

ÑƽŸШůŸĬĲũШƖƨŰƚШƽĲƖĲШĦƖĲċƣĲĬШŉŸƖШƓŸŰĬĲƖŸƚċрƓŔŰĲШĬŸůŔŰċŰƣШƚƣċŰĬƚ 

ΝЮ ÑőŔŰШŉƖŸůШĤĲũŸƽШƓƖĲƚĦƖŔƓƣŔŸŰШƽŔƣőШċШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШŸŉШΟΜШŉƣΞоċĦƖĲШтШƣőŔƚШƓƖĲƚĦƖŔƓƣŔŸŰШƽŸƨũĬШ
ũĲċƻĲШċƓƓƖŸǂŔůċƣĲũǃШΟΜШŸŉШƣőĲШũċƖŊĲƚƣШƣƖĲĲƚоċĦƖĲШƽŔƣőŔŰШċШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣШƣǃƓĲШċƚƚƨůŔŰŊШ
ċƻĲƖċŊĲШĤċƚċũШċƖĲċоƣƖĲĲШƽċƚШΝŉƣΞЮШ 

 
2Ш[ŸƖĲƚƣШéĲŊĲƣċƣŔŸŰШÉŔůƨũċƣŸƖШŔƚШċШŉŸƖĲƚƣШŊƖŸƽƣőШƚŔůƨũċƣŸƖШůŸĬĲũШƣőċƣШƚŔůƨũċƣĲƚШŉŸƖĲƚƣШƻĲŊĲƣċƣŔŸŰШĦőċŰŊĲШŸƻĲƖШƣŔůĲШ
ŔŰШƖĲƚƓŸŰƚĲШƣŸШŰċƣƨƖċũШƚƨĦĦĲƚƚŔŸŰЯШĬŔƚƣƨƖĤċŰĦĲƚШċŰĬШůċŰċŊĲůĲŰƣЮШőƣƣƓƚаооƽƽƽЮŉƚЮƨƚĬċЮŊŸƻоůċŰċŊŔŰŊр
ũċŰĬоŉŸƖĲƚƣрůċŰċŊĲůĲŰƣоŉƻƚШ 

https://www.fs.usda.gov/managing-land/forest-management/fvs
https://www.fs.usda.gov/managing-land/forest-management/fvs


  Τ 

ΞЮ ÑőŔŰШŉƖŸůШĤĲũŸƽШƓƖĲƚĦƖŔƓƣŔŸŰШƽŔƣőШċШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШŸŉШΣΜШŉƣΞоċĦƖĲШрШƣőŔƚШƓƖĲƚĦƖŔƓƣŔŸŰШƽŸƨũĬШ
ũĲċƻĲШċƓƓƖŸǂŔůċƣĲũǃШΣΜШŸŉШƣőĲШũċƖŊĲƚƣШƣƖĲĲƚоċĦƖĲШƽŔƣőŔŰШċШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣШƣǃƓĲШċƚƚƨůŔŰŊШ
ċƻĲƖċŊĲШĤċƚċũШċƖĲċоƣƖĲĲШƽċƚШΝŉƣΞЮ 

 

fŰШĤŸƣőШůŸĬĲũШƖƨŰƚЯШċũũШũŸĬŊĲƓŸũĲШƓŔŰĲШƽċƚШƖĲůŸƻĲĬШŔŰШũŸĬŊĲƓŸũĲШŉŸƖĲƚƣШƣǃƓĲШƚƣċŰĬƚЮШ ŸŰрũŸĬŊĲƓŸũĲШ
ƚƓĲĦŔĲƚШƽĲƖĲШũĲŉƣШċƚШƚƣċŰĬŔŰŊШƖĲƚŔĬƨċũЮШ[ŸƖШƣőĲШ§É~ÂШĬċƣċƚĲƣШƚƓĲĦŔǯĦċũũǃЯШƣőĲШƖĲƚŔĬƨċũШƚƣċŰĬШĤċƚċũШċƖĲċШ
ƽċƚШƚĲƣШƣŸШΤΜШŉƣΞШĤċƚĲĬШŸŰШƣőĲШċƻĲƖċŊĲШŸŉШƣőĲШƓƖĲƚĦƖŔƓƣŔŸŰƚШƓƖŸƻŔĬĲĬШŔŰШƣőĲШƖĲƓŸƖƣĲĬШĬċƣċЮШ 

[éÉШƽċƚШƨƚĲĬШƣŸШůŸĬĲũШƣƖĲĲШŊƖŸƽƣőШċŰĬШƣƖĲċƣůĲŰƣƚШŔŰШǯƻĲрǃĲċƖШƣŔůĲƚƣĲƓƚЮШÑƖĲĲ~ċƓШŔƚШĤċƚĲĬШŸŰШΞΜΝΣШ
ĬċƣċЯШċŰĬШƣőĲƖĲŉŸƖĲШΞΜΝΣШƽċƚШƨƚĲĬШċƚШƣőĲШŔŰŔƣŔċũШŔŰƻĲŰƣŸƖǃШǃĲċƖЮШÑőĲШǯƖƚƣШƣƖĲċƣůĲŰƣШǃĲċƖШůŸĬĲũĲĬШŔŰШ[éÉШ
ƽċƚШΞΜΝΤЮШÑőĲШΞΜΝΤШƣƖĲċƣůĲŰƣШƣŔůĲƚƣċůƓШƖĲƓƖĲƚĲŰƣƚШƣƖĲċƣůĲŰƣƚШŔŰШƣőĲШǯƖƚƣШǯƻĲШǃĲċƖƚШыΞΜΝΤрΞΜΞΝьЮШÑőĲШ
ΞΜΞΞШƣŔůĲƚƣċůƓШƖĲƓƖĲƚĲŰƣƚШƣƖĲċƣůĲŰƣƚШŔŰШΞΜΞΞШċŰĬШĤĲǃŸŰĬШΞΜΞΟоΞΜΞΠЮШ 

[éÉШŸƨƣƓƨƣƚШŔŰĦũƨĬĲШƣŸƣċũШĤŔŸůċƚƚШƓƖŸĬƨĦĲĬЯШůĲƖĦőċŰƣċĤũĲШĤŔŸůċƚƚШƓƖŸĬƨĦĲĬЯ3ШƚũċƚőШыŔЮĲЮШƣőĲШ
ĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣŸƣċũШċŰĬШůĲƖĦőċŰƣċĤũĲьЯШċŰĬШƚċũƻċŊĲШыĬĲċĬьШĤŔŸůċƚƚШƓƖŸĬƨĦĲĬЮШ ШƚƨůůċƖǃШŸŉШ
ĤŔŸůċƚƚШƣŸƣċũƚШĤǃШŸƽŰĲƖƚőŔƓШċŰĬШĤŔŸůċƚƚШƣǃƓĲШŔƚШƓƖŸƻŔĬĲĬШŔŰШÑċĤũĲШΝЮΟШċŰĬШÑċĤũĲШΝЮΠЮШ ũũШƨŰŔƣƚШƽĲƖĲШ
ƖĲƓŸƖƣĲĬШŔŰШŊƖĲĲŰШƣŸŰƚЮ 

ÑċĤũĲЮΤдΦдЮ~ŸĬĲũĲĬЮĤŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮƽŔƣőЮƣőĲЮΦΣЮŉƣΥЮƖĲƚŔĬƨċũЮĤċƚċũЮċƖĲċЮё7 ђЮƓƖĲƚĦƖŔƓƣŔŸŰЮŉŸƖЮ
ƓŸŰĬĲƖŸƚċцĬŸůŔŰċŰƣЮůŔǂĲĬЮĦŸŰŔŉĲƖеЮΪΣЮŉƣΥЮƖĲƚŔĬƨċũЮĤċƚċũЮċƖĲċЮё7 ђЮƓƖĲƚĦƖŔƓƣŔŸŰЮŉŸƖЮ§É~ÂЮũċŰĬƚеЮċŰĬЮũŸĬŊĲƓŸũĲЮ
ƖĲůŸƻċũЮŉŸƖЮũŸĬŊĲƓŸũĲцƣǃƓĲЮƚƣċŰĬƚЮċƚЮĬĲƚĦƖŔĤĲĬЮċĤŸƻĲдЮÖŰŔƣƚЮŔŰЮŊƖĲĲŰЮƣŸŰƚЮŸŉЮĤŔŸůċƚƚд 

ШШ 

ÑŸƣċũ 
ы~ĲƖĦőċŰƣċĤũĲШҼШÉũċƚőь 

~ĲƖĦőċŰƣċĤũĲ Éũċƚő 
ÉċũƻċŊĲ 
ШыĬĲċĬь 

9É[ÉШ ŊŊƖĲŊċƣĲĬ ΥΟЯΜΝΝ ΣΤЯΜΞΡ ΝΡЯΦΥΣ ΝΞЯΝΝΠ 

ΞΜΝΤ ΡΜЯΥΠΝ ΠΝЯΠΦΜ ΦЯΟΡΝ ΥЯΣΠΠ 

ΞΜΞΞ ΟΞЯΝΤΜ ΞΡЯΡΟΣ ΣЯΣΟΡ ΟЯΠΤΜ 

§É~Â ΝΝЯΟΟΞ ΣЯΣΠΠ ΠЯΣΥΥ ΝЯΞΥΥ 

ΞΜΝΤ ΠЯΟΡΞ ΞЯΜΥΝ ΞЯΞΤΝ ΡΟΠ 

ΞΜΞΞ ΣЯΦΥΜ ΠЯΡΣΟ ΞЯΠΝΥ ΤΡΠ 

ÖÉ[É ΝΠΜЯΠΜΝ ΝΝΞЯΟΜΥ ΞΥЯΜΦΟ ΝΦЯΦΡΦ 

ΞΜΝΤ ΦΞЯΡΠΟ ΤΠЯΞΤΝ ΝΥЯΞΤΞ ΝΞЯΣΝΠ 

ΞΜΞΞ ΠΤЯΥΡΥ ΟΥЯΜΟΤ ΦЯΥΞΝ ΤЯΟΠΡ 

]ƖċŰĬШÑŸƣċũ ΞΟΠЯΤΠΠ ΝΥΡЯΦΤΤ ΠΥЯΤΣΤ ΟΟЯΟΣΝ 

ŰŰƨċũШċƻŊШыΤШǃƖƚь ΟΟЯΡΟΡ ΞΣЯΡΣΥ ΣЯΦΣΤ ΠЯΤΣΣ 
Ш 

 
 
 
 
 
 
 
 
 
 
 

 
3Ш~ĲƖĦőċŰƣċĤũĲШĤŔŸůċƚƚШŔƚШĬĲǯŰĲĬШċƚШũŸŊƚШŊƖĲċƣĲƖШƣőċŰШΡњШŔŰШċШĬŔċůĲƣĲƖШŉƖŸůШƣőĲШΝрŉŸŸƣШőŔŊőШƚƣƨůƓШƣŸШċШΠњШƣŸƓЮШÑőĲШ
ƖĲƚƣШыũŔůĤƚЯШƣŸƓƚЯШƚůċũũШƣƖĲĲƚьШŔƚШƓċƖƣШŸŉШƣőĲШƚũċƚőШĤŔŸůċƚƚШƓŸŸũЮШ 



  Υ 

ÑċĤũĲЮΤдΧдЮ~ŸĬĲũĲĬЮĤŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮƽŔƣőЮƣőĲЮΩΣЮŉƣΥЮƖĲƚŔĬƨċũЮ7 ЮƓƖĲƚĦƖŔƓƣŔŸŰЮċŰĬЮΪΣЮŉƣΥЮ
ƖĲƚŔĬƨċũЮĤċƚċũЮċƖĲċЮё7 ђЮƓƖĲƚĦƖŔƓƣŔŸŰЮŉŸƖЮ§É~ÂЮũċŰĬƚеЮċŰĬЮũŸĬŊĲƓŸũĲЮƖĲůŸƻċũЮŉŸƖЮũŸĬŊĲƓŸũĲцƣǃƓĲЮƚƣċŰĬƚдЮÖŰŔƣƚЮŔŰЮ
ŊƖĲĲŰЮƣŸŰƚд 

ШШ 

ÑŸƣċũ 
ы~ĲƖĦőċŰƣċĤũĲШҼШÉũċƚőь ~ĲƖĦőċŰƣċĤũĲ Éũċƚő 

ÉċũƻċŊĲ 
ШыĬĲċĬь 

9[9ÉШ ŊŊƖĲŊċƣĲĬ ΡΣЯΡΟΟ ΠΠЯΜΡΟ ΝΞЯΠΥΜ ΝΞЯΝΝΠ 

ΞΜΝΤ ΟΟЯΤΞΦ ΞΣЯΡΦΤ ΤЯΝΟΞ ΥЯΣΠΠ 

ΞΜΞΞ ΞΞЯΥΜΠ ΝΤЯΠΡΣ ΡЯΟΠΥ ΟЯΠΤΜ 

§É~Â ΝΝЯΟΟΞ ΣЯΣΠΠ ΠЯΣΥΥ ΝЯΞΥΥ 

ΞΜΝΤ ΠЯΟΡΞ ΞЯΜΥΝ ΞЯΞΤΝ ΡΟΠ 

ΞΜΞΞ ΣЯΦΥΜ ΠЯΡΣΟ ΞЯΠΝΥ ΤΡΠ 

ÖÉ[É ΥΦЯΡΞΠ ΣΥЯΣΠΡ ΞΜЯΥΤΦ ΝΦЯΦΡΦ 

ΞΜΝΤ ΡΤЯΝΟΥ ΠΟЯΦΜΣ ΝΟЯΞΟΞ ΝΞЯΣΝΠ 

ΞΜΞΞ ΟΞЯΟΥΣ ΞΠЯΤΟΦ ΤЯΣΠΤ ΤЯΟΠΡ 

]ƖċŰĬШÑŸƣċũ ΝΡΤЯΟΥΦ ΝΝΦЯΟΠΞ ΟΥЯΜΠΤ ΟΟЯΟΣΝ 

ŰŰƨċũЮċƻŊЮёΪЮǃƖƚђ ΥΥеΧΫΧ ΤΪеΣΧά ΨеΧΦΨ ΧеΪΩΩ 

 

9ŸůĤŔŰĲĬШÅĲƓŸƖƣĲĬШċŰĬШ~ŸĬĲũĲĬШ7ŔŸůċƚƚШÂƖŸĬƨĦƣŔŸŰШÅĲƚƨũƣƚ 
ÑőĲШůŸĬĲũĲĬШċŰĬШƖĲƓŸƖƣĲĬШĤŔŸůċƚƚШƖĲůŸƻċũƚШƽĲƖĲШĦŸůĤŔŰĲĬШƣŸШĲƚƣŔůċƣĲШƣőĲШŸƻĲƖċũũШĤŔŸůċƚƚШƚƨƓƓũǃШŔŰШ
7ŸƨũĬĲƖШ9ŸƨŰƣǃШƨƚŔŰŊШƣőĲШѣÅǂаΟΜШ7 ШÅĲƚŔĬƨċũѣШůŸĬĲũШƖƨŰШыÑċĤũĲШΝЮΡьЮШÑőĲШƖĲƓŸƖƣĲĬШĤŔŸůċƚƚШĲƚƣŔůċƣĲƚШ
ƽĲƖĲШŔŰĦũƨĬĲĬШŉŸƖШ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЯШÖƖĤċŰЯШċŰĬШ9ŸŰƚĲƖƻċƣŔŸŰЮ?ŔƚƣƖŔĦƣЮШ~ŸĬĲũĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƽċƚШ
ĲƚƣŔůċƣĲĬШŉŸƖШ9É[ÉЮ ŊŊƖĲŊċƣĲĬЯШ§É~ÂЯШċŰĬШÖÉ[ÉШыÑċĤũĲШΝЮΡьЮШ 

~ŸĬĲũĲĬШƖĲƚƨũƣƚШƽĲƖĲШƨƚĲĬШŉŸƖШ§É~ÂШċŰĬШÖÉ[ÉЯШċƚШůŸƚƣШÖÉ[ÉШƣƖĲċƣůĲŰƣƚШƨƚĲШůċƚƣŔĦċƣŔŸŰШŸƖШƓŔũĲШ
ĤƨƖŰŔŰŊШƖċƣőĲƖШƣőċŰШĤŔŸůċƚƚШƖĲůŸƻċũЮШ~ŸĬĲũĲĬШŸƨƣĦŸůĲƚШĤĲƣƣĲƖШƖĲǰĲĦƣĲĬШƣŸƣċũШƽŸŸĬǃШĤŔŸůċƚƚШ
ƓƖŸĬƨĦĲĬШŉŸƖШƣőĲƚĲШŸƽŰĲƖƚőŔƓƚЮШ[ŸƖШ§É~ÂШƓƖŸŢĲĦƣƚЯШƣƖĲĲƚШƨŰĬĲƖШΣШŔŰĦőĲƚШŔŰШĬŔċůĲƣĲƖШċƖĲШĦőŔƓƓĲĬШċŰĬШ
ƚƓƖĲċĬШŸŰШƚŔƣĲШċŰĬШĲǂĦũƨĬĲĬШŉƖŸůШƖĲůŸƻĲĬШĬċƣċЮШÑőĲƚĲШƚůċũũĲƖШƣƖĲĲƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШŔŰШƣőĲШ§É~ÂШ
ůŸĬĲũĲĬШƖĲƚƨũƣƚШċƚШċШƓŸƣĲŰƣŔċũШĤŔŸůċƚƚШƚŸƨƖĦĲШŉŸƖШƨƣŔũŔǍċƣŔŸŰЮШ 

ÑċĤũĲЮΤдΨдЮ9ŸůĤŔŰĲĬЮƖĲƓŸƖƣĲĬЮċŰĬЮůŸĬĲũĲĬЮĤŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃдЮ~ŸĬĲũĲĬЮĬċƣċĤċƚĲЮǃĲċƖЮƽċƚЮ
ΥΣΤΪеЮċŰĬЮƣőĲЮƖĲƓŸƖƣĲĬЮĬċƣċЮƽċƚЮŉŸƖЮΥΣΤάЮцЮΥΣΥΧдЮ ŸƣĲЮƣőċƣЮƣőĲЮΥΣΥΧЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮƻċũƨĲЮŔŰЮƣőĲЮƣċĤũĲЮƽċƚЮ
ƖĲƓŸƖƣĲĬЮĤƨƣЮŰŸƣЮƖĲůŸƻĲĬЮĤŔŸůċƚƚд 

Year 

REPORTED MODELED (30 BA Residual) 

Total 
Biomass 

Boulder 
County  
(P&OS) 

Urban 
(City of 

Boulder) 

Conservation 
District 

Reported 
Subtotal 

CSFS 
Aggregated 

OSMP  
(City of 

Boulder) 
USFS Modeled 

Subtotal 

2019 1,368 5,985  7,353 

50,841 4,352 92,543 147,736  2020 668   668 

2021 11,163 11,198  22,361 

2022 1,380 4,705  6,085 

32,170 6,980 47,858 87,008  2023 2,161 5,927 4,298 12,386 

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 
Average 

3,686 6,498 5,839 16,023 13,835 1,889 23,400 39,124 55,147 



  Φ 

 ŸƣċĤũǃЯШĤũƨĲШőŔŊőũŔŊőƣĲĬШĦŸũƨůŰƚШŔŰШÑċĤũĲШΝЮΡШƖĲƓƖĲƚĲŰƣШƽŸŸĬǃШĤŔŸůċƚƚШƣőċƣШƽċƚШƖĲůŸƻĲĬШŉƖŸůШƓƖŸŢĲĦƣШ
ƚŔƣĲƚШƽőŔũĲШƣőĲШŊƖĲĲŰШőŔŊőũŔŊőƣĲĬШĦŸũƨůŰƚШƖĲƓƖĲƚĲŰƣШĤŔŸůċƚƚШƣőċƣШƽċƚШƓƖŸĬƨĦĲĬШĤƨƣШŰŸƣШŰĲĦĲƚƚċƖŔũǃШ
ƖĲůŸƻĲĬЮШÑőĲШƓƖŸŢĲĦƣШċƖĲċƚШŉŸƖШŊƖĲĲŰШċŰĬШĤũƨĲШőŔŊőũŔŊőƣĲĬШĦŸũƨůŰƚШŔŰШÑċĤũĲШΝЮΡШċƖĲШŰŸƣШŸƻĲƖũċƓƓŔŰŊЮШ
~ŸƚƣШŸŉШƣőĲШĤŔŸůċƚƚШƓƖŸĬƨĦĲĬШŔŰШċƖĲċƚШůŸĬĲũĲĬШċƖĲШĦƨƖƖĲŰƣũǃШĤƨƖŰĲĬШŸƖШƚƓƖĲċĬШŸŰрƚŔƣĲЮШ ŸƣĲШƣőċƣШŔŰШ
ÑċĤũĲШΝЮΝЯШƣőĲШÖÉШ[ŸƖĲƚƣШÉĲƖƻŔĦĲШŸŰũǃШƖĲůŸƻĲĬШċƖŸƨŰĬШΟЯΜΜΜШŊƖĲĲŰШƣŸŰƚШŸƻĲƖШƚŔǂШǃĲċƖƚЯШƽőŔũĲШÑċĤũĲШΝЮΟШ
ċŰĬШÑċĤũĲШΝЮΡШƚőŸƽШċŰШĲƚƣŔůċƣĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŸŉШċƖŸƨŰĬШΝΠΜЯΠΜΜШŊƖĲĲŰШƣŸŰƚШŸƻĲƖШƣőċƣШƣŔůĲШ
ƓĲƖŔŸĬЮ 

EƚƣŔůċƣĲƚШŸŉШ[ƨƣƨƖĲШ7ŔŸůċƚƚШ ƻċŔũċĤŔũŔƣǃ 

ΞΜΞΠШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШìŔũĬǯƖĲШÂƖŸƣĲĦƣŔŸŰШÂũċŰШEƚƣŔůċƣĲƚ 
[ƨƣƨƖĲШƓŸƣĲŰƣŔċũШĤŔŸůċƚƚШƖĲůŸƻċũƚШƽĲƖĲШĲƚƣŔůċƣĲĬШŉƖŸůШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂШыΞΜΞΠьШƨƚŔŰŊШƣőĲШ
ċŰƣŔĦŔƓċƣĲĬШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚШĬĲũŔŰĲċƣĲĬШŔŰШ ƓƓĲŰĬŔǂШsШŸŉШƣőċƣШĬŸĦƨůĲŰƣЯШċƚШƽĲũũШċƚШƣőĲШÂƖŔŸƖŔƣǃЮ
ƖĲċƚЮŸŉЮ ĦƣŔŸŰШċŰĬШ[ŔƖĲƚőĲĬЮ[ŸĦƨƚЮ ƖĲċƚШċƚШĬĲũŔŰĲċƣĲĬШŔŰШ[ŔŊƨƖĲƚШΠЮΠШċŰĬШΠЮΡШŸŉШƣőĲШ9ìÂÂЮШ ƓƓĲŰĬŔǂШsШ

ŸŉШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂШыΞΜΞΠьШĬĲƣċŔũĲĬШĲǂƓĲĦƣĲĬШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚШċŰĬШċĦƖĲċŊĲƚШĤǃШ
ĲŰƣŔƣǃШƽŔƣőŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШŔŰĦũƨĬŔŰŊШůƨŰŔĦŔƓċũŔƣŔĲƚЯШċŊĲŰĦŔĲƚЯШ ]§ƚЯШċŰĬШ[ŔƖĲШÂƖŸƣĲĦƣŔŸŰШ?ŔƚƣƖŔĦƣƚШ
ы[Â?ьЮШÖƚŔŰŊШƣőĲШƣŸƣċũШĤŔŸůċƚƚШƻŸũƨůĲШƓƖŸĬƨĦĲĬШŉƖŸůШƣőĲШΟΜШŉƣЕШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШы7 ьШůŸĬĲũШƖƨŰЯШċŰШ
ċƻĲƖċŊĲШƓƖŸĬƨĦƣŔŸŰШƖċƣĲШŸŉШΟΡЮΞШŊƖĲĲŰШƣŸŰƚШƓĲƖШċĦƖĲШƽċƚШĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШċŊŊƖĲŊċƣĲĬШĬċƣċШŉƖŸůШƣőĲШ
9ŸũŸƖċĬŸШÉƣċƣĲШ[ŸƖĲƚƣШÉĲƖƻŔĦĲШы9É[ÉбШ9ŸũŸƖċĬŸШ[ŸƖĲƚƣШÑƖċĦťĲƖШċŰĬШ]ĲŸÑƖċĦťьЮШ7ŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШ
ĲƚƣŔůċƣĲƚШƽĲƖĲШĦċũĦƨũċƣĲĬШŉŸƖШĲċĦőШċŰƣŔĦŔƓċƣĲĬШƓƖŸŢĲĦƣШċŰĬШƣőĲŰШċŊŊƖĲŊċƣĲĬШċĦƖŸƚƚШŸƖŊċŰŔǍċƣŔŸŰƚЯШċƚШ
ĬĲƣċŔũĲĬШŔŰШÑċĤũĲШΝЮΣЮШÉĲĲШ7ŸƨũĬĲƖЮ7ŔŸЮEƚƣŔůċƣĲƚЮшЮƓƓĲŰĬŔǂЮsЮΥΣΥΧдΤΥдΤΩдǂũƚǂЮŉŸƖШƚƓĲĦŔǯĦƚЮШ 

ÑċĤũĲЮΤдΩдЮ7ŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮĲƚƣŔůċƣĲƚЮŉŸƖЮƣőĲЮƓũċŰŰĲĬЮƣƖĲċƣůĲŰƣƚЮŔŰЮ ƓƓĲŰĬŔǂЮsЮŸŉЮƣőĲЮΥΣΥΧЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮ
9ŸůůƨŰŔƣǃЮìŔũĬǯƖĲЮÂƖŸƣĲĦƣŔŸŰЮÂũċŰдЮ7ŔŸůċƚƚЮƨŰŔƣƚЮċƖĲЮŔŰЮŊƖĲĲŰЮƣŸŰƚдЮ7ŔŸůċƚƚЮĦċũĦƨũċƣĲĬЮƨƚŔŰŊЮΦΨдΥЮŊƖĲĲŰЮƣŸŰƚЮ
ƓĲƖЮċĦƖĲЮĤċƚĲĬЮŸŰЮƣőĲЮċƻĲƖċŊĲЮŉŸƖЮƣőĲЮ9É[ÉЮċŊŊƖĲŊċƣĲĬЮĬċƣċеЮƣŸƣċũЮƻŸũƨůĲЮƖĲůŸƻĲĬеЮƖĲƚŔĬƨċũЮĤċƚċũЮċƖĲċЮΦΣЮŉƣΥЮƖƨŰд 

§ƖŊċŰŔǍċƣŔŸŰ 
ƓƓƖŸǂŔůċƣĲШÑŸƣċũШ

ĦƖĲċŊĲ 
7ŔŸůċƚƚШÂƖŸĬƨĦƣŔŸŰШ

EƚƣŔůċƣĲ 

ÖÉ[ÉШ7Å? ΝΦЯΤΡΜ ΣΦΡЯΞΜΜ 

7ì9 ΣЯΜΜΜ ΞΝΝЯΞΜΜ 

xŸŰŊůŸŰƣШы7ƨƣƣŸŰШÅŸĦťь ΟЯΜΜΜ ΝΜΡЯΣΜΜ 

7éx9? ΞЯΥΠΦ ΝΜΜЯΞΥΡ 

79Â§É ΝЯΤΣΤ ΣΞЯΞΜΡ 

9É[É ΥΞΜ ΞΥЯΥΣΠ 

 ĲĬĲƖũċŰĬШ[Â? ΤΥΡ ΞΤЯΣΟΞ 

Ñì9 ΣΠΜ ΞΞЯΡΞΥ 

xĲŉƣőċŰĬШ[Â? ΡΟΠ ΝΥЯΤΦΤ 

ÉƨŊċƖũŸċŉШ[Â? ΟΠΡ ΝΞЯΝΠΠ 

7ŸƨũĬĲƖШ~ŸƨŰƣċŔŰШ[?Â ΟΞΤ ΝΝЯΡΝΜ 

ÑŔůĤĲƖũŔŰĲШ[Â? ΟΜΜ ΝΜЯΡΣΜ 

[ŸƨƖůŔũĲШ[Â? ΞΠΦ ΥЯΤΣΡ 

7ŸƨũĬĲƖШÅƨƖċũШ[Â? ΝΠΝ ΠЯΦΣΟ 

Ñ§Ñ x ΠΜЯΟΜΤ ΝЯΟΞΜЯΞΡΟ 

 



  ΝΜ 

9ìÂÂШÂƖŔŸƖŔƣǃШ ƖĲċƚШċŰĬШÂũċŰŰĲĬШÑƖĲċƣůĲŰƣШ7ŔŸůċƚƚШEƚƣŔůċƣĲƚ 
fŰШċĬĬŔƣŔŸŰШƣŸШĤŔŸůċƚƚШċƻċŔũċĤŔũŔƣǃШĲƚƣŔůċƣĲƚШĬĲƖŔƻĲĬШŉƖŸůШƣőĲШ ƓƓĲŰĬŔǂШsШыŉƖŸůШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШ
ΞΜΞΠьШƓũċŰŰĲĬШƓƖŸŢĲĦƣƚЯШċĬĬŔƣŔŸŰċũШůŸĬĲũŔŰŊШƽċƚШĦŸůƓũĲƣĲĬШƣŸШċƚƚĲƚƚШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƨŰĬĲƖШ
ĬŔǭĲƖĲŰƣШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸƚШŉŸƖШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂШыΞΜΞΠьШƓƖŔŸƖŔƣǃШċƖĲċƚШċŰĬШ§É~ÂШƓũċŰŰĲĬШ
ƣƖĲċƣůĲŰƣШċƖĲċƚЮШÑőĲШƓƖŔŸƖŔƣǃШċƖĲċƚШċƖĲШĬĲǯŰĲĬШŔŰШ[ŔŊƨƖĲƚШΠЮΠШċŰĬШΠЮΡШŸŉШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂШ
ыΞΜΞΠьШŔŰШƣőĲШ9ŸƨŰƣǃƽŔĬĲЮÂƖŔŸƖŔƣǃЮÑƖĲċƣůĲŰƣЮ ƖĲċƚЮŉŸƖЮ ĦƣŔŸŰШċŰĬШ[ŔƖĲƚőĲĬЮ[ŸĦƨƚЮ ƖĲċƚШƚĲĦƣŔŸŰƚЮШ§É~ÂШ
ƓũċŰŰĲĬШƣƖĲċƣůĲŰƣШċƖĲċƚШƽĲƖĲШƓƖŸƻŔĬĲĬШĤǃШ§É~ÂШƚƣċǭЮШ 

§ŰĲШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸШƽċƚШċƓƓũŔĲĬШƣŸШ§É~ÂШƓũċŰŰĲĬШƣƖĲċƣůĲŰƣƚЯШċŰĬШƣƽŸШĬŔǭĲƖĲŰƣШƣƖĲċƣůĲŰƣШ
ƚĦĲŰċƖŔŸƚШƽĲƖĲШƨƚĲĬШŉŸƖШ9ìÂÂШƓƖŔŸƖŔƣǃШċƖĲċƚШтШċШΟΜШŉƣЕШƖĲƚŔĬƨċũШ7 ШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸШċŰĬШΣΜШŉƣЕШƖĲƚŔĬƨċũШ
7 ШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸЮШÑŸШůŸĬĲũШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸƚЯШ9ìÂÂШƓƖŔŸƖŔƣǃШċƖĲċƚШƽĲƖĲШǯƖƚƣШǯũƣĲƖĲĬШŉŸƖШ
ƣƖĲċƣůĲŰƣШċĦĦĲƚƚŔĤŔũŔƣǃШĤǃШĲǂĦũƨĬŔŰŊШċƖĲċƚШŸƻĲƖШőċũŉШċШůŔũĲШŉƖŸůШƖŸċĬƚШċŰĬШƣőŸƚĲШƽŔƣőШƚũŸƓĲƚШċĤŸƻĲШ
ΠΜӖЮШÂƖĲƻŔŸƨƚũǃШĦŸůƓũĲƣĲĬШƣƖĲċƣůĲŰƣƚШƽĲƖĲШċũƚŸШĲǂĦũƨĬĲĬЮШÑőĲШůŸĬĲũШƣƖĲċƣĲĬШΣΡЯΟΥΣШċĦƖĲƚШƨŰĬĲƖШƣőĲШ
ΟΜШŉƣЕШƖĲƚŔĬƨċũШ7 ШƣƖĲċƣůĲŰƣШċŰĬШΡΤЯΥΟΤШċĦƖĲƚШƨŰĬĲƖШƣőĲШΣΜШŉƣЕШƖĲƚŔĬƨċũШ7 ШƣƖĲċƣůĲŰƣЮШΤΟΥШċĦƖĲƚШŸŉШ9ŔƣǃШ
ŸŉШ7ŸƨũĬĲƖШ§É~ÂШƓũċŰŰĲĬШƣƖĲċƣůĲŰƣƚШƽĲƖĲШůŸĬĲũĲĬШƽŔƣőŸƨƣШǯũƣĲƖŔŰŊЯШƨƚŔŰŊШċШΤΜШŉƣЕШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШ
ƣƖĲċƣůĲŰƣШƓƖĲƚĦƖŔƓƣŔŸŰЮШÑċĤũĲШΝЮΤШƓƖŸƻŔĬĲƚШċШƚƨůůċƖǃШŸŉШƣőĲШůŸĬĲũŔŰŊШƖĲƚƨũƣƚШŉŸƖШĤŔŸůċƚƚШċƻċŔũċĤŔũŔƣǃШ
ŉŸƖШĲċĦőШƚĦĲŰċƖŔŸШůŸĬĲũĲĬЮ 

ÑċĤũĲЮΤдΪдЮÂŸƣĲŰƣŔċũЮĤŔŸůċƚƚЮƓƖŸĬƨĦƣŔŸŰЮŉƖŸůЮƣőĲЮ9ìÂÂЮÂƖŔŸƖŔƣǃЮ ƖĲċƚЮċŰĬЮ§É~ÂЮƓũċŰŰĲĬЮƓƖŸŢĲĦƣƚдЮÖŰŔƣƚЮŔŰЮŊƖĲĲŰЮ
ƣŸŰƚд 

 
Total 

(Merchantable + 
Slash) 

Merchantable  Slash 
Salvage 
(dead) 

CWPP Priority Areas     

BA 30 Residual 2,760,741 2,160,394 600,348 272,785 

BA 60 Residual 1,724,045 1,280,325 443,721 262,283 
     

OSMP Planned 22,949 17,359 5,590 3,559 

 

ÅċŰŊĲШŸŉШìŸŸĬǃШ7ŔŸůċƚƚШ ƻċŔũċĤŔũŔƣǃШEƚƣŔůċƣĲƚ 
ÑőĲШċŰŰƨċũШƓŸƣĲŰƣŔċũШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƽċƚШĲƚƣŔůċƣĲĬШċƣШΝΟΦЯΝΥΡШŊƖĲĲŰШƣŸŰƚШċШǃĲċƖЯШċƚƚƨůŔŰŊШƣőĲШ
ĲŰƣŔƖĲШ9ìÂÂШƓƖŔŸƖŔƣǃШċƖĲċШĦŸƨũĬШĤĲШƣƖĲċƣĲĬШŸƻĲƖШƣƽĲŰƣǃШǃĲċƖƚЮШÑőŔƚШƽċƚШĲƚƣŔůċƣĲĬШĤǃШĦŸůĤŔŰŔŰŊШƣőĲШ
ћ9ìÂÂШÂƖŔŸƖŔƣǃШ ƖĲċƚо7 ШΟΜШÅĲƚŔĬƨċũќШыΞЯΤΣΜЯΤΠΝŊƖĲĲŰШƣŸŰƚьШċŰĬШћ§É~ÂШÂũċŰŰĲĬќШыΞΞЯΦΠΦШŊƖĲĲŰШƣŸŰƚьШ
ƣŸƣċũШĤŔŸůċƚƚШƻŸũƨůĲƚШŉƖŸůШÑċĤũĲШΝЮΤШċĤŸƻĲШŉŸƖШċШƣŸƣċũШƓƖŸĬƨĦƣŔŸŰШŸŉШΞЯΤΥΟЯΣΦΜШŊƖĲĲŰШƣŸŰƚШĬŔƻŔĬĲĬШĤǃШΞΜШ
ǃĲċƖƚЮШ 

ÖŰĬĲƖШƣőĲШċƚƚƨůƓƣŔŸŰШƣőċƣШ ƓƓĲŰĬŔǂШsШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьШƓƖŸŢĲĦƣƚШċƖĲШŰĲċƖрƣĲƖůШƓƖŔŸƖŔƣŔĲƚШ
ċŰĬШĦŸƨũĬШĤĲШĦŸůƓũĲƣĲĬШƽŔƣőŔŰШƣĲŰШǃĲċƖƚЯШċШƚŔůŔũċƖШƖċƣĲШŸŉШΝΟΞЯΜΜΜШŊƖĲĲŰШƣŸŰƚШƓĲƖШǃĲċƖШƽċƚШĲƚƣŔůċƣĲƚЮ 

ÑŸШƚƨůůċƖŔǍĲЯШĤċƚĲĬШŸŰШƣőŔƚШĲƻċũƨċƣŔŸŰЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃѣƚШċŰŰƨċũШĤŔŸůċƚƚШƚƨƓƓũǃШŔƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШ
ĤĲƣƽĲĲŰШΡΡЯΜΜΜШыÑċĤũĲШΝЮΡьШċŰĬШΝΟΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚоǃĲċƖШыÑċĤũĲƚШΝЮΣШċŰĬШΝЮΤьЮШ9ƨƖƖĲŰƣũǃЯШƽŸŸĬǃШĤŔŸůċƚƚШ
ƓƖŸĬƨĦƣŔŸŰШŔƚШċĤŸƨƣШΡΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚШƓĲƖШǃĲċƖЮШÑőŔƚШĲƚƣŔůċƣĲШŔƚШƽĲũũрƓċƖċůĲƣƖŔǍĲĬШĤċƚĲĬШŸŰШƖĲůŸƻċũШ
ĬċƣċШċŰĬШƓƖŸŢĲĦƣШŔŰŉŸƖůċƣŔŸŰЮШÑőĲШƓŸƣĲŰƣŔċũШůċǂŔůƨůШƓƖŸĬƨĦƣŔŸŰШŔŰШċŰШŔĬĲċũШƚĦĲŰċƖŔŸШŔƚШċƖŸƨŰĬШΝΟΡЯΜΜΜШ
ŊƖĲĲŰШƣŸŰƚЯШĤƨƣЯШĤċƚĲĬШŸŰШƓċƚƣШĤŔŸůċƚƚШƖĲůŸƻċũƚЯШŰĲċƖрƣĲƖůШƓƖŸĬƨĦƣŔŸŰШŔƚШũŔťĲũǃШƣŸШƖĲůċŔŰШċƣШċĤŸƨƣШ
ΡΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚШƓĲƖШǃĲċƖЮ 

?ŔƚĦƨƚƚŔŸŰ 
The analysis of woody biomass availability in Boulder County provides details of current and future 
feedstock supplies for biomass utilization planning purposes. Between 2019 and 2024, an average of 
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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 utilized. Additional biomass was generated from U.S. 
Forest Service projects, although much of it remained on-site, 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 annually under existing 
treatment programs. 

Future projections suggest that Boulder County could increase its biomass supply if planned mitigation 
projects from the 2024 Community Wildfire Protection Plan (Boulder County CWPP, 2024) are 
implemented. If the full scope of identified priority areas is treated over a 20-year timeframe, annual 
biomass production could reach approximately 139,000 green tons. Shorter-term projects outlined in 
Boulder County CWPP (2024) Appendix J are projected to generate a similar annual volume of roughly 
132,000 green tons 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, near-term biomass availability is expected to remain closer to the current level of around 
55,000 green tons annually. This estimate 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 today, additional gains are possible with 
expanded treatment activities and transportation/ infrastructure investments, particularly if challenges 
related to biomass removal and processing can be addressed. 

 

 

 

Ш 

 

 

 

 

Ш 

 

  



  ΝΞ 

9őċƓƣĲƖШΞЮШ7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШÂċƣőƽċǃƚШċŰĬШfŰŉƖċƚƣƖƨĦƣƨƖĲШ
ƚƚĲƚƚůĲŰƣ 

9őċƓƣĲƖШΞШÉƨůůċƖǃ 
Chapter 2 provides 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 databases and verified through public 
records and direct outreach. These facilities span 13 categories of wood use - including firewood, 
compost, mulch, lumber, and specialty products - and are further classified by size (small, medium, or 
large) based on workforce and operational capacity. Two key infrastructure assets, Nederland and 
Meeker Park Sort Yards, are 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 multi-criteria 
matrix approach that considers environmental, economic, and technical factors. These pathways were 
selected through stakeholder input and further evaluated across attributes such as technology 
readiness, operational costs, feedstock requirements, market potential, and permitting complexity. 
Each pathway received a score out of 210 possible points. Top-ranked pathways included biochar (169 
points), compost/mul ch (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, air curtain 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, offering a framework for estimating delivered biomass costs based on travel distance 
and facility logistics. Overall, the analysis supports a diversified biomass utilization strategy for Boulder 
County, where different pathways may be optimal depending on site-specific factors such as feedstock 
availability, facility access, permitting environment, and desired co-benefits like wildfire risk reduction 
and circular economy advancement. 
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9őċƓƣĲƖШΞШfŰƣƖŸĬƨĦƣŔŸŰ 
ÑőŔƚШĦőċƓƣĲƖШƓƖŸƻŔĬĲƚШċШĦŸůƓƖĲőĲŰƚŔƻĲШĲƻċũƨċƣŔŸŰШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШůċŰċŊĲůĲŰƣШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШ
ƨƣŔũŔǍċƣŔŸŰШĦċƓċĦŔƣǃЯШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШƓĲƖŉŸƖůċŰĦĲШŔŰШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƖĲŊŔŸŰЮШfƣШĤĲŊŔŰƚШƽŔƣőШċŰШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШŔŰƻĲŰƣŸƖǃШƣőċƣШůċƓƚШċŰĬШĦũċƚƚŔǯĲƚШůŸƖĲШƣőċŰШΠΜШŸƓĲƖċƣŔŸŰċũШŉċĦŔũŔƣŔĲƚШƽŔƣőŔŰШċШΡΜрůŔũĲШ
ƖċĬŔƨƚШƣőċƣШƓƖŸĦĲƚƚШŉŸƖĲƚƣрĬĲƖŔƻĲĬШĤŔŸůċƚƚШŔŰƣŸШƓƖŸĬƨĦƣƚШƚƨĦőШċƚШǯƖĲƽŸŸĬЯШĦŸůƓŸƚƣЯШůƨũĦőЯШċŰŔůċũШ
ĤĲĬĬŔŰŊЯШũƨůĤĲƖЯШċŰĬШŸƣőĲƖШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚЮШÖƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШċƖĲШċŰċũǃǍĲĬШĤǃШƚĦċũĲЯШ
ƓƖŸǂŔůŔƣǃШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШƚŸƖƣШǃċƖĬƚЯШċŰĬШĦŸůƓċƣŔĤŔũŔƣǃШƽŔƣőШĦƨƖƖĲŰƣШċŰĬШƓƖŸŢĲĦƣĲĬШŉĲĲĬƚƣŸĦťШ
ċƻċŔũċĤŔũŔƣǃЮШÑőĲШĦőċƓƣĲƖШƣőĲŰШŔŰƣƖŸĬƨĦĲƚШċШůƨũƣŔрĦƖŔƣĲƖŔċШĬĲĦŔƚŔŸŰШŉƖċůĲƽŸƖťШƨƚĲĬШƣŸШĲƻċũƨċƣĲШċŰĬШƖċŰťШ
ΝΞШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚЯШŔŰĦŸƖƓŸƖċƣŔŰŊШƚƣċťĲőŸũĬĲƖШŔŰƓƨƣШċĦƖŸƚƚШĲĦŸŰŸůŔĦЯШĲŰƻŔƖŸŰůĲŰƣċũЯШ
ũŸŊŔƚƣŔĦċũЯШċŰĬШƚŸĦŔċũШŉċĦƣŸƖƚЮШfŰШƓċƖċũũĲũЯШċШũŔŉĲШĦǃĦũĲШċƚƚĲƚƚůĲŰƣШыx9 ьШŔƚШĦŸŰĬƨĦƣĲĬШƣŸШƕƨċŰƣŔŉǃШƣőĲШ
ŊƖĲĲŰőŸƨƚĲШŊċƚШы]c]ьШŔůƓċĦƣƚШŸŉШƣőƖĲĲШƚĲũĲĦƣĲĬШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШрШĦŸůƓŸƚƣŔŰŊЯШĤŔŸĦőċƖШ
ƓƖŸĬƨĦƣŔŸŰЯШċŰĬШǯƖĲƽŸŸĬШŉŸƖШőĲċƣШрШƖĲũċƣŔƻĲШƣŸШċШĤċƚĲũŔŰĲШŸŉШŸƓĲŰШƓŔũĲШĤƨƖŰŔŰŊЮШÑŸŊĲƣőĲƖЯШƣőĲШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШůċƓƓŔŰŊЯШƓċƣőƽċǃШƚĦŸƖŔŰŊЯШċŰĬШx9 ШƓƖŸƻŔĬĲШĬĲĦŔƚŔŸŰрůċťĲƖƚШċŰĬШůċŰċŊĲƖƚШƽŔƣőШċŰШ
ŔŰƣĲŊƖċƣĲĬШƓũċŰŰŔŰŊШƣŸŸũШƣŸШċũŔŊŰШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƽŔƣőШŉŸƖĲƚƣШőĲċũƣőЯШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰЯШċŰĬШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃќƚШĤƖŸċĬĲƖШĦũŔůċƣĲШċŰĬШƚƨƚƣċŔŰċĤŔũŔƣǃШŊŸċũƚЮ 

7ŔŸůċƚƚШ~ċŰċŊĲůĲŰƣШfŰŉƖċƚƣƖƨĦƣƨƖĲШċŰĬШÖƣŔũŔǍċƣŔŸŰШ9ċƓċĦŔƣǃШ 
This section identifies existing biomass management facilities and their potential for liability biomass 
utilization. To assist Boulder County decision-makers and project managers, detailed lists of facilities 
within a 50-mile radius of Boulder, including drive distances and loading/unloading costs, were 
compiled. 

ìŸŸĬШÂƖŸĬƨĦƣƚШ[ċĦŔũŔƣŔĲƚШŔŰШƣőĲШ7ŸƨũĬĲƖШÅĲŊŔŸŰ 
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 GIS Open 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 50-mile radius of the City 
of Boulder. The types of facilities that were incorporated into this project facilities database were the 
following general categories: 

 Firewood 

 Compost 

 Mulch 

 Wood chips 

 Animal bedding 

 Lumber products 

 Beams 

 Pellets 

 Post & Pole 

 Shavings 

 Log Homes 

 Wood Furniture 

 Specialty Products 
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The merged information and data sources resulted in over 40 facilities within a 50-mile 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 undertaken. 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 
ƣőĲШċŊĲŰĦǃќƚ ћ]ŸŸĬШÉƣċŰĬŔŰŊќШĦĲƖƣŔŉŔĦċƣŔŸŰШƓƖŸŊƖċůЮ 

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, Facebook, and 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 small-scale 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 and open to new business opportunities. 
Businesses falling within this category were classified as Small (S) enterprises. For more established 
entities - those employing three or more individuals and maintaining a physical business location, and 
possibly a website - are categorized as Medium (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 as Large (L) businesses. 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 noted 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 the thirteen categories are detailed maps in Appendix 2.A, which show the 
location of the respective wood products category facilities listing preceding the figure. It 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 tables. This resulted in 
road miles in some cases exceeding 50 miles, even though facilities are with the 50-mile radius.  

Boulder County currently operates two Community Forestry Sort Yards (CFSY) that facilitate the 
collection and processing of woody biomass to mitigate wildfire risks and promote forest health. These 
facilities are: 

¶ Nederland Sort Yard т located at 291 Ridge Road, Nederland (approximately 17 road miles west 
of the city of Boulder) 

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

The following requirements apply for biomass received at CFSYs: 

¶ 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. 

¶ Slash and Branches 

o Separate conifers and broad leaf trees. 

o Chunk and decayed wood. 

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

 

ũƣőŸƨŊőШůċƣĲƖŔċũƚШŸƣőĲƖШƣőċŰШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШĦċŰШĤĲШċĦĦĲƓƣĲĬШċƣШƣőĲШ9ŸƨŰƣǃќƚШƚŸƖƣШǃċƖĬƚЯШƚƨĦőШċƚШ
noxious weeds, nearly all materials (>95%) brought to these facilities have been woody biomass 
removals from fire mitigation activities (Wayne Harrington, pers. 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 63rd Street, 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 Western facility 
charges a tipping fee 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 City/County 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. Whole 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.  

ìŸŸĬǃШ7ŔŸůċƚƚШ~ċƣĲƖŔċũƚШ ĦĦĲƓƣĲĬШĤǃШ[ċĦŔũŔƣŔĲƚ 
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 planning 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 50-mile 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. 
Facility 

Number
Facility name Distance

Firewood/fuel

wood
Compost Wood Mulch Wood Chips

Animal 

Bedding

Lumber 

Products
Beams Pellets

Post, Poles & 

Fencing
Shavings Log Homes Furniture

Speciality 

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 A1 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 Furniture 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 bŀǘǳǊŜΩǎ /ŀǎƪŜǘ 15.1 X

20 Reclaimed West 11.2 X X X X X

21 A1 Organics - Keenesburg 54 X X   

22 TimberScapes 47.3 X X X X

23 ¢WΩǎ ²ƻƻŘ tǊƻŘǳŎǘǎ 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 31.5 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  Acceptable Woody Biomass  

Firewood Logs and large limbs greater than 3 inches in diameter. 

Compost 
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. 

Mulch 
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. 

Wood Chips 

Branches and larger twigs; bark (used for high-quality decorative purposes); small-
diameter logs т (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.  

Animal Bedding 
Bark-Free Logs т Debarked softwood logs (like pine or aspen) are processed into 
shavings or sawdust for clean, dust-free bedding. Branches and Small-Diameter 
Trees т Whole small trees can be chipped and processed into fine bedding material. 

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

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

Pellets 
Bark-Free Small-Diameter Logs т Whole small trees that are not suitable for lumber 
can be chipped and processed into pellets; Tree Tops and Branches т, can be 
chipped and used; Wood chips т can be processed into finer particles for pellets. 

Pole & Pole 

Straight, small to medium-diameter trees т The tree bole of the tree is the primary 
source for poles and posts. Trees with minimal taper and few knots are preferred. 
Whole Small-Diameter Trees т entire young trees are used for fence posts, utility 
poles, and construction poles. 

Shavings 
Debarked Logs т The main trunk (bole) is the primary source of high-quality 
shavings, especially for animal bedding and packaging materials; small-diameter 
trees.  

Log Homes 

Main trunk (bole) т The straight, thick, and knot-free portion of the trunk is the 
primary source of logs for building construction; Full-Length Logs т In traditional log 
home construction, long logs are used to minimize joints and maintain structural 
stability. 

Furniture 

Main trunk (bole) т The straight, defect-free section of the trunk is the primary 
source for high-quality furniture wood and slabs; Large branches т Thick, strong 
branches are used for rustic furniture, artistic designs, or specialty pieces; Tree butt 
(Base of the Trunk) т Can contain unique grain patterns and burls, making it valuable 
for decorative furniture and veneers. 

Specialty Products Whole logs, branches and limbs expect relatively low volumes needed. 

 



  ΝΥ 

EƚƣŔůċƣĲĬШ?ĲũŔƻĲƖǃШ9ŸƚƣШ ƚƚƨůƓƣŔŸŰƚ 
In the Tables in Appendix 2.A, distances 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: Real Distance = Total Distance × 2 

Total Distance: One-way distance (in miles). 
Assumption: Accounts for round-trip travel (to and from the destination). 
 
2. Total Drive Time 
Formula: Total Drive Time (hours) = Real Distance x Average Speed 

Average Speed: Fixed at 30 mph. 
 
3. Drive Cost Subtotal  
Formula: Drive Cost Subtotal =Total Drive Time × $/hr Trucking Cost 

$/hr Trucking Cost: Fixed at $160/hr. 
 
4. Unload Time Cost 
Formula: Unload Time Cost = Unload Time × $/hr Load/Unload 

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

 
5. Estimate Delivery Cost  
Formula: Estimate Delivery Cost = Drive Cost Subtotal + Unload Time 

 

6. Per Ton Delivered Cost 
Formula: Per Ton Delivered Cost = Estimate Delivery Cost /Tons per load 

20 total tons of feedstock transported in one trip. 
Assumption: The truck operates at full capacity, carrying 20 tons per trip. 
Delivery costs are evenly distributed across all tons. 

 
Example Calculation  

Given:    Total Distance = 50 miles (one-way) 

1. Real Distance:   50 miles × 2 (roundtrip) = 100 miles  
2. Total Drive Time:   100 miles/30 mph = 3.33 hours 
3. Drive Cost Subtotal:  ΟЮΟΟШőŸƨƖƚШҾШҘΝΣΜЮΜΜШӇШҘΡΟΟЮΜΜ 
4. Unload Time Cost:   1 hour × $250 per hour =$250 
5. Estimate Delivery Cost:  $533.33 + 250 = $783.33 
6. Per Ton Delivered Cost:  ҘΤΥΟЮΟΟоΞΜШƣŸŰƚШӇШҘΟΦЮΝΤ per ton 

 

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 step-by-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 of Boulder, an additional                  
$21.03 per ton is estimated (32 miles round trip/30 mph X $160 + $250 = $420.66/20 = $21.03). 
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xŔċĤŔũŔƣǃШ7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШÂċƣőƽċǃƚШÉĲũĲĦƣŔŸŰШċŰĬШ ŰċũǃƚŔƚ 
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. 

 Subjecting the stakeholder selections to a matrix-based scoring and ranking. 

 Conducting follow-on detailed analyses of the top-ranking technologies. 

xŔƚƣŔŰŊШċŰĬШ9ċƣĲŊŸƖŔǍċƣŔŸŰШŸŉШÂċƣőƽċǃƚ 
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 the pathway and its applicability. These 
pathways and attributes were placed in tabular form for ease of review. The full table is included 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 pathways 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 the results on that selection interaction. 
 
Table 2.3 - Initial biomass utilization pathways examined 

Selected - Highly 
Supported  

Selected -Supported  Mixed т Not Selected  
Not Supported т Not 

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.  

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

¶ Nevada County Biomass Feasibility Assessment (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
https://tssconsultants.com/wp-content/uploads/2015/10/FSCNC-Final-Report-20141201.pdf
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¶ Wood Waste Utilization Assessment for the Greater Taos New Mexico Region 
(https://tssconsultants.com/wp -content/uploads/2017/01/TNC-Report-Final-20170112.pdf) 

¶ Feasibility Assessment for a Commercial Sacle Woody Biomass Conversion Facility in Central 
Arizona (https://tssconsultants.com/wp -content/uploads/2018/11/UVRWPC-Com-Facility-
Assess-Report-Final-20181017.pdf) 

¶ 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-Sierra-FINAL-20221017.pdf) 

¶ 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-Sierra-FINAL-20221017.pdf) 

¶ Feasibility Study for a Value-Added 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-Region-of-California.pdf) 

¶ Woody Biomass Energy Technology Evaluation (https://tssconsultants.com/wp -
content/uploads/2024/10/YWA-Bioenergy-Technology-Evaluation-October-2023.pdf) 

7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШ ƣƣƖŔĤƨƣĲƚШċŰĬШ?ĲƚĦƖŔƓƣŔŸŰƚ 
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 Core Team for their input and suggested changes. The 
following are the final attributes along with a description used for semi-quantitatively 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 post-production handling or disposal?  
Identifying marketable byproducts, in addition to the primary products, is crucial since these 
byproducts can significantly enhance revenue generation. 

Feedstock Matches - Can the pathway utilize all components of liability biomassуsuch as wood, bark, 
needles, and conesуor 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 project.  

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

Operational Expenditure (OPEX) ш Does the woody biomass-based 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 training 
programs, usually rank second in OPEX considerations after feedstock expenses. 

Feedstock Specifications ш Can 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
https://tssconsultants.com/wp-content/uploads/2018/11/UVRWPC-Com-Facility-Assess-Report-Final-20181017.pdf
https://tssconsultants.com/wp-content/uploads/2018/11/UVRWPC-Com-Facility-Assess-Report-Final-20181017.pdf
https://tssconsultants.com/wp-content/uploads/2023/12/Biomass-Utilization-Solutions-for-Forest-Fuels-Reduction-Activities-for-the-East-Sierra-FINAL-20221017.pdf
https://tssconsultants.com/wp-content/uploads/2023/12/Biomass-Utilization-Solutions-for-Forest-Fuels-Reduction-Activities-for-the-East-Sierra-FINAL-20221017.pdf
https://tssconsultants.com/wp-content/uploads/2023/12/Biomass-Utilization-Solutions-for-Forest-Fuels-Reduction-Activities-for-the-East-Sierra-FINAL-20221017.pdf
https://tssconsultants.com/wp-content/uploads/2023/12/Biomass-Utilization-Solutions-for-Forest-Fuels-Reduction-Activities-for-the-East-Sierra-FINAL-20221017.pdf
https://tssconsultants.com/wp-content/uploads/2024/07/Feasibility-Study-for-a-Value-Added-Wood-Products-Campus-Within-the-Central-Sierra-Region-of-California.pdf
https://tssconsultants.com/wp-content/uploads/2024/07/Feasibility-Study-for-a-Value-Added-Wood-Products-Campus-Within-the-Central-Sierra-Region-of-California.pdf
https://tssconsultants.com/wp-content/uploads/2024/10/YWA-Bioenergy-Technology-Evaluation-October-2023.pdf
https://tssconsultants.com/wp-content/uploads/2024/10/YWA-Bioenergy-Technology-Evaluation-October-2023.pdf
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as sizing and dimensions ensures better processing, higher quality/value end products, and optimized 
production costs. 

Current Use of Technology in the Region ш Can 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 co-benefits 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 biomass-based products if 
production is expanded with new or upgraded facilities? 

Environmental and Permitting Issues ш How 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. 

 

ÉĦŸƖŔŰŊШċŰĬШÅċŰťŔŰŊШ~ċƣƖŔǂ 
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 to 5 was 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 pathway has 
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 attribute. This importance level of each attribute is a 
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ƕƨċũŔƣċƣŔƻĲШƻċũƨĲШĤċƚĲĬШŔŰШƓċƖƣШŸŰШƣőĲШ7ŸƨũĬĲƖШ7ŔŸůċƚƚШ9ŸƖĲШÑĲċůќƚШťŰŸƽũĲĬŊĲЯШĲǂƓĲƖŔĲŰĦĲШċŰĬШ
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 multiplier 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 pathways in 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 benefits, technical feasibility, market potential, and scalability. Biochar 
emerged as the highest-ranked 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, 74.8%) and animal 
bedding production (152 points, 72.4%). Biomass heat and mass timber pathways also performed 
moderately well, each scoring just above 69%. Lower-ranked options included air curtain burners and 
pellets/fuel bricks (both at 68.1%), bio-oil (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.



 

 

Table 2.5. Biomass utilization pathways scoring matrix (part 1).  
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Table 2.5. Biomass utilization pathways scoring matrix (part 2). 
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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% 

 

ÂƖŸǯũĲƚШŸŉШcŔŊőрÅċŰťŔŰŊШìŸŸĬǃШ7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШÂċƣőƽċǃƚ 
The following provides a review of the top three biomass utilization pathways: biochar, compost, 
and firewood, as identified in Table 2.6 (above). It also describes nine other pathways to offer a 
range of options for decision-makers and project managers. 

7ŔŸĦőċƖШÂċƣőƽċǃ 

§ƻĲƖƻŔĲƽ 
Biochar is a carbon-rich material produced through the pyrolysis of biomass under oxygen-limited 
conditions, offering benefits in soil enhancement, carbon sequestration, and renewable energy 
production. Typically derived from forest residues such as logging and thinning waste, branches, 
and underbrush, biochar is created through slow or fast pyrolysis, with the former maximizing yield 
and the latter favoring bio-oil production. Various reactor types, including batch kilns, retort 
systems, and continuous reactors, 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. Post-processing steps such as particle size 
ċĬŢƨƚƣůĲŰƣЯШċĦƣŔƻċƣŔŸŰЯШċŰĬШŰƨƣƖŔĲŰƣШĲŰƖŔĦőůĲŰƣШŉƨƖƣőĲƖШĲŰőċŰĦĲШĤŔŸĦőċƖќƚШĲŉŉĲĦƣŔƻĲŰĲƚƚЮШfƣƚШ
applications include improving soil health, stabilizing carbon in soil to mitigate climate change, 
filtering contaminants from wastewater, and supporting renewable 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 bio-economies 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 system 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 300-600°C, with slow pyrolysis maximizing 
biochar yield at approximately 30-50% 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 
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combustion. Additionally, bio-oil and syngas are collected as valuable energy sources or co-
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 re-ignition. 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 or briquetting 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 sustainable biomass 
utilization while maximizing resource efficiency and environmental benefits. 
 
fŰШċĬĬŔƣŔŸŰШƣŸШƣőĲШƚƣċƣŔŸŰċƖǃШƣǃƓĲШŸŉШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШƚǃƚƣĲůЯШƣőĲƖĲШŔƚШŊƖŸƽŔŰŊШƨƚĲШŸŉШљƓũċĦĲ-
ĤċƚĲĬњШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШƚǃƚƣĲůƚШƽőŔĦőШĦċŰШőċƻĲШƻċũƨĲШŔŰШĬŔƖĲĦƣũǃШĦŸŰƻĲƖƣŔŰŊШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШ
where it is generated. This alleviates the need to transport the biomass to an off-site 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 equipment that could be used for in-forest biochar production from liability biomass. 
These are: Air curtain burners (CharBoss®, BurnBoss®, or Tigercat 6050 т described in more detail 
in the Air Curtain Burner section below), pile burning (hand-made or machine-made), and kilns of 
various sizes (e.g., Ring of Fire®, Oregon Kiln, or Big Box kiln) (USFS, 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 top-lit, oxygen limited combustion, 
where the flame front moves downward through 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 high-temperature environment. The heat 
generated drives 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 are extinguished or smothered - either by adding fresh green wood, soil, or by dousing 
with water - to preserve the biochar structure and prevent it from oxidizing to ash. 

ƓƓũŔĦċƣŔŸŰƚ 

 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 slow-release fertilizer carrier. In livestock management, it 
absorbs moisture and odors in stalls 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 (Lehman et.al., 2015). 

 Energy, Industrial and Construction Uses - Biochar supports renewable energy through 
syngas production and as a low-emission solid fuel. It is processed into activated carbon 
for industrial adsorption. In construction, biochar strengthens cement, improves asphalt 
durability, and enhances insulation 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 
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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.  

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 collected from 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 biomass - crucial 
because freshly harvested wood can contain 30т50% 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%. 

The Biochar Now facility 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 reservoirs.4 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 further 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 per ton. 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 2.7.5 

Table 2.7. Example biochar prices. 

Full Truckload Size т 90+ 
Cubic Yards (CY)/15 tons 

1 to 11 Truckloads  12 to 100 Truckloads 100+ Truckloads 

Purchased at Facility  $50/CY, $300/ton $40/CY, $240/ton $35/CY, $210/ton 

Delivery up to 200 miles $60/CY, $360/ton $50/CY, $300/ton $45/CY, $270/ton 

Delivery up to 300 miles $70/CY, $420/ton $60/CY, $360/ton $55/CY, $330/ton 

Delivery up to 500 miles $90/CY, $540/ton $80/CY, $480/ton $75/CY, $450/ton 

Delivery up to 700 miles $100/CY, $600/ton $90/CY, $540/ton $85/CY, $510/ton 
 

 
4ШÂĲƖƚŸŰċũШĦŸůůƨŰŔĦċƣŔŸŰШƽŔƣőШsċůĲƚШ]ċƚƓċƖĬЯШ9E§ЯШ7ŔŸĦőċƖШ ŸƽЮ 

5ШÂĲƖƚŸŰċũШĦŸůůƨŰŔĦċƣŔŸŰШƽŔƣőШsŸƚŔċőШcƨŰƣĲƖЯШ9E§ЯШÂċĦŔǯĦШ7ŔŸĦőċƖЮШШ 
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Biochar production from forest wood not only offers environmental benefits but also presents 
economic opportunities through carbon dioxide removal (CDR) credits. The revenue potential from 
ƣőĲƚĲШĦƖĲĬŔƣƚШĬĲƓĲŰĬƚШŸŰШƚĲƻĲƖċũШŉċĦƣŸƖƚЯШŔŰĦũƨĬŔŰŊШƣőĲШċůŸƨŰƣШŸŉШ9§ЋШƚĲƕƨĲƚƣĲƖĲĬШƓĲƖШƣŸŰШŸŉШ
biochar and the prevailing market price for carbon credits. 
 
ÑőĲШċůŸƨŰƣШŸŉШ9§ЋШƚĲƕƨĲƚƣĲƖĲĬШƓĲƖШƣŸŰШŸŉШĤŔŸĦőċƖШƻċƖŔĲƚШĤċƚĲĬШŸŰШŉċĦƣŸƖƚШƚƨĦőШċƚШŉĲĲĬƚƣŸĦťШƣǃƓĲЯШ
production methods, and carbon content. According to data from Puro Earth (puro. Earth), biochar 
derived from wood feedstocks can sequester between 2.57 to 3.2ΣШƣŸŰƚШŸŉШ9§ЋШƓĲƖШƣŸŰШŸŉШĤŔŸĦőċƖШ
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 Index - As of January 2025, the CORCHAR index price was 
approximately $151 USD per ton of CO2 equivalent (PuroEarth, 2025). 

 Other Biochar Credit Price Index - Recent Averages - In 2024, prices for biochar carbon 
credits averaged $190 USD per ton of CO2 equivalent. 

 Potential Carbon Credits Revenue - §ŰĲШƣŸŰШŸŉШĤŔŸĦőċƖШҾШΞЮΥΟШƣŸŰƚШ9§ЋоƣŸŰШҾШҘΝΦΜоƣŸŰШ9§ЋШ
(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 ongoing monitoring. 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 equipment varies significantly, and 
advanced separation technologies for biochar, bio-oil, and syngas require capital investment. 
Additionally, obtaining certification for carbon credits involves costs that may reduce net revenue. 
Market variability in biochar demand and carbon credit pricing further complicates financial 
planning. Local policies, permitting, and infrastructure limitations can also pose barriers to large-
scale biochar implementation. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 wildfire 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). 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŸũŸŊǃЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Establishing a centralized biochar production facility requires infrastructure for biomass 
collection, preprocessing, pyrolysis, post-processing, storage, and distribution. Facilities must 
include equipment for drying, chipping, and feeding biomass into reactors, as well as cooling and 
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stabilization systems to prevent biochar re-ignition. Storage solutions, such as silos or covered 
bulk areas, are essential to maintain biochar quality. Efficient transportation networks are also 
necessary to ensure cost-effective distribution to end-users.  

Also, as described above, there are potential in-ŉŸƖĲƚƣШљƓũċĦĲ-ĤċƚĲĬњШůŸĤŔũĲШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШ
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. 
The Biochar Now facility in Berthoud, CO, currently processes up to 18 tons of biomass daily, with 
stated plans to expand to 700-800 tons per day depending on financing (and feedstock availability), 
highlighting the scale of infrastructure required for commercial biochar production. To achieve 
these quantities, Biochar Now must use waste biomass from forests, agriculture, urban, and 
industrial sources. 

Even though this facility was not included in Table 2.1 (above) as it was the only commercial 
biochar production facility in the 50-mile radius, cost information is added nonetheless: 

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

 

In addition to the Biochar Now facility, Boulder County awarded funds to High Plains Biochar 
(Laporte, CO) to deploy small-scale biochar production kilns at 5 to 15 farms across Boulder 
County.6  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. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
Benefits 

¶ Carbon Sequestration: Converts unstable biomass carbon into more stable biochar, 
reducing greenhouse gas emissions. 

¶ Waste Utilization: Provides a productive outlet for excess, hazardous, or low-value forest 
residues. 

¶ Wildfire Mitigation: Removes flammable material from forests, reducing fire risk. 
Drawbacks 

¶ Permitting Complexity: Emissions and site operations may trigger air quality and land-use 
permitting. 

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

¶ Variable Quality: Heterogeneous feedstock can produce inconsistent biochar 
characteristics. 

  

 
6őƣƣƓƚаооĤŸƨũĬĲƖĦŸƨŰƣǃЮŊŸƻоŰĲƽƚоĤŸƨũĬĲƖрĦŸƨŰƣǃрċŰŰŸƨŰĦĲƚрΞΜΞΠрĦũŔůċƣĲрŔŰŰŸƻċƣŔŸŰрŉƨŰĬрƖĲĦŔƓŔĲŰƣƚоШ 

https://bouldercounty.gov/news/boulder-county-announces-2024-climate-innovation-fund-recipients/
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9ŸůƓŸƚƣŔŰŊ 

§ƻĲƖƻŔĲƽ 
Composting forest-sourced wood waste is a controlled biological process that breaks down woody 
organic materials into a stable, nutrient-rich 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 produce 
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 products should 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 carbon-to-nitrogen (C:N) ratio (300:1 to 500:1), nitrogen-rich 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 three to six months by 
supplying forced air. Industrial-scale 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 simplest method, 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 to support 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 fungi-rich inoculants such as 
white-rot fungi or apply compost teas to boost microbial populations and improve compost quality. 

After active composting, the material undergoes a four to eight-week 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 undecomposed wood 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 slow-release source of macronutrients and micronutrients, 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 sequestration perspective, compost 
contributes to long-term soil organic matter buildup, stabilizes organic carbon in soils, and 
reduces methane emissions by diverting biodegradable materials from landfills (Brown, 2015) 
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ƓƓũŔĦċƣŔŸŰ 
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 to boost 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 commonly used in 
landscaping and urban green spaces to support healthy lawns, gardens, and tree plantings by 
improving soil structure and fertility. 

In stormwater management, compost-based 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 valuable 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, contributing 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. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 to enhance 
decomposition. Wood chips and mulch improve pile aeration and structure, though their high lignin 
content slows breakdown, requiring mixing with nitrogen-rich materials. Sawdust and wood 
shavings are fine and absorbent, aiding moisture control but necessitating balance with high-
nitrogen inputs to avoid nutrient deficiencies. Bark waste, while slow to decompose due to its 
dense and tannin-rich composition, adds beneficial structure and porosity when shredded and 
properly incorporated into the composting matrix. 

Woody biomass can be used in compost, but it should generally make up no more than 20-30% of 
the total compost mix by volume. This is because woody materials, such as branches, wood chips, 
and sawdust, have a high carbon-to-nitrogen (C:N) ratio and decompose much more slowly than 
other organic materials. 

To ensure proper composting with forest wood included: 

 Balance carbon-rich and nitrogen-rich 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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EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 savings 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 from $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., with manure or food waste) adds another $20т$100 per ton, and moisture control measures 
cost $5т$25 per ton. Labor expenses for preprocessing typically run $15т$30 per hour. 

The choice of composting method - windrow, aerated static pile, or passive pile - substantially 
affects total costs. Windrow composting involves land preparation ($1,000 -$10,000), equipment 
purchases (up to $200,000 for turners), and ongoing fuel and labor costs. Aerated static piles 
require upfront investments in aeration systems ($10,000 -$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. Monitoring processes - 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, high-quality compost can be sold at prices 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 well-developed and product quality is high, 
it typically does not fully offset all production costs without subsidies, tipping fees for green waste 
intake, or value-added 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 per-ton costs. 

 Equipment Selection - Renting vs. buying equipment depends on long-term usage. 

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

 Labor Efficiency - Automated systems reduce labor costs but require higher upfront 
investment. 
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Table 2.8. Composting cost and price. 

Expense Item Estimated Cost Range Notes 

Materials Selection Costs  

Wood Waste Sourcing $0т$50 per ton 
May be free if sourced from forestry waste 
but can incur costs when transported. 

Sorting & Contamination 
Removal $10т$25 per ton 

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

Transport Costs $5т$30 per ton Based on distance from source to facility 
and fuel costs. 

Preprocessing Costs  

Chipping & Shredding $50т$200 per hour It depends on chipper/shredder type, fuel, 
and labor costs. 

Equipment Purchase 
(Chipper/Shredder) 

$10,000т$100,000+ 
Higher costs for large-scale industrial 
machines. 

Nitrogen Supplementation $20т$100 per ton Manure, food scraps, or green waste 
costs. 

Moisture Control (Water Supply, 
Bulking Agents) 

$5т$25 per ton 
Cost of adding water or dry bulking agents 
(wood chips, straw). 

Labor for Processing 
$15т$30 per hour per 

worker Based on wages and required workforce. 

Windrow Composting  

Land Preparation $1,000т$10,000 Grading and setup of composting area. 

Turning Equipment 
(Tractors/Windrow Turners) 

$20,000т$200,000 Purchase or rental costs. 

Fuel & Maintenance $10т$50 per ton Diesel, electricity, and repair costs. 
Labor for Turning $5т$20 per ton Based on frequency of turning. 

Aerated Static Pile Composting  

Aeration System (Pipes, 
Blowers, Controls) 

$10,000т$100,000 Capital investment for forced aeration. 

Electricity for Aeration $1т$10 per ton Powering blowers for oxygen circulation. 

Labor (Lower than Windrow) $2т$10 per ton 
Reduced turning frequency saves labor 
costs. 

Passive Pile Composting  

Land Use Costs $500т$5,000 per acre Minimal infrastructure needed. 
Lower Equipment Costs $0т$10 per ton No aeration or turning needed. 
Longer Processing Time Indirect cost Ties up land for 1т2 years. 
Process Monitoring Costs  
Temperature Sensors $50т$500 per unit Needed for tracking microbial activity. 
Oxygen Monitoring $100т$1,000 Sensors or manual testing costs. 

Moisture Control Costs $5т$25 per ton 
Water application or drying agent 
expenses. 

Microbial Inoculants (Fungal 
Additives, Compost Tea) 

$50т$500 per 
application 

Optional but speeds decomposition. 
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Expense Item Estimated Cost Range Notes 

Curing and Refinement Costs  
Curing Space Rental/Land Use $500т$5,000 per acre Space needed for 4т8 weeks. 
Screening Equipment $5,000т$50,000 Machinery for refining compost texture. 
Labor for Screening & Sorting $10т$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 $15т$75  
Preprocessing $30т$150  
Composting (Varies by Method) $10т$200  
Monitoring & Quality Control $10т$50  
Curing & Refinement $10т$60  
Total Cost Per Ton $75т$535  

 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 soil, 
compost improves soil structure, enhances water retention, and promotes healthy 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 improving soil 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 health, reduces 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, which 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 piles or in-vessel 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 well-designed 
drainage and containment systems. Robust feedstock screening can reduce 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 residential areas. Ensuring regulatory 
compliance, maintaining operational controls, and implementing best management practices are 
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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 Public Health and Environment 
(CDPHE) regulates these facilities under the Solid Waste Regulations, which classify operations 
into three categoriesуClass I, II, and III. Recent revisions to these regulations are intended to 
streamline the permitting process while reinforcing environmental protections, supporting the 
ƚƣċƣĲќƚШĤƖŸċĬĲƖШŸƖŊċŰŔĦƚШĬŔƻĲƖƚŔŸŰШċŰĬШƚƨƚƣċŔŰċĤŔũŔƣǃШŊŸċũƚЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШ
commercial composting facilities must secure a Special Use Permit from the Community Planning 
& Permitting Department, which requires detailed site design, engineering and operational reviews, 
traffic assessments, and environmental impact analyses, with all necessary mitigation measures 
implemented before approval. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Composting at substantive commercial level occurs in the region around Boulder County at the A1 
Organics facilities in Eaton, Keenesburg, and most recently Sheridan, CO. As the principal 
composter of organic waste in the region, A1 Organics requires a substantial 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).7  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 coming in at 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 Chapter 1, 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,8 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 

 
7ШÂĲƖƚŸŰċũШĦŸůůƨŰŔĦċƣŔŸŰƚШƽŔƣőШÑƖċƻŔƚШ7ċőŰƚĲŰЯШÂƖĲƚŔĬĲŰƣЯШ ΝШ§ƖŊċŰŔĦƚ 

8ШÅŸƣċƣŔŰŊШƖĲŉĲƖƚШƣŸШƣőĲШƓƖċĦƣŔĦĲШŸŉШƚǃƚƣĲůċƣŔĦċũũǃШƣƨƖŰŔŰŊЯШůŸƻŔŰŊЯШŸƖШĦǃĦũŔŰŊШĦŸůƓŸƚƣŔŰŊШůċƣĲƖŔċũƚШƣŸШĲŰƚƨƖĲШ
ƓƖŸƓĲƖШĬĲĦŸůƓŸƚŔƣŔŸŰШċŰĬШŰƨƣƖŔĲŰƣШĬŔƚƣƖŔĤƨƣŔŸŰЮ 
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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, including 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 compaction, 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 anaerobic 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 equipment, increasing 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 materials to prevent 
compaction. Since woody materials are carbon-rich, nitrogen supplementation is necessary, 
typically by mixing with manure, green waste, or food scraps in a three-to-one carbon-to-nitrogen 
ratio. Moisture control between 40% and 60% is vital for 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 
131т160°F to destroy pathogens. Acidic compost can be balanced using alkaline materials like 
lime or biochar. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 

7ĲŰĲǯƣƚ 
¶ Scalability: Composting is highly scalable, from small-scale 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. 

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

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

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

¶ Erosion Control: Improves soil stability and aggregation, helping to reduce erosion on 
vulnerable landscapes. 
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¶ 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 Potential: Compost can be sold for landscaping, agriculture, reclamation, and retail 
gardening, creating a modest revenue stream. 

¶ Lower Air Emissions Compared to Burning: Avoids air quality impacts associated with open 
pile burning or combustion. 

?ƖċƽĤċĦťƚ 
¶ High Preprocessing Costs: Woody material requires chipping or shredding before 

composting, adding significant labor and equipment costs. 
¶ Nitrogen Supplementation Required: Wood is carbon-rich but nitrogen-poor, so additional 

green materials (e.g., manure, food waste) must be mixed to maintain proper 
decomposition rates. 

¶ Longer Processing Time: Woody biomass decomposes more slowly than food or green 
waste, requiring longer composting and curing periods. 

¶ Land Use Requirements: Large 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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[ŔƖĲо[ƨĲũШìŸŸĬШÂċƣőƽċǃШ 

§ƻĲƖƻŔĲƽ 
The commercial 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 market-ready product. 

The process begins with sourcing and transportation, where wood is obtained from logging 
residues, forest thinning, salvage logging, and short-rotation coppicing. Efficient transportation 
methods - such as log trucks, biomass haulers, and mobile chipping units - are employed to 
optimize logistics and minimize environmental impact. Upon delivery, the reception and 
storage phase involve sorting logs by species, size, and moisture content to streamline 
downstream processing. Storage practices, including open-air piles and covered storage areas, 
help preserve wood quality and support consistent drying. 

In the cutting and splitting stage, logs are processed into firewood-length sections using chainsaws 
or mechanized firewood processors. Hydraulic log splitters with varying wedge designs enhance 
production speed and ensure uniform product sizing. The drying process is 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, the cleaning and quality control stage 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 storage methods vary by market channel, with 
firewood offered in bulk, palletized, or bagged formats. Automation in packaging systems 
contributes to operational efficiency and consistency. Finally, distribution and sales are carried out 
through wholesale (e.g., hotels, 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. 

ƓƓũŔĦċƣŔŸŰ 
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 provides warmth through fireplaces, wood stoves, 
and modern high-efficiency 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 key 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, off-grid 
heat source. In agricultural and homestead settings, firewood is sometimes used for heating 
greenhouses, workshops, or small outbuildings, extending its utility beyond just homes. 
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Additionally, artisanal uses of firewood - such as wood-fired 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 wood-burning technologies can emit substantial 
particulate matter and contribute to local air quality problems, prompting 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 lower-grade woody biomass but 
often fits best at smaller scales or when paired with improved technologies to reduce emissions 
and maximize efficiency. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Roundwood logs are the primary and most desirable form of woody biomass used in firewood 
production. These logs are typically sourced from whole-tree harvesting operations and range from 
approximately 6.5 to 20 feet in length, with diameters between 4 and 16 inches. Their straight form 
and structural integrity make them well-suited for mechanical processing, including cutting and 
splitting.  

Forest thinning and logging residues, which include tops and large-diameter 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 excessively irregular pieces that could 
hinder processing efficiency or product uniformity.  

Salvage wood from 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 deteriorated 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. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Producing and selling firewood involves a wide range of capital, operational, and logistical costs 
across multiple stages (Table 2.9). Sourcing and transportation costs include the initial investment 
in harvesting equipment, ranging from $600,000 to $2,000,000, with operational and maintenance 
costs between $120 and $650 per hour depending on machinery type. Labor for harvesting typically 
costs $20т$50 per hour per worker, and transportation expenses vary widely depending on 
distance and fuel costs, typically $5 т $20 per ton-mile. 

Processing costs are substantial, requiring about $389,000 for 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 costs $50 т 
$150 per hour, with additional annual maintenance costs of $5,000 т $20,000. 

For drying and seasoning, installing a kiln system requires about $800,000 in capital investment, 
with kiln operation costs estimated at $50 т $300 per cord. Alternatively, air drying presents lower 
capital costs but requires longer processing times and careful yard management, costing about 
$10 т $30 per cord. 
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Table 2.9 - Firewood production costs. 

Cost Component  Estimated Cost  Notes 

Sourcing and Transportation  

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

Includes logging machinery for cutting and 
processing. 

Harvesting Operation & 
Maintenance $120 - $650 per hour 

Cost depends on equipment type and 
utilization.  

Transportation 
Varies based on distance 

and fuel costs 
Dependent on location and logistical factors. 

Processing 

Capital Investment for Facility $389,000.00 
Covers equipment, site preparation, and 
project management. 

Firewood Processing Equipment $171,000.00 
Includes firewood processors, kilns, bundling 
machines, and log transfer systems. 

Site Preparation & Building Costs $88,000.00 Covers footings, shell building, and 
installation.  

Project Management & Permits $95,000.00 
Includes licenses, engineering, and regulatory 
compliance. 

Drying and Seasoning 

Kiln Drying System 
$800,000 (installation 

and equipment) 
Provides rapid moisture reduction for higher 
efficiency. 

Air Drying 
Lower capital cost, but 

requires longer time 
Requires space for proper stacking and 
seasoning. 

Packaging and Distribution  
Firewood Bundle Wrapping 
Machine 

$1,500.00 Used for packaging firewood for retail sale. 

Transportation and Distribution Varies Includes fuel, vehicle maintenance, and labor. 

Waste Management & Environment  

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

Environmental Compliance Varies 
Covers permits, sustainability certifications, 
and impact assessments. 

Sourcing and Transportation  

Harvesting Labor 
$20 - $50 per hour per 

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

Equipment Fuel & Maintenance $120 - $650 per hour 
Includes fuel, repairs, and parts replacement 
for harvest machinery. 

Log Transportation $5 - $20 per ton-mile 
Dependent on distance, fuel prices, and truck 
capacity. 

Machinery  

Machine Operation (Firewood 
Processor) 

$50 - $150 per hour 
Covers fuel, electricity, and routine 
maintenance. 

Labor for Cutting & Splitting 
$15 - $30 per hour per 

worker Varies by facility size and automation level. 
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Cost Component  Estimated Cost  Notes 

Equipment Maintenance $5,000 - $20,000 annually 
Covers wear and tear, repairs, and 
replacement parts. 

Kiln or Air Drying 

Kiln Operation (Fuel, Electricity, 
Labor) 

$50 - $300 per cord Higher cost than air drying but provides faster 
turnaround. 

Air Drying Yard Management $10 - $30 per cord 
Includes stacking, monitoring, and space 
management. 

Packaging and Distribution  

Labor for Packaging 
$12 - $25 per hour per 

worker 
Costs vary based on automation level. 

Bundling and Wrapping Materials $0.50 - $2 per bundle Includes plastic wrap, mesh bags, and 
labeling. 

Transportation & Delivery $0.50 - $2 per mile 
Dependent on fuel costs, truck size, and route 
distance. 

Waste Management & Environment  

Waste Disposal or Processing $5 - $50 per ton 
Costs vary if selling sawdust/chips vs. landfill 
disposal. 

Environmental Permits & 
Compliance 

$1,000 - $10,000 annually 
Includes emissions monitoring, sustainability 
certifications, and regulatory compliance. 

Firewood Prices  

Firewood per cord $300 to $400 
Prices vary per vendor contacted and is 
subject to seasonality. 

 
Packaging and distribution involve purchasing a bundle wrapping machine (~$1,500) and incurring 
labor costs of $12 т $25 per hour for packaging. Bundling materials add an extra $0.50 т $2 per 
bundle, and transportation and delivery costs range from $0.50 т $2 per mile. 

Waste management and environmental compliance must also be accounted for, with disposal or 
processing costs for by-products (e.g., sawdust and chips) ranging from $5т$50 per ton. Annual 
environmental compliance costs, including permits and certifications, are estimated between 
$1,000 and $10,000. 

Finally, firewood market prices typically 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 kiln-dried firewood sometimes commanding even higher prices - 
up to $450 per cord in certain retail markets. Firewood can also be sold in smaller bundles 
(typically 0.75 т 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 85 т 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 
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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, a cord of firewood is 128 cubic 
feet of tightly stacked wood (4' x 4' x 8'). The conversion from green 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. To convert 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 season. Assuming an average consumption 
of 3.25 cords per household and considering that 1 cord of seasoned forest 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 consumption 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.  

cŸƽĲƻĲƖЯШƚĦċũŔŰŊШƣŸШũċƖŊĲƖШŸƓĲƖċƣŔŸŰƚШŔŰƣƖŸĬƨĦĲƚШĦŸŰƚƣƖċŔŰƣƚЯШƓċƖƣŔĦƨũċƖũǃШĬƨĲШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШ
strict land use and zoning regulations, environmental protection requirements, and community 
sensitivities. Larger facilities may trigger more intensive permitting processes, including Special 
Use Reviews and environmental impact assessments, especially if located in the Wildland-Urban 
Interface or near protected ecosystems. Additionally, the region's air quality regulations and fire 
risk management protocols impose 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 but is 
largely seasonal and consumer-driven, 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 careful 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 financial viability. 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. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Firewood production in Boulder, Colorado must comply with strict air quality standards due to the 
ƖĲŊŔŸŰќƚШŸǍŸŰĲШŰŸŰ-attainment status. Processing activities such as cutting, splitting, and kiln 
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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 Environment (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 of invasive 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 additional precautions to avoid 
ecological disruption and water quality degradation. 

Wood storage in the Wildland-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 high-risk periods. Mitigation measures such as spacing, fuel breaks, 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 district. These include: 

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

¶ Forestry (F) District: While 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. 

¶ Rural Residential (RR) and Estate Residential (ER) Districts: These 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 residential character.  

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 feedstock 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 needed to ensure product quality and market competitiveness. 
Sources may include roundwood from logging operations, salvage wood, and larger-diameter 
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, 
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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 in North 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, consistency, 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 well-structured design 
and operational plan. The modular nature of the processing equipment allows for phased 
ĲǂƓċŰƚŔŸŰЯШċŰĬШƣőĲШŔŰĬƨƚƣƖǃќƚШƖĲũċƣŔƻĲũǃШũŸƽШƣĲĦőŰŸũŸŊŔĦċũШĤċƖƖŔĲƖШƣŸШentry supports adaptability to 
local conditions. When backed by a sound supply chain and proper facility layout, such operations 
can deliver consistent, high-quality 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 provision. The 
City of Boulder operates a Firewood Program that repurposes wood from forest management 
activities. This program offers firewood to permit holders at designated locations, such as the 
South Boulder Creek West Trailhead and the Parks & Recreation Forestry Lot. Participants 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 fire hazards, 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 Boulder 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 District 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 objectives and the community's heating 
needs. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 

7ĲŰĲǯƣƚ 

¶ Reliable Heat Source: Provides an affordable and dependable source of heating, especially 
in rural or off-grid areas. 

¶ Low Technological Barrier: Processing firewood requires relatively simple and widely 
available technologies (splitters, kilns, basic sawmills). 
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¶ Market Familiarity: Firewood has an established market with predictable seasonal demand, 
particularly in colder climates. 

¶ Higher Revenue Potential with Retail Sales: Kiln-dried or bundled firewood sold through 
retail channels (e.g., grocery stores, campgrounds) can achieve higher per-unit revenue. 

¶ Utilization of Lower-Quality Wood: Firewood production can make use of small-diameter 
trees, defect-laden logs, or other wood not suitable for sawmills or higher-value products. 

¶ Local Economic Benefits: Supports small businesses, provides rural jobs, and keeps 
heating dollars circulating within local economies. 

¶ Disaster Resilience: Offers an independent, off-grid energy source during power outages or 
natural disasters. 

?ƖċƽĤċĦťƚ 

¶ 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 Costs: Processing, drying, stacking, bundling, and delivering firewood 
are labor-intensive and require ongoing operational management. 

¶ Capital Costs for Kiln Drying: Installation 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 long-term 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 higher-end uses 
(e.g., lumber, mass timber), reducing available feedstock for firewood operations. 
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ÂƖŸǯũĲƚШŸŉШ§ƣőĲƖШÖƣŔũŔǍċƣŔŸŰШÂċƣőƽċǃƚШ 
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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ÉůċũũШÉċƽůŔũũ 

§ƻĲƖƻŔĲƽ 
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, or chainsaws - each with 
trade-offs in precision, speed, and waste. Power sources (gasoline, diesel, electric, or power take-
off [PTO]) influence efficiency and mobility. Production typically ranges from a few hundred to a few 
thousand board feet per day, depending on mill size and feedstock availability. Small sawmills are 
well-suited for custom cuts, small builds, and niche lumber sales. 

ƓƓũŔĦċƣŔŸŰƚ 
Applications include the production of dimensional lumber, live-edge 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 unique, sustainably sourced wood for furniture making, custom construction, and 
crafts. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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: 

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

¶ 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: 

¶ Softwoods: ~200т250 board feet (green) to ~275т325 board feet (dry) per ton. 

¶ Hardwoods: ~175т225 board feet (green) to ~250т300 board feet (dry) per ton. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Using small-diameter or liability biomass from forest thinning is cost-effective for fire-prone 
regions like Boulder County but requires careful economic management: 

¶ Feedstock Costs: $0т$30 per ton (public thinning programs); transportation adds $10т$30 
per green ton. 

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

¶ Product Value: Lumber prices range from $1.00т$5.00 per board foot depending on species 
and quality. Firewood ($150т$300/cord), mulch ($15т$35/ton), and biochar ($300т
$600/ton) provide secondary revenue streams. 
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¶ 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. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Environmental impacts center on air, water, and noise pollution, and sustainable sourcing 
practices: 

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

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

¶ Noise: Mitigation may be needed near residential areas. 

¶ Sustainable Sourcing: Utilizing thinning residues aligns with wildfire mitigation and forest 
health goals in Boulder County. Compliance with Colorado Department of Public Health & 
EŰƻŔƖŸŰůĲŰƣШƖĲŊƨũċƣŔŸŰƚШċŰĬШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШƚƣƖŸŰŊШĲŰƻŔƖŸŰůĲŰƣċũШƚƣċŰĬċƖĬƚШŔƚШĦƖƨĦŔċũЮ 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Modern portable bandsaw and resaw technologies support flexibility and relatively low capital 
investment for small mills. 

¶ Technical Feasibility: Portable mills are advantageous in mountainous terrains and can 
process logs, on-site, into lumber, slabs, and niche products efficiently. 

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

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

¶ Market Context: 7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШċƖƣŔƚċŰШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰШůċƖťĲƣƚШƚƨƓƓŸƖƣШƚƓĲĦŔċũƣǃШ
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 4т5 million board feet annually with state and federal support. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
Table 2.10 ƚƨůůċƖŔǍĲƚШƣőĲШťĲǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШŔůƓũĲůĲŰƣŔŰŊШċШƚůċũũр
ƚĦċũĲШƚċƽůŔũũШƓċƣőƽċǃШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШìőŔũĲШƚůċũũШƚċƽůŔũũƚШŸǭĲƖШŰƨůĲƖŸƨƚШċĬƻċŰƣċŊĲƚЯШ
ŔŰĦũƨĬŔŰŊШǰĲǂŔĤŔũŔƣǃЯШũŸƽШĦċƓŔƣċũШŔŰƻĲƚƣůĲŰƣЯШċŰĬШċũŔŊŰůĲŰƣШƽŔƣőШũŸĦċũШƚƨƚƣċŔŰċĤŔũŔƣǃШŊŸċũƚЯШƣőĲǃШċũƚŸШ
ƓƖĲƚĲŰƣШĦőċũũĲŰŊĲƚШƖĲũċƣĲĬШƣŸШŸƓĲƖċƣŔŸŰċũШƚĦċũĲЯШƖĲŊƨũċƣŸƖǃШĦŸůƓũŔċŰĦĲЯШċŰĬШũŸŊŔƚƣŔĦƚЮШ
ÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲƚĲШƣƖċĬĲрŸǭƚШŔƚШĦƖŔƣŔĦċũШŉŸƖШĲƻċũƨċƣŔŰŊШƣőĲШŉĲċƚŔĤŔũŔƣǃШċŰĬШƚƣƖċƣĲŊŔĦШǯƣШŸŉШƚůċũũр
ƚĦċũĲШƚċƽůŔũũŔŰŊШċƚШƓċƖƣШŸŉШċШĤƖŸċĬĲƖШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓũċŰЮ 
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Table 2.10. Summary of potential benefits and drawbacks from small sawmill for different decision 
categories. 

Category Benefits  Drawbacks  
Capital 
Investment 

Lower upfront capital costs compared to 
industrial mills.  

Scaling up requires significant additional 
investment. 

Flexibility 
Supports custom cuts, specialty lumber, 
and use of diverse wood species. 

Limited processing capacity compared 
to larger, industrial-scale sawmills. 

Mobility 
Portable mills enable on-site operations, 
useful in mountainous and remote areas. 

Logistical challenges transporting 
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 

[ŔƣƚШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШƚƨƚƣċŔŰċĤŔũŔƣǃШċŰĬШ
local sourcing values. 

Expansion constrained by zoning laws, 
permitting complexity, and operational 
restrictions 
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ŰŔůċũШ7ĲĬĬŔŰŊ 

§ƻĲƖƻŔĲƽ 
Wood-derived animal bedding 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. These 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 involves sourcing clean, untreated wood residues, 
processing them into specific bedding forms, and ensuring drying, screening, and packaging to 
maintain product quality and safety. 

ƓƓũŔĦċƣŔŸŰƚ 
Animal bedding products serve diverse applications across livestock farming and pet care sectors. 
Shavings are commonly used for horses, poultry, and small mammals, while pellets - made 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 absorption, is often 
used in deep litter systems for poultry, swine, and cattle, although dust control is essential to 
protect animal health. Overall, wood-derived bedding enhances hygiene, animal comfort, and odor 
management in a variety of agricultural and domestic settings. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 shavings and 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 due to 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 90т110 cubic feet of shavings, 45т55 cubic feet of pellets, 70т90 cubic feet of chips, 
and 90т110 cubic feet of sawdust. Actual yields depend on species, moisture content, and 
processing efficiency. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Production costs for animal bedding depend on product type and processing method (Table 2.11). 
Chipping and shaving operations typically cost $20т$50 per ton, while drying adds $15т$40 per ton. 
Pellet production, involving grinding and extrusion, is more expensive at $50т$100 per ton. 
Screening and dust collection add an additional $10т$25 per ton. Packaging contributes another 
$20т$40 per ton depending on bagging or baling needs. Labor costs in Boulder County range from 
$20т$35 per hour, with total annual labor costs between $50,000 and $100,000. Overhead for 
utilities and administrative expenses adds $15т$30 per ton. Capital investments for small to 
medium-sized facilities range from $50,000 to $300,000. 

Production costs generally range from $90т$160 per ton for shavings and sawdust, $60т$110 per 
ton for wood chips, and $130т$220 per ton for pellets. Despite these costs, strong market potential 
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exists, with retail prices reaching $300т$500 per ton for bagged shavings, $400т$700 per ton for 
pellets, and $100т$200 per ton for bulk chips (Table 2.11). Animal bedding thus represents an 
economically promising pathway for biomass utilization, particularly when leveraging low-cost or 
subsidized feedstocks. 

Table 2.11.ШKey cost and revenue metrics for animal bedding production.  
Metric  Estimated Range Notes 

Feedstock (Wood 
Type) 

Softwood logs, sawdust, 
chips, bark 

Preferably clean, untreated material 

Yield per Ton (1,000 
lbs) 

- Shavings: 90т110 ft³  
- Pellets: 45т55 ft³ - Chips: 70т
90 ft³  
- Sawdust: 90т110 ft³ 

Varies based on moisture content and wood 
species 

Production Costs 
- Shavings: $90т$160 per ton  
- Chips: $60т$110 per ton  
- Pellets: $130т$220 per ton 

Includes processing, drying, screening, 
packaging 

Capital Investment $50,000т$300,000 
For equipment like chippers, planers, dryers, 
pelletizers 

Labor Costs $20т$35 per hour Based on Boulder County wage rates 
Overhead Costs $15т$30 per ton Utilities, administration, compliance 

Retail Revenue 
Potential 

- Shavings: $300т$500 per ton  
- Pellets: $400т$700 per ton  
- Chips: $100т$200 per ton 

Higher revenue for bagged and specialty 
products 

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

Environmental Benefit High 
Compostable, diverts biomass waste, supports 
soil health 

 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Environmental impacts vary depending on the processing intensity. Chipping and shaving have 
relatively low energy requirements, while pelletizing and kiln drying are more energy-intensive and 
can increase emissions if fossil fuels are used. However, utilizing 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. Spent 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 
quality degradation. Overall, replacing non-renewable materials like sand or peat with forest-
derived bedding improves sustainability outcomes. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
The technical feasibility of animal bedding production in Boulder County is generally favorable but 
depends on feedstock availability, processing infrastructure, and market access. While Boulder 
County itself lacks large-scale timber processing facilities, nearby sawmills, logging contractors, 
and biomass processors can provide raw materials. Equipment such as chippers, grinders, dryers, 
and screeners are commercially available and technically mature, but producing finer, dust-free, 
kiln-dried bedding requires additional capital investment. 
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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 consistent 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. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
ÑċĤũĲШΞЮΝΞШŸƨƣũŔŰĲƚШƣőĲШťĲǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƨƣŔũŔǍŔŰŊШƽŸŸĬǃШĤŔŸůċƚƚШŉŸƖШ
ċŰŔůċũШĤĲĬĬŔŰŊШƓƖŸĬƨĦƣŔŸŰЮШìőŔũĲШƣőŔƚШƓċƣőƽċǃШŸǭĲƖƚШƚƣƖŸŰŊШŸƓƓŸƖƣƨŰŔƣŔĲƚШƣŸШĲŰőċŰĦĲШċŰŔůċũШ
ƽĲũŉċƖĲЯШƚƨƓƓŸƖƣШĲŰƻŔƖŸŰůĲŰƣċũШƚƨƚƣċŔŰċĤŔũŔƣǃЯШċŰĬШĦƖĲċƣĲШĲĦŸŰŸůŔĦШƻċũƨĲЯШŔƣШċũƚŸШƓƖĲƚĲŰƣƚШ
ŸƓĲƖċƣŔŸŰċũШċŰĬШƖĲŊƨũċƣŸƖǃШĦőċũũĲŰŊĲƚШƣőċƣШůƨƚƣШĤĲШĦċƖĲŉƨũũǃШůċŰċŊĲĬЮШÑőĲƚĲШƣƖċĬĲрŸǭƚШċƖĲШőĲũƓŉƨũШ
ƣŸШƨŰĬĲƖƚƣċŰĬШŉŸƖШċƚƚĲƚƚŔŰŊШƣőĲШŉĲċƚŔĤŔũŔƣǃШċŰĬШƚƣƖċƣĲŊŔĦШǯƣШŸŉШċŰŔůċũШĤĲĬĬŔŰŊШƓƖŸĬƨĦƣŔŸŰШƽŔƣőŔŰШ
7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШĤƖŸċĬĲƖШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШċŰĬШŉŸƖĲƚƣШőĲċũƣőШŸĤŢĲĦƣŔƻĲƚЮ 

ÑċĤũĲЮΥдΤΥдЮÉƨůůċƖǃЮŸŉЮĤĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮċŰŔůċũЮĤĲĬĬŔŰŊЮƓƖŸĬƨĦƣŔŸŰдЮ 
Category Benefits  Drawbacks  

Animal Health & 
Comfort 

Excellent moisture absorption, odor 
control, and insulation improve animal 
hygiene and welfare 

Fine particulates (especially from 
sawdust) can pose respiratory risks 
without dust control  

Environmental 
Impact 

Biodegradable and compostable; 
composted spent bedding enriches soils 
and reduces landfill use 

Spent bedding mixed with animal waste 
requires careful handling to avoid 
nutrient runoff or odors 

Market Potential 
Strong demand from livestock and pet 
sectors in Boulder County and regionally 

Market competition and seasonality 
may affect pricing and sales stability 

Use of Biomass 
Efficiently uses forest residues and 
sawmill byproducts; supports wildfire 
mitigation efforts 

Not all liability biomass (e.g., leaves, 
needles) is suitable for bedding 
production 

Economic Viability 
Attractive profit margins for bagged and 
pelletized products; diverse product 
options 

High-quality kiln-dried or pelletized 
bedding requires significant capital 
investment 

Technical 
Feasibility 

Mature technologies are available for 
grinding, drying, and pelletizing 

Infrastructure in Boulder County is 
limited; few existing facilities require 
new development 

Regulatory 
Considerations 

Generally low impact if dust and 
emissions are managed 

Dust, air quality, and water runoff must 
be regulated and mitigated to meet 
compliance standards 
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7ŔŸůċƚƚШcĲċƣ 

§ƻĲƖƻŔĲƽ 
Institutional and commercial biomass heating systems offer a viable, sustainable alternative to 
fossil fuel-based heating. Utilizing forest-sourced 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 processes. 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 combustion 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 the Boulder 
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. 

ƓƓũŔĦċƣŔŸŰƚ 
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 industries 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 flexibilityЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШŸƽŰШŔŰƚƣċũũċƣŔŸŰƚШĲǂĲůƓũŔŉǃШĤŔŸůċƚƚШőĲċƣŔŰŊќƚШ
versatility, supporting both administrative complexes and correctional facilities with reliable, 
renewable thermal energy sourced from local forests. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 size and 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 dust-related hazards. 
Cordwood is less suitable for commercial 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 moisture content; a ton of dry wood (~20% moisture) contains about 16 million BTUs, 
while wood chips with 30т50% moisture produce between 9т13 million BTUs per ton. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 match the energy in one ton 
of dry wood, or electricity costing approximately $562 to produce the same energy, biomass 
heating presents a lower-cost 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. Long-term, however, lower fuel costs and carbon 
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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 

Feedstock Energy 
Content 

- Dry wood (~20% moisture): ~16 
million BTU/ton  
- Wood chips (30т50% 
moisture): ~9т13 million 
BTU/ton 

Moisture content significantly affects energy 
yield 

Combustion 
Efficiency 

80%т90% 
Advanced boiler designs with proper 
maintenance 

Heating Cost 
Comparison 

- Wood biomass (dry): lower 
than natural gas or electricity  
- Natural gas: ~$158 for 
equivalent energy  
- Electricity: ~$562 for 
equivalent energy 

Biomass generally offers lower operational 
fuel costs 

Total Heating Cost 
(10 MW system) 

~$5.88 per kW thermal 
produced 

Includes feedstock, operations, and capital 
recovery 

Capital Investment 
High (varies by scale, commonly 
in millions for larger systems) 

Requires grants, loans, or public funding 
support for feasibility 

Air Emissions - PM, NO, CO, VOCs 
Requires emission control technologies (e.g., 
electrostatic precipitators, baghouse filters) 

Dust and Noise 
Management 

Required 
Enclosures and suppression systems 
necessary for handling and storage 

Ash Production 1%т3% of feedstock weight 
Ash can be reused as soil amendment if 
tested and certified 

Infrastructure Needs 
- Fuel storage  
- Handling systems  
- Space requirements 

More land area needed compared to fossil 
fuel systems 

Climate Impact 
Positive (when sustainably 
sourced) 

Displaces fossil fuels and supports carbon 
neutrality goals 

Maintenance 
Requirements 

Moderate to High 
Includes fuel system upkeep, combustion 
system cleaning, ash handling, and emissions 
monitoring 

 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 (VOCs). Effective 
combustion design, along with emission controls like electrostatic precipitators and baghouse 
filters, are essential to meet air quality standards and reduce environmental impact. Dust and 
noise generated during fuel handling must be managed through enclosures and suppression 
systems to protect local communities and worker health. Ash, while potentially usable as a soil 
amendment, must be tested for contaminants before reuse or disposal. Overall, biomass heating 
systems that utilize sustainably sourced 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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fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
The technical feasibility of woody biomass heating is high, with mature, proven systems 
commercially available for a wide range of building sizes and energy needs. Key components such 
as fuel storage, handling systems, combustion chambers, and heat exchangers are well-developed 
and increasingly automated, improving operational efficiency and reliability. Systems can operate 
with minimal on-site oversight when equipped with automation and remote monitoring 
ƣĲĦőŰŸũŸŊŔĲƚЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШĲǂŔƚƣŔŰŊШƚǃƚƣĲůƚШċƣШƣőĲШ§ƓĲŰШÉƓċĦĲШ9ŸůƓũĲǂШċŰĬШƣőĲШsċŔũШ
demonstrate the viability of such systems at institutional scales. Infrastructure needs include 
reliable local biomass sourcing, properly designed storage facilities to manage moisture and dust, 
ċŰĬШƖŸĤƨƚƣШőċŰĬũŔŰŊШĲƕƨŔƓůĲŰƣШƣŸШĲŰƚƨƖĲШĦŸŰƚŔƚƣĲŰƣШŉƨĲũШĬĲũŔƻĲƖǃЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШŉŸƖĲƚƣШ
management activities - producing biomass from thinning, urban tree removals, and beetle-killed 
trees - create a strong foundation for expanding biomass heating efforts, especially if integrated 
into additional public and private sector facilities. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 

ÑċĤũĲШΞЮΝΠШƚƨůůċƖŔǍĲƚШƣőĲШƓƖŔůċƖǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШŔůƓũĲůĲŰƣŔŰŊШƽŸŸĬǃШ
ĤŔŸůċƚƚШőĲċƣŔŰŊШƚǃƚƣĲůƚЮШìőŔũĲШƣőĲƚĲШƚǃƚƣĲůƚШŸǭĲƖШƚŔŊŰŔǯĦċŰƣШĲŰƻŔƖŸŰůĲŰƣċũЯШĲĦŸŰŸůŔĦЯШċŰĬШ
ũŸĦċũШƖĲƚŔũŔĲŰĦĲШċĬƻċŰƣċŊĲƚЯШƣőĲǃШċũƚŸШƓƖĲƚĲŰƣШĦőċũũĲŰŊĲƚШƖĲũċƣĲĬШƣŸШĦċƓŔƣċũШŔŰƻĲƚƣůĲŰƣЯШŸƓĲƖċƣŔŸŰċũШ
ĦŸůƓũĲǂŔƣǃЯШċŰĬШƖĲŊƨũċƣŸƖǃШĦŸůƓũŔċŰĦĲЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲƚĲШƣƖċĬĲрŸǭƚШŔƚШŔůƓŸƖƣċŰƣШŉŸƖШĲƻċũƨċƣŔŰŊШ
ƣőĲШƖŸũĲШŸŉШĤŔŸůċƚƚШőĲċƣŔŰŊШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШĤƖŸċĬĲƖШŉŸƖĲƚƣШőĲċũƣőЯШƽŔũĬǯƖĲШƖŔƚťШƖĲĬƨĦƣŔŸŰЯШċŰĬШ
ĦũŔůċƣĲШċĦƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮ 

Table 2.14. Benefits and drawbacks of biomass heating systems. 
Category Benefits  Drawbacks  

Carbon Impact 
Carbon-neutral when sourcing biomass 
sustainably; displaces fossil fuel use 

Emissions of PM, NO, CO, and VOCs 
require advanced emission controls to 
meet air quality standards 

Economic 
Viability 

Potential long-term cost savings over 
natural gas and electricity, especially 
with low-cost feedstock 

High upfront capital costs for boiler 
systems, storage, handling, and 
emissions control infrastructure 

Local Benefits 
Strengthens local energy security; 
creates rural forestry and maintenance 
jobs 

Requires reliable local biomass supply 
and quality control (moisture, size, 
cleanliness) 

Technical 
Maturity 

Proven, commercially available systems 
with modular scalability; high 
automation potential  

Larger systems increase permitting, 
environmental review, and maintenance 
complexity 

Environmental 
Resilience 

Supports wildfire risk reduction by 
utilizing excess forest biomass 

Dust, noise, and ash management are 
necessary to minimize local 
environmental impacts 

Operational 
Flexibility 

Suitable for a wide range of applications 
(schools, municipal buildings, district 
heating) 

Requires more on-site space for fuel 
storage and handling compared to 
traditional fossil fuel systems 

Policy Support 
Eligible for grants, carbon incentives, 
and state/federal renewable energy 
programs 

Dependence on evolving policy and grant 
landscapes to improve financial feasibility 
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~ċƚƚШÑŔůĤĲƖ 
§ƻĲƖƻŔĲƽ 

Mass timber production transforms sustainably 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, kiln-dried, and processed into products like cross-laminated timber 
(CLT), glued-laminated timber (Glulam), laminated veneer lumber (LVL), 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. Mass timber supports eco-friendly construction by promoting carbon 
storage, resource efficiency, and the repurposing of wood byproducts into bioenergy. 

ƓƓũŔĦċƣŔŸŰƚ 

Mass timber products are increasingly used in residential, commercial, and institutional 
construction. Applications include structural framing for mid-rise and high-rise buildings, flooring 
systems, roofing panels, wall assemblies, and architectural elements like exposed timber facades. 
In Boulder County, projects such as The Loading Dock (2017) and the upcoming Alpine-Balsam 
redevelopment illustrate growing local adoption. Mass timber appeals to architects and developers 
due to its aesthetic qualities, faster 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 mixed-use 
developments. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

Preferred feedstocks for mass timber include softwoods like spruce, pine, fir, and Douglas fir, 
selected for their strength-to-weight ratios and workability. Small-diameter logs from thinning 
projects and sustainable forestry operations are prime candidates, 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, finger-jointing, and hybrid panel designs help mitigate these challenges, 
enabling the use of lower-grade wood in non-structural layers of products like CLT (Table 2.15). On 
average, one ton of raw wood produces approximately 700т900 kilograms of finished mass timber 
products, with byproducts like sawdust and offcuts repurposed for bioenergy or other uses. 

Table 2.15. Estimated mass timber yield per one ton of wood. 

Mass Timber Product  
Yield from One Ton of 

Raw Wood (kg) 
Conversion 
Efficiency  

Average Price per 
Square Foot* 

Cross-Laminated Timber 
(CLT) 

650т800 kg 65т80% $50 

Glued-Laminated Timber 
(Glulam) 

700т850 kg 70т85% N/A 

Oriented Strand Board 
(OSB) 

850т950 kg 85т95% $0.75т$1.10 

Particleboard / MDF 900т1,000 kg 90т100% $0.85т$1.40 
* Source: The Beck Group (2015) 
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EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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 demand is rising, with higher 
prices commanded for CLT panels (~$50/sq ft) and OSB panels ($0.75т$1.10/sq ft). Operational 
models that vertically integrate forestry, sawmilling, and panel manufacturing further streamline 
supply chains and reduce costs. Regional coalitions 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. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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 support biodiversity and forest 
ƖĲŊĲŰĲƖċƣŔŸŰЮШ ĬĬŔƣŔŸŰċũũǃЯШƽŸŸĬќƚШũŸƽ-energy production profile contributes to carbon-neutral or 
carbon-negative construction outcomes. However, environmental trade-offs exist, particularly 
concerning adhesives. Some resins used in mass timber products emit volatile organic 
compounds (VOCs), impacting indoor air quality and complicating end-of-life disposal or recycling. 
To minimize these impacts, manufacturers are increasingly using low-emission, formaldehyde-free 
adhesives. Optimizing energy use during kiln drying and lamination further protects the 
environmental benefits of mass timber production. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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 Architecture have 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 timberќƚШůŸĬƨũċƖШůċŰƨŉċĦƣƨƖŔŰŊШƚǃƚƣĲůƚЯШƽőŔĦőШ
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 structural and fire safety standards (APA, ANSI, ICC-ES). Infrastructure needs -
such as proximity to feedstock, skilled labor, transport links, and urban market access - will 
influence where future facilities are best located. 

ЮÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 

ÑċĤũĲШΞЮΝΣШƚƨůůċƖŔǍĲƚШƣőĲШƓƖŔůċƖǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШƓƖŸĬƨĦƣŔŸŰШċŰĬШ
ƨƚĲШŸŉШůċƚƚШƣŔůĤĲƖШƓƖŸĬƨĦƣƚЮШ~ċƚƚШƣŔůĤĲƖШŸǭĲƖƚШĲŰƻŔƖŸŰůĲŰƣċũЯШĲĦŸŰŸůŔĦЯШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰШ
ċĬƻċŰƣċŊĲƚЯШċũŔŊŰŔŰŊШƽŔƣőШƚƨƚƣċŔŰċĤŔũŔƣǃШċŰĬШĦċƖĤŸŰШƖĲĬƨĦƣŔŸŰШŊŸċũƚЮШcŸƽĲƻĲƖЯШŔƣШċũƚŸШƓƖĲƚĲŰƣƚШ
ŰŸƣċĤũĲШĦőċũũĲŰŊĲƚШƖĲũċƣĲĬШƣŸШƓƖŸĬƨĦƣŔŸŰШĦŸƚƣƚЯШŉĲĲĬƚƣŸĦťШƻċƖŔċĤŔũŔƣǃЯШċĬőĲƚŔƻĲШƨƚĲЯШċŰĬШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШĬĲƻĲũŸƓůĲŰƣЮШ 

 

 

 

 



  ΡΥ 

ÑċĤũĲЮΥдΤΩдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮůċƚƚЮƣŔůĤĲƖЮƓƖŸĬƨĦƣŔŸŰЮċŰĬЮƨƚĲд 
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 

Feedstock 
Utilization 

Efficient use of small-diameter logs and 
sawmill byproducts, supporting forest 
health and resource efficiency 

Liability biomass introduces challenges 
like dimensional instability and 
mechanical variability 

Market and 
Demand 

Strong and growing demand for 
sustainable construction materials; 
favored by architects and developers 

High product costs may limit adoption in 
low-margin or smaller projects 

Economic 
Development 

Supports local and regional green building 
industries; opportunities for modular, 
scalable production 

High initial capital investment required 
for presses, kilns, and precision 
machining equipment 

Technical 
Viability 

Mature, automated technologies available 
for scalable, high-precision production 

Certification of non-standard feedstocks 
requires additional testing, increasing 
costs and timelines 

Policy and 
Incentives 

Strong support through green building 
standards, low-carbon construction 
policies, and carbon accounting 
frameworks 

Dependent on continued growth of 
supportive regulatory frameworks and 
construction market acceptance 

Regional 
Readiness 

Emerging regional leadership (e.g., 
Colorado Mass Timber Coalition); example 
projects in Boulder County 

As of 2025, no mass timber production 
facilities currently exist in Boulder 
County 
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ŔƖШ9ƨƖƣċŔŰШ7ƨƖŰĲƖ 

§ƻĲƖƻŔĲƽ 
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 high-velocity 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 ash as 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 large-scale PGFireBox 
systems capable of producing electricity, and Tigercat, offering the Carbonizer focused on biochar 
production. ACBs offer an effective, regulatory-compliant solution for on-site biomass disposal, 
supporting forest health and wildfire risk reduction efforts. 

ƓƓũŔĦċƣŔŸŰƚ 
ACBs are highly adaptable and find application across forestry operations, land-clearing 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 on-site solutions for urban forestry operations, park 
maintenance, and utility right-of-way clearing. Certain models, such 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 operate in rugged, remote locations makes them ideal for 
Boulder County's wildland-urban interface (WUI) areas and public land management activities. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 trimmings. 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 careful 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. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Capital and operational costs for ACBs vary by model and system size. Typical capital costs 
include: 

¶ BurnBoss T24: $85,000т$125,000 

¶ FireBox S220/S330: $150,000т$350,000 

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

Operating costs are driven primarily by diesel fuel consumption (0.35т3 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 throughput of 10т20 tons. Labor 



  ΣΜ 

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 that can offset operational costs. 
Tigercat's Carbonizer has similar operational costs but a higher upfront price due to its specialized 
design for biochar recovery. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 managed, 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. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Boulder County is well-positioned 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 City ŸŉШ7ŸƨũĬĲƖќƚШ§ƓĲŰШÉƓċĦĲШċŰĬШ
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 centralized 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 
quality compliance, and Community Wildfire Protection 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 

Series Type Model 
Number  

Processing Amount 
(tons/hour)  End Products 

FireBox Series S220 5.0 Ash, Biochar 
FireBox Series S330 13.0 Ash, Biochar 
TrackBoss/BurnBoss BurnBoss T24 1.5 Ash, Biochar 
TrackBoss/BurnBoss TrackBoss 3.0 Ash, Biochar 

Power Series PGFireBox Up to 20.0 Ash, Biochar, 
Electricity 

 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
ÑőĲШŉŸũũŸƽŔŰŊШƣċĤũĲШƚƨůůċƖŔǍĲƚШƣőĲШƓƖŔůċƖǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШƨƚĲШŸŉШċŔƖШ
ĦƨƖƣċŔŰШĤƨƖŰĲƖШы 97ьШƚǃƚƣĲůƚШŉŸƖШƽŸŸĬǃШĤŔŸůċƚƚШůċŰċŊĲůĲŰƣШыÑċĤũĲШΞЮΝΥьЮШ 97ƚШŸǭĲƖШƚŔŊŰŔǯĦċŰƣШ
ĲŰƻŔƖŸŰůĲŰƣċũШċŰĬШŸƓĲƖċƣŔŸŰċũШċĬƻċŰƣċŊĲƚЯШƓċƖƣŔĦƨũċƖũǃШŉŸƖШƖĲĬƨĦŔŰŊШĲůŔƚƚŔŸŰƚЯШũŸƽĲƖŔŰŊШĤŔŸůċƚƚШ
ĬŔƚƓŸƚċũШĦŸƚƣƚЯШċŰĬШƚƨƓƓŸƖƣŔŰŊШƽŔũĬǯƖĲШƖŔƚťШƖĲĬƨĦƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮШcŸƽĲƻĲƖЯШƣőĲǃШċũƚŸШƓƖĲƚĲŰƣШ



  ΣΝ 

ĦŸŰƚŔĬĲƖċƣŔŸŰƚШƖĲũċƣĲĬШƣŸШŸƓĲƖċƣŔŸŰċũШĦŸƚƣƚЯШŉƨĲũШƨƚĲЯШċŰĬШƖĲŊƨũċƣŸƖǃШĦŸůƓũŔċŰĦĲЮШÖŰĬĲƖƚƣċŰĬŔŰŊШ
ƣőĲƚĲШƣƖċĬĲрŸǭƚШŔƚШĲƚƚĲŰƣŔċũШŉŸƖШĲƻċũƨċƣŔŰŊШƣőĲШƚƨŔƣċĤŔũŔƣǃШŸŉШ 97ШƚǃƚƣĲůƚШƽŔƣőŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШ
ĤƖŸċĬĲƖШŉŸƖĲƚƣШőĲċũƣőШċŰĬШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШĲǭŸƖƣƚЮ 

ÑċĤũĲЮΥдΤΫдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮċŔƖЮĦƨƖƣċŔŰЮĤƨƖŰĲƖЮёċĦĤђЮƚǃƚƣĲůд 
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 urban-edge 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 

 

  



  ΣΞ 

ÂĲũũĲƣШċŰĬШ[ƨĲũШ7ƖŔĦť 

§ƻĲƖƻŔĲƽ 
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, clean-burning 
fuel suitable for residential, institutional, and industrial applications. Production begins with 
sorting and cleaning to remove contaminants, followed by drying the biomass to 8т12% moisture 
content using systems like rotary drum, flash, or belt dryers. Material is then size-reduced to 
uniform particles (typically ¼т½ 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. Pellets are cooled, screened, and packaged. Fuel bricks follow a similar pathway 
but often use finer particles and are densified using hydraulic or mechanical presses. 

ƓƓũŔĦċƣŔŸŰƚ 

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, clean combustion, 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 Boulder County, these fuels are well-aligned with existing biomass 
heating infrastructure and climate resilience goals. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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 storm-damaged 
or insect-infested wood. The material must be clean, untreated, 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 steps such as drying, magnetic separation, and screening are critical. 
Blending feedstocks is common to balance calorific value and ash content. One ton (2,000 lbs) of 
dry wood typically produces 1,800 - 1,900 lbs of pellets or fuel bricks.  

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

Pellet and fuel brick production is capital-intensive, 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 expand. In Boulder County as of March 
2025, heating pellets retail for approximately $300 per ton (in 40-lb bag format). Production 
efficiencies range from 90т95%, 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 17225-2). 

Economies of scale reduce per-ton costs, but large centralized plants require steady feedstock 
flow and efficient logistics. A hub-and-spoke model, with distributed preprocessing and centralized 
pelletizing, may improve viability. Operational costs are also sensitive to moisture control and 
contamination management, which influence equipment wear and product quality. 



  ΣΟ 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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 release particulate matter (PM), 
volatile organic compounds (VOCs), 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 Environment (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, NO) are lower than traditional wood but still pose 
local air quality concerns, particularly during winter inversions. EPA-certified stoves and boilers are 
necessary to mitigate impacts. Dust management in production facilities also improves worker 
safety and fire risk. Water usage is minimal and largely confined to dust suppression. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 

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, high-quality fuel. Pellet systems 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 
9ŸũŸƖċĬŸШÉƣċƣĲШ[ŸƖĲƚƣШÉĲƖƻŔĦĲќƚШìŸŸĬШƣŸШEŰĲƖŊǃШÂƖŸŊƖċůШ- provides a foundation for scaling up. 
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 responsible sourcing. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 

ÑőĲШŉŸũũŸƽŔŰŊШƣċĤũĲШƚƨůůċƖŔǍĲƚШƣőĲШťĲǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШŸŉШƨƚŔŰŊШŉŸƖĲƚƣрƚŸƨƖĦĲĬШĤŔŸůċƚƚШƣŸШ
ƓƖŸĬƨĦĲШƓĲũũĲƣƚШċŰĬШŉƨĲũШĤƖŔĦťƚШыÑċĤũĲШΞЮΝΦьЮШÑőĲƚĲШĬĲŰƚŔǯĲĬШŉƨĲũƚШŸǭĲƖШċШƻċũƨċĤũĲШŸƓƓŸƖƣƨŰŔƣǃШƣŸШ
ĦŸŰƻĲƖƣШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШŔŰƣŸШĦũĲċŰЯШĲŰĲƖŊǃрĬĲŰƚĲШƓƖŸĬƨĦƣƚШƣőċƣШƚƨƓƓŸƖƣШĦũŔůċƣĲШŊŸċũƚШċŰĬШŉŸƖĲƚƣШ
őĲċũƣőШŸĤŢĲĦƣŔƻĲƚЮШcŸƽĲƻĲƖЯШƣőĲŔƖШƓƖŸĬƨĦƣŔŸŰШŔƚШĦċƓŔƣċũрŔŰƣĲŰƚŔƻĲШċŰĬШƚƨĤŢĲĦƣШƣŸШƚƣƖŔŰŊĲŰƣШ
ĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰƣƖŸũƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШƖĲŊŔŸŰƚШũŔťĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƽŔƣőШƚĲŰƚŔƣŔƻĲШċŔƖШƕƨċũŔƣǃШ
ĦŸŰƚŔĬĲƖċƣŔŸŰƚЮШÑőĲШŉŸũũŸƽŔŰŊШƣċĤũĲШƓƖŸƻŔĬĲƚШċШƚƣƖƨĦƣƨƖĲĬШĦŸůƓċƖŔƚŸŰШŸŉШƣőĲШůċŢŸƖШċĬƻċŰƣċŊĲƚШċŰĬШ
ĦőċũũĲŰŊĲƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőŔƚШƓċƣőƽċǃЮ 

 
 
 
 
 
 
 
 
 
 
 
 
 



  ΣΠ 

ÑċĤũĲЮΥдΤάдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮƓĲũũĲƣЮċŰĬЮŉƨĲũЮĤƖŔĦťЮƓƖŸĬƨĦƣŔŸŰд 
Category Benefits  Drawbacks  

Fuel Quality & 
Efficiency 

High energy density (6,900т8,200 
BTU/lb); low ash and moisture improve 
combustion efficiency 

Requires intensive drying and contaminant 
removal to meet fuel quality standards 

Feedstock 
Utilization 

Makes productive use of forest 
residues, sawdust, and liability biomass 

Variability in liability biomass can 
complicate consistent processing and fuel 
certification  

Climate & Carbon 
Impact 

Near carbon-neutral lifecycle emissions 
when sustainably sourced; displaces 
fossil fuel use 

Emissions from drying and combustion 
must be tightly controlled, especially in air 
quality-sensitive areas 

Market Viability 
Expanding market demand for 
renewable fuels in residential and 
institutional heating 

Sensitive to commodity pellet pricing and 
limited by regulatory classification of fuel 
quality 

Infrastructure 
Readiness 

Compatible with existing biomass 
heating systems; scalable via modular 
equipment 

High capital investment required for 
drying, milling, densification, and 
emissions control equipment 

Environmental 
Regulation 

Production can meet air quality 
standards with proper controls; low 
water use 

Requires permits for PM, VOCs, and NO 
emissions; dust and noise must also be 
managed 

Storage & 
Distribution 

Pellets and bricks are compact, 
transportable, and compatible with 
automated feed systems 

Highly moisture-sensitive; requires dry 
storage and proper packaging to avoid 
degradation 

 



  ΣΡ 

7ŔŸрŸŔũ 

§ƻĲƖƻŔĲƽ 
Bio-oil production from forest-sourced wood waste represents an emerging pathway for 
sustainable energy generation and long-term carbon sequestration. Produced via fast pyrolysis - a 
thermochemical process that rapidly heats biomass in low-oxygen environments - bio-oil is a dark, 
viscous liquid rich in oxygenated organic compounds. The process also yields biochar and syngas, 
each with its own value-added applications. Bio-oil can be combusted for energy, refined into 
biofuels and biochemicals, or injected into deep geological formations to achieve stable, long-term 
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 conversion, reducing transportation costs and emissions while offering 
a scalable model for Pyrolytic Carbon Capture and Storage (PyCCS). 

ƓƓũŔĦċƣŔŸŰƚ 
Bio-oil can serve multiple end uses depending on its stabilization and refinement. In sequestration-
focused applications, bio-oil can be injected into deep geological formations such as depleted oil 
and gas reservoirs or saline aquifers, where its high viscosity and microbial resistance ensure 
permanence. It may also be stabilized into long-lived industrial materials, including asphalt binder 
replacements, adhesives, and resin feedstocks, effectively embedding carbon in infrastructure. On 
the energy side, upgraded bio-oil can be refined into green diesel, aviation fuel, or marine bunker 
fuel. However, these energy applications require large-scale 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. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Bio-oil production is compatible with a wide range of forest-sourced woody biomass, including 
sawdust, bark, thinnings, slash, and other liability biomass residues. Fast pyrolysis yields the 
highest bio-oil output, typically producing 60т75% by weight of feedstock. Softwoods such as pine 
and spruce, as well as mixed residues, fall within this yield range, generating approximately 1,200т
1,400 lbs of bio-oil per ton of biomass (Table 2.20). Co-products include biochar (10т25%, or ~200т
500 lbs/ton) and syngas (10т15%, or ~200тΟΜΜШũĤƚоƣŸŰьЯШĲŰőċŰĦŔŰŊШƣőĲШƚǃƚƣĲůќƚШĦċƖĤŸŰШƻċũƨĲЮ 

ÑċĤũĲЮΥдΥΣдЮEǂƓĲĦƣĲĬЮ7ŔŸц§ŔũЮòŔĲũĬЮŉƖŸůЮ§ŰĲЮÑŸŰЮŸŉЮ[ŸƖĲƚƣЮìŸŸĬЮìċƚƣĲд 
Feedstock  Bio-Oil Yield (%) Bio-Oil Production (lbs/ton)  

Softwood (e.g., pine, spruce) 60т70% 1,200т1,400 
Liability Biomass (mixed) 60т70% 1,200т1,400 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
The current economic value of bio-oil production in Boulder County primarily derives from its 
carbon sequestration potential. Deep injection of bio-oil yields carbon dioxide removal (CDR) 
credits. Given that bio-oil is about 60% carbon, each ton stores ~0.6 tons of elemental carbon, 
ĲƕƨċƣŔŰŊШƣŸШΞЮΞШƣŸŰƚШŸŉШ9§ЋШƽőĲŰШŸǂŔĬŔǍĲĬШыƨƚŔŰŊШċШΠΠаΝΞШůŸũĲĦƨũċƖШƽĲŔŊőƣШĦŸŰƻĲƖƚŔŸŰШƖċƣŔŸьЮШ ƣШ
ΞΜΞΠШůċƖťĲƣШƖċƣĲƚШŸŉШӈҘΤΡΜШƓĲƖШƣŸŰШ9§ЋШƖĲůŸƻĲĬШŔŰШƣőĲШƻŸũƨŰƣċƖǃШĦċƖĤŸŰШůċƖťĲƣЯШŸŰĲШƣŸŰШŸŉШĤŔŸ-oil 
sequestered could yield ~$1,650 in CDR revenue. 

9őċƖůШfŰĬƨƚƣƖŔċũќƚШ[ƣЮШxƨƓƣŸŰШŉċĦŔũŔƣǃШƚƨƓƓŸƖƣƚШůŸĤŔũĲШĬĲƓũŸǃůĲŰƣШŸŉШΞ - 10 ton/day pyrolysis units. 
The estimated cost of biomass delivery from Boulder County to the facility is $30.03/ton, with a 



  ΣΣ 

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 GoogũĲќƚШΞΜΞΡШƓũĲĬŊĲШƣŸШ
ƖĲůŸƻĲШΝΜΜЯΜΜΜШƣŸŰƚШŸŉШ9§ЋШĤǃШΞΜΟΜЮ 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Bio-oil production and sequestration present both environmental opportunities and challenges. 
When responsibly managed, the process can achieve net-negative carbon emissions by removing 
ċƣůŸƚƓőĲƖŔĦШ9§ЋШċŰĬШƚƣŸƖŔŰŊШŔƣШŔŰШƚƣċĤũĲШŉŸƖůƚЮШcŸƽĲƻĲƖЯШƓǃƖŸũǃƚŔƚШƚǃƚtems must be equipped with 
emissions controls to manage particulates, VOCs, and NO generated during biomass conversion. 
Additionally, bio-oil is acidic, viscous, and chemically reactive - requiring corrosion-resistant 
storage, spill containment, and leak detection. 

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 are necessary to ensure safe 
containment. Despite these risks, the use of mobile units reduces environmental impacts from 
biomass transport and supports distributed mitigation strategies. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Bio-ŸŔũШƚǃƚƣĲůƚШƖĲƕƨŔƖĲШĤŸƣőШƓǃƖŸũǃƚŔƚШċŰĬШƚĲƕƨĲƚƣƖċƣŔŸŰШŔŰŉƖċƚƣƖƨĦƣƨƖĲЮШ9őċƖůќƚШůŸĤŔũĲШƨŰŔƣƚШ
reduce the need for centralized plants by enabling on-site biomass processing. Each unit includes 
drying, pyrolysis, and storage functions, and they are staged and supported 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, corrosion-resistant tanks and 
pipelines, and rigorous safety protocols. 

Fast pyrolysis operates at 450т550°C, is technically mature (TRL 6т8), and has been commercially 
demonstrated. However, bio-oil must be stabilized to prevent degradation. Technologies like 
hydrogenation and buffering are under development to improve storage integrity. Despite 
challenges, net-negative emissions can be achieved, especially if systems are powered by 
renewable energy and integrate co-product reuse (e.g., biochar as a soil amendment). 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
ÑőĲШŉŸũũŸƽŔŰŊШƣċĤũĲШƚƨůůċƖŔǍĲƚШƣőĲШťĲǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШĦŸŰƻĲƖƣŔŰŊШƽŸŸĬǃШ
ĤŔŸůċƚƚШŔŰƣŸШĤŔŸрŸŔũШƣőƖŸƨŊőШŉċƚƣШƓǃƖŸũǃƚŔƚШыÑċĤũĲШΞЮΞΝьЮШ7ŔŸрŸŔũШŸǭĲƖƚШċШƨŰŔƕƨĲШƻċũƨĲШƓƖŸƓŸƚŔƣŔŸŰШ
ƽŔƣőŔŰШƣőĲШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШũċŰĬƚĦċƓĲЯШĦŸůĤŔŰŔŰŊШĦċƖĤŸŰШƖĲůŸƻċũШƓŸƣĲŰƣŔċũШƽŔƣőШĦŸрƓƖŸĬƨĦƣШ
ƖĲĦŸƻĲƖǃШċŰĬШǰĲǂŔĤũĲШĬĲƓũŸǃůĲŰƣЮШcŸƽĲƻĲƖЯШƣĲĦőŰŔĦċũШĦŸůƓũĲǂŔƣǃЯШƖĲŊƨũċƣŸƖǃШŸƻĲƖƚŔŊőƣЯШċŰĬШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШĬĲůċŰĬƚШŔŰƣƖŸĬƨĦĲШĦőċũũĲŰŊĲƚШƣőċƣШůƨƚƣШĤĲШĦċƖĲŉƨũũǃШůċŰċŊĲĬЮШÑőŔƚШƣċĤũĲШŸƨƣũŔŰĲƚШ
ƣőĲШůċŢŸƖШĦŸŰƚŔĬĲƖċƣŔŸŰƚШƣŸШőĲũƓШċƚƚĲƚƚШƣőĲШŉĲċƚŔĤŔũŔƣǃШċŰĬШƚƣƖċƣĲŊŔĦШǯƣШŸŉШĤŔŸрŸŔũШƚǃƚƣĲůƚШŔŰШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃќƚШĤŔŸůċƚƚШůċŰċŊĲůĲŰƣШċŰĬШĦũŔůċƣĲШƖĲƚŔũŔĲŰĦĲШĲǭŸƖƣƚЮ 

 

 

 

 

 
 



  ΣΤ 

ÑċĤũĲЮΥдΥΤдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮĤŔŸцŸŔũЮƓƖŸĬƨĦƣŔŸŰЮċŰĬЮƚĲƕƨĲƚƣƖċƣŔŸŰд 
Category Benefits  Drawbacks  

Carbon and 
Climate Impact 

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

Requires long-term monitoring of 
injection sites to manage risks like 
seismicity or brine migration 

Feedstock 
Utilization 

Converts low-value 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 
ĦƖĲĬŔƣƚШыӇҘΤΡΜоƣŸŰШ9§ЋьбШƚƣƖŸŰŊШĦŸƖƓŸƖċƣĲШ
demand (e.g., Google) 

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

Deployment 
Flexibility 

Mobile pyrolysis units allow on-site 
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 still emerging 
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 6т8); adaptable to 
regional biomass conditions 

Limited regional infrastructure for 
injection and stabilization may constrain 
near-term scalability 
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ÂŸƚƣШċŰĬШÂŸũĲ 

§ƻĲƖƻŔĲƽ 
The production of wood posts and poles offers an efficient and sustainable use of small-diameter 
trees and residual biomass generated from forest thinning, wildfire mitigation, and land 
management operations. Common softwoods such as lodgepole pine, ponderosa 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 high-pressure debarking, followed by shaping, sizing, and drying 
- either by air or in kilns. Finished 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. 

ƓƓũŔĦċƣŔŸŰƚ 
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 stabilization. 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 features. The widespread utility and aesthetic versatility of wood posts 
make them suitable for both functional and design-based uses, reinforcing their market relevance 
across urban and rural settings. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 well to 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 are 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 (10т30%) and green vs. dry weight differences also affect output. 

ÑċĤũĲЮΥдΥΥдЮEƚƣŔůċƣĲĬЮǃŔĲũĬƚЮŉƖŸůЮŸŰĲЮƣŸŰЮŸŉЮƽŸŸĬд 
Post/Pole Size (Dia x 

Length) 
Volume per Post 

(ft³) 
Weight per Post (lbs, 

dry) 
Posts per Ton (2,000 

lbs) 
4" x 6' (Fence Post) ~0.5 ft³ ~17 lbs ~115 posts 
4" x 8' ~0.67 ft³ ~23 lbs ~87 posts 
6" x 8' ~1.5 ft³ ~52 lbs ~38 posts 
6" x 12' ~2.25 ft³ ~78 lbs ~26 posts 
8" x 20' (Utility Pole) ~7 ft³ ~245 lbs ~8 posts 
10" x 25' ~13.6 ft³ ~476 lbs ~4 posts 

 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Economic viability depends on biomass characteristics, product specifications, labor, and scale. 
Debarking and peeling cost between $20 - $40 per ton, with trimming, grading, and sorting adding 
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$10 - $25 per ton. Preservative treatments cost $0.50 - $1.50 per linear foot, and drying (especially 
kiln drying) adds another $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: 

¶ Untreated posts: $0.80 - $2.50 per linear foot 

¶ Treated/final products: $2.00 - $4.50 per linear foot 

¶ Total processing and delivery: $80 - $160 per ton 

Costs are competitive with other low-tech biomass pathways and scale moderately with 
production volume. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Environmental impacts are mostly associated with processing rather than harvest. Pressure-
treated posts - particularly those using copper-based 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 trimming 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 sequestration by displacing emissions-intensive 
building materials. Siting facilities away from sensitive communities and applying best 
management practices further mitigates noise and visual impacts. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 available 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 construction 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. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
ÑőĲШƣċĤũĲШĤĲũŸƽШŸƨƣũŔŰĲƚШƣőĲШťĲǃШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШŸŉШƨƚŔŰŊШƚůċũũрĬŔċůĲƣĲƖШƽŸŸĬǃШĤŔŸůċƚƚШ
ŉŸƖШƓŸƚƣШċŰĬШƓŸũĲШƓƖŸĬƨĦƣŔŸŰШыÑċĤũĲШΞЮΞΟьЮШÑőŔƚШƓċƣőƽċǃШŸǭĲƖƚШċШƓƖċĦƣŔĦċũЯШũŸƽрƣĲĦőШƚŸũƨƣŔŸŰШƣŸШ
ĦŸŰƻĲƖƣШƣőŔŰŰŔŰŊШƖĲƚŔĬƨĲƚШċŰĬШŸƣőĲƖШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШŔŰƣŸШĬƨƖċĤũĲЯШůċƖťĲƣрƖĲċĬǃШƽŸŸĬШƓƖŸĬƨĦƣƚЮШ
ìŔƣőШƽĲũũрĲƚƣċĤũŔƚőĲĬШċƓƓũŔĦċƣŔŸŰƚШŔŰШċŊƖŔĦƨũƣƨƖĲЯШĦŸŰƚƣƖƨĦƣŔŸŰЯШċŰĬШũċŰĬƚĦċƓŔŰŊЯШƓŸƚƣШċŰĬШƓŸũĲШ
ƓƖŸĬƨĦƣŔŸŰШƚƨƓƓŸƖƣƚШƽŔũĬǯƖĲШƖŔƚťШƖĲĬƨĦƣŔŸŰШƽőŔũĲШƚƣŔůƨũċƣŔŰŊШũŸĦċũШĲĦŸŰŸůŔĲƚЮШcŸƽĲƻĲƖЯШƣőĲШƨƚĲШŸŉШ
ĦőĲůŔĦċũШƣƖĲċƣůĲŰƣƚЯШċŔƖШĲůŔƚƚŔŸŰƚЯШċŰĬШŉĲĲĬƚƣŸĦťШĦŸŰƚƣƖċŔŰƣƚШŔŰƣƖŸĬƨĦĲШŸƓĲƖċƣŔŸŰċũШċŰĬШ
ƖĲŊƨũċƣŸƖǃШĦőċũũĲŰŊĲƚШƣőċƣШůƨƚƣШĤĲШċĬĬƖĲƚƚĲĬЮШÑőĲШŉŸũũŸƽŔŰŊШƣċĤũĲШƓƖŸƻŔĬĲƚШċШƚŔĬĲрĤǃрƚŔĬĲШ
ĲƻċũƨċƣŔŸŰШŸŉШƣőĲƚĲШƣƖċĬĲрŸǭƚШƣŸШƚƨƓƓŸƖƣШĬĲĦŔƚŔŸŰрůċťŔŰŊШŔŰШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓũċŰŰŔŰŊЮ 
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ÑċĤũĲЮΥдΥΦдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮƓŸƚƣЮċŰĬЮƓŸũĲЮƓƖŸĬƨĦƣŔŸŰд 
Category Benefits  Drawbacks  

Feedstock 
Utilization  

Effectively uses small-diameter logs and 
liability biomass from forest thinning 

Requires straight, defect-free logsу
limiting use of some irregular or lower-
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 emissions-intensive 
alternatives 

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

Byproduct 
Recovery 

Bark, trimmings, and sawdust easily 
repurposed for mulch, compost, or fuel 

Requires systems to manage and store 
processing residues to prevent waste or 
fire risk 

Infrastructure 
Readiness 

Commercially available equipment; 
compatible with mobile or fixed facilities 

Chemical treatment systems require 
containment, spill response, and 
permitting 

Technical Maturity  
Proven technologies with standardized 
products and grading systems (e.g., 
ASTM, AWPA) 

Requires skilled handling and grading to 
meet quality and safety standards 
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[ƨŰŊċũШ?ĲĦŸůƓŸƚŔƣŔŸŰ 

§ƻĲƖƻŔĲƽ 
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 on-site, 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 long-scale trial launched by the Coalition for the Upper South Platte in 
2014. Field-scale implementation can process forest by-products such as slash, chips, and small-
diameter limbs over a 3-to-5-year period, reducing fire risk and supporting ecological restoration. 

ƓƓũŔĦċƣŔŸŰƚ 
Fungal decomposition offers a promising biomass management tool for wildfire mitigation, 
ecological restoration, and soil enrichment. It is particularly well-suited for remote or ecologically 
sensitive areas where traditional biomass removal or industrial processing is impractical or costly. 
Applications include in-forest chip pile decomposition, restoration of degraded soils, and on-site 
recycling of forest thinning residues. The process can also be integrated into agricultural land 
applications where mycelium-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 urban-agricultural interfaces, in partnership with Boulder County and City 
of Boulder agencies. 

[ĲĲĬƚƣŸĦťЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
Fungal decomposition requires a clean, lignin-rich 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 dirt, 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 high-cost 
alternatives such as chip-and-haul, fungal decomposition may offer significant savings in 
situations where biomass cannot be economically transported or processed. 

EĦŸŰŸůŔĦЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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, and condition fungi. In contrast, larger 
projects that can reuse existing, locally sourced inoculum are more cost-effective. Treatment costs 
have been reported in the range of $45 to $150 per bone-dry 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. 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 long-term soil carbon sequestration. Because fungal decay occurs 
at the treatment site, it eliminates the need for transportation and reduces labor and fuel inputs. 
However, ecological risks arise if non-native or commercial fungal strains are used without strict 
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biosecurity controls. Successful implementation requires adherence to chain-of-custody 
protocols and ecological safeguards, as inappropriate inoculation could lead to the spread of 
invasive fungal species. 

fŰŉƖċƚƣƖƨĦƣƨƖĲЮċŰĬЮÑĲĦőŰŔĦċũЮ9ŸŰƚŔĬĲƖċƣŔŸŰƚ 
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 commercial 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 difficulty and cost of transporting fungal spawn over long 
distances, a decentralized model - where localized facilities produce and apply inoculum - is 
considered the most promising for scale-up. Despite its potential, the technique lacks 
standardized protocols, and there is currently no National Environmental Policy Act (NEPA) 
assessment to guide its application on federal lands, which limits broader adoption. 

ÉƨůůċƖǃЮŸŉЮ7ĲŰĲǯƣƚЮċŰĬЮ?ƖċƽĤċĦťƚ 
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 low-impact, 
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 decomposition is still an experimental practice that requires specialized 
expertise, careful ecological controls, and further regulatory development. 

ÑċĤũĲЮΥдΥΧдЮ7ĲŰĲǯƣƚЮċŰĬЮĬƖċƽĤċĦťƚЮŸŉЮŉƨŰŊċũЮĬĲĦŸůƓŸƚŔƣŔŸŰЮƓċƣőƽċǃд 
Category Benefits  Drawbacks  

Environmental 
Impact  

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

Use of non-native fungi poses ecological 
risks if not properly controlled  

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 and industrial 
processing; cost range of $45т$150 per 
BDT is competitive 

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

Infrastructure 
Needs 

Requires minimal physical 
infrastructure and supports 
decentralized implementation 

Limited access to commercial inoculum; 
few specialized facilities currently exist 

Technical 
Feasibility  

Once inoculated, the process is low-
maintenance and passive 

Requires expertise in mycology, 
microbiology, and ecological site 
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 soil-
contaminated biomass 
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xŔŉĲШ9ǃĦũĲШƚƚĲƚƚůĲŰƣШŸŉШÉĲũĲĦƣĲĬШ7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШÂċƣőƽċǃƚ 
xŔŉĲШ9ǃĦũĲШ ƚƚĲƚƚůĲŰƣШыx9 ьШŔƚШċŰШċŰċũǃƣŔĦċũШċƓƓƖŸċĦőШƨƚĲĬШƣŸШĲƻċũƨċƣĲШƣőĲШĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣƚШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШċũũШƚƣċŊĲƚШŸŉШċШƓƖŸĬƨĦƣѣƚШũŔŉĲШрШŉƖŸůШƖċƽШůċƣĲƖŔċũШĲǂƣƖċĦƣŔŸŰШƣőƖŸƨŊőШƓƖŸĦĲƚƚŔŰŊЯШ
ĬŔƚƣƖŔĤƨƣŔŸŰЯШƨƚĲЯШċŰĬШĲƻĲŰƣƨċũШĬŔƚƓŸƚċũЮШfŰШƣőĲШĦŸŰƣĲǂƣШŸŉШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШƚĲũĲĦƣĲĬШĤǃШ
ƣőĲШƓƖŸŢĲĦƣќƚШ9ŸƖĲШÑĲċůШŉŸƖШůŸƖĲШŔŰрĬĲƓƣőШĲƻċũƨċƣŔŸŰЯШƚƨĦőШċƚШĦŸůƓŸƚƣŔŰŊЯШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰЯШ
ċŰĬШǯƖĲƽŸŸĬШƓƖŸĬƨĦƣŔŸŰШċŰĬШĦŸŰƚƨůƓƣŔŸŰЯШx9 ШƚĲƖƻĲƚШċƚШċŰШċƓƓƖŸƓƖŔċƣĲШůĲƣőŸĬШŉŸƖШƕƨċŰƣŔŉǃŔŰŊШ
ŊƖĲĲŰőŸƨƚĲШŊċƚШы]c]ьШĲůŔƚƚŔŸŰƚШċŰĬШĦŸůƓċƖŔŰŊШƣőĲШƖĲũċƣŔƻĲШůċŊŰŔƣƨĬĲШŸŉШŔůƓċĦƣШŸŉШƣőĲШĬŔǭĲƖĲŰƣШ
ƓċƣőƽċǃƚЮШ7ǃШċƚƚĲƚƚŔŰŊШĲċĦőШƓőċƚĲШŸŉШƣőĲƚĲШƓƖŸĦĲƚƚĲƚЯШx9 ШƓƖŸƻŔĬĲƚШŔŰƚŔŊőƣƚШŔŰƣŸШƣőĲШĦċƖĤŸŰШ
ŉŸŸƣƓƖŔŰƣШċŰĬШŸƻĲƖċũũШƚƨƚƣċŔŰċĤŔũŔƣǃШŸŉШƣőĲƚĲШĤŔŸůċƚƚШċƓƓũŔĦċƣŔŸŰƚЮ 

9ŸůƓŸƚƣŔŰŊЯШŉŸƖШŔŰƚƣċŰĦĲЯШŔŰƻŸũƻĲƚШƣőĲШċĲƖŸĤŔĦШĬĲĦŸůƓŸƚŔƣŔŸŰШŸŉШŸƖŊċŰŔĦШůċƣĲƖŔċũƚЯШƖĲƚƨũƣŔŰŊШŔŰШƣőĲШ
ƖĲũĲċƚĲШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШы9§ЋьШċŰĬЯШƨŰĬĲƖШĦĲƖƣċŔŰШĦŸŰĬŔƣŔŸŰƚЯШůĲƣőċŰĲШы9cЍьЯШċШƓŸƣĲŰƣШ]c]ЮШ ŰШ
x9 ШĦċŰШőĲũƓШĬĲƣĲƖůŔŰĲШƣőĲШŰĲƣШ]c]ШĲůŔƚƚŔŸŰƚШĤǃШċĦĦŸƨŰƣŔŰŊШŉŸƖШŉċĦƣŸƖƚШƚƨĦőШċƚШƣőĲШĲŰĲƖŊǃШ
ĦŸŰƚƨůĲĬШĬƨƖŔŰŊШĦŸůƓŸƚƣŔŰŊШŸƓĲƖċƣŔŸŰƚШċŰĬШƣőĲШƓŸƣĲŰƣŔċũШŉŸƖШůĲƣőċŰĲШĲůŔƚƚŔŸŰƚШŔŉШůċŰċŊĲĬШ
ŔůƓƖŸƓĲƖũǃЮШÉƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШƣőċƣШƽőŔũĲШĦŸůƓŸƚƣŔŰŊШĲůŔƣƚШ]c]ƚЯШŔƣШĦċŰШċũƚŸШũĲċĬШƣŸШĦċƖĤŸŰШ
ƚĲƕƨĲƚƣƖċƣŔŸŰШŔŰШƚŸŔũƚШċŰĬШƖĲĬƨĦĲШƣőĲШŰĲĲĬШŉŸƖШƚǃŰƣőĲƣŔĦШŉĲƖƣŔũŔǍĲƖƚЯШƣőĲƖĲĤǃШŸǭƚĲƣƣŔŰŊШƚŸůĲШ
ĲůŔƚƚŔŸŰƚШыĲЮŊЮЯШ ŸƖĬċőũШĲƣШċũЮЯШΞΜΞΜьЮ 

7ŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШĲŰƣċŔũƚШƣőĲШƓǃƖŸũǃƚŔƚШŸŉШĤŔŸůċƚƚЯШċШƓƖŸĦĲƚƚШƣőċƣШƣőĲƖůċũũǃШĬĲĦŸůƓŸƚĲƚШŸƖŊċŰŔĦШ
ůċƣĲƖŔċũШŔŰШċŰШŸǂǃŊĲŰрũŔůŔƣĲĬШĲŰƻŔƖŸŰůĲŰƣШƣŸШǃŔĲũĬШċШƚƣċĤũĲШŉŸƖůШŸŉШĦċƖĤŸŰШыìċŰŊШċŰĬШìċŰŊЯШΞΜΝΦьЮШ
ìőĲŰШċƓƓũŔĲĬШƣŸШƚŸŔũЯШĤŔŸĦőċƖШĦċŰШƚĲƕƨĲƚƣĲƖШĦċƖĤŸŰШŉŸƖШũŸŰŊШƓĲƖŔŸĬƚЯШƓŸƣĲŰƣŔċũũǃШůŔƣŔŊċƣŔŰŊШĦũŔůċƣĲШ
ĦőċŰŊĲЮШcŸƽĲƻĲƖЯШƣőĲШŸƻĲƖċũũШ]c]ШŔůƓċĦƣШŸŉШĤŔŸĦőċƖШƚǃƚƣĲůƚШĬĲƓĲŰĬШŸŰШƻċƖŔŸƨƚШŉċĦƣŸƖƚЯШŔŰĦũƨĬŔŰŊШ
ŉĲĲĬƚƣŸĦťШƣǃƓĲЯШƓǃƖŸũǃƚŔƚШĦŸŰĬŔƣŔŸŰƚЯШċŰĬШƣőĲШŉċƣĲШŸŉШĦŸрƓƖŸĬƨĦƣƚШũŔťĲШƚǃŰŊċƚШċŰĬШĤŔŸрŸŔũЮШx9 ƚШŸŉШ
ĤŔŸĦőċƖШƚǃƚƣĲůƚШőċƻĲШĬĲůŸŰƚƣƖċƣĲĬШƣőċƣЯШƨŰĬĲƖШŸƓƣŔůċũШĦŸŰĬŔƣŔŸŰƚЯШƣőĲШĦċƖĤŸŰШƚĲƕƨĲƚƣƖċƣŔŸŰШ
ĤĲŰĲǯƣƚШĦċŰШŸƨƣƽĲŔŊőШƣőĲШĲůŔƚƚŔŸŰƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШċŰĬШċƓƓũŔĦċƣŔŸŰШыìċŰŊШ
ċŰĬШìċŰŊЯШΞΜΝΦьЮШ 

ƚШċШƖĲŰĲƽċĤũĲШőĲċƣШĲŰĲƖŊǃШƚŸƨƖĦĲЯШǯƖĲƽŸŸĬШĦċŰШŸǭĲƖШċШƚƨƚƣċŔŰċĤũĲШċũƣĲƖŰċƣŔƻĲШƣŸШŉŸƚƚŔũШŉƨĲũƚШыĲЮŊЮЯШ
ŰċƣƨƖċũШŊċƚьШƽőĲŰШőċƖƻĲƚƣĲĬШċŰĬШĤƨƖŰĲĬШƖĲƚƓŸŰƚŔĤũǃЮШfƣШŔƚШƣǃƓŔĦċũũǃШƨƚĲĬШŔŰШƖĲƚŔĬĲŰƣŔċũШƽŸŸĬШƚƣŸƻĲƚЯШ
ǯƖĲƓũċĦĲƚЯШċŰĬШũċƖŊĲƖрƚĦċũĲШőĲċƣŔŰŊШƚǃƚƣĲůƚШũŔťĲШĬŔƚƣƖŔĦƣШőĲċƣŔŰŊШƓũċŰƣƚШŸƖШŔŰĬƨƚƣƖŔċũШĤŸŔũĲƖƚЮШ[ƖŸůШ
ċŰШĲŰĲƖŊǃШƓĲƖƚƓĲĦƣŔƻĲЯШǯƖĲƽŸŸĬШƓƖŸƻŔĬĲƚШċШƚŔŊŰŔǯĦċŰƣШċůŸƨŰƣШŸŉШőĲċƣШƓĲƖШƨŰŔƣШŸŉШůċƚƚЯШċũƣőŸƨŊőШŔƣƚШ
ĲǭŔĦŔĲŰĦǃШƻċƖŔĲƚШĬĲƓĲŰĬŔŰŊШŸŰШůŸŔƚƣƨƖĲШĦŸŰƣĲŰƣЯШĦŸůĤƨƚƣŔŸŰШƣĲĦőŰŸũŸŊǃЯШċŰĬШƚƣŸƻĲШĬĲƚŔŊŰШы9ċũƻŸШ
ĲƣШċũЮЯШΞΜΝΠьЮШ 

ÑőĲШŸƻĲƖċũũШŊŸċũШŸŉШƣőĲШx9 ШŉŸƖШƣőŔƚШƓƖŸŢĲĦƣШƽċƚШƣŸШċŰċũǃǍĲШƣőĲШ]c]ШĲůŔƚƚŔŸŰƚШċŰĬШĦċƖĤŸŰШ
ƚĲƕƨĲƚƣƖċƣŔŸŰШƓŸƣĲŰƣŔċũШŸŉШĲċĦőШŸŉШƣőĲШƣőƖĲĲШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШŉŸƖШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ƖĲŊŔŸŰШċƚШŔĬĲŰƣŔǯĲĬШĤǃШƣőĲШƓƖŸŢĲĦƣќƚШ9ŸƖĲШÑĲċůЮШÉŔŰĦĲШŰŸШĤŔŸůċƚƚШƻŸũƨůĲƚШƽĲƖĲШƚƓĲĦŔǯĲĬШŉŸƖШƣőĲƚĲШ
ƓċƣőƽċǃƚЯШƽĲШĦċũĦƨũċƣĲĬШ]c]ШĲůŔƚƚŔŸŰШŔůƓċĦƣШŉŸƖШċШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШŸŉШΝΜЯΜΜΜШĬƖǃШŊƖĲĲŰШƚőŸƖƣШ
ƣŸŰƚШċƚШŉĲĲĬƚƣŸĦťЮШ 

ÉƓĲĦŔǯĦШŸĤŢĲĦƣŔƻĲƚШŸŉШƣőŔƚШƣċƚťШŔŰĦũƨĬĲĬа 

¶ EƚƣŔůċƣĲШƣĲůƓŸƖċũШċŰĬШƚƓċƣŔċũШƚĦċũĲƚШŸŉШ]c]ШǰƨǂĲƚЮ 
¶ EƚƣŔůċƣĲШ]c]ШĲůŔƚƚŔŸŰƚШŉƖŸůШċũũШƚĲŊůĲŰƣƚШŸŉШƣőĲШĤŔŸůċƚƚШƚƨƓƓũǃШĦőċŔŰЯШŔŰŉŸƖůĲĬШĤǃШƣőĲШ
ŉĲĲĬƚƣŸĦťШĲƚƣŔůċƣĲƚШċŰĬШƣőĲŔƖШċƚƚŸĦŔċƣĲĬШƨŰĦĲƖƣċŔŰƣŔĲƚЮШ 

¶ EƚƣŔůċƣĲШĦċƖĤŸŰШƚĲƕƨĲƚƣƖċƣŔŸŰШũŸƚƚĲƚШċŰĬШŊċŔŰƚЯШŔŰĦũƨĬŔŰŊШċŰǃШƣĲůƓŸƖċũШĦőċŰŊĲƚШċŰĬШ
ċůŸƨŰƣƚШŸŉШƚĲƕƨĲƚƣƖċƣŔŸŰЮШ 



  ΤΠ 

ƓƓƖŸċĦőШ 
ÑŸШĦŸůƓũĲƣĲШċШũŔŉĲШĦǃĦũĲШċŰċũǃƚŔƚШыx9 ьШŸŉШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШŉŸƖШŊƖĲĲŰőŸƨƚĲШŊċƚШы]c]ьШ
ŔůƓċĦƣƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШĦŸůƓŸƚƣŔŰŊЯШĤŔŸĦőċƖЯШċŰĬШǯƖĲƽŸŸĬЯШƽĲШŉŸũũŸƽĲĬШċШƚƣƖƨĦƣƨƖĲĬЯШĦŸůƓċƖċƣŔƻĲШ
ċƓƓƖŸċĦőШŊƖŸƨŰĬĲĬШŔŰШfÉ§ШΝΠΜΠΜШыfÉ§ЯШΞΜΜΣċьШċŰĬШΝΠΜΠΠШƚƣċŰĬċƖĬƚШыfÉ§ЯШΞΜΜΣĤбШ[ŔŰťĤĲŔŰĲƖШĲƣШċũЮЯШ
ΞΜΜΣьЮШÑőĲШƓƖŸĦĲƚƚШĤĲŊċŰШĤǃШĬĲǯŰŔŰŊШƣőĲШŊŸċũШċŰĬШƚĦŸƓĲШŸŉШƣőĲШƚƣƨĬǃЯШŔŰĦũƨĬŔŰŊШƣőĲШŉƨŰĦƣŔŸŰċũШƨŰŔƣШрШ
ŸŉƣĲŰШċШƚƓĲĦŔǯĦШůċƚƚШŸŉШĤŔŸůċƚƚШыĲЮŊЮЯШŸŰĲШůĲƣƖŔĦШƣŸŰШŸŉШŉĲĲĬƚƣŸĦťьШрШċŰĬШƣőĲШƚǃƚƣĲůШĤŸƨŰĬċƖŔĲƚЯШ
ƽőŔĦőШĲŰĦŸůƓċƚƚШċũũШƖĲũĲƻċŰƣШƚƣċŊĲƚШŉƖŸůШŉĲĲĬƚƣŸĦťШĦŸũũĲĦƣŔŸŰШƣŸШĲŰĬрƨƚĲШċƓƓũŔĦċƣŔŸŰЮШ[ŸƖШ
ĦŸůƓŸƚƣŔŰŊШċŰĬШĤŔŸĦőċƖЯШƣőŔƚШŔŰĦũƨĬĲƚШĤŔŸůċƚƚШĦŸũũĲĦƣŔŸŰШыĲЮŊЮЯШŉŸƖĲƚƣШƖĲƚŔĬƨĲƚьЯШƣƖċŰƚƓŸƖƣċƣŔŸŰЯШ
ƓƖŸĦĲƚƚŔŰŊШыĦŸůƓŸƚƣŔŰŊШŸƖШƓǃƖŸũǃƚŔƚьЯШċŰĬШũċŰĬШċƓƓũŔĦċƣŔŸŰШŸŰШƖċŰŊĲũċŰĬƚЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШĦċƖĤŸŰШ
ƚĲƕƨĲƚƣƖċƣŔŸŰШĤĲŰĲǯƣƚШċŰĬШƚŸŔũШĲůŔƚƚŔŸŰƚЮШ[ŸƖШǯƖĲƽŸŸĬЯШƣőĲШƚǃƚƣĲůШĦŸƻĲƖĲĬШőċƖƻĲƚƣŔŰŊЯШ
ƣƖċŰƚƓŸƖƣċƣŔŸŰЯШƓƖŸĦĲƚƚŔŰŊШыĲЮŊЮЯШĬƖǃŔŰŊьЯШĦŸůĤƨƚƣŔŸŰШŉŸƖШőĲċƣЯШċŰĬШċƚƚŸĦŔċƣĲĬШĲůŔƚƚŔŸŰƚЮШfŰƻĲŰƣŸƖǃШ
ċŰċũǃƚŔƚШŔŰƻŸũƻĲƚШŊċƣőĲƖŔŰŊШĬċƣċШŸŰШĲŰĲƖŊǃШŔŰƓƨƣƚЯШŉƨĲũШƨƚĲЯШĲƕƨŔƓůĲŰƣШĲůŔƚƚŔŸŰƚЯШċŰĬШĦċƖĤŸŰШ
ƚƣŸƖċŊĲШƓŸƣĲŰƣŔċũЮШEůŔƚƚŔŸŰШŉċĦƣŸƖƚШƽĲƖĲШƨƚĲĬШƣŸШƕƨċŰƣŔŉǃШĬŔƖĲĦƣШċŰĬШŔŰĬŔƖĲĦƣШ]c]ШĲůŔƚƚŔŸŰƚШŉŸƖШƣőĲШ
ċũƣĲƖŰċƣŔƻĲШыƨƣŔũŔǍĲĬьШċŰĬШĤċƚĲũŔŰĲШыƓŔũĲШĤƨƖŰƣЯШŰŸƣШƨƣŔũŔǍĲĬьШƚĦĲŰċƖŔŸƚЮШÑőĲШŔůƓċĦƣШċƚƚĲƚƚůĲŰƣШƓőċƚĲШ
ĦŸŰƻĲƖƣƚШŔŰƻĲŰƣŸƖǃШĬċƣċШŔŰƣŸШ]c]ШĲůŔƚƚŔŸŰШĲƕƨŔƻċũĲŰƣƚШыĲЮŊЮЯШ9§ЋĲьЯШċũũŸƽŔŰŊШĦŸůƓċƖŔƚŸŰШċůŸŰŊШ
ƣőĲШƓċƣőƽċǃƚЮШ 

ƚƚĲƚƚůĲŰƣЮ7ŸƨŰĬċƖŔĲƚЮċŰĬЮ[ƨŰĦƣŔŸŰċũЮÖŰŔƣƚЮ 
ÖŰũĲƚƚШŰŸƣĲĬШŸƣőĲƖƽŔƚĲШŔŰШƣőĲШƚƓĲĦŔǯĦШƣĲĦőŰŸũŸŊǃШƓċƣőƽċǃƚШĬĲƚĦƖŔĤĲĬШĤĲũŸƽЯШƣőĲШŉŸũũŸƽŔŰŊШ
ċƚƚĲƚƚůĲŰƣШĤŸƨŰĬċƖŔĲƚШċƓƓũǃа 

¶ ]c]ШĲůŔƚƚŔŸŰƚШĦŸŰƚŔĬĲƖĲĬШƽĲƖĲШƖĲƚƣƖŔĦƣĲĬШƣŸШĲůŔƚƚŔŸŰƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШƓƖŸĬƨĦƣŔŸŰШ
ƓƖŸĦĲƚƚШċŰĬШŸƓĲƖċƣŔŸŰƚШŔƣƚĲũŉЯШċƚШƽĲũũШċƚШƣőĲШŉċƣĲШŸŉШƣőĲШƓƖŸĬƨĦƣЮШ 

¶ ÑőĲШƣĲůƓŸƖċũШċŰĬШƚƓċƣŔċũШĤŸƨŰĬċƖŔĲƚШĬŔǭĲƖШĤǃШƓċƣőƽċǃШĤċƚĲĬШŸŰШċƻċŔũċĤũĲШŔŰŉŸƖůċƣŔŸŰШыĲЮŊЮЯШ
ũŸŰŊĲƻŔƣǃШŸŉШĦŸůƓŸƚƣШŸƖШĤŔŸĦőċƖШŔŰШƚŸŔũƚьШċŰĬШċƖĲШĬĲƚĦƖŔĤĲĬШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШƓċƣőƽċǃƚШ
ĲƻċũƨċƣĲĬЮШ 

¶ ÑőĲШċƚƚĲƚƚĲĬШŔůƓċĦƣШĦċƣĲŊŸƖǃШƽċƚШĦũŔůċƣĲШŔůƓċĦƣЯШċŰĬШƽőĲƖĲƻĲƖШƓŸƚƚŔĤũĲЯШŔŰĦũƨĬĲĬШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШы9§ΞьЯШůĲƣőċŰĲШы9cΠьШċŰĬШŰŔƣƖŸƨƚШŸǂŔĬĲШы Ξ§ьШĲůŔƚƚŔŸŰƚШċƚШƽĲũũШċƚШĤũċĦťШĦċƖĤŸŰШ
ċŰĬШƓċƖƣŔĦƨũċƣĲШůċƣƣĲƖШыÂ~ΞЮΡьШŉŸƖШƓŔũĲШĤƨƖŰШƖĲũċƣĲĬШ]c]ШĲůŔƚƚŔŸŰƚЮШ 

¶ ÑőĲШŉƨŰĦƣŔŸŰċũШƨŰŔƣШŔŰШċŰШx9 ШƓƖŸƻŔĬĲƚШƣőĲШƨũƣŔůċƣĲШƨŰŔƣШƣŸШƖĲƓŸƖƣШƖĲƚƨũƣƚШċŰĬШĦŸůƓċƖĲШƣőĲШ
ы]c]ьШŔůƓċĦƣШŸŉШĬŔǭĲƖĲŰƣШĦőŸŔĦĲƚШċƚШĲǂƓũŸƖĲĬШŔŰШċŰШx9 ЮШÑőĲШŉƨŰĦƣŔŸŰċũШƨŰŔƣШŔŰШƣőŔƚШĦŸŰƣĲǂƣШ
ŔƚШůĲƣƖŔĦШƣŸŰŰĲƚШыŸƖШůĲŊċШŊƖċůƚШя~ŊѐьШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШĲƕƨŔƻċũĲŰƣƚШыΝΜΜрǃĲċƖШ~ŊШ9§ΞĲьШŉŸƖШ
ƣőĲШĲŰƣŔƖĲШƚǃƚƣĲůШċŰċũǃǍĲĬШƽŔƣőШċШƣŔůĲШőŸƖŔǍŸŰШŸŉШΝΜΜШǃĲċƖƚШŉŸƖШ]c]рƖĲũĲƻċŰƣШċĦƣŔƻŔƣǃШ
ŔůƓċĦƣƚЮШÑőŔƚШŉƨŰĦƣŔŸŰċũШƨŰŔƣШċũũŸƽƚШƣŸШċũƚŸШĦŸŰƚŔĬĲƖШŰŸŰр9§ΞШĲůŔƚƚŔŸŰƚШыĲЮŊЮЯШůĲƣőċŰĲЯШ
ŰŔƣƖŸƨƚШŸǂŔĬĲьШŔŰШŔƣƚШŔůƓċĦƣШċŰċũǃƚŔƚШƽőŔĦőШĦċŰШĤĲШĦƖŸƚƚШƽċũťĲĬШŔŰƣŸШ9§ΞĲШƣőƖŸƨŊőШċŰШ
ĲƚƣċĤũŔƚőĲĬШƻċũƨĲШƣőċƣШĬĲǯŰĲƚШƣőĲШŊũŸĤċũШƽċƖůŔŰŊШƓŸƣĲŰƣŔċũШы]ìÂьШƖĲũċƣŔƻĲШƣŸШ9§ΞЮШÑőŔƚШ
]ìÂШĦŸŰƚŔĬĲƖƚШĤŸƣőШƖċĬŔċƣŔƻĲШŉŸƖĦŔŰŊШċŰĬШũŸŰŊĲƻŔƣǃоƣĲůƓŸƖċũШƖĲƚŔĬĲŰĦĲШƣŔůĲШŉƨŰĦƣŔŸŰƚШŔŰШ
ƣőĲШċƣůŸƚƓőĲƖĲШċƚШŔƣШůŔŊőƣШĬŔǭĲƖШĦŸůƓċƖĲĬШƣŸШ9§ΞЮШ 

¶ ÉŸůĲШ]c]ШŔůƓċĦƣШĦċƣĲŊŸƖŔĲƚЯШƽőŔũĲШƕƨċŰƣŔǯċĤũĲЯШŉċũũШƨŰĬĲƖШċШћĬĲЮůŔŰŔůŔƚќШċƓƓƖŸċĦőШŸƖШƖƨũĲШ
ƽőĲƖĲШƣőĲШũċĦťШŸŉШŸƻĲƖċũũШƚŔŊŰŔǯĦċŰĦĲШŸŉШċШŊŔƻĲŰШŔůƓċĦƣШĦċƣĲŊŸƖǃШŉŸƖШƣőĲШŸƻĲƖċũũШ]c]Ш
ċƚƚĲƚƚůĲŰƣШĬŸĲƚШŰŸƣШůĲƖŔƣШƣőĲШċƚƚĲƚƚůĲŰƣШĲǭŸƖƣШŔŰƻŸũƻĲĬЮШÑőĲШċƓƓũŔĦċƣŔŸŰШŸŉШƣőĲЮĬĲЮ
ůŔŰŔůŔƚШƖƨũĲШŔƚШůĲŰƣŔŸŰĲĬШŔŰШƣőĲШƚƓĲĦŔǯĦШĤŔŸůċƚƚШƣĲĦőŰŸũŸŊǃШƓċƣőƽċǃƚШĤĲũŸƽШƽőĲƖĲШ
ċƓƓũŔĦċĤũĲЮШ 

 



  ΤΡ 

xŔŉĲЮ9ǃĦũĲЮƚƚĲƚƚůĲŰƣЮ~ŸĬĲũЮ?ĲƻĲũŸƓůĲŰƣЮċŰĬЮ ƓƓũŔĦċƣŔŸŰ 
ÑőĲШx9 ШůŸĬĲũƚШƨƚĲĬШƽĲƖĲШĦƨƚƣŸůШĬĲƻĲũŸƓĲĬШŉŸƖШƣőĲШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШĲƻċũƨċƣĲĬШыĦŸůƓŸƚƣЯШ
ĤŔŸĦőċƖЯШǯƖĲƽŸŸĬьШƖĲũǃŔŰŊШŸŰШũċƣĲƚƣШƚĦŔĲŰƣŔǯĦШĬċƣċШċŰĬШƓĲĲƖШƖĲƻŔĲƽĲĬШũŔƣĲƖċƣƨƖĲЮШ ũũШƓċƣőƽċǃƚШƽĲƖĲШ
ċŰċũǃǍĲĬШƽŔƣőШċŰШEǂĦĲũШĤċƚĲĬШƚƓƖĲċĬƚőĲĲƣШƣŸŸũШĬĲƻĲũŸƓĲĬШŉŸƖШƣőŔƚШƓƨƖƓŸƚĲЮШfŰƓƨƣƚШŉŸƖШƓŔũĲШĤƨƖŰŔŰŊШ
ƽĲƖĲШĬĲƖŔƻĲĬШŉƖŸůШƻċƖŔŸƨƚШƚŸƨƖĦĲƚШыÉƓƖŔŰŊƚƣĲĲŰШĲƣШċũЮШΞΜΝΡбШfÂ99ШΡƣőШ ƚƚĲƚƚůĲŰƣШÅĲƓЮШΞΜΝΠЯШEĤĲƖƣШ
ĲƣШċũЮШΞΜΞΟьЮШuĲǃШŔŰƓƨƣШƻċƖŔċĤũĲƚШŉŸƖШƣőĲШƓŔũĲШĤƨƖŰŔŰŊШ]c]ШǰƨǂШĦċũĦƨũċƣŔŸŰƚШċƖĲШĬĲƣċŔũĲĬШŔŰШÑċĤũĲШΞЮΞΡЮ 

Table 2.25. Key input variables for the pile burn GHG flux calculations.  

General Inputs  
Global Warming 

Potential (Mg CO2e) 
Value (MtCO2e/ Mg dry 

biomass)  
Source 

9ċƖĤŸŰШ?ŔŸǂŔĬĲШ
ы9§Ξь 

Ν ШΝЮΤΝШ 
Springsteen et al. 2015; IPCC 5th 
Assessment Rep. 2014  

9ċƖĤŸŰШ
~ŸŰŸǂŔĬĲШы9§ь 

ΝЮΥ ШΜЮΝΞШ 
Springsteen et al. 2015; IPCC 5th 
Assessment Rep. 2014 

~ĲƣőċŰĲШы9cΠь ΞΥ ШΜЮΝΠШ 
Springsteen et al. 2015; IPCC 5th 
Assessment Rep. 2014  

 ŸŰрůĲƣőċŰĲШ
§ƖŊċŰŔĦШ
9ŸůƓŸƨŰĬƚШ
ы ~§9ь 

Ρ ШΜЮΜΝШ 
Springsteen et al. 2015; Ebert et 
al. 2023 

ÂċƖƣŔĦƨũċƣĲШ
~ċƣƣĲƖШыÂ~ΞЮΡь Φ ШΜЮΜΡШ 

Springsteen et al. 2015; Ebert et 
al. 2023 

7ũċĦťШ9ċƖĤŸŰШ
ы79ь 

ΦΜΜ ШΜЮΞΦШ 
Springsteen et al. 2015; IPCC 5th 
Assessment Rep. 2014 Table 
8.A.6 

~ŸĬŔǯĲĬШ
9ŸůĤƨƚƣŔŸŰШ
EǭŔĦŔĲŰĦǃШыӖь 

N/A 94% Springsteen et al. 2015 

 

ÖƣŔũŔǍċƣŔŸŰЮÂċƣőƽċǃƚЮŰċũǃƚŔƚ 
ÑőĲШ9ŸƖĲШÑĲċůЯШƽŔƣőШƚƨƓƓŸƖƣŔŰŊШċŰċũǃƚŔƚШĬĲƚĦƖŔĤĲĬШŔŰШƣőĲШƓƖĲƻŔŸƨƚШƚĲĦƣŔŸŰШŸŉШƣőŔƚШƖĲƓŸƖƣЯШŔĬĲŰƣŔǯĲĬШ
ƣőƖĲĲШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШŉŸƖШx9 ЯШŰċůĲũǃШĦŸůƓŸƚƣŔŰŊЯШĤŔŸĦőċƖЯШċŰĬШǯƖĲƽŸŸĬЮШ[ŸƖШĲċĦőШƓċƣőƽċǃЯШ
ƽĲШċĬĬĲĬШƣőĲШĦũŔůċƣĲШĤĲŰĲǯƣƚШŊĲŰĲƖċƣĲĬШƣőƖŸƨŊőШƣőĲШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚЮШÑőĲƚĲШƽĲƖĲШ
ĦċũĦƨũċƣĲĬШƨƚŔŰŊШƣőĲШΞΜΜЯΥΞΣШůĲƣƖŔĦШƣŸŰƚШ9§ΞĲШƣőċƣШƽĲƖĲШŊĲŰĲƖċƣĲĬШƽőĲŰШŔůƓũĲůĲŰƣŔŰŊШċũũШŉƨĲũШ
ƣƖĲċƣůĲŰƣƚШĦŸůĤŔŰĲĬШыƚĲĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰШŸŰШ ƻŸŔĬĲĬШìŔũĬǯƖĲШEůŔƚƚŔŸŰƚШƚĲĦƣŔŸŰШŔŰШ9őċƓƣĲƖШΟШŸŉШ
ƣőŔƚШƖĲƓŸƖƣьЮШÑőĲƚĲШŉƨĲũШƣƖĲċƣůĲŰƣƚШƽĲƖĲШċƚƚĲƚƚĲĬШƣŸШŊĲŰĲƖċƣĲШċШƣŸƣċũШŸŉШӈΝΞЯΤΜΜШĬƖǃШůĲƣƖŔĦШƣŸŰƚШŸŉШ
ĤŔŸůċƚƚШыƚĲĲШ9őċƓƣĲƖШΝьШċŰĬШőĲŰĦĲШċШĦũŔůċƣĲШĤĲŰĲǯƣШŸŉШΝЮΣΣШůĲƣƖŔĦШƣŸŰƚШŸŉШ9§ΞĲШƓĲƖШĬƖǃШůĲƣƖŔĦШƣŸŰШ
ŸŉШũŔċĤŔũŔƣǃШĤŔŸůċƚƚЮШìőŔũĲШƣőŔƚШċĬĬŔƣŔŸŰċũШĤĲŰĲǯƣШŔƚШŸŰũǃШƖĲċũŔǍĲĬШŔŉШċũũШƣƖĲċƣůĲŰƣƚШċƖĲШŔůƓũĲůĲŰƣĲĬШ
ċŰĬШƣőĲШƓċƣőƽċǃƚШċƚƚĲƚƚĲĬШĤĲũŸƽШĦŸƨũĬШċũƚŸШƖĲĦĲŔƻĲШŉĲĲĬƚƣŸĦťШŉƖŸůШŸƣőĲƖШĤŔŸůċƚƚШƚŸƨƖĦĲƚШыĲЮŊЮЯШ
ƨƖĤċŰьЯШƣőŔƚШċĬĬŔƣŔŸŰċũШĦũŔůċƣĲШĤĲŰĲǯƣШƚőŸƨũĬШĤĲШċƓƓũŔĲĬШƽŔƣőШĦċƨƣŔŸŰШċƚШŔƣШċƚƚƨůĲƚШƽŸŸĬǃШ
ĤŔŸůċƚƚШŉƖŸůШƣƖĲċƣůĲŰƣƚШċƖĲШƨƣŔũŔǍĲĬЮ 

  



  ΤΣ 

9ŸůƓŸƚƣШрШxŔŉĲШ9ǃĦũĲШ ƚƚĲƚƚůĲŰƣ 

[ĲĲĬƚƣŸĦť 
ÑőŔƚШƓċƣőƽċǃШĲǂƓũŸƖĲƚШƣőĲШĦũŔůċƣĲШŔůƓċĦƣШŸŉШċĬĬŔŰŊШΝΜЯΜΜΜШĬƖǃШƚőŸƖƣШƣŸŰƚШŸŉШƽŸŸĬШĦőŔƓƚШƣŸШċШ
ĦŸůƓŸƚƣŔŰŊШƓƖŸĦĲƚƚШƽŔƣőШΞΜрΟΜӖШŸŉШƣőĲШǯŰċũШĦŸůƓŸƚƣШƓƖŸĬƨĦƣШĤĲŔŰŊШĬĲƖŔƻĲĬШŉƖŸůШƽŸŸĬЮШÑŸШ
ĬĲƣĲƖůŔŰĲШƣőĲШƚĦċũĲШŸŉШƣőĲШ]c]ШŔůƓċĦƣШŸŉШƣőŔƚШƓċƣőƽċǃЯШŔƣШƽċƚШċƚƚƨůĲĬШƣőċƣШƣőĲШĤŔŸůċƚƚШƽŸƨũĬШĤĲШ
ƓŔũĲШĤƨƖŰƣШŔŉШŰŸƣШƨƚĲĬШŉŸƖШĦŸůƓŸƚƣŔŰŊШыĤċƚĲũŔŰĲШƚĦĲŰċƖŔŸьЮШ§ŰũǃШċШůŔŰŔůƨůШŸŉШƣőĲШŉĲĲĬƚƣŸĦťШƽŸƨũĬШ
ĤĲШƨƚĲĬШŉŸƖШůƨũĦőŔŰŊШŔŰƚƣĲċĬШŸŉШĦŸůƓŸƚƣŔŰŊШċŰĬШƽċƚШĦŸŰƚŔĬĲƖĲĬШĬĲЮůŔŰŔůŔƚШŔŰШƣőŔƚШĦŸŰƣĲǂƣЮШ 

ìőŔũĲШĦŸůƓŸƚƣШыċƚШƽĲũũШċƚШĤŔŸĦőċƖьШĦċŰШċũƚŸШĤĲШċƓƓũŔĲĬШƣŸШŸƣőĲƖШũċŰĬрƨƚĲШƣǃƓĲƚШċƣШƓŸƣĲŰƣŔċũũǃШőŔŊőĲƖШ
ƖċƣĲƚШċŰĬШƻŸũƨůĲƚШыĲЮŊЮЯШŔƖƖŔŊċƣĲĬШĦƖŸƓũċŰĬьЯШƣőŔƚШċŰċũǃƚŔƚШŉŸĦƨƚĲĬШŸŰШƖċŰŊĲũċŰĬШċƓƓũŔĦċƣŔŸŰƚШƣŸШ
ċũũŸƽШŉŸƖШċШůŸƖĲШƣƖċŰƚƓċƖĲŰƣШĦŸůƓċƖŔƚŸŰШċĦƖŸƚƚШƓċƣőƽċǃƚШƣőċƣШĦŸŰƣċŔŰШċШƚŸŔũШċůĲŰĬůĲŰƣШ
ĦŸůƓŸŰĲŰƣЮШ 

ÂƖŸĦĲƚƚЮċŰĬЮ ŰċũǃƣŔĦċũЮ7ŸƨŰĬċƖǃ 
uĲǃШċƚƚƨůƓƣŔŸŰƚШŸŰШƓƖŸĦĲƚƚШċŰĬШċŰċũǃƣŔĦċũШĤŸƨŰĬċƖǃШŉŸƖШƣőĲШĦŸůƓŸƚƣШƓċƣőƽċǃШŔŰĦũƨĬĲĬа 

¶ Composting follows the windrow method with minimal processing efforts (e.g., no in-vessel 
composting). 

¶ 9ŸůƓŸƚƣШƓƖŸĬƨĦƣŔŸŰШċĬĬƚШ]c]ШĲůŔƚƚŔŸŰƚШĬƨĲШƣŸШŉĲĲĬƚƣŸĦťШƣƖċŰƚƓŸƖƣШƣŸШƣőĲШŉċĦŔũŔƣǃШċŰĬШ
ĦŸůƓŸƚƣШƣƖċŰƚƓŸƖƣШƣŸШĲŰĬШƨƚĲЯШĦŸůƓċƖĲĬШƣŸШŸŰрƚŔƣĲШĤƨƖŰŔŰŊЮ 

¶ No process heat is required to produce compost. 

¶ Fossil fuel emissions to operate 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). 

¶ Baseline scenario pile burn emissions from woody biomass account for a portion of the 
biomass that remains stored as charcoal (around 4%) on site. Non-CO2 GHG emissions 
during the pile burn process are considered, including black carbon. 

¶ 9ŸůƓŸƚƣШċƓƓũŔĦċƣŔŸŰƚШŸŰШƖċŰŊĲũċŰĬƚШĬŸШŰŸƣШƖĲƓũċĦĲШůŔŰĲƖċũШŰŔƣƖŸŊĲŰШŉĲƖƣŔũŔǍĲƖЮ 

¶ 9ŸůƓŸƚƣШŔƚШċƓƓũŔĲĬШŸŰĦĲШŸƻĲƖШƣőĲШŸƻĲƖċũũШƣĲůƓŸƖċũШŔůƓċĦƣШĤŸƨŰĬċƖǃШŸŉШΞΜШǃĲċƖƚШыƚĲĲШċũƚŸШ
ÑċĤũĲШΞЮΞΡьЮШÉƨĦőШċШŸŰĲрƣŔůĲШċƓƓũŔĦċƣŔŸŰШċŰĬШƣőĲШƖĲƚƓĲĦƣŔƻĲШƖċƣĲШŔƚШċũƚŸШƚƨƓƓŸƖƣĲĬШĤǃШÅǃċũƚШ
ĲƣШċũЮШыΞΜΝΡьШċŰĬШÅǃċũƚШċŰĬШÉŔũƻĲƖШыΞΜΝΟьШƽŔƣőШƣőĲШũċƣƣĲƖШĦŸŰĦũƨĬŔŰŊШƣőċƣШљċЮƚŔŰŊũĲЮċƓƓũŔĦċƣŔŸŰЮ
ŸŉЮĦŸůƓŸƚƣĲĬЮŸƖŊċŰŔĦЮůċƣƣĲƖЮĦċŰЮƚŔŊŰŔǯĦċŰƣũǃЮŔŰĦƖĲċƚĲЮŊƖċƚƚũċŰĬЮ9ЮƚƣŸƖċŊĲеЮċŰĬЮƣőċƣЮ
ĲǭĲĦƣƚЮŸŉЮċЮƚŔŰŊũĲЮċƓƓũŔĦċƣŔŸŰЮċƖĲЮũŔťĲũǃЮƣŸЮĦċƖƖǃЮŸƻĲƖЮŔŰЮƣŔůĲдњ 

ÂƖŸĬƨĦƣƚ 
ÑőĲШƓƖŸĬƨĦƣШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőŔƚШƓċƣőƽċǃШŔƚШĦŸůƓŸƚƣЮ 

7ċƚĲũŔŰĲЮċŰĬЮEŰőċŰĦĲůĲŰƣЮƚƚƨůƓƣŔŸŰƚ 
7ĲƚŔĬĲƚШƣőĲШċƚƚƨůƓƣŔŸŰƚШŸƨƣũŔŰĲĬШċĤŸƻĲШĦŸŰĦĲƖŰŔŰŊШƓƖŸĦĲƚƚШĤŸƨŰĬċƖŔĲƚЯШƣőĲШx9 ШƖĲũŔĲĬШŸŰШťĲǃШ
ŔŰƓƨƣƚШĬĲƚĦƖŔĤĲĬШŔŰШΞЮΞΣЯШċŰĬШÑċĤũĲШΞЮΞΡШыċĤŸƻĲьШŉŸƖШƓŔũĲШĤƨƖŰШƖĲũċƣĲĬШ]c]ШǰƨǂĲƚЮШìĲШċũƚŸШċƚƚƨůĲĬШ
ƣőċƣШƣőĲШĦŸůƓŸƚƣŔŰŊШƓƖŸĦĲƚƚШŔƚШƽĲũũШĬĲƚŔŊŰĲĬШċŰĬШŰŸŰр9§ΞШ]c]ШĲůŔƚƚŔŸŰƚШы9cΠШċŰĬШ Ξ§ьШĬƨĲШƣŸШ
ũŸƽШƣƨƖŰŔŰŊШŉƖĲƕƨĲŰĦǃШċŰĬШŰŸŰрƨŰŔŉŸƖůШċĲƖċƣŔŸŰШċƖĲШċƻŸŔĬĲĬШыÉĲƖċǯŰŔШĲƣШċũЮЯШΞΜΞΟьЮ 

 

 



  ΤΤ 

Table 2.26. Key inputs for compost production and associated baseline assumptions. 
éċƖŔċĤũĲ ÖŰŔƣ éċũƨĲ ÉŸƨƖĦĲ 9ŸůůĲŰƣ 

]ĲŰĲƖċũЮfŰƓƨƣƚ 

xŔċĤŔũŔƣǃШ7ŔŸůċƚƚ ÉőŸƖƣШƣŸŰƚШыĬƖǃь ΝΜЯΜΜΜ    fŰƣĲƖŰċũШċƚƚƨůƓƣŔŸŰ 

9ŸůƓŸƚƣШ9ŸŰƻĲƖƚŔŸŰШÅċƣĲ 
~ŊШĦŸůƓŸƚƣШ
ыĬƖǃьо~ŊШ

ŉĲĲĬƚƣŸĦťШыĬƖǃь 
ΜЮΡ   fŰƣĲƖŰċũШċƚƚƨůƓƣŔŸŰ 

9ŸůƓŸƚƣШ~ŸŔƚƣƨƖĲШ9ŸŰƣĲŰƣ 
ӖШŸŉШƣŸƣċũШ
ƽĲŔŊőƣ 

ΡΜӖ   fŰƣĲƖŰċũШċƚƚƨůƓƣŔŸŰ 

9ċƖĤŸŰШ9ŸŰƣĲŰƣШ[ĲĲĬƚƣŸĦť ӖШŸŉШĬƖǃШƽĲŔŊőƣ ΡΜӖ     

9ċƖĤŸŰШ9ŸŰƣĲŰƣШ9ŸůƓŸƚƣ ӖШŸŉШĬƖǃШƽĲŔŊőƣ ΞΜӖ 
ÅǃċũƚШċŰĬШ
ÉŔũƻĲƖШыΞΜΝΟь 

ΝЮΠΞШťŊШ9оůΞШŸƖШΤЮΜШťŊШŸŉШĬƖǃШ
ůċƣƣĲƖШоůΞШċƣШΝЮΟШĦůШ
ċƓƓũŔĦċƣŔŸŰШƖċƣĲ 

ÂƖŸĦĲƚƚŔŰŊЮEůŔƚƚŔŸŰƚ 

~ċĦőŔŰĲƖǃ   о   
[ŸƚƚŔũШŉƨĲũШŔŰƓƨƣШыůċĦőŔŰĲƖǃьШ
ĬĲЮůŔŰŔůŔƚШ 

ÑƖċŰƚƓŸƖƣШƣŸШ9ŸůƓŸƚƣШ
[ċĦŔũŔƣǃ 

~ŔũĲƚШыƖĲƣƨƖŰШ
ƣƖŔƓь 

ΣΜ  
ƚƚƨůĲĬШƣƖċŰƚƓŸƖƣШĬŔƚƣċŰĦĲШ

ƣŸШĦŸůƓŸƚƣШƓƖŸĦĲƚƚŔŰŊШ
ŉċĦŔũŔƣǃЮ 

ÑƖċŰƚƓŸƖƣċƣŔŸŰШƣŸШEŰĬШÖƚĲ 
~ŔũĲƚШыƖĲƣƨƖŰШ
ƣƖŔƓь 

ΣΜ   
ƚƚƨůĲĬШƣƖċŰƚƓŸƖƣШĬŔƚƣċŰĦĲШ

ƣŸШĲŰĬШƨƚĲ 

ÑƖƨĦťШEůŔƚƚŔŸŰƚ ~ŊШ9§ΞĲоƚőŸƖƣШ
ƣŸŰоůŔ 

ΜЮΜΜΞ EÂШыΞΜΞΟь ÑŸƣċũШ]ìÂбШƣƖƨĦťШĲůŔƚƚŔŸŰƚ 

9ŸůƓŸƚƣЮ ƓƓũŔĦċƣŔŸŰЮŸŰЮÅċŰŊĲũċŰĬ 

ƓƓũŔĦċƣŔŸŰШÅċƣĲ ~ŊШыĬƖǃьоċĦƖĲ ΝΡЮΠ 

9~9? ШыΞΜΞΜьЯШ
ĤċƚĲĬШŸŰШÅǃċũƚШ
ċŰĬШÉŔũƻĲƖШ
ыΞΜΝΟь 

§ŰĲШƣŔůĲШċƓƓũŔĦċƣŔŸŰЯШΟΡШ
ĦƨĤŔĦШǃċƖĬƚШыΝΤШƣŸŰƚШ
ĦŸůƓŸƚƣьоċĦƖĲШыΝоΠѢь 

ÉĲƕƨĲƚƣƖċƣŔŸŰШ[ċĦƣŸƖ 
~ŊШ

9§ΞĲоċĦƖĲоǃĲċƖ 
ΝЮΠΦ 

9~9? ШыΞΜΞΜьЯШ
ĤċƚĲĬШŸŰШÅǃċũƚШ
ċŰĬШÉŔũƻĲƖШ
ыΞΜΝΟь 

9ŸůƓċƖĲĬШƣŸШÑĲƖƖċĦŸƨŰƣШ
ыÑƨťůċŰЯШΞΜΝΥьШ ĦƣŔƻŔƣǃШ
ƚőĲĲƣƚШыƚŸŔũШċůĲŰĬůĲŰƣƚаШ
ŊƖċƚƚũċŰĬоŔƖƖŔŊċƣĲĬШƓċƚƣƨƖĲьаШ
ΠЮΠΡШ~ŊШ9§ΞĲоċĦоǃĲċƖШыΝΜШǃƖƚь 

ÉĲƕƨĲƚƣƖċƣŔŸŰШxŔŉĲƚƓċŰ òĲċƖƚ ΞΜ 

9~9? ШыΞΜΞΜьЯШ
ĤċƚĲĬШŸŰШÅǃċũƚШ
ċŰĬШÉŔũƻĲƖШ
ыΞΜΝΟь 

9ŸůƓċƖĲĬШƣŸШÑĲƖƖċĦŸƨŰƣШ
ыÑƨťůċŰЯШΞΜΝΥьШ ĦƣŔƻŔƣǃШ
ƚőĲĲƣƚШыƚŸŔũШċůĲŰĬůĲŰƣƚаШ
ŊƖċƚƚũċŰĬоŔƖƖŔŊċƣĲĬШƓċƚƣƨƖĲьаШ
ΠЮΠΡШ~ŊШ9§ΞĲоċĦоǃĲċƖШыΝΜШǃƖƚь 

 

ÅĲƚƨũƣƚЮŉƖŸůЮx9 ЮцЮ9ŸůƓŸƚƣŔŰŊ 
ÑőĲШƣŸƣċũШΝΜΜрǃĲċƖШ]c]ШĤĲŰĲǯƣƚШŉŸƖШƣőŔƚШƓċƣőƽċǃШċƖĲШŔŰШƣőĲШƖċŰŊĲШŸŉШΦЯΡΡΜШ~ŊШ9§ΞĲШыÑċĤũĲШΞЮΞΤьШƽŔƣőШ
ċƖŸƨŰĬШΝΥЯΜΜΜШ~ŊШыĬƖǃьШĦŸůƓŸƚƣШƓƖŸĬƨĦĲĬШыƖĲĦċũũШƣőċƣШӈΞΡӖШŸŉШĦŸůƓŸƚƣШŔƚШĬĲƖŔƻĲĬШŉƖŸůШƽŸŸĬр
ĤċƚĲĬШŉĲĲĬƚƣŸĦťьШċŰĬШΝЯΞΜΜШċĦƖĲƚШŸŉШƖċŰŊĲũċŰĬШƣƖĲċƣĲĬШƓĲƖШǃĲċƖЮШ~ŸƚƣШŸŉШƣőĲШĤĲŰĲǯƣƚШċƖĲШċƚƚŸĦŔċƣĲĬШ
ƽŔƣőШċƻŸŔĬĲĬШƓŔũĲШĤƨƖŰШĲůŔƚƚŔŸŰƚШы[ŔŊƨƖĲШΞЮΝьЮШìőĲŰШŸŰũǃШĦŸŰƚŔĬĲƖŔŰŊШƚŸŔũШċůĲŰĬůĲŰƣШƖĲũċƣĲĬШ
ĤĲŰĲǯƣƚЯШƣőĲШŰĲƣШ]c]ШĤĲŰĲǯƣƚШƓĲƖШƣƖĲċƣĲĬШċĦƖĲШŸŉШƖċŰŊĲũċŰĬШŸƻĲƖШƣőĲШΞΜрǃĲċƖШƣŔůĲШőŸƖŔǍŸŰШŉŸƖШċШ
ŸŰĲрƣŔůĲШĦŸůƓŸƚƣШċƓƓũŔĦċƣŔŸŰШċƖĲШŔŰШƣőĲШƖċŰŊĲШŸŉШӈΝЮΡШ~ŊШ9§ΞĲоċĦƖĲоǃĲċƖШыӈΞΦШ~ŊШ9§ΞĲоċĦƖĲШŸƻĲƖШ
ΞΜШǃĲċƖƚьЮШÑőŔƚШƖĲƚƨũƣШƚƨƓƓŸƖƣƚШƖĲƚƨũƣƚШŉƖŸůШÅǃċũƚШċŰĬШÉŔũƻĲƖШыΞΜΝΟьШċŰĬШÉŔũƻĲƖШĲƣШċũЮШыΞΜΝΥьШƽőŸШ
ĲƚƣŔůċƣĲĬШΝЮΣΥШ~ŊШ9§ΞĲоċĦƖĲоǃĲċƖЯШċŰĬШΝЮΠΞШ~ŊШ9§ΞĲоċĦƖĲоǃĲċƖЯШƖĲƚƓĲĦƣŔƻĲũǃЯШŉŸƖШƚŔůŔũċƖШċƓƓũŔĦċƣŔŸŰШ



  ΤΥ 

ƖċƣĲƚЮШ]c]ШĤĲŰĲǯƣƚШċƚƚƨůĲĬШŔŰШÑĲƖƖċĦŸƨŰƣШŉŸƖШĦŸůƓŸƚƣШċƓƓũŔĦċƣŔŸŰƚШŸŰШƖċŰŊĲũċŰĬШŔƚШĦŸŰƚŔĬĲƖċĤũǃШ
őŔŊőĲƖШыΠЮΠΡШ~ŊШ9§ΞĲоċĦƖĲоǃĲċƖбШÑƨťůċŰЯШΞΜΝΥьШĤƨƣШċũƚŸШŔŰĦũƨĬĲƚШƣőĲШƚƨĤƚƣŔƣƨƣŔŸŰШŸŉШůŔŰĲƖċũШ
ŰŔƣƖŸŊĲŰШŉĲƖƣŔũŔǍĲƖШƽőŔĦőШŔƚШƨŰũŔťĲũǃШƣŸШĤĲШċƓƓũŔĲĬШŸŰШƖċŰŊĲũċŰĬЮШÖƓШƣŸШӈΝЯΞΜΜШċĦƖĲƚШŸŉШƖċŰŊĲũċŰĬШ
ĦŸƨũĬШƖĲĦĲŔƻĲШĦŸůƓŸƚƣШċŰŰƨċũũǃЯШƚƨƚƣċŔŰŔŰŊШċШƣŸƣċũШƣƖĲċƣůĲŰƣШŸŉШӈΞΠЯΜΜΜШċĦƖĲƚШŸƻĲƖШΞΜШǃĲċƖƚЮШ
 ŸƣċĤũǃЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ§ƓĲŰШÉƓċĦĲШőċƚШΤЯΠΜΜШċĦƖĲƚШŸŉШƖċŰŊĲũċŰĬШŉŸƖШĦŸůƓċƖŔƚŸŰЮ9Ш 

Table 2.27. 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 basis but include GHG fluxes out to 100 years post 
application.  

Output Variable  Unit  Value 

Primary Outputs      

100-Year GHG Benefits from Compost Application Mg CO2e/year ШШΝЯΥΜΜШ 

7ŔŸŊĲŰŔĦШEůŔƚƚŔŸŰƚШ?ƨƖŔŰŊШÂƖŸĬƨĦƣŔŸŰШÂƖŸĦĲƚƚ ~ŊШ9§ΞĲоǃĲċƖ ШыΦЯΦΜΜь 

Liability Biomass Transport Emissions Mg CO2e/year ШыΞЯΠΜΜь 

Compost Transportation Emissions Mg CO2e/year ШыΦΡΜь 

Avoided Pile Burn Emissions Mg CO2e/year ШΞΝЯΜΜΜШ 

Total GHG Benefits  Mg CO2e/year  ШΦЯΡΡΜШ 

Secondary Outputs      

Compost Produced Mg (dry)/year 18,000 

Treated Rangeland Acres/year 1,200 

100-year GHG Benefits per Unit of Compost 
Mg CO2e/Mg 

compost (dry) 1.9 

100-year GHG Benefits per Unit of Feedstock 
Mg CO2e/Mg 

feedstock (dry) 
1.0 

100-year GHG Benefits Per Unit of Feedstock Including AWE 
(assuming 2.7% ABP) 

Mg CO2e/Mg 
feedstock (dry) 

2.7 

100-year GHG Benefits per Treated Acre and Year (soil 
amendment only) 

Mg CO2e/acre/year 1.5 
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https://bouldercounty.gov/open-space/management/agriculture/statistics-and-acres/


  ΤΦ 

 
[ŔŊƨƖĲЮΥдΤжЮ]c]ЮĤĲŰĲǯƣƚЮŉƖŸůЮĦŸůƓŸƚƣЮƓƖŸĬƨĦƣŔŸŰЮĤǃЮċĦĦŸƨŰƣŔŰŊЮĲũĲůĲŰƣЮċŰĬЮƣŸƣċũд 
 

  

-25

-20

-15

-10

-5

0

5

10

15

100-year GHG
benefits from

compost
application

(feedstock only)

Biogenic
emissions

during
production

process

Feedstock
transportation

emissions

Compost
transportation

emissions

Avoided pile
burn emissions

Total 100-year
GHG emissions

G
H

G
 e

m
is

si
on

s 
(1

,0
00

 M
g 

C
O

2e
)



  ΥΜ 

7ŔŸĦőċƖШтШxŔŉĲШ9ǃĦũĲШƚƚĲƚƚůĲŰƣ 

[ĲĲĬƚƣŸĦť 
ÑőŔƚШƓċƣőƽċǃШĲǂƓũŸƖĲƚШƣőĲШĦũŔůċƣĲШŔůƓċĦƣШŸŉШċШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШƚǃƚƣĲůШƚŔůŔũċƖШƣŸШƽőċƣШ7ŔŸĦőċƖЮ
 Ÿƽ10ШƨƣŔũŔǍĲƚЮШÅĲƚƨũƣƚШċƖĲШƓƖĲƚĲŰƣĲĬШŉŸƖШΝΜЯΜΜΜШĬƖǃШƚőŸƖƣШƣŸŰƚШŸŉШĤŔŸůċƚƚШŉĲĲĬƚƣŸĦťШƓƖŸĦĲƚƚĲĬЮШÑŸШ
ĬĲƣĲƖůŔŰĲШƣőĲШƚĦċũĲШŸŉШƣőĲШ]c]ШŔůƓċĦƣШŸŉШƣőŔƚШƓċƣőƽċǃЯШŔƣШƽċƚШċƚƚƨůĲĬШƣőċƣШƣőĲШĤŔŸůċƚƚШƽŸƨũĬШĤĲШ
ƓŔũĲШĤƨƖŰƣШŸŰШƚŔƣĲШŔŉШŰŸƣШƨƚĲĬШŉŸƖШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰЮ 

ìőŔũĲШĤŔŸĦőċƖШĦċŰШċũƚŸШĤĲШċƓƓũŔĲĬШƣŸШŸƣőĲƖШũċŰĬрƨƚĲШƣǃƓĲƚШċƣШƓŸƣĲŰƣŔċũũǃШőŔŊőĲƖШƖċƣĲƚШċŰĬШƻŸũƨůĲƚШ
ыĲЮŊЮЯШŔƖƖŔŊċƣĲĬШċŊƖŔĦƨũƣƨƖĲьЯШƣőŔƚШċŰċũǃƚŔƚШŉŸĦƨƚĲĬШŸŰШƖċŰŊĲũċŰĬШċƓƓũŔĦċƣŔŸŰƚШƣŸШċũũŸƽШŉŸƖШċШůŸƖĲШ
ĬŔƖĲĦƣШĦŸůƓċƖŔƚŸŰШċĦƖŸƚƚШƣĲĦőŰŸũŸŊǃШƓċƣőƽċǃƚШƣőċƣШĦŸŰƣċŔŰШċШƚŸŔũШċůĲŰĬůĲŰƣШĦŸůƓŸŰĲŰƣЮШ
[ƖċĦƣŔŸŰƚШŸŉШĤŔŸĦőċƖШĦċŰШċũƚŸШĤĲШƨƚĲĬШŉŸƖШƖĲůĲĬŔċƣŔŸŰШƽŸƖťШŉŸƖШŊċƚШƽĲũũƚШŸƖШƽċƣĲƖШǯũƣƖċƣŔŸŰЮШÑőĲШ]c]Ш
ĤĲŰĲǯƣƚШŸŉШŰŸŰрĤŔŸũŸŊŔĦċũШċƓƓũŔĦċƣŔŸŰƚШŸŉШĤŔŸĦőċƖШƽĲƖĲШŰŸƣШĦŸŰƚŔĬĲƖĲĬШŉŸƖШƣőŔƚШĲǭŸƖƣЮ 

ÂƖŸĦĲƚƚЮċŰĬЮ ŰċũǃƣŔĦċũЮ7ŸƨŰĬċƖŔĲƚ 
uĲǃШċƚƚƨůƓƣŔŸŰƚШŸŰШƓƖŸĦĲƚƚШċŰĬШċŰċũǃƣŔĦċũШĤŸƨŰĬċƖǃШŉŸƖШƣőĲШĦŸůƓŸƚƣШƓċƣőƽċǃШŔŰĦũƨĬĲĬа 

¶ 7ŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰШĦċŰШƖĲƚƨũƣШŔŰШċĬĬŔƣŔŸŰċũШ]c]ШĲůŔƚƚŔŸŰƚШĬƨĲШƣŸШƣőĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШŸŉШ
ŉĲĲĬƚƣŸĦťШƣŸШƣőĲШƓƖŸĬƨĦƣŔŸŰШŉċĦŔũŔƣǃШċŰĬШŔƣƚШƚƨĤƚĲƕƨĲŰƣШƣƖċŰƚƓŸƖƣШƣŸШƣőĲШĲŰĬШƨƚĲШũŸĦċƣŔŸŰЯШ
ƚƨĦőШċƚШƖċŰŊĲũċŰĬЯШĦŸůƓċƖĲĬШƣŸШƣőĲШĤċƚĲũŔŰĲШƚĦĲŰċƖŔŸШŸŉШŸŰрƚŔƣĲШƓŔũĲШĤƨƖŰŔŰŊЮ 

¶ The biochar process is well maintained and produces high-quality biochar (high carbon 
content associated with long residence time). 

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

¶ Syngas is flared (i.e., no CH4 emissions, no electricity production or other use of excess 
heat production). 

¶ Baseline scenario pile-burn emissions from woody biomass account for a portion of the 
biomass that remains stored as charcoal (around 4%) on site. Non-CO2 GHG emissions 
during the pile burn process are considered, including black carbon 

¶ Biochar applications on rangelands do not replace mineral nitrogen fertilizer. 

ÂƖŸĬƨĦƣƚ 
ÑőĲШƓƖŸĬƨĦƣШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőŔƚШƓċƣőƽċǃШŔƚШĤŔŸĦőċƖЮ 

7ċƚĲũŔŰĲЮċŰĬЮEŰőċŰĦĲůĲŰƣЮƚƚƨůƓƣŔŸŰƚ 
7ĲƚŔĬĲƚШƣőĲШċƚƚƨůƓƣŔŸŰƚШŸƨƣũŔŰĲĬШċĤŸƻĲШĦŸŰĦĲƖŰŔŰŊШƓƖŸĦĲƚƚШĤŸƨŰĬċƖŔĲƚЯШƣőĲШx9 ШƖĲũŔĲĬШŸŰШťĲǃШ
ŔŰƓƨƣƚШĬĲƚĦƖŔĤĲĬШŔŰШÑċĤũĲШΞЮΞΥЮ 
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https://biocharnow.com/
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ÑċĤũĲЮΥдΥΫдЮuĲǃЮŔŰƓƨƣƚЮŉŸƖЮĤŔŸĦőċƖЮƓƖŸĬƨĦƣŔŸŰЮċŰĬЮċƚƚŸĦŔċƣĲĬЮĤċƚĲũŔŰĲЮċƚƚƨůƓƣŔŸŰƚд 
Variable  Unit  Value Source Comment  

General Inputs  
Forest Biomass  Short tons (dry) 10,000     

Biochar Yield % of dry weight 35%   
Focus on biochar production. 
Regular pyrolysis (focus on 
electricity  generation): 5-25%  

Carbon Biosolid 
Converted to CH4 

% of dry weight 5% EPA (2014)   

Energy Content 
Biogas 

MWh/m3 LHV 0.006 IEA (2023) Equivalent to ~700BTU/ft3 

Processing Emissions  

Internal Electricity 
Need 

% of 
Generating 
Capacity 

10%   Internal electricity  needs 

ÑƖċŰƚƓŸƖƣШƣŸШ7ŔŸĦőċƖШ
[ċĦŔũŔƣǃ 

~ŔũĲƚШыƖĲƣƨƖŰШ
ƣƖŔƓь 

ΣΜ   

Transport to End Use 
(Rangeland) 

Miles (return 
trip) 

60     

Truck Emissions 
Mg CO2e /short 

ton/mi  
0.002 EPA (2023) Total GWP; truck emissions 

Biochar Application on Rangeland  

Biochar 
Sequestration 
Lifespan 

Years 100 
Woolf et al. 
(2021) 

  

Biochar GHG Impact 
Factor 

Mg CO2e /acre 5   
Output calculations; entirely 
based on data from Woolf et al., 
2021 

Biochar GHG Impact 
Factor 

Mg CO2e /Mg 
biochar 2   

Output calculations; entirely 
based on data from Woolf et al., 
2021 

 

ÅĲƚƨũƣƚЮцЮ7ŔŸĦőċƖ 
ÑŸƣċũШΝΜΜрǃĲċƖШ]c]ШĤĲŰĲǯƣƚШŉŸƖШƣőŔƚШƓċƣőƽċǃШċƖĲШŔŰШƣőĲШƖċŰŊĲШŸŉШӈΝΝЯΞΜΜШ~ŊШ9§ΞĲШыÑċĤũĲШΞЮΞΦьШƽŔƣőШ
ċƖŸƨŰĬШӈΟЯΞΜΜШ~ŊШĤŔŸĦőċƖШƓƖŸĬƨĦĲĬЮШ~ŸƚƣШŸŉШƣőĲШĤĲŰĲǯƣƚШċƖĲШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШċƻŸŔĬĲĬШƓŔũĲШĤƨƖŰШ
ĲůŔƚƚŔŸŰƚШы[ŔŊƨƖĲШΞЮΞьЮШÑőĲШŰĲƣШ]c]ШĤĲŰĲǯƣƚШƓĲƖШƣƖĲċƣĲĬШċĦƖĲШŸŉШƖċŰŊĲũċŰĬШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤĲШŔŰШƣőĲШ
ƖċŰŊĲШŸŉШӈΝЮΞШ~ŊШ9§ΞоċĦƖĲоǃĲċƖШċŰĬШċƖĲШċƚƚƨůĲĬШƣŸШĤĲШůċŔŰƣċŔŰĲĬШŉŸƖШΝΜΜШǃĲċƖƚШыÑċĤũĲШΞЮΞΦьЮШÑőĲШ
ΝΜΜрǃĲċƖШ]c]ШĤĲŰĲǯƣƚШƓĲƖШ~ŊШŸŉШĤŔŸĦőċƖШĲƕƨċũƚШӈΝЮΜШ~ŊШ9§ΞĲШƽőŔĦőШŔƚШŔŰШũŔŰĲШƽŔƣőШĲƚƣŔůċƣŔŸŰƚШŸŉШ
7ƖŸƽŰШĲƣШċũЮШыΞΜΞΟьШŸŰШŊƖċƚƚũċŰĬШŔŰШƣőĲШƣĲůƓĲƖċƣĲШǍŸŰĲЮ11Ш?ƨĲШƣŸШƣőĲШũŸŰŊĲƻŔƣǃШŸŉШ]c]ШĤĲŰĲǯƣƚШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШċШŸŰĲрƣŔůĲШĤŔŸĦőċƖШċƓƓũŔĦċƣŔŸŰЯШċƚШůƨĦőШċƚШΝЯΟΜΜШċĦƖĲƚШŸŉШƖċŰŊĲũċŰĬШĦŸƨũĬШĤĲШ
ƣƖĲċƣĲĬШċŰŰƨċũũǃШƽŔƣőШŰŸШŉŸũũŸƽШƨƓШƣƖĲċƣůĲŰƣШƖĲƕƨŔƖĲĬШыŔЮĲЮЯШċШƣŸƣċũШŸŉШΝΟΜЯΜΜΜШċĦƖĲƚШŸƻĲƖШΝΜΜШǃĲċƖƚьЮШ
[ŸƖШĦŸůƓċƖŔƚŸŰЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ§ƓĲŰШÉƓċĦĲШőċƚШΤЯΠΜΜШċĦƖĲƚШŸŉШƖċŰŊĲũċŰĬЮШÑŸƣċũШ]c]ШĤĲŰĲǯƣƚШ
ĦŸƨũĬШĤĲШŔŰĦƖĲċƚĲĬШĤǃШӈΞΡӖШƣŸШċШƣŸƣċũШŸŉШӈΝΠЯΞΜΜШ~ƣШ9§ΞĲШŔŉШċШŉƖċĦƣŔŸŰШŸŉШƣőĲШĲǂĦĲƚƚШƚǃŰŊċƚШƽċƚШ

 
11Ш7ƖŸƽŰШĲƣШċũЮШыΞΜΞΟьШĲƚƣŔůċƣĲĬШċŰШŸƓƣŔůŔƚƣŔĦШĦċƖĤŸŰШƚƣŸƖċŊĲШƻċũƨĲШŸŉШΠЮΥШ~ŊШ9§ΞĲо~ŊШĤŔŸĦőċƖШċƣШċШũŸċĬŔŰŊШ
ƖċƣĲШŸŉШΥШ~ŊоċĦƖĲЮШÑőĲШċƚƚƨůƓƣŔŸŰƚШŔŰШƣőŔƚШƖĲƓŸƖƣШŔŰĦũƨĬĲШċШũŸċĬŔŰŊШƖċƣĲШŸŉШΞЮΡШ~ŊШĤŔŸĦőċƖоċĦƖĲШƽőŔĦőШ
ƣƖċŰƚũċƣĲƚШƣŸШΝЮΡШ~ŊШ9§ΞĲо~ŊШĤŔŸĦőċƖШƽőĲŰШƨƚŔŰŊШ7ƖŸƽŰШĲƣШċũЮШыΞΜΞΟьШƖĲƚƨũƣƚЮ 



  ΥΞ 

ƨƚĲĬЮ12Ш[ŸƖШĲǂċůƓũĲЯШŔŰĬƨƚƣƖŔċũШƓƖŸĦĲƚƚШőĲċƣШƚƨĤƚƣŔƣƨƣŔŰŊШŉŸƖШŰċƣƨƖċũШŊċƚШƨƚĲШыőĲċƣŔŰŊШŊƖĲĲŰőŸƨƚĲƚЯШ
őŸƣШƽċƣĲƖЯШƖĲƚŔĬĲŰƣŔċũШőĲċƣЯШĲƣĦЮьЮ 

Table 2.29. GHG relevant results for the biochar 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 basis but include GHG fluxes out to 100 years post 
application.  

Output Variable  Unit  Value 

Primary Outputs     

100-year GHG Benefits from Biochar Application Mg CO2e/year 3,700 

7ŔŸŊĲŰŔĦШEůŔƚƚŔŸŰƚШ?ƨƖŔŰŊШÂƖŸĬƨĦƣŔŸŰШÂƖŸĦĲƚƚ ~ŊШ9§ΞĲоǃ ШыΝΜЯΥΜΜь 

Liability Biomass Transport Emissions Mg CO2e/year ШыΞЯΠΜΜь 

Biochar Transportation Emissions Mg CO2e/year ШыΟΜΜь 

Avoided Pile Burn Emissions Mg CO2e/year 21,000 

Total GHG Benefits Mg CO2e/year  11,200 

Secondary Outputs     

Biochar Produced Mg (dry)/year 3,200 

Treated Rangeland Acres/year 1,300 

100-year GHG Benefits per Unit of Biochar Mg CO2e/Mg biochar 1.0 

100-year GHG Benefits per Unit of Feedstock 
Mg CO2e/Mg 

feedstock (dry)  1.2 

100-year GHG Benefits Per Unit of Feedstock Including AWE 
(2.7%ABP) 

Mg CO2e/Mg 
feedstock (dry) 

2.9 

100-year GHG Benefits per Treated acre & year (soil amendment 
only) 

Mg CO2e/acre/year 1.2 

 

 
12ШÑőŔƚШƖĲŉĲƖƚШŸŰũǃШƣŸШĲǂĦĲƚƚШǰċƖĲĬШƚǃŰŊċƚШċŰĬШƨŰƖĲĦŸƻĲƖĲĬШĲǂőċƨƚƣШőĲċƣШŰŸƣШƨƣŔũŔǍĲĬШƣŸШůċŔŰƣċŔŰШƣőĲШĤŔŸĦőċƖШ
ƓƖŸĦĲƚƚЮШÉƨĤƚƣŔƣƨƣŔŰŊШŉŸƖШŸƣőĲƖШĲŰĲƖŊǃШƚŸƨƖĦĲƚШƚĲƖƻŔŰŊШĲŰĲƖŊǃШŰĲĲĬƚШыŉƨĲũШŸŔũЯШƓƖŸƓċŰĲЯШĲƣĦЮьШŸƖШċƓƓũŔĦċƣŔŸŰƚШ
ыĲЮŊЮШĲƻċƓŸƖċƣŔƻĲШĦŸŸũŔŰŊьШƽŸƨũĬШŔůƓċĦƣШƖĲƚƨũƣƚЮ 



  ΥΟ 

 
[ŔŊƨƖĲЮΥдΥжЮ]c]ЮĤĲŰĲǯƣƚЮŉƖŸůЮĤŔŸĦőċƖЮƓƖŸĬƨĦƣŔŸŰЮĤǃЮċĦĦŸƨŰƣŔŰŊЮĲũĲůĲŰƣЮċŰĬЮƣŸƣċũƚд 
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  ΥΠ 

[ŔƖĲƽŸŸĬШрШxŔŉĲШ9ǃĦũĲШ ƚƚĲƚƚůĲŰƣ 

[ĲĲĬƚƣŸĦťЮ 
ÑőŔƚШƓċƣőƽċǃШĲǂƓũŸƖĲƚШƣőĲШĦũŔůċƣĲШŔůƓċĦƣШŸŉШċШǯƖĲƽŸŸĬШƓƖŸĬƨĦƣŔŸŰШƚǃƚƣĲůЮШÅĲƚƨũƣƚШċƖĲШƓƖĲƚĲŰƣĲĬШ
ŉŸƖШΝΜЯΜΜΜШĬƖǃШƚőŸƖƣШƣŸŰƚШŸŉШĤŔŸůċƚƚШŉĲĲĬƚƣŸĦťШƓƖŸĦĲƚƚĲĬЮШÑŸШĬĲƣĲƖůŔŰĲШƣőĲШƚĦċũĲШŸŉШƣőĲШ]c]Ш
ŔůƓċĦƣШŸŉШƣőŔƚШƓċƣőƽċǃЯШŔƣШƽċƚШċƚƚƨůĲĬШƣőċƣШƣőĲШĤŔŸůċƚƚШƽŸƨũĬШĤĲШƓŔũĲШĤƨƖŰƣШŔŉШŰŸƣШƨƚĲĬШŉŸƖШ
ǯƖĲƽŸŸĬШƓƖŸĬƨĦƣŔŸŰЮШ ŸƣċĤũǃЯШƣőŔƚШƓċƣőƽċǃШĦŸƨũĬШŸŰũǃШƨƚĲШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШůĲĲƣŔŰŊШĦĲƖƣċŔŰШ
ƚƣċŰĬċƖĬƚШыĲЮŊЮЯШĤŸũĲƚШŸŰũǃШŸŉШůŔŰŔůƨůШĬŔċůĲƣĲƖьЮШ 

ÂƖŸĦĲƚƚЮċŰĬЮ ŰċũǃƣŔĦċũЮ7ŸƨŰĬċƖǃ 
uĲǃШċƚƚƨůƓƣŔŸŰƚШŸŰШƓƖŸĦĲƚƚШċŰĬШċŰċũǃƣŔĦċũШĤŸƨŰĬċƖǃШŉŸƖШƣőĲШǯƖĲƽŸŸĬШƓċƣőƽċǃШŔŰĦũƨĬĲĬа 

¶ [ŔƖĲƽŸŸĬШƓƖŸĬƨĦƣŔŸŰШŔƚШċƚƚƨůĲĬШƣŸШċĬĬШ]c]ШĲůŔƚƚŔŸŰƚШŉŸƖШƣƖċŰƚƓŸƖƣШŸŉШŉĲĲĬƚƣŸĦťШƣŸШƣőĲШ
ǯƖĲƽŸŸĬШŉċĦŔũŔƣǃШċƚШƽĲũũШċƚШŸŉШǯƖĲƽŸŸĬШƣŸШĲŰĬШƨƚĲШĦŸůƓċƖĲĬШƣŸШƣőĲШĤċƚĲũŔŰĲШƚĦĲŰċƖŔŸШŸŉШŸŰр
ƚŔƣĲШƓŔũĲШĤƨƖŰŔŰŊЮШ 

¶ ÑőĲШǯƖĲƽŸŸĬШŔƚШċŔƖШĬƖŔĲĬШŉƖŸůШӈΠΜӖШƣŸШӈΝΡӖШŸŉШůŸŔƚƣƨƖĲШĦŸŰƣĲŰƣШŸŰШċШƽĲƣШĤċƚŔƚЮШ ŸШŉŸƚƚŔũШ
ŉƨĲũШŔƚШĤĲŔŰŊШƚƓĲŰƣШƣŸШŊĲŰĲƖċƣĲШƓƖŸĦĲƚƚШőĲċƣШŉŸƖШĬƖǃŔŰŊЮ 

¶ [ŔƖĲƽŸŸĬШƨƚĲШƖĲƓũċĦĲƚШƣőĲШŰĲĲĬШŉŸƖШċШůŔǂШŸŉШŰċƣƨƖċũШŊċƚЯШƓƖŸƓċŰĲЯШċŰĬШőĲċƣŔŰŊШŸŔũШċƣШĲƕƨċũШ
ƓċƖƣƚШыΟΟӖШŸŉШĲŰĲƖŊǃШŰĲĲĬƚШŉŸƖШĲċĦőШŉŸƚƚŔũШŉƨĲũШƣǃƓĲьЮ 

ÂƖŸĬƨĦƣƚ 
ÑőĲШƓƖŸĬƨĦƣШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőŔƚШƓċƣőƽċǃШŔƚШǯƖĲƽŸŸĬШƓƖŸĬƨĦĲĬШƣŸШőĲċƣШƖĲƚŔĬĲŰƣŔċũШĤƨŔũĬŔŰŊƚЮ 

7ċƚĲũŔŰĲЮ ŰĬЮEŰőċŰĦĲůĲŰƣЮ ƚƚƨůƓƣŔŸŰƚ 
7ĲƚŔĬĲƚШƣőĲШċƚƚƨůƓƣŔŸŰƚШŸƨƣũŔŰĲĬШċĤŸƻĲШĦŸŰĦĲƖŰŔŰŊШƓƖŸĦĲƚƚШĤŸƨŰĬċƖŔĲƚЯШƣőĲШx9 ШƖĲũŔĲĬШŸŰШťĲǃШ
ŔŰƓƨƣƚШĬĲƚĦƖŔĤĲĬШŔŰШÑċĤũĲШΞЮΟΜЮШìĲШċũƚŸШċƚƚƨůĲĬШƣőċƣШĤŔŸůċƚƚШŔŰШƣőĲШċĤƚĲŰĦĲШŸŉШǯƖĲƽŸŸĬШ
ƓƖŸĬƨĦƣŔŸŰШƽŸƨũĬШĤĲШƓŔũĲШĤƨƖŰƣШыƚĲĲШÑċĤũĲШΞЮΞΡЯШċĤŸƻĲЯШŉŸƖШťĲǃШċƚƚƨůƓƣŔŸŰƚьЮШìĲШĬŔĬШŰŸƣШċƚƚƨůĲШ
ċŰǃШũŸƚƚШŸŉШŉĲĲĬƚƣŸĦťШċũŸŰŊШƣőĲШƓƖŸĬƨĦƣŔŸŰШũŔŰĲЮ 

  



  ΥΡ 

ÑċĤũĲЮΥдΦΣжЮuĲǃЮŔŰƓƨƣƚЮŉŸƖЮǯƖĲƽŸŸĬЮƓƖŸĬƨĦƣŔŸŰЮċŰĬЮċƚƚŸĦŔċƣĲĬЮĤċƚĲũŔŰĲЮċƚƚƨůƓƣŔŸŰƚЮ 
éċƖŔċĤũĲ ÖŰŔƣ éċũƨĲ ÉŸƨƖĦĲ 9ŸůůĲŰƣ 

]ĲŰĲƖċũШfŰƓƨƣƚ         

xŔċĤŔũŔƣǃШ7ŔŸůċƚƚ ÉőŸƖƣШƣŸŰƚШыĬƖǃь ΝΜЯΜΜΜ     

~ŸŔƚƣƨƖĲШ9ŸŰƣĲŰƣШ
[ŔƖĲƽŸŸĬ 

ìĲƣШĤċƚŔƚ ΠΜӖ   ~ŸŔƚƣƨƖĲШĦŸŰƣĲŰƣШƽŸŸĬ 

[ĲĲĬƚƣŸĦťШEŰĲƖŊǃШ
9ŸŰƣĲŰƣ 

~ìőо~ŊШыĬƖǃьбШ
ccé 

ΡЮΣ [ƖĲƨŰĬШĲƣШċũЮЯШΞΜΝΞ [ĲĲĬƚƣŸĦťШĲŰĲƖŊǃШĦŸŰƣĲŰƣ 

9ŸŰƻĲƖƚŔŸŰШ
EǭŔĦŔĲŰĦǃШ[ŔƖĲƽŸŸĬШ
cĲċƣŔŰŊ 

Ӗ ΤΜӖ   9ŸŰƻĲƖƚŔŸŰШĲǭŔĦŔĲŰĦǃШ
ǯƖĲƽŸŸĬШőĲċƣŔŰŊ 

7ċƚĲũŔŰĲШ
ƚƚƨůƓƣŔŸŰƚ 

        

 ċƣƨƖċũШ]ċƚ 
~ŊШ9§ΞĲо~ìőШ
őĲċƣ ΜЮΞΣΤ 

cĲŰŰŔŊċƖШĲƣШċũЮЯШ
ΞΜΝΟ   

 ċƣƨƖċũШ]ċƚЯШ
fŰĦũƨĬŔŰŊШxĲċťċŊĲ 

~ŊШ9§ΞĲо~ìőШ
őĲċƣ ΜЮΠΟ 

ÑőĲШEĦŸŰŸůŔƚƣЯШ
ΞΜΝΣ   

?ŔĲƚĲũШ[ƨĲũ 
~ŊШ9§ΞĲо~ìőШ
őĲċƣ 

ΜЮΟΡΤ 
cĲŰŰŔŊċƖШĲƣШċũЮЯШ
ΞΜΝΟ 

  

ÂƖŸƓċŰĲ 
~ŊШ9§ΞĲо~ìőШ
őĲċƣ 

ΜЮΞΦ 
cĲŰŰŔŊċƖШĲƣШċũЮЯШ
ΞΜΝΟ 

  

ÂƖŸƓċŰĲЯШfŰĦũƨĬŔŰŊШ
xĲċťċŊĲ 

~ŊШ9§ΞĲо~ìőШ
őĲċƣ 

ΜЮΟΜΥ 
ÑőĲШEĦŸŰŸůŔƚƣЯШ
ΞΜΝΣ 

ŉƖċĦƣŔŸŰШŸŉШŰċƣƨƖċũШŊċƚШ
ĬŔƚƣƖŔĤƨƣŔŸŰШũŸƚƚШŉŸƖШƓƖŸƓċŰĲШ
ƓƖŸĬƨĦƣŔŸŰ 

9ŸŰƻĲƖƚŔŸŰШ
EǭŔĦŔĲŰĦǃШ7ċƚĲũŔŰĲШ
cĲċƣŔŰŊ 

Ӗ ΦΜӖ   fŰƣĲƖŰċũШċƚƚƨůƓƣŔŸŰ 

ÂƖŸĦĲƚƚŔŰŊШ
EůŔƚƚŔŸŰƚ 

        

?ŔĲƚĲũШ9ŸŰƚƨůƓƣŔŸŰ ŊоƚőŸƖƣШƣŸŰШƚƓũŔƣ ΝЮΡ   fŰƣĲƖŰċũШċƚƚƨůƓƣŔŸŰ 

?ŔĲƚĲũШEůŔƚƚŔŸŰƚ ~ŊШ9§ΞĲоŊ ΜЮΜΝΜΝΦ Ef ЯШΞΜΞΠ   

ÂƖŸĦĲƚƚŔŰŊШ
EůŔƚƚŔŸŰƚШ[ŔƖĲƽŸŸĬ 

~ŊШ9§ΞĲо~ìőШ
őĲċƣ ΜЮΜΜΤ   7ċƚĲĬШŸŰШĬŔĲƚĲũШĲůŔƚƚŔŸŰƚ 

ÑƖċŰƚƓŸƖƣШƣŸШ
9ŸůƓŸƚƣШ[ċĦŔũŔƣǃ 

~ŔũĲƚШыƖĲƣƨƖŰШƣƖŔƓь ΣΜ   

ÑƖċŰƚƓŸƖƣШƣŸШEŰĬШÖƚĲ ůŔШыƖĲƣƨƖŰШƣƖŔƓь ΣΜ     

ÑƖƨĦťШEůŔƚƚŔŸŰƚ 
~ŊШ9§ΞĲШоƚőŸƖƣШ
ƣŸŰоůŔ 

ΜЮΜΜΞ EÂ ЯШΞΜΞΟ ÑŸƣċũШ]ìÂбШƣƖƨĦťШĲůŔƚƚŔŸŰƚ 

ÅĲƚƨũƣƚ 

ÑŸƣċũШ]c]ШĤĲŰĲǯƣƚШŉŸƖШƣőŔƚШƓċƣőƽċǃШċƖĲШŔŰШƣőĲШƖċŰŊĲШŸŉШΝΜЯΦΜΜШ~ŊШ9§ΞĲШыÑċĤũĲШΞЮΟΝьШƽŔƣőШ
ċƖŸƨŰĬШΟΡЯΜΜΜШ~ìőШŸŉШƖĲƚŔĬĲŰƣŔċũШőĲċƣШƓƖŸĬƨĦĲĬШŉƖŸůШǯƖĲƽŸŸĬШċŰŰƨċũũǃШы[ŔŊƨƖĲШΞЮΟьЮШ
ƚƚƨůŔŰŊШċŰШċƻĲƖċŊĲШőĲċƣŔŰŊШĬĲůċŰĬШŸŉШΝΜΟШůŔũũŔŸŰШ7ÑÖƚШƓĲƖШőŸƨƚĲőŸũĬШċŰĬШǃĲċƖШыEf ЯШ

ΞΜΜΦьЯШƣőŔƚШƻŸũƨůĲШŸŉШǯƖĲƽŸŸĬШĦŸƨũĬШőĲċƣШċƖŸƨŰĬШΝЯΝΤΜШőŸůĲƚЮШÑőĲШΝΜΜрǃĲċƖШ]c]ШĤĲŰĲǯƣƚШ
ƓĲƖШƚőŸƖƣШƣŸŰШŸŉШċŔƖрĬƖŔĲĬШǯƖĲƽŸŸĬШĲƕƨċũƚШΜЮΤШ~ŊШ9§ΞĲШƽőŔĦőШƣƖċŰƚũċƣĲƚШƣŸШΝЮΞШ~ŊШ9§ΞĲо~ŊШ
ŉĲĲĬƚƣŸĦťШыĬƖǃьШŸƖШΞЮΦШ~ŊШ9§ΞĲо~ŊШŉĲĲĬƚƣŸĦťШыĬƖǃьШƽőĲŰШŔŰĦũƨĬŔŰŊШ ìEШĤĲŰĲǯƣƚЮ 



  ΥΣ 

ÑċĤũĲЮΥдΦΤдЮ]c]ЮƖĲũĲƻċŰƣЮƖĲƚƨũƣƚЮŉŸƖЮƣőĲЮǯƖĲƽŸŸĬЮƓƖŸĬƨĦƣŔŸŰЮƣĲĦőŰŸũŸŊǃЮƓċƣőƽċǃдЮ]c]ЮĤĲŰĲǯƣƚЮċƖĲЮċĦĦƖƨŔŰŊЮ
ċŰĬЮċƖĲЮĤĲŔŰŊЮƖĲƓŸƖƣĲĬЮŸŰЮċŰЮċŰŰƨċũЮĤċƚŔƚЮĤƨƣЮŔŰĦũƨĬĲЮ]c]ЮǰƨǂĲƚЮŸƨƣЮƣŸЮΤΣΣЮǃĲċƖƚЮƓŸƚƣЮċƓƓũŔĦċƣŔŸŰ 

Output Variable  Unit  Value 

Primary Outputs      

100-y GHG Benefits - Firewood Mg CO2e/y 10,800  

7ŔŸŊĲŰŔĦШĲůŔƚƚŔŸŰƚШǯƖĲƽŸŸĬШƨƚĲ ~ŊШ9§ΞĲоǃ ШыΝΣЯΣΜΜь 

GHG emissions т Liability Biomass Transportation Mg CO2e/y (2,400) 

GHG emissions т Firewood Transportation Mg CO2e/y (1,800) 

Avoided Pile Burn Emissions Mg CO2e/y 21,000 

Total 100-y GHG Benefits Mg CO2e/y 10,900 

Secondary Outputs      

Residential Heat Provided MWh/y 35,000 

Firewood Produced Short Tons 10,000 

Homes Heated # 1,170 

100-year GHG Benefits per Unit of Firewood 
Mg CO2e/short ton 

firewood (15% moisture) 
0.6 

100-year GHG Benefits per Unit of Feedstock 
Mg CO2e/Mg feedstock 

(dry) 
1.213 

100-year GHG Benefits per Ton of Feedstock Including AWE 
(2.7% ABP) 

Mg CO2e/Mg firewood 2.9 

 

 
[ŔŊƨƖĲЮΥдΦжЮ]c]ЮĤĲŰĲǯƣƚЮŉƖŸůЮǯƖĲƽŸŸĬЮƓƖŸĬƨĦƣŔŸŰЮĤǃЮċĦĦŸƨŰƣŔŰŊЮĲũĲůĲŰƣЮċŰĬЮƣŸƣċũƚд 

 
13ШÅĲƚƨũƣƚШƖċŰŊĲШŉƖŸůШΝЮΜΡШƣŸШΝЮΠШ~ŊШ9§ΞĲо~ŊШŔŉШǯƖĲƽŸŸĬШƖĲƓũċĦĲƚШŰċƣƨƖċũШŊċƚШŸƖШŸŰũǃШŸŔũЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ
ÂƖŸƓċŰĲШƚƨĤƚƣŔƣƨƣŔŸŰШŉċũũƚШƽŔƣőŔŰШƣőċƣШƖċŰŊĲЮ 
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  ΥΤ 

?ŔƚĦƨƚƚŔŸŰШрШxŔŉĲШ9ǃĦũĲШƚƚĲƚƚůĲŰƣШÅĲƚƨũƣƚ 
The climate impacts across the three biomass utilization pathways - composting, biochar 
production, and firewood use - are relatively similar. Biochar and firewood pathways each achieve 
ċĤŸƨƣШΝЮΞШůĲƣƖŔĦШƣŸŰƚШŸŉШ9§Ћ-ĲƕƨŔƻċũĲŰƣШы~ŊШ9§ЋĲьШƖĲĬƨĦƣŔŸŰШƓĲƖШůĲƣƖŔĦШƣŸŰШŸŉШĬƖǃШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШ
ƓƖŸĦĲƚƚĲĬЯШƽőŔũĲШƣőĲШĦŸůƓŸƚƣŔŰŊШƓċƣőƽċǃШċĦőŔĲƻĲƚШƚũŔŊőƣũǃШũĲƚƚЯШċƣШċĤŸƨƣШΝЮΜШ~ŊШ9§ЋĲШƓĲƖШůĲƣƖic 
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 COЋĲШŔŰШċŰŰƨċũШĤĲŰĲŉŔƣƚШƣőƖŸƨŊőШ
ĦŸůƓŸƚƣŔŰŊЯШΝΝЯΞΜΜШ~ŊШ9§ЋĲШƣőƖŸƨŊőШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰЯШċŰĬШΝΝЯΜΜΜШ~ŊШ9§ЋĲШƣőƖŸƨŊőШŉŔƖĲƽŸŸĬШ
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., biochar 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 an Avoided 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 organic compounds (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 burning during 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 EPA-certified 
wood stoves and advanced combustion technologies offer much higher efficiency, often exceeding 
70%, and release significantly fewer emissions. These newer stoves burn wood more completely, 
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 efficiency and minimizing health risks associated with 
wood heating. 

 
  



  ΥΥ 

9őċƓƣĲƖШΟЮШEƻċũƨċƣŔŸŰШŸŉШ9Ÿр7ĲŰĲǯƣƚШŸŉШ[ƨĲũƚШ
ÅĲĬƨĦƣŔŸŰШÂƖŸŢĲĦƣƚ 

9őċƓƣĲƖШΟШÉƨůůċƖǃ 
The evaluation of fuels reduction projects across Boulder County reveals a direct and measurable 
relationship between the scale and geographic distribution of treatments and the likely benefits 
they produce. Treatments evaluated - spanning completed, planned, and proposed projects - were 
modeled across diverse vegetation types, including ponderosa pine and lodgepole forest types, 
and topographies, encompassing a reasonably large treatment footprint (~ 58,000 acres) selected 
for wildfire risk mitigation based largely on treatment areas proposed in the 2024 Boulder County 
Community Wildfire Protection Plan. ШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШċŰĬШůŸĬĲũŔŰŊШƽŔƣőШƣőĲШ[ŸƖĲƚƣШ9ċƖĤŸŰШ
ŰċũǃƚŔƚШÑŸŸũШы[9 ÑьШƽĲƖĲШƨƚĲĬШƣŸШŔũũƨƚƣƖċƣĲШůƨũƣŔƓũĲШĦŸрĤĲŰĲǯƣƚШŔŰШƣƖĲċƣĲĬШƻĲƖƚƨƚШƨŰƣƖĲċƣĲĬШ

ƚĦĲŰċƖŔŸƚШƨƚŔŰŊШƻĲŊĲƣċƣŔŸŰШŊƖŸƽƣőШċŰĬШƽŔũĬǯƖĲШƚŔůƨũċƣŔŸŰƚЮ 

The findings demonstrate that larger-scale treatments - especially those proposed under the 
Boulder County CWPP (2024; modeled to occur by 2027) - yield climate benefits, including over 
200,000 metric tonnes of avoided greenhouse gas emissions over 40 years if the annual burn 
probability is 2.7% or higher. Modeled 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 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 high-severity crown fires while aligning with historical forest conditions.  

A spatial analysis completed in combination with modeled outputs related to fire severity revealed 
that treated areas overlapping with special ecological designations - such as high biodiversity 
areas, wildlife corridors, and critical habitats - showed reduced long-term exposure to high-severity 
fire, illustrating how location-specific treatments confer biodiversity maintenance and habitat 
resilience. The chapter also underscores that fuel reduction and invasive species management are 
synergistic tools essential to maintaining ecological resilience in Boulder County. Furthermore, 
through a literature review, fuels treatments were found to mitigate cascading post-fire impacts 
like sedimentation, erosion, and water quality degradation, particularly in high-risk watersheds. 
These benefits were most pronounced in accessible, forested areas with moderate slopes near 
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, wildfires in Boulder County can reduce visitation, damage 
infrastructure, and affect regional economies. Overall, the chapter supports the premise that 
thoughtfully planned and strategically implemented fuels treatments not only reduce fire risk but 
yield meaningful ecological and community co-benefits. 

9őċƓƣĲƖШΟШfŰƣƖŸĬƨĦƣŔŸŰ 
ìŔũĬǯƖĲƚШĦċŰШőċƻĲШƓƖŸŉŸƨŰĬШĲǭĲĦƣƚШŸŰШƚŸĦŔċũЯШĲŰƻŔƖŸŰůĲŰƣċũЯШċŰĬШĲĦŸŰŸůŔĦШƻċũƨĲƚЯШŸŉƣĲŰШĦċƨƚŔŰŊШ
ŔůůĲĬŔċƣĲШċŰĬШũŸŰŊрƣĲƖůШŔůƓċĦƣƚШŸŰШĦŸůůƨŰŔƣŔĲƚЯШĲĦŸƚǃƚƣĲůƚЯШċŰĬШƖĲŊŔŸŰċũШĲĦŸŰŸůŔĲƚШыÑőŸůċƚШ
ĲƣШċũЮЯШΞΜΝΤбШÑƖŸǃШĲƣШċũЮЯШΞΜΞΞьЮШÉŸĦŔċũũǃЯШƽŔũĬǯƖĲƚШƣőƖĲċƣĲŰШũŔƻĲƚЯШĬŔƚƓũċĦĲШĦŸůůƨŰŔƣŔĲƚЯШċŰĬШĦƖĲċƣĲШ



  ΥΦ 

ũŸŰŊрũċƚƣŔŰŊШƣƖċƨůċЮШÑőĲǃШĬŔƚƖƨƓƣШĬċŔũǃШũŔŉĲШĤǃШĬĲƚƣƖŸǃŔŰŊШőŸůĲƚЯШƚĦőŸŸũƚЯШċŰĬШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƽőŔũĲШ
ƓũċĦŔŰŊШƚŔŊŰŔǯĦċŰƣШƚƣƖĲƚƚШŸŰШĲůĲƖŊĲŰĦǃШƚĲƖƻŔĦĲƚЮШÂƨĤũŔĦШőĲċũƣőШĦċŰШċũƚŸШƚƨǭĲƖШŉƖŸůШƚůŸťĲШċŰĬШ
ƓŸŸƖШċŔƖШƕƨċũŔƣǃЯШƽőŔĦőШċŊŊƖċƻċƣĲƚШƖĲƚƓŔƖċƣŸƖǃШĦŸŰĬŔƣŔŸŰƚШċŰĬШċǭĲĦƣƚШƻƨũŰĲƖċĤũĲШƓŸƓƨũċƣŔŸŰƚЮШcŔŊőр
ƚĲƻĲƖŔƣǃШƽŔũĬǯƖĲƚШĦċŰШċũƣĲƖШũċŰĬƚĦċƓĲƚЯШĬċůċŊĲШƽŔũĬũŔŉĲШőċĤŔƣċƣƚЯШċŰĬШĬŔƚƖƨƓƣШĲĦŸƚǃƚƣĲůƚЮШÑőĲǃШĦċŰШ
ĦċƨƚĲШƚŸŔũШĬĲŊƖċĬċƣŔŸŰЯШŔŰĦƖĲċƚĲШĲƖŸƚŔŸŰЯШċŰĬШƖĲĬƨĦĲШƽċƣĲƖШƕƨċũŔƣǃШĬƨĲШƣŸШċƚőШċŰĬШƚĲĬŔůĲŰƣШƖƨŰŸǭШ
ŔŰƣŸШƽċƣĲƖƽċǃƚЮШEĦŸŰŸůŔĦċũũǃЯШƽŔũĬǯƖĲƚШĦċŰШŔůƓŸƚĲШĲŰŸƖůŸƨƚШĦŸƚƣƚШƣőƖŸƨŊőШǯƖĲǯŊőƣŔŰŊШĲǭŸƖƣƚЯШ
ƓƖŸƓĲƖƣǃШĬĲƚƣƖƨĦƣŔŸŰЯШċŰĬШũŸƚƚШŸŉШƣŸƨƖŔƚůШċŰĬШƖĲĦƖĲċƣŔŸŰċũШŸƓƓŸƖƣƨŰŔƣŔĲƚЮШÑőĲǃШĦċŰШċũƚŸШĬŔƚƖƨƓƣШ
ŔŰĬƨƚƣƖŔĲƚШũŔťĲШċŊƖŔĦƨũƣƨƖĲШċŰĬШŉŸƖĲƚƣƖǃЯШƽőŔũĲШƖĲĦŸƻĲƖǃШċŰĬШƖĲĤƨŔũĬŔŰŊШĬĲůċŰĬШƚŔŊŰŔǯĦċŰƣШǯŰċŰĦŔċũШ
ƖĲƚŸƨƖĦĲƚЮШ?ĲƚƓŔƣĲШƣőĲƚĲШĦőċũũĲŰŊĲƚЯШƽŔũĬǯƖĲƚШĦċŰШċũƚŸШƓƖŸƻŔĬĲШŸƓƓŸƖƣƨŰŔƣŔĲƚШŉŸƖШƖĲƣőŔŰťŔŰŊШũċŰĬШ
ůċŰċŊĲůĲŰƣЯШŔůƓƖŸƻŔŰŊШƖĲƚŔũŔĲŰĦĲЯШċŰĬШŉŸƚƣĲƖŔŰŊШĦŸůůƨŰŔƣǃШĦŸũũċĤŸƖċƣŔŸŰШƣŸШůŔƣŔŊċƣĲШŉƨƣƨƖĲШƖŔƚťƚЮШ
fůƓŸƖƣċŰƣũǃЯШŔŰШůċŰǃШĲĦŸƚǃƚƣĲůƚШыŔŰĦũƨĬŔŰŊШƣőŸƚĲШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃьЯШũŸƽĲƖШƚĲƻĲƖŔƣǃШƽŔũĬǯƖĲШƓũċǃƚШċШ
ĦƖŔƣŔĦċũШċŰĬШŰċƣƨƖċũШƖŸũĲШŔŰШƣƖĲĲШċŰĬШƨŰĬĲƖƚƣŸƖǃШƓũċŰƣШƖĲŊĲŰĲƖċƣŔŸŰЯШĤŔŸĬŔƻĲƖƚŔƣǃЯШƚŸŔũШŰƨƣƖŔĲŰƣШĦǃĦũŔŰŊЯШ
ƓĲƚƣШċŰĬШƓċƣőŸŊĲŰШĦŸŰƣƖŸũЯШċŰĬШĦƖĲċƣŔŸŰШŸŉШŸƓĲŰШċƖĲċƚШƣőċƣШĤĲŰĲǯƣШőċĤŔƣċƣШĬŔƻĲƖƚŔƣǃЮ 

ìŔũĬǯƖĲШċĦƣŔƻŔƣǃШŔŰШƣőĲШƽĲƚƣĲƖŰШÖÉШċŰĬШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШőċƚШŔŰĦƖĲċƚĲĬШĬƨĲШƣŸШĦũŔůċƣĲШĦőċŰŊĲЯШ
őŔƚƣŸƖŔĦċũШǯƖĲШƚƨƓƓƖĲƚƚŔŸŰШƓƖċĦƣŔĦĲƚЯШċŰĬШĲǂƓċŰĬŔŰŊШőƨůċŰШĬĲƻĲũŸƓůĲŰƣШƽŔƣőŔŰШƣőĲШƽŔũĬũċŰĬрƨƖĤċŰШ
ŔŰƣĲƖŉċĦĲШыìÖfбШŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡбШ ĤċƣǍŸŊũŸƨШċŰĬШuŸũĬĲŰЯШΞΜΝΟбШ7ƖĲŰťĲƖƣрÉůŔƣőШĲƣШċũЮЯШΞΜΝΟбШ
ìĲƚƣĲƖũŔŰŊШΞΜΝΣбШĬĬŔŰŊƣŸŰШĲƣШċũЯШΞΜΝΥбШÅċĬĲũŸǭШĲƣШċũЮЯШΞΜΝΥбШuċƖċƨШĲƣШċũЮЯШΞΜΞΠьЮШfŰĦŔĬĲŰƣƚШƚƨĦőШċƚШ
ƣőĲШ[ŸƨƖůŔũĲШ9ċŰǃŸŰШ[ŔƖĲШыΞΜΝΜьЯШ9ċũƽŸŸĬШ[ŔƖĲШыΞΜΞΜьЯШċŰĬШ~ċƖƚőċũũШ[ŔƖĲШыΞΜΞΝьШőŔŊőũŔŊőƣШƣőĲШ
ƖĲŊŔŸŰќƚШĲǂƓŸƚƨƖĲШƣŸШőŔŊőрƚĲƻĲƖŔƣǃШċŰĬШĬċůċŊŔŰŊШǯƖĲШĲƻĲŰƣƚЮШÑőĲШΞΜΞΠШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШ
ìŔũĬǯƖĲШÂƖŸƣĲĦƣŔŸŰШÂũċŰШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьШŔĬĲŰƣŔǯĲƚШċШƣƖĲŰĬШŸŉШŔŰĦƖĲċƚŔŰŊШƽŔũĬǯƖĲШ
ŉƖĲƕƨĲŰĦǃШċŰĬШƚĲƻĲƖŔƣǃЯШċũŸŰŊШƽŔƣőШċƚƚŸĦŔċƣĲĬШƚŸĦŔŸрĲĦŸũŸŊŔĦċũШŔůƓċĦƣƚЮШ 

ÑőĲШĦŸůƓũĲǂШĦũŔůċƣĲЯШƣŸƓŸŊƖċƓőǃШċŰĬШĲĦŸũŸŊŔĦċũШĬŔƻĲƖƚŔƣǃШŸŉШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦŸŰƣƖŔĤƨƣĲШƣŸШƽŔũĬǯƖĲШ
ƖŔƚťЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĲǂƓĲƖŔĲŰĦĲƚШőŸƣЯШĬƖǃШƚƨůůĲƖƚШċŰĬШƚĲċƚŸŰċũШőŔŊőШƽŔŰĬƚ14ЯШƓċƖƣŔĦƨũċƖũǃШƣőĲШ
9őŔŰŸŸťШŸƖШůŸƨŰƣċŔŰШƽċƻĲШƽŔŰĬƚШы?ƨƖƖċŰЯШΝΦΦΜьЯШƽőŔĦőШĦċŰШĲǂĦĲĲĬШΝΜΜШůƓőШċŰĬШƖċƓŔĬũǃШƚƓƖĲċĬШǯƖĲШ
ыĲЮŊЮЯШċƚШĲǂƓĲƖŔĲŰĦĲĬШŔŰШƣőĲШΞΜΞΝШ~ċƖƚőċũũШ[ŔƖĲбШuċƖċƨШĲƣШċũЮЯШΞΜΞΠбШ[E~ЯШΞΜΞΡьЮШ?ƖŸƨŊőƣШĦŸŰĬŔƣŔŸŰƚШ
ċŰĬШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚЯШĲǂċĦĲƖĤċƣĲĬШĤǃШĦũŔůċƣĲШĦőċŰŊĲЯШĬƖǃШŸƨƣШƻĲŊĲƣċƣŔŸŰШċŰĬШŔŰĦƖĲċƚĲШŉƨĲũШċƖŔĬŔƣǃЯШ
ůċťŔŰŊШŔŊŰŔƣŔŸŰШċŰĬШǯƖĲШƚƓƖĲċĬШůŸƖĲШũŔťĲũǃШŔŰШƣőĲШƽĲƚƣĲƖŰШÖÉШы ĤċƣǍŸŊũŸƨШċŰĬШuŸũĬĲŰЯШΞΜΝΟбШ
cċŊůċŰŰШĲƣШċũЮЯШΞΜΞΝьЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШũċŰĬƚĦċƓĲШŔŰĦũƨĬĲƚШŊƖċƚƚũċŰĬƚЯШƚőƖƨĤũċŰĬƚЯШċŰĬШũŸƽĲƖШƣŸШ
ƨƓƓĲƖШůŸŰƣċŰĲШŉŸƖĲƚƣƚЯШĦƖĲċƣŔŰŊШƻċƖŔĲĬШŉƨĲũШƣǃƓĲƚШƣőċƣШĦċŰШŉċĦŔũŔƣċƣĲШŔŰƣĲŰƚĲШċŰĬШƖċƓŔĬШǯƖĲШƚƓƖĲċĬЮШ
9ŸŰĦƨƖƖĲŰƣũǃЯШƨƖĤċŰШĬĲƻĲũŸƓůĲŰƣШĲŰĦƖŸċĦőŔŰŊШŔŰƣŸШǯƖĲрƓƖŸŰĲШċƖĲċƚШŔŰĦƖĲċƚĲƚШƖŔƚťƚШƣŸШőƨůċŰШ
ƚĲƣƣũĲůĲŰƣƚШċŰĬШŔŰŉƖċƚƣƖƨĦƣƨƖĲШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮ 

[ƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШрШƽőĲŰШĦċƖĲŉƨũũǃШƓũċŰŰĲĬШŉŸƖШƚŔƣĲШƚƓĲĦŔǯĦШĦŸŰĬŔƣŔŸŰƚЯШŔůƓũĲůĲŰƣĲĬШċƚШ
ĬĲƚŔŊŰĲĬЯШċŰĬШůċŔŰƣċŔŰĲĬШрШĦċŰШƖĲƚƨũƣШŔŰШĲĦŸƚǃƚƣĲůШċŰĬШƚŸĦŔċũШĤĲŰĲǯƣƚШŔŰĦũƨĬŔŰŊШĦũŔůċƣĲШĤĲŰĲǯƣƚШ
ƣőƖŸƨŊőШċƻŸŔĬĲĬШƽŔũĬǯƖĲШĲůŔƚƚŔŸŰƚЮШ?ĲƓĲŰĬŔŰŊШŸŰШŉŸƖĲƚƣШċŰĬШƻĲŊĲƣċƣŔŸŰШƣǃƓĲЯШƖĲĬƨĦƣŔŸŰƚШŔŰШŉŸƖĲƚƣШ
ƚƣŸĦťŔŰŊШŸŉШũŔƻĲШċŰĬШĬĲċĬШĤŔŸůċƚƚШƣŸШċŰШċƓƓƖŸƓƖŔċƣĲШũĲƻĲũШƣőƖŸƨŊőШƣőŔŰŰŔŰŊЯШůĲĦőċŰŔĦċũШƣƖĲċƣůĲŰƣƚЯШ
ċŰĬоŸƖШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШĦċŰШƖĲĬƨĦĲШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШŉƨƣƨƖĲШĦċƣċƚƣƖŸƓőŔĦШƽŔũĬǯƖĲЯШƽőŔĦőШŔŰШƣƨƖŰШ
ċƻŸŔĬƚШċШƽŔĬĲШċƖƖċǃШŸŉШĦŸƚƣƚЯШĤƨƣШŔƣШċũƚŸШƖĲƚƨũƣƚШŔŰШőĲċũƣőŔĲƖШŉŸƖĲƚƣƚШƽŔƣőШĲŰőċŰĦĲĬШĲĦŸƚǃƚƣĲůШ
ŉƨŰĦƣŔŸŰШы ŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡбШÉƣĲƓőĲŰƚШĲƣШċũЯШΞΜΝΞбШÂƖŔĦőċƖĬШĲƣШċũЯШΞΜΞΝЯШ?ċƻŔƚШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲШ
ŉŸũũŸƽŔŰŊШƓƖŸƻŔĬĲƚШċШŊĲŰĲƖċũШŉƖċůŔŰŊШŸŉШƣőĲШĦŸрĤĲŰĲǯƣƚШƣőċƣШƽĲШċĬĬƖĲƚƚШŔŰШƣőŔƚШĲƻċũƨċƣŔŸŰЮШ 

и [ŸƖĲƚƣЮcĲċũƣőЮċŰĬЮÅĲƚŔũŔĲŰĦĲжШxċŰĬƚĦċƓĲШŉƨĲũШƣƖĲċƣůĲŰƣƚШőċƻĲШĤĲĲŰШŉŸƨŰĬШƣŸШőċƻĲШċШ
ƓŸƚŔƣŔƻĲШĲǭĲĦƣШŸŰШĦŸůƓĲƣŔƣŔŸŰШĬǃŰċůŔĦƚЯШƚƣċŰĬШĬĲŰƚŔƣǃЯШċŰĬШƓŸƚƣрĬŔƚƣƨƖĤċŰĦĲШƖĲŊĲŰĲƖċƣŔŸŰЯШ
ŰŸƣШŸŰũǃШĤǃШƖĲĬƨĦŔŰŊШƚĲƻĲƖĲШƽŔũĬǯƖĲШы[ċũũŸŰШĲƣШċũЮЯШΞΜΞΠьШĤƨƣШċũƚŸШĤǃШĦƖĲċƣŔŰŊШċШůŸƖĲШ
ŉċƻŸƖċĤũĲШƚƣċŰĬШƚƣƖƨĦƣƨƖĲШыÉƣĲƓőĲŰƚШĲƣШċũЮШΞΜΜΦбШ?ċƻŔƚШĲƣШċũЮЯШΞΜΞΠьЮШ ШĦŸůĤŔŰċƣŔŸŰШŸŉШ
ũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШċŰĬШƚƓċƣŔċũШůŸĬĲũŔŰŊШƽċƚШƨƚĲĬШőĲƖĲШƣŸШċƚƚĲƚƚШƣƖĲċƣůĲŰƣШŔůƓċĦƣƚШŸŰШŉŸƖĲƚƣШ

 
14ШÉĲċƚŸŰċũШƽŔŰĬƚШƣǃƓŔĦċũũǃШŸĦĦƨƖШ ŸƻĲůĤĲƖШƣŸШ ƓƖŔũЯШƓĲċťŔŰŊШ?ĲĦĲůĤĲƖШƣőƖŸƨŊőШ[ĲĤƖƨċƖǃЮ 



  ΦΜ 

őĲċũƣőЯШŰċůĲũǃШŔŰШƣĲƖůƚШŸŉШůĲċƚƨƖĲƚШŸŉШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲЯШƻĲŊĲƣċƣŔŸŰШƣǃƓĲШĦŸŰƻĲƖƚŔŸŰЯШƚŸŔũƚЯШ
őċĤŔƣċƣШċŰĬШĤŔŸĬŔƻĲƖƚŔƣǃЯШċŰĬШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚЮШ 

и ìċƣĲƖƚőĲĬЮÂƖŸƣĲĦƣŔŸŰЮċŰĬЮ?ŔƚċƚƣĲƖЮÅŔƚťЮ~ŔƣŔŊċƣŔŸŰжШ[ŸƖĲƚƣĲĬШƽċƣĲƖƚőĲĬƚШċƖĲШĦƖŔƣŔĦċũШƣŸШ
ůċŔŰƣċŔŰŔŰŊШƣőĲШƣŔůŔŰŊШċŰĬШƕƨċũŔƣǃШŸŉШƽċƣĲƖШƚƨƓƓũǃЮШÑőĲШǃŔĲũĬШċŰĬШƣŔůŔŰŊШŸŉШƽċƣĲƖШƚƨƓƓũǃШŉƖŸůШ
ċШƽċƣĲƖƚőĲĬШċƖĲШƚƣƖŸŰŊũǃШƖĲũċƣĲĬШƣŸШŉŸƖĲƚƣШĦŸƻĲƖЮШcŔŊőрƚĲƻĲƖŔƣǃЯШƚƣċŰĬрƖĲƓũċĦŔŰŊШǯƖĲШƖĲƚƨũƣШŔŰШ
ŊƖĲċƣũǃШŔŰĦƖĲċƚĲĬШƚƨƖŉċĦĲШƖƨŰŸǭШċŉƣĲƖШƚƣŸƖůШĲƻĲŰƣƚШƽőŔĦőШĦċƨƚĲƚШĲƖŸƚŔŸŰШċŰĬШƚĲĬŔůĲŰƣШ
ƣƖċŰƚƓŸƖƣЯШĦŸůƓƖŸůŔƚŔŰŊШĬŸƽŰƚƣƖĲċůШƽċƣĲƖШƚƨƓƓũŔĲƚШыsŸŰĲƚШĲƣШċũШΞΜΝΤьЮШcĲƖĲШƽĲШ
ĦŸŰĬƨĦƣĲĬШċШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШŸŰШƣőĲШŔŰǰƨĲŰĦĲШŸŉШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШŸŰШ
ƚĲĬŔůĲŰƣċƣŔŸŰШƖċƣĲЯШƽċƣĲƖШƕƨċũŔƣǃЯШċŰĬШǰŸŸĬШċŰĬШũċŰĬƚũŔĬĲШƚƨƚĦĲƓƣŔĤŔũŔƣǃЮШ 

и 9ũŔůċƣĲЮċŰĬЮ9ċƖĤŸŰШрШìŔũĬǯƖĲƚШƓũċǃШċШĦƖŔƣŔĦċũШƖŸũĲШŔŰШƣőĲШĦċƖĤŸŰШĦǃĦũĲШĤǃШŔŰǰƨĲŰĦŔŰŊШĦċƖĤŸŰШ
ƚƣŸƖċŊĲШċŰĬШĲůŔƚƚŔŸŰƚШŔŰШŉŸƖĲƚƣƚШыcċũũШĲƣШċũЮЯШΞΜΞΠьЮШìŔũĬǯƖĲƚШƖĲũĲċƚĲШũċƖŊĲШċůŸƨŰƣƚШŸŉШ
ĦċƖĤŸŰШĬŔŸǂŔĬĲШы9§ЋьЯШůĲƣőċŰĲШы9cЍьЯШċŰĬШŸƣőĲƖШŊƖĲĲŰőŸƨƚĲШŊċƚĲƚШŔŰƣŸШƣőĲШċƣůŸƚƓőĲƖĲЯШ
ĦŸŰƣƖŔĤƨƣŔŰŊШƣŸШĦũŔůċƣĲШĦőċŰŊĲЮШ7ƨƖŰŔŰŊШƣƖĲĲƚШċŰĬШŸƖŊċŰŔĦШƚŸŔũШũċǃĲƖƚШƖĲĬƨĦĲШƣőĲШċůŸƨŰƣШŸŉШ
ĦċƖĤŸŰШƚƣŸƖĲĬШŔŰШŉŸƖĲƚƣШĤŔŸůċƚƚШċŰĬШƚŸŔũЮШÂŸƚƣрǯƖĲШĲĦŸƚǃƚƣĲůƚШůċǃШƣċťĲШĬĲĦċĬĲƚШƣŸШƖĲĦŸƻĲƖШ
ĦċƖĤŸŰШƚĲƕƨĲƚƣƖċƣŔŸŰШĦċƓċĦŔƣǃЯШĬĲƓĲŰĬŔŰŊШŸŰШǯƖĲШƚĲƻĲƖŔƣǃШċŰĬШƖĲŊĲŰĲƖċƣŔŸŰШƖċƣĲƚЮШfŰƣĲŰƚĲШ
ǯƖĲƚШĦċŰШĦċƨƚĲШƚŸŔũШĦċƖĤŸŰШũŸƚƚШƣőƖŸƨŊőШƻŸũċƣŔũŔǍċƣŔŸŰШċŰĬШĲƖŸƚŔŸŰЯШƽőŔũĲШůŸĬĲƖċƣĲШǯƖĲƚШůċǃШ
ĲŰőċŰĦĲШƚŸŔũШĦċƖĤŸŰШĤǃШŔŰĦƖĲċƚŔŰŊШĦőċƖĦŸċũШĬĲƓŸƚŔƣŔŸŰЮШ[ƖĲƕƨĲŰƣШŸƖШƚĲƻĲƖĲШƽŔũĬǯƖĲƚШĦċŰШ
ƚőŔŉƣШŉŸƖĲƚƣƚШŉƖŸůШĤĲŔŰŊШĦċƖĤŸŰШƚŔŰťƚШыċĤƚŸƖĤŔŰŊШ9§ЋьШƣŸШĦċƖĤŸŰШƚŸƨƖĦĲƚШыƖĲũĲċƚŔŰŊШ9§ЋьЯШ
ċĦĦĲũĲƖċƣŔŰŊШĦũŔůċƣĲШĦőċŰŊĲЮШ[ŸƖШƣőŔƚШċƚƚĲƚƚůĲŰƣШƽĲШƨƚĲĬШċŰШĲƚƣċĤũŔƚőĲĬШĦċƖĤŸŰШ
ċĦĦŸƨŰƣŔŰŊШŉƖċůĲƽŸƖťШƣŸШƕƨċŰƣŔŉǃШċŰƣŔĦŔƓċƣĲĬШ]c]ШĲůŔƚƚŔŸŰШƖĲĬƨĦƣŔŸŰƚШŉƖŸůШƣőĲШ
ŔůƓũĲůĲŰƣċƣŔŸŰШŸŉШŉƨĲũШƣƖĲċƣůĲŰƣƚШŔŰШŉŸƖĲƚƣƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШ 

и cƨůċŰЮcĲċũƣőШрШìŔũĬǯƖĲШƚůŸťĲШĦŸŰƣċŔŰƚШǯŰĲШƓċƖƣŔĦƨũċƣĲШůċƣƣĲƖШыÂ~ΞЮΡьЯШĦċƖĤŸŰШůŸŰŸǂŔĬĲЯШ
ƻŸũċƣŔũĲШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚШыé§9ƚьЯШċŰĬШŸƣőĲƖШƣŸǂŔĦШƓŸũũƨƣċŰƣƚЯШƽőŔĦőШĦċŰШŔůƓċĦƣШŸŰШ
őƨůċŰШőĲċũƣőШƽőĲŰШċШƓŸƓƨũċƣŔŸŰШŔƚШĲǂƓŸƚĲĬШыÅĲŔĬШĲƣШċũЮШΞΜΝΣьЮШcĲċũƣőШĲǭĲĦƣƚШŔŰĦũƨĬĲШ
ƖĲƚƓŔƖċƣŸƖǃШŔƚƚƨĲƚЯШĦċƖĬŔŸƻċƚĦƨũċƖШĲǭĲĦƣƚЯШĲǃĲШċŰĬШƣőƖŸċƣШŔƖƖŔƣċƣŔŸŰЯШŰĲƨƖŸũŸŊŔĦċũШĲǭĲĦƣƚШċŰĬШ
ƓŸƣĲŰƣŔċũШĦŸŊŰŔƣŔƻĲШŔůƓċŔƖůĲŰƣƚШċŰĬШůĲŰƣċũШőĲċũƣőЮШfŰĦƖĲċƚĲĬШůŸƖƣċũŔƣǃШƖŔƚťЯШĲƚƓĲĦŔċũũǃШŉŸƖШ
ƻƨũŰĲƖċĤũĲШŊƖŸƨƓƚШƚƨĦőШċƚШĦőŔũĬƖĲŰЯШƣőĲШĲũĬĲƖũǃЯШƓƖĲŊŰċŰƣШƽŸůĲŰЯШċŰĬШƣőŸƚĲШƽŔƣőШƓƖĲр
ĲǂŔƚƣŔŰŊШĦŸŰĬŔƣŔŸŰƚЮШxŸŰŊрƣĲƖůШĲǂƓŸƚƨƖĲШƣŸШƽŔũĬǯƖĲШƚůŸťĲШĦċŰШũĲċĬШƣŸШĦőƖŸŰŔĦШƖĲƚƓŔƖċƣŸƖǃШ
ĬŔƚĲċƚĲƚЯШƽĲċťĲŰĲĬШŔůůƨŰĲШŉƨŰĦƣŔŸŰЯШċŰĬШőŔŊőĲƖШƖŔƚťƚШŸŉШũƨŰŊШĦċŰĦĲƖЮШìĲШƨƚĲĬШůŸĬĲũŔŰŊШƣŸШ
ĦŸůƓũĲƣĲШċШĦŸůƓċƖċƣŔƻĲШċƚƚĲƚƚůĲŰƣШŸŉШƽŔũĬǯƖĲШƚůŸťĲШƓŸũũƨƣċŰƣШĲůŔƚƚŔŸŰƚШƣőċƣШĦŸƨũĬШ
ŔůƓċĦƣШőƨůċŰШőĲċũƣőШтШĦŸůƓċƖŔŰŊШĲůŔƚƚŔŸŰƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШũċŰĬƚШƽőĲŰШŉƨĲũƚШƖĲĬƨĦƣŔŸŰƚШ
ƽĲƖĲШċƓƓũŔĲĬШċŰĬШƽőĲŰШŉƨĲũШƖĲĬƨĦƣŔŸŰƚШƽĲƖĲШŰŸƣШċƓƓũŔĲĬЮШ 

и ÅĲĦƖĲċƣŔŸŰЮċŰĬЮÑŸƨƖŔƚƣЮEĦŸŰŸůŔĦЮfůƓċĦƣƚШрШ§ƨƣĬŸŸƖШƖĲĦƖĲċƣŔŸŰШŔƚШċŰШŔůƓŸƖƣċŰƣШŔŰĬƨƚƣƖǃШŔŰШ
ƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċŰĬШŔŉШĦċƣċƚƣƖŸƓőŔĦШǯƖĲШƽĲƖĲШƣŸШŸĦĦƨƖШŔŰШċƖĲċƚШŸŉШƓƖŔůĲШƖĲĦƖĲċƣŔŸŰċũШ
ŔůƓŸƖƣċŰĦĲЯШƣőŔƚШĦŸƨũĬШőċƻĲШċШŰŸƣċĤũĲШċŰĬШũċƚƣŔŰŊШĲĦŸŰŸůŔĦШŔůƓċĦƣШŸŰШůċŰǃШƚĲĦƣŸƖƚШŸŉШƣőĲШ
ƖĲŊŔŸŰќƚШĲĦŸŰŸůǃЮШìĲШƓƖĲƚĲŰƣШċШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШƣőċƣШċĬĬƖĲƚƚĲƚШĦċƣċƚƣƖŸƓőŔĦШƽŔũĬǯƖĲќƚШ
ƓŸƚƚŔĤũĲШĲǭĲĦƣƚШŸŰШƣőĲШƖĲŊŔŸŰċũШƣŸƨƖŔƚůШŔŰĬƨƚƣƖǃЯШċŰĬШŔƣƚШĬŸƽŰƚƣƖĲċůШĲĦŸŰŸůŔĦШĲǭĲĦƣƚЮ 

 
ÑőĲШŊŸċũШŸŉШƣőĲШĲƻċũƨċƣŔŸŰШƽċƚШŰŸƣШƣŸШĤĲШĲǂőċƨƚƣŔƻĲЯШĤƨƣШƣŸШŔũũƨůŔŰċƣĲШƚŸůĲШŸŉШƣőĲШƓŸƣĲŰƣŔċũШĦŸр
ĤĲŰĲǯƣƚШŸŉШĦŸůƓũĲƣŔŰŊШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШĦŸůƓċƖĲĬШƣŸШŰŸƣШĦŸŰĬƨĦƣŔŰŊШƣƖĲċƣůĲŰƣƚЮШÑőŔƚШ
ĲƻċũƨċƣŔŸŰШƨƚĲĬШċШůŔǂĲĬрůĲƣőŸĬƚШċƓƓƖŸċĦőЯШŔŰĦŸƖƓŸƖċƣŔŰŊШ[ŸƖĲƚƣШ9ċƖĤŸŰШ ĦĦŸƨŰƣŔŰŊШÑŸŸũШы[9 ÑьШ
ůŸĬĲũШƚŔůƨũċƣŔŸŰƚЯШŊĲŸƚƓċƣŔċũШċŰċũǃƣŔĦƚЯШċŰĬШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШыĲЮŊЮЯШcƨƖƣĲċƨШĲƣШċũЮЯШΞΜΝΣьЮШ 

ÉƣƨĬǃШ ƖĲċШŉŸƖШ~ŸĬĲũŔŰŊ 
ÑőĲШċƖĲċШŸŉШŔŰƣĲƖĲƚƣШы §fьШŸƖШљƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣњШƓƖŔůċƖŔũǃШĲŰĦŸůƓċƚƚĲƚШŉŸƖĲƚƣĲĬШǍŸŰĲƚШŔŰШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШƽőĲƖĲШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШőċƻĲШĤĲĲŰШĦŸůƓũĲƣĲĬЯШċƖĲШƓũċŰŰĲĬЯШŸƖШőċƻĲШĤĲĲŰШ
ƓƖŸƓŸƚĲĬШĤċƚĲĬШŸŰШƽŔũĬǯƖĲШƖŔƚťШŔĬĲŰƣŔǯĲĬШŔŰШƣőĲШΞΜΞΠШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШìŔũĬǯƖĲШ



  ΦΝ 

ÂƖŸƣĲĦƣŔŸŰШÂũċŰШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШìĲШŔĬĲŰƣŔǯĲĬШċШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣШƽŔƣőŔŰШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШƣŸШŔŰĦũƨĬĲаШ 

9ŸůƓũĲƣĲĬЮÂƖŸŢĲĦƣƚШрШ§É~ÂШċŰĬШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲШы79Â§ÉьШƓƖŸŢĲĦƣƚШƽĲƖĲШ
ůŸĬĲũĲĬШƽŔƣőШċШƣőŔŰШŉƖŸůШĤĲũŸƽШƣŸШċШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШŸŉШΤΜШŉƣΞШы[ŔŊƨƖĲШΟЮΝьЮШfŰШċƖĲċƚШƽőĲƖĲШƣőĲƖĲШ
ƽċƚШŰŸШŔŰŉŸƖůċƣŔŸŰШŸŰШƣƖĲċƣůĲŰƣШƓƖĲƚĦƖŔƓƣŔŸŰШŉŸƖШƣőĲШƓŸŰĬĲƖŸƚċШƓŔŰĲШƣǃƓĲЯШƣőĲШƣƖĲċƣůĲŰƣШċƚƚŔŊŰĲĬШ
ƽċƚШċШƣőŔŰШŉƖŸůШĤĲũŸƽШƣŸШċШĤċƚċũШċƖĲċШƣċƖŊĲƣШŸŉШΣΜШŉƣΞЮШxŸĬŊĲƓŸũĲШƓŔŰĲШƚƣċŰĬƚШƖĲĦĲŔƻĲĬШĦũĲċƖрĦƨƣШ
ƣƖĲċƣůĲŰƣƚШŉŸƖШċũũШ?7cШƚŔǍĲШĦũċƚƚĲƚШыŰŸŰрũŸĬŊĲƓŸũĲШƣƖĲĲƚШƽŔƣőŔŰШũŸĬŊĲƓŸũĲШƣǃƓĲШƽĲƖĲШŰŸƣШĦũĲċƖШĦƨƣьЮШ
ÑƖĲċƣůĲŰƣƚШƣőċƣШŸĦĦƨƖƖĲĬШĤĲƣƽĲĲŰШΞΜΝΤШċŰĬШΞΜΞΝШƽĲƖĲШċƚƚŔŊŰĲĬШƣŸШƣőĲШƣƖĲċƣůĲŰƣШǃĲċƖШŸŉШΞΜΝΤЮШÑőĲШ
ƣŸƣċũШċƖĲċШũŸĬŊĲƓŸũĲШƖĲũċƣĲĬШĦũĲċƖрĦƨƣƚШŔŰШΞΜΝΤШƽċƚШΠΟΥШċĦƖĲƚЮШÑƖĲċƣůĲŰƣƚШƣőċƣШŸĦĦƨƖƖĲĬШĤĲƣƽĲĲŰШ
ΞΜΞΞШċŰĬШΞΜΞΠШƽĲƖĲШċƚƚŔŊŰĲĬШƣŸШƣőĲШƣƖĲċƣůĲŰƣШǃĲċƖШŸŉШΞΜΞΞЮШÑőĲШƣŸƣċũШċƖĲċШũŸĬŊĲƓŸũĲШƖĲũċƣĲĬШĦũĲċƖр
ĦƨƣƚШŔŰШΞΜƽƽШƽċƚШΟΤΤШċĦƖĲƚЮ 

ÂũċŰŰĲĬЮÂƖŸŢĲĦƣƚШтШ§ŰũǃШ§É~ÂШƓũċŰŰĲĬШƓƖŸŢĲĦƣШċƖĲċƚШƽĲƖĲШŔŰĦũƨĬĲĬШы[ŔŊƨƖĲШΟЮΞьШċƚШŸƣőĲƖШċŊĲŰĦŔĲƚШ
ĬŔĬШŰŸƣШƓƖŸƻŔĬĲШƓŸũǃŊŸŰƚШƖĲƓƖĲƚĲŰƣŔŰŊШƓũċŰŰĲĬШƣƖĲċƣůĲŰƣƚЮШÂŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣШƣǃƓĲƚШыċŰĬШ
ŸƣőĲƖƚьШƽĲƖĲШůŸĬĲũĲĬШƽŔƣőШċШƣőŔŰШŉƖŸůШĤĲũŸƽШƣŸШċĦőŔĲƻĲШċШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШŸŉШΤΜШŉƣΞЮШxŸĬŊĲƓŸũĲШ
ƓŔŰĲШƚƣċŰĬƚШĬŔĬШŰŸƣШƖĲĦĲŔƻĲШĦũĲċƖрĦƨƣШƣƖĲċƣůĲŰƣƚШĤĲĦċƨƚĲШƣőĲƚĲШċƖĲċƚШƽĲƖĲШůŸƚƣũǃШĬŸůŔŰċƣĲĬШĤǃШ
ƣőĲШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣШƣǃƓĲЮШÂũċŰŰĲĬШƣƖĲċƣůĲŰƣƚШƽĲƖĲШůŸĬĲũĲĬШƣŸШŸĦĦƨƖШŔŰШΞΜΞΤЮ 

ÂƖŸƓŸƚĲĬЮÂƖŸŢĲĦƣƚЮшЮƽĲƖĲШċƖĲċƚШċĦƖŸƚƚШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƣőċƣШƽĲƖĲШőŔŊőũŔŊőƣĲĬШŔŰШƣőĲШΞΜΞΠШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШ9ìÂÂШċƚШƓƖŔŸƖŔƣǃШċƖĲċƚШŉŸƖШƣċƖŊĲƣĲĬШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШĬƨĲШƣŸШĲũĲƻċƣĲĬШǯƖĲШőċǍċƖĬШы[ŔŊƨƖĲШΟЮΞьЮШ
ÂƖŸƓŸƚĲĬШƓƖŸŢĲĦƣШċƖĲċƚШƽĲƖĲШǯũƣĲƖĲĬШŉƖŸůШŸƻĲƖċũũШ9ìÂÂШƓƖŔŸƖŔƣǃШċƖĲċƚШƨƚŔŰŊШ]fÉШƣŸШƖĲƓƖĲƚĲŰƣШċƖĲċƚШ
ƣőċƣШċƖĲШůŸƚƣũǃШŉŸƖĲƚƣĲĬШċŰĬШƖĲċƚŸŰċĤũǃШċĦĦĲƚƚŔĤũĲШŉŸƖШŉƨĲũШƣƖĲċƣůĲŰƣƚШĤǃШƖĲůŸƻŔŰŊШċƖĲċƚШƣőċƣШƽĲƖĲШ
ůŸƖĲШƣőċŰШŸŰĲШőċũŉШůŔũĲШŉƖŸůШċШťŰŸƽŰШƖŸċĬШċŰĬШƖĲůŸƻŔŰŊШċƖĲċƚШƣőċƣШőċƻĲШŊƖĲċƣĲƖШƣőċŰШΠΜӖШƚũŸƓĲƚЮШ
љ9ŸůƓũĲƣĲĬњШċŰĬШљÂũċŰŰĲĬњШƣƖĲċƣůĲŰƣƚШƽĲƖĲШċũƚŸШƖĲůŸƻĲĬШŉƖŸůШƣőĲШƓƖŸƓŸƚĲĬШċƖĲċƚШƣŸШċƻŸŔĬШ
ĬŸƨĤũĲШĦŸƨŰƣŔŰŊЮШÂŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣШƣǃƓĲƚШыċŰĬШŸƣőĲƖƚьШƽĲƖĲШůŸĬĲũĲĬШƽŔƣőШċШƣőŔŰШŉƖŸůШĤĲũŸƽШƣŸШ
ċĦőŔĲƻĲШċШƖĲƚŔĬƨċũШĤċƚċũШċƖĲċШŸŉШΣΜŉƣΞЮШxŸĬŊĲƓŸũĲШƓŔŰĲШƚƣċŰĬƚШĬŔĬШŰŸƣШƖĲĦĲŔƻĲШċШĦũĲċƖрĦƨƣШƣƖĲċƣůĲŰƣЮШ
ÂƖŸƓŸƚĲĬШƓƖŸŢĲĦƣШċƖĲċШƣƖĲċƣůĲŰƣƚШƽĲƖĲШůŸĬĲũĲĬШƣŸШŸĦĦƨƖШŔŰШΞΜΞΤЮ 

§ŰũǃШƣőĲШƣőŔŰШĤĲũŸƽШƖĲƚŔĬƨċũШΣΜŉƣΞШĤċƚċũШċƖĲċШƣƖĲċƣůĲŰƣШƓƖĲƚĦƖŔƓƣŔŸŰШыƖċƣőĲƖШƣőċŰШΟΜŉƣΞШƖĲƚŔĬƨċũШĤċƚċũШ
ċƖĲċьШƽċƚШůŸĬĲũĲĬШċŰĬШĲƻċũƨċƣĲĬШŉŸƖШљƓũċŰŰĲĬњШċŰĬШљƓƖŸƓŸƚĲĬњШƣƖĲċƣůĲŰƣШċƖĲċƚШĤĲĦċƨƚĲШŸŉШƣőĲШ
ƨŰĦĲƖƣċŔŰƣǃШŸŰШőŸƽШƣőĲƚĲШƣƖĲċƣůĲŰƣƚШƽŸƨũĬШƨũƣŔůċƣĲũǃШĤĲШŔůƓũĲůĲŰƣĲĬЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőŔƚШƣƖĲċƣůĲŰƣШ
ƓƖĲƚĦƖŔƓƣŔŸŰШƖĲƓƖĲƚĲŰƣĲĬШċШĦŸŰƚĲƖƻċƣŔƻĲШĲƚƣŔůċƣĲШŸŉШĲǭĲĦƣƚШŉŸƖШƣőĲШƓƨƖƓŸƚĲШŸŉШĲǂƓũŸƖŔŰŊШƓŸƚƚŔĤũĲШ
ĦŸрĤĲŰĲǯƣƚШŸŉШƣƖĲċƣůĲŰƣƚЮШ 

ÑőĲШŸƻĲƖċũũШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣШĦŸůĤŔŰĲĬШĦŸůƓũĲƣĲĬЯШƓũċŰŰĲĬШċŰĬШƓƖŸƓŸƚĲĬШƓƖŸŢĲĦƣШċƖĲċƚШŉŸƖШƣőŔƚШ
ċŰċũǃƚŔƚШċŰĬШƽċƚШůŸƚƣũǃШċũŔŊŰĲĬШƽŔƣőШƣőĲШĤŔŸůċƚƚШċƻċŔũċĤŔũŔƣǃШċŰċũǃƚŔƚШŉŸŸƣƓƖŔŰƣЯШƽŔƣőШċƖĲċƚШ
ƖĲǰĲĦƣŔŰŊШċШůŸƚċŔĦШŸŉШŉŸƖĲƚƣШċƚƚŸĦŔċƣĲĬШƻĲŊĲƣċƣŔŸŰШƣǃƓĲƚЮШÑőĲШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣШċũƚŸШĦċƓƣƨƖĲĬШ
ƻċƖŔċƣŔŸŰƚШŔŰШƣŸƓŸŊƖċƓőǃЯШƻĲŊĲƣċƣŔŸŰШĬĲŰƚŔƣǃЯШċŰĬШŸƽŰĲƖƚőŔƓШĤŸƨŰĬċƖŔĲƚЯШĲŰċĤũŔŰŊШċШŸƻĲƖċũũШ
ƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШőŸƽШƣƖĲċƣůĲŰƣƚШċƖĲШĬŔƚƣƖŔĤƨƣĲĬШċĦƖŸƚƚШƣőĲШĦŸƨŰƣǃЮ 



  ΦΞ 

 
[ŔŊƨƖĲЮΦдΤдЮ9ŸůƓũĲƣĲĬЮŉƨĲũЮƣƖĲċƣůĲŰƣƚЮċƚЮŸŉЮΥΣΥΧЮĤǃЮŸƽŰĲƖƚőŔƓЮĦċƣĲŊŸƖǃЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃеЮ9§дЮ 

 



  ΦΟ 

 
[ŔŊƨƖĲЮΦдΥдЮÂũċŰŰĲĬЮċŰĬЮƓƖŸƓŸƚĲĬЮёƚĲĲЮΥΣΥΧЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮ9ìÂÂЮƓƖŔŸƖŔƣǃЮċƖĲċƚђЮŉƨĲũЮƣƖĲċƣůĲŰƣЮ
ƓƖŸŢĲĦƣЮċƖĲċƚЮŔŰЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃеЮ9§Ю 
 

  



  ΦΠ 

~ĲƣőŸĬƚ 
~ŸĬĲũŔŰŊ 
ÉƓċƣŔċũШfŰŉŸƖůċƣŔĦƚШ]ƖŸƨƓШыÉf]ьШĬĲƻĲũŸƓĲĬШƣőĲШ[ŸƖĲƚƣШ9ċƖĤŸŰШ ĦĦŸƨŰƣŔŰŊШÑŸŸũШы[9 ÑьШрШċШƚĲůŔр
ċƨƣŸůċƣĲĬШĦŸůůċŰĬрũŔŰĲШƣŸŸũШƣőċƣШŔŰƣĲŊƖċƣĲƚШůƨũƣŔƓũĲШůŸĬĲũŔŰŊШůŔĦƖŸƚĲƖƻŔĦĲƚШыÉĲĲШ ƓƓĲŰĬŔǂШΟьЮШ
[9 ÑШŔƚШĬĲƚŔŊŰĲĬШƣŸШċƚƚĲƚƚШőŸƽШĬŔǭĲƖĲŰƣШƚƣċŰĬрƚƓĲĦŔǯĦШŉƨĲũШƣƖĲċƣůĲŰƣƚШŔůƓċĦƣШŉŸƖĲƚƣШĦŸŰĬŔƣŔŸŰƚЮ 

7ǃШũĲƻĲƖċŊŔŰŊШċĬƻċŰĦĲĬШůŸĬĲũŔŰŊШƣĲĦőŰŔƕƨĲƚЯШ[9 ÑШƚŔůƨũċƣĲƚШċŰĬШŉŸƖĲĦċƚƣƚШťĲǃШŉŸƖĲƚƣрƖĲũċƣĲĬШ
ůĲƣƖŔĦƚЯШŔŰĦũƨĬŔŰŊШůĲċƚƨƖĲƚШŸŉШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲЯШǯƖĲШĤĲőċƻŔŸƖЯШċŰĬШƽŔũĬǯƖĲШĲůŔƚƚŔŸŰƚШыŔŰĦũƨĬŔŰŊШ
ŊƖĲĲŰőŸƨƚĲШŊċƚШċŰĬШĦƖŔƣĲƖŔċШƓŸũũƨƣċŰƣƚьЮШfƣШŸƓĲƖċƣĲƚШƨƚŔŰŊШƓŔǂĲũрĤċƚĲĬШƻĲŊĲƣċƣŔŸŰШĬċƣċШƣŸШůŸĬĲũШ
ĦőċŰŊĲƚШŔŰШƻĲŊĲƣċƣŔŸŰШƣǃƓĲЯШƚƣƖƨĦƣƨƖĲЯШċŰĬШƽŔũĬũċŰĬШŉƨĲũƚЮ 

[9 ÑШĦŸŰƚŔƚƣƚШŸŉШƚĲƻĲƖċũШƚƓĲĦŔċũŔǍĲĬШĦŸůƓŸŰĲŰƣƚа 

¶ ]fÉШÂƖŸĦĲƚƚŔŰŊШтШÉƓċƣŔċũШĬċƣċШċŰċũǃƚŔƚШċŰĬШůċƓƓŔŰŊЮ 

¶ [ŸƖĲƚƣШéĲŊĲƣċƣŔŸŰШÉŔůƨũċƣŸƖШы[éÉьШтШ~ŸĬĲũƚШƻĲŊĲƣċƣŔŸŰШŊƖŸƽƣőШƽŔƣőШċŰĬШƽŔƣőŸƨƣШŉƨĲũШ
ƣƖĲċƣůĲŰƣƚЮ 

¶ ]ƖŔĬ[ŔƖĲШ~ŸŰƣĲШ9ċƖũŸШÉŔůƨũċƣŔŸŰƚШтШÂƖĲĬŔĦƣƚШƽŔũĬǯƖĲШĤĲőċƻŔŸƖШƚƨĦőШċƚШǰċůĲШũĲŰŊƣőЮ 

¶ [ŔƖƚƣШ§ƖĬĲƖШ[ŔƖĲШEǭĲĦƣƚШ~ŸĬĲũШы[§[E~ьШтШEƚƣŔůċƣĲƚШƚůŸťĲШĲůŔƚƚŔŸŰƚЮ 

¶ 9ċƖĤŸŰШÄƨċŰƣŔǯĦċƣŔŸŰШ~ŸĬƨũĲШтШ9ċũĦƨũċƣĲƚШĦċƖĤŸŰШĬǃŰċůŔĦƚЮ 

ũũШĬċƣċШƚŸƨƖĦĲƚШċŰĬШůŸĬĲũƚШƨƚĲĬШŔŰШ[9 ÑШċƖĲШƓƨĤũŔĦũǃШċƻċŔũċĤũĲЮ 

[ŸƖШƽŔũĬũŔŉĲШĦċƖĤŸŰШĲůŔƚƚŔŸŰШċƚƚĲƚƚůĲŰƣƚЯШƽĲШƨƚĲШċШ[9 ÑШƽŸƖťǰŸƽШƣőċƣШŉŸũũŸƽƚШƣőĲШÅĲĬƨĦĲĬШ
EůŔƚƚŔŸŰƚШŉƖŸůШ~ĲŊċǯƖĲƚШыÅE~ьШŉƖċůĲƽŸƖťШы9ũŔůċƣĲШ[ŸƖƽċƖĬЯШΞΜΞΟьЯШƽőŔĦőШĲŰċĤũĲƚШŉƨĲũШƣƖĲċƣůĲŰƣШ
ƓƖŸŢĲĦƣƚШƣŸШĤĲШũŔƚƣĲĬШŸŰШƣőĲШĦċƖĤŸŰШůċƖťĲƣШƨŰĬĲƖШ9ũŔůċƣĲШ[ŸƖƽċƖĬЯШċШƚƨĤрƓũċƣŉŸƖůШŸŉШƣőĲШ9ũŔůċƣĲШ
ĦƣŔŸŰШÅĲƚĲƖƻĲќƚШƖĲŊŔƚƣƖǃЮ 

[ŸƖШƣőĲШůŸĬĲũŔŰŊШŉŸƖĲƚƣШőĲċũƣőоƖĲƚŔũŔĲŰĦĲШƖĲƚƓŸŰƚĲШƣŸШŉƨĲũШƣƖĲċƣůĲŰƣƚЯШƽĲШƨƚĲШ[9 ÑШůŸĬĲũШƣŸШ
ƓƖŸĬƨĦĲШŸƨƣƓƨƣƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲШƣŸШŔũũƨƚƣƖċƣĲШőŸƽШƣőŸƚĲШůĲƣƖŔĦƚШůŔŊőƣШĦőċŰŊĲШ
ƣőƖŸƨŊőШƣŔůĲШƨŰĬĲƖШƣƽŸШƚĦĲŰċƖŔŸƚа 

ΝЮ 7ċƚĲũŔŰĲШƚĦĲŰċƖŔŸШтШ ŸШŉƨĲũШƣƖĲċƣůĲŰƣƚШċƓƓũŔĲĬЮ 

ΞЮ ũƣĲƖŰċƣŔƻĲШƚĦĲŰċƖŔŸШтШ[ƨĲũШƣƖĲċƣůĲŰƣƚШċƓƓũŔĲĬЮШ 

ÑőĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲƚĲШƚĦĲŰċƖŔŸƚШƽċƚШƓũŸƣƣĲĬШŸƻĲƖШċШΠΜрǃĲċƖШƓƖŸŢĲĦƣШƓĲƖŔŸĬШŉŸƖШ ƻŸŔĬĲĬШ
ìŔũĬǯƖĲШEůŔƚƚŔŸŰƚШċŰĬШŸƻĲƖШċШΟΜрǃĲċƖШƓƖŸŢĲĦƣШƓĲƖŔŸĬШŉŸƖШŸƣőĲƖШŉŸƖĲƚƣШőĲċũƣőШůĲƣƖŔĦƚЯШċƣШΡрǃĲċƖШ
ŔŰĦƖĲůĲŰƣƚЮШ ШĬĲƣċŔũĲĬШĬĲƚĦƖŔƓƣŔŸŰШŸŉШƣőĲШ[9 ÑШůŸĬĲũŔŰŊШƽŸƖťǰŸƽШĦċŰШĤĲШŉŸƨŰĬШŔŰШ ƓƓĲŰĬŔǂШΟ Ю 

[9 ÑШƽċƚШƨƚĲĬШƣŸШċƚƚĲƚƚШĦŸрĤĲŰĲǯƣШůĲƣƖŔĦƚШċƚƚŸĦŔċƣĲĬШƽŔƣőа 

¶ ƻŸŔĬĲĬШìŔũĬǯƖĲШEůŔƚƚŔŸŰƚ 
o ]c]ƚ 
o 9ƖŔƣĲƖŔċШÂŸũũƨƣċŰƣƚ 

¶ [ŸƖĲƚƣШcĲċũƣőШċŰĬШÅĲƚŔũŔĲŰĦĲ 
o [ŸƖĲƚƣШÉƣƖƨĦƣƨƖĲШтШÑƖĲĲШůŸƖƣċũŔƣǃЯШĦċŰŸƓǃШĦŸƻĲƖЯШċŰĬШƚƣċŰĬШĬĲŰƚŔƣǃШŔŰĬĲǂЮ 
o cċĤŔƣċƣШċŰĬШ7ŔŸĬŔƻĲƖƚŔƣǃШтШǯƖĲШƚĲƻĲƖŔƣǃШċƚƚĲƚƚĲĬШŉŸƖШΝьШĦƖŔƣŔĦċũШƽŔũĬũŔŉĲШőċĤŔƣċƣƚЯШΞьШ
ƽŔũĬǯƖĲШůŔŊƖċƣŔŸŰШĦŸƖƖŔĬŸƖƚЯШΟьШőŔŊőШĤŔŸũŸŊŔĦċũШĬŔƻĲƖƚŔƣǃШċƖĲċƚЯШΠьШƚŔŊŰŔǯĦċŰƣШŰċƣƨƖċũШ
ċƖĲċƚЯШΡьШEŰƻŔƖŸŰůĲŰƣċũШ9ŸŰƚĲƖƻċƣŔŸŰШ ƖĲċƚЯШċŰĬШΣьШ ĤĲƖƣќƚШƚƕƨŔƖƖĲũШőċĤŔƣċƣЮ 



  ΦΡ 

xŔƣĲƖċƣƨƖĲЮÅĲƻŔĲƽ 
ШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШƽċƚШĦŸůƓũĲƣĲĬШŉŸƖШƚĲƻĲƖċũШŸŉШƣőĲШĦŸрĤĲŰĲǯƣШŔƚƚƨĲШċƖĲċƚШŔĬĲŰƣŔǯĲĬШĤǃШƣőĲШ7ŸƨũĬĲƖШ

9ŸƖĲШÑĲċůЮШxŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШƽċƚШĦŸůƓũĲƣĲĬШŉŸƖШƻĲŊĲƣċƣŔŸŰШƣǃƓĲШĦŸŰƻĲƖƚŔŸŰЯШƚŸŔũƚЯШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚЯШ
ƽċƣĲƖƚőĲĬШƓƖŸƣĲĦƣŔŸŰЯШċŰĬШƣŸƨƖŔƚƣоƖĲĦƖĲċƣŔŸŰШĲĦŸŰŸůǃЮШ 

ƻŸŔĬĲĬШìŔũĬǯƖĲШEůŔƚƚŔŸŰƚ 
ìŔũĬǯƖĲƚШċƖĲШƚŔŊŰŔǯĦċŰƣШƚŸƨƖĦĲƚШŸŉШĤŸƣőШŊƖĲĲŰőŸƨƚĲШŊċƚĲƚШы]c]ƚбШƻċŰШĬĲƖШìĲƖŉШĲƣШċũЮЯШΞΜΝΤьШċŰĬШ
ŸƣőĲƖШċŔƖШƓŸũũƨƣċŰƣƚШыÅĲŔĬШĲƣШċũЮЯШΞΜΝΣбШsċǭĲШĲƣШċũЮЯШΞΜΞΜбьЯШĦŸŰƣƖŔĤƨƣŔŰŊШƣŸШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ
ċĬƻĲƖƚĲũǃШċǭĲĦƣŔŰŊШċŔƖШƕƨċũŔƣǃШыxŔƨШĲƣШċũЮЯШΞΜΝΤьЮШÑőĲШƓƖŔůċƖǃШ]c]ШĲůŔƣƣĲĬШĬƨƖŔŰŊШƽŔũĬǯƖĲƚШŔƚШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШы9§ЋьЯШƓƖŸĬƨĦĲĬШĤǃШƣőĲШĦŸůĤƨƚƣŔŸŰШŸŉШŸƖŊċŰŔĦШůċƣĲƖŔċũƚЮШůĲƣőċŰĲШы9cЍьШċŰĬШŰŔƣƖŸƨƚШŸǂŔĬĲШ
ы Ћ§ьШċƖĲШċũƚŸШƖĲũĲċƚĲĬШŔŰШƚůċũũĲƖШƕƨċŰƣŔƣŔĲƚбШĬĲƚƓŔƣĲШƣőĲŔƖШũŸƽĲƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőĲƚĲШŊċƚĲƚШőċƻĲШ
őŔŊőĲƖШŊũŸĤċũШƽċƖůŔŰŊШƓŸƣĲŰƣŔċũƚШƣőċŰШ9§ЋЯШůċťŔŰŊШƣőĲůШƓŸƣĲŰƣШĦũŔůċƣĲШĦőċŰŊĲШĦŸŰƣƖŔĤƨƣŸƖƚЮШ 

fŰШċĬĬŔƣŔŸŰШƣŸШ]c]ƚЯШƽŔũĬǯƖĲƚШĲůŔƣШƚĲƻĲƖċũШĦƖŔƣĲƖŔċШƓŸũũƨƣċŰƣƚШƣőċƣШƓŸƚĲШƖŔƚťƚШƣŸШőƨůċŰШőĲċũƣőШċŰĬШ
ƣőĲШĲŰƻŔƖŸŰůĲŰƣЮШÑőĲƚĲШŔŰĦũƨĬĲШĦċƖĤŸŰШůŸŰŸǂŔĬĲШы9§ьЯШƓċƖƣŔĦƨũċƣĲШůċƣƣĲƖШыÂ~ьЯШŰŔƣƖŸŊĲŰШŸǂŔĬĲƚШ
ы §ьЯШċŰĬШƻŸũċƣŔũĲШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚШыé§9ƚьЮШ9ċƖĤŸŰШůŸŰŸǂŔĬĲШŔƚШċШĦŸũŸƖũĲƚƚЯШŸĬŸƖũĲƚƚШŊċƚШƣőċƣШ
ĦċŰШĤĲШőċƖůŉƨũШƽőĲŰШŔŰőċũĲĬШŔŰШũċƖŊĲШċůŸƨŰƣƚЮШÂċƖƣŔĦƨũċƣĲШůċƣƣĲƖЯШĲƚƓĲĦŔċũũǃШǯŰĲШƓċƖƣŔĦũĲƚШũĲƚƚШ
ƣőċŰШΞЮΡШůŔĦƖŸůĲƣĲƖƚШŔŰШĬŔċůĲƣĲƖШыÂ~ΞЮΡьЯШĦċŰШƓĲŰĲƣƖċƣĲШĬĲĲƓШŔŰƣŸШƣőĲШũƨŰŊƚЯШĦċƨƚŔŰŊШƖĲƚƓŔƖċƣŸƖǃШ
ċŰĬШĦċƖĬŔŸƻċƚĦƨũċƖШŔƚƚƨĲƚШыÅĲŔĬШĲƣШċũЮЯШΞΜΝΣьЮШ ŔƣƖŸŊĲŰШŸǂŔĬĲƚШċŰĬШé§9ƚШĦŸŰƣƖŔĤƨƣĲШƣŸШƣőĲШŉŸƖůċƣŔŸŰШ
ŸŉШŊƖŸƨŰĬрũĲƻĲũШŸǍŸŰĲЯШƽőŔĦőШĦċŰШĲǂċĦĲƖĤċƣĲШċƚƣőůċШċŰĬШƖĲĬƨĦĲШũƨŰŊШŉƨŰĦƣŔŸŰЮ 

ÑőĲШĦŸůƓŸƚŔƣŔŸŰШċŰĬШƕƨċŰƣŔƣǃШŸŉШĲůŔƚƚŔŸŰƚШŉƖŸůШƽŔũĬǯƖĲƚШĬĲƓĲŰĬШŸŰШŉċĦƣŸƖƚШƚƨĦőШċƚШƣőĲШƣǃƓĲШŸŉШ
ƻĲŊĲƣċƣŔŸŰШĤƨƖŰĲĬЯШǯƖĲШŔŰƣĲŰƚŔƣǃЯШċŰĬШĦŸůĤƨƚƣŔŸŰШĦŸŰĬŔƣŔŸŰƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƚůŸũĬĲƖŔŰŊШǯƖĲƚШƣĲŰĬШƣŸШ
ƓƖŸĬƨĦĲШůŸƖĲШ9§ШċŰĬШ9cЍЯШƽőŔũĲШǰċůŔŰŊШĦŸůĤƨƚƣŔŸŰШĲůŔƣƚШőŔŊőĲƖШũĲƻĲũƚШŸŉШ §ШыsċǭĲШĲƣШċũЮЯШΞΜΞΜьЮШ
ÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲƚĲШĲůŔƚƚŔŸŰƚШŔƚШĦƖƨĦŔċũШŉŸƖШċƚƚĲƚƚŔŰŊШƣőĲШŔůƓċĦƣШŸŉШƽŔũĬǯƖĲƚШŸŰШĦũŔůċƣĲШĦőċŰŊĲШ
ċŰĬШċŔƖШƕƨċũŔƣǃЯШċƚШƽĲũũШċƚШŉŸƖШĬĲƻĲũŸƓŔŰŊШƚƣƖċƣĲŊŔĲƚШƣŸШůŔƣŔŊċƣĲШƣőĲŔƖШċĬƻĲƖƚĲШĲǭĲĦƣƚЮ 

ìőĲŰШƕƨċŰƣŔŉǃŔŰŊШċƻŸŔĬĲĬЮƽŔũĬǯƖĲЮĲůŔƚƚŔŸŰƚШы ìEьШŉƖŸůШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚЯШĬĲƣĲƖůŔŰŔŰŊШ
ċŰŰƨċũЮĤƨƖŰЮƓƖŸĤċĤŔũŔƣŔĲƚШы 7ÂьШŔƚШċŰШŔŰǰƨĲŰƣŔċũШŉċĦƣŸƖШŔŰШƚőċƓŔŰŊШƽőĲƣőĲƖШċШƚƨŔƣĲШŸŉШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШ
ƣƖĲċƣůĲŰƣƚШƽŔũũШƖĲƚƨũƣШŔŰШĤĲŰĲǯĦŔċũШŔůƓċĦƣƚШƖĲũċƣĲĬШƣŸШ]c]ШċŰĬШċŔƖШƓŸũũƨƣċŰƣƚЮШ ŰŰƨċũШĤƨƖŰШ
ƓƖŸĤċĤŔũŔƣǃШƖĲŉĲƖƚШƣŸШƣőĲШũŔťĲũŔőŸŸĬШƣőċƣШċШƚƓĲĦŔǯĦШċƖĲċШŸŉШũċŰĬШƽŔũũШĲǂƓĲƖŔĲŰĦĲШƽŔũĬǯƖĲШƽŔƣőŔŰШċШƚŔŰŊũĲШ
ǃĲċƖЮШfƣШŔƚШƣǃƓŔĦċũũǃШĲǂƓƖĲƚƚĲĬШċƚШċШƓĲƖĦĲŰƣċŊĲШŸƖШċШĬĲĦŔůċũЯШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШĦőċŰĦĲШŸŉШǯƖĲШ
ŸĦĦƨƖƖĲŰĦĲШĤċƚĲĬШŸŰШőŔƚƣŸƖŔĦċũШĬċƣċЯШĦũŔůċƣĲШĦŸŰĬŔƣŔŸŰƚЯШƻĲŊĲƣċƣŔŸŰШƣǃƓĲЯШƣŸƓŸŊƖċƓőǃЯШċŰĬШŸƣőĲƖШ
ĲŰƻŔƖŸŰůĲŰƣċũШŉċĦƣŸƖƚЮШÑőŔƚШůĲƣƖŔĦШŔƚШƣǃƓŔĦċũũǃШƨƚĲĬШŔŰШǯƖĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШċŰĬШũċŰĬШůċŰċŊĲůĲŰƣШ
ƓũċŰŰŔŰŊШƣŸШŔĬĲŰƣŔŉǃШċƖĲċƚШċƣШőŔŊőĲƖШƓƖŸĤċĤŔũŔƣǃШŸŉШĤƨƖŰŔŰŊЯШőĲũƓŔŰŊШƣŸШŔŰŉŸƖůШĬĲĦŔƚŔŸŰƚШƖĲũċƣĲĬШƣŸШ
ƖĲƚŸƨƖĦĲШċũũŸĦċƣŔŸŰЯШǯƖĲШƓƖĲƻĲŰƣŔŸŰШƚƣƖċƣĲŊŔĲƚЯШċŰĬШĲůĲƖŊĲŰĦǃШƓƖĲƓċƖĲĬŰĲƚƚЮШ7ǃШĲƚƣŔůċƣŔŰŊШőŸƽШ
ŉƖĲƕƨĲŰƣũǃШċШũŸĦċƣŔŸŰШůŔŊőƣШĤƨƖŰШċŰŰƨċũũǃЯШũċŰĬШůċŰċŊĲƖƚШċŰĬШƓŸũŔĦǃůċťĲƖƚШĦċŰШĤĲƣƣĲƖШċŰƣŔĦŔƓċƣĲШ
ƓŸƣĲŰƣŔċũШƽŔũĬǯƖĲШŔůƓċĦƣƚШċŰĬШŔůƓũĲůĲŰƣШůŸƖĲШĲǭĲĦƣŔƻĲШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚЮШ 

ìŔƣőШ ìEШċĦĦŸƨŰƣŔŰŊЯШŔĬĲŰƣŔŉǃŔŰŊШƓƖĲĦŔƚĲШ 7ÂƚШŉŸƖШƣőĲШĦƨƖƖĲŰƣШĬċǃШċŰĬШƓċƖƣŔĦƨũċƖũǃШŉŸƖШƣőĲШ
ŉŸƖƣőĦŸůŔŰŊШĬĲĦċĬĲƚШŉŸƖШċŰШċƖĲċШŸŉШŔŰƣĲƖĲƚƣШƓƖĲƚĲŰƣƚШĦőċũũĲŰŊĲƚШĤĲĦċƨƚĲШŔƣШƖĲƕƨŔƖĲƚШŔŰƣĲŊƖċƣŔŰŊШċШ
ĦŸůƓũĲǂШƚĲƣШŸŉШĬǃŰċůŔĦШċŰĬШŔŰƣĲƖƖĲũċƣĲĬШŉċĦƣŸƖƚШы[ŔŰŰĲǃЯШΞΜΜΡбШ9ċƖũƚŸŰШĲƣШċũЮЯШΞΜΞΡьЮШìŔũĬǯƖĲШ
ŸĦĦƨƖƖĲŰĦĲШŔƚШŔŰǰƨĲŰĦĲĬШĤǃШƻċƖŔċĤũĲƚШƚƨĦőШċƚШƽĲċƣőĲƖШƓċƣƣĲƖŰƚЯШŉƨĲũШƣǃƓĲƚШċŰĬШĦŸŰĬŔƣŔŸŰƚЯШ
ƣŸƓŸŊƖċƓőǃЯШőƨůċŰШċĦƣŔƻŔƣǃЯШŔŊŰŔƣŔŸŰШũŸĦċƣŔŸŰШċŰĬШŉƖĲƕƨĲŰĦǃЯШċŰĬШőŔƚƣŸƖŔĦċũШǯƖĲШƖĲŊŔůĲƚШрШċũũШŸŉШƽőŔĦőШ
ĦċŰШƻċƖǃШƚŔŊŰŔǯĦċŰƣũǃШŸƻĲƖШƣŔůĲШċŰĬШƚƓċĦĲЮШ ĬĬŔƣŔŸŰċũũǃЯШĦũŔůċƣĲШĦőċŰŊĲШŔŰƣƖŸĬƨĦĲƚШŉƨƖƣőĲƖШ
ƨŰĦĲƖƣċŔŰƣǃЯШċũƣĲƖŔŰŊШƣĲůƓĲƖċƣƨƖĲШċŰĬШƓƖĲĦŔƓŔƣċƣŔŸŰШƓċƣƣĲƖŰƚШƣőċƣШĬŔƖĲĦƣũǃШċǭĲĦƣШǯƖĲШĤĲőċƻŔŸƖЮШÑőĲШ
ƚƣŸĦőċƚƣŔĦШŰċƣƨƖĲШŸŉШǯƖĲШŔŊŰŔƣŔŸŰЯШƚƓƖĲċĬЯШċŰĬШƚƨƓƓƖĲƚƚŔŸŰШċĬĬƚШċŰŸƣőĲƖШũċǃĲƖШŸŉШƨŰƓƖĲĬŔĦƣċĤŔũŔƣǃЯШ
ůċťŔŰŊШŔƣШĬŔǭŔĦƨũƣШƣŸШċĦĦƨƖċƣĲũǃШůŸĬĲũШǯƖĲШƓƖŸĤċĤŔũŔƣŔĲƚЮШÅĲũŔċĤũĲШĬċƣċШůċǃШċũƚŸШĤĲШũŔůŔƣĲĬШŸƖШ
ŔŰĦŸŰƚŔƚƣĲŰƣШċĦƖŸƚƚШƖĲŊŔŸŰƚЯШċŰĬШĲƻĲŰШċĬƻċŰĦĲĬШǯƖĲШƚŔůƨũċƣŔŸŰШůŸĬĲũƚШůƨƚƣШůċťĲШċƚƚƨůƓƣŔŸŰƚШ



  ΦΣ 

ċŰĬШƚŔůƓũŔǯĦċƣŔŸŰƚШƣőċƣШĦċŰШċǭĲĦƣШƣőĲШƓƖĲĦŔƚŔŸŰШŸŉШƣőĲШƖĲƚƨũƣƚЮШÑőĲƚĲШĦŸůƓũĲǂŔƣŔĲƚШůċťĲШĲƚƣŔůċƣŔŰŊШ
ċŰŰƨċũШĤƨƖŰШƓƖŸĤċĤŔũŔƣǃШċШƚĦŔĲŰƣŔǯĦċũũǃШƖŔŊŸƖŸƨƚШĤƨƣШŔŰőĲƖĲŰƣũǃШƨŰĦĲƖƣċŔŰШƣċƚťЮШ 

ÑŸШċĬĬƖĲƚƚШƣőŔƚШƨŰĦĲƖƣċŔŰƣǃЯШƽĲШĦŸŰĬƨĦƣĲĬШƣőĲШ ìEШċŰċũǃƚŔƚШƨƚŔŰŊШċШƚũŔĬŔŰŊШƚĦċũĲШŸŉШ 7ÂƚЯШƚƣċƖƣŔŰŊШ
ƽŔƣőШċŰШ 7ÂШŸŉШΜЮΠΣШыĲƕƨċũШƣŸШƖŸƨŊőũǃШΝШƽŔũĬǯƖĲШŸĦĦƨƖƖŔŰŊШĲƻĲƖǃШΞΜΜШǃĲċƖƚШƽŔƣőŔŰШƣőĲШƣƖĲċƣůĲŰƣШċƖĲċьШ
ĦċũĦƨũċƣĲĬШĤǃШuĲċƖŰƚШĲƣШċũЮШыΞΜΞΞьЯШƣŸШċƚĦĲƖƣċŔŰШƽőŔĦőШƚƣċƣŔĦШ 7ÂШƽŸƨũĬШǃŔĲũĬШĦũŔůċƣĲШĤĲŰĲǯƣƚШŉƨĲũШ
ƣƖĲċƣůĲŰƣƚШŸƻĲƖШƣőĲШŰĲǂƣШΠΜШǃĲċƖƚЮШ ŸƣċĤũǃЯШƣőĲШ9ũŔůċƣĲШ[ŸƖƽċƖĬШÅĲĬƨĦĲĬШEůŔƚƚŔŸŰƚШŉƖŸůШ
~ĲŊċǯƖĲƚШыÅE~ьШůĲƣőŸĬŸũŸŊǃШрШƽőŔĦőШƨŰĬĲƖƓŔŰƚШƣőŔƚШĲǭŸƖƣШрШŔƚШĦƨƖƖĲŰƣũǃШƨƓĬċƣŔŰŊШŔƣƚШ 7ÂШůċƓƚШ
ыĬƨĲШŔŰШsƨŰĲШΞΜΞΡьШŉŸƖШƣőĲШƖĲŊŔŸŰШĤĲĦċƨƚĲШ 7ÂƚШŉŸƖШƣőĲШƽĲƚƣĲƖŰШÖÉШƚőŸƽШċŰШŔŰĦƖĲċƚŔŰŊШƣƖĲŰĬЮШ
ĬĬŔƣŔŸŰċũũǃЯШƽŔƣőШƖĲƚƓĲĦƣШƣŸШċĦƖĲċŊĲШƣƖĲċƣĲĬЯШĦũŔůċƣĲШĤĲŰĲǯƣƚШŊĲŰĲƖċũũǃШŔŰĦƖĲċƚĲШƽőĲŰШċШũċƖŊĲƖШ

ƓƖŸƓŸƖƣŔŸŰШŸŉШƣőĲШũċŰĬƚĦċƓĲШŔƚШƣƖĲċƣĲĬЮШ 

ìőĲŰШĦŸŰƚŔĬĲƖŔŰŊШċũũШƣƖĲċƣůĲŰƣƚШĦŸůĤŔŰĲĬШрШŔŰĦũƨĬŔŰŊШĦŸůƓũĲƣĲĬЯШƓũċŰŰĲĬЯШċŰĬШƓƖŸƓŸƚĲĬШƓƖŸŢĲĦƣƚШ
рШċШĦũŔůċƣĲШĤĲŰĲǯƣШƽċƚШŸĤƚĲƖƻĲĬШŸƻĲƖШċШΠΜрǃĲċƖШƓĲƖŔŸĬШƽŔƣőШċŰШċŰŰƨċũШĤƨƖŰШƓƖŸĤċĤŔũŔƣǃШы 7ÂьШŸŉШċƣШ
ũĲċƚƣШΞЮΤӖШы[ŔŊƨƖĲШΟЮΟЯШÑċĤũĲШΟЮΝьЮШìŔƣőШƣőŔƚШ 7ÂЯШŉƨĲũƚШƣƖĲċƣůĲŰƣƚШċƖĲШĲƚƣŔůċƣĲĬШƣŸШŊĲŰĲƖċƣĲШŸƻĲƖШ
ΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰŰĲƚШŸŉШĦċƖĤŸŰШĬŔŸǂŔĬĲШĲƕƨŔƻċũĲŰƣƚШы9§ΞĲьШŸŉШċĦĦƨůƨũċƣĲĬШ ƻŸŔĬĲĬШìŔũĬǯƖĲШ
EůŔƚƚŔŸŰƚШы ìEьШƣőƖŸƨŊőŸƨƣШƣőĲШƓƖŸŢĲĦƣШƓĲƖŔŸĬЯШĲƕƨŔƻċũĲŰƣШƣŸШċƓƓƖŸǂŔůċƣĲũǃШΟШůĲƣƖŔĦШƣŸŰŰĲƚШ9§ΞĲШ
ƓĲƖШƣƖĲċƣĲĬШċĦƖĲШыÑċĤũĲШΟЮΞьЮШÑőĲШƣǃƓĲШŸŉШŉƨĲũШƣƖĲċƣůĲŰƣƚШĬƖŔƻĲШ ìEШƖĲƚƨũƣƚШċƚШƽĲũũЮШÑǃƓŔĦċũũǃЯШ
ůĲĦőċŰŔĦċũШƣőŔŰŰŔŰŊШŸƨƣƓĲƖŉŸƖůƚШůċƚƣŔĦċƣŔŸŰШŔŰШƣĲƖůƚШŸŉШ ìEШĤĲŰĲǯƣƚЮШÑƖĲċƣůĲŰƣƚШƽőĲƖĲШĤŔŸůċƚƚШ
ŔƚШƖĲůŸƻĲĬШŉƖŸůШƣőĲШŉŸƖĲƚƣШыƓŔũĲШĤƨƖŰЯШƽŸŸĬШĦőŔƓШĲǂƓŸƖƣьШŸƨƣƓĲƖŉŸƖůШůċƚƣŔĦċƣŔŸŰШƣƖĲċƣůĲŰƣƚШƽőĲƖĲШ
ĤŔŸůċƚƚШƖĲůċŔŰƚШŔŰШƣőĲШŉŸƖĲƚƣШċŰĬШĦċŰШĦŸŰƣŔŰƨĲШƣŸШĦŸŰƣƖŔĤƨƣĲШƣŸШŉƨĲũШũŸċĬƚШŉŸƖШċШĦŸŰƚŔĬĲƖċĤũĲШƣŔůĲЮ

 
[ŔŊƨƖĲЮΦдΦдЮ]c]ЮĲůŔƚƚŔŸŰƚЮċĦĦŸƨŰƣŔŰŊЮŉŸƖЮċũũЮŸŉЮƣőĲЮĦŸůĤŔŰĲĬЮŉƨĲũЮƣƖĲċƣůĲŰƣЮĦċũĦƨũċƣĲĬЮƽŔƣőЮċЮΥдΪӜЮ 7ÂЮŸƻĲƖЮ
ƣőĲЮĲŰƣŔƖĲЮƓƖŸŢĲĦƣЮƓĲƖŔŸĬЮŉŸũũŸƽŔŰŊЮƣőĲЮÅĲĬƨĦĲĬЮEůŔƚƚŔŸŰƚЮŉƖŸůЮ~ĲŊċǯƖĲЮёÅE~ђЮůĲƣőŸĬŸũŸŊǃдЮÑőĲЮƓƖŸŢĲĦƣЮ
ǃĲċƖƚЮċƖĲЮƖĲƓƖĲƚĲŰƣĲĬЮŸŰЮƣőĲЮǂцċǂŔƚеЮƽŔƣőЮǃĲċƖЮΣЮƖĲƓƖĲƚĲŰƣŔŰŊЮΥΣΤΪЮċŰĬЮǃĲċƖЮΧΣЮƖĲƓƖĲƚĲŰƣŔŰŊЮΥΣΨΪдЮÖƓƽċƖĬЮ
ƓŸŔŰƣŔŰŊЮĤċƖƚЮċƖĲЮƓŸƚŔƣŔƻĲЮ]c]ЮĲůŔƚƚŔŸŰƚЮёƓŸƚŔƣŔƻĲЮƻċũƨĲƚЮċƖĲЮĦũŔůċƣĲЮũŔċĤŔũŔƣǃђЮƽőŔũĲЮĬŸƽŰƽċƖĬЮƓŸŔŰƣŔŰŊЮĤċƖƚЮ
ċƖĲЮƚċƻĲĬЮ]c]ЮĲůŔƚƚŔŸŰƚЮёŰĲŊċƣŔƻĲЮƻċũƨĲƚЮċƖĲЮĦũŔůċƣĲЮĤĲŰĲǯƣƚђдЮÑŸƣċũЮċĦĦƨůƨũċƣĲĬЮ ìEƚЮŸƻĲƖЮƣŔůĲЮċƖĲЮ
ƚőŸƽŰЮƽŔƣőЮƣőĲЮĤũċĦťЮũŔŰĲЮċŰĬЮċƖĲЮƖĲƓƖĲƚĲŰƣĲĬЮƽŔƣőЮƣőĲЮǃЮċǂŔƚЮŸŰЮƣőĲЮƖŔŊőƣдЮÑőĲЮĤũċĦťЮũŔŰĲЮŔŰŔƣŔċũũǃЮĬƖŸƓƚЮĤĲũŸƽЮ
ǍĲƖŸеЮƓŸŔŰƣŔŰŊЮŸƨƣЮċЮĦũŔůċƣĲЮũŔċĤŔũŔƣǃдЮEƻĲŰƣƨċũũǃеЮċƚЮƖĲĬƨĦĲĬЮĲůŔƚƚŔŸŰƚЮŉƖŸůЮƽŔũĬǯƖĲƚЮċŰĬЮƖĲĬƨĦĲĬЮƖŔƚťЮŉŸƖЮ
ŉŸƖĲŊŸŰĲЮƚĲƕƨĲƚƣƖċƣŔŸŰЮŉƖŸůЮĬĲũċǃĲĬЮƖĲŉŸƖĲƚƣċƣŔŸŰЮŔŰĦƖĲċƚĲеЮƣőĲЮƓƖŸŢĲĦƣЮƚƣċƖƣƚЮƣŸЮƚőŸƽЮĦũŔůċƣĲЮĤĲŰĲǯƣƚЮ
ƚƣċƖƣŔŰŊЮċƖŸƨŰĬЮƓƖŸŢĲĦƣЮǃĲċƖЮΥΣΨΨдЮ9ċƖĤŸŰЮƚƣŸĦťƚЮŔŰЮƽŸŸĬЮƓƖŸĬƨĦƣƚЮċŰĬЮůŸĤŔũĲЮĲƕƨŔƓůĲŰƣЮŉŸƚƚŔũЮŉƨĲũЮ
ĲůŔƚƚŔŸŰƚЮёƚĲĲЮũĲŊĲŰĬђЮċƖĲЮŰŸƣЮƚőŸƽŰЮĬƨĲЮƣŸЮƣőĲŔƖЮůŔŰŔůċũЮċŰĬЮŔŰƚŔŊŰŔǯĦċŰƣЮŔůƓċĦƣдЮ[ƨĲũƚЮƖĲĬƨĦƣŔŸŰЮ
ƣƖĲċƣůĲŰƣƚЮŔŰЮƣőŔƚЮċŰċũǃƚŔƚЮƽĲƖĲЮċƓƓũŔĲĬЮŔŰЮΥΣΤΪЮċŰĬЮΥΣΥΥЮŉŸƖЮĦŸůƓũĲƣĲĬЮƓƖŸŢĲĦƣЮċƖĲċƚеЮċŰĬЮŔŰЮΥΣΥΪЮŉŸƖЮ
ƓũċŰŰĲĬЮċŰĬЮƓƖŸƓŸƚĲĬЮƓƖŸŢĲĦƣЮċƖĲċƚЮёƣőĲЮũċƖŊĲƚƣЮƓƖŸƓŸƖƣŔŸŰЮŸŉЮƣőĲЮũċŰĬƚĦċƓĲдЮЮЮ 



  ΦΤ 

Table 3.1. AWE results from all fuel treatment projects combined. The fuel treatments start to generate 
climate benefits when applying an 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 uncertainty is applied to the AWEs 
calculated. Carbon stocks in wood products and mobile equipment fossil fuel emissions were not accounted 
for due to their minimal impact on overall emissions. 

òĲċƖ 

9ċũĦƨũċƣĲĬШƽŔƣőШċШΜЮΠΣӖШ 7Â 9ċũĦƨũċƣĲĬШƽŔƣőШċШΞЮΤӖШ 7Â 

~ĲƣƖŔĦШÑŸŰƚШ9§ΞĲ 
~ĲƣƖŔĦШÑŸŰƚШ9§ΞĲШ

ƓĲƖШċĦƖĲ ~ĲƣƖŔĦШÑŸŰƚШ9§ΞĲ 
~ĲƣƖŔĦШÑŸŰƚШ9§ΞĲШ
ƓĲƖШċĦƖĲ 

ΞΜΞΞ ыΞΝΡЯΥΟΠь ыΟь ыΞΜΜЯΜΟΜь ыΟь 
ΞΜΞΤ ыΞЯΟΦΜЯΣΡΝь ыΟΝь ыΞЯΜΟΣЯΥΠΥь ыΞΤь 
ΞΜΟΞ ыΞЯΦΝΠЯΞΞΤь ыΟΥь ыΞЯΜΣΠЯΠΟΡь ыΞΤь 
ΞΜΟΤ ыΟЯΞΠΠЯΦΤΣь ыΠΞь ыΝЯΥΜΡЯΤΡΠь ыΞΠь 
ΞΜΠΞ ыΟЯΡΝΣЯΜΣΥь ыΠΣь ыΝЯΠΞΥЯΦΡΟь ыΝΦь 
ΞΜΠΤ ыΟЯΤΠΝЯΠΜΠь ыΠΦь ыΦΡΞЯΜΟΠь ыΝΞь 
ΞΜΡΞ ыΟЯΦΞΣЯΡΠΜь ыΡΝь ыΟΦΥЯΥΡΥь ыΡь 
ΞΜΡΤ ыΠЯΝΜΜЯΝΡΡь ыΡΟь ΞΜΜЯΥΞΣ Ο 

 

]c]ШĲůŔƚƚŔŸŰƚШы9§ΞШċŰĬШ9cΠьШċƖĲШƚőŸƽŰШċĦƖŸƚƚШƓƖŸŢĲĦƣШĬƨƖċƣŔŸŰШыΞΜΝΤШƣŸШΞΜΡΤьШŉŸƖШƣőĲШƽŔƣőШ
ыƓƖŸŢĲĦƣьШċŰĬШƽŔƣőŸƨƣШыĤċƚĲũŔŰĲьШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШƚĦĲŰċƖŔŸƚШŔŰШ[ŔŊƨƖĲШΟЮΠЮШ9§ΞШĲůŔƚƚŔŸŰƚШ
ĲǂőŔĤŔƣĲĬШƣőĲШŊƖĲċƣĲƚƣШůċŊŰŔƣƨĬĲШŔŰШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШƣƖĲċƣĲĬШċŰĬШƨŰƣƖĲċƣĲĬШƚĦĲŰċƖŔŸƚЯШƽŔƣőШċШ
ĬŔǭĲƖĲŰĦĲШŸŉШΝЮΣШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŸƖШċШƖĲĬƨĦƣŔŸŰШŸŉШΟΤӖШĤǃШƣőĲШĲŰĬШŸŉШƣőĲШƓƖŸŢĲĦƣШƓĲƖŔŸĬЮШ 

  
[ŔŊƨƖĲЮΦдΧдЮ~ŸĬĲũĲĬЮĲƚƣŔůċƣĲƚЮёůĲƣƖŔĦЮƣŸŰƚђЮŸŉЮċђЮĦċƖĤŸŰЮĬŔŸǂŔĬĲЮё9§ΥђЮċŰĬЮĤђЮůĲƣőċŰĲЮё9cΧђЮĲůŔƚƚŔŸŰƚЮƽŔƣőЮ
ёƓƖŸŢĲĦƣђЮċŰĬЮƽŔƣőŸƨƣЮёĤċƚĲũŔŰĲђЮŉƨĲũЮƖĲĬƨĦƣŔŸŰЮƣƖĲċƣůĲŰƣƚЮƽŔƣőŔŰЮƣőĲЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣдЮÑőĲЮĲůŔƚƚŔŸŰƚЮ
ƓƖĲƚĲŰƣĲĬЮőĲƖĲЮċƖĲЮĬŔƚĦŸƨŰƣĲĬЮĤǃЮċŰЮċŰŰƨċũЮƽŔũĬǯƖĲЮĤƨƖŰЮƓƖŸĤċĤŔũŔƣǃЮŸŉЮΥдΪӜд 
 
EƚƣŔůċƣĲƚШŸŉШĦƖŔƣĲƖŔċШƓŸũũƨƣċŰƣШĲůŔƚƚŔŸŰƚШыÂ~ΞЮΡШċŰĬШ §ñьШŉŸƖШƽŔƣőШċŰĬШƽŔƣőŸƨƣШыĤċƚĲũŔŰĲьШŉƨĲũƚШ
ƣƖĲċƣůĲŰƣƚШƚĦĲŰċƖŔŸƚШċƖĲШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΟЮΡЮШÑőĲШůŸĬĲũĲĬШĲƚƣŔůċƣĲƚШŸŉШĦƖŔƣĲƖŔċШƓŸũũƨƣċŰƣШ
ĲůŔƚƚŔŸŰƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣШƚĦĲŰċƖŔŸШŔŰĬŔĦċƣĲШċШƖĲĬƨĦƣŔŸŰШŸƻĲƖШƣőĲШ
ĬƨƖċƣŔŸŰШŸŉШƣőĲШĲƻċũƨċƣŔŸŰШƓĲƖŔŸĬШыΞΜΝΤШƣŸШΞΜΡΤьЮШÂ~ΞЮΡШŔƚШΝΤӖШũŸƽĲƖШċƣШƣőĲШĲŰĬШŸŉШƣőĲШƓƖŸŢĲĦƣШƓĲƖŔŸĬШ
ƽŔƣőШŉƨĲũШƣƖĲċƣůĲŰƣƚШŔůƓũĲůĲŰƣĲĬЮШ[ƨƖƣőĲƖЯШ §ñШĲůŔƚƚŔŸŰƚШċƖĲШΡΞӖШũŸƽĲƖШĤǃШƣőĲШĲŰĬШŸŉШƣőĲШƓƖŸŢĲĦƣШ
ƓĲƖŔŸĬЮ 
 



  ΦΥ 

 

  
[ŔŊƨƖĲЮΦдΨдЮ~ŸĬĲũĲĬЮĲƚƣŔůċƣĲƚЮёůĲƣƖŔĦЮƣŸŰƚђЮŸŉЮċђЮƓċƖƣŔĦƨũċƣĲЮůċƣƣĲƖЮёÂ~ΥдΨђЮċŰĬЮĤђЮŰŔƣƖŸƨƚЮŸǂŔĬĲƚЮё §ñђЮ
ĲůŔƚƚŔŸŰƚЮƽŔƣőЮёƓƖŸŢĲĦƣђЮċŰĬЮƽŔƣőŸƨƣЮёĤċƚĲũŔŰĲђЮŉƨĲũЮƖĲĬƨĦƣŔŸŰЮƣƖĲċƣůĲŰƣƚЮƽŔƣőŔŰЮƣőĲЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣдЮÑőĲЮ
ĲůŔƚƚŔŸŰƚЮƓƖĲƚĲŰƣĲĬЮőĲƖĲЮċƖĲЮĬŔƚĦŸƨŰƣĲĬЮĤǃЮċŰЮċŰŰƨċũЮƽŔũĬǯƖĲЮĤƨƖŰЮƓƖŸĤċĤŔũŔƣǃЮŸŉЮΥдΪӜд 
 

[ŸƖĲƚƣШcĲċũƣőШċŰĬШÅĲƚŔũŔĲŰĦĲШ 

ÑƖĲĲШ~ŸƖƣċũŔƣǃШ 
ÑƖĲĲШůŸƖƣċũŔƣǃШŔƚШċŰШŔŰĬŔĦċƣŸƖШĦŸůůŸŰũǃШƨƚĲĬШƣŸШċƚƚĲƚƚШŉŸƖĲƚƣШőĲċũƣőЯШċƚШŔƣШƖĲǰĲĦƣƚШƣőĲШĦƨůƨũċƣŔƻĲШ
ĲǭĲĦƣƚШŸŉШƻċƖŔŸƨƚШƚƣƖĲƚƚŸƖƚШŸŰШŉŸƖĲƚƣШĲĦŸƚǃƚƣĲůƚЮШEũĲƻċƣĲĬШƖċƣĲƚШŸŉШƣƖĲĲШĬĲċƣőШĦċŰШƚŔŊŰċũШƨŰĬĲƖũǃŔŰŊШ
ƓƖŸĤũĲůƚШƚƨĦőШċƚШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШŔŰƚĲĦƣШŔŰŉĲƚƣċƣŔŸŰƚШыĲЮŊЮЯШĤċƖťШĤĲĲƣũĲƚьЯШĬŔƚĲċƚĲШŸƨƣĤƖĲċťƚЯШċŔƖШ
ƓŸũũƨƣŔŸŰЯШŸƖШĦŸůƓĲƣŔƣŔŸŰШŔŰШŸƻĲƖũǃШĬĲŰƚĲШƚƣċŰĬƚШыƻċŰШ~ċŰƣŊĲůШĲƣШċũЮЯШΞΜΜΦбШÉƣĲƓőĲŰƚШĲƣШċũЯШΞΜΝΥьЮШ
~ŸŰŔƣŸƖŔŰŊШƓċƣƣĲƖŰƚШŸŉШůŸƖƣċũŔƣǃШрШĤŸƣőШŔŰШƣĲƖůƚШŸŉШƖċƣĲШċŰĬШƚƓċƣŔċũШĬŔƚƣƖŔĤƨƣŔŸŰШрШőĲũƓƚШŉŸƖĲƚƣШ
ůċŰċŊĲƖƚШĬĲƣĲĦƣШĬĲĦũŔŰŔŰŊШƚƣċŰĬШƻŔŊŸƖШċŰĬШċŰƣŔĦŔƓċƣĲШĤƖŸċĬĲƖШĲĦŸũŸŊŔĦċũШƚőŔŉƣƚЮШ[ŸƖШĲǂċůƓũĲЯШ
ƽŔĬĲƚƓƖĲċĬШůŸƖƣċũŔƣǃШŉŸũũŸƽŔŰŊШƓƖŸũŸŰŊĲĬШĬƖŸƨŊőƣШĦċŰШŔŰĬŔĦċƣĲШƣőċƣШċШŉŸƖĲƚƣШŔƚШŰŸШũŸŰŊĲƖШƖĲƚŔũŔĲŰƣШ
ƨŰĬĲƖШĦőċŰŊŔŰŊШĦũŔůċƣĲШĦŸŰĬŔƣŔŸŰƚЯШƓƖŸůƓƣŔŰŊШůċŰċŊĲůĲŰƣШċĦƣŔŸŰƚШũŔťĲШƣőŔŰŰŔŰŊШŸƖШƚƓĲĦŔĲƚШ
ĬŔƻĲƖƚŔǯĦċƣŔŸŰШƣŸШƖĲĬƨĦĲШƻƨũŰĲƖċĤŔũŔƣǃЮШ ĬĬŔƣŔŸŰċũũǃЯШĬŔƚƣŔŰŊƨŔƚőŔŰŊШĤĲƣƽĲĲŰШĤċĦťŊƖŸƨŰĬШыŰċƣƨƖċũьШ
ċŰĬШĲũĲƻċƣĲĬШыƚƣƖĲƚƚрŔŰĬƨĦĲĬьШůŸƖƣċũŔƣǃШőĲũƓƚШŔĬĲŰƣŔŉǃШƽőĲŰШŔŰƣĲƖƻĲŰƣŔŸŰШŔƚШŰĲĦĲƚƚċƖǃЮШÑƖĲĲШ
ůŸƖƣċũŔƣǃШĬċƣċЯШŸŉƣĲŰШĦŸũũĲĦƣĲĬШƣőƖŸƨŊőШċĲƖŔċũШƚƨƖƻĲǃƚШċŰĬШŊƖŸƨŰĬрĤċƚĲĬШƓũŸƣƚЯШĦŸŰƣƖŔĤƨƣĲШƣŸШŉŸƖĲƚƣШ
őĲċũƣőШċƚƚĲƚƚůĲŰƣƚШĤǃШƓƖŸƻŔĬŔŰŊШŔŰƚŔŊőƣƚШŔŰƣŸШƚƣċŰĬШĬǃŰċůŔĦƚЯШĦċƖĤŸŰШĦǃĦũŔŰŊЯШċŰĬШőċĤŔƣċƣШ
ĦőċŰŊĲƚЮШ ƚШƚƨĦőЯШŔƣШƚĲƖƻĲƚШċƚШĤŸƣőШċШĬŔċŊŰŸƚƣŔĦШƣŸŸũШċŰĬШċШƣƖŔŊŊĲƖШŉŸƖШċĬċƓƣŔƻĲШůċŰċŊĲůĲŰƣШ
ƚƣƖċƣĲŊŔĲƚШċŔůĲĬШċƣШƖĲƚƣŸƖŔŰŊШŉŸƖĲƚƣШƖĲƚŔũŔĲŰĦĲШċŰĬШŉƨŰĦƣŔŸŰЮ 

Addington et al. (201ΥьШĬŔƚĦƨƚƚĲƚШƣƖĲĲШůŸƖƣċũŔƣǃШŔŰШ9ŸũŸƖċĬŸќƚШŉƖŸŰƣШƖċŰŊĲШƓƖŔůċƖŔũǃШŔŰШƣőĲШĦŸŰƣĲǂƣШŸŉШ
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 and 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 of insect 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 high-severity fire patches, such as those seen in the 2002 Hayman Fire (Graham, 
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2003). These areas can persist as treeless landscapes for decades or longer due to poor 
regeneration conditions and lack of nearby tree seed sources (Guiterman et al., 2022). 

ÑŸШĬĲůŸŰƚƣƖċƣĲШőŸƽШƣƖĲĲШůŸƖƣċũŔƣǃШůŔŊőƣШƖĲƚƓŸŰĬШƣŸШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШŸƻĲƖШƣŔůĲЯШƣőĲШ[9 ÑШ
ůŸĬĲũШƽċƚШƨƚĲĬШƣŸШĦŸůƓċƖĲШƣƖĲċƣĲĬШċŰĬШƨŰƣƖĲċƣĲĬШƚĦĲŰċƖŔŸƚШƽŔƣőŔŰШƣőĲШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣЮШÑőĲШ
[9 ÑШůŸĬĲũШƓƖĲĬŔĦƣĲĬШƣőċƣШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШƽŸƨũĬШƖĲĬƨĦĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШƣƖĲĲШůŸƖƣċũŔƣǃШ
ыŔŰШƣĲƖůƚШŸŉШӖШƣƖĲĲШĤċƚċũШċƖĲċШťŔũũĲĬьШŔŰШƣƖĲċƣĲĬШƚƣċŰĬƚШƽőĲŰШĦŸůƓċƖĲĬШƣŸШƨŰƣƖĲċƣĲĬШƚƣċŰĬƚШы[ŔŊƨƖĲШ
ΟЮΣЯШÑċĤũĲШΟЮΞьЮШÑƖĲċƣĲĬШƚƣċŰĬƚШĲǂőŔĤŔƣĲĬШũŸƽĲƖШƣƖĲĲШůŸƖƣċũŔƣǃШƣőċŰШƨŰƣƖĲċƣĲĬШƚƣċŰĬƚШċĦƖŸƚƚШċũũШ
ůŸĬĲũĲĬШŔŰƣĲƖƻċũƚШыΞΜΝΤШƣŸШΞΜΠΤьЮШ7ǃШΞΜΠΤЯШƣőĲШƓĲƖĦĲŰƣċŊĲШŸŉШƣƖĲĲШůŸƖƣċũŔƣǃШŔŰШƨŰƣƖĲċƣĲĬШċƖĲċƚШŔƚШ
ĲƚƣŔůċƣĲĬШƣŸШĲǂĦĲĲĬШΤΡӖЯШƽőĲƖĲċƚШƣƖĲċƣĲĬШƚƣċŰĬƚШůċŔŰƣċŔŰĲĬШũŸƽĲƖШůŸƖƣċũŔƣǃШĤǃШǃĲċƖШΞΜΠΤШыΠΟӖьЮШ
ìőŔũĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШĬĲċĬШƣƖĲĲƚШƖĲůċŔŰШŊƖĲċƣĲƖШƣőċŰШΣΜӖШĤĲƣƽĲĲŰШΞΜΝΤШƣŸШΞΜΟΞШŉŸƖШĤŸƣőШƣƖĲċƣĲĬШ
ċŰĬШƨŰƣƖĲċƣĲĬШċƖĲċƚЯШĤǃШΞΜΟΤШƣőĲШũĲƻĲũШŸŉШƣƖĲĲШůŸƖƣċũŔƣǃШĬŔƻĲƖŊĲƚШĦŸŰƚŔĬĲƖċĤũǃЮШ 

 
[ŔŊƨƖĲЮΦдΩдЮ9ŸůƓċƖŔƚŸŰЮŸŉЮůŸĬĲũĲĬЮƓĲƖĦĲŰƣЮƣƖĲĲЮůŸƖƣċũŔƣǃЮёӜЮĤċƚċũЮċƖĲċЮťŔũũĲĬђЮŸŉЮƣƖĲċƣĲĬЮċŰĬЮƨŰƣƖĲċƣĲĬЮŸƻĲƖЮ
ƣŔůĲЮёΥΣΤΪЮƣŸЮΥΣΧΪђЮƽŔƣőŔŰЮƣőĲЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣдЮ 
 
ÑċĤũĲЮΦдΥдЮÉƨůůċƖǃЮŸŉЮƖĲƚƨũƣƚЮŉŸƖЮƣőĲЮĬŔǭĲƖĲŰƣЮŉŸƖĲƚƣЮƚƣƖƨĦƣƨƖĲЮůĲƣƖŔĦƚЮůŸĬĲũĲĬЮŉŸƖЮƣƖĲċƣĲĬЮċŰĬЮƨŰƣƖĲċƣĲĬЮ
ŉŸƖĲƚƣƚЮƨƚŔŰŊЮ[9 ÑЮёΥΣΤΪЮƣŸЮΥΣΧΪђдЮ 

Forest 
Structure 
Metrics  

Unit of 
Measure 

Treatment 
Status  

2017 2022 2027 2032 2037 2042 2047 
Long-term 

Mean (2037 to 
2047) 

Tree Mortality 
% of 
Basal 
Area 

Treated 75 83 75 67 54 47 43 48 

Untreated 76 85 85 83 81 78 75 78 

Canopy Cover % 
Treated 40 40 26 27 27 28 29 28 

Untreated 44 45 47 48 49 50 50 50 

Stand Density 
Index 

Unitless 
Treated 175 177 106 113 120 127 133 127 

Untreated 192 208 223 237 251 263 274 263 
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9ċŰŸƓǃШ9ŸƻĲƖШ 
9ċŰŸƓǃШĦŸƻĲƖШŔƚШċŰШŔůƓŸƖƣċŰƣШŔŰĬŔĦċƣŸƖШŸŉШŉŸƖĲƚƣШőĲċũƣőЯШċƚШŔƣШƖĲǰĲĦƣƚШƣőĲШĲǂƣĲŰƣШċŰĬШĦŸŰƣŔŰƨŔƣǃШŸŉШ
ƣƖĲĲШĦƖŸƽŰƚШŸƻĲƖШċŰШċƖĲċШċŰĬШƓƖŸƻŔĬĲƚШŔŰƚŔŊőƣƚШŔŰƣŸШĲĦŸũŸŊŔĦċũШŉƨŰĦƣŔŸŰЯШƻĲŊĲƣċƣŔŸŰШƚƣƖƨĦƣƨƖĲЯШċŰĬШ
őċĤŔƣċƣШƕƨċũŔƣǃШыsĲŰŰŔŰŊƚШĲƣШċũЮЯШΝΦΦΦьЮШcŔŊőШĦċŰŸƓǃШĦŸƻĲƖШŊĲŰĲƖċũũǃШŔŰĬŔĦċƣĲƚШċШůċƣƨƖĲЯШĦũŸƚĲĬр
ĦċŰŸƓǃШŉŸƖĲƚƣШƣőċƣШĦċŰШŸǭĲƖШĦƖŔƣŔĦċũШĲĦŸƚǃƚƣĲůШƚĲƖƻŔĦĲƚШƚƨĦőШċƚШƣĲůƓĲƖċƣƨƖĲШƖĲŊƨũċƣŔŸŰЯШůŸŔƚƣƨƖĲШ
ƖĲƣĲŰƣŔŸŰЯШċŰĬШĦċƖĤŸŰШƚĲƕƨĲƚƣƖċƣŔŸŰЮШcŸƽĲƻĲƖЯШĲǂĦĲƚƚŔƻĲũǃШĬĲŰƚĲШĦċŰŸƓǃШĦŸƻĲƖШůċǃШċũƚŸШƚŔŊŰċũШ
ŸƻĲƖĦƖŸƽĬĲĬШƚƣċŰĬƚЯШƽőŔĦőШĦċŰШũĲċĬШƣŸШŔŰĦƖĲċƚĲĬШĦŸůƓĲƣŔƣŔŸŰШŉŸƖШƖĲƚŸƨƖĦĲƚЯШƖĲĬƨĦĲĬШƣƖĲĲШƻŔŊŸƖЯШ
ċŰĬШőĲŔŊőƣĲŰĲĬШƻƨũŰĲƖċĤŔũŔƣǃШƣŸШƚƣƖĲƚƚŸƖƚШũŔťĲШĬƖŸƨŊőƣЯШŔŰƚĲĦƣƚЯШċŰĬШĬŔƚĲċƚĲЮШfŰШǯƖĲрƓƖŸŰĲШ
ĲĦŸƚǃƚƣĲůƚЯШĬĲŰƚĲШĦċŰŸƓǃШĦŸƻĲƖШĦċŰШŉċĦŔũŔƣċƣĲШĦƖŸƽŰШǯƖĲШƚƓƖĲċĬЯШƓŸƚŔŰŊШƖŔƚťƚШƣŸШŉŸƖĲƚƣШƖĲƚŔũŔĲŰĦĲШ
ċŰĬШƓƨĤũŔĦШƚċŉĲƣǃЮШ9ŸŰƻĲƖƚĲũǃЯШƻĲƖǃШũŸƽШĦċŰŸƓǃШĦŸƻĲƖШůŔŊőƣШŔŰĬŔĦċƣĲШŸƻĲƖрƣőŔŰŰŔŰŊЯШƓċƚƣШ
ĬŔƚƣƨƖĤċŰĦĲЯШŸƖШĬĲĦũŔŰŔŰŊШŉŸƖĲƚƣШőĲċũƣőЮШ~ŸŰŔƣŸƖŔŰŊШĦċŰŸƓǃШĦŸƻĲƖШőĲũƓƚШũċŰĬШůċŰċŊĲƖƚШċƚƚĲƚƚШ
ĦőċŰŊĲƚШŔŰШŉŸƖĲƚƣШĦŸŰĬŔƣŔŸŰШŸƻĲƖШƣŔůĲЯШƓƖŔŸƖŔƣŔǍĲШċƖĲċƚШŉŸƖШƣƖĲċƣůĲŰƣЯШċŰĬШůċŔŰƣċŔŰШċШĤċũċŰĦĲШ
ĤĲƣƽĲĲŰШĲĦŸũŸŊŔĦċũШŔŰƣĲŊƖŔƣǃЯШǯƖĲШƖŔƚťШƖĲĬƨĦƣŔŸŰЯШċŰĬШĤŔŸĬŔƻĲƖƚŔƣǃШŊŸċũƚЮ 

Canopy cover is a key element in understanding and restoring ponderosa pine and dry mixed-
ĦŸŰŔŉĲƖШŉŸƖĲƚƣƚШŔŰШ9ŸũŸƖċĬŸќƚШ[ƖŸŰƣШÅċŰŊĲШċĦĦŸƖĬŔŰŊШƣŸШ ĬĬŔŰŊƣŸŰШĲƣШċũЮШыΞΜΝΥьЮШcŔƚƣŸƖŔĦċũũǃЯШƣőĲƚĲШ
forests exhibited a wide range of canopy cover values, shaped by factors such as fire regimes, 
topography, and natural disturbances. Frequent, low- to mixed-severity fires helped maintain open, 
heterogeneous forest structures, often characterized by low to moderate canopy cover, which in 
turn supported diverse understory communities 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-ĦċŰŸƓǃШĦŸŰĬŔƣŔŸŰƚШŔŰШ9ŸũŸƖċĬŸќƚШŉƖŸŰƣШƖċŰŊĲШыBrown et al., 2015; 
Addington et al, 2018; Battaglia et al., 2018,). This densification has decreased spatial 
heterogeneity and increased fuel loads, thereby elevating the risk of large, high-severity 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 (10т40%) to medium (41тΤΜӖьЯШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƚŔƣĲќƚШőŔƚƣŸƖŔĦċũШƚƣƖƨĦƣƨƖĲ, 
elevation, and ecological context. Such variation is essential for enhancing resilience, promoting 
biodiversity, and maintaining key ecosystem functions across scales.  

[9 ÑШůŸĬĲũŔŰŊШŸŉШŸƻĲƖċũũШĦċŰŸƓǃШĦŸƻĲƖШƖĲƻĲċũĲĬШċШĬŔƚƣŔŰĦƣШĬŔƻĲƖŊĲŰĦĲШĤĲƣƽĲĲŰШƣƖĲċƣĲĬШċŰĬШ
ƨŰƣƖĲċƣĲĬШƚƣċŰĬƚШŔŰШΞΜΞΤШƽőĲŰШůŸƚƣШŸŉШƣőĲШŉƨĲũШƣƖĲċƣůĲŰƣШċƖĲċШƽċƚШůŸĬĲũĲĬШƣŸШŸĦĦƨƖШы[ŔŊƨƖĲШΟЮΤЯШ
ÑċĤũĲШΟЮΞьЮШ~ŸĬĲũĲĬШƨŰƣƖĲċƣĲĬШċƖĲċƚШƖĲƣċŔŰĲĬШőŔŊőĲƖШƓĲƖĦĲŰƣШĦċŰŸƓǃШĦŸƻĲƖШыӂΠΜӖьЯШƽőŔĦőШĦċŰШ
ŔŰĬŔĦċƣĲШĲũĲƻċƣĲĬШƖŔƚťШŸŉШĦƖŸƽŰШǯƖĲƚШċŰĬоŸƖШŸƻĲƖũǃШƚƣŸĦťĲĬШƣƖĲĲƚЯШċũƣőŸƨŊőШƽŔƣőŔŰШċƓƓƖŸƓƖŔċƣĲШũŔůŔƣƚШ
ŔĬĲŰƣŔǯĲĬШĤǃШ ĬĬŔŰŊƣŸŰШĲƣШċũШыΞΜΝΥьЮШÑƖĲċƣĲĬШƚƣċŰĬƚЯШůĲċŰƽőŔũĲЯШĬŔƚƓũċǃĲĬШċШƖĲĬƨĦĲĬШũĲƻĲũШŸŉШ
ĦċŰŸƓǃШĦŸƻĲƖШƽőŔĦőШĦŸƨũĬШĬċůƓĲŰШƣőĲШũŔťĲũŔőŸŸĬШŸŉШĦċƖƖǃŔŰŊШċШőŔŊőрƚĲƻĲƖŔƣǃШĦƖŸƽŰШǯƖĲЮ 



  ΝΜΝ 

 
[ŔŊƨƖĲЮΦдΪдЮ9ŸůƓċƖŔƚŸŰЮŸŉЮůŸĬĲũĲĬЮĦċŰŸƓǃЮĦŸƻĲƖЮŸŉЮƣƖĲċƣĲĬЮċŰĬЮƨŰƣƖĲċƣĲĬЮŸƻĲƖЮƣŔůĲЮёΥΣΤΪЮƣŸЮΥΣΧΪђЮƽŔƣőŔŰЮƣőĲЮ
ƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣдЮ 

ÉƣċŰĬШ?ĲŰƚŔƣǃШfŰĬĲǂШ 
ÉƣċŰĬШ?ĲŰƚŔƣǃШfŰĬĲǂШыÉ?fьШŔƚШċШƽŔĬĲũǃШƨƚĲĬШƕƨċŰƣŔƣċƣŔƻĲШůĲċƚƨƖĲůĲŰƣШƣŸŸũШŔŰШŉŸƖĲƚƣƖǃШƣőċƣШőĲũƓƚШ
ĲƻċũƨċƣĲШċŰĬШĦŸůƓċƖĲШŉŸƖĲƚƣШƚƣċŰĬШĦŸŰĬŔƣŔŸŰƚШĤċƚĲĬШŸŰШƣƖĲĲШĬĲŰƚŔƣǃШċŰĬШƚŔǍĲЮШfƣШƚƣċŰĬċƖĬŔǍĲƚШƣőĲШ
ƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƣőĲШŰƨůĤĲƖШŸŉШƣƖĲĲƚШƓĲƖШƨŰŔƣШċƖĲċШыċĦƖĲƚьШċŰĬШƣőĲŔƖШċƻĲƖċŊĲШĬŔċůĲƣĲƖШċƣШĤƖĲċƚƣШ
őĲŔŊőƣШы?7cЯШŔŰĦőĲƚьЯШĲŰċĤũŔŰŊШŉŸƖĲƚƣĲƖƚШƣŸШċƚƚĲƚƚШőŸƽШĦƖŸƽĬĲĬШŸƖШŸƓĲŰШċШƚƣċŰĬШŔƚШƖĲũċƣŔƻĲШƣŸШŔƣƚШ
ƓŸƣĲŰƣŔċũШůċǂŔůƨůШĬĲŰƚŔƣǃЮШÉ?fШŔƚШƓċƖƣŔĦƨũċƖũǃШƨƚĲŉƨũШĤĲĦċƨƚĲШŔƣШċũũŸƽƚШĦŸůƓċƖŔƚŸŰƚШċĦƖŸƚƚШ
ĬŔǭĲƖĲŰƣШŉŸƖĲƚƣШƣǃƓĲƚЯШċŊĲƚЯШċŰĬШƚƓĲĦŔĲƚШĦŸůƓŸƚŔƣŔŸŰƚЮШfƣШőĲũƓƚШŔŰŉŸƖůШĬĲĦŔƚŔŸŰƚШċĤŸƨƣШƣőŔŰŰŔŰŊШċŰĬШ
ŉƨĲũƚШůċŰċŊĲůĲŰƣШĤǃШŔĬĲŰƣŔŉǃŔŰŊШƚƣċŰĬƚШƣőċƣШċƖĲШŸƻĲƖũǃШĬĲŰƚĲШċŰĬШƣőĲƖĲŉŸƖĲШůŸƖĲШƚƨƚĦĲƓƣŔĤũĲШƣŸШ
ƚƣƖĲƚƚŸƖƚШƚƨĦőШċƚШĬƖŸƨŊőƣЯШŔŰƚĲĦƣШŸƨƣĤƖĲċťƚЯШċŰĬШőŔŊőрƚĲƻĲƖŔƣǃШƽŔũĬǯƖĲƚЮШìőĲŰШÉ?fШƻċũƨĲƚШċƓƓƖŸċĦőШ
ċШƚƓĲĦŔĲƚрƚƓĲĦŔǯĦШůċǂŔůƨůШыŸŉƣĲŰШƖĲŉĲƖƖĲĬШƣŸШċƚШƣőĲШљƚĲũŉрƣőŔŰŰŔŰŊШũŔŰĲњьЯШŔƣШŔŰĬŔĦċƣĲƚШŔŰƣĲŰƚĲШ
ĦŸůƓĲƣŔƣŔŸŰШċůŸŰŊШƣƖĲĲƚШŉŸƖШƖĲƚŸƨƖĦĲƚШũŔťĲШũŔŊőƣЯШƽċƣĲƖЯШċŰĬШŰƨƣƖŔĲŰƣƚЮШxŸƽĲƖŔŰŊШÉ?fШƣőƖŸƨŊőШ
ƣőŔŰŰŔŰŊШĦċŰШŔůƓƖŸƻĲШŉŸƖĲƚƣШőĲċũƣőШĤǃШƖĲĬƨĦŔŰŊШĦŸůƓĲƣŔƣŔŸŰЯШƓƖŸůŸƣŔŰŊШƣƖĲĲШŊƖŸƽƣőЯШċŰĬШĬĲĦƖĲċƚŔŰŊШ
ǯƖĲШƖŔƚťЮШÑőƨƚЯШÉ?fШŔƚШċШťĲǃШůĲƣƖŔĦШŔŰШŊƨŔĬŔŰŊШŉŸƖĲƚƣШůċŰċŊĲůĲŰƣШƣŸШċĦőŔĲƻĲШĬĲƚŔƖĲĬШƚƣƖƨĦƣƨƖċũШ
ĦŸŰĬŔƣŔŸŰƚЯШĤċũċŰĦŔŰŊШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲЯШƽŔũĬũŔŉĲШőċĤŔƣċƣШŰĲĲĬƚЯШċŰĬШŉƨĲũШƖĲĬƨĦƣŔŸŰШŸĤŢĲĦƣŔƻĲƚЮ 

fŰШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣƚШŔŰШ9ŸũŸƖċĬŸќƚШŉƖŸŰƣШƖċŰŊĲЯШċŰШÉ?fШŸŉШΝΡΡШƚŔŊŰċũƚШƖĲƚŸƨƖĦĲШĦŸůƓĲƣŔƣŔŸŰШрШ
ƣƖċŰƚũċƣŔŰŊШƣŸШċШƖĲũċƣŔƻĲШĬĲŰƚŔƣǃШŸŉШΟΠӖШыÉ?fоÉ?fШůċǂбШΝΡΡоΠΠΣьЮШ ĦĦŸƖĬŔŰŊШƣŸШ?ƖЮШ~ŔĦőċĲũШ7ċƣƣċŊũŔċШ
ыÂĲƖƚЮШ9ŸůůЮЯШΞΜΞΡьЯШċШƖĲũċƣŔƻĲШĬĲŰƚŔƣǃШŸŉШΞΡрΟΠӖШŔŰĬŔĦċƣĲƚШĦŸůƓĲƣŔƣŔŸŰШŸŰƚĲƣЯШƽőŔũĲШΟΡрΡΡӖШ
ƚŔŊŰŔǯĲƚШŉƨũũШƚŔƣĲШŸĦĦƨƓċŰĦǃШċŰĬШƖĲĬƨĦĲĬШŔŰĬŔƻŔĬƨċũШƣƖĲĲШŊƖŸƽƣőЯШƣőŸƨŊőШƣőĲШƚƣċŰĬШċĦőŔĲƻĲƚШ
ůċǂŔůƨůШƻŸũƨůĲШƽŔƣőШċĦƣŔƻĲШĦŸůƓĲƣŔƣŔŸŰЮШ ŰШÉ?fШŸŉШΞΡΜШŸƖШӂΡΣӖШƖĲƻĲċũƚШƚĲƻĲƖĲШĦŸůƓĲƣŔƣŔŸŰЯШƚĲũŉр
ƣőŔŰŰŔŰŊЯШċŰĬШƚƣċŊŰċƣŔŸŰШŸŉШŰĲƽШŊƖŸƽƣőЮ 

ĬĬŔŰŊƣŸŰШĲƣШċũЮШыΞΜΝΥьШĲůƓőċƚŔǍĲĬШƣőċƣШőŔƚƣŸƖŔĦċũШŉŸƖĲƚƣƚШŔŰШ9ŸũŸƖċĬŸќƚШŉƖŸŰƣШƖċŰŊĲШũŔťĲũǃШőċĬШũŸƽĲƖШ
É?fШƻċũƨĲƚШĬƨĲШƣŸШŉƖĲƕƨĲŰƣШǯƖĲЯШƽőŔĦőШůċŔŰƣċŔŰĲĬШŸƓĲŰШĦċŰŸƓǃШƚƣƖƨĦƣƨƖĲƚШċŰĬШƖĲĬƨĦĲĬШĦŸůƓĲƣŔƣŔŸŰШ
ċůŸŰŊШƣƖĲĲƚЮШ ĬĬŔŰŊƣŸŰШĲƣШċũЮШыΞΜΝΥьШŔŰĬŔĦċƣĲĬШƣőċƣШŰŸƣШċũũШċƖĲċƚШƚőŸƨũĬШĤĲШƨŰŔŉŸƖůũǃШƣőŔŰŰĲĬШċŰĬШ
ƣőċƣШƻċƖǃŔŰŊШÉ?fШċĦƖŸƚƚШċШƣƖĲċƣůĲŰƣШƨŰŔƣШĦċŰШĤĲƣƣĲƖШůŔůŔĦШŰċƣƨƖċũШŉŸƖĲƚƣШƓċƣƣĲƖŰƚЮ 

[ŸƖШƣőĲШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣШĲƻċũƨċƣĲĬШƽŔƣőШ[9 ÑЯШÉ?fШƽċƚШĦŸŰƚŔƚƣĲŰƣũǃШőŔŊőĲƖШŔŰШƨŰƣƖĲċƣĲĬШƚƣċŰĬƚШ
ыÉ?fШĲǂĦĲĲĬŔŰŊШΞΡΜШŸƖШΡΣӖШƖĲũċƣŔƻĲШĬĲŰƚŔƣǃШƚƣċƖƣŔŰŊШŔŰШΞΜΟΞьЯШƚƨŊŊĲƚƣŔŰŊШŔŰƣĲŰƚŔǯĲĬШĦŸůƓĲƣŔƣŔŸŰШŉŸƖШ
ƖĲƚŸƨƖĦĲƚШы[ŔŊƨƖĲШΟЮΥЯШÑċĤũĲШΟЮΞьЮШfŰШĦŸŰƣƖċƚƣЯШƣƖĲċƣĲĬШƚƣċŰĬƚШĬĲůŸŰƚƣƖċƣĲĬШũŸƽĲƖШÉ?fШƻċũƨĲƚШыΝΜΣШƣŸШ
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  ΝΜΞ 

ΝΟΟШŸƖШƖĲũċƣŔƻĲШĬĲŰƚŔƣŔĲƚШŸŉШΞΠӖШƣŸШΟΜӖШƚƣċƖƣŔŰŊШŔŰШΞΜΞΤьЯШĦŸŰĬŔƣŔŸŰƚШĦŸŰĬƨĦŔƻĲШƣŸШőĲċũƣőŔĲƖШůŸƖĲШ
ƖĲƚŔũŔĲŰƣШŉŸƖĲƚƣШƣƖĲĲШŊƖŸƽƣőШċŰĬШƖĲĬƨĦĲĬШĦŸůƓĲƣŔƣŔŸŰШŉŸƖШƖĲƚŸƨƖĦĲƚШыŔЮĲЮЯШŰƨƣƖŔĲŰƣЯШƽċƣĲƖШċŰĬШ
ƚƨŰũŔŊőƣьЮ 

 
[ŔŊƨƖĲЮΦдΫдЮ9ŸůƓċƖŔƚŸŰЮŸŉЮůŸĬĲũĲĬЮƚƣċŰĬЮĬĲŰƚŔƣǃЮŔŰĬĲǂЮŸŉЮƣƖĲċƣĲĬЮċŰĬЮƨŰƣƖĲċƣĲĬЮƽŔƣőŔŰЮƣőĲЮƣƖĲċƣůĲŰƣЮ
ŉŸŸƣƓƖŔŰƣЮŸƻĲƖЮƣŔůĲЮёΥΣΤΪЮƣŸЮΥΣΧΪђЮƽŔƣőŔŰЮƣőĲЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣдЮ 
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  ΝΜΟ 

7ŔŸĬŔƻĲƖƚŔƣǃШċŰĬШcċĤŔƣċƣШ 
[ƨĲũƚШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚЯШċŔůĲĬШċƣШůŔƣŔŊċƣŔŰŊШƽŔũĬǯƖĲШƖŔƚťƚШƣőƖŸƨŊőШůĲƣőŸĬƚШũŔťĲШƣőŔŰŰŔŰŊШĬĲŰƚĲШ
ƻĲŊĲƣċƣŔŸŰШċŰĬШĦŸŰĬƨĦƣŔŰŊШĦŸŰƣƖŸũũĲĬШĤƨƖŰƚЯШőċƻĲШĦŸůƓũĲǂШċŰĬШƻċƖŔĲĬШŔůƓċĦƣƚШŸŰШƽŔũĬũŔŉĲШőċĤŔƣċƣШ
ċŰĬШĤŔŸũŸŊŔĦċũШĬŔƻĲƖƚŔƣǃЮШÑőĲƚĲШĲǭĲĦƣƚШĦċŰШĤĲШĤĲŰĲǯĦŔċũШŸƖШĬĲƣƖŔůĲŰƣċũЯШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШ
ŔůƓũĲůĲŰƣċƣŔŸŰШċŰĬШĲĦŸũŸŊŔĦċũШĦŸŰƣĲǂƣЮ 

[ƖŸůШċШĤĲŰĲǯƣƚШƚƣċŰĬƓŸŔŰƣЯШĲĦŸũŸŊŔĦċũũǃШƚŸƨŰĬШƓũċŰŰĲĬШċŰĬШŔůƓũĲůĲŰƣШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚШ
ĦċŰШƖĲƚƣŸƖĲШőŔƚƣŸƖŔĦċũШĬŔƚƣƨƖĤċŰĦĲШƖĲŊŔůĲƚЯШƓƖŸůŸƣŔŰŊШőċĤŔƣċƣШőĲƣĲƖŸŊĲŰĲŔƣǃШƣőċƣШĤĲŰĲǯƣƚШĦĲƖƣċŔŰШ
ƚƓĲĦŔĲƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШŔŰШĬƖǃШĦŸŰŔŉĲƖŸƨƚШŉŸƖĲƚƣƚЯШƣőŔŰŰŔŰŊШċŰĬШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШĦċŰШƖĲĬƨĦĲШ
ƨŰĬĲƖƚƣŸƖǃШĬĲŰƚŔƣǃЯШĲŰĦŸƨƖċŊŔŰŊШƣőĲШŊƖŸƽƣőШŸŉШĬŔƻĲƖƚĲШƓũċŰƣШƚƓĲĦŔĲƚШƣőċƣШƚĲƖƻĲШċƚШŉŸŸĬШċŰĬШĦŸƻĲƖШŉŸƖШ
ƽŔũĬũŔŉĲШы?ĲůĲƖĲƚƣШĲƣШċũЮШΞΜΞΟьЮШÑőŔƚШċƓƓƖŸċĦőШőċƚШĤĲĲŰШƚőŸƽŰШƣŸШŔŰĦƖĲċƚĲШƣőĲШċĤƨŰĬċŰĦĲШċŰĬШ
ĬŔƻĲƖƚŔƣǃШŸŉШƻċƖŔŸƨƚШƣċǂċЯШċƚШƣőĲШƖĲůŸƻċũШŸŉШĲǂĦĲƚƚŔƻĲШƻĲŊĲƣċƣŔŸŰШĦċŰШĦƖĲċƣĲШċШůŸƖĲШŸƓĲŰШċŰĬШƻċƖŔĲĬШ
őċĤŔƣċƣШƚƣƖƨĦƣƨƖĲШыÅƨƓƓШĲƣШċũЮЯШΞΜΝΞЯШ?ĲůċƖĲƚƣШĲƣШċũЮЯШΞΜΞΟьЮШ[ŸƖĲƚƣШƣőŔŰŰŔŰŊШċŰĬШƓƖĲƚĦƖŔĤĲĬШǯƖĲШĦċŰШ
ŔůƓƖŸƻĲШƨŰĬĲƖƚƣŸƖǃШƓũċŰƣШĬŔƻĲƖƚŔƣǃЯШĤĲŰĲǯƣŔŰŊШŰċƣŔƻĲШƚƓĲĦŔĲƚШċŰĬШƖĲĬƨĦŔŰŊШƣőĲШƚƓƖĲċĬШŸŉШŔŰƻċƚŔƻĲƚЮШ
[ŸƖШĲǂċůƓũĲЯШÉƣĲƓőĲŰƚШĲƣШċũЮШыΞΜΝΞьШŉŸƨŰĬШƣőċƣШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊШőċĬШċШƚƣƖŸŰŊĲƖШċŰĬШůŸƖĲШ
ĲŰĬƨƖŔŰŊШĲǭĲĦƣШŸŰШŔŰĦƖĲċƚŔŰŊШƨŰĬĲƖƚƣŸƖǃШƚƓĲĦŔĲƚШƖŔĦőŰĲƚƚШƣőċŰШƣőŔŰŰŔŰŊШċũŸŰĲЯШĲƚƓĲĦŔċũũǃШŉŸƖШŰċƣŔƻĲШ
ċŰŰƨċũШƓũċŰƣƚЯШƽŔƣőŸƨƣШƓƖŸůŸƣŔŰŊШŰŸŰрŰċƣŔƻĲШŔŰƻċƚŔƻĲƚЮШÑőŔƚШĲŰőċŰĦĲůĲŰƣШŸŉШőċĤŔƣċƣШĦŸůƓũĲǂŔƣǃШ
ƚƨƓƓŸƖƣƚШċШĤƖŸċĬĲƖШƖċŰŊĲШŸŉШǰŸƖċШċŰĬШŉċƨŰċШċĦƖŸƚƚШƚƓċƣŔċũШċŰĬШƣĲůƓŸƖċũШƚĦċũĲƚЮШÉƣƨĬŔĲƚШũŔťĲШŰĬƖƨƚШ
ĲƣШċũЮШыΞΜΞΝьШĲůƓőċƚŔǍĲШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШǯƖĲШƖĲŉƨŊŔċШрШƓċƣĦőĲƚШŸŉШƨŰĤƨƖŰĲĬШŸƖШũŸƽрƚĲƻĲƖŔƣǃШċƖĲċƚШ
ƽŔƣőŔŰШċШĤƨƖŰШƓĲƖŔůĲƣĲƖШрШƣőċƣШĦċŰШƚĲƖƻĲШċƚШƓũċĦĲƚШŸŉШƓƖŸƣĲĦƣŔŸŰШŉŸƖШƽŔũĬũŔŉĲШƚƓĲĦŔĲƚЯШƓċƖƣŔĦƨũċƖũǃШ
ŉŸƖĲƚƣШĤŔƖĬƚЮШ[ƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШĦċŰШőĲũƓШůċŔŰƣċŔŰШƣőĲƚĲШƖĲŉƨŊŔċШĤǃШůŸĬĲƖċƣŔŰŊШǯƖĲШ
ĤĲőċƻŔŸƖШċŰĬШƓƖĲƚĲƖƻŔŰŊШƚƣƖƨĦƣƨƖċũШĬŔƻĲƖƚŔƣǃШċĦƖŸƚƚШƣőĲШũċŰĬƚĦċƓĲЮ 

fŰШǯƖĲрƓƖŸŰĲШĲĦŸƚǃƚƣĲůƚЯШƚƨĦőШċƚШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣƖǃЯШƖĲƚƣŸƖŔŰŊШŉŸƖĲƚƣШ
ƚƣƖƨĦƣƨƖĲШƣŸШċШůŸƖĲШŸƓĲŰШŉŸƖĲƚƣШĦŸŰĬŔƣŔŸŰШƻŔċШƣőŔŰŰŔŰŊШċŰĬШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊШĦċŰШůŔůŔĦШőŔƚƣŸƖŔĦċũШ
ǯƖĲШƖĲŊŔůĲШĲǭĲĦƣƚЮШÑőŔƚШĤĲŰĲǯƣƚШǯƖĲрċĬċƓƣĲĬШċŰĬШƖċƖĲШƓũċŰƣШƚƓĲĦŔĲƚШƣőċƣШƖĲũǃШŸŰШũŔŊőƣШċƻċŔũċĤŔũŔƣǃШ
ċŰĬШƖĲĬƨĦĲĬШĦŸůƓĲƣŔƣŔŸŰШŉŸƖШƖĲŊĲŰĲƖċƣŔŸŰШыxǃĬĲƖƚĲŰШĲƣШċũЮЯШΞΜΝΤьЮШÑƖĲċƣůĲŰƣƚШƣőċƣШƖĲĦƖĲċƣĲШċШ
ůŸƚċŔĦШŸŉШőċĤŔƣċƣШƚƣƖƨĦƣƨƖĲƚШċũƚŸШőĲũƓШůċŔŰƣċŔŰШĲƚƚĲŰƣŔċũШĲĦŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШċŰĬШƚƓĲĦŔĲƚШŰŔĦőĲƚЮШ
[ƨĲũƚШƖĲĬƨĦƣŔŸŰШĦċŰШċũƚŸШƚƨƓƓŸƖƣШƽŔũĬũŔŉĲШƖĲĦŸƻĲƖǃШƓŸƚƣрǯƖĲЮШ[ŸƖШĲǂċůƓũĲЯШƚůċũũШůċůůċũƚШĦċŰШ
ƚƨƖƻŔƻĲШƽŔƣőŔŰШƨŰĤƨƖŰĲĬШƓċƣĦőĲƚШůċŔŰƣċŔŰĲĬШƣőƖŸƨŊőШƣőŸƨŊőƣŉƨũШǯƖĲШċŰĬШŉƨĲũƚШƓũċŰŰŔŰŊЯШċƚШƚőŸƽŰШ
ĤǃШuĲũũǃШĲƣШċũЮШыΞΜΞΜьЮШÂŸƚƣрǯƖĲШƚƨƖƻŔƻŸƖƚШƓũċǃШċШĦƖƨĦŔċũШƖŸũĲШŔŰШĲĦŸƚǃƚƣĲůШŉƨŰĦƣŔŸŰЯШŉƖŸůШƚĲĲĬШ
ĬŔƚƓĲƖƚċũШƣŸШƓƖĲĬċƣŸƖрƓƖĲǃШĬǃŰċůŔĦƚЮ 

cŸƽĲƻĲƖЯШŔŉШŰŸƣШĦċƖĲŉƨũũǃШƓũċŰŰĲĬЯШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШĦċŰШŰĲŊċƣŔƻĲũǃШŔůƓċĦƣШƽŔũĬũŔŉĲШőċĤŔƣċƣƚШŔŰШĤŸƣőШ
ƣŔůĲШċŰĬШƚƓċĦĲЮШÑőĲШƖĲůŸƻċũШŸŉШƻĲŊĲƣċƣŔŸŰШĦċŰШũĲċĬШƣŸШőċĤŔƣċƣШŉƖċŊůĲŰƣċƣŔŸŰЯШĬŔƚƖƨƓƣŔŰŊШƣőĲШ
ĦŸŰŰĲĦƣŔƻŔƣǃШĲƚƚĲŰƣŔċũШŉŸƖШƚƓĲĦŔĲƚШůŸƻĲůĲŰƣШċŰĬШŊĲŰĲƣŔĦШĲǂĦőċŰŊĲЯШċŰĬоŸƖШƖĲůŸƻĲШĦŸƻĲƖШыĲЮŊЮЯШ
ĦŸƨƖƚĲШƽŸŸĬǃШĬĲĤƖŔƚШċŰĬШĦċŰŸƓǃШĦŸƻĲƖьШŰĲĲĬĲĬШŉŸƖШũŔŉĲШőŔƚƣŸƖǃШƖĲƕƨŔƖĲůĲŰƣƚЮШ[ŸƖШĲǂċůƓũĲЯШƽŔƣőШ
ĲǂĦĲƚƚŔƻĲШƻĲŊĲƣċƣŔŸŰШƖĲůŸƻċũЯШũċƖŊĲрƚĦċũĲШŉƨĲũШĤƖĲċťШƓƖŸŢĲĦƣƚШőċƻĲШĤĲĲŰШĦƖŔƣŔĦŔǍĲĬШŉŸƖШĦċƨƚŔŰŊШ
ĬċůċŊĲШƣŸШƻĲŊĲƣċƣŔŸŰШċŰĬШƚŸŔũƚЯШƓŸƣĲŰƣŔċũũǃШĬĲŊƖċĬŔŰŊШőċĤŔƣċƣƚШŉŸƖШƻċƖŔŸƨƚШƽŔũĬũŔŉĲШƚƓĲĦŔĲƚШ
ыfŰŊċũƚĤĲĲЯШΞΜΜΡьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШĦƖĲċƣŔŸŰШŸŉШċĦĦĲƚƚШƖŸċĬƚШŉŸƖШŉƨĲũШƣƖĲċƣůĲŰƣƚШĦċŰШŉƨƖƣőĲƖШ
ŉƖċŊůĲŰƣШőċĤŔƣċƣƚШċŰĬШŔŰƣƖŸĬƨĦĲШĲĬŊĲШĲǭĲĦƣƚШƣőċƣШċũƣĲƖШƚƓĲĦŔĲƚШĦŸůƓŸƚŔƣŔŸŰШыĲЮŊЮЯШƓƖŸƻŔĬĲШ
ƓċƣőƽċǃƚШŉŸƖШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШŔŰƣƖŸĬƨĦƣŔŸŰƚбШ?ŸĬƚŸŰШċŰĬШ[ŔĲũĬĲƖЯШΞΜΜΣьЮШfŰШƣĲƖůƚШŸŉШĬƨƖċƣŔŸŰШŸŉШŉƨĲũШ
ƖĲĬƨĦƣŔŸŰШŔůƓċĦƣƚЯШŔŰШƣőĲШƚőŸƖƣШƣĲƖůЯШƣőĲƚĲШƣƖĲċƣůĲŰƣƚШŸŉƣĲŰШũĲċĬШƣŸШőċĤŔƣċƣШĬŔƚƣƨƖĤċŰĦĲƚШ
ыÖŰĬĲƖƽŸŸĬШĲƣШċũЮЯШΞΜΝΜьЯШŔŰĦũƨĬŔŰŊШƣőĲШƖĲůŸƻċũШŸŉШƻĲŊĲƣċƣŔŸŰШƣőċƣШƓƖŸƻŔĬĲƚШŉŸŸĬШċŰĬШƚőĲũƣĲƖШŉŸƖШ
ƻċƖŔŸƨƚШƚƓĲĦŔĲƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƚƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШƣőċƣШƚƨĦőШĬŔƚƣƨƖĤċŰĦĲƚШĦċŰШŰĲŊċƣŔƻĲũǃШŔůƓċĦƣШ
ƚƓĲĦŔĲƚШũŔťĲШƣőĲШ9ċũŔŉŸƖŰŔċШƚƓŸƣƣĲĬШŸƽũШĤǃШċũƣĲƖŔŰŊШƣőĲŔƖШŰĲƚƣŔŰŊШőċĤŔƣċƣƚШċŰĬШƖĲĬƨĦŔŰŊШĬĲůŸŊƖċƓőŔĦШ
ƖċƣĲƚШыÑĲůƓĲũШĲƣШċũЮЯШΞΜΝΡьЮШcŸƽĲƻĲƖЯШƽőĲŰШƣőĲƚĲШƣƖĲċƣůĲŰƣƚШċƖĲШŉŸũũŸƽĲĬШĤǃШƽŔũĬǯƖĲƚЯШƣőĲǃШůċǃШ
ĦŸŰŉĲƖШũŸŰŊрƣĲƖůШĤĲŰĲǯƣƚШĤǃШƖĲĬƨĦŔŰŊШǯƖĲШƚĲƻĲƖŔƣǃШċŰĬШƓƖĲƚĲƖƻŔŰŊШĲƚƚĲŰƣŔċũШőċĤŔƣċƣШƚƣƖƨĦƣƨƖĲƚЮ 



  ΝΜΠ 

]ĲŰĲƖċũũǃЯШĤǃШƖĲĬƨĦŔŰŊШŉŸƖĲƚƣШĬĲŰƚŔƣǃШċŰĬШƖĲŔŰƣƖŸĬƨĦŔŰŊШǯƖĲШŔŰШĲĦŸũŸŊŔĦċũũǃШŔŰŉŸƖůĲĬШƽċǃƚШыĲЮŊЮЯШƣŸШ
ůŔůŔĦШċШŰċƣƨƖċũШǯƖĲШƖĲŊŔůĲШĲǂƓĲĦƣĲĬШŉŸƖШċШũŸĦċƣŔŸŰьЯШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚШĦċŰШůċŔŰƣċŔŰШċŰĬШ
ĲŰőċŰĦĲШĤŔŸĬŔƻĲƖƚŔƣǃЮШÑŸШĤċũċŰĦĲШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƽŔƣőШĲĦŸũŸŊŔĦċũШƓƖĲƚĲƖƻċƣŔŸŰЯШŔƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШ
ŔŰƣĲŊƖċƣĲШƽŔũĬũŔŉĲШĦŸŰƚĲƖƻċƣŔŸŰШŔŰƣŸШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƓũċŰŰŔŰŊЮШÑőŔƚШŔŰĦũƨĬĲƚШůċŔŰƣċŔŰŔŰŊШőċĤŔƣċƣШ
ĦŸŰŰĲĦƣŔƻŔƣǃЯШƓƖĲƚĲƖƻŔŰŊШĦƖŔƣŔĦċũШőċĤŔƣċƣШŉĲċƣƨƖĲƚЯШċŰĬШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШƚƓĲĦŔǯĦШũŔŉĲШőŔƚƣŸƖǃШ
ƖĲƕƨŔƖĲůĲŰƣƚШŸŉШũŸĦċũШƚƓĲĦŔĲƚЮШ9ŸũũċĤŸƖċƣŔƻĲШċƓƓƖŸċĦőĲƚШƣőċƣШŔŰƻŸũƻĲШĲĦŸũŸŊŔƚƣƚЯШũċŰĬШůċŰċŊĲƖƚЯШ
ċŰĬШũŸĦċũШĦŸůůƨŰŔƣŔĲƚШĦċŰШőĲũƓШĬĲƚŔŊŰШƣƖĲċƣůĲŰƣƚШƣőċƣШƖĲĬƨĦĲШǯƖĲШƖŔƚťШƽőŔũĲШƚƨƓƓŸƖƣŔŰŊШ
ĤŔŸĬŔƻĲƖƚŔƣǃЮ 

§ƻĲƖċũũЯШƽőĲŰШŔůƓũĲůĲŰƣĲĬШƚƣƖċƣĲŊŔĦċũũǃШċŰĬШċĬċƓƣŔƻĲũǃЯШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚШƓũċǃШċШƻŔƣċũШƖŸũĲШŔŰШ
ƚƨƚƣċŔŰŔŰŊШŉŸƖĲƚƣШĲĦŸƚǃƚƣĲůШőĲċũƣőЮШÑőĲǃШĦċŰШůċŔŰƣċŔŰШŸƖШĲŰőċŰĦĲШĤŔŸĬŔƻĲƖƚŔƣǃЯШƚƨƓƓŸƖƣШƖċƖĲШċŰĬШ
ƚĲŰƚŔƣŔƻĲШƚƓĲĦŔĲƚЯШċŰĬШŔŰĦƖĲċƚĲШƣőĲШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲШŸŉШŉŸƖĲƚƣƚШƨŰĬĲƖШŊƖŸƽŔŰŊШƓƖĲƚƚƨƖĲƚШŉƖŸůШ
ċũƣĲƖĲĬШǯƖĲШƖĲŊŔůĲƚШтШĲƚƓĲĦŔċũũǃШƽőĲŰШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШċũƣĲƖŰċƣŔƻĲШŸŉШċШƚĲƻĲƖĲШǯƖĲШĬĲĦŔůċƣŔŰŊШőċĤŔƣċƣШ
ċĦƖŸƚƚШũċƖŊĲШƚƽċƣőƚШŸŉШċШũċŰĬƚĦċƓĲШŉŸƖШĬĲĦċĬĲƚЮШ 

ÑőŔƚШƚĲĦƣŔŸŰШĲǂƓũŸƖĲƚШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШůŸĬĲũĲĬШǯƖĲШƚĲƻĲƖŔƣǃШŸŉШƣƖĲċƣĲĬШċŰĬШƨŰƣƖĲċƣĲĬШċƖĲċƚШƽŔƣőŔŰШ
ƣőĲШĦŸŰƣĲǂƣШŸŉШĬŔǭĲƖĲŰƣШƚƓĲĦŔċũШċƖĲċШĬĲƚŔŊŰċƣŔŸŰƚШċĦƖŸƚƚШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШ ċůĲũǃЯШƽĲШƨƚĲĬШƣőĲШ
ƚċůĲШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣƚШыĦŸůƓũĲƣĲĬЯШƓũċŰŰĲĬШċŰĬШƓƖŸƓŸƚĲĬШƓƖŸŢĲĦƣьШƨƚĲĬШŔŰШƣőĲШĤŔŸůċƚƚШ
ċƻċŔũċĤũĲШċƚƚĲƚƚůĲŰƣШ9őċƓƣĲƖШΝЮШ ŸƣċĤũǃЯШŸŰũǃШƓŸƖƣŔŸŰƚШŸŉШƣőĲШƣƖĲċƣůĲŰƣШŉŸŸƣƓƖŔŰƣШŸƻĲƖũċƓШƽŔƣőШƣőĲШ
ĬŔǭĲƖĲŰƣШƚƓĲĦŔċũШċƖĲċШĬĲƚŔŊŰċƣŔŸŰƚЮШÑőƨƚЯШůŸĬĲũĲĬШƖĲƚƨũƣƚШċƖĲШĤċƚĲĬШŸŰШƣőŸƚĲШƓŸƖƣŔŸŰƚШŸŉШƣőĲШ
ƚƓĲĦŔċũШċƖĲċШĬĲƚŔŊŰċƣŔŸŰШƽőĲƖĲШƣƖĲċƣůĲŰƣƚШƽĲƖĲШĬĲũŔŰĲċƣĲĬЮ 

ÑőĲШŉŸũũŸƽŔŰŊШĬĲƚĦƖŔĤĲƚШƣőĲШĬŔǭĲƖĲŰƣШƚƓĲĦŔċũШċƖĲċШĬĲƚŔŊŰċƣŔŸŰƚШƣőċƣШƽĲƖĲШŔĬĲŰƣŔǯĲĬШĤǃШƣőĲШ7ŸƨũĬĲƖШ
9ŸƖĲШÑĲċůШŉŸƖШƣőŔƚШċƚƚĲƚƚůĲŰƣЮ 

ĤĲƖƣѢƚЮÉƕƨŔƖƖĲũЮcċĤŔƣċƣШы[ŔŊƨƖĲШΟЮΦьШрШĤĲƖƣѣƚШƚƕƨŔƖƖĲũƚШыÉĦŔƨƖƨƚЮċĤĲƖƣŔьШċƖĲШĦũŸƚĲũǃШċƚƚŸĦŔċƣĲĬШƽŔƣőШ
ƓŸŰĬĲƖŸƚċШƓŔŰĲШыÂŔŰƨƚЮƓŸŰĬĲƖŸƚċьШŉŸƖĲƚƣƚШы ũũƖĲĬШĲƣШċũЮЯШΝΦΦΠьЯШƽőŔĦőШƓƖŸƻŔĬĲШĲƚƚĲŰƣŔċũШƖĲƚŸƨƖĦĲƚШ
ƚƨĦőШċƚШŉŸŸĬЯШŰĲƚƣŔŰŊШƚŔƣĲƚЯШċŰĬШĦŸƻĲƖШы?ċƻŔƚШċŰĬШ7ŔƚƚĲũũЯШΝΦΥΦбШcċũũŸƖċŰШċŰĬШ7ĲťŸǭЯШΝΦΦΠьЮШfŰШ
7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШ9ŸũŸƖċĬŸЯШƣőĲƚĲШƚƕƨŔƖƖĲũƚШŔŰőċĤŔƣШůŸŰƣċŰĲШƓŸŰĬĲƖŸƚċШƓŔŰĲШŉŸƖĲƚƣƚШы?ċƻŔƚШċŰĬШ
7ŔƚƚĲũũЯШΝΦΥΦьЯШƣǃƓŔĦċũũǃШŉŸƨŰĬШċƣШĲũĲƻċƣŔŸŰƚШƖċŰŊŔŰŊШŉƖŸůШΣЯΜΜΜШƣŸШΥЯΡΜΜШŉĲĲƣШы ĬĬŔŰŊƣŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ
ÉƨŔƣċĤũĲШőċĤŔƣċƣƚШċƖĲШĦőċƖċĦƣĲƖŔǍĲĬШĤǃШƨŰĲƻĲŰрċŊĲĬШƚƣċŰĬƚШƽŔƣőШƣƖĲĲШĬĲŰƚŔƣŔĲƚШĤĲƣƽĲĲŰШΝΡΞШċŰĬШ
ΞΡΟШƣƖĲĲƚШƓĲƖШőĲĦƣċƖĲЯШƓƖĲĬŸůŔŰċŰƣũǃШŉĲċƣƨƖŔŰŊШƣƖĲĲƚШŸƻĲƖШΝΞШŔŰĦőĲƚШŔŰШĬŔċůĲƣĲƖШċƣШĤƖĲċƚƣШőĲŔŊőƣШ
ы?7cьЮШ ĤĲƖƣѣƚШƚƕƨŔƖƖĲũƚШƓƖĲŉĲƖШŉŸƖĲƚƣƚШƽŔƣőШŸƓĲŰШƨŰĬĲƖƚƣŸƖŔĲƚЯШċũũŸƽŔŰŊШŉŸƖШĲċƚŔĲƖШůŸƻĲůĲŰƣШċŰĬШ
ċĦĦĲƚƚШƣŸШŉŸŸĬШƚŸƨƖĦĲƚЮШÑőĲǃШŸŉƣĲŰШƚĲũĲĦƣШŰĲƚƣШƣƖĲĲƚШƽŔƣőШĦƖŸƽŰƚШĦŸůƓƖŔƚŔŰŊШΟΡӖШƣŸШΡΡӖШŸŉШƣőĲШ
ƣŸƣċũШƣƖĲĲШőĲŔŊőƣШċŰĬШ?7cШƖċŰŊŔŰŊШŉƖŸůШΝΠШƣŸШΝΣШŔŰĦőĲƚШыcċũũŸƖċŰШċŰĬШ7ĲťŸǭЯШΝΦΦΠьЮШcŸƽĲƻĲƖЯШ
őƨůċŰШċĦƣŔƻŔƣŔĲƚШƚƨĦőШċƚШũŸŊŊŔŰŊЯШŊƖċǍŔŰŊЯШċŰĬШǯƖĲШƚƨƓƓƖĲƚƚŔŸŰШőċƻĲШċũƣĲƖĲĬШƣőĲƚĲШŉŸƖĲƚƣƚЯШũĲċĬŔŰŊШ
ƣŸШĬĲŰƚĲƖЯШĲƻĲŰрċŊĲĬШƚƣċŰĬƚШƣőċƣШůċǃШŰŸƣШƚƨƓƓŸƖƣШƣőĲШƚċůĲШƚƕƨŔƖƖĲũШĬĲŰƚŔƣŔĲƚШċƚШƣőĲШŸƖŔŊŔŰċũШ
őċĤŔƣċƣƚШыòċƖĤŸƖŸƨŊőШĲƣШċũЮЯШΞΜΝΡьЮШ?ĲƚƓŔƣĲШƣőĲƚĲШĦőċŰŊĲƚЯШ ĤĲƖƣѣƚШƚƕƨŔƖƖĲũƚШƖĲůċŔŰШċШŰŸƣċĤũĲШ
ĦŸůƓŸŰĲŰƣШŸŉШ7ŸƨũĬĲƖШ9ŸƨŰƣǃѣƚШůŸŰƣċŰĲШƓŸŰĬĲƖŸƚċШƓŔŰĲШĲĦŸƚǃƚƣĲůƚЮ 



  ΝΜΡ 

 
ЮЮЮ[ŔŊƨƖĲЮΦдάдЮ~ċƓЮŸŉЮƚƨŔƣċĤũĲЮ ĤĲƖƣѢƚЮƚƕƨŔƖƖĲũЮőċĤŔƣċƣЮƖĲũċƣŔƻĲЮƣŸЮƣƖĲċƣůĲŰƣЮċƖĲċƚд 
 

9ƖŔƣŔĦċũЮìŔũĬũŔŉĲЮcċĤŔƣċƣЮы[ŔŊƨƖĲШΟЮΝΜьШрШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШőċƚШĲƚƣċĤũŔƚőĲĬШċШŉƖċůĲƽŸƖťШŉŸƖШĬĲƚŔŊŰċƣŔŰŊШ
9ƖŔƣŔĦċũШìŔũĬũŔŉĲШcċĤŔƣċƣƚШы9ìcьШƣŸШĦŸŰƚĲƖƻĲШċŰĬШƓƖĲƚĲƖƻĲШŰċƣŔƻĲШƽŔũĬũŔŉĲШƓŸƓƨũċƣŔŸŰƚШĤǃШƓƖŸƣĲĦƣŔŰŊШ
ĲƚƚĲŰƣŔċũШőċĤŔƣċƣƚЮШÑőĲƚĲШċƖĲċƚШċƖĲШĦŸŰƚŔĬĲƖĲĬШƖċƖĲЯШŔƖƖĲƓũċĦĲċĤũĲЯШŸƖШĬŔǭŔĦƨũƣШƣŸШƖĲƓũċĦĲЯШċŰĬШċƖĲШ
ƻŔƣċũШƣŸШƣőĲШĦŸŰƚĲƖƻċƣŔŸŰШŸŉШƽŔũĬũŔŉĲШŔŰШƣőĲШĦŸƨŰƣǃЮШÑőĲШĦƖŔƣĲƖŔċШŉŸƖШĬĲƚŔŊŰċƣŔŰŊШ9ìcШŔŰĦũƨĬĲа 

¶ cŔŊőЮ7ŔŸĬŔƻĲƖƚŔƣǃЮÉƨƓƓŸƖƣаШcċĤŔƣċƣƚШƣőċƣШƚƨƓƓŸƖƣШċШőŔŊőШĬĲŊƖĲĲШŸŉШĤŔŸĬŔƻĲƖƚŔƣǃШŸŉШƽŔũĬũŔŉĲШƚƓĲĦŔĲƚШ
ŰċƣŔƻĲШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮ 

¶ 9ŸŰĦĲŰƣƖċƣŔŸŰЮ ƖĲċƚаШ?ŔƚĦƖĲƣĲЯШŔĬĲŰƣŔǯċĤũĲШũŸĦċƣŔŸŰƚШƣőċƣШƚƨƓƓŸƖƣШƚŔŊŰŔǯĦċŰƣШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ
ŸŰĲШŸƖШůŸƖĲШŰċƣŔƻĲШƽŔũĬũŔŉĲШƚƓĲĦŔĲƚШĬƨƖŔŰŊШƻƨũŰĲƖċĤũĲШũŔŉĲрőŔƚƣŸƖǃШƚƣċŊĲƚШŰĲĦĲƚƚċƖǃШŉŸƖШƚĲũŉр
ƚƨƚƣċŔŰŔŰŊШƓŸƓƨũċƣŔŸŰƚШыĲЮŊЮЯШĤƖĲĲĬŔŰŊШŸƖШŰĲƚƣŔŰŊШƚŔƣĲƚЯШĦċũƻŔŰŊШċŰĬШƽŔŰƣĲƖŔŰŊШŊƖŸƨŰĬƚьЮ 



  ΝΜΣ 

¶ éŔƣċũЮcċĤŔƣċƣЮ[ĲċƣƨƖĲƚаШ ƖĲċƚШƓƖŸƻŔĬŔŰŊШƓőǃƚŔĦċũШċŰĬШĤŔŸũŸŊŔĦċũШőċĤŔƣċƣШŉĲċƣƨƖĲƚШĦƖƨĦŔċũШŉŸƖШƣőĲШ
ůċŔŰƣĲŰċŰĦĲЯШƚƨĦĦĲƚƚŉƨũШƖĲĦŸƻĲƖǃЯШŸƖШƖĲŔŰƣƖŸĬƨĦƣŔŸŰШŸŉШŸŰĲШŸƖШůŸƖĲШƽŔũĬũŔŉĲШÉƓĲĦŔĲƚШŸŉШÉƓĲĦŔċũШ
9ŸŰĦĲƖŰЮ 

¶ ÑőĲƚĲШĬĲƚŔŊŰċƣŔŸŰƚШŊƨŔĬĲШũċŰĬШƨƚĲШĬĲĦŔƚŔŸŰƚШċŰĬШƖĲƚŸƨƖĦĲШůċŰċŊĲůĲŰƣШƽŔƣőŔŰШƣőĲШĦŸƨŰƣǃЯШ
ĲŰƚƨƖŔŰŊШƣőċƣШĬĲƻĲũŸƓůĲŰƣШċŰĬШŸƣőĲƖШċĦƣŔƻŔƣŔĲƚШĦŸŰƚŔĬĲƖШƣőĲШƓƖĲƚĲƖƻċƣŔŸŰШŸŉШĦƖŔƣŔĦċũШƽŔũĬũŔŉĲШ
őċĤŔƣċƣƚЮШÑőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůƓƖĲőĲŰƚŔƻĲШÂũċŰШŔŰƣĲŊƖċƣĲƚШƣőĲƚĲШĬĲƚŔŊŰċƣŔŸŰƚЯШƖĲǰĲĦƣŔŰŊШƣőĲШ
ĦŸƨŰƣǃѣƚШĦŸůůŔƣůĲŰƣШƣŸШƚƨƚƣċŔŰŔŰŊШċŰĬШƓƖŸƣĲĦƣŔŰŊШŰċƣŔƻĲШƚƓĲĦŔĲƚЯШŰċƣƨƖċũШĲĦŸƚǃƚƣĲůƚЯШċŰĬШ
ƖĲŊŔŸŰċũШĤŔŸĬŔƻĲƖƚŔƣǃЮ 

 
[ŔŊƨƖĲЮΦдΤΣдЮ~ċƓЮŸŉЮĦƖŔƣŔĦċũЮƽŔũĬũŔŉĲЮőċĤŔƣċƣЮƖĲũċƣŔƻĲЮƣŸЮƣƖĲċƣůĲŰƣЮċƖĲċƚдЮЮ 
 

  



  ΝΜΤ 

EŰƻŔƖŸŰůĲŰƣċũЮ9ŸŰƚĲƖƻċƣŔŸŰЮ ƖĲċƚЮрШBoulder County has designated Environmental Conservation 
Areas (ECAs) to safeguard regions of significant ecological value (Figure 3.11). These ECAs 
encompass diverse habitats and species, 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 acres - over 20% of Boulder County. This area serves as a vital habitat 
for species such as lynx, wolverine, elk, and bighorn sheep. It also contains old-growth forests and 
significant wetlands, including the Copeland Willow Carr Natural Area. Conservation efforts here 
have focused on protecting montane parklands and facilitating wildlife 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-growth ponderosa pine forests, elk winter 
concentration areas, and golden eagle nesting sites. The North Saint Vrain Creek is recognized as a 
Wild Trout Stream and supports a population of the rare plant Larimer aletes (Aletes humilis). 
Conservation initiatives have included land acquisitions and designations to prevent habitat 
degradation. The South Saint 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 values. ÑőĲƚĲШċƖĲċƚШыċŰĬШŸƣőĲƖƚьШƓƖŸƣĲĦƣШ
ĦƖŔƣŔĦċũШƖĲƚŸƨƖĦĲƚЯШŔŰĦũƨĬŔŰŊШƖċƖĲШƓũċŰƣШĦŸůůƨŰŔƣŔĲƚЯШƽĲƣũċŰĬƚЯШƖŔƓċƖŔċŰШǍŸŰĲƚЯШċŰĬШƽŔũĬũŔŉĲШőċĤŔƣċƣƚЯШ
ƽőŔũĲШƓƖŸƻŔĬŔŰŊШĲƚƚĲŰƣŔċũШőċĤŔƣċƣШĦŸŰŰĲĦƣŸƖƚШũŔŰťŔŰŊШƻċƖŔŸƨƚШũŔŉĲШǍŸŰĲƚШŉƖŸůШƓũċŔŰƚШƣŸШċũƓŔŰĲШ
ĲŰƻŔƖŸŰůĲŰƣƚЮ 



  ΝΜΥ 

 
Figure 3.11. Map of Environmental Conservation Areas relative to treatment areas.   
 

cŔŊőЮ7ŔŸĬŔƻĲƖƚŔƣǃЮ ƖĲċƚШы[ŔŊƨƖĲШΟЮΝΞьШрШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĬĲƚŔŊŰċƣĲШcŔŊőШ7ŔŸĬŔƻĲƖƚŔƣǃШ ƖĲċƚШыc7 ƚьШċƚШ
ƖĲŊŔŸŰƚШƣőċƣШƚƨƓƓŸƖƣШċШƖŔĦőШƻċƖŔĲƣǃШŸŉШŰċƣŔƻĲШƚƓĲĦŔĲƚЯШƖċƖĲШŸƖШƚĲŰƚŔƣŔƻĲШƓũċŰƣШċŰĬШċŰŔůċũШ
ĦŸůůƨŰŔƣŔĲƚЯШċŰĬШőŔŊőрƕƨċũŔƣǃШŰċƣƨƖċũШőċĤŔƣċƣƚЮШÑőĲƚĲШċƖĲċƚШċƖĲШŔĬĲŰƣŔǯĲĬШƣőƖŸƨŊőШƚĦŔĲŰƣŔǯĦШ
ƚƨƖƻĲǃƚШċŰĬШĲĦŸũŸŊŔĦċũШċƚƚĲƚƚůĲŰƣƚЯШŸŉƣĲŰШőŔŊőũŔŊőƣŔŰŊШƓũċĦĲƚШƽŔƣőШƨŰŔƕƨĲШŊĲŸũŸŊǃЯШőǃĬƖŸũŸŊǃЯШŸƖШ
ůŔĦƖŸĦũŔůċƣĲƚШƣőċƣШŉŸƚƣĲƖШĤŔŸũŸŊŔĦċũШƖŔĦőŰĲƚƚЮШÑőĲШc7 ШĬĲƚŔŊŰċƣŔŸŰШŔƚШƨƚĲĬШƣŸШŊƨŔĬĲШũċŰĬШƨƚĲШ
ƓũċŰŰŔŰŊЯШĦŸŰƚĲƖƻċƣŔŸŰШĲǭŸƖƣƚЯШċŰĬШƖĲƚŸƨƖĦĲШůċŰċŊĲůĲŰƣЯШőĲũƓŔŰŊШƓƖŸƣĲĦƣШƣőĲШĦŸƨŰƣǃќƚШĲĦŸũŸŊŔĦċũШ
ŔŰƣĲŊƖŔƣǃЮШìőŔũĲШƣőĲШĬĲƚŔŊŰċƣŔŸŰШŔƣƚĲũŉШĬŸĲƚШŰŸƣШŔůƓŸƚĲШƖĲŊƨũċƣŸƖǃШƖĲƚƣƖŔĦƣŔŸŰƚЯШŔƣШŔŰŉŸƖůƚШĦŸƨŰƣǃШ
ĬĲĦŔƚŔŸŰƚШċŰĬШĲŰĦŸƨƖċŊĲƚШĦŸŰƚĲƖƻċƣŔŸŰШƓċƖƣŰĲƖƚőŔƓƚШƽŔƣőШũċŰĬŸƽŰĲƖƚШċŰĬШŸƣőĲƖШƚƣċťĲőŸũĬĲƖƚЮ 

 

 



  ΝΜΦ 

 
Figure 3.12. Map of High Biodiversity Areas relative to treatment areas 
 

ÉŔŊŰŔǯĦċŰƣЮ ċƣƨƖċũЮ9ŸůůƨŰŔƣŔĲƚЮы[ŔŊƨƖĲШΟЮΝΟьШрШ7ŸƨũĬĲƖШ9ŸƨŰƣǃѣƚШÉŔŊŰŔǯĦċŰƣШ ċƣƨƖċũШ9ŸůůƨŰŔƣŔĲƚШ
ĬĲƚŔŊŰċƣŔŸŰШŔĬĲŰƣŔǯĲƚШċƖĲċƚШĦőċƖċĦƣĲƖŔǍĲĬШĤǃШĦƖŔƣŔĦċũШƓũċŰƣШċƚƚŸĦŔċƣŔŸŰƚШƣőċƣШċƖĲШũŔůŔƣĲĬШŔŰШ
ĬŔƚƣƖŔĤƨƣŔŸŰШċŰĬШŸĦĦƨƖƖĲŰĦĲЮШÑőĲƚĲШċƖĲċƚШŸŉƣĲŰШĲŰĦŸůƓċƚƚШůƨũƣŔƓũĲШŔůƓŸƖƣċŰƣШĲŰƻŔƖŸŰůĲŰƣċũШ
ƖĲƚŸƨƖĦĲƚШƣőċƣШĦŸрŸĦĦƨƖШċŰĬШŔŰƣĲƖċĦƣЯШŉĲċƣƨƖŔŰŊШƚƓĲĦŔĲƚШċŰĬШĲĦŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШƣőċƣШƖĲůċŔŰШ
ƖĲũċƣŔƻĲũǃШƨŰĬŔƚƣƨƖĤĲĬШĤǃШőƨůċŰШċĦƣŔƻŔƣŔĲƚЯШƣőƨƚШĲǂŔƚƣŔŰŊШŔŰШƣőĲŔƖШŰċƣƨƖċũШƚƣċƣĲЮШÑőĲШƓƖŔůċƖǃШŊŸċũШŸŉШ
ƣőŔƚШĬĲƚŔŊŰċƣŔŸŰШŔƚШƣŸШĦŸŰƚĲƖƻĲШċŰĬШƓƖĲƚĲƖƻĲШƣőĲƚĲШĦŸůůƨŰŔƣŔĲƚШƣŸШůċŔŰƣċŔŰШũŔƻŔŰŊШĲǂċůƓũĲƚШŸŉШ
ŰċƣƨƖċũШĲĦŸƚǃƚƣĲůƚЯШƓƖŸƻŔĬĲШċШĤċƚĲũŔŰĲШŉŸƖШƨŰĬĲƖƚƣċŰĬŔŰŊШĲĦŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШċŰĬШŉƨŰĦƣŔŸŰƚЯШċŰĬШ
ĲŰőċŰĦĲШƣőĲШƖĲŊŔŸŰѣƚШĤŔŸĬŔƻĲƖƚŔƣǃЮШ7ǃШƖĲĦŸŊŰŔǍŔŰŊШċŰĬШƓƖŸƣĲĦƣŔŰŊШƣőĲƚĲШƨŰŔƕƨĲШċƖĲċƚЯШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШċŔůƚШƣŸШƚƨƚƣċŔŰШƣőĲШĲĦŸũŸŊŔĦċũШŔŰƣĲŊƖŔƣǃШċŰĬШŰċƣƨƖċũШőĲƖŔƣċŊĲШŸŉШƣőĲШƖĲŊŔŸŰШŉŸƖШŉƨƣƨƖĲШ
ŊĲŰĲƖċƣŔŸŰƚЮ 



  ΝΝΜ 

 
Figure 3.13. Map of Significant Natural Communities relative to treatment areas. 
 

ìŔũĬũŔŉĲЮ~ŔŊƖċƣŔŸŰЮ9ŸƖƖŔĬŸƖƚЮы[ŔŊƨƖĲШΟЮΝΠьШрШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШ9ŸũŸƖċĬŸЯШőċƚШŔĬĲŰƣŔǯĲĬШċŰĬШĬĲƚŔŊŰċƣĲĬШ
ìŔũĬũŔŉĲШ~ŔŊƖċƣŔŸŰШ9ŸƖƖŔĬŸƖƚШċƚШƓċƖƣШŸŉШŔƣƚШĦŸůůŔƣůĲŰƣШƣŸШƓƖĲƚĲƖƻŔŰŊШĤŔŸĬŔƻĲƖƚŔƣǃШċŰĬШĲŰƚƨƖŔŰŊШƣőĲШ
őĲċũƣőШŸŉШŰċƣŔƻĲШƽŔũĬũŔŉĲШƓŸƓƨũċƣŔŸŰƚЮШÑőĲƚĲШĦŸƖƖŔĬŸƖƚШċƖĲШƚƓĲĦŔǯĦШċƖĲċƚШƣőċƣШŉċĦŔũŔƣċƣĲШƣőĲШƚĲċƚŸŰċũШ
ůŸƻĲůĲŰƣШŸŉШƽŔũĬũŔŉĲЯШƚƨĦőШċƚШĲũťШċŰĬШĬĲĲƖЯШĤĲƣƽĲĲŰШĲƚƚĲŰƣŔċũШőċĤŔƣċƣƚЮШ7ǃШƖĲĦŸŊŰŔǍŔŰŊШƣőĲƚĲШ
ƓċƣőƽċǃƚЯШƣőĲШĦŸƨŰƣǃШċŔůƚШƣŸШůċŔŰƣċŔŰШĲĦŸũŸŊŔĦċũШĦŸŰŰĲĦƣŔƻŔƣǃЯШċũũŸƽŔŰŊШƚƓĲĦŔĲƚШƣŸШċĦĦĲƚƚШ
ŰĲĦĲƚƚċƖǃШƖĲƚŸƨƖĦĲƚШũŔťĲШŉŸŸĬЯШƽċƣĲƖЯШċŰĬШĤƖĲĲĬŔŰŊШŊƖŸƨŰĬƚЯШƽőŔĦőШŔƚШƻŔƣċũШŉŸƖШƣőĲŔƖШƚƨƖƻŔƻċũШċŰĬШ
ƖĲƓƖŸĬƨĦƣŔŸŰЮ 



  ΝΝΝ 

 
[ŔŊƨƖĲЮΦдΤΧдЮ~ċƓЮŸŉЮìŔũĬũŔŉĲЮ~ŔŊƖċƣŔŸŰЮ9ŸƖƖŔĬŸƖƚЮƖĲũċƣŔƻĲЮƣŸЮƣƖĲċƣůĲŰƣЮċƖĲċƚд 
 

~ŸĬĲũĲĬШƖĲƚƨũƣƚШŔŰĬŔĦċƣĲĬШƣőċƣШƽőĲƖĲШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШƽĲƖĲШċƓƓũŔĲĬЯШƣőĲƖĲШŔƚШċШŊƖĲċƣĲƖШ
ƓƖŸƓŸƖƣŔŸŰШŸŉШƣƖĲċƣĲĬШċƖĲċƚШƣőċŰШƨŰƣƖĲċƣĲĬШċƖĲċƚШĲǂƓŸƚĲĬШƣŸШőŔŊőШƚĲƻĲƖŔƣǃШǯƖĲШċĦƖŸƚƚШċũũШƣőĲШƚƓĲĦŔċũШ
ċƖĲċШĬĲƚŔŊŰċƣŔŸŰƚШŔŰШƣőĲШǃĲċƖƚШыΞΜΞΤШċŰĬШΞΜΟΞьШŔůůĲĬŔċƣĲũǃШŉŸũũŸƽŔŰŊШƣƖĲċƣůĲŰƣƚШыÑċĤũĲШΟЮΟьЮШ
cŸƽĲƻĲƖЯШŸƻĲƖШƣőĲШũŸŰŊШƣĲƖůШыǃĲċƖШΞΜΟΤШƣŸШΞΜΠΤьЯШƣƖĲċƣĲĬШċƖĲċƚШőċĬШċШƖĲĬƨĦĲĬШĲǂƓŸƚƨƖĲШƣŸШőŔŊőр
ƚĲƻĲƖŔƣǃШǯƖĲШƽőĲŰШĦŸůƓċƖĲĬШƣŸШƨŰƣƖĲċƣĲĬШċƖĲċƚШы[ŔŊƨƖĲШΟЮΝΡьЮШ 

 

 

 



  ΝΝΞ 

ÑċĤũĲЮΦдΦдЮÉƨůůċƖǃЮŸŉЮƣőĲЮůŸĬĲũĲĬЮƓƖŸƓŸƖƣŔŸŰЮŸŉЮőŔŊőЮǯƖĲЮƚĲƻĲƖŔƣǃЮёċƖĲċƚЮƽŔƣőЮӈΪŉƣЮǰċůĲЮũĲŰŊƣőђЮĤĲƣƽĲĲŰЮ
ΥΣΤΪЮċŰĬЮΥΣΧΪЮƽŔƣőŔŰЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣƚЮċŰĬЮƖĲũċƣŔƻĲЮƣŸЮĬŔǭĲƖĲŰƣЮƚƓĲĦŔċũЮċƖĲċЮĬĲƚŔŊŰċƣŔŸŰƚдЮ 

 
 

 
[ŔŊƨƖĲЮΦдΤΨдЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮũŸŰŊЮƣĲƖůЮůĲċŰЮƓĲƖĦĲŰƣЮёΥΣΦΪЮƣŸЮΥΣΧΪђЮŸŉЮƣőĲЮƣƖĲċƣůĲŰƣЮŉŸŸƣƓƖŔŰƣЮĲǂƓŸƚĲĬЮƣŸЮ
őŔŊőцƚĲƻĲƖŔƣǃЮǯƖĲЮƽŔƣőŔŰЮƣőĲЮĦŸŰƣĲǂƣЮŸŉЮĬŔǭĲƖĲŰƣЮƚƓĲĦŔċũЮċƖĲċЮĬĲƚŔŊŰċƣŔŸŰƚеЮƣƖĲċƣĲĬЮċŰĬЮƨŰƣƖĲċƣĲĬеЮƽŔƣőŔŰЮ
7ŸƨũĬĲƖЮ9ŸƨŰƣǃеЮ9§д 
 

ÑőĲШůŸĬĲũŔŰŊШƖĲƚƨũƣƚШŔŰĬŔĦċƣŔŰŊШőŔŊőĲƖШǯƖĲШƚĲƻĲƖŔƣǃШŔůůĲĬŔċƣĲũǃШŉŸũũŸƽŔŰŊШŉƨĲũƚШƣƖĲċƣůĲŰƣƚШċƖĲШŰŸƣШ
ƨŰƨƚƨċũШŉŸƖШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚШĤĲĦċƨƚĲШƣƖĲċƣůĲŰƣƚЯШƚƨĦőШċƚШƣőŔŰŰŔŰŊШŸƖШůĲĦőċŰŔĦċũШĦũĲċƖŔŰŊШ
ċƖĲШŔůƓũĲůĲŰƣĲĬЯШŸŉƣĲŰШũĲċƻĲШĤĲőŔŰĬШċШƚŔŊŰŔǯĦċŰƣШċůŸƨŰƣШŸŉШƚƨƖŉċĦĲШĬĲĤƖŔƚШрШĦŸůůŸŰũǃШƖĲŉĲƖƖĲĬШƣŸШ
ċƚШѢƚũċƚőѢШрШŔŰĦũƨĬŔŰŊШĤƖċŰĦőĲƚЯШĤċƖťЯШċŰĬШŉŸũŔċŊĲЮШÑőŔƚШċĦĦƨůƨũċƣŔŸŰШŸŉШǯŰĲШċŰĬШĦŸċƖƚĲШŉƨĲũƚШŸŰШƣőĲШ

Special Area Designation (SAD)
Treatment 

Status
2017 2022 2027 2032 2037 2042 2047

Long-term 
Mean (2037 

to 2047)

Total 
SAD 

(Acres) 

Acres of 
Treatment 
Footprint 

within SAD

% of Treatment 
Footprint 

Within SAD

Treated 3 9 49 31 8 2 1 4
Untreated 2 6 8 7 7 10 10 9
Treated 3 7 44 25 7 3 2 4

Untreated 3 5 9 9 9 14 14 12
Treated 2 10 51 30 7 3 2 4

Untreated 3 6 9 9 9 13 13 12
Treated 3 10 46 28 9 3 1 4

Untreated 2 5 9 9 9 12 11 11
Treated 2 9 47 26 6 4 4 5

Untreated 2 5 10 10 10 14 13 12
Treated 2 9 44 27 5 2 1 3

Untreated 2 5 11 12 12 19 17 16
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7,395Wildlife Migration Corridors
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  ΝΝΟ 

ŉŸƖĲƚƣШǰŸŸƖШĦċŰШŔŰĦƖĲċƚĲШǯƖĲШŔŰƣĲŰƚŔƣǃШċŰĬШǰċůĲШũĲŰŊƣőЯШƓċƖƣŔĦƨũċƖũǃШŔŉШƣőĲШůċƣĲƖŔċũШŔƚШŰŸƣШƖĲůŸƻĲĬЯШ
ĦőŔƓƓĲĬЯШŸƖШĤƨƖŰĲĬШŔŰШŉŸũũŸƽрƨƓШƣƖĲċƣůĲŰƣƚШыÉĦŸƣƣЯШΞΜΝΞбШ7ċŰċĲƖŢĲĲШĲƣШċũЮЯШΞΜΞΜбШ?ċƻŔƚШĲƣШċũЮЯШΞΜΞΠьЮШ
ĬĬŔƣŔŸŰċũũǃЯШŸƓĲŰŔŰŊШƣőĲШŉŸƖĲƚƣШĦċŰŸƓǃШƣőƖŸƨŊőШƣƖĲĲШƖĲůŸƻċũШċũũŸƽƚШůŸƖĲШƽŔŰĬШċŰĬШƚƨŰũŔŊőƣШƣŸШ

ƖĲċĦőШƣőĲШƚƨƖŉċĦĲЯШƽőŔĦőШĦċŰШċĦĦĲũĲƖċƣĲШƣőĲШĬƖǃŔŰŊШŸŉШŉƨĲũƚШċŰĬШŔŰĦƖĲċƚĲШŸǂǃŊĲŰШċƻċŔũċĤŔũŔƣǃШĬƨƖŔŰŊШċШ
ǯƖĲЯШĤŸƣőШŸŉШƽőŔĦőШĦŸŰƣƖŔĤƨƣĲШƣŸШőŔŊőĲƖШǰċůĲШũĲŰŊƣőƚШы7ċŰĲƖŢĲĲЯШΞΜΞΜьЮШÑőĲШƖĲĬƨĦĲĬШƚőċĬŔŰŊШċũƚŸШ
ũŸƽĲƖƚШƚƨƖŉċĦĲШŉƨĲũШůŸŔƚƣƨƖĲЯШŉƨƖƣőĲƖШĲŰőċŰĦŔŰŊШǰċůůċĤŔũŔƣǃШы7ċŰĲƖŢĲĲШĲƣШċũЮЯШΞΜΞΜьЮШ ũƣőŸƨŊőШƣőĲƚĲШ
ƣƖĲċƣůĲŰƣƚШċƖĲШĲǭĲĦƣŔƻĲШċƣШƖĲĬƨĦŔŰŊШƣőĲШƖŔƚťШŸŉШőŔŊőрƚĲƻĲƖŔƣǃШĦƖŸƽŰШǯƖĲƚШŔŰШƣőĲШũŸŰŊШƣĲƖůЯШƣőĲШŔŰŔƣŔċũШ
ċŉƣĲƖůċƣőШĦċŰШƣĲůƓŸƖċƖŔũǃШĦƖĲċƣĲШĦŸŰĬŔƣŔŸŰƚШůŸƖĲШĦŸŰĬƨĦŔƻĲШƣŸШŔŰƣĲŰƚĲШƚƨƖŉċĦĲШǯƖĲƚЯШůċťŔŰŊШƚőŸƖƣр
ƣĲƖůШǯƖĲШĤĲőċƻŔŸƖШůŸƖĲШƚĲƻĲƖĲШƨŰƣŔũШƣőĲШƖĲƚŔĬƨċũШŉƨĲũƚШĤƖĲċťШĬŸƽŰШŸƖШċƖĲШŸƣőĲƖƽŔƚĲШůċŰċŊĲĬШ
7ċŰĲƖŢĲĲЯШΞΜΞΜьЮШ 

fŰƻċƚŔƻĲШÉƓĲĦŔĲƚ 
ÉĲƻĲƖĲШƽŔũĬǯƖĲƚШŸŉƣĲŰШĦƖĲċƣĲШĦŸŰĬŔƣŔŸŰƚШŉċƻŸƖċĤũĲШŉŸƖШƣőĲШƓƖŸũŔŉĲƖċƣŔŸŰШŸŉШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШы[ŸǂĦƖŸŉƣШ
ĲƣШċũЮЯШΞΜΝΟбШìċƚƚĲƖůċŰШċŰĬШ~ƨĲũũĲƖЯШΞΜΞΟьЮШ ŸŰрŰċƣŔƻĲШƓũċŰƣШƚƓĲĦŔĲƚЯШƓċƖƣŔĦƨũċƖũǃШǯƖĲрċĬċƓƣĲĬШ
ŔŰƻċĬĲƖƚШƚƨĦőШċƚШĦőĲċƣŊƖċƚƚШы7ƖŸůƨƚЮƣĲĦƣŸƖƨůьШċŰĬШÅƨƚƚŔċŰШƣőŔƚƣũĲШыÉċũƚŸũċЮƣƖċŊƨƚьЯШĲƚƣċĤũŔƚőШ
ƕƨŔĦťũǃШċŉƣĲƖШƽŔũĬǯƖĲƚШċŰĬШċũƣĲƖШǯƖĲШƖĲŊŔůĲƚШĤǃШŔŰĦƖĲċƚŔŰŊШŉƨĲũШũŸċĬƚШċŰĬШǯƖĲШƖĲƣƨƖŰШŔŰƣĲƖƻċũƚШ
ы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШìŔũĬǯƖĲƚШĬŔƚƖƨƓƣШŰċƣŔƻĲШƓũċŰƣШĦŸůůƨŰŔƣŔĲƚШċŰĬШĦƖĲċƣĲШŸƓĲŰШŰŔĦőĲƚШ
ƣőċƣШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƨƣŔũŔǍĲШыEƓƚƣĲŔŰШĲƣШċũЮЯШΞΜΞΠьЮШ[ŔƖĲрċĬċƓƣĲĬШŔŰƻċƚŔƻĲƚЯШũŔťĲШĦőĲċƣŊƖċƚƚШċŰĬШ
ťŸĦőŔċШы7ċƚƚŔċЮƚĦŸƓċƖŔċьЯШƓƖŸƚƓĲƖШŔŰШĤƨƖŰĲĬШċƖĲċƚЯШŸƨƣĦŸůƓĲƣŔŰŊШŰċƣŔƻĲШƻĲŊĲƣċƣŔŸŰШċŰĬШŉŸƖůŔŰŊШ
ĦŸŰƣŔŰƨŸƨƚШŉƨĲũШĤĲĬƚШƣőċƣШŉċĦŔũŔƣċƣĲШƖĲĦƨƖƖĲŰƣШǯƖĲƚШы[ŸǂĦƖŸŉƣШĲƣШċũЮЯШΞΜΝΟбШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШ
ΞΜΞΠьЮШÉƣƨĬŔĲƚШŔŰĬŔĦċƣĲШƣőċƣШőŔŊőрƚĲƻĲƖŔƣǃШĤƨƖŰƚШĦƖĲċƣĲШŔĬĲċũШĦŸŰĬŔƣŔŸŰƚШŉŸƖШŰŸŰрŰċƣŔƻĲШŊƖċƚƚШ
ĬŸůŔŰċŰĦĲЯШƽőŔĦőШŔŰĦƖĲċƚĲƚШƣőĲШũŔťĲũŔőŸŸĬШŸŉШŉƖĲƕƨĲŰƣЯШŉċƚƣШůŸƻŔŰŊШċŰĬШőŔŊőрŔŰƣĲŰƚŔƣǃШƽŔũĬǯƖĲƚШ
ыéƨťŸůċŰŸƻŔĦШċŰĬШÉƣĲĲũůċŰЯШΞΜΝΦьЮШÑőŔƚШǯƖĲрŔŰƻċƚŔƻĲШŉĲĲĬĤċĦťШũŸŸƓШĦċŰШũĲċĬШƣŸШƚŔŊŰŔǯĦċŰƣШ
ĲĦŸƚǃƚƣĲůШƣƖċŰƚŔƣŔŸŰƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШÂŸŰĬĲƖŸƚċШÂŔŰĲШċŰĬШůŔǂĲĬрĦŸŰŔŉĲƖШŉŸƖĲƚƣƚШыìċƚƚĲƖůċŰШċŰĬШ
~ƨĲũũĲƖЯШΞΜΞΟьЮ 

ÂŸƚƣрǯƖĲШũċŰĬƚĦċƓĲƚШċƖĲШƓƖŸŰĲШƣŸШƚŸŔũШĲƖŸƚŔŸŰШċŰĬШőǃĬƖŸƓőŸĤŔĦŔƣǃЯШƽŸƖƚĲŰŔŰŊШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШ
ƚƓƖĲċĬЮШfŰƻċƚŔƻĲШƓũċŰƣƚШĬĲŊƖċĬĲШƚŸŔũЯШŔŰĦƖĲċƚĲШƚĲĬŔůĲŰƣШũŸċĬƚЯШċŰĬШƖĲĬƨĦĲШůŸŔƚƣƨƖĲШƖĲƣĲŰƣŔŸŰШыÂċƨũШ
ĲƣШċũЮЯШΞΜΞΞбШEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮШ9ŸũŸƖċĬŸѣƚШ[ƖŸŰƣШÅċŰŊĲШƚőŸƽƚШƨŰƣƖĲċƣĲĬШŉŸƖĲƚƣƚШŊĲŰĲƖċƣĲШƨƓШƣŸШΡΜӖШ
ůŸƖĲШƚĲĬŔůĲŰƣШƖƨŰŸǭШƣőċŰШƣƖĲċƣĲĬШċƖĲċƚЮШÑőŔƚШĬĲŊƖċĬċƣŔŸŰШŉċƻŸƖƚШŔŰƻċƚŔƻĲШƓũċŰƣƚЯШċũũŸƽŔŰŊШƕƨŔĦťĲƖШ
ĲƚƣċĤũŔƚőůĲŰƣШŔŰШĬŔƚƣƨƖĤĲĬШƚŸŔũƚЮШéĲŊĲƣċƣŔŸŰШƖĲĦŸƻĲƖǃШƻċƖŔĲƚШƽŔƣőШǯƖĲШƚĲƻĲƖŔƣǃЯШĦũŔůċƣĲЯШċŰĬШŔŰƻċƚŔƻĲШ
ƓƖĲƚĲŰĦĲШыEƓƚƣĲŔŰШĲƣШċũЮЯШΞΜΞΠьЮШ ŸƖƣőĲƖŰШÅŸĦťǃШ~ŸƨŰƣċŔŰƚШƖĲƚĲċƖĦőШŔŰĬŔĦċƣĲƚШΥΡӖШƖĲŊĲŰĲƖċƣŔŸŰШŔŰШ
ĤƨƖŰĲĬШċƖĲċƚЯШĤƨƣШƚŔƣĲƚШƽŔƣőШůƨũƣŔƓũĲШĤƨƖŰƚШƚőŸƽШƚũŸƽĲƖШƖĲŊƖŸƽƣőЮШ9ŸũŸƖċĬŸШƚƨƖƻĲǃƚШŔĬĲŰƣŔŉǃШ
ÅƨƚƚŔċŰШƣőŔƚƣũĲШċŰĬШĬŔǭƨƚĲШťŰċƓƽĲĲĬШċƚШĬŸůŔŰċŰƣШĦŸũŸŰŔǍĲƖƚШŔŰШőŔŊőрƚĲƻĲƖŔƣǃШĤƨƖŰШƚŔƣĲƚШы7ŸƨũĬĲƖШ
9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЯШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШĤƖŸċĬĲƖШìĲƚƣĲƖŰШÖЮÉЮШƚƣƨĬŔĲƚШŸŰШƚƣƖƨŊŊũŔŰŊШŰċƣŔƻĲШƚƓĲĦŔĲƚШ
ƖĲŊĲŰĲƖċƣŔŸŰШŔŰШƨŰƣƖĲċƣĲĬЯШőŔŊőрƚĲƻĲƖŔƣǃШĤƨƖŰШċƖĲċƚШыìċƚƚĲƖůċŰШċŰĬШ~ƨĲũũĲƖЯШΞΜΞΟьЮ 

EǭĲĦƣŔƻĲШƓŸƚƣрǯƖĲШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШůċŰċŊĲůĲŰƣШƣǃƓŔĦċũũǃШƖĲƕƨŔƖĲƚШċШĦŸůĤŔŰċƣŔŸŰШŸŉШůĲĦőċŰŔĦċũШ
ƖĲůŸƻċũЯШőĲƖĤŔĦŔĬĲШċƓƓũŔĦċƣŔŸŰЯШċŰĬШŰċƣŔƻĲШƚƓĲĦŔĲƚШƖĲƚƣŸƖċƣŔŸŰШы[ŸǂĦƖŸŉƣШĲƣШċũЮЯШΞΜΝΟбШÂċũċŔŸũŸŊŸƨШĲƣШ
ċũЮЯШΞΜΞΜьЮШÑċƖŊĲƣĲĬШƖĲůŸƻċũШĲǭŸƖƣƚШċƖĲШĦƖŔƣŔĦċũШŔŰШůŔƣŔŊċƣŔŰŊШǯƖĲрċĬċƓƣĲĬШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƚƨĦőШċƚШ
ĦőĲċƣŊƖċƚƚШċŰĬШťŸĦőŔċШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШ~ĲĦőċŰŔĦċũШƖĲůŸƻċũШċŰĬШőĲƖĤŔĦŔĬĲШ
ċƓƓũŔĦċƣŔŸŰШőċƻĲШƓƖŸƻĲŰШĲǭĲĦƣŔƻĲШŔŰШƖĲĬƨĦŔŰŊШŔŰƻċƚŔƻĲШƓũċŰƣШŉƨĲũШũŸċĬƚШы[ŸǂĦƖŸŉƣШĲƣШċũЮЯШΞΜΝΟьЯШ
ċũƣőŸƨŊőШƣőĲШũŸŰŊрƣĲƖůШŔůƓċĦƣƚШőĲƖĤŔĦŔĬĲƚШŸŰШŰċƣŔƻĲШƚƓĲĦŔĲƚШƖĲĦƖƨŔƣůĲŰƣШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ƖĲůċŔŰƚШũċĦťŔŰŊШы7ƖĲƣƣШuĲŰĦċŔƖŰЯШƓĲƖƚЮШĦŸůůьЮШÂƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШĦċŰШƚƨƓƓƖĲƚƚШǯƖĲрċĬċƓƣĲĬШŔŰƻċƚŔƻĲШ
ƚƓĲĦŔĲƚЯШƣőŸƨŊőШƣőĲŔƖШĲǭŔĦċĦǃШŔƚШƚŔƣĲрĬĲƓĲŰĬĲŰƣШыÅŸĤŔŰƚŸŰШĲƣШċũЮЯШΞΜΝΠьЮШÉƣƖċƣĲŊŔĦШŰċƣŔƻĲШƚƓĲĦŔĲƚШ
ƖĲƓũċŰƣŔŰŊШĲǭŸƖƣƚШƓŸƚƣрǯƖĲШĦċŰШŸƨƣĦŸůƓĲƣĲШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШċŰĬШĲŰőċŰĦĲШĲĦŸƚǃƚƣĲůШƖĲĦŸƻĲƖǃШ
ыéƨťŸůċŰŸƻŔĦШċŰĬШÉƣĲĲũůċŰЯШΞΜΝΦьЮШÂƖĲƚĦƖŔĤĲĬШǯƖĲШőċƚШĤĲĲŰШƚƨĦĦĲƚƚŉƨũũǃШŔůƓũĲůĲŰƣĲĬШŔŰШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШƣŸШƖĲĬƨĦĲШŔŰƻċƚŔƻĲШŊƖċƚƚШŉƨĲũШũŸċĬƚЯШĲǭĲĦƣŔƻĲũǃШũŸƽĲƖŔŰŊШƽŔũĬǯƖĲШƖŔƚťШċŰĬШŔůƓƖŸƻŔŰŊШŰċƣŔƻĲШ



  ΝΝΠ 

ƓũċŰƣШƖĲĦŸƻĲƖǃШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШcŸƽĲƻĲƖЯШĦŸŰƣƖŸũũĲĬШĤƨƖŰƚШůƨƚƣШĤĲШĦċƖĲŉƨũũǃШƣŔůĲĬШƣŸШ
ċƻŸŔĬШĲǂċĦĲƖĤċƣŔŰŊШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĲǂƓċŰƚŔŸŰШыÂċũċŔŸũŸŊŸƨШĲƣШċũЮЯШΞΜΞΜьЮ 

fŰƣĲŊƖċƣŔŰŊШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƖĲůŸƻċũШŔŰƣŸШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓũċŰƚШŔƚШĦƖƨĦŔċũШŉŸƖШƖĲĬƨĦŔŰŊШũŸŰŊрƣĲƖůШ
ǯƖĲШƖŔƚťШы[ŸǂĦƖŸŉƣШĲƣШċũЮЯШΞΜΝΟьЮШÅĲŔŰƣƖŸĬƨĦŔŰŊШŰċƣŔƻĲШƚƓĲĦŔĲƚШƓŸƚƣрǯƖĲШĲŰőċŰĦĲƚШĲĦŸƚǃƚƣĲůШ
ƖĲƚŔũŔĲŰĦĲШċŰĬШƓƖĲƻĲŰƣƚШĲĦŸƚǃƚƣĲůШĦŸŰƻĲƖƚŔŸŰШƣŸШŔŰƻċƚŔƻĲрĬŸůŔŰċƣĲĬШũċŰĬƚĦċƓĲƚШыéƨťŸůċŰŸƻŔĦШ
ċŰĬШÉƣĲĲũůċŰЯШΞΜΝΦьЮШxŸŰŊрƣĲƖůШůŸŰŔƣŸƖŔŰŊШŸŉШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƓŸƚƣрƽŔũĬǯƖĲШŔƚШŰĲĦĲƚƚċƖǃШƣŸШ
ĲƻċũƨċƣĲШƣőĲШĲǭĲĦƣŔƻĲŰĲƚƚШŸŉШůċŰċŊĲůĲŰƣШŔŰƣĲƖƻĲŰƣŔŸŰƚШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮШ ƚƚĲƚƚŔŰŊШƣőĲШƖŸũĲШŸŉШ
ĦũŔůċƣĲШĦőċŰŊĲШŔŰШċũƣĲƖŔŰŊШǯƖĲШƖĲŊŔůĲƚШċŰĬШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĬŸůŔŰċŰĦĲШŔŰШÅŸĦťǃШ~ŸƨŰƣċŔŰШ
ĲĦŸƚǃƚƣĲůƚШŔƚШĦƖŔƣŔĦċũШŉŸƖШĬĲƻĲũŸƓŔŰŊШċĬċƓƣŔƻĲШůċŰċŊĲůĲŰƣШƚƣƖċƣĲŊŔĲƚШыìċƚƚĲƖůċŰШċŰĬШ~ƨĲũũĲƖЯШ
ΞΜΞΟьЮ 

[ƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШċŰĬШƓŸƚƣрǯƖĲШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĦŸŰƣƖŸũШċƖĲШŔŰƣĲŊƖċũШƚƣƖċƣĲŊŔĲƚШŉŸƖШ
ċĬĬƖĲƚƚŔŰŊШƣőĲШĲĦŸũŸŊŔĦċũШĦőċũũĲŰŊĲƚШƓŸƚĲĬШĤǃШŔŰĦƖĲċƚŔŰŊũǃШƚĲƻĲƖĲШƽŔũĬǯƖĲƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲШΞΜΞΠШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШìŔũĬǯƖĲШ
ÂƖŸƣĲĦƣŔŸŰШÂũċŰШы7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЯШΞΜΞΠьЯШŉƨĲũШƣƖĲċƣůĲŰƣƚШƚƨĦőШċƚШůĲĦőċŰŔĦċũШƣőŔŰŰŔŰŊЯШ
ƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊЯШċŰĬШƣċƖŊĲƣĲĬШƻĲŊĲƣċƣŔŸŰШůċŰċŊĲůĲŰƣШċƖĲШĲƚƚĲŰƣŔċũШŉŸƖШĦƖĲċƣŔŰŊШƖĲƚŔũŔĲŰƣШ
ũċŰĬƚĦċƓĲƚШƣőċƣШĦċŰШƽŔƣőƚƣċŰĬШċŰĬШƖĲĦŸƻĲƖШŉƖŸůШǯƖĲЯШĬƖŸƨŊőƣЯШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚЯШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШ
ĬŔƚƣƨƖĤċŰĦĲƚЮШÑőĲƚĲШƣƖĲċƣůĲŰƣƚШőĲũƓШƖĲĬƨĦĲШőċǍċƖĬŸƨƚШŉƨĲũШũŸċĬƚЯШƣőĲƖĲĤǃШĬĲĦƖĲċƚŔŰŊШǯƖĲШŔŰƣĲŰƚŔƣǃШ
ċŰĬШƣőĲШũŔťĲũŔőŸŸĬШŸŉШũċƖŊĲЯШőŔŊőрƚĲƻĲƖŔƣǃШƽŔũĬǯƖĲƚШƣőċƣШĬŔƚƖƨƓƣШĲĦŸƚǃƚƣĲůШƓƖŸĦĲƚƚĲƚШċŰĬШŔŰĦƖĲċƚĲШ
ƚƨƚĦĲƓƣŔĤŔũŔƣǃШƣŸШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚЮШÑőĲШƓũċŰШƖĲĦŸůůĲŰĬƚШĦŸůĤŔŰŔŰŊШƓƖĲрǯƖĲШŉƨĲũШƣƖĲċƣůĲŰƣƚШƽŔƣőШ
ƓŸƚƣрǯƖĲШƖĲƚƣŸƖċƣŔŸŰШƣŸШĲǭĲĦƣŔƻĲũǃШƓƖĲƻĲŰƣШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĲƚƣċĤũŔƚőůĲŰƣШċŰĬШƣŸШƚƨƓƓŸƖƣШŰċƣŔƻĲШ
ƓũċŰƣШċŰĬШƽŔũĬũŔŉĲШőċĤŔƣċƣШƖĲĦŸƻĲƖǃЮШÑőŔƚШŔŰƣĲŊƖċƣĲĬШċƓƓƖŸċĦőШŔƚШƚƨƓƓŸƖƣĲĬШĤǃШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШ
őŔƚƣŸƖǃШŸŉШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШċĦĦŸůƓũŔƚőůĲŰƣƚШċŰĬШŔŰƻċƚŔƻĲШĦŸŰƣƖŸũШĲǭŸƖƣƚШŸŰШƓƨĤũŔĦШũċŰĬƚШƚƨĦőШċƚШ
cċũũШÅċŰĦőШċŰĬШcĲŔũШéċũũĲǃШÅċŰĦőЮШfŰШƚƨůůċƖǃЯШƣőĲШΞΜΞΠШ9ìÂÂШƨŰĬĲƖƚĦŸƖĲƚШƣőċƣШŉƨĲũШƣƖĲċƣůĲŰƣƚШ
ċŰĬШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĦŸŰƣƖŸũШċƖĲШŰŸƣШƚƣċŰĬċũŸŰĲШċĦƣŔŸŰƚЯШĤƨƣШĦŸůƓũĲůĲŰƣċƖǃШƣŸŸũƚШŔŰШċШũċƖŊĲƖЯШ
ċĬċƓƣŔƻĲШůċŰċŊĲůĲŰƣШƚƣƖċƣĲŊǃШĬĲƚŔŊŰĲĬШƣŸШŉŸƚƣĲƖШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲЯШƓƖŸƣĲĦƣШĤŔŸĬŔƻĲƖƚŔƣǃЯШċŰĬШ
ƚƨƓƓŸƖƣШũŸŰŊрƣĲƖůШŉŸƖĲƚƣШċŰĬШŊƖċƚƚũċŰĬШőĲċũƣőШŔŰШƣőĲШŉċĦĲШŸŉШŊƖŸƽŔŰŊШƽŔũĬǯƖĲШƣőƖĲċƣƚЮ 

fŰШĦŸŰĦũƨƚŔŸŰЯШƣőĲШƓƖŸũŔŉĲƖċƣŔŸŰШŸŉШǯƖĲрċĬċƓƣĲĬШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШŔŰШƓŸƚƣрǯƖĲШũċŰĬƚĦċƓĲƚШƓƖĲƚĲŰƣƚШ
ƚŔŊŰŔǯĦċŰƣШĲĦŸũŸŊŔĦċũШċŰĬШůċŰċŊĲůĲŰƣШĦőċũũĲŰŊĲƚЮШfŰШ9ŸũŸƖċĬŸШċŰĬШƣőĲШÅŸĦťǃШ~ŸƨŰƣċŔŰƚЯШƣċƖŊĲƣĲĬШ
ŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШĦŸŰƣƖŸũЯШƓƖĲƚĦƖŔĤĲĬШǯƖĲЯШċŰĬШƚƣƖċƣĲŊŔĦШƖĲƓũċŰƣŔŰŊШċƖĲШĲƚƚĲŰƣŔċũШŉŸƖШůċŔŰƣċŔŰŔŰŊШũŸŰŊр
ƣĲƖůШĲĦŸƚǃƚƣĲůШƖĲƚŔũŔĲŰĦĲЮШ7ǃШŔůƓũĲůĲŰƣŔŰŊШċĬċƓƣŔƻĲШůċŰċŊĲůĲŰƣШċŰĬШĦŸŰƣŔŰƨĲĬШƖĲƚĲċƖĦőЯШũċŰĬШ
ůċŰċŊĲƖƚШĦċŰШůŔƣŔŊċƣĲШƣőĲШũŸŰŊрƣĲƖůШĲĦŸũŸŊŔĦċũШŔůƓċĦƣƚШŸŉШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШŸŰШƽŔũĬǯƖĲрƓƖŸŰĲШ
ũċŰĬƚĦċƓĲƚЮШìŔũĬǯƖĲШƓŸƚĲƚШƚŔŊŰŔǯĦċŰƣШĦőċũũĲŰŊĲƚШƣŸШĤŔŸĬŔƻĲƖƚŔƣǃШĦŸŰƚĲƖƻċƣŔŸŰЯШƓċƖƣŔĦƨũċƖũǃШŔŰШ
ƚĲŰƚŔƣŔƻĲШŸƖШŉƖċŊůĲŰƣĲĬШőċĤŔƣċƣƚЮШcŔŊőрƚĲƻĲƖŔƣǃШǯƖĲƚШĦƖĲċƣĲШĲĦŸũŸŊŔĦċũШŰŔĦőĲƚШĦŸŰĬƨĦŔƻĲШƣŸШƣőĲШ
ƚƓƖĲċĬШŸŉШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƚƨĦőШċƚШĦőĲċƣŊƖċƚƚШċŰĬШÅƨƚƚŔċŰШƣőŔƚƣũĲЯШƽőŔĦőШċũƣĲƖШǯƖĲШƖĲŊŔůĲƚШċŰĬШ
ĬŔƚƖƨƓƣШŰċƣŔƻĲШƚƨĦĦĲƚƚŔŸŰċũШƓċƣőƽċǃƚЮШÖŰƣƖĲċƣĲĬШƚƣċŰĬƚШőċƻĲШƓƖŸƻĲŰШĬŔƚƓƖŸƓŸƖƣŔŸŰċƣĲũǃШƻƨũŰĲƖċĤũĲШ
ƣŸШƣőĲƚĲШĬǃŰċůŔĦƚЯШŊĲŰĲƖċƣŔŰŊШċШŉĲĲĬĤċĦťШũŸŸƓШƽőĲƖĲŔŰШŔŰƻċƚŔƻĲШƚƓĲĦŔĲƚШƓĲƖƓĲƣƨċƣĲШŔŰĦƖĲċƚĲĬШǯƖĲШ
ƚĲƻĲƖŔƣǃЮШ7ǃШĦŸŰƣƖċƚƣЯШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШŰŸƣШŸŰũǃШĬŔůŔŰŔƚőШƣőĲШũŔťĲũŔőŸŸĬШŸŉШƚĲƻĲƖĲШĤƨƖŰƚШĤƨƣШ
ċũƚŸШĦƨƖƣċŔũШƣőĲШƓŸƚƣрǯƖĲШĲƚƣċĤũŔƚőůĲŰƣШŸŉШŔŰƻċƚŔƻĲШƣċǂċШĤǃШũŔůŔƣŔŰŊШƣőĲШĲǂƣĲŰƣШŸŉШƚŸŔũШċŰĬШĦċŰŸƓǃШ
ĬŔƚƣƨƖĤċŰĦĲƚЮШ~ċŰċŊĲůĲŰƣШƚƣƖċƣĲŊŔĲƚШрШŔŰĦũƨĬŔŰŊШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚЯШůĲĦőċŰŔĦċũШƖĲůŸƻċũЯШċŰĬШ
ƖĲƓũċŰƣŔŰŊШŰċƣŔƻĲШƻĲŊĲƣċƣŔŸŰШрШőċƻĲШĬĲůŸŰƚƣƖċƣĲĬШƚƨĦĦĲƚƚШŔŰШƚƨƚƣċŔŰŔŰŊШƚƓĲĦŔĲƚШĬŔƻĲƖƚŔƣǃШċŰĬШ
ůċŔŰƣċŔŰŔŰŊШőċĤŔƣċƣШŉƨŰĦƣŔŸŰċũŔƣǃЮ 

éĲŊĲƣċƣŔŸŰШÑǃƓĲШ9ŸŰƻĲƖƚŔŸŰШ 
ìŔũĬǯƖĲШƓũċǃƚШċШƓŔƻŸƣċũШƖŸũĲШŔŰШƚőċƓŔŰŊШĲĦŸƚǃƚƣĲůƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШǯƖĲрċĬċƓƣĲĬШũċŰĬƚĦċƓĲƚШƚƨĦőШċƚШ
ƣőĲШÅŸĦťǃШ~ŸƨŰƣċŔŰƚЯШ9ŸũŸƖċĬŸЯШċŰĬШÂŸŰĬĲƖŸƚċШÂŔŰĲШŉŸƖĲƚƣƚЮШcŸƽĲƻĲƖЯШƚőŔŉƣƚШŔŰШǯƖĲШŉƖĲƕƨĲŰĦǃШċŰĬШ
ƚĲƻĲƖŔƣǃШрШĬƖŔƻĲŰШĤǃШĦũŔůċƣĲШĦőċŰŊĲЯШőŔƚƣŸƖŔĦċũШǯƖĲШƚƨƓƓƖĲƚƚŔŸŰЯШċŰĬШċŰƣőƖŸƓŸŊĲŰŔĦШũċŰĬШƨƚĲШрШőċƻĲШ



  ΝΝΡ 

ƨƓƚĲƣШƣőĲШƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШǯƖĲШċŰĬШĤŔŸĬŔƻĲƖƚŔƣǃЮШ[ŔƖĲШƖĲŊŔůĲƚШыƣőĲШƣǃƓĲЯШŉƖĲƕƨĲŰĦǃЯШŔŰƣĲŰƚŔƣǃЯШ
ƚĲċƚŸŰċũŔƣǃЯШċŰĬШƚƓċƣŔċũШĬŔůĲŰƚŔŸŰƚШŸŉШƖĲĦƨƖƖĲŰƣШǯƖĲьШƽŔƣőŔŰШċШŰŸƖůċũШƖċŰŊĲШŸŉШƻċƖŔċĤŔũŔƣǃШőĲũƓШƣŸШ
ůċŔŰƣċŔŰШĤŔŸĬŔƻĲƖƚŔƣǃЯШŔŰШƓċƖƣШƣőƖŸƨŊőШƣőĲШĦƖĲċƣŔŸŰШŸŉШőĲƣĲƖŸŊĲŰĲŸƨƚШũċŰĬƚĦċƓĲШůŸƚċŔĦƚШы ċƚŔШĲƣШċũЮЯШ
ΞΜΜΞбШuĲũũǃЯШΞΜΞΜьЮШcŸƽĲƻĲƖЯШƚƨĤƚƣċŰƣŔċũШƚőŔŉƣƚШŔŰШƣőĲШƚĲƻĲƖŔƣǃШŸŉШƽŔũĬǯƖĲШĦċŰШŰĲŊċƣŔƻĲũǃШŔůƓċĦƣШ
ƻĲŊĲƣċƣŔŸŰШĦŸůůƨŰŔƣŔĲƚШċŰĬШƣőĲШċŰŔůċũШƓŸƓƨũċƣŔŸŰƚШƣőċƣШĬĲƓĲŰĬШŸŰШƣőĲůШыuĲũũǃШĲƣШċũЮЯШΞΜΞΜьЮШ[ŸƖШ
ĲǂċůƓũĲЯШŔŰШŉŸƖĲƚƣƚЯШċШůŸƖĲШŉƖĲƕƨĲŰƣШċŰĬШŔŰƣĲŰƚĲШǯƖĲШƖĲŊŔůĲШĦċŰШŔůƓĲĬĲШƓũċŰƣШƚƨĦĦĲƚƚŔŸŰЯШƚƨĦőШċƚШ
ċШƚőƖƨĤШĦŸůůƨŰŔƣǃЯШŔŰƚƣĲċĬШŸŉШůċƣƨƖŔŰŊШƣŸШċШĦũŔůċǂШŉŸƖĲƚƣЮШÖũƣŔůċƣĲũǃЯШŸƻĲƖШƣőĲШũŸŰŊрƣĲƖůЯШƣőŔƚШĦċŰШ
ƖĲƚƨũƣШŔŰШċШƓĲƖůċŰĲŰƣШљƻĲŊĲƣċƣŔŸŰШƣǃƓĲШĦŸŰƻĲƖƚŔŸŰњШŉƖŸůШŉŸƖĲƚƣШƣŸШŰŸŰрŉŸƖĲƚƣЯШƚŸůĲƣőŔŰŊШƣőċƣШőċƚШ
ĤĲĲŰШŸĦĦƨƖƖŔŰŊШŔŰШƖĲĦĲŰƣШǃĲċƖƚШƣőƖŸƨŊőŸƨƣШƣőĲШƽĲƚƣĲƖŰЯШċŰĬШƓċƖƣŔĦƨũċƖũǃШƣőĲШƚŸƨƣőƽĲƚƣĲƖŰЯШÖŰŔƣĲĬШ
ÉƣċƣĲƚШы]ƨŔƣĲƖůċŰШĲƣШċũЮШΞΜΞΞьЮШ[ŸƖШŰċƣŔƻĲШċŰŔůċũƚЯШůŸƖĲШŉƖĲƕƨĲŰƣШċŰĬоŸƖШŔŰƣĲŰƚĲШǯƖĲШƖĲŊŔůĲƚШ
ыƓċƖƣŔċũũǃШĬƨĲШƣŸШĦũŔůċƣĲШĦőċŰŊĲьШĦċŰШƖĲĬƨĦĲШƣőĲШċƻċŔũċĤŔũŔƣǃШŸŉШŉŸŸĬШċŰĬШƚőĲũƣĲƖЯШũŔůŔƣŔŰŊШċШ
ƓŸƓƨũċƣŔŸŰќƚШĦċƓċĦŔƣǃШƣŸШƖĲĦŸũŸŰŔǍĲШċШƓċƖƣŔĦƨũċƖШőċĤŔƣċƣШŉŸƖШċŰШĲǂƣĲŰĬĲĬШƓĲƖŔŸĬШыÉőċǭĲƖШĲƣШċũЮШΞΜΝΥьЮШ
ÑőċƣШĦċŰШĤĲШƓċƖƣŔĦƨũċƖũǃШŰŸƣċĤũĲШŸŰШŸũĬШŊƖŸƽƣőШƚƓĲĦŔĲƚШыÅŸĦťƽĲŔƣШĲƣШċũЮЯШΞΜΝΤьЮШ 

[ƖŸůШċШũċŰĬƚĦċƓĲШĲĦŸũŸŊǃШƓĲƖƚƓĲĦƣŔƻĲЯШŔŰĦƖĲċƚŔŰŊШƚĲƻĲƖŔƣǃШŸŉШƽŔũĬǯƖĲШĦċŰШĤĲШƚĲĲŰШƣŸШĦŸŰƣƖŔĤƨƣĲШƣŸШ
ƣőĲШƓƖŸĤũĲůШŸŉШőċĤŔƣċƣШŉƖċŊůĲŰƣċƣŔŸŰЮШfŰƣĲŰƚĲШǯƖĲШőċƚШĤĲĲŰШŉŸƨŰĬШƣŸШĦƖĲċƣĲШĲĬŊĲƚШċŰĬШĬƖŔƻĲƚШĲĬŊĲШ
ĲǭĲĦƣƚЯШƣŸШċǭĲĦƣШƓċƣĦőШƕƨċũŔƣǃЯШċŰĬШƣŸШƚŔŊŰŔǯĦċŰƣũǃШċũƣĲƖШĦŸŰŰĲĦƣŔƻŔƣǃбШŉƨƖƣőĲƖůŸƖĲЯШƽőĲƖĲШ
ŉƖċŊůĲŰƣċƣŔŸŰШŔƚШċũƖĲċĬǃШƓƖĲƚĲŰƣЯШƽŔũĬǯƖĲШĦċŰШŔŰƣĲƖċĦƣШƽŔƣőШŔƣШƚǃŰĲƖŊŔƚƣŔĦċũũǃЯШůƨũƣŔƓũŔĦċƣŔƻĲũǃЯШ
ċŰƣċŊŸŰŔƚƣŔĦċũũǃШŸƖШċĬĬŔƣŔƻĲũǃЯШŔŰШƚŸůĲШĦċƚĲƚШũĲċĬŔŰŊШƣŸШũŸĦċũШĲǂƣŔŰĦƣŔŸŰƚШы?ƖŔƚĦŸũũШĲƣШċũЮШΞΜΞΝьЮШ
ÖũƣŔůċƣĲũǃЯШŔŰĦƖĲċƚĲĬШŉƖċŊůĲŰƣċƣŔŸŰШƣőƖŸƨŊőШǯƖĲШůċǃШĤĲŰĲǯƣШĲĬŊĲШƚƓĲĦŔĲƚШĤƨƣШƽŔũũШċũůŸƚƣШĦĲƖƣċŔŰũǃШ
ŰĲŊċƣŔƻĲũǃШŔůƓċĦƣШŔŰƣĲƖŔŸƖШƚƓĲĦŔĲƚЮШ 

ÑőĲƖĲШŔƚШĦŸŰƚŔĬĲƖċĤũĲШƻċƖŔċƣŔŸŰЯШőŸƽĲƻĲƖЯШŔŰШőŸƽШĬŔǭĲƖĲŰƣШƣċǂċШŸƖШĦŸůůƨŰŔƣŔĲƚШƖĲƚƓŸŰĬШƣŸШƚĲƻĲƖĲШ
ƽŔũĬǯƖĲЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƽőŔũĲШċƕƨċƣŔĦШĲĦŸƚǃƚƣĲůƚЯШŔŰĦũƨĬŔŰŊШƣƖŸƨƣШċŰĬШůċĦƖŸŔŰƻĲƖƣĲĤƖċƣĲƚЯШĬŸШ
ĲǂƓĲƖŔĲŰĦĲШŔůůĲĬŔċƣĲШĬŔĲрŸǭƚШŉŸũũŸƽŔŰŊШƚĲƻĲƖĲШǯƖĲЯШƣőĲǃШőċƻĲШĤĲĲŰШŉŸƨŰĬШƣŸШƖĲĦŸƻĲƖШĦŸůƓũĲƣĲũǃШ
ƽŔƣőŔŰШƣőƖĲĲШǃĲċƖƚШыÅƨƚƣШĲƣШċũЮШΞΜΝΦьЮШ ŰĬШŸƣőĲƖШƣċǂċШőċƻĲШĤĲĲŰШŉŸƨŰĬШƣŸШĤĲŰĲǯƣШŉƖŸůШǯƖĲЮШ[ŸƖШ
ŔŰƚƣċŰĦĲЯШŔŰШŸŰĲШŸŉШƣőĲШŉĲƽШƚƣƨĬŔĲƚШŸŰШƓŸƚƣрƽŔũĬǯƖĲШĤŔŸĬŔƻĲƖƚŔƣǃШŔůƓċĦƣƚШƚƓĲĦŔǯĦШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ыŉŸĦƨƚĲĬШŸŰШƣőĲШ[ŸƨƖůŔũĲШ9ċŰǃŸŰШ[ŔƖĲШĤƨƖŰШƚĦċƖьЯШŔƣШƽċƚШŉŸƨŰĬШƣőċƣШĤĲĲШĬŔƻĲƖƚŔƣǃШċĦƖŸƚƚШǯƻĲШŉċůŔũŔĲƚШ
ŔŰĦƖĲċƚĲĬШċŉƣĲƖШƚĲƻĲƖĲШǯƖĲЯШƽŔƣőШċĤƨŰĬċŰĦĲƚШƖĲůċŔŰŔŰŊШƨŰĦőċŰŊĲĬШы]ĲũũĲƚШĲƣШċũЮШΞΜΞΞьЮ 

ÉŸŔũƚШ 
ÖŰůŔƣŔŊċƣĲĬШƽŔũĬǯƖĲƚШőċƻĲШċĬƻĲƖƚĲШĲǭĲĦƣƚШŸŰШƚŸŔũШőĲċũƣőЯШĲĦŸƚǃƚƣĲůШƚƣċĤŔũŔƣǃЯШċŰĬШőǃĬƖŸũŸŊŔĦċũШ
ƓƖŸĦĲƚƚĲƚШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠбШÂċƨũШĲƣШċũЮЯШΞΜΞΞьЮШÑőĲШŔůƓċĦƣƚШŸŉШƽŔũĬǯƖĲШŸŰШƚŸŔũШŔŰĦũƨĬĲШƚŔŊŰŔǯĦċŰƣШ
ċũƣĲƖċƣŔŸŰƚШŔŰШŰƨƣƖŔĲŰƣШĬǃŰċůŔĦƚЯШůŔĦƖŸĤŔċũШĦŸůƓŸƚŔƣŔŸŰЯШőǃĬƖŸƓőŸĤŔĦŔƣǃЯШċŰĬШĲƖŸƚŔŸŰШƚƨƚĦĲƓƣŔĤŔũŔƣǃЯШ
ŸŉƣĲŰШƖĲƚƨũƣŔŰŊШŔŰШũŸŰŊрƣĲƖůШĬĲŊƖċĬċƣŔŸŰШыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲШƚĲƻĲƖŔƣǃШŸŉШƣőĲƚĲШŔůƓċĦƣƚШŔƚШ
ĦŸŰƣŔŰŊĲŰƣШŸŰШƓƖĲрǯƖĲШũċŰĬШůċŰċŊĲůĲŰƣШƓƖċĦƣŔĦĲƚЯШƓċƖƣŔĦƨũċƖũǃШƽőĲƣőĲƖШŉŸƖĲƚƣƚШőċƻĲШƨŰĬĲƖŊŸŰĲШ
ŉƨĲũШƖĲĬƨĦƣŔŸŰШƚƣƖċƣĲŊŔĲƚШƚƨĦőШċƚШƣőŔŰŰŔŰŊЯШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊЯШŸƖШĤŔŸůċƚƚШƖĲůŸƻċũШыÂċƨũШĲƣШċũЮЯШ
ΞΜΞΞбШ ŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡьЮШÑőŔƚШƖĲƻŔĲƽШƚǃŰƣőĲƚŔǍĲƚШĦŸŰƣĲůƓŸƖċƖǃШƖĲƚĲċƖĦőШŸŰШƽŔũĬǯƖĲрƚŸŔũШ
ŔŰƣĲƖċĦƣŔŸŰƚЯШĲůƓőċƚŔǍŔŰŊШĬŔǭĲƖĲŰƣŔċũШƖĲƚƓŸŰƚĲƚШŔŰШƣƖĲċƣĲĬШƻĲƖƚƨƚШƨŰƣƖĲċƣĲĬШũċŰĬƚĦċƓĲƚШċŰĬШƣőĲШ
ĤƖŸċĬĲƖШŔůƓũŔĦċƣŔŸŰƚШŉŸƖШƓŸƚƣрǯƖĲШƚŸŔũШƖĲƚŔũŔĲŰĦĲЮ 

ìŔũĬǯƖĲƚШƚŔŊŰŔǯĦċŰƣũǃШĬŔƚƖƨƓƣШƚŸŔũШƚƣƖƨĦƣƨƖĲЯШƓŸƖŸƚŔƣǃЯШċŰĬШċŊŊƖĲŊċƣĲШƚƣċĤŔũŔƣǃЯШŉƖĲƕƨĲŰƣũǃШŔŰĬƨĦŔŰŊШ
ƣőĲШŉŸƖůċƣŔŸŰШŸŉШőǃĬƖŸƓőŸĤŔĦШũċǃĲƖƚШċŰĬШƣőĲШƻŸũċƣŔũŔǍċƣŔŸŰШŸŉШƚŸŔũШŸƖŊċŰŔĦШůċƣƣĲƖШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠбШ
ÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠьЮШcŔŊőШƚĲƻĲƖŔƣǃШĤƨƖŰƚШƖĲƚƨũƣШŔŰШƣőĲШĦŸůĤƨƚƣŔŸŰШŸŉШƚŸŔũШŸƖŊċŰŔĦШĦċƖĤŸŰЯШ
ƖĲĬƨĦŔŰŊШůŸŔƚƣƨƖĲШƖĲƣĲŰƣŔŸŰШĦċƓċĦŔƣǃШċŰĬШĲǂċĦĲƖĤċƣŔŰŊШƚƨƖŉċĦĲШƖƨŰŸǭЮШEůƓŔƖŔĦċũШƚƣƨĬŔĲƚШŔŰĬŔĦċƣĲШ
ƣőċƣШƓŸƚƣрǯƖĲШƚŸŔũШĲƖŸƚŔŸŰШƖċƣĲƚШĦċŰШƚƨƖŊĲШƨƓШƣŸШΟΜрŉŸũĬШŔŰШƚĲƻĲƖĲũǃШĤƨƖŰĲĬШċƖĲċƚШĦŸůƓċƖĲĬШƣŸШ
ƨŰĤƨƖŰĲĬШƖĲŊŔŸŰƚЯШƽŔƣőШċƚőШĬĲƓŸƚŔƣŔŸŰШċŰĬШƚĲĬŔůĲŰƣċƣŔŸŰШĬĲƣĲƖŔŸƖċƣŔŰŊШċĬŢċĦĲŰƣШċƕƨċƣŔĦШ
ĲĦŸƚǃƚƣĲůƚШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШ9ũǃċƣƣШĲƣШċũЮЯШΞΜΝΤьЮШ[ƨƖƣőĲƖůŸƖĲЯШĤŔŸůċƚƚШĦŸůĤƨƚƣŔŸŰШƖĲũĲċƚĲƚШ
ůċĦƖŸŰƨƣƖŔĲŰƣƚЯШŔŰĦũƨĬŔŰŊШŰŔƣƖŸŊĲŰЯШƓőŸƚƓőŸƖƨƚЯШċŰĬШƓŸƣċƚƚŔƨůЯШŔŰƣŸШƣőĲШƚŸŔũШůċƣƖŔǂбШőŸƽĲƻĲƖЯШ



  ΝΝΣ 

ƣőĲƚĲШĲũĲůĲŰƣƚШċƖĲШƖċƓŔĬũǃШũŸƚƣШƻŔċШƻŸũċƣŔũŔǍċƣŔŸŰЯШũĲċĦőŔŰŊЯШċŰĬШƚƨƖŉċĦĲШĲƖŸƚŔŸŰЯШƣőĲƖĲĤǃШ
ƓƖĲĦŔƓŔƣċƣŔŰŊШũŸŰŊрƣĲƖůШĬĲĦũŔŰĲƚШŔŰШƚŸŔũШŉĲƖƣŔũŔƣǃШыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠбШ[ũċůĲŰĦŸШĲƣШċũЮЯШΞΜΝΦьЮШcŔŊőШ
ƚĲƻĲƖŔƣǃШĤƨƖŰƚШċũƚŸШĬŔůŔŰŔƚőШĦċƣŔŸŰШĲǂĦőċŰŊĲШĦċƓċĦŔƣǃШы9E9ьЯШŔůƓĲĬŔŰŊШŰƨƣƖŔĲŰƣШƖĲƣĲŰƣŔŸŰШċŰĬШ
ƚũŸƽŔŰŊШƚŸŔũШƖĲĦŸƻĲƖǃШƣƖċŢĲĦƣŸƖŔĲƚШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮ 

ÉŸŔũШůŔĦƖŸĤŔċũШĦŸůůƨŰŔƣŔĲƚШċƖĲШőŔŊőũǃШƚĲŰƚŔƣŔƻĲШƣŸШǯƖĲрŔŰĬƨĦĲĬШƣőĲƖůċũШƚƣƖĲƚƚЯШċƚШĲũĲƻċƣĲĬШ
ƣĲůƓĲƖċƣƨƖĲƚШĦċŰШĬĲĦŔůċƣĲШŉƨŰŊċũШċŰĬШĤċĦƣĲƖŔċũШƓŸƓƨũċƣŔŸŰƚШĦƖŔƣŔĦċũШŉŸƖШŰƨƣƖŔĲŰƣШĦǃĦũŔŰŊШċŰĬШ
ŸƖŊċŰŔĦШůċƣƣĲƖШĬĲĦŸůƓŸƚŔƣŔŸŰШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШ ŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡьЮШfŰШƨŰůċŰċŊĲĬШŉŸƖĲƚƣƚШ
ƽŔƣőШƚƨĤƚƣċŰƣŔċũШŉƨĲũШċĦĦƨůƨũċƣŔŸŰЯШƽŔũĬǯƖĲƚШĲǂőŔĤŔƣШƓƖŸũŸŰŊĲĬШőŔŊőШŔŰƣĲŰƚŔƣǃШĤƨƖŰƚЯШƖĲƚƨũƣŔŰŊШŔŰШ
ŊƖĲċƣĲƖШůŔĦƖŸĤŔċũШůŸƖƣċũŔƣǃШċŰĬШƓƖŸƣƖċĦƣĲĬШƓŸƚƣрǯƖĲШƖĲĦŸũŸŰŔǍċƣŔŸŰШƓĲƖŔŸĬƚШыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШ
ΞΜΞΠьЮШ7ǃШĦŸŰƣƖċƚƣЯШŉƨĲũрƣƖĲċƣĲĬШŉŸƖĲƚƣƚШĲǂƓĲƖŔĲŰĦĲШůŸĬĲƖċƣĲШǯƖĲШŔŰƣĲŰƚŔƣǃЯШƓƖĲƚĲƖƻŔŰŊШůŔĦƖŸĤŔċũШ
ƖĲƚĲƖƻŸŔƖƚШċŰĬШŉċĦŔũŔƣċƣŔŰŊШĲǂƓĲĬŔƣĲĬШƓŸƚƣрǯƖĲШĤŔŸŊĲŸĦőĲůŔĦċũШƖĲĦŸƻĲƖǃШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮШÂŸƚƣрǯƖĲШ
ŰƨƣƖŔĲŰƣШĦǃĦũŔŰŊШƨŰĬĲƖŊŸĲƚШƚƨĤƚƣċŰƣŔċũШċũƣĲƖċƣŔŸŰƚЯШƽŔƣőШŸƖŊċŰŔĦШŰŔƣƖŸŊĲŰШƨŰĬĲƖŊŸŔŰŊШƖċƓŔĬШ
ƣƖċŰƚŉŸƖůċƣŔŸŰШŔŰƣŸШċůůŸŰŔƨůШы cЍϕьШċŰĬШŰŔƣƖċƣĲШы §ЌϖьЯШũĲċĬŔŰŊШƣŸШŔŰĦƖĲċƚĲĬШŰŔƣƖċƣĲШũĲċĦőŔŰŊШċŰĬШ
őĲŔŊőƣĲŰĲĬШƖŔƚťƚШŸŉШĲƨƣƖŸƓőŔĦċƣŔŸŰШŔŰШĬŸƽŰƚƣƖĲċůШƽċƣĲƖШĤŸĬŔĲƚШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШEũũŔŸƣƣШĲƣШċũЮЯШ
ΞΜΞΠьЯШĦċŰШůċƖťĲĬũǃШĬŔƚƖƨƓƣШƽċƣĲƖƚőĲĬШƚƣċĤŔũŔƣǃШĤǃШŔŰĦƖĲċƚŔŰŊШƚĲĬŔůĲŰƣШƣƖċŰƚƓŸƖƣЯШƚŸŔũШĲƖŸƚŔŸŰЯШċŰĬШ
ůċƚƚрƽċƚƣŔŰŊШƖŔƚťƚЮШcŔŊőрƚĲƻĲƖŔƣǃШǯƖĲƚШŸŉƣĲŰШŔŰĬƨĦĲШőǃĬƖŸƓőŸĤŔĦШƚŸŔũШĦŸŰĬŔƣŔŸŰƚЯШƖĲĬƨĦĲШŔŰǯũƣƖċƣŔŸŰШ
ĦċƓċĦŔƣǃЯШċŰĬШƓƖĲĦŔƓŔƣċƣĲШũċƖŊĲрƚĦċũĲШĲƖŸƚŔŸŰШĲƻĲŰƣƚЯШƽőŔĦőШĦċŰШĲũĲƻċƣĲШƚĲĬŔůĲŰƣШũŸċĬƚШ
ĬŸƽŰƚƣƖĲċůЮШEůƓŔƖŔĦċũШĬċƣċШŉƖŸůШƨŰƣƖĲċƣĲĬШƚŔƣĲƚШŔŰĬŔĦċƣĲШċŰШƨƓШƣŸШċШΟΜрŉŸũĬШŔŰĦƖĲċƚĲШŔŰШƓŸƚƣрǯƖĲШ
ĲƖŸƚŔŸŰШƖċƣĲƚЯШŔůƓċĦƣŔŰŊШƽċƣĲƖШƚƨƓƓũǃШŔŰŉƖċƚƣƖƨĦƣƨƖĲШċŰĬШċƕƨċƣŔĦШőċĤŔƣċƣЮ 

ÂƖĲрǯƖĲШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚуŔŰĦũƨĬŔŰŊШůĲĦőċŰŔĦċũШƣőŔŰŰŔŰŊЯШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊЯШċŰĬШ
ĤŔŸůċƚƚШĲǂƣƖċĦƣŔŸŰуƓƖŸŉŸƨŰĬũǃШŔŰǰƨĲŰĦĲШƽŔũĬǯƖĲШŔŰƣĲŰƚŔƣǃШċŰĬШŔƣƚШƚƨĤƚĲƕƨĲŰƣШĲǭĲĦƣƚШŸŰШƚŸŔũШ
ŔŰƣĲŊƖŔƣǃЮШEůƓŔƖŔĦċũШĲƻŔĬĲŰĦĲШƨŰĬĲƖƚĦŸƖĲƚШƣőċƣШŉƨĲũрƣƖĲċƣĲĬШŉŸƖĲƚƣƚШĲǂőŔĤŔƣШĬŔůŔŰŔƚőĲĬШǯƖĲШƚĲƻĲƖŔƣǃЯШ
ƣőĲƖĲĤǃШůŔƣŔŊċƣŔŰŊШƚŸŔũШƣőĲƖůċũШũŸċĬŔŰŊЯШŸƖŊċŰŔĦШůċƣƣĲƖШƻŸũċƣŔũŔǍċƣŔŸŰЯШċŰĬШőǃĬƖŸƓőŸĤŔĦŔƣǃШŉŸƖůċƣŔŸŰШ
ыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠбШ ŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡьЮШ~ŸĬĲƖċƣĲрŔŰƣĲŰƚŔƣǃШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШőċƻĲШĤĲĲŰШ
ƚőŸƽŰШƣŸШĲŰőċŰĦĲШƚŸŔũШŰƨƣƖŔĲŰƣШƖĲƣĲŰƣŔŸŰШĤǃШĦǃĦũŔŰŊШŸƖŊċŰŔĦШůċƣƣĲƖШƽŔƣőŸƨƣШŔŰĬƨĦŔŰŊШƚĲƻĲƖĲШ
ƻŸũċƣŔũŔǍċƣŔŸŰШũŸƚƚĲƚШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШ9ũǃċƣƣШĲƣШċũЮЯШΞΜΝΤьЮШ9ŸŰƻĲƖƚĲũǃЯШƨŰƣƖĲċƣĲĬШŉŸƖĲƚƣƚШƽŔƣőШ
ĲǂĦĲƚƚŔƻĲШŉƨĲũШċĦĦƨůƨũċƣŔŸŰШŉŸƚƣĲƖШőŔŊőрŔŰƣĲŰƚŔƣǃШƽŔũĬǯƖĲƚЯШĲǂċĦĲƖĤċƣŔŰŊШƚŸŔũШĬĲŊƖċĬċƣŔŸŰШƣőƖŸƨŊőШ
ŔŰĦƖĲċƚĲĬШŸƖŊċŰŔĦШůċƣĲƖŔċũШĦŸůĤƨƚƣŔŸŰЯШůŔĦƖŸĤŔċũШĬĲƓũĲƣŔŸŰЯШċŰĬШĦŸůƓƖŸůŔƚĲĬШŔŰǯũƣƖċƣŔŸŰШĦċƓċĦŔƣǃШ
ыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠбШ[ũċůĲŰĦŸШĲƣШċũЮЯШΞΜΝΦьЮШÑőĲƚĲШĦŸŰĬŔƣŔŸŰƚШƓƖŸũŸŰŊШƓŸƚƣрǯƖĲШƖĲĦŸƻĲƖǃШċŰĬШĲũĲƻċƣĲШ
ƣőĲШƖŔƚťƚШŸŉШƚĲĦŸŰĬċƖǃШƚŸŔũШĬĲŊƖċĬċƣŔŸŰШƓőĲŰŸůĲŰċЯШƚƨĦőШċƚШĬĲƚĲƖƣŔǯĦċƣŔŸŰШċŰĬШőǃĬƖŸũŸŊŔĦċũШ
ŔŰƚƣċĤŔũŔƣǃЮ 

ÉŸŔũШĲƖŸƚŔŸŰШŔƚШċШƓƖĲĬŸůŔŰċŰƣШĦŸŰĦĲƖŰШŔŰШƓŸƚƣрƽŔũĬǯƖĲШũċŰĬƚĦċƓĲƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШƨŰƣƖĲċƣĲĬШ
ŉŸƖĲƚƣĲĬШƣĲƖƖċŔŰƚШƽőĲƖĲШǯƖĲрŔŰĬƨĦĲĬШőǃĬƖŸƓőŸĤŔĦŔƣǃШŔŰőŔĤŔƣƚШŔŰǯũƣƖċƣŔŸŰЯШũĲċĬŔŰŊШƣŸШĲũĲƻċƣĲĬШƖƨŰŸǭШ
ċŰĬШƚĲĬŔůĲŰƣШƣƖċŰƚƓŸƖƣШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШ ŊĲĲШċŰĬШÉťŔŰŰĲƖЯШΞΜΜΡьЮШÅĲƚĲċƖĦőШŔŰĬŔĦċƣĲƚШƣőċƣШŉƨĲũр
ƣƖĲċƣĲĬШŉŸƖĲƚƣƚШĲǂƓĲƖŔĲŰĦĲШΟΜтΡΜӖШũŸƽĲƖШĲƖŸƚŔŸŰШƖċƣĲƚШƣőċŰШƨŰůċŰċŊĲĬШŸŰĲƚЯШƓƖŔůċƖŔũǃШĬƨĲШƣŸШ
ƖĲƣċŔŰĲĬШƖŸŸƣШƚƣƖƨĦƣƨƖĲƚШċŰĬШƓƖĲƚĲƖƻĲĬШƚŸŔũШĦŸőĲƚŔŸŰШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠбШ9ũǃċƣƣШĲƣШċũЮЯШΞΜΝΤьЮШ
 ŸƣċĤũǃЯШƚƣƨĬŔĲƚШŉƖŸůШƣőĲШxċťĲШÑċőŸĲШ7ċƚŔŰШőŔŊőũŔŊőƣШƣőĲШĦŸůƓũĲǂШƣƖċĬĲрŸǭƚШĤĲƣƽĲĲŰШĲƖŸƚŔŸŰШ
ůŔƣŔŊċƣŔŸŰШċŰĬШƽŔũĬǯƖĲШőċǍċƖĬШƖĲĬƨĦƣŔŸŰЯШĬĲůŸŰƚƣƖċƣŔŰŊШƣőċƣШƚƣƖċƣĲŊŔĦċũũǃШċƓƓũŔĲĬШŉƨĲũШƣƖĲċƣůĲŰƣƚШ
ĲǭĲĦƣŔƻĲũǃШůĲĬŔċƣĲШĤŸƣőШƖŔƚťƚШы[ũċůĲŰĦŸШĲƣШċũЮЯШΞΜΝΦьЮ 

ìċƣĲƖШƕƨċũŔƣǃШŸƨƣĦŸůĲƚШŔŰШƓŸƚƣрǯƖĲШũċŰĬƚĦċƓĲƚШċũƚŸШƻċƖǃШĦŸŰƚŔĬĲƖċĤũǃШĤĲƣƽĲĲŰШƣƖĲċƣĲĬШċŰĬШ
ƨŰƣƖĲċƣĲĬШƚŔƣĲƚЮШcŔŊőрƚĲƻĲƖŔƣǃШƽŔũĬǯƖĲШǍŸŰĲƚШŔŰШƨŰƣƖĲċƣĲĬШŉŸƖĲƚƣƚШőċƻĲШĤĲĲŰШŉŸƨŰĬШƣŸШĦŸŰƣƖŔĤƨƣĲШ
ĬŔƚƓƖŸƓŸƖƣŔŸŰċƣĲũǃШőŔŊőШũŸċĬƚШŸŉШƚĲĬŔůĲŰƣЯШőĲċƻǃШůĲƣċũƚЯШċŰĬШŸƖŊċŰŔĦШƓŸũũƨƣċŰƣƚШƣŸШĬŸƽŰƚƣƖĲċůШ
ƖĲƚĲƖƻŸŔƖƚШыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠбШ[ũċůĲŰĦŸШĲƣШċũЮЯШΞΜΝΦьЮШ9ŸŰƻĲƖƚĲũǃЯШŉƨĲũрůċŰċŊĲĬШŉŸƖĲƚƣƚШ
ůċŔŰƣċŔŰШŊƖĲċƣĲƖШƚŸŔũШƚƣċĤŔũŔƣǃЯШƖĲĬƨĦŔŰŊШƚĲĬŔůĲŰƣШǰƨǂШċŰĬШŔůƓƖŸƻŔŰŊШƓŸƚƣрǯƖĲШőǃĬƖŸũŸŊŔĦċũШŔŰƣĲŊƖŔƣǃШ
ыÂċƨũШĲƣШċũЮЯШΞΜΞΞьЮШÑőĲШƣƖċŢĲĦƣŸƖǃШŸŉШƓŸƚƣрǯƖĲШƚŸŔũШƖĲĦŸƻĲƖǃШŔƚШĦŸŰƣŔŰŊĲŰƣШƨƓŸŰШůƨũƣŔƓũĲШŉċĦƣŸƖƚЯШ
ŔŰĦũƨĬŔŰŊШĤƨƖŰШƚĲƻĲƖŔƣǃЯШƻĲŊĲƣċƣŔŸŰШĦŸůƓŸƚŔƣŔŸŰЯШĦũŔůċƣŔĦШƻċƖŔċĤŔũŔƣǃЯШċŰĬШƓƖĲрǯƖĲШůċŰċŊĲůĲŰƣШ



  ΝΝΤ 

ƚƣƖċƣĲŊŔĲƚШыÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠьЮШ7ŔŸůċƚƚШőċƖƻĲƚƣŔŰŊШőċƚШŰŸƣŔĦĲċĤũĲШĲǭĲĦƣƚШŸŰШƚŸŔũШ9§ЋШĲǭũƨǂШ
ċŰĬШŰĲƣШĲĦŸƚǃƚƣĲůШĲǂĦőċŰŊĲЯШŔŰǰƨĲŰĦŔŰŊШƓŸƚƣрǯƖĲШůŔĦƖŸĤŔċũШċĦƣŔƻŔƣǃШċŰĬШŰƨƣƖŔĲŰƣШĬǃŰċůŔĦƚШ
ы[ũċůĲŰĦŸШĲƣШċũЮЯШΞΜΝΦьЮШfŰШőŔŊőШƚĲƻĲƖŔƣǃШĤƨƖŰШċƖĲċƚЯШƣőĲШĬĲƓũĲƣŔŸŰШŸŉШƻĲŊĲƣċƣŔƻĲШĦŸƻĲƖШċŰĬШƖŸŸƣШ
ŰĲƣƽŸƖťƚШċůƓũŔǯĲƚШƣőĲШũŔťĲũŔőŸŸĬШŸŉШƚŸŔũШĲƖŸƚŔŸŰЯШũċŰĬƚũŔĬĲƚЯШċŰĬШũċŰĬƚĦċƓĲШĬĲŊƖċĬċƣŔŸŰШыÂċƨũШĲƣШċũЮЯШ
ΞΜΞΞьЮШcŸƽĲƻĲƖЯШĲůƓŔƖŔĦċũШƚƣƨĬŔĲƚШŔŰĬŔĦċƣĲШƣőċƣШŉŸƖĲƚƣƚШƚƨĤŢĲĦƣĲĬШƣŸШƓƖŸċĦƣŔƻĲШƣőŔŰŰŔŰŊШċŰĬШ
ƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШĲǂőŔĤŔƣШċĦĦĲũĲƖċƣĲĬШƚŸŔũШƚƣċĤŔũŔǍċƣŔŸŰШċŰĬШŸƖŊċŰŔĦШůċƣƣĲƖШƖĲƣĲŰƣŔŸŰШĬƨĲШƣŸШƖĲĬƨĦĲĬШ
ǯƖĲШƚĲƻĲƖŔƣǃШыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮ 

fŰШĦŸŰĦũƨƚŔŸŰЯШƽŔũĬǯƖĲрŔŰĬƨĦĲĬШƚŸŔũШĬĲŊƖċĬċƣŔŸŰШƓŸƚĲƚШĦőċũũĲŰŊĲƚШƣŸШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲЯШƽċƣĲƖШ
ƕƨċũŔƣǃШƓƖĲƚĲƖƻċƣŔŸŰЯШċŰĬШƓŸƚƣрǯƖĲШũċŰĬƚĦċƓĲШƚƣċĤŔũŔƣǃЮШ~ŸƚƣШĲƻŔĬĲŰĦĲШŔŰĬŔĦċƣĲƚШƣőċƣШőŔŊőрƚĲƻĲƖŔƣǃШ
ƽŔũĬǯƖĲƚШŔŰШƨŰůċŰċŊĲĬШŉŸƖĲƚƣƚШĦċƨƚĲШŔŰĦƖĲċƚĲĬШƚŸŔũШĲƖŸƚŔŸŰЯШŰƨƣƖŔĲŰƣШĬĲƓũĲƣŔŸŰЯШċŰĬШůŔĦƖŸĤŔċũШ
ĦŸůůƨŰŔƣǃШĬŔƚƖƨƓƣŔŸŰЮШcŸƽĲƻĲƖЯШŉƨĲũрƖĲĬƨĦƣŔŸŰШƚƣƖċƣĲŊŔĲƚЯШŔŰĦũƨĬŔŰŊШƣőŔŰŰŔŰŊШċŰĬШƓƖĲƚĦƖŔĤĲĬШ
ĤƨƖŰŔŰŊЯШĦũĲċƖũǃШůŔƣŔŊċƣĲШƣőĲƚĲШőċƖůŉƨũШĲǭĲĦƣƚШĤǃШƖĲĬƨĦŔŰŊШĤƨƖŰШƚĲƻĲƖŔƣǃЯШƓƖĲƚĲƖƻŔŰŊШƚŸŔũШŸƖŊċŰŔĦШ
ůċƣƣĲƖЯШċŰĬШĲŰőċŰĦŔŰŊШůŔĦƖŸĤŔċũШƖĲĦŸũŸŰŔǍċƣŔŸŰШƖċƣĲƚШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШÅŔĦőċƖĬƚŸŰШĲƣШċũЮЯШΞΜΞΠьЮШ Ш
ƖŔŊŸƖŸƨƚШŔŰƣĲŊƖċƣŔŸŰШŸŉШŉƨĲũШůċŰċŊĲůĲŰƣЯШĲƖŸƚŔŸŰШĦŸŰƣƖŸũШůĲċƚƨƖĲƚЯШċŰĬШƓŸƚƣрǯƖĲШƖĲƚƣŸƖċƣŔŸŰШ
ƓƖŸƣŸĦŸũƚШŔƚШĲƚƚĲŰƣŔċũШƣŸШĤŸũƚƣĲƖŔŰŊШƚŸŔũШƖĲƚŔũŔĲŰĦĲШċŰĬШŉŸƚƣĲƖŔŰŊШũŸŰŊрƣĲƖůШĲĦŸƚǃƚƣĲůШƚƨƚƣċŔŰċĤŔũŔƣǃШ
ыEũũŔŸƣƣШĲƣШċũЮЯШΞΜΞΠьЮ 

ìċƣĲƖƚőĲĬШÂƖŸƣĲĦƣŔŸŰƚШċŰĬШ~ŔƣŔŊċƣŔŰŊШÅŔƚťШŸŉШ9ċƚĦċĬŔŰŊШEƻĲŰƣƚШ 
fŰĦƖĲċƚŔŰŊũǃШƚĲƻĲƖĲШƽŔũĬǯƖĲШőċƚШƖĲƚƨũƣĲĬШŔŰШőǃĬƖŸũŸŊŔĦċũШĬŔƚƣƨƖĤċŰĦĲƚШыxŔƣƣĲũũШĲƣШċũЮЯШΞΜΝΥьЮШÑőĲШǃŔĲũĬШ
ċŰĬШƣŔůŔŰŊШŸŉШƽċƣĲƖШƚƨƓƓũǃШŉƖŸůШċШƽċƣĲƖƚőĲĬШċƖĲШƚƣƖŸŰŊũǃШƖĲũċƣĲĬШƣŸШƻĲŊĲƣċƣŔŸŰШĦŸƻĲƖЮШcĲċũƣőǃШ
ƽċƣĲƖƚőĲĬƚШǃŔĲũĬШĦŸŰƚŔƚƣĲŰƣШċŰĬШƓƖĲĬŔĦƣċĤũĲШƚƨƖŉċĦĲШǰŸƽƚШƣőċƣШĤŸƣőШƖĲĦőċƖŊĲШŊƖŸƨŰĬƽċƣĲƖШċŰĬШ
ƚƨƓƓũǃШƚƣƖĲċůƚШƽŔƣőШƖĲũŔċĤũĲШĤċƚĲШǰŸƽЮШÑőĲШƓƖĲƚĲŰĦĲШŸŉШŰċƣŔƻĲШƻĲŊĲƣċƣŔŸŰЯШƣƖĲĲШƖŸŸƣƚЯШċŰĬШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШőĲċũƣőǃШƚŸŔũƚШċũũШƚĲƖƻĲШƣŸШůŔƣŔŊċƣĲШƓĲċťШǰŸƽƚШĬƨƖŔŰŊШċŰĬШċŉƣĲƖШƚƣŸƖůƚШċŰĬШƣŸШƓƖŸůŸƣĲШ
ŔŰǯũƣƖċƣŔŸŰШƣőċƣШŔŰШƣƨƖŰШőĲũƓƚШůċťĲШƚƣƖĲċůШĤċƚĲШǰŸƽШůŸƖĲШĦŸŰƚŔƚƣĲŰƣЮШÉƣċŰĬрƖĲƓũċĦŔŰŊШǯƖĲШƖĲƚƨũƣƚШŔŰШ
ŊƖĲċƣũǃШŔŰĦƖĲċƚĲĬШƚƨƖŉċĦĲШƖƨŰŸǭШƖċƣĲƚШċŉƣĲƖШƚƣŸƖůШĲƻĲŰƣƚЯШƽőŔĦőШůĲċŰƚШƣŸŸШůƨĦőШƽċƣĲƖШǰŸƽƚШ
ƣőƖŸƨŊőШƣőĲШƚǃƚƣĲůШŔŰШċШƚőŸƖƣШƣŔůĲШƓĲƖŔŸĬЮШ7ǃШƖĲƓũċĦŔŰŊШƣőĲШŊƖċĬƨċũШƣŔůŔŰŊШŸŉШƚƨƖŉċĦĲШǰŸƽƚШ
ĦőċƖċĦƣĲƖŔƚƣŔĦШŸŉШċШőĲċũƣőǃШƽċƣĲƖƚőĲĬШƽŔƣőШƚőŸƖƣШċŰĬШőŔŊőрƻŸũƨůĲШǰŸƽШĲƻĲŰƣƚЯШƽċƣĲƖШƚƨƓƓũǃШĦċŰШĤĲШ
ĦŸůƓƖŸůŔƚĲĬЯШŰŸƣШŸŰũǃШĤĲĦċƨƚĲШƣőĲШĦċƓċĦŔƣǃШŸŉШŔŰǰŸƽƚШċŰĬШƖĲƚĲƖƻŸŔƖƚШŔƚШĲǂĦĲĲĬĲĬЯШĤƨƣШċũƚŸШ
ĤĲĦċƨƚĲШĤċƚĲШǰŸƽШŔƚШũŸƽĲƖĲĬШŔŰШĤĲƣƽĲĲŰШƚƣŸƖůШĲƻĲŰƣƚЯШĦŸůƓƖŸůŔƚŔŰŊШƚƨƓƓũǃШĬƨƖŔŰŊШĬƖŔĲƖШƓĲƖŔŸĬƚЮШ 

ÑőŔƚШũŸƚƚШŸŉШƻĲŊĲƣċƣŔƻĲШĦŸƻĲƖЯШŸƖŊċŰŔĦШƚŸŔũШũċǃĲƖƚЯШċŰĬШƖŸŸƣШƚƣƖƨĦƣƨƖĲƚЯШĦŸƨƓũĲĬШƽŔƣőШőŔŊőĲƖШƻĲũŸĦŔƣǃШ
ƓĲċťШǰŸƽƚЯШĦċŰШċũƚŸШũĲċĬШƣŸШŔŰĦƖĲċƚĲĬШƚĲĬŔůĲŰƣШƣƖċŰƚƓŸƖƣЯШĲƖŸƚŔŸŰЯШůċƚƚШƽċƚƣŔŰŊЯШċŰĬШƓŸƚƣрǯƖĲШ
ǰŸŸĬŔŰŊШыÂċƨũШĲƣШċũЮЯШΞΜΞΞбШ~ƨƖƓőǃШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲШƚĲƻĲƖŔƣǃШŸŉШƣőĲƚĲШŔůƓċĦƣƚШŔƚШũċƖŊĲũǃШĬŔĦƣċƣĲĬШĤǃШ
ǯƖĲШŔŰƣĲŰƚŔƣǃЯШƓƖĲĦŔƓŔƣċƣŔŸŰШĬǃŰċůŔĦƚЯШƣŸƓŸŊƖċƓőǃЯШċŰĬШƽċƣĲƖƚőĲĬШĦŸŰĬŔƣŔŸŰƚШĤĲŉŸƖĲШƣőĲШǯƖĲШыÉċǂĲШĲƣШ
ċũЮЯШΞΜΝΥьЮШ 

§ŰĲШƽċǃШƣőċƣШƽŔũĬǯƖĲƚШŔŰĦƖĲċƚĲШƚƨƖŉċĦĲШƖƨŰŸǭШċŰĬШċũƣĲƖШŔŰǯũƣƖċƣŔŸŰШƖċƣĲƚШƖĲũċƣĲƚШƣŸШƣőĲШĦŸůĤƨƚƣŔŸŰШ
ŸŉШŸƖŊċŰŔĦШƚŸŔũШũċǃĲƖƚШċŰĬШƣőĲШŉŸƖůċƣŔŸŰШŸŉШőǃĬƖŸƓőŸĤŔĦШƚŸŔũƚШы~ƨƖƓőǃШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲƚĲШĲǭĲĦƣƚШ
ƖĲĬƨĦĲШƚŸŔũШƓĲƖůĲċĤŔũŔƣǃШċŰĬШŔŰĦƖĲċƚĲШƣőĲШũŔťĲũŔőŸŸĬШŸŉШǰċƚőШǰŸŸĬŔŰŊШċŰĬШĬĲĤƖŔƚШǰŸƽƚШŉŸũũŸƽŔŰŊШ
ƓƖĲĦŔƓŔƣċƣŔŸŰШĲƻĲŰƣƚШы~ŸŸĬǃШċŰĬШ~ċƖƣŔŰЯШΞΜΜΠьЮШ ШƚƣƨĬǃШŔŰШƣőĲШ9ŸũŸƖċĬŸШ[ƖŸŰƣШÅċŰŊĲШŉŸƨŰĬШƣőċƣШ
ƽċƣĲƖШƖĲƓĲũũĲŰĦǃШĦŸŰƣŔŰƨĲĬШƣŸШĤĲШŉŸƨŰĬШŔŰШƚŸŔũƚШċƖŸƨŰĬШĤƨƖŰĲĬШƓŸŰĬĲƖŸƚċШċŰĬШũŸĬŊĲƓŸũĲШƓŔŰĲШ
ŉŸƖĲƚƣƚШƨƓШƣŸШΞΞШůŸŰƣőƚШċŉƣĲƖШőŔŊőШƚĲƻĲƖŔƣǃШǯƖĲЯШƽŔƣőШƖĲƓĲũũĲŰĦǃШĲǭĲĦƣƚШĬŸƽŰШƣŸШΞШŔŰĦőĲƚШŸŉШĬĲƓƣőЯШ
ċũƣőŸƨŊőШƣőċƣШƖĲƓĲũũĲŰĦǃШĦċŰШŊƖċĬƨċũũǃШĤƖĲċťШĬŸƽŰШċƣШĤĲƣƽĲĲŰШΟШċŰĬШΝΞШůŸŰƣőƚШыcƨǭůċŰШĲƣШċũЮШ
ΞΜΜΝьЮШШШ 

ШůċŢŸƖШőǃĬƖŸũŸŊŔĦċũШĦŸŰƚĲƕƨĲŰĦĲШŸŉШƓŸƚƣрƽŔũĬǯƖĲШőǃĬƖŸũŸŊǃШŔƚШŔŰĦƖĲċƚĲĬШƚĲĬŔůĲŰƣШǃŔĲũĬЮШ ШƣőƖĲĲр
ǃĲċƖШƚƣƨĬǃШŔŰШƣőĲШ9ŸũŸƖċĬŸШ[ƖŸŰƣШÅċŰŊĲШŉŸƨŰĬШƣőċƣШƓŸƚƣрƽŔũĬǯƖĲШƓƖĲĦŔƓŔƣċƣŔŸŰШĲƻĲŰƣƚШƖĲƚƨũƣĲĬШŔŰШ
ƚĲĬŔůĲŰƣШċŰĬШĦőĲůŔĦċũШƣƖċŰƚƓŸƖƣШũĲƻĲũƚШΝΜШƣŸШΝΡΣШƣŔůĲƚШőŔŊőĲƖШƣőċŰШƓƖĲрǯƖĲШĦŸŰĬŔƣŔŸŰƚЯШƓƖŔůċƖŔũǃШ



  ΝΝΥ 

ĬƨĲШƣŸШƓƖĲĦŔƓŔƣċƣŔŸŰШĲǂĦĲĲĬŔŰŊШΝΜШůůШŸŉШƖċŔŰŉċũũШƓĲƖШőŸƨƖШы~ƨƖƓőǃШĲƣШċũЮЯШΞΜΝΡьЮШÑőŔƚШƖĲƚĲċƖĦőШ
ƨŰĬĲƖƚĦŸƖĲĬШƣőċƣШĤƨƖŰШƚĲƻĲƖŔƣǃШċŰĬШƓŸƚƣрǯƖĲШƓƖĲĦŔƓŔƣċƣŔŸŰШŔŰƣĲŰƚŔƣǃШċƖĲШŔůƓŸƖƣċŰƣШĬƖŔƻĲƖƚШŸŉШ
őǃĬƖŸũŸŊŔĦċũШŔůƓċŔƖůĲŰƣЮШ ШƚƣƨĬǃШĤǃШÉċǂĲШĲƣШċũЮШыΞΜΝΥьШċŰċũǃǍĲĬШƚƣƖĲċůǰŸƽШƖĲƚƓŸŰƚĲƚШŔŰШĤƨƖŰĲĬШ
ƽċƣĲƖƚőĲĬƚШċĦƖŸƚƚШƣőĲШìĲƚƣĲƖŰШÖЮÉЮШċŰĬШŉŸƨŰĬШƣőċƣШƚĲĬŔůĲŰƣШƣƖċŰƚƓŸƖƣШŔŰĦƖĲċƚĲĬШƣőƖĲĲШƣŸШǯƻĲŉŸũĬШ
ŔŰШƣőĲШǯƖƚƣШƣƽŸШǃĲċƖƚШŉŸũũŸƽŔŰŊШƽŔũĬǯƖĲЯШƽŔƣőШũŸŰŊĲƖШƖĲĦŸƻĲƖǃШƣŔůĲƚШŔŰШƚƣĲĲƓЯШőŔŊőрĲũĲƻċƣŔŸŰШ
ũċŰĬƚĦċƓĲƚЮШÂŸƚƣрǯƖĲШƚĲĬŔůĲŰƣċƣŔŸŰШĦċŰШőċƻĲШũŸŰŊрƣĲƖůШĦŸŰƚĲƕƨĲŰĦĲƚШŉŸƖШƖĲƚĲƖƻŸŔƖƚШċŰĬШĬƖŔŰťŔŰŊШ
ƽċƣĲƖШƚƨƓƓũŔĲƚЮШ 

ÑőĲШ9Ÿƚƣц7ĲŰĲǯƣЮ ŰċũǃƚŔƚЮŸŉЮ?ĲŰƻĲƖѢƚЮ[ŸƖĲƚƣƚЮƣŸЮ[ċƨĦĲƣƚЮÂƖŸŊƖċůШыsŸŰĲƚШĲƣШċũЮЯШΞΜΝΦьШƓƖŸƻŔĬĲƚШċШ
ĦŸůƓƖĲőĲŰƚŔƻĲШċƚƚĲƚƚůĲŰƣШŸŉШőŸƽШƚĲĬŔůĲŰƣШũŸċĬƚШŉƖŸůШƽŔũĬǯƖĲрċǭĲĦƣĲĬШċƖĲċƚШĦċŰШĬŔůŔŰŔƚőШƽċƣĲƖШ
ƚƣŸƖċŊĲШĦċƓċĦŔƣǃШċŰĬШŔŰĦƖĲċƚĲШƽċƣĲƖШƣƖĲċƣůĲŰƣШĦŸƚƣƚЮШÑőĲШƖĲƓŸƖƣШĲǂƓũċŔŰƚШƣőċƣШƓŸƚƣрǯƖĲШĲƖŸƚŔŸŰШ
ƚŔŊŰŔǯĦċŰƣũǃШƖċŔƚĲƚШũĲƻĲũƚШŸŉШƣƨƖĤŔĬŔƣǃШċŰĬШƣŸƣċũШƚƨƚƓĲŰĬĲĬШƚŸũŔĬƚШыÑÉÉьЯШĤŸƣőШŸŉШƽőŔĦőШĬĲŊƖċĬĲШƽċƣĲƖШ
ƕƨċũŔƣǃЮШÑőŔƚШĬĲĦũŔŰĲШŔŰШƕƨċũŔƣǃШƖĲƚƨũƣƚШŔŰШőŔŊőĲƖШƣƖĲċƣůĲŰƣШĦŸƚƣƚШĬƨĲШƣŸШŔŰĦƖĲċƚĲĬШǯũƣƖċƣŔŸŰШĬĲůċŰĬƚЯШ
ĲũĲƻċƣĲĬШĦőĲůŔĦċũШƨƚċŊĲШыŉŸƖШƣƖĲċƣůĲŰƣШŸŉШĬƖŔŰťŔŰŊШƽċƣĲƖьЯШċŰĬШŔŰШƚŸůĲШĦċƚĲƚЯШƣőĲШŰĲĲĬШƣŸШƚƽŔƣĦőШƣŸШ
ċũƣĲƖŰċƣŔƻĲШƽċƣĲƖШƚŸƨƖĦĲƚЮ 

fŰШƚƣƖĲċůƚШƽŔƣőŔŰШ9ŸũŸƖċĬŸќƚШ[ƖŸŰƣШÅċŰŊĲШƣőċƣШƽĲƖĲШŔůƓċĦƣĲĬШĤǃШƽŔũĬǯƖĲЯШƣƨƖĤŔĬŔƣǃШċŰĬШÑÉÉШũĲƻĲũƚШ
ŔŰĦƖĲċƚĲĬШĤǃШǯƻĲШƣŸШŸƻĲƖШƣőŔƖƣǃШƣŔůĲƚШĦŸůƓċƖĲĬШƣŸШƓƖĲрǯƖĲШĦŸŰĬŔƣŔŸŰƚЮШ9ŸůƓŸƨŰĬŔŰŊШƣőĲƚĲШŔƚƚƨĲƚЯШ
ĦŸŰƣċůŔŰċŰƣƚШƚƨĦőШċƚШŰƨƣƖŔĲŰƣƚЯШőĲċƻǃШůĲƣċũƚЯШċŰĬШǯƖĲШƖĲƣċƖĬċŰƣƚШċƖĲШŸŉƣĲŰШƣƖċŰƚƓŸƖƣĲĬШċũŸŰŊƚŔĬĲШ
ƚĲĬŔůĲŰƣЯШŉƨƖƣőĲƖШĦŸůƓũŔĦċƣŔŰŊШƣƖĲċƣůĲŰƣШƓƖŸĦĲƚƚĲƚШыsŸŰĲƚШĲƣШċũЮЯШΞΜΞΞьЮ 

ÑőĲƚĲШƽċƣĲƖШƕƨċũŔƣǃШŔůƓċĦƣƚШƣƖċŰƚũċƣĲШŔŰƣŸШƚƨĤƚƣċŰƣŔċũШĲĦŸŰŸůŔĦШĤƨƖĬĲŰƚШŉŸƖШƽċƣĲƖШƨƣŔũŔƣŔĲƚЮШ
[ŸũũŸƽŔŰŊШƣőĲШΝΦΦΣШ7ƨǭċũŸШ9ƖĲĲťШċŰĬШΞΜΜΞШcċǃůċŰШǯƖĲƚЯШ?ĲŰƻĲƖШìċƣĲƖШƚƓĲŰƣШŸƻĲƖШҘΟΟШůŔũũŔŸŰШŸŰШ
ĲƖŸƚŔŸŰШĦŸŰƣƖŸũЯШƓŸƚƣрǯƖĲШƖĲőċĤŔũŔƣċƣŔŸŰЯШċŰĬШĬƖĲĬŊŔŰŊуůƨĦőШŸŉШŔƣШƣŸШċĬĬƖĲƚƚШƚĲĬŔůĲŰƣШ
ċĦĦƨůƨũċƣŔŸŰШŔŰШÉƣƖŸŰƣŔċШÉƓƖŔŰŊƚШÅĲƚĲƖƻŸŔƖЮШsŸŰĲƚШĲƣШċũЮШыΞΜΞΝьШƨƚĲĬШƚĲĬŔůĲŰƣШƖĲĬƨĦƣŔŸŰШůŸĬĲũŔŰŊШ
ċŰĬШċƻŸŔĬĲĬрĦŸƚƣШĲƚƣŔůċƣĲƚШƣŸШƕƨċŰƣŔŉǃШƣőĲШĲĦŸŰŸůŔĦШĤĲŰĲǯƣƚШŸŉШƓƖŸċĦƣŔƻĲШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰЮШ ƣШ
ÉƣƖŸŰƣŔċШÉƓƖŔŰŊƚШÅĲƚĲƖƻŸŔƖЯШĬƖĲĬŊŔŰŊШĦŸƚƣƚШƽĲƖĲШĲƚƣŔůċƣĲĬШċƣШҘΝΟΜШƓĲƖШĦƨĤŔĦШůĲƣĲƖШŸŉШƚĲĬŔůĲŰƣЯШċŰĬШ
ƽőĲŰШŉċĦƣŸƖŔŰŊШŔŰШċĬĬŔƣŔŸŰċũШĦŸƚƣƚШƖĲũċƣĲĬШƣŸШũŸƚƣШőǃĬƖŸƓŸƽĲƖШŊĲŰĲƖċƣŔŸŰЯШŔŰĦƖĲċƚĲĬШƣƖĲċƣůĲŰƣШ
ŰĲĲĬƚЯШċŰĬШƖĲĦƖĲċƣŔŸŰШŔůƓċĦƣƚЯШƣőĲШƣŸƣċũШƖŔƚĲƚШƣŸШċƓƓƖŸǂŔůċƣĲũǃШҘΝΡΜШƓĲƖШĦƨĤŔĦШůĲƣĲƖШŸŉШƚĲĬŔůĲŰƣШ
ċƻŸŔĬĲĬЮ 

ÉŔůŔũċƖШŸƨƣĦŸůĲƚШƽĲƖĲШĬŸĦƨůĲŰƣĲĬШŔŰШƣőĲШ[ŸƨƖůŔũĲШ9ƖĲĲťШƽċƣĲƖƚőĲĬЯШƽőĲƖĲШƽŔũĬǯƖĲрĬƖŔƻĲŰШƖƨŰŸǭШ
ĦċƨƚĲĬШƣƨƖĤŔĬŔƣǃШƚƓŔťĲƚШƣőċƣШĲǂĦĲĲĬĲĬШƖĲŊƨũċƣŸƖǃШƣőƖĲƚőŸũĬƚШŉŸƖШĬƖŔŰťŔŰŊШƽċƣĲƖШƕƨċũŔƣǃШы~ƨƖƓőǃШĲƣШ
ċũЮЯШΞΜΝΡьЮШfŰШ?ĲŰƻĲƖШìċƣĲƖќƚШƚƨƓƓũǃШƚǃƚƣĲůЯШƚĲĬŔůĲŰƣШǃŔĲũĬƚШƽĲƖĲШƚŸШőŔŊőШƣőċƣШĲƻĲŰШůŸĬĲƖċƣĲШ
ƚƣŸƖůƚШƣĲůƓŸƖċƖŔũǃШĬċůůĲĬШƣőĲШÉŸƨƣőШÂũċƣƣĲШÅŔƻĲƖЮШ§ƻĲƖШƖŸƨŊőũǃШċШĬĲĦċĬĲЯШŰĲċƖũǃШΤΡΜЯΜΜΜШĦƨĤŔĦШ
ůĲƣĲƖƚШŸŉШƚĲĬŔůĲŰƣШƽĲƖĲШĬĲƓŸƚŔƣĲĬШŔŰШÉƣƖŸŰƣŔċШÉƓƖŔŰŊƚШÅĲƚĲƖƻŸŔƖЯШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦŔŰŊШŔƣƚШĦċƓċĦŔƣǃШ
ы~ċĦ?ŸŰċũĬШĲƣШċũЮЯШΞΜΝΟьЮШÑőĲƚĲШǯŰĬŔŰŊƚШċũŔŊŰШƽŔƣőШƣőŸƚĲШŸŉШ~ŸŸĬǃШċŰĬШ~ċƖƣŔŰШыΞΜΜΠьЯШƽőŸШƖĲƓŸƖƣĲĬШ
ƣőċƣШƓŸƚƣрǯƖĲШƚĲĬŔůĲŰƣШĬĲƓŸƚŔƣŔŸŰШƖĲĬƨĦĲĬШƖĲƚĲƖƻŸŔƖШĦċƓċĦŔƣǃШĤǃШΝΜтΟΜӖШċĦƖŸƚƚШƚĲƻĲƖċũШůċŢŸƖШ
ƽċƣĲƖШƚƨƓƓũǃШƚǃƚƣĲůƚШŔŰШƣőĲШìĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚуƨŰĬĲƖƚĦŸƖŔŰŊШƣőĲШũŸŰŊрƣĲƖůШĲĦŸŰŸůŔĦШċŰĬШ
ŔŰŉƖċƚƣƖƨĦƣƨƖċũШĦŸŰƚĲƕƨĲŰĦĲƚШŸŉШƽŔũĬǯƖĲрƖĲũċƣĲĬШĲƖŸƚŔŸŰЮ 

fŰШƚƣĲĲƓĲƖЯШůŸƨŰƣċŔŰŸƨƚШƽċƣĲƖƚőĲĬƚЯШƽŔũĬǯƖĲрŔŰĬƨĦĲĬШũŸƚƚШŸŉШƖŸŸƣШĦŸőĲƚŔŸŰШċŰĬШƚŸŔũШĬĲƚƣċĤŔũŔǍċƣŔŸŰШ
ƚŔŊŰŔǯĦċŰƣũǃШŔŰĦƖĲċƚĲƚШƣőĲШũŔťĲũŔőŸŸĬШŸŉШůċƚƚШƽċƚƣŔŰŊШĲƻĲŰƣƚШƚƨĦőШċƚШũċŰĬƚũŔĬĲƚШċŰĬШĬĲĤƖŔƚШǰŸƽƚШ
ы~ŔĦőĲũĲƣƣǃШĲƣШċũЮЯШΞΜΝΠьЮШ7ƨƖŰĲĬШũċŰĬƚĦċƓĲƚШċƖĲШƓċƖƣŔĦƨũċƖũǃШƚƨƚĦĲƓƣŔĤũĲШƣŸШƖċŔŰŉċũũрƣƖŔŊŊĲƖĲĬШ
ũċŰĬƚũŔĬĲƚШŔŰШƣőĲШǯƖƚƣШƣƽŸШƣŸШǯƻĲШǃĲċƖƚШƓŸƚƣрǯƖĲШы7ĲũŸŰŊŔċШĲƣШċũЮЯШΞΜΞΟьЮШ[ŸƖШŔŰƚƣċŰĦĲЯШċŉƣĲƖШƣőĲШΞΜΝΜШ
[ŸƨƖůŔũĲШ9ċŰǃŸŰШ[ŔƖĲШŔŰШ9ŸũŸƖċĬŸЯШƓŸƚƣрǯƖĲШĬĲĤƖŔƚШǰŸƽƚШĤũŸĦťĲĬШƖŸċĬƚЯШĬċůċŊĲĬШőŸůĲƚЯШċŰĬШ
ĬĲƓŸƚŔƣĲĬШũċƖŊĲШƻŸũƨůĲƚШŸŉШƚĲĬŔůĲŰƣШŔŰƣŸШũŸĦċũШƽċƣĲƖƽċǃƚЯШũĲċĬŔŰŊШƣŸШůŔũũŔŸŰƚШŸŉШĬŸũũċƖƚШŔŰШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШĬċůċŊĲШы~ƨƖƓőǃШĲƣШċũЮЯШΞΜΝΡьЮШÉƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШƣőċƣШĲƻĲŰШůŸĬĲƖċƣĲрŔŰƣĲŰƚŔƣǃШ
ƚƣŸƖůƚШыΝΜтΞΜШůůоőьШĦċŰШƣƖŔŊŊĲƖШĦċƣċƚƣƖŸƓőŔĦШĬĲĤƖŔƚШǰŸƽƚШŔŰШƖĲĦĲŰƣũǃШĤƨƖŰĲĬШƽċƣĲƖƚőĲĬƚШыÉċǂĲШĲƣШ
ċũЮЯШΞΜΝΥьЮШ 



  ΝΝΦ 

ÂŸƚƣрǯƖĲШũċŰĬƚĦċƓĲƚШċƖĲШċũƚŸШƓƖŸŰĲШƣŸШǰċƚőШǰŸŸĬŔŰŊЯШċƚШƣőĲШũŸƚƚШŸŉШƻĲŊĲƣċƣŔŸŰШċŰĬШƚŸŔũШŔŰǯũƣƖċƣŔŸŰШ
ĦċƓċĦŔƣǃШĬƖċůċƣŔĦċũũǃШŔŰĦƖĲċƚĲƚШƓĲċťШĬŔƚĦőċƖŊĲШƖċƣĲƚШы~ŸŸĬǃШċŰĬШ~ċƖƣŔŰЯШΞΜΜΠьЮШfŰШƣőĲШÉŸƨƣőƽĲƚƣШ
ÖЮÉЮЯШƓŸƚƣрƽŔũĬǯƖĲШǰŸŸĬƚШőċƻĲШĦċƨƚĲĬШĬċůċŊĲШƣŸШőŸůĲƚШċŰĬШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШƽŔƣőШƓĲċťШǰŸƽƚШ
ĲǂĦĲĲĬŔŰŊШΝΜΜШƣŔůĲƚШŰŸƖůċũШĬŔƚĦőċƖŊĲШũĲƻĲũƚШыÂċƨũШĲƣШċũЮЯШΞΜΞΞьЮШÑőĲШőŔŊőĲƖШƖƨŰŸǭШƻŸũƨůĲƚШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШǰċƚőШǰŸŸĬŔŰŊШċũƚŸШőċƻĲШƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣƚШŸŰШƚƣƖĲċůШĦőċŰŰĲũƚШƣőĲůƚĲũƻĲƚЯШ
ŔŰĦũƨĬŔŰŊШĦőċŰŰĲũШŔŰĦŔƚŔŸŰШƣőċƣШĦċŰШũĲċĬШƣŸШċƖůŸƖĲĬШĦőċŰŰĲũШĤĲĬƚШыxĲŊũĲŔƣĲƖШĲƣШċũШΞΜΜΟьЯШċŰĬШ
ƽŔĬĲŰŔŰŊЯШƽőŔĦőШŔŰШƣƨƖŰШĦċŰШũĲċĬШƣŸШŊƖĲċƣĲƖШƚŸũċƖШĲǂƓŸƚƨƖĲШċŰĬШőŔŊőĲƖШƚƣƖĲċůШƣĲůƓĲƖċƣƨƖĲƚЯШ
ŰĲŊċƣŔƻĲũǃШŔůƓċĦƣŔŰŊШǯƚőШƓŸƓƨũċƣŔŸŰƚШы?ƨŰőċůШĲƣШċũЮШΞΜΜΤьЮШ ШĦċƚĲШƚƣƨĬǃШŔŰШƣőĲШÉŔĲƖƖċШ ĲƻċĬċШ
ŉŸƨŰĬШƣőċƣШĤƨƖŰĲĬШƽċƣĲƖƚőĲĬƚШƓƖŸĬƨĦĲĬШƣƽŔĦĲШċƚШůƨĦőШƖƨŰŸǭШċƚШƨŰĤƨƖŰĲĬШĦŸŰƣƖŸũШƚŔƣĲƚЯШċШ
ƓőĲŰŸůĲŰŸŰШĲǂċĦĲƖĤċƣĲĬШĤǃШƖċƓŔĬШƚŰŸƽůĲũƣШĬƨĲШƣŸШũŸƚƚШŸŉШŉŸƖĲƚƣШĦċŰŸƓǃШы~ŔĦőĲũĲƣƣǃШĲƣШċũЮЯШΞΜΝΠьЮШ 

 ŸƣШŸŰũǃШċƖĲШŉƨĲũШƣƖĲċƣůĲŰƣƚШũŔťĲũǃШƣŸШƖĲĬƨĦĲШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШƚĲƻĲƖĲШƽŔũĬǯƖĲШŸĦĦƨƖƖŔŰŊЯШĤƨƣШŔŉШŔƣШ
ĬŸĲƚЯШƣőĲǃШĦċŰШƓŸƚŔƣŔƻĲũǃШċǭĲĦƣШǯƖĲШĤĲőċƻŔŸƖЯШƓŸƚƣрǯƖĲШőǃĬƖŸũŸŊǃЯШċŰĬШũŸŰŊрƣĲƖůШƽċƣĲƖƚőĲĬШƖĲĦŸƻĲƖǃШ
ƣƖċŢĲĦƣŸƖŔĲƚШыÅċǃůŸŰĬШċŰĬШÂĲƣĲƖƚŸŰЯШΞΜΜΡьЮШ[ŸƖШŔŰƚƣċŰĦĲЯШŔŰШċШƚƣƨĬǃШĤǃШÅċǃůŸŰĬШċŰĬШÂĲƣĲƖƚŸŰШ
ыΞΜΜΡьШŸŉШċŰШ§ƖĲŊŸŰШƽċƣĲƖƚőĲĬЯШƣőŔŰŰĲĬШċŰĬШƨŰĬĲƖĤƨƖŰĲĬШŉŸƖĲƚƣƚШĲǂőŔĤŔƣĲĬШƚŔŊŰŔǯĦċŰƣũǃШũŸƽĲƖШƓŸƚƣр
ǯƖĲШĲƖŸƚŔŸŰШƖċƣĲƚЯШƽŔƣőШůċƚƚШƽċƚƣŔŰŊШĲƻĲŰƣƚШŸĦĦƨƖƖŔŰŊШǯƻĲШƣŔůĲƚШůŸƖĲШŉƖĲƕƨĲŰƣũǃШŔŰШƨŰƣƖĲċƣĲĬШ
ƚƣċŰĬƚЮШ[ƨƖƣőĲƖЯШċШƚƣƨĬǃШŔŰШƣőĲШ9ŸũŸƖċĬŸШ[ƖŸŰƣШÅċŰŊĲШŉŸƨŰĬШƣőċƣШŉŸƖĲƚƣƚШƚƨĤŢĲĦƣĲĬШƣŸШƣőŔŰŰŔŰŊШċŰĬШ
ƓƖĲƚĦƖŔĤĲĬШĤƨƖŰƚШĲǂőŔĤŔƣĲĬШΠΜӖШũŸƽĲƖШƖƨŰŸǭШƖċƣĲƚШċŰĬШΡΜӖШũŸƽĲƖШƚĲĬŔůĲŰƣШǃŔĲũĬƚШŉŸũũŸƽŔŰŊШƽŔũĬǯƖĲШ
ы9ċŰŰŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ 

ÉƣƖċƣĲŊŔĲƚШƣőċƣШĦċŰШĤĲШĲůƓũŸǃĲĬШċŉƣĲƖШċШƽŔũĬǯƖĲШƣŸШőĲũƓШůŔƣŔŊċƣĲШőǃĬƖŸũŸŊŔĦШŔůƓċĦƣƚШŔŰĦũƨĬĲШ
ƚƣċĤŔũŔǍċƣŔŸŰШůĲċƚƨƖĲƚШċŰĬШőǃĬƖŸũŸŊŔĦċũШŔŰƣĲƖƻĲŰƣŔŸŰƚЯШĲƖŸƚŔŸŰШĦŸŰƣƖŸũШƣƖĲċƣůĲŰƣƚЯШƚƨĦőШċƚШ
ůƨũĦőŔŰŊЯШƚĲĬŔůĲŰƣШĤċƖƖŔĲƖƚЯШċŰĬШĦőċŰŰĲũШƚƣċĤŔũŔǍċƣŔŸŰШƓƖŸŢĲĦƣƚЯШċŰĬШƣőĲШƨƚĲШŸŉШĤĲċƻĲƖШĬċůƚШƣŸШ
ƖĲƚƣŸƖĲШŰċƣƨƖċũШőǃĬƖŸũŸŊŔĦШƓƖŸĦĲƚƚĲƚШы~ŸŸĬǃШċŰĬШ~ċƖƣŔŰЯШΞΜΜΠбШ7ĲũŸŰŊŔċШĲƣШċũЮЯШΞΜΞΟьЮШcŸƽĲƻĲƖЯШƣőĲШ
ĲǭŔĦċĦǃШŸŉШƣőĲƚĲШċƓƓƖŸċĦőĲƚШƻċƖŔĲƚШƚŔŊŰŔǯĦċŰƣũǃШĤĲƣƽĲĲŰШƽċƣĲƖƚőĲĬƚШƣőċƣШőċĬШĤĲĲŰШƣƖĲċƣĲĬШƻĲƖƚƨƚШ
ƨŰƣƖĲċƣĲĬШƓƖŔŸƖШƣŸШƽŔũĬǯƖĲЮ 

fŰШĦŸŰĦũƨƚŔŸŰЯШƽŔũĬǯƖĲрŔŰĬƨĦĲĬШƽċƣĲƖƚőĲĬШĬŔƚƣƨƖĤċŰĦĲƚШрШŔŰĦũƨĬŔŰŊШƚĲĬŔůĲŰƣċƣŔŸŰЯШĲƖŸƚŔŸŰЯШůċƚƚШ
ƽċƚƣŔŰŊЯШċŰĬШǰŸŸĬŔŰŊШрШƓŸƚĲШƚŔŊŰŔǯĦċŰƣШƖŔƚťƚШƣŸШƽċƣĲƖШƚƨƓƓũǃШƚǃƚƣĲůƚЯШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШċŰĬШ
ĲĦŸƚǃƚƣĲůШőĲċũƣőЮШÑőĲƚĲШŔůƓċĦƣƚШċƖĲШůŸƚƣШƚĲƻĲƖĲШŔŰШƨŰƣƖĲċƣĲĬШƽċƣĲƖƚőĲĬƚЯШƽőĲƖĲШőŔŊőШƚĲƻĲƖŔƣǃШ
ĤƨƖŰƚШũĲċĬШƣŸШĬĲƚƣċĤŔũŔǍĲĬШƚũŸƓĲƚЯШŔŰĦƖĲċƚĲĬШĬĲĤƖŔƚШǰŸƽƚЯШċŰĬШŔůƓċŔƖĲĬШƽċƣĲƖШƕƨċũŔƣǃЮШcŸƽĲƻĲƖЯШŉƨĲũШ
ƣƖĲċƣůĲŰƣƚЯШĤĲċƻĲƖрĤċƚĲĬШƖĲƚƣŸƖċƣŔŸŰЯШċŰĬШőǃĬƖŸũŸŊŔĦċũШŔŰƣĲƖƻĲŰƣŔŸŰƚШőċƻĲШĤĲĲŰШƚőŸƽŰШƣŸШƖĲĬƨĦĲШ
ƓŸƚƣрǯƖĲШőǃĬƖŸũŸŊŔĦċũШőċǍċƖĬƚШċŰĬШĲŰőċŰĦĲШƽċƣĲƖƚőĲĬШƖĲƚŔũŔĲŰĦĲШċŰĬШƣŸШǃŔĲũĬШċШƓŸƚŔƣŔƻĲШƖĲƣƨƖŰШŸŰШ
ŔŰƻĲƚƣůĲŰƣШŉŸƖШƽċƣĲƖШƓƖŸƻŔĬĲƖƚЯШƖĲũċƣŔƻĲШƣŸШƨŰƣƖĲċƣĲĬШƽċƣĲƖƚőĲĬƚШыsŸŰĲƚШĲƣШċũЮЯШΞΜΝΤьЮШ[ƨƣƨƖĲШ
ƖĲƚĲċƖĦőШƚőŸƨũĬШĲǂƓċŰĬШůŸŰŔƣŸƖŔŰŊШŸŉШƓŸƚƣрǯƖĲШőǃĬƖŸũŸŊŔĦċũШƖĲĦŸƻĲƖǃШŔŰШƣƖĲċƣĲĬШƻƚЮШƨŰƣƖĲċƣĲĬШ
ƽċƣĲƖƚőĲĬƚШƣŸШƖĲǯŰĲШůċŰċŊĲůĲŰƣШƚƣƖċƣĲŊŔĲƚШŉŸƖШĦũŔůċƣĲрċĬċƓƣŔƻĲШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰЮ 

fůƓċĦƣƚШŸŰШÅĲĦƖĲċƣŔŸŰШċŰĬШÑŸƨƖŔƚůШ 
ìŔũĬǯƖĲƚШĦċŰШőċƻĲШĬĲƻċƚƣċƣŔŰŊШƚőŸƖƣрШċŰĬШũŸŰŊрƣĲƖůШƖĲŊŔŸŰċũШĲǭĲĦƣƚШŸŰШŰċƣƨƖĲрĤċƚĲĬШƖĲĦƖĲċƣŔŸŰШ
ċŰĬШƣŸƨƖŔƚůШċƚШũċŰĬƚĦċƓĲƚШċƖĲШĬĲŊƖċĬĲĬЯШƣőĲƖĲĤǃШůċťŔŰŊШƖĲĦƖĲċƣŔŸŰШƨŰĬĲƚŔƖċĤũĲЯШƨŰƚċŉĲЯШŸƖШ
ŔŰċĦĦĲƚƚŔĤũĲЮШfŰШƣőĲШƚőŸƖƣШƣĲƖůШƣőŔƚШĦċŰШƖĲƚƨũƣШŔŰШĦŸƚƣƚШŔŰШƖĲĤƨŔũĬŔŰŊШƣŸƨƖŔƚůШŔŰŉƖċƚƣƖƨĦƣƨƖĲШċŰĬШ
ƖĲƚƣŸƖŔŰŊШĬĲŊƖċĬĲĬШũċŰĬƚĦċƓĲƚЯШƽőŔũĲШŔŰШƣőĲШũŸŰŊШƣĲƖůШƣőŔƚШĦċŰШƖĲƚƨũƣШŔŰШƣőĲШĬĲĦũŔŰĲШŸƖШũŸƚƚШŸŉШ
ƖĲĦƖĲċƣŔŸŰШŔŰĬƨƚƣƖǃШĤƨƚŔŰĲƚƚĲƚШŔŰШƣőĲШƖĲŊŔŸŰЯШĲƻĲŰШċŉƣĲƖШũċŰĬƚĦċƓĲƚШůċǃШőċƻĲШƖĲĦŸƻĲƖĲĬЮШcŸƽĲƻĲƖЯШ
ƣőĲШũŔƣĲƖċƣƨƖĲШŸŰШƣőŔƚШƣŸƓŔĦШŔƚШŰŸƣШŔŰШċŊƖĲĲůĲŰƣШċĤŸƨƣШƣőĲШůċŊŰŔƣƨĬĲШŸƖШĬƨƖċƣŔŸŰШрШċŰĬШŔŰШƚŸůĲШĦċƚĲƚЯШ
ƣőĲШĬŔƖĲĦƣŔŸŰШрШŸŉШƚƨĦőШĲĦŸŰŸůŔĦШŔůƓċĦƣƚЮШ 

ìőŔũĲШƓũĲŰƣǃШŸŉШċŰĲĦĬŸƣċũШĲƻŔĬĲŰĦĲШĲǂŔƚƣƚЯШƖĲũċƣŔƻĲũǃШŉĲƽШĲĦŸŰŸůŔĦШƚƣƨĬŔĲƚШőċƻĲШĤĲĲŰШĬŸŰĲШƖĲĦĲŰƣũǃШ
ƣŸШƕƨċŰƣŔŉǃШƽŔũĬǯƖĲШŔůƓċĦƣƚШŸŰШƖĲĦƖĲċƣŔŸŰШċŰĬШƣŸƨƖŔƚůЯШċŰĬШŉĲƽĲƖШƚƣŔũũШŔŰШƣőĲШĦŸŰƣĲǂƣШŸŉШ9ŸũŸƖċĬŸќƚШ
[ƖŸŰƣШÅċŰŊĲЮШ§ŰĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШƓċƨĦŔƣǃШŔƚШƣőĲШƖĲĦŸŊŰŔǍĲĬШĬŔǭŔĦƨũƣǃШŸŉШŔƚŸũċƣŔŰŊШƣőĲШĲĦŸŰŸůŔĦШ



  ΝΞΜ 

ŔůƓċĦƣƚШƣŸШċШƖĲŊŔŸŰШƚƓĲĦŔǯĦċũũǃШŉƖŸůШƽŔũĬǯƖĲЯШĦŸŰƣƖŸũũŔŰŊШŉŸƖШċũũШŸƣőĲƖШƓŸƚƚŔĤũĲШƣƖĲŰĬƚШƣőċƣШůŔŊőƣШ
ŔŰǰƨĲŰĦĲШƖĲĦƖĲċƣŔŸŰШĬĲůċŰĬЮШÑőċƣШŔƚЯШŔƣШŔƚШĲǂƣƖĲůĲũǃШĬŔǭŔĦƨũƣШƣŸШťŰŸƽШƽŔƣőШĦĲƖƣċŔŰƣǃШƣőċƣШĦőċŰŊĲƚШƣŸШ
ƖĲĦƖĲċƣŔŸŰċũШĲĦŸŰŸůŔĦШċĦƣŔƻŔƣǃШƣőċƣШŸĦĦƨƖƖĲĬШċŉƣĲƖШċШƽŔũĬǯƖĲШċƖĲШĬŔƖĲĦƣũǃШċƣƣƖŔĤƨƣċĤũĲШƣŸШƽŔũĬǯƖĲШ
ыEŰŊũŔŰШĲƣШċũЮЯШΞΜΜΥьЮШ§ŰĲШƽċǃШƣŸШĦŸŰƣƖŸũШŉŸƖШũċƖŊĲƖШƣƖĲŰĬƚШƣőċƣШůŔŊőƣШĦŸŰŉŸƨŰĬШƖĲƚƨũƣƚШŔƚШƣŸШũŸŸťШċƣШƣőĲШ
ĦőċŰŊĲШŔŰШŸŰĲШƖĲŊŔŸŰШċǭĲĦƣĲĬШĤǃШǯƖĲШŔŰШĦŸůƓċƖŔƚŸŰШƣŸШĦőċŰŊĲƚШŔŰШƣőĲШũċƖŊĲƖШƖĲŊŔŸŰШƣŸШƽőŔĦőШŔƣШ
ĤĲũŸŰŊƚЮШ[ŸƖШŔŰƚƣċŰĦĲЯШ[ƖċŰťĲШыΞΜΜΜьШŉŸƨŰĬШƣőċƣШƻŔƚŔƣċƣŔŸŰШċĦƣƨċũũǃШŔŰĦƖĲċƚĲĬШŔŰШƣőĲШǃĲċƖƚШ
ŔůůĲĬŔċƣĲũǃШŉŸũũŸƽŔŰŊШƣőĲШΝΦΥΥШòĲũũŸƽƚƣŸŰĲШƽŔũĬǯƖĲƚЯШƽőŔĦőШĦŸƨũĬШƚƨŊŊĲƚƣШƣŸШƚŸůĲШƣőċƣШƣőĲШ
ƽŔũĬǯƖĲƚШĦċƨƚĲĬШŔŰĦƖĲċƚĲĬШƻŔƚŔƣċƣŔŸŰШĤƨƣЯШŔŰШŉċĦƣЯШƣőĲШĲŰƣŔƖĲШƚƣċƣĲШŸŉШ~ŸŰƣċŰċШƚċƽШŔŰĦƖĲċƚĲƚШ
ƚŔŊŰŔǯĦċŰƣũǃШŊƖĲċƣĲƖЯШƚƨŊŊĲƚƣŔŰŊЯШĦŸƨŰƣĲƖрŉċĦƣƨċũũǃЯШƣőċƣШòĲũũŸƽƚƣŸŰĲШőċĬШũŸƽĲƖШƻŔƚŔƣċƣŔŸŰШƖċƣĲƚШƣőċŰШ
ŔƣШƽŸƨũĬШőċƻĲШőċĬШŔŰШƣőĲШċĤƚĲŰĦĲШŸŉШƣőŸƚĲШƽŔũĬǯƖĲƚЮШ7ǃШĦŸŰƣƖċƚƣЯШċШũċƣĲƖШƚƣƨĬǃШŸŉШǯƖĲШŔŰШƣőĲШ
òĲũũŸƽƚƣŸŰĲШƖĲŊŔŸŰШƣőċƣШƨƚĲĬШċШљĦŸŰƣĲůƓŸƖċŰĲŸƨƚњШƣƖċƻĲũШĦŸƚƣШĲĦŸŰŸůĲƣƖŔĦШċƓƓƖŸċĦőШƣŸШĲǂċůŔŰĲШ
ƣőĲШĲǭĲĦƣƚШŸŉШĦƨƖƖĲŰƣШůŸŰƣőũǃШƽŔũĬǯƖĲШċŰĬШũċŊŊĲĬШůŸŰƣőũǃШƽŔũĬǯƖĲШŸŰШƻŔƚŔƣċƣŔŸŰШŸƻĲƖШΞΡШǃĲċƖƚШыΝΦΥΣр
ΞΜΝΝьШĬŔĬШǯŰĬШċШĦŸŰƚŔƚƣĲŰƣШũŸƚƚШŔŰШƻŔƚŔƣċƣŔŸŰШĬƨĲШƣŸШǯƖĲЯШċƻĲƖċŊŔŰŊШċĤŸƨƣШΝЮΟӖЯШƽőŔĦőШƣƖċŰƚũċƣĲĬШŔŰƣŸШ
ċШũŸƚƚШŸŉШҘΞΜΣШůŔũũŔŸŰШŔŰШŰĲƣШƓƖĲƚĲŰƣШƻċũƨĲШƣĲƖůƚШŉŸƖШƣőċƣШƓĲƖŔŸĬШċŰĬШҘΝΡΦШůŔũũŔŸŰШŔŰШŉŸƖŊŸŰĲШ
ĲǂƓĲŰĬŔƣƨƖĲƚШĤǃШƻŔƚŔƣŸƖƚШƣŸШƣőĲШΝΤШĦŸƨŰƣǃШŊƖĲċƣĲƖШòĲũũŸƽƚƣŸŰĲШƖĲŊŔŸŰШы?ƨǭŔĲũĬШĲƣШċũЮЯШΞΜΝΟьЮШÑőŔƚШ
ƚőŸƽƚШƣőċƣШƣőĲШƖĲƚƨũƣƚШŉƖŸůШƽŔũĬǯƖĲрŔůƓċĦƣШƚƣƨĬŔĲƚШċƖĲШőŔŊőũǃШƚĲŰƚŔƣŔƻĲШƣŸШĲƻċũƨċƣŔŸŰШůĲƣőŸĬƚШ
ƨƚĲĬЮ 

~ƨĦőШŸŉШƣőĲШĲċƖũŔĲƖШũŔƣĲƖċƣƨƖĲШŔƚШƚƨůůċƖŔǍĲĬШŔŰШċШΞΜΝΤШƖĲƻŔĲƽШƓċƓĲƖШы7ċƽċЯШΞΜΝΤьЮШÑőĲШƓċƓĲƖƚШŔƣШ
ĦŸƻĲƖƚЯШŔŰĦũƨĬŔŰŊШĤŸƣőШћƚƣċƣĲĬШĦőŸŔĦĲќШыƖĲƚƓŸŰĬĲŰƣƚШŸĤƚĲƖƻŔŰŊШƓőŸƣŸŊƖċƓőŔĦШƖĲƓƖĲƚĲŰƣċƣŔŸŰƚШŸŉШ
ƓŸƚƣрƽŔũĬǯƖĲШĲǭĲĦƣƚШċŰĬШőǃƓŸƣőĲƚŔǍŔŰŊШċĤŸƨƣШƣőĲŔƖШĤĲőċƻŔŸƖƚШċƚШċШƖĲƚƨũƣьШċŰĬШћƖĲƻĲċũĲĬШƓƖĲŉĲƖĲŰĦĲќШ
ыũŸŸťŔŰŊШċƣШőŸƽШƽŔũĬǯƖĲШċĦƣƨċũũǃШŔůƓċĦƣĲĬШĦŸŰƚƨůĲƖШĤĲőċƻŔŸƖьШƚƣƨĬŔĲƚЯШŉŸƨŰĬШƣőċƣШĦŸŰƚƨůĲƖШ
ƽĲũŉċƖĲШũŸƚƚĲƚШċƖĲШĤŸƣőШƕƨċŰƣŔǯċĤũĲШċŰĬШƚƨĤƚƣċŰƣŔċũЯШŸŉƣĲŰШŔŰШƣőĲШůŔũũŔŸŰƚШŸŉШĬŸũũċƖƚШƓĲƖШƚŔƣĲЯШĤƨƣШ
ƣőċƣШƣőĲǃШƻċƖǃШƚŔŊŰŔǯĦċŰƣũǃШĤċƚĲĬШŸŰШċĦƣŔƻŔƣǃЯШĲĦŸƚǃƚƣĲůЯШƖĲŊŔŸŰШċŰĬЯШŔůƓŸƖƣċŰƣũǃЯШǯƖĲШƚĲƻĲƖŔƣǃЮШ 

ÅĲũċƣŔƻĲũǃШŉĲƽШƚƣƨĬŔĲƚШőċƻĲШŔƚŸũċƣĲĬШƣőĲƚĲШŔůƓċĦƣƚШŔŰШƓƖĲĦŔƚĲШǯŰċŰĦŔċũШƣĲƖůƚЮШ§ŰĲШƣőċƣШĬŔĬШƚŸШƣŸШ
ƚŸůĲШĲǂƣĲŰƣШƨƚĲĬШƚƨƖƻĲǃƚШŉƖŸůШǯƻĲШ ċƣŔŸŰċũШ[ŸƖĲƚƣƚШŔŰШ ĲƽШ~ĲǂŔĦŸЯШĦŸƨƓũĲĬШƽŔƣőШƣƖċƻĲũШĦŸƚƣШċŰĬШ
ĦŸŰƣŔŰŊĲŰƣШƻċũƨċƣŔŸŰЯШċŰĬШŉŸƨŰĬШƣőċƣШċШőǃƓŸƣőĲƣŔĦċũШĦċƣċƚƣƖŸƓőŔĦШǯƖĲШƽŸƨũĬШƖĲĬƨĦĲШƻŔƚŔƣƚШƣŸШŉŸƖĲƚƣƚШ
ƣőĲШŉŸũũŸƽŔŰŊШǃĲċƖШĤǃШΤӖШċŰĬШƖĲƚƨũƣШŔŰШҘΥΝШůŔũũŔŸŰШŔŰШũŸƚƣШĲĦŸŰŸůŔĦШŸƨƣƓƨƣШċŰĬШΝЯΦΜΜШũŸƚƣШŢŸĤƚШ
ыÉƣċƖĤƨĦťШĲƣШċũЮЯШΞΜΜΣьЮШ ŰŸƣőĲƖШũŸŸťĲĬШċƣШƣőĲШΞΜΝΥШ[ĲƖŊƨƚŸŰШ[ŔƖĲЯШƽőŔĦőШĦũŸƚĲĬШòŸƚĲůŔƣĲШ ċƣŔŸŰċũШ
ÂċƖťШŉŸƖШƣőƖĲĲШƽĲĲťƚШĬƨƖŔŰŊШƣőĲШƓĲċťШƚĲċƚŸŰЯШċŰĬШŉŸƨŰĬШƣőċƣШŔƣШƖĲƚƨũƣĲĬШŔŰШċŰШĲƚƣŔůċƣĲĬШҘΠΣШůŔũũŔŸŰШ
ĬĲĦƖĲċƚĲШŔŰШƻŔƚŔƣŸƖШĬŔƖĲĦƣШċŰĬШŔŰĬŔƖĲĦƣШƚƓĲŰĬŔŰŊШŔŰШŰĲŔŊőĤŸƖŔŰŊШ~ċƖŔƓŸƚċШ9ŸƨŰƣǃШċŰĬШċШҘΝЮΝШůŔũũŔŸŰШ
ƖĲĬƨĦƣŔŸŰШŔŰШũŸĦċũШƣċǂШƖĲƻĲŰƨĲШŔŰШƣőċƣШĦŸƨŰƣǃШыìŔũƚŸŰШĲƣШċũЮЯШΞΜΞΜьЮШÑőĲŔƖШƚƨƖƻĲǃШŉŸƨŰĬШƣőċƣШΠΞӖШŸŉШ
ƖĲƚƓŸŰĬĲŰƣƚШƚċŔĬШƣőċƣШƽŔũĬǯƖĲШċĦƣŔƻŔƣǃШƽŸƨũĬШũŔťĲũǃШŔŰǰƨĲŰĦĲШƣőĲŔƖШĬĲƚŔƖĲШƣŸШƻŔƚŔƣШƣőĲШÉŔĲƖƖċШ ĲƻċĬċШ
ƖĲŊŔŸŰЮШ ШƚƣƨĬǃШŸŉШƓŸƚƣрƽŔũĬǯƖĲШĲĦŸŰŸůŔĦШŔůƓċĦƣƚШċƣШǯƻĲШ ċƣŔŸŰċũШÂċƖťƚШŔŰШÖƣċőШŉŸƨŰĬШƣőċƣШ
ċŊŊƖĲŊċƣĲШƻŔƚŔƣċƣŔŸŰШũŸƚƚĲƚШƽĲƖĲШĤĲƣƽĲĲŰШΜЮΡӖШċŰĬШΝЮΡӖШĬƨƖŔŰŊШċШƣǃƓŔĦċũШǯƖĲШǃĲċƖШƖĲũċƣŔƻĲШƣŸШċШŰŸŰр
ǯƖĲШǃĲċƖЮШÑőċƣШƽċƚШĲƚƣŔůċƣĲĬШƣŸШƖĲƚƨũƣШŔŰШċШŰĲŊċƣŔƻĲШƖĲŊŔŸŰċũШĲĦŸŰŸůŔĦШŔůƓċĦƣШċĦƖŸƚƚШƓċƖťƚШŸŉШ
ĤĲƣƽĲĲŰШҘΞЮΤШċŰĬШҘΠЮΡШůŔũũŔŸŰЯШƽŔƣőШċŰШċƚƚŸĦŔċƣĲĬШũŸƚƚШŸŉШΟΝШƣŸШΡΟШŢŸĤƚЯШċũƣőŸƨŊőШƣőŔƚШƖĲƚƨũƣШ
ĬĲƓĲŰĬĲĬШŸŰШƣőĲШĲǂƣĲŰƣШċŰĬШƚĲƻĲƖŔƣǃШŸŉШĤƨƖŰŔŰŊШы~ЮШuŔůШċŰĬШsċťƨƚЯШΞΜΝΦьЮШ 

fŰШċĬĬŔƣŔŸŰШƣŸШƣőĲШũŔƣĲƖċƣƨƖĲШǯŰĬŔŰŊШŰĲŊċƣŔƻĲШŔůƓċĦƣƚШŉƖŸůШƽŔũĬǯƖĲШŸŰШƣŸƨƖŔƚůЯШƣőĲƖĲШċƖĲШŸƣőĲƖƚШƣőċƣШ
ǯŰĬШŰŸШŔůƓċĦƣЯШċŰШĲƕƨŔƻŸĦċũШŔůƓċĦƣЯШŸƖШĲƻĲŰШċШƓŸƚŔƣŔƻĲШŸŰĲЮШ[ŸƖШŔŰƚƣċŰĦĲЯШŔŰĦƖĲċƚĲƚШŔŰШƻŔƚŔƣċƣŔŸŰШ
ƽĲƖĲШŉŸƨŰĬШŔŰШƣőĲШƓĲƖŔŸĬШŉŸũũŸƽŔŰŊШũŸƽШŔŰƣĲŰƚŔƣǃШǯƖĲШŔŰШÉŸƨƣőĲƖŰШ9ċũŔŉŸƖŰŔċШыÉČŰĦőĲǍШĲƣШċũЮЯШΞΜΝΣьЮШ
ŰŸƣőĲƖШƚƣƨĬǃШŉŸƨŰĬШŰŸШŔůƓċĦƣШŸŉШƽŔũĬǯƖĲƚШŸŰШƣŸƨƖŔƚůШċŰĬШũĲŔƚƨƖĲШĲůƓũŸǃůĲŰƣЯШċŰĬШŸŰũǃШƚũŔŊőƣШ

ŔůƓċĦƣƚШŸŰШƚĲĦƣŸƖċũШƽċŊĲƚЯШŉŸũũŸƽŔŰŊШШċШƚĲƖŔĲƚШŸŉШǯƖĲƚШŔŰШƣőĲШÑƖŔŰŔƣǃШ9ŸƨŰƣǃШƖĲŊŔŸŰШŸŉШ ŸƖƣőĲƖŰШ
9ċũŔŉŸƖŰŔċШы?ċƻŔƚШĲƣШċũЮЯШΞΜΝΠьЮШòĲƣШċŰŸƣőĲƖШƚƣƨĬǃШũŸŸťŔŰŊШċƣШƽŔũĬǯƖĲШŔŰШ[ũŸƖŔĬċШƨƚĲĬШċШƚƨƖƻĲǃШ
ŔŰƚƣƖƨůĲŰƣШŸŉШƖĲƓĲċƣрƻŔƚŔƣŸƖƚШƣŸШ[ũŸƖŔĬċШƣŸШƕƨĲƖǃШőŸƽШƽŔũĬǯƖĲШůŔŊőƣШċǭĲĦƣШƣőĲŔƖШőǃƓŸƣőĲƣŔĦċũШƣƖċƻĲũШ
ĬĲĦŔƚŔŸŰƚЯШǯŰĬŔŰŊШƣőċƣШƣőĲШŉŸƖШƣőĲШƻċƚƣШůċŢŸƖŔƣǃЯШƽŔũĬǯƖĲШƽŸƨũĬШőċƻĲШŰŸШŔůƓċĦƣШыÑőċƓċШĲƣШċũЮЯШΞΜΜΠьЮШ Ш
ƚƣƨĬǃШƨƚŔŰŊШƚƨƖƻĲǃƚШƣŸШċƚƚĲƚƚШƣƖċƻĲũШĦŸƚƣШƓƖĲŉĲƖĲŰĦĲƚШŔŰШ9ŸũŸƖċĬŸШŉŸƨŰĬШŰŸШŔůƓċĦƣШŸŉШůċŢŸƖШĦƖŸƽŰШ



  ΝΞΝ 

ǯƖĲƚШƣŸШőŔťŔŰŊШƻŔƚŔƣƚШĤƨƣШĬŔĬШǯŰĬШċШŰĲŊċƣŔƻĲШŔůƓċĦƣШŸŰШůŸƨŰƣċŔŰШĤŔťŔŰŊШƻŔƚŔƣƚШыxŸŸůŔƚШĲƣШċũЮЯШΞΜΜΝьЮШ
[ŔŰċũũǃЯШċШƚƣƨĬǃШũŸŸťŔŰŊШċƣШƣőĲШŔůƓċĦƣƚШŸŉШƽŔũĬǯƖĲШƚůŸťĲШċƣШĦċůƓŊƖŸƨŰĬƚЯШůŸƚƣШŸŉШƣőĲůШŰŸƣШ
ċĬŢċĦĲŰƣШƣŸШƣőĲШƽŔũĬǯƖĲШũŸĦċƣŔŸŰƚЯШŉŸƨŰĬШŸŰũǃШƻĲƖǃШůŔŰŔůċũШŔůƓċĦƣƚШŸŰШĦċůƓŊƖŸƨŰĬШƨƚĲШы]ĲũũůċŰШĲƣШ
ċũЮЯШΞΜΞΞьШċũƣőŸƨŊőШċШũċƣĲƖШƚƣƨĬǃШĤǃШƣőĲШƚċůĲШċƨƣőŸƖƚШŉŸƨŰĬШƣőĲƖĲШƽċƚШċШƣőĲŸƖĲƣŔĦċũШҘΞЮΟШĤŔũũŔŸŰШ
ċŰŰƨċũШƽĲũŉċƖĲШũŸƚƚШŉƖŸůШƣőĲШƚůŸťĲШŔůƓċĦƣƚШƣŸШĦċůƓŊƖŸƨŰĬШƨƚĲƖƚШы]ĲũũůċŰШĲƣШċũЮЯШΞΜΞΟьЮШШ 

ÑőĲШůŸƚƣШƖĲũĲƻċŰƣШƚƣƨĬǃШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƽċƚШċШΞΜΜΟШƖĲƓŸƖƣШŸŰШƣőĲШŔůƓċĦƣƚШŸŉШƣőĲШΞΜΜΞШcċǃůċŰШ
[ŔƖĲШыuĲŰƣШĲƣШċũЮЯШΞΜΜΟьЮШÖƚŔŰŊШĦŸƨŰƣĲƖŉċĦƣƨċũШůŸĬĲũŔŰŊЯШŔŰШƽőŔĦőШĲĦŸŰŸůŔĦШƚĦĲŰċƖŔŸƚШƽĲƖĲШ
ƚŔůƨũċƣĲĬШŉŸƖШƖĲũĲƻċŰƣШƚĲĦƣŸƖƚШċƚƚƨůŔŰŊШƣőĲƖĲШƽċƚШŰŸШǯƖĲШŉŸƖШƣőĲШůŸŰƣőƚШŔŰШƕƨĲƚƣŔŸŰЯШŔƣШŉŸƨŰĬШƣőċƣШ
ƣőĲШcċǃůċŰШ[ŔƖĲШőċĬШƚŸůĲШƚŔŊŰŔǯĦċŰƣШĦŸŰƚĲƕƨĲŰĦĲƚШŉŸƖШƣŸƨƖŔƚůШċŰĬШƖĲĦƖĲċƣŔŸŰЯШũĲċĬŔŰŊШƣŸШ
ĲĦŸŰŸůŔĦШũŸƚƚĲƚШŔŰШƚĲƻĲƖċũШĦŸƨŰƣŔĲƚЯШċũƣőŸƨŊőШƣőĲШƖĲƚƨũƣƚШƽĲƖĲШůŔǂĲĬЮШÑőĲШǯƖĲШŉŸƖĦĲĬШƣőĲШĦũŸƚƨƖĲШŸŉШ
ƣőƖĲĲШÅċŰŊĲƖШ?ŔƚƣƖŔĦƣƚШŸŉШƣőĲШÂŔťĲрÉċŰШfƚċĤĲũШ ċƣŔŸŰċũШ[ŸƖĲƚƣЯШĬƨƖŔŰŊШƣőĲШƓĲċťШƚƨůůĲƖШƣŸƨƖŔƚƣШ
ƚĲċƚŸŰЮШÉŸůĲШĦũŸƚƨƖĲƚШŸŰũǃШũċƚƣШċШŉĲƽШƽĲĲťƚЯШƽőŔũĲШŸƣőĲƖƚШƽĲƖĲШũŸŰŊĲƖЯШċƚШƚŸůĲШĦċůƓŊƖŸƨŰĬƚШĬŔĬШ
ŰŸƣШƖĲŸƓĲŰШƨŰƣŔũШƣőĲШŉŸũũŸƽŔŰŊШǃĲċƖЮШÑőĲƚĲШĦũŸƚƨƖĲƚЯШĦŸůĤŔŰĲĬШƽŔƣőШĦŸŰĦĲƖŰƚШŸƻĲƖШċŔƖШƕƨċũŔƣǃШċŰĬШ
ũċŰĬƚĦċƓĲШǯƖĲШĬċůċŊĲЯШũĲĬШƣŸШċШƚőċƖƓШĬĲĦũŔŰĲШŔŰШƻŔƚŔƣċƣŔŸŰШƣŸШŸƨƣĬŸŸƖШƖĲĦƖĲċƣŔŸŰШċƖĲċƚЮШ
9ŸŰĦĲƚƚŔŸŰċŔƖĲƚШůċŰċŊŔŰŊШƖĲĦƖĲċƣŔŸŰШƚŔƣĲƚШƖĲƓŸƖƣĲĬШƖĲƻĲŰƨĲШũŸƚƚĲƚШŔŰШƣőĲШůŔĬШƚŔǂШǯŊƨƖĲƚШ
ыċƓƓƖŸǂŔůċƣĲũǃШҘΟΥΜЯΜΜΜШŔŰШΞΜΜΞШŸƖШҘΣΤΞЯΜΜΜШƣŸĬċǃьШĦŸůƓċƖĲĬШƣŸШƣőĲШƓƖĲƻŔŸƨƚШǃĲċƖЮШ7ƨƚŔŰĲƚƚĲƚШ
ĬĲƓĲŰĬĲŰƣШŸŰШƣőĲƚĲШŰċƣƨƖċũШċƖĲċƚШċĦĦŸƖĬŔŰŊũǃШƚƨǭĲƖĲĬШĲĦŸŰŸůŔĦċũũǃЮШ§ǭрƖŸċĬШƻĲőŔĦũĲШы§ÅéьШċŰĬШ
ƚŰŸƽůŸĤŔũĲШĤƨƚŔŰĲƚƚĲƚШƽĲƖĲШƓċƖƣŔĦƨũċƖũǃШőċƖĬШőŔƣЯШƽŔƣőШŸŰĲШĦŸŰĦĲƚƚŔŸŰċŔƖĲШƖĲƓŸƖƣŔŰŊШċŰШΥΜӖШĬƖŸƓШ
ŔŰШĤƨƚŔŰĲƚƚЮШÑőĲШxŸƚƣШéċũũĲǃШ]ƨĲƚƣШÅċŰĦőЯШċШůċŢŸƖШƣŸƨƖŔƚůрĬĲƓĲŰĬĲŰƣШĤƨƚŔŰĲƚƚЯШƽċƚШŉŸƖĦĲĬШƣŸШ
ĦũŸƚĲШŉŸƖШŰĲċƖũǃШƣőƖĲĲШůŸŰƣőƚЯШƖĲƚƨũƣŔŰŊШŔŰШĲƚƣŔůċƣĲĬШũŸƚƚĲƚШĤĲƣƽĲĲŰШҘΝЮΦШůŔũũŔŸŰШċŰĬШҘΞЮΜШůŔũũŔŸŰШ
ыĤĲƣƽĲĲŰШҘΟЮΟΣШċŰĬШҘΟЮΡΠШůŔũũŔŸŰШŔŰШƣŸĬċǃќƚШĬŸũũċƖƚьЮШÉŔůŔũċƖũǃЯШƚƨůůĲƖШĦċůƓƚШƚƨĦőШċƚШƣőĲШ]ŔƖũШ
ÉĦŸƨƣƚШìċŊŸŰШìőĲĲũШ9ŸƨŰĦŔũШĦċůƓШċŰĬШƣőĲШ~ŔũĲШcŔŊőШ9ŸƨŰĦŔũШĦċůƓШƚƨǭĲƖĲĬШǯŰċŰĦŔċũШƚĲƣĤċĦťƚЯШ
ƽŔƣőШƖĲƓŸƖƣĲĬШũŸƚƚĲƚШŔŰШƣőĲШũŸƽШƚŔǂШǯŊƨƖĲƚЮШ§ƨƣǯƣƣĲƖШċŰĬШŊƨŔĬĲШŸƓĲƖċƣŔŸŰƚЯШƽőŔĦőШĬĲƓĲŰĬШŸŰШċĦĦĲƚƚШ
ƣŸШƓƨĤũŔĦШũċŰĬƚЯШċũƚŸШƚċƽШċШƚŔŊŰŔǯĦċŰƣШƖĲĬƨĦƣŔŸŰШŔŰШĤƨƚŔŰĲƚƚЯШƽŔƣőШƣŸƣċũШĦũŔĲŰƣШĬċǃƚШŉċũũŔŰŊШƣŸШΤΡӖШŸŉШ
ƓƖĲƻŔŸƨƚШũĲƻĲũƚЮШ 

ÑőĲƚĲШĬŔƖĲĦƣШŔůƓċĦƣƚШőċĬШĤƖŸċĬĲƖШĲĦŸŰŸůŔĦШƖŔƓƓũĲШĲǭĲĦƣƚШƣőƖŸƨŊőŸƨƣШƣőĲШƖĲŊŔŸŰЮШÑőĲШĬĲĦũŔŰĲШŔŰШ
ƣŸƨƖŔƚůШũĲĬШƣŸШƚŸůĲШĬĲŊƖĲĲШŸŉШƖĲĬƨĦĲĬШƖĲƻĲŰƨĲШŉŸƖШőŸƣĲũƚЯШƖĲƚƣċƨƖċŰƣƚЯШċŰĬШƖĲƣċŔũШĤƨƚŔŰĲƚƚĲƚЯШŔŰШ
ƣƨƖŰШũĲċĬŔŰŊШƣŸШƖĲĬƨĦĲĬШƚċũĲƚШƣċǂШƖĲƻĲŰƨĲЮШÂƖŸƓĲƖƣǃШƻċũƨĲƚШƽĲƖĲШċũƚŸШŔůƓċĦƣĲĬЯШċƚШċƚƚĲƚƚůĲŰƣƚШŔŰШ
ĤƨƖŰĲĬШċƖĲċƚШƽĲƖĲШƖĲĬƨĦĲĬШĤǃШƨƓШƣŸШΡΜӖШŉŸƖШƚŸůĲШũċŰĬШċŰĬШƨƓШƣŸШΝΜΜӖШŉŸƖШƚŸůĲШƚƣƖƨĦƣƨƖĲƚЯШ
ĬĲƓƖĲƚƚŔŰŊШƓƖŸƓĲƖƣǃШƣċǂШƖĲƻĲŰƨĲЮШÑċĤũĲШΟЮΠШĤĲũŸƽЯШŉƖŸůШƣőĲШƖĲƓŸƖƣЯШƚƨůůċƖŔǍĲƚШƣőĲШŔůƓċĦƣƚШƣŸШ
ƓƖŸƓĲƖƣǃЯШċƚƚĲƚƚůĲŰƣШƻċũƨĲШċŰĬШƣċǂШƖĲƻĲŰƨĲШŉŸƖШŉŸƨƖШŔůƓċĦƣĲĬШĦŸƨŰƣŔĲƚШŔŰШŸƖŔŊŔŰċũШĬŸũũċƖШƻċũƨĲƚЯШ
ƽőŔũĲШÑċĤũĲШΟЮΡШƓƖŸƻŔĬĲƚШƣőŸƚĲШǯŊƨƖĲƚШċƚШŔŰǰċƣŔŸŰШċĬŢƨƚƣĲĬШĬŸũũċƖƚШŉŸƖШΞΜΞΡЮШ 

ÑċĤũĲШΟЮΠЮШÉƨůůċƖǃШŸŉШƣőĲШŔůƓċĦƣƚШŸŰШƓƖŸƓĲƖƣǃЯШƓƖŸƓĲƖƣǃШċƚƚĲƚƚĲĬШƻċũƨĲШċŰĬШƣċǂШƖĲƻĲŰƨĲШŉŸƖШŉŸƨƖШŔůƓċĦƣĲĬШ
ĦŸƨŰƣŔĲƚШŔŰШŸƖŔŊŔŰċũШĬŸũũċƖШƻċũƨĲƚШыŉƖŸůШuĲŰƣШĲƣШċũЮШΞΜΜΟь 

 ÑĲũũĲƖ ?ŸƨŊũċƚ ÂċƖť sĲǭĲƖƚŸŰ ÑŸƣċũ 
ÂƖŸƓĲƖƣǃШéċũƨĲШxŸƚƣ ҘΝΟЮΤΠШ~ ҘΥЮΝΟШ~ ҘΝЮΤΤШ~ ҘΝΜΥЮΦΤu ҘΠΞΟЮΤΡШ~ 
ƚƚĲƚƚĲĬШéċũƨĲ ҘΝЮΦΤШ~ ҘΝЮΝΡШ~ ҘΞΣΝЮΠШu ҘШΦЮΦΤШu ҘΟЮΠΜШ~ 
ŰŰƨċũШũŸƚƚĲƚШŔŰШƣċǂШƖĲƻĲŰƨĲ ҘΝΞΤЮΠШu ҘΦΤЮΥШu ҘΝΝЮΣΠШu ҘΦΦΤ ҘΞΟΤЮΥШu 

 

ÑċĤũĲШΟЮΡЮШÉƨůůċƖǃШŸŉШƣőĲШŔŰǰċƣŔŸŰШċĬŢƨƚƣĲĬШĬŸũũċƖƚШŉŸƖШΞΜΞΡШŔůƓċĦƣƚШŸŰШƓƖŸƓĲƖƣǃЯШƓƖŸƓĲƖƣǃШċƚƚĲƚƚĲĬШƻċũƨĲШ
ċŰĬШƣċǂШƖĲƻĲŰƨĲШŉŸƖШŉŸƨƖШŔůƓċĦƣĲĬШĦŸƨŰƣŔĲƚШŔŰШŸƖŔŊŔŰċũШĬŸũũċƖШƻċũƨĲƚШыċĬċƓƣĲĬШŉƖŸůШuĲŰƣШĲƣШċũЮШΞΜΜΟь 

 ÑĲũũĲƖ ?ŸƨŊũċƚ ÂċƖť sĲǭĲƖƚŸŰ ÑŸƣċũ 
ÂƖŸƓĲƖƣǃШéċũƨĲШxŸƚƣ ҘΞΠЮΟΣШ~ ҘΝΠЮΠΞШ~ ҘΟЮΝΠШ~ ҘΝΦΟШu ҘΠΞЮΝΞШ~ 
ƚƚĲƚƚĲĬШéċũƨĲ ҘΟЮΡΜШ~ ҘΞЮΜΠШ~ ҘΠΣΟШu ҘΝΥШu ҘΣЮΜΟШ~ 
ŰŰƨċũШũŸƚƚĲƚШŔŰШƣċǂШƖĲƻĲŰƨĲ ҘΞΞΡШu ҘΝΤΟШu ҘΞΝШu ҘΝЮΥШu ҘΠΞΜШu 

 



  ΝΞΞ 

ÑőĲШƚƣƨĬǃШċũƚŸШŉŸƨŰĬШƣőċƣШƚŸůĲШŸŉШƣőċƣШƖĲĦƖĲċƣŔŸŰċũШĲĦŸŰŸůŔĦШċĦƣŔƻŔƣǃШƽċƚШƚŔůƓũǃШĬŔƚƓũċĦĲĬШƖċƣőĲƖШ
ƣőċŰШĲũŔůŔŰċƣĲĬЮШìőŔũĲШŸƨƣǯƣƣĲƖШċŰĬШŊƨŔĬĲШĤƨƚŔŰĲƚƚШƖĲƻĲŰƨĲШĬĲĦũŔŰĲĬШŔŰШƣőĲШŔůůĲĬŔċƣĲШƻŔĦŔŰŔƣǃШŸŉШ
ƣőĲШǯƖĲЯШůƨĦőШŸŉШƣőċƣШũŸƚƚШƽċƚШŸǭƚĲƣШĤǃШŊċŔŰƚШŔŰШƣőŸƚĲШƚċůĲШƚĲĦƣŸƖƚШŔŰШŸƣőĲƖШũŸĦċƣŔŸŰƚЯШċƚШ
ƖĲĦƖĲċƣŔŸŰċũŔƚƣƚШƚŔůƓũǃШċũƣĲƖĲĬШƣőĲŔƖШĬĲƚƣŔŰċƣŔŸŰƚЮШÑőŔƚШũċƚƣШƓŸŔŰƣШŔƚШťŰŸƽŰШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШċƚШ
љĦŸŰƣĲůƓŸƖċŰĲŸƨƚЮƚƨĤƚƣŔƣƨƣŔŸŰњШċŰĬШŔƚШǃĲƣШċŰŸƣőĲƖШĦőċũũĲŰŊĲШŔŰШĲƚƣŔůċƣŔŰŊШƖĲĦƖĲċƣŔŸŰċũШĲĦŸŰŸůŔĦШ
ŔůƓċĦƣƚШŉƖŸůШƽŔũĬǯƖĲЯШƚŔŰĦĲШŸŉƣĲŰШƽŔũĬǯƖĲƚШĬŸŰќƣШċǭĲĦƣШŸƻĲƖċũũШƚƓĲŰĬŔŰŊЯШĤƨƣШƖċƣőĲƖШƚũŔŊőƣũǃШċũƣĲƖШƣőĲШ
ŊĲŸŊƖċƓőŔĦШƓċƣƣĲƖŰШыEŰŊũŔŰШĲƣШċũЮШΞΜΜΥьЮШxŔťĲƽŔƚĲЯШƣőŔƚШƚƨĤƚƣŔƣƨƣŔŸŰШĦċŰШċũƚŸШŸĦĦƨƖШŔŰШƣŔůĲЯШƽŔƣőШ
ƓƖŸƚƓĲĦƣŔƻĲШƻŔƚŔƣŸƖƚШŸŉƣĲŰШŢƨƚƣШĬĲũċǃŔŰŊШƣőĲŔƖШƻŔƚŔƣƚШƣŸШċШĤƨƖŰĲĬШƚŔƣĲЮШ 

~ŸƖĲШƖĲĦĲŰƣШǯƖĲƚШŔŰШ9ŸũŸƖċĬŸШőċƻĲШƖĲĦĲŔƻĲĬШũĲƚƚШċƣƣĲŰƣŔŸŰШŔŰШƣĲƖůƚШŸŉШƚƣƨĬǃŔŰŊШƣőĲŔƖШŔůƓċĦƣƚШŸŰШ
ƖĲĦƖĲċƣŔŸŰШċŰĬШƣŸƨƖŔƚůЮШìőċƣШũŔƣƣũĲШŔŰŉŸƖůċƣŔŸŰШĲǂŔƚƣƚШĦŸůĲƚШŉƖŸůШůŸƖĲШċŰĲĦĬŸƣċũШĲƻŔĬĲŰĦĲЮШ[ŸƖШ
ŔŰƚƣċŰĦĲЯШŔƣШƽċƚШŉŸƨŰĬШƣőċƣШƣőĲШ9ċůĲƖŸŰШÂĲċťШċŰĬШEċƚƣШÑƖŸƨĤũĲƚŸůĲШ[ŔƖĲƚШыΞΜΞΜьШƚŔŊŰŔǯĦċŰƣũǃШ
ŔůƓċĦƣĲĬШƻċĦċƣŔŸŰШƖĲŰƣċũШůċƖťĲƣƚШŔŰШŰĲċƖĤǃШċƖĲċƚШċƚШƓŸƣĲŰƣŔċũШƻŔƚŔƣƚШƖĲĦŸŰƚŔĬĲƖĲĬШƣƖċƻĲũШƓũċŰƚШĬƨĲШ
ƣŸШċŔƖШƕƨċũŔƣǃШċŰĬШĦũŸƚƨƖĲƚЯШƽŔƣőШĬƖŸƓƚШŔŰШƖĲƚĲƖƻċƣŔŸŰƚШŸŉШƨƓШƣŸШΟΡӖЯШƽőŔũĲШ9ŸũŸƖċĬŸШċƚШċШƽőŸũĲШƚċƽШ
ŔŰĦƖĲċƚĲƚШŸŉШΞΣӖШŔŰШƣőĲШƚċůĲШƓĲƖŔŸĬШыuĲǃШ?ċƣċШΞΜΞΠьЮШ 

§ŰĲШċƖĲċШƣőċƣШőċƚШƖĲĦĲŔƻĲĬШƚũŔŊőƣũǃШůŸƖĲШĦŸƻĲƖċŊĲШŸŉШƽŔũĬǯƖĲќƚШƖĲĦƖĲċƣŔŸŰċũШŔůƓċĦƣƚШŔƚШƣőĲШƽĲƚƣШ
ĦŸċƚƣЮШ[ŸƖШŔŰƚƣċŰĦĲШċŰШŔŰĬƨƚƣƖǃШŊƖŸƨƓШŉŸƨŰĬШƣőċƣШΝΝШƓĲƖĦĲŰƣШŸŉШƣƖċƻĲũĲƖƚШƣŸШ9ċũŔŉŸƖŰŔċШƚċŔĬШŔŰШΞΜΝΥШ
ыƣőĲШǃĲċƖШŸŉШƣőĲШ9ċůƓШ[ŔƖĲШċŰĬШŸƣőĲƖШůċŢŸƖШŔŰĦŔĬĲŰƣƚьШƣőċƣШƽŔũĬǯƖĲƚШƓƖŸůƓƣĲĬШƣőĲůШƣŸШĦċŰĦĲũШƣƖŔƓƚЯШ
ƖĲƓƖĲƚĲŰƣŔŰŊШċШũŸƚƚШŸŉШҘΞΜШůŔũũŔŸŰШƣŸШƣőĲШƚƣċƣĲќƚШƣŸƨƖŔƚůШĲĦŸŰŸůǃШыéŔƚŔƣШ9ċũŔŉŸƖŰŔċЯШΞΜΝΥьЮШ§ƖĲŊŸŰќƚШ
ƣŸƨƖŔƚůШŔŰĬƨƚƣƖǃШŊƖŸƨƓШŉŸƨŰĬШŊƖĲċƣĲƖШũŸƚƚĲƚШŔŰШΞΜΝΤЯШŸŉШҘΡΝШůŔũũŔŸŰЯШĬƨĲШƣŸШƽŔũĬǯƖĲЮ 

ìőŔũĲШŰŸШĬċƣċШĲǂŔƚƣƚШŸŰШőŸƽШƖĲĦĲŰƣШċŰĬШŰĲċƖĤǃШǯƖĲƚШőċƻĲШċǭĲĦƣĲĬШƣőĲШƣŸƨƖŔƚůШċŰĬШƖĲĦƖĲċƣŔŸŰШ
ĲĦŸŰŸůŔĲƚШŸŉШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШŸƖШŔƣƚШŰĲŔŊőĤŸƖƚЯШŔƣШŔƚШŔŰŉŸƖůċƣŔƻĲШƣŸШũŸŸťШċƣШƣőĲШůċŊŰŔƣƨĬĲШŸŉШƣőċƣШ
ĲĦŸŰŸůǃШĤŸƣőШũŸĦċũũǃШċŰĬШƚƣċƣĲƽŔĬĲШƣŸШŊĲƣШċШƚĲŰƚĲШŸŉШƽőċƣШƣőĲШŔůƓċĦƣƚШĦŸƨũĬШƓŸƣĲŰƣŔċũũǃШĤĲЮШ ШΞΜΞΠШ
ƚƣƨĬǃШŉŸƨŰĬЯШŉŸƖШŔŰƚƣċŰĦĲЯШƣőċƣШŸƨƣĬŸŸƖШƖĲĦƖĲċƣŔŸŰШĦŸŰƣƖŔĤƨƣĲƚШΟӖШŸŉШƣőĲШƚƣċƣĲќƚШ]?ÂШыĤċƚĲĬШŸŰШĬċƣċШ
ŉƖŸůШƣőĲШ7ƨƖĲċƨШŸŉШEĦŸŰŸůŔĦШ ŰċũǃƚŔƚьШċŰĬШƣőċƣШƚƣċƣĲƽŔĬĲШĲĦŸŰŸůŔĦШŸƨƣƓƨƣШƖĲũċƣĲĬШƣŸШŸƨƣĬŸŸƖШ
ƖĲĦƖĲċƣŔŸŰШċůŸƨŰƣĲĬШƣŸШҘΣΡШĤŔũũŔŸŰШŔŰШΞΜΞΟЯШǃŔĲũĬŔŰŊШҘΝΝЮΞШĤŔũũŔŸŰШŔŰШƣċǂШƖĲƻĲŰƨĲЯШċŰĬШƚƨƓƓŸƖƣŔŰŊШ
ŸƻĲƖШΠΜΜЯΜΜΜШŢŸĤƚЯШŸƖШΝΞӖШŸŉШ9ŸũŸƖċĬŸќƚШũċĤŸƖШŉŸƖĦĲШы?ĲxŸƚƚЯШΞΜΞΠьЮШÑőŔƚШƚƣƨĬǃШċũƚŸШŉŸƨŰĬШƣőċƣШΦΜӖШ
ŸŉШƣőċƣШĦŸŰƚƨůĲƖШƚƓĲŰĬŔŰŊШƽĲŰƣШƣŸƽċƖĬƚШƣƖŔƓрƖĲũċƣĲĬШĦŸƚƣƚЯШũŔťĲШŉŸŸĬЯШŉƨĲũШċŰĬШũŸĬŊŔŰŊЯШƽőŔĦőШ
ƚƨŊŊĲƚƣƚШƣőċƣШƣőŸƚĲШƚĲĦƣŸƖƚШċƖĲШƣŔŊőƣũǃШĦŸƨƓũĲĬШƽŔƣőШƣőĲШƖĲĦƖĲċƣŔŸŰШĲĦŸŰŸůǃШŔŰШĦĲƖƣċŔŰШċƖĲċƚЮШ 

ÑőĲШŰĲċƖĲƚƣШ ċƣŔŸŰċũШ[ŸƖĲƚƣШƣŸШ7ŸƨũĬĲƖШрШÑőĲШ ƖċƓċőŸĲШċŰĬШÅŸŸƚĲƻĲũƣШ ċƣŔŸŰċũШ[ŸƖĲƚƣШрШŔƚШŸŉШƻŔƣċũШ
ĲĦŸŰŸůŔĦШŔůƓŸƖƣċŰĦĲШŉŸƖШŔƣƚШƖĲĦƖĲċƣŔŸŰШŸƓƓŸƖƣƨŰŔƣŔĲƚЯШƽŔƣőШŸƻĲƖШΠЮΠШůŔũũŔŸŰШƖĲĦƖĲċƣŔŸŰċũШƻŔƚŔƣŸƖƚШƽőŸШ
ƚƓĲŰĬШŸƻĲƖШҘΝΣΥШůŔũũŔŸŰШċŰŰƨċũũǃЯШƚƨƓƓŸƖƣŔŰŊШŸƻĲƖШΟЯΟΜΜШŢŸĤƚШыÖÉШ[ŸƖĲƚƣШÉĲƖƻŔĦĲЯШΞΜΞΟьЮШÑőĲШũċƖŊĲƚƣШ
ƚőċƖĲШŸŉШƣőĲƚĲШŢŸĤƚШыċũůŸƚƣШΦΜΜьШŔƚШŔŰШƣőĲШċĦĦŸůůŸĬċƣŔŸŰШċŰĬШŉŸŸĬШƚĲƖƻŔĦĲƚШŔŰĬƨƚƣƖŔĲƚЮШxċĤŸƖШ
ŔŰĦŸůĲШƣŸƣċũƚШŸƻĲƖШҘΞΜΜШůŔũũŔŸŰШċŰŰƨċũũǃЮШ 

?ƖŔũũŔŰŊШĬŸƽŰШƣŸШƣőĲШũŸĦċũШũĲƻĲũЯШĤŸƣőШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċŰĬШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШőċƻĲШĲǂĦĲĲĬŔŰŊũǃШőŔŊőШ
ũĲƻĲũƚШŸŉШŸƨƣĬŸŸƖШƣŸƨƖŔƚůШċŰĬШƖĲĦƖĲċƣŔŸŰЯШůċťŔŰŊШƣőĲůШƻŔƣċũШƣŸШƣőĲШũŸĦċũШĲĦŸŰŸůǃЮШìőŔũĲШĬċƣċШŸŰШ
ƣőĲŔƖШĲĦŸŰŸůŔĦШŔůƓċĦƣШŔƚШŰŸƣШťŰŸƽŰШŸŉШŸƖШċƻċŔũċĤũĲШĦƨƖƖĲŰƣũǃЯШƻŔƚŔƣċƣŔŸŰШŰƨůĤĲƖƚШƚƓĲċťШƣŸШƣőĲШũŔťĲũǃШ
ŔůƓċĦƣЮШ[ŸƖШŔŰƚƣċŰĦĲЯШŔŰШΞΜΞΟЯШƣőĲШůŔŰŔůƨůШŰƨůĤĲƖШŸŉШƻŔƚŔƣƚШƣŸШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШ
ƚƓċĦĲƚШƽċƚШĲƚƣŔůċƣĲĬШċƣШŸƻĲƖШΝЮΥΞШůŔũũŔŸŰЯШċĦƖŸƚƚШΞΟШƓƖŸƓĲƖƣŔĲƚШċŰĬШΣШƖĲŊŔŸŰċũШƣƖċŔũƚЯШƽŔƣőШĤŔťŔŰŊШ
ċŰĬШőŔťŔŰŊШċƚШƣőĲШŸƻĲƖƽőĲũůŔŰŊũǃШĬŸůŔŰċŰƣШċĦƣŔƻŔƣŔĲƚШы~ċƖŸƣƣŔЯШΞΜΞΟьЮШÑőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖќƚШ§ƓĲŰШ
ÉƓċĦĲШċŰĬШ~ŸƨŰƣċŔŰШÂċƖťƚШƚǃƚƣĲůШƖĲĦĲŔƻĲƚШĲƻĲŰШŊƖĲċƣĲƖШƻŔƚŔƣċƣŔŸŰЯШĬĲƚƓŔƣĲШŔƣƚШƚůċũũĲƖШƚŔǍĲЮШfŰШΞΜΝΤЯШ
ƣőĲШũċƚƣШǃĲċƖШŉŸƖШƽőŔĦőШƚǃƚƣĲůрƽŔĬĲШƚƨůůċƖǃШƚƣċƣŔƚƣŔĦƚШċƖĲШċƻċŔũċĤũĲЯШŔƣШőŸƚƣĲĬШΣЮΞΣШůŔũũŔŸŰШċŰŰƨċũШ
ƻŔƚŔƣƚЯШƖĲƓƖĲƚĲŰƣŔŰŊШċШΟΠӖШŔŰĦƖĲċƚĲШŉƖŸůШƣőĲШΞΜΜΠрΜΡШƣŔůĲШŉƖċůĲЯШƽőŔĦőШƽċƚШƣőĲШũċƚƣШƣŔůĲШƣőĲШ
ƚǃƚƣĲůƽŔĬĲШƖĲƓŸƖƣŔŰŊШƽċƚШĬŸŰĲШыxĲƚũŔĲЯШΞΜΝΥьЮШ 

7ċƚĲĬШŸŰШƣőŔƚЯШƽĲШĦċŰШŔŰŉĲƖШƣőċƣШċШůċŢŸƖШƽŔũĬǯƖĲШŔŰШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĤċĦťĦŸƨŰƣƖǃШĦŸƨũĬШőċƻĲШ
ƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣƚШŸŰШƣŸƨƖŔƚůЯШƖĲĦƖĲċƣŔŸŰЯШċŰĬШċƚƚŸĦŔċƣĲĬШŔŰĬƨƚƣƖŔĲƚЯШċƚШƽĲũũШċƚШŸŰШƣċǂШƖĲƻĲŰƨĲƚЮШ



  ΝΞΟ 

cŸƽĲƻĲƖЯШƓƖĲĬŔĦƣŔŰŊШƣőĲШůċŊŰŔƣƨĬĲШŸŉШƣőĲƚĲШŔůƓċĦƣƚШƽŔƣőШĦĲƖƣċŔŰƣǃШŔƚШĬŔǭŔĦƨũƣШŊŔƻĲŰШƣőĲШƓċƨĦŔƣǃШŸŉШ
ƖĲĦĲŰƣШƚƣƨĬŔĲƚШċŰĬШƚĲĦƣŸƖċũШĲĦŸŰŸůŔĦШĬċƣċЮШ 

  



  ΝΞΠ 

9őċƓƣĲƖШΠЮШ9ŸŰĦũƨƚŔŸŰƚШċŰĬШÅĲĦŸůůĲŰĬċƣŔŸŰƚ 

9ŸŰĦũƨƚŔŸŰƚ 
ÑőĲШċƚƚĲƚƚůĲŰƣШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШċƻċŔũċĤŔũŔƣǃШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƖĲƻĲċũƚШċШƚƨĤƚƣċŰƣŔċũШċŰĬШ
ĦŸŰƚŔƚƣĲŰƣШƚƨƓƓũǃШŸŉШůċƣĲƖŔċũШƣőċƣШĦċŰШƚƨƓƓŸƖƣШũŸŰŊрƣĲƖůШƨƣŔũŔǍċƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮШ7ǃШŔŰƣĲŊƖċƣŔŰŊШ
ƖĲƓŸƖƣĲĬШƖĲůŸƻċũƚШċŰĬШůŸĬĲũĲĬШƓƖŸŢĲĦƣŔŸŰƚШŉƖŸůШůƨũƣŔƓũĲШŢƨƖŔƚĬŔĦƣŔŸŰƚШċŰĬШċŊĲŰĦŔĲƚЯШƣőĲШƚƣƨĬǃШ
ƓƖŸƻŔĬĲƚШċШĦũĲċƖĲƖШƓŔĦƣƨƖĲШŸŉШĦƨƖƖĲŰƣШċŰĬШƓŸƣĲŰƣŔċũШĤŔŸůċƚƚШƻŸũƨůĲƚЮШìőŔũĲШĦƨƖƖĲŰƣШƖĲůŸƻċũШƖċƣĲƚШ
ċƻĲƖċŊĲШċƓƓƖŸǂŔůċƣĲũǃШΡΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚШƓĲƖШǃĲċƖЯШƓƖŸŢĲĦƣŔŸŰƚШĤċƚĲĬШŸŰШƓũċŰŰĲĬШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШ
ƣƖĲċƣůĲŰƣƚШƚƨŊŊĲƚƣШƣőċƣШċŰŰƨċũШƓƖŸĬƨĦƣŔŸŰШĦŸƨũĬШŔŰĦƖĲċƚĲШƣŸШƖŸƨŊőũǃШΝΟΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚЮШÑőŔƚШ
ƖĲƓƖĲƚĲŰƣƚШċŰШŸƓƓŸƖƣƨŰŔƣǃШƣŸШƣƖċŰƚŉŸƖůШũŔċĤŔũŔƣǃШƽŸŸĬǃШĤŔŸůċƚƚШŔŰƣŸШċШƚƨƚƣċŔŰċĤũĲШƖĲƚŸƨƖĦĲЮШ
cŸƽĲƻĲƖЯШŰŸƣШċũũШĤŔŸůċƚƚШŔƚШċĦĦĲƚƚŔĤũĲШŸƖШĲĦŸŰŸůŔĦċũũǃШŉĲċƚŔĤũĲШƣŸШƖĲůŸƻĲЯШċŰĬШůċŰǃШƣƖĲċƣůĲŰƣƚШ
ƚƣŔũũШŔŰƻŸũƻĲШŸŰрƚŔƣĲШĤƨƖŰŔŰŊШŸƖШĦőŔƓƓŔŰŊЮШ9ŸŰƣŔŰƨĲĬШĦŸũũċĤŸƖċƣŔŸŰШċůŸŰŊШƚƣċťĲőŸũĬĲƖƚЯШŔůƓƖŸƻĲĬШ
ĬċƣċШƣƖċĦťŔŰŊЯШċŰĬШƣċƖŊĲƣĲĬШŔŰƻĲƚƣůĲŰƣШŔŰШƖĲůŸƻċũШċŰĬШƓƖŸĦĲƚƚŔŰŊШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƽŔũũШĤĲШĲƚƚĲŰƣŔċũШƣŸШ
ĦċƓŔƣċũŔǍĲШŸŰШƣőĲШĤŔŸůċƚƚШƓŸƣĲŰƣŔċũШŸƨƣũŔŰĲĬШŔŰШƣőŔƚШĦőċƓƣĲƖЮ 

[ŸƖШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШċŰĬШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЯШƽŸŸĬǃШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШĲƚƣŔůċƣĲƚЯШċŰĬШƣőĲШĬċƣċƚĲƣƚШ
ŉƖŸůШƽőŔĦőШƣőĲǃШċƖĲШĬĲƖŔƻĲĬЯШċƖĲШĬĲƣċŔũĲĬШŔŰШ9őċƓƣĲƖШΝШŸŉШƣőŔƚШƖĲƓŸƖƣЮШ[ŸƖШƣőĲШƚŔǂШǃĲċƖƚШċŰċũǃǍĲĬШ
ыΞΜΝΦШƣŸШΞΜΞΠьЯШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШƓƖŸĬƨĦĲĬШċŰĬШƖĲůŸƻĲĬШċŰШĲƚƣŔůċƣĲĬШƣŸƣċũШŸŉШΟΞЯΠΥΦШŊƖĲĲŰШƣŸŰƚШ
ŸŉШƽŸŸĬǃШĤŔŸůċƚƚШŉƖŸůШƣőĲШƨƖĤċŰШŉŸƖĲƚƣШċŰĬШΠЯΣΥΡШƣŸŰƚШŉƖŸůШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖрŸƽŰĲĬШ§ƓĲŰШÉƓċĦĲШ
ċŰĬШ~ŸƨŰƣċŔŰШÂċƖťƚШы§É~ÂьЯШŉŸƖШċŰШĲƚƣŔůċƣĲĬШƣŸƣċũШŸŉШΟΤЯΝΤΠШƣŸŰƚШы9őċƓƣĲƖШΝьЮШ§ƻĲƖШƣőĲШƚċůĲШ
ƣŔůĲŉƖċůĲЯШ§É~ÂШőċĬШċШůŸĬĲũĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŸŉШΝΝЯΟΟΞШŊƖĲĲŰШƣŸŰƚШŸŉШƽőŔĦőШΣЯΣΠΟШŊƖĲĲŰШ
ƣŸŰƚШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШŔŰШƣőĲШŉŸƖůШŸŉШũŸŊƚШыŔЮĲЮЯШůĲƖĦőċŰƣċĤũĲбШ9őċƓƣĲƖШΝьЮШÑőĲШĬŔǭĲƖĲŰĦĲШŸŉШΣЯΣΠΤШ
ŔƚШƚũċƚőШċŰĬШƚůċũũШƣƖĲĲƚШƣőċƣШċƖĲШĦőŔƓƓĲĬШċŰĬШƚƓƖĲċĬШŸŰШƚŔƣĲЯШƽőŔĦőШŔƚШċШƓŸƣĲŰƣŔċũШċĬĬŔƣŔŸŰċũШ
ĤŔŸůċƚƚШƚŸƨƖĦĲШĬĲƓĲŰĬŔŰŊШŸŰШƨƣŔũŔǍċƣŔŸŰШůċƖťĲƣƚЮШ 

ÑőĲШċŰŰƨċũШċƻĲƖċŊĲШƖĲƓŸƖƣĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŉŸƖШƣőĲШƨƖĤċŰШŉŸƖĲƚƣШŔƚШΣЯΠΦΥШƣŸŰƚШƓĲƖШǃĲċƖЮШ
ũƣĲƖŰċƣŔƻĲũǃЯШƣőĲШ9ċůĤŔƨůШ9ċƖĤŸŰШыΞΜΞΜьШƖĲƓŸƖƣШŉŸƖШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШĲƚƣŔůċƣĲĬШƣőċƣШƣőĲШƨƖĤċŰШ

ŉŸƖĲƚƣШƓƖŸĬƨĦĲƚШΝΜЯΜΜΜШƣŸŰƚШŸŉШĤŔŸůċƚƚШċШǃĲċƖЯШċŰШĲƚƣŔůċƣĲШƽőŔĦőШŔŰĦũƨĬĲƚШƓƖŸĬƨĦƣŔŸŰШĤǃШƓƖŔƻċƣĲШ
ċƖĤŸƖŔƚƣƚЮШÑőĲШ§É~ÂШůŸĬĲũĲĬШƓƖŸĬƨĦƣŔŸŰШċƻĲƖċŊĲШŔƚШΝЯΥΥΦШƣŸŰƚШƓĲƖШǃĲċƖШŉŸƖШċШƣŸƣċũШċŰŰƨċũШċƻĲƖċŊĲШ
ŸŉШӈΥЯΟΤΥШтШΝΝЯΥΥΦШŊƖĲĲŰШƣŸŰƚШŉŸƖШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШċƚШċШƽőŸũĲЯШŔŰШċũŔŊŰůĲŰƣШƽŔƣőШĲƚƣŔůċƣĲƚШ
ƖĲƓŸƖƣĲĬШŔŰШƣőĲШ9ċůĤŔƨůШ9ċƖĤŸŰШыΞΜΞΜьШƖĲƓŸƖƣЮШ 

7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲШы79Â§ÉьШƓƖŸĬƨĦĲĬШΞΞЯΝΝΡШŊƖĲĲŰШƣŸŰƚШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШ
ĤĲƣƽĲĲŰШΞΜΝΦШƣŸШΞΜΞΠЯШŸŉШƽőŔĦőШΝΣЯΤΠΜШŊƖĲĲŰШƣŸŰƚШƽĲƖĲШƖĲůŸƻĲĬЮШÑőĲШƖĲůċŔŰŔŰŊШΡЯΟΤΡШƣŸŰƚШƽċƚШ
ŉƖŸůШƣőĲШΞΜΞΠШÅŔƻĲƖƚŔĬĲШÅċŰĦőШƓƖŸŢĲĦƣШŔŰШƽőŔĦőШƣőĲШĤŔŸůċƚƚШƽċƚШŔŰċĦĦĲƚƚŔĤũĲЮШfŰШŊĲŰĲƖċũЯШ79Â§ÉШ
ůċťĲƚШċШƓŸŔŰƣШŸŉШƖĲůŸƻŔŰŊШċŰĬШƨƣŔũŔǍŔŰŊШƽŸŸĬǃШĤŔŸůċƚƚШŊĲŰĲƖċƣĲĬШċƚШċШĤǃƓƖŸĬƨĦƣШŸŉШƽŔũĬǯƖĲШ
ůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚЮШ 

fŰШƚƨůůċƖǃЯШĤċƚĲĬШŸŰШƣőĲШƖĲƓŸƖƣĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƓĲƖШǃĲċƖЯШƣőĲШċŰŰƨċũШƽŸŸĬǃШĤŔŸůċƚƚШ
ƓƖŸĬƨĦƣŔŸŰШŉŸƖШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШċŰĬШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċƖĲШċƚШŉŸũũŸƽƚа 

¶ 9ŔƣǃШŸŉШ7ŸƨũĬĲƖаШΥЯΟΤΥШтШΝΝЯΥΥΦШƣŸŰƚоǃĲċƖ 
¶ 7ŸƨũĬĲƖШ9ŸƨŰƣǃаШΟЯΣΥΣШƣŸŰƚоǃĲċƖ 

 
ÑőĲШ7ŔŸůċƚƚШÖƣŔũŔǍċƣŔŸŰШ ŰċũǃƚŔƚШŔŰШ9őċƓƣĲƖШΞШőŔŊőũŔŊőƣĲĬШƣőĲШĤƖŸċĬШƖċŰŊĲШŸŉШĲǂŔƚƣŔŰŊШŔŰŉƖċƚƣƖƨĦƣƨƖĲШ
ŔŰШƣőĲШ7ŸƨũĬĲƖШƖĲŊŔŸŰШĦċƓċĤũĲШŸŉШƓƖŸĦĲƚƚŔŰŊШƽŸŸĬǃШĤŔŸůċƚƚЯШŔŰĦũƨĬŔŰŊШŸƻĲƖШΠΜШŉċĦŔũŔƣŔĲƚШċĦƖŸƚƚШΝΟШ
ƽŸŸĬШƓƖŸĬƨĦƣШĦċƣĲŊŸƖŔĲƚЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШŸƽŰШƚŸƖƣШǃċƖĬƚШċŰĬШƣőĲШìĲƚƣĲƖŰШ?ŔƚƓŸƚċũШÉĲƖƻŔĦĲƚШ
ŉċĦŔũŔƣǃШƓũċǃШťĲǃШƖŸũĲƚШŔŰШůċŰċŊŔŰŊШǯƖĲШůŔƣŔŊċƣŔŸŰШĤŔŸůċƚƚЮШÑőĲШċŰċũǃƚŔƚШċũƚŸШĲƻċũƨċƣĲƚШ
ƣƖċŰƚƓŸƖƣċƣŔŸŰШċŰĬШĬĲũŔƻĲƖǃШĦŸƚƣƚЯШƓƖŸƻŔĬŔŰŊШċШƖĲċũŔƚƣŔĦШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШǯŰċŰĦŔċũШũŸŊŔƚƣŔĦƚШ



  ΝΞΡ 

ŔŰƻŸũƻĲĬЮШ~ŸƚƣШŔůƓŸƖƣċŰƣũǃЯШċШƚƣƖƨĦƣƨƖĲĬШƚĲũĲĦƣŔŸŰШċŰĬШƚĦŸƖŔŰŊШƓƖŸĦĲƚƚШŔĬĲŰƣŔǯĲĬШΝΞШƓƖŸůŔƚŔŰŊШ
ĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚЯШƽŔƣőШĤŔŸĦőċƖЯШĦŸůƓŸƚƣŔŰŊЯШċŰĬШǯƖĲƽŸŸĬШĲůĲƖŊŔŰŊШċƚШƣőĲШůŸƚƣШƻŔċĤũĲШ
ĤċƚĲĬШŸŰШƖĲŊŔŸŰċũШŰĲĲĬƚЯШƚĦċũċĤŔũŔƣǃЯШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШĦŸрĤĲŰĲǯƣƚЮШÑőĲƚĲШƣŸƓрƖċŰťĲĬШƓċƣőƽċǃƚШ
ƖĲǰĲĦƣШ7ŸƨũĬĲƖШ9ŸƨŰƣǃќƚШŊƖŸƽŔŰŊШŔŰƣĲƖĲƚƣШŔŰШũŸƽрĲůŔƚƚŔŸŰЯШĦŔƖĦƨũċƖШĲĦŸŰŸůǃШƚŸũƨƣŔŸŰƚШƣőċƣШ
ƚŔůƨũƣċŰĲŸƨƚũǃШůŔƣŔŊċƣĲШƽŔũĬǯƖĲШƖŔƚťШċŰĬШƚƨƓƓŸƖƣШũŸĦċũШůċƖťĲƣƚЮШÑőĲШǯŰĬŔŰŊƚШƨŰĬĲƖƚĦŸƖĲШƣőĲШ
ŔůƓŸƖƣċŰĦĲШŸŉШƣċŔũŸƖĲĬШƚƣƖċƣĲŊŔĲƚШƣőċƣШůċƣĦőШŉĲĲĬƚƣŸĦťШƣǃƓĲƚШƽŔƣőШċƓƓƖŸƓƖŔċƣĲШƣĲĦőŰŸũŸŊŔĲƚЯШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШċŰĬШĲŰĬрƨƚĲШůċƖťĲƣƚЮ 
 
[ŔŰċũũǃЯШƣőĲШĲƻċũƨċƣŔŸŰШŸŉШĦŸрĤĲŰĲǯƣƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШŉƨĲũШƖĲĬƨĦƣŔŸŰШƓƖŸŢĲĦƣƚШĬĲůŸŰƚƣƖċƣĲĬШƣőċƣШ
ĤŔŸůċƚƚШƖĲůŸƻċũШƓƖŸƻŔĬĲƚШƻċũƨĲШĤĲǃŸŰĬШǯƖĲШƖŔƚťШůŔƣŔŊċƣŔŸŰЮШ~ŸĬĲũĲĬШŸƨƣĦŸůĲƚШƚőŸƽĲĬШƖĲĬƨĦƣŔŸŰƚШ
ŔŰШƽŔũĬǯƖĲШĲůŔƚƚŔŸŰƚЯШŔŰĦƖĲċƚĲĬШŉŸƖĲƚƣШƖĲƚŔũŔĲŰĦĲЯШċŰĬШŔůƓƖŸƻĲůĲŰƣƚШŔŰШťĲǃШŉŸƖĲƚƣШőĲċũƣőШŔŰĬŔĦċƣŸƖƚШ
ƚƨĦőШċƚШƣƖĲĲШůŸƖƣċũŔƣǃЯШĦċŰŸƓǃШĦŸƻĲƖЯШċŰĬШƚƣċŰĬШĬĲŰƚŔƣǃЮШ ĬĬŔƣŔŸŰċũШĲŰƻŔƖŸŰůĲŰƣċũШĤĲŰĲǯƣƚШŔŰĦũƨĬĲШ
ƓƖŸƣĲĦƣŔŸŰШŸŉШĤŔŸĬŔƻĲƖƚŔƣǃЯШƚŸŔũШċŰĬШƽċƣĲƖШƖĲƚŸƨƖĦĲƚЯШċŰĬШƖĲĦƖĲċƣŔŸŰċũШċƚƚĲƣƚЮШÑőĲШĦŸрĤĲŰĲǯƣШċŰċũǃƚŔƚШ
ĦŸŰǯƖůƚШƣőċƣШƚƣƖċƣĲŊŔĦШŉƨĲũƚШƣƖĲċƣůĲŰƣƚЯШƽőĲŰШƣőŸƨŊőƣŉƨũũǃШƓũċŰŰĲĬШċŰĬШŔůƓũĲůĲŰƣĲĬЯШĦċŰШƚĲƖƻĲШ
ċƚШċШŉŸƨŰĬċƣŔŸŰШŉŸƖШĤƖŸċĬĲƖШĲŰƻŔƖŸŰůĲŰƣċũШċŰĬШĦŸůůƨŰŔƣǃШŊċŔŰƚЯШĲƚƓĲĦŔċũũǃШƽőĲŰШƓċŔƖĲĬШƽŔƣőШ
ĲǭĲĦƣŔƻĲШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰЮШÑőĲƚĲШǯŰĬŔŰŊƚШƖĲŔŰŉŸƖĦĲШƣőĲШƓŸƣĲŰƣŔċũШŉŸƖШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƣŸШċũŔŊŰШ
ĦũŔůċƣĲШċĦƣŔŸŰЯШĦŸŰƚĲƖƻċƣŔŸŰЯШċŰĬШƓƨĤũŔĦШƚċŉĲƣǃШŊŸċũƚШƣőƖŸƨŊőШŔŰƣĲŊƖċƣĲĬШĤŔŸůċƚƚШůċŰċŊĲůĲŰƣШ
ƓũċŰŰŔŰŊЮШ]ŸŔŰŊШŉŸƖƽċƖĬЯШƓƖŔŸƖŔƣŔǍŔŰŊШƓƖŸŢĲĦƣƚШƽŔƣőШƚƣƖŸŰŊШĦŸрĤĲŰĲǯƣƚШĦċŰШőĲũƓШůċǂŔůŔǍĲШƣőĲШ
ĲĦŸũŸŊŔĦċũШƖĲƣƨƖŰШŸŰШŔŰƻĲƚƣůĲŰƣШċŰĬШĲŰőċŰĦĲШƓƨĤũŔĦШƚƨƓƓŸƖƣШŉŸƖШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШŔŰŔƣŔċƣŔƻĲƚЮ 

ÅĲĦŸůůĲŰĬċƣŔŸŰƚ 
ÑőĲШĤŔŸůċƚƚШƚƨƓƓũǃШы9őċƓƣĲƖШΝьШċŰĬШĲǂŔƚƣŔŰŊШƨƣŔũŔǍċƣŔŸŰШŉċĦŔũŔƣǃШċŰċũǃƚŔƚШы9őċƓƣĲƖШΞьШŉƖŸůШƣőŔƚШƓƖŸŢĲĦƣШ
ĬĲůŸŰƚƣƖċƣĲĬШƣőċƣШƣőĲƖĲШŔƚШċůƓũĲШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШƣŸШċĦĦĲƓƣШƣőĲШůŸĬĲƚƣШĦƨƖƖĲŰƣШƽŸŸĬǃШ
ĤŔŸůċƚƚШƚƨƓƓũǃШŸŉШΡΡЯΜΜΜШŊƖĲĲŰШƣŸŰƚШċШǃĲċƖЮШ?ĲƚƓŔƣĲШƣőċƣЯШƣőĲƖĲШŔƚШċŰШŔŰőĲƖĲŰƣШŔŰĲǭŔĦŔĲŰĦǃШƣŸШƣőĲШ
ƚǃƚƣĲůШŊŔƻĲŰШƣőċƣШċũůŸƚƣШċũũШŸŉШƣőĲШƽŸŸĬШƓƖŸĬƨĦƣƚШƓƖŸĬƨĦĲĬШċƖĲШũŸƽШƻċũƨĲШĤǃШƻŸũƨůĲЯШƽőŔĦőШƖĲƚƨũƣƚШ
ŔŰШŰŸШŰĲƣШƓŸƚŔƣŔƻĲШĲĦŸŰŸůŔĦШƻċũƨĲШŔŰШƣőĲШƽŸŸĬШċƣШƣőĲШŉŸƖĲƚƣШůċŰċŊĲůĲŰƣШƓƖŸŢĲĦƣШƚŔƣĲЮШÑőĲШƓƖŔŸƖŔƣŔĲƚШ
ŉŸƖШŔŰĦƖĲċƚŔŰŊШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƣőĲƖĲŉŸƖĲШŉŸĦƨƚШŸŰШŔůƓƖŸƻŔŰŊШƣƖċŰƚƓŸƖƣċƣŔŸŰШċŰĬШƓƖŸĦĲƚƚŔŰŊШƣŸШ
ƖĲĬƨĦĲШĦŸƚƣƚШĤĲƣƽĲĲŰШƣőĲШƓƖŸŢĲĦƣШƚŔƣĲШċŰĬШĲŰĬШƨƚĲƖЯШƣőĲƖĲĤǃШŔŰĦƖĲċƚŔŰŊШƣőĲШĲĦŸŰŸůŔĦШƻċũƨĲШŸŉШƣőĲШ
ƽŸŸĬШċƣШƣőĲШƓƖŸŢĲĦƣШƚŔƣĲШċŰĬШŔŰĦƖĲċƚŔŰŊШƨƣŔũŔǍċƣŔŸŰЮ 

ƚШĬĲůŸŰƚƣƖċƣĲĬШĤǃШƣőĲШ ƻŸŔĬĲĬШìŔũĬǯƖĲШEůŔƚƚŔŸŰƚШы ìEьШċŰċũǃƚŔƚШŔŰШ9őċƓƣĲƖШΟЯШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШ
ƓƖŸŢĲĦƣƚШƖĲƚƨũƣШŔŰШŰĲƣШĦċƖĤŸŰШĲůŔƚƚŔŸŰƚШŸƻĲƖШƣőĲШŰĲǂƣШŉŸƖƣǃШǃĲċƖƚШĲƻĲŰШƽőĲŰШƣċťŔŰŊШċƻŸŔĬĲĬШƽŔũĬǯƖĲШ
ĲůŔƚƚŔŸŰƚШŔŰƣŸШċĦĦŸƨŰƣЮШÑőŔƚШŔƚШĬƨĲШŔŰШƓċƖƣШƣŸШĦċƖĤŸŰШĲůŔƚƚŔŸŰƚШŉƖŸůШĤŔŸůċƚƚШƣőċƣШŔƚШůċƚƣŔĦċƣĲĬШ
ċŰĬШũĲŉƣШƣŸШĬĲĦŸůƓŸƚĲЯШĤƨƖŰĲĬЯШŸƖШũċŰĬǯũũĲĬЮШfŰĦƖĲċƚŔŰŊШƨƣŔũŔǍċƣŔŸŰШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШŔŰШċШůċŰŰĲƖШ
ƣőċƣШƚĲƕƨĲƚƣĲƖƚШůŸƖĲШŸŉШƣőĲШĦċƖĤŸŰШĲůĤŸĬŔĲĬШŔŰШƣőĲШĤŔŸůċƚƚШƽŔũũШŉƨƖƣőĲƖШŔůƓƖŸƻĲШƣőĲШĦũŔůċƣĲШ
ĤĲŰĲǯƣШŸŉШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШ 

ÑőĲШŉŸũũŸƽŔŰŊШƖĲĦŸůůĲŰĬċƣŔŸŰƚШƽĲƖĲШĬĲƻĲũŸƓĲĬШƣŸШŔŰĦƖĲċƚĲШƣőĲШƨƣŔũŔǍċƣŔŸŰШŸŉШƽŸŸĬǃШĤŔŸůċƚƚШ
ƓƖŸĬƨĦĲĬШĤǃШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШŔŰШƽċǃƚШƣőċƣШƓƖŸƻŔĬĲШċĬĬŔƣŔŸŰċũШ
ĲĦŸŰŸůŔĦШƻċũƨĲШċŰĬШƚĲƕƨĲƚƣĲƖШůŸƖĲШŸŉШƣőĲШĦċƖĤŸŰШĲůĤŸĬŔĲĬШŔŰШƣőĲШƽŸŸĬǃШĤŔŸůċƚƚЮШ ШĬŔƻĲƖƚŔǯĲĬШ
ċƓƓƖŸċĦőШŔƚШƖĲĦŸůůĲŰĬĲĬШƣőċƣШŔůƓũĲůĲŰƣƚШċШƻċƖŔĲƣǃШŸŉШƣőĲƚĲШƖĲĦŸůůĲŰĬċƣŔŸŰƚЯШċƚШĬŔƖĲĦƣĲĬШĤǃШ
ƣőĲШ9ŸƖĲШÑĲċůШƽŸƖťŔŰŊШŊƖŸƨƓШŸƖШĲƕƨŔƻċũĲŰƣЮШ 

EŰőċŰĦĲШ9ċƓċĤŔũŔƣŔĲƚШŸŉШEǂŔƚƣŔŰŊШ9ŸůůƨŰŔƣǃШ[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬƚШ 
7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦƨƖƖĲŰƣũǃШŸƽŰƚШċŰĬШŸƓĲƖċƣĲƚШƣƽŸШ9ŸůůƨŰŔƣǃШ[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬƚШы9[ÉòƚьШŔŰШ
 ĲĬĲƖũċŰĬШċŰĬШ~ĲĲťĲƖШÂċƖťЯШƓƖŸǂŔůċƣĲШƣŸШůŸƚƣШŸŉШƣőĲШŉŸƖĲƚƣШƣƖĲċƣůĲŰƣƚШƣċťŔŰŊШƓũċĦĲЮШÉŔŰĦĲШƣőĲƚĲШ
ŉċĦŔũŔƣŔĲƚШċƖĲШċũƖĲċĬǃШƚŔƣĲĬШċŰĬШƓĲƖůŔƣƣĲĬЯШŔƣШŔƚШũŔťĲũǃШůƨĦőШĲċƚŔĲƖШƣŸШŔůƓƖŸƻĲШƣőĲШĲǂŔƚƣŔŰŊШŉċĦŔũŔƣŔĲƚШ
ƣőċŰШƚŔƣĲЯШƓũċŰЯШċŰĬШƓĲƖůŔƣШċШŰĲƽШŸŰĲЮШÑőĲƚĲШŉċĦŔũŔƣŔĲƚШċƖĲШĦƨƖƖĲŰƣũǃШĦċƓċĦŔƣǃрũŔůŔƣĲĬШĤĲĦċƨƚĲШƣőĲǃШ



  ΝΞΣ 

ċƖĲШŔŰƣĲŰĬĲĬШƣŸШƖĲĦĲŔƻĲШůċƣĲƖŔċũШŉƖŸůШƖĲƚŔĬĲŰƣŔċũШċŰĬШƚůċũũрƚĦċũĲШƓƖŸŢĲĦƣƚЮШfůƓƖŸƻĲůĲŰƣƚШƣŸШƣőĲШ
9[ÉòШŉċĦŔũŔƣċƣĲƚШƽŔũũШċũũŸƽШŉŸƖĲƚƣƖǃШŸƓĲƖċƣŔŸŰƚШŊĲŰĲƖċƣŔŰŊШĤŔŸůċƚƚШƣŸШőċƻĲШċШƖĲũŔċĤũĲЯШŰĲċƖĤǃШƓũċĦĲШƣŸШ
ƣċťĲШůċƣĲƖŔċũЯШċƚШƽĲũũШċƚШƓƖŸƻŔĬĲШƨƣŔũŔǍĲƖƚШƽŔƣőШċШƖĲũŔċĤũĲШċŰĬШƽĲũũрťŰŸƽŰШőŔŊőрƻŸũƨůĲШƚŸƨƖĦĲЮШ ĲċƖр
ƣĲƖůШƖĲĦŸůůĲŰĬċƣŔŸŰƚШƣŸШŔůƓƖŸƻĲШƣőĲШĦċƓċĦŔƣǃШŸŉШƣőĲШĲǂŔƚƣŔŰŊШ9[ÉòƚШċƖĲа 

¶ fŰĦƖĲċƚĲШ§ƓĲƖċƣŔŰŊШcŸƨƖƚЮШ7ŸƣőШĦŸůůƨŰŔƣǃШŉŸƖĲƚƣƖǃШƚŸƖƣШǃċƖĬƚШċƖĲШŸŰũǃШŸƓĲŰШƚĲċƚŸŰċũũǃЯШ
ìĲĬŰĲƚĬċǃШтШÉċƣƨƖĬċǃЮШ7ĲŔŰŊШŸƓĲŰШŉŸƖШƣőĲШŉƨũũШƽŸƖťШƽĲĲťШƽŔũũШċũũŸƽШĤĲƣƣĲƖШċĦĦĲƚƚШŉŸƖШ
ƓƖŸŉĲƚƚŔŸŰċũШŉŸƖĲƚƣƖǃШŸƓĲƖċƣŔŸŰƚШƣőċƣШċƖĲШċĦƣŔƻĲШĬƨƖŔŰŊШƣőĲШƽŸƖťШƽĲĲťЮШ 

¶ fŰĦƖĲċƚĲШƚƣċǭŔŰŊЮШ9ƨƖƖĲŰƣũǃШŸŰũǃШŸŰĲШƓĲƖƚŸŰШƨƚƨċũũǃШƚƣċǭƚШĲċĦőШ9[ÉòЮШcċƻŔŰŊШċƣШũĲċƚƣШƣƽŸШ
ƚƣċǭШůĲůĤĲƖƚШƽŸƖťŔŰŊШƽŔũũШċũũŸƽШŸŰĲШƓĲƖƚŸŰШƣŸШƖĲĦĲŔƻĲШůċƣĲƖŔċũШċŰĬШŸŰĲШƣŸШƓƖŸĦĲƚƚЯШƽőŔĦőШ
ƽŔũũШŔŰĦƖĲċƚĲШƣőƖŸƨŊőƓƨƣШċŰĬШůŔŰŔůŔǍĲШƽċŔƣŔŰŊШƣŔůĲƚШŉŸƖШŸǭũŸċĬŔŰŊШĤŔŸůċƚƚЮШ 

¶ ÂƖŸƻŔĬĲШŉċĦŔũŔƣŔĲƚШŉŸƖШƚƣċǭЮШ9ƨƖƖĲŰƣũǃШƣőĲШ9[ÉòƚШĬŸШŰŸƣШőċƻĲШőĲċƣĲĬШŉċĦŔũŔƣŔĲƚШŉŸƖШƚƣċǭШĬƨƖŔŰŊШ
ŔŰĦũĲůĲŰƣШƽĲċƣőĲƖЮШ ШƽċƖůŔŰŊШőƨƣШоШƖĲĦĲŔƻŔŰŊШƚƣċƣŔŸŰШċƣШĲċĦőШ9[ÉòШƽŸƨũĬШċũũŸƽШƚƣċǭШƣŸШ
ůŸƖĲШĦŸůŉŸƖƣċĤũǃШƽŸƖťШĬƨƖŔŰŊШŔŰĦũĲůĲŰƣШƽĲċƣőĲƖЯШƽőŔĦőШĦċŰШőĲũƓШĲǂƣĲŰĬШƣőĲШŸƓĲƖċƣŔŰŊШ
őŸƨƖƚШċŰĬШƚĲċƚŸŰШŸŉШƣőĲШƚŸƖƣШǃċƖĬЮШ ĬĬŔƣŔŸŰċũũǃЯШċШĬĲĬŔĦċƣĲĬШƽŸƖťƚƣċƣŔŸŰШůċǃШůċťĲШƣƖċĦťŔŰŊШ
ŔŰĤŸƨŰĬШċŰĬШŸƨƣĤŸƨŰĬШůċƣĲƖŔċũШĲċƚŔĲƖЯШƽőŔĦőШƽŸƨũĬШċũƚŸШĤĲŰĲǯƣШŸǭũŸċĬŔŰŊШůċƣĲƖŔċũШƽŔƣőШċŰШ
ĲǭŔĦŔĲŰƣШƓƖŸĦĲƚƚЮШ 

¶ ÂƖŸƻŔĬĲШċШőċƖĬШƚƨƖŉċĦĲЮШÂċƻĲШŸƖШĤƨŔũĬШċШĦŸŰĦƖĲƣĲШőċƖĬрƚƨƖŉċĦĲШƓċĬШċƣШĲċĦőШ9[ÉòШƣőċƣШĦċŰШ
ĤĲШƨƚĲĬШƣŸШƚŸƖƣШċŰĬШƓƖŸĦĲƚƚШůċƣĲƖŔċũШƽőŔũĲШůŔŰŔůŔǍŔŰŊШĦŸŰƣċůŔŰċƣŔŸŰШƽŔƣőШĬŔƖƣШċŰĬШƖŸĦťƚЯШ
ƽőŔĦőШƽŔũũШŔŰШƣƨƖŰШŔŰĦƖĲċƚĲШƣőĲШƻċũƨĲШŸŉШƣőĲШƓƖŸĦĲƚƚĲĬШůċƣĲƖŔċũЮ 

¶ fŰƻĲƚƣШŔŰШÂƖŸĦĲƚƚŔŰŊШEƕƨŔƓůĲŰƣШоШfŰŉƖċƚƣƖƨĦƣƨƖĲЮШìŸƖťШƽŔƣőШ9[ÉòШƚƣċǭШċŰĬШŸƣőĲƖƚШƣŸШ
ŔŰƻĲŰƣŸƖǃШĲǂŔƚƣŔŰŊШĲƕƨŔƓůĲŰƣШċŰĬШůċťĲШƖĲĦŸůůĲŰĬċƣŔŸŰƚШŉŸƖШċĬĬŔƣŔŸŰċũШĲƕƨŔƓůĲŰƣШƣőċƣШ
ƽŔũũШŔŰĦƖĲċƚĲШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШċŰĬШĲǭŔĦŔĲŰĦǃЮШ[ŸƖШĲǂċůƓũĲЯШĦŸŰƚŔĬĲƖШŔŰƻĲƚƣŔŰŊШŔŰШċШũċƖŊĲШ
ŊƖŔŰĬĲƖШƚƨǭŔĦŔĲŰƣШŔŰШƚŔǍĲШƣŸШƓƖŸĦĲƚƚШƽőŸũĲШƣƖĲĲƚШċŰĬШċШũŸċĬĲƖШŉŸƖШĲċĦőШũŸĦċƣŔŸŰЮ 

9ŸůůƨŰŔƣǃШ[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬƚШÉƨƓƓũǃШ ŊƖĲĲůĲŰƣƚ 
fŰШċĬĬŔƣŔŸŰШƣŸШƨƓŊƖċĬŔŰŊШƣőĲШ9[ÉòШŉċĦŔũŔƣŔĲƚЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƚőŸƨũĬШƽŸƖťШƽŔƣőШĲǂŔƚƣŔŰŊШĤŔŸůċƚƚШ
ƨƣŔũŔǍĲƖƚШƣŸШĬĲƻĲũŸƓШƚƨƓƓũǃШċŊƖĲĲůĲŰƣƚШŉŸƖШƽŸŸĬǃШĤŔŸůċƚƚШŉƖŸůШƣőĲШ9[ÉòƚЮШÉƨƓƓũǃШċŊƖĲĲůĲŰƣƚШƽŔƣőШ
ĲƚƣċĤũŔƚőĲĬШƨƣŔũŔǍĲƖƚШƽŔũũШċũũŸƽШƣőĲШ9[ÉòШƣŸШƚŸƖƣШċŰĬШƓƖŸĦĲƚƚШůċƣĲƖŔċũШƣŸШƣőĲШƨƣŔũŔǍĲƖќƚШƚƓĲĦŔǯĦċƣŔŸŰƚШ
ċŰĬШĲƚƣċĤũŔƚőШƣƖċŰƚƓŸƖƣċƣŔŸŰШċŊƖĲĲůĲŰƣƚШƣőċƣШĦċŰШũĲƻĲƖċŊĲШĲĦŸŰŸůŔĲƚШŸŉШƚĦċũĲЮШÑőŔƚШĦċŰШċũƚŸШ
ƖĲĬƨĦĲШƣőĲШƖĲƚŔĬĲŰĦǃШƣŔůĲШŸŉШůċƣĲƖŔċũШċƣШƣőĲШ9[ÉòЮШÑőƖŸƨŊőƓƨƣШĦċŰШĤĲШŔŰĦƖĲċƚĲĬШċƣШƣőĲШ9[ÉòШŔŉШƣőĲƖĲШ
ŔƚШċШťŰŸƽŰШĬĲƚƣŔŰċƣŔŸŰШŉŸƖШƣőĲШĤŔŸůċƚƚШċŰĬШŔƣШĦċŰШĤĲШƣƖċŰƚƓŸƖƣĲĬШŸŰШċШƖĲŊƨũċƖШƚĦőĲĬƨũĲЮШuŰŸƽŰШƨƚĲƚШ
ċŰĬШƻŸũƨůĲƚШŉŸƖШƣőĲШĤŔŸůċƚƚШƽŸƨũĬШċũƚŸШċũũŸƽШƣőĲШ9[ÉòШƣŸШƓƖŸĦĲƚƚШůċƣĲƖŔċũШƣŸШƚƓĲĦŔǯĦċƣŔŸŰƚШ
ƖĲƕƨŔƖĲĬШĤǃШƣőĲШƨƣŔũŔǍĲƖШŔŰШĲǂĦőċŰŊĲШŉŸƖШƓċǃůĲŰƣШŸƖШŔŰĦƖĲċƚĲĬШƓƖŔĦĲƚШŉŸƖШƣőĲШůċƣĲƖŔċũЮШÂƖĲрƓƖŸĦĲƚƚĲĬШ
ůċƣĲƖŔċũШƽŔũũШċũƚŸШőċƻĲШċШőŔŊőĲƖШƻċũƨĲШƓĲƖШƻŸũƨůĲШоШƽĲŔŊőƣЯШůċťŔŰŊШƣƖċŰƚƓŸƖƣċƣŔŸŰШĦŸƚƣƚШůŸƖĲШ
ĲǭŔĦŔĲŰƣЮШÉŸůĲШƓŸƣĲŰƣŔċũШƚƨƓƓũǃШċŊƖĲĲůĲŰƣƚШŔŰĦũƨĬĲа 

¶ ÂƖŸƻŔĬĲШƖŸƨŰĬƽŸŸĬШыũŸŊƚьШƣŸШƚċƽůŔũũƚЯШƽőŔĦőШŔƚШũŔťĲũǃШƣőĲШőŔŊőĲƚƣрƻċũƨĲШƨƚĲЮШ 
¶ 9ŸŰƣŔŰƨĲШƣŸШƓƖŸƻŔĬĲШĤŔŸůċƚƚШƣŸШƣőĲШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĤŔŸůċƚƚШőĲċƣШŊĲŰĲƖċƣŔŸŰЮШŉċĦŔũŔƣŔĲƚШ
ċƣШƣőĲШsċŔũШċŰĬШÂċƖťƚШѼШ§ƓĲŰШÉƓċĦĲШŉċĦŔũŔƣǃЮШ 

¶ ÂƖĲрƓƖŸĦĲƚƚШċŰĬШƓƖŸƻŔĬĲШůċƣĲƖŔċũШŉŸƖШĤŔŸĦőċƖШƓƖŸĬƨĦƣŔŸŰЮ 
¶ ÂƖĲрƓƖŸĦĲƚƚШċŰĬШƓƖŸƻŔĬĲШůċƣĲƖŔċũШŉŸƖШĤŔŸрŸŔũШƓƖŸĬƨĦƣŔŸŰЮ 
¶ ÂƖĲрƓƖŸĦĲƚƚШůċƣĲƖŔċũШŉŸƖШĦŸůƓŸƚƣŔŰŊЮ 



  ΝΞΤ 

fŰĦĲŰƣŔƻŔǍĲШÉůċũũрƚĦċũĲШċŰĬШÂƖŸŢĲĦƣрƚŔƣĲШÖƣŔũŔǍċƣŔŸŰ 
ƚШĬŔƚĦƨƚƚĲĬШŔŰШ9őċƓƣĲƖШΞЯШÑőĲШĦŸƚƣШŸŉШƣƖċŰƚƓŸƖƣŔŰŊШŊƖĲĲŰШƽŸŸĬШŔƚШőŔŊőШĬƨĲШƣŸШƣőĲШƻŸũƨůĲШċŰĬШ

ƽĲŔŊőƣШŸŉШƣőĲШůċƣĲƖŔċũШċŰĬШŔŰĦƖĲċƚĲƚШƚƨĤƚƣċŰƣŔċũũǃШƽŔƣőШĬŔƚƣċŰĦĲЮШ§ŰрƚŔƣĲШƓƖŸĦĲƚƚŔŰŊШċŰĬШƨƣŔũŔǍċƣŔŸŰШ
ċƣШĲŔƣőĲƖШƣőĲШŉŸƖĲƚƣШůċŰċŊĲůĲŰƣШƓƖŸŢĲĦƣШƚŔƣĲШŸƖШċШũŸĦċũШƚŔƣĲШыũŔťĲШ9[ÉòьШƣőċƣШŔƚШĦũŸƚĲШƣŸШƣőĲШŉŸƖĲƚƣШĦċŰШ
ƖĲĬƨĦĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШĦŸƚƣƚШĤǃШĦŸŰƣƖŸũũŔŰŊШũŸŰŊрőċƨũШƣƖċŰƚƓŸƖƣċƣŔŸŰШƣŸШőŔŊőĲƖрƻċũƨĲЯШũŸƽĲƖШƽĲŔŊőƣШоШ
ƻŸũƨůĲШƓƖŸĬƨĦƣƚЮШÑőĲШŉŸũũŸƽŔŰŊШƓƖŸƻŔĬĲƚШƚŸůĲШƖĲĦŸůůĲŰĬċƣŔŸŰƚШƣŸШŉċĦŔũŔƣċƣĲШŸŰрШċŰĬоŸƖШŰĲċƖрƚŔƣĲШ
ĤŔŸůċƚƚШƓƖŸĦĲƚƚŔŰŊЮШ 

?ĲƻĲũŸƓЮċЮÂĲƖůŔƣЮŉŸƖЮÂƖŸŢĲĦƣцƚŔƣĲЮÂƖŸĦĲƚƚŔŰŊ 
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 County and the City of Boulder, it represents 
one of the most cost-effective strategies available. Currently, land zoned for non-industrial uses - 
including forestry - requires a Special Use Permit even for small-scale processing activities, such 
as the use of a mobile 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 
checklist - to streamline regulatory review. Anticipated constraints will likely center around air 
quality standards and fire safety considerations, particularly for pyrolysis technologies producing 
biochar or bio-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 on-site biomass processing by reducing regulatory 
uncertainty and administrative burden. 

EǂƓũŸƖĲЮ9ŸůůƨŰŔƣǃЮ[ŸƖĲƚƣƖǃЮÉŸƖƣЮòċƖĬƚЮÂƨĤũŔĦцÂƖŔƻċƣĲЮÂċƖƣŰĲƖƚőŔƓƚ 
9ŸŰƚŔĬĲƖШũĲċƚŔŰŊШƚƓċĦĲШċƣШƣőĲШ9ŸůůƨŰŔƣǃШ[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬШы9[ÉòьШƣŸШƚƨƓƓŸƖƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШŸŉШ
ƽŸŸĬǃШĤŔŸůċƚƚШŔŰƣŸШƓƖŸĬƨĦƣƚШƚƨĦőШċƚШĤŔŸĦőċƖЯШĤŔŸрŸŔũЯШũƨůĤĲƖЯШċŰĬШǯƖĲƽŸŸĬЮШEǂŔƚƣŔŰŊШĦŸůƓċŰŔĲƚШ
ċũƖĲċĬǃШĲŰŊċŊĲĬШŔŰШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШĦŸƨũĬШĤĲШƚƣƖŸŰŊШĦċŰĬŔĬċƣĲƚШƣŸШĲƚƣċĤũŔƚőШƚċƣĲũũŔƣĲШŉċĦŔũŔƣŔĲƚШċƣШ
ƣőĲШ9[ÉòЯШĲǂƓċŰĬŔŰŊШƣőĲŔƖШŸƓĲƖċƣŔŸŰƚШƽőŔũĲШƚƨƓƓŸƖƣŔŰŊШũŸĦċũШƖĲƚŸƨƖĦĲШůċŰċŊĲůĲŰƣШŊŸċũƚЮШcŸƽĲƻĲƖЯШ
ƚĲƻĲƖċũШũŔůŔƣċƣŔŸŰƚШůƨƚƣШĤĲШċĬĬƖĲƚƚĲĬаШċƻċŔũċĤũĲШƚƓċĦĲШċƣШƣőĲШ9[ÉòШůċǃШĤĲШũŔůŔƣĲĬбШċĬĬŔƣŔŸŰċũШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲШƽŸƨũĬШũŔťĲũǃШĤĲШŰĲĲĬĲĬШƣŸШƚƨƓƓŸƖƣШƓƖŸĦĲƚƚŔŰŊШċĦƣŔƻŔƣŔĲƚбШċŰĬШƣőĲƖĲШƽŸƨũĬШĤĲШ
ċƚƚŸĦŔċƣĲĬШĦŸƚƣƚШŉŸƖШƓũċŰŰŔŰŊЯШƓĲƖůŔƣƣŔŰŊЯШċŰĬШĬĲƻĲũŸƓŔŰŊШċШƓƨĤũŔĦрƓƖŔƻċƣĲШƓċƖƣŰĲƖƚőŔƓШċŊƖĲĲůĲŰƣЮШ
ÅĲĦŸůůĲŰĬĲĬШƓŸƣĲŰƣŔċũШŸŰрƚŔƣĲШƨƣŔũŔǍċƣŔŸŰШƓċƖƣŰĲƖƚőŔƓƚШŔŰĦũƨĬĲа 

¶ [ŔƖĲƽŸŸĬШÂƖŸĬƨĦƣŔŸŰЮШ[ŔƖĲƽŸŸĬШŔƚШċŰШŔŰрĬĲůċŰĬШƓƖŸĬƨĦƣШŔŰШƣőĲШůŸƨŰƣċŔŰШĦŸůůƨŰŔƣŔĲƚШ
ŰĲċƖШƣőĲШ9[ÉòƚЯШċŰĬШŸǭƚĲƣƚШŉŸƚƚŔũрŉƨĲũШĤċƚĲĬШőĲċƣŔŰŊЮШ[ŔƖĲƽŸŸĬШƓƖŸĦĲƚƚŔŰŊШĲƕƨŔƓůĲŰƣШŔƚШ
ċũƚŸШŰŸƣШċƚШĦċƓŔƣċũШŔŰƣĲŰƚŔƻĲШċƚШŸƣőĲƖШƓċƣőƽċǃƚЮШÅĲƻĲŰƨĲШŉƖŸůШǯƖĲƽŸŸĬШĦċŰШŸǭƚĲƣШ
ƓƖŸĦĲƚƚŔŰŊШĦŸƚƣƚЯШƽőŔũĲШƓƖŸƻŔĬŔŰŊШũŸƽШĦŸƚƣШŸƖШŉƖĲĲШǯƖĲƽŸŸĬШƣŸШũŸƽрŔŰĦŸůĲШőŸƨƚĲőŸũĬƚШŔŰШ
ƖƨƖċũШůŸƨŰƣċŔŰШĦŸůůƨŰŔƣŔĲƚШĦŸƨũĬШċũƚŸШőċƻĲШƚƨĤƚƣċŰƣŔċũШƚŸĦŔċũШĤĲŰĲǯƣƚЮШ 

¶ 7ŔŸĦőċƖШÂƖŸĬƨĦƣŔŸŰЮШ7ŔŸĦőċƖШŔƚШƻĲƖǃШƚĦċũċĤũĲЯШċŰĬШƣőĲƖĲŉŸƖĲШƣőĲШŰƨůĤĲƖШŸŉШƨŰŔƣƚШĦċŰШĤĲШ
ĬĲƣĲƖůŔŰĲĬШĤċƚĲĬШŸŰШƣőĲШĤŔŸůċƚƚШƚƨƓƓũǃШċƣШƣőĲШ9[ÉòШċŰĬШƣőĲШƚƓċĦĲШċƻċŔũċĤũĲЮШ?ƨĲШƣŸШĤŸƣőШ
ĲůŔƚƚŔŸŰƚШĦŸŰĦĲƖŰƚШċŰĬШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШxŔŉĲШ9ǃĦũĲШ ƚƚĲƚƚůĲŰƣШыx9 ьЯШŔƣШŔƚШƖĲĦŸůůĲŰĬĲĬШ
ƣőċƣШƣőŔƚШŸŰũǃШĤĲШŔůƓũĲůĲŰƣĲĬШŸŰШċШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШŸƽŰĲĬШċŰĬШŸƓĲƖċƣĲĬШƚŔƣĲШŔŉШƣőĲШƚǃŰŊċƚШ
ƓƖŸĬƨĦĲĬШĤǃШƣőĲШĤŔŸĦőċƖШťŔũŰƚШŔƚШĦċƓƣƨƖĲĬШċŰĬШƨƣŔũŔǍĲĬЮШ 



  ΝΞΥ 

¶ 7ŔŸрŸŔũШÂƖŸĬƨĦƣŔŸŰЮШ7ŔŸрŸŔũШƓƖŸĬƨĦƣŔŸŰШŔƚШƚĦċũċĤũĲШŔŰШƣőĲШƚċůĲШůċŰŰĲƖШċƚШĤŔŸĦőċƖЮШ 

¶ [ƨŰŊċũШfŰŸĦƨũċƣŔŸŰЮШ[ŸƖШũŸƽрƻċũƨĲШƽŸŸĬǃШĤŔŸůċƚƚЯШċШŉƨŰŊċũШŔŰŸĦƨũċƣŔŸŰШċŰĬШĬĲĦŸůƓŸƚŔƣŔŸŰШ
ƓċƣőƽċǃШċƣШƣőĲШ9[ÉòƚШĦċŰШƓƖŸĦĲƚƚШĤŔŸůċƚƚШŔŰШċШůċŰŰĲƖШƣőċƣШƽŔũũШƖĲƕƨŔƖĲШůŔŰŔůċũШƓŸƚƣр
ƓƖŸĦĲƚƚŔŰŊШƣƖċŰƚƓŸƖƣċƣŔŸŰЮШ 

fŰƻĲƚƣЮŔŰЮ?ŔƖĲĦƣЮ9ŸůůƨŰŔƣǃЮ[ŸƖĲƚƣƖǃЮÉŸƖƣЮòċƖĬƚЮ§ŰцƚŔƣĲЮÂƖŸĦĲƚƚŔŰŊ 
fŰШƓũċĦĲШŸŉШċШƓƖŔƻċƣĲрƓƨĤũŔĦШƓċƖƣŰĲƖƚőŔƓЯШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦċŰШĬŔƖĲĦƣũǃШƓƖŸĬƨĦĲШƓƖŸĬƨĦƣƚШċƣШƣőĲШ9[ÉòЮШ
ÑőŔƚШƽŸƨũĬШĤĲШůŸƖĲШĦŸƚƣũǃШŉŸƖШƣőĲШ9ŸƨŰƣǃШƣőċŰШċШƓƨĤũŔĦрƓƖŔƻċƣĲШƓċƖƣŰĲƖƚőŔƓШċŰĬШƖĲƕƨŔƖĲШůċƖťĲƣŔŰŊШ
ƣőĲШĲŰĬрƓƖŸĬƨĦƣШĤƨƣШƽŸƨũĬШŊŔƻĲШƣőĲШ9ŸƨŰƣǃШůŸƖĲШĦŸŰƣƖŸũШŸƻĲƖШƣőĲШƓƖŸĦĲƚƚШċŰĬШĲŰĬрƨƚĲШŸŉШƣőĲШ
ƓƖŸĬƨĦƣЮШ[ŸƖШĲǂċůƓũĲЯШĤŔŸĦőċƖШƓƖŸĬƨĦĲĬШĦŸƨũĬШĤĲШƚƓƖĲċĬШŸŰШũċŰĬШŸƽŰĲĬШĤǃШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċŰĬШƣőĲШ
9ŔƣǃШŸŉШ7ŸƨũĬĲƖЯШĤŸƣőШŔůƓƖŸƻŔŰŊШƚŸŔũШƕƨċũŔƣǃШċŰĬШƚĲƕƨĲƚƣĲƖŔŰŊШĦċƖĤŸŰЮ 

ìŸƖťШƽŔƣőШÂċƖƣŰĲƖƚШƣŸШ?ĲƻĲũŸƓШ ĲƽШ[ċĦŔũŔƣŔĲƚШ 

EŰőċŰĦĲЮƣőĲЮÂũċŰŰĲĬЮ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮ9ŸůƓŸƚƣЮ[ċĦŔũŔƣǃЮ 
ÑőĲШxŔŉĲШ9ǃĦũĲШ ƚƚĲƚƚůĲŰƣШыx9 ьШĬĲůŸŰƚƣƖċƣĲĬШƣőċƣШĦŸůƓŸƚƣŔŰŊШƚĲƕƨĲƚƣĲƖƚШċШƚŔůŔũċƖШċůŸƨŰƣШŸŉШ
ĦċƖĤŸŰШŸŉШƣőĲШƣőƖĲĲШťĲǃШƓċƣőƽċǃƚШċŰċũǃǍĲĬШыĦŸůƓŸƚƣЯШǯƖĲƽŸŸĬЯШċŰĬШĤŔŸĦőċƖьЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШċŰĬШ
ƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШċƖĲШĦƨƖƖĲŰƣũǃШƚĦŸƓŔŰŊШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШċШƓƨĤũŔĦũǃШŸƓĲƖċƣĲĬШĦŸůƓŸƚƣШŉċĦŔũŔƣǃШƣŸШ
ƓƖŸĦĲƚƚШůƨŰŔĦŔƓċũШŸƖŊċŰŔĦШƽċƚƣĲЮШfƣШŔƚШĤĲŰĲǯĦŔċũШƣŸШŔŰĦũƨĬĲШΞΜӖШрШΟΜӖШƽŸŸĬǃШĤŔŸůċƚƚШĤǃШƻŸũƨůĲШŔŰШ
ċШĦŸůƓŸƚƣШŸƓĲƖċƣŔŸŰЯШċŰĬШƣőĲƖĲŉŸƖĲШƣőĲƖĲШċƖĲШƚƣƖŸŰŊũǃШċũŔŊŰĲĬШŔŰĦĲŰƣŔƻĲƚШƣŸШĬĲƻĲũŸƓŔŰŊШċШŉċĦŔũŔƣǃШƣőċƣШ
ĦċŰШƓƖŸĦĲƚƚШĤŸƣőШůƨŰŔĦŔƓċũШŸƖŊċŰŔĦШƽċƚƣĲШċŰĬШƽŸŸĬǃШĤŔŸůċƚƚЮ 

fƣШŔƚШƖĲĦŸůůĲŰĬĲĬШƣŸШƽŸƖťШƽŔƣőШƣőĲШƣĲċůШƚĦŸƓŔŰŊШƣőĲШƓŸƣĲŰƣŔċũШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦŸůƓŸƚƣШŉċĦŔũŔƣǃШƣŸШ
ċĬĬШƽŸŸĬǃШĤŔŸůċƚƚШƖĲĦĲŔƻŔŰŊЯШƚŸƖƣŔŰŊЯШċŰĬШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃЮШcŔŊőĲƖШƻċũƨĲШƽŸŸĬǃШĤŔŸůċƚƚШĦċŰШ
ĤĲШƚŸũĬШŸƖШƓƖŸƻŔĬĲĬШƣŸШƨƣŔũŔǍĲƖƚШŸƖШƓƖŸĦĲƚƚĲĬШŸŰШƚŔƣĲЮШxŸƽШƻċũƨĲШƽŸŸĬǃШĤŔŸůċƚƚШƽŔũũШĤĲШċƻċŔũċĤũĲШŉŸƖШ
ƣőĲШĦŸũũŸĦċƣĲĬШĦŸůƓŸƚƣШŸƓĲƖċƣŔŸŰЮШ ШĤŔŸůċƚƚШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣǃШŸŰШƣőĲШƓũċŔŰƚШŔŰШĲċƚƣĲƖŰШ7ŸƨũĬĲƖШ
9ŸƨŰƣǃШƽŔũũШċũƚŸШĤĲШĦũŸƚĲƖШƣŸШůŸƚƣШƨƣŔũŔǍĲƖƚЯШƖĲĬƨĦŔŰŊШƣƖċŰƚƓŸƖƣċƣŔŸŰШĦŸƚƣƚШŉƖŸůШƣőĲШŉċĦŔũŔƣǃЮШÑőĲШ
ċůŸƨŰƣШŸŉШƽŸŸĬШĬŔƻĲƖƣĲĬШƣŸШĦŸůƓŸƚƣШŸƖШŸƣőĲƖШƨƚĲƚШĦċŰШĤĲШċĬŢƨƚƣĲĬШĤċƚĲĬШŸŰШƣőĲШŰĲĲĬƚШŸŉШƣőĲШ
ĦŸůƓŸƚƣШŸƓĲƖċƣŔŸŰШƣŸШůċŔŰƣċŔŰШƣőĲШΞΜӖШрШΟΜӖШƽŸŸĬǃШůċƣĲƖŔċũШĤċũċŰĦĲЮШ 

fŉШƣőĲƖĲШŔƚШƚƨĤƚƣċŰƣŔċũũǃШůŸƖĲШƽŸŸĬǃШĤŔŸůċƚƚШƣőċŰШƣőĲШĦŸůƓŸƚƣŔŰŊШŸƓĲƖċƣŔŸŰШĦċŰШċĦĦĲƓƣЯШƣőĲŰШ
ĬŔƖĲĦƣШŸŰрƚŔƣĲШƓƖŸĦĲƚƚŔŰŊШŸƖШċШƓƖŔƻċƣĲрƓƨĤũŔĦШƓċƖƣŰĲƖƚőŔƓƚШƚŔůŔũċƖШƣŸШƣőŸƚĲШĬŔƚĦƨƚƚĲĬШŉŸƖШƣőĲШ9[ÉòƚШ
ċĤŸƻĲШċƖĲШċũƚŸШċƓƓũŔĦċĤũĲЮШ 

ÂċƖƣŰĲƖЮƽŔƣőЮxċƖŔůĲƖЮ9ŸƨŰƣǃЮŸŰЮċЮ7ŔŸůċƚƚЮÂƖŸĦĲƚƚŔŰŊЮ[ċĦŔũŔƣǃ 
fŉШxċƖŔůĲƖШ9ŸƨŰƣǃШƓƨƖƚƨĲƚШĬĲƻĲũŸƓŔŰŊШċШĤŔŸůċƚƚШƚŸƖƣŔŰŊШċŰĬШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣǃЯШƣőĲƖĲШċƖĲШ
ĲǭŔĦŔĲŰĦŔĲƚШƣŸШƚĦċũĲШŔŰШĦƖĲċƣŔŰŊШċШƚŔŰŊũĲШŉċĦŔũŔƣǃШƣőċƣШƚĲƖƻĲƚШĤŸƣőШĦŸƨŰƣŔĲƚЮШfŉШƣőŔƚШŉċĦŔũŔƣǃШŔƚШƚŔƣĲĬШŰĲċƖШ
EƚƣĲƚШÂċƖťЯШŔƣШƽŔũũШũŔťĲũǃШĤĲШƖĲĬƨŰĬċŰƣШƣŸШƣőĲШ~ĲĲťĲƖШÂċƖťШ9[ÉòШŉƖŸůШċШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƓĲƖƚƓĲĦƣŔƻĲЯШ
ĤƨƣШŔƣШĦŸƨũĬШőċƻĲШĦŸŰƚŔĬĲƖċĤũĲШƻċũƨĲШŔŉШƚŔƣĲĬШŔŰШĲċƚƣĲƖŰШ7ŸƨũĬĲƖШоШxċƖŔůĲƖШ9ŸƨŰƣǃЮШfŉШƣőĲШƓŸƣĲŰƣŔċũШ
7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦŸůƓŸƚƣШŉċĦŔũŔƣǃШŔƚШƚŔƣĲĬШŰĲċƖШƣőĲШxċƖŔůĲƖр7ŸƨũĬĲƖШ9ŸƨŰƣǃШũŔŰĲЯШxċƖŔůĲƖШ9ŸƨŰƣǃШ
ĦŸƨũĬШċũƚŸШŔŰƻĲƚƣШŔŰШĤƨŔũĬŔŰŊШŸƨƣШƣőĲШƽŸŸĬǃШĤŔŸůċƚƚШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШċƣШƣőċƣШŉċĦŔũŔƣǃЯШƽőŔĦőШŔƚШ
ũŔťĲũǃШƣőĲШůŸƚƣШĲĦŸŰŸůŔĦċũũǃШĲǭŔĦŔĲŰƣШƚŸũƨƣŔŸŰЮШ 

ÉƨĤƚŔĬŔǍĲШÑƖċŰƚƓŸƖƣċƣŔŸŰ 
ũƣőŸƨŊőШƚƨĤƚŔĬŔǍŔŰŊШƣƖċŰƚƓŸƖƣċƣŔŸŰШĬŸĲƚШŰŸƣШőċƻĲШƣőĲШƖŸĤƨƚƣШĦŸрĤĲŰĲǯƣƚШŸƖШĦŸƚƣШĲǭŔĦŔĲŰĦŔĲƚШŸŉШƣőĲШ

ŸƣőĲƖШƖĲĦŸůůĲŰĬċƣŔŸŰƚШĬŔƚĦƨƚƚĲĬШőĲƖĲŔŰЯШŔƣШŔƚШċŰШŸƓƣŔŸŰШƽŔƣőШċШũŸƽШĤċƖƖŔĲƖШƣŸШĲŰƣƖǃШƣőċƣШĦŸƨũĬШőĲũƓШ
ůŸƻĲШůŸƖĲШĤŔŸůċƚƚШŉƖŸůШŉŸƖĲƚƣШƓƖŸŢĲĦƣШƚŔƣĲƚШƣŸШƨƣŔũŔǍĲƖƚЮШ§ƓƣŔŸŰƚШŔŰĦũƨĬĲа 



  ΝΞΦ 

¶ ?ŔƖĲĦƣũǃШƚƨĤƚŔĬŔǍĲШƣƖċŰƚƓŸƖƣċƣŔŸŰЮШ§ǭƚĲƣШƣőĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШĦŸƚƣШƣŸШĲǂŔƚƣŔŰŊШĤŔŸůċƚƚШ
ƨƣŔũŔǍċƣŔŸŰШŉċĦŔũŔƣŔĲƚШŔŰШƣőĲШ7ŸƨũĬĲƖШÅĲŊŔŸŰШыƚĲĲШ9őċƓƣĲƖШΞьЮШ?ĲƓĲŰĬŔŰŊШŸŰШƣőĲШŉċĦŔũŔƣǃШƣőĲƖĲШ
ĦŸƨũĬШĤĲШċШƓƨƖĦőċƚĲШŸŉШƣőĲШĤŔŸůċƚƚШыƓċƖƣŔĦƨũċƖũǃШŔŰШƽőŸũĲШũŸŊШŉŸƖůьШŸƖШċĦĦĲƓƣċŰĦĲШŸŉШƣőĲШ
ůċƣĲƖŔċũШƽŔƣőШŰŸШƣŔƓƓŔŰŊШŉĲĲШŔŰШĲǂĦőċŰŊĲШŉŸƖШƚƨĤƚŔĬŔǍĲĬШƣƖċŰƚƓŸƖƣċƣŔŸŰЮ 

¶ ÂƖŸƻŔĬĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШĤĲƣƽĲĲŰШůŸƨŰƣċŔŰШċŰĬШƓũċŔŰƚШ9[ÉòƚЮШfŉШċШŰĲƽШĤŔŸůċƚƚШ
ƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣǃШŔƚШĬĲƻĲũŸƓĲĬШŸŰШƣőĲШƓũċŔŰƚШŸŉШĲċƚƣĲƖŰШ7ŸƨũĬĲƖШŸƖШxċƖŔůĲƖШ9ŸƨŰƣǃЯШ
ƣƖċŰƚƓŸƖƣċƣŔŸŰШŸŉШĤŔŸůċƚƚШĤĲƣƽĲĲŰШƣőĲШůŸƨŰƣċŔŰШ9[ÉòƚШы ĲĬĲƖũċŰĬШċŰĬШ~ĲĲťĲƖШÂċƖťьШċŰĬШ
ƣőĲШŰĲƽШŉċĦŔũŔƣǃШĦŸƨũĬШĤĲШƚƨĤƚŔĬŔǍĲĬШŸƖШĬŔƖĲĦƣũǃШƓƖŸƻŔĬĲĬШĤǃШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШÑőĲШĤŔŸůċƚƚШ
ŉĲĲĬƚƣŸĦťШƽŸƨũĬШƣőĲŰШĤĲШĦũŸƚĲƖШƣŸШƨƣŔũŔǍĲƖƚЯШƽőŔĦőШċƖĲШƓƖŔůċƖŔũǃШŔŰШƣőĲШĲċƚƣĲƖŰШĦŸƨŰƣŔĲƚЮШÑőĲШ
ĬƖċƽĤċĦťШƣŸШƣőŔƚШċƓƓƖŸċĦőШŔƚШƣőċƣШŔƣШŔƚШũĲƚƚШǯŰċŰĦŔċũũǃШĲǭŔĦŔĲŰƣШƣŸШƨŰũŸċĬШċŰĬШƖĲũŸċĬШĤŔŸůċƚƚШ
ċƣШċŰШŔŰƣĲƖůĲĬŔċƖǃШŉċĦŔũŔƣǃШƣőċŰШƣċťĲШŔƣШĬŔƖĲĦƣũǃШƣŸШƣőĲШĲŰĬШƨƚĲШŉċĦŔũŔƣǃЮШfŉШċШƚƨĤƚƣċŰƣŔċũШċůŸƨŰƣШ
ŸŉШƣőĲШĤŔŸůċƚƚШŔƚШƨƚĲĬШŉŸƖШĦŸůƓŸƚƣШċƣШƣőĲШŰĲƽШŉċĦŔũŔƣǃЯШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƣőŔƚШŸƓƣŔŸŰШŔŰĦƖĲċƚĲƚШ
ůċƖťĲĬũǃЮШ 

xĲƻĲƖċŊĲШ9ċƖĤŸŰШ[ŔŰċŰĦŔŰŊШ 
ÂċǃůĲŰƣШŉŸƖШĦċƖĤŸŰШƚƣŸƖċŊĲШƣőƖŸƨŊőШĲƚƣċĤũŔƚőĲĬШůĲƣőŸĬŸũŸŊŔĲƚШċŰĬШƣőĲШƚċũĲШŸŉШĦċƖĤŸŰШĦƖĲĬŔƣƚШŔƚШ
ċũƖĲċĬǃШƣċťŔŰŊШƓũċĦĲШĤǃШĤŔŸůċƚƚШƨƣŔũŔǍĲƖƚЯШŰŸƣċĤũǃШ7ŔŸĦőċƖШ ŸƽШыĤŔŸĦőċƖьШċŰĬШ9c Å~ШыĤŔŸрŸŔũьЮШÑőŔƚШ
ĦŸƨũĬШĤĲШĲǂƓċŰĬĲĬШƣŸШŸƣőĲƖШũŔċĤŔũŔƣǃШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃƚШƚƨĦőШċƚШŔŰĦũƨƚŔŸŰШŔŰШĦŸůƓŸƚƣЯШŸƖШ
ƚĲƕƨĲƚƣƖċƣŔŸŰШŔŰШƚƨĦőШĤŔŸƓƖŸĬƨĦƣƚШċƚШũƨůĤĲƖЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШĦċŰШĲŰƣĲƖШƣőĲШĦċƖĤŸŰШǯŰċŰĦĲШůċƖťĲƣШ
ĬŔƖĲĦƣũǃШŔŉШƣőĲǃШŔŰƻĲƚƣШŔŰШċШƨƣŔũŔǍċƣŔŸŰШƓċƣőƽċǃШċƣШƚƨǭŔĦŔĲŰƣШƚĦċũĲШƣŸШůċťĲШƣőĲШĬĲƻĲũŸƓůĲŰƣШċŰĬШ
ŔƚƚƨċŰĦĲШŸŉШĦċƖĤŸŰШĦƖĲĬŔƣƚШƽŸƖƣőШƣőĲШƣƖċŰƚċĦƣŔŸŰШĦŸƚƣЮШÑőĲǃШĦċŰШċũƚŸШƓċƖƣŰĲƖШƽŔƣőШĲǂŔƚƣŔŰŊШ
ŸƖŊċŰŔǍċƣŔŸŰƚШƨƣŔũŔǍŔŰŊШĦċƖĤŸŰШǯŰċŰĦŔŰŊШƣŸШŔŰĦƖĲċƚĲШƣőĲШƓċĦĲШċŰĬШƚĦċũĲШŸŉШĦƖĲĬŔƣШŔƚƚƨċŰĦĲƚШŔŰШċШƽċǃШ
ƣőċƣШŔŰĦƖĲċƚĲƚШƨƣŔũŔǍċƣŔŸŰШċŰĬШƚĲƕƨĲƚƣƖċƣŔŸŰШŸŉШĤŔŸůċƚƚЮШ 

ÖƖĤċŰШìŸŸĬШ[ũŸƽƚ 
ìŸŸĬǃШĤŔŸůċƚƚШŉƖŸůШƣőĲШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖќƚШƨƖĤċŰШŉŸƖĲƚƣƖǃШƓƖŸŊƖċůШċŰĬШŸƣőĲƖШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ůƨŰŔĦŔƓċũŔƣŔĲƚШŸǭĲƖƚШċШĦŸůƓĲũũŔŰŊШŸƓƓŸƖƣƨŰŔƣǃШƣŸШƣƨƖŰШƽőċƣШőċƚШőŔƚƣŸƖŔĦċũũǃШĤĲĲŰШċШƽċƚƣĲШƓƖŸĬƨĦƣШ
ŔŰƣŸШċШƖĲƚŸƨƖĦĲЮШÖƖĤċŰШƽŸŸĬШƣőċƣШĦŸůĲƚШŉƖŸůШƣƖĲĲШůċŔŰƣĲŰċŰĦĲШŔƚШƨƚƨċũũǃШĦőŔƓƓĲĬЯШċũƣőŸƨŊőШŔƣШĦċŰШ
ĤĲШƣƖċŰƚƓŸƖƣĲĬШŔŰШũċƖŊĲƖШƚũċƚőШŉŸƖůШŔŉШƣőĲƖĲШŔƚШċШĤĲŰĲǯƣШƣŸШĬŸŔŰŊШƚŸЮШÖƖĤċŰрĬĲƖŔƻĲĬШƽŸŸĬǃШĤŔŸůċƚƚШŔƚШ
ċũƚŸШůƨĦőШĦũŸƚĲƖШƣŸШůŸƚƣШƨƣŔũŔǍĲƖƚШƣőċŰШŉŸƖĲƚƣШƓƖŸĬƨĦƣƚШŉƖŸůШƽĲƚƣĲƖŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШ]ŔƻĲŰШƣőċƣШ
ůŸƚƣШƨƖĤċŰШƽŸŸĬǃШĤŔŸůċƚƚШŔƚШĦőŔƓƓĲĬЯШƣőĲШĤĲƚƣШƨƚĲШŔƚШũŔťĲũǃШċƚШċŰШŔŰƓƨƣШŉŸƖШĦŸůƓŸƚƣШƓƖŸĬƨĦƣŔŸŰЮ 

[ŸƖĲƚƣШÅĲƚƣŸƖċƣŔŸŰШċŰĬШìŔũĬǯƖĲШ~ŔƣŔŊċƣŔŸŰШÂƖŸŢĲĦƣƚ 
ÑőĲШĦŸрĤĲŰĲǯƣƚШĲƻċũƨċƣŔŸŰШŔŰШ9őċƓƣĲƖШΟШƨŰĬĲƖƚĦŸƖĲĬШƣőċƣШƣőŸƨŊőƣŉƨũũǃШƓũċŰŰĲĬШċŰĬШŔůƓũĲůĲŰƣĲĬШ
ŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚШĦċŰШůŔƣŔŊċƣĲШƽŔũĬǯƖĲШƖŔƚťƚШċŰĬШĲŰőċŰĦĲШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲЯШƓƖŸƣĲĦƣШ
ƓƨĤũŔĦШőĲċũƣőЯШċŰĬШƚƨƓƓŸƖƣШĲĦŸŰŸůŔĦШƚƣċĤŔũŔƣǃШŔŰШ7ŸƨũĬĲƖШ9ŸƨŰƣǃЮШxŸŰŊрƣĲƖůШŔŰƻĲƚƣůĲŰƣШŔŰШċĬċƓƣŔƻĲШ
ůċŰċŊĲůĲŰƣШƚƣƖċƣĲŊŔĲƚЯШĦŸůůƨŰŔƣǃШĲŰŊċŊĲůĲŰƣЯШċŰĬШŔŰƣĲŊƖċƣĲĬШƽŔũĬǯƖĲШƓũċŰŰŔŰŊШƽŔũũШĤĲШĦƖŔƣŔĦċũШƣŸШ
ƚƨƚƣċŔŰŔŰŊШƣőĲƚĲШĤĲŰĲǯƣƚШыċŰĬШƓƖŸƻŔĬŔŰŊШŉŸƖШċШƖĲũŔċĤũĲШƚŸƨƖĦĲШŸŉШŉĲĲĬƚƣŸĦťШŉŸƖШĤŔŸůċƚƚШƨƣŔũŔǍċƣŔŸŰьШŔŰШ
ƣőĲШŉċĦĲШŸŉШŔŰĦƖĲċƚŔŰŊШƽŔũĬǯƖĲШƖŔƚťƚЮШÑőĲШŉŸũũŸƽŔŰŊШċƖĲШƚŸůĲШőŔŊőрũĲƻĲũШƖĲĦŸůůĲŰĬċƣŔŸŰƚШċŰĬШ
ĦŸŰƚŔĬĲƖċƣŔŸŰШĬƖċƽŰШŉƖŸůШƣőċƣШĲƻċũƨċƣŔŸŰЮШ ŸƣċĤũǃЯШĲċĦőШƖĲĦŸůůĲŰĬċƣŔŸŰШƽŸƨũĬШĤĲŰĲǯƣШŉƖŸůШ
ċĬĬŔƣŔŸŰċũШĬŔċũŸŊƨĲШċŰĬШƚƣƖċƣĲŊŔĦШƓũċŰŰŔŰŊШċůŸŰŊШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШƚƣċťĲőŸũĬĲƖƚЮШ 

[ŸƖĲƚƣЮcĲċũƣőЮċŰĬЮÅĲƚŔũŔĲŰĦĲ 

¶ EǂƓċŰĬШ[ƨĲũШÅĲĬƨĦƣŔŸŰШÑƖĲċƣůĲŰƣƚШŔŰШ9ìÂÂШÂƖŔŸƖŔƣǃШ ƖĲċƚаШfůƓũĲůĲŰƣШƚƣƖċƣĲŊŔĦШƣőŔŰŰŔŰŊШ
ċŰĬШƓƖĲƚĦƖŔĤĲĬШĤƨƖŰŔŰŊШƣŸШƖĲĬƨĦĲШƚƣċŰĬШĬĲŰƚŔƣǃШċŰĬШŔůƓƖŸƻĲШƣƖĲĲШőĲċũƣőЮ 



  ΝΟΜ 

¶ EŰőċŰĦĲШ7ŔŸĬŔƻĲƖƚŔƣǃШÂƖŸƣĲĦƣŔŸŰаШÑőŸƨŊőƣŉƨũũǃШƓũċŰШċŰĬШŔůƓũĲůĲŰƣШŉƨĲũƚШƖĲĬƨĦƣŔŸŰШ
ƣƖĲċƣůĲŰƣƚШƽŔƣőŔŰШċŰĬоŸƖШċĬŢċĦĲŰƣШƣŸШƚĲŰƚŔƣŔƻĲШċƖĲċƚШыĲЮŊЮЯШőŔŊőрĤŔŸĬŔƻĲƖƚŔƣǃШċƖĲċƚЯШ
ƚŔŊŰŔǯĦċŰƣШŰċƣƨƖċũШċƖĲċƚЯШċŰĬШĦƖŔƣŔĦċũШƽŔũĬũŔŉĲШőċĤŔƣċƣƚьШƣŸШƖĲĬƨĦĲШƣőĲШƓŸƣĲŰƣŔċũШŸŉШƻĲŊĲƣċƣŔŸŰШ
ƣǃƓĲШĦŸŰƻĲƖƚŔŸŰШċŰĬШċƚƚŸĦŔċƣĲĬШőċĤŔƣċƣШũŸƚƚЮ 

ìċƣĲƖƚőĲĬЮÂƖŸƣĲĦƣŔŸŰЮ҂Ю?ŔƚċƚƣĲƖЮ~ŔƣŔŊċƣŔŸŰ 

¶ ìċƣĲƖƚőĲĬШ[ƨĲũШÑƖĲċƣůĲŰƣƚаШ[ŸĦƨƚШŸŰШƖĲĬƨĦŔŰŊШƣőĲШƓŸƣĲŰƣŔċũШŉŸƖШƓŸƚƣрǯƖĲШĲƖŸƚŔŸŰШƖŔƚťƚШĤǃШ
ƣőŔŰŰŔŰŊШŉŸƖĲƚƣƚШƽŔƣőŔŰШƽċƣĲƖƚőĲĬƚШƣőċƣШƓƖŸƻŔĬĲШĦƖŔƣŔĦċũШƽċƣĲƖШƚŸƨƖĦĲƚШċŰĬШƣŸШƓƖŸƣĲĦƣШĦƖŔƣŔĦċũШ
ŔŰŉƖċƚƣƖƨĦƣƨƖĲЮШ 

¶ ÂŸƚƣр[ŔƖĲШEƖŸƚŔŸŰШ9ŸŰƣƖŸũШ~ĲċƚƨƖĲƚаШfůƓũĲůĲŰƣШƚĲĬŔůĲŰƣШĤċƖƖŔĲƖƚЯШƽŸŸĬШƚƣƖċŰĬШ
ůƨũĦőŔŰŊЯШċŰĬШƖĲƻĲŊĲƣċƣŔŸŰШƚƣƖċƣĲŊŔĲƚШƣŸШƚƣċĤŔũŔǍĲШƚŸŔũƚШċŰĬШƓƖĲƻĲŰƣШƖƨŰŸǭЮШìŸŸĬǃШĤŔŸůċƚƚШ
ŉƖŸůШŸƣőĲƖШƽŔũĬǯƖĲШůŔƣŔŊċƣŔŸŰШƓƖŸŢĲĦƣƚШĦċŰШĤĲШƨƚĲĬШƣŸШĬŔƖĲĦƣũǃШƓƖŸĬƨĦĲШƽŸŸĬШƚőƖĲĬƚШŸƖШƽŸŸĬШ
ƚƣƖċŰĬШůƨũĦőЮШ 

cƨůċŰЮcĲċũƣőЮÂƖŸƣĲĦƣŔŸŰ 

¶ ÅĲĬƨĦĲШìŔũĬǯƖĲШÉůŸťĲШċŰĬШ[ŔƖĲШEǂƓŸƚƨƖĲаШ9ŸŰƣŔŰƨĲШƣŸШŔůƓũĲůĲŰƣШŉƨĲũШƣƖĲċƣůĲŰƣƚШ
ċĬŢċĦĲŰƣШƣŸШċŰĬШƽŔƣőŔŰШƓŸƓƨũċƣĲĬШċƖĲċƚШƣŸШůŔŰŔůŔǍĲШċŔƖШƕƨċũŔƣǃШċŰĬШǯƖĲШŔůƓċĦƣƚЮ 

¶ fůƓƖŸƻĲШÂƨĤũŔĦШcĲċũƣőШÂƖĲƓċƖĲĬŰĲƚƚаШEĬƨĦċƣĲШƻƨũŰĲƖċĤũĲШƓŸƓƨũċƣŔŸŰƚШċĤŸƨƣШċŔƖШƕƨċũŔƣǃШ
ƖŔƚťƚШċŰĬШĲůĲƖŊĲŰĦǃШƖĲƚƓŸŰƚĲШƚƣƖċƣĲŊŔĲƚЮ 

EĦŸŰŸůŔĦЮċŰĬЮÑŸƨƖŔƚůЮÅĲƚŔũŔĲŰĦĲ 

¶ ÂƖŸƣĲĦƣШcŔŊőрéċũƨĲШÅĲĦƖĲċƣŔŸŰċũШ ƖĲċƚаШÑċƖŊĲƣШŉƨĲũШƖĲĬƨĦƣŔŸŰƚШƚƨƖƖŸƨŰĬŔŰŊШťĲǃШƣŸƨƖŔƚůШ
ċŰĬШŸƨƣĬŸŸƖШƖĲĦƖĲċƣŔŸŰШƚŔƣĲƚШƣŸШůŔƣŔŊċƣĲШĲĦŸŰŸůŔĦШũŸƚƚĲƚЮ 

¶ ?ĲƻĲũŸƓШÂŸƚƣр[ŔƖĲШÅĲĦŸƻĲƖǃШÂũċŰƚаШ9ŸŰƚŔĬĲƖШƣőĲШĦƖĲċƣŔŸŰШŸŉШǯŰċŰĦŔċũШƚċŉĲƣǃШŰĲƣƚШċŰĬШ
ƖĲĤƨŔũĬŔŰŊШƓƖŸŊƖċůƚШŉŸƖШĤƨƚŔŰĲƚƚĲƚШŔůƓċĦƣĲĬШĤǃШƽŔũĬǯƖĲƚЮ 

ÂŸũŔĦǃЮċŰĬЮ9ŸůůƨŰŔƣǃЮEŰŊċŊĲůĲŰƣ 

¶ EŰőċŰĦĲШ9ƖŸƚƚр ŊĲŰĦǃШ9ŸũũċĤŸƖċƣŔŸŰаШ9ŸŰƣŔŰƨĲШƣŸШƚƣƖĲŰŊƣőĲŰШƓċƖƣŰĲƖƚőŔƓƚШƽŔƣőШŉĲĬĲƖċũЯШ
ƚƣċƣĲЯШċŰĬШũŸĦċũШċŊĲŰĦŔĲƚШŉŸƖШƽŔũĬǯƖĲШƖŔƚťШůċŰċŊĲůĲŰƣЮ 

¶ fŰĦƖĲċƚĲШÂƨĤũŔĦШEĬƨĦċƣŔŸŰШċŰĬШ§ƨƣƖĲċĦőаШ9ŸŰƣŔŰƨĲШƣŸШĲŰŊċŊĲШĦŸůůƨŰŔƣŔĲƚШŔŰШǯƖĲр
ċĬċƓƣĲĬШƚƣƖċƣĲŊŔĲƚШċŰĬШĲŰĦŸƨƖċŊĲШőŸůĲŸƽŰĲƖШƓċƖƣŔĦŔƓċƣŔŸŰШŔŰШĬĲŉĲŰƚŔĤũĲШƚƓċĦĲШŔŰŔƣŔċƣŔƻĲƚЮ 

¶ ÉĲĦƨƖĲШxŸŰŊрÑĲƖůШ[ƨŰĬŔŰŊШŉŸƖШ[ƨĲũШÅĲĬƨĦƣŔŸŰаШ9ŸŰƣŔŰƨĲШƣŸШċĬƻŸĦċƣĲШŉŸƖШƚƣċƣĲШċŰĬШŉĲĬĲƖċũШ
ŊƖċŰƣƚШƣŸШƚƨƓƓŸƖƣШŸŰŊŸŔŰŊШŉƨĲũШůċŰċŊĲůĲŰƣШƓƖŸŊƖċůƚЮ 

 

 



  ΝΟΝ 

ШxŔƣĲƖċƣƨƖĲШ9ŔƣĲĬ 
ĤċƣǍŸŊũŸƨЯШsЮШÑЮЯШċŰĬШ9ЮШ ЮШuŸũĬĲŰЮШΞΜΝΟЮШÅĲũċƣŔŸŰƚőŔƓƚШĤĲƣƽĲĲŰШĦũŔůċƣĲШċŰĬШĤƨƖŰĲĬШċƖĲċШŔŰШƣőĲШ
ƽĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚЮШfŰƣĲƖŰċƣŔŸŰċũЮsŸƨƖŰċũЮŸŉЮìŔũĬũċŰĬЮ[ŔƖĲ ΞΞыΤьЯΝΜΜΟрΝΜΞΜЮ 

ĬĬŔŰŊƣŸŰЯШÅЮШ ЮЯШuЮШsЮШ7ċƖƖĲƣƣЯШ~ЮШ ЮШ7ċƣƣċŊũŔċЯШsЮШÉЮШ7ƖŔŊŊƚЯШsЮШ7ЮШ9ċŰŰŸŰЯШЮШÉЮШ9őĲŰŊЯШÂЮШsЮШ[ŸƖŰƽċũƣЯШ7ЮШ
~ЮШ]ċŰŰŸŰЯШċŰĬШsЮШxШÖŰĬĲƖőŔũũЮШΞΜΝΥЮШ9ŸũũċĤŸƖċƣŔƻĲШƖĲƚƣŸƖċƣŔŸŰШĲǭĲĦƣƚШŸŰШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲШŔŰШ
ƓŸŰĬĲƖŸƚċШƓŔŰĲрĬŸůŔŰċƣĲĬШŉŸƖĲƚƣƚШŸŉШ9ŸũŸƖċĬŸЮШ[ŸƖĲƚƣШEĦŸũŸŊǃШċŰĬШ~ċŰċŊĲůĲŰƣЯШΠΞΠЯШΝΦΝт
ΞΜΠЮ 

ŊĲĲЯШsЮШuЮЯШċŰĬШ9ЮШ ЮШÉťŔŰŰĲƖЮШΞΜΜΡЮШ7ċƚŔĦШƓƖŔŰĦŔƓũĲƚШŸŉШŉŸƖĲƚƣШŉƨĲũШƖĲĬƨĦƣŔŸŰШƣƖĲċƣůĲŰƣƚЮШ[ŸƖĲƚƣШ
EĦŸũŸŊǃШċŰĬШ~ċŰċŊĲůĲŰƣЯШΞΝΝЯШΥΟтΦΣЮ 

ũũŔċŰĦĲШŉŸƖШ]ƖĲĲŰШcĲċƣЮШΞΜΞΡЮШ[ŔƖĲƽŸŸĬШ7ċŰťƚШ[ƨŰĬŔŰŊШÂƖŸŊƖċůЮШ
őƣƣƓƚаооƽƽƽЮǯƖĲƽŸŸĬĤċŰťƚЮŸƖŊоŊƖċŰƣĲĲƚрΞΠрΞΡ 

ũũƖĲĬЯШìЮШÉЮЯШìЮШÉЮШ]ċƨĬЯШsЮШÉЮШÉƣċƣĲƚЮШΝΦΦΠЮШEǭĲĦƣƚШŸŉШőĲƖĤŔƻŸƖǃШĤǃШ ĤĲƖƣШƚƕƨŔƖƖĲũƚШыÉĦŔƨƖƨƚЮċĤĲƖƣŔьШ
ŸŰШĦŸŰĲШĦƖŸƓƚШŸŉШƓŸŰĬĲƖŸƚċШƓŔŰĲЯШsŸƨƖŰċũШŸŉШ~ċůůċũŸŊǃЯШéŸũƨůĲШΤΡЯШfƚƚƨĲШΟЯШÂċŊĲƚШΤΜΜтΤΜΟЯШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΞΟΜΤоΝΟΥΞΡΝΥШ 

ŰĬƖƨƚЯШÅЮШ ЮЯШ ЮШsЮШ~ċƖƣŔŰĲǍЯШ]ЮШ~ЮШsŸŰĲƚЯШċŰĬШ ЮШsЮШcЮШ~ĲĬĬĲŰƚЮШΞΜΞΝЮШ ƚƚĲƚƚŔŰŊШƣőĲШƕƨċũŔƣǃШŸŉШǯƖĲШ
ƖĲŉƨŊŔċШŉŸƖШƽŔũĬũŔŉĲШőċĤŔƣċƣЮШ[ŸƖĲƚƣШEĦŸũŸŊǃШċŰĬШ~ċŰċŊĲůĲŰƣЯШéŸũƨůĲШΠΥΞЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮŉŸƖĲĦŸЮΞΜΞΜЮΝΝΥΥΣΥШ 

ǂŔŸƚШEŰĲƖŊǃШċŰĬШ9ũŔůċƣĲЮШΞΜΞΡЮШ]ŸŸŊũĲШƓċƖƣŰĲƖƚШƽŔƣőШƚƣċƖƣƨƓШƣŸШĦƨƣШΝΜΜЯΜΜΜШƣŸŰƚШŸŉШĦċƖĤŸŰШ
ыċƖƣŔĦũĲьЮШőƣƣƓƚаооƽƽƽЮċǂŔŸƚЮĦŸůоΞΜΞΡоΜΝоΝΣоŊŸŸŊũĲрĦċƖĤŸŰрƖĲůŸƻċũрĦőċƖůрŔŰĬƨƚƣƖŔċũрĤŔŸĦőċƖЮ 

7ċŰĲƖŢĲĲШÑЮШΞΜΞΜЮШfůƓċĦƣƚШŸŉШŉŸƖĲƚƣШƣőŔŰŰŔŰŊШŸŰШƽŔũĬũċŰĬШǯƖĲШĤĲőċƻŔŸƖЮШ[ŸƖĲƚƣƚЯШΝΝыΦьЯШΦΝΥбШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΟΟΦΜоŉΝΝΜΦΜΦΝΥ 

7ċŰĲƖŢĲĲЯШÑЮЯШìЮШcĲŔũůċŰЯШÉЮШ]ŸŸĬƖŔĦťЯШsЮШuЮШcŔĲƖƚЯШċŰĬШÅЮШxŔŰŰЮШΞΜΞΜЮШEǭĲĦƣƚШŸŉШĦċŰŸƓǃШůŔĬƚƣŸƖǃШ
ůċŰċŊĲůĲŰƣШċŰĬШŉƨĲũШůŸŔƚƣƨƖĲШŸŰШƽŔũĬǯƖĲШĤĲőċƻŔŸƖЮШÉĦŔĲŰƣŔǯĦШƖĲƓŸƖƣƚЯШΝΜыΝьЯШΝΤΟΝΞЮ 

9ċƖĤŸŰШ?ŔƖĲĦƣШċŰĬШEĦŸĲŰŊŔŰĲĲƖƚЮШΞΜΞΞЮШ7ŔŸрŸŔũШƚĲƕƨĲƚƣƖċƣŔŸŰЯШƓƖŸƣŸƣǃƓĲШƓƖŸƣŸĦŸũШŉŸƖШůĲċƚƨƖĲůĲŰƣЯШ
ƖĲƓŸƖƣŔŰŊШѼШƻĲƖŔǯĦċƣŔŸŰЮШőƣƣƓƚаооĦőċƖůŔŰĬƨƚƣƖŔċũЮĦŸůо7ŔŸр
ŸŔũхÉĲƕƨĲƚƣƖċƣŔŸŰххÂƖŸƣŸĦŸũхŉŸƖх~ĲċƚƨƖĲůĲŰƣхÅĲƓŸƖƣŔŰŊхċŰĬхéĲƖŔǯĦċƣŔŸŰЮƓĬŉ 

?ŔǂŸŰЯШΞΜΞΡЮШEƚƚĲŰƣŔċũШ[éÉаШċШƨƚĲƖќƚШŊƨŔĬĲШƣŸШŉŸƖĲƚƣШƻĲŊĲƣċƣŔŸŰШƚŔůƨũċƣŸƖЮШÖÉ? Ш[ŸƖĲƚƣШÉĲƖƻŔĦĲЮШ
őƣƣƓƚаооƽƽƽЮŉƚЮƨƚĬċЮŊŸƻоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоĲƚƚĲŰƣŔċũрŉƻƚЮƓĬŉШ 

?ƨƖƖċŰЯШ?ЮÅЮШыΝΦΦΜьЮШ~ŸƨŰƣċŔŰШƽċƻĲƚШċŰĬШĬŸƽŰƚũŸƓĲШƽŔŰĬƚЮШfŰаШ7ũƨůĲŰЯШìЮШыĲĬƚьШ ƣůŸƚƓőĲƖŔĦШ
ÂƖŸĦĲƚƚĲƚШŸƻĲƖШ9ŸůƓũĲǂШÑĲƖƖċŔŰЮШ~ĲƣĲŸƖŸũŸŊŔĦċũШ~ŸŰŸŊƖċƓőƚЯШƻŸũШΞΟЮШ ůĲƖŔĦċŰШ~ĲƣĲŸƖŸũŸŊŔĦċũШ
ÉŸĦŔĲƣǃЯШ7ŸƚƣŸŰЯШ~ ЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоΦΤΥрΝрΦΟΡΤΜΠрΞΡрΣхΠ 

7ċƣƣċŊũŔċЯШ~ЮШ ЮЯШ7ЮШ]ċŰŰŸŰЯШÂЮШ~ЮШ7ƖŸƽŰЯШÂЮШsЮШ[ŸƖŰƽċũƣЯШ ЮШÉЮШ9őĲŰŊЯШċŰĬШxЮШÉЮШcƨĦťċĤǃЮШΞΜΝΥЮШ
9őċŰŊĲƚШŔŰШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲШƚŔŰĦĲШΝΥΣΜШŔŰШƓŸŰĬĲƖŸƚċШƓŔŰĲШĬŸůŔŰċƣĲĬШŉŸƖĲƚƣƚШŔŰШƣőĲШ9ŸũŸƖċĬŸШ
ċŰĬШìǃŸůŔŰŊШ[ƖŸŰƣШÅċŰŊĲЯШÖÉ ЮШ[ŸƖĲƚƣШEĦŸũŸŊǃШċŰĬШ~ċŰċŊĲůĲŰƣЯШΠΞΞЯШΝΠΤрΝΣΜЮ 

7ċƽċЯШÅЮШÉЮШыΞΜΝΤьЮШEǭĲĦƣƚШŸŉШƽŔũĬǯƖĲШŸŰШƣőĲШƻċũƨĲШŸŉШƖĲĦƖĲċƣŔŸŰШŔŰШƽĲƚƣĲƖŰШ ŸƖƣőШ ůĲƖŔĦċЮШsŸƨƖŰċũШŸŉШ
ÉƨƚƣċŔŰċĤũĲШ[ŸƖĲƚƣƖǃЯШΟΣыΝьЯШΝтΝΤЮ 

7ĲũŸŰŊŔċЯШ~ЮШ[ЮЯШcċůůŸŰĬШìċŊŰĲƖЯШ9ЮЯШÄƨĲƚŰĲũШÉĲŔƓƓЯШuЮЯШċŰĬШŢċůŔЯШ ЮШuЮШыΞΜΞΟьЮШ7ƨŔũĬŔŰŊШƽċƣĲƖШ
ƖĲƚŔũŔĲŰĦĲШŔŰШƣőĲШŉċĦĲШŸŉШĦċƚĦċĬŔŰŊШƽŔũĬǯƖĲШƖŔƚťƚЮШÉĦŔĲŰĦĲШ ĬƻċŰĦĲƚЯШΦЯШĲċĬŉΦΡΟΠЮ 

https://www.firewoodbanks.org/grantees-24-25
https://doi.org/10.2307/1382518
https://doi.org/10.1016/j.foreco.2020.118868
https://www.axios.com/2025/01/16/google-carbon-removal-charm-industrial-biochar
https://doi.org/10.3390/f11090918
https://charmindustrial.com/Bio-oil_Sequestration__Protocol_for_Measurement_Reporting_and_Verification.pdf
https://charmindustrial.com/Bio-oil_Sequestration__Protocol_for_Measurement_Reporting_and_Verification.pdf
https://www.fs.usda.gov/sites/default/files/essential-fvs.pdf
https://doi.org/10.1007/978-1-935704-25-6_4


  ΝΟΞ 

7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ìÂÂЮШΞΜΞΠЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШìŔũĬǯƖĲШÂƖŸƣĲĦƣŔŸŰШÂũċŰШы9ìÂÂьЮШ
őƣƣƓƚаооċƚƚĲƣƚЮĤŸƨũĬĲƖĦŸƨŰƣǃЮŊŸƻоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΝΜоĤŸƨũĬĲƖрĦŸƨŰƣǃрĦŸůůƨŰŔƣǃр
ƽŔũĬǯƖĲрƓƖŸƣĲĦƣŔŸŰрƓũċŰрΞΜΞΠЮƓĬŉШ 
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]ƖċőċůЯШÅЮШÑЮЯШыÑĲĦőŰŔĦċũШEĬŔƣŸƖьЮШΞΜΜΟЮШcċǃůċŰШǯƖĲШĦċƚĲШƚƣƨĬǃЮШ]ĲŰЮШÑĲĦőЮШÅĲƓЮШÅ~ÅÉ]ÑÅрΝΝΠЮШ
§ŊĬĲŰЯШÖÑаШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШ ŊƖŔĦƨũƣƨƖĲЯШ[ŸƖĲƚƣШÉĲƖƻŔĦĲЯШÅŸĦťǃШ~ŸƨŰƣċŔŰШÅĲƚĲċƖĦőШÉƣċƣŔŸŰЮШ
ΟΦΣШƓЮ 

]ƨŔƣĲƖůċŰЯШ9ЮШcЮЯШÅЮШcЮШ]ƖĲŊŊЯШxЮШ ЮШEЮШ~ċƖƚőċũũЯШsЮШsЮШ7ĲĦťůċŰŰЯШÂЮШsЮШƻċŰШ~ċŰƣŊĲůЯШ?ЮШ ЮШ[ċũťЯШsЮШEЮШ
uĲĲũĲǃЯШЮ9ЮШ9ċƓƖŔŸЯШsЮШ?ЮШ9ŸŸƓЯШÂЮШsЮШ[ŸƖŰƽċũƣЯШ9ЮШcċǭĲǃЯШÅЮШuЮШcċŊůċŰŰЯШÉЮШÑЮШsċĦťƚŸŰЯШЮШ~ЮШ
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xǃŰĦőЯШEЮШÄЮШ~ċƖŊŸũŔƚЯШ9ЮШ~ċƖťƚЯШ~ЮШ?ЮШ~ĲǃĲƖЯШcЮШÉċǭŸƖĬЯШ ЮШ?ЮШÉǃƓőċƖĬЯШċŰĬШsЮШÑЮШÉƣĲƻĲŰƚЮШΞΜΞΞЮШ
éĲŊĲƣċƣŔŸŰШƣǃƓĲШĦŸŰƻĲƖƚŔŸŰШŔŰШƣőĲШÖÉШÉŸƨƣőƽĲƚƣаШŉƖŸŰƣũŔŰĲШŸĤƚĲƖƻċƣŔŸŰƚШċŰĬШůċŰċŊĲůĲŰƣШ
ƖĲƚƓŸŰƚĲƚЮШ[ŔƖĲШEĦŸũŸŊǃЯШΝΥыΝьЯШ ƖƣŔĦũĲШΝЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΝΥΣоƚΠΞΠΜΥрΜΞΞрΜΜΝΟΝрƽ 

cċŊůċŰŰЯШÅЮШuЮЯШÂЮШ[ЮШcĲƚƚĤƨƖŊЯШÉЮШsЮШÂƖŔĦőċƖĬЯШ ЮШ ЮШÂŸƻċťЯШÂЮШ~ЮШ7ƖŸƽŰЯШÂЮШüЮШ[ƨũĳЯШÅЮШEЮШuĲċŰĲЯШEЮШEЮШ
uŰċƓƓЯШsЮШ~ЮШxǃĬĲƖƚĲŰЯШuЮШxЮШ~ĲƣũĲŰЯШ~ЮШsЮШÅĲŔũũǃЯШ ЮШsЮШÉČŰĦőĲǍШ~ĲċĬŸƖЯШÉЮШxЮШÉƣĲƓőĲŰƚЯШsЮШÑЮШ
ÉƣĲƻĲŰƚЯШ ЮШcЮШÑċǃũŸƖЯШxЮШxЮШòŸĦŸůЯШ~ЮШ ЮШ7ċƣƣċŊũŔċЯШ?ЮШsЮШ9őƨƖĦőŔũũЯШxЮШ?ЮШ?ċŰŔĲũƚЯШ?ЮШ ЮШ[ċũťЯШÂЮШ
cĲŰƚŸŰЯШsЮШ?ЮШsŸőŰƚƣŸŰЯШ~ЮШ ЮШuƖċƽĦőƨťЯШ9ЮШÅЮШxĲƻŔŰĲЯШ]ЮШìЮШ~ĲŔŊƚЯШ ЮШ]ЮШ~ĲƖƚĦőĲũЯШ~ЮШÂЮШ ŸƖƣőЯШ
cЮШ?ЮШÉċǭŸƖĬЯШÑЮШìЮШÉƽĲƣŰċůЯШċŰĬШ ЮШEЮШ~ЮШìċũƣǍЮШΞΜΞΝЮШEƻŔĬĲŰĦĲШŉŸƖШƽŔĬĲƚƓƖĲċĬШĦőċŰŊĲƚШŔŰШƣőĲШ
ƚƣƖƨĦƣƨƖĲЯШĦŸůƓŸƚŔƣŔŸŰЯШċŰĬШǯƖĲШƖĲŊŔůĲƚШŸŉШƽĲƚƣĲƖŰШ ŸƖƣőШ ůĲƖŔĦċŰШŉŸƖĲƚƣƚЮШEĦŸũŸŊŔĦċũШ
ƓƓũŔĦċƣŔŸŰƚШΟΝыΥьЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоĲċƓЮΞΠΟΝЮШ 

cċũũЯШsЮЯШ~ЮШEЮШÉċŰĬŸƖЯШ7ЮШsЮШcċƖƻĲǃЯШÉЮШ ЮШÂċƖťƚЯШ ЮШÑЮШÑƖƨŊůċŰЯШ ЮШÂЮШìŔũũŔċůƚЯШċŰĬШìЮШ?ЮШcċŰƚĲŰЮШΞΜΞΠЮШ
[ŸƖĲƚƣШĦċƖĤŸŰШƚƣŸƖċŊĲШŔŰШƣőĲШƽĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚаШĬŔƚƣƖŔĤƨƣŔŸŰЯШĬƖŔƻĲƖƚЯШċŰĬШƣƖĲŰĬƚЮШEċƖƣőѣƚШ
[ƨƣƨƖĲЯШΝΞЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΞΦоΞΜΞΟE[ΜΜΠΟΦΦШ 

cċũũŸƖċŰЯШ~ЮШEЮЯШċŰĬШ~ЮШ7ĲťŸǭЮШΝΦΦΠЮШ ĲƚƣŔŰŊШĤĲőċƻŔŸƨƖШŸŉШ ĤĲƖƣШƚƕƨŔƖƖĲũƚШыÉĦŔƨƖƨƚШ
ċĤĲƖƣŔьЮ EƣőŸũŸŊǃЯ άΪыΟьЯШΞΟΣрΞΠΥЮ 

cċƖƖŔŰŊƣŸŰЯШìЮШΞΜΞΝЮШ7ŸƨũĬĲƖЮ9ŸƨŰƣǃЮĦŸůůƨŰŔƣǃЮŉŸƖĲƚƣƖǃЮƚŸƖƣЮǃċƖĬжЮΥΣΥΤЮċŰŰƨċũЮƖĲƓŸƖƣдЮШ
őƣƣƓƚаооċƚƚĲƣƚЮĤŸƨũĬĲƖĦŸƨŰƣǃЮŊŸƻоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΞоΜΡоĦŉƚǃрċŰŰƨċũрƖĲƓŸƖƣрΞΜΞΝЮƓĬŉ 

cƨǭůċŰЯШEЮШxЮЯШxЮШcЮШ~ċĦ?ŸŰċũĬЯШċŰĬШsЮШ?ЮШÉƣĲĬŰŔĦťЮШΞΜΜΝЮШÉƣƖĲŰŊƣőШċŰĬШƓĲƖƚŔƚƣĲŰĦĲШŸŉШǯƖĲрŔŰĬƨĦĲĬШ
ƚŸŔũШőǃĬƖŸƓőŸĤŔĦŔƣǃШƨŰĬĲƖШƓŸŰĬĲƖŸƚċШċŰĬШũŸĬŊĲƓŸũĲШƓŔŰĲЯШ9ŸũŸƖċĬŸШ[ƖŸŰƣШÅċŰŊĲЮШcǃĬƖŸũŸŊŔĦċũШ
ÂƖŸĦĲƚƚĲƚЯШΝΡыΝΡьЯШΞΥΤΤтΞΥΦΞЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоőǃƓЮΟΤΦЮ 

cƨƖƣĲċƨЯШ~ЮШ?ЮЯШÉЮШxŔċŰŊЯШuЮШxЮШ~ċƖƣŔŰЯШċŰĬШ~ЮШÂЮШ ŸƖƣőЮШΞΜΝΣЮШÅĲƚƣŸƖŔŰŊШŉŸƖĲƚƣШƚƣƖƨĦƣƨƖĲШċŰĬШƓƖŸĦĲƚƚШ
ƚƣċĤŔũŔǍĲƚШŉŸƖĲƚƣШĦċƖĤŸŰШŔŰШƽŔũĬǯƖĲрƓƖŸŰĲШŉŸƖĲƚƣƚЮШEĦŸũŸŊŔĦċũШ ƓƓũŔĦċƣŔŸŰƚЯШΞΣыΞьЯШΟΥΞтΟΦΝЮ 

fŰŊċũƚĤĲĲЯШÑЮШΞΜΜΡЮ [ƨĲũĤƖĲċťƚШŉŸƖШƽŔũĬũċŰĬШǯƖĲШůċŰċŊĲůĲŰƣаШċШůŸċƣШŸƖШċШĬƖċƽĤƖŔĬŊĲШŉŸƖШĲĦŸƚǃƚƣĲůШ
ǯƖĲШƖĲƚƣŸƖċƣŔŸŰе [ŔƖĲЮEĦŸũд ΝЯШΥΡтΦΦШыΞΜΜΡьЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΠΦΦΣоǯƖĲĲĦŸũŸŊǃЮΜΝΜΝΜΥΡШ 
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sċǭĲЯШ?ЮШ ЮЯШ?ЮШ9őċŰĬЯШìЮШcċŉŰĲƖЯШ ЮШìĲƚƣĲƖũŔŰŊЯШċŰĬШ?ЮШÉƓƖċĦťũĲŰЮШΞΜΜΥЮШfŰǰƨĲŰĦĲШŸŉШǯƖĲƚШŸŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШƽĲƚƣĲƖŰШÖЮÉЮШEŰƻŔƖŸŰůĲŰƣċũШÉĦŔĲŰĦĲШѼШÑĲĦőŰŸũŸŊǃШΞΜΜΥШΠΞШыΝΣьЯШΡΥΥΡр
ΡΥΦΝЮШ?§fаШΝΜЮΝΜΞΝоĲƚΥΜΜΜΥΠť 

sĲŰŰŔŉĲƖЯШxЮШΞΜΞΡЮШÑőĲШĤŔŸĦőċƖШŊŸũĬШƖƨƚőаШƽőǃШĦŸůƓċŰŔĲƚШċƖĲШƚĦƖċůĤũŔŰŊШƣŸШũŸĦťШŔŰШĦċƖĤŸŰШĦƖĲĬŔƣƚЮШ
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ŔũũƨůŔŰċƣŔŸŰаШĦċŰŸƓǃШĦũŸƚƨƖĲЯШĦċŰŸƓǃШĦŸƻĲƖШċŰĬШŸƣőĲƖШůĲċƚƨƖĲƚЯ [ŸƖĲƚƣƖǃаШŰШfŰƣĲƖŰċƣŔŸŰċũШ

https://doi.org/10.1186/s42408-022-00131-w
https://doi.org/10.1002/eap.2431
https://doi.org/10.1029/2023EF004399
https://assets.bouldercounty.gov/wp-content/uploads/2022/05/cfsy-annual-report-2021.pdf
https://doi.org/10.1002/hyp.379
https://doi.org/10.4996/fireecology.0101085
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf
https://biochar-international.org/wp-content/uploads/2023/12/BIOCHAR_Carbon-sheet_DIGITAL.pdf
https://biochar-international.org/wp-content/uploads/2023/12/BIOCHAR_Carbon-sheet_DIGITAL.pdf


  ΝΟΣ 

sŸƨƖŰċũШŸŉШ[ŸƖĲƚƣШÅĲƚĲċƖĦőЯШéŸũƨůĲШΤΞЯШfƚƚƨĲШΝЯШÂċŊĲƚШΡΦрШΤΠЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΦΟоŉŸƖĲƚƣƖǃоΤΞЮΝЮΡΦ 

sŸŰĲƚЯШuЮШìЮЯШsЮШ7ЮШ9ċŰŰŸŰЯШ[ЮШ ЮШÉċċƻĲĬƖċЯШÉЮШxЮШuċůƓŉЯШÅЮШ ЮШĬĬŔŰŊƣŸŰЯШЮШÉЮШ9őĲŰŊЯШxЮШcЮШ
~ċĦ?ŸŰċũĬЯШ9ЮШìŔũƚŸŰЯШċŰĬШ7ЮШìŸũťЮШΞΜΝΤЮШÅĲƣƨƖŰШŸŰШŔŰƻĲƚƣůĲŰƣШŉƖŸůШŉƨĲũШƣƖĲċƣůĲŰƣƚШƣŸШƖĲĬƨĦĲШ
ƚĲƻĲƖĲШƽŔũĬǯƖĲШċŰĬШĲƖŸƚŔŸŰШŔŰШċШƽċƣĲƖƚőĲĬШŔŰƻĲƚƣůĲŰƣШƓƖŸŊƖċůШŔŰШ9ŸũŸƖċĬŸЮШsŸƨƖŰċũШŸŉШ
EŰƻŔƖŸŰůĲŰƣċũШ~ċŰċŊĲůĲŰƣЯШΝΦΥЯШΣΣтΤΤЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮŢĲŰƻůċŰЮΞΜΝΤЮΜΡЮΜΞΟЮ 

sŸŰĲƚЯШuЮШìЮЯШĲƣШċũЮШыΞΜΝΦь 

sŸŰĲƚЯШuЮЯШũЮШ9őċůĤĲƖũċŔŰЯШ7ЮШ]ċŰŰŸŰЯШċŰĬШ7ЮШìŸũťЮШΞΜΞΝЮШ ШĦŸƚƣрĤĲŰĲǯƣШċŰċũǃƚŔƚШŸŉШ?ĲŰƻĲƖќƚШŉŸƖĲƚƣƚШ
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uċƖċƨЯШEЮШ7ЮШcċŰĤĲƖƖǃЯШċŰĬШ]ЮШ?ŔũũŸŰЮШΞΜΞΠЮШ[ŔƖĲШƖŔƚťШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШŔŰШƣőĲШ9ŸũŸƖċĬŸШ[ƖŸŰƣШÅċŰŊĲШ
ы9őċƓƣĲƖШΦьЮШÖÉ? ЯШ[ŸƖĲƚƣШÉĲƖƻŔĦĲЯШÅ~ÅÉр]ÑÅрΠΟΥЮШÂŊЮШΟΞΟрΟΣΜЮ 

Kearns, E. J., D. Saah, C. R. Levine, C. Lautenberger, O. M. Doherty, J. R. Porter, M. Amodeo, C. 
Rudeen, K. D. Woodward, G. W. Johnson, K. Markert, E. Shu, N. Freeman, M. Bauer, K. Lai, H. 
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uĲũũǃЯШxЮШÑЮЯШĲƣШċũЮШΞΜΞΜЮШ[ŔƖĲШċŰĬШĤŔŸĬŔƻĲƖƚŔƣǃШŔŰШƣőĲШċŰƣőƖŸƓŸĦĲŰĲЮШÉĦŔĲŰĦĲЯШéŸũЮШΟΤΜЯШ §ЮШΣΡΝΦЮШ
őƣƣƓƚаооƽƽƽЮƚĦŔĲŰĦĲЮŸƖŊоĬŸŔоċĤƚоΝΜЮΝΝΞΣоƚĦŔĲŰĦĲЮċĤĤΜΟΡΡШ 

uĲŰƣЯШ7ЮЯШuЮШ]ĲĤĲƖƣЯШÉЮШ~Ħ9ċǭƖĲǃЯШìЮШ~ċƖƣŔŰЯШ?ЮШ9ċũťŔŰЯШEЮШÉĦőƨƚƣĲƖЯШfЮШ~ċƖƣŔŰЯШcЮШ7ĲŰĬĲƖЯШ]ЮШũƽċƖĬЯШ
òЮШuƨůċŊċŔЯШÂЮШ9ŸőŰЯШ~ЮШ9ċƖƖŸũũЯШ?ЮШìŔũũŔċůƚЯШċŰĬШ9ЮШEťċƖŔƨƚЮШΞΜΜΟЮШÉŸĦŔċũШċŰĬШEĦŸŰŸůŔĦШfƚƚƨĲƚШ
ŸŉШƣőĲШcċǃůċŰШ[ŔƖĲЮШÖÉ? Ш[ŸƖĲƚƣШÉĲƖƻŔĦĲЮШ]ĲŰĲƖċũШÑĲĦőŰŔĦċũШÅĲƓŸƖƣШÅ~ÅÉр]ÑÅрΝΝΠЮШ 

uĲǃĬċƣċЮШΞΜΞΠЮШìŔũĬǯƖĲШŔůƓċĦƣШŸŰШƻċĦċƣŔŸŰШƖĲŰƣċũШŉċũũШƓĲƖŉŸƖůċŰĦĲЮ 

uŔůЯШEЮЯШċŰĬШòЮШsЮШuƽŸŰЮШΞΜΞΟЮШ ŰċũǃǍŔŰŊШŔŰĬŔƖĲĦƣШĲĦŸŰŸůŔĦШŔůƓċĦƣƚШŸŉШƽŔũĬǯƖĲШĬċůċŊĲƚШŸŰШƖĲŊŔŸŰċũШ
ĲĦŸŰŸůŔĲƚЮШÅŔƚťШ ŰċũǃƚŔƚЯШΠΟыΝΞьЯШΞΣΟΝтΞΣΠΟЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΝΝΝоƖŔƚċЮΝΠΝΜΣШ 

uŔůЯШ~ЮШuЮЯШċŰĬШÂЮШ~ЮШsċťƨƚЮШΞΜΝΦЮШìŔũĬǯƖĲЯШŰċƣŔŸŰċũШƓċƖťШƻŔƚŔƣċƣŔŸŰЯШċŰĬШĦőċŰŊĲƚШŔŰШƖĲŊŔŸŰċũШ
ĲĦŸŰŸůŔĦШċĦƣŔƻŔƣǃЮШsŸƨƖŰċũШŸŉШ§ƨƣĬŸŸƖШÅĲĦƖĲċƣŔŸŰШċŰĬШÑŸƨƖŔƚůЯШΞΣЯШΟΠтΠΞЮ 

xĲŊũĲŔƣĲƖЯШ9ЮШsЮЯШÅЮШxЮШxċƽƖĲŰĦĲЯШ~ЮШ ЮШ[ŸŰƚƣċĬЯШìЮШŰĬƖĲƽШ~ċƖĦƨƚЯШċŰĬШÅЮШƚƓŔŰċũũЮШΞΜΜΟЮШ[ũƨƻŔċũШ
ƖĲƚƓŸŰƚĲШċШĬĲĦċĬĲШċŉƣĲƖШƽŔũĬǯƖĲШŔŰШƣőĲШŰŸƖƣőĲƖŰШòĲũũŸƽƚƣŸŰĲШĲĦŸƚǃƚƣĲůаШ ШƚƓċƣŔċũũǃШĲǂƓũŔĦŔƣШ
ċŰċũǃƚŔƚЮШ]ĲŸůŸƖƓőŸũŸŊǃЯШΡΠыΟьЯШΝΝΦтΝΟΣЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоÉΜΝΣΦрΡΡΡñыΜΞьΜΜΟΟΞрñ 

xĲőůċŰŰЯШsЮЯШċŰĬШÉЮШsŸƚĲƓőШыEĬƚЮьЮШΞΜΝΡЮШ7ŔŸĦőċƖШŉŸƖШĲŰƻŔƖŸŰůĲŰƣċũШůċŰċŊĲůĲŰƣаШƚĦŔĲŰĦĲЯШ
ƣĲĦőŰŸũŸŊǃШċŰĬШŔůƓũĲůĲŰƣċƣŔŸŰШыΞŰĬШĲĬЮьЮШÅŸƨƣũĲĬŊĲЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΠΟΞΠоΦΤΥΜΞΜΟΤΣΞΞΣΠ 

xĲƚũŔĲЯШ9ЮШыΞΜΝΥьЮШΞΜΝΣрΝΤШéŔƚŔƣċƣŔŸŰШĲƚƣŔůċƣĲШƖĲƓŸƖƣаШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШŸƓĲŰШƚƓċĦĲШċŰĬШůŸƨŰƣċŔŰШ
ƓċƖťƚЮШ9ŔƣǃШŸŉШ7ŸƨũĬĲƖШ§ƓĲŰШÉƓċĦĲШċŰĬШ~ŸƨŰƣċŔŰШÂċƖťƚЮ 

xŔƣƣĲũũЯШsЮШÉЮЯШ?ЮШ~ĦuĲŰǍŔĲЯШcЮШòЮШìċŰЯШċŰĬШÉЮШ ЮШ9ƨƚőůċŰЮШΞΜΝΥьЮШ9ũŔůċƣĲШĦőċŰŊĲШċŰĬШŉƨƣƨƖĲШƽŔũĬǯƖĲШ
ŔŰШƣőĲШƽĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚаШ ŰШĲĦŸũŸŊŔĦċũШċƓƓƖŸċĦőШƣŸШŰŸŰƚƣċƣŔŸŰċƖŔƣǃЮШEċƖƣőќƚШ[ƨƣƨƖĲЯШΣЯШ
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  ΝΟΤ 

xŔƨЯШsЮШ9ЮЯШxЮШsЮШ~ŔĦťũĲǃЯШ~ЮШÂЮШÉƨũƓƖŔǍŔŸЯШ[ЮШ?ŸůŔŰŔĦŔЯШñЮШòƨĲЯШuЮШEĤŔƚƨЯШ]ЮШ7Ш ŰĬĲƖƚŸŰЯШÅЮШ[ЮШ ЮШuőċŰЯШ~ЮШ
ЮШ7ƖċƻŸЯШċŰĬШ~ЮШxЮШ7ĲũũЮШΞΜΝΣЮШÂċƖƣŔĦƨũċƣĲШċŔƖШƓŸũũƨƣŔŸŰШŉƖŸůШƽŔũĬǯƖĲƚШŔŰШƣőĲШìĲƚƣĲƖŰШÖÉШƨŰĬĲƖШ

ĦũŔůċƣĲШĦőċŰŊĲЮШ9ũŔůШ9őċŰŊĲЯШΝΟΥыΟьаΣΡΡрΣΣΣЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоƚΝΜΡΥΠрΜΝΣрΝΤΣΞрΣЮШ 

xǃĬĲƖƚĲŰЯШsЮШ~ЮЯШ7ЮШ~ЮШ9ŸũũŔŰƚЯШ~ЮШxЮШ7ƖŸŸťƚЯШsЮШÅЮШ~ċƣĦőĲƣƣЯШuЮШxЮШÉőŔƻĲЯШ ЮШ ЮШÂŸƻċťЯШéЮШÅЮШuċŰĲЯШċŰĬШ?ЮШ
[ЮШÉůŔƣőЮШΞΜΝΤЮШEƻŔĬĲŰĦĲШŸŉШŉƨĲũƚШůċŰċŊĲůĲŰƣШċŰĬШǯƖĲШƽĲċƣőĲƖШŔŰǰƨĲŰĦŔŰŊШǯƖĲШƚĲƻĲƖŔƣǃШŔŰШċŰШ
ĲǂƣƖĲůĲШǯƖĲШĲƻĲŰƣЮШEĦŸũŸŊŔĦċũШ ƓƓũŔĦċƣŔŸŰƚЮШéŸũЮШΞΤыΤьЯШƓŊШΞΜΝΟрΞΜΟΜЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоĲċƓЮΝΡΥΣЮШ 

xŸŸůŔƚЯШsЮЯШЮШ]ŸŰǍČũĲǍр9ċĤČŰЯШċŰĬШsЮШEŰŊũŔŰЮШΞΜΜΝЮШÑĲƚƣŔŰŊШŉŸƖШĬŔǭĲƖĲŰƣŔċũШĲǭĲĦƣƚШŸŉШŉŸƖĲƚƣШǯƖĲƚШŸŰШ
őŔťŔŰŊШċŰĬШůŸƨŰƣċŔŰШĤŔťŔŰŊШĬĲůċŰĬШċŰĬШĤĲŰĲǯƣƚЮШsŸƨƖŰċũШŸŉШ ŊƖŔĦƨũƣƨƖċũШċŰĬШÅĲƚŸƨƖĦĲШ
EĦŸŰŸůŔĦƚЯШΞΣыΞьЯШΡΜΥтΡΞΞЮ 

~ċĦ?ŸŰċũĬЯШxЮШcЮЯШsЮШìċŊĲŰĤƖĲŰŰĲƖЯШÂЮШ ĲũƚŸŰЯШċŰĬШ?ЮШ7ƖŸŊċŰЮШΞΜΝΟЮШÂƖĲĬŔĦƣŔŰŊШƓŸƚƣрǯƖĲШǰŸŸĬŔŰŊШ
ċŰĬШƚĲĬŔůĲŰƣШĬĲũŔƻĲƖǃШċƣШƣőĲШƽċƣĲƖƚőĲĬШƚĦċũĲаШċŰШƨƖŊĲŰƣШŰĲĲĬШŉŸƖШƨƓƚĦċũŔŰŊЮШE]ÖΞΜΝΟрΣΣΠΝЮШ
E]ÖШ]ĲŰĲƖċũШ ƚƚĲůĤũǃШ9ŸŰŉĲƖĲŰĦĲШ ĤƚƣƖċĦƣƚЮ 

~ċƖŸƣƣŔЯШ~ЮШыΞΜΞΟьЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲШ ŰŰƨċũШéŔƚŔƣċƣŔŸŰШÅĲƓŸƖƣЮШ7ŸƨũĬĲƖШ9ŸƨŰƣǃШ
ÂċƖťƚШċŰĬШ§ƓĲŰШÉƓċĦĲЮ 

~ċǂƽĲũũЯШsЮШ?ЮЯШЮШ9ċũũЯШċŰĬШÉЮШ7ЮШÉƣЮШ9ũċŔƖЯШÉЮШ7ЮШΞΜΝΦЮШìŔũĬǯƖĲШċŰĬШƣŸƓŸŊƖċƓőǃШŔůƓċĦƣƚШŸŰШƚŰŸƽШ
ċĦĦƨůƨũċƣŔŸŰШċŰĬШƖĲƣĲŰƣŔŸŰШŔŰШůŸŰƣċŰĲШŉŸƖĲƚƣƚЮШ[ŸƖĲƚƣШEĦŸũŸŊǃШċŰĬШ~ċŰċŊĲůĲŰƣЯШΠΟΞЯШΞΡΣт
ΞΣΟЮ 

~ŔĦőĲũĲƣƣǃЯШÂЮШ?ЮЯШЮШ~ЮШuŔŰŸƚőŔƣċЯШċŰĬШÑЮШÉЮШcŸŊƨĲЮШΞΜΝΠЮШ ƓƓũŔĦċƣŔŸŰШŸŉШ~§?fÉШƚŰŸƽШĦŸƻĲƖШƓƖŸĬƨĦƣƚаШ
ìŔũĬǯƖĲШŔůƓċĦƣƚШŸŰШƚŰŸƽШċŰĬШůĲũƣШŔŰШƣőĲШÉŔĲƖƖċШ ĲƻċĬċЮШcǃĬƖŸũŸŊǃШċŰĬШEċƖƣőШÉǃƚƣĲůШÉĦŔĲŰĦĲƚЯШ
ΝΥЯШΠΣΜΝтΠΣΝΡЮ 

~ŸŸĬǃЯШsЮШ ЮЯШċŰĬШ?ЮШ ЮШ~ċƖƣŔŰЮШΞΜΜΠЮШìŔũĬǯƖĲШŔůƓċĦƣƚШŸŰШƖĲƚĲƖƻŸŔƖШƚĲĬŔůĲŰƣċƣŔŸŰШŔŰШƣőĲШìĲƚƣĲƖŰШ
ÖŰŔƣĲĬШÉƣċƣĲƚЮШÑőĲШ ŔŰƣőШfŰƣĲƖŰċƣŔŸŰċũШÉǃůƓŸƚŔƨůШŸŰШÅŔƻĲƖШÉĲĬŔůĲŰƣċƣŔŸŰЯШΝΜΦΡтΝΝΜΞЮ 

 ŸƖĬċőũЯШÉЮШxЮЯШ9ЮШéЮШÂƖĲĤũĲЯШÑЮШìЮШuŔƖĦőƚƣĲƣƣĲƖЯШċŰĬШ9ЮШ?ЮШÉĦŸƽŰЮШΞΜΞΟЮШ]ƖĲĲŰőŸƨƚĲШŊċƚШċŰĬШċŔƖШ
ƓŸũũƨƣċŰƣШĲůŔƚƚŔŸŰƚШŉƖŸůШĦŸůƓŸƚƣŔŰŊЮШEŰƻŔƖŸŰůĲŰƣċũШÉĦŔĲŰĦĲШѼШÑĲĦőŰŸũŸŊǃЯШΡΤыΣьЯШΞΞΟΡрΞΞΠΤЮ 

 ċƚŔЯШÅЮЯШÅЮШ?ĲŰŰŔƚЮЯШEЮШ~ĲŔŢċċƖĬЯШ]ЮШ ƓƓũĲŊċƣĲЯШċŰĬШÂЮШ~ŸŸƖĲЮШΞΜΜΞЮШ[ŸƖĲƚƣШǯƖĲШċŰĬШĤŔŸũŸŊŔĦċũШ
ĬŔƻĲƖƚŔƣǃЮШÖ  Éòxéр[ §рЯШΟΣрΠΜЮ 
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§ǍШ ƖĦőŔƣĲĦƣƨƖĲЮШΞΜΝΤЮШÑőĲШ7ŸƨũĬĲƖШũŸċĬŔŰŊШĬŸĦťШƓƖŸŢĲĦƣЮШőƣƣƓƚаооŸǍċƖĦőЮĦŸůоŸƨƖрƽŸƖťоƣőĲрũŸċĬŔŰŊр
ĬŸĦť 

§ǍШƖĦőŔƣĲĦƣƨƖĲЮШΞΜΞΡЮШ§üШƣŔůĤĲƖаШũĲċĬŔŰŊШƣőĲШƽċǃШŔŰШ9ŸũŸƖċĬŸЮШőƣƣƓƚаооŸǍċƖĦőЮĦŸůоŔŰƚŔŊőƣƚоŸǍр
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EЮШéċŰШ~ċƖũĲЯШ?ЮШ9ЮШ~ŸƖƣŸŰЯШ]ЮШsЮШ9ŸũũċƣǍЯШÅЮШsЮШòŸťĲũƚŸŰЯШÂЮШÉЮШuċƚŔĤőċƣũċЮШΞΜΝΤЮШ]ũŸĤċũШǯƖĲШ
ĲůŔƚƚŔŸŰƚШĲƚƣŔůċƣĲƚШĬƨƖŔŰŊШΝΦΦΤтΞΜΝΣЮШEċƖƣőШÉǃƚƣЮШÉĦŔЮШ?ċƣċЯШΦЯШΣΦΤтΤΞΜЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΡΝΦΠоĲƚƚĬрΦрΣΦΤрΞΜΝΤШ 

ƻċŰШ~ċŰƣŊĲůЯШÂЮШsЮЯШ ЮШxЮШÉƣĲƓőĲŰƚŸŰЯШsЮШ9ЮШ7ǃƖŰĲЯШxЮШ?ЮШ?ċŰŔĲũƚЯШsЮШ[ЮШ[ƖċŰťũŔŰЯШÂЮШüЮШ[ƨũĳЯШ~ЮШEЮШ
cċƖůŸŰЯШ ЮШsЮШxċƖƚŸŰЯШsЮШ~ЮШÉůŔƣőЯШ ЮШcЮШÑċǃũŸƖЯШċŰĬШÑЮШÑЮШéĲĤũĲŰЮШΞΜΜΦЮШìŔĬĲƚƓƖĲċĬШŔŰĦƖĲċƚĲШŸŉШ
ƣƖĲĲШůŸƖƣċũŔƣǃШƖċƣĲƚШŔŰШƣőĲШƽĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚЮШÉĦŔĲŰĦĲЯШΟΞΟыΡΦΝΟьЯШΡΞΝрΡΞΠЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΠΦΦΣоǯƖĲĲĦŸũŸŊǃЮΜΡΜΞΝΝΣЮШ 

éŔƚŔƣШ9ċũŔŉŸƖŰŔċЮШыΞΜΝΥьЮШÑőĲЮƽĲƚƣЮŔƚЮŸƓĲŰЮŉŸƖЮĤƨƚŔŰĲƚƚЮШőƣƣƓƚаооůĲĬŔċЮƻŔƚŔƣĦċũŔŉŸƖŰŔċЮĦŸůоƚƣŸƖǃр
ŔŰƚƓŔƖċƣŔŸŰоƓƖĲƚƚрƖĲũĲċƚĲƚоƣőĲрƽĲƚƣрŔƚрŸƓĲŰрŉŸƖрĤƨƚŔŰĲƚƚШ 

https://doi.org/10.1890/ES15-00234.1
https://www.nationalforests.org/assets/pdfs/California-Assessment-Wood-Biomass-Innovation-Interim-Report-June-2015.pdf
https://www.nationalforests.org/assets/pdfs/California-Assessment-Wood-Biomass-Innovation-Interim-Report-June-2015.pdf
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1215.pdf
https://www.thewflc.org/sites/default/files/TrueCostofWildfire.pdf
https://doi.org/10.1007/s00267-010-9556-5
https://data.census.gov/table/ACSDP5Y2023.DP04?g=040XX00US08_050XX00US08013&tid=ACSDP5Y2023.DP04
https://data.census.gov/table/ACSDP5Y2023.DP04?g=040XX00US08_050XX00US08013&tid=ACSDP5Y2023.DP04
https://mtbs.gov/direct-download
https://mtbs.gov/direct-download
https://research.fs.usda.gov/rmrs/products/sycu/biochar-ready-prime-time-ground-truthed-decision-trees-land-managers
https://research.fs.usda.gov/rmrs/products/sycu/biochar-ready-prime-time-ground-truthed-decision-trees-land-managers
https://www.fs.usda.gov/about-agency/policy/analysis/economic-contributions-dashboard
https://doi.org/10.5194/essd-9-697-2017
https://doi.org/10.4996/fireecology.0502116
https://media.visitcalifornia.com/story-inspiration/press-releases/the-west-is-open-for-business
https://media.visitcalifornia.com/story-inspiration/press-releases/the-west-is-open-for-business


  ΝΠΝ 

éƨťŸůċŰŸƻŔĦЯШsЮЯШċŰĬШÑЮШÉƣĲĲũůċŰЮШΞΜΝΦЮШ ШƚǃƚƣĲůċƣŔĦШƖĲƻŔĲƽШŸŉШƖĲũċƣŔŸŰƚőŔƓƚШĤĲƣƽĲĲŰШůŸƨŰƣċŔŰШ
ƽŔũĬǯƖĲШċŰĬШĲĦŸƚǃƚƣĲůШƚĲƖƻŔĦĲƚЮШxċŰĬƚĦċƓĲЮEĦŸũŸŊǃеЮΦΧеШΝΝΤΦтΝΝΦΠЮ 

ìċŰŊЯШsЮШċŰĬШÉЮШìċŰŊЮШΞΜΝΦЮШÂƖĲƓċƖċƣŔŸŰЯШůŸĬŔǯĦċƣŔŸŰШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШċƓƓũŔĦċƣŔŸŰШŸŉШĤŔŸĦőċƖаШ Ш
ƖĲƻŔĲƽЮ sŸƨƖŰċũЮŸŉЮ9ũĲċŰĲƖЮÂƖŸĬƨĦƣŔŸŰЯ ΥΥΪЯШΝΜΜΞрΝΜΞΞЮ 

ìċƚƚĲƖůċŰЯШÑЮШ ЮШċŰĬШÉЮШEЮШ~ƨĲũũĲƖЮШΞΜΞΟЮШ9ũŔůċƣĲШŔŰǰƨĲŰĦĲƚШŸŰШŉƨƣƨƖĲШǯƖĲШƚĲƻĲƖŔƣǃаШċШƚǃŰƣőĲƚŔƚШŸŉШ
ĦũŔůċƣĲрǯƖĲШŔŰƣĲƖċĦƣŔŸŰƚШċŰĬШŔůƓċĦƣƚШŸŰШǯƖĲШƖĲŊŔůĲƚЯШőŔŊőрƚĲƻĲƖŔƣǃШǯƖĲЯШċŰĬШŉŸƖĲƚƣƚШŔŰШƣőĲШ
ƽĲƚƣĲƖŰШÖŰŔƣĲĬШÉƣċƣĲƚЮШ[ŔƖĲЮEĦŸũŸŊǃеЮΤάеШΠΟЮ 

ìĲƚƣĲƖŰШ?ŔƚƓŸƚċũЮШΞΜΞΡЮШìĲƚƣĲƖŰШĬŔƚƓŸƚċũШƚĲƖƻŔĦĲƚШƖĲĦǃĦũŔŰŊШƖċƣĲƚШΞΜΞΡЮШ
őƣƣƓƚаооƽƽƽЮƽĲƚƣĲƖŰĬŔƚƓŸƚċũЮĦŸůоůċƣĲƖŔċũƚрůċŰċŊĲůĲŰƣрĦĲŰƣĲƖо 

ìĲƚƣĲƖũŔŰŊЯШ ЮxЮШΞΜΝΣЮШfŰĦƖĲċƚŔŰŊШƽĲƚƣĲƖŰШÖÉШŉŸƖĲƚƣШƽŔũĬǯƖĲШċĦƣŔƻŔƣǃаШƚĲŰƚŔƣŔƻŔƣǃШƣŸШĦőċŰŊĲƚШŔŰШƣőĲШ
ƣŔůŔŰŊШŸŉШƚƓƖŔŰŊЮ ÂőŔũŸƚŸƓőŔĦċũЮÑƖċŰƚċĦƣŔŸŰƚЮŸŉЮƣőĲЮÅŸǃċũЮÉŸĦŔĲƣǃЮ7жЮ7ŔŸũŸŊŔĦċũЮ
ÉĦŔĲŰĦĲƚЯ ΦΪΤыΝΣΦΣьЯШƓЮΞΜΝΡΜΝΤΥЮ 

ìŸŸĬЯШÑЮШuЮЯШ]ƨƖŊċŰЯШfЮЯШcŸƽũĲǃЯШEЮШÑЮЯШѼШÅŔĲĬĲũрuƖƨƚĲЯШfЮШcЮШыΞΜΞΟьЮШ9ŸŰƻĲƖƣŔŰŊШůĲƣőċŰĲШŔŰƣŸШ
ĲũĲĦƣƖŔĦŔƣǃШċŰĬШőŔŊőĲƖрƻċũƨĲШĦőĲůŔĦċũƚШċƣШƚĦċũĲШƻŔċШċŰċĲƖŸĤŔĦШůŔĦƖŸĤŔċũШŉƨĲũШĦĲũũƚЮШÅĲŰĲƽċĤũĲЮ
ċŰĬЮÉƨƚƣċŔŰċĤũĲЮEŰĲƖŊǃЮÅĲƻŔĲƽƚЯШΤΫΫЯШΝΝΟΤΠΦЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƖƚĲƖЮΞΜΞΟЮΝΝΟΤΠΦ 

ìŸŸũŉЯШ?ЮЯШxĲőůċŰŰЯШsЮЯШ§ŊũĲЯШÉЮЯШuŔƚőŔůŸƣŸр~ŸЯШ ЮШìЮЯШ~Ħ9ŸŰťĲǃЯШ7ЮЯШѼШ7ċũĬŸĦťЯШsЮШыΞΜΞΝьЮШ
]ƖĲĲŰőŸƨƚĲШ]ċƚШfŰƻĲŰƣŸƖǃШ~ŸĬĲũШŉŸƖШ7ŔŸĦőċƖШ ĬĬŔƣŔŸŰƚШƣŸШÉŸŔũЮШEŰƻŔƖŸŰůĲŰƣċũЮÉĦŔĲŰĦĲЮ҂Ю
ÑĲĦőŰŸũŸŊǃЯШΨΨыΞΝьЯШΝΠΤΦΡтΝΠΥΜΡЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΞΝоċĦƚЮĲƚƣЮΝĦΜΞΠΞΡШ 

ñĦĲũШEŰĲƖŊǃШ]ċƚШÅċƣĲƚШыΞΜΞΟьЮШőƣƣƓƚаооƽƽƽЮǂĦĲũĲŰĲƖŊǃЮĦŸůоƚƣċƣŔĦǯũĲƚоǂĲр
ƖĲƚƓŸŰƚŔƻĲо9ŸůƓċŰǃоÅċƣĲƚӖΞΜӖΞΣӖΞΜÅĲŊƨũċƣŔŸŰƚоÉƨůůċƖǃхŸŉх]ċƚхÅċƣĲƚхċƚхŸŉрΜΞрΜΝр
ΞΜΞΟЮƓĬŉ 

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


 

 

ƓƓĲŰĬŔĦĲƚ 

ƓƓĲŰĬŔǂШΝЮ ЮШÉŸƨƖĦĲƚШŸŉШÅĲƓŸƖƣĲĬШìŸŸĬǃШ7ŔŸůċƚƚШÅĲůŸƻċũƚШċŰĬШ
ƚƚŸĦŔċƣĲĬШÉƓƖĲċĬƚőĲĲƣƚШ[ŔũĲШ ċůĲƚЮ 
ÉŸƨƖĦĲШŸŉШÅĲƓŸƖƣĲĬШìŸŸĬǃШ
7ŔŸůċƚƚШÅĲůŸƻċũƚ ÉƓƖĲċĬƚőĲĲƣШ[ŔũĲШ ċůĲċ 

7ŔŸůċƚƚШ9ċũĦƨũċƣŔŸŰƚ 7ŸƨũĬĲƖШ7ŔŸůċƚƚШÅĲƓŸƖƣĲĬШéΠЮΝЮǂũƚǂ 
7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШċŰĬШ§ƓĲŰШ
ÉƓċĦĲШы79Â§Éь 

7ŸƨũĬĲƖШ9ŸƨŰƣǃШÂċƖťƚШ§ƓĲŰШÉƓċĦĲЮǂũƚǂ 

7ŸƨũĬĲƖШ9ŸƨŰƣǃШ9ŸůůƨŰŔƣǃШ
[ŸƖĲƚƣƖǃШÉŸƖƣШòċƖĬƚШ 9[ÉòШ? Ñ ШŉƖŸůШΞΜΜΥШƣŔũũШΞΜΞΠЮǂũƚǂ 

9ŔƣǃШŸŉШ7ŸƨũĬĲƖШрШÖƖĤċŰШ[ŸƖĲƚƣƖǃШ
ÂƖŸŊƖċůШ 9ŔƣǃШŸŉШ7ŸƨũĬĲƖШтШÖƖĤċŰШ7ŔŸůċƚƚШEƚƣŔůċƣĲƚЮǂũƚǂ 

9ŔƣǃШŸŉШ7ŸƨũĬĲƖШрШ§ƓĲŰШÉƓċĦĲШċŰĬШ
~ŸƨŰƣċŔŰШÂċƖťƚШ 9ŔƣǃШŸŉШ7ŸƨũĬĲƖШ§É~ÂШ[ŸƖĲƚƣШĤŔŸůċƚƚЮǂũƚǂ 

xŸŰŊůŸŰƣШċŰĬШ7ŸƨũĬĲƖШéċũũĲǃШ
9ŸŰƚĲƖƻċƣŔŸŰШ?ŔƚƣƖŔĦƣƚШ 

9ŸŰƚĲƖƻċƣŔŸŰШ
?ŔƚƣƖŔĦƣх7ŸƨũĬĲƖх7ŔŸůċƚƚх ƚƚĲƚƚůĲŰƣх9ŸůƓũĲƣĲĬхÂƖŸŢĲĦƣƚх
ΞΜΞΠЮǂũƚǂ 

ċШĦĦĲƚƚШƚƓƖĲċĬƚőĲĲƣƚШċƣШƣőĲШŉŸũũŸƽŔŰŊШũŔŰťШрШ
őƣƣƓƚаооĬƖŔƻĲЮŊŸŸŊũĲЮĦŸůоĬƖŔƻĲоŉŸũĬĲƖƚоΝ fÖǂĬsőòƨsìƕǃƓŊů sр?ΣÅÑ[ñ[Ν7ΞΞ~~еƨƚƓӀĬƖŔƻĲхũŔŰťШ 

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


 

 

ƓƓĲŰĬŔǂШΞЮ ЮШìŸŸĬШÂƖŸĬƨĦƣƚШ[ċĦŔũŔƣŔĲƚШŔŰШƣőĲШ7ŸƨũĬĲƖШÅĲŊŔŸŰ 
ÑċĤũĲШΝШрШ7ŸƨũĬĲƖШÅĲŊŔŸŰШ[ŔƖĲƽŸŸĬШѼШ[ƨĲũƽŸŸĬШ[ċĦŔũŔƣŔĲƚ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



  ΝΠΠ 

 

[ŔŊƨƖĲШΝШрШ[ŔƖĲƽŸŸĬШċŰĬШ[ƨĲũƽŸŸĬШ[ċĦŔũŔƣǃШxŸĦċƣŔŸŰƚ 

 



 

 

ÑċĤũĲШΞШрШ7ŸƨũĬĲƖШÅĲŊŔŸŰШ9ŸůƓŸƚƣŔŰŊШ[ċĦŔũŔƣŔĲƚ 

 

Facilty 

Number
Name Phone Address

Total Distance 

(miles)

Estimate 

Delivery Cost

Est $/ ton 

Delivered
Facility Contact Notes Size

2 JCK Corp. (303) 288-0654 11481 Brishton Rd. Henderson, CO 80640 30.5 $575.10 $28.80 Ongoing concern. Does not use any wood in compost N/A

5 A1 Organics - Eaton 970-454-3492 16350 County Road 76 Eaton, CO 80615 70.6 $1,003.50 $50.20 One of the Largest producers that take waste biomass. L

21 A1 Organics - Keenesburg 970-454-3492 12002 WCR 59, Keenesburg, CO 80643 54 $826.50 $41.30 One of the Largest producers that take waste biomass. L

Compost

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  ΝΠΣ 

[ŔŊƨƖĲШΞШрШ9ŸůƓŸƚƣŔŰŊШ[ċĦŔũŔƣǃШxŸĦċƣŔŸŰƚ 



 

 

ÑċĤũĲШΟШрШ7ŸƨũĬĲƖШÅĲŊŔŸŰШìŸŸĬШ~ƨũĦőŔŰŊШ[ċĦŔũŔƣŔĲƚ 

Facilty 

Number
Name Phone Address

Total Distance 

(miles)

Estimate 

Delivery Cost

Est $/ ton 

Delivered
Faciity Contact Notes

Facility 

Size

5 A1 Organics - Eaton 970-454-3492 16350 County Road 76 Eaton, CO 80615 70.6 $1,003.50 $50.20 One of the Largest producers that take waste biomass. L

21 A1 Organics - Keenesburg 970-454-3492 12002 WCR 59, Keenesburg, CO 80643 54 $826.50 $41.30 One of the Largest producers that take waste biomass. L

36 Morgan Timber Products (970) 484-4065 2532 County Road 54G Fort Collins, CO 80524 69.8 $994.00 $49.70 The real Deal, Mill, Logging, sales of anything woody. M

Mulch

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



  ΝΠΥ 

[ŔŊƨƖĲШΟШрШìŸŸĬШ~ƨũĦőŔŰŊШ[ċĦŔũŔƣǃШxŸĦċƣŔŸŰƚ 


























































































