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6.1Introduction

Biomass energy production refers to the process of
using fuel from natural biotic sources to generate
energy (Hohenstein & Wright, 1994). Historically, biomass
energy has been used to build fires to cook food and
warm houses, and technological advancements

have improved this process, making it more efficient
and effective while also reducing damage to the
environment (Tursi, 2019). A goal of biomass energy
production is to reduce reliance on non-renewable
energy sources such as fossil fuels, while also reducing
the impact of carbon emissions on the environment
(Hohenstein & Wright, 1994). In this section we will
discuss six mechanisms of woody biomass utilization:
Cogeneration (or combined heat and power), co-firing,
gasification, pyrolysis, torrefaction and combustion

as well as considerations for implementing these
technologies in Colorado. Facilities that use woody
biomass for energy are often co-located with
businesses that manufacture traditional or engineered
wood products, and a brief review of those products is
included in this section as well.

Table 6.1 - Examples of biomass technologies
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There are many technologies that can utilize woody
biomass to produce energy, but they often have low
margins or must receive ongoing assistance to be
economically sustainable. This makes it difficult to
entice private investment in biomass utilization when
there are other investment options with better financial
returns. The overall benefits that these technologies
provide to society, like wildfire risk mitigation and
reduced reliance on fossil fuels, often garner support
and capital from both public and private sources. It is
important to understand the state of biomass utilization
technologies, including available processes and
products, their potential applications in Colorado and
considerations for site locations.

Biomass can be used to produce energy, traditional
wood or engineered wood products, and other
miscellaneous products. The scale of operations varies
among these technologies from large businesses to the
relatively small, with each requiring a correspondingly
sized biomass supply. An example of selected biomass
utilization technologies is shown in Table 6.1.

Traditional and/or
engineered wood products

Energy-related

Other miscellaneous products

Biomass combined heat

Lumber (small, specialty sawmill)

Ground cover/erosion control

and power

Bulk/bundled firewood Oriented strand board (OSB) Bark/compost/mulch
Densified fuel bricks/logs | Posts and poles Biochar

Liquid biofuels Veneer Essential oils

Densified fuel (wood
pellets, briquettes)

Animal bedding

Wood fiber insulation

AUTHORS: Kurt Mackes, Tim Reader and Steve Rudolph with support from the Beck Group

COVER: This biomass has been shredded prior to pyrolysis. Credit. Biochar Now
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6.2Techno|ogiesqndproducts PP

6.2.1 Cogeneration or combined heat and
power

When discussing biomass utilization, it is common

for people to think about combined heat and power
(CHP) (also called cogeneration) facilities. These
facilities combust biomass, producing steam that can
heat facilities and/or generate electricity. While this
technology is found throughout the world, it can be
difficult to implement due to high capital and operating
costs, which generally make biomass power more
expensive than other renewable power sources such as
wind and solar.

Developing a cogeneration power facility is estimated

to cost about $6 million per megawatt (MW) of capacity
but can be lower (on a $/MW basis) for very large-
capacity projects. Most projects considered in the
Western U.S. range between 5-50 MW of capacity. For
perspective, an average home uses about 10.7 MW hours
per year. At a cost of $6 million per MW of capacity, a
significant biomass facility requires a substantial capital
investment.

In 2024, there were 159 operational biomass power
plants in the U.S, collectively capable of producing up to
5,584 MW of energy. Approximately 51% of these power
plants utilized woody biomass as primary feedstock. The
woody biomass sources include forest and/or logging
residue, mill residuals, chips and wood waste (Achoryq
et al, 2024). Other biomass facilities utilize agricultural
and other wastes for feedstock. Because biomass power
is more expensive, most utility companies do not favor
biomass power in their portfolio of renewable electric
power sources. In some states, such as California, the use
of biomass is subsidized for generating electricity.

6.2.2 Co-firing

Co-firing is the practice of blending solid fuels with a
dissimilar fuel to reduce costs or incorporate renewable
fuel sources with nonrenewable sources (Tillman, 2000).
This is accomplished via a collection of techniques that
involve blending biomass with another fuel (typically
coal) and then combusting the combination to power
an electricity generating system (Tillman, 2000). In this
method, pre-existing infrastructure can accommodate
the use of biomass as a fuel source, especially at sites
that are currently using coal-burning boilers for the
purpose of energy production.

Co-firing has not been widely implemented due

to concerns relating to environmental and health
risks, biomass supply and related costs, and low
impact (relative to the expense) on coal emissions.

Environmental and health concerns are related to the
view that harvesting and burning biomass does not
reduce emissions. While this view is not universally
accepted, it has enough support to create opposition to
permitting facilities.

The availability of biomass near coal-fueled facilities is
also a concern. Not all coal-fueled facilities are near a
forest, so biomass must be transported to the area at
extra expense. Stability of supply is also a concern for
some areas. In addition, coal-burning facilities tend to
be more efficient when biomass is pelletized — another
extra expense. Pellets have lower moisture content

and are easier to store and transport (Livingston etal,
2016), so they are preferred over less processed forms of
biomass.

Co-firing for most coal facilities can be done in smalll
amounts, and thus with little reduction in emissions. If
substantial amounts of biomass are to be burned, plants
often need expensive modifications. These commonly
relate to the means of feeding biomass to the system,
dealing with the inorganic components of biomass
(which can reduce the efficiency and heat production of
the facility) or both.

In 2023 there were six coal-fueled electrical power
plants operating in Colorado. Most were scheduled to
be completely closed between 2028-2031 except Xcel
Energy’s Pawnee Station, which will convert to natural
gas by 2026. The plants are closing or converting
primarily due to regulations concerning natural gas
emissions (Jaffe & Booth, 2023).

Currently, co-firing of biomass and coal together for the
generation of heat and energy has been successfully
implemented in the state of Colorado in two industries: a
cement plant and a power plant. At the Holcim cement
plant north of Fort Collins, tests have been performed

on methods of incorporating wood products as fuel
sources for heating cement kilns. The tests indicated
that this usage has potential; for it to be feasible the
supply of wood must be economical, preferably with low
moisture content (for better burning and less expensive
transportation), and in the case of salvaged urban wood,
free of contaminants such as lead paint or adhesives.
The use of salvaged urban wood could benefit landfills
by reducing their overall refuse intake (Mackes &
Lightburn, 2003).

Forest management in Colorado often involves the
removal of small trees to reduce density of overstocked
forest stands and mitigate wildfire hazards. These trees,
many of which are under nine inches in diameter at
breast height (DBH), are of little commercial value due to
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their quality and size. The Colorado State Forest Service
(CSFs) performed a study to determine the feasibility of
co-firing green wood chips (derived from small diameter
trees removed for the purpose of fire prevention) with
coal in the production of energy (Prokupets et al, 2002).
Coal-burning electrical plants typically do not need to
modify their existing boiler systems when burning smaill
amounts of biomass with coal.

The W.N. Clark plant located in Cafion City was permitted
to burn up to 5% wood by weight with coal. The wood
tested was green ponderosa pine chips from nearby
thinning projects, with a moisture content between
20-70%. The study provided evidence that green wood
chips are a viable fuel source when combined with

coal and that a power plant such as the Clark plantin
Carion City can burn up to 25 tons of woody biomass
per day (Prokupets et al, 2002). W.N. Clark operated 19
MW and 25 MW coal-fired generators, but the plant was
decommissioned in 2013 due to state requirements to
reduce emissions from coal-fired power plants. The
plant’s owner, Black Hills Energy, cited cost and reliability
as the reasons for not converting the plant to run on
woody biomass (Black Hills Corp., 2010).

6.2.3 Gasification

Gasification refers to a suite of techniques that extract
gaseous or liquid fuels and hydrocarbons from organic
materials. The gasification process occurs when organic
or fossil-based carbonaceous materials react with
oxygen and water vapor to form carbon monoxide,
carbon dioxide, hydrogen and other gases (U.S.
Department of Energy [DOE], 2025a). In this reaction,
oxygen levels are controlled, which allows little to no
combustion to occur. The primary gaseous product is
referred to as syngas or synthetic gas, a mixture that
can be used as a fuel source to power a boiler. In some
processes, a carbon shift reaction is added in which
carbon monoxide in the presence of water and a catalyst
reacts to from carbon dioxide and additional hydrogen
(Corti & Lombardi, 2004). This produces a hydrogen-
rich syngas that emits water when burned. In this way,
gasification produces less air pollution as well as more
marketable byproducts (Safarian et al,, 2021).

There are various methods of gasification to produce
syngas as well as other types of biofuels (gasoline

and diesel). Biomass feedstocks commonly used in
gasification include sawmill waste (sawdust and bark),
municipal solid waste, agricultural residues and wood
pellets. The method selection of biomass gasification
depends on the type of feed stock and preferred product.
Certain processes are more suited for wood gasification,
and others may be better suited to municipal solid waste
gasification. Updraft, downdraft and cross draft are
commonly used to gasify solid woody materials, and a

fixed or fluidized bed method may be implemented for
sawdust or wood pellets. The difference between these
processes is the mechanism in which heat and oxygen
contact the material that is to be gasified.

A study simulating carbon emissions comparing coal
gasification with biomass gasification suggests that
the use of biomass in the gasification process can
significantly reduce carbon dioxide emissions (Corti &
Lombardi, 2004).

The process of wood gasification has been implemented
to produce fuel since the 1800s and early 1900s. During
World War |, rationing of gasoline led to the conversion
of automobiles to run on wood gas that was produced

in simple wood gasifiers attached to the cars. Since

then, technological advancements have broadened

the applications for this process allowing for the
development of a viable technique to extract energy
from biomass sources.

Several biomass gasification operations have been
planned in Colorado but due to technical or financial
issues have not yet opened. With a growing need for
renewable clean energy, biomass gasification is a key
technology that can help reduce dependence on fossil
fuels and reduce carbon emissions in large scale energy
production.

6.2.4 Pyrolysis

Pyrolysis is a chemical reaction that occurs when
organic compounds are heated in the absence of
oxygen. In this process, biomass products can be heated
to high temperatures without combustion due to the lack
of oxygen. Organic materials still decompose producing
gases and oils (hydrocarbons) that can be purified and
used as a fuel source (Mohan et al, 2006). Advantages
of pyrolysis are both economic and environmental,
including the ability to utilize waste and renewable
resources (Clifford, 2020).

Mobile pyrolysis units have been developed to bring
the facility to the source material (Flashinski, 2017).

The mobile pyrolysis unit can be driven to a site where
woody biomass can be processed to produce biochar
(described later in this section) and bio-oil.

Current forest management practices include broadcast
burning or burning slash piles (Ramlow et al, 2016). Air
quality is a concern with open burning, and prescribed
fires need to be staffed by qualified personnel to ensure
that they will be safe and effective. Heat generated
during slash pile burning can destroy soil structure and
kill soil microorganisms (McAvoy et al,, 2018). Rather

than using open burning methods, mobile pyrolysis is

an alternative that can mitigate both carbon dioxide
emissions and risks of wildfire in a controlled manner. The
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These kilns at Biochar Now's facility in Berthoud process Colorado timber into biochar via pyrolysis. Credit. Biochar Now

use of forest biomass as a biomass feedstock is a viable
method for sequestering carbon, reducing fire risk and
producing biochar. The byproducts of sawmills, or mill
residues, are also a viable feedstock for pyrolysis.

6.2.5 Torrefaction

Torrefied pellets made from biomass can be burned

for energy and have been suggested as a potential
replacement for coal. Like pyrolysis, torrefaction is the
process of heating biomass in the absence of oxygen.
Torrefaction does not reach the temperature of pyrolysis,
but this process transforms the biomass from a fibrous
low-quality fuel into a carbon-rich product with excellent
fuel characteristics.

After the torrefaction process, the resulting biomass is
then densified into pellets that are water resistant and
less susceptible to breakup during transportation and
storage than non-torrefied pellets. These pellets have
energy output similar to that of coal, but with less carbon
emissions. Torrefied pellets can be used to generate
power, heat structures and in co-firing as discussed
previously.

There are some drawbacks to torrefied pellets, the
first being expense. It costs more to make torrefied

pellets than other biomass energy sources, which can
be a deterrent to their use. There is also the potential
that torrefaction can reduce the pellets’ combustion
potential, which can increase emissions of particulate
matter.

6.2.6 Combustion

Combustion is a chemical reaction that occurs

when organic compounds and oxygen react to form
carbon dioxide and water vapor, releasing heat in the
process (Emmons & Atreya, 1982). The process of wood
combustion can be divided into three distinct phases:
primary, secondary and tertiary.

Primary combustion occurs once wood is heated to a
temperature of approximately 540°F. At this point water
in the wood has boiled off, releasing volatile compounds
that combine with oxygen to form a combustible mixture
that then burns (Vogel, 2005). The wood decomposes
releasing secondary gases. Once a fire reaches

1100°F, secondary gases can burn; this is referred to as
secondary combustion (Vogel, 2005). As the mixture of
gases combusts, char forms on the outer layers of the
solid wood material (Boonmee & Quintiere, 2005). Third-
stage combustion begins after the volatile compounds
are released from the wood leaving behind carbon,
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cellulose and lignin (charcoal), which will continue to
burn at a low temperature for a long time, maintaining
the charcoal bed that can be rekindled with more wood
and oxygen (Vogel, 2005).

The efficiency of combustion is altered by variations in

type and condition of fuel, primarily the moisture content.

Higher heating value is a measure of efficiency for the
fuel being burned. For biomass it is defined as the total
potential heating output in BTU per pound of oven-
dried wood (Ince, 1979) — in other words, the maximum
thermal output of wood in optimal conditions while

not accounting for any heat loss. The recoverable heat
energy is the heat output when accounting for energy
loss due to moisture content in the wood, hydrogen
content and presence of excess air in stack gases and
conventional heat loss processes such as thermal
radiation, conduction, convection and incomplete
combustion. The amount of recoverable heat energy
is always less than the higher heating value. The ratio
between higher heating value and recoverable heat
energy is representative of the efficiency of combustion.

Wood has been used for heat and energy from
prehistory to the present day. Wood can be ground or
chipped for boiler fuel or used for energy in the form
of solid blocks, pellets or densified as bricks or logs.
Trees of all sizes can be used to make these products,
but where mills exist, it is more profitable to use larger
logs for lumber or other forest products. Also, the mills’
by-products (sawdust, shavings, etc.) are often less
expensive raw materials for making wood pellets and
bricks than wood sourced directly from the forest.

According to a survey by the U.S. Energy Information
Administration (EIA), as of 2020 200,000 Colorado homes
were using wood-burning stoves to heat living spaces
(Us. Energy Information Administration [EIA], 2023).

With the proper infrastructure and access to a steady
source of fuel, this method can provide a cost-effective
method for heating homes and public areas — utilizing

a renewable energy source while also promoting forest
health through the removal of excess fuels (Lowe, 20086).

There are some drawbacks to the use of combustion for
the purpose of heating or energy production. Burning
wood materials to produce heat or energy produces
more carbon monoxide (CO) and particulate matter
(PM) than burning fossil fuels (Lowe, 2006). When
wood burns at insufficient temperature, the resulting
incomplete combustion also releases un-combusted
volatile compounds. Pollution emissions generated
during combustion of wood products pose some of the
most significant energy-related risks to human health
today and are known to be a major contributing factor
to mortality worldwide (Edenhofer et al, 2011). However,
the combustion of wood materials in the production of

heat or energy produces less PM and CO than that of

an open wildfire or burn piles (Lowe, 2006). Forest fires
are common, whether accidental or prescribed. When
combustion occurs in the forest, the energy released

in the process is lost. In areas with high risk of wildfire,
biomass can be utilized for the energy it provides — thus
reducing both the need for combustion of fossil fuels and
overall emissions.

Furthermore, U.S. Environmental Protection Agency
(EPA) regulations as well as recognition of public health
risks led to updates — not just to wood-burning stoves
but also fuels for stoves. During the 1970s, the use of
wood-burning stoves to heat houses grew due to an

oil embargo and subsequent increases in fuel prices.
The increased use, combined with health-related and
heating performance studies, led the EPA to regulate the
efficiency and pollution emission production of wood-
burning stoves (Fiala & Merola, 2008). As of 2020, EPA
standards limit wood-burning stove emissions to 2.0 g
PM per hour. This standard limit has changed from 4.0 g
of PM per hour since 2015 (U.S. Environmental Protection
Agency [EPA], 2015).

Improvements in wood-burning stove designs allow
greater burn efficiency. Secondary combustion stoves
are designed with channels that allow greater airflow,
allowing secondary gases to burn. For fuels to burn
optimally, air intake vents on these stoves must remain
open,; this allows them to achieve the heat necessary

to burn secondary gases. Catalytic stove attachments
allow secondary gases to burn at a reduced
temperature. Once the stove has reached a temperature
near 1000°F, secondary gas is directed though a catalytic
combustor, a sieve-like device with a catalytic coating.
The interaction between the secondary gases and the
catalyst reduces the ignition point of the gases, causing
them to burn.

Pellet stoves are wood-burning stoves designed to burn
compressed pellets made from wood or other sources
(DOE, 2023a). These stoves are more efficient and
convenient to operate than traditional wood-burning
stoves. The smalll size and shape of pellets allows more
complete combustion, translating to higher heating
efficiency and lower pollution emissions. Advanced pellet
stoves are automated and use a thermostat to control

a feed mechanism that loads the stove with pellets. To
operate such a stove, the user need only fill a hopper
with pellets and set the thermostat; the stove will control
the fuel and air mixture rate. In addition, catalytic inserts
and reflective wall surfaces in the fire box can increase
efficiency by maintaining higher temperatures and an
optimal oxygen mix inside the stove, allowing secondary
gases to combust.
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Figure 6.1 - Examples of biomass processing. Image Copied fully

from International Renewable Energy Agency [IRENA] (2019)

6.2.7 Traditional or engineered wood
products

Traditional wood products such as lumber, posts and
poles have been produced in forested regions for
many years. Engineered wood products are those that
combine wood with resins or adhesives to produce wood
products for desired applications. In several cases, an
advantage of engineered wood products is that they
use lower -value and -quality raw materials, breaking
them up and reassembling them into engineered
wood products using resins and/or adhesives — thus
transforming a low-value material into a high-value
finished product. These technologies utilize biomass in
different forms.

6.2.7.1 Lumber

Lumber is usually produced from logs larger than 6” on
the small end. There are mills that require one person

to operate and those that employ many people. There
are many types of lumber produced to meet desired
applications in construction. In 2020, 27 mills operated in
Colorado (Chung, 2024).

6.2.7.2Veneer

Veneer is made from logs similar to those used for
lumber. Depending on species and grade, veneer is used
for panel production or laminated veneer lumber. Logs
are peeled to produce veneer until the diameter of the
remaining log reaches around 3". Panels with strength
requirements must use species with greater strength
properties, such as Douglas-fir. Species such as white fir

and ponderosa pine do not have high strength
properties and therefore are often used in the
cores of plywood panels. There are currently no
veneer mills in Colorado.

6.2.7.3 Posts and poles

Post-and-pole producers prefer logs with
minimal taper from the small end to the large
end. Posts and smaller poles are made from
smaller logs, usually less than 8” in diameter.
Poles used for phone lines and power distribution
require straight logs, typically larger than 8”

and at least 36’ long. These are usually the most
valuable products produced from forest harvests,
but are predominantly sourced from trees grown
in other regions of the country.

6.2.7.4 Oriented strand board

Oriented strand board (OSB) can utilize small
trees and tops to make strands typically 4-1/2"

to 6" long, 1/2" wide and approximately 1/40”
thick. These strands are dried, mixed with

resin and wax, then oriented perpendicularly to each
other until the desired width is met. The common use

for OSB is sheathing and underlayment in homes.

While OSB appears to have great potential for using
non-merchantable biomass, plants need to be large
enough to produce OSB cost-efficiently enough to be
competitive. That requires a major capital investment, an
assured supply of biomass and significant due diligence
about market demand for structural panels.

6.2.7.5 Animal bedding

Animal bedding in the form of shavings or pelletsis a
common use of mill residuals. Being a by-product of
milling makes these forms of biomass less expensive
than capturing them from forest operations. There

are some shavings facilities in the West using forest-
derived biomass. An issue affecting the market for
bedding materials is that the finished product occupies
alarge unit of volume but has low weight. This makes it
expensive to transport, as the transportation reaches
its space limit before reaching a weight limit. To be
economically feasible, markets for these products need
to be relatively near the manufacturing site.

6.2.8 Other miscellaneous products

The other potential forest products are a mix of
technologies, most of which use chipped or ground
biomass as the raw material. Biomass can be derived
from the forest or as urban woody debris. Residuals
from other forest products businesses are the commmon
supply for many of these technologies, as they are less
expensive than forest-derived biomass. Ground cover
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The Colorado Building Workshop partnered with the Colorado State Land Board to construct this outdoor classroom, made
of mass timber from Colorado spruce, at Chico Basin Ranch. Credit. CU Denver

applications for erosion control and bark or mulch for
landscaping require larger populations for adequate
market depth. The Front Range in Colorado might be an
opportunity for these technologies, as approximately
84% of the state’s population resides along or near the
Rockies’ eastern foothills (Colorado Department of Locall
Affairs, 2024).

6.2.8.1Biochar

One potential use of biomass is conversion to biochar, a
carbon-rich, charcoal-like material made by pyrolyzing
biomass. Biochar is used as a soil amendment to
improve moisture retention and increase nutrient
availability, and its high carbon concentration makes

it a viable way to store carbon for the long term,

thus reducing carbon emissions. This contribution

to mitigating climate change allows producers to

sell carbon credits based on the volume of biochar
distributed. Biochar can last for hundreds or thousands
of years (Power, 2021). Biochar can also be used in
reclamation of soils that have been damaged by
mining operations by absorbing organic pollutants and
increasing soil pH (Ramlow et al, 2016).

One limitation of biochar as a soil amendment is the
time it takes to show improvement in plant growth. Also,
there is a lack of standardization as different feed stocks,

processing temperatures and processing times lead

to products with different properties. Business owners
need to develop markets suitable for the specific biochar
that they can produce. Additionally, there are existing
operations (such as biomass power plants) that can
create biochar by adjusting how their boilers operate,
which creates a higher percentage of a type of ash that
is considered biochar. Such operations have a much
lower cost of production relative to a producer that has
invested in equipment and purchased raw material for
the sole purpose of producing biochar.

6.2.8.2 Mulch/compost

Many municipalities accept urban wood waste such
as trees, portions of trees and untreated lumber.

Often this material is chipped or ground into mulch for
landscaping, and it can be used as compost for soil
enhancement. These products can also be made from
biomass derived from forest operations.

6.2.8.3 Emerging technologies

Biomass is used for products in Europe that have not
yet become popular in the U.S. One example is wood
fiber insulation. TimberHP began producing this product
in Maine in 2024 after it had been used in Europe for
more than 20 years. This product uses chips and

wood waste that can be made from small logs not
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considered merchantable for other applications. Wood
fiber insulation can be substituted for fiberglass and
other current forms of insulation while being made of
sustainable raw materials.

Another European technology that has not been used
inthe U.S. is wood wool cement. This product is made
from a combination of cement and wood excelsior
that can be made from small logs. Large wall elements
can be made from wood wool cement and used

in prefabricated housing. This mixture of wood and
concrete is expected to be more flame-resistant than
traditional wood structures, making them desirable for
construction in areas at risk of wildfire.

Mass timber is another technology that continues to
grow in popularity. Mass timber refers to a family of
engineered wood products that are made by taking
smaller pieces of wood and bonding them with
adhesives, nails, or dowels to create larger building
components. The benefits of building with mass timber
include lower embodied carbon compared to steel
or concrete, ease of on-site construction by using
prefabricated materials and a connection with the
natural environment that can improve the mood and
well-being of occupants (Naturally: wood, 2025).

6.3 Technology COMPAFISONS ....iviiiiiiii it iiiiiiiaa e aeeeen

Each of the biomass conversion technologies presented
thus far has a broad range of configurations depending
on scale, location and feedstock types available.

Each category has characteristics that make it more
appealing for one type of project over another or makes
it more economically competitive. Table 6.3 illustrates
the comparison between combustion, co-firing,
pyrolysis and gasification to provide a starting point for
evaluating which technology makes the most sense for
a desired project with a focus on industrial-scale plants.
Since the outcomes and technological requirements
within these categories are heavily dependent on the
characteristics of the feedstocks entering each system,
Table 6.2 provides a comparison of the qualities of
potential feedstocks.

An important consideration with all these technologies,
and especially those aimed at retrofitting existing
facilities, is that the material handling system for a
biomass plant is a major part of its capital costs (EPA,
2007). By comparison with fossil fuels such as coal,
woody biomass requires significant storage and
processing areas before it is ready to be converted
into a more usable form. This means that careful
considerations of material handling space and
proximity to biomass sources should be given to all
potential projects. This factor gives mobile conversion
units an advantage.

Permitting will be an important consideration for any
woody biomass energy project. The scopes and types of
permits will vary broadly between different technologies,
feedstocks used and locations.

Any sizable woody biomass processing plant will require
a significant amount of land area for storage and
processing of biomass, which will mean permitting for a
larger area than most existing fossil fuel plants.

+ There are also still significant air quality and
greenhouse gas emissions from many biomass
energy technologies, and while they may be less
than those from a coal- or natural gas-fired plant,
they will still require a similar permitting process.

+ The emissions and waste products from a biomass
conversion process can change significantly
depending on the quality and characteristics of its
feedstock. This means that close attention should
be paid to what type of woody biomass is being
used within a project and whether it produces
waste or by-products that will require special
permits to emit or dispose of.
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Table 6.2 - Feedstock comparison

Feedstock type | Transportation cost Bulk density | Moisture | Lower heating Energy density
effectiveness (kg/mA3) levels value (LHV) (MJ/kg) | (MJ/mA3)

Solid wood Comparable to logging 310-550 20% [a2] 15 [a2] 6,350-8,000

(air-dried) industry [a2][a5] [a5][a2]

Forestresidue | Transport over relatively short | 150-250 30-40% 17.5-20.8 2,735
distances is most effective [a2][a5] [al] [al] [a5]
since low-density, high-
moisture content and lack
of uniformity make distance
transportation costly.

Wood chips Delivery cost is most 150-230 20-30% 15 2,693-3,244

(air-dried) competitive when [a2][a4] [a2][a4] [a2] [a5][a2]
transportation costs are
below ~45 USD/ton. [a2]

Wood pellets Delivery cost only 450-700 8-8.5% 15.9-17 8,200-12,700
outcompetes wood chips at | [a2][a3][a5] | [a2][a3] [a2][a3] [a5][a2]
transportation costs above 60
USD/ton and torrefied wood
pellets at transportation costs
below 90 USD/ton.[a2]

Torrefied Delivery cost becomes 700-850 1-5% 20-21 13,600-15,500

biomass pellets | competitive with wood chips | [a2][a3][a5] | [a2][a3] [a2][a3] [a5][a2]
at transportation costs
around 60-75 USD/ton and
with wood pellets around 85-

95 USD/ton. [a2]

Industrial wood | Transportation depends on Sawdust: 160 | 5-25% 15-19.9 2,400

waste proximity to industrial source. | [a2] [al][a2] [al][a2] [a2]
Ideal to co-locate with
industrial complex.

Coal Consistently cheaper 750-850 12% 20-30 13,600-21,000
than any woody biomass [a2][a3][a5] | [a2] [a2][a3] [a5][a2]
transportation. However,
woody biomass is more
competitive at low
transportation costs. [a2]

Feedstock comparison table citations:

[al] IRENA, 2012

[a2] IRENA, 2019

[a3] Basu, 2018a

[a4] Gendek et al, 2016

[a5] Manandhar & Shah, 2021
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Table 6.3 — Technology comparison

Technology | Biomass Feedstock type Output type | Heat Levelized cost | Advantages and

category storage outputof | of energy disadvantages
requirements product (UsD/kwh

based on 2010
usD)

Combustion | Woody Wide range of Powerand | Output Stoker boiler: | Advantages
biomass sources from direct | heat productis | 0.062-0.2 Ability to handle
storage forest residues heat and a wide variety
requires an and wood waste electricity | Bubbling and quality of
area between | products to wood fluidized feedstocks
12,500 and chips and pellets. bed and Relianceona
93,750 Minimizing moisture Circulating well-developed
square feet content willincrease fluidized bed | technology; can
for systems efficiency. However, boiler: ~0.07- be combined with
operating combustion can 0.22 industrial facilities
at100 tons/ generally accept [b2][b3] for heat and power
day and 680 higher moisture ' Disadvantages
tons/dqy levels ’thn !oyroly3|s Combustions
respectively. | or gasification. [b5] emissions often
[b7] [b2] similar to those

from fossil fuels
even if quantity
is somewnhat
reduced [b5]

Co-firing Biomass Feedstock Powerand | Output Generally: Advantages
requires more | uniformity and heat productis | 0.044-0.13 Use with existing
space than grindability heat and coal fired
coaland may | is preferable electricity | 10% co-firing of | infrastructure
need to be making biomass 250 MW plant: | and afocus on
covered to pellets appealing, 0.031 minimizing cost of
keep dryorgo | especially torrefied initial investment
through drying | pellets. Use of wood 100% biomass | Reducing carbon
process. [b6] | chips will require repowering of | emissions over a

construction of a
separate material
handling system.
[b6] Small particle
sizes and low-
moisture content
are needed to avoid
efficiency losses.
[b2]

100 MW plant:
0.088
[02][b3]

fully coal powered
plant

Disadvantages
Economics may
be challenging if
retrofit cost is high
and payment for
reduced emissions
is not available.
Fly ash from plant
may no longer
qualify for cement
production [b7]
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typically required.
[b7]

Technology | Biomass Feedstock type Output type | Heat Levelized cost | Advantages and
category storage outputof | of energy disadvantages
requirements product | (USD/kwh
based on 2010
usD)
Pyrolysis Storage similar | Fast pyrolysis (~500 | Bio-oil Bio-0il: 13- | Combustion of | Advantages
to combustion. | C): Ideal feedstock | Biochar 18 MJ/kg fast-pyrolysis | Ability to produce
is low-moisture Pyrolysis gas | Biochar: bio-0il: 0.087 | avariety of
content <10% by 20-25MJ/ | [b4] different products
weight and particle kg depending on
size Bmm or less. Pyrolysis pyrolysis pathway
[b5] gas:11-20 Production
MJ/NmA3 of alternative
[b1] transportation
fuels Creating
Biochar as a
marketable
product
Disadvantages
Production costs of
Bio-oil struggle to
compete with cost
of comparable
fossil fuels [b8]
Gasification | Storage similar | Feedstocks needto | Producer Producer | Generally: Advantages
to combustion | be tightly controlled | gas gas: 5-6 0.065-0.24 Production of a
for moisture MJ/mA3 | [b2] gaseous product
content, particle Syngas that can be used
size, bulk density, Syngas: with adaptations
ash content and 9-19MJ/ to existing
homogeneity, mA3 technologies
making feedstock [b2] developed
sourcing for natural
challenging. [b5] gas electricity
Feedstock drying production.

Shows promise
for high electrical
efficiency rate
Low emissions
from burning
cleaned syngas

Disadvantages
Largely emerging
technologies
which have

seen limited
commercialization.
Syngas often
needs to be
cleaned of
contaminants
before use
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Technology comparison technology table citations:

[bl] Basu, 2018b

[b2] IRENA, 2012

[b3] Electric Power Research Institute, 2010
[b4] Perkins, 2018

[b5] Adams et al, 2018

[b6] Basu, 2018c

[b7] EPA, 2007

[b8] Lewandowski et al,, 2020

6.4Biomqssenerqupplicationscomparisons

There is a broad range of applications for energy
generated from biomass:

+ Residential heating

+ Recreational firewood

+ Dedicated central power facilities
«  Semi-mobile power plants

« Co-location at existing facilities

« Heating and cooling

« Co-generation of heat and power

Residential heating and recreational uses for biomass
energy were discussed previously in Section 5.3.1. The
other applications listed are discussed subsequently.

6.4.1 Dedicated central power plant

Biomass power plants use processes such as
combustion, gasification and pyrolysis to convert
organic matter into energy. Equipment used to convert
woody biomass into usable energy includes combustion
chambers, boilers, turbines and power generators. Plant
efficiency varies considerably depending on factors
such as type and quality of biomass fuel, the conversion
process used and power plant design. Benefits of
biomass power plants include production of renewable
energy and dispatchability; this last allows biomass to
be stored and converted to energy as required to meet
demand. Disadvantages can include harmful emissions,
potential supply concerns and overharvesting
forestland to provide fuel for power generation.

The World Resources Institute (2023) maintains a global
biomass power plant database. Based on this database,
there are 153 biomass power plants operating in the U.S.
that have capacity to generate 5,123.2 MW of electric
power. In 2023, woody biomass plants generated 31
billion kWh of electricity or 0.8% of U.S. power demand,
which was 4.18 trillion kWh (EIA, 2024).

6.4.2 Semi-mobile biomass plant

Forest management activities in Colorado generate
large quantities of woody biomass in the form of
logging slash and residues. It is often not cost-effective
to transport biomass from the logging site to a facility
for utilization. There has been considerable interest in
developing semi-mobile plants to process biomass
on-site into a form for economical transport to either

a stand-alone biomass power plant or for co-firing at
large coal-fired power plants.

Semi-mobile biomass plants are containerized
processing facilities that can be relocated with changes
in supply and demand (Zimmer et al, 2018). Multiple
units can be redeployed as necessary to optimize
transportation costs. A 2018 economic analysis by
Zimmer et al. showed that intermodal transportation
was required to deliver biomass to facilities at a price
competitive with fossil fuels. Although there are currently
no semi-mobile biomass plants operating in Colorado,
of all conversion technologies evaluated, torrefaction
might be the most promising for this application.

Biomass torrefaction subjects biomass to moderate
heat. The resulting torrefied biomass is both energy-
and volume-dense, which effectively reduces
transportation costs (van der Stelt et al, 2011). While
conventional torrefaction systems tend to be large-
scale centralized facilities, small-scale systems are
being developed. In 2018, Severy et al. constructed

a semi-mobile torrefaction pilot plant to determine
optimal operating conditions and throughput
requirements using forest residuals as feedstock.
Torrefied material was then densified to evaluate
briquette quality.
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Although results from this pilot study were promising,

it showed that further optimization of the torrefaction
system was required for a commercial facility.
Kirchstetter (2021) investigated a small-scale biomass
torrefaction reactor design and its economic feasibility,
which resulted in the scale-up of its throughput
capacity. This advancement could allow for greater
deployment of this system with broader application

to biomass markets than conventional torrefaction
technologies.

6.4.3 Co-location at an existing facility

Co-location of biomass facilities involves placing

plants near each other to share resources such as

land, buildings, equipment and other infrastructure to
utilize biomass feedstock more effectively. There are
numerous examples of co-location associated with the
forest products industry. For example, of the 159 biomass
power plants located in the U.S, many are co-located
with mills that produce lumber, veneer, pulp and paper,
or other wood products. Other scenarios for co-location
also exist. A study by the Green Power Institute (2002) for
the National Renewable Energy Laboratory found that
co-locating ethanol production facilities with existing
biomass power plants could reduce production costs for
both facilities. A similar study by BBI International (2002)
concluded that co-locating a cellulosic ethanol plant
with existing coal-fired power plants would have similar
benefits.

Because there is currently no capacity to produce pulp
and paper products in Colorado, other forest products
facilities such as sawmills are the best option for co-
location with a biomass facility. These facilities generally
have the electrical infrastructure to connect to the
power grid, which can reduce the cost of developing

a biomass facility. Sawmills generate substantial
quantities of residuals that include bark, sawdust, wood
chips, wood shavings and cull logs. Since they are also
maijor electricity consumers, their interconnecting
systems tend to be robust. This can help reduce the cost
of tying a biomass power project to the grid.

Although these residuals can be used for a variety of
applications in Colorado (such as landscape mulch,
compost and animal bedding), finding profitable
markets for residuals continues to be a challenge for
some Colorado sawmills. A biomass facility owned and
operated by Montrose Forest Products recently went
online and is co-located at its sawmill in Montrose
(Henseler, 2023). The plant required $15 million to build
and will provide heat and power to the sawmill. It also
created five new jobs. The primary source of biomass for
the plant is approximately 15 daily truckloads of wood
and bark residuals generated by the sawmill operation.

6.4.4 Heating and cooling

In addition to heating, biomass systems can also be
used to cool spaces (EPA, 2021). Renewable technologies
for cooling spaces generally involve chilling water or
refrigerant fluids. Using hot water or refrigerant fluids

for cooling is not new technology; the first use of this
technology dates to 1850. Adsorption refrigeration
cooling involves four primary pathways (steps) for
cooling spaces using energy from biomass: evaporation,
absorption, separation and condensation.

1. Evaporation of a refrigerant removes heat from
surrounding air as it occurs.

2. Adsorption of vapor into another liquid (absorber)
improves the speed and efficiency of evaporation.

3. Separation involves heating a mixture of refrigerant
and absorber to evaporate the refrigerant out of the
absorber.

4. During the condensation process, heat is released
as evaporated refrigerant is forced through a
condenser, converting it back to liquid form.
Released heat is vented from the system.

Chilled water or refrigerant fluid is usually distributed to a
building or complex of buildings through insulated pipes.
After circulating through the system, the water or liquid
refrigerant can be reused by returning to Step 1.

A review of small-scale biomass-fired combined
cooling, heat and power systems (CCHP) was conducted
in 2018 by Wegener et al. Larger-scale district energy
CCHP systems comprise a central cooling and heating
plant that distributes hot water, steam or chilled water

to a nearby cluster of buildings through a network of
insulated pipes. District energy systems can be designed
for many locations, such as educational institutions

and healthcare facilities. The primary benefits of district
energy systems are reduced energy cost and increased
opportunity to use high-efficiency technologies such as
combined heat and power (CHP).

An example of a district energy CCHP system that

uses wood chips as fuel is located on the campus of
Chadron State College (CSC) in northwest Nebraska.
Two wood-fired boilers, installed on campus at the
Sheaman Plant, were first used to heat buildings in

1991. By 2005, they were providing about 90% of CSC's
heating requirements, distributing heat to 20 buildings
on campus, representing a total area of about 1.1 million
square feet (Williams, 2005). In 2004 a 700-ton steam
adsorption chiller was installed at the Sheaman Plant.
The system utilizes up to 9,000 tons of wood chips
annually that are generated from forest management
projects ongoing in the surrounding hills of the Pine Ridge
Reservation (Hurst Boiler, 2008).
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6.4.5 Cogeneration of heat and power

Biomass cogeneration of heat and power (CHP)
involves technologies that simultaneously produce
heat and electricity using biomass as the fuel source.

In 2007, a catalog of biomass CHP technologies was
published by the EPA and the Combined Heat and Power
Partnership, showing that simultaneous heat and power
production enhances operational efficiency that can
lower overhead costs. Other benefits include distributed
generation of power, reduced reliance on the power grid
and recovery of heat that would otherwise be vented
from the system. The result is reduced energy waste,
which corresponds to increased energy efficiency.

Cogeneration strategies can use any of the pathways
discussed in Section 6.1.1; thermochemical or
biochemical are more commonly used, but chemical
and physical conversion technologies have also been
developed (Tursi, 2019). The U.S. Department of Energy
(DOE) maintains a database of CHP facilities operating
in the United States (DOE, 2025b). Although there are 24
CHP plants operating in Colorado currently listed in the
DOE database, none use wood as a fuel source following
the closure of Eagle Valley Clean Energy.

6.50pportunitiesforbioenergyutilization N

The DOE conducted research on the sustainable
utilization of biomass and published findings in the

2023 Billion Ton Report (DOE, 2023b). According to their
findings, the U.S. can produce from 1.1 to 1.5 billion tons

of biomass from wastes, agricultural residues and
logging residues annually in a future mature market,
with potential to provide renewable liquid fuels for hard-
to-electrify sectors while meeting demands for food
and environmental services. From this report, the timber
products industry harvests an estimated 200 million
tons per year for timber products. Residues, which
include both logging and mill residuals, are created
during that process. The report estimates 20 million tons
could be available within economic and environmental
constraints. Another estimated 35 million tons of small
diameter (<11") trees could also be produced while
meeting demands for sustained yield of timber products
and retaining current forestland area.

Considering that greenhouse gas emissions from

fossil fuels are expected to exceed 36.8 billion metric
tons in 2023 (Kiest, 2023), increased biomass utilization
may play a role in achieving net-zero emission goals
for a sustainable future. Net-zero emission goals are
achieved when carbon emissions released by human
activity are counterbalanced by carbon removed from
the atmosphere. This can happen either by reducing
emissions or neutralizing them by removing equivalent
amounts, often in the form of carbon offsets (Axelsson et
al, 2024).

Concerns about global climate change and air quality
have increased interest in biomass and other renewable
energy sources that are potentially less polluting;

even so, large-scale biomass development involving
immense land and biomass requirements must
proceed responsibly to maximize ecological benefit

and minimize potential environmental damage. During
2023, 8% of all energy consumed in the U.S. came from
renewable sources, and 21% of electricity generation
came from renewables (EIA, 2024). Solid biofuels
including firewood and wood pellets were the dominant
feedstocks in the early 2000s. Although still dominant

in Colorado, nationally the usage levels of solid biofuels
have remained stable, with liquid biofuel production
accounting for most of the increased use of biofuels
over the past two decades. Heat productionin the U.S. is
currently dominated by fossil fuels, particularly natural
gas. About 10% of heat consumed in the U.S. is produced
using biomass, which is the most important renewable
heat source (International Energy Agency, 2021). The
percentage of electricity and liquid fuels produced
nationally from forest biomass is much more modest.

A subsequent discussion of opportunities and benefits
for increased biomass utilization is given for various
stakeholder groups.

6.5.1 Cottage industry

Cottage industries are small manufacturing businesses
owned and operated by individuals or families (Kenton,
2023). They are often operated out of a home rather
than a separate business location and are defined

by the relatively small amount of investment required
to start one. In Colorado, cottage industries have
developed to produce a variety of forest-related
products including furniture, bulk firewood sales and
delivery, cabinet and millwork manufacturing, and
wood art and novelties. These products constitute

an important source of employment and income
throughout Colorado, especially in more rural areas of
the state.
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Cottage industries can benefit from biomass energy in
several ways. Biomass can be used to produce energy
for both heating and cooling buildings, provide heat
for industrial processes and fuel electric generators
and other machinery. For cottage industries that have
access to an economical source of biomass fuel, such
as residues from woodworking, these technologies can
be used to reduce their energy costs (Prasad, 2020).

In addition, by using a renewable fuel source such as
biomass they can reduce their reliance on fossil fuels
and the electric power grid, while reducing their carbon
footprint.

6.5.2 Community

Utilizing biomass to generate energy can provide
an opportunity for sustainable and eco-friendly
development in Colorado communities, particularly
in rural areas of the state that have access to wood
biomass resources. The development of efficient
biomass handling technology and establishment of
facilities that utilize biomass from forest treatments
can promote good stewardship of Colorado’s forest
resources.

Increased use of firewood in Colorado is an example of
how biomass utilization can benefit its communities.
With the availability of high-efficiency EPA-approved
wood-burning appliances (Colorado Department of
Public Health & Environment, 2025), individuals and
communities can be actively engaged in biomass
utilization, helping to utilize a resource that would
otherwise likely go unused. Because most of this
biomass is locally harvested and processed, increased
use of it promotes economic development that leads
to local job creation and perpetuation. Also, dollars
spent on locally sourced biomass tend to stay in the
local economy more than dollars spent on fossil fuels
(Biomass Thermal Energy Council, 2017).

Past community-based projects that involved building
biomass plants in Colorado have had various levels of
success. Some have failed, such as a biomass boiler
installed in Nederland (Hayes, 2005). Other more
successful projects such as the Boulder County Open
Space Facility and the Gilpin County Road and Bridge
Facility biomass plants can be found in the publication
Where Wood Works (Colorado State Forest Service
[CSFsS], 2011). Both facilities have boilers that utilize wood
chips to heat the facilities.

6.5.3 Local industry

Biomass energy utilization can provide a sustainable
and cost-effective alternative to traditional fossil fuels

for entities located near forest resources. Potential
applications for bioenergy in local industry include
power (electricity) generation, heat and cooling, and
production of a range of biofuels and bioproducts.
Companies that provide biomass for use as energy are
often very important to small rural communities.

Bulk firewood sales are a good example of how local
forest products businesses can benefit from biomass
energy utilization. Because a high percentage of
bulk firewood used in Colorado is sourced and used
locally, bulk firewood suppliers are found across the
state, especially in rural areas. These suppliers are
primarily classified as small businesses employing
fewer than 20 people, with most employing fewer
than five. Collectively, these local businesses provide
an important source of employment and economic
development in rural areas of Colorado.

6.5.4 Regional industry

Development of a regional biomass industry can
promote economic growth within communities,
providing benefits like those of other local industries.
Initiatives such as Regional Biomass Resource Hub from
the DOE are designed to promote regional biomass
utilization (DOE, 2025¢). Although this initiative promotes
utilization of purpose-grown energy crops, sustainably
harvested forest biomass for bioenergy is an important
aspect of forest management, and guidelines have
been established to ensure ecological sustainability
(Titus et al, 2021).

Biomass energy products produced locally but
frequently marketed outside the state include bundled
firewood and wood pellets. Several Colorado companies
produce bundled firewood, which is a value-added
product. Bulk firewood typically sells for $100 to $300 per
cord. Bundled firewood (0.75-1.00 cubic foot) sells for

$6 to $18 per bundle, or $1,100 to $3,500 per cord. Heat
treatment in a kiln can be a requirement to ship firewood
across state lines for commercial sale. Nonetheless,
bundled firewood is sold throughout the region.

6.5.5 Electric grid

While the share of renewable electricity has increased
significantly in the U.S. over the past decade, power
production is still dominated by electricity produced
from fossil-based and nuclear fuels (EIA, 2025). About
60% of electricity currently consumed in the U.S. is
generated with fossil fuels and 20% with nuclear fuels
(E1A, 2024). While electricity generated with coal was
reduced by half, there was a corresponding increase in
electricity produced using natural gas. However, in 2023
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Figure 6.2 - Net electricity generation (billion kilowatt-hours). Figure from EIA (2025).

about 86% of new electric generation capacity in the
United States would be fueled with non-fossil sources
(DOE, 2023c).

Wind, solar and hydroelectric power account for most
of the renewable electricity generated in the U.S. Only
about 2% of the electricity consumed during 2020 in

the U.S. was generated from biomass (EIA, 2023). Based
on data published by the EIA in 2023 for Colorado, the
electrical energy generation mix for the state was 37.6%
coal, 26.7% natural gas, 28.6% wind, 2.9% hydroelectric,
4.2% solar and 0.3% biomass in 2022. Nonetheless,

a study by Jorgenson et al. (2011), Colorado has an
estimated 1.5 million tons of biomass available annually
that could be used to sustainably fuel more than 200
MW of electric generation capacity.

In 2022, the U.S. Department of Agriculture awarded a
grant to researchers at Rutgers University to determine
the potential for decarbonizing the electric grid and

its implications for U.S. agriculture (Rutgers, 2026). The
objectives of this study included quantifying existing
biomass feedstocks, assessing how much electricity
could be sustainably produced from renewable sources,
evaluating the economic and environmental impacts,
and determining their impact on agricultural and local
rural communities. XCEL Energy announced plans to
develop a new 19-megawatt biomass power plantin
Hayden as part of its Clean Energy Plan to double the
supply of renewable energy across the state (Voegele,
2023).

6.6 Siteidentificationdandlocation - - - rcertitiiiiiiiiiiiiiiiiiiiii it

Many biomass facilities have been proposed for
Colorado. Proper site location is critical to facility
profitability and success, providing several benefits
including reduced feedstock transportation costs
and environmental impacts. The EPA publishes a
guide that outlines how to identify sites for renewable
energy development, including biomass (EPA, 2025).
Site selection involves considering factors that include
access to existing suppliers and customers, available
land and buildings, tax incentives and grants, reliable
cost-competitive utilities, environmental constraints,
quality of life and workforce availability (Perez, 2023).
Access to feedstock, land use and availability, utilities
and infrastructure, and economic, environmental
and social criteria are all factors that influence facility
location that are presented subsequently.

6.6.1 Access to feedstock

Biomass facilities must have sufficient feedstock to
meet production capacity. When evaluating potential
sites, it is important to determine feedstock costs

and any competing regional uses for that biomass.
Generally, the closer a facility is to the source of biomass,
the lower its feedstock costs should be because of lower
transportation costs. Bioenergy facilities that utilize
forest biomass usually evaluate biomass availability
within 75 miles of the facility site. In Colorado, haul
distances can easily exceed 75 miles, and longer hauls
normally require a transportation subsidy for economic
viability. Proximity of the plant to biomass will also lower
emissions associated with transportation.
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Based on this logic, forest biomass should flow to the
nearest facility. In practice, this is often not the case.

A spatial analysis conducted by Richardson in 2016,
evaluated the flow of biomass from forest management
projects in Colorado to facilities (sawmills) for utilization.
They found no significant relationships between working
haul distance and proximity to treatments, feedstock
origin or species being processed. In other words,
biomass frequently traveled far greater distances than
necessary for utilization due to market forces other than
transportation costs.

Nonetheless, when evaluating alternative site locations,
adequate biomass feedstock supply and cost —
including transportation costs — are important factors
to consider.

6.6.2 Land use and availability

When selecting a site for a biomass facility, land

use (permitting) and availability are important
considerations. Generally, site selection involves
evaluating available land or buildings that meet
project requirements. The goal is to identify sites that
accommodate all aspects of the operation, maximizing
its efficiency. Any potential impediments such as
permits, easements and environmental concerns
associated with a potential site should be considered.

Most permits are issued by state, county or city
government. Local jurisdictions may have zoning or
covenants that restrict land use. Restrictions may
include allowable uses, setback requirements, building
height restrictions and landscaping. The sites being
considered should be zoned for the intended use and
allow for future expansion. The regulatory environment
associated with a site can dramatically affect the

time required for startup and ultimate operation of the
facility.

Facilities should be in areas that are not prone to natural
disasters such as floods, hurricanes, earthquakes and
wildfires. While most of Colorado is at low to moderate
risk for natural disasters (FEMA, 2025), there are elevated
risks of flooding in some areas, particularly along the
Front Range. Wildfire is a danger throughout the state,
with many areas at high risk. More than 1 million homes
and businesses in Colorado are currently threatened

by wildfire, and over the next 30 years the number of
threatened structures across the state is expected to
grow by 19% (Jaffe, 2022). The CSFS maintains a wildfire
risk map that shows the level of wildfire risks across
Colorado (CSFS, 2023). Selecting a facility location in less
fire-prone areas will help minimize wildfire risks.

6.6.3 Utilities and infrastructure

Evaluating alternative site locations for a biomass
facility must consider utilities and infrastructure
requirements, such as the transportation network.
The availability of utilities to support a facility, such as
electricity, sewer and water, is an important factor in
determining site suitability. In addition to availability,
utility cost may also be a consideration, particularly in
terms of price stability over the life of the facility.

If the facility is generating electricity, access to the grid
or nearby customers will be necessary to sell electricity.
Selling power to the grid continues to be a challenge for
both proposed and existing biomass power plants in
Colorado. There are several reasons for this, including
high capital costs, low efficiency, high feedstock costs
and procuring power purchase agreements with electric
utility distribution companies, as experienced by Eagle
Valley Clean Energy (Greenbacker Renewable Energy,
2019). Grid accessibility was an important driver for

the proposed XCEL biomass power plant at Hayden
(Voegele, 2023).

Proximity to the transportation network for moving
biomass to a facility and finished product to market is
also essential. In Colorado, most biomass feedstock

is transported by truck; therefore, potential sites must
have adequate access for trucks. The volume of truck
traffic may also be a consideration. Rail service is
available in many areas of the state, but accessing it
has proven to be a challenge for biomass facilities in
Colorado. One of the most pressing concerns with rail
transportation is the poor service provided by freight
railroads (Marsh, 2022). Locating sidings for rail access
can also be difficult. Other forms of transportation,
including air and ship transportation, are less important
for biomass facilities located in Colorado, although
opportunities exist for pellet manufacturers in the state
to export pellets via ship to European or Asian markets.

6.6.4 Economic, environmental and social
criteria

Site identification and selection should consider costs
and benefits of economic, environmental and social
criteria that include factors such as job creation, air
quality, greenhouse gas emission reduction and public
acceptance.

Titus et al. evaluated biomass harvesting guidelines in
2021, emphasizing their importance for ensuring that
harvesting forest biomass for bioenergy and bio-based
products is ecologically sustainable. Within the context
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of sustainable forest management (SFM), guidelines
were considered for environmental concerns that
included soil, site productivity, biodiversity, water quality
and carbon storage. Social concerns such as visual
aesthetics, recreation and preservation of cultural,
historical and archeological sites were also considered.
Although guidelines are usually voluntary, governance
measures such as SFM policies, trade regulations and
certification systems were also discussed. The intent of
considering all these factors when selecting a site is to
minimize environmental impacts and promote social
acceptance for the facility, and ultimately for a growing
bioeconomy (Titus et al,, 2021).

6.6.5 Analytical tools and methods for site
selection

Many analytical tools and methods exist that can assist
with site selection and evaluation. In addition to Section
3 of this assessment, other resources exist for identifying
potential sources of biomass. The EPA has a website
that helps identify sites for renewable energy facilities
that includes biomass (EPA, 2025). The EPA also provides
county-level biomass resource maps that can be used
to identify potential sources of feedstock including forest
and mill residuals (EPA, 2024).

The Bio-Based Energy Analysis Group (BEAG) housed

in the University of Tennessee’s Institute of Agriculture
conducts bio-based energy research and outreach. It
supports sustainable bio-based markets using holistic
modeling and quantitative analysis approaches (Boyer
etal, n.d.). Among other services, the BEAG can perform
both supply and demand assessments. And closer

to home, the CSFS maintains the Timber Availability
Science & Data Byte, which analyzes timber supply and

processing availability based on USFS FIA data (Marucci
& Clements, 2022).

Several models have been developed to assist with
locating viable sites for biomass facilities. Hogland et

al. (2018) used spatial analysis and logistics software to
model variables such as feedstock availability within an
economically viable distance of the biomass facility and
the logistic cost of moving biomass there. Hartley (2014)
developed a mixed integer linear programming model
that optimized harvest, extraction, transport, storage
and preprocessing, providing the lowest possible
feedstock cost. Based on this analysis, optimal locations
were identified along with their respective supply chains
for delivery of feedstock.

Another study by Young et al. (2017) developed a
regression model combined with Bayesian inference

to predict potential locations for biomass facilities.
Analyses were done for two groups of facilities that use
biomass; Group | comprised sawmill-sized facilities and
Group Il consisted of larger facilities similar in size to pulp
and paper mills. For Group | median family income, road
density, slope of harvest area, annual growth-to-drain
ratio and forest land: area ratio significantly influenced
location. For Group I, slope of harvest area, urban land:
area ratio and number of primary processing facilities in
proximity were highly significant.

Woo et al. (2018) integrated multi-criteria analysis and a
GIS model, including a supply chain analysis to identify
optimal locations for biomass facilities that balanced
economic, environmental and social criteria considered
in the supply chain analysis. These are discussed further
in Section 7 of this assessment.
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A stack of spruce logs waits to be milled. Credit. CSFS

Colorado’s forests, many of which are at high or very
high fire risk, have the potential to produce large
quantities of usable biomass through forest thinning
treatments. In most cases, this usage leads to energy:
either combustion of biomass to produce energy or its
processing into fuel for others to transform into energy.

There is no perfect solution to the issues involved in
burning biomass for energy. Distance from source

to plant is always a factor. Biomass combustion can
pollute less than a wildfire, but this can also depend
on the scale and intensity of the wildfire. The public
perception (which is not without foundation) is that
burning biomass for energy contributes to climate
change, and this in turn contributes to permitting
opposition. This perception often does not factor in the
impact to climate change represented by large-scale
wildfire with intensities and severities worsened by the
lack of forest management in some areas of Colorado.

Biomass processing options, such as firewood and
pellet production, are most restricted by distances to
markets. Simply put, most Coloradans (and thus most
markets, including that of nearby Cheyenne, Wyoming)
reside along or near the I-25 corridor from Fort Collins
to Pueblo. Only a fraction of Colorado’s forestland lies

within economic reach of those markets. Pellet and
firewood facilities farther from those markets might
encounter less public resistance, but they also have
smaller markets that place practical ceilings on their
production. Other options, such as shavings and
landscaping bark, have value but encounter limitations
imposed by market size and distance.

All biomass utilization options large enough to make

an impactin Colorado would require assured supplies
of biomass to begin with, high likelihood of approval

and confidence in market acceptance. If the purpose is
combustion for power, users must be able to aofford it. If
the biomass is to be processed for others to combust for
power or heating/cooling, it must be affordable in those
markets. A promising method is co-location, in which
biomass facilities share space and equipment with
sawmills, post-and-pole operations and other industries
that have already located near sources of feedstock.

While renewable energy is on the national rise, it has
room to expand. Its increase in Colorado in the form of
biomass utilization will depend upon supply/distances/
terrain, facilities and markets — and quite possibility,
efforts by the state government to facilitate the
connections between these.
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