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Biochar in Colorado
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Research comparing biochar to other soil amendments for restoring closed forest roads.

By M. Ramlow, C.M.H. Keske, M.F. Cotrufo

Quick Facts

¢ Biochar shows promise for a variety of applications — such as utilizing residues from
overcrowded and beetle- infested forests, storing carbon in soils, soil reclamation and
mining remediation, and a soil amendment for gardening — but continued research is
necessary to better inform management decisions.

o A commercial biochar market has begun to develop in the U.S., however it is largely
confined to laboratories,experimental field sites, mine reclamation and home gardening.

e Biochar production can be profitable on a case-by-case basis but success is often
dependent on reduced transport for feedstocks, pricing for carbon reductions and demand
for economic uses of biochar soil amendments.

Introduction

Biochar is an organic soil amendment currently being researched and used in a variety of
applications across Colorado. Biochar has the potential to provide benefits to multiple economic
sectors integrated within its supply chain, for example biochar and biofuel co-production can
provide additional revenue streams for forestry and waste management. Biochar applications
may have a critical role in mitigating climate change, reclaiming and restoring land, and boosting
soil fertility for agriculture and horticulture. This article explores some of the latest research
relevant to biochar applications in Colorado such as:

¢ Providing a market for beetle-killed wood
e Generating biofuels as a co-product


http://extension.colostate.edu/topic-areas/agriculture/biochar-in-colorado-0-509/
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e Storing carbon and reducing greenhouse gas emissions
e Restoring contaminated sites
¢ Aiding in water and nutrient cycling in agriculture

Biochar Production
What is Biochar?

Biochar is charred organic matter used deliberately as a soil amendment, with the intent to
improve soil properties<sup>1</sup>. Biochar is made by heating biomass to high temperatures

(480-1800°F) in the absence of oxygen through pyrolysisz. Pyrolysis chemically and physically
alters the composition of the biomass producing a highly porous, stable form of organic matter
that can be used as a soil amendment. Biochar can be produced from a variety of feedstocks
including forest residues, agricultural residues, waste, and purpose grown biomass. The source
material and the pyrolysis conditions are major controls on the biochar’s pH, ash content,
elemental composition and stability. Therefore, both the biochar feedstock and production
conditions can have important implications on how biochar amendments influence soil properties
and their efficacy for different management objectives.

Forest Management

If biochar production can be accomplished in a cost effective manner, it may change how forests
are managed. Specifically, trees that are killed by pests, such as mountain pine beetle, may be
viewed as a productive source for manufacturing biochar, rather than a wasted resource. At this
writing, Colorado’s forests suffer from overcrowding due to wildfire suppression and massive

losses from recent pest outbreaks®. Current forest management practices involve controlled
burning and harvesting and burning in smaller slash piles.

These practices are expensive, pose fire risks, cause smoke pollution, and can degrade the land if
not properly managed. Biochar production has potential to turn beetle-damaged stands, hazard
trees and other residues from fuels reduction treatments into value-added product. Rather than
being burned, the trees and residues would be harvested as a feedstock. Preliminary results
demonstrate that there may be support among Colorado residents for this type of management
program. A recent study of Colorado households indicated that residents were hypothetically
willing to pay roughly the same for burning slash on-site and moving it off-site for biochar

production as a means of reducing the intensity of future wildfires*.

Biofuel Co-production Biochar companies in Colorado are producing woody biochar on a small-
scale, experimental basis from forest stewardship contracts with the USFS and residues at
pelleting operations. If woody biochar is found to be an effective soil amendment, then there will
likely be an increase in demand. Biochar production would thus provide additional value by
helping to lower the cost of forest management practices. While there is promise for market
development, the effectiveness of using pine-based biochar as a soil amendment needs to be
better documented. Preliminary studies also indicate that long distances between the forest and
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the biochar processing centers should prompt a closer look at pre-processing or other means for
reducing transportation costs associated with making biochar from pine beetle killed wood>®,

Biochar producers can also optimize the operating conditions to produce gas (syngas) and liquids
(bio-oil) in addition to the solid biochar residues. The gas and liquid fraction can then be
upgraded to produce biofuel. These systems typically apply fast pyrolysis, using moderate
pyrolysis temperatures (~950°F) and shorter residence times, to optimize for bio-oil production
and gasification, using higher temperatures (~1,650°F) and moderate residence times, to
optimize syngas productionz. Studies have found that biochars produced under higher
temperatures tend to have more stable compounds, higher ash content and increased porosity

leading to more persistent biochar with higher sorption capacity7. In a recent industry survey the
International Biochar Initiative found that 12% of respondents were pursuing syngas production
as a by-product of biochar production and 7% were working towards collecting and refining bio-
0ils®. While none of the commercial biochar facilities in Colorado currently co-generate biofuels
there are some companies working on scaling up such technologies. Recent biochar and bio-
energy co-production studies show that co-production may reduce overall waste and carbon

footprintsﬁ. However, at this writing, biochar and bio-energy co-generation is generally not an

economically viable venture unless a monetary value is assigned to carbon dioxide emissions™®.

Some bioenergy and biochar production has been shown to be economically feasible on a case-
by-case basis®t. Product selling price uncertainty contributes to risk of private investment into
a biofuel production facilitylz.

Biochar Applications
Carbon Sequestration and Greenhouse Gas Management

Biochar has recently gained much attention as a way to capture carbon from the atmosphere and

mitigate global climate change. Plants naturally convert atmospheric CO2 into biomass which
then gets recycled back to the atmosphere through respiration, burning or decomposition. In
natural systems 80-90% of the carbon in biomass returns to the atmosphere after a few years to
decades from decomposition in the soil. Likewise, after a natural fire, it is estimated that up to
25% of the carbon in the burned biomass is converted in more stable forms of organic matter like
biochar'?, Pyrolysis of organic matter under controlled conditions can significantly increase the

retention of carbon with 10 to 50% of the original biomass carbon retained depending on the

conversion process3.

A study looking at the stability of multiple types of biochar showed biochar had a mean

residence time ranging from 90 to 1,600 yearsl4. Similarly, in a two year lab study at Colorado
State University (CSU), wood-derived biochar amended to four soil types primarily remained in

the soil, yet a small fraction of it (<3.2%) was consumed by the soil microbes™®. In the soils with
an organic carbon content larger than 1.97%, the biochar applications lead to increased soil

respiration with the biochar possibly providing a shorter-term carbon source™®. Therefore it is
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important to continue to study the stability of biochar using long-term field experiments to better
understand the biochar’s full carbon sequestration potential.

Research shows biochar can also reduce emissions from more potent greenhouse gasses such as
nitrous oxide (N20). A recent review of 56 studies found that biochar has been shown to
decrease N20 emission by 49%19. Researchers have looked at a variety of mechanism by which
biochar could reduce N20 emissions including reducing the amount of nitrogen available for
transformation into N20, altering the soil conditions most favorable to N2O production and

generating conditions that more efficiently convert N20O to N2 gas. CSU is currently conducting
lab incubations and field experiments to better understand the mechanisms by which biochar

impacts nitrogen cycling and decreases N20O emissions from fertilizer. This work can help inform
how biochar can be applied to reduce greenhouse gas emissions and manage nitrogen cycling in
soils.

Mine Reclamation and Restoration

Certain biochars have also been shown to have high sorption capacity which could be used to
immobilize contaminants in soil. Biochar with small particle sizes and high surface area have

also been shown to sorb organic poIIutants7. Biochar’s high pH can also help provide a liming
effect for reclamation of highly acidic soils. A study by the USGS on two hardrock mine tailing
sites, where soils are subject to metal toxicity and high acidity, found that the addition of biochar

had differing effects across sites'’. At one site, biochar amendments decreased the leaching of
aluminum, cadmium, copper, lead and zinc. However, at the other site, biochar addition
increased the mobilization of copper and zinc. The study also found that higher application rates
may be necessary to sufficiently raise pH and reduce toxicity. Therefore, biochar addition can
potentially provide a low-cost alternative for reclamation of soils contaminated with heavy
metals, organic pollutants or high acidity but requires careful consideration of site-specific
properties beforehand. There is considerable opportunity for mining companies or other private

sector companies to earn a profit by investing into the development of biochar technologies that

are specific to mine site remediation®®.

Biochar is also being explored for its potential to aid in ecological restoration of degraded soils
to help build soil organic matter, facilitate plant regeneration and provide preferential habitat for
soil microbes and biota. The USFS and CSU are currently collaborating on a project exploring
biochar’s ability to aid in carbon sequestration, nutrient retention and revegetation of
decommissioned forest roads in the Arapahoe National Forest.

In a series of qualitative research interviews conducted in 2011 with biochar purchasers and
home/ garden supply stores, the majority of biochar in Colorado was sold for mine reclamation
applications and experimental forest research conducted by government agencies and
entrepreneurs. Pine wood chips comprised the typical feedstock, and the average order was
approximately 6,400 Ibs, or on the order of 25 to 30 cubic yards depending on the density of the

specific biochar'®,
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Agriculture and Horticulture

Biochar has many properties that have potential to enhance soil fertility. Biochar constitutes a
highly stable form of soil organic matter. Soil organic matter is important in retaining water,
regulating the exchange of nutrients, and building soil structure through aggregation. Biochar
additions may have the ability to increase the water holding capacity of soils by adding
additional pore space and supporting aggregation. However, studies have also looked at how
biochar may increase infiltration of water through soils so there may be a tradeoff'°. Research is
currently underway at CSU to explore biochar’s impact on soil moisture across different
irrigation treatments. Other regions are also looking at the application of biochar to provide a
liming effect in more acidic soils or help mitigate nitrate leaching in regions with higher
precipitation.

Agricltul ld sites where CSU researches are studying biochar’s
impacts on crop yields, water retention and GHG emissions

Biochar can also play an important role in higher valued crop systems like orchards or gardens
where the economics are more favorable. Biochar producers have worked in turfgrass
management, vineyards, and are looking at opportunities in the emerging cannabis industry in
Colorado. Biochar has been considered as a growth medium, a soil inoculum or an organic
matter source. With its stable structure, biochar does not always offer many nutrient inputs to the
soil, although some manure-based biochars have been shown to add nitrogen to soil. However,

biochar’s sorption properties can play a key role in retaining nutrients?’. Many producers offer
biochar blends mixed with other organic fertilizers to deliver a slower release of nutrient over
time.

A small commercial biochar market has developed in Colorado and biochar is being applied to
meet a diverse range of management objectives. The biochar literature is rapidly expanding and
many studies have shown the effects of various biochar treatments. We must continue this
research to examine the mechanisms controlling these effects which will allow us to better
inform management practices. Biochar’s impacts on soils are not universal and must be tailored
to suit the given management goals. As the research and applications continue to develop,
scientists, entrepreneurs and land managers will all play a critical role in determining the
opportunities for biochar in Colorado.Summary.




