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A number of substantial barriers to widespread com-
mercialization of biochar, and current opportunities, 
informed our group’s recommendations for invest-
ment. This chapter describes these key challenges and 
opportunities in more detail—the recommendations 
for investment are discussed in Chapter 3.

ENGINEERING
Although biochar knowledge is expanding rapidly, 
engineering challenges remain throughout the pro-
duction process. Much of the potential biomass for 
biochar production in the Pacific Northwest (PNW) 
is woody material from forested areas. Accordingly, 
the first challenge is to improve harvesting and 
handling of this material to allow biochar producers 
to access feedstock more efficiently, while furthering 
other land-management objectives. This includes 
moving away from the current practice of collecting 
biomass in slash piles and then burning it in the 
open. It also includes efficiently accessing the large 
quantity of “stranded biomass” that is currently left 
on the landscape, unavailable due to access issues 
or the expense of harvest and transport. A good 
start has been made on these challenges by the 
Northwest Advanced Renewables Alliance (NARA) 
and Waste to Wisdom projects [17] but much 
remains to be done.

Another major challenge is to design new biochar 
production systems that improve C efficiency, 
decrease net emissions of methane (CH4) and soot, 
and enhance economic performance over existing 
systems. In general, moderate- to large-scale (greater 

1 This equipment is being developed via Cooperative Research and Development Agreement (CRADA) between USDA-FS and Air Burners Inc. 
Development is based on U.S. patent 2018/0010043 A1.

than 30,000 tons per year [TPY] of feedstock) facil-
ities are more economical to operate [17] and often 
have the flexibility to alter production modes from 
full bioenergy to a mixture of bioenergy and biochar 
depending on market conditions. The large-scale 
technology is mature and due to high capital costs, 
most likely to be deployed in areas where a constant 
supply of inexpensive biomass can be obtained. The 
greatest challenge is found in designing small-scale 
(less than 20,000 TPY feedstock) biochar production 
systems that match the technical and economic 
performance of the large-scale systems. Demand for 
improved small-scale systems is high according to 
surveys of small-scale biochar producers [16].

Figure 2.1. This biochar production unit1 and loader are an example of 
moderate-scale biochar production. Here, biomass resulting from removal 
of invasive gorse is converted to biochar in Bandon, Oregon. Conversion to 
biochar inhibits the spread of the invasive plant. (Photo: U.S. Forest Service 
Region 6 State & Private Forestry)
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Figure 2.2. The USDA Forest Service National Technology Development Center developed a biochar spreader that can be used to apply biochar to log landings 
or skid trails, seen here working on the Lubrecht Experimental Forest in Montana. This equipment can work on slopes up to 35%. (Photo: USDA Forest Service)

Integration of biomass harvesting systems with biochar 
production systems, particularly those located in the 
field at forest landings, is a prime example where design 
can have a direct impact on economics [12, 17] (see 
sidebar in Chapter 3: “Designing Sustainable Biochar 
Systems” and Scenario 1 in Chapter 5). Because about 
half the harvested forest biomass is currently left at 
the landing due to transportation costs and market 
conditions [3, 4, 31], development of efficient small-
scale production systems that can operate economically 
at forest landings will substantially increase the total 
amounts of biomass converted to biochar (Figure 2.1).

A third major engineering challenge is to improve 
methods of applying biochar to soils. In part, this 
effort involves identifying appropriate physical 
forms of biochar (e.g., particle size, dry solid, 
aqueous slurry) for each application setting. A second 
consideration is whether biochar is applied directly 
or as part of a mixture with other amendments 
such as compost or fertilizer. Additional consider-
ations include determining the manner of biochar 
placement in soils (e.g., surface broadcast or banding, 
sub-surface injection). Coupling these considerations 
with the economic constraints associated with differ-
ent application settings (agricultural, horticultural, 

2 A product resulting from thermochemical conversion of biomass in some cases. Bio-oil shows promise for use as a biofuel thought it must be upgraded 
in order to be used directly as a transportation fuel. (https://www.sciencedirect.com/topics/engineering/bio-oil)

3 An abbreviation of “synthesis gas,” a gasification product, mostly from waste biomasses, consisting of a mixture of H2, CO, and CO2 that could be 
used as a potential intermediate in the conversion of biomass into fuel. (https://www.sciencedirect.com/topics/engineering/syngas)

viticultural, pasture, rangeland, and forest) leads to a 
wide range of potential engineering challenges and 
solutions. Potential technical solutions include for-
mulating solid and liquid forms of biochar that can 
be applied with existing systems such as air seeders, 
no-till and strip till equipment, and electrostatic 
sprayers. An example of this type of engineering is 
the biochar spreader technology developed by the 
U.S. Forest Service and Washington State University 
([29]; Figure 2.2) who mounted a modified road-sand 
spreader on a log forwarder to apply pelletized or 
bulk biochar to skid trails and log landings.

A final major engineering challenge is to develop new 
opportunities to manufacture multiple value-added 
products from gaseous, liquid, and solid outputs [20, 
35, 38]. In addition to development of novel products 
containing biochar, one key product that is rarely 
utilized outside of centralized facilities is the bioenergy 
embodied in bio-oil,2 syngas,3 and heat. In some biochar 
systems this heat is captured as electricity (e.g., boilers 
producing steam) or used to dry feedstocks, while in 
other systems, the heat is simply released because heat 
capture is not economical. In the PNW, this challenge is 
exacerbated by competition with inexpensive hydroelec-
tricity. The net climate impacts of biochar production 
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are more favorable when this energy is captured and 
used to offset fossil fuel energy. Further work is needed to 
optimize bioenergy capture and utilization at different 
scales of production, including capturing waste heat in 
smaller scale production systems.4

SCIENTIFIC
The scientific challenges for biochar technology can 
be grouped into three major categories. The first is the 
impact of biochar amendments on soil-plant systems. 
Understanding this aspect is key to determining the 
potential economic benefit to adoption of biochar by 
agricultural and silvicultural producers. The second 
category relates to the overall impact of biochar tech-
nology on the Earth’s climate system—from biomass 
harvesting through biochar production and ultimately 
biochar application. Because this nominally beneficial 
aspect is one that sets biochar apart from other uses of 
biomass, understanding the total impact is critical to 
justifying the development of carbon (C) markets that 
can provide the economic support needed for wide-
scale adoption. The final category involves the use of 
biochar in composting operations. Here, substantial 
variability in emissions and plant responses is found, 
and scientific studies to clarify where biochar can 
make a beneficial difference are needed.

Impacts on Soil-Plant Systems
One of the primary challenges that biochar 
technology faces is that of being able to predict 
quantitatively, and at a local level, how particular 

4   There are several initial efforts in this direction funded in recent 
years funded by the USFS Wood Innovation Grants program.

biochar amendments to soil affect the plants 
growing in that soil (Figure 2.3). Meeting this 
challenge will take the work of a decade or more, 
but a coordinated effort involving field trials with 
different biochars and soil-plant systems coupled 
with development of predictive models will likely 
provide the fastest route to this goal [5]. With robust 
models in place, best management practices can be 
developed for the myriad of potential settings where 
biochar can be used, thereby stimulating adoption 
of biochar as a mainstream technology. The bulk of 
research to date has been conducted in agricultural 
settings [11, 18, 19], but biochar application in 
horticultural, pastoral, range and forestry settings 
deserves further attention.

In agricultural systems, biochar sometimes, but not 
always, improves crop growth and yields [21]. Vari -
ability in results likely depends on the combination 
of biochar properties (source material and production 
conditions), soil type, and crop type. One challenge 

Figure 2.3. Biochar impacts on plants grown in biochar-amended soil can 
vary greatly and likely depend on the specific combination of soil, biochar, 
and plant type. (Photo: Karl Strahl)

Figure 2.4. Micropores in biochar vary based on feedstock type and pyrolysis temperature. Shown are electron microscopy images of biochar made from some 
typical feedstocks: Douglas fir wood, Douglas fir bark, and hybrid poplar. Reprinted from Biomass and Bioenergy, Vol 84, Suliman et al., Influence of feedstock 
source and pyrolysis temperature on biochar bulk and surface properties. Pages 37-48., Copyright 2016, with permission from Elsevier.
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to developing better mechanistic understanding of 
the interactions between biochar properties, soil 
type, and crop type is that some researchers report 
the study of biochar in a particular setting without 
discussion of the specific biochar properties that 
affect end-use suitability, such as chemical compo-
sition, porosity, pore-size distribution (Figure 2.4), 
and surface chemistry. Variability in these attributes 
results from differences in feedstocks, production 
parameters, and post-production treatments. 
Other challenges include the fact that physical and 
chemical properties of biochar in soils are not static, 
but instead change over time after application. 
Improved understanding of how these factors impact 
end uses in different climates and soil types could 
help lead to better identification of the situations in 
which biochar application will benefit agricultural 
and silvicultural crops. This knowledge, in turn, will 
facilitate broader acceptance and adoption of biochar 
by the agricultural community.

An essential component of mechanistic models for 
biochar-soil-plant systems would be the ability to 
quantify the influence of physiochemical properties 
of biochar on plant nutrient-use efficiency and 
nutrient leaching. Another essential component 
would be the ability to predict the size and half-lives 
of readily decomposed and highly stable biochar 
C pools, and the impact of biochar amendments 
on soil organic C stocks, cation exchange capacity, 
bulk density, porosity, redox potential, drainage, 
plant-available water, nutrient cycling, and micro-
bial activity. While some of these factors would be 
of particular interest to growers, others could inform 
specific policy efforts aimed at increasing C storage 
or improving nutrient management. 

Eventually, modeling should include responses to 
types of biochar that are currently less well studied, 
such as biochar resulting from fast pyrolysis5 of her-
baceous feedstocks, and processed biochar products 
(such as mineral-enhanced or other functionalized 
products6). Improved mechanistic understanding 
of how biochar impacts soils and plants could also 
inform ongoing efforts to produce specialized biochar 
types that are well-suited for specific end uses such as 
co-composting or mine land reclamation. Together 
with information on markets for specific biochar end 
uses, such information could inform development of 
production systems for specialized biochars. 

5 A form of pyrolysis characterized by the rapid heating of biomass (heating rates of over 300 °C per minute). See Chapter 11.

6 Functionalized biochar has been modified with chemical agents or additives (functionalizing agents) that improve its performance for a particular 
use. For example, iron oxide is added as a slurry during quenching to improve phosphorus removal, kaolin clay may be added to improve binding with 
herbicides. (Personal communication, Jim Dooley)

In addition to impacts on plant growth and yield, 
biochar can influence ecosystem services, and filling 
these knowledge gaps could help build a founda-
tion for policy efforts. Specifically, we need better 
understanding of how widespread adoption of biochar 
systems will impact the ecosystems in which harvest 
and application occur. In the case of forest biomass, 
sustainable biochar production must dovetail with 
land management goals to achieve sustainable harvest 
of forest biomass. Though application of biochar has 
the potential to improve the resilience of forest and 
agricultural ecosystems to climate change and other 
stressors, there is still a great deal to learn about the 
particular biochar-soil-crop (or forest) scenarios in 
which biochar is most impactful.

Impacts on Climate
It is important to gain a more complete understanding 
of the biophysical processes affecting greenhouse gas 
(GHG) emissions of biochar systems in various pro-
duction and application scenarios. This information 
will lay the groundwork enabling biochar applicators 
to access C markets. An improved understanding will 
also inform policies aimed at encouraging biochar 
production and use. 

In the 2007 IPCC 4th Assessment Report, approxi-
mately 90% of the total technical GHG mitigation 
potential in agriculture is attributed to C sequestration 
[41] yet observed C sequestration rates from particular 
management practices have varied greatly primarily 
due to differences in soil type, topography, biomass 
material, climate, and management practices 
[30]. Given this, it would be reasonable to expect 
significant variation in the C sequestration resulting 
from different biochar applications to diverse 
cropping systems. We need better understanding of 
the long-term effects of different biochar types on 
changes in soil organic C stocks and GHG emissions 
across different climates, soil types and management 
systems. This also includes an understanding of the 
biochar-microbial interactions that lead to changes 
in the rates at which biochar C is returned to the 
atmosphere, and the effect of these changes on soil 
organic C stocks (the “priming effect”). While many, 
predominantly short-term studies have been carried 
out over the past decade or two, there is a need for 
more long-term research.
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Figure 2.5. Integrating biochar production with commercial compost facilities, like the one pictured, offers promise. Compost facilities have a ready source of woody 
materials (compost overs) and co-composting with biochar can produce a high-value soil amendment. (Photo: Doug Collins)

A full understanding of the climate benefits resulting 
from production and application of a particular 
biochar—necessary prior to the development of 
policy incentives—results not only from the climate 
impacts once applied to soils, but also from the 
GHGs emitted (or avoided) during production. 
Thus, rigorous measurements of GHG emissions 
are needed for biomass harvesting and transporta-
tion, for biochar production, transportation, and 
application, and for the soil system to which biochar 
is ultimately applied. These emissions then need to 
be compared with those emissions associated with 
the other potential fates of the biomass to determine 
the net climate benefit for a given production and 
application scenario.

Impacts on Composting Operations
Industrial composting operations have a ready supply 
of woody material (compost overs) that are widely con-
sidered a waste byproduct, and which could potentially 
be used as a biochar feedstock (Figure 2.5). Further, 
there are indications that biochar, when introduced at 
the beginning of the composting process, can reduce 
emissions of volatile organic compounds7 (VOCs), 
ammonia, and sulfur compounds during composting 
[14]. The impact on GHG emissions varies substantially 
with most evidence pointing to a decrease in GHG 
emissions during composting of manures [22, 51]. 

7 Some of the VOCs produced during composting are problematic. Sulfur-containing VOCs are the sources of unpleasant odors that can be associated 
with compost. Other chemically reactive VOCs affect the formation of ozone and particulate matter, while others are listed as air toxics by the EPA, 
and directly impact human health.

A key benefit of co-composted biochar is that the 
final product seems, in some cases, to be a better soil 
amendment than either compost or biochar alone as 
demonstrated through evaluation of crop growth and 
yields in potted-plant experiments and field trials [1, 
14, 33, 34, 42, 46]. However, as with un-composted 
biochar, results vary. 

For all these reasons, integration of biochar with com-
posting operations seems promising. However, several 
questions specific to biochar’s use in these operations 
remain including the characteristics and functional 
properties of biochar that alter compost emissions, 
how the compost process impacts biochar properties, 
and the biophysical processes by which co-composted 
biochars can benefit plants when applied to soils. 

ECONOMIC
Economic viability remains a significant challenge 
for biochar systems [9, 25, 38, 40, 47]. Critical factors 
affecting economic viability include: 1) costs associ-
ated with feedstock acquisition, capital, operations, 
and transportation of feedstocks and products, and 
2) the income streams associated with energy and 
biochar products, climate offsets, and renewable 
energy subsidies. Currently, conversion of biomass to 
bioenergy is more profitable and this situation even 
extends to the relative economics of fast-pyrolysis 

Chapter 2: Key Challenges and Opportunities  | 29



systems, which generate more bioenergy and less 
biochar than slow-pyrolysis systems [7]. The situation 
is reversed, however, when the biochar and bioenergy 
systems are compared based on their potential to mit-
igate climate change [50]. In their analysis, Shackley 
et al. [38] concluded that the economic disadvantage 
of biochar systems relative to bioenergy systems will 
remain until government policies that appropriately 
value and monetize the generally higher climate 
benefits of biochar are successfully implemented. 

The key issues affecting economic viability can be broadly 
categorized as being related to either further reducing the 
cost of production or enhancing market value.

Cost of Production
Feedstock costs (which, in the case of forest biomass, 
are associated primarily with biomass harvest and 
transport, but also include on-site storage) are of critical 
importance for economic viability [38]. High feedstock 
procurement costs will critically decrease the feasibility 
of biochar production operations. Specific thresholds 
for feedstock costs vary depending on the specifics of a 
biochar production system, but several studies suggest 
a range of about $70 to $90 per tonne ($63 to $82 per 
ton) for agricultural and forestry residues in the absence 
of subsidies [7, 13, 37, 38]. As a proportion of overall 
biochar production expenses, feedstock costs range from 
about 40% to 75% depending on the scale of production 
[38]. There is a need to optimize operational logistics to 
bring down feedstock costs where possible.

Labor, logistics, and capital make biochar production 
costly at scales up to about 100,000 BD tons per year 
of feedstock. Thermal equipment and emissions 
control are expensive ($1 million or more per dry 
ton per hour fuel input) [26]. Availability of low-cost 
biochar production technologies in the 30,000 to 
100,000 BD ton per year range is still lacking and 
operational costs associated with these systems are 
prohibitive, making it difficult to increase biochar 
production at or near the forest. In general, the 
smaller the scale of production, the more labor 
intensive it is. With the current relative costs of labor 
and capital in the U.S. the smaller scales are, almost by 
definition, more costly per unit output. As production 
scale increases, the corresponding increase in output is 
achieved by automation with a concomitant increase 
in productivity per worker. 

An idea of the impact of production scale on economics 
of biochar-generated C offsets (i.e., dollars per tonne 
carbon dioxide equivalents [CO2e]) is given in Figure 2.6. 
At the largest production scale typical of a centralized 

facility, cost is about $100 per tonne ($91 per ton) CO2e. 
As the scale of production decreases, the cost increases to 
a general range of about $150 to $225 per tonne ($136 
to $204 per ton) CO2e at the smaller scales (with one 500 
tonnes [551 tons] biomass per year system yielding $365 
per tonne [$331 per ton] CO2e). Missing from this analysis 
are economic data for the smallest production scale 
(less than 500 tonnes biomass per year), which involves 
labor-intensive manual operations, short transportation 
distances (typically on-site forest thinning or farm 
operations) and small, inexpensive, low-tech units (flame-
cap kilns). Production at this scale would likely tackle the 
biomass that is not readily accessible by the mechanized 
operations which characterize the larger-scale operations. 
Also missing from the analysis are biochar systems that 
monetize energy released as heat during production (com-
bined heat and biochar or CHAB). These are systems used 
to power small buildings, schools, or light industry and 
would be expected to have better economic performance 
than the low-tech kilns. 

 
Figure 2.6. Changes in the cost of biochar-generated offsets ($ per tonne 
CO2e) with the scale of production (BD tonnes biomass converted per year). 
Economic data for biochar production selected from Shackley et al. ([38], 
Table 29.3) were combined with the following assumed data: Feedstock 
cost $70 per BD tonne; Biochar yield 0.33 tonnes per BD tonne feedstock; 
Feedstock C content 50%, Biochar C content 80%, Biochar offset, 4.04 tonnes 
CO2e per BD tonne biochar C. Biochar offset is based on recent data for 
Washington State by Amonette [4].

As with other emerging industries, commercialization of 
biochar businesses presents significant risk to entrepre-
neurs, limiting the pace of commercialization. The type 
of large-scale research and development projects that 
helped commercialize biomass to jet fuel or mass-timber 
construction have not yet occurred in the biochar space. 
Instead, existing biomass conversion systems developed 
for other purposes are modified for use as biochar 
production systems and may not yield optimal results 
with respect to maximizing economic or C-offset value.
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Similarly, technical assistance programs to support 
entrepreneurs are also relatively lacking across all 
scales of biochar development. Though strong 
technical expertise exists, it is not widely available 
through targeted technical assistance programs in the 
nascent biochar industry. In part, this is a matter of 
lack of sufficient funding, both to connect individual 
entrepreneurs with the technical experts and to 
nurture the development of new concepts. 

At each of the three scales considered in this report—
hand fed kilns and pyrolyzers, moderate-scale on-site 
pyrolyzers and gasifiers, and central facility gasifiers 
and boilers—technoeconomic analyses can provide 
critical insights. These types of analyses can assist with 
determining locations best suited for biochar produc-
tion facilities, and in better understanding tradeoffs in 
operation of facilities to produce more or less biochar 
compared to energy and other co-products.

Because the industry is still emerging, developers of 
centralized facilities are challenged to convince investors 
that markets are sufficient to support the investment in 
new large facilities. While helpful, current markets and 
environmental credits (e.g., C credits, subsidies) do not 
generate sufficient cash flow to fully offset the financial 
risk for these centralized facilities.

Market Value
Because the cost of transportation is high relative to 
product value, biochar markets are currently regional. 
Thus, access to biochar product markets within a 
reasonable distance (i.e., less than 100 miles) is 
important for a successful business operation 
(Figure 2.7). Nevertheless, as demonstrated by the 
development of international markets for use of 
white-wood pellets and torrefied-wood8 fuel in 
renewable-electricity generation, policy incentives 
that increase market value could substantially enlarge 
the geographical reach of the biochar industry.

Agriculture is an important potential market 
for biochar due to the quantities that could be 
absorbed. Because of the current regional footprint 
of the biochar industry, building the agricultural 
market requires developing solutions to local 
agronomic problems using locally available biochar 
resources. Once solutions are developed, the chal-
lenge becomes one of encouraging their adoption. 
This is because most agricultural producers who 
grow commodity crops on slim margins are slow 

8 Torrefied wood is produced by torrefaction, a thermal pretreatment process to pretreat biomass in the temperature range of 200–300 °C under an inert 
atmosphere. (https://www.sciencedirect.com/topics/chemistry/torrefaction)

to adopt new practices, needing several years of 
demonstration on large field plots before making 
a change. For these producers, development of a 
partial budget analysis approach for key cropping 
systems (e.g., wheat) in the Western region, similar 
to that developed by the Soil Health Institute for 
the Midwest region where corn and soybeans are 
the dominant crop [39], may help speed adoption. 
Specialty and niche producers who practice organic 
and regenerative practices or grow high-value crops 
such as vegetables, orchard fruits, grapes, berries, 
and cannabis have been more willing to try biochar. 
Further information is needed to identify other 
situations in which producers and other end users 
are willing to pay for biochar when it helps solve 
specific problems. Despite this optimism, a number 
of economic analyses have indicated that without 
policy incentives, biochar application is unlikely to 
occur within low-margin commodity crops that are 
grown on many more acres [15, 36].

Another potential market for biochar involves 
environmental remediation. In addition to research 
demonstrating promising applications, market devel-
opment in this area requires more landscape architects 
and engineers to write specifications and best man-
agement practices for the use of biochar to encourage 
the inclusion of biochar in bid specifications and the 
purchase of biochar by the contractors awarded the 
work. This is a lengthy process, that typical takes three 
to five years from the writing of project specifications 
to the performance of the work.

Embryonic markets [27, 44] include use of biochar 
as a livestock feed supplement [24, 49], as a filler in 
composites [23, 32], and as a substitute for asphalt in 

Figure 2.7. Biochar in supersacks ready for transport to regional markets. 
(Photo: Karl Strahl)
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road building [45] and for aggregate in concrete [2, 
10]. These applications will face regulatory hurdles 
that are best overcome by research, development, and 
performance testing of candidate products. 

Consistency of quality from a single producer is vitally 
important to meeting customer expectations and sup-
porting viable biochar pricing [16, 48]. A U.S. survey of 
61 biochar producers and 58 biochar users conducted 
in 2018 found that both producers and users “see the 
need for more attention to be paid to the characteristics 
and quality of the end product.” [16]

Substantial progress has been made to develop widely 
accepted product quality standards but further work 
is needed to align diverse systems [16]. International 
Biochar Initiative (IBI) Standard 2.2 categorizes bio-
chars by C content in three classes of biochars >10%, 
>30%, and >60% C. A system of classifying biochars 
for use in soil and on-line tools for general use are also 
available [8]. However, in the U.S., the Association 
of American Plant Food Control Officials (AAPFCO) 
requires a 60% minimum C content for a product 
to be labeled as biochar. This may cause problems as 
several moderate-scale production methods produce 
biochar with a C content less than 60%. Meanwhile, 
the USDA defines biochar used as a soil amendment 
as having a threshold of 25% C. The American Society 
of Agricultural and Biological Engineers is another 
organization that might support the development 
of standards that align with those available from the 
International Organization for Standardization (ISO). 
Engagement with the ISO Technical Committee having 
responsibility for solid biofuels (ISO TC 238) is needed 
to help with the unique aspects of biochar technology.

Finally, the benefits of biochar are still not widely 
recognized by many potential soil-amendment 
customers (e.g., public agencies, parks, golf courses, 
commercial gardens, organic farmers, and sustain-
able agricultural producers). Once informed of the 
benefits, these potential biochar customers will need 
information on product availability, appropriate 
packaging (supersacks and bulk), and fair pricing. The 
2018 survey of U.S. biochar producers and users [16] 
pointed to the importance of customer and public 
education on biochar as well as the need to scientif-
ically validate claims made regarding the benefits 

9 The EPA is responsible for air emissions permitting on tribal land for tribes that have not developed federally recognized permitting programs. 
To date, although some tribes have local environmental requirements, few tribes have approved permitting programs.

10 Criteria air pollutants are air pollutants for which the EPA has established National Ambient Air Quality Standards (NAAQS), including particulate 
matter (PM), photochemical oxidants (including ozone, O3), nitrogen oxides (NOx), carbon monoxide (CO), sulfur oxides, and lead (Pb). Volatile 
organic compounds (VOC), C-containing compounds involved in O3 formation, are also regulated as criteria air pollutants.

11 Toxic air pollutants, also called hazardous air pollutants, are those pollutants that cause or may cause cancer, reproductive effects, birth defects or 
other serious health effects, or adverse environmental and ecological effects.

of biochar. Publication of well-executed techno- 
economic and life cycle assessments that quantify the 
potentials for cost reduction and C sequestration that 
would accrue from greater demand for biochar would 
help with this effort. 

Regulatory
Both stationary and mobile biochar production 
facilities need to comply with all applicable 
regulatory requirements, and sites may require air 
permits, stormwater permits, waste discharge permits, 
solid waste permits, conditional use permits, and 
other environmental review. The specific regulatory 
requirements will depend  on the size and location of 
the facility, technology operational characteristics, 
feedstock composition, origin, and designation, site 
land use zoning, regulating jurisdiction, and nearby 
environmental conditions. 

While an in-depth analysis of all permitting issues was 
beyond the scope of the workshop, the cost and com-
plexity of air emissions permitting can be an important 
barrier to more widespread adoption of biochar 
production. States and tribal agencies have primacy for 
implementing the U.S. Clean Air Act, which provides 
a federal basis for air quality permitting.9 In some 
states, local air agencies have been established over 
smaller areas. Different tribal, state, and local agencies 
have different approaches to permitting biochar units, 
arising from the multiple and emerging technologies, 
variation in air quality issues, differences in state 
regulations, and other factors.

Despite this variability, a few general observations are 
possible. First, permitting processes depend on knowl-
edge about emissions of criteria air pollutants10 and 
toxic air pollutants11, and this process is hampered by 
a lack of data for many biochar production technol-
ogies. The fact that emissions can be quite variable, 
depending on feedstock type, moisture content, and 
equipment parameters, also adds complexity.

Second, those who are exploring the use of biochar 
production units to replace open burns in forestry 
(Figure 2.8) and agriculture will generally find that 
despite the air quality benefit that biochar provides 
(e.g. [28]), the applicable regulatory process is substans-
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tially more complex, costly, and time consuming than 
the permitting process for open burns. For example, 
in Washington State, the Department of Natural 
Resources provides regulatory oversight for pile or 
understory burning in forestry contexts. The primary 
aim of this oversight is to avoid violating the NAAQS12. 
In practice, the amount of burning allowed is based 
on the weather forecast and the distance upwind from 
communities, with a focus on keeping smoke and 
small-diameter particulate matter (PM2.5) away from 
communities, and not worsening haze in areas that 
are protected by the Class I Regional Haze Rule. In 
contrast, those seeking to operate biochar production 
systems will generally need to obtain an air emissions 
permit from the appropriate state, local, or tribal 
authority, and the process is likely to require address-
ing both toxic air pollutants and criteria pollutants.

Figure 2.8. This slash pile burn was part of a study to examine the heat 
pulse of burning piles into soils of different moisture contents (spring and fall 
burning) and textures (silt loam to gravelly sandy loam). This photo was taken 
on the Lubrecht Experimental Forest in Montana. (Photo: USDA Forest Service)

Third, portable or temporary biochar production 
systems represent a particularly difficult issue for 
most local air quality agencies. Mobile units are 
also often smaller-scale operations, for whom the 
permitting costs can be prohibitively complex, time 
consuming, and expensive. And in situations where 
mobile facilities are used primarily to produce biochar 
from residues in place of open burns, permitting can 
serve as an obstacle to improvements in air quality, 
counter to its original intent. However, although there 

12 National Ambient Air Quality Standards

are some allowances for certain limited temporary 
operations, the existing regulatory structure tends 
to require that these units have permits. There are 
also concerns relating to the ability to know how 
often they will move, what areas they will operate 
in, and how regulators will be able to access them for 
inspections. Obtaining land use approval at multiple 
locations may also be a challenge. Addressing these 
issues may require long-term policy work to develop 
regulatory structures that are appropriate to their 
scale and use, while also protecting air quality for the 
communities near their operation.

Financial
Financial investors in energy markets and C-trading 
markets have not been widely educated about the 
potential of the market from biochar. Painting a clear 
picture of the potential size of this market, creating 
some advocates within government agencies and 
trade associations, and engaging the advocates with 
large-scale financial investors will be key for successful 
growth of the biochar industry. 

Progress in this area will be path specific. To date, only 
one life cycle assessment for C credit generation has 
been developed or approved for any biochar system 
in California. Potentially each production facility, 
feedstock supply, and biochar use could require 
registration, though with costs for initial registration 
estimated at $100K per path, this could be prohibitive 
for all but the largest facilities. Thus, focusing on 
large-volume pathways makes strong initial sense. 
There could also be a very strong role for trade 
associations (e.g., U.S. Biochar Initiative, USBI) rather 
than individual companies or individual projects to 
get the initial registrations. With the experience and 
education gained from these large-volume pathway 
registrations, the expectation is that, over time, 
registration costs will decrease and smaller-volume 
pathways will become easier to register. Enlisting 
well-respected third parties and scientists whose 
work has informed other pathways used in Argonne 
National Laboratory’s GREET® life cycle assessment 
model [6] may be of substantial help in identifying the 
best pathways and ensuring the foundations on which 
they are built are sound.

Additional opportunities (and uncertainties) are 
associated with the potential impact of biochar on 
crop insurance and farmer loans, with enormous 
implications for farmers. If biochar can be shown 
to consistently reduce production risks, one could 
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imagine that those producers using biochar could 
have discounted crop insurance rates, which could 
spur adoption. On the other hand, one can envision 
that by lowering production risks, biochar could 
also make these same producers ineligible for other 
crop protection programs, thus hindering adoption. 
Another uncertainty relates to the conditions 
under which banks will lend to producers who use 
biochar. As with crop insurance, depending on their 
assessment of the potential risks, banks could charge 
different rates (higher or lower) for producers who use 
biochar. Field research demonstrating the benefits of 
biochar use, coupled with education of lenders and 
growers, could lead to lower lending rates thereby 
facilitating adoption.

PUBLIC ENGAGEMENT  
AND SUPPORT
Public engagement and support is critical to advance 
the biochar industry. One form of engagement is by 
those directly involved in biochar systems, including 
public and private land managers, contractors, 
potential end users, and technical service providers. 
These individuals form a potential group who could 
work towards supportive biochar policy and could 
also benefit from improved support. Currently 
there is a perceived lack of a central clearinghouse 
for biochar-related information for those directly 
involved in biochar systems. Scant specifications 
or guidance on biomass harvest or handling exist, 
including workforce training programs or safety 
protocols for biochar practitioners. Likewise, there are 
no well-developed biochar outreach and education 
networks. Forestry contractors have no access to 
business-planning templates and cost-estimation 
tools for including biochar in their offerings. 

Another important group to engage is the general 
public. Unlike processes such as composting, biochar 
and its production are not well known or understood. 
Education of the general public thus provides an 
important opportunity for individual consumer use 
at the homeowner level. An informed public could 
also provide an important voice that could advocate 
with policy makers and regulators to make the needed 
changes for development of biochar systems. 
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