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1. Executive Summary 
 
The primary purpose of this project was to see if we could combine two farm waste 
streams: woody debris and animal manure, in order to make valuable composts and organic 
fertilizers for use on the farm. We worked with eight farms and a large crew of volunteers 
and advisors to carry out multiple projects and experiments, making and using biochar, 
over the two and half year grant period. The project was developed and implemented by the 
Umpqua Biochar Education Team. UBET is a learning and sharing network of dedicated 
volunteers.  
 
Abundant debris is available from forested land and woodlots on farms and ranches in our 
region. Customarily, the debris is burned to ashes in the open air, reducing the fuel load 
danger, but producing considerable smoke pollution. A more valuable and environmentally 
favorable alternative is to use woody debris to produce biochar as an additive to improve 
soils in farms, gardens, pastures and forests. We designed and manufactured biochar kilns 
for this purpose, with the help of Umpqua Community College and others. Over the course 
of the project we made more than 70 cubic yards of biochar on farms and in the forest.   
 
We recorded production parameters for many of our biochar burn sessions. Our results 
indicate an average labor input of 4.4 person hours per cubic yard of biochar produced. 
Most farmers can produce a cubic yard of biochar for about $100. Better processes for 
sorting, drying and covering feedstock may greatly improve the process efficiency. Dry 
feedstock is especially important to the efficiency of the process both on a material input 
basis and on a labor time basis. 
 
Not only did we develop a cleaner method for disposing of waste woody debris, we also 
used the resulting biochar to help control nutrient loss through better manure 
management.   Because we had a variety of producers using different systems for 
composting and manure management, we experimented with many different processes. We 
found that the most efficient process is to use biochar directly in the barn where it can 
capture nitrogen from urine and manure as it is generated.  In one cattle barn, we found that 
adding biochar in the barn increased the nitrogen content of the manure compost from 
.82% to 1.27%. We also found that biochar could almost completely eliminate ammonia 
odors in a goat barn.  
 
We further tested some of the compost products in a variety of pot trials and field trials. 
While some of these experiments have shown conclusively that biochar compost produces 
plant growth improvements, many of our results are still preliminary, and we identified 
areas where more work needs to be done.  
 
We have also successfully shared our work through an ambitious program of workshops, 
presentations, and on-farm demonstrations. We created a website for sharing pictures, 
stories and results. Other sharing projects include a tool library and contributions to the 
Pacific Northwest Biochar Atlas.  
 
We surveyed our entire set of practices and collected the ones that we felt most confident 
about sharing into a set of Practice Guidelines, included in the Appendix. We hope that these 
documents will benefit others as they investigate biochar for their own uses.  
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2. Introduction 
 
This report is the final deliverable for the NRCS CIG project titled: On-farm production and 
use of biochar for composting with manure .  
 
In Douglas, Josephine and Jackson Counties, we worked with farmers to develop simple 
methods for using woody debris to make biochar, and compost it with animal manure. The 
goal of the project was to help farmers transform two problem waste streams, woody debris 
and animal manure, into high quality compost that will improve farm soils.  
 
This is a new way to approach these waste materials and turn them into beneficial 
resources. The methods we developed for converting woody waste to biochar may require 
slightly more time to execute than simple open burning disposal, but we hoped to 
demonstrate that the return on investment of time is positive for the farmer, as measured 
by better results in manure management tasks, reduced odor and flies in animal enclosures, 
and better quality compost.  
 
Ultimately, the application of high quality biochar compost will help improve farm soils and 
improve pasture and crop production. We also experimented with using biochar directly in 
barns for odor control and manure management.  
 
We involved a large pool of volunteers to design kilns and systems for making, post-treating 
and composting biochar. We conducted pot trials and field trials using the resulting biochar 
composts, and we documented our work and shared it through on-farm workshops, public 
events, guideline documents and a website blog. Below is a summary list of our 
accomplishments: 
 
¶ Educated the public about the potential for mitigating climate change by using biochar 

production as a drawdown vector for removing carbon from the atmosphere by 
converting biomass to recalcitrant charcoal for soil. 

¶ Provided open source biochar kiln designs to instructors and students at Umpqua 
Community College. Students were presented with challenging projects valuable for 
learning welding, drawing and design skills. 

¶ Demonstrated biochar production using inexpensive, clean, nearly smoke-free pyrolysis 
processes as a much cleaner alternative to smoky burn piles currently used to dispose of 
waste wood and brush.  

¶ Helped reduce forest fuel loads for better fire protection. 
¶ Demonstrated the use of biochar to better manage odors, flies and leachate from 

livestock barns, enclosures and feeding areas.  
¶ Improved composting processes and compost quality, with cascading benefits as 

biochar and biochar-enhanced compost were used to enrich soils. 
¶ Taught farmers and volunteers simple tests for monitoring compost processes and 

quality. 
¶ Conducted workshops for landowners and invited guests to teach techniques for 

making biochar and using it  in compost.  
¶ Conducted pot trials and field trials on biochar compost amendments. 
¶ Produced an economic analysis of biochar production and use on each farm to help 

producers make decisions about appropriate biochar use.  
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¶ Produced practice guideline documents on how to make biochar using simple, clean 
techniques and how to utilize, monitor and assess the value of biochar in manure 
management, composting, and soil improvement.  
 

This Conservation Innovation Grant was extensive in both geographic scale and in the 
number of people and resources involved. We interacted with about a dozen farms, 
choosing eight for full participation in the grant. We worked with dozens of volunteers and 
students, involved several researchers from USDA-ARS, and received help from biochar 
experts. Likewise, our activities were similarly varied and extensive. We designed and 
fabricated kilns, produced biochar in the field, cleaned barns, built compost piles, 
implemented pot trials and field trials, and shared our work. Below is a list of people, 
resources and activities that were part of this project:   

 
¶ People 

o Volunteers  
o Farmers 
o UCC Students & 

Teachers 
o OSU Researchers 
o Biochar Experts 

¶ Farms 
o Animals 
o Compost 
o Woody waste 
o Pasture 

¶ Technology 
o Kiln design 
o Kiln logistics 

 

¶ Science 
o Pot trials 
o Compost experiments 
o Field trials ς four farms 

¶ Economics 
o Tracking labor & 

machinery inputs 
o Quantifying benefits 

¶ Extension 
o Workshops 
o Expos 
o Practice Guidelines 

 

 
 

This report includes a discussion of the methods we used and the results we achieved. It 
also includes two sets of documents intended for further dissemination: case studies of each 
farm describing methods and results in detail; and a set of practice guidelines that give 
instructions for making, understanding, and using biochar. These documents are found in 
the Appendix. 
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3. Background: Why Make and Use Biochar? 

3.1. The Problem 
 
Forest and livestock operations can have both adverse and beneficial impacts on soil 
quality, air quality, water quality, soil health, animal health, and human health. Forest fuel 
load reduction, forest health treatments and logging operations produce abundant debris 
on forestlands in Josephine, Jackson and Douglas counties. Additional woody material is 
generated from the removal of woody weeds that are invading pastureland. Customarily, 
the debris is burned to ashes in the open air, producing considerable smoke pollution, but 
reducing the fuel load danger.  
 
A more valuable and environmentally favorable alternative to incineration is to use woody 
debris to produce biochar as an additive to enrich farm soils, manage odors of manure and 
improve composting operations and compost quality. Biochar is increasingly recognized as 
a tool in managing livestock operations. For example, studies have shown that biochar can 
be used to minimize fly populations and reduce odors and leachate from accumulations of 
manure. Biochar blended with manure compost helps control odors, adsorb nutrients, and 
ȰÃÈÁÒÇÅȱ ÏÔÈÅÒ×ÉÓÅ ÓÔÅÒÉÌÅ ÃÈÁÒÃÏÁÌ ÂÅÆÏÒÅ ÉÔ ÉÓ ÁÐÐÌÉÅÄ ÔÏ ÆÁÒÍÌÁÎÄȢ 
  
Similar to activated carbon, biochar helps soils hold moisture into dry seasons, retain 
nutrients through wet winters, build soil structure, and support soil biota. Biochar can also 
absorb odors, adsorb some heavy metals and other toxics, and filter water. Abundant 
research literature shows that biochar is a valuable tool for manure management in barns 
and compost piles. It speeds the compost process, reduces odors and produces higher 
quality compost with a higher content of humic substances, and it produces beneficial 
results in plant growth tests. 
 
Where possible, biochar may be produced commercially in large-scale, controllable, 
centralized facilities where the energy generated can be utilized. However, much of the 
ÂÉÏÍÁÓÓ ÆÏÕÎÄ ÏÎ ÆÁÒÍÓ ÁÎÄ ÒÁÎÃÈÅÓ ÉÎ /ÒÅÇÏÎ ÃÁÎ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ ȰÓÔÒÁÎÄÅÄȱ ÂÉÏÍÁÓÓȠ ÉÔ 
is not economical to chip and transport these small amounts of material from remote 
landscapes to a central industrial facility.  While it is possible to fabricate small-scale units 
that can make biochar and use the energy on farms and ranches, the capital costs for 
acquiring them are high, and the supply of biomass available on a farm or the need for heat 
energy may not justify the installation of such equipment. This CIG project demonstrates 
ways to make biochar with small-scale, simple units on farms and ranches that include 
forests and livestock operations whose management would benefit from the application of 
biochar to manage manure, control odors, and treat run-off water. 
 
The market for traditional uses of forest biomass (co-generation of heat and electricity) has 
been stagnant due to the low price of renewable energy. This lack of demand for biomass 
generated electricity places additional urgency on commercializing other products, such as 
biochar. Biochar presents an emerging market opportunity that, if successfully adopted, 
could provide additional outlets for woody biomass from forest and agricultural operations. 
Successful adoption of farm-scale biochar production would provide several important 
benefits including increased value to private landowners and increase revenue generation 
in distressed rural communities. Additionally, farm-scale adoption of biochar represents a 
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carbon ÎÅÕÔÒÁÌ ÓÏÕÒÃÅ ÏÆ ÒÅÎÅ×ÁÂÌÅ ÍÁÔÅÒÉÁÌÓ ÁÎÄ ÒÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙȠ ÈÅÌÐÉÎÇ ÔÈÅ ÒÅÇÉÏÎȭÓ 
forests and rural communities contribute to a low-carbon economy. 
 

3.2. What is Biochar? 
Biochar is a modern technology that is based on a range of traditional agricultural practices 
that return carbon to soil in the form of long-lasting charcoal. Charcoal performs many 
important functions in soil, enhancing water holding capacity, retaining nutrients, 
improving soil tilth , and increasing soil humus content, resulting in increased plant growth 
and vigor. Some of the most fertile soils in the world, including the midwestern Mollisols, 
contain large amounts (up to 50% of the total soil carbon) of charcoal from past grassland 
fires. 
 
Biochar is produced by baking biomass without the oxygen that would cause it to burn 
completely to ash. Baking wood and other plant materials releases a flammable gas that 
yields energy. That is the basic biochar-making process, but the end product is not a single, 
well-defined substance. Depending on the feedstock and processing conditions (time and 
temperature), different biochars can have very different properties. The International 
Biochar Initiative, an organization formed by leading biochar scientists, has issued Biochar 
Standards for reporting characteristics of biochar, and guidelines for selecting biochar 
materials for specific uses. See the IBI Biochar Classification tool at: http://www.biochar -
international.org/cla ssification_tool.  
 
Fused carbon rings form the microstructure of biochar; while at coarser scales a highly 
porous carbon matrix structure emerges that has robust ion-exchange properties. This 
structure supports soil fungal and bacterial life while holding water and nutrients. Plant 
roots are attracted to biochar, and with proper nutrient support, plants of all kinds seem to 
thrive in biochar.  Because it is not easily degraded by chemical or microbial action, biochar 
holds great promise for restoring a source of long-lasting carbon in depleted agricultural 
soils, while at the same time, it provides a method for drawing down carbon from the 
atmosphere.  
 

3.3. How Can Biochar Boost Soil Carbon? 
Soil carbon comes in many forms.  There are two main pools of carbon: organic and 
inorganic.  Organic forms can be further divided into "recalcitrant" or resistant to decay, like 
humus, and "labile," where the carbon is in easily degraded compounds such as oils, sugars 
and alcohols which are available food sources for microbes. The organic carbon pool also 
includes both the living and the dead decomposing bodies of bacteria, fungi, insects, worms 
and all other organic material found in soil such as plant debris and manure.  Inorganic 
carbon consists of carbonate ions, which are typically found as salts like calcium carbonate 
and dolomite minerals, mostly in the form of rocks and sand.  
 
Soil building is the product of a self-reinforcing, positive feedback loop. But soil decline is 
also a self-reinforcing loop that can result in catastrophic soil loss if it is unchecked. 
Agriculture tends to deplete soil carbon by reducing the amount of natural organic inputs 
found in native ecosystems.  However, modern, chemically-based agriculture depletes soil 
carbon drastically. Nitrogen fertilizers combined with tillage accelerate microbial 
respiration, burning up soil carbon faster than it is replaced. Due to the loss of organic 
carbon reservoirs, many soils have become nearly lifeless substrates that must be 

http://www.biochar-international.org/classification_tool
http://www.biochar-international.org/classification_tool
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continually fed with irrig ation water, mineral nutrients and pesticides to produce a crop. 
Although productive in the short term, this practice is not sustainable. Soil scientist Rattan 
,ÁÌ ÅÓÔÉÍÁÔÅÄ ÉÎ ςπρπ ÔÈÁÔ Ȱ-ÏÓÔ ÁÇÒÉÃÕÌÔÕÒÁÌ ÓÏÉÌÓ ÈÁÖÅ ÌÏÓÔ ςυϷ ÔÏ χυϷ ÏÆ ÔÈÅÉÒ ÏÒÉÇÉÎÁÌ 
soil ÏÒÇÁÎÉÃ ÃÁÒÂÏÎ ɉ3/#Ɋ ÐÏÏÌȢȱ   
 
Is it possible that biochar can substitute for some of this missing soil carbon? Some of the 
ÍÏÓÔ ÐÒÏÄÕÃÔÉÖÅ ÁÎÄ ÒÅÓÉÌÉÅÎÔ ÓÏÉÌÓ ÉÎ ÔÈÅ ×ÏÒÌÄ ÃÏÎÔÁÉÎ ÓÉÇÎÉÆÉÃÁÎÔ ÑÕÁÎÔÉÔÉÅÓ ÏÆ ȰÎÁÔÕÒÁÌȱ 
biochar. Nature makes megatons of biochar in the process of naturally occurring wildfires in 
forests.  Prairie fires can also generate a lot of biochar.  Tall grasses burn quick and hot, 
however, close to the ground where the roots start, air is excluded so the base of the grasses 
will pyrolyze  and not burn. This kind of natural charcoal is present in some of the most 
valuable agricultural soils in the world: the carbon-rich Chernozems of the Russian steppe 
and the Mollisols of the US Midwestern prairie states. Recently, scientists (Mao et al. 2012) 
have looked more closely at the Mollisols, and found that they contain charcoal that is 
ȰÓÔÒÕÃÔÕÒÁÌÌÙ ÃÏÍÐÁÒÁÂÌÅ ÔÏ ÃÈÁÒ ÉÎ ÔÈÅ 4ÅÒÒÁ 0ÒÅÔÁ ÓÏÉÌÓ ÁÎÄ ÍÕÃÈ ÍÏÒÅ ÁÂÕÎÄÁÎÔ ÔÈÁÎ 
previously thought (40ɀυπϷ ÏÆ ÏÒÇÁÎÉÃ #ɊȢȱ  
 
Traditionally, farmers had various methods of adding charcoal to soil through field burning 
methods and scattering of wood ashes that had a high content of char. Today, a modern 
biochar industry is forming that proposes to generate a charcoal residue useful for 
agriculture as a co-product from various bioenergy technologies. Biochar is also generated 
in fields and forests from crop waste and forest slash where it can be used on site with 
minimal processing. 
 

3.4. Multiple Benefits of Biochar Systems 
The multiple benefits of biochar can be divided into 
four, interrelated categories: waste management, 
energy generation, soil improvement and climate 
change mitigation. There are many different 
technologies for producing biochar and many 
different and widely varying biomass feedstocks that 
can be used. Hence, there are multitudes of different 
possible biochar systems. Inevitably, not all biochar 
systems will be able to achieve all four objectives 
listed in the diagram below.  
 
In most cases, biochar systems will show the greatest 
benefits if waste feedstocks are used.  Waste materials 
that have a disposal cost are usually the most 
economically viable to use.  However, some feedstocks 
are more challenging to pyrolyze than others.  The 
challenges may come from the physicochemical 
nature of the feedstocks themselves (for example, wood species and moisture content) or 
from the difficulty and logistics of collecting and transporting the feedstocks.  For instance, 
wet feedstocks like sewage sludge require drying, and a waste like forest residues is 
distributed across the landscape and must be collected. Depending on the pyrolysis 
temperature, pressure, and feedstock moisture content, production of biochar can release 
heat, combustible gases and condensates.  Electricity generation and process heat from 
pyrolysis are most economically produced in large scale industrial facilities that may be a 

Multiple benefits of biochar. (From 
Lehman & Joseph, 2009.) 
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long distance away from the biomass feedstock sources.  Accordingly, many existing biochar 
production systems do not utilize the energy generated by pyrolysis.  
 
The methods developed in our CIG project are intended to cover three of the main biochar 
objectives: climate mitigation through carbon sequestration; soil improvement; and waste 
management. Furthermore, the waste management aspect of this project is multi-faceted: 
not only did we develop a cleaner method for disposing of waste woody debris, we also 
used the resulting biochar to help control nutrient pollution through better manure 
management.    
 

3.5. The Value of Biochar for Landowners  
Farmers, ranchers and forest landowners are concerned about maintaining and improving 
the quality of soil, water and air. Biochar made from fuel load reduction debris offers a tool 
to improve all of these, at a cost that is affordable. 
 
As a soil amendment, biochar has many positive impacts:  
 
¶ Biochar helps soils hold moisture into dry seasons (Basso et al 2012). Many 

researchers have found similar results in a variety of soil and biochar combinations 
and have shown that the effect of biochar on water holding capacity in coarse 
textured soil increases linearly with biochar application rate (Briggs et al 2012). 

¶ Biochar has been shown to prevent leaching of nitrogen into groundwater in diverse 
cropping systems (Ventura et al 2013, Eldridge et al 2010). As a result, producers 
can avoid nitrogen pollution problems and may be able to use less fertilizer.  

¶ Biochar helps to support healthy populations of beneficial soil microbes that are 
needed for optimally productive soil (Lehmann et al 2011, Pereira et al 2012). 

¶ Biochar is useful in livestock operations for managing odors of manure and flies 
(Toth et al. 2016, DuPonte et al. 2012).  

¶ Biochar can also improve composting operations and compost quality (Ma et al 
2013). 

 

3.6. How biochar works in soil and compost 
If you look at a list of things biochar is supposed to do in soil, you'll find it is very similar to 
claims for what compost can do. Both biochar and compost are said to provide these 
benefits, taken from various claims made by biochar and compost manufacturers:  
¶ Improves tilth and reduces soil bulk density 
¶ Increases soil water holding capacity 
¶ Becomes more stable by combining with clay minerals 
¶ Increases cation exchange capacity (CEC - the ability to hold onto and transfer 

nutrient cations: ammonium, calcium, magnesium, and potassium) 
¶ Improves fertilizer utilization, by reducing leaching from the root zone 
¶ Retains minerals in plant available form 
¶ Supports soil microbial life and biodiversity 
¶ Helps plants resist diseases and pathogens 
¶ Helps plants grow better in high salt situations 
¶ Adds humus carbon to the soil carbon pool, reducing the atmospheric carbon pool 
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If compost really can do all these things, why do we need biochar? The answer is twofold:  
 
First, unlike biochar, compost is quickly broken down by microbial action in soil over 
months to decades, depending mostly on climate and weather. Biochar lasts at least one 
order of magnitude longer in most soils.  Second, biochar has important synergistic effects 
when added to compost. Biochar is proving to make faster, more nutrient rich, more 
biologically diverse and more humified, stable compost. Some of these effects are explained 
below. 

Biochar keeps compost moist and aerated, promoting increased biological activity. 
The composting process is governed by various physical parameters that are subject to 
alteration by the addition of biochar materials as bulking agents. Some of the parameters 
that most affect compost are: aeration, moisture content, temperature, bulk density, pH, 
electron buffering and the sorptive capacity of bulking agents. Biochar pores hold air. Water 
is also held in biochar pores and in the spaces between particles. Moisture is the vehicle for 
bringing dissolved organic carbon, nitrogen and other plant nutritive compounds into 
ÃÏÎÔÁÃÔ ×ÉÔÈ ÂÉÏÃÈÁÒ ÓÕÒÆÁÃÅÓ ×ÈÅÒÅ ÔÈÅÙ ÃÁÎ ÂÅ ÃÁÐÔÕÒÅÄȢ "ÉÏÃÈÁÒȭÓ ÓÔÁÂÌÅ ÃÁÒÂÏÎ ÍÁÔÒÉØ 
accepts electrons from decomposing organic compounds buffering electric charges that 
might otherwise impair microbial activity and be responsible for the production of 
greenhouse gases like methane and hydrogen sulfides. Biochar promotes microbial activity 
in compost. Steiner et al (2011) tested 5% and 20% additions of pine chip biochar to 
poultry litter compost, and found that the addition of 20% biochar caused microbial 
respiration (measured as CO2 emissions) to peak earlier and at a higher level than either the 
5% or 0% biochar treatments.  

Biochar increases nitrogen retention 
Numerous studies have shown that biochar is effective at retaining nitrogen in soils (Steiner 
et al. 2008, Clough et al. 2013). Several studies have also shown that biochar enhances 
nitrogen retention in compost, reducing emissions of ammonia. Ammonium (NH4+) is the 
aqueous ion of ammonia. Ammonium is generated by microbial processes and nutrient 
cascades that convert nitrogen from organic forms found mainly in proteins and nucleic 
acids into mineral forms (ammonium, nitrate and nitrite) that can intermittently be 
converted by nitrifying and denitrifying microbes to gaseous emissions that include volatile 
ammonia gas (NH3), nitrogen gas (N2), nitrous oxide (N2O) and other reactive nitrogen 
gases (amines and indoles).  At neutral pH, the aqueous ammonium (NH4

+) and the gaseous 
ammonia (NH3) are in equilibrium. Higher pH forces more of the aqueous ammonium into 
the gas phase that can escape to the atmosphere. Several studies have confirmed that 
biochar in compost could increase total nitrogen retention by as much as 65% (Steiner et al. 
2010, Chen et al. 2010, Huang & Xue 2014).  The ammonia retention ability of biochar can 
also improve with composting. Adding 9% bamboo charcoal to sewage sludge compost, Hua 
et al. (2009) tested sorption of ammonia on biochar during composting and found that 
while ammonia retention was correlated with saturation of binding sites in fresh bamboo 
biochar, this did not hold for composted bamboo biochar. They found that biochar increased 
its ability to retain ammonia during the composting process. During composting the biochar 
is subjected to an accelerated aging process. That means that biochar surfaces get oxidized 
and enriched by carboxylic (acid) functional groups. The latter more than doubled at the 
end of the composting period, improving the capacity to exchange cations like ammonia.  
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Biochar improves compost maturity and humic content 
Several studies have looked at effects of biochar on the timing and results of compost 
maturation and found that adding biochar to compost reduced the amount of dissolved 
organic carbon (labile carbon) in mature compost while increasing the fraction of stable 
humic materials (stable carbon). Following the addition of 2% biochar to compost, Jindo et 
al (2012) recorded a 10% increase in carbon captured by humic substance extraction and a 
30% decrease of water-soluble, easily degradable carbon. They also found an increase of 
fungal species diversity in the mature biochar compost as compared to the control and 
proposed that these fungi were responsible for the increased humification. Another study 
by Zhang et al (2014) found that sewage sludge composted with wood biochar had up to 
30% more humic substances than the control.  

Biochar compost improves plant growth 
Several researchers have experimented with various combinations of compost and biochar 
added as separate amendments (Fischer & Glaser 2012, Liu et al. 2012). These studies 
found improved plant growth response when biochar was added to soil along with compost. 
A 2013 study in Germany looked instead at biochar composted together with other 
materials (Shulz et al. 2013). They tested six different amounts of biochar in the compost, 
from 0 to 50% by weight, and also three different application rates of each compost type. 
Using oats in greenhouse pots on two different substrates (sandy soil and loamy soil), they 
discovered that plant growth was increased as the amount of biochar in the compost 
increased. They also found that plant growth increased with increasing application rates of 
each type of biochar compost. They confirmed the synergistic effect of biochar and compost 
on plant growth, but were not able to determine exactly what each of the components, 
biochar and compost, contributed to the effect.  New work has begun to identify organic 
coatings on biochar surfaces as the source of nutrients and plant growth stimulation. These 
coatings occur during the composting process through microbial action (Hagemann et al. 
2017). 
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4.0 Review of Methods 
 

4.1. Roles of Participants 
This project has been carried out by farmers and by a group of volunteers, the Umpqua 
Biochar Education Team, as directed by Kelpie Wilson of Wilson Biochar Associates. UBET 
is a committee of the South Umpqua Community Partnership, an organization dedicated to 
restoration ecology and sustainable stewardship in the South Umpqua River basin. SURCP 
engages in collaborative restoration projects with many partners. SURCP provided 
administrative support for this grant. The UBET committee was formed to work on various 
biochar demonstration projects with a focus on outreach and education.  
 
UBET would like to dedicate this work to our founder, the late Jim Long. Jim Long was a 
Professor of Adult and Continuing Education at Washington State University, Pullman, for 
27 years. After his retirement, he moved to Douglas County, Oregon, where he was involved 
in more than two dozen community groups. He was to serve as co-director and evaluator of 
this UBET CIG project. We have sorely missed having his participation in this project. We 
hope that he would be proud of our work, and his example continues to inspire us.  
 
Through their community contacts, UBET members helped to recruit participating farmers. 
UBET members helped to design and test biochar kilns and scheduled and helped with 
biochar kiln demonstration workshops and composting workshops. UBET members also 
conducted biochar compost experiments and biochar field trials. Some UBET members 
were also participating farmers. 
 
Participating farmers had different levels of engagement in the project. Some farmers 
conducted field trials, while others did not. Some farmers used outside sources of biochar 
while others made their own biochar. Some farmers used biochar in barns while others 
used biochar only in compost piles. The details of farmer participation are given in the 
findings.  
 
Wilson Biochar Associates is a biochar consultancy owned by Kelpie Wilson. She directed 
the project, organizing all the participants and sub-projects. UBET members served the 
function of project evaluators, reviewing and commenting on results and protocols. Don 
Morrison was the primary UBET member responsible for reviewing the work.  
 
The project benefitted immensely from the expertise and help of our advisors and 
supporters. We are especially grateful to Kristin Trippe and Claire Phillips of the USDA ARS 
Forage Seed and Cereal Research Unit at Oregon State University in Corvallis for reviewing 
our experimental data and performing some statistical analysis for us. Agricultural 
consultant Frank Shields of Gabilan Lab in Watsonville, California gave us both advice and a 
reduced fee for biochar analysis. Shannon Andrews of the OSU Central Analytical Lab helped 
us organize and interpret test results. Steve Renquist of OSU Extension in Roseburg 
answered our questions about pasture management and field trials. Ian Fisher and Duane 
Thompson of UCC Welding program were part of our design team and they and their 
students fabricated many different prototype biochar kiln designs. Brian and Kim Vicklund 
of Vicklund & Son also contributed fabrication expertise to our kiln design process. Grant 
Scheve of Oregon Biochar Solutions donated several cubic yards of biochar to help us 
complete some experiments when we ran out of our own supply.   
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4.2. Farm Assessments  
 
The first phase of the project was a series of visits to the eight participating farmers. We 
also visited several other farms that ended up not participating fully in the work , mostly due 
to time constraints on the part of farmers. Each assessment included a list of farm resources 
and constraints such as the availability of farm machinery to move feedstocks and water for 
quenching biochar. The assessments also collected information on farm soils, production 
outputs and the goals of the farmer for participating in the project. Below is a checklist of 
information that we gathered from each farmer as part of our assessment. We used this 
information to design a biochar implementation plan for each farm. We also tallied farm 
resources including acreage and livestock numbers, and made a location map. We visited 12 
farms, originally, but only 8 stayed with the project for long enough to produce measurable 
results documented in this report. However, most of the farms we contacted received some 
advice and information about biochar, and some of those farms also produced and used 
biochar. 
 

Farm Resource Checklist 
¶ Invasive Brush 

o species 
o control activities 

¶ Hazardous Fuels 
o locations 
o amount 
o annual removal 

¶ Woodlot 
o dead tree harvest for firewood 
o coppice 
o woodlot regeneration 

¶ Manure Areas 
o barns 
o feeding areas 
o corrals 
o compost piles 

¶ Irrigation 
o type 
o deficit 
o available for biochar quenching 

¶ Composting 
o current practice 
o amount produced 
o testing 
o goals 

 

¶ Biochar Production 
o safe burn areas 
o labor available 
o desired production amount 

¶ Biochar Compost Application 
o pasture 
o crops 
o forest  
o erosion control 

¶ Remediation 
o native plant establishment 
o riparian 
o gully erosion 

¶ Equipment 
o feedstock handling 
o composting 
o biochar application 
o monitoring and testing 

¶ Monitoring 
o soil tests 
o compost tests 
o water quality - runoff 
o animal health 
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4.3. Kiln Design and Fabrication 
 
The standard practice for disposal of logging slash, brush and crop waste on farms is open 
pile burning. This is undesirable for several reasons, perhaps most important, for the 
generation of polluting smoke. However, it also represents a waste of resources as carbon 
that could be added to soils ends up in the atmosphere as carbon dioxide.  

Theory of Flame Carbonization 
The practice of turning these biomass wastes to biochar for soil enhancement is a desirable 
alternative, but only if this practice is cleaner than the standard practice of open pile 
burning. For this result, it is necessary to use tools and methods that will not produce 
smoke. Traditional charcoal making methods, however, are very polluting as they rely on 
smoldering combustion. For this reason, this project placed a strong emphasis on designing 
clean burning techniques for making biochar. The primary technique we used is termed 
Flame Carbonization . 
 
Flame Carbonization differs from traditional low -tech charcoal-making methods that use 
dirt covered pits and mounds. The dirt covering serves to reduce the air available for 
combustion, producing a charcoal residue. This form of smoldering combustion produces 
no flames, but lots of smoke. The resulting charcoal is high in condensed volatiles ɀ good as 
fuel, but not so good as biochar for application to soil.  
 
In contrast, the Flame Carbonization method uses the flame itself as a way to reduce air and 
preserve the char from combustion. This seems counter-intuitive, but when a full 
understanding of biomass combustion is provided, it makes sense. 
 
Biomass burns in two stages: a gasification stage that burns volatile gasses in a flame, and a 
char combustion stage that burns solid carbon without visible flames.  Charcoal can only 
burn slowly as its surfaces are exposed to air. The oxygen slowly attacks and consumes the 
char, oxidizing it layer by layer. However, if the combustion process is interrupted before 
the char combustion stage, the char can be preserved. Flame carbonization is essentially the 
same as gasification. It works by gasifying the wood and then burning the gas in a flame. 
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When heat is applied to wood, the moisture and volatiles are released. The volatiles can 
burn, producing a flame. The flame continues to transfer heat to the remaining wood by 
radiation, continuing the process. When all the volatiles are gone, char remains. Char burns 
more slowly, in a different mode (notice that charcoal in a barbeque grill just glows, without 
a flame), and this gives us an opportunity to quench the material with water or dirt and save 
the char.  
 
Several different versions of the Flame Carbonizer method can be used to convert woody 
debris to biochar. These methods are clean and safe. They are clean because they work by 
always keeping a flame on top of the fire. The flame burns the smoke so that there is only a 
very small amount of emissions. These methods are safe because they require water or 
another means to quench the fire at the end in order to save the char, resulting in complete 
extinguishment of the fire.   

Basic Methods 
The first method, called the Rick Burn  (also sometimes called a Conservation Burn), is 
illustrated by the Jack Daniels method for making charcoal. The Jack Daniels distillery 
makes clean charcoal for filtering whiskey. They stack ςȱØςȱ ÍÁÐÌÅ ÂÏÁÒÄÓ ÉÎ Á ÒÉÃË ÁÎÄ ÌÉÇÈÔ 
it on fire. The flame engulfs the rick, and burns up all the smoke that is created. As the 
outside portion of each stick burns away, it heats the inner portion, which chars. As soon as 
each stick is charred, it loses structural integrity, and the whole pile collapses at once into a 
pile of glowing coals. It is then quenched with water and the char is recovered for use.  
 

Traditional charcoal making uses dirt 
covered mounds to exclude air. 
Volatile gasses are released as highly 
polluting, unburned smoke.  

Stages of biomass combustion. To make charcoal in an 
open fire, simply stop the process before it turns to 
ash. 
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The second method, called a Flame Cap Kiln, is illustrated by the Japanese cone kiln. This 
device, available only in Japan, is a steel cone that excludes air from the bottom of a small 
pile of wood. The pile is lit on the top. Once it burns to coals, more wood is added, until the 
cone fills with char and it is quenched with water. As long as a flame is kept on top, it will 
burn only the new wood, and not the char. Older layers of char are protected from oxygen 
by the newer layers of char.  A Flame Cap Kiln can be almost any shape. It can be a cone, 
pyramid, cylinder or box made of steel or brick, or it can be as simple as a pit dug in the 
ground.  

Rick Burn or Conservation Burn Method ς Details of Operation 
The Rick Burn method, based on the Jack Daniels rick, has three main characteristics:  
¶ it is a loosely stacked burn pile of dry material 
¶ all the material in a given pile is roughly the same thickness 
¶ it is lit on the top 

 
In Sonoma County, California, the Sonoma Biochar Initiative has worked with vineyards to 
convert grape prunings to biochar with Conservation Burns using the Rick Burn Method. 
The group provides ongoing training opportunities to help more producers take advantage 
of this cost-effective biochar production method. Advantages of the Conservation Burn 
include: 
¶ No special equipment required 
¶ Greatly reduced smoke emissions as compared to conventional burning 
¶ Reasonable char production for little extra effort when piles must burn anyway 

 
Disadvantages of the Conservation Burn as compared to other methods: 
¶ Char production is less than methods using a container 
¶ Quenching can be time-consuming 
¶ Char is difficult to gather up and remove if not used on site 

 
The Conservation Burn method is best suited for materials that are regular in size, small in 
diameter and very dry, like the grape prunings. However, a material like straw will not work 

Japanese cone kiln diagram shows 
how the flame on top excludes air 
from hot char layers below. 
 

Jack Daniels charcoal rick. 
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well with this method because it packs too closely. Forest slash is often too large or variable 
in size and also too wet to work well in a Conservation Burn. Since most of our material in 
this project was forest slash, we developed several different kilns specifically for use with 
forest slash. However, often farms have orchard prunings or woody weeds like blackberries 
or other brush that need to be removed. These are the materials that will work most 
efficiently in a Conservation Burn.  
 
Air flow in a Conservation Burn or Rick Burn is by concurrent axial flow.  Air enters the 
bottom and sides of the pile and sweeps gasses upwards where air is available on the top to 
burn them. Concurrent flow means that the volatile gasses and the air flow move in the 
same direction. This can produce a long, shooting flame at times that can be difficult to 
control. Furthermore, when the flame shoots up very high, it cools at the tip and you may 
see black soot falling away from the flame tip. This black soot is carbon and other chemicals 
that have condensed when they encounter cool air. This is the black carbon particulate 
matter that is causing so much havoc with our climate. The primary sources of black carbon 
particulates are fires and diesel exhaust. When conducting a Rick Burn, it is best to avoid 
creating a long shooting flame.  
 
 
 

 
 
 
 
 
 
 
 
 
 

This very loose pile of small diameter brush burns fast and hot. As it burns down, it requires 
tending to move the loose pieces back into the fire. This sort of material can produce a large 
amount of biochar in a short time. These two piles produced a cubic yard of biochar. 
 



On-Farm Production and Use of Biochar for Composting with Manure ς Final Report  20 

 

Conservation Burn of vineyard 
prunings conducted by 
Sonoma Biochar Initiative. 
Piles are built with similar 
sized material, covered to 
keep dry, and lit on the top 
once winter rains have 
started. Photos: Raymond 
Baltar/Sonoma Biochar 
Initiative 

 

Once the pile collapses, it is time to tend and consolidate it. Quenching uses a combination of 
water and spreading to cool the char. If the char is not spread out, residual heat can evaporate 
all the water and re-ignite the char. Photos: Raymond Baltar/Sonoma Biochar Initiative. 
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Flame Cap Kiln ς Details of Operation 
The Flame Cap Kiln method uses a container to exclude air from the bottom of a pile of 
burning biomass. This method starts by building a rick pile in the container, lighting it on 
top, and letting it burn until coals are formed. However, it then switches to a second stage of 
layering new material on top of the coals until the container is full. As each new layer bursts 
into flame, the heat transfers by radiation into the partly charred material underneath 
which continues to char, releasing gasses for the flame. The flame also consumes all the air 
that might otherwise reach the char underneath. The combination of flame on top and 
container on the bottom preserves the char until it can be quenched and saved.  A Flame 
Cap Kiln must be continually tended, adding new fuel before the top layer turns to ash. 
When the kiln is full of hot char, and the flames are gone, ÉÔȭÓ ÔÉÍÅ ÔÏ ÐÕÔ ÉÔ ÏÕÔȢ  
 
Air flow in a Flame Cap Kiln is by countercurrent flow. As the gas rises and burns, the flames 
will pull air in from the sides and from above. A complex and shifting vortex pattern will 
form that balances rising convection currents with pressure drop where the flame 
consumes oxygen. This vortex pattern can also becÏÍÅ ÑÕÉÔÅ ÃÈÁÏÔÉÃ ÁÎÄ ÕÎÓÔÁÂÌÅȟ ÓÏ ÉÔȭÓ 
helpful to add things like a wind screen. Another difference that can be observed between 
the two methods is the location of the flame. In the Rick Burn, the flame starts on the top of 
the pile and gradually moves down. In a Flame Cap Kiln, the flame moves up in the container 
as new material is added. 
 
 

Flame Cap Kiln: Counter-current flow Rick Burn: Concurrent axial flow 

  
¶ Gas flows upward while air flows 

downward 

¶ Counter-current flow is established as 
burning fuel draws air downward 

¶ Flames stay low and close to fuel 

¶ Smoke burns in the hot zone 

 

¶ Air flow and fuel flow (gas) move in 
the same direction 

¶ No external limits on air entrainment 

¶ High flame velocity 

¶ Flame cools at the top, producing 
soot 

 
 

Flame Cap Kiln Design 
This project developed and manufactured Flame Cap Kilns specifically designed for use in 
processing forest slash. We experimented with several designs, with descriptions and 
illust rations of different design variations given in the table below. One of the kilns was 
designed for the purpose of working off road on forested slopes typical of conditions in our 
Oregon woodlands. It has a solid bottom to prevent air leaks and it is only 24 inches in 
height, for easier loading of heavy forest slash. For this reason, we called it the Oregon Kiln.  
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We also developed several other styles of Flame Cap Kilns, including a kiln called the Ring of 
Fire kiln, which is a simple cylinder made of one or two layers of sheet steel. The Ring of 
Fire kiln is lightweight and easy to transport, but as it has no bottom, it needs to be used on 
a flat surface so it can be sealed with dirt. The double wall Ring of Fire is the most efficient 
kiln that we designed. It holds in heat better, and the taller walls both reflect heat and 
protect the flame from wind. The second layer of steel also helps protect the operator from 
radiant heat, which can be intense.  
 
 

Kiln  Picture 
Oregon Kiln ς 
Forestry 
Dimensions:  

¶ рΩȄрΩ ǘƻǇ ōŀǎŜ 

¶ пΩȄпΩ ōƻǘǘƻƳ 
base 

¶ нпέ ǎƛŘŜǎ 

¶ 14 gauge steel 

 

 

Oregon Kiln ς 
Backyard 
Dimensions:  

¶ пΩȄпΩ ǘƻǇ ōŀǎŜ 

¶ оΩȄоΩ ōƻǘǘƻƳ 
base 

¶ нпέ ǎƛŘŜǎ 

¶ 14 gauge steel 

 

 
Oregon Kiln ς Farm 

¶ рΩȄрΩ ǘƻǇ ōŀǎŜ 

¶ пΩȄпΩ ōƻǘǘƻƳ 
base 

¶ нпέ ǎƛŘŜǎ 

¶ Fork pockets on 
bottom 

¶ ѻέ ǇƭŀǘŜ ǎǘŜŜƭ 
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Oregon Kiln with 
windscreen 

 
Oregon Kiln with dry 
quench lid 

 

 
Ring of Fire ς original 

 

 
Double-walled Ring 
of Fire with sections 
and two-piece 
quenching lid 

 
 

https://photos.google.com/share/AF1QipPUeiT97DNSmb2RP48mheolZ_LaDIqPDWCA0yCmkK8Ciep00svev89Ziu8IX0O5XQ/photo/AF1QipOJpCyTZOOYsnBKTwyzUWX-pRuKjynN80WfZ1OH?key=YU9qM1lWOW01eGxfaDJUaEk4QmhCbG9uQV9EZkRR
https://photos.google.com/share/AF1QipPUeiT97DNSmb2RP48mheolZ_LaDIqPDWCA0yCmkK8Ciep00svev89Ziu8IX0O5XQ/photo/AF1QipOJpCyTZOOYsnBKTwyzUWX-pRuKjynN80WfZ1OH?key=YU9qM1lWOW01eGxfaDJUaEk4QmhCbG9uQV9EZkRR
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Oregon Kiln for Forestry ς complete description 
¶ υȭ ÔÏÐ ÂÁÓÅȟ τȭ ÂÏÔÔÏÍ ÂÁÓÅȟ ςȭ ÈÉÇÈ  
¶ Sized for feedstock - ,ÏÇÓ τ ÔÏ υ ÆÅÅÔ ÌÏÎÇ ÁÎÄ ÕÐ ÔÏ φȱ ÄÉÁÍÅÔÅÒ 
¶ Less than 200 lbs ɀ can be skidded by 2 people or lifted by 4 people 
¶ Ergonomic for loading feedstock - Only 2 feet high 
¶ 14 gauge steel  
¶ Durability estimated at hundreds of uses 
¶ Angle iron reinforced rims to resist warping 
¶ Corner brackets and lift points for moving with hoists and loaders 
¶ ρȢυȱ drain with plug for draining quench water 
¶ Sheet steel lid can be used for dry quenching 
¶ Wind screen can be used if needed 

 
Design Details  
Certain design details are important to the operation of the Oregon Kiln. The pluggable 
drain allows the kiln to be flooded for quenching and subsequently drained so that the char 
can be unloaded. Corner brackets with eyebolts provide lifting points so the kilns can be 
loaded in and out of trucks and trailers. Four solid handles on the sides enable four people 
to easily lift and carry the kilns for off-road placement. In the newest version, we have 
ÁÄÄÅÄ ςȱ ÁÎÇÌÅ ÉÒÏÎ Ôo the rim to prevent warpage. Regarding durability, we expect these 
kilns, despite being relatively lightweight, to last for hundreds of burns.  
 
 

Oregon Kiln Design details 

 
 

Lift point and angle iron rim Drain and handle 

 
Operations  
¶ Ergonomics: The low profile of the Oregon Kiln is designed for ergonomic loading of 

the kiln. Loading requires workers to lift feedstock from a pile near the ground, 
carry it to the kiln, and dump it in. We wished to avoid the need to lift material 
above shoulder height in order to throw it into a kiln. To produce a cubic yard of 
biochar in this kiln requires moving on the order of 5 cubic yards of feedstock 
(about one cord of wood) that could weigh more than 2 tons.   
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¶ Transport: The Oregon Kiln was designed for efficient transport to a work site. The 
kilns are stackable. They will fit in the back of a standard full-size pickup, or they 
can be loaded onto a trailer. We set up a trailer with a jib crane to make loading 
easier with a small crew. The crane also helps with the more difficult job of stacking 
kilns. 

¶ Siting: Because it has a solid bottom, the Oregon Kiln can be used on uneven ground 
and on mild slopes.  

¶ Wet Quenching: This kiln can be flood quenched with less than 50 gallons of water. 
Once enough water has been added to cool the char, it can be drained immediately 
and the char unloaded. Or it can be charged with nutrients and left to soak for a 
while.  

¶ Dry Quenching: The Oregon Kiln can also be effectively dry quenched using a sheet 
metal lid sealed with dirt. 

 

 
 
Manufacturing  
Our kilns were manufactured by the Umpqua Community College (UCC) Welding Program 
in Roseburg, Oregon and by Vicklund & Son ɀ a structural steel fabrication company in 
White City, Oregon. While UCC was able to construct kilns for the cost of the materials, the 

The Oregon Forestry Kiln fits in the bed of a standard full size pickup truck. Kilns can be 
stacked on a flat bed or loaded in a trailer modified with a jib crane using the corner lift 
points. 


