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INTRODUCTION 
 
This report describes a project begun in 2018 by the Yew Creek Land Alliance, Inc. 
(YCLA) in southwestern Oregon to integrate habitat restoration and carbon 
sequestration.  The project is being funded by the Natural Resources Conservation 
Service (NRCS) and its goals are to: 
 

1. Release pre-colonization legacy trees from conifer encroachment. 
2. Restore historic oak and pine dominated savanna and woodland habitats. 
3. Increase resistance to wildfire across the landscape.  
4. Accelerate the production of old growth structure for diverse wildlife species. 
5. Convert the woody residue from restoration activities to biochar to 

sequester carbon and improve soils. 
6. Demonstrate the efficacy of several types of flame cap kilns using both 

green and dry feedstock for small-scale, on site biochar production.  
 
Although the restoration of increasingly rare oak habitat in the interior valleys of western 
Oregon is of critical ecological importance, this report focuses on the last two objectives 
and the larger environmental role they can play. 
 
Background:  An enormous amount of small diameter, non-merchantable woody 
biomass is produced during forest thinning and restoration activities every year in the 
Pacific Northwest. This highly flammable slash increases fire risk and restricts 
management options. The current practice in our region for disposing of this 



 

 

unmarketable woody material in areas where under-burning is not feasible is to build 
burn piles by hand and/or by machine, wait for them to dry, light them and walk away. 
While this may be the cheapest way to dispose of slash, open burn piles damage soils, 
produce significant amounts of smoke and greenhouse gases, and increase the risk of 
igniting wildfires downwind. 
 
An alternative practice is being developed to turn this liability into an asset by converting 
slash into biochar in the field.  Fine fuels (<4”diam.) are used as feedstock for low-cost, 
mobile flame cap kilns to heat the wood to high temperatures (450-550o C) with little 
oxygen. This converts that slash to a form of carbonized biomass (biochar) that when 
added to forest soils will remain sequestered there for centuries to millennia.   
 
Biochar also increases soil water and nutrient storage capacity, and promotes resilient 
soil ecosystems.  Increased soil productivity promotes faster plant growth and the 
conversion of greenhouse gasses in the atmosphere into long-lasting biomass.  
Increased forest productivity also maintains and enhances biodiversity by accelerating 
the formation of old growth forest structure in appropriately configured stands. 
 
Given the need to reduce fire hazard, sequester carbon, and increase ecosystem 
productivity and resilience across the landscape, the YCLA became the first 
organization in Oregon to partner with the NRCS under their Conservation Stewardship 
Program (CSP) to develop a habitat restoration project with a biochar component.  The 
12 acre slash-to-biochar conversion was done in 3 phases and was completed in April, 
2020. 
 
This report presents a case study of this project, and is divided into 7 additional 
sections:  
 
PARTNERS outlines the mission of the YCLA and our contracting process with the 
NRCS and the Oregon Dept. of Forestry.   
 
LOCATION, HISTORY, AND CURRENT CONDITIONS provides a brief overview of the 
project’s setting. 
 
PROJECT OBJECTIVES lists the specific objectives designed to meet the goals 
outlined above. 
 
YEW CREEK BIOCHAR PROJECT IMPLEMENTATION chronicles the progression of 
the 3 phases completed during this project. 
 
EQUIPMENT AND METHODS describes the kilns, equipment, and methods used to 
successfully execute the project. 
OUTCOMES AND LESSONS LEARNED evaluates the effectiveness of the kilns and 
methods used. 
 
CHALLENGES AND OPPORTUNITIES identifies barriers to the wider adoption of field-
based biochar production and offers solutions. 

https://www.tandfonline.com/doi/abs/10.4155/cmt.10.32
https://www.nature.com/articles/s41598-018-28794-z
https://www.sciencedirect.com/science/article/pii/S0048969718344796
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=2ahUKEwjqrZ3xnIXnAhUkNX0KHVHlDzQQFjADegQIAxAC&url=https%3A%2F%2Fwww.oeaw.ac.at%2Fforebiom%2Fbook%2F6%2520D_Page-Dumroese.pdf&usg=AOvVaw0qouAvUo9o6o08f1bUZECg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=2ahUKEwjqrZ3xnIXnAhUkNX0KHVHlDzQQFjADegQIAxAC&url=https%3A%2F%2Fwww.oeaw.ac.at%2Fforebiom%2Fbook%2F6%2520D_Page-Dumroese.pdf&usg=AOvVaw0qouAvUo9o6o08f1bUZECg


 

 

PARTNERS 
 
The Yew Creek Land Alliance was incorporated as a 501(c)(3) nonprofit organization in 
late 2011.  Its mission is:  “To conserve and restore historic habitats and native 
biodiversity while generating high quality goods and ecological services from Alliance 
lands.  These activities will create unique opportunities for research, training, education, 
and recreation for participants of all ages”.   
 
Toward furthering that mission, we began a prior project in the spring of 2018 to thin 
small diameter trees from crowded conifer stands and historic oak habitats with multiple 
mutually dependent goals.  That work was almost entirely focused on removing small, 
nonmerchantable conifer trees that are highly flammable and are competing intensively 
with legacy trees and crowding historically open habitats. 
 
In March of 2018, we also began the application process for NRCS funding through 
their Conservation Stewardship Program.  (www.nrcs.usda.gov/wps/portal/nrcs/ 
main/national/programs/financial/csp/).  This program is designed to help landowners 
who are already implementing effective conservation practices and “…helps you build 
on your existing conservation efforts while strengthening your operation.”   
 
Applying for CSP funding began with a meeting with the District Conservationist, David 
Ferguson, at our local USDA/NRCS office in Roseburg.  The initial application process 
evaluated our operation based on a number of criteria: “…soil erosion, soil quality 
degradation, excess water, insufficient water, water quality degradation, air quality 
impacts, degraded plant condition, inadequate habitat for fish and wildlife, livestock 
production limitation, and inefficient energy use.”  Our application was then ranked 
based on these criteria.  Our operation was determined to be effectively addressing 
these environmental concerns, and the NRCS allocated funding based on our acreage.  
We were then able to choose the appropriate “conservation enhancement activities” that 
would help meet our conservation goals. 
 
The YCLA chose 2 of these activities: Forest Stand Improvement to rehabilitate 
degraded hardwood stands (E666133X) and Biochar production from woody residue 
(E384135Z).   
 
The hardwood release project will comprise 32 acres and is projected to be completed 
by late 2020 or early 2021.  The NRCS pays $502.22/acre for this work.  The 
conversion of woody residue to biochar on 12 acres was begun in 2018 and completed 
in 2020.  The NRCS pays $4,694.06/acre for this activity. 
 
Oregon Dept. of Forestry Conservation Forester Kelly Foster was assigned to the 
project as a Technical Service Provider to help with planning, mapping and inspection 
the project. 
 
 

 
 

http://www.nrcs.usda.gov/wps/portal/nrcs/%20main/national/programs/financial/csp/
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LOCATION, HISTORY, AND CURRENT CONDITIONS 
 
The YCLA property is located in southern Douglas County, Oregon west of the town of 
Riddle.  The ridge where most of the work will be done is on the divide between the Doe 
Creek and Thompson Creek watersheds (Fig. 1).  Doe creak drains south to Cow 
Creek, a major tributary to the South Umpqua River, while Thompson Creek runs to 
Ollala Creek and into the South Umpqua farther downriver.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  NRCS Project Site Map 

 
The property was homesteaded in the mid-1800s and known in its early years as the 
Culver Ranch.  In the mid-20th century, the original 1200 acre donation land claim was 
subdivided into various lots ranging from 20 to 160 acres.  The YCLA property 
comprises 3 of those parcels totaling 380 acres.  The underlying bedrock is mostly 
serpentine, so the soils support many endemic plant species from the Klamath-Siskiyou 
bioregion.   
 
The legacy conifers were heavily high-grade logged in the early years (Fig. 3) and then 
extensively clearcut up until the late 1960s.  Because this logging preceded the Oregon 
Forest Practices Act, there appears to have been little or no replanting.  As a result, the 
regenerating conifers are all from local genetic stock, many in very dense stands (Fig. 
4).  Unlike many heavily logged stands, we are fortunate to have a significant amount of 
large downed logs left from the original pre-colonization cohort that were apparently 
felled but then found to contain no merchantable logs.   
 



 

 

There are only a few surviving legacy conifers, presumably because defects made them 
unsuitable as lumber trees.  We are, however, fortunate to have many legacy 
hardwoods (Fig. 2), mostly Oregon white oak and madrone, which survived due to the 
lack of markets for them.  Many of these legacy trees are becoming severely stressed 
from competing conifers that have regenerated in the ~50 years since the property was 
last actively managed. 
 

                
 Figure 2.  Remnant oak savanna (3-4+ ft. dbh) 

 
 
 

                                                             

Figure 3.  ~4 ft. dbh conifer stump  Figure 4.  Overcrowded conifer stand 



 

 

PROJECT OBJECTIVES 
 
Habitat Restoration:  We are particularly focused on releasing our legacy trees from 
competition due to encroaching conifers.  Because of their great age, unique structure, 
and genetic heritage, they are irreplaceable and our highest priority for release.   
 
At the stand level, our activities are designed to reconfigure habitats to decrease 
competition, restore historic community structure, and accelerate the growth of large 
diameter trees.  
 
At the landscape level, we plan to create a rich mosaic of habitat types that will maintain 
and expand the overall biodiversity on the landscape.  We also aim to create habitat 
corridors to connect 3 remnant old growth patches on adjoining BLM land. 
 
At all planning levels, we have worked to maximize carbon storage capacity while 
decreasing the risk of severe wildfire for the entire community, both human and biotic. 
 
Restoration objectives include:  

 Restoring historic oak/pine savannas and woodlands while creating fuel breaks 
between our Yew Creek ecosystems and the highly flammable industrial 
plantations on our borders. 

 Thinning our second growth conifer stands to accelerate the development of old 
growth forest structure while improving fire resiliency. 

 Treating the resulting non-merchantable, flammable biomass in the most 
ecologically beneficial way possible.  

 
Biochar Production:  Beyond our specific habitat goals for the Yew Creek project, we 
believe that production of biochar from woody residue in the field has many advantages 
over conventional open burning of management slash.  Being among the first 
landscape-level biochar projects in Oregon, we are acutely focused on efficient kiln 
designs and best practices to help move biochar production into the mainstream of 
forestry practices in the Pacific Northwest and beyond. 
 
Biochar production objectives include: 
 

 Evaluating different styles of flame cap kilns for efficacy in transporting, setting 
up, operating, and efficiently converting feedstock to char. 

 Maximizing efficiency in handling and charring feedstock. 

 Investigating pathways to scale up field-base biochar production to compete with 
conventional pile and burn fuel treatments 

 
 
YEW CREEK BIOCHAR PROJECT IMPLEMENTATION 
 
The YCLA grant includes funds for oak habitat restoration and biochar production.  
Much of the NRCS-funded oak restoration work includes the removal of many small 
conifer trees with no commercial value.  This type of woody biomass is often simply 



 

 

piled and burned on site to remove those highly flammable fuels from the system.  This 
project converted much of this biomass to biochar while minimizing the damage to soils 
from high-temperature burning. 
 
The majority of the regenerating conifers are Douglas fir with a smaller component of 
incense cedar.  A few percent are white fir, but many of those are succumbing to 
drought and mostly being left as wildlife trees.  Thinning was done to 1) open the 
canopy to damp the spread of crown fires, 2) promote forest health by decreasing 
competition and increasing resistance to pests and pathogens, and 3) accelerate the 
growth of large, well-spaced trees to provide carbon storage and habitat for old growth-
dependent species. 
 
From Nov. 2018 to April 2020, 12 acres of restoration slash was converted to biochar in 
three phases.  In the spring of 2018, we began thinning our conifer forest, and later that 
year, we received a 5-year grant from the NRCS to restore more historic hardwood 
habitat, and to dispose of the slash from that oak restoration work by converting it to 
biochar.  The conifer thinning is being done with non-governmental funds, but in concert 
with the NRCS-funded work.   
 
Phase One:  The first phase of biochar production was completed in November of 2018 
from feedstock cut in the spring and allowed to dry on site for the summer.  We restored 
a band of oak savanna that will also serve as a shaded fuel break between YCLA 
conifer stands and the highly flammable industrial plantations on our southern border.  
Six acres of slash from that project were converted to biochar on site using 3 types of 
portable flame cap kilns.  Fuels up to six inches in diameter were used. 
 
Phase Two:  Three more acres of slash were converted to char in the spring of 2019.  
This phase successfully demonstrated the efficacy of producing char from green 
branches and tops less than four inches in diameter in contravention of the conventional 
wisdom that flame cap kiln feedstock must be dry.  Although quantitative measurements 
were not made, our observations indicated that char production efficiencies with green 
feedstock were at least as great as those using dry slash.  The increase in smoke 
production appeared to be minimal.  Fuels greater than 4 inches in diameter were left 
on site as low-flammability ecosystem resources. 
 
Phase Three:  The final 3 acres of char production was completed in April of 2020.  We 
again used green feedstock straight off the stump, providing further proof of concept 
that green fuel does not significantly impede the pyrolysis process or decrease the 
quantity or quality of biochar produced in flame cap kilns. 
 
 
EQUIPMENT AND METHODS 
 
Most of the equipment necessary for the biochar phase of this project is typical of small 

forest operations in our region -- a small rented excavator (Phase One only), a tractor, 

water truck with pump, a couple of pickup trucks, chainsaws and hand tools.  What was 

unique were the small mobile kilns we used to create the char.  



 

 

Kilns:  All of the kilns were small enough to move by hand, although the tractor was 

sometimes more convenient and saved field labor, especially with the Oregon kilns that 

weigh ~ 200 lbs.  All of them worked on 

the same “flame cap” principle to char 

wood in the absence of oxygen (slow 

pyrolysis) (Fig. 5).  With this system, 

kilns are loaded with the larger fuels at 

the bottom and fine fuels on top (Fig. 9 

top).  When evenly ignited across the 

top of the kiln (Fig. 9 bottom left), those 

fine fuels create a flame cap that inhibits 

oxygen diffusion into the deeper levels 

of the kiln while energy from those 

flames radiates to the biomass below 

(Fig. 5).  The combination of low oxygen 

and high heat carbonizes the wood, 

forming char. 

 
 

 
During the three phases of the project, we used six types of flame cap kilns:  
 
1.  Oregon Kilns designed by Kelpie Wilson of Wilson Biochar Associates 
(www.wilsonbiochar.com) (Fig. 6).  
 
2.  A ~7ft. diameter by 4 ft. high round kiln based on a “ring of fire” design by Don 
Morrison of the Umpqua Biochar Education Team (Fig. 7, bottom right),  
 
3.  Larger rectangular kilns (~ 6’X 12’) made from six 39” X 79” steel boxes from 
salvaged solar collectors that were screwed together on site (Fig. 7, top).  During Phase 
2, we used both single walled and insulated versions of this design.  
 
4.  A single walled modular octagonal kiln made from 40” X 48” 18 ga. steel panels that 
slot together in the field (Fig. 8). 
 
5.  A double walled modular kiln with eight 40” X 48” panels that can be configured into 
various polygons or rectangles depending on the terrain and feedstock (Fig. 9). 
 
6.  A modular kiln made of four 55 gal. drums sawed in half vertically and arranged in an 
octagon (Fig. 10).   
 
The last three kilns were designed and assembled by the author. 

Figure 5.  Flame Cap Kiln 

http://www.wilsonbiochar.com/


 

 

 

Figure 6.  Oregon kilns in action.  Foreground kiln: flame cap established.  Middle right kiln: late 

burn.  Background kiln: quenching in progress. 

 

   

 
Figure 7.  Top left to right: loading 6’ X 13’ 
rectangular kiln and establishing the flame cap.  
Bottom: clean-burning flame caps on  
6’ X 13’ kiln (left) and “Ring of Fire” kiln (right). 



 

 

  
 

 
 
 
 
 
 
 
 
 
 

 
  

Figure 8.  Newly designed polygon 
kiln prototype used for the first time 
in Phase Two of this project. 

Figure 9.  Newly designed double-walled polygon kiln 
prototype used for the first time in Phase Three of this 
project.  Vents at the outside bottom and inside top create 
an air flow that minimizes heat loss and decreases oxygen 
infiltration.  Images here show it in a hexagon 
configuration (left) and a rectangular configuration (right).  
Center photo shows the brackets that join the 
independent panels. 

 

 



 

 

  

Figure 10.  Prototype of a polygon kiln made from 55 gallon drums.  Originally designed 
for use on Guam where these drums are abundant and cheap or free.  This design was 
tested for the first time at Yew Creek during Phase Three. 



 

 

Feedstock:  Although our Phase One plan called for windrowing slash by the road 
during the logging operation to be more accessible for charring, our logging operator 
failed to perform that task.  So we brought in a contractor with a shovel with a brush 
rake (Fig. 11) for 2 days to concentrate the slash into piles near the road (Fig. 12).  
Although this required less moving of kilns, the size of the piles required more hand 
labor to dismantle them as we were feeding the kilns.  This slash was allowed to dry for 
the summer, and piles were covered with plastic sheeting to keep them dry into the 
rainy season.  
 
During Phases Two and Three, we used green slash from thinning work that stayed just 
a day or two ahead of the charring.  We did this to minimize feedstock handling and to 
reduce fire danger from fine fuels left on the landscape during fire season.  This 
provided proof of concept that green feedstock 4” or less charred just as well dry fuel. 
 

 
 
   Figure 11.  Shovel moving slash.    Figure 12. Tangled slash piles  

 
Loading and Operating:  It is important to stress here the use of effective PPE.  We 
use hardhats with face shields and welding gloves to work around burning kilns.  
Synthetic gloves or clothing should be avoided.  Hearing protectors are necessary for 
chainsaw operators and those nearby.  A water truck and firefighting tools were kept 
close by. 
 
Kiln loading techniques will vary somewhat based on site conditions, project objectives, 
and kiln operator experience.  In general, kilns are loaded with the largest wood (2-4” in 
our case) toward the bottom of the kiln in as tight a configuration as practical.  
Progressively smaller fuels are loaded toward the top of the kiln.  The surface is then 
covered with the most flammable feedstock available (cedar and pine boughs work well 
green or dry).   
 
We then use a propane torch to ignite the surface fuel to create a uniform “flame cap” 
covering the whole top layer of the kiln.  Once a flame cap is established and the kiln is 
well engaged, fuel is continuously added for up to several hours depending on the size 
of the kiln and the number of tenders.   
 
The size and shape of the kiln will determine how many kiln tenders are required and 
how much chainsaw work it takes to get the feedstock into them.  It is important to keep 



 

 

a continuous flame cap going for the entire process.  Pathways for oxygen to infiltrate to 
the bottom of the kiln must be minimized.  This is especially problematic in the corners 
of rectangular kilns, but can be mitigated by operator vigilance in adding small, fine fuels 
to these gaps to block access for air to reach the anoxic part of the kiln. 
 
About 20% of the loading of larger kilns was done by machine (smaller kilns were all 
hand-loaded).  Our experience with machine loading was mixed – it saved on labor but 
large dumps of feedstock tended to create several problems.  First, loosely 
consolidated, crisscrossed fuels tend to create more air spaces in the upper levels of 
the kiln with more complete combustion (and less charring) as a result.  Second, large 
loads temporarily block oxygen from the existing flame cap leading to a pulse of heavy 
smoke until a uniform surface flame is reestablished.  Third, tractor skids often pick up 
clods of soil that create insulated “dead spots” in the kiln that fail to char. 
 
As a consequence of this experience, we now use machines to deliver loads of fuel to 
locations several feet from the kilns where the operators can then more precisely hand-
load individual pieces to the areas of the kiln that improve kiln performance and ultimate 
yield. 
 
All of the kiln types used except the Oregon Kilns have no bottoms, and a certain 
amount of soil scorching is unavoidable.  We have discovered that placing a layer of 
green Douglas fir or green, leafy hardwoods on the soil before adding feedstock 
decreases soil damage.  This means that the char will contain small amounts intact 
sticks and twigs thereby decreasing the uniformity of the product.  But we feel this is a 
small price to pay for greater soil protection. 
 
Snuffing and Quenching:  Because flame cap systems are exposed to oxygen at their 
surfaces, biomass being pyrolyzed below would eventually be completely converted to 
ash if the combustion process was not effectively stopped.  This can be accomplished 

by either cooling the 
superheated char with water, 
i.e. “quenching” (Fig. 13), 
“snuffing” the fire by 
excluding oxygen, or both.   
 
The timing of how far into the 
burn to do this requires some 
experience.  But in general, 
when the larger wood is 
“alligatored” and covered in 
fine white ash (Fig. 16), that’s 
the time to stop pyrolysis.   

 

 
 
 

Figure 13.  Quenching 

 



 

 

During quenching, we used a combination of rakes, shovels, McClouds, and planting 
hoes to stir the water into the char and expose hot spots.  Dropping successive panels 
of modular kilns during quenching makes access to the char more efficient (Fig. 13). 
 
With the larger rectangular kilns, we were also able to starve the kilns of oxygen by 
placing panels over the top.  This alone was not sufficient to completely stop all 
combustion, but we observed that 1-2 hours of snuffing prior to quenching allowed 
larger partially charred (torrefied) logs to pyrolyze more completely into biochar.  This 
increase in biochar quality comes at the price of smoldering emissions (Fig. 17) that 
may produce undesirable levels of greenhouse gasses.   
 
During Phase One, we simply took the unburned “brands” and loaded them into the next 
kiln to be completely charred there.  However, since our goal is to maximize 
sequestered carbon and improve ecosystem processes, we now simply distribute 
partially charred wood back out onto the landscape as ecosystem resources. 
 
 
OUTCOMES AND LESSONS LEARNED 
 
All in all, we are extremely pleased with the outcomes of the biochar production 
component of this project.  Being the first NRCS-funded CSP biochar project in Oregon, 
we had few models on which to base our planning, and more than a little trepidation 
going in.  But excellent cooperation among the NRCS, ODF, YCLA, and Wilson Biochar 
made this project a solid success. 
 
Our experiences have led us to a number of conclusions concerning kiln design, 
feedstock preparation and handling, and best practices in the field. 
 
Kiln Design Evaluations:  This section addresses our objective of “Evaluating different 
styles of flame cap kilns for efficacy in transporting, setting up, operating, and efficiently 
converting feedstock to char”.  We found that a range of kiln styles and sizes can work 
together as a system.  Each type has advantages and disadvantages depending on the 
terrain, feedstock, costs and project objectives. 
 
Oregon Kilns – This is the tried and true industry standard design developed by Kelpie 
Wilson at Wilson Biochar Associates based on traditional Japanese kilns.  They are 
made of welded 14 ga. steel and are 5’ X 5’ at the top, 4’ X 4’ at the bottom and 2’ tall 
(Fig. 6).  They weigh about 200 lb. and have a volume of ~ 1.5 cu. yd.  Current 
fabrication cost = $900 to $1200. 
 
Advantages:   

 Solid, durable design of 14 ga. steel that will tolerate many burns. 

 Closed bottom with drain plug.  Requires only ~50 gal. of water to quench.  

 One tender can easily load and keep a continuous flame cap going. 
 
 
 



 

 

Disadvantages:   

 Weight.  At 200 lb. they require 3 to 4 workers to move them.  A tractor solves 
this problem on gentle terrain, but steep and rugged ground can be problematic. 

 Feedstock size.  Requires more chainsaw work to fit feedstock to kiln. 
 
Best Application:  In areas with smaller pockets of fuel and when labor to load larger 
kilns is not available.  Gentle ground accessible to moving with machinery.  Where 
water availability is limited. 
 
“Ring of Fire” Kiln – This is the simplest design we used.  Constructed of flat, 4’ X 8’ 
sheets of 18 ga. steel with 90o bends on the sides for C-clamp fasteners.  ~ 6.75 cu. yd. 
capacity.  Cost = ~$180. 
 
Advantages:   

 Inexpensive, minimal fabrication costs. 

 Round shape (no corners) minimizes oxygen infiltration. 

 Easy assembly. 
 

 
 
Figure 14.  Warped “Ring of Fire” kiln panels (on top of rectangular kiln panels). 

 
 
Disadvantages:   

 Large sheets of steel are awkward to move in rough terrain. 

 Great care must be taken to eliminate air leaks at the bottom.  When these occur, 
hot spots develop that can significantly warp panels and make them even more 
difficult to seal (Fig. 14). 

 48” tall sides make loading more labor intensive (can be sheared to 40”). 



 

 

 At least 2 kiln tenders needed to keep flame cap going on large surface area. 

 Unless loaded properly, open-bottom kilns are likely to cause more soil damage 
than closed-bottom kilns. 

 Although we have never measured the gallons of quenching water per unit of 
char compared to closed-bottom kilns, we assume that more water is required 
compared to Oregon Kilns. 

 
Best Application:  Areas with dense feedstock.  Round depressions in the forest.  
Unless funding is tight, the disadvantages outlined above favor all of the other designs. 
 
Single-Walled Modular Polygon Kiln -- Our Phase One experiences with the kiln designs 
outlined above led us to attempt to produce a modular kiln with the advantages of the 
Ring of Fire kiln but to mitigate some of the disadvantages.  The 40” X 48” panels are 
light and easily carried by a single worker over variable terrain (Fig. 8).  We used 8 
panels in an octagon configuration (volume is ~8 cu. yd.)  A slotted pipe fits over the fins 
on the sides bent at a 100 degree angle allowing for irregular angles and “stair-
stepping” of panels to accommodate uneven ground.  Cost = ~$600 for 8 panels and 
slotted pipes. 
 
Advantages: 

 Independent panels are easy to transport. 

 Polygon sides can vary in number and angle to accommodate a wide variety of 
sites and feedstock sizes. 

 Slotted pipe joints are quick to set up and easy to open when quenching. 

 Polygonal shape approximates a circle and limits oxygen infiltration. 
 
Disadvantages: 

 Some minor warping can occur that can make sliding slotted pipes over fins 
“sticky”. 

 Large volume typically requires 2 kiln tenders. 

 More quench water required compared to closed-bottom kilns? 
 
Best Application:  Remote areas with dense fuels where machine access is limited. 
 
Improvements to Prototype:  A 1 inch, 90 degree bend on the top edge works well to 
stiffen the kiln and resist warping and damage from fuel loading.  A similar bend on the 
bottom edge will be added to the next panels to minimize the kind of warping that the 
Ring of Fire design is prone to. 
 
Large Rectangular Kilns – As noted above, these were made from shallow steel “boxes” 
from salvaged solar flat plate collectors.  These were constructed with 20 ga. steel and 
are ~37” X 79”.  Six panels form a rectangle that is ~6’ X 13’ with a volume of 9+ cu. yd.  
We used these as single walled kilns and also used them to build a version insulated 
with high temperature (>1000o C) rock wool insulation.  During Phase One and Two, we 
also used additional panels on top to snuff kilns prior to quenching. 
 



 

 

Our Phase Two experiments with an insulated kiln provided some useful results.  Figure 
15 shows the difference in heat loss from insulated vs. uninsulated kilns.  The FLIR 
thermal camera I used to visualize the difference provides striking differences between 
the two.  With all of the single walled kilns including this type, the sides quickly rose to 
>400o C (the maximum temperature this camera can sense) while the insulated kiln 
never exceeded 100o C (rarely even 80o).  Scans with a hand-held IR temperature 
sensor measured flame cap temperatures of all kiln types in the 500-750o C range, but 
single-walled kiln sides rarely exceeded 550o C.  The ideal range for biochar production 
is 450-550o C, so these findings indicate that our single-walled kilns are preforming in 
the appropriate temperature range. 
 
 

   
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
The significantly cooler sides of the insulated kiln suggest greater efficiency – the more 
heat that stays in the kiln, the more thorough the charring process should be (see 

Figure 15.  Heat loss from insulated vs. uninsulated kilns. 



 

 

discussion of carbon capture pilot study in the CHALLENGES AND OPPORTUNITIES 
section below).   
 
Advantages:   

 Cheap.  I paid a dollar a piece for each panel.  No further fabrication necessary 
(except for insulated version). 

 Light weight, easily portable. 

 Quick and easy set up in the field using sheet metal screws and cordless drivers. 

 Less chainsaw work than smaller kilns.  Long, narrow shape accommodates long 
tops and branches, and allows for tight, parallel packing.   

 Can be made longer or shorter to fit feedstock. 

 Can easily be insulated.  Rock wool insulation works well and can withstand 
temperatures in excess of 1000o C. 

 Can be snuffed (if biochar quality is an objective). 
 
Disadvantages:   

 20 ga. steel warps easily.  But after 6 to 7 burns on some of them, they still work. 

 Limited supply (I have panels for eight more 6-panel kilns). 

 More site prep to accommodate long, narrow footprint. 

 Large volume typically requires 2 tenders to maintain loading efficiency. 

 More quench water required compared to closed-bottom kilns? 
 
Best Application:  Flat ground, roadsides.  Where feedstock is plentiful and/or tractor 
delivery is feasible. 
  
Double-Walled Modular “Umptopia” Kiln – When I built the insulated kiln described 
above, I deliberately omitted the insulation on one panel but added the second wall to 
compare results.  The temperatures recorded for that panel only exceeded the insulated 
panel by ~30o C.  This led to our newest modular kiln design (see Fig. 9).  Each panel is 
40” tall and 48” wide and costs ~$120 not including labor (the 8 panels I built cost ~$950 
total).  Two key features distinguish this prototype. 
 
First, each panel’s frame is made from National/Stanley rolling door track hardware.  
The unique in-rolled slots and the brackets designed to connect the panels provide for 
solid joints for a wide variety of configurations.  In the 3 burns this prototype has been 
through so far, I have configured them as an octagon (~9.4 cu. yd.), a hexagon (~ 5 cu. 
yd.) and a 4’ X 12’ rectangle (~3.9 cu. yd.). 
 
Second, I left a 2 inch vent along the bottom of the outside wall made from 26 ga. sheet 
steel, and the same 2 inch space along the top of the wall facing the fire made of 18 ga. 
steel.  This creates a path for air from the outside bottom to the inside top of the panel.  
As the kiln heats up, air is drawn into the bottom outside vent and travels up the inside 
of the panel, exiting at the vent at the level of the flame cap.   
 
This air flow (directly observed during smoke testing), has two effects.  First, it moves 
heated air back into the fire box, thus providing more pyrolyzing heat deep in the kiln 
and keeping the outside wall cool (temperatures never exceeded 50o C).  Second, it 



 

 

creates a perimeter of turbulent air that provides oxygen to the flame cap while blocking 
air infiltration down the insides of the panel walls. 
 
On the third (rectangular) set-up, I worked alone to provide proof of concept that the kiln 
could be configured by a single worker (this took about 45 minutes compared to the 15 
min. set-up time it took for 2 of us to set it up).  Without a second set of eyes on the 
process, I made a serendipitous mistake and connected one panel upside down with 
the outside vent at the top and the inside vent on the bottom.  By the time I discovered 
my error, the kiln was half loaded, so I simply finished the loading and fired the kiln as 
usual.  I worried that this would create an air path to the bottom of the kiln (exactly what 
we try to avoid), but smoke testing showed no reverse air movement.  Temperature 
measurements of the outside walls turned out to support the design theory – while 
properly oriented panels never exceeded 50o C, the upside down panel reached 
temperatures of 150o suggesting that the air flow was indeed moving heat back into the 
kiln. 
 
Advantages: 

 Double vented walls keep heat in the kiln, provide oxygen to the flame cap and 
decrease air infiltration to the anoxic bottom of the kiln. 

 Highly versatile configurations – can be set up as a 5, 6, 7 or 8 sided polygon, an 
8’ X 8’ square, a 4’ X 8’ or 12’ rectangle or two 4’ X 4’ squares to accommodate a 
wide range of feedstock sizes and shapes. 

 Versatile configurations minimize the chainsaw work necessary to fit feedstock to 
kiln. 

 Cool outside walls decrease the risk of burns to the operator. 

 Modular design – each panel weighs 53 lbs., and an over-the-shoulder strap 
allows them to be moved efficiently over rough terrain by a single worker. 

 Brackets require no tools and are designed for easy set-up by a single worker. 

 16 ga. frame is strong and durable. 
 
Disadvantages: 

 In the larger configurations, more than one tender is needed. 

 More quench water required compared to closed-bottom kilns? 
 
Best Application:  Highly versatile.  Large configurations for areas of dense fuels and 2 
operators, long rectangles for linear fuels. 
 
Improvements to Prototype:  Some warping has occurred between the screws that hold 
the inside panel to the frame.  This will be addressed in the next design by 1) increasing 
the number of screws on the inside panel, 2) folding hems on all 4 sides of the inside 
panel (currently there is only a hem on the vent edge), and 3) increasing the gauge of 
the inside panel from 18 to 16 ga.  Caulking rope used for wood stove gaskets will also 
be integrated into the design. 
 
55 Gallon Drum Polygon – I tested this design to demonstrate its efficacy as part of a 
project I am working on with agency personnel on Guam who are looking for cheap and 
easy ways to make biochar for restoration projects. 



 

 

 
Advantages:   

 Cheap/Free, especially on islands with military bases! 

 Easy to fabricate with common power tools. 

 Modular design allows wide variety of shapes and size. 

 Light weight, easy to transport and set up. 
 
Disadvantages: 

 Somewhat leaky and slightly less efficient than the other kilns.  Ridges on the 
barrels make airtight connections difficult. 

 Often contain noxious residues – use new, unpainted drums for biochar for 
gardens or ecologically sensitive areas. 

 Feedstock needs to be cut into smaller sizes, and loading technique varies with 
feedstock. 

 
Best application:  Where cost is a factor and 55 gal drums are cheap and available.  
Remote areas and/or rough terrain where light-weight facilitates moving by hand 
 
Field Practices:  Our objectives for the biochar component of this project include 
"Investigating pathways to scale up field-base biochar production to compete with 
conventional pile and burn fuel treatments”.  Toward this objective, we focused on the 
companion objective of “Maximizing efficiency in handling and charring feedstock”.   



 

 

We worked hard to develop procedures to minimize feedstock handling labor.  An 
approach that proved successful at lowering handling effort without compromising char 
production was to use green feedstock.   
 
Green vs. Dry Feedstock -- The conventional wisdom when we began was that 
feedstock had to be dry, and our Phase One process followed this convention.  In 
Phase Two however, we tested this assumption and discovered that green feedstock 
under 4 inches in diameter can be successfully used to produce char.  We believe that 
we gained efficiency by combining the thinning that creates the feedstock and the 
charring of that material into one integrated operation.  We are in the process of 
analyzing our labor and materials data to see if they match our observations. 
 
Although green feedstock tended to produce more “smoke”, it is unknown how much of 
that is water vapor, particulates or invisible greenhouse gasses (see more discussion on 
this subject below).  We have observed that small changes in loading, firing and tending 
protocols can keep smoke production to a minimum. 
 
Kiln Operation with Green Feedstock -- We used a layer of green Douglas fir or 
madrone on the bottom for soil protection, then proceeded with large, tightly placed 
material as we would under any circumstances.  We set our most flammable material 
aside for the final layer that will establish a flame cap.  In our case it was largely incense 
cedar which contains volatile oils that burn well even when green.  The goal is to 
establish a hot, even fire across the kiln surface.  Fine, flashy fuel was kept nearby to 
distribute in small amounts as necessary to ensure a continuous flame cap. 
 
Once the kiln is well engaged, even layers of feedstock were loaded keeping areas near 
corners and close to sides as tightly packed as possible to block oxygen infiltration to 
the lower part of the kiln where pyrolysis is taking place.  Small, well-placed loads of fine 
green fuel can be used to block oxygen at those air leak points to improve pyrolysis 
efficiency.  This is less of an issue with round or polygonal kilns, but careful kiln 
management maximizes pyrolysis and minimizes combustion. 
 
Smoke Management -- We found that a steady flow of material into the kiln minimizes 
smoke production.  Too many green boughs (especially Douglas fir or broadleaf 
species) loaded at once will cause a temporary drop in oxygen flow to the flame cap 
and produce a pulse of thick smoke.   
 
We also found that loading our bigger kilns with a tractor produced more smoke than 
hand loading.  This makes sense because thick dumps of material temporarily starve 
the flame cap and inhibit combustion.  While this has minimal impact on the pyrolysis 
process in the lower part of the kiln (especially if it is double-walled or insulated), the 
flame cap can take minutes to reestablish, resulting in an avoidable pulse of smoke.  As 
noted above, we found that the best way to use the tractor is to drop the load a few feet 
away for the operator to judiciously hand feed into the kiln. 
 
Kiln Placement:  As noted in the preceding evaluation of kiln designs, each has its 
unique “niche” in the production system.  Large kilns need to be placed either in high 



 

 

density fuel areas or in places accessible for machine delivery of feedstock.  In order to 
maintain a consistent flame cap, sufficient labor must be allocated to the various kiln 
types to maintain continuous, efficient fuel loading 
 
If there is a steady breeze from one direction, setting kilns in a perpendicular line will 
tend to minimize drift into another kiln operator’s working area. 
 
Quenching and Snuffing – This step is part science, part art, and part logistics.  Once a 
significant amount of heat has been generated at the flame cap to heat the wood below, 
the pyrolysis process must be stopped.  This can either occur by quenching with water 
to cool the char (see Fig. 13), or by halting combustion by “snuffing” the kiln by starving 
it of oxygen.  While all of our kilns were eventually quenched with water, we 
experimented with snuffing prior to quenching during Phases One and Two. 
 
Setting up and firing typically commenced as early as possible in the morning, and 
loading continued until roughly an hour before quenching.  At the time of quenching, the 
surface material should have an “alligatored” appearance and be covered with a fine 
layer of ash (Fig. 16). 
 

 
 
 

 
 
 

 
During Phases One and Two, we experimented with snuffing prior to quenching (Fig. 
17).  Our first few burns produced a small proportion of incompletely charred (torrefied) 
logs.  We found that snuffing for 1-2 hours before quenching allowed the larger diameter 

Figure 16.  Kiln surface from green 
feedstock just prior to quenching. 

 

Figure 17.  Insulated rectangular kiln with 
snuffing panels. 

 



 

 

material to char completely to the center producing a more uniform biochar product.  
However, we have abandoned this process for the following reasons: 
 
First, some emissions can be seen in Figure 17 compare to Fig. 16 just prior to 
quenching.  The low oxygen environment created by the snuffing panels extinguishes 
the flame cap and allows emissions that may contain methane and other potential 
greenhouse gasses to escape unburned. 
 
Second, our goal in producing biochar on site at Yew Creek is NOT to produce a 
product for sale, but rather to return stabilized carbon to the soil as an ecosystem 
resource.   
 
To produce biochar as a soil amendment, one has to think about processing the char 
into a uniform product, charging it with nutrients, and incorporating it into the soil quickly 
to gain an immediate but narrowly-focused effect (crop growth).  In native forest 
ecosystems on the other hand, char comes in pulses of all sizes and structures that 
have a variety of ecosystem functions on the surface and at different soil depths.  Lots 
of micro-disturbance (frost heaving, trampling, burrowing animals, tip-up mounds, soil 
arthropods, etc.) will move those particles at different speeds by various mechanisms 
depending on the physical and biological forces operating in a given system.  
 
Because we are focused on producing biochar at Yew Creek for carbon storage AND 
forest health, we've come to look at partially charred logs not as an inefficiency but as a 
potentially valuable ecosystem resource.  Since the uniformity of our product is of little 
concern, snuffing loses more carbon the form of in potential GHGs than quick 
quenching. 
 
 

CHALLENGES AND OPPORTUNITIES 

This project has given the Yew Creek Land Alliance an opportunity to integrate habitat 
restoration with biochar production in one integrated operation.  During Phase Two and 
Three, we demonstrated the effective use of green slash from our restoration activities 
to produce biochar with at least the same efficiency as the dry fuel we used in Phase 
One. 
 
We tested and evaluated 6 types of kilns appropriate for this intermediate level and 
found that they all had features that worked best in specific situations.  
 
And, yes, the treatment area looks like a park instead of a tinderbox… 
 
But in order to scale up the field conversion of hazardous fuels to biochar, a number of 
barriers need to be overcome.  The cost of doing this work at Yew Creek is currently 
being paid for by the NRCS (with another US Fish and Wildlife Service project in the 
planning stages), but sooner or later, biochar production needs to compete with 
significantly lower costs for conventional hand piling and burning projects.   
 



 

 

Barriers to competitiveness fall under three general categories based on the tools and 
knowledge needed to overcome them: Engineering, Economic, and Ecological. 
 
 
 
Engineering Barriers and Solutions:   
Accessing Steep Terrain -- Our project was conducted on gentle ground, largely within 
200 feet of a road, with relatively easy access to water.  Our tractor with forks and a 
winch, a water truck, our pickups, and lots of hand labor got the job done.  But in order 
to produce biochar in steep and remote areas, new transport systems will need to be 
employed to get fuel to the kilns, kilns to the fuel, or some combination of the two.   
 
Solutions:  Explore yarding systems for small diameter material that are inexpensive to 
purchase, easy to set up and operate in the field, and minimize soil damage.  Possible 
solutions include capstan based systems (including continuous monocable “zig-zag” 
systems) and tractor or pickup mounted capstan winches. 
 
Increasing Feedstock Handling Efficiencies and Minimizing Labor Costs – We believe 
that we’ve gone part way toward that goal by integrating thinning and charring into one 
operation, but the more we can lower production costs, the better we can compete with 
pile and burn fuels management. 
 
Solutions:  Along with typical gas-powered chainsaws, we successfully introduced a 
cordless electric chainsaw into the mix for the final stage of trimming the feedstock to fit 
the kiln.  These saws increase efficiency because they can be used for a few seconds 
and set aside unlike gas-powered saws that must either idle between uses or be shut 
off and restarted numerous times.  Providing over-the-shoulder slings for carrying 
modular kiln panels into the woods also helps.  Incremental efficiencies also develop as 
crews learn the processes and coordinate the steps as a seasoned unit. 
 



 

 

Quantifying Kiln Efficiencies – Although earlier in this report I provide a comparative 
evaluation of the kilns we’ve used in this project, there are currently no peer reviewed 
studies of efficiencies for kilns typically used in the Pacific Northwest.  However, we do 
have some preliminary results from a parallel pilot study partially funded with the help of 
Darren McAvoy at Utah State Univ. Extension Service and conducted in the spring of 
2019 (Fig. 18) at the Lebel farm in the Umpqua Valley.  

Using green feedstock from a recent snow-down event, we used a truck scale to weigh 
3 green tons of woody biomass, used a moisture meter to measure fuel moisture 
content, and then charred them during two runs of an insulated rectangular kiln (Fig. 
17).   We measured the volume of the resulting biochar and sent 3 samples from each 
burn to Control Labs in Watsonville, CA for analysis.  Figure 18 indicates that we 
converted a bit over 32% of the feedstock by dry weight to biochar.  We did not directly 
measure the carbon content of the feedstock, but using data for the typical cellulose and 
lignin content of the species we charred, we calculate that 30-40% of the carbon in the 
feedstock was converted to stable char. 
 
Solutions:  Fund controlled field trials of various flame cap kiln designs to determine 
their efficiencies in the field using green vs dry feedstock.  Fund lab analysis to 
determine carbon content of chars made under various conditions.   
 
Quantifying Emissions – While we believe that charring green feedstock increases 
handling efficiencies and produces a high-quality product, the potential production of 
greenhouse gasses cannot be ignored. 
 
Solution:  Fund emissions measurements from various kiln types using both green and 
dry feedstock. 
 
Economic Barriers and Solutions: 
At present, the cost of charring woody residue is roughly twice that of a typical pile and 
burn contract.  There are two pathways toward closing this gap.  One is to continue to 
develop incremental efficiencies in the biochar production equipment and processes 

Figure 18.  Data from two burns in an insulated kiln using green feedstock 



 

 

described above.  The other is to offset the difference by developing economic 
mechanisms to monetize the stabilized carbon in the char returned to the ecosystem. 
 
In other words, treat biochar as a service and not as a product. 
 
Access to Alternative Markets -- Beyond its value as an agricultural product, char can 
be exploited for another unique characteristic: its aromatic carbon-bonding pattern 
stabilizes it in soils for centuries to millennia.  Add to that the fact that clean-burning 
kilns produce fewer greenhouse gas emissions and you have an ideal commodity for 
carbon offset markets.                        
 
Carbon offsets are currently based on standing forests, but a ProPublica report from 
May 2019 has shown that illegal logging, wildfire, and corruption have significantly 
degraded the effectiveness of these offsets. Storing carbon in the soil stabilized as char 
solves this problem.  
 
Solutions:  In order to monetize both the sequestered carbon and the negative 
emissions associated with this new technology, the rigorous quantitative studies I’ve 
outlined in the engineering solutions above must be funded.  With those data in hand, 
algorithms can be developed to connect biochar producers to carbon offset and other 
intangible markets.  Certification standards based on these engineering studies can be 
used to guarantee carbon buyers are getting what they pay for.  With biochar-stabilized 
carbon values established, and markets identified, biochar operators will be able to 
offset their production costs with carbon credits attached to the char left on site. 
 
Ecological Barriers and Solutions: 
The role of char in supporting forest ecosystem productivity and resilience is still poorly 
documented, but a burst of new publications is beginning to fill in our knowledge gaps.  
The ecosystem services provided by biochar have important values that may be 
quantified.  For example, char quantity and distribution may be significant factors in 
mitigating drought conditions, storing and filtering groundwater that affects fisheries, 
increasing forest productivity, and more. 
 
From a carbon sequestration standpoint, quantifying increases in photosynthetic carbon 
capture (i.e. increased plant growth) of char-amended forest soils would help us 
estimate additional carbon capture future biomass. 
 
The decision of when to quench a kiln may also be informed by studies of the roles and 
values of torrefied wood in the ecosystem.  As discussed above, our initial pursuit of the 
perfect biochar product may have caused us to turn more feedstock into gas than 
necessary in the process of thoroughly charring our largest wood.  If the goal is long-
term carbon storage, is it better to under-char a certain amount of feedstock to avoid 
gasifying more? 
 
Solutions:  Fund qualitative and quantitative studies on the effects of biochar in forest 
ecosystems. 
 



 

 

Funding Priorities: 
We believe that the highest priority for funding is kiln testing.  In order for restoration 
biochar production (i.e. biochar made on site to be returned directly to the forest as an 
ecosystem resource) to be able to compete with conventional pile and burn fuels 
treatments, the values of carbon storage and negative emissions need to be factored 
into the business model.  Life cycle analyses of biochar production via mobile flame cap 
kilns are critical to accessing offset markets and other “intangible” carbon markets that 
will add enough value to the process to make it competitive. 
 
 

 

 
 
 
 
 


