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Making Biochar Using SEC’s Adam Retort: Introduction 	  
The Sonoma Ecology Center (SEC), with financial support from the US Department of Agriculture’s Natural 
Resources Conservation Service (NRCS) and the Sonoma County Water Agency (SCWA), purchased an Adam 
Retort in 2014 from New England Biochar LLC. This unit is designed to make high quality biochar while 
minimizing the environmental impacts of the process and using as much as possible the energy and byproducts 
of the production effort. 

Biochar is a specialized form of charcoal made at relatively high temperatures in the absence of oxygen — the 
process is termed “pyrolysis”. Biomass feedstock is not burned to make biochar, but instead it is indirectly 
heated to produce gasses that are recirculated to provide the fuel that continues to feed the ongoing pyrolysis 
process. As the batch process is completed the biochar that remains behind in the retort contains an extremely 
high percentage of carbon in a physical structure containing literally millions of tiny microscopic pores. 
Combined with compost or a similar inoculant, biochar has been demonstrated to improve soil health, retain 
soil moisture, increase crop yields, and sequester carbon. SEC’s Adam-Retort has been designed to create 
biochar using mostly woody waste materials as its biomass feedstock. 

To eliminate environmental damage from air pollution, the retort recirculates and burns most of the off-gasses 
that would otherwise enter the atmosphere. Effectively managing the machine’s operations to achieve clean 
burns with regards to smoke and temperature as described in this instructional manual will ensure positive 
results. Byproducts captured as distillates through the unit’s condenser further reduce potential impacts to air 
quality. The unit’s design not only reduces pollution but transforms these possible pollutants into useful 
byproducts such as wood oil, wood tar and wood vinegar. 

When feasible, it is highly efficient to further use the energy produced by running the retort. The unit re-burns 
gas to continue the retort processes. Further use of the produced gases could fuel an engine/generator or a 
boiler (details on these optional techniques are outside the scope of this document).  The unit’s water-cooled 
condenser combined with a heat exchanger on the exhaust stack could produce hot water that can potentially 
be used in multiple farm or building applications. 

The efficiency of operating the Adam-Retort and the quality of the biochar produced are affected by a number 
of factors such as the quality of feedstock used and the retort temperature. Careful adherence to the principles 
set out in this manual, in combination with completion of a qualified training course, will lay the basis for 
continued experience to help ensure successful unit operation. 

 
 
The  more  you  burn,  the  more  you  learn.  –  Bob  Wells,  New  England  Biochar  LLC  
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Retort Safety Overall 	  
The safety of retort operators and of others in close proximity to the machine are critically important.  Critical 
safety messages are interspersed throughout this manual. Always read and follow all messages to properly and 
safely operate the Adam-Retort. 

The Adam-Retort has a number of vital built-in safety features to monitor operating temperatures and regulate 
gas circulation. Opening any door leading to circulating hot gases in the unit has the potential to ignite those 
gases by introducing oxygen, potentially causing flames to be thrown from the door or igniting the biochar 
resulting in significant damage to the unit. 

 
 

Components and Features of the Adam Retort 	  
The primary components of the Adam-Retort are illustrated in Figure 1; summary information about each 
component is provided in Table 1. Figures 2 through 4 show photos of the operational unit. 

 
 

 
      Figure 1. Primary Components of the Adam-Retort 
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Figure 2  Adam-Retort Process Diagram 
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Table  1.  Key  features  of  Adam-‐‑Retort’s  Primary  Components 
 

Main component Sensor/Display 

/Controls 

Collaborative 
Systems / Valves / 
Blowers 

Retort (sometimes termed the “tub”): 

Steel vessel used to carry out pyrolysis of biomass 
feedstock being heated here in the absence of 
oxygen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

Control 
Thermocouple: 

Temperature 
sensor located 
on the heat 
exchange 
surface of the 
inner container 
of the retort. 
This sensor is 
the most critical 
to control the 
burn. 

Retort 
Thermocouple: 

Temperature 
sensor located 
inside the retort 
that shows the 
temperature of 
the feedstock. 

Recirculation (Recirc) Valve: 

Valve attached to the side of 
the retort to allow a portion 
of the gas to enter the retort. 

Bypass Valve: 

Valve attached to the side of 
the retort opposite from the 
Recirculation Valve to allow 
gas to be directed into the 
exhaust channel. 

(Optional) IV system: 

System that can be installed to 
activate the cool down 
process and thereby improve 
char quality.  

[Added to select systems; not 
installed at this time on 
SEC’s Adam Retort.] 
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Gasifier: 

A separate but integral system that separates the 
simple combustion of wood chips into different 
processes to produce the initial fuel gas used in the 
combustion chamber to start the pyrolysis process 
in the retort. The gasifier is only used during the 
initial hour or so of start up for the machine, 
until the pyrolysis process produces enough of 
its own gas to sustain the heat of the system. 

None, other than a visual 
port to see if flames have 
developed. 

Primary Air Valve: 

Controls the rate of 
pyrolysis in the gasifier by 
regulating the amount of air 
introduced into the retort. 

Air Blower: 

Supplies air to the gasifier 
and combustion chamber 
via the primary and 
secondary air valves, 
respectively. 
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Primary Component	   Sensors 
/Display/Controls	  

Collaborative 
Systems / 
Valves / 
Blowers	  

Combustion Chamber: 

Burns fuel gas from the gasifier to create heat for 
the retort system. 

Combustion 
Thermocouple: 

Temperature sensor 
located in front of 
the c ombustion 
chamber that 
presents the 
temperature of the 
heating gases leaving 
the combustion 
c hamber. (Label: 
Comb) 

Secondary Air Valve: 

Controls the rate of 
combustion in the 
combustion chamber by 
regulating the amount of 
air being introduced 
into the chamber. 

Gas Valve: 

Regulates the flow 
of retort fuel gas to 
the combustion 
chamber. 

Gas blower: 

Pulls retort gas from the 
retort via the condenser and 
injects it through the gas 
valve into the combustion 
chamber. 

Heat Flow Channel: 

Transfers heated gases under the retort’s 
reaction chamber/tub. 

Exhaust 
Thermocouple: 

Temperature 
sensor located in 
the exhaust 
section of the heat 
f low channel that 
presents the 
temperature of the 
exhaust gas. 
(Label: Exh) 
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Main component	   Sensors 
/Display/Controls	  

Collaborative 
Systems / Valves / 
Blowers	  

Condenser: 

Condenses the gas by cooling it to produce 
liquid distillate compounds (wood vinegar, 
wood tar, other). Also functions as a heat 
exchanger by transferring the latent heat of the 
gas to the water in the condenser pipes. 

 

	  

 Distillates Collection Device: 

Container for byproducts 
captured as distillates through 
the condenser. 

Exhaust Stack : 

Exit stack for exhaust gas. 

 Flare: 

Burns excess fuel within the 
exhaust stack when needed. 

Flare Blower: 

Introduces heated air to 
the flare that provides 
oxygen for clean exhaust. 

(Optional) Water Heater: 

Heat exchanger using the 
energy in the exhaust 
system to heat water. 

[Added to select systems; not 
installed at this time on SEC’s 
Adam- Retort.]	  

Unloader: 

Vacuum system and cyclone separator used to 
unload the finished biochar from the retort (tub). 

On/off switch  
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Main component	   Sensors/Display/ 
Controls	  

Collaborative 
Systems / Valves 
/ Blowers	  

Control Panel: 

Control switches and instrumentation displays 
of temperatures for running the retort in one main 
control panel for the operator’s ease of operation. 

Temperature Display: 

Dual digital display of 
the temperatures from 
the four thermocouple 
units. 

Switches: 

Switches for the air 
blower, gas blower 
and flare blower. 

 
 
 

 

 
     Figure 3  The Adam-Retort 
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Figure 4   Bob Wells explains the operation of the Adam-Retort 
 
 

 
Retort System — Operational Overview 	  

The Adam Retort system includes several processes and components that interact to provide the necessary 
conditions to create biochar. 

Gasifier: Source of Fuel Gas for Initial Heat 	  
The gasifier supplies the fuel gas that is used in the combustion chamber at the beginning of the process. To 
create this fuel gas, the gasifier is loaded with feedstock (normally wood chips) and then ignited. The gasifier 
produces fuel gas that moves down from the gasifier into the combustion chamber where it is burned to create 
ongoing heat for the retort system. 

The gasifier is an independent system in itself. Refer to the section of this manual entitled Retort  Operation,  
Phase  I  for more detailed information on steps to start and operate the gasifier. 

 

Airflow: Controlling Temperature and the Rate of Combustion 	  
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Air is injected into the system to regulate the mixture of air and gas that controls the rate of combustion and 
thus affects temperatures in the retort chamber. The process is controlled by air valves that are connected to 
an air supply blower. Airflow to the gasifier is referred to as primary air while airflow to the combustion 
chamber is referred to as secondary air. 

Primary Air 	  
To control the rate of pyrolysis, the flow of air injected to the gasifier is carefully regulated by 
adjusting the primary air discharge valve. Increasing the amount of primary air flow in the gasifier 
results in production of increased fuel gas being delivered to the combustion chamber. Similarly, 
decreasing the amount of primary air flow results in a reduction of fuel gas flowing to the 
combustion chamber. 

Secondary Air 	  
Adjusting the primary air discharge valve controls the amount of secondary air that flows into the 
combustion chamber. The secondary air flow rate into the combustion chamber controls the rate at 
which fuel gas burns and thus produces a clean burn. Increasing the amount air of secondary air flow 
increases the oxygen available to burn the resulting fuel gas from the gasifier or from the retort fuel 
gas, as appropriate during the operational cycle. 

Refer to the sections of this manual on Retort Operation for more detailed information on the steps to 
maintain the necessary retort temperature using primary air and secondary air. 

 
Exhaust Gas 	  
The fuel gas created from the gasifier is burned in the combustion chamber, producing high-temperature 
exhaust gas that contains little oxygen. Most of this exhaust gas flows into the heat flow channel that runs 
under the entire retort chamber (known as the “tub”). A smaller but critical amount of exhaust gas is 
recirculated directly into the retort chamber itself by the use of the Recirculation Valve. 

Heat Flow Channel 	  
As noted, most exhaust gas is channeled under the retort through the heat flow channel, thereby 
transferring its heat up through the bottom of the retort chamber into the wood feedstock in the tub. 
This is an essential process in the overall biochar production effort, as this heat results directly in 
pyrolysis of the feedstock. Most of the exhaust gas is then released through the exhaust stack.  

 
Recirculated	  Retort	  Gas	  Flow	  
The rest (a small proportion) of the hot exhaust gas is pulled directly into the retort chamber (“tub”) via 
the Recirculation Valve, in order to further raise the tub's internal temperature and thereby increase the 
rate of pyrolysis taking place there. This exhaust gas displaces the gases being released from the 
pyrolysis process in the retort chamber, helping to move them through the system. The resultant fuel 
gas thus consists of a combination of exhaust gas, water, tars, alcohols, and a range of other substances 
being released from the wood feedstock as it pyrolyzes. This retort fuel gas is then pulled into the 
condenser.  
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Retort Fuel Gas 	  
As noted, the retort fuel gas contains a range of substances (carbon monoxide, methane, and hydrogen) emitted 
from the woody feedstock. These gases are separated out from the gas stream in the condenser rather than 
being released to the atmosphere. This separation takes place as the hot retort gas is routed around a series of 
cold water pipes. The condensate is collected as a liquid, much of which can be used (as wood vinegar) for a 
range of other beneficial purposes. A gas blower pulls the remaining non-condensable retort gas, now in the 
form of purified fuel gas, from the condenser and injects it through a gas regulating valve back into the retort’s 
combustion chamber. 

Continuous Fuel Gas Process 	  
As the overall process proceeds and temperatures rise, the retort system is able to reuse increasing amounts of 
purified retort fuel gas, thereby gradually reducing the demand for gasifier fuel gas until that type of gas is no 
longer needed at all. Fuel gas is then continually produced and processed through the retort chamber until all 
feedstock in the chamber has completed full pyrolysis. 

Water Flow 	  
The Adam Retort’s heat exchange system relies on a continuous flow of water through the condenser at a rate 
of about 25 gpm, the rate at which the condenser’s water discharge temperature is kept to a maximum of 90 
degrees F. (Note: When the unit is equipped with a heat exchanger, the supplemental energy being released 
from the retort system is captured and made available for use in a variety of applications.] 

 

Operation of the Adam Retort 	  
Biomass Feedstock Selection 	  
The biggest variable in producing biochar in the Adam-Retort involves selection and handling of feedstock. 
Though biochar can be made from various organic materials, the Adam-Retort is designed to perform best 
with woody feedstock of random shapes, each piece of which sized between 2 and 5 inches in at least one of 
its dimension (see Figure 5). Selection of feedstock is determined by the availability of waste wood materials 
plus implications for the quality of the subsequent biochar to be made. Different species of wood have their 
own individual chemistry, density and volatility. Unit operations over time provide the operator with direct 
experience in using particular types and sizes of feedstock, experience that is critical in its impacts on the 
process and its final products. While the Adam-Retort is more tolerant of feedstock variations than are many 
other biochar production systems, its operational results will be affected by particle size, moisture content and 
related considerations. 
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  Figure 5  Adam-Retort feedstock 

 

• Particle size 

As just noted, the Adam-Retort works best when loaded with feedstock that has random geometry with 
cross sections between 2 and 5 inches in at least one plane. The entire batch needs air space between its pieces 
in order to circulate hot gas efficiently through the mass of feedstock in the tub. This allows heat to transfer 
into the wood while letting water vapor and other gases flow out of the chamber. When loading the tub, care 
must be taken to make sure that flat-sided feedstock such as slab wood or dimensional lumber is not stacked in 
such a way that the flat sides sit together to create a cross section greater than 4 or 5 inches. 

Wood chips in general are not recommended for use in the Adam-Retort, as they do not permit the heat to 
penetrate well through their mass. At most, it is feasible to use wood chips to fill the final top layer of 
feedstock prior to closing the tub. A 5 or 6 inch layer of chips will work well on the very top of the batch 
as long as these chips are not too wet or too to fine. (Sawdust is not acceptable.) 

• Moisture Content 

Moisture content of the feedstock affects the amount of time and energy required to produce high-quality 
biochar.  The difference between a dry load of feedstock and a wet one can represent up to a total of 50 gallons 
of water in an Adam Retort’s load. Beyond the amount of added energy required to evaporate all this moisture, 
additional processing time of perhaps 8 hours per load with wet feedstock can be expected. Therefore, it is 
recommended that feedstock be as dry as possible before loading into the retort: a target of 20 percent 
moisture content is desirable. In some circumstances this can be accomplished by kiln drying of the feedstock 
or by using an opened-ended greenhouse for storage, using solar benefits to dry the feedstock sufficiently. 

• Other Considerations 

Bark on the wood can be a significant barrier to reducing moisture in the feedstock. Kiln-dried lumber 
scraps can be excellent feedstock, but their flat surfaces must be carefully loaded so they will not stack too 
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neatly together and preclude efficient air-flow in the tub. While cornstalks or sunflower stalks will work as 
feedstock, an Adam Retort filled to the brim with such materials will yield less than 100 pounds of biochar 
once the pyrolysis process has been completed. Other sources of organic biomass such as manure can work, 
but they often contain a high moisture content (more than 50%) and therefore are not considered suitable for 
use in the Adam Retort. As an example, in the Northeast United States pine is a common feedstock since it is 
not sought after as in-house firewood. Though less dense than oak, pine has more carbon per pound. Specific 
regions will have synergies with locally available feedstock. 

• Inappropriate Feedstock 

Never use as feedstock any wood that has paint, glue, or any kind of chemical treatment or coating. Any 
chemicals on the feedstock will either go into the biochar or into the air. Never use wood with nails, screws, 
or other fasteners in it, as many of these materials have coatings that can become toxic. Nails will also do 
damage to the unloader when it comes time to vacuum out the retort. Finally, when they end up in the 
biochar they are likely to find their way into tractor tires, shoes, or bare feet on the farm. 

 

Loading the Retort 	  
The goal is to fully heat the greatest amount of feedstock to create the maximum output from the retort. 
Basically, packing more mass in equates to getting more mass out. The right balance comes from pack the tub 
fully enough to get the most production out of that batch while knowing that it will take a longer time to 
process versus having a light load that will process more quickly but not produce as large a quantity of biochar. 

An important part of loading the retort requires an understanding of the flow of gas in the system and not 
allowing the feedstock to interfere with this pattern. All gases in the AR1 retort exit on the tub’s right side. 
The hole on the left side is used to let hot neutral exhaust gases flow into the charge during the first part of 
the burn in order to speed up the process of heating the feedstock. All gases flow from left to right with the 
heat coming from the bottom up. 

Correct feedstock loading of the retort’s tub affects the amount and quality of the biochar produced. The 
following instructions have been determined to maximize each load and operate properly by loading in 
accordance with the flow of gas through the retort chamber. 
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Detailed Instructions for Retort Operations 	  
	  

Loading the Retort Chamber 	  
 

To load the tub: 

1. Open the lid, rolling it back until it hits the stops then pivot it up to its fully open position. 

2. Place several round pieces of feedstock on the bottom of the chamber front to back with at least a one-foot 
space between each of them. 

3. Continue to fill the retort chamber using larger pieces on the bottom and smaller pieces on the top. 
4. As much as possible, except for the bottom layer orient all pieces left to right in order to create an 

airspace between the floor of the retort chamber and the first layer of the feedstock. 
NOTE: The left-to-right orientation of feedstock facilitates the flow of hot gases into and out of the 
chamber from one end to the other. The space under the feedstock also facilitates gas flow and allows 
movement of gases in and around the feedstock. 

 

 
 

 
 

5. Use wood chips, if at all, only to fill any voids on the top surface of the feedstock. 
 

 
   
 

                        

Avoid loading the feedstock directly onto the thermocouple that extends into the chamber and onto the 
gasket on the sealing surfaces. No wood should extend above the sealing surface of the chamber and 
nothing but the gasket sealant should be resting on the sealing surface. 

Do not cover the gas inlet and outlet holes.  Leave enough room around the holes and their covers for the 
gases to move in and out freely. Any feedstock that could fall into or cover up the holes could cause an air 
restriction and everything considerably longer. 

Add only wood chips to the top surface of the filled tub because wood chips in the middle of the 
charge will make it too dense and restrict gas flows, impeding the process. 

Figure 6  Front View of Graduated Feedstock in a loaded Retort 
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Figure 7   The Adam-retort tub properly filled with woody biomass 

 
Closing the L i d  o n  t h e  Chamber 	  
 
1. Once the retort has been fully loaded, verify that the gasket is a continuous double bead all the way 

around the sealing surface. 

NOTE:  The gasket prevents oxygen from entering the tub and traps smoke, wood gases or volatile 
compounds from escaping. If the gasket is not fully sealed or is damaged this situation must be 
addressed prior to running the retort. 

2. Prior to closing the lid, verify that the top gasket is clear and sweep the bottom-sealing surface of any 
debris. 

 
 

 

 
 
 

3. Close the lid by pivoting the top down parallel to the opening surfaces. 

4. Roll the lid forward into place using both handles until the lid settles against the stops at the front 

Make sure that no one is within reach of this lid when it comes time to close it. While it 
is instinctive to reach out and try to “ help”  line up the lid, this could result in injury to 
fingers.	  
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corners of the sealing surface. 
 

NOTE: If the lid does not settle squarely on the sealing surface, reopen the lid and start again. 

5. Once the lid is in place against the stops, check to see that the bolt holes fully line up. 

6. Insert all the bolts from the bottom up. Thread all the nuts from the top finger-tight before tightening 
any of them with a wrench. 

7. Tighten the bolts on the end first, being careful to tighten them until the two surfaces meet evenly on 
the gasket. 

8. Once the surfaces meet do not go further than a one-quarter turn. Do not over-tighten. 
9. Continue to tighten the remaining side bolts in the same manner. 

 

 
 

Starting the Retort 	  
	  

Refer to Appendix A: Start Up Checklist for a printable reference form. 

1. Ensure that the electrical supply is connected securely. 
2. Ensure that the temperature display is activated. 
3. Ensure that distillates containers are in place. 
4. Ensure that the water supply is connected securely (in the case of recirculated cooling water, ensure 

that the water tank and pump are activated). 
5. Ensure that an adequate supply of wood chips for fueling the gasifier is available and that the chip hopper 

is full. 
6. Open the recirculation valve to its full open position 
7. Open the gas valve to its full open position 
8. Open the primary air valve to its full open position 
9. Verify that the secondary air valve is in its fully closed position 
10. Power up the condenser system at the breaker box. 

 
1.1. Operating the Retort 
 
Effectively managing burns through correct running of the retort will ensure the quality of the final biochar 
product, proper control of potential environmental impacts, and the continuing integrity of the retort’s 
components themselves. 

The primary objective of running a batch in the retort is to bring the feedstock temperature up to 850 degrees F 
to produce high-quality biochar. In order to heat the feedstock to this point, the control temperature is raised 
and then held at between 1350 and 1400 degrees F. 

The goal is to heat the feedstock as fast as possible to reach this intended temperature. Typically the heating 
process will take 7 – 10 hours depending on the moisture content of the feedstock. 

 

Overtightening the bolts can lead to damage of the gasket as well as to the lid. The gasket should not appear to 
be squeezed by the lid. This is a common issue that can result in needless replacement of the gasket.	  
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Once fire is established in the gasifier, the air input is tuned to achieve two goals simultaneously. 

• Clean, clear exhaust from the chimney 
• Control temperature rising up to 1350 degrees F and held at that temperature for the remainder of the 

run. 
 
 

Retort operations have been subdivided into five phases as general guidelines. Actual operation depends on 
many factors such as feedstock moisture content, placement of feedstock in the tub, weather conditions, and 
variations in the dynamic heating processes that may require additional adjustments. The following 
operational phases are set out for instruction and guidance purposes. 

 
 

Phase I: Start the gasifier 

Phase II: Raise the control temperature to 1350 degrees F — hold it there 

Phase III: Eliminate use of the gasifier — maintain control temperature at 1350 degrees F  

Phase IV: Reduce retort temperature to 850 degrees F  

Phase V: Shut down the retort and allow it to cool down 

Thermocouples placed strategically throughout the Adam-Retort allow monitoring of key temperatures. 
Understanding the processes that drive operational temperatures is a key learning objective and critical to 
operational success. 

Combustion temperature represents the temperature at the point where the heating gases are leaving the 
combustion  chamber. 

 
Control temperature represents the temperature at the front of the heat flow channel where the heating gases 
meet the inner retort chamber (tub). 

Feedstock temperature represents the temperature  of  the  feedstock  inside  the tub. 

Exhaust temperature represents the temperature of the exhaust gas as it is leaving the heat flow channel. 
 
 
1.1. A. Operational Phase I - Start the Gasifier 
Approximate Time:  15 minutes 

Goal: Gasifier started with fire established in combustion chamber. 
 
 

Do not allow the Control temperature to reach over 1400 degrees at any 
time as this will cause significant damage to the retort.	  
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To begin, open or close valves or turn blowers on or off according to the following table: 
 

 

 
 

Primary Air Valve –  
Open 

Regulates air to 
the gasifier in 
order to feed as 
much air as 
possible to ignite 
and heat the 
feedstock. 

 
 

 
 
 

Secondary Air 
Valve – 
Closed 

The secondary 
valve is closed in 
the beginning of 
the process to 
avoid cooling 
and therefore 
getting the best 
mix and thus the 
most gas out of 
the gasifier. 

 

 

Gas Valve  – 50 % 
Open 

Regulates flow 
of retort gas to 
the combustion 
chamber. 

 
 

 
 

 

Recirculation 
valve – Open 

Allows the 
exhaust gas to 
recirculate 
into the retort. 

Never use accelerants such as gas, oil, alcohol, or paraffin to start the fire. 
Any of these accelerants can vaporize and cause a dangerous situation.	  
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Bypass valve – Closed Bypass valve 
remains closed 
until later in the 
process. 

 

 

Gas blower - Off Gas blower is 
off to begin. 

 

 

Air blower- Off Air blower is 
off to begin. 

 
1. Verify the level of wood chips in the Gasifier. The proper level depends on whether the Gasifier has been 

recently cleaned such that no charcoal or other residue remains in the bottom of the Gasifier. Make sure 
that the gasifier is clean and empty. 

2. If the Gasifier has been cleaned and is empty, start by opening the Gasifier access door. 

3. Unless char is already present in the Gasifier, cover the bottom of the Gasifier with new char up to the top 
of the starter pipe. 

5. Close and latch the Gasifier access door. 

6. Continue to fill the rest of the Gasifier and hopper loosely with dry wood chips, being careful not 
to pack these chips densely in any way. 

7. Once the Gasifier and the hopper are both filled, close and secure the lid on the hopper. 

8. Remove the cap from the starter pipe on the side of the Gasifier. 
9. Using a propane torch, light the fire through the uncapped pipe. 

10. Verify that the material is glowing by looking through the pipe. 

11. Replace the pipe cap after lighting. 
 

  
12. Open the combustion chamber access door. 

 
13. Place the lit propane torch so that the flame is directed into the combustion chamber through the 

combustion chamber access door in order to ignite the gas coming from the gasifier. 

14. Confirm that the primary air valve is in the full open position, the secondary air valve is fully closed, and 
the gas valve is 50% open. 

Never open the gasifier with either the air or the gas blower running. 
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15. Turn on the air blower. 

16. Turn on the gas blower. 

NOTE: Turning on the gas blower starts the circulation of hot exhaust gas — also known as “rinsing gas”  
— through the feedstock and will speed up the heating process. Even though the gas blower is on at this 
point in the process, it will take some time until there is flammable gas coming from the retort. Until then 
the gasifier supplies all the necessary heat to the overall retort system. 

 

  
 

 

	  

Air blower - On Supplies air to both 
primary and 
secondary air 
valves. 

 

	  

Gas blower – On Pulls gas from the 
retort through the 
condenser and 
supplies gas to the 
gas valve. 

 
 

17. Stay clear from the front of the combustion access door while leaving the lit torch in place. 
 

 

 
 

17. Watch the Control temperature setting, which should show a sharp rise in temperature indicating that 
the fire in the Gasifier has been established. 

18. Observe the gas (smoke) flowing into the combustion chamber and carefully watch for ignition (flame) 
in the combustion chamber. 

19. After approximately three minutes, if there is no sign of smoke in the combustion chamber, 
shut off the combustion air blower and return to Step 7 to relight the gasifier through the starter 
pipe. 

20. Once the flame is established, remove and shut off the torch. 
 

21. Open the Secondary Air Valve a quarter of the way to provide air to the combustion chamber. 
 

Do not shut off the gas blower at any time throughout the rest of the run. 

Do not stand in front of the combustion access door. Stand back from the door in 
case of smoke or flame. 
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Secondary Air 
valve – Opened 
one quarter of 
the way (25%). 

Provides air 
to the 
combustion 
chamber. 

 
22. Watch through the open combustion door to verify that the flame continues without the torch in place. 

 
23. Close the combustion access door. 
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1.2. B. Operational Phase II:  Raise Control Temperature to 1350 degrees F 
and Stabilize Temperature There 

Approximate Time:  30 - 60 minutes 

Goal: Raise Control temperature to 1350 degrees F and stabilize it there. 

After the Gasifier has been started, adjust the temperature using the Secondary Air first and then adjusting the 
Primary Air as needed until the Control Temperature reaches 1350 degrees F.  Then stabilize this temperature. 

Generally, the valves should be in the same positions to begin Phase II: 
 

 

	  

Primary Air valve– Open Regulates air 
to the gasifier 
to feed as 
much air as 
possible. 

 

	  

Secondary Air 
valve– 
Opened one 
quarter (25%) 
of the way. 

Provides air 
to the 
combustion 
chamber. 

 
1. Use the Temperature Display to watch the Combustion temperature and Control temperature — they 

should both steadily increase over time. 

2. Move the shaker bar handle briskly back and forth every 10 minutes in the Gasifier in order to 

collapse any hollow spots in the wood chips created by the fire. 

3.  The Control temperature should reach 1350 degrees F and should then remain between 1350 and 1400 

degrees F throughout the burn. This is critical to the process and safety of the retort. 

4. Adjust by using the Secondary Air first and then adjust the Primary Air as needed. 
 
5. Adjust the Secondary Air slowly to raise the Control Temperature to 1350 degrees F using small 

incremental changes to the air flow and observing the effect on the dynamic equilibrium of the system. 

6. Slowly adjust the Primary Air valve though its overall direction will be mostly open. 
 

 

	  

Primary Air valve 
adjusted as necessary 
but remaining mostly 
open. 

Regulates air to the 
gasifier to ignite and 
heat the wood chips 
in the gasifier. 
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Secondary Air valve is open. Increasing the air 
on the Secondary 
air will often 
increase 
combustion of 
gases. 

 

 

 
 

1.3. C. Operational Phase III:  Eliminate Use of the Gasifier 
Approximate Time: 2 – 4 hours 

Goal: Perpetuate Control temperature of 1350 degrees F. and eliminate any further use of the Gasifier. 

As the retort produces more and more of its own fuel gas coming through the Condenser, this is balanced by 
reducing the primary air going into the Gasifier. This will cause the Gasifier to make less gas and therefore 
less heat. At the end of the phase, the gasifier will be basically inactive with fuel gas being continually 
produced and processed from the retort chamber (tub).  This indicates that the retort system has achieved the 
desired continual fuel gas process. 

Generally, the valves should be in the following positions to begin Phase III: 
 

 

	  

Primary Air– 
Adjusted to 
partially Open 

Regulates air 
to the gasifier 
to feed as 
much air as 
possible. 

 

	  

Secondary Air – 
Opened fully 

Provides air 
to the 
combustion 
chamber. 

 

	  

Gas valve – 50 % 
or half open 

Regulates retort 
gas to the 
combustion 
chamber. 

 
  

Do not allow the Control Temperature to exceed 1400 F. To the extent possible, 
use only small adjustments to Primary and Secondary air. If after 10 minutes of 
running the gasifier any smoke is visible from the chimney, open the Secondary 
Air Valve or make other adjustments that are necessary until the chimney stops 
smoking.  
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1. Slowly close the Primary Air until fully closed, carefully monitoring the Control temperature. 
 

2. Slowly open the Gas valve to maintain the Control temperature at 1350 degrees F. 
 

 

 
 

 

	  

Primary Air– 
Adjusted to 
Closed 

Reduces air 
to the 
gasifier. 

 

	  

Secondary Air – 
Opened fully 

Provides air 
to the 
combustion 
chamber. 

 

	  

Gas valve – 
Adjusted as 
necessary 

Regulates and 
increases the 
retort gas to 
the 
combustion 
chamber. 

 
1.4. D. Operational Phase IV:  Maintain Control Temperature of  

1350 degrees F 
Approximate Time: 2 – 5 hours 

Goal: Maintain Control temperature at 1350 degrees F. 

1. Adjust the Gas valve as necessary from Phase III to maintain the Control temperature as it 

continues to rise. 

2. Close the Recirculation Valve if the Exhaust temperature rises higher than the Control 

temperature. This indicates that the retort is producing excess gas. 

3. If the Control temperature continues to rise, it can be lowered by opening the bypass valve allowing the 

Monitor the Exhaust temperature for any significant increases. Exhaust 
temperature should remain lower than Control temperature. If this changes, close 
the Recirculation Valve. 
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gas to be released directly into the exhaust system. 

4. Turn on the Flare Blower at the Control box then open the bypass valve and adjust as needed. 

 
 

	  

Gas valve –
Adjusted as 
necessary 

Regulates the 
retort gas to the 
combustion 
chamber. 

 

	  

Recirculation 
valve – 
Closed 

Keeps air from 
entering the 
retort. 

 

	  

Bypass Valve – 
adjusted as 
necessary 

Allows gas to 
be directed into 
the exhaust 
channel. 

 
1.5. E. Operational Phase V:  Completion of Retort Process with 

Temperature at 850 degrees F 
Approximate Time:  15 minutes - 2 hours 

Goal: Reach 850 degrees F of Retort Temperature until the burn is complete and the Control temperature 
drops. 

1. If necessary, use the bypass valve to maintain the Control temperature until the excess gas is used up. 

2. Once the bypass valve is closed and the Control temperature continues to drop, open the gas valve. 

3. If the gas valve is all the way open, and the Control temperature starts to drop below 1350 F, this 

indicates that the system is running out of gas. 

4. If the Retort temperature has reached 850 degrees F and stays at this level for more than 15 minutes 

during the burn, go to the shut down and cool down phase below. [Refer to Operational Phase VI: Shut 

Down and Cool Down.] 

5. If the Retort temperature still has NOT reached 850 degrees F or above, open the Primary Air to 

restart the Gasifier in order to regain and then continue to maintain the Control temperature of 

1350 degrees F. 

6. If the Control temperature of 1350 F is maintained for approximately 45 minutes and the Retort 
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temperature is not increasing to 850 degrees then this is an indication that the volatiles have been 

removed and the biochar is done. 

 

1.6. F. Operational Phase VI:  Shut Down and Cool Down 
Approximate Time: 8 – 12 hours 

Goal:   The biochar does not require any further processing and all oxygen is restricted to the retort. 

1. Close all valves. 
 

2. Turn off all blowers. 
 

3. Install optional IV system to add a slow drip of water to the char.  
 

4. All temperatures return to ambient temperature with all valves closed and blowers off. 
 

 

	  

Primary 
Air 
valve– 
Closed 

 

	  

Secondary Air valve– 
Closed  

 

	  

Gas valve – Closed 

 

	  

Recirculation 
valve – 
Closed 

 

	  

Bypass valve – Closed 
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Gas blower – Off 

 

	  

Air blower- Off 

 

1.7.G Unloading the Retort 
The Adam Retort’s Unloader uses a vacuum system that is powered by a gasoline engine to unload biochar 
from the retort. The vacuum removes and breaks up the biochar as well as wetting it to reduce dust and avoid 
any risk of igniting the biochar. Biochar is sent from the tub to the cyclone, which separates the biochar from 
the air and drops it into the bulk bag suspended underneath. 

1. Attach the Unloader’s water hose and install the bulk bag on the Unloader. 
 

2. Have a water hose on and standing by. 
 

3. Undo the bolts of the retort (tub). 
 

4. Carefully open the retort lid. 
 

5. Look for any sign of hot or burning biochar — if still hot, spray lightly with water as necessary. 
 

6. Turn on the water to the Unloader. 
 

7. Start the engine on the Unloader. 
 

8. Carefully vacuum out the biochar from the tub using the Unloader’s vacuum hose. 
 

Note: Make sure the biochar in the bulk bag does not reach the bottom of the cyclone as this will cause dust 
to come out of the cyclone exhaust. 

 

Managing	  Liquid	  Distillates	  
Each batch run of an Adam Retort will produce anywhere from 30 to 80 gallons of distillate depending on the 
type of feedstock, the feedstock’s moisture content, and the condenser's efficiency. (Experience shows that 
SEC’s Adam Retort typically generates about 45 gallons of distillate per batch.) 

The preferred way to manage these distillates is to first allow them to cool, and then have them settle for at 
least 3 – 6 months so that they separate by gravity into their general components. A drum of distillate, once 
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the liquids have separated, will generally yield about 1 to 2 gallons of wood tar on the bottom, 40 to 50 
gallons of wood vinegar, and a small amount of wood oil on top. 

The wood oil can be carefully skimmed from the top of the separation drum and added to the next load of 
chips to go into the Gasifier. Wood vinegar can be decanted and diluted for use in compost piles, used as an 
insecticide, or used for other agricultural uses. It can be sold commercially for a wide range of uses. Wood 
tar can be accumulated in its own drum until a sufficient amount is available to use for wood preserving or 
road paving.  The uses of these distillates from the condenser are myriad and worthy of further research and 
application. 

 

 
 

Ensuring	  High-‐Quality	  Biochar	  
Inspection and rating of biochar quality can be simply accomplished by checking for the following criteria: 

• No brown color on its inside (no remaining wood) 
• No white color on its outside (no ash) 
• Drop or move the biochar — it should “clink” with a glass-like sound 

 
Further field trials, scientific studies or field test applications will add to the growing body of knowledge 
around the quality and use of biochar. It is highly recommended that biochar be inoculated with compost tea or 
compost directly prior to adding it as a soil amendment, according to the proper application protocol for that 
particular intended agricultural use. 

 

Inspection and Maintenance of the Adam Retort	  
Any warranty is subject to the correct retort operation and regular retort inspection and maintenance. The 
following maintenance actions should be taken in an appropriate manner depending on the number of burns 
and usage of the retort. 

Regular	   Maintenance	  
Maintenance After	  Every	  Burn	  

After every burn the following maintenance should be performed: 

1. Check the retort’s top seal and repair any voids in preparation for the next burn. The high 

temperature silicone requires at least one overnight to harden after it has been applied. 

2. Clean the Unloader hose and cyclone of any dust buildup, especially in the elbow of the blower. 
 

Note: Never bypass the safety switches on the Unloader. 
 

3. With the Unloader turned off and the hose removed, check its spray nozzles to make sure that they 

are clear and operating properly 

4. Install exhaust stack cover after cool down to keep animals or rain from entering the exhaust stack. 
 

The distillates are very acidic and will cause skin and eye irritation. 
Wear safety glasses and rubber gloves when handling them. 
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Maintenance After	  Every	  Four	  (4)	  Burns	  
After every four (4) burns the following maintenance should be performed: 

1. Gas Blower Maintenance 
 

a) Remove covers to gas blower pulleys and grease bearing with wheel bearing grease as needed. 

b) Check for any signs of leakage around the gas blower shaft. If any is noted, tighten the packing 

gland by turning the hexagonal center 1/6 turn to ½ turn clockwise. 

c) Be sure to replace the safety covers after maintaining blowers and bearings. 
 

2. Clean the condenser’s gas input channel 
 

a) Remove the top channel cover between the bypass valve and the condenser. 

b) Scrape and remove any buildup, being careful not to let anything fall into the condenser. 

c) Reinstall the top channel cover between the bypass valve and the condenser and cover 

with high temperature silicone making sure that there are no leaks. 

 
3. Remove any ash that has accumulated in the combustion chamber without damaging any of the refractory 

material in the combustion chamber. 

4. Clean the Gasifier grate 
 

a) Allow the Gasifier to burn itself most of the way out of feedstock very slowly with the Primary Air 

Valve mostly closed. 

b) Allow the Gasifier to cool to ambient temperature then open the access door to the Gasifier and 

remove any chips or char that remains in the unit. 

c) Clean the grate at the bottom to assure proper gas flow out of the Gasifier. 
 
5. Reload the char/wood chips in the Gasifier in preparation for the next run. 

 
Maintenance As	  Needed	  

1. If any packing gland seals around the shafts that penetrate walls start to leak at all, tighten them. 
 
2. Check and repair the gasket seal under the Gasifier lid. 

 
Note: Gasket maintenance is done with a high temperature silicone sealant with a bead no more than ½-inch 
thick and well attached to a clean metal surface. It may be necessary to clean the metal with steel wool or a 
wire brush in order to get the silicone to adhere. All sealant should be set up like hard rubber before the 
sealing surfaces are joined together, otherwise the sealant will never harden. 
	  

1. 3. Refer to the manual for the Unloader engine for specific maintenance of that motor. 
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Appendix	  A:	  Retort	  Start-Up	  Checklist	  
	  

Before starting the retort, check the following: 
 

  Electrical supply is secure and connected. 

 
  Temperature Display is activated. 

 
  Distillates Containers are in place. 

 
  Water supply is secure and connected (or in the case of recirculated cooling water that the water 

tank and pump are activated). 
 

  Supply of wood chips for fueling the Gasifier is available and the chip hopper is full. 

 
  Open the Recirculation Valve to its full open position 

 
  Open the Gas Valve to its full open position 

 
  Open the Primary Air Valve to its full open position 

 
  Ensure that the Gas Secondary Air Valve is in its fully closed position 

 
  Power up the Condenser system at the breaker box. 
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Appendix	  B:	  	  Principal	  Safety	  Precautions	  
	  

Safety precautions are to be followed without exception. 
 
 

• All original equipment safety devices must be left in place on any equipment, especially power tools. 

 
• All equipment and power tools are located on a stable, dry, well-drained, nonflammable and level 

surface. 

 
• All equipment is located an appropriate distance from buildings, trees, other equipment or 

traffic from vehicles, people, livestock, etc. 

 
• Barriers or fences are erected as necessary to keep people or livestock at a safe distance from 

the equipment while it is in operation 

 
• Retort operator always has unencumbered access to all controls and facets of the equipment. 

 
• All electric motors used as a part of the biochar system have thermal protection to shut them off 

should they become too hot. 

 
• No branches, wires, buildings or other overhead objects should be affected by the exhaust stream 

from the exhaust stack. 

 
• Create and train teams during the operation of the retort whose members watch for any possible 

risks or hazards and advise other team members. 

 
• Proper safety gear should be worn at all times by staff when warranted. The following safety gear 

should be available for use: 
o Noise protection 
o Goggles 
o Coveralls 
o Respirator masks  
o Chainsaw masks  
o Work gloves 
o Rubber gloves 
o Welding gloves 
o Welding masks (self darkening) 
o Welding chaps (leather) 
o First aid kits 
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• Operating the retort creates high levels of heat and all staff must remain hydrated to maintain health. Clean 
and safe drinking water should be available at all times. 

 
• All equipment should be checked before staff touches any handle or piece of equipment to ensure it is not 

so hot as to cause a burn to occur. 

 
• All staff members have access to local emergency response phone numbers and be instructed to call 

if necessary. 
 

Safety first - better safe than sorry. 


