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Workshop Report: Biochar Intensive Workshop and Biochar 
Production Trials 
	
Wilson	Biochar	Associates	conducted	a	session	of	workshops	and	biochar	
production	trials	for	NDSU	during	the	week	of	April	15	–	19,	2019.	Results	of	each	
day’s	activities	are	summarized	in	this	report,	along	with	comments	from	Kelpie	
Wilson	on	the	impacts	and	effectiveness	of	the	activities.	
	
Three-day Biochar Intensive Workshop at Menoken Farm. 
About	20	people	attended	the	three-day	workshop,	including	North	Dakota	Forest	
Service	staff	from	around	the	state,	Soil	Conservation	District	staff,	NRCS	staff,	
representatives	from	a	local	landscaping	company,	several	farmers	from	around	the	
state,	NDSU	faculty,	tribal	representatives,	a	biochar	producer	from	Colorado,	and	a	
USDA-ARS	researcher	from	Minnesota.	
	
Day	1	was	a	half-day	and	consisted	of	an	introductory	lecture	by	Kelpie	Wilson	on	
biochar	history,	biochar	biochemistry	and	biochar	applications,	followed	by	a	
presentation	from	NDSU	faculty	member	Ghasideh	Pourhashem	on	policy	barriers	
to	biochar	adoption.	There	was	plenty	of	time	for	questions	and	discussion.	One	of	
the	most	important	questions	that	farmers	had	was	whether	biochar	could	help	
improve	saline-sodic	soils,	or	do	anything	to	help	remediate	legacy	brine	holding	
pits.	We	did	not	have	definitive	answers	to	those	questions,	but	resolved	to	ask	Dr.	
Kurt	Spokas,	the	USDA-ARS	biochar	researcher	from	Minnesota,	who	would	be	
attending	the	next	day.		
	
Day	2	was	a	full	day	beginning	with	a	lecture	by	Kelpie	Wilson	on	biochar	
production	technology.	We	covered	different	types	of	industrial	biochar	production	
and	then	focused	in	greater	detail	on	flame	cap	kilns	as	an	affordable	biochar	
production	method	for	use	by	farmers	in	the	field.	Following	the	lecture,	we	began	
trials	of	two	kilns	that	Derek	Lowstuter	had	manufactured.	One	was	a	grain	bin	
bottom	cone	with	a	volume	of	10.6	cubic	yards,	and	the	other	was	a	half	pipe	with	
end	caps	with	a	volume	of	5.7	cubic	yards.	We	had	two	feedstock	piles	to	use	–	one	
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was	about	two	cords	of	firewood	and	the	other	was	an	equal	amount	of	larger	
chunks	of	shelterbelt	wood.		
	
Half	Pipe	Kiln.	We	used	cordwood	exclusively	in	the	smaller	half	pipe	kiln.	The	kiln	
was	filled	loosely	to	the	top	with	cordwood	and	lit	across	the	top	to	create	a	“cap”	of	
flame	for	the	purpose	of	heat	transfer	and	to	serve	as	an	afterburner	to	burn	the	
smoke	and	gases	released	from	the	heated	wood.	After	the	initial	charge	burned	
down	to	coals,	we	added	more	material	by	hand	about	every	5-10	minutes	until	the	
kiln	was	full.	The	burn	went	very	well,	and	a	flame	cap	was	easily	maintained	
throughout,	with	very	little	smoke	production.	Cattle	panels	on	each	side	of	the	kiln	
minimized	wind	effects	and	are	recommended	when	using	kilns	in	open,	windy	
areas.	When	the	kiln	was	full	of	char,	we	snuff	quenched	it	with	a	load	of	wet	
manure.	Although	water	was	available	through	a	garden	hose,	it	would	have	taken	a	
long	time	to	deliver	the	water	needed	to	flood	quench	the	kiln.	It	takes	about	half	the	
kiln	volume	in	water	to	effectively	flood	quench.	In	this	case	it	would	have	required	
about	600	gallons	of	water.	The	disadvantage	of	snuff	quenching	is	that	it	can	take	
several	days	for	a	kiln	full	of	char	to	cool	down	enough	so	that	it	won’t	reignite.	
When	we	returned	the	next	day	to	dump	the	kiln,	there	were	still	hot	spots	in	the	
char.	We	were	able	to	effectively	quench	it	by	spraying	water	on	it	while	stirring	it	
and	spreading	it	thin	to	lose	heat.	In	the	process,	the	char	was	mixed	with	manure,	a	
desirable	outcome	as	biochar	is	best	used	for	improved	composting	of	manure.		
	

 
Figure 1. Initial charge of the half pipe kiln with kindling on top	

	



	

	

 
Figure 2. Hand loading the half pipe kiln with cord wood	

	

 
Figure 3. Half pipe kiln full of charred wood and ready to quench	

	



	

	

 
Figure 4. Damp steer manure used to quench kiln	

	
Grain	Bin	Bottom	Cone	Kiln.	We	did	not	have	enough	cordwood	to	fill	the	cone	
kiln.	A	rule	of	thumb	for	making	biochar	in	flame	cap	kilns	is	to	use	larger	sizes	of	
wood	in	larger	kilns.	Power	(heat)	output	is	roughly	proportional	to	the	cross-
sectional	area	of	the	kiln,	and	more	heat	is	needed	to	effectively	char	larger	pieces	of	
wood.	Accordingly,	we	decided	to	use	the	larger	material	in	this	kiln.	The	initial	load	
of	the	kiln	filled	the	bottom	of	the	cone	up	to	about	2	feet	with	the	smaller	
cordwood.	We	then	loaded	large	chunks	(about	12-18’’	thick)	on	top	to	fill	the	kiln	
to	just	below	the	rim.	This	initial	charge	was	lit	on	top	using	liquid	accelerant.	As	the	
burn	progressed,	we	added	new	material	with	the	payloader.	As	the	work	day	
ended,	the	half	pipe	kiln	was	finished,	but	the	cone	kiln	was	still	only	about	half	full.	
We	debated	using	manure	to	quench	the	kiln,	but	were	concerned	that	the	
additional	weight	of	manure	would	make	it	very	difficult	to	unload	the	kiln.	The	
cone	kiln	cannot	be	easily	tipped	over	like	the	half	pipe.	Instead,	we	put	as	much	
water	on	it	as	we	could,	but	the	bottom	hatch	was	not	well	sealed,	and	a	slow	leak	
limited	our	ability	to	flood	quench.	At	any	rate,	it	would	have	required	somewhere	
around	1000	gallons	of	water	to	quench	this	kiln,	especially	since	many	of	the	bigger	
chunks	were	not	fully	charred.	Returning	the	next	morning,	a	good	deal	of	the	char	
had	reignited	and	was	burned	to	ash.	This	large	size	cone	kiln	would	require	some	
kind	of	lid	to	snuff	effectively.	If	an	effective	lid	can	be	designed	for	snuff	quenching,	
then	the	hatch	will	work	as	a	means	to	offload	the	char.	A	hinge	and	clamp	
arrangement	for	the	hatch	might	facilitate	better	sealing	and	easier	offloading.		
	



	

	

 
Figure 5. Using the payloader to load up the cone kiln 

	

 
Figure 6. Using liquid accelerant to light the cone kiln	



	

	

 
Figure 7. Cone kiln with flame cap	

	

 
Figure 8. Incompletely charred material in the cone kiln after water is added for quenching	

	
	



	

	

 
Figure 9. Next day - inadequate quenching leads to char loss in cone kiln	

	
Day	3	was	designated	as	a	round	table	discussion	about	biochar,	production	and	
applications.	We	began	the	day	with	a	report	from	Dr.	Kurt	Spokas,	USDA-ARS	
research	scientist.	Dr.	Spokas	responded	to	our	questions	about	the	impact	of	
biochar	on	saline-sodic	soils.	Although	not	his	area	of	research,	he	spent	the	
previous	evening	reading	papers	and	querying	colleagues	to	present	us	a	brief	
summary	of	his	findings.	In	his	review,	he	saw	that	several	researchers	have	found	
that	biochar	is	effective	in	alleviating	salt	stress	and	promoting	plant	growth,	but	
not	all	studies	have	found	this	result,	and	the	actual	mechanisms	are	unclear.	It	is	
unlikely	that	sodium	has	been	adsorbed	to	the	char.	He	found	that	it	is	more	likely	
that	calcium	and	magnesium	in	the	biochar	are	displacing	sodium	and	causing	it	to	
precipitate	below	the	plant	root	zone.	There	may	be	other	chemical	and	biological	
effects	as	well	that	serve	to	alleviate	salt	stress	in	fields	amended	with	biochar.	More	
research	is	needed	as	this	is	a	very	new	field	of	study.		
	
Following	Dr.	Spokas’	presentation,	we	heard	from	biochar	producer	James	Gaspard	
whose	Colorado-based	company	Biochar	Now	provided	the	biochar	that	is	being	
used	at	the	Menoken	Farm	and	also	the	United	Tribes	Technical	College.	
Participants	were	able	to	ask	questions	about	the	biochar	characteristics	and	
application	rates.	There	was	a	lengthy	discussion	about	the	advantages	of	feeding	
biochar	to	livestock,	and	the	need	to	change	animal	feed	regulations	to	allow	this.	
We	also	heard	from	farmer	Bill	Miller	who	has	done	extensive	trials	with	homemade	
biochar	in	his	gardens	and	orchards.	Mr.	Miller	has	had	mixed	results,	with	some	
plots	showing	definite	yield	increases	and	others	showing	little	differences	between	
treatments.	He	also	described	his	experiences	with	making	biochar	and	the	
challenges	of	quenching	it.	
	
We	ended	the	session	with	a	look	at	a	dozen	or	so	samples	of	biochar	compost	
materials	provided	by	Wilson	Biochar	Associates.	Kelpie	Wilson	demonstrated	a	



	

	

simple	technique	for	pH	testing	of	the	materials	using	pH	strips,	and	discussed	the	
implications	of	pH	changes	during	composting.	Most	biochars	have	a	fairly	high	pH,	
which	can	be	a	concern	in	alkaline	soils,	however,	composting	with	manure	is	very	
effective	in	lowering	the	biochar	pH	so	that	resulting	biochar	composts	are	near	
neutral	pH.		
	

 
Figure 10. Producer Bill Miller describes results of his biochar field trials	

	
Presentation at United Tribes Technical College 
On	Thursday,	April	18,	Kelpie	Wilson	gave	a	brown	bag	lunch	presentation	to	about	
25	students	and	faculty	at	United	Tribes	Technical	College.	The	40-minute	
presentation	gave	an	overview	of	all	aspects	of	biochar	production	and	use	in	
agriculture.	During	the	discussion	at	the	end,	students	had	many	questions	about	
biochar	and	about	the	best	application	rates	for	the	garden	plots	at	the	college.	One	
of	the	faculty	members	present,	who	teaches	in	the	HVAC	program,	wanted	to	know	
how	best	to	convert	straw	into	biochar.	This	is	an	important	question	since	straw	is	
more	available	as	a	feedstock	than	wood	in	many	locations	in	North	Dakota.		
	
Following	the	presentation,	we	visited	the	garden	plots	and	applied	the	biochar	on	
two	of	the	garden	plots.	Students	distributed	the	biochar	across	the	soil	surface	
using	a	wheelbarrow	and	shovels,	and	then	tilled	it	in	with	garden	forks.	Only	some	
of	the	plots	received	biochar,	so	they	will	serve	as	a	long-term	field	trial	as	students	
observe	the	effects	of	biochar	over	time.		
	
	



	

	

 
Figure 11. Students at United Tribes Technical College apply biochar to garden plots	

 
Oil Field Tank Biochar Kiln Trial at Bliss Farm 
On	Friday,	we	went	to	a	local	farm	where	shelterbelt	renewal	work	is	taking	place,	
the	Bliss	Farm.	Derek	Lowstuter	provided	a	metal	kiln	made	from	an	oil	field	tank	
cut	in	half	and	reinforced	with	a	welded	frame	to	make	a	half-cylinder	trough.	The	
dimensions	of	this	kiln	are	12	ft	in	diameter	and	20	feet	long	for	a	total	volume	of	42	
cubic	yards.	A	payloader	began	loading	the	kiln	from	several	piles	of	Siberian	elm.	
The	feedstock	piles	were	not	ideal,	because	they	included	lots	of	dirt.	It	would	have	
been	helpful	if	the	trees	could	have	been	cut	into	smaller	pieces,	at	least	separating	
the	branches	from	the	boles	so	the	material	could	be	loaded	more	evenly	into	the	
kiln.	Another	problem	was	the	wet	condition	of	the	field,	and	at	one	point,	the	loader	
got	stuck	and	the	loading	stopped.	This	was	a	critical	moment,	because	it	is	
necessary	to	keep	loading	the	kiln	at	a	constant	rate,	otherwise	the	flame	cap	is	lost	
and	it	is	difficult	to	get	the	process	going	again.	Meanwhile,	the	char	begins	to	burn	
and	turn	to	ash.	Rather	than	try	to	get	the	process	going	again,	we	decided	to	quench	
the	kiln	and	save	the	char	we	had	already	made.	It	would	have	taken	about	5000	
gallons	of	water	to	flood	quench	the	kiln,	and	we	had	only	about	1500	gallons	in	a	
tank.	We	considered	dumping	dirt	on	top	to	snuff	quench,	but	we	had	two	concerns:	
first,	we	did	not	want	to	dig	up	and	disturb	soil	in	the	farmer’s	field;	and	second,	we	
worried	that	by	adding	enough	dirt	to	smother	the	char,	we	might	make	the	tank	too	
heavy	to	dump.	Luckily,	we	hit	on	a	third	alternative	which	was	successful:	we	used	
the	payloader	to	tip	the	tank	completely	over,	“turtling”	it	so	that	the	tank	
completely	covered	the	char.	We	used	the	water	to	quench	the	small	amount	of	char	
that	fell	out	of	the	tank,	and	used	the	payloader	to	scoop	a	small	berm	of	dirt	around	
the	edges	of	the	tank	to	keep	air	out.		
	



	

	

 
Figure 12. Payloader can easily pick up and move the 42 cubic yard tank kiln	

	

 
Figure 13. Flame cap established in the tank kiln	

	



	

	

 
Figure 14. Wood piles filled with dirt inhibit charring operations by reducing flames and heat	

	

 
Figure 15. Attempts to cut material into smaller pieces to enhance charring performance	



	

	

 
Figure 16. We solved the problem of quenching the kiln by tipping it over to exclude air. Char is still inside the kiln.	


