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BamCore	and	Global	Warming	

Executive	Summary	
	
Background:	 	BamCore	manufactures	highly	 innovative,	patented	and	building	code-compliant	framing	systems	using	
minimally	 processed	 timber	 bamboo.	 	 BamCore’s	 first	 commercialized	 product—the	 Prime	Wall	 System—mitigates	
global	 warming	 in	 two	 ways.	 	 The	 international	 sustainability	 consulting	 firm	 Quantis	 completed	 a	 cradle-to-grave	
carbon	footprint	analysis	(a	screening-level	Life	Cycle	Analysis),	which	reported	these	two	key	findings:		

• an	 average	US	 house	 built	 in	 an	 average	US	 climate	 zone	would	 save	 125	metric	 tons	 of	 CO2	
during	its	service	life	when	built	with	the	BamCore	Prime	Wall	System	compared	to	conventional	
wood	framed	structures	(Quantis	Report,	p.19	&	45),	and		

• that	as	market	demand	 for	 timber	bamboo	grows,	 land-use	conversion	 from	grazing	and	other	
uses	 to	 timber	bamboo	plantations	can	remove	or	 sequester	 337	metric	 tons	of	 CO2	 from	the	
atmosphere	per	hectare	of	converted	land	(Quantis	Report,	p.37).		
	

Our	newest	report,	“BamCore	and	Global	Warming,”	written	by	BamCore	puts	these	findings	in	the	broader	context	of	
both	climate	change	policy	and	environmental	and	impact	investing.		The	new	report	expresses	four	main	conclusions.	

1. Current	and	planned	efforts	to	avoid	“dangerous	climate	change”	have	fallen	significantly	short.	
a. The	 2016	 emission	 projection	 puts	 mankind	 on	 the	 highest	 and	 most	 dangerous	 trajectory	

(RCP8.5).			
b. If	all	the	Paris	agreements	were	met,	including	the	recently	withdrawn	USA,	mankind	would	still	

be	on	the	second	most	dangerous	trajectory	(RCP6).	
c. To	 date,	 nearly	 all	 policy	 focus	 has	 been	 on	 emission	 reduction,	 while	 removal	 of	 existing	

atmospheric	CO2	(carbon	removal	or	sequestration)	is	also	badly	needed.	
2. Among	 the	 carbon	 removal	 options	only	 afforestation	 (expanding	planting	of	 trees)	 is	 ready,	 capable	 of	

scaling,	low	cost	and	has	few	collateral	negatives	(see	Figure	1	below).	
3. Afforestation	 analysis	 to	 date	 has	 focused	 largely	 on	 terrestrial	 trees,	 ignoring	 mangroves	 and	 timber	

bamboo.	
a. Mangroves	are	 likely	nature’s	most	potent	carbon	sink,	but	are	 limited	 in	available	habitat	and	

face	a	serious	assault	from	rising	sea-levels	due	to	global	warming.	
b. Timber	 bamboo	 has	multiple	 advantages	 over	 wood	 including	 speed	 of	 growth	 and	 perennial	

selective	harvesting	of	durable	fiber.			
i. In	the	first	5	years:	timber	bamboo	CO2	removal	out	performs	wood	by	a	factor	of	10	
ii. At	the	end	of	30	years:	timber	bamboo	CO2	removal	out	performs	wood	by	a	factor	of	2.5	

to	5	times	(see	Figure	2	below).	
							4.	 Market	 adoption	 of	 BamCore’s	 framing	 products	 as	 small	 as	 10%	 in	 the	G-7	 countries	 results	 in	greater	

than	1	gigaton	of	CO2	reduction	in	25	years.	
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BamCore	and	Global	Warming	
	

In	March	2017,	the	international	sustainability	consulting	firm	Quantis	completed	a	screening	level	
Life	Cycle	Assessment	(LCA)	to	determine	the	cradle-to-grave	carbon	footprint	of	BamCore’s	Prime	
Wall	System.		Quantis’	analysis	produced	two	significant	findings:			
	

1. an	average	US	house	built	in	an	average	US	climate	zone	would	save	125	metric	
tons	 of	 CO2	 during	 its	 service	 life	 when	 built	 with	 the	 BamCore	 Prime	 Wall	
System	 compared	 to	 conventional	 wood	 framed	 structures	 	 (Quantis	 Report,	
p.19	&	45),	and		
	

2. as	market	demand	for	timber	bamboo	grows,	land-use	conversion	from	grazing	
and	 other	 uses	 to	 timber	 bamboo	 plantations	 can	 sequester	 or	 remove	 337	
metric	tons	of	CO2	from	the	atmosphere	per	hectare	of	converted	land.		

	
In	the	BamCore	authored	LCA	Commentary	that	accompanied	the	Quantis	Report,	we	sketched	out	
the	 reasons	we	 believe	 that	 adoption	 of	 the	 BamCore	 Prime	Wall	 System	 in	 lieu	 of	 conventional	
wood	 framing,	 along	 with	 the	 resulting	 land-use	 conversion	 to	 timber	 bamboo	 (i.e.	 bamboo	
afforestation),	provides	a	uniquely	strong	response	to	global	warming.		Supporting	our	belief	are	the	
thermal	 benefits	 of	 the	 Prime	Wall	 System	 that	 reduce	 emissions	 and	 the	 superiority	 of	 timber	
bamboo	as	a	potent,	safe	and	ready	driver	of	carbon	sequestration.		Here,	in	the	context	of	today’s	
climate	 realities	and	 the	withdrawal	of	 the	US	 from	the	Paris	Climate	Agreement,	we	expand	our	
discussion	 of	 carbon	 sequestration	 and	 project	 in	 detail	 the	 CO2	 savings	 in	 gigatons	 that	 can	 be	
achieved	by	marketplace	 adoption	 of	 BamCore’s	 technology.	 	 The	 discussion	 is	 presented	 in	 four	
sections:	
	

1. 2o	C,	Carbon	Budgets	and	the	Current	Trajectory	
2. Carbon	Sequestration	Options	
3. Timber	Bamboo	v.	Tree	Afforestation	
4. Scaling	the	Use	of	BamCore	and	Timber	Bamboo	Afforestation.	

	
We	are	business	professionals,	not	climate	scientists	or	geoengineers.	Our	purpose	is	to	weigh	data	
and	findings	in	order	to	set	a	course	of	action	in	pursuit	of	a	productive	goal.		Our	present	goal	is	to	
demonstrate	 that	 BamCore	 offers	 a	 uniquely	 promising	 carbon	 footprint,	 which	 substantially	
reduces	emissions	while	also	driving	carbon	sequestration	as	a	direct,	yet	costless,	by-product	of	
market	adoption.			
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1. 2oC,	Carbon	Budgets	and	the	Current	Trajectory	

	
2oC	and	Carbon	Budgets.		In	2009,	when	the	Copenhagen	Agreement	was	adopted,	the	agreement	
incorporated	the	prevailing	view	of	climate	scientists	that	limiting	the	earth’s	temperature	increase	
to	2oC	above	stable	pre-industrial	temperatures	was	necessary	to	prevent	serious	climate	problems.		
In	2013,	the	Intergovernmental	Panel	on	Climate	Change	(IPCC)1	formalized	the	idea	of	limiting	
emissions	by	proposing	a	global	carbon	budget	in	its	Fifth	Assessment	report.		The	purpose	of	the	
carbon	budget	was	to	provide	a	guideline	for	the	maximum	level	of	carbon	that	can	be	emitted	
globally	for	energy	(and	cement)	while	still	avoiding	the	“dangerous	climate	change,”	associated	
with	a	global	temperature	rise	above	2oC.		A	2015	Working	Paper	from	Oxford	University	puts	the	
carbon	budget	in	context	(Caldecott	et	al,	2015):		
	

Carbon	budgets	represent	our	best	estimates	of	the	amount	of	CO2	that	may	be	
released	into	the	atmosphere	before	it	becomes	unlikely	that	the	2°C	target	can	be	
avoided.	Based	on	the	latest	IPCC	work	(IPCC,	2013)	the	current	cumulative	carbon	
budgets	are	900,	1050,	and	1200	GtCO2	under	66%,	50%,	and	33%	probabilities,	
respectively.	In	2010,	gross	annual	Greenhouse	Gas	(GHG)	emissions	totaled	~50	
GtCO2-equivalent.	Ocean	and	land	sinks	absorb	just	over	50%	of	the	emissions	
resulting	in	net	atmospheric	emissions	increasing	by	around	22	GtCO2	pa	and	
therefore	an	average	~3	ppm	increase	of	atmospheric	CO2	concentration	per	year,	
although	the	fraction	absorbed	by	these	sinks	is	falling	(Le	Quere,	2009).	

	
It	is	important	to	make	clear	that	the	900	GtCO2	is	what	remains	in	a	budget	of	2900	GtCO2,	which	is	
the	amount	of	the	of	CO2	that	can	be	added	to	the	atmosphere	before	the	probability	of	preventing	
a	2°C	temperature	increase	falls	below	66%.		Said	differently,	we	are	not	at	zero	in	a	remaining	
budget	of	900	GtCO2,	we	are	going	from	a	baseline	to	hopefully	less	than	2°C	rise.		Rather,	we	have	
already	spent	65%	of	the	budget	that	we	have	to	keep	the	temperature	rise	to	less	than	2°C.		
	
Current	Global	Warming	Trajectory.	To	anticipate	various	climate	change	scenarios	that	the	earth	
may	face,	the	IPCC	devised	four	Representative	Concentration	(of	CO2)	Pathways	(RCPs)	or	
scenarios.	Table	1	summarizes	four	pathways	or	scenarios	that	climate	scientists	have	modeled.			
RCP2.6	is	the	pathway	that	aligns	with	the	above	2oC	desired	cap	and	the	supporting	900	GtCO2	
global	carbon	budget.		More	recently,	a	1.5o	C	temperature	rise	cap	is	being	considered	as	a	more	
appropriate	cap	by	the	IPCC	to	avoid	dangerous	climate	change,	but	has	not	formally	been	included	
as	a	new	RCP.	
	 	

                                   
1 IPCC was formed in 1988 by the joint efforts of the World Meteorological Organization and the United 
Nations Environment Programme. Today the IPCC serves at the main research and coordinating body to 
provide policy makers with a scientific framework for address global climate change. 
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Table	1.	RCP	Pathway	(Scenarios)	Projections	
	

Table	1	-	RCP	Pathway	(Scenarios)	Projections	

		 2046-2065	 2081-2100	

Path	
Name	

Atmospheric	
CO2	(ppm)	

Peak	
Emissions	

Date	

	Mean	
Temperature	
Rise	and	

Likely	Range	
(°C)	

Mean	Sea	
Level	Rise	and	

Likely	
Range(ft.)	

	Mean	
Temperature	
Rise	and	Likely	
Range	(°C)	

Mean	Sea	
Level	Rise	
and	Likely	
Range		(ft.)	

RCP	2.6	 450	 2020	
1.0	(0.4	to	1.6)	

0.8	(.5-	1.04)	 1.0	(0.3	to	1.7)	 1.3	(.85-1.8)	

RCP	4.5	 650	 2040	 1.4	(0.9	to	2.0)	 0.9	(	.6-1.08)	 1.8	(1.1	to	2.6)	 1.5	(1.04-
2.06)	

RCP	6	 850	
2080	

1.3	(0.8	to	1.8)	 0.8	(.5-	1.04)	 2.2	(1.4	to	3.1)	 1.6	(1.08-
2.06)	

RCP	8.5	 1370	 after	2100	 2.0	(1.4	to	2.6)	 1	(.7-1.24)	 3.7	(2.6	to	4.8)	
2.1	(1.47-
2.69)	

Source:		 IPCC	Expert	
Meeting		

www.wri.org/ipcc-
infographics	 https://en.wikipedia.org/wiki/Representative_Concentration_Pathways	

	
	
	
Figure	1a	presents	the	four	RCPs	graphically,	showing	CO2	emissions	per	year	on	the	left	axis.		Each	
faint	trace	is	a	modeled	projection	and	the	bolded	lines	represent	the	projected	average	for	each	
respective	scenario.		Notice	that	for	the	lowest	risk	carbon	budget,	RCP	2.6	(blue	bold	line	on	the	
bottom),	that	global	emissions	need	to	peak	around	2020	and	then	reach	net	zero	emissions	by	
2070.		
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Figure	1a.		IPCC’s	Four	Representative	Concentration	(of	CO2)	Pathways		

Showing	2016	Estimate	
	

	
Source:	Global	Carbon	Project,	2016	
	

In	2015,	total	global	emissions	from	fossil	fuel	and	cement	production	was	36.3	GtCO2	(Global	
Carbon	Budget,	2015),	which	was	down	very	slightly	from	2014.		Based	on	2015	levels,	assuming	
steady	state	emissions,	mankind	will	deplete	the	remaining	IPCC	carbon	budget	that	is	intended	to	
prevent	dangerous	climate	change	in	less	than	25	years.		Figure	1a	shows	the	2016	estimate,	which	
lies	close	to	the	highest	risk	RCP8.5.		
	
In	December	2015,	196	countries	and	other	parties	signed	the	Paris	Climate	Agreement	and	
adopted	individual	voluntary	limits	on	each	party’s	CO2	emissions.	Only	Syria	and	Nicaragua	declined	
to	participate	(for	different	reasons).			Unfortunately,	the	sum	of	these	individual	voluntary	carbon	
limits,	called	Intended	Nationally	Determined	Contributions	(INDCs),	substantially	exceeds	what	is	
needed	to	stay	on	the	lowest	risk	trajectory	RCP2.6.		Figure	1b,	illustrates	the	magnitude	of	
mankind’s	challenge.		Even	if	all	the	Paris	signatories	(including	the	recently	withdrawn	USA)	hit	
their	INDCs,	global	emissions	will	be	still	be	more	than	60%	above	the	globally	budgeted	RCP2.6	
scenario	that	is	seen	necessary	for	averting	dangerous	climate	change.		Thus,	despite	coordinated	
global	(voluntary)	planning,	we	seem	to	be	on	a	trajectory	likely	to	produce	a	temperature	rise	
closer	to	4oC	than	to	1.5o	or	2oC.	
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Figure	1b.	IPCC’s	Representative	Concentration	Pathways	with	the	Paris	Climate	
Agreement	Pledges	

	

	
Source:	Global	Carbon	Project,	2016		 	 	 	 	 	 	 	

Beyond	the	weakness	in	our	global	coordination	to	fight	climate	change,	anecdotal	reports	now	
abound	suggesting	that	we	could	be	on	a	pathway	to	dangerous	climate	change.		Since	2010,	major	
ice	sheets	in	western	Antarctica	have	seen	unprecedented	melting.	On	May	18,	2017,	the	NY	Times	
reported	that	miles-long	sections	of	the	West	Antarctica	Ice	Shelf	were	already	breaking	off	and	that	
new	climate	models	suggest	if	greenhouse	gas	emissions	remain	unchanged	parts	of	Antarctica	
could	break	up	rapidly,	causing	the	ocean	to	rise	by	more	than	6	feet	in	next	80	years.		At	the	North	
Pole,	NASA	reported	on	May	3,	2017,	that	winter	extent	of	the	arctic	ice	cap	reached	its	lowest	level	
in	38	years	of	satellite	imagery	(NSIDC,	2017).	In	temperate	locations,	Spring	leafing	and	first	bloom	
appeared	at	their	earliest	historical	dates	in	2013	and	then	again	in	2017	across	most	of	the	
Northern	Hemisphere	according	to	the	EPA	(EPA,	2017).		Although	climate	change	can	open	
migration	corridors	for	some	animals,	today’s	“temperatures	are	changing	rapidly	so	that	even	
species	with	the	potential	to	disperse	or	migrate	may	not	disperse	quickly	enough	to	reach	future	
areas	of	climate	suitability”	(McGuire,	2016).		This	suggests	a	potentially	significant	loss	of	
biodiversity	across	the	planet.			Finally,	from	an	earth-wide	perspective,	in	its	Fifth	Assessment	
Report	(2013),	the	IPCC	concluded	that	effects	of	climate	change	were	already	“widespread	and	
consequential.”	
	
	
These	anecdotal	examples	serve	as	reminders	that	time	is	of	the	essence	in	our	response	to	climate	
change.		The	risk	that	mankind	faces	with	additional	temperature	increases	is	pointedly	asymmetric	
due	to	multiple	positive	feedback	cycles	that	operate	within	the	overall	climate	system.		Once	



 

    
 

5 

warming	temperatures	trigger	a	positive	feedback	cycle,	it	then	accelerates	activities	that	result	in	
additional	warming.	In	the	extreme,	triggering	various	positive	feedback	cycles	could	lead	to	a	
tipping	point	that	we	cannot	reverse.		One	well-noted	example	of	positive	feedback	is	the	loss	of	
albedo	or	solar	reflectance	from	snow	and	ice.		As	rising	temperatures	cause	snow	and	ice	to	melt	in	
the	mountains,	on	glaciers	and	at	the	poles,	less	solar	energy	is	reflected	causing	the	atmosphere	to	
retain	more	heat.		More	heat	melts	more	snow	and	ice,	etc.		The	melting	of	permafrost	that	releases	
the	very	potent	GHG	methane	is	another	positive	feedback	cycle	that	accelerates	global	warming.2	It	
is	because	rising	temperatures	set	off	the	acceleration	of	further	rising	temperatures	that	time	is	of	
the	essence.		Fighting	climate	change	is	not	like	missing	sleep,	something	many	people	think	you	can	
catch	up	on	later.	
	
Conclusion.		To	reduce	our	current	trajectory	to	an	ever-warming	planet,	we	have	only	two	options:	
(1)	to	reduce	current	emissions	that	are	adding	to	the	level	of	atmospheric	GHGs	and	(2)	to	remove	
or	sequester	existing	GHG	from	the	atmosphere.		Reducing	emissions	includes	both	reducing	
consumption	of	energy	and	producing	energy	from	non-combustion	sources	like	solar,	wind,	hydro,	
geothermal	and	nuclear.		Carbon	removal	or	sequestration	includes	afforestation/reforestation,	
agricultural	soil	management,	biochar,	carbon	capture	and	storage	(CCS),	biomass	sourced	energy	
with	carbon	capture	and	storage	(BECCS),	direct	air	capture	(DAC),	ocean	liming	and	ocean	
fertilization.		To	date	the	vast	majority	of	research	focus	and	investment	has	been	directed	toward	
reducing	emissions	in	lieu	of	sequestration.		As	a	result	we	know	more	about	how	to	reduce	
emissions	than	to	sequester	carbon.		And	the	cost	to	reduce	emissions	is	broadly	lower	than	most	of	
the	sequestration	options.		Still,	if	we	are	going	to	be	successful	avoiding	dangerous	climate	change,	
we	must	aggressively	work	to	reduce	emissions	and	to	remove	atmospheric	carbon	with	haste.		In	
Figure	1b,	notice	that	our	lowest	risk	RCP2.6	requires	that	we	achieve	negative	net	emissions	by	
2070	which	is	not	possible	without	carbon	removal	contributions.		To	the	extent	that	carbon	
removal	becomes	more	prevalent,	success	with	sequestration	could	take	some	pressure	off	of	
emission	reduction.		
	
Fortunately,	the	environmental	features	of	BamCore’s	Prime	Wall	System	and	pending	products	
strongly	incorporate	both	the	ability	to	reduce	emissions	and	to	drive	carbon	removal	through	
timber	bamboo	afforestation.		BamCore’s	website	and	the	LCA	by	Quantis	address	the	emission	
reduction	advantages	of	BamCore	Prime	Wall	System	in	considerable	detail.			In	Section	2,	we	
review	the	range	of	carbon	sequestration	technologies	to	understand	the	relative	role	and	benefits	
of	afforestation	among	the	possible	and	needed	carbon	removal	options.		In	Section	3,	we	evaluate	
the	advantages	of	timber	bamboo	afforestation	specifically	compared	to	wood	based	afforestation.		
					
	 	

                                   
2 Negative feedback cycles that slow global warming also exist (e.g. warmer temperatures increasing the 
rate of photosynthesis in vegetation) but these are believed to be far less powerful than the accelerating or 
positive feedback cycles.  
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2.	 Carbon	Removal	Strategies	or	Options	
	
As	discussed	here,	we	define	carbon	removal	to	be	both	the	capture	of	CO2	and	other	greenhouse	
gases	(GHGs)	from	the	atmosphere	as	well	as	the	subsequent	long-term	storage	of	the	GHGs	in	
durable	carbon	sinks	or	reservoirs.		The	eight	most	commonly	considered	sequestration	options	fall	
into	two	groups:	(1)	those	that	engage	existing	nature-based	systems	that	are	already	at	play	in	the	
global	carbon	cycle	(these	include:	afforestation,	changes	in	agricultural	soil	management,	and	
biochar)	and	(2)	those	that	require	newly	developed	man-made	systems	(these	include:	carbon	
capture	and	storage	(CCS),	bioenergy	with	carbon	capture	and	storage	(BECCS),	direct	air	capture	
(DAC),	accelerated	weathering,	ocean	liming	and	ocean	fertilization).		As	summarized	in	Tables	2a	&	
b,	these	eight	options	vary	widely	in	their	readiness,	cost	per	ton	of	captured	CO2,	annual	capture	
rate,	ability	to	scale	over	time	to	large	cumulative	amounts	and	the	existence	of	collateral	impacts.		
Because	adoption	of	BamCore	products	can	drive	carbon	removal	through	afforestation,	our	
purpose	in	Section2	is	to	examine	the	relative	value	and	effectiveness	of	afforestation	compared	to	
other	sequestration	options.							
	

Table	2a.	Natural	Systems-Based	Carbon	Removal	Options	
	

Table	2a	-	Natural	Systems-Based	Carbon	Removal	Options	

Strategy	or	
Option	/	
Source	 Description		

Readi
ness	

Price	
per	
ton	
CO2	

Potential	
Gt	CO2	
per	year	
to	2050	

Potential	
Gt	CO2	

per	year	
to	2100	 Collateral	Impacts	

Afforestation	
(using	trees)	
Stavins,	2005		

Planting	of	
forests	on	land	
previously	not	
forested.	

Immedi
ate	

$7.5-
22		 1.5-14	 3-5.87	

Afforestation	in	northern	latitudes	reduces	
the	albedo	effect	of	winter	snow	cover.	This	
impact	could	actually	lead	to	warming.	
After	30-50	years,	forests	reach	a	saturation	
point	where	sequestration	is	offset	by	
decomposing	plant	material.		Loss	of	
biodiversity.	Habitat	trauma	when	clear	cut.	

IPCC,	2014b	 	 	 	 1.5-14	 	 	

Caldecott,	2015	 	 	
$20-
100	 1.0-3	 0	or	1-3*	 	

Minnen,	2008	 	 	 	 1.3-1.89	 3-5.87	 	

Soil	
Management		
Caldecott,	2015	

Wide-scale	
adoption	of	no-
till	soil	
management	
and	other	
practices	that	
increase	the	
organic	carbon	
levels	in	soil.		

Immedi
ate	

Cost	
Negat
ive	to	
$100	 1.4-3.9			

0	or	1.3-
3.9*	

After	20	years	there	is	no	additional	
sequestration.	Additionally,	if	at	any	point	
the	land	is	tilled	the	gain	is	lost.	

IPCC,	2014b	 	 	 	 5.2	 	 	

Biochar	
Caldecott,	2015	

Converting	
biomass	to	a	
char	product	
that	holds	CO2	
for	a	long	
period	of	time	
and	is	added	to	
soil.		

Immedi
ate	

$0-
135	 2.2	 2.2	

Requires	more	energy	input	per	carbon	unit	
than	is	released	in	the	combustion	of	the	
general	waste.	(CI)	

*To	acknowledge	the	technological	uncertainties	in	the	deployment	of	these	options	Caldecott	has	developed	low	and	
high	scenarios	in	some	instances.	
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Afforestation	and	Reforestation.		Afforestation	is	the	new	planting	of	forests	on	land	previously	
used	for	non-forest	purposes.3		Growing	forests	are	only	a	sink	for	carbon	in	two	instances:		First,	
while	a	newly	established	forest	(or	plantation)	is	actively	growing	before	it	reaches	maturity	or	
steady	state,	the	forest	is	actively	absorbing	atmospheric	carbon.		The	amount	of	the	carbon	
removed	in	this	instance	derives	from	the	difference	between	the	carbon	held	in	the	land’s	prior	use	
and	the	carbon	held	once	the	forest	has	reached	maturity	and	is	in	a	steady	state.				Second,	a	
mature	forest	that	has	reached	its	steady	state	can	also	be	a	carbon	sink,	but	only	to	the	extent	that	
carbon	rich	products	are	harvested	and	used	in	long-term	durable	goods	or	structures.		In	the	steady	
state	instance,	the	amount	of	sequestered	carbon	is	equal	to	the	amount	of	carbon	in	the	durable	
good	or	structure,	less	the	carbon	emitted	to	harvest,	produce,	deliver	and	install	the	durable	good	
or	structure.	
	
Scalability	of	afforestation	ultimately	depends	on	the	availability	of	land.		The	Food	and	Agriculture	
Organization	of	the	UN	has	confirmed	that	each	year	3.6	million	hectares	are	now	being	reforested	
(FA0,	2015).		And	according	to	the	IPCC,	by	2030,	tree	afforestation	could	be	sequestering	anywhere	
from	1.5-14	GtCO2/yr,	depending	on	the	intensity	of	the	planting	(IPCC,	2014b,	Table	11.8).		
Moreover,	van	Minnen	(2008)	reports	that	by	2100	the	supply	of	abandoned	farmland	suitable	for	
plantations	could	be	3.8-4	Gha.	If	all	of	this	land	were	used	for	only	afforestation,	it	could	sequester	
a	cumulative	amount	of	3,303	GtCO2	by	2100.	When	considering	other	land	use	priorities,	the	
researchers	conclude	that	afforestation	will	likely	sequester	a	smaller,	but	still	substantial	249	-488	
GtCO2	by	2100	(van	Minnen,	2008).	When	compared	to	the	remaining	carbon	budget	of	900	GtCO2,	
afforestation	with	trees	could	play	a	significant	role	offsetting	CO2	emission	activity.	Taking	an	even	
longer	perspective,	one	researcher	concluded	“[t]here	should	be	potential	for	significant	additional	
storage	beyond	the	century	timescale	because	both	CDR	flux	and	the	cumulative	uptake	are	
projected	to	be	growing	in	2100.”		The	long-term	projection	is	that	1,101GtCO2	can	be	realized	with	
traditional	tree	afforestation	(Lenton,	2010).		
	
The	cost	of	afforestation	ranges	from	$7.5-$22/ton	of	CO2	(Stavins,	2005).	This	assumes	planting	
only	for	the	purpose	of	carbon	removal	and	not	in	contemplation	of	commercially	harvesting	the	
planting.		When	the	value	of	commercial	extraction	is	included,	the	net	cost	of	the	carbon	removal	
aspect	of	the	afforestation	can	be	viewed	as	negative.			This	cost	is	the	lowest	projected	average	
cost	of	the	various	carbon	removal	strategies.		It	is	also	the	smallest	range	of	costs	due	to	our	
extensive	familiarity	with	silviculture.	
	
When	compared	to	the	other	removal	strategies,	afforestation	has	the	advantages	of	being	well	
understood,	ready	for	immediate	deployment,	low	(or	negative)	cost	to	implement,	and	scalable	
over	time	to	a	meaningful	cumulative	benefit.		Still	tree	afforestation	has	five	challenges:		(1)	
afforestation	takes	land	from	other	uses,	which	can	raise	the	cost	per	ton	of	CO2	sequestered,		(2)	
there	is	a	likely	loss	of	ideal	bio	diversity	in	the	understory	of	mono-cropped	forests	or	plantations,		
(3)	tree	afforestation	in	the	northern	and	southern	latitudes	elicits	a	positive	feedback	cycle	to	the	
extent	that	the	presence	of	a	tree	forest	or	plantation	reduces	albedo	from	the	loss	of	snow	or	ice	
on	previously	uncovered	land,	(4)	despite	being	immediately	deployable,	the	cumulative	benefit	of	

                                   
3 As an extension, reforestation is the planting of a new forest in the same location as a prior forest.  While 
afforestation will normally achieve greater sequestration per area, for simplicity we group reforestation with 
afforestation in this discussion. 
 



 

    
 

8 

tree-based	afforestation	can	take	many	decades	to	accumulate	because	of	tree’s	slow	growing	
nature,	and		(5)	generational	harvesting	by	clear-cutting	with	heavy	equipment	wreaks	irreparable	
trauma	on	the	entire	forest	ecosystem.			
	
Overall,	despite	these	challenges,	when	compared	to	the	alternative	strategies	below,	tree	
afforestation	remains	the	most	immediately	viable	carbon	removal	option.		Moreover,	when	
afforestation	is	done	with	timber	bamboo	only	the	first	two	challenges	remain,	leaving	timber	
bamboo	afforestation	an	even	more	attractive	removal	strategy,	as	discussed	in	Section	3.				
		
Agricultural	Soil	Management	and	Biochar.		Scientists	have	estimated	that	since	the	invention	of	
agriculture	around	10,000	years	ago,	land	conversion	to	cultivation	has	reduced	carbon	stored	in	soil	
by	840	GtCO2	(NRC,	2015).	Changing	today’s	conventional	cultivation	practices	can	recapture	soil	
carbon	lost	through	modern	agriculture.	Growing	cover	crops,	leaving	crop	residues	to	decay	in	the	
field,	applying	compost,	and	using	no-till	systems	can	all	improve	organic	carbon	levels	in	the	soil.	
These	strategies	also	have	the	advantage	of	being	relatively	affordable,	with	cost	estimates	ranging	
from	possibly	negative	to	$100	t/CO2		(Smith,	2008).	Multiple	challenges	also	limit	the	effectiveness	
of	agricultural	soil	management	changes	including:		(1)	relatively	low	annual	yield	of	1.4	to	3.9	
GtCO2	per	year	(IPCC	2007),	(2)	limited	ability	to	scale	because	the	gains	saturate	and	cease	after	20	
years,	undermining	the	opportunity	for	a	large	cumulative	effect,	(3)	losing	the	entire	gain	if	tilling	
or	land	use	changes	are	ceased	(Tilman,	2006),	(4)	a	positive	feedback	cycle	that	releases	more	
carbon	from	the	soil	as	the	atmospheric	temperature	rises,	and	(5)	the	difficulty	of	changing	long	
practiced	farming	techniques	across	the	globe	without	market	incentives	or	subsidies.			
	
One	way	to	increase	the	potency	and	durability	of	soil	cultivation	changes	is	to	incorporate	biochar	
into	the	soil.		Biochar,	is	charcoal-like	output	of	oxygen	free	combustion	of	biomass	at	low	
temperatures	(<	600C),	a	process	called	pyrolysis.		This	process	forms	a	char	product	that	contains	
organic	carbon	in	a	slow-to-degrade	crystalline	form,	which	can	be	added	as	a	soil	amendment.		
Biochar	in	the	soil	has	the	collateral	benefit	that	it	can	improve	water	and	fertilizer	retention.	
Biochar,	essentially	reduces	CO2	emissions	by	decreasing	the	decomposition	of	waste	plant	material	
by	storing	it	in	soil.	The	advantages	of	sequestration	through	cultivation	change	with	biochar	are	
that	it	is	ready,	simple,	more	durable	than	without	the	biochar	and	has	collateral	benefits.			
However,	multiple	challenges	also	face	cultivation	with	biochar,	including:	(1)	requiring	more	energy	
inputs	to	produce	than	is	released	in	combustion	(Gaunt,	2008),	(2)	uncertainty	about	the	duration	
of	char	retention	in	soil,	(3)	requiring	dispersed	monitoring	to	assure	implementation	when	agreed,	
and	(4)	general	uncertainty	about	the	net	impact	on	GHG	emissions.		
	
Overall,	soil	management	or	cultivation	changes,	but	only	with	biochar,	remain	a	viable	though	
modest	carbon	removal	option	that	can	be	deployed	around	the	earth,	understanding	that	subsidies	
and	monitoring	may	be	required.	
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Table	2b.	Man	Made	Systems-Based	Carbon	Removal	Options	
	

Table	2b	-	Man	Made	Systems-Based	Carbon	Removal	Options	

Strategy	or	
Option/	
Source	 Description		 Readiness	

Price	
per	
ton	
CO2	

Potential	
Gt	CO2	
per	year	
to	2050	

Potential	
Gt	CO2	

per	year	
to	2100	 Collateral	Impacts	

Carbon	
Capture	and	
Storage		

NRC,	2015	

Point	source	
capture	of	CO2	

and	the	geological	
storage	of	that	
CO2.	 Long-term	 Depends	on	source	

CCS	research	is	woefully	underfunded	and	is	
therefore	under-researched.	As	of	2015,	only	
5	projects	of	varying	sizes	are	collecting	
around	50Mt	CO2	each	year.	Recent	studies	
have	also	suggested	that	CO2	storage	could	
lead	to	seismic	activity	that	eventually	causes	
leakage.	More	research	is	needed	to	prove	its	
feasibility	and	cost.			

Bio-Energy	
CCS	

Caldecott,	
2015	

Carbon	Capture	
Storage	at	
biomass	energy	
generators.		

Long-term.	
Scalability	
to	meet	
demand	is	
unknown	

$45-
250	 1.5	 5	or	16*	

Land	for	biomass	cultivation	and	the	need	to	
transport	bulky	biomass	to	processing	
facilities	severely	limit	the	feasible	use	of	bio	
energy.	(CI63)	CCS	technology	is	in	its	infancy.	
The	IEA	estimates	it	would	need	to	increase	
from	the	order	of	millions	of	tons	of	CO2	per	
year	to	7Gt/	per	year.	Benson	et	al.	estimate	
that	this	could	increase	electricity	costs	by	50	
to	100	percent.		

IPCC,	2014b	 	 	 	 2.0-10	 	 	

NRC,	2015	 	 	
$60-
250	 	 15-18	 	

Direct	Air	
Capture		
Caldecott,	

2015	

CO2	extraction	
from	the	air	using	
chemical	sorbents.		 Long-term	

$40-
600	 0.25	 3.7	or	10*	

DAC	is	incredibly	energy-intensive,	often	
requiring	2-10	times	the	amount	of	energy	
compared	to	point-source	CO2	capture.	
Coupled	with	large	land	requirement,	DAC	
only	becomes	attractive	after	CCS	has	been	
widely	implemented.	

NRC,	2015	 	 	
$60-
1000	 	 13	 	

Accelerated	
Weathering	
NRC,	2015	

The	rapid	
replication	of	
natural	carbonate	
and	silicate	
reactions	so	that	
CO2	is	stored	in	
the	sea	as	
bicarbonate	ions	
or	on	land	as	
calcium	
carbonate.		 Long-term	

$50-
100	 1	 1	

This	would	require	the	mining	of	more	than	
100	billion	tons/yr	of	silicate	minerals	to	
offset	current	emissions.	That's	12	times	the	
total	mining	industry	today.	Scaling	this	would	
pose	environmental	impacts	and	would	likely	
emit	massive	amounts	of	carbon	during	the	
transportation	and	mining	of	the	silicate.			

Ocean	
Liming	

Caldecott,	
2015	

Adding	calcium	
oxide	(lime)	which	
chemically	alters	
the	CO2	uptake	of	
oceans.		 Long-term	

$72-
159	 0.25	

2.75	or	
10*	

Like	accelerated	weathering,	it	requires	the	
mining	and	processing	of	gigatons	of	
limestone.	This	industrialization	means	that	
for	each	ton	of	CO2	sequestered	there	is	a	ton	
of	CO2	emitted.	Potentially	offsets	undesired	
ocean	acidity.	

Ocean	
Fertilization	
NRC,	2015	

The	release	of	
certain	nutrients	
that	spur	the	
growth	
sequestering	
phytoplankton.		 Long-term	

$10-
450	 1-3.7	 1-3.7	

There	is	limited	evidence	proving	the	long-
term	storage	of	carbon	in	the	intermediate	
and	deep	ocean.	Additionally,	some	
experiments	with	fertilization	have	resulted	in	
algae	blooms	that	create	toxic	chemicals,	like	
the	neurotoxin	domoic	acid	which	can	be	
harmful	to	sea	life	and	humans.	A	deep	
understanding	of	how	fertilization	will	impact	
the	marine	food	web	and	fisheries	is	still	
unknown.		

	
	



 

    
 

10 

	
Carbon	Capture	and	Storage	(CCS).			While	the	term	Carbon	Capture	and	Storage	can	be	seen	as	
applying	to	our	overall	definition	of	carbon	removal,	among	climate	scientists	and	geoengineers,	
CCS	more	frequently	refers	specifically	to	point-source	capture	at	a	power	generation	facility	or	an	
industrial	or	chemical	manufacturing	along	with	the	subsequent	geological	storage	of	the	captured	
carbon.	The	capture	technologies	of	CCS	are	typically	based	on	absorption	of	CO2	in	a	chemical	
solvent,	adsorption	of	CO2	on	to	an	adsorbent,	or	filtering	through	membranes.	The	capturing	
technology	is	engineered	and	configured	to	operate	within	the	specific	generation	or	manufacturing	
facility.	Captured	CO2	can	then	either	be	utilized	in	other	industrial	or	commercial	processes	(e.g.	
Enhanced	Oil	Recovery)	or	transported	away	(via	vehicle	or	pipeline)	to	another	location	for	storing	
in	a	geologic	(underground)	structure.		The	storage	systems	use	depleted	hydrocarbon	(oil	or	gas)	
reservoirs	and	saline	aquifers	for	CO2	underground	deposits.	
	
CCS	has	favorable	scaling	prospects.		While	the	demand	for	CO2	in	industrial	utilization	is	relatively	
small,	the	capacity	of	geological	storage	could,	in	theory,	exceed	the	total	CO2	emission	budget	
many	times	over.		Geological	surveys	show	a	range	of	underground	storage	capacities	from	as	little	
as	4,000	GtCO2	to	as	much	as	23,000	GtCO2	in	saline	aquifers	(Benson,	2012).	Although	this	is	a	huge	
potential,	it	can	take	5-10	years	to	identify	if	a	specific	formation	meets	the	stringent	standards	for	
CO2	injection.		As	of	2015,	there	are	still	only	four	facilities	in	the	world	with	installed	CCS	
technologies.		Another	9	were	planned	for	2016	for	use	with	point-source	power	generation	and	
chemical	refineries	(NRC,	2015).		
	
Unfortunately,	cost	prospects	for	CCS	are	not	favorable.	They	include	large	upfront	investments	and	
increases	in	operation	costs.	In	2009,	the	International	Energy	Agency	(2013)	suggested	that	OECD	
countries	needed	to	invest	between	$3.5-4	billion	per	year	and	non-OECD	countries	between	$1.5-2	
billion	per	year	between	2010	and	2020	to	meet	their	deployment	milestones.	Just	the	OECD	
member	target	is	a	minimum	of	$35	billion	by	2020.	As	of	2013,	the	IEA	says	“the	target	has	largely	
not	been	met.”		At	this	point,	most	public	funding	has	been	given	by	the	United	States	and	Canada,	
and	between	2007	and	2012	it	only	reached	$12.1	billion.	Estimates	on	the	cost	per	ton	of	CO2	
capture	vary	by	the	combustion	method,	but	the	cost	of	coal-fired	power	generation	could	be	
increased	by	40-63%	to	$100	per	megawatt	hour	(IEA,	2013).	This	does	not	account	for	transport	or	
storage	which	the	EPA	estimates	will	be	$15	tCO2	(Dooley,	2013).	While	this	is	considered	to	be	
much	less	than	capture,	“lessons	from	existing	projects	show	that	many	years	and	often	several	
hundred	million	dollars	of	at-risk	funds	must	be	made	available	for	development	of	storage	sites”	
(Chevon,	2012).	
	
	Many	challenges	and	unknowns	surround	the	ultimate	deployment	of	CCS,	mostly	relating	to	the	
storage	phase.	Concerns	have	been	raised	about	water	table	pollution,	leakage	of	CO2	from	the	
underground	storage	facilities	and	increased	seismic	activity	as	a	result	of	the	injections.			For	
example,	one	study	claims	that	CO2	injections	in	the	Cogdell	oil	fields	of	central	Texas	could	have	
contributed	to	increased	seismic	events	between	2006	and	2011	(Gan	and	Frohlich,	2013).			
	
Overall,	CCS	technology	remains	imperative	for	the	future	since	it	provides	a	point-source	capture	
capability	that	is	needed	to	accompany	heavy	industry	manufacturing	(steel/iron,	cement,	
chemicals,	and	refining),	which	will	always	emit	CO2.	However,	it	is	not	currently	a	viable	solution	
based	on	overall	costs	and	storage	unknowns.	The	combined	operating	cost	of	capture	and	storage	
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as	well	as	the	significant	frontloading	of	required	capital	investment	means	that	CCS	is	not	likely	
viable	without	a	global	carbon	market.	After	several	decades	of	research,	CCS	is	still	a	developing	
technology.		Despite	a	$12.1	billion	investment	in	CCS,	the	IEA	has	still	struggled	to	achieve	a	
“robust,	credible	track	record	of	initial	projects	[to	establish]	an	early-mover	business”	that	private	
industry	is	willing	to	invest	in	(IEA,	2014).		To	have	an	impact	on	carbon	emissions,	the	IEA	estimates	
it	would	need	to	increase	to	more	than	7	GtCO2	/yr	(IEA,	2014).	This	would	require	the	construction	
of	thousands	of	individual	source	and	injection	systems	world-wide.		
	
BioEnergy	with	Carbon	Capture	and	Storage	(BECCS).			As	mankind	depletes	our	oil,	gas	and	coal	
reserves,	to	the	extent	that	non-combustion	energy	sources	(solar,	wind,	hydroelectric,	geothermal,	
nuclear	and	tidal)	do	not	provide	all	the	earth’s	energy,	we	will	continue	to	be	dependent	on	
combustion-based	energy	sources.		BioEnergy	(BE)	is	the	production	of	energy	or	liquid	or	gas	fuels	
from	biomass	and	is	the	renewable	combustion	sourced-energy	alternative	to	fossil	fuels.	The	
biomass	feedstock	can	be	either	the	byproduct	of	agriculture	and	forestry	activity	or	purpose-grown	
biomass.	Bioenergy	is	not	itself	a	carbon	removal	technology	until	it	is	married	to	CCS	for	the	long-
term	storage	of	the	emitted	CO2.	As	we	discussed,	CCS	is	still	a	developing	technology	with	
significant	costs	and	unanswered	feasibility	questions.		
	
By	2050,	the	IEA	estimates	that	BECCS	could	remove	1.5	GtCO2	(IEA,	2013).			And	cost	estimates	
range	from	$60	–	250/t	CO2	(NRC,	2015.)	
	
Beyond	its	reliance	on	CCS,	bioenergy	faces	its	own	challenges	independent	of	the	challenges	facing	
the	CCS	phase	discussed	above.	The	availability	of	land	for	cultivation	and	the	need	to	transport	
potentially	bulky	biomass	severely	limits	its	feasible	use.	To	produce	100	EJ/yr	or	about	18%	of	the	
world’s	energy	BE	may	require	500	million	hectares	of	land	(Azar,	2010).	That’s	almost	a	third	of	the	
world’s	1.6	billion	hectares	of	farmland.	Large	land	requirements	like	this	could	cause	land	use	
changes	that	diminish	current	CO2	sinks	from	other	sources	like	afforestation	and	will	certainly	
compete	with	future	agricultural	development	needed	to	feed	a	rising	global	population.	Nutrient	
and	water	resources	could	also	be	strained	by	the	implementation	of	biomass	feedstocks.		For	
example,	one	study	estimates	that	200	million	hectares	of	switchgrass	would	require	20	percent	of	
the	world’s	global	nitrogen	production	and	4	percent	of	world’s	renewable	water	resources	(Smith	
and	Torn,	2013).		
	
Overall,	the	land-use	and	volume	inefficiencies	of	bioenergy	and	the	costs	and	risks	of	CCS	suggest	
that	BECCS	is	not	currently	a	viable	technology	for	clean	or	sequestered	energy	production.		
	
Direct	Air	Capture	(DAC).			DAC	Is	a	chemical	scrubbing	process	that	uses	either	amine	or	hydroxide	
based	sorbents	to	directly	remove	CO2	from	the	atmosphere	and	is	not	tied	to	point-source	
emissions.	Ambient	air	is	pushed	through	filters	that	contain	these	sorbents	and	CO2	is	captured	in	
the	form	of	potassium	carbonate.	In	a	pellet	reactor,	this	solution	reacts	with	calcium	hydroxide	
which	precipitates	the	CO2	out	of	the	solution	as	solid	calcium	carbonate.	In	an	indirect	kiln	or	
calciner,	this	solution	is	heated	to	900°C	which	releases	the	CO2	to	a	pure	gas	form	(Carbon	
Engineering,	2017).		This	basic	extraction	method	has	been	used	for	more	than	50	years	to	create	
condensed	CO2	for	industrial	use.	Once	the	CO2	has	been	extracted,	it	still	needs	to	be	stored	per	the	
logistics	and	concerns	discussed	in	CCS	above.	
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Direct	air	capture	is	difficult	because	CO2	in	air	is	significantly	diluted.	Compared	to	the	flu-gas	in	a	
coal	fired	power	plant,	it’s	100-300	times	less	concentrated.	This	dilution,	coupled	with	the	energy	
needed	for	the	calciner	process	described	above,	means	that	current	prototypes	are	extremely	
energy	intensive.	When	compared	to	CCS	capture,	the	minimum	amount	of	energy	required	to	
capture	CO2	is	2	to	10	times	more	than	with	CCS	from	point	sources	(Wilcox,	2014).	(See	Figure	3	
below).		Current	cost	estimates	are	not	consistent	and	model	different	strategies.	They	range	from	
$60	-	$1000/	tCO2,	but	the	low	estimates	measure	only	capture,	not	the	compression	or	potential	
storage.		
	
The	current	design	of	these	systems	could	also	lead	to	large	land	use	changes.	On	average,	to	
remove	10,000	t/CO2	per	day	a	DAC	system	would	occupy	15	hectares	(EPRI,	2010).	If	yearly	
emissions	remained	at	36	gigatons,	hundreds	of	thousands	of	hectares	will	be	needed	to	have	to	
have	a	significant	impact	on	overall	carbon	removal.			
	
DAC	is	described	by	the	NRC	as	an	immature	technology.	Further	research	and	scalable	pilot	
projects	are	needed	to	fully	understand	its	carbon	removal	efficiency	and	costs.	These	unknowns	
mean	that	DAC	is	not	ready	to	deploy	quickly,	has	a	high	technical	risk,	and	exorbitant	costs	per	GtC.	
	
	
Accelerated	Weathering	and	Ocean	Liming.	Accelerated	weathering	is	a	carbon	removal	strategy	
that	speeds	up	and	replicates	the	natural	carbonate	weathering	reactions	that	allow	CO2	to	be	
stored	in	the	ocean	or	on	land	in	the	form	of	bicarbonate	ions.	These	transformations	occur	in	
nature	when	the	weathering	and	dissolving	of	carbonate	and	silicate	materials	release	the	cations	
calcium	and	magnesium.	This	process	increases	alkalinity	and	therefore	the	uptake	of	CO2	in	the	
form	of	carbonate	ions	and	bicarbonate	(Hartman,	2013).	It’s	estimated	that	since	the	industrial	
revolution,	the	world’s	oceans	have	absorbed	and	dissolved	one-third	of	anthropologic	emissions	
(Sabine,	2004).		
	
There	are	several	strategies	that	can	achieve	this	to	varying	degrees.	Ocean	liming,	or	the	addition	
of	calcium	and	magnesium	oxide	increases	alkalinity	which	increases	the	uptake	of	CO2.	This	process	
has	the	added	benefit	of	reducing	ocean	acidification,	which	is	expected	to	reduce	the	availability	of	
carbonate	minerals	that	are	widely	used	by	corals,	crustaceans,	and	other	forms	of	marine	life.	The	
long-term	impacts	are	not	fully	known	but	acidification	could	change	marine	food	webs	and	entire	
ecosystems.	Unfortunately,	to	remove	1	Gt	of	CO2	.9-1.3	Gt	of	lime	would	be	needed.	That’s	larger	
than	today’s	current	global	cement	industry	and	would	require	massive	mining	operations	that	
disturb	numerous	local	ecosystems	(Renforth,	2013)	
	
Another	approach	would	be	to	grind	silicate	minerals	and	spread	it	over	farmland	or	forests.	
Because	silicate	minerals	do	not	contain	carbon,	they	can	store	twice	the	amount	of	CO2	as	
carbonate	minerals.	Alternatively,	the	silicate	can	be	spread	into	the	ocean	as	well.	The	drawback,	is	
that	again,	silicate	mineral	mass	must	exceed	the	CO2	mass	by	a	factor	of	1.3-2.6.	The	limitations	to	
liming	remain	obvious	“if	deployed	at	scale,	all	of	these	methods	would	involve	the	mining	of	
substantial	masses	of	mineral	on	the	order	of	100	billion	tons/yr	to	offset	current	CO2	emissions…	
for	comparison	the	world	production	of	coal	is	about	8	billion	tons/yr”	(NRC,	2015).		And	the	world’s	
lime	production	for	cement	is	115	million	tons	(Cembureau,	2009).	
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Overall,	the	amount	of	mining,	transportation,	and	processing	that	would	be	required	to	implement	
these	technologies	make	them	clearly	unrealistic	for	the	foreseeable	future.	To	date,	ocean	or	land	
liming	remains	a	theoretic	pursuit	with	limited	published	research	on	their	reliability	and	potential	
negative	environmental	consequences.	Common	sense	pushes	us	to	believe	that	these	theories	are	
not	a	solution	to	the	immediate	threat	of	climate	change.		
	
Ocean	Fertilization.		This	option	releases	nutrients	into	the	ocean	that	spur	the	growth	of	surface	
level	phytoplankton.	A	percentage	of	this	organic	matter	is	captured	and	stored	in	the	deep	ocean	
and	the	other	part	is	consumed	by	animals	and	microorganisms	that	convert	it	back	into	CO2.	It’s	
believed	that	this	biological	pumps	works	at	a	steady	state,	but	could	be	stoked	to	remove	a	net	
positive	amount	of	CO2.	
	
The	precise	fertilization	strategy	depends	on	the	specific	additive	and	the	location.		The	large	
amount	of	nitrogen	(N)	and	phosphorus	(P)	needed	to	enhance	plankton	growth	have	lead	
researchers	to	focus	initially	on	adding	only	iron.		They	believe	that	smaller	amounts	of	iron	can	be	
used	to	“increase	the	completeness	with	which	the	natural	supplies	of	nitrogen	and	phosphorus	are	
used”	(Martin,	1990).	When	concentrated	in	high-latitude,	southern	hemisphere	seas,	that	tend	to	
have	large	amounts	of	N	and	P,	the	growth	of	plankton	could	lead	to	a	net	increase	in	CO2	removal.	
Early	estimates	suggest	that	iron	fertilization	could	sequester	1.0-	3.7	GtCO2/yr	(Aumont	and	Bopp,	
2006).			
	
Like	the	other	man-made	systems-based	carbon	removal	strategies	discussed	above	the	
effectiveness	and	environmental	impacts	of	ocean	fertilization	are	not	well	researched.		In	an	ideal	
scenario,	the	detritus	from	the	resulting	increased	organic,	carbon-rich	biomass	is	carried	to	
intermediate	and	deep	ocean	levels	where	it	can	be	sequestered	for	10	to	100	years	(NRC,	2015).	
Although	small-scale	iron	experiments	have	led	to	an	increase	in	phytoplankton	production,	
collecting	evidence	that	this	has	led	to	an	increase	in	carbon	particulates	sinking	to	the	ocean	floor	
is	more	difficult	to	prove.	Calculating	the	exact	amount	of	carbon	removed	and	for	how	long	it	is	
stored	is	a	question	that	has	yet	to	be	confirmed	with	reasonable	confidence.	Early	studies	
predicted	costs	lower	than	$10	t/	CO2,	but	newer	estimates	are	higher	because	there	is	not	a	clear	
understanding	of	its	storage	efficiency.	For	example	one	paper	reported	$450/tCO2	(Harrison,	2013).		
	
Significant	safety	and	political	challenges	surround	any	attempt	to	implement	ocean	fertilization.		
Relative	to	safety,	nutrient	fertilization	in	the	ocean	often	leads	to	undesired	algal	blooms	that	
produce	domoic	acid,	a	neurotoxin	harmful	to	sea	life	and	humans.	Both	local	and	global	food	
markets	rely	on	our	marine	food	web	and	fisheries.		Extensive	research	will	be	required	to	
understand	the	potential	impact	that	ocean	fertilization	can	have.		Relative	to	politics,	like	the	
atmosphere,	the	ocean	is	a	public	good	that	is	not	owned	or	controlled	by	a	single	sovereign	state.		
There	making	decisions	about	safe	intervention	thresholds,	if	any,	will	be	very	difficult	to	achieve.		
	
Overall,	it	is	clear	that	ocean	fertilization	poses	more	questions	than	it	offers	answers.		Presently,	
ocean	fertilization	is	best	seen	as	a	hypothetical	removal	option.		Before	we	can	hazard	such	a	
potentially	harmful	intervention	in	the	oceans,	years	of	research	will	be	needed	to	observe	full	food	
chain	and	environmental	impacts.		
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Conclusion.		Given	that	our	current	annual	emission	rate	leaves	us	less	than	25	years	in	the	
remaining	carbon	budget,	we	need	to	understand	and	prioritize	across	the	available	carbon	removal	
options	to	provide	additional	help.		From	the	discussion	above,	we	conclude	that	only	the	natural	
systems-based	sequestration	options	of	afforestation	and	soil	management	are	immediately	ready	
and	cost	effective.		In	addition,	the	collateral	impacts	of	the	afforestation	and	soil	management	are	
the	most	understood	and	least	negative.			In	contrast,	we	know	less	about	the	man-made	systems-
based	options.	Despite	multi-billion-dollar	R&D	investments,	none	are	immediately	ready	to	scale	
and	some	(DAC,	liming	and	ocean	fertilization)	might	never	be.	All	have	more	negative	collateral	
impacts.		And	most	have	current	costs	that	are	multiples	of	afforestation	and	soil	management.		
	

Figure	3.		Ranking	Carbon	Removal	Strategies	by	Cost	and	Readiness	
	

 	
Source:	Caldecott, 	2015;	amended	by	BamCore	to	 include	Timber	bamboo	

	
	
The	Oxford	Working	Paper	cited	above	reaches	the	same	conclusions	we	have,	as	is	shown	in	Figure	
3	borrowed	from	their	work.		The	vertical	axis	shows	readiness,	the	bottom	axis	shows	the	expected	
cost	and	the	size	of	the	circles	shows	the	anticipated	scale	achieved.		What	the	figure	does	not	show	
is	the	durability	of	the	carbon	storage	or	the	collateral	impacts.			
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From	Figure	3,	all	the	options	that	based	on	new	man-made	systems	have	disappointing	prospects.			
DAC	has	medium	readiness,	significant	scale,	but	with	significant	costs.		Ocean	fertilization	has	only	
moderate	readiness,	modest	scale	and	moderate	costs;	however,	the	ecological	unknowns	from	
forcing	massive	phytoplankton	growths	in	huge	areas	of	the	ocean	are	unknown	and	risky.		Ocean	
liming	and	accelerated	weathering	(soil	mineralization)	have	medium	readiness,	meaningful	scale	
(when	taken	together)	and	moderate	costs;	but	the	logistic	feasibility	of	moving	the	required	mass	
of	minerals	raises	significant	doubts.		BECCS	has	meaningful	readiness	and	scale,	but	higher	costs.		
	
The	natural-based	options	provide	more	immediate	promise.		Soil	management	shows	medium	
readiness,	scale	and	costs;	but	has	low	durability	from	storage.		When	biochar	is	added	to	soil	
management,	the	durability	should	improve	significantly	which	also	increases	the	effective	scale,	
however	the	cost	then	becomes	more	significant.		Afforestation	(forestry)	has	high	readiness,	
meaningful	scale	and	very	low	costs;	however	it	takes	a	longer	period	to	achieve	the	scale.		Similarly	
biomass	in	construction	has	high	readiness,	meaning	scale	and	low	costs.		When	afforestation	and	
biomass	in	construction	are	combined	(as	with	BamCore),	the	result	is	highest	readiness,	meaningful	
scale	and	low	costs.		
	
While	it	is	significant	that	afforestation	and	biomass	in	construction	provide	our	best	immediate	
sequestration	option,	when	timber	bamboo	becomes	the	plant	stock	for	afforestation	and	the	
feedstock	for	construction,	the	results	become	significantly	better	again.		Timber	bamboo	as	the	
plant	stock	grows	to	its	harvestable	size	within	three	to	six	years	and	can	be	extracted	perennially,	
thus	overcoming	tree	afforestation’s	longer	implementation	phase.		And	timber	bamboo	avoids	the	
traumatic	clear	cutting	required	for	wood	forests.	Because	of	both	the	faster	regeneration	and	
higher	biomass	density	per	area	the	resulting	carbon	capture	rate	of	timber	bamboo	exceeds	that	of	
typical	softwood	forest	used	for	construction	material.		In	Figure	3,	we	have	added	a	yellow	circle	to	
indicate	the	position	of	timber	bamboo	afforestation	that	is	then	harvested	for	structural	building	
materials.		This	carbon	removal	option	is	what	market	acceptance	for	BamCore	products	will	drive.			
	
If	the	march	toward	global	warming	accelerates,	continued	investment	in	the	man-made	systems	
based	sequestration	technologies	will	become	imperative.		The	increased	focus	and	investment	will	
improve	their	readiness	and	drive	down	their	costs	making	them	both	more	appealing	and	useful.	
But	as	asserted	in	Section	1,	time	is	of	the	essence	and	mankind	needs	to	benefit	from	adopting	
quickly	those	carbon	removal	strategies	that	can	contribute	to	the	fight	against	global	climate	
change	in	the	very	nearest	term.		Timber	bamboo	afforestation	is	the	leading	option	to	do	this.		In	
Section	3,	we	compare	convention	tree-based	afforestation	with	timber	bamboo	afforestation.					
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3. Afforestation:	Trees,	Timber	Bamboo	and	Mangroves	
	
	
In	Section	2,	we	concluded	that	afforestation	represents	the	lowest	cost	and	safest	carbon	removal	
strategy	that	can	be	implemented	on	a	large	scale,	starting	today,	with	very	few	collateral	negatives.		
As	attractive	as	the	tree	afforestation	option	might	be,	two	over-simplifications	in	mainstream	
climate	research	and	policy	planning	understate	the	ultimate	mitigation	value	of	afforestation.		First,	
afforestation/reforestation	competes	directly	with	demand	for	the	forest	products.		The	optimal	
afforestation	solutions	should	embrace	the	combination	of	the	afforestation	(pre-mature)	phase	
along	with	the	durable	use	(mature)	phase.			Second,	afforestation	planning	broadly	assumes	that	
conventional	softwood	and	hardwood	trees	are	the	only	plant-stock	used	and	thus	ignore	potent	
alternatives	like	mangroves	and	timber	bamboo.		Optimal	afforestation	and	durable	use	should	both	
consider	alternative	plant	stocks	when	the	alternative	has	attributes	that	are	superior	to	wood	from	
terrestrial	forest	and	plantations.	
	
Combining	Pre-Mature	Afforestation	with	Mature	Harvesting	of	Durable	Fiber.4		While	the	need	
for	afforestation	is	immediate	and	growing,	so	is	the	demand	for	durable	forest	products	that	can	be	
used	for	building	and	other	long-service	uses.		As	the	world	population	and	economic	activity	grow,	
the	supply	of	wood	and	other	structural	fibers	must	play	a	leading	role	in	meeting	mankind’s	need	
to	build	around	the	globe.	Already	the	World	Bank	estimates	that	the	global	industrial	demand	for	
roundwood	will	quadruple	by	2050.	The	World	Bank	concludes	that	this	growth	in	wood	demand	
“surpasses	by	a	large	amount	the	supply	growth,	deepening	the	projected	yearly	supply	deficit	from	
one	billion	cubic	meters	in	2012	to	4.5	billion	cubic	meters	in	2050”	(World	Bank,	2016).	If	we	fail	to	
develop	sustainable	alternatives	we	will	likely	destroy	forests	that	supply	critical	ecosystem	
services	like	soil	retention,	watershed	management	and	erosion	control,	and	also	jobs	for	13.2	
million	people	who	work	in	the	formal	timber	industry	(FAO,	2014).				
	
The	reason	that	afforestation	and	extraction	of	durable	fiber	have	been	conceptualized	
independently	is	likely	because	when	plant	stock	are	trees,	the	pre-mature	afforestation	phase	is	
typically	separated	from	the	mature	harvesting	phase,	frequently	by	clear	cutting.		When	the	plant	
stock	can	be	harvested	perennially	in	a	mature	forest	without	clear	cutting,	as	with	timber	bamboo,	
the	conceptual	segregation	no	longer	makes	sense.	When	afforestation	is	combined	with	durable	
biomass	use	in	construction,	the	scale	of	the	carbon	removal	increases	and	the	cost	of	the	carbon	
removal	decreases.		In	effect,	when	combining	afforestation	with	harvesting	fiber	for	durable	use,	
we	are	getting	two	carbon	removal	benefits	from	a	single	land	use	commitment.			
	
Alternatives	to	Wood:		Mangroves	and	Timber	Bamboo.			To	date,	mainstream	afforestation	
research	focuses	principally	on	wood,	while	nearly	ignoring	mangroves	and	timber	bamboo.		The	
IPCC’s	93-page	Forestry	chapter	in	the	4th	Assessment	Report	makes	no	mention	of	either	
mangroves	or	timber	(Nabuurs,	2007).		And	the	World	Bank	Group’s	111	page	Forest	Action	Plan:	
2016-2020	also	does	not	mention	bamboo,	while	mangroves	receive	three	individual	mentions,	but	
without	development	or	analysis	(World	Bank,	2016).		Both	mangroves	and	timber	bamboo	offer	
superior	attributes	compared	to	conventional	softwood	or	hardwood	trees	in	multiple	ways.		The	

                                   
4 By	durable	fiber	we	are	referring	to	any	use	of	harvested	fiber	from	a	forest	that	is	not	combusted	or	degraded	20	years	or	longer,	
typically	that	includes	wood	or	bamboo	used	for	furniture,	structural	construction	material	and	decorative	architectural	material.		 
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mangrove	mangrove	ecosystem	may	be	the	single	most	carbon-rich	ecosystem	on	earth.		Over	a	
period	of	several	decades,	a	mangrove	forest	can	remove	and	store	many	times	the	amount	of	CO2	
that	a	conventional	tree	forest	can.		Similarly,	timber	bamboo	can	remove	and	store	more	CO2	than	
a	conventional	forest.		In	contrast,	however,	timber	bamboo	reaches	its	steady	state	maturity	in	a	
few	years	compared	to	decades	or	longer	with	a	terrestrial	tree	or	mangroves.		And,	importantly,	
since	timber	bamboo	is	botanically	a	grass,	when	cut	it	regrows	naturally.		As	a	result	timber	
bamboo	can	harvested	perennially	and	put	to	durable	use	far	more	quickly	than	wood	can.		
	
Mangroves.		Per	hectare,	mangrove	forests	are	likely	the	most	carbon-rich	ecosystem	on	earth.	Like	
terrestrial	forests,	mangroves	store	carbon	in	above	ground	biomass,	but	the	majority	of	carbon	in	
Mangrove	ecosystems	is	stored	in	soils	more	than	30	cm	deep.		Mangroves	are	a	family	of	shrubs	
and	small	trees	(Rhizophoraceae)	that	have	evolved	to	grow	in	shallow	coastal	saline	or	brackish	
water.		What	gives	the	mangroves	their	ability	to	sequester	so	much	carbon	is	not	large	size	(as	
would	be	the	case	with	trees),	but	rather	as	the	shrubs	and	small	trees	grow,	year	after	year,	the	
organic	debris	from	the	trees	and	from	all	life	forms	in	the	mangrove	ecosystem	fall	below	the	water	
line	into	the	shallow	water	where,	without	atmospheric	oxygen,	the	organic	debris	accumulates	
without	degrading	and	releasing	CO2.	Organic	debris	falling	in	a	conventional	forest	on	land,	in	
contrast,	begins	to	decompose	immediately	giving	off	CO2.		In	addition	to	high	carbon	storage	rates,	
mangrove	ecosystems	serve	as	a	breeding	ground	for	shellfish	and	fish,	while	also	offering	a	level	of	
tropical	storm	protection	to	inland	communities.	Mangrove	forests	are	vital	ecological	and	
economic	resources	to	their	neighboring	communities.		Mangrove	eco-systems	vary	greatly	by	
geographical	region	and	climate	zones	as	illustrated	in	Figure	3.		One	study	surveyed	mangroves	in	
southern	China,	Vietnam,	Indonesia,	Western	Australia,	Thailand,	and	Malaysia	and	found,	on	
average,	3500	CO2	were	removed	and	captured	per	mangrove	hectare,	which	is	nearly	four	times	an	
average	tropical	land	forest	(Alongi,	2012).			
	

Figure	3.		Mangrove	Distribution	

	
Source:	Hutchinson,	2013	

	
Unfortunately,	mangrove	ecosystems	also	face	significant	habitat	risk	as	the	impacts	of	climate	
change	and	human	development	grow.	Over	the	last	50	years,	deforestation	has	destroyed	more	
than	50%	of	the	world’s	mangrove	forests.	Most	of	this	destruction	was	caused	by	urban	
development,	aquaculture,	mining	and	the	overexploitation	of	timber	and	marine	life.	Annual	
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deforestation	rates	of	“.7%	from	2000-2005	are	3	to	5	times	greater	than	mean	global	rates	of	
conventional	forest	loss”	(Hutcheson,	2013).	“Today	mangrove	forests	occupy	only	13.8	million	
hectares	and	yet	sequester	just	over	13	Gt/yr	(~940	tC	per	yr),	whereas	the	world’s	tropical	forests	
occupy	1.7	billion	hectares	and	sequester	422.2	Gt/yr”	(Alongi,	2012)	(~250	tC	per	yr).			
	
Research	suggests	that	mangrove	forests	will	continue	to	face	habitat	loss	from	sea	level	rise,	
precipitation	fluctuations,	increases	in	the	number	and	intensity	of	storms,	and	warmer	
temperatures	(Ward,	2016).		To	a	limited	degree,	mangroves	can	accrete	soil	to	mitigate	sea-level	
rise.	The	accumulated	sediment	accretion	(.2	to	5.5	ft	by	2100)	is	in	the	range	of	expected	sea	level	
rise.		However	changes	in	precipitation	can	cause	changes	in	salinity,	which	can	diminish	seedling	
survival,	productivity	and	growth	rates.		Increased	temperatures	increase	evaporation	and	thus	
salinity.		Another	instance	of	detrimental	positive	feedback	cycles	resulting	from	climate	change.			
And	intensifying	storms	“in	extreme	cases…can	lead	to	the	complete	removal,	or	the	large-scale	loss	
of	the	mangrove	forest	and	resultant	peat	collapse	and	rapid	decrease	in	soil	elevation”	(Ward,	
2016).	Continued	coastal	development	by	humans	will	also	curtail	the	ability	of	mangroves	to	
migrate	inland.		This	is	particularly	evident	in	Asia	which	is	home	to	the	highest	percentage	of	
mangroves,	but	which	will	see	significant	ecosystem	stress	as	the	population	grows	20	percent	by	
2050	(UN,	2015).		
	
Despite	mangrove	ecosystems,	in	their	steady	state,	being	perhaps	nature’s	best	afforestation	
carbon	sink,	they	have	three	limitations	when	trying	to	address	imminent	global	warming.		First,	as	
mentioned	above,	mangrove	forests	take	a	long	time	to	capture	and	store	their	maximal	carbon	
embodiment	(Alongi,	2012).			Second,	mangrove	forests	do	not	produce	a	material	amount	of	
structural	fiber	for	large	scale	use	in	building	products	or	furniture.		This	means	that	the	carbon	
removal	value	of	mangroves	may	be	limited	to	afforestation	(and	preservation).		And	third,	because	
mangroves	are	salt-adapted	halophytes	they	have	a	limited	available	habitat	for	reforestation	or	
additional	afforestation	compared	to	inland-adapted	species.			
	
Overall,	mangroves	are	critical	carbon	sinks	for	mankind	and	should	be	preserved	as	such.		Since	
mangroves	are	uniquely	adapted	to	their	coastal	brackish	locations,	there	is	no	competition	
between	mangroves	and	tree	or	timber	bamboo	afforestation.		However,	given	the	limitations	
mentioned	above	and	the	habitat	fragility	that	mangroves	face,	preservation	more	than	new	
afforestation	may	be	the	higher	priority	relative	mangroves.		In	life,	seldom	is	the	best	the	biggest.		
And	this	may	be	the	case	with	mangrove	ecosystems.		They	are	completely	worthy	of	protection	and	
reforestation,	understanding	that	climate	change	itself	may	assault	the	effort.	
	
Timber	Bamboo.		Because	timber	bamboo	reaches	harvestable	maturity	between	three	and	six	
years,	a	timber	bamboo	plantation	can	produce	more	structural	fiber	on	less	land	than	wood	forests	
or	plantations	can	produce.	When	compared	to	Douglas	fir	a	timber	bamboo	plantation	only	needs	
22%	of	the	surface	area	of	a	conventional	forest	to	produce	the	same	amount	of	material	needed	
for	one	home	(Quantis,	2017).		A	simplistic,	though	instructive,	interpretation	of	this	is	that	if	timber	
bamboo	completely	replaced	all	the	structural	material	needed	for	global	building,	22%	of	existing	
forest	land	could	be	converted	to	timber	bamboo	while	leaving	78%	of	today’s	standing	wood	forest	
idle	and	free	from	generational	clear-cutting.		Actually,	of	course,	the	location	of	the	available	wood	
forests	will	not	perfectly	accommodate	the	preferred	growing	location	for	the	timber	bamboo,	but	
the	broad	point	of	the	efficiency	of	timber	bamboo	compared	to	wood	remains	generally	valid.	
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Data	from	the	U.S.	Forest	Resource	Facts	and	Historical	Trends		(Oswalt,	2014)	can	be	used	to	
examine	timber	bamboo’s	land	use	efficiency	relative	to	existing	US	timberland.		The	US	has	521	
million	acres	of	productive	timber	forests,	of	which	40%	or	210	million	acres	are	in	the	
South/Southeast	where	some	varieties	of	timber	bamboo	can	be	grown	commercially.		It	takes	
approximately	2/3	of	a	mature	acre	to	provide	the	structural	fiber	for	the	Prime	Wall	System	for	an	
average	house.	If	10%	of	US	and	Canadian	residential	starts	used	the	BamCore	wall	system,	that	
would	require	only	93,000	acres	to	provide	Prime	Walls	for	140,000	average	homes.		Of	the	2	million	
acres	replanted	each	in	the	US,	approximately	800,000	acres	are	in	the	South/Southeast.		Taken	
together,	this	suggests	that	only	12%	of	the	replanting	in	a	single	year	in	the	South/Southeast	would	
have	to	be	converted	to	timber	bamboo	to	provide	10%	of	US	and	Canada	residential	starts.					
	
Planting	timber	bamboo	as	commercial	plantations	in	the	US	South/Southeast	has	begun	by	two	
companies.		Resource	Fibers	is	establishing	owned	and	leased	plantations	of	Moso	in	the	former	
cotton	region	of	Alabama.		And	OnlyMoso	USA	is	providing	timber	bamboo	starts	to	landowners	in	
Florida	and	across	the	South	for	Moso	and	D.	asper	and	offering	to	buy	their	harvested	product	for	
10	years	starting	in	the	second	year.				
	
The	rapid	growth	rate	of	timber	bamboo	and	the	resultant	quick	accumulation	of	captured	CO2	is	
the	key	to	timber	bamboo’s	advantage	over	conventional	wood	sources	in	mitigating	global	
warming.		Focusing	only	on	North	America,	a	comparison	of	timber	bamboo	and	mainstream	
structural	wood	sources	confirms	this	point.	(See	Figure	4)		Accumulated	CO2	removal	over	a	30-year	
period	was	calculated	for	three	varieties	of	structural	softwood	using	data	from	the	Chicago	Climate	
Exchange	(CCX,	2009):	Ponderosa	pine	(Rocky	Mountains),	Southern	Yellow	Pine	(Southeast),	
Douglas	Fir	(western	Pacific	Northwest).		Softwood	CO2	removal	was	then	compared	to	a	common	
timber	bamboo,	Guadua	angustifolia,	(Chiapas,	Mexico)	(Cruz,	2016).		The	difference	in	the	
accumulation	patterns	of	the	wood	compared	to	the	bamboo	is	stark.	At	the	end	of	the	first	five	
years,	the	timber	bamboo	has	accumulated	ten	times	the	amount	of	CO2.		
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Figure	4.		CO2	Removal	by	North	American	Softwoods	and	Timber	Bamboo	
	

	
	 Source:	CCX,	2009	&	Cruz,	2016.	Analysis	by	BamCore	

	
Starting	year	six,	once	the	bamboo	is	mature,	the	projections	assume	selectively	harvesting	only	
25%	of	the	mature	culms,	retaining	75%	of	the	culm	for	processing	into	structural	products	but	
recovering	only	50%	of	the	processed	culm	for	effective	CO2	storage.		The	softwoods	continue	their	
growth	and	CO2	accumulation	through	30	years.		By	year	30,	the	timber	bamboo	has	still	captured	
2.4X	the	amount	that	Douglas	fir	has.		Perhaps	the	better	comparison	is	to	Southern	Yellow	Pine	
(SYP)	since	portions	of	the	SYP	habitat	is	well	suited	to	some	timber	bamboos.		At	year	10,	the	
timber	bamboo	has	captured	nearly	8x	the	amount	that	SYP	has.	At	year	30,	the	timber	bamboo	has	
removed	nearly	5x	the	amount	that	SYP	has.		The	sustainability	consulting	firm	Quantis	reach	a	
similar,	though	somewhat	stronger,	conclusion	when	comparing	Guadua	to	Douglas	fir.		Specifically,	
Quantis	concluded	that	Guadua	removes	10x	the	amount	of	CO2	that	Douglas	fir	does	over	its	full	
45-year	harvest	rotation	cycle	(Quantis,	2017).		While	the	analysis	above	was	based	on	Guadua	
angustifolia	there	are	more	than	20	species	of	timber	bamboo,	many	of	which	grow	well	in	the	
subtropics	and	southern	temperate	climates	of	the	US.			
	
Overall,	given	the	importance	of	early	mitigation	action	to	lower	the	probability	of	triggering	
positive	feedback	cycles	and	a	possible	tipping	event,	the	accelerated	CO2	removal	of	timber	
bamboo	is	highly	advantageous.		Moreover,	a	bamboo	forest’s	ability	to	produce	structural	fiber	
that	can	be	harvested	perennially	and	stored	in	durable	structures,	both	lowers	the	cost	of	removing	
the	CO2	in	the	initial	afforestation	phase	and	gives	the	forest,	post-maturity,	an	extended	second	
phase	as	a	productive	carbon	sink.		This	potentially	makes	timber	bamboo	afforestation	mankind’s	
most	promising	carbon	removal	strategy.		
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Coda:		The	Little	Ice	Age	and	Timber	Bamboo.		Three	separate	studies	by	various	climate	scientists,	
anthropologists	and	botanists	point	to	a	period	of	rapid	reforestation	by	timber	bamboo	in	Latin	
America	as	the	most	likely	cause	of	the	Little	Ice	Age	(~1650	to	1850).		These	studies	observed	that	
the	population	collapse	that	happened	in	South	America	following	the	initial	European	conquest	
resulted	in	a	sudden	expansion	of	timber	bamboo	as	it	grew	quickly	in	the	hundreds	of	thousands	of	
acres	of	abandoned	fields.		The	expansion	of	timber	bamboo	removed	CO2	from	the	atmosphere	as	
confirmed	by	Antarctica	ice	cores.		More	typical	meteorological	explanations	like	volcanic	explosions	
and	variations	in	incident	solar	energy	fail	to	correlate	temporally	with	the	fall	in	atmospheric	CO2.		
(Ruddiman,	2003;	Faust,	2006;	Nevle,	2011.)	
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4.			 Scaling	Timber	Bamboo	Afforestation	
	
No	matter	how	potent,	safe	and	ready	timber	bamboo	sequestration	can	be,	we	still	must	
demonstrate	that	it	is	scalable	and	feasible.	
	
In	the	discussion	above	we	presented	evidence	for:	
	 (1)	 Global	warming	happening	faster	than	expected	by	the	climate	science	community	
just	a	few	years	back,	
	 (2)	 Afforestation	as	perhaps	the	safest	and	most	ready	removal	option,	and	
	 (3)	 Timber	bamboo	as	perhaps	the	most	effective	afforestation	approach	when	
considering	both	the	quantity	of	CO2	captured	and	the	speed	to	capture	the	CO2.		
	
If	we	accept	the	evidence	in	Section	3	for	timber	bamboo	carbon	removal,	we	still	need	to	
demonstrate	that	timber	bamboo	adoption	and	sequestration	can	reach	a	scale	that	will	be	
meaningful	in	the	context	of	the	global	carbon	budgets	discussed	in	Section	1.			In	2015,	Bill	Gates	
and	20	other	high-net	worth	individuals	formed	Breakthrough	Energy	Ventures	(BEV)	and	set	such	a	
minimum	scale	threshold	at	“at	least	half	a	gigaton”	of	reduced	GHG	emissions.		BEV	was	formed	to	
invest	“patiently	to	develop	new	ways	to	live,	eat,	travel	and	build”	in	order	to	support	“innovative	
technologies	that	will	limit	the	impact	of	climate	change.”				BEV	specified	a	minimum	threshold	of	
half	of	a	gigaton	of	reduced	CO2	emissions	as	the	first	of	BEV’s	four	investment	criteria.5		One	half	of	
a	gigaton	equals	500,000,000	tons.		
	
In	this	section,	we	develop	projections	for	the	carbon	emission	reduction	and	sequestration	that	can	
result	from	adoption	of	BamCore’s	technology.		Based	on	the	Quantis	LCA	Report,	we	know	that	
BamCore’s	Prime	Wall	System	reduces	emissions	by	125	metric	tons	CO2	per	average	US	house	
relative	to	commonly	used	wood	framing	and	can	drive	sequestration	of	337	metric	tons	CO2	per	
hectare	of	grazing	land	converted	to	timber	bamboo.		While	BamCore’s	products	provide	high-value	
added	solutions	for	all	sectors	of	low-rise	building	(single-family	residential,	multi-family	residential,	
education,	commercial…)	we	restrict	our	scale	projections	to	the	conservative	case	of	only	
residential	construction	in	the	G-7	countries.		We	estimate	that	residential	construction	is	about	
75%	of	the	total	addressable	framing	market	in	the	G-7	countries.		Beyond	the	G-7	economies,	a	
larger	portion	of	the	residential	construction	is	likely	more	dependent	on	concrete	framing	than	on	
wood	framing.		Research	has	found	that	“net	life-cycle	emissions	of	CO2	are	estimated	to	increase	
six	to	eight	times	if	concrete	frames	are	used	instead	of	wood	frames,	when	the	wood	waste	is	used	
for	energy	purposes”	(Borjesson,	1998).			Given	that	BamCore’s	framing	system	already	has	a	
significant	benefit	over	wood	framing	systems,	the	BamCore	carbon	advantage	over	concrete	
framing	systems	goes	even	beyond	the	six	to	eight	times	carbon	benefit	over	concrete.		The	Quantis	
LCA	was	restricted	to	a	comparison	to	wood	framing	and	thus	the	even	greater	benefit	compared	to	
concrete	framing	is	not	incorporated	here.				
	
Of	the	seven	G-7	countries,	we	secured	recent	housing	start	data	for	six	of	the	seven.		(We	expect	
that	the	missing	seventh	country	(Italy)	would	have	a	negligible	impact	on	the	projections	below.)		
Since	the	carbon	footprint	analysis	available	from	Quantis	is	based	on	the	US	housing	market,	we	

                                   
5 The half of a gigaton threshold is one of four screening thresholds that BEV announced for funding 
applicants.  To date, BEV has not started accepting proposals. 
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make	adjustments	for	other	Countries	to	the	extent	we	expect	a	difference.		Table	3	shows	the	
originally	reported	Housing/Residence	Starts	for	the	six	countries	and	then	two	downward	
adjustments.	The	first	adjustment	addresses	difference	in	the	Style	of	Construction,	to	
accommodate	higher	uses	of	non-wood	conventional	framing	in	other	countries.		The	second	
adjustment	addresses	differences	in	the	Unit	Size	of	an	average	residence	in	other	countries.		The	
US	and	Canadian	housing	markets	are	nearly	identical	so	no	adjustments	were	made	for	Canada.		
Together,	the	US	and	Canada	account	for	1.4	million	Effective	Starts	or	69%	of	the	total	G-7	
Adjusted	Starts	of	2.032	million	annually.			
		
	

	
	
With	the	Adjusted	G-7	Housing	Starts,	we	can	now	apply	the	Quantis	carbon	footprint	results	for	
varying	percentages	of	market	adoption	and	for	number	of	years	since	adoption	began.		For	
simplicity,	we	assume	full	run-rates	without	any	ramp	ups.	Table	4a	shows	the	number	of	reduced	
metric	tons	of	CO2	for	substituting	BamCore’s	Prime	Wall	System,	with	its	superior	thermal	
performance,	for	conventional	wood	framing.		Table	4b	shows	the	hectares	and	acres	required	to	
support	the	%	of	Market	Adoption	in	the	column	above.		Table	4c	shows	the	resultant	metric	tons	of	
CO2	sequestered	for	converting	the	above	number	of	hectares.		Finally	A4	shows	the	combination	of	
the	reduced	CO2	footprint	from	A1	and	the	sequestered	CO2	in	A3.			
	 	

Table	3.		G-7	Housing	Starts	-	Reported	and	Effective	
		 		 Adjustments	 		

%	of	
Total	Country	

Reported	
Starts	

	Style	of	
Construction		 Unit	Size	

Adjusted	
Starts	(#)	

Canada	 	180,647		 	1.00		 	1.00		 	180,647		 		
United	States	 	1,220,000		 	1.00		 	1.00		 	1,220,000		 		
		 		

	
		 	1,400,647		 69%	

		 		
	

		 		 		
France	 	393,400		 	0.75		 	0.75		 	221,288		 		
Germany	 	272,000		 	0.75		 	0.75		 	153,000		 		
Italy	 	-				

	
		 		 		

Japan	 	967,237		 	0.25		 	0.50		 	120,905		 		
United	Kingdom	 	181,360		 	1.00		 	0.75		 	136,020		 		
		 		

	
		 	631,212		 31%	

		 		 		 		 		 		
		

	 	 	
		 		

		
	

G-7	Total	
	

	2,031,859		 100%	
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The	total	carbon	footprint	benefit	is	summed	in	Table	A4	for	the	Prime	Wall	System	in	the	G-7	
Countries.			Assuming	permanent	adoption	(represented	by	100	Years),	only	about	2%	market	
adoption	is	required	to	achieve	the	half	of	a	gigaton	scaling	minimum.		At	a	more	robust,	but	still	
modest,	market	adoption	of	about	10%,	the	half	of	a	gigaton	threshold	will	have	been	met	in	less	
than	20	years.	
	
	
	

	 	
Table	5.		Combined	Benefit	of	Reduced	Emissions	&	Sequestration	-	Wall	System	Only	

	 	
%	Market	Adoption	of	2.032	million	Effective	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Years:	 1	 	2,545,310		 	5,090,620		 	12,726,550		 	25,453,099		 	63,632,748		 	127,265,496		
Years:	 10	 	25,403,725		 	50,807,450		 	127,018,625		 	254,037,251		 	635,093,127		 	1,270,186,254		
Years:	 25	 	63,501,084		 	127,002,167		 	317,505,418		 	635,010,837		 	1,587,527,092		 	3,175,054,184		
Years:	 50	 	126,996,681		 	253,993,363		 	634,983,407		 	1,269,966,813		 	3,174,917,033		 	6,349,834,067		
Years:	 75	 	190,492,279		 	380,984,558		 	952,461,395		 	1,904,922,790		 	4,762,306,975		 	9,524,613,949		
Years:	 100	 	253,987,877		 	507,975,753		 	1,269,939,383		 	2,539,878,766		 	6,349,696,916		 	12,699,393,832		

	 	

	
125	 4a.		Reduced	tons	of	CO2:	BamCore	compared	to	Stud	(125	metric	tons/house)	-	Wall	System	Only	

	
	2,031,859		 %	Market	Adoption	of	2.032	million	Adjusted	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Years:	 1	 	2,539,824		 	5,079,648		 	12,699,120		 	25,398,239		 	63,495,598		 	126,991,195		
Years:	 10	 	25,398,239		 	50,796,478		 	126,991,195		 	253,982,391		 	634,955,977		 	1,269,911,953		
Years:	 25	 	63,495,598		 	126,991,195		 	317,477,988		 	634,955,977		 	1,587,389,941		 	3,174,779,883		
Years:	 50	 	126,991,195		 	253,982,391		 	634,955,977		 	1,269,911,953		 	3,174,779,883		 	6,349,559,766		
Years:	 75	 	190,486,793		 	380,973,586		 	952,433,965		 	1,904,867,930		 	4,762,169,824		 	9,524,339,648		
Years:	 100	 	253,982,391		 	507,964,781		 	1,269,911,953		 	2,539,823,906		 	6,349,559,766		 	12,699,119,531		

	 	 	 	 	 	 	 	
	 	

4b.		Plantation	Area	Required	to	Support	Annual	Housing	Starts	(.27	Hectares/House)		-	Wall	System	Only	

	
0.27	 %	Market	Adoption	of	2.032	million	Adjusted	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Hectares	 	5,486		 	10,972		 	27,430		 	54,860		 	137,150		 	274,301		
Acres	 	13,550		 	27,101		 	67,752		 	135,505		 	338,762		 	677,523		

	 	
		

	 	 	 	
		

	
0	 4c.		Conversion	Benefit	from	Grazing	to	Timber	Bamboo	(in	Metric	Tons)		-	Wall	System	Only	

Sequestered	 	1,848,789		 	3,697,577		 	9,243,943		 	18,487,886		 	46,219,715		 	92,439,431		
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BamCore’s	Prime	Wall	System	employs	timber	bamboo	in	an	innovative	solution	to	eliminate	
thermal	bridging	from	framed	walls.		But	the	technology	and	approach	can	also	be	applied	to	the	
framing	of	subfloors	and	roofing	systems.		To	capture	this	impact,	we	assume	that	both	of	these	
framing	innovations	are	also	introduced	to	the	market,	but	with	a	reduced	carbon	foot	print	benefit	
that	combined	to	be	only	50%	as	significant	as	the	wall	system.		Tables	6a	–	6c	show	these	
additional,	though	muted,	benefits.		
	
	

	 	

Table	6a.		Reduced	tons	of	CO2:	BamCore	compared	to	Stud	(67.5	metric	tons/house)	–	Floor/Roof	Systems	
Only	

	
50%	 %	Market	Adoption	of	2.032	million	Effective	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Years:	 1	 	1,269,912		 	2,539,824		 	6,349,560		 	12,699,120		 	31,747,799		 	63,495,598		
Years:	 10	 	12,699,120		 	25,398,239		 	63,495,598		 	126,991,195		 	317,477,988		 	634,955,977		
Years:	 25	 	31,747,799		 	63,495,598		 	158,738,994		 	317,477,988		 	793,694,971		 	1,587,389,941		
Years:	 50	 	63,495,598		 	126,991,195		 	317,477,988		 	634,955,977		 	1,587,389,941		 	3,174,779,883		
Years:	 75	 	95,243,396		 	190,486,793		 	476,216,982		 	952,433,965		 	2,381,084,912		 	4,762,169,824		
Years:	 100	 	126,991,195		 	253,982,391		 	634,955,977		 	1,269,911,953		 	3,174,779,883		 	6,349,559,766		

	 	 	 	 	 	 	 	

	

	
0.50		 Table	6b.		Area	Required	to	Support	Annual	Housing	Starts	(.135	Hectares/House)	–	Floor/Roof	Systems	Only	

	
0.27	 %	Market	Adoption	of	2.032	million	Effective	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Hectares	 	2,743		 	5,486		 	13,715		 	27,430		 	68,575		 	137,150		
Acres	 	6,775		 	13,550		 	33,876		 	67,752		 	169,381		 	338,762		

	 	 	 	 	 	 	
		

	
0	 Table	6c.		Conversion	Benefit	from	Grazing	to	Timber	Bamboo	(in	Metric	Tons)		-	Floor/Roof	Systems	Only	

Sequestered	 	609,771		 	1,219,542		 	3,048,855		 	6,097,711		 	15,244,277		 	30,488,554		
	

	
	
Finally,	Table	7	shows	the	total	projected	carbon	benefit	for	a	complete	BamCore	framing	system	
(Prime	Wall,	subfloor	and	roofing	systems)	for	the	Adjusted	G-7	Starts.	Assuming	permanent	
adoption	(again	represented	by	100	Years),	as	little	as	1.3%	market	adoption	reaches	the	half	of	a	
gigaton	CO2	reduction	threshold.		Assuming	more	significant,	though	still	modest,	market	adoption	
of	10%,	the	half	of	a	gigaton	carbon	reduction	is	achieved	by	Year	13.		Again,	we	are	still	ignoring	the	
even	great	benefit	when	the	adoption	of	the	BamCore	Prime	Wall	is	replacing	concrete	based	
framing	that	consumes	six	or	more	times	the	embodied	energy	as	does	conventional	wood	framing.	
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Table	7.	Combined	Benefit	of	Reduced	Emissions	&	Sequestration	–	Wall,	Floor	&	Roofing	Systems	

	
	1		 %	Market	Adoption	of	2.032	million	Effective	Housing	Starts	for	G-7	Countries	

	 	
1%	 2%	 5%	 10%	 25%	 50%	

Years:	 1	 	4,424,993		 	8,849,986		 	22,124,965		 	44,249,930		 	110,624,824		 	221,249,648		
Years:	 10	 	38,712,616		 	77,425,231		 	193,563,078		 	387,126,157		 	967,815,392		 	1,935,630,785		
Years:	 25	 	95,858,654		 	191,717,307		 	479,293,268		 	958,586,536		 	2,396,466,340		 	4,792,932,679		
Years:	 50	 	191,102,050		 	382,204,100		 	955,510,250		 	1,911,020,501		 	4,777,551,252		 	9,555,102,504		
Years:	 75	 	286,345,447		 	572,690,893		 	1,431,727,233		 	2,863,454,466		 	7,158,636,164		 	14,317,272,328		
Years:	 100	 	381,588,843		 	763,177,686		 	1,907,944,215		 	3,815,888,430		 	9,539,721,076		 	19,079,442,152		

	
	
We	believe	the	assumptions	used	in	the	above	projections	are	conservative	yet	the	projected	
climate	change	benefits	are	significant	and	enduring.		At	just	10%	market	adoption	rate,	the	CO2	
benefits	exceed	minimum	half	of	a	gigaton	threshold	by	a	factor	of	7x.			
	
Beyond	these	numeric	projections,	it	is	interesting	to	ask	the	question	what	materials	will	mankind	
build	with.		We	have	to	accept	that	mankind	needs	to	build	and	is	going	to	build	then	what	will	the	
main	structural	materials	be.		We	will	have	passed	through	the	period	of	peak	oil,	so	the	likelihood	
that	super	strong	and	super	thermally	efficient	buildings	will	come	from	petroleum	products	is	low.		
Within	a	decade	or	two,	we	will	be	far	more	conscious	of	embodied	energy	that	our	buildings	
require,	making	it	not	likely	that	cementitious	products	will	be	favored.		If	we	are	right	in	rejecting	
oil	and	petroleum	from	the	likely	raw	material	options	in	the	future	we	are	left	with	only	wood,	
timber	bamboo,	earthen	materials	and	other	grass	and	bio-based	materials.		Among	these	futures	
options,	we	believe	that	timber	bamboo	has	the	best	overall	performance-environmental	profile	
and	is	available	now	to	begin	an	immediate	response	to	our	impending	global	climate	change.	
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