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1.0	Introduction	
For	over	100	years	roads	have	been	paved	using	asphalt	binders	refined	from	crude	
oil.	Asphalt	is	widely	used	in	paving	applications	because	of	its	adhesive	and	
waterproofing	qualities.	However,	crude	oil	is	a	nonrenewable	resource	with	a	
projected	production	peak	in	the	coming	decades;	sooner	or	later	depending	on	
emerging	technologies.	Additionally,	higher	demand	and	more	efficient	refining	
techniques	are	diverting	increasing	amounts	of	a	barrel	of	crude	oil	toward	fuel	
production.			

Approximately	94	percent	of	paved	roads	in	the	United	States	are	surfaced	with	
some	type	of	asphalt	product.	Considering	maintenance	applications	alone,	the	
demand	for	paving	asphalt	is	enormous.	Asphalts	from	imported	crude	oils	
comprise	a	majority	of	what	is	currently	used	in	the	United	States	for	paving.	With	
increasingly	volatile	oil	prices	and	the	rising	worldwide	demand	for	crude,	it	is	
worthwhile	to	examine	alternative	sources	to	be	used	as	paving	binders	in	order	to	
maintain	our	national	transportation	infrastructure	at	an	affordable	cost.		In	order	
to	be	sustainable,	the	alternative	binders	should	have	material	properties	
comparable	to	or	better	than	current	asphalt	binders,	be	produced,	tested,	and	
handled	with	current	equipment	and	specifications,	and	cost	no	more,	and	
preferably	less,	than	current	unmodified	asphalt	binders	in	use	today.	

Bio‐based	binders	produced	from	agricultural	residue	can	potentially	be	a	cost‐
effective	and	local	economy‐strengthening	alternative	to	petroleum‐based	binders.	
This	paper	examines	the	technical,	economical	and	environmental	feasibility	of	
soybean	(soy)	soapstock	as	a	possible	feedstock	for	bio‐based	pavement	binder.		
	
2.0	Technical	Feasibility			
Asphalt	binders	currently	used	in	road	paving	are	made	from	the	residual	portion	of	
crude	oil	that	remains	after	refining	away	the	lighter‐end	fractions	used	for	other	
applications.	The	chemical	makeup	of	asphalt	is	highly	complex	and	because	of	this	
is	not	well‐characterized.		The	source	of	crude	oil	factors	into	differing	compositions	
of	asphalt.		The	polar	components	in	asphalt	form	large	multi‐molecular	clusters	
and	are	thought	to	play	an	important	role	in	adhesion	to	aggregate.		When	asphalt	is	
mixed	with	aggregate	it	can	be	readily	placed	and	compacted	on	roadways	when	it	
is	heated	above	a	certain	temperature.		Upon	cooling,	the	asphalt	cement	provides	a	
hard,	durable	surface	on	which	to	drive.	Asphalt	performs	well	when	the	
temperature	falls	within	a	defined	temperature	range.	If	subject	to	a	temperature	
that	is	too	cold,	the	asphalt	will	develop	a	more	organized	structural	form	and	
become	brittle	and	subject	to	cracking.	If	the	temperature	is	too	high,	the	asphalt	
will	exhibit	permanent	deformation	under	traffic	loading.	

	Robert	Brown,	Farm	Bureau	Director	of	the	Bio‐renewable	Program	at	Iowa	
State	University	states,	that	“it	is	technically	feasible	to	use	biomass	for	the	
production	of	all	materials	that	we	currently	produce	from	petroleum	(1).”		The	task	
then	becomes	to	engineer	a	material	or	composite	that	exhibits	the	same	if	not	
better	characteristics	of	asphalt	using	a	sustainable	bio‐alternative.		Soybeans	are	a	
logical	feedstock	to	begin	examining	at	Purdue	University	since	Indiana	is	one	of	the	
top	producers	of	soybeans	in	the	nation.	Soybeans	have	found	various	uses	in	
industrial	applications	such	as	adhesives,	lubricants,	agriculture	adjuvants,	inks,	



solvents,	cleaners,	dust	suppressants,	coolants,	hydraulic	fluids,	metalworking	
fluids,	paint	strippers,	and	surfacing	agents	(2).		The	list	is	extensive	and	new	
products	are	continually	being	developed	and	added	using	check	off	funds	flowing	
through	the	United	Soybean	Board,	an	organization	dedicated	to	the	perpetuation	of	
new	and	innovative	uses	for	soybeans.	

There	are	three	possible	directions	to	explore	in	synthetic	pavement	binder	
research:	alternative,	extender,	and	modifier	(3).		As	seen	in	Table	1,	each	use	has	a	
different	level	of	asphalt	replacement.	The	use	of	vegetable	oil	as	a	partial	asphalt	
replacement	in	pavements	has	been	investigated	since	the	late	1980’s.	Shell	Oil	
Company	continues	to	research	this	area	and	is	currently	conducting	road	tests	in	
Norway	(4).	In	France,	a	bio‐based	binder	has	been	developed	by	a	contracting	firm	
that	incorporates	vegetable	oil	into	asphalt.	In	1997	an	experimental	section	was	
placed	and	in	2000	a	seven	million	square	meter	section	was	installed	(5).	Other	
companies	such	as	BioSpan	Technologies	have	utilized	soy	and	other	agricultural	
ingredients	to	make	a	road	sealant	and	rejuvenator	(6),	but	not	a	binder	
replacement	as	of	yet.	
	

Table	1.	Three	areas	of	synthetic	binder	utilization.	
Synthetic Binder Utilization Asphalt Replacement 

Alternative 100% 
Extender 25-75% 
Modifier <10% 

	
The	chemical	potential	of	soy	soapstock	has	been	proven	by	Michael	Haas	of	the	

United	States	Department	of	Agriculture.	He	is	investigating	the	use	of	vegetable	oil	
soapstock	as	a	low‐cost	feedstock	for	the	production	of	biodiesel	(7).	This	is	
accomplished	by	transforming	the	soapstock	into	fatty	acid	methyl	esters	(FAME;	
biodiesel)	through	a	dual	reaction	approach.	It	is	estimated	that	biodiesel	produced	
from	soapstock	could	cost	nearly	25	percent	less	than	that	produced	from	vegetable	
oil.	Using	this	process,	the	variability	in	the	soapstock	chemical	composition	was	
accommodated	and	its	reactive	efficiency	optimized.	

	
3.0	Economic	Feasibility	
3.1	Price	Analysis	 	
If	an	alternative	feedstock	for	flexible	pavements	is	to	be	considered,	it	must	be	
economically	competitive	with	the	price	of	asphalt.		Typically	the	price	of	asphalt	
has	been	relatively	inexpensive	in	comparison	with	other	road	paving	materials.		
However,	there	has	been	an	overall	increase	in	price	since	September	of	2005.		The	
cost	of	crude	oil	saw	a	dramatic	increase	in	2006	which	doubled	its	selling	price	
from	2005.	By	the	end	of	the	summer	of	2008,	crude	had	risen	close	to	240%	above	
what	it	was	in	2007	at	the	same	time.		As	shown	in	Figure	2,	the	summer	of	2008	
saw	an	unprecedented	peak	in	asphalt	price	of	over	$700	per	ton	in	some	areas	of	
the	country.		Many	in	the	asphalt	industry	have	not	seen	such	volatility	in	nearly	50	
years	of	being	in	business	(9).		Individual	states	had	a	hard	time	keeping	up	with	the	
rise	in	price	in	both	setting	the	price	index	and	seeing	that	road	paving	projects	



were	completed.		Such	volatility	is	hard	for	both	government	agencies	and	
contractors	with	fixed	budgets.	
	

 
Figure	2.	Bituminous	Materials	Index	(8).	

	
When	comparing	the	price	of	soybean	oil	with	the	price	of	asphalt	per	ton	

(Figure	3),	two	things	are	immediately	obvious.	First,	soybean	oil	prices	are	
significantly	higher	than	asphalt	prices,	and	secondly,	it	also	appears	the	two	follow	
a	similar	pricing	trend.		Soybean	oil	experienced	a	more	sustained	peak	spanning	
two	years	from	2006	to	2008,	whereas	asphalt	within	the	last	five	years	has	had	
peaks	that	only	span	months.		Soybean	oil’s	sustained	increase	from	2006	to	2008	
can	be	related	to	both	rising	fuel	costs	and	increased	biodiesel	production.		The	fall	
in	price	is	attributed	to	lower	crude	oil	prices,	less	demand	for	biodiesel	and	
increasing	amounts	of	oilseeds	harvested	in	various	parts	of	the	world	(11).	
	

 
Figure	3.	Asphalt	and	soybean	oil	cost	per	metric	ton	(10).	

	



 
Figure	4.	Asphalt,	soybean	oil,	and	soy	soapstock	cost	comparison	(8,	10).	
	

In	1995,	the	Soya	Bluebook	Plus,	the	soybean	and	oilseed	industry’s	leading	
directory	and	resource	guide,	noted	that	refining	byproducts	from	soybeans	are	
generated	at	a	rate	of	about	6	percent	of	the	volume	of	oil	produced	(12),	amounting	
to	as	much	as	approximately	one	billion	pounds	annually	(13).		Using	data	from	
Bunge	North	America,	the	solid	soapstock	generated	is	about	4	percent	of	the	
volume	of	oil	entering	the	refining	process	(14).	It	is	reasonable	to	assume	that	the	
amount	of	soapstock	generated	will	continue	to	increase	as	the	national	population	
increases	and	therefore	the	demand	for	the	consumption	of	vegetable	oil.	As	of	
October	2007,	the	price	for	acidulated	soybean	oil	soapstock	was	approximately	
$0.25	per	pound	(15).	The	price	varies	according	to	the	time	of	year,	lower	in	the	
summer	and	higher	in	the	winter	months.	The	price	per	pound	increased	from	the	
average	2006	price	of	around	$0.20	per	pound	(15).		A	more	recent	price	quote	was	
given	as	$0.13	per	pound	(16).		The	price	of	soapstock	can	typically	be	estimated	as	
one‐fifth	to	one‐fourth	the	cost	of	soybean	oil.	In	Figure	4,	the	more	conservative	
value	of	one‐fourth	is	used.	As	shown	in	Table	2,	on	a	pound	to	pound	basis,	soybean	
soapstock	is	competitive	with	the	current	price	of	asphalt.			
	

Table	2.	Price	Comparison	
Product	 Price (per lb)	
Asphalt	 $0.20-$0.37	

Soybean Oil	 $0.56-$0.69	
Soybean Soapstock	 $0.13-$.25	

	
However,	the	demand	for	asphalt	far	outpaces	the	supply	of	soybean	soapstock.	

The	worldwide	demand	for	asphalt	in	2004	was	approximately	110	million	tons	per	
year,	85	percent	of	which	goes	to	paving	applications.	The	United	States	represents	
about	36	percent	of	the	worldwide	asphalt	demand	and	therefore	requires	about	34	
million	tons	of	paving	asphalt	per	year	(17).		Since	only	0.5	million	tons	of	soapstock	
is	produced	annually,	it	does	not	make	sense	that	a	material	like	soapstock	by	itself	
would	or	could	replace	asphalt	on	the	national	level.		However,	on	a	local	level	direct	



replacement	applications	could	make	sense.	Soapstock	could	also	serve	well	as	
asphalt	extenders,	modifiers,	or	both.		There	is	also	a	possibility	of	combining	
soapstock	with	other	bio‐materials	to	produce	a	composite	binder.	
	
	3.2	Bio‐based	Economy	
A	bio‐based	economy	is	a	tricky	balance	of	farmland	dedicated	to	food	and	
industrial	purposes.		The	increased	use	of	bio‐based	farm	products	would	draw	on	
resources	mostly	dedicated	to	food	in	years	past	diverting	some	to	replace	products	
that	were	previously	petroleum‐based.		As	technology	makes	further	strides	
towards	more	and	more	bio‐products	it	is	important	to	address	the	implications.	
Important	questions	arise	in	regard	to	keeping	a	food	supply	balanced	with	demand.		
The	United	Nations	has	accused	the	bio‐fuel	industry	of	causing	an	increase	in	world	
hunger,	due	to	corn	supplies	being	diverted	from	third	world	countries	toward	their	
use	in	bio‐fuel.	As	farm	profits	rise	history	has	shown	that	additional	land,	much	of	it	
of	marginal	productivity	and	prone	to	erosion,	is	brought	under	cultivation.	In	order	
to	avoid	increased	environmental	damage,	prudent	practices	in	regard	to	fertilizer	
use	and	sediment	control	will	be	required.	With	so	many	factors	intertwined,	a	slow	
transition	is	favorable	to	allow	markets	to	adjust.	
	
4.0	Environmental	Feasibility		
As	a	renewable	resource,	soybean	refining	residuals	may	provide	an	option	as	a	
sustainable	material	feedstock.		Climate	conditions	play	a	part	in	the	sustainability,	
however,	to	a	lesser	extent	than	previously	due	to	new	technology	that	allows	the	
soybean	to	produce	well	in	adverse	climate	conditions,	such	as	drought	(18).		
Currently,	soybean	soapstock	is	used	as	a	dust	suppressant	(Figure	5)	and	ground	
stabilizer	on	unpaved	roads	in	various	states	throughout	the	nation	(19).		Soybean	
soapstock	is	known	to	be	biodegradable	and	as	long	as	it	is	applied	at	suggested	
levels	the	material	will	not	migrate	into	the	ground	water	(19).		The	Minnesota	
Department	of	Transportation	(MnDOT)	tested	water	quality	in	the	vicinity	of	
soapstock	stabilized	roads	and	found	no	ill	effects.		These	results	were	verified	by	
the	Minnesota	Pollution	Control	Agency	(19).		It	is	unknown	if	there	are	any	adverse	
effects	to	the	environment	if	the	soapstock	is	modified.		Testing	will	have	to	be	
performed	to	establish	environmental	compatibility	of	any	modified	soybean	
soapstock.	
	



	
	

Figure	5.	Soybean	soapstock	application	to	a	road	in	Iowa	(20).	
	
	
5.0	Investigative	Approach	
In	order	to	understand	the	functional	properties	of	soybean	soapstock,	a	
comprehensive	testing	regimen	is	being	conducted.	This	testing	will	include	
complete	chemical	analysis	of	the	materials	along	with	specific	gravity,	solubility,	
and	flash	point	temperature.	In	addition,	each	material	will	be	classified	using	the	
current	performance‐graded	asphalt	binder	testing	protocols.	The	ability	of	each	
material	to	perform	according	to	the	currently	accepted	asphalt	binder	standards	
will	determine	what,	if	any,	further	testing	should	be	conducted.	The	results	of	this	
work	should	provide	the	foundational	framework	for	future	studies	on	materials	of	
this	nature.	Bio‐based	binders	that	appear	promising	will	be	tested	in	aggregate‐
binder	mixtures	to	measure	performance	properties.	
	
6.0	Conclusion	
The	evaluation	of	the	technical,	economical,	and	environmental	feasibility	of	using	
soybean	soapstock	as	a	flexible	pavement	binder	has	served	as	a	good	case	study	for	
selection	and	evaluation	of	other	possible	feedstocks.		Theoretically	it	is	possible	to	
modify	a	low	value	lipid	such	as	soybean	soapstock	to	possess	binder‐like	qualities	
comparable	to	asphalt.		The	practical	execution	of	this	theory	will	be	evaluated	with	
current	plans	for	laboratory	work.		The	economic	feasibility	of	such	a	material	is	
apparent	for	specific	applications.		The	annual	supply	of	0.5	million	tons	of	
soapstock	produced	in	the	United	States	in	no	way	equals	the	current	national	use	of	
around	34	million	tons.		Direct	replacement	of	asphalt	with	soybean	soapstock	
would	make	sense	only	for	local	applications	in	areas	harvesting	and	processing	
soybeans.		Pound	for	pound	the	cost	of	soapstock	is	less	than	asphalt.		However,	
depending	on	the	degree	of	modification,	soapstock	may	or	may	not	continue	to	be	a	
less	expensive	alternative.		Partial	replacement	or	combining	it	with	other	low	cost	
feedstocks	makes	more	sense	from	a	supply	point	of	view.		Environmentally,	the	
feasibility	of	soy	soapstock	may	be	promising.	The	current	use	of	soybean	soapstock	



as	a	dust	suppressant	on	unpaved	roads	has	provided	favorable	information	in	
terms	of	water	quality	in	surrounding	watersheds.		Necessary	tests	will	need	to	be	
conducted	to	evaluate	modified	soapstock	binders	to	establish	environmental	
compatibility.	
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