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Abstract  

Simplified	life	cycle	assessment	(LCA)	method	quickly	delivers	an	estimation	of	the	product’s	life-
cycle	impacts	without	intense	data	requirements,	which	are	taken	as	a	practical	tool	 in	the	early	
stage	 of	 product	 development	 (PD)	 to	 support	 sustainable	 decisions.	 However,	 obstacles	 are	 to	
integrate	 the	 LCA	 tool	 efficiently	 and	 effectively	 into	 the	 designers’	 daily	 workflows.	 To	 give	 a	
comprehensive	 overview	 of	 the	 potential	 challenges	 in	 integrating	 simplified	 LCA	 software	 to	
vehicle	PD	processes,	the	research	conducts	accessibility,	intrinsic,	contextual	and	representational	
data	quality	evaluation	of	the	two	vehicle-LCA	software,	Granta	Selector	and	the	Modular-LCA	Kit,	
by	the	means	of	interviews,	case	studies	and	usability	testing.			

From	the	four	data	quality	evaluation,	the	results	demonstrate	(1)	the	importance	of	the	company’s	
collaboration	 with	 the	 software	 developers	 to	 ensure	 the	 software’s	 accessibility;	 (2)	 the	 data	
accuracy	constraints	of	the	software	due	to	the	generic	database	and	over-simplified	methods;	(3)	
the	vehicle	designer	engineers	reactions	 in	the	two	software’s	data	 fulfilments	 in	conducting	the	
complicated	vehicle	LCA	models;	and	(4)	the	LCA	results’	effectiveness	in	supporting	sustainable	
design	decisions.		

Overall,	the	two	simplified	LCA	software’s	reliability	is	sufficient	merely	in	the	very	beginning	stage	
of	PD	while	the	user	satisfaction	and	effectiveness	of	the	simplified	LCA	data	are	positive	for	the	
design	engineers	with	a	basic	level	of	sustainability	knowledge.	Still,	there	is	a	need	of	systematic	
strategies	 in	 integrating	 the	 software	 into	 PD	 processes.	 A	 three-pillar	 strategy	 that	 covers	 the	
approaches	of	company	administrative	policy,	software	management,	and	promotion,	and	LCA	and	
vehicle	data	life-cycle	management	could	tackle	the	data	gaps	and	limitations	of	the	software	and	
company.	Based	on	this	strategy,	the	research	proposes	an	example	roadmap	for	Scania.	

Keywords  
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Sammanfattning 

Genom	en	 förenklad	 livscykelanalys(LCA),	kan	man	tidigt	 i	produktutvecklingen	 få	en	 indikation	
över	ett	fordons	miljöpåverkan.	Analysen	kan	agera	som	ett	verktyg	för	att	ge	stöd	till	mer	hållbara	
beslut	 i	 produktutvecklingen.	 En	 svårighet	 ligger	 dock	 i	 att	 integrera	 LCA	 i	 designers	 dagliga	
arbetsflöde	på	ett	effektivt	sätt.	För	att	skapa	en	översikt	av	Scanias	utvecklare	och	designers	LCA-
datakrav	 för	 hållbar	 fordonsutveckling	 genomfördes	 en	 datakvalitetsutvärdering	 (“accessibility,	
intrinsic,	 contextual,	 and	 representational”)	 av	 två	 LCA-programvaror,	 Granta	 Selector	 och	
Modular-LCA-kit.	Från	detta	kunde	en	strategi	och	handlingsplan	tas	fram	för	implementering	av	
LCA-programvara	inom	fordonsutveckling.	

Resultaten	 indikerar	att	programvarornas	 tillförlitlighet	endast	är	 tillräckliga	 i	 ett	 tidigt	 skede		 i	
produktutvecklingen.	 Dessutom	 varierar	 användarnas	 tillfredsställelse	 och	 effektiviteten	 av	
programvarans	 förenklade	data	utifrån	designerns	kunskapsnivå	 inom	hållbarhet.		 För	att	ha	en	
framgångsrik	 integrering	av	LCA-programvaran	i	 fordonskonstruktionen,	utvecklades	en	strategi	
med	tre	pelare.	Dessa	täcker	Scanias	 företagspolicy	och	mjukvaruhantering	samt	hanteringen	av	
livscykel	inventariet	och	BOM-data,	för	att	hantera	brister	i	dataseten	men	även	begränsningar	hos	
programvaran	och	 företaget.		Baserat	på	denna	 strategi	presenteras	en	möjlig	handlingsplan	 för	
Scania.	
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Abbreviations 

BOM	 Bill	of	materials	

DQ	 Data	quality	

ELV	 End-of-life	vehicle	

EoL	 End-of-life	

EPD	 Environmental	product	declarations	

LCA	 Life	cycle	assessment	

LCI	 Life	cycle	inventory	

LH	 Long	haulage	

PD	 Product	development	

SPP	 Sustainable	product	performance	

WTW	 Well	to	wheel	

VW	 Volkswagen	Group	

	

	

	

	 	



  

 8 

	  



 

 

 

9 

Terminology 

Background	data/	system:	The	process	data	 that	doesn’t	have	direct	 influence	by	 the	decision	
maker	(Frischknecht,	1998).	This	data	normally	describes	the	generic	materials,	energy,	transport	
and	waste	of	the	processes	which	could	be	found	in	life	cycle	assessment	(LCA)	software’s	databases	
(Goedkoop	et	al.	2008).	

Bill	of	materials	(BOM):	BOM	describes	the	structure	of	a	product,	which	shows	“a	list	of	all	the	
materials	and	parts	that	are	needed	to	produce	something	(Cambridge	dictionary,	N.D.).”	

Data	quality	(DQ):	The	quality	of	 “data	 that	are	 fit	 for	use	by	data	consumers,”	where	 the	data	
quality	dimension	is	“a	set	of	data	quality	attributes	that	represent	a	single	aspect	or	construct	of	
fata	quality”	(Wang	&	Strong,	1996).	

Foreground	data/	system:	The	data	required	to	model	a	product	system	for	LCA,	which	includes	
the	processes	under	the	control	by	the	decision	maker	(Goedkoop	et	al.	2008;	Frischknecht,	1998).		

Life	cycle	assessment	(LCA):	“LCA	addresses	the	environmental	aspects	and	potential	environmental	
impacts	 2)	 (e.g.	 use	 of	 resources	 and	 the	 environmental	 consequences	 of	 releases)	 throughout	 a	
product's	 life	 cycle	 from	 raw	 material	 acquisition	 through	 production,	 use,	 end-of-life	 treatment,	
recycling	and	 final	disposal	 (i.e.	 cradle-to-grave)”	 (International	Organization	 for	Standardization,	
2006).	

Primary	metals/	materials:	The	materials	produced	from	the	non-recycled	materials.	

Secondary	metal/	materials:	The	materials	produced	from	the	recycled	resources.	
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1 Introduction  
Eighty	percent	of	the	product-related	environmental	burdens	are	determined	within	the	early	stage	
of	design	(European	Commission,	2018).	Life	cycle	assessment	(LCA)	 is	a	method	that	measures	
potential	 environmental	 impacts	 throughout	 a	 product’s	 life	 cycle	 from	 cradle	 to	 grave	
(International	Organization	for	Standardization,	2006).	While	having	a	primary	product	life	cycle	
assessment	(LCA)	at	the	design	stage	could	greatly	reduce	the	impacts,	it	is	almost	impossible	to	
conduct	a	complete	LCA	at	this	stage	due	to	limited	product	life-cycle	data	(Morbidoni	et	al.	2011).	

To	address	the	problem,	LCA	methods	have	been	adjusted	 in	research	to	simplify	the	 input	data	
requirements	while	fulfilling	acceptable	results	reliability.	 	Some	methods	such	as	simplified	LCA	
and	streamlined	LCA	are	structured	into	the	software	data	framework	and	provides	industries	with	
environmental	 analysis	 services.	 	 Examples	 are	 “One	 Click	 LCA”	 and	 “LCA-lite”	 for	 architecture	
industry,	 “Instant	 LCA	 Packaging”	 and	 “PackageSmart”	 for	 packing	 products,	 and	 “Solidwork	
Sustainability”,	 “LCA	 Calculator”	 and	 “Ecodesign+”	 for	 general	 products	 (Ecoinvent,	 N.D.;	
Solidworks,	N.D.;	Tabrizi	&	Brambilla,	2019).		

However,	as	the	simplified	methods	measure	the	life-cycle	impacts	superficially,	it	is	likely	to	affect	
the	 results'	 accuracy	 and	 reliability	 (Jensen,	 1998).	 	 Thus,	 other	 research	 aims	 to	 verify	 the	
calculation	of	software's	simplified	LCA	methods.	For	instance,	Morbidoni	et	al.	(2011)	examine	the	
errors	of	Solidwork	Sustainability	by	comparing	the	software’s	results	to	the	delicate	GaBi	results	
and	propose	improvements	of	the	method.		In	general,	it	is	said	that	current	LCA	data	reliability	is	
not	sufficient	for	enterprise	use	due	to	the	generic	background	dataset	from	the	third	organization	
and	the	passive-user	tool	(Bicalho	et	al.	2017).	 	The	limitation	of	LCA	data	reliability	reduces	the	
value	of	the	methods	for	supporting	companies	in	sustainable	design.	

Other	than	data	reliability,	LCA	software's	technical	and	administrative	integration	to	the	designers’	
workflows	could	determine	the	efficiency	and	effectiveness	of	software	implementation.		On	the	one	
hand,	Millet	 et	 al.	 (2007)	 criticize	 the	 applicability	of	 LCA	 software	 in	design	 teams	due	 to	data	
incomprehensibility	 by	 the	designer.	 	On	 the	other	hand,	Keoleian	 (1993)	believes	 that	 suitable	
environmental	data	should	be	directly	applied	 to	 the	design	 teams	throughout	 the	whole	design	
processes	as	they	make	the	most	decisions	affecting	product	sustainability	performance.		Challenges	
are	by	which	means	should	the	software	be	integrated.	

In	the	automobile	industry,	Schoech	et	al.	(2000)	have	designed	a	combined	vehicle	LCA	system	with	
the	Design	for	Environment	(DFE)	protocol	for	product	development	(PD).		It	is	said	that	the	DFE	
protocol	could	help	the	component	designers	understand	the	LCA	results	while	the	LCA	specialists	
could	easily	get	the	whole	vehicle	LCA	results	using	the	input	component	data	from	the	designers	
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(ibid.).		Still,	one	of	the	largest	challenges	is	for	the	DFE	protocol	to	achieve	optimum	integration	to	
designers’	daily	workflows	(ibid.).	 	The	same	challenge	is	addressed	by Poulikidou et al. (2014). 
Obstacles such as translation of LCA results into product technical requirements and limited 
authenticity of simplified LCA methods un-motivates the vehicle companies to integrate LCA 
software in vehicle development (ibid.).  In sum, to achieve systematic integration of LCA 
software into vehicle design, both LCA software’s reliability and usability are essential.  

Working	closely	with	the	commercial	vehicle	manufacturer,	Scania,	the	research	conducts	a	holistic	
data	quality	(DQ)	assessment	of	two	existing	simplified	LCA	software,	the	Vehicle	Modular-LCA	Kit	
and	 Granta	 Selector,	 to	 evaluate	 their	 applicability	 into	 vehicle	 PD	 and	 proposes	 strategies	 and	
roadmap	for	software	implementation.		Scania	has	a	unique	vehicle	modular	system,	in	which	the	
truck	products	do	not	have	a	single	configuration	but	customized	with	the	components	chosen	by	
the	customers.		In	this	case,	the	LCA	specialists	and	design	engineers	do	not	have	control	over	the	
sold	 vehicles'	 life-cycle	 impacts,	which	 a	 full	 scope	 of	 vehicle	 LCA	 is	 not	 applicable.	 	 Under	 this	
circumstance,	 the	 company	 is	 seeking	 early	 control	 of	 product	 sustainability	 performance	 by	
integrating	a	simplified	LCA	software	into	vehicle	development	processes.			

Granta	Selector	and	the	Modular-LCA	Kit	are	chosen	due	to	their	embedded	well-to-wheel	analysis,	
which	simplifies	the	work	of	conducting	LCA	and	thus	is	appealing	for	Scania.			As	the	LCA	software's	
data	quality	(DQ)	plays	a	major	role	to	determine	the	results’	reliability	and	usefulness	(Bicalho	et	
al.	2017),	this	research	evaluates	the	software's	four	data	qualities,	the	“accessibility,”	“intrinsic,”	
“contextual,”	 and	 “representational”	 DQ	 proposed	 by	 Wang	 &	 Strong	 (1996),	 in	 supporting	
sustainable	PD.		These	four	DQ	evaluations	not	merely	analyse	the	absolute	measure	of	LCA	data	but	
also	 its	 usability	 in	 the	 specific	 context,	 based	on	which	 the	proposed	 software	 implementation	
strategies	could	ensure	an	effective	transition	to	sustainable	vehicle	design. 

1.1 Aim and objectives 

The	research	aims	to	systematically	evaluate	the	limitations	and	opportunities	of	integrating	Granta	
Selector’s	and	Modular-LCA	Kit’s	LCA	data	in	Scania’s	vehicle	design.		The	goal	is	to	design	strategies	
and	roadmaps	for	effective	software	implementation	in	Scania’s	product	development	processes.	
Based	on	the	four	data	quality	proposed	by	Wang	&	Strong	(1996),	the	research	objectives	are:	

1. To	understand	“accessibility”	of	Granta	Selector	and	Modular-LCA	Kit	to	the	design	engineers	
and	Scania’s	existing	IT	system	by	conducting	interviews	with	the	software	developers.	

2. To	evaluate	the	“intrinsic”	data	quality,	i.e.	the	accuracy	and	reliability	of	the	LCA	results,	by	
conducting	case	studies	in	the	two	software,	using	one	truck’s	and	two	components’	model.	

3. To	 evaluate	 the	 “contextual”	 and	 “representational”	 data	 quality	 by	 conducting	 software	
usability	testing	with	three	Scania	design	groups.		Within	the	usability	testing,	the	contextual	
evaluation	 assesses	 the	 input	 parameters’	 usability	 for	 the	 design	 engineers	 while	 the	
representational	data	evaluation	estimates	the	interpretability	of	the	LCA	results.	

4. To	interpret	the	results	of	the	above	evaluation,	and	discuss	and	develop	strategies	for	long-
term	implementation	of	simplified	LCA	software	within	Scania	PD	process.	
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2 Background  
Vehicle	LCA	is	a	complicated	and	difficult	model	due	to	the	large	bill	of	materials	(BOM),	tremendous	
stakeholders	 and	 information	 involved,	 along	with	 the	 demanding	manufacturing	 processes	 for	
producing	a	vehicle.	 	This	section	first	 introduces	the	concept	of	LCA	and	simplified	LCA	tools	in	
Section	2.1.	 	 In	Section	2.2,	a	description	of	the	design	engineers’	engagement	within	heavy-duty	
vehicle	LCA,	along	with	the	relevant	foreground	data	that	could	affect	the	LCA	results,	are	discussed.			

Section	2.3	and	2.4	introduce	Granta	Selector	and	the	Modular-LCA	Kit.	Through	all	the	different	
simplified	 LCA	 tools,	 Granta	 Selector	 and	 the	Modular-LCA	 Kit	 are	 chosen	 due	 to	 their	 vehicle-
specific	design	of	LCA	methods.		Still,	as	the	LCA	methods	and	data	are	not	designed	for	commercial	
vehicles	or	Scania	PD,	there	are	underlying	reliability	and	usability	concerns.		A	study	also	indicates	
that	a	simplified	LCA	method	could	have	risks	in	giving	the	incorrect	suggestions	which	these	errors	
are	generally	not	predictable	and	vary	depends	on	different	products	(O'connor	&	Hawkes,	2001).		
Thus,	a	fundamental	understanding	of	the	software’s	data	framework	and	method	design	could	give	
strong	supports	for	the	evaluation	in	this	research.	

Lastly,	 Section	 2.5	 discusses	 data	 quality	 evaluation	methods	 used	 within	 and	 outside	 the	 LCA	
research	domain,	in	which	the	method	by	Wang	&	Strong	(1996)	is	chosen	based	on	the	aim.	

2.1 LCA and simplified LCA tool 

Based	on	ISO	14040:2006	standard,	“Environmental	management_Life	cycle	assessment_Principles	
and	 framework,”	 LCA	 is	 an	 environmental	 approach	 that	 estimates	 the	 potential	 environmental	
impacts	throughout	a	product's	life	cycle	from	raw	material	acquisition,	production,	use,	to	end-of-
life	 (International	 Organization	 for	 Standardization,	 2006).	 This	 systematic	 environmental	
assessment	 includes	 four	 steps:	 (1)	 Goal	 and	 scope	 definition:	 define	 the	 intended	 use	 of	 the	
assessment	and	set	the	product	system’s	boundary;	(2)	Life	cycle	inventory	analysis	(LCI):	collect	
and	calculate	all	input	and	output	material	and	energy	flows	of	the	product	system;	(3)	Life	cycle	
impact	assessment	(LCIA):	evaluate	the	significance	of	the	product	system’s	impacts	based	on	the	
inventory	analysis;	(4)	Interpretation:	discuss	the	results	for	recommendation	and	decision	making	
(International	Organization	 for	Standardization,	2006).	 	 Since	 the	amount	of	data	 required	 for	a	
complete	LCA	are	significant,	conducting	a	detailed	LCA	in	practice	could	be	too	expensive	and	time-
consuming	(Graedel	&	Allenby,	2010,	p.p.213-231).		Hence,	simplified	LCA	methods	are	developed	
to	reduce	the	amount	of	data	and	resource	required.	

Simplified	 LCA	 is	 an	 application	 of	 LCA	with	 comprehensive	 coverage	 of	 product	 life	 cycle	 but	
superficial	calculation	by	having	a	generic	database,	standard	modules	for	energy	consumption,	and	
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simplified	processes	(Jensen,	1998).	Other	terminology	of	simplified	LCA	includes	“screening	LCA”	
and	 “streamlined	 LCA."	 	 These	 methods	 are	 normally	 developed	 based	 on	 the	 pre-identified	
environmental	hotspots	of	the	specific	product	system	(Tasala	Gradin,	2020).	Keeping	the	hotspot	
processes	and	areas,	the	methods	narrow	the	original	LCA	study	by	excluding	the	neglectable	scope,	
processes,	and	impact	categories	(Tasala	Gradin,	2020).			By	this	means,	the	simplified	LCA	could	
omit	some	of	the	data	inputs	without	largely	compromising	the	overall	results.		Still,	when	applying	
the	simplified	methods	and	tools	to	different	products,	there	are	risks	in	affecting	results'	accuracy	
and	reliability	(Jensen,	1998).		Thus,	in	order	to	avoid	miscalculation	of	the	product’s	environmental	
impacts,	verification	of	the	simplified	LCA’s	reliability	before	the	application	is	required.		

In	 this	 research,	 the	 two	 software	 are	using	distinct	 simplified	 LCA	methods	based	on	different	
product	 areas,	 Granta	 Selector	 for	 the	 general	 products	 and	 the	Modular-LCA	Kit	 for	 passenger	
vehicles.		Each	simplified	method	is	discussed	in	Section	2.3	and	2.4,	and	the	reliability	verification	
is	conducted	using	the	method	in	Section	3.2.		

2.2 Life cycle considerations of LH vehicle design 

From	1960,	truck	demands	rise	drastically	with	the	increasing	complexity	of	the	customer	orders	
(Scania,	2015).		To	quickly	tackle	the	customer	needs,	Scania	developed	modular	product	systems	
in	which	one	component	could	be	used	in	all	trucks,	buses,	coaches,	and	engines.			

With	this	system,	the	company	can	produce	limitless	amounts	of	truck	variants	with	a	finite	number	
of	components,	which	helps	adapt	the	vehicle	products	to	customer	needs	and	optimize	resource	
efficiency	in	production	and	development	(Scania,	2015;	Scania,	N.D.)		However,	the	modular	system	
also	increases	the	difficulty	in	assessing	vehicles’	LCA	due	to	immeasurable	variants.		Further,	the	
components’	production	data	that	is	required	for	the	LCA	is	generally	lost	in	the	later	stage	of	design.	
To	 tackle	 these	 problems,	 a	 solution	 is	 to	 have	 the	 component	 design	 engineers	 evaluate	 and	
eliminate	the	environmental	impacts	by	an	LCA	tool	from	the	early	component	development	stage.		

The	full	scope	of	long	haulage	LCA	covers	three	life-cycle	stages,	vehicle	manufacturing,	use	phase,	
and	end-of-life	treatment	(Figure	1).		Though	each	design	group	only	develop	one	part	of	the	vehicle,	
each	part	has	significant	effects	on	the	whole	modularized	vehicle	life-cycle	emissions:		

(1) Manufacturing	phase	

The	manufacturing	and	design	of	Scania’s	LH	could	be	divided	into	eight	assemblies	shown	in	Figure	
1.	The	whole	production	including	transport	within	the	suppliers	should	be	calculated	in	this	stage.		
While,	 in	 a	 large	 company,	 the	design	groups	don’t	have	 control	over	 transport,	 their	design	on	
"weight,"	"materials,”	"manufacturing	techniques,"	"surface	treatment,”	and	“suppliers"	(based	on	
materials	and	production	processes)	prevail	the	effect	on	the	component	manufacturing	impacts.	

(2) Use	phase	(WTW)	



  

 14 

The	vehicle	use	phase	emissions,	also	called	well-to-wheel	(WTW)	phase,	dominate	over	95%	of	the	
total	vehicle	lifecycle	climate	change	impacts	(Patterson,	2018)	(Figure	1).		Factors	for	determining	
the	emissions	are	complicated	due	to	the	different	driving	cycles,	which	is	defined	as	the	vehicle	
speed	divided	 by	 time	 and	 affected	 by	 the	 driving	 behaviours	 and	 conditions	 (Qiao	 et	 al.	 2019;	
Kuhler	&	Karstens,	1978).		For	LH,	the	impacts	are	also	affected	by	the	vehicle	mass,	loading,	rolling	
resistance,	energy	efficiency	in	the	powertrain	components,	aerodynamics	performance	and	so	on	
(Delgado	et	al.	2017).		Here,	the	design	of	the	components	could	affect	the	fuel	and	energy	economy	
performance	of	the	LH	based	on	components'	weight,	frictions	and	air	drag	coefficient.		Further,	the	
maintenance	frequency	is	determined	by	the	design	of	materials	and	surface	treatments.	

(3) End-of-life	phase	

To	 encourage	 improvements	 of	 end-of-life	 vehicle	 (ELV)	 treatment,	 the	 European	 Directive	
2000/53/EC	on	end-of-life	vehicles	(ELV	Directive)	sets	targets	in	waste	management	industry,	and	
calls	for	vehicle	manufacturers	to	pay	for	the	recycling	under	the	extended	producer	responsibility	
principle	(European	commissions,	2007;	Sakai	et	al.	2014).		Yet,	regardless	of	the	directive,	Scania	
has	 currently	 limited	 control	 over	 its	 end-of-life	 LH	 due	 to	 the	 large	 geographical	markets	 and	
complex	vehicle	structures.		

According	to	Sakai	et	al	(2014),	the	challenges	to	collect	and	dismantle	ELV	efficiently	are	the	main	
challenges	 for	 the	vehicle	manufacturers	and	dismantlers	 (Sakai	et	al.	2014).	 	Due	 to	 the	 lack	of	
vehicle	 information	 and	 traceability	 after	 10	 years	 of	 lifespan,	 the	manufacturers	 are	 generally	
losing	control	of	their	products	while	the	dismantlers	couldn't	acquire	the	component	information	
of	ELV.		To	tackle	the	problems,	a	“life-cycle	thinking”	strategy	to	add	product	tracking	methods	and	
enclose	EoL	treatment	information,	such	as	hazardous	content,	within	the	vehicle’s	BOM	during	PD	
could	improve	ELV	treatment	(Gonzalez	&	Denso-Díaz,	2005).		For	example,	Volvo	has	attached	its	
vehicles	with	 telematics	 for	 fleet	 tracking	 and	provides	 dismantling	manuals	 to	 the	dismantlers	
(Saidani,	2018).		To	achieve	the	circularity,	more	efforts	are	required	to	integrate	EoL	strategies	to	
the	PD	stage	and	promote	design	for	recyclability.	

In	sum,	design	engineers’	decisions	directly	affect	vehicle	life-cycle	impacts;	quantitative	data	from	
LCA	has	its	opportunities	to	support	choosing	the	environmentally-beneficial	concept,	diagnosing	
potential	hotspots	and	 improvements,	 and	developing	 sustainable	 ideas.	 	The	 software-designer	
interaction	therefore	plays	an	important	role	to	drive	the	shift	to	sustainable	design.	



 

 

 

15 

	

Figure 1. Scope of vehicle LCA and designer’s decision engagement. The blue boxes are the life-cycle processes that 

their environmental impacts would be directly affected by the designer’s decisions while the impacts of the grey 

boxes would not. 

2.3 Granta Selector 

Granta	Selector	is	developed	by	Granta	Design	Ltd.	together	with	two	other	software,	“Granta	MI”	
for	extensive	material	management	systems,	and	“Granta	EduPack”	for	material	education	(Granta	
Design,	N.D.).		The	primary	purpose	of	Granta	Selector	is	to	promote	smart	material	choice	using	its	
comprehensive	material	library,	properties	selector	and	LCA	calculator.		Its	simplified	LCA	method,	
called	EcoAudit,	aims	to	address	product’	environmental	concerns	with	acceptable	cost	burdens	to	
guide	environmentally-	and	economically-	efficient	decision-making	(Granta	Design,	2012).	

EcoAudit’s	data	model	is	shown	in	Figure	2.		This	method	calculates	product	life-cycle	impacts	by	
multiplying	foreground	data	with	the	background	material	data	“Material	Universe”	and	Ecoinvent	
v2.2	(2010)	LCI	data	(Granta	Design,	1994).		
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EcoAudit,	as	a	streamlined	LCA	method,	has	two	characterisation	factors	(CF)	and	simplified	life-
cycle	 processes	 (Figure	 2).	 	 Firstly,	 EcoAudit	 only	 measures	 energy	 consumption	 and	 carbon	
footprint,	which	are	considered	as	the	greatest	national	and	international	concerns	(Granta	Design,	
2012).		Second,	throughout	the	cradle-to-grave	life-cycle	stages,	EcoAudit	has	simplified	foreground	
data	which	involves	only	the	primary	processes	with	rough	dropdown	lists	(Granta	Design,	2012)	
(Figure	2).	 	 Finding	 that	 one	 lifecycle	 stage	 frequently	dominates	up	 to	60%	of	 overall	 impacts,	
Granta	Design	anticipates	this	simplified	process	data	to	be	enough	to	diagnose	the	main	hotspots	
for	giving	design	suggestions	(Granta	Design,	2012).		

A	strength	of	Granta	Selector	is	its	large	material	database,	“Material	Universe,”	which	consists	of	a	
complete	industrial	material	data	including	the	properties	such	as	strength	and	melting	point	(See	
Figure	2).	 	With	this	data,	it	is	able	to	estimate	the	production	energy	consumption	based	on	the	
material	properties.		For	instance,	if	an	alloyed	steel	material	has	higher	hardness	than	the	general	
steel,	 its	machining	energy	consumption	is	higher	than	the	average	and	an	extra	energy	demand	
would	be	added	to	the	general	Ecoinvent's	machining	process.		

Another	 strength	 is	 the	 calculation	of	 two	use-phase	modes:	 “Static	mode”	 for	 products’	 energy	
consumption,	and	“Mobile	mode”	for	fuel	consumption	of	a	component	on	a	vehicle	(Figure	2).		By	
counting	the	portion	of	a	component’s	weight	under	a	specific	truck’s	weight,	EcoAudit	allocates	the	
impacts	of	carrying	the	component	in	the	use	phase.		For	example,	EcoAudit	can	measure	a	portable	
heater’s	energy	consumption	and	fuel	consumption	burdens	for	a	14-tonnes	2-axle	truck	based	on	
its	electricity	use	and	weight.		This	feature	is	rather	favourable	for	the	automotive	industry.		

Due	to	the	“Mobile	mode”	calculation	that	simplifies	the	vehicle	use	phase	impact	assessment,	along	
with	 the	 comprehensive	 material	 library	 that	 support	 detailed	 evaluation	 of	 vehicle	 material	
production	impacts,	EcoAudit’s	LCA	approach	is	appealing	to	Scania	to	support	the	company	with	
sustainable	vehicle	design.	Still,	the	streamlined	method	could	have	limitation	in	measuring	complex	
vehicle	components	while	the	simplified	results	give	little	guidelines	to	the	design	engineers	without	
LCA	knowledge.		Thus,	EcoAudit’s	data	reliability	and	usefulness	testing	are	required.	
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Figure 2. Granta Selector’s data model 

2.4 Vehicle Modular-LCA Kit 

The	Vehicle	Modular-LCA	Kit,	abbreviated	as	the	Modular-LCA	Kit	or	Kit,	is	a	simplified	LCA	software	
built	 in	 the	 Volkswagen	 group	 (VW)	 with	 the	 purpose	 of	 supporting	 target	 setting	 for	 vehicle	
environmental	 balance	 in	 early	 PD.	 	 The	 software	 is	 used	 to	 monitor	 vehicle	 environmental	
performance	throughout	the	design	processes.	The	LCA	data	model	is	shown	in	Figure	4.	

The	Modular-LCA	Kit’s	manufacturing	phase’	foreground	data	is	the	dismantling	studies	of	vehicle	
material	composition	(Figure	4).			When	the	users	input	a	material	under	one	assembling	group,		the	
software	 automatically	 determines	 the	 primary	 and	 secondary	 material	 processes	 used	 in	 the	
background	system.		This	allocation	is	built	on	VW’s	research	of	their	passenger	vehicles,	in	which	
the	company	 investigates	 the	material	 source	patterns	 for	each	vehicle	assembly.	An	example	 is	
shown	in	Figure	3.		The	cast	aluminium	assigned	in	the	assembly	group	of	“Powertrain”	is	sourced	
from	the	secondary	aluminium	production	process	in	the	background	data	while	those	assigned	in	
the	“Chassis”	group	are	from	the	primary	aluminium	production	processes.		

The	simplified	foreground’s	material	data	is	designed	to	evaluate	and	demonstrate	the	most	critical	
and	representative	materials	of	a	vehicle,	in	which	some	of	them	are	presented	in	Appendix	3.		No	
production	 parameters	 and	 transportation	 parameters	 are	 available	 in	 the	 Modular-LCA	 Kit;	
instead,	 the	software	has	a	high	 focus	on	the	use	phase	parameters	which	describe	the	vehicles’	
performance	(Figure	4).		
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Figure 3. Example of material choice in the Kit’s foreground assembly groups and their connection to the background 

data. A, B, C, D, E are the codes of distinct vehicle assemblies, such as chassis, powertrain, and so on. 

The	Kit’s	background	data	comes	 from	GaBi	and	 the	associated	Volkswagen	Group	LCI	database	
from	2016	to	2019,	which	includes	a	mix	of	LCI	data	that	either	primarily	provided	by	the	suppliers	
or	from	the	third-party,	Thinkstep.		Thinkstep	collects	primary	data	from	their	global	collaborated	
companies,	associations,	and	public	resources	(Thinkstep,	N.D.).		

As	the	Modular-LCA	Kit	is	designed	for	the	vehicle	LCA	engineers,	it	provides	a	simple	framework	
with	 a	 pure	 vehicle-related	 foreground	 system	 and	 a	 transparent	 and	 adjustable	 vehicle	 LCI	
database.		This	framework	gives	an	attractive	opportunity	for	supporting	Scania	designers	to	simply	
evaluate	 the	 product’s	 life-cycle	 impacts	 during	 product	 development,	 which	 is	 the	 reason	 of	
choosing	 the	 software	 in	 the	 research.	 	 However,	 since	 the	 framework	 is	 not	 designed	 for	 the	
designers,	there	are	some	usability	concerns.	Problems	such	as	the	relevancy	of	input	data	for	the	
designers	and	the	results’	interpretability	should	be	evaluated	with	Scania	design	engineers.	

	

Figure 4. The Modular-LCA Kit data model (VW=Volkswagen group). 
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2.5 Data quality framework and software evaluation 

Research	has	been	conducted	to	evaluate	LCA	software	used	in	different	domains	and	industries.	Of	
all	 different	 software,	 the	 aim	 is	 similar:	 To	 aid	 the	 user	 in	 the	 inventory	 of	 LCA	 and	 support	
sustainable	decisions.		Yet,	the	difference	is	the	design	of	database,	interfaces	and	data	structures.		

Rice	 et	 al,	 (1997)	proposes	 two	 important	 factors	 for	LCA	 software	 evaluation:	 (1)	Data	quality	
available	to	the	target	users,	(2)	Ease-of-use	of	the	system.	Based	on	the	factors,	they	evaluate	12	
LCA	 software	 regarding	 their	 data	 volume,	window-based	 usage,	 flow	diagram’s	 existence,	 data	
transparency	and	other	data	qualities	for	the	UK	industry	(Rice	et	al.	1997).		Silva	et	al.	(2017)	also	
propose	a	set	of	quality	criteria	for	evaluating	four	main	LCA	software	including	GaBi,	and	SimaPro.	
Such	criteria	consist	of	perspectives	such	as	system	design,	data	format,	interface	design,	developer	
supports	and	other	relevant	 functions	of	 the	system.	 	For	 the	simplified	LCA	software	study,	 the	
research	mainly	focuses	on	software	development	and	accuracy	evaluation	for	specific	industries	
such	as	buildings,	mechanical	products,	and	shipbuilding	(Tabrizi	&	Brambilla,	2019;	Kameyama	et	
al.	2005;	Ellingsen	et	al.	2002;	Bueno	&	Fabricio,	2018;	Morbidoni	et	al.	2011).			These	researches	
provide	comprehensive	analysis	in	the	technical	functionality.	

However,	none	of	the	evaluations	capture	the	voice	of	the	users	neither	prove	the	simplified	LCA	
software’s	fitness	within	certain	design	processes.		The	conceptual	evaluation	of	LCA	software	could	
ignore	 the	 work	 environment	 and	 daily	 tasks	 of	 the	 design	 teams,	 and	 therefore	 lose	 its	
opportunities	to	improve	the	software	usability	in	reality.	 	Only	after	the	thesis	research	that	the	
environmental	 assessment	 criteria	 proposed	 by	 Ekvall	 (2018)	 were	 found	 to	 address	 the	 user	
perspectives,	 which	 consists	 of	 easy-to-use,	 truth,	 understandable,	 inspirational,	 and	 robust.		
However,	these	criteria	only	focus	on	the	quality	of	the	result	information	but	ignore	the	workflow's	
quality	of	user	conducting	the	assessment	depending	on	the	contexts.	

Outside	the	LCA	research	domain,	LCA	software	as	an	“information	system”	has	important	success	
factors	not	only	from	the	data	perspectives	but	also	from	human	perspectives.	Li	(1997)	integrates	
the	most	mentioned	information	system’s	success	factors	into	eight	dimensions,	including	“system	
quality,”	“information	quality,”	“information	use,”	“user	participants	and	satisfaction,”	“individual	
impacts,”	 “organizational	 impact,”	 “service	 quality,”	 and	 “conflict	 resolution.”	 	 The	 factors	 are	
comprehensive	and	critical	 for	sustainable	LCA	software	management;	yet,	 these	highly	detailed	
criteria	are	only	suitable	after	the	software	implementation.	Factors	such	as	”conflict	resolution”	
could	be	evaluated	only	with	the	experienced	users,	which	is	not	applicable	in	this	research.		

	
Another	software	quality	evaluation	criteria	are	addressed	in	the	ISO/IEC	9126	standard,	“Software	
engineering_Product	 quality_Part	 1:	 Quality	 model,”	 that	 involves	 effectiveness,	 efficiency,	
satisfaction,	 freedom	 from	 risks	 and	 context	 coverages	 (Ulman	 et	 al.	 2013).	 	 Even	 though	 the	
effectiveness,	 efficiency,	 and	 satisfaction	 could	 be	 interesting	 for	 evaluating	 the	 LCA	 software’s	
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usefulness	for	the	designers,	there	is	a	lack	of	assessment	on	the	result	reliability	and	the	“freedom	
from	risks”	factor	is	rather	vague.	

In	 the	end,	 the	widely	used	data	quality	 (DQ)	 framework	proposed	by	Wang	&	Strong	(1996)	 is	
chosen	 as	 it	 covers	 all	 relevant	 mentioned	 as	 the	 data	 reliability,	 along	 with	 usability	 and	
effectiveness	from	the	user	perspectives.		The	framework	contains	four	dimensions,	accessibility,	
intrinsic,	contextual	and	representation	data	quality,	and	sub-factors	as	displayed	in	Figure	5.		

The	framework	is	developed	based	on	intuitive,	theoretical	and	empirical	approaches,	in	which	the	
empirical	 approach	 emphasizes	 the	 data	 consumer’s	 demand	 for	 data	 products	 (ibid.).	 	 It	 is	 of	
interest	in	this	research	if	we	take	the	data	consumers	as	the	designers,	the	evaluation	of	data	quality	
is	to	understand	the	data’s	fulfilment	in	designers’	needs	for	supporting	sustainable	decisions.		The	
definition	of	each	dimension	is	listed	below,	which	is	later	adjusted	to	describe	the	LCA	software’s	
data	functionality	in	supporting	Scania	PD	(see	Section	3):	

1. Accessibility	DQ:	system	and	data	accessibility	for	the	data	consumers;		
2. Intrinsic	DQ:	data	accuracy,	objectivity,	believability	and	reputation;		
3. Contextual	DQ:	parameterized	data	quality	to	consider	the	consumers'	context	tasks	at	hand;		
4. Representational	DQ:	format,	meaning	and	interpretability	of	data	for	the	consumers	(ibid.).		

	
Figure 5. Data quality framework (Wang & Strong, 1996). 
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3 Methods 
Aiming	 in	systematically	assessing	 the	Modular-LCA	Kit’s	and	Granta	Selector’s	applicability	and	
implementation	opportunities	into	Scania	PD,	the	research	scope	includes	three	methods	for	four	
software	 data	 quality	 evaluation	 in	 Scania	 (Figure	 6):	 (1)	 Interviews	 and	 literature	 study	 for	
accessibility	DQ	evaluation,	(2)	Case	study	for	evaluating	software	intrinsic	DQ,	and	(3)	usability	
testing	with	the	designers	for	contextual	and	representational	DQ	assessment.		For	each	data	quality	
dimension,	the	research	adjusts	their	definitions	in	connection	to	the	research	aim	based	on	original	
definition	context	from	Wang	&	Strong	(1996)	and	the	discussion	with	Scania	LCA	engineer:	

1. Accessibility DQ: Foreground	and	background	data	are	accessible	to	the	design	engineers	and	
integratable	to	Scania’s	IT	system.	

2. Intrinsic DQ:	The	software	could	conduct	accurate	and	reliable	LCA	for	vehicle	components.	
3. Contextual DQ:	Foreground	data	parameters	are	relevant	for	the	design	engineers’	daily	tasks.		
4. Representational DQ:	 The	 LCA	 results	 demonstrated	 by	 the	 software	 is	 interpretable	 and	

effective	for	product-related	decision	making.	

	

Figure 6. Scope of the study 

3.1 Accessibility data quality evaluation 

Data	accessibility	evaluation	is	important	because	it	grants	the	fundamental	ability	of	the	software	
for	use	and	development.		On	the	one	hand,	the	system	should	be	approachable	in	design	groups	
across	the	company;	on	the	other	hand,	the	data	should	be	capable	of	integration	with	the	existing	
company	IT	system	and	to	manipulate	a	large	amount	of	data	with	consistency.		
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This	quality	is	evaluated	according	to	the	two	developers,	the	Volkswagen	Group	for	the	Modular-
LCA	Kit	and	Granta	Design	for	Granta	Selector	through	interviewing	and	literature.		The	interviews	
were	conducted	with	one	LCA	engineer	in	the	Volkswagen	Group	and	one	technical	sales	engineer	
in	Granta	Design.		To	ensure	the	fluency	of	the	conversations,	the	semi-structured	interviews	are	
flexible	but	focus	on	obtaining	information	about:	(1)	Understanding	software’s	primary	usage	and	
users	 from	 the	 software	 instructions	 and	 later	 verified	 in	 the	 developers’	 interview;	 and	 (2)	
confirming	the	space	for	software	integration	to	Scania's	IT	system	by	the	developers'	interview.	

3.2 Intrinsic data quality evaluation 

Intrinsic	 data	 quality	 evaluation	measured	 the	 reliability	 of	 the	 LCA	 results	 for	 Scania	 vehicles,	
which	was	conducted	by	building	three	LCA	models	within	Granta	Selector,	Modular-LCA	Kit	and	
comparing	the	results	to	the	delicate	GaBi’s	results.	GaBi,	the	delicate	LCA	software	currently	used	
in	Scania,	has	the	LCI	database	similar	as	the	Modular-LCA	Kit’s,	the	Volkswagen	Group	database	
updated	in	2020.		With	GaBi’s	high-level	of	details,	and	the	technical-,	geographical-	and	temporal-
relevant	background	data,	it	is	assumed	that	the	LCA	results	in	GaBi	has	high	reliability	verified	by	
Scania.	Yet,	to	verify	the	assumption,	there	is	a	need	to	authenticate	the	whole	GaBi	dataset,	which	
is	out	of	the	research	scope.		Base	on	this	assumption,	the	comparison	of	the	Granta	Selector’s	and	
Kit’s	results	to	the	GaBi’s	could	demonstrate	the	two	simplified	LCA	software’s	reliability.			

Three	cases,	 two	components	and	one	 long	haulage,	were	built	 in	 the	 three	software	constantly,	
along	with	the	“attributional	LCA	with	the	allocation	cut-off	method”	and	the	impact	categories	of	
“primary	energy	demand”	and	“climate	change	potential,"	for	software	deviations	analysis.			Based	
on	the	deviations	(Table	1),	the	research	discussed	the	two	software’s	uncertainty	considering	three	
data	accuracy	parameters,	the	data	temporal,	geographical,	and	technical	coverages	(Jensen,	1998).		

3.2.1 Component LCA model 

The	research	used	two	comparative	LCA	cases,	paralleled	pin	on	the	gearbox	and	bumper,	for	small-
scale	result	reliability	evaluation.		Taking	that	the	vehicle	design	engineers	are	often	working	and	
choosing	between	concepts	with	subtle	distinctness,	this	evaluation	aims	to	estimate	not	only	the	
result	reliability	but	the	software’s	ability	to	provide	a	decisive	comparison	of	the	particularized	
design	concepts.		

The	two	real-life	cases	were	provided	by	the	design	engineers,	which	the	bill	of	material	(BOM)	and	
data	sources	are	presented	in	Appendix	2	Table	5,	and	the	scopes	are	illustrated	in	Figure	7.		Only	
cradle-to-gate	is	analysed	with	the	assembly	processes	cut	off	(Figure	7).		These	cases	were	chosen	
because	 they	 together	 covered	 changes	 of	 the	 five	 prevailing	 design	 factors	 that	 affect	 the	
manufacturing	impacts	(Section	2.2),	which	could	help	the	data	reliability	evaluation	of	the	whole	
component	manufacturing	processes	as	shown	in	Figure	7	red	boxes.		Here,	the	bumper	concepts	
had	distinctions	in	"weight",	"suppliers",	and	"surface	treatment"	processes	while	the	pin	designs	
were	 different	 at	 "materials"	 and	 "manufacturing"	 processes	 (Figure	 7).	 	 Furthermore,	 the	 two	
components	were	made	of	the	two	most-used	materials	of	vehicle	components,	i.e.	steel	and	plastics.		
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For	the	bumper	concepts,	the	design	of	shape	and	coating	processes,	along	with	the	suppliers	were	
changed.			The	bumper	A2	had	a	larger	weight	due	to	the	new	shape,	and	a	longer	inbound	logistic	
distance	as	it	requires	transport	to	the	automobile	coating	factory	in	Italy.		For	the	paralleled	pin	
concepts,	the	change	of	materials	from	Cr-alloyed	steel	to	Pb-alloyed	steel	influenced	the	applicable	
manufacturing	processes,	which	changed	from	casting	to	forging.	

	

Figure 7. Scope of comparative LCA for bumper and paralleled pin cases. Automobile coating processes are designed 

based on the literature by Poulikidou et al.(2016). Transportation between suppliers and assembly processes are 

assumed the same or insignificant, and therefore cut off (Poulikidou et al. 2016). 

3.2.2 Vehicle LCA model 

The	 large-scale	 result	 reliability	evaluation	using	a	 full	vehicle	model	could	quickly	 test	 the	LCA	
software's	flexibility	and	its	accuracy	for	all	the	vehicle-relevant	process	data.	The	research	used	a	
Scania	 long	 haulage	 (LH)	 with	 450hp	 13-liter	 engine,	 2-axle	 configuration	 as	 a	 case	 study.	
Assumptions	of	the	vehicle	model	and	the	data	source	are	shown	in	Appendix	2	Table	6,	and	the	
material	composition	shown	in	Figure	8.		

The	scope	of	the	LH	model	covered	from	cradle	to	grave;	yet,	due	to	data	availability	constraints,	
some	 life-cycle	processes	 are	not	measured,	 including	 component	production,	 inbound	 logistics,	
maintenance	and	EoL.	 	 In	 the	manufacturing	phase,	 only	 the	material	production	processes	and	
primary	manufacturing	process,	such	as	cold	rolling	and	casting,	are	included.		In	the	use	phase,	the	
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WTW	emissions	were	assumed	by	adopting	the	results	generated	from	thousands	of	real	driving	
cycle	data	and	test	data	as	“average	mileage	of	125,000	km	per	year	travel	for	12-year	LH	lifespan	
with	the	fuel	consumptions	of	30	liters	per	100	kilometers”	(Appendix	2	Table	6).	

The	manufacturing	phase	assessment	was	conducted	based	on	 the	generic	vehicle	material	data	
obtained	 from	 Scania’s	 International	Material	 Data	 System	 (IMDs),	which	was	 reported	 directly	
from	the	suppliers	and	categorized	into	simplified	material	categories	(Appendix	3	Table	7).	These	
material	categories	were	then	translated	into	GaBi,	Modular-LCA	Kit	and	Granta	Selector	by:		

• GaBi:	The	categories	were	imported	directly	to	GaBi	as	they	share	the	same	format	(Appendix	3).	
• Granta	Selector:	The	researcher	chose	some	representative	and	recognizable	materials	within	

the	IMDs	categories,	and	manually	input	the	material	using	international	material	standards.			
• The	Modular-LCA	Kit:	Most	IMDs	materials	were	translated	to	the	simplified	material	categories	

in	the	software	based	on	the	Volkswagen	translation	instruction.	Yet,	the	plastic	materials	were	
assigned	manually	by	the	IMDs	material	names	(Appendix	3).	

Note	that	the	current	IMDs	data	had	its	space	for	quality	improvements,	such	as	consistency	and	
standardization,	that	could	affect	the	accuracy	of	the	LCA	results	and	evaluation.	Thus,	there	were	
unavoidable	uncertainties	for	using	the	data,	such	as	supplier	report	errors	and	translation	errors	
due	to	the	ambiguous	material	terms,	which	were	later	considered	in	the	result	analysis.		

	

Figure 8. Material composition of the vehicle model. This composition is similar to the typical LH’s proposed by 

Giannouli et al.(2007) with 85% of ferrous metals, 4% of non-ferrous metals including precious metals, 2% of plastics 

and 9% of other materials. 

3.3 Contextual and representational data quality evaluation 

Contextual	 and	 representational	 data	 quality	 evaluations	measure	 the	 foreground	data	 and	LCA	
results	usefulness	for	the	designers,	which	were	together	evaluated	through	usability	testing	with	
Scania	design	groups.	 	Three	groups	with	a	total	of	seven	design	engineers,	two	from	the	chassis	
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design	 team,	 two	 from	 the	 cab	 team,	 and	 three	 from	 the	 powertrain	 team,	 volunteered	 in	 the	
usability	testing.		None	of	them	experienced	in	LCA	software	with	only	one	person	have	heard	of	
LCA.		To	assure	the	fluency	of	the	testing,	a	simple	LCA	introduction	was	given	in	advance.	

The	 three-steps	 usability	 testing	 process	 was	 based	 on	 Barnum	 (2010):	 First,	 (1)	 pre-testing	
questionnaires	 aim	 to	 understand	 the	 designers’	 knowledge	 levels	 and	 concerns	 regarding	
sustainable	design	before	using	the	software,	which	the	results	could	support	the	workshop	design	
and	data	quality	evaluation;	(2)	workshop	testing	examines	the	designers’	capability	of	using	the	
LCA	software	and	understand	their	requirements	of	the	LCA	data	during	product	development;	and	
(3)	post-testing	questionnaires	summarize	the	designers’	satisfaction	about	the	LCA	software.	And	
the	(4)	results	were	analysed	using	coding	method:	

(1) Pre-testing	questionnaires	

Delivered	 one	 week	 before	 the	 workshop,	 the	 online	 pre-testing	 questionnaire	 aimed	 at	 pre-
understanding	 the	 participants’	 sustainability	 knowledge	 level,	 motivations,	 and	 concerns	 of	
sustainable	 design,	 which	 contained	 three	 sections	 of	 optional	 and	 scoring	 questions	 (See	 all	
questions	in	Appendix	1.):	

a. Current sustainable PD practice (optional) 
(e.g.	“I	have	currently	considered	sustainability	during	design	or	not.”	)	

b. Concerns for integrating sustainability into PD (scoring) 
(e.g.	“Concerns	about	trade-offs	between	product	sustainability	and	other	factors,	such	as	costs	
and	durability”)	

c. Knowledge of vehicle sustainability and LCA (scoring) 
(e.g.	 “Do	 I	 know	which	 life-cycle	 stage	 has	 the	 largest	 environmental	 impacts	 of	 the	 long	
haulage’s	12-year	lifespan?”	and	“Could	I	guess	which	material	and	manufacturing	techniques	
have	more	environmental	impacts?”)	

(2) Workshop	testing	procedure	and	tasks	

The	workshop	testing	was	conducted	over	two	hours	for	each	software	and	design	group	in	Scania	
campus.		To	ensure	the	fluency,	the	researcher	presented	15	minutes	of	LCA	software	introduction,	
along	 with	 the	 test	 purpose	 and	 procedure,	 and	 informed	 the	 existence	 of	 audio-record	 in	 the	
beginning.		Afterward,	another	15	minutes	of	software	instruction	was	given	considering	that	the	
participants	 were	 the	 beginners.	 	 After	 the	 instruction,	 the	 participants,	 while	 thinking	 aloud,	
practiced		two	tasks	on	the	software	to	build	LCA	models	of	their	designs	and	interpret	the	results.		
At	the	end	of	the	workshop,	each	participant	filled	in	the	post-questionnaires	and	discussed	their	
feedbacks	regarding	the	software.	

The	two	tasks	were	designed	by	the	researcher	based	on	real-life	cases.	Before	the	testing,	each	
design	group	had	provided	one	current	component	design	case	with	two	concepts,	e.g.	one	bumper	
with	two	designs.	Based	on	the	information	given,	tasks	are	designed	and	described	as	real-life	
scenarios	and	given	to	the	participants	during	the	workshops,	which	consisted	of:		
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a. To conduct a single-system LCA of the first concept and answer the questions:  
What	were	the	environment	hotspots	in	energy	consumption	and	carbon	emissions?		
And,	“in	reality”,	what	could	you	redesign	to	improve	the	environmental	performance?		
	

b. To build another model of the second concept and compare the two results: 
Which	concept	is	more	environmentally	friendly,	and	why?	
What	further	improvements	could	be	done	to	reduce	carbon	emissions?	

(3) Post-testing	questionnaires	

In	the	end	of	the	workshop	testing,	the	participants	filled	in	the	post-testing	questionnaires,	in	which	
they	rate	their	satisfaction	with	each	data	input	and	output	of	the	software.	These	inputs	and	outputs	
are	categorized	as	the	life-cycle	stages	of	the	products,	from	cradle-to-gate	before	end-of-life.		

(4) Result	analysis	

The usability testing results were analysed by first coding the workshops' records, and then discussed and 

verified the codes with the pre- and post- questionnaires.  Throughout the workshop testing, the think-

aloud method was introduced (Holzinger, 2005), in which the design engineers were encouraged to 

verbalize their thoughts when using the software.  The researcher also encouraged the participants to reflect 

on using the software in their daily tasks. With the whole workshop audio-recorded, all feedbacks and 

reactions were made into transcripts.  

The	transcripts	were	coded	by	the	researcher	to	understand	the	overall	concerns	and	satisfaction	
of	the	design	engineers	for	discussion.	The	codes	were	categorized	into	contextual	data	quality	and	
representational	data	quality	domains.	In	the	contextual	data	quality	domain,	the	categories	were	
designed	 based	 on	 the	 lifecycle	 information	 for	 the	 software	 foreground	 system,	 including	
component	 (1)	 manufacturing,	 (2)	 transport,	 (3)	 use	 phase,	 and	 (4)	 EoL	 expectation.	 For	 the	
representational	 data	 quality,	 the	 codes	were	 categorized	 based	 on	 the	 output	 data	 properties,	
including	the	content,	(1)	impact	categories,	(2)	format	and	interpretability,	and	(3)	effectiveness.		
The	coding	content	represents	the	summary	of	the	design	engineers’	reactions	regarding	integrating	
LCA	into	product	development,	which	was	demonstrated	in		Appendix	4	and	5	as	a	shred	of	evidence.			 	
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4 Results and analysis 

The	results	of	each	DQ	evaluation	form	the	four	subsections	in	this	section.	As	each	DQ	evaluation	
were	conducted	by	distinct	testing	and	analysis,	the	result	presentations	are	different.	

4.1 Accessibility data quality evaluation 

For	Granta	Selector,	the	accessibility	of	the	software	is	rather	stable	and	safe	due	to	direct	contact	
between	Scania	and	Granta	Design.		Yet,	based	on	the	interview,	the	accessibility	to	the	software’s	
background	data	requires	further	collaboration	of	the	two	companies.	

For	the	Modular-LCA	Kit,	it	is	told	from	the	interviews	that	the	software	is	only	accessible	through	
the	 Volkswagen	 Group	 IT	 account.	 	 The	 development	 and	 policy	 of	 the	 third-party	 account,	
therefore,	decide	the	steadiness	of	the	access	to	the	Kit,	which	is	currently	not	fully	well-developed.		
On	 the	other	hand,	 an	 advantage	of	 the	Kit	mentioned	 in	 the	 interview	 is	 the	 transparency	 and	
accessibility	to	its	background	data.		Scania	can	substitute	the	Volkswagen	dataset	to	Scania-specific	
data	to	improve	data's	geographical-	and	temporal-	relevance.		This	access	is	appealing	as	it	could	
help	enclose	the	Scania	supply	chain’s	sustainability	performance.		

Another	measure	of	accessibility	 is	 the	software's	capability	to	 integrate	with	Scania's	 IT	system	
(Section	3).		Unfortunately,	both	Granta	Selector	and	the	Modular-LCA	Kit	are	not	available	to	any	
system	integration	based	on	the	interview.		Although	Granta	Selector's	advanced	package,	Granta	
MI,	has	an	extensive	function	to	be	integrated	into	IT	systems	such	as	product	lifecycle	management	
and	computer-aided	design,	the	integration	is	not	applied	to	its	EcoAudit	data.	

4.2 Intrinsic data quality evaluation 

Based	on	the	assumption	that	GaBi’s	results	have	high	reliability	(Section	3.2),	 the	 two	software	
results’	deviations	to	the	GaBi’s	illustrate	their	underlying	uncertainties.	 	These	inadequacies	are	
discussed	 in	 the	 following	 subsections	 considering	 the	 temporal,	 geographical,	 and	 technical	
coverages	of	the	data.	

4.2.1 Component LCA results analysis 

The	result	deviations	of	the	Grant	Selector	and	Kit	to	the	GaBi’s	results	displayed	the	two	software’s	
limitation	in	small-scale,	delicate	LCA	assessment	(Figure	9).	Overall,	for	Granta	Selector,	the	surface	
treatment	processes	and	material	production	have	a	high	variation;	 for	 the	Kit,	 it	 tends	 to	over-
measure	the	material	production	impacts	but	under-estimate	the	overall	impacts	compared	to	the	
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GaBi’s	 results	 due	 to	 the	 absence	 of	 manufacturing	 processes	 (Figure	 9).	 Below	 discusses	 the	
possible	temporal,	geographical	and	technical	data	problems	that	cause	these	differences.	

	

	

Figure 9. Component LCA results of primary energy demands and climate change potential.  

(1) Granta	Selector		

As	 seen	 in	Bumper	A2	 (Figure	9),	 the	 surface	 treatment’s	 energy	 consumption	 is	 largely	under-
estimated	in	Granta	Selector	compared	to	GaBi’s	results,	which	exemplifies	a	critical	concern	about	
the	technical	coverage	of	Granta	Selector’s	data	for	automobile	surface	treatment.			The	automobile	
coating	 includes	 complicated	 procedures	 to	 ensure	 high	 quality	 and	 durability	 of	 the	 exterior	
components.		These	processes	including	washing,	drying,	primers,	and	topcoats	were	designed	in	
the	GaBi	model	(Section	3.2).	 	Comparing	to	the	complicated	automobile	coating	procedures,	the	
simplified,	stand-alone	coating	in	Granta	Selector’s	model	seems	to	be	irrelevant	and	insufficient,	
leading	designers	to	ignore	the	significance	of	it	(Figure	9).	

Secondly,	 there	 is	 a	 large	 over-calculation	 of	 plastic	 and	 steel	 productions	 for	 climate	 change	
impacts	and	steel	production	 for	energy	consumption	compared	to	 the	GaBi’s	results	(Figure	9).		
One	reason	could	be	the	inappropriate	temporal	and	geographical	coverage	of	the	background	data	
in	Granta	Selector,	i.e.	Ecoinvent	v2.2	(2010).		Scania’s	suppliers	of	plastics	and	steels	are	mainly	
from	Germany	which	is	compatible	with	the	GaBi	database.		Taking	the	manufacturing	technology	
improvements	of	German	supply	chains	from	the	past	10	years,	the	global	average	Ecoinvent	(2010)	
process	data	could	be	outdated	and	unsuitable.		

(2) The	Modular-LCA	Kit	

The	lack	of	technical	details	 in	Kit’s	simplified	foreground	data	(Appendix	3)	results	 in	2.5	times	
higher	energy	consumption	estimation	of	material	production	compared	to	the	GaBi’s	in	the	pin	case	
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(Figure	 9).	 	 Considering	 the	 production	 of	 different	 steels	 could	 have	 a	 large	 distinction	 in	 the	
emissions	 based	 on	 the	 compositions	 (Ashby,	 2012,	 p.p.	 459-467),	 it	 is	 important	 that	 the	Kit’s	
foreground	and	background	data	provides	good	technical	details	of	the	steel	production	processes.		

Another	concern	of	the	Kit’s	result	is	the	absence	of	manufacturing	process	(Figure	4).		In		Bumper	
A2	case,	it	could	result	in	more	than	2	times	under-calculation	of	CO2	emissions	(Figure	9).		

4.2.2 Vehicle LCA results analysis 

The	 two	software’s	 long	haulage	result	deviation	compared	 to	 the	GaBi’s	exhibits	 the	software’s	
inadequacies	in	large-scale	vehicle	assessments.		As	shown	in	Figure	10	left	diagram,	the	LH	lifecycle	
impacts	calculated	in	the	three	software	have	similar	results.		As	the	use	phase	largely	dominant	the	
life-cycle	impacts,	the	results	indicate	a	reliable	data	quality	of	this	phase.		Only	that	the	use	phase’s	
climate	 change	 potential	 of	 the	Modular-LCA	 Kit	 is	 smaller	 than	 the	 GaBi’s	 due	 to	 the	 obsolete	
background	data	from	2016	(Section	2.4).	

	

	

Figure 10. Results of vehicle lifecycle and manufacturing phase impacts in primary energy demand and climate 

change potential.  

Taking	a	closer	look	at	the	manufacturing	phase	impacts,	the	overall	results	are	similar	in	the	climate	
change	potential	but	largely	divert	in	the	primary	energy	demands	(Figure	10,	right).	One	could	say	
that	it’s	due	to	the	different	LCIA	approaches	used	in	the	software,	this	is	unfortunately	not	verifiable	
due	to	limited	background	system	availability	of	Granta	Selector.		To	dig	into	other	sources	of	the	
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divergence,	Table	1	estimates	the	percentage	deviation	of	each	material	in	the	two	software.	Here,	
materials	with	the	percent	deviations	lower	than	25%	are	considered	to	have	good	reliability	based	
on	the	fact	that	the	deviation	between	generic	and	specific	product’s		environmental	assessments	
normally	exceed	25%	(Lasvaux	et	al.	2015).	 	This	number	comes	from	the	analysis	of	deviations	
between	 Ecoinvent	 v2.01	 generic	 database	 and	 Environmental	 Product	 Declaration’s	 (EPD)	
product-specific	database	for	measuring	28	construction	materials'	impacts	(Lasvaux	et	al.	2015).		
Though	Lasvaux	et	al.	(2015)	focus	on	the	construction	database,	similar	patterns	could	be	for	the	
automotive	material	data.	 	 	As	shown	in	Table	1,	the	materials	with	more	than	25%	deviation	in	
Granta	Selector	are	metals	including	aluminium,	magnesium,	copper,	platinum,	and	other	metals.	In	
the	Kit,	steel's	energy	demand,	along	with	aluminium’s,	plastics'	and	other	compounds'	energy	and	
climate	impacts	have	large	variations.		Fluids	are	excluded	due	to	Granta	Selector’s	data	limitation.	
Below	discuss	the	possible	reasons:	

Table 1. Percentage deviation of Granta Selector and the Modular-LCA Kit compared to GaBi.	

Materials Primary Energy Demand (%) Climate Change Potential (%) 

 
Granta Kit Granta Kit 

Steel -18 62 19 11 
Aluminium -28 -28 -5 -27 
Magnesium -2 15 31 5 
Copper -21 -6 -40 -3 
Platinum -27 -3 -59 -6 
Other metals -26 6 -36 -19 
Plastics 7 24 2 50 
Lacquer and adhesive -12 -24 40 6 
Other compounds (Ceramic, glass, frictions and others) -6 190 14 472 
Electrics and electronics 6 16 40 23 
Fluids (lubricants and oil) -100 -26 -100 11 
	

(1) Granta	Selector	

The	uncertainty	of	metal	results	could	be	rooted	from	(1)	the	inappropriate	temporal,	geographical	
and	 technical	 coverage	of	 the	background	data,	and	 (2)	 the	 inaccuracies	of	 IMDs	 input	data.	 	As	
mentioned	in	Section	4.2.1,	the	use	of	generic,	obsolete	Ecoinvent	v2.2	data	could	be	problematic	for	
Scania.	 	For	instance,	the	60%	deviation	of	the	Granta	Selector’s	platinum	climate	change	results	
compared	to	the	GaBi’s	illustrates	the	vital	problems	of	its	dataset	(Table	1),	which	is	compatible	to	
the	report	by	Turner	et	al.	(2016)	that	the	platinum	group	data	in	Ecoinvent	v2.2	requires	updates.		
Secondly,	the	input	of	Granta	Selector	requires	specifying	material	codes,	e.g.	P04995	for	platinum,	
which	is	not	available	from	Scania’s	IMDs	data.	Since	Scania’s	IMDs	data	are	mostly	unrecognizable	
and	unstandardized,	the	researcher	could	only	select	a	few	to	perform	the	generic	content	in	Granta	
Selector’s	model,	which	could	be	not	representative	(Section3.2).	

(2) The	Modular-LCA	Kit	

Taking	 that	 the	Kit’s	background	data	has	 similar	 geographical-	 and	 temporal-	 coverages	 as	 the	
GaBi’s,	 the	 deviation	 of	 its	 steel	 energy	 demands	 mainly	 comes	 from	 the	 incomplete	 technical	
coverage	of	the	simplified	material	data.	Based	on	the	VW	simplified	LCA	method,	 iron	and	steel	
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materials	share	the	same	background	data,	“steel	production	process,”	which	could	over-calculate	
the	iron	production	energy	consumption	(Table	7).		The	same	problem	occurs	in	“other	compounds”,	
which	window	glass’	impacts	are	over-measured	by	“frictions	production	process.”	Second,	the	lower	
estimation	of	cast	aluminium’s	impacts	compared	to	the	GaBi’s	results	is	due	to	the	VW	LCA	method	
design,	which	based	on	Volkswagen’s	research	on	their	vehicle	material	compositions	automatically	
assigns	the	cast	aluminium	with	the	“secondary	aluminium	production	process”(Section	2.4).			Taking	
that	the	same	aluminium	sources	were	later	verified	by	Scania	purchasers,	this	variation	illustrates	
the	space	for	improving	IMDs	BOM's	data	completeness.	

Third,	the	Kit’s	plastics’	higher	carbon	emissions	than	the	GaBi’s	could	be	rooted	in	its	inappropriate	
technical	design.	Figure	11	shows	the	plastic	modelling	procedures.		While	the	design	of	the	Kit’s	
translation	processes	is	based	on	VW	vehicle	research	(Section	2.4),	using	the	same	processes	to	
input	Scania	LH	models	could	results	in	large	errors	due	to	their	distinct	material	compositions.	This	
problem	tells	the	importance	of	product-specific	data	structure	design	for	simplified	LCA	methods.			

	
Figure 11. Example of the Kit’s plastic roots for VW and Scania plastic analysis (not the real case) (IMDs data input 

processes in Section 3.2.2). Knowing that PA emission factor is higher than PP (Ashby, 2012, p.p. 494-497), this design 

results in over-measuring Scania thermoplastics’ impacts while the divergence for VW’s plastics could be ignorable.  

In	sum,	data	uncertainty	for	the	Modular-LCA	Kit	is	mainly	from	the	technical	data	design	while	the	
Granta	Selector’s	from	data’s	temporal-	and	geographical-	coverages.		Other	than	the	software’s	data	
uncertainty,	the	incompleteness	IMDs	BOM	also	post	a	threat	in	conducting	reliable	vehicle	LCA.	

4.3 Contextual data quality evaluation 

The	 contextual	 data	 quality	 evaluation	 encloses	 the	 LCA	 software’s	 fulfilment	 to	 the	 design	
engineers’	need	for	design	decision	support.		It	assesses	the	two	software’s	parameters,	namely	the	
foreground	data,	to	judge	whether	they	are	relevant	to	the	design	engineers’	daily	tasks.		The	results	
are	illustrated	by	first	the	results	of	the	pre-testing	questionnaires;	and	secondly,	the	coding	from	
the	workshop	testing	corresponding	to	the	questionnaires.		

4.3.1 Results of the pre-testing questionnaires 

All	groups	with	a	total	of	7	people	have	rated	that	the	potential	trade-offs	such	as	costs,	are	their	
highest	concerns	when	integrating	sustainability	into	PD	(Table	2).	And	currently,	an	average	72%	
of	the	design	engineers	have	taken	environmental	impacts	into	accounts	in	their	daily	tasks	(Table	
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2),	mainly	in	the	way	of	self-awareness	or	by	following	the	material	grey	and	black	lists.	Three	levels	
of	environmental	knowledge	are	identified	in	the	pre-testing	questionnaires	based	on	the	design	
groups’	 (not	 individual)	ability	 in	answering	 the	 third	part	of	 the	questionnaires	(Table	2).	 	 It	 is	
observed	later	in	the	workshops	that	this	distinction	could	affect	the	participants’	reactions	to	the	
LCA	software.	Hence,	the	following	analysis	is	described	by	the	“Base	group”,	“Medium	group”	and	
“Expert	group”	to	illustrate	the	three	design	groups’	sustainability	knowledge	levels.		

Table 2. Pre-testing questionnaire results. The scoring is the average received credits divided by the full credits. 

Most questions got similar scoring from all participants while "Knowledge of vehicle sustainability and LCA" 

received three distinct scoring patterns from the three design groups that show knowledge level difference. This 

knowledge level is evaluated based on designers’ ability to answer the vehicle-related LCA questions in Appendix 1. 

Pre-questionnaire results Scoring (/100) 

Current sustainable PD practice  

Currently considering product environmental impacts during PD. 72 /100 

Concerns for considering sustainability into PD  

Limited knowledge in improving environmental performance 

Time constraints 

Concerns about tradeoffs with other factors, such as costs  

Limited motivation 

53 /100 

60 /100 

72 /100 

36 /100 

 

Knowledge of vehicle sustainability and LCA 

 

Base    

 

Medium 

 

Expert 

Hotspots of vehicle life-cycle impacts 

Design factors that affect vehicle use phase impacts, e.g. fuel consumption 

Data requirement for component’s production impact assessment 

Material and manufacturing techniques’ impacts contribution 

Average knowledge level    

0 

100 

0 

100 

50 

66.7 

100 

66.7 

66.7 

75 

100 

100 

50 

100 

88 

	

4.3.2 Coding results from the workshop testing 

Appendix	4		displayed	some	of	the	coding	results	from	the	workshop	records	as	a	piece	of	evidence	
for	 the	qualitative	data	evaluation.	Based	on	 these	 coding	 texts,	 the	overall	 feedbacks	 regarding	
software	 contextual	 data	 quality	 is	 grouped	 into	 5	 categories:	 (1)	 Component	 manufacturing	
foreground	requirements,	(2)	Transport	foreground	discussions,	(3)	Use	phase	discussions,	and	(4)	
EoL	expectation.		

(1) Component	manufacturing	parameters:	

The	design	engineers	mention	to	have	high	control	in	the	manufacturing	foreground,	which	comes	
with	 high	 data	 requirements.	 Suggestions	 in	 designing	 software’s	 foreground	 system	 includes	
“standardized	 material	 lists”,	 and	 “vehicle-specific	 production	 and	 	 surface	 treatment	 data”	 for	
Granta	Selector,	and	“data	completeness	and	reliability”	for	the	Modular-LCA	Kit.		
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First,	regarding	the	material	production	processes,	although	the	actual	materials	used	for	a	design	
group	is	normally	limited,	it	is	mentioned	that	the	Modular-LCA	Kit’s	material	list	is	too	little	and	
lack	of	reliability	while	the	magnitude	of	the	Granta	Selector's	is	appropriate	(Appendix	4).	Yet,	in	
Granta	 Selector,	 two	 groups	working	 on	metal	 components	 have	 difficulties	 in	 finding	 the	 right	
material	due	to	the	distinct	standard	of	the	foreground	data	in	Granta	Selector	(Appendix	4).		

For	the	component	production	processes,	the	lack	of	parameters	in	the	Kit	not	only	brings	about	
reliability	 concerns	 but	 reduces	 the	 software’s	 attraction	 and	 satisfaction(Figure	 4).	 For	 Granta	
Selector,	 all	 groups	are	 almost	 satisfied	with	 its	 industrialized	production	dataset;	 however,	 the	
medium	and	expert	group	suggests	having	additional	"machine	performances"	and	"batch	size"	data	
to	improve	accuracy,	along	with	the	“supplier’s	geographical	information”	to	estimate	the	benefits	
of	choosing	green	suppliers(Appendix	4).	 	 	And,	 two	groups	recommend	having	 the	 flexibility	 to	
create	processes,	which	could	support	early-stage	experimental	concept	design's	risk	assessment	
(Appendix	4).		In	the	end,	as	the	design	engineers	often	choose	between	production	techniques,	the	
more	details	of	the	production	could	better	support	their	decisions.	

For	 the	 surface	 treatment	 parameters,	 two	 groups	 working	 with	 painted	 parts	 point	 out	 the	
weakness	 of	 Granta	 Selector	 that	 the	 simplified	 data	 is	 not	 sufficient	 for	 vehicle	 components	
(Appendix	 4),	which	 is	 compatible	 to	 the	 results	 in	 Section	4.2.1.	 The	 expert	 group	 informs	 the	
complexity	of	vehicle	painting	(Appendix	4),	which	should	be	well-designed	in	the	software.	

(2) Transport	foreground	parameters:	

Design	engineers	in	a	large	vehicle	manufacturer	normally	lose	their	power	in	controlling	logistics.,	
which	 are	 influenced	 by	 complicated	 supply	 chain	 factors	 and	 orders.	 Still,	 they	 always	 try	 to	
improve	transport	efficiency	by	packaging	design.	Thus,	two	groups	propose	to	add	the	parameter	
of	"transport	batch	size"	for	supporting	their	packaging	design	(Appendix	4).	

(3) Use	phase	parameters:	

Rather	complicated	discussions	are	for	the	use	phase	parameters.	In	the	beginning,	the	base	group	
shows	little	interests	in	this	phase	as	they	feel	the	lack	of	control	for	the	impacts.		Both	the	base	and	
medium	 groups	 take	 it	 as	 irrelevant	 as	 the	 impacts	 are	mainly	 based	 on	 customer	 behaviours.	
However,	 after	 the	 researcher	 proposed	 “what-if”	 questions	 for	 scenarios	 of	 different	 design	
projects,	they	started	to	discuss	about	the	potential	usefulness	of	the	use	phase	data.	Some	real-life	
cases	were	discussed	within	and	after	the	workshops,	including:	

a. “A	new	gearbox	design	with	frictions	and	fuel	consumption	reduction	but	a	large	economic	burden	
requires	the	data	of	estimated	carbon	footprint	reduction	for	project	evaluation.“	

b. “Oil	change	could	reduce	the	maintenance	frequency	of	sealing	components.	However,	to	avoid	
shifting	the	burdens,	the	comparative	study	of	oil	and	maintenance	impacts	is	needed.“	

c. “A	change	of	bumper	shape	could	 increase	the	weight	but	reduce	the	air	drags,	which	needs	a	
holistic	view	of	the	total	product's	environmental	performance	to	ensure	the	optimum	balance.”	
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These	cases	are	only	typical	cases	for	the	participating	groups,	not	to	mention	the	cases	for	vehicle	
electrification	design.	Eventually,	the	designers	brought	up	factors	such	as	"durability",	"air	drags	
performance",	 "sales	 amount"	 and	 "maintenance	 frequency"	 that	 could	 affect	 the	 use	 phase	
emissions	and	therefore	are	critical	for	LCA.	The	base	group	responds	as		“We’ve	never	talked	about	
the	 environmental	 impacts	 for	 these	 cases”	 and	 “that’s	 interesting,”	 and	 proposes	 to	 add	
"maintenance	frequency"	and	"fuel	reduction"	parameters	(Appendix	4).		

It’s	worth	mentioning	that	the	expert	group	takes	the	use	phase	as	important	as	the	manufacturing	
stage	from	the	beginning.	Still,	all	groups	propose	to	have	fixed	data	of	vehicle	use-phase	properties,	
e.g.	mileage,	since	they	don’t	concern	about	the	complete	vehicle	(Appendix	4).	

(4) EoL	expectation:	

All	 participants	 are	 interested	 in	 learning	 vehicle	 EoL.	 Still,	 the	 expert	 group	 understands	 the	
limitation	of	managing	vehicle	waste	management	(Appendix	4).	Currently,	Scania	doesn’t	have	the	
control	and	information	of	their	EoL	vehicles.	

In	conclusion,	although	the	base	and	medium	groups	have	positive	experiences	 for	using	Granta	
Selector	 as	 a	 start	 of	 product	 environmental	 impacts	 assessment,	 there	 are	 foreseeable	
improvements	of	its	flexibility	and	accuracy	in	the	long-term	(Appendix	4).		On	the	other	hand,	the	
expert	group	finds	the	software’s	parameters	too	simplified,	which	leads	to	low	believability.		For	
the	Modular-LCA	Kit,	the	general	satisfaction	for	the	medium	and	expert	groups	is	low	and	limited	
feedbacks	could	be	collected.	The	lacking	critical	parameters	in	production	processes,	along	with	
the	excessive	use	phase	parameters	are	the	reasons	that	the	software	couldn’t	attract	them.		Still,	
the	Kit	is	taken	as	a	sufficient	tool	to	the	base	group	due	to	its	ability	in	conducting	comparative	LCA,	
and	their	trust	to	the	developers.	

4.4. Representational data quality evaluation 

Representational	 data	 quality	 evaluation	 depends	 on	 the	 same	methods	 as	 the	 contextual	 data	
evaluation.	 	Hence,	similar	to	the	contextual	data	quality	evaluation,	the	feedbacks	diverse	in	the	
three	 groups	 based	 on	 the	 knowledge	 level.	 	 The	 coding	 results	 are	 summarized	 into	 three	
categories	 of	 data	 content	 and	 properties	 to	 illustrate	 the	 LCA	 results’	 interpretability	 and	
effectiveness:	(1)	Impact	categories,	(2)	Result	format	and	interpretability,	and	(3)	Effectiveness.	

(1) Impact	categories	contained	in	the	results:	

The	expert	group	raises	a	concern	about	 toxicity	 to	human	 in	 the	painting	process	as	an	 impact	
category	that	should	be	added	in	both	software	(Appendix	5).		Other	than	the	environmental	impact	
assessment,	three	groups	emphasize	a	strong	need	to	integrate	the	costs	to	the	LCA	results	to	help	
them	 systematically	 interpret	 the	 design	 risks	 (Appendix	 5).	 	 This	 is	 corresponding	 to	 the	 pre-
testing	questionnaire	results	that	the	designers	were	concerning	the	trade-offs	between	costs	and	
environmental	impacts	(Table	2).		Another	reason	is	the	similar	input	data	of	the	LCA	software	and	
existing	cost	software	in	Scania	that	the	integration	could	reduce	their	workload	(Appendix	5).		
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(2) Result	format	and	interpretability:	

The	interpretability	of	result	format,	mainly	the	unit	and	term,	is	closely	connected	to	the	company’s	
strategies	 in	 product	 sustainability	 performance	 management.	 	 Currently,	 there	 are	 no	 clear	
guidelines	in	Scania's	research	and	development	to	support	the	design	engineers	to	interpret	the	
LCA	results.		Without	guidelines,	the	quantitative	emission	results	obtained	from	the	software	are	
hard-to-interpret	for	the	medium	and	base	groups	as	what	the	base	group	says	“it’s	just	a	number	
(Appendix	 5).”	 	 The	 quantitative	 emission	 data	 is	merely	 helpful	 for	 comparing	 concepts	 using	
comparative	LCA.		To	improve	the	understandability	of	single-system	LCA,	the	participants	propose	
additional	 formats,	 such	 as	 “percentage	 emissions	 reduction	 compared	 to	 the	 old	 design”,	
“performance	 compares	 to	 Scania	 baseline”,	 “contribution	 to	 Scania	 targets”,	 and	 “costs	 on	
emissions,”	to	demonstrate	the	degree	of	the	sustainability	performance	of	the	design	(Appendix	5).	

(3) Effectiveness	of	the	LCA	results:	

One	 question	 of	 the	 task,	 “In	 reality,	 what	 could	 you	 redesign	 to	 improve	 the	 environmental	
performance?”	aims	in	assessing	the	effectiveness	of	LCA	results	for	supporting	sustainable	design	
(Section	3.2).		When	reflecting	on	the	real	case,	three	groups	agree	on	the	possibilities	to	change	the	
design	based	on	Granta	Selector’s	results	(Appendix	5).		Yet,	there	is	a	preference	to	acquire	more	
details,	which	could	help	improve	the	design.		For	the	Modular-LCA	Kit,	the	results	only	cover	the	
material	production	impacts	(Figure	4),	which	makes	it	difficult	to	raise	reactions	and	feedbacks	
from	the	participants	in	the	workshop	(Appendix	5).		While	the	base	group	is	satisfied	with	the	Kit	
as	long	as	it	is	able	to	conduct	comparative	LCA,	the	expert	group	concludes	that	the	software	should	
be	used	for	other	purposes	rather	than	product	design	due	to	its	specific	data	design	(Appendix	5).	 	
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5 Discussion  
The	 holistic	 data	 quality	 evaluation	 of	 the	 research	 successfully	 illustrates	 the	 fundamental	
requirements	of	implementing	simplified	LCA	software	in	Scania	PD.		Based	on	the	four	evaluations,	
this	 section	 concludes	 the	 two	 software’s	 applicability,	 and	Scania’s	 condition	and	 limitation	 for	
implementing	sustainable	product	development,		based	on	which	proposes	strategies	and	roadmap	
for	long-term	software	implementation.		Considering	the	complexity	of	the	research,	the	last	section	
reflects	the	research	position	and	scalability	regarding	the	questions,	methods,	and	results.	

5.1 Modular-LCA Kit and Granta Selector’s data quality for sustainable 

product development 

The	 summary	 of	 Granta	 Selector’s	 and	 the	 Modular-LCA	 Kit’s	 data	 quality	 evaluation	 is	
demonstrated	in	Table	3	and	Table	4.	It’s	important	to	understand	that	the	summary	is	to	tell	the	
applicability	of	the	software	implementation	for	Scania	rather	than	judge	the	software	design	itself.		

(1) 	Granta	Selector’s	data	quality	

Granta	 Selector’s	 largest	 strength	 is	 its	 comprehensive	 coverage	 of	 vehicle	 life-cycle	 impacts	
assessment,	in	which	the	advantages	are	especially	shown	in	intrinsic	and	contextual	DQ	evaluation	
(Table	3).	Furthermore,	 from	the	representational	DQ	evaluation,	Granta	Selector’s	good	 level	of	
details	 of	 result	 demonstrations	 quickly	 gives	 an	 overview	 of	 the	 component’s	 environmental	
hotspots	and	encourages	the	design	engineers	to	gain	a	life-cycle	view	of	the	design	impacts(Table	
3).	Lastly,	 the	stable	accessibility	to	the	software	reduce	a	 lot	of	administrative	works	for	Scania	
IT(Table	3).	

Still,	 there	 is	 a	 space	 of	 improvements	 in	 Grana	 Selector’s	 background	 data	 accessibility	 and	
transparency(Table	 3).	 Also,	 Granta	 Selector’s	 intrinsic	 and	 contextual	 DQs	 are	 not	 completely	
applicable	for	Scania	vehicle	design.		There	is	a	desire	by	the	design	engineers	to	improve	the	details	
and	relevancy	of	the	software’s	parameters	to	improve	the	LCA	precision	for	Scania-specific	vehicles	
(Table	3).		This	desire	corresponds	to	the	intrinsic	DQ	evaluation	results	that	the	inaccuracies	are	
often	 rooted	 in	 the	 data	 technical-coverage	 constraints	 for	 vehicle	 products,	 along	 with	 the	
geographical-	and	temporal-	coverages	constraints	of	generic	Ecoinvent	data	(Table	3).		From	the	
representational	DQ	evaluation	results,	integration	of	costs	and	toxicity	evaluation	to	the	current	
impact	 categories	 is	 a	 plus	 (Table	 3).	 	 Besides,	 there	 is	 a	 need	 for	 company	 strategy	 design	 for	
supporting	the	designers	to	interpret	the	quantitative	LCA	results	(Table	3).			
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Table 3. Strengths and weaknesses summary of Granta Selector 

Data	quality	dimensions	 Strengths	 Weaknesses	

Accessibility	DQ	

(Section	4.1)	

/	stable	and	safe	access	to	the	software	

and	foreground	system		

/	limited	transparency	and	management	

of	the	background	data	

/	no	integration	possibility	to	Scania	IT	

system	

Intrinsic	DQ	

(Section	4.2)	

/	high	reliability	of	WTW	assessment	

(Figure	10)	

/	complete	coverage	in	calculating	

vehicle	life-cycle	impacts	

/	non-vehicle-specific	surface	treatment	

dataset	that	under-estimates	the	

component	carbon	footprints	(Section	

4.2.1)	

/	obsolete	and	non-geographical	relevant	

background	database	of	Ecoinvent	v2.2	

for	vehicle	material	emissions	evaluation	

(Section	4.2.1,	4.2.2)	

/	lack	of	reliable	fluid	emissions	dataset	

(Section	4.2.2)	

Contextual	DQ	

(Section	4.3)	

/	overall	good	details	of	input	parameter	

for	component	design	

/	sufficient	magnitude	of	material	dataset	

/	WTW	parameters	able	for	component	

use	phase	emissions	measure,	this	gains	

the	life-cycle	knowledge	of	design	

engineers	

/	insufficient	production	dataset	details	

for	early	stage	design	projects	

/	irrelevant	geographical	coverage	of	

background	data	for	specific	company	

/	generic	surface	treatment	dataset	being	

too	simplified	for	vehicle	components	

/	additional	transport	parameter	

required,	such	as	batch	size	

Representational	DQ	

(Section	4.4)	

/	good	result	details	that	provide	

improvement	suggestions	

	

/	lack	of	integration	to	the	toxicity	and	

cost	evaluation	

/	interpretation	difficulty	to	the	

quantitative	emission	results	

	

(2) The	Modular-LCA	Kit’s	data	quality	

The	Modular-LCA	Kit	strengths	are	the	user	accessibility	to	the	background	system,	as	well	as	its	
Volkswagen	LCI	dataset	that	ensures	a	certain	level	of	accuracy	(Table	4).		Thanks	to	the	data	design	
based	on	Volkwagen	group	research,	the	software	provides	a	great	amount	of	knowledge	of	vehicle	
materials	 LCA	knowledge	 (Table	 4).	 	 	 As	mentioned	 in	 Section	4.2.2	 that	 the	 knowledge	helped	
Scania	discover	their	sources	of	cast	aluminium	materials.		For	the	contextual	and	representational	
DQ,	 its	 ability	 to	 conduct	 comparative	 LCA	 is	 sufficient	 for	 the	 designers	 with	 basic-level	 of	
sustainability	knowledge.	

However,	 closer	 collaboration	 and	 communication	 is	 critical	 to	 support	 steady	 access	 to	 the	
Modular-LCA	Kit	(Table	4).	 	Only	after	having	stable	software	accessibility	could	the	background	
data	 accessibility	 become	 the	 strength.	 	 Moreover,	 the	 weakness	 in	 the	 Kit’s	 contextual	 and	
representational	 DQ	 drastically	 reduces	 the	 software	 applicability	 to	 PD.	 The	 over-simplified	
material	dataset	 and	 the	 lack	of	production	parameters	not	only	diminish	 the	design	engineers’	
interests	in	using	the	software	but	reduce	the	software	reliability	in	component	evaluation(Table	
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4).	 The	 plain	 LCA	 results	 format	 also	 weakens	 the	 Kits’	 LCA	 data	 effectiveness	 in	 supporting	
sustainable	design	decisions	due	to	the	lack	of	data	completeness	and	believability	(Table	4).	In	the	
end,	 there	 is	 a	 large	 space	 for	 the	Modular-LCA	Kit	 to	achieve	 its	 technical	 accuracy,	 along	with	
empirical	acceptability	and	usefulness	to	the	design	engineers.	

Table 4. Strengths and weaknesses summary of the Modular-LCA Kit 

Data	quality	dimensions	 Strengths	 Weaknesses	

Accessibility	DQ	

(Section	4.1)	

/	user	accessibility	to	the	background	

data	

/	unstable	access	to	the	software	due	

to	the	third-party	account	

/	no	integration	possibility	to	Scania	

IT	system	

Intrinsic	DQ	

(Section	4.2)	

/	high	reliability	of	WTW	assessment	

(Figure	10)	

/	strong	vehicle	material	knowledge	

in	the	background	system	based	on	

the	Volkwagen	Group	research	

(Section	4.2.2	(2))	

/	lack	of	technical	details	in	the	

foreground	system	that	mis-calculate	

the	material	emissions,	e.g.	steel,	

other	compounds	and	fluids	(Section	

4.2.1	and	4.2.2)	

/	lack	of	production	process	

evaluation	could	under-estimate	

component	impacts	(Figure	9)	

Contextual	DQ	

(Section	4.3)	

/	adequate	details	for	comparative	

LCA	for	the	base	group	

/	lack	of	production	input	parameters	

which	are	critical	for	component	

design	

/	insufficient	magnitude	of	material	

dataset	that	reduce	the	software	

satisfaction,	attraction	and	

believability	

/	lack	of	transport	parameters	

Representational	DQ	

(Section	4.4)	

/	adequate	details	for	comparative	

LCA	for	the	base	group	

/	lack	of	integration	to	the	toxicity	

and	cost	evaluation	

/	lack	of	details	for	supporting	design	

improvements	

/	interpretation	difficulty	to	the	

quantitative	emission	results	

5.2 Conditions and constraints for Scania implementing LCA software in 

product development 

In	spite	of	the	software’s	data	constraints,	the	incomplete	vehicle	lifecycle	and	BOM	data	hinders	the	
reliability	 of	 Scania	 LCA	 models.	 Shreds	 of	 evidence	 to	 this	 impact	 are	 found	 in	 intrinsic	 data	
evaluation	and	demonstrated	below	(Section	3.2	and	4.2): 

(1) Lack	of	data	for	EoL	and	maintenance:		

Since	the	company	start	using	IoT	for	tracking	their	sold	vehicles	in	recent	years,	there	is	still	limited	
knowledge	 about	 12-year	 vehicle	 activities.	 Thus,	 the	 research	 has	 to	 exclude	 the	 EoL	 and	
maintenance	processes	in	the	long	haulage	case	for	intrinsic	DQ	evaluation	(Section	3.2.2).		Without	
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accounting	vehicle	EoL,	the	vehicle	LCA	using	cut-off	allocation	methods	could	under-calculate	the	
vehicle	waste	impacts	and	lead	to	the	manufacturer	failing	their	extended	producer	responsibility.	
With	 the	 increasing	 requirement	 from	 the	 global	 ELV	 legislation,	 the	 vehicle	manufacturers	 are	
expected	to	improve	their	knowledge	and	control	for	the	ELV,	along	with	setting	up	strategies	for	
accounting	ELV’s	LCA	considering	its	geographical	and	political	complexity	(Section	2.2).		

(2) Incomplete	BOM	and	inconsistent	IMDs:		

While	Scania	designers	have	all	the	data	of	the	component	design,	including	production	techniques	
and	material	suppliers,	Scania	 loses	track	of	 this	 information	 in	the	 later	stage	of	vehicle	design,	
which	leads	to	the	low	quality	of	the	vehicle	BOMs.		Therefore,	the	vehicle	BOM	used	in	this	research	
is,	instead,	acquired	from	the	IMDs	system,	which	contained	only	the	vehicle	material	compositions	
with	some	errors	(Section	3.2).		The	incomplete	and	inaccurate	IMDs	BOM	not	only	fails	to	calculate	
vehicle	production	phase	impacts	but	also	leads	to	results'	deviations	of	metal	materials	in	Granta	
Selector	and	cast	aluminium	in	the	Modular-LCA	Kit	(Section	4.2.2).		Hence,	to	ensure	the	robustness	
and	reliability	of	vehicle	LCA	results,	adequate	software	data	accuracy	together	with	vehicle	data	
accuracy	should	be	the	first	guaranteed.	

Besides	the	vehicle	data	problems,	a	lack	of	the	company’s	administrative	guidelines	in	supporting	
the	sustainable	product	development	is	indicated	from	the	representational	data	evaluation	results:	

(3) Lack	of	sustainable	design	rule	of	thumb	

In	the	workshop	testing	for	representational	DQ	evaluation	(Section	4.4),	the	LCA	results	obtained	
from	the	software	confuse	the	design	engineers	due	to	the	lack	of	environment-related	knowledge	
and	guidelines	in	judging	the	results.	Without	a	clear	target	and	strategy,	the	LCA	information	is	a	
meaningless	 figure	 especially	 for	 the	 major	 design	 engineers	 with	 less	 than	 a	 base-level	 of	
sustainability	knowledge.	 	Therefore,	in	addition	to	the	clear	and	identical	environmental	targets	
and	ambitions,	sustainable	product	design	guidelines	should	be	well-communicated	to	ensure	a	fast	
and	effective	sustainability	transition.	

5.3 Roadmap for implementing LCA software in vehicle product development 

Based	on	the	evaluation,	the	research	designs	a	three-pillar	strategy	that	attempts	to	address	the	
data	quality	problems	discussed	(Figure	12)	and	,	according	to	the	strategy,	proposes	a	systematic,	
long-term	roadmap	for	implementing	LCA	software	into	PD.	Considering	the	discussion	of	both	the	
two	 software	 and	 the	 company	 conditions	 (Section	 5.1	 and	 5.2),	 the	 strategy	 covering	 three	
perspectives	 of	 software	 implementation	 includes	 (1)	 sustainable	 product	 performance	 (SPP)	
leadership,	(2)	LCA	software	deployment	and	maintenance,	and	(3)LCA	data	life-cycle	management:	

(1) Administrative	leadership	in	sustainable	product	performance:	

To	 tackle	 the	 representational	 data	 quality	 problems	 and	 improve	 LCA	 understandability	 and	
effectiveness,	clear	 leadership	 in	the	central	company	management	plays	a	critical	role	to	define	
precise	and	achievable	vehicle	sustainability	performance	targets	that	could	support	the	designers	
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to	interpret	the	LCA	results	and	take	actions	(Section	4.4).	To	do	so,	it	is	believed	to	be	important	
for	the	role	to	understand	the	baseline	sustainable	product	performance	that	could	help	him	or	her	
decide	an	achievable	target.	What’s	more,	 for	 the	project	unable	to	reach	the	targets,	 it	 could	be	
supportive	to	provide	guidelines	and	instructions	for	comparing	sustainability	performance	trade-
offs	to	other	properties,	e.g.	driver	experience.	These	guidelines	should	clarify	the	identical	formats	
of	the	LCA	results	and	interpretation	instructions	that	reduce	the	risks	to	fail	the	data	interpretation.	

(2) LCA	software	deployment	and	management	

As	discussed	in	Section	5.1,	none	of	the	LCA	software	is	perfectly	applicable	in	Scania	vehicle	PD	
mainly	due	to	the	limited	intrinsic	and	contextually	data	quality.		Still,	based	on	the	feedbacks	of	the	
use	phase	parameters	 in	Section	4.3.2,	 the	 software	 could	be	deployed	 to	 support	 life-cycle	and	
sustainable	 design	 thinking	 in	 the	 short-term;	 and,	 in	 the	 long-term,	 constant	maintenance	 and	
updates	of	the	software	data	quality	could	improve	the	LCA	software's	reliability	and	effectiveness	
(Section	4.2	and	4.4).		

In	 the	 early	 stage	 of	 software	 deployment,	 it	 is	 expecting	 that	 an	 education	project	 focusing	 on	
sustainability	 performance	 introduction,	 along	 with	 LCA	 result	 uncertainty	 and	 interpretation,	
could	 avoid	 undesirable	 interpretations	 of	 simplified	 LCA	 results.	 	 With	 the	 education,	 design	
engineers	could	make	decisions	according	to	the	comparative	LCA	in	the	very	early	design	stage.	As	
accuracy	 requirements	 in	 this	 stage	 are	 rather	 low,	 the	 LCA	 data	 with	 acceptable	 deviation	 is	
sufficient	for	concept	choosing.		Meanwhile,	the	constant	feedback	from	the	designers	and	the	LCA	
data	development	from	the	research	could,	in	the	long-term,	support	the	users	to	gain	knowledge	
and	assure	software	sustainable	development.	

(3) Continuous	data	life	cycle	management	

Last	but	not	the	least,	the	LCA	and	BOM	data	validity	problems	mentioned	in	Section	5.1	and	5.2	post	
a	 threat	 in	 software	 implementation.	 To	 deal	 with	 the	 problem	 and	 improve	 the	 accuracy,	 the	
research	 recommends	 to	 launch	 a	 project	 team	 to	 first	 establish	 the	 LCI	 and	 BOM	 data	 quality	
requirements	and	verification	guidelines.	And,	second,	Scania	should	 launch	research	projects	to	
complete	 vehicle	 BOM	 and	 develop	 vehicle-specific	 LCI	 data,	 in	 which	 starting	 from	 the	 most	
relevant	material	and	production	processes.	This	acquired	data	in	the	research	should	update	the	
software	periodically	for	accuracy	improvement	and	sustainable	software	development.	
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Figure 12. Three-pillar strategies for LCA software implementation. (SPP= Sustainable Product Performance) 

Based	on	this	three-pillar	strategy,	a	Scania	roadmap	is	designed	to	achieve	sustainable,	value-added	
LCA	software	implementation	(Figure	13).		This	roadmap	is	solely	designed	by	the	researcher	based	
on	the	evaluation	and	approved	by	the	company’s	LCA	engineer.		Starting	from	the	first	pillar	of	SPP	
leadership,	 the	 management	 team	 should	 set	 up	 company-wide	 and	 department-wide	 impacts	
reduction	targets	based	on	the	baseline	vehicle	LCA	results.	 	Following	this	comes	to	the	second	
pillar	that	spreads	the	targets	and	guidelines,	together	with	the	software	instruction	and	training	of	
LCA-base	sustainable	decisions,	to	the	design	teams.		It	is	recommended	to	first	deploy	the	software	
in	the	early	stage	of	design	for	primary	concept	comparison.		Over	time,	by	collaborating	with	the	
software	developers	to	design	the	foreground	data	using	the	proposed	parameters	in	Table	3	and	
Table	4	and	update	the	background	data,	Scania	could	improve	software	precision,	reliability,	and	
usability	to	fulfill	the	requirements	of	the	users	with	higher	knowledge.			

In	parallel,	based	on	the	third	pillar,	a	cross-functional	research	team,	leading	vehicle	BOM	and	LCI	
data	development,	plays	a	critical	role	for	the	company	to	gain	knowledge,	set	up	sustainable	design	
projects,	and	secure	sustainable	data	management	of	the	LCA	software.		This	team	should	first	set	
up	guidelines	in	BOM	and	LCI	data’s	verification	process	and	criteria,	data	usage,	common	language,	
and	up-date	routines	to	ensure	consistency	of	the	flourishing	eco	data	foreseen	in	the	future.		Based	
on	the	guidelines,	responsible	departments	could	work	on	developing	Scania	BOM	and	LCI,	starting	
from	the	hotspot	materials	and	components	such	as	engine	and	steel.		It	is	worth	mentioning	that	
the	knowledge	gained	from	the	research	could	directly	help	improve	vehicle	design	without	waiting	
for	the	complete	development	of	the	LCA	software.	

In	the	long-term,	the	updated,	mature	LCA	software,	being	simplified	in	the	usage	but	delicate	in	the	
assessment,	efficiently	provides	accurate	product	environmental	evaluation	and	creates	benefits	to	
Scania	by	sustainability	performance	monitoring	and	benchmarking,	innovative	promotion,	green	
label	achievement,	material	risks	management	and	so	on.	
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Figure 13. Roadmap for simplified LCA software implementation in vehicle PD for specific company 

5.4 Research reflection and scalability 

The	 outcomes	 of	 the	 research	 incorporate	 methods	 in	 sustainable	 product	 development	 and	
propose	a	further	improvement	of	transportation	design	methodology.		The	selected	data	quality	
dimension	 framework	 by	 Wang	 &	 Strong	 (1996)	 successfully	 includes	 the	 design	 engineers’	
requirements	for	the	environmental	data	to	support	sustainable	design	decisions,	which	is	often	left	
out	in	the	environmental	research	domain.		The	combined	approach	of	the	LCA	reliability	evaluation	
and	 usability	 testing	 thoroughly	 reveals	 the	 potential	 gaps	 and	 opportunities	 to	 integrate	
sustainability	 into	product	 development	 from	 technical	 and	human	perspectives.	 	While	 a	more	
delicate	data	evaluation	and	human-computer	interaction	method	could	contribute	to	a	deeper	LCA	
data	quality	analysis,	the	current	method	is	enough	to	provide	a	fast	 insight	and	strategy	for	the	
company.		With	this	systematic	evaluation,	there	is	clear	evidence	that	an	LCA	tool	is	not	enough	for	
supporting	 sustainable	 design;	 instead,	 a	 complete,	 accurate,	 and	 precise	 environmental	 data	
combined	with	clear	administrative	support	to	the	designers	are	relevant	for	an	effective	transition	
to	sustainable	transport	design.				

In	the	end,	this	technical	report	that	finalizes	the	research	has	the	aim	to	spread	the	result	to	the	
transportation	 industry.	With	 similar	 vehicle	 development	 processes	 and	 environmental	 impact	
patterns,	the	evaluation	results	and	proposed	strategies	could	be	adjusted	into	specific	companies.	
On	the	other	hand,	the	combined	method	and	data	quality	framework	used	in	the	report	could	be	
used	 in	 the	 sustainable	 product	 development	 research	 to	 take	 care	 of	 the	 environmental	 data	
consumers’	difficulties	of	integrating	sustainability	into	design.		 	
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6 Conclusion 
The	research	conducts	the	first	holistic	evaluation	of	LCA	software	implementation	from	the	design	
and	data	management	perspectives.	 	The	methods	used	are	aiming	to	give	a	 fast	 insight	 into	the	
possible	data	obstacles	and	opportunities	to	implement	two	LCA	software,	Granta	Selector	and	the	
Modular-LCA	Kit,	into	Scania	vehicle	PD.	

The	 accessibility	DQ	 evaluated	by	 interviews	 and	 literature	 indicates	 that	Granta	 Selector	 has	 a	
stable	 and	 safe	 accessibility	 due	 to	 Scania’s	 direct	 contact	 with	 Granta	 Design	 Ltd.	 while	 the	
Modular-LCA	Kit	has	its	strength	in	transparent	and	adjustable	background	data.		On	the	other	hand,	
the	intrinsic	DQ	evaluation	comparing	the	result	deviations	of	the	two	software	to	the	GaBi’s	results	
reveals	the	reliability	limitation	of	Granta	Selector	due	to	the	out-dated,	generic	Ecoinvent	dataset,	
and	 Modular-LCA	 Kit	 due	 to	 the	 over-simplified	 material	 production	 dataset	 and	 absence	 of	
production	 phase	 LCI	 data.	 	 Moreover,	 the	 LH	 case	model	 used	 in	 the	 evaluation	 discloses	 the	
incompleteness	of	Scania	vehicle	BOM	that	lacks	the	information	of	material	sources,	production	
techniques,	maintenance	and	EoL.		

For	the	contextual	and	representation	data	evaluation,	it	is	to	the	best	knowledge	of	the	researcher	
the	 first	 that	 evaluates	LCA	 software	 from	 the	user	design	points	of	 view.	 	The	usability	 testing	
captures	the	vehicle	designers’	feedbacks	and	needs	from	the	LCA	software	for	supporting	design	
decisions.	 	 Seeing	 the	 positive	 reactions	 of	 the	 designers	 to	 the	 two	 software,	 especially	 Granta	
Selector,	the	simplified	LCA	software	could	be	a	good	solution	in	sustainable	product	development.	
Yet,	more	works	are	required	to	establish	effective	and	user-friendly	software	usage,	which	includes	
improving	 details	 and	 relevancy	 of	 foreground	 and	 background	 data,	 establishing	 company	
supports	for	LCA	interpretation,	and	promoting	integration	to	cost	and	toxicity	evaluation.	

In	the	end,	to	assure	a	reliable	and	effective	implementation	of	the	simplified	LCA	software,	there	is	
a	need	for	improving	the	data	quality	of	both	the	software	and	the	company’s	product	information.	
The	research	designs	a	three-pillar	strategy	to	tackle	the	diagnosed	data	limitation,	based	on	which	
a	 roadmap	 for	 Scania	 is	 proposed.	 	 Future	 work	 for	 Scania	 is	 to	 set	 up	 targets	 and	 education	
programs	for	LCA	software	and,	preferably,	set	up	research	programs	in	developing	vehicle	BOM	
and	LCI	for	LCA	data	improvements.		For	the	research	area,	pilot	projects	could	quickly	imitate	the	
integration	of	LCA	software	and	life-cycle	thinking	into	companies’	core	business,	which	could	verify	
the	correctness	of	current	evaluation	and	enhance	realization	and	utility	of	the	LCA	concepts.	 	
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Appendix 1. Pre-testing Questionnaires 
Current	sustainable	PD	Practice	

1.	I	have	considered	product	environmental	impacts	during	product	development	(PD)?	(yes,	no)	

Concerns	for	considering	sustainability	into	PD	

My	concerns	regarding	integrating	sustainability	into	PD	are:	(rate	from	1-strongly	disagree	to	4-
strongly	agree)	

1.	Limited	knowledge	of	how	to	improve	product	environmental	performance.	(1,	2,	3,	4)	
2.	Time	constraints	during	product	development.	(1,	2,	3,	4)	
3.	Concerns	about	tradeoffs	between	environmental	performance	and	other	factors,	such	as	costs.	
(1,	2,	3,	4)	
4.	Limited	motivation	since	I	couldn’t	see	the	influence	of	my	change.	(1,	2,	3,	4)	

Knowledge	of	vehicle	sustainability	and	LCA		

Considering	the	product	life-cycle	impacts	throughout	manufacturing,	use	and	end-of-life	phase,	I	
know:	(rate	from	1-strongly	disagree	to	4-strongly	agree)	

1.	I	know	which	life-cycle	stage	has	the	largest	environmental	impacts	of	the	long	haulage’s	12-year	
lifespan.	(1,	2,	3,	4)	
2.	I	could	name	3	possible	vehicle	properties	that	determine	the	vehicle	emissions	during	the	use	
stage.	(1,	2,	3,	4)	
3.	I	could	name	4	information	needed	to	calculate	the	manufacturing	impacts	in	LCA.	(1,	2,	3,	4)	
4.	I	could	guess	which	material	and	manufacturing	techniques	have	more	environmental	impacts.	
(1,	2,	3,	4)	
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Appendix 2. Vehicle LCA case study models and 
assumptions 
Table 5. Overview of component models’ assumptions and data source. 

General information 

LCA approach Comparative, attributional LCA with allocation cut-off method 
Functional Unit One component of an long-haulage truck 
Data source Cases from design engineers (Adjusted for confidentiality) 
Concept assumptions and description 
 Bumper center Paralleled pin 
 A1  A2 B1 B2 
Complexity level Low Middle High High 
Material 50%PC, 50% PBT 50%PC, 50% PBT 16MnCrS5  11SMnPb30 
Weight 2,2 kg 2,6 kg  0,2 kg 0,2 kg 
Surface area 0,6 m^2 0,8 m^2 -  - 
Inbound logistic 
distance 

1720km 2270 km 1500 km 1500 km 

Table 6. Overview of vehicle model’s assumptions and data source. 

General information 

LCA approach Attributional LCA with allocation cut-off method 
Functional Unit A heavy-duty LH with its 12-year lifespan able to distribute goods according to the current 

demands on diesel trucks. 
Cut off and limitation • Manufacturing of components are included yet focuses on the material production and 

critical primary production processes, such steel rolling and casting. Other production 
processes such as machining and injection moulding, and the surface treatment, are 
excluded due to limited data availability. 

• The vehicle assembly processes and facilities are excluded. 
• Transportation between suppliers and inbound logistics are cut off.  
• Maintenance and EoL stages are excluded due to data limitation. Also, their impact 

contribution are rather small in the truck’s lifecycle that could be ignored (Romare & 
Hanarp, 2017). 
 

Concept assumptions and description 
Manufacturing • Data source from IMDs reported by suppliers. 

• A typical material composition of 2-axle LH configuration with diesel Euro 6  450hp 
engine. 

• Extraction and processing of raw materials taken from GaBi with VW 2020 database.  
  

WTW • Data adjusted from Scania data. 
• The total driving distance of the truck is 1,500,000 km with the fuel consumption of 30 

liter per 100 kilmeters. Engine emissions based on Euro 6 standard. 
• Well-to-tank emissions calculated based on European diesel production dataset in the 

GaBi VW 2020 database. 

Maintenance Cut off 
EoL Cut off 
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Appendix 3. IMDs’ and the Kit’s material categories 
Table 7. Material categories of LH in the report, Modular LCA Kit and vehicle.  

Report’s material category Kit’s material category IMDs category (=GaBi’s materials) 

  Steel & iron 

Alloyed sheet steel 
Steel sheet 
Steel sheet_high alloyed 

Steel 

Steel_high alloyed 
Steel 
Cast Iron 
Cast iron with lamellar 
Cast iron with nodular 
Highly alloyed cast iron 

  Aluminium 
Sheet aluminium Aluminium and aluminium alloys 

Cast aluminium 
Wrought aluminum 
Cast aluminum 

  Magnesium Magnesium Magnesium  

  Copper Copper 
Copper 
Copper alloy 

  Other metals 

Zinc Zinc alloys 
Nickel Nickel alloys 
Lead Lead 
Special metals Other special metals (Excluding AU, Pd) 

  Platinium group Precious metals Platinum, rhodium, gold, palladium 

  Lacquer & adhesive Process polymers 
Lacquer 
Adhesive 

  Other compounds Other materials 
Ceramic/ glass 
Modified organic compounds 
Other compounds 

  Electrics & eletronics Electrics 
Electronics 
Electrics 

  Fluids (lubricants and oil) Operating materials 

Lubricants 
Break fluid 
Washing water, battery acid 
Other fuels and auiliary 
Washing fluid 
Engine oil 
Gearbox oil 

Plastics 

 

Thermoplastics 
filled Thermoplastics 
Unfilled Thermoplastics 
Thermoplastic elastomers 
Elastomers / elastomeric compounds 
Duromer; Other duromer 
Polyurethane 
Unsaturated polyester 
Plastics (in polymeric compounds) 
Textiles (in polymeric compounds) 

 

 

PA, PP, PUR, EPDM 
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Appendix 4. Workshop coding for contextual data 
quality evaluation 
Table 8. Some examples of the contextual data quality coding results. 

Codes	 Group	 Feedback	transcript	

System	

Satisfaction	

Base	 Granta	Selector	
“For	the	designer	software,	this	could	be	very	useful.”	

“It’s	easy	to	fill	in	and	get	a	quick	overview	of	the	impacts	in	how	we	can	change	it.”	

Modular-LCA	Kit	
“I	want	a	simple	use	to	compare	different	concepts.	And	both	the	Modular-LCA	Kit	

and	Granta	Selector	give	me	this	data.	As	long	as	it	is	correct,	it	is	enough.”	

Medium	 Granta	Selector	
"It’s	a	pretty	decent	program.	This	seems	to	be	a	good	level	to	start."	

Modular-LCA	Kit	
“This	could	be	helpful	for	designers	that	work	from	scratch	but	not	for	us.	We	don’t	

change	the	design	so	often.	We	change	the	production	or	suppliers	more.”	

“I	don’t	know	what	do	I	think	about	this.”	

Expert	 Granta	Selector	
"It’s	straight	forwards	but	too	simple,	a	bit	too	much	black	boxes"	

“It’s	not	enough	details.	Here	are	a	lot	of	things	you	could	fill	in	now,	but	not	so	much	

intelligence.”	

“We	need	to	know	more	about	the	exact	details.	We	need	to	know	more	about	the	

machines,	how	much	does	it	takes.”	

Modular-LCA	Kit	
“The	 Modular-LCA	 Kit	 is	 possibly	 more	 for	 a	 complete	 vehicle	 to	 show	 it	 for	

legislation	requirements.”	

“It’s	not	good	for	us	as	there	are	too	much	details	to	input	that	I	don’t	care	about.	As	

a	designer,	you	only	need	the	parameters	of	the	components.”	

“This	is	only	for	higher	overview	by	other	departments	that	we	would	never	use	it.”	

Component	

Manufacturing	

Parameters	

Base	

	

Granta	Selector	
	“It’s	(metal’s	term)	not	the	same	standard	that	we	use."	

“For	the	majority	of	the	designers,	it	would	be	good	enough	to	have	these	already	

available	industrialized	processes"	

"We	have	sand	casting,	and	high-pressure	die-cast	for	another.	There	is	probably	a	

difference	but	we	couldn’t	see	it	here.”	

“There	are	limitation	in	manufacturing	chosen,	which	we	think	we	can	make	the	

production	phase	quite	lot	actually.”	

“It’s	not	the	powder	coat	they	use,	it’s	wet	coat.	You	can’t	use	powder	coat.”	

Modular-LCA	Kit	
	“Does	it	account	the	production?	It	groups	everything	by	material	categories	but	

not	components.	If	I	have	three	components	for	the	same	material,	then	the	

production	process	for	each	component	could	be	underestimated?”	

“How	would	it	group	the	plastic	into	EPDM?	Isn’t	it	rubber?”	
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Medium	 Granta	Selector	
“What	is	the	IEC	code?	Probably	American	standard,	we	never	use	it.”	

“So	for	some	of	them	I	would	say	it	works	pretty	well,	but	for	the	others,	you	need	

to	bring	in	more	materials	(production	details).”	

“It	(manufacturing	parameters)	can	be	more	specified,	but	it	could	be	hard	time	to	

put	in."	

“I	think	we	would	have	some	environmentally-friendly	energy	for	the	production	

compared	to	somewhere	else.	(Could	we	specify	this?)”	

Modular-LCA	Kit	
“It’s	focusing	on	the	materials.	We	don’t	change	materials	so	often.”	

“If	there	is	the	broad	material	lists	as	Granta	Selector,	it	could	be	good.”	

Expert	 Granta	Selector	
“I	think	the	material	library	for	plastics	is	good."	

“In	another	software,	we	add	new	materials	in	the	way	the	company	does,	and	add	

material	data	ourselves.”	

"It	could	be	good	to	be	able	to	specify	the	production	machines,	how	much	energy	

it	is	used"	

"You	need	the	cycle	time,	processing	temperature,	you	need	to	understand	that	so	

you	could	correlate	what	you	should	improve.”	

“You	have	to	understand	the	painting	process	somehow	to	define	the	model.	

Painting	process	is	different	if	you	have	a	painting	part	or	metallic	parts.”	

Modular-LCA	Kit		
“It	seems	that	the	material	recycle	content	is	not	designed	for	our	company-

specific	materials.	We	couldn’t	specify	which	parts	are	really	recyclable.”	

Transport	

Foreground		

Parameters	

Base	 Granta	Selector	
"How	does	it	(batch	sizes	of	the	transport)	calculated?"	

"We	are	limited	saying	how	the	input	of	the	transport	and	how	does	that	affect."	

“We	have	to	ask	the	purchasing	(for	transport	decision).	I	think	we	could	see	

transport	information	in	some	systems	but	you	don’t	see	it	in	the	company’s	PLM.	

"	

“More	often	we	send	the	parts	in	sequence	not	in	batch.	And	it’s	depending	on	the	

production	rate	here."	

Expert	 Granta	Selector	
"We	have	part	that	couldn't	load	fully	on	the	truck	for	avoiding	damage.	It	

(transport)	should	be	volume	and	weight	based	(calculation)."	

"Usually	we	design	parts	good	for	packaging	but	never	calculate	it.	It’s	interesting	

to	see	this	part."	

"But	then	you	need	so	much	information	that	we	may	have	the	idea	how	it	is.	Then	

we	cannot	influence	the	transport.	It’s	a	bit	tricky."2	

"It’s	the	purchasing	that	decides	how	it	is	transported	and	changing	the	concept.	

At	that	stage,	we	couldn't	get	any	data	and	out	of	control.	Logistics	for	us	is	

complex	and	difficult	to	get	the	information."	

Use	phase		

Parameters	

Base	 Granta	Selector	
“For	us,	as	a	designer,	I	mean	we	don’t	care	about	this	(use	phase	data).”	

“If	we	know	it’s	lighter	then	we	know	it’s	better.	Then	the	CO2	emissions	data	

would	not	be	that	relevant”	

“First,	I	thought	it’s	really	good	because	I	don’t	have	to	type	in	anything	of	use	

phase	as	long	as	it	is	correct.		But	it	could	be	good	be	good	to	have	the	data	if	we	
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could	report	a	part	that	has	good	air	drags	and	weight	that	could	reduce	fuel	

consumption	and	carbon	emissions.”	

“What	would	be	affected	if	we	reduce	the	weight	but	the	customer	still	adds	more	

weight	on	the	vehicle?	We	couldn’t	affect	it	and	we	could	get	the	high	emissions	in	

the	production.”	

"Here	(use	phase)	would	be	good	to	have	generic	number."	

"It	could	be	in	some	cases,	we	don’t	reach	our	duration	goal.	We	should	manage	12	

year,	but	some	cases	we	don’t	reach	the	target.	So	the	customer	has	to	change	

every	5	year.	And	what	impact	does	that	have?	"	

“It	would	be	possible	to	add	that	number	(fuel	reduction	by	air	drag	and	weight)	

which	would	have	quite	big	impact	on	the	LCA.”	

	 Medium	 Granta	Selector	
	“But	the	environmental	impacts	in	the	use	phase	are	based	on	how	long	distance	

the	customers	travel?"	

"We	design	parts	for	all	vehicles.	Only	for	the	electronic	parts,	maybe	you	choose	

electricity	consumption	in	the	use	phase.	For	the	others,	you	should	not	even	have	

to	fill	in	the	data.”	

	 Expert	 Granta	Selector	
“If	you	need	the	data	for	the	manufacturing,	then	you’re	also	interested	in	the	data	

for	the	use."	

“Yep,	I	want	the	data	to	be	accurate.”	

“It	gets	interesting	where	we	were	thinking	changing	a	steel	part	into	plastic.	“	

“It	 is	 much	 easy	 if	 you	 could	 choose	 the	 company	 trucks	 type.	 It	 should	 be	

standardized	and	the	mileage	(for	the	input).”	

Modular-LCA	Kit	
“You	have	to	calculate	fuel	consumption	yourself?	 I	would	 like	to	see	 it	calculate	

itself.”	

EoL	

Expectation	

Base	 Granta	Selector	
	“Of	course	(I	am	interested	in	EoL).	In	the	best	case,	you	could	remove	the	surface	

treatment	(to	increase	recycle	rate).”	

Expert	 Granta	Selector	
"Not	interested	in	it	now	as	in	Sweden,	everything	goes	to	incinerator.	Soon,	if	they	

put	on	efforts	on	trucks,	it	is	interesting."	

"It's	 tricky	 to	 calculate	 the	 difference	 from	 country	 to	 country,	 as	 in	 the	 lower-

income	countries	they	just	disassemble	the	trucks	
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Appendix 5. Workshop coding for representational 
data quality evaluation 
Table 9. Some examples of the representational data quality coding results. 

Codes	 Group	 Feedback	transcript	

Impact	

categories	

Base	 Granta	Selector	
"It	could	be	better	if	we	could	it	integrated	with	one	system	as	we	have	so	many	

system	to	use	and	evaluate	now,	such	as	cost…..."	

Medium	 Granta	Selector	
"I’m	actually	thinking	of	cost,	I	know	it’s	different	but	I	would	like	them	integrated."	

Modular-LCA	Kit	
“For	Granta	Selector,	it	is	good	that	it	has	everything	in	a	system.	But	here,	I	have	to	

work	with	the	Modular-LCA	Kit		and	different	excels….”	

Expert	 Granta	Selector	
"For	us,	pollution	emissions	are	the	most	important	problems."	

"It	should	be	included	in	the	Apriori	(cost	evaluation	software).	Because	when	we	

do	cost	calculation,	it’s	almost	same	inputs"	

Result	Format	

&	

Interpretability	

Base	 Granta	Selector	
	“I	need	to	have	a	goal,	baseline	or	something.	Otherwise	it’s	just	a	number.	"	

"200g	change	is	about	15%	impacts	on	LCA.	That’s	perhaps	the	good	parameter	that	

we	should	always	try	to	reduce	5%	of	our	total	carbon	footprint	of	our	component	

when	we	redesign	it."	

“It’s	 quite	 convenient	 to	 put	 the	 price	 on	 everything	 because	 it’s	 easier	 for	 the	

decision	makers.”	

Modular-LCA	Kit	
	“It	seems	very	basic	that	it	doesn’t	calculate	every	single	component	but	only	the	

average?	As	it’s	more	simplified,	there	is	limited	information	you	can	get.“	

Medium	 Granta	Selector	
“I	remember	we	have	some	costs	for	fuel	reduction,	maybe	we	could	do	this?”	

“"I	think	currently	it’s	more	useful	for	the	comparison."	

Modular-LCA	Kit	
“Could	this	be	English?”	

Expert	 Granta	Selector	
“The	company	is	currently	going	through	a	really	cost-focused	time.	For	me,	I	want	

everything	to	be	balanced.	We	are	talking	about	the	environmental	effects.	I	think	it	

is	strange	to	be	so	much	cost	focus."	

"It	also	depends	on	the	group	about	which	parameter	they	follow."	

Effectiveness	

of	the	LCA	data	

Base	 Granta	Selector	
	“And	the	more	precise	we	get	from	this	software,	the	more	way	we	could	get	off.”	

Modular-LCA	Kit	
“I	want	a	simple	use	to	compare	different	concepts.	And	both	the	Modular-LCA	Kit	

and	Granta	Selector	give	me	this	data.	As	long	as	it	is	correct,	it	is	enough.”	
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Medium	 Granta	Selector	
“It	could	be.	I	mean	we	could	do	some	strength	calculation,	so	we	could	just	drill	

hole	straight	through."	

“And	possibly	the	different	technique	for	manufacturing	different	steels	could	have	

different	emissions.	(For	that	we	could	change.)"	

Modular-LCA	Kit	
“I	don’t	know.”	

Expert	 Granta	Selector	
"Sometimes	we	have	(possibility	to	change	the	design).	At	least	we	are	testing	the	

recycling	material."	

"We	could	estimate	it	first	in	the	software."	

Modular-LCA	Kit	
“It	may	be	used	for	the	other	departments	to	evaluate	the	change	of	materials	from	

steel	to	aluminium	and	ask	the	design	groups	to	follow	the	change.”	
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