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Abstract	

This	research	aims	to	examine	whether	asset	strategy	correlates	with	efficiency	and	profitability	
within	the	chemical	industry.	In	so	doing,	an	efficiency	measure	has	been	constructed	and	methods	
to	 quantify	 asset	 strategy	 measures	 have	 been	 identified.	 Being	 a	 macro	 analysis	 measuring	 the	
efficiency,	profitability	and	asset	strategy	of	publicly	traded	companies,	this	research	utilizes	publicly	
available	data.	A	series	of	ordinal	logistic	regression	and	linear	regression	analyses	were	conducted	in	
order	 to	 find	 out	 if	 a	 correlation	 between	 asset	 strategy,	 efficiency	 and	 profitability	 exists.	 The	
research	also	splits	the	chemical	industry	into	different	segments,	to	generate	more	specific	results.	
The	research	 finalises	with	a	 time	series	analysis	and	supply	chain	 implications	and	topics	 that	are	
currently	taken	within	the	chemical	industry	to	reach	this	optimal	asset	configuration.	

This	 research	 shows	 that	 the	 asset	 strategy	 correlates	 with	 the	 profitability	 and	 efficiency	 of	
chemical	companies.	Dependent	on	the	performance	indicators	that	a	company	values	most,	it	can	be	
concluded	 whether	 the	 flexibility	 or	 competence	 of	 a	 company’s	 asset	 management	 is	 more	
important.	This	research	contributes	to	the	decision	to	be	made	by	the	company	board	or	a	specific	
asset	 management	 organ	 within	 the	 firm,	 regarding	 the	 flexibility	 and	 competence	 of	 the	 asset	
strategy.		

	

	

	 	



iii	

	

Management	summary	

This	research	is	written	at	the	Supply	Chain	Strategy	service	line	of	Deloitte.	The	Supply	Chain	&	
Strategy	team	helps	senior	executives	align	supply	chain	capabilities	and	operating	models	with	their	
business	 strategy.	 Supply	 Chain	 &	 Strategy	 focuses	 on	 delivering	 practical,	 strategy-driven	 value	
through	advisory	services	that	optimize,	reinvent,	and	improve	the	supply	chain	from	end	to	end	—	
design,	plan,	source,	make,	and	deliver.	It	tackles	organizations’	most	complex	issues	by	drawing	on	
global	capabilities	that	span	all	areas	of	business	strategy	and	operations	and	industries.	

In	order	to	maintain	and	strengthen	a	company	its	competitive	positioning	within	its	market,	in	a	
traditional	 strategic	 and	 supply	 chain	 view,	 it	 should	 improve	 its	 performance	 by	 seamlessly	
integrating	and	optimizing	its	processes.	An	important	part	of	this	performance	management	is	the	
configuration	and	allocation	of	assets.	However,	within	a	variety	of	industries,	innovative	companies	
have	 shown	 that	 a	 business	 model	 where	 the	 amount	 of	 assets	 is	 minimized	 can	 be	 successful.	
Companies	are	choosing	for	this	strategy	so	that	it	enables	them	to	discard	as	many	assets	as	possible,	
while	maintaining,	or	even	increasing,	a	level	of	efficiency	and	profitability.	

The	opportunity	has	been	taken	to	study	this	thoroughly	in	an	academic	research	incorporating	a	
business	perspective.	Therefore,	 the	objective	has	been	derived:	 ‘Determine	a	method	to	quantify	
efficiency,	 to	 evaluate	 companies	 within	 the	 chemical	 industry.	 In	 order	 to	 evaluate	 the	 asset	
strategies	within	the	chemical	 industry,	determine	the	most	suited	measure.	Analyse	the	efficiency	
measure	and	the	asset	strategies	measure	in	relation	to	profitability	within	the	same	sample.	Design	
an	 analysis	 tool	 where	 efficiency,	 asset	 strategies	 and	 profitability	 can	 be	 linked	 and	 perform	 an	
industry	wide	case	study’.	To	test	this	the	following	research	question	is	denoted:	

Does	the	asset	configuration	of	chemical	companies	correlate	with	the	efficiency	and	profitability,	
are	 there	 differences	 within	 segments	 of	 the	 chemical	 industry	 and	 if	 so,	 what	 supply	 chain	
implications	underlie	this	effect?	

• Stage	1	consists	of	a	document	research.	Both	an	academic	literature	study	and	an	industry	best	
practice	documents	review	has	been	performed.	This	document	research	is	shown	in	Chapter	2.	

• Stage	2	is	the	analysis	model.	A	variety	of	techniques	were	used	to	construct	the	analysis	model.	
For	the	profitability	a	ratio	analysis	has	been	chosen,	due	to	the	preferred	managerial	support	
and	understanding.	For	 the	asset	 strategy	 two	 ratio	measures	have	been	used.	The	efficiency	
measurement	 is	 based	 on	 a	 Data	 Envelopment	 Analysis.	 The	 variables	 for	 all	 methods	 are	
presented	and	explained	in	Chapter	3.	

• Stage	3	provides	the	results	from	the	analysis	tool.	These	results	can	be	found	in	Chapter	4.	The	
analysis	also	goes	deeper	 into	 the	specific	 regions	of	 the	chemical	 industry	and	segments	 the	
industry,	this	can	be	read	in	Chapter	5.	Also	a	time	series	analysis	has	been,	this	is	explained	and	
presented	in	Chapter	6.	

• Stage	4	provides	conclusions,	recommendations	and	a	discussion	to	this	research.	It	shows	the	
main	lessons	to	be	learned	for	the	chemical	industry	as	well	as	interesting	possibilities	for	future	
research.	This	can	be	read	starting	from	Chapter	8.	

The	aim	of	the	research	is	to	determine	whether	or	not	there	is	a	correlation	between	the	asset	
configuration	and	the	efficiency	and	profitability	of	chemical	companies.	The	main	deliverable	of	this	
research	is	an	analysis	tool,	that	can	show	the	relationships	between	profitability,	efficiency	and	asset	
strategy,	 combined	with	 a	 case	 study	 giving	 a	 thorough	analysis	within	 the	 chemical	 industry,	 the	
proper	segments	and	strategic	supply	chain	decisions	underlying	these	relationships.		
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Tone	(2001)	introduced	a	slack-based	measure	(SBM)	of	efficiency,	this	results	in	a	non-oriented,	
variable	return	to	scale,	slack-based	measure	of	efficiency.	Three	ratios	have	been	used	to	subtract	
the	input	and	output	variables.	The	first	ratio	is	the	Return	on	Capital	Employed,	the	second	ratio	is	
the	Tobin’s	Q	and	the	third	ratio	is	the	Capital	Expenditure	over	sales	ratio.	These	ratios	render	the	
input	 and	 output	 for	 the	 slack-based	 Data	 Envelopment	 Analysis.	 The	 ratio	 analysis	 used	 for	 the	
profitability	 construct	 consists	 of	 four	 different	 categories;	 liquidity,	 efficiency,	 leverage	 and	
profitability	 ratios.	 Six	 ratios	 have	 been	 chosen	 for	 this:	 return	 on	 assets,	 current	 ratio,	 operating	
profit,	 return	 on	 invested	 capital,	 solvency	 ratio	 and	 return	 on	 capital	 employed.	 The	 first	 asset	
strategy	measure	shows	the	ratio	between	fixed	assets	and	total	assets	and	is	denoted	as	the	level	of	
flexibility	of	a	company.	The	second	asset	strategy	measure	shows	the	difference	between	the	book	
value	of	the	asset	base	and	the	actual	value	and	is	denoted	the	competence	perspective.	

For	the	analysis	on	the	effects	of	the	asset	strategies	on	the	efficiency	and	profitability,	an	ordinal	
logistic	regression	model	is	used.	The	scientific	power	of	ordinal	logistic	regression,	which	is	also	called	
proportional	odds	logistic	regression,	lies	in	the	fact	that	it	provides	a	probability	distribution	of	being	
in	a	specific	state.	

Results	conclusion	and	recommendation	
In	 the	 analysis	 concerning	 asset	 strategy	 and	 efficiency	 both	 measures	 are	 incorporated	 as	 two	
descriptive	independent	variables.	The	figure	below	shows	the	result	of	this	regression	analysis.	It	can	
be	 seen	 that	 having	 maximum	 flexibility	 and	 very	 high	 competence	 gives	 the	 highest	 chance	 on	
reaching	the	highest	state	of	efficiency.	

	

The	chances	of	being	 in	 the	maximum	state	of	efficiency	have	been	 illustrated	 in	 the	 table	below.

	

Maximum
84% 85% 86% 87% 88%

High
71% 73% 74% 76% 77%

Medium
53% 55% 57% 59% 62%

Low
34% 37% 38% 40% 43%

Very	Low
19% 21% 22% 24% 26%

Very	Low Low Medium high Max
Competence

Fl
ex
ib
ilit
y
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The	logistic	regression	where	both	independent	variables	are	used	is	also	made	for	the	profitability	
construct.	It	is	found	that	the	two	measures	put	together	have	a	statistical	significant	correlation	with	
the	return	on	assets,	operating	profit	margin	and	return	on	capital	employed.	For	the	efficiency	it	was	
very	clear	that	the	flexibility	had	a	bigger	impact	on	the	chance	of	being	in	the	highest	state,	than	the	
competence	did.	For	the	operating	profit	margin	however	this	is	different.	It	can	be	seen	in	the	figure	
below	that	the	competence	has	more	influence	on	this	profitability	ratio	than	the	flexibility	measure	
has.	

	

Within	the	linear	regression	model,	it	can	be	said	that	the	return	on	assets,	solvency	ratio	and	the	
return	on	capital	employed	have	an	effect	on	the	efficiency.	Both	the	return	on	assets	and	the	return	
on	capital	employed	have	a	positive	effect,	whereas	the	solvency	ratio	has	a	negative	effect.		

Three	different	segmentations	of	the	chemical	industry	have	been	identified	in	Chapter	5.	The	first	
segmentation	 is	 the	commercial	 segmentation	consisting	of:	Commodity,	Diversified,	Specialty	and	
Other	companies.	The	second	segmentation	is	the	geographic	segmentations	distinguishing	European,	
Asian,	 North-American	 and	 Other	 companies.	 The	 third	 segmentation	 is	 the	 chemical	 multiverse	
segmentation,	 discriminating	 the	 following:	 Strategic	 Leaders,	 Strong	Options,	Middle	Ground	and	
Limited	Options.		

New	efficiency	scores	have	been	determined	within	all	different	segments.	The	segments	have	
been	 analysed	 using	 the	 same	method	 as	 the	 sample	 without	 segmentation,	 namely	 the	 ordinal	
logistic	regression	method.	This,	however,	did	not	result	in	significant	results,	which	is	the	reason	that	
a	 linear	 regression	model	 has	 been	 introduced.	 This	 new	model	 did	 succeed	 in	 creating	 valid	 and	
significant	results.	

When	comparing	flexibility	to	efficiency	of	all	segments,	it	has	been	found	that	there	is	a	positive	
correlation	between	the	 increase	of	 flexibility	and	efficiency	 for	 the	 following	segments:	European	
companies,	 North-American	 companies,	 Asian	 companies,	 diversified	 companies,	 specialty	
companies,	strategic	leaders,	strong	options	and	middle	ground	companies.	For	these	segments	it	has	
been	 found	 that	 the	 flexibility	measure	 correlates	 significantly	with	 the	efficiency	measure.	When	
comparing	the	competence	to	the	efficiency	over	all	the	different	segments,	it	has	been	found	that	
there	is	a	positive	correlation	between	the	increase	in	competence	and	efficiency	for	the	following	
segments:	European	companies,	North-American	companies,	Asian	companies,	specialty	companies,	
strategic	leaders	and	middle	ground	companies.	The	differences	in	correlation	scores	and	relation	to	
the	asset	strategy	measures,	however,	can	be	found	in	Chapter	5.		



vi	

	

The	 results	have	shown	that	 increasing	 the	 flexibility	and	competence	of	a	company	 increases	
both	efficiency	and	profitability.	So,	the	asset	configuration	of	chemical	companies	does	correlate	with	
the	efficiency	and	profitability.	Companies	should	therefore	incorporate	these	two	measures	within	
the	performance	evaluation	of	its	asset	strategy.	When	segmenting	the	chemical	industry,	differences	
are	 noticeable.	 The	 correlation	 tests	 between	 the	 asset	 strategy	measures	 and	 the	 efficiency	 and	
profitability	scores	of	the	different	segments	show	different	correlation	results.	However,	all	segments	
have	been	proven	to	correlate	positively	or	were	statistically	inconclusive.	The	supply	chain	decisions	
underlying	this	effect	can	be	categorised	into	two	fragments.	The	first	is	improving	plant	property	and	
equipment	 and	 the	 second	 by	 improving	 inventory	 efficiency.	 Companies	 should	 determine	what	
performance	 indicators	 are	most	 important	 to	 its	 evaluation	 process,	 follow	 the	 results	 from	 the	
analyses	done	within	this	research	and	then	determine	actions	provided	in	Chapter	7	to	achieve	these	
asset	strategy	improvements.	

The	first	scientific	contribution	within	this	category,	is	the	researched	relation	between	the	asset-
light	strategy	and	the	efficiency	for	the	chemical	industry.	It	is	shown	that	there	is	a	positive	relation	
between	both	proposed	asset-light	measures	and	the	efficiency	measure	calculated	using	DEA.	The	
second	scientific	contribution	within	this	section	is	the	methodology	used	for	the	researched	topics.	
Most	papers	research	only	asset	strategy	on	efficiency	 (	 (Wen	&	Cheng,	2012),	 (Liou,	2011)),	asset	
strategy	on	profitability	(	(Stricker,	Micali,	Dornfeld,	&	Lanza,	2017),	(Hey,	2017),	(Lavy,	Garcia,	&	Dixit,	
2014))	or	profitability	on	efficiency	((Smith,	1990),	(Thanassoulis,	Boussofiane,	&	Dyson,	1995),	(Chen	
&	McGinnis,	2007)).	This	research	combines	these	three	research	constructs	and	evaluates	all	links.	
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List	of	abbreviations	

	

BCC	 Banker,	Charnes	&	Cooper		

CCR	 Charnes,	Cooper	&	Rhodes	

DEA		 Data	Envelopment	Analysis	

DMU	 Decision	Making	Unit	

EBIT	 Earnings	Before	Interest	and	Taxes	

ICA	 Actual	value	of	Invested	Capital	

ICB	 Book	value	of	Invested	Capital	

ISO	 International	Organization	for	Standardization	

KPI	 Key	Performance	Indicator	

MPI	 Malmquist	Productivity	Index	

PPE	 Plant	Property	and	Equipment	

ROA	 Return	on	assets	

ROCE	 Return	on	Capital	Employed	

ROIC	 Return	on	invested	capital	

SBM	 Slack-Based	Measure	

SCS	 Supply	Chain	Strategy	

SFA	 Stochastic	Frontier	Analysis	

USA	 United	States	of	America	

WACC	 Weighted	Average	Cost	of	Capital	
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List	of	equations	
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𝑟
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	 (9)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑚𝑝𝑙𝑜𝑦𝑒𝑑 =
𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠	𝐵𝑒𝑓𝑜𝑟𝑒	𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑎𝑛𝑑	𝑇𝑎𝑥𝑒𝑠
𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠 − 𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

	 (10)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑑	𝐶𝑎𝑝𝑖𝑡𝑎𝑙 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒 − 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑𝑠
𝑇𝑜𝑡𝑎𝑙	𝐷𝑒𝑏𝑡 + 𝑇𝑜𝑡𝑎𝑙	𝐸𝑞𝑢𝑖𝑡𝑦

		 (11)	

	 𝑆𝑜𝑙𝑣𝑒𝑛𝑐𝑦	𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒 + 𝑁𝑜𝑛	𝐶𝑎𝑠ℎ	𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
	 (12)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐴𝑠𝑠𝑒𝑡𝑠 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒
𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠

										 (13)	

	 𝑃𝑟𝑜𝑓𝑖𝑡	𝑀𝑎𝑟𝑔𝑖𝑛 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒
𝑅𝑒𝑣𝑒𝑛𝑢𝑒

						 (14)	
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Chapter	1. Introduction	
Chapter	 1	 serves	 as	 an	 introduction	 to	 this	 Master’s	 thesis	 project.	 It	 provides	 the	 research	

environment	with	background	information	on	the	chemical	industry,	Deloitte	and	Deloitte’s	relation	
to	the	chemical	industry.	It	defines	the	research	and	presents	the	main	research	question	as	well	as	
sub	 questions.	 After	 that,	 the	 chapter	 discusses	 the	 scope	 and	 the	methodology	 of	 the	 research,	
followed	by	a	case	motivation.	Finally,	the	academic	and	business	relevance	is	discussed.	

1.1. Research	environment	
1.1.1. Industry	background	

Chemical	Engineering	or	Chemical	Technology	is	a	very	broad	area	that	covers	the	applications	of	
chemistry,	based	on	engineering	concepts	aimed	at	making	available	products	of	which	 the	entire	
society	can	benefit.	A	segmentation	of	the	chemical	industry	within	the	literature	has	many	varieties,	
like:	Basic,	intermediate,	consumer	(Martin,	2016)	and	Commodity,	fine	and	specialty	(Krik	&	Othmer,	
1984),	which	is	usually	called	the	commercial	segmentation.	In	general,	these	or	combinations	of	these	
segmentations	are	used	to	describe	companies	positioned	on	the	value	chain	of	the	chemical	industry.	
For	this	part	the	‘commercial’	segmentation	will	be	used.	

The	commodity	chemicals	market	includes	companies	that	manufacture	basic	chemicals	in	large	
volumes.	These	include	plastics,	synthetic	fibres,	films,	certain	paints	and	pigments,	explosives,	and	
petrochemicals.	 There	 is	 no	 product	 differentiation	 within	 the	 sector;	 products	 are	 sold	 for	 their	
composition.	The	global	commodity	market	 is	valued	at	approximately	$900	billion	 in	2016,	and	 is	
considered	a	mature	industry.	The	leading	revenue	source	is	the	plastics	and	synthetic	rubber	sector,	
followed	by	the	petrochemical	sector.	

The	 fine	 chemicals	 market	 is	 mostly	 categorized	 by	 midstream	 companies	 that	 produce	 very	
specific	chemical	products	that	are	used	as	components	to	 later	be	used	to	develop	and	construct	
specialty	chemicals.	The	main	target	markets	that	are	subject	to	this	category	are	the	pharmaceuticals	
industry	and	the	agricultural	industry.	The	global	fine	chemicals	market	is	the	smallest	market	valued	
on	revenue	with	an	estimated	$85	billion	of	revenue	in	2016.	

The	 specialty	 chemicals	 market	 is	 characterized	 by	 high	 value-added,	 low	 volume	 chemical	
production.	These	chemicals	are	used	in	a	wide	variety	of	products,	including	fine	chemicals,	additives,	
advanced	 polymers,	 adhesives,	 sealants	 and	 specialty	 paints,	 pigments,	 and	 coatings.	 The	 global	
specialty	 chemicals	market	 generated	 total	 revenues	 of	 $580	 billion	 in	 2016.	Within	 the	 specialty	
chemical	sector,	a	company’s	strength	is	largely	based	upon	intellectual	property	and	R&D	capabilities.	
Development	of	new	products	is	crucial,	and	a	constantly	updated	portfolio	of	patents	is	important	
for	maintaining	high	prices.		

The	global	chemical	industry	is	a	dynamic	market	with	growth	centres	in	emerging	countries	and	
regions	with	low	energy	and	raw	material	costs.	The	chemical	industry	is	also	a	strong	sector	in	the	
developed	countries.	In	these	countries	the	biggest	potential	was	found	in	globalisation,	specialisation	
and	 focussing	on	core	business	processes.	A	major	 impact	 that	can	be	seen	 throughout	 the	entire	
world,	is	the	rise	of	the	digital	revolution,	or	the	so	called	industry	4.0.	The	chemical	industry	is	also	
affected	by	this.	Existing	products	and	services	are	more	easily	digitally	developed	or	complemented,	
relationships	of	customers	with	suppliers	changes	from	a	linear	value	chain	towards	value	networks	
that	 enable	 complete	 new	 business	 models	 to	 support	 competitive	 advantages.	 Simultaneously	
consumers	are	rapidly	revaluing	their	priorities,	where	more	importance	is	attached	to	sustainability.	
Chemical	companies	can	and	need	to	shape	this	trend	in	order	to	sustain,	making	way	for	important	
innovations	as	cradle	to	cradle	analysis,	high	asset	utilization	and	closed	material	loops.	Due	to	the	
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globalisation	and	the	improved	importance	of	sustainability,	chemical	companies	are	no	longer	just	
suppliers	of	materials	but	increasingly	growing	as	a	service	provider.	

1.1.2. Company	background	
Deloitte	is	the	brand	under	which	dedicated	professionals	in	independent	firms	throughout	the	

world	collaborate	to	provide	audit,	consulting,	financial	advisory,	risk	management	and	tax	services	to	
selected	clients.	Globally,	Deloitte	has	more	than	263.900	professionals	at	member	firms	in	more	than	
150	countries	and	territories	with	a	revenue	of	US$38.8	Billion	in	2017.	In	2016,	Deloitte	Netherlands	
became	a	member	firm	within	the	centralized	Deloitte	North	West	Europe.		

Deloitte	 Netherlands	 provides	 all	 services	 mentioned	 above	 from	 offices	 in	 Rotterdam,	
Amsterdam,	Eindhoven	and	many	more.	 Its	consulting	services	are	divided	 into	three	main	service	
areas;	Human	Capital,	Strategy	&	Operations	and	Technology.	The	Strategy	&	Operations	service	area	
is	on	its	turn	segmented	into	six	service	lines;	Strategy,	Operational	Excellence,	CFO	Services,	Supply	
Chain	Strategy	(SCS),	Real	Estate	Services	and	Business	Model	Transformation.	For	an	overview	see	
Appendix	A:	Deloitte	consulting	structure	breakdown,	Figure	39.	

This	research	is	written	at	the	Supply	Chain	Strategy	service	line	of	Deloitte.	The	Supply	Chain	&	
Strategy	team	helps	senior	executives	align	supply	chain	capabilities	and	operating	models	with	their	
business	 strategy.	 Supply	 Chain	 &	 Strategy	 focuses	 on	 delivering	 practical,	 strategy-driven	 value	
through	advisory	services	that	optimize,	reinvent,	and	improve	the	supply	chain	from	end	to	end	—	
design,	plan,	source,	make,	and	deliver.	It	tackles	organizations’	most	complex	issues	by	drawing	on	
global	capabilities	that	span	all	areas	of	business	strategy	and	operations	and	industries.	

1.1.3. Company	and	industry	intercept	
Oil,	 Gas	 and	 Chemicals	 is	 one	 of	 three	main	 pillars	 within	 the	 Deloitte	 Energy	 and	 Resources	

department,	together	with	Power	&	Utilities	and	Renewable	Energy.	The	main	goal	is	serving	clients	
in	the	fields	of	Chemicals,	Metals,	and	Forest,	Paper	&	Packaging	to	improve	their	performance	as	well	
as	helping	them	to	respond	dynamically	to	market	opportunities	and	challenges.	Moreover,	Deloitte	
supports	 companies	 that	 try	 to	 achieve	 improved	 business	 performance	 in	 the	 field	 of	 chemicals,	
advanced	materials,	paper	and	packaging,	construction	materials,	and	metals	through	the	depth	and	
breadth	of	Deloitte	its	innovative	and	qualitative	services.		

1.2. Research	objective	
In	order	to	maintain	and	strengthen	a	company	its	competitive	positioning	within	its	market,	in	a	

traditional	 strategic	 and	 supply	 chain	 view,	 it	 should	 improve	 its	 performance	 by	 seamlessly	
integrating	and	optimizing	its	processes.	An	important	part	of	this	performance	management	is	the	
configuration	and	allocation	of	assets.	However,	within	a	variety	of	industries,	innovative	companies	
have	 shown	 that	 a	 business	 model	 where	 the	 amount	 of	 assets	 is	 minimized	 can	 be	 successful.	
Companies	are	choosing	for	this	strategy	so	that	it	enables	them	to	discard	as	many	assets	as	possible,	
while	maintaining,	or	even	increasing,	a	level	of	efficiency	and	profitability.	This	strategy	allows	more	
focus	on	what	a	company	believes	to	be	its	core	competence.	It	is	hypothesized	that	the	asset	strategy	
is	combined	with	a	positioning	strategy	where	companies	are	moving	downstream	in	the	value	chain,	
towards	the	end	consumer,	in	order	to	maintain	efficiency	and	profitable	or	become	more	efficient	or	
profitable	with	 a	 smaller	 asset	 portfolio.	Deloitte	wants	 to	 investigate	 this	 relation	between	asset	
strategy,	 profitability	 and	 efficiency	 further,	 evaluating	 the	 potential	 optimal	 asset	 configuration	
within	chemical	industry.		

For	 above	 standing	 reason,	 the	 opportunity	 has	 been	 taken	 to	 study	 this	 thoroughly	 in	 an	
academic	 research	 incorporating	 a	 business	 perspective.	 Therefore,	 the	 first	 objective	 has	 been	
derived:	 ‘Determine	 a	 method	 to	 quantify	 efficiency,	 to	 evaluate	 companies	 within	 the	 chemical	
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industry.	In	order	to	evaluate	the	asset	strategies	within	the	chemical	industry,	determine	the	most	
suited	 measure.	 Analyse	 the	 efficiency	 measure	 and	 the	 asset	 strategies	 measure	 in	 relation	 to	
profitability	within	 the	same	sample.	Design	an	analysis	 tool	where	efficiency,	asset	strategies	and	
profitability	can	be	linked	and	perform	an	industry	wide	case	study’.		

The	hypothesis	explained	 in	the	previous	section,	that	the	asset	strategy	 is	correlated	with	the	
positioning	 strategy	 within	 the	 value	 chain,	 an	 objective	 has	 been	 derived	 to	 investigate	 this:	
‘determine	 the	 differences	 for	 efficiency,	 asset	 configuration	 or	 correlation	 scores	 between	 the	
segments	within	 the	chemical	 industry	considering	 the	 results	 from	the	earlier	mentioned	analysis	
tool’.	

Finally,	the	strategic	supply	chain	implications	underlying	changes	in	the	asset	portfolios,	that	have	
driven	changes	 in	efficiency,	or	 supply	chain	 implications	 that	can	support	 implementing	 the	asset	
configuration	wanted	based	on	the	results	of	this	research,	are	investigated.	A	final	research	objective	
has	been	derived	from	this:	‘Analyse	whether	there	are	supply	chain	implications	that	can	be	related	
to	the	changes	in	asset	portfolios’.	

In	 Figure	1,	 a	 visual	 representation	has	been	given	of	 the	 four	different	 constructs	within	 this	
research	and	the	underlying	relationship	between	them.		

	
Figure	1:	Relation	between	overall	constructs	of	the	research	objectives	

1.2.1. Research	question	
In	line	with	the	problem	statement	and	the	research	objectives,	the	main	research	question	has	

been	defined:	

Does	the	asset	configuration	of	chemical	companies	correlate	with	the	efficiency	and	
profitability,	are	there	differences	within	segments	of	the	chemical	industry	and	if	so,	what	supply	

chain	implications	underlie	this	effect?	

Also,	the	following	sub-questions	associated	with	the	main	question	are	defined:	

1. ‘What	defines	efficiency	and	how	can	it	be	measured?	
2. ‘What	defines	the	asset	configuration	of	a	company	and	how	is	this	quantifiable?	
3. ‘Does	 the	asset	configuration	 influence	 the	efficiency	and	profitability	of	 companies	 in	 the	

chemical	industry?	
4. ‘Are	there	differences	found	for	different	segments	for	the	chemical	industry	and	are	there	

different	 efficiency,	 asset	 configuration	 or	 correlation	 scores	 found	 for	 these	 different	
segments?	

Profitability

Efficiency

Strategic	supply	
chain	decisions

Asset	strategy
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5. ‘Does	the	efficiency	of	chemical	companies	correlate	with	the	profitability?	
6. ‘What	supply	chain	decisions	are	important	to	companies	within	different	segments	that	lead	

to	the	changes	of	these	scores?	

The	main	deliverable	of	this	research	is	an	analysis	tool,	that	can	show	the	relationships	between	
profitability,	 efficiency	 and	 asset	 strategy,	 combined	with	 a	 case	 study	 giving	 a	 thorough	 analysis	
within	 the	chemical	 industry,	 the	proper	 segments	and	strategic	 supply	chain	decisions	underlying	
these	relationships.		

1.3. Scope	
As	mentioned	before,	the	aim	of	the	research	is	to	construct	a	chemical	industry	wide	analysis.	In	

order	to	achieve	this,	a	large	sample	of	chemical	companies	from	different	segments,	will	be	used	in	
this	research.	Within	the	sample	there	will	be	no	discriminatory	assumptions	made	on:	geographical	
categories,	 size,	 ownership	 or	whether	 or	 not	 the	 company	 is	 part	 of	 any	 governmental	 or	 other	
agreement.	However,	this	is	relaxed	in	Chapter	5,	where	segmentations	in	the	data	are	made	based	
on	predetermined	criteria.	The	data	used	within	this	research	is	publicly	available	data.	In	section	4.2	
can	be	read	what	variables	will	be	incorporated	in	the	efficiency	models	and	why.	Companies	will	be	
viewed	as	black	boxes.	The	observable	information	on	companies	is	published	company	wide	and	is	
therefore	a	representation	of	the	entire	company.		

The	aim	of	the	research	is	to	determine	whether	or	not	there	is	a	correlation	between	the	asset	
configuration	and	the	efficiency	and	profitability	of	chemical	companies.	The	focus	of	this	research	
lies	in	the	vertical	positioning	on	the	value	chain,	the	effects	on	horizontal	integration	are	not	included.	
One	might	argue	 that	discarding	assets	 is	not	always	possible,	but	 the	 research	 limits	 itself	 to	 the	
choice	of	maintaining	or	discarding	assets.	Within	the	asset	management	field	of	study	there	is	also	
the	discussion	on	how	to	allocate	assets	more	efficiently	within	a	company,	so	that	a	company	can	
optimize	an	asset	its	utilization.	This	will	not	be	discussed	within	this	research.	For	this	research	only	
the	acquisition	or	discarding	of	assets	is	considered.	

1.4. Methodology	
Within	this	section,	an	outline	is	given	where	all	the	stages	of	the	research	are	elaborated	on.	It	is	

also	discussed	what	research	methods	have	been	used	to	perform	the	research.	

Stage	1	consists	of	a	document	research.	Both	an	academic	literature	study	and	an	industry	best	
practice	 documents	 review	 has	 been	 performed.	 This	 document	 research,	 that	 has	 been	 both	 an	
exploratory	and	an	in-depth	review		has	provided	the	general	understanding	of	the	state-of-the-art	
academic	and	industry	best	practice	research	recently	done	and	in-depth	knowledge	on	the	methods	
and	techniques	that	are	used	within	the	research,	shown	in	Chapter	2.	

Stage	2	is	the	analysis	model.	A	variety	of	techniques	were	used	to	construct	the	analysis	model.	
For	the	profitability	a	ratio	analysis	has	been	chosen,	due	to	the	preferred	managerial	support	and	
understanding.	 For	 the	 asset	 strategy	 two	 ratio	 measures	 have	 been	 used.	 The	 efficiency	
measurement	is	based	on	a	Data	Envelopment	Analysis.	An	open	source	linear	programming	tool	has	
been	used	to	calculate	the	efficiency	values.	The	input	for	all	these	measures	has	been	a	combination	
of	 the	 research	 done	 in	 stage	 1	 and	 interviews	with	 Deloitte	 experts.	 These	methods	 are	 further	
explained	in	Chapter	2,	the	variables	for	all	methods	are	presented	and	explained	in	Chapter	3.	

Stage	3	provides	the	results	from	the	analysis	tool.	These	results	can	be	found	in	Chapter	4.	The	
analysis	also	goes	deeper	into	the	specific	regions	of	the	chemical	industry	and	segments	the	industry.	
New	analyses	are	then	performed	on	these	segments	to	produce		more	specific	results,	this	can	be	



	 	 					5	

read	 in	 Chapter	 5.	 Also	 a	 time	 series	 analysis	 has	 been	 done	 where	 the	 changes	 over	 time	 are	
measured.	This	is	explained	and	presented	in	Chapter	6	

Stage	4	provides	conclusions,	recommendations	and	a	discussion	to	this	research.	 It	shows	the	
main	 lessons	 to	 be	 learned	 for	 the	 chemical	 industry	 as	well	 as	 interesting	 possibilities	 for	 future	
research.	This	can	be	read	starting	in	Chapter	8.	

1.5. Relevance	
1.5.1. Scientific	relevance	

The	scientific	relevance	of	this	research	consists	of	two	parts.	First	and	most	important	that	the	
research	 reviewed	 in	 Chapter	 2,	 on	 combining	 the	 efficiency	 to	 the	 asset	 configuration	 showed	
promising	 and	 interesting	 results.	 However,	 no	 papers	 have	 been	 written	 using	 this	 link	 for	 the	
chemical	industry.	One	of	the	characteristics	of	the	chemical	industry,	however,	is	that	in	many	cases	
it	is	an	asset	intensive	industry	and	this	is	therefore	an	interesting	topic	to	research.		

Next	 to	 that,	 the	 asset-light	 strategy	 discussed	 in	 section	 2.2.3,	 is	 an	 asset	 strategy	 that	 is	
supported	 by	 many	 different	 researchers,	 but	 has	 also	 been	 researched	 within	 many	 different	
industries,	with	result	showing	the	benefits.	Examples	of	this	can	be	read	in	section	2.2.3.	This	research	
shows	new	views	on	how	the	chemical	industry	behaves	within	this	strategy	and	the	combination	of	
this	 strategy	 with	 efficiency	 and	 profitability.	 This	 asset	 strategy	 has	 not	 enjoyed	 extensive	
quantitative	research	within	the	chemical	industry.	

1.5.2. Business	relevance	
The	business	relevance	of	this	research	lies	predominantly	in	asset	configuration	conclusion.	This	

result	 gives	 companies	 a	 support	 tool	 to	 strategize	 on	 its	 asset	 configuration	 in	 order	 to	 find	 the	
optimal	configuration	for	the	company.	The	analyses	give	companies	directions	on	what	choices	to	
make	in	order	to	pursue	the	corporate	performance	goals.	The	supply	chain	implications	and	actions,	
then,	give	focus	directions	to	reach	the	desired	state.	

Secondly,	 the	 Data	 Envelopment	 Analysis	 (DEA)	 that	 is	 later	 presented.	When	 companies	 can	
overcome	 the	 biggest	 challenge	 of	 the	 DEA	 –	 the	 explainability	 to	 and	 support	 of	 a	 company	 its	
managers	 -	 this	 method	 creates	 a	 benchmark	 of	 the	 industry	 and	 therefore	 contains	 valuable	
information	for	companies.	It	can	be	used	for	reflection	on	where	a	business	is	positioned	compared	
to	its	competitors.	In	this	case,	it	gives	Deloitte	an	industry	point	of	view	that	can	help	understand	the	
industry	and	sharpen	the	minds.	

Next	to	this	benchmarking	tool,	two	measures	are	introduced	that	quantify	asset	strategy.	These	
methods	are	valuable	to	businesses	to	be	able	to	measure	the	performance	of	its	asset	strategy	and	
companies	should	adopt	these	measures.		

.	
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Chapter	2. Literature	background	
Both	 academic	 and	 business	 literature	 on	 different	 methods	 of	 defining	 and	 determining	

profitability,	efficiency	and	asset	management	is	rather	extensive.	It	shows	that	these	constructs	have	
enjoyed	high	 levels	of	attention	of	both	the	academic	and	the	business	world.	First	an	exploratory	
review	 has	 been	 performed	 to	 establish	 a	 knowledge	 base	 on	 clear	 definitions	 of	 the	 different	
constructs,	to	eliminate	all	possible	ambiguity	within	definitions.	This	is	then	extended	with	relevant	
directions	of	research	performed.	The	latter	part	of	the	chapter	entails	a	methodology	review	on	the	
methods	of	Data	Envelopment	Analysis	(DEA),	asset	lightness	and	ratio	analysis.	This	can	be	read	in	
section	2.2.	Afterwards,	a	review	is	given	of	the	existing	knowledge	on	the	relationships	between	the	
ratio	analysis,	the	efficiency	measure	and	both	asset	management	measures	presented	in	respectively	
sections	2.2.1,	2.2.2	and	2.2.3.	The	chapter	concludes	with	the	positioning	of	the	research	within	the	
academic	literature	and	the	observed	gaps	the	research	is	focused	on.	

2.1. Exploratory	review	
2.1.1. Profitability	

Two	principal	 uses	 of	 financial	 ratios	 are	 identified.	 The	 traditional	 approach,	 dating	 from	 the	
nineteenth	century,	has	been	to	use	ratios	as	a	basis	for	inter-firm	comparisons	(Whittington,	1980).	
More	recently,	the	development	of	econometric	techniques	has	facilitated	the	use	of	financial	ratios	
for	 predictive	 purpose,	 in	 particular	 with	 regard	 to	 bankruptcy	 risk.	 This	 research	 is	 primarily	
concerned	 with	 the	 traditional	 approach	 of	 inter-firm	 comparisons	 (also:	 ‘benchmarking’).	
Conventional	benchmarking	approaches	use	relatively	straight	 forward	 ‘output-input	 ratios’,	which	
are	ratios	of	only	one	output	to	only	one	input	(Agrell	&	Wikner,	1996).		

There	are	two	main	biases	or	limitations	of	using	financial	ratios	to	determine	efficiency.	The	first	
drawback	 is	 that	 ratios	 are	 continuously	 distributed	 between	 0	 and	 1,	 thus,	 fully	 symmetric	
distributions	are	impossible	to	achieve	(Frecka	&	Hopwood,	1983).	The	second	drawback	has	to	do	
with	 redundancy	of	 the	over	100	 ratios	 currently	 in	use	 (Pindado	&	Rodrigues,	2004).	Oftentimes,	
redundancy	occurs	to	such	an	extent	that	“there	is	no	absolute	test	for	the	importance	of	variables”	
(Barnes,	 1987).	Output-input	 ratios	 are	 almost	universally	used,	despite	 the	biases	 and	 limitations	
(Chen	&	McGinnis,	2007).		

2.1.2. Methods	of	measuring	and	evaluating	efficiency	
It	is	well	known	that	the	basic	purpose	of	efficiency	evaluation	is	to	determine	whether	industries	

are	employing	their	resources	in	the	most	efficient	way	(Duzakin	&	Duzakin,	2007).	But,	although	this	
basic	 purpose	 sounds	 undisputed,	 ambiguity	 is	 even	 found	 within	 the	 definition.	 The	 concept	 of	
productivity,	efficiency	and	effectiveness	has	occupied	researchers	in	multiple	fields	as	early	as	1957.	
However,	it	is	common	practice	that	these	terms	are	used	freely	in	most	literature,	but	there	are	some	
major	differences.		

Both	Vincent	(1968)	and	Fried	et	al.	(1993)	define	productivity	as	the	ratio	between	an	output	and	
the	 factors	 that	made	 that	 output	 possible.	 Rantanen	 (1995)	 points	 out	 to	 the	 sum	 of	 the	 ratios	
between	output	and	input	and	between	output	and	goal	as	productivity.	Pritchard	(1995)	illustrates	
three	definitions	that	are	related	to	productivity:	(1)	Productivity	 is	output/input,	 in	other	words	is	
measure	of	efficiency	 (techno-economic	view);	 (2)	Productivity	 is	composition	of	effectiveness	and	
efficiency;	and	(3)	It	is	referring	to	a	broader	concept	that	whatever	makes	the	organization	have	a	
better	function.	

Where	efficiency	 is	often	described	as	 “doing	 things	 right”,	effectiveness	 is	often	described	as	
“doing	 the	 right	 things”	 (Drucker,	 1977)	 (Griffin,	 1987)	 (Anthony,	 Dearden,	 &	 Bedford,	 1989).	 An	
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organization	or	Decision	Making	Unit	(DMU)	is	therefore	effective	to	the	degree	to	which	it	achieves	
its	goals	(Asmild,	Paradi,	Reese,	&	Tam,	2006).		

Farrell	(1957),	discussed	that	when	one	talks	about	the	efficiency	of	a	firm	one	usually	means	its	
success	in	producing	as	large	as	possible	an	output	from	a	given	set	of	inputs.	Later	Charnes,	Cooper	
&	Rhodes	(1978)	defined	decision	making	efficiency	as	the	maximum	of	a	ratio	of	weighted	outputs	
to	weighted	inputs	subject	to	the	condition	that	the	similar	ratios	for	every	DMU	be	less	than	or	equal	
to	unity.	Farrell	(1957)	presents	variants	of	efficiency	that	use	a	different	method	of	measurement	or	
objective;	technical-,	allocative-,	overall-	and	scale	efficiency.		

According	to	Alam	(2011),	technical	efficiency	relates	to	the	degree	of	which	a	DMU	produces	the	
maximum	feasible	output	 from	a	given	bundle	of	 inputs,	or	uses	 the	minimum	feasible	amount	of	
inputs	to	produce	a	given	level	of	output.	Due	to	these	two	methods	of	technical	efficiency,	 input-
oriented	 and	 output-oriented	 efficiency	measures	 can	 be	 defined,	where	 respectively	 the	 input	 is	
minimized	or	the	output	maximized.	Allocative	efficiency	reflects	the	ability	of	a	firm	to	respond	to	
economic	signals	or	 to	use	 the	 inputs	 in	optimal	proportions,	given	their	 respective	prices	 (Farrell,	
1957).	Overall	efficiency,	also	called	cost	efficiency,	converts	capital	cost	into	input	resources	(Asmild,	
Paradi,	Reese,	&	Tam,	2006).	Mathematically,	the	overall	efficiency	can	be	determined	as	the	product	
of	 the	 allocative	 efficiency	 and	 the	 technical	 efficiency.	 Scale	 efficiency	 can	 be	 determined	 as	 the	
inefficiency	caused	by	the	differences	between	variable	returns	to	scale	and	constant	returns	to	scale,	
where	a	value	lower	than	1	indicates	scale	inefficiency.	

Debreu	(1951)	and	Koopmans	(1951)	presented	the	first	measure	of	productive	efficiency	with	a	
coefficient	 of	 resource	utilization.	 Following	on	 the	work	 of	 Koopmans	 and	Debreu,	 Farrell	 (1957)	
empirically	applied	this	measurement	of	efficiency.	Farrell	(1957)	introduced	a	direct	input	distance	
function	as	a	measure	of	 technical	 efficiency.	 Shephard	 (1953)	also	developed	a	distance	 function	
concept.	Also	Malmquist	 (1953)	contributed,	where	proportional	 changes	were	used	 in	 relation	 to	
efficiency.	Linear	programming	theory	has	been	of	significant	influence	to	the	previously	mentioned.	
The	linear	programming	theory	was	used	by	Koopmans	(1951)	and	Shephard	(1953)	to	construct	the	
first	models	that	used	input	and	output	of	production	units	as	coefficients,	yielding	a	linear	frontier	
technology.	

Subsequent	to	these	first	models,	efficiency	measurements	method	were	developed	using	linear	
programming	 for	 both	 parametric	 and	 non-parametric	 variables.	 These	 methods	 are	 respectively	
Stochastic	Frontier	Analysis	(SFA)	and	Data	Envelopment	Analysis	(DEA)	and	are	further	discussed	in	
section	 2.2.2.	 Other	 methods	 derived	 from	 the	 earlier	 mentioned	 developments	 like:	 Analytic	
Hierarchy	Process	and	Free	Hull	Disposal	are	not	considered	within	the	remainder	of	this	research	due	
to	the	lack	of	connection	to	the	proposed	research	methodology.	

2.1.3. Methods	of	measuring	and	evaluating	asset	management	
Within	 the	 accounting	 discipline,	 an	 asset	 is	 considered	 to	 be	 something	 that	 is	 owned	 or	

controlled	by	a	firm,	and	that	has	financial	value	(its	cost,	book	value,	market	value,	or	residual	value).	
An	asset	can	be:	something	physical	(such	as	plant,	property	and	equipment),	an	enforceable	claim	
against	others	(such	as	accounts	receivable),	intellectual	property	(such	as	patents)	or	a	notion,	(such	
as	 goodwill).	 In	 the	most	 basic	 construct	 an	 asset	 can	 be	 defined	 as	 everything	 that	 is	 owned	 or	
controlled	by	a	company	that	has	value.	Within	the	rest	of	this	section,	two	theoretical	frameworks	
concerning	asset	management	will	be	described	that	are	relevant	within	the	research.		

The	first	method	is	the	resource-based	view.	According	to	Wernerfelt	(1984)	it	attempts	to	explain	
a	firm’s	sustainable	competitive	advantage	as	stemming	from	firm	resources	that	are	rare,	valuable,	
hard	or	impossible	to	imitate	or	duplicate,	and	hard	to	substitute.	This	is	visualized	in	Figure	2.	
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Figure	2:	theoretical	framework	for	the	resource-based-view	

More	 recent	 studies	 have	 recognized	 the	 importance	 of	 resources	 stemming	 from	 dyadic	
relationships	with	partners	and	from	network	structures,	which	represent	relational	resources,	and	
their	influence	on	organizational	outcomes	(Lavie,	2006)	(Arya	&	Lin,	2007).	In	contrast	with	earlier	
done	 research,	 these	 papers	 suggest	 that	 partners	 can	 acquire	 ‘common’	 resources	 that	 do	 not	
jeopardise	the	firm’s	competitive	advantage.		

The	so	called	asset	 lightness	business	model	was	developed.	However,	 there	was	a	split	 in	the	
interpretation	of	this	business	model.	Most	white	papers	and	business	analysts	translate	this	principle	
to	the	relationship	between	a	companies	fixed	assets	compared	to	the	total	value	of	the	assets	within	
the	company.	A	lower	amount	of	fixed	assets	would	support	a	higher	adaptability	to	changes	within	
demand	or	supply	(The	Economist,	2010)	(Boston	Consulting	Group,	2014).	Most	academic	papers	on	
the	other	hand,	translate	the	asset	lightness	business	model	towards	the	ability	to	create	competitive	
advantage.	Competitive	advantage	 is	defined	as	 the	ability	of	a	 firm	 to	generate	 returns	above	 its	
synthetic	normal	return	(Liou,	2011)	(Lin	&	Huang,	2011).	

2.2. Methodology	
This	 subchapter	 provides	 recent	 contributions	 in	 the	 field	 of	 profitability	 analysis,	 efficiency	

measurement	methods	and	asset	 strategies.	The	different	methodologies	are	 then	clarified	and,	 if	
applicable,	the	varieties	are	compared.		

2.2.1. Profitability	
It	is	customary	to	examine	the	ratios	used	in	financial	analysis	in	four	main	groups	based	on	their	

forms	of	use	in	the	assessment	of	business	activities	(Halici	&	Erhan,	2013).	These	groups	are:		

• Liquidity	ratios;	these	measure	adequacy	of	working	capital	or	the	ability	to	pay	short	term	debt,		
• efficiency	ratios;	these	ratios	govern	how	efficient	the	company	manages	its	assets	and	liabilities,	
• leverage	ratios;	these	ratios	help	determine	the	ability	to	meet	its	long	term	financial	obligations,	
• profitability	ratios;	these	determine	whether	the	firm	is	profitable	as	a	whole.	

In	order	to	maintain	a	balanced	financial	ratio	analysis,	ratios	of	all	four	categories	should	be	used	
to	determine	the	profitability	of	a	company.	Next	to	that,	the	perceived	preference	of	managers	and	
analysts	should	also	be	taken	into	account.	As	is	explained	earlier,	this	method	of	analysis	is	supported	
more	within	the	corporate	world.	An	overview	of	commonly	used	ratios	within	the	four	categories	is	
given	in	Appendix	B:	Overview	of	commonly	used	financial	analysis	ratios.		

1.	Identify	and	classify	the	firm's	
resources.	Appraise	strengths	and	

weaknesses	relative	to	
competitors.	 Identify	opportunities	
for	better	utilization	of	resources

2.	Identify	the	firm's	capabilities.	
What	can	the	firm	do	more	

effectively	than	its	rivals?	Identify	
the	resources	inputs	to	each	

capability	and	the	complexity	of	
each	capability

3.	Appraise	the	rent-generating	
potential	of	resources	and	

capabilities	in	terms	of:	(A)	their	
potential	for	sustainable	

competitive	advantage,	and	(B)	the	
appropriability	of	their	returns

4.	Select	a	strategy	which	best	
exploits	the	firm's	resources	and	
capabilities	relative	to	external	

opportunities

5.	Identify	resources	gaps	which	
need	to	be	filled,	outsourced	or	
discarded.	Invest	in	replenishing,	
augmenting	and	upgrading	the	
firm's	resource	base,	divest	in	
weaknesses	and	common	

resources
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2.2.2. Efficiency		
As	mentioned	in	section	2.1.2,	the	efficiency	can	be	measured	using	both	parametric	and	non-

parametric	 linear	 programming	models.	Within	 this	 section	 both	 these	methods	will	 be	 discussed	
including	the,	to	this	study,	relevant	developments.		

Stochastic	frontier	analysis	is	an	econometric	method	used	to	estimate	efficiency	of	a	firm,	DMU	
or	process.	It	 is	called	stochastic	because	the	model	incorporates	the	possibility	of	statistical	noise.	
Combined	with	the	frontier,	which	refers	to	the	concept	of	finding	the	best	practice	within	a	sample	
via	maximization	or	minimization,	it	is	a	measure	for	deviations	from	this	frontier.	These	deviations	
can	be	considered	as	 inefficiencies	within	the	sample	(Meeusen	&	Van	den	Broeck,	1977),	 (Aigner,	
Lovell,	&	Schmidt,	1977).	The	formulation	that	serves	as	the	foundation	for	the	SFA	is:	

	 𝑦	 = 	𝛽’𝑥	 + 	𝑣	– 	𝑒	 (1)	

Here,	 y	 is	 the	 observed	 outcome,	 β’x	 +	 v	 constitutes	 the	 stochastic	 frontier	 and	 e	 denotes	 the	
inefficiency.	The	stochastic	frontier	is	the	maximal	production	output	or	minimum	cost	pursued	by	the	
research.	 β’x	 is	 the	 deterministic	 part,	 v	 is	 normally	 distributed	 ~N[0,	 σv2],	 which	 represents	 the	
stochastic	 part	 and	 e	 is	 normally	 distributed	 ~N[0,	 σu2]	 and	 is	 considered	 the	 distance	 from	 the	
optimum.		

The	 idea	of	 the	DEA	 is	 to	provide	a	methodology	 that	 compares	a	 set	of	 comparable	decision	
making	units	on	multi-input,	multi-output,	identifying	best	practice	and	forming	an	efficient	frontier.	
The	measure	of	efficiency	proposed	by	Charnes	et	al.	(1978)	of	any	DMU	is	obtained	as	the	maximum	
of	a	ratio	of	weighted	outputs	to	weighted	inputs	subject	to	the	condition	that	the	similar	ratios	for	
every	DMU	be	less	than	or	equal	to	unity.	This	is	expressed	as	follows:	

	
max ℎ/ = 	

𝑢1𝑦123
145

𝑣6𝑥627
645

	 (2)	

Subject	to:	

	 𝑢1𝑦183
145

𝑣6𝑥687
645

	≤ 1	; 𝑗 = 1, … , 𝑛	 (3)	

	 𝑢1, 𝑣6 ≥ 0; 𝑟 = 1, … , 𝑠; 𝑖 = 1, … ,𝑚	 (4)	

Where	y	denotes	the	known	outputs	and	x	denotes	the	known	inputs	for	the	jth	DMU.	u	and	v	are	
weights	that	are	to	be	determined	by	the	solution	of	this	problem,	for	the	efficiency	of	one	DMU	is	
rated	relative	to	the	others.	“This	means	that	each	DMU	is	allowed	freedom	in	assigning	the	set	of	
weights	to	its	factors,	which	will	render	the	unit	as	efficient	as	possible	within	the	constrained	limits”	
(El-Mahgary	&	Lahdelma,	1995).	Within	this	maximization	function,	the	weights	will	be	the	variables	
that	will	have	an	‘optimal’	value.	This	optimal	value	will	render	the	maximum	efficiency	score	for	a	
determined	DMU.			

There	have	been	many	researchers	proposing	variations	and	extensions	to	the	base	method	by	
Charnes	et	al.	(1978).	The	relevant	variations	is	the	Slack	Based	Method;	it	computes	the	ratio	of	the	
average	inputs	reduction	to	the	average	output	increase.	

When	 comparing	 the	 two	 intensively	 used	 efficiency	 measurement	 methods,	 the	 parametric	
approach	 has	 the	 advantage	 that	 error	 terms	 are	 accounted	 for	 within	 the	 sample.	 The	 biggest	
disadvantage	 however,	 to	 the	 parametric	 approach	 is	 that	 it,	 as	 the	 name	 suggests,	 requires	
assumptions	on	the	form	of	production	function	and	distribution	of	error	terms.	Another	advantage	
of	 the	 parametric	model	 is	 the	 perceived	 easiness	 of	 interpretability	 of	 the	 parameters.	 The	 non-
parametric	technique,	describes	the	 largest	possible	 increase	of	output	so	that	the	resulting	 input-
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output	combination	remains	feasible.	It	assumes	that	zero	output	can	be	produced	by	any	input,	but	
it	is	impossible	to	produce	output	without	input,	which	keeps	it	feasible.	It	also	assumes	that	goods	
can	be	freely	disposed	of	(without	any	cost).	The	main	advantage	of	this	technique	is	that	it	has	a	high	
robustness	 to	 model	 choice	 and	 easy	 handling	 of	 multiple	 sets	 of	 input-	 and	 output	 variables.	
However,	the	non-dimensional	models	will	have	significant	variances	and	confidence	intervals,	so	for	
the	results	of	a	non-parametric	technique	to	be	interpretable	large	quantities	of	data	is	needed.	

Within	 the	chemical	 industry	 there	 is	a	 lack	of	 research	on	the	economic	efficiency.	“Although	
adverse	 effects	 on	 the	 environment	 and	 society	 occur	 more	 frequently	 from	 chemical	 industries	
(petro-chemicals,	pharmaceuticals,	dyes	and	pigments,	organic	chemicals,	and	agro-chemicals),	there	
is	a	dearth	of	research	in	this	industry”	(Rajeev,	Pati,	Padhi,	&	Govindan,	2017).	Wang	et	al.	(2014)	also	
mentioned	 that	 research	on	environmental	 expenditures	within	 the	 chemical	 industry	was	 scarce.	
There	 have	 been	 papers	 that	 evaluate	 the	 performance	 of	 segments	 of	 the	 chemical	 industry;	
efficiency	 in	pharmaceutics	 (	 (Sueyoshi	&	Goto,	 2014);	 (Chaturvedi,	 Sharma,	Dangayach,	&	Sarkar,	
2017))	or	efficiency	in	the	petrochemical	industry	(Chen,	Han,	&	Zhu,	2017).	

Considering	both	methods,	combined	with	the	research	constructs	written	in	Chapter	1,	a	non-
parametric	model	is	the	preferred	method.	The	constraint	of	needing	large	quantities	of	data	can	be	
satisfied	 within	 this	 research	 and	 the	 advantage	 of	 a	 non-parametric	method	 is	 beneficial	 to	 the	
structure	of	the	research.	This	accounts	for	a	higher	value	to	the	business	relevance.	Also	the	novelty	
of	using	this	method	within	the	chemical	industry	gives	a	higher	value	to	the	academic	relevance.		

2.2.3. Asset	management	
As	 mentioned	 in	 section	 2.1.3	 the	 asset	 management	 has	 two	 mayor	 methods.	 Both	 these	

methods	will	be	evaluated	and	finally	the	methods	will	be	compared	to	determine	the	best	fit	within	
the	research.	

The	 resource-based	 view	 is	 widely	 accepted	within	 the	 academic	world	 as	 a	well-constructed	
theory	for	managing	and	improving	asset	management.	However,	the	theory	developed	has	a	rather	
qualitative	 framework.	 This	 means	 that	 the	 resource-based	 view	 cannot	 easily	 be	 expressed	 in	
numbers.	One	way	 of	 doing	 this,	 could	 be	with	 the	 use	 of	 correlation	 techniques.	 The	 use	 of	 the	
framework	 and	 the	 decisions	 can	 be	 compared	 to	 performance	 indicators	 used	 by	 companies.	
Attwater	et	al.	(2014)	and	Gunasekaran,	et	al.	(2017)	for	example,	use	Structural	Equation	Modelling	
to	determine	whether	the	changes	executed	due	to	the	resource-based	view	have	had	any	significant	
effect	on	business	performance.	

For	 both	 of	 the	 asset-light	 business	 model	 interpretations	 there	 is	 a	 quantitative	 method	
developed	in	order	to	assess	the	‘asset	lightness’	of	a	strategy,	DMU	or	company.	The	business	related	
view	of	the	asset	lightness,	which	will	be	referred	to	as:	flexibility	measure,	uses	a	ratio	where	fixed	
and	total	assets	are	compared	expressed	as:	

	 𝐹𝑙𝑒𝑥𝑖𝑏𝑖𝑙𝑖𝑡𝑦 = 1 −
𝐹𝑖𝑥𝑒𝑑	𝐴𝑠𝑠𝑒𝑡𝑠
𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠

	 (5)	

Where,	within	the	accounting,	fixed	assets	are	described	as	items	of	economic	value	longer	than	
one	reporting	period	and	which	exceeds	an	entity	its	minimum	capitalization	limit.	Companies	often	
report	this	as	Plant	Property	and	Equipment	(PPE)	in	financial	statements	or	annual	reports.	The	total	
assets	are	all	items	of	economic	value	that	are	expended	over	time	to	yield	a	benefit	for	the	owner.	

The	academic	view	of	the	asset-light	business	model,	which	will	be	referred	to	as:	competence	
measure,	which	aims	at	generating	returns	above	its	synthetic	normal	return,	also	uses	a	ratio,	but	
here	 Liou	 (2011)	 developed	 a	 method	 to	 assess	 the	 asset	 lightness	 of	 company.	 The	 following	
mathematical	reasoning	is	used:	
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	 𝐼𝐶𝐴
𝑅𝑂𝐼𝐶 − 𝑊𝐴𝐶𝐶

≥
𝐼𝐶𝐵
𝑟

	 (6)	

	
𝐿𝐴 = 	𝐼𝐶𝐴 − 𝐼𝐶𝐵 =

𝐼𝐶𝐵 ∗ 𝑅𝑂𝐼𝐶 − 𝑊𝐴𝐶𝐶 − 𝑟
𝑟

	 (7)	

	 𝐶𝑜𝑚𝑝𝑒𝑡𝑒𝑛𝑐𝑒 =
𝐿𝐴

𝑇𝑜𝑡𝑎𝑙	𝑎𝑠𝑠𝑒𝑡𝑠
	 (8)	

Following	the	reasoning	of	(Liou,	2011),	if	the	Return	on	invested	capital	(ROIC)	of	a	certain	period	
minus	the	weighted	average	cost	of	capital	(WACC)	is	higher	than	the	market’s	risk	free	rate	(r)	that	
means	that	the	value	of	the	invested	capital	is	higher	than	the	value	for	which	it	is	written	in	the	books.	
This	means	that	the	difference	between	the	actual	value	of	the	invested	capital	(ICA)	and	the	book	
value	of	the	invested	capital	(ICB)	can	be	considered	as	the	value	added	due	to	intangible	assets.	This	
gives	a	measure	for	the	competence	of	a	strategy.	The	ratio	that	then	is	stated	in	equation	8,	gives	the	
competence	level.	

There	has	been	a	significant	amount	of	papers	devoted	to	the	resource-based	view	theory	and	
framework.	Although	this	framework	gives	a	firm	theoretical	understanding	of	how	to	improve	asset	
management	it	does	not	give	a	method	of	measuring	and	comparing	the	actual	strategies.	Both	asset-
light	business	model	 interpretations,	however,	do	give	a	ratio	that	can	be	measured,	compared	or	
combined	with	other	constructs.	These	methods	give	a	depiction	of	the	asset	strategy	of	a	company	
and	because	the	two	interpretations	are	independent,	both	measures	are	taken	into	account	during	
the	rest	of	the	research.	

2.3. The	relation	between	profitability,	efficiency	and	asset	management	
The	usefulness	of	ratio	analysis	to	estimate	and	predict	firm	efficiency	is	questionable	because	of	

the	 univariate	 nature	 of	 ratio	 analysis,	 which	 presents	 major	 limitations	 in	 assessing	 firm’	
performance.	 For	 this	 reason,	 DEA	 was	 introduced	 as	 an	 alternative	 approach	 for	 assessing	 the	
performance	of	 such	 firms	 (Yu,	Barros,	 TSAI,	&	 Liao,	2015).	After	 its	 introduction	 there	have	been	
multiple	 studies	 that	 link	 the	 ratio	 analysis	 and	 DEA	 as	 tools	 for	 performance	 assessment	 (Smith,	
1990),	 (Thanassoulis,	Boussofiane,	&	Dyson,	1995),	 (Chen	&	McGinnis,	2007),	where	the	 latter	one	
forms	 a	 mathematical	 bridge	 between	 ratio	 efficiency	 and	 technical	 efficiency.	 There	 are	 also	
examples	 where	 both	 ratio	 analysis	 and	 Data	 Envelopment	 Analysis	 	 are	 used	 to	 assess	 the	
performance	of	a	company	(Yu,	Barros,	TSAI,	&	Liao,	2015),	(Olesen,	Petersen,	&	Podinovski,	2015).	

The	relationship	between	ratio	analysis	and	asset	strategy	has	been	an	important	subject	within	
the	 academic	 community.	 But	 rather	 than	 discussing	 the	 asset	 strategy,	 it	 focusses	 most	 on	 the	
maintenance	of	 assets.	However,	 there	have	been	papers	describing	 the	asset	 strategy	evaluation	
using	ratio	analysis	(Stricker,	Micali,	Dornfeld,	&	Lanza,	2017),	(Hey,	2017),	(Lavy,	Garcia,	&	Dixit,	2014).	
There	 are	no	 known	papers	 that	 exclusively	 study	 the	 link	between	 the	 in	 section	2.2.3	proposed	
measures,	 equations	 5	 and	 8.	 Although	 there	 have	 not	 been	 clear	 cut	 answers	 on	 how	 the	 ratio	
analysis	and	asset	strategy	are	intertwined,	the	International	Organization	for	Standardization	(ISO),	
who	developed	ISO	55000	in	2014,	has	done	key	research	on	this	topic.	This	is	a	standard	for	reference	
how	key	performance	indicators	(KPIs)	can	be	effectively	deployed	so	that	the	asset	strategy	will	be	
efficient	and	effective	for	the	organization.	

In	 recent	 research,	 the	 academic	 interpretation	 of	 an	 asset-light	 strategy	 has	 been	 shown	 to	
correlate	with	the	efficiency	measure.	Studies	have	reported	that	this	correlation	has	shown	to	create	
values	in	international	hotel	corporations	(Gannon,	Roper,	&	Doherty,	2010),	generate	a	competitive	
advantage	 in	the	telecommunications	 industry	 (Liou,	2011),	 improve	corporate	performance	 in	the	
semiconductor	 industry	 (Wen	 &	 Cheng,	 2012)	 and	 positively	 correlate	 with	 dynamic	 efficiency	
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measures	 (Wang,	 Lin,	 Ting,	 &	 Kweh,	 2017).	 These	 studies	 conclude	 that	 pursuing	 the	 asset-light	
strategy	 in	 their	 case	 strengthen	 competitive	 advantage,	 competitive	 performance	 or	 dynamic	
efficiency.	The	business	interpretation	of	an	asset-light	strategy	has	not	been	as	such	researched	in	
combination	with	the	DEA.		

2.4. Conclusion	
As	can	be	read	throughout	 the	chapter,	 three	constructs	are	explained.	An	exploratory	view	 is	

given	and	afterwards	further	in-depth	reviews	on	all	constructs	have	been	shown.		

Within	the	profitability	construct,	the	concept	of	ratio	analysis	is	explained,	where	it	is	segmented	
in	four	groups:	liquidity,	efficiency,	leverage	and	profitability	ratios.	All	of	these	ratios	have	different	
focusses	on	performance	evaluation.	Within	the	asset	management	construct	two	concepts	have	been	
explained:	the	resource	based	view	and	the	asset	lightness	strategy.	It	shows	that	where	the	resource	
based	view	is	a	mostly	qualitative	method,	the	asset	lightness	strategy	has	two	different	methods	of	
quantifying	 this	 strategy.	 These	 two	measures	differ	 in	 support,	where	one	 (equation	8)	 is	mostly	
academically	supported	and	the	other	(equation	5)	stems	from	the	business	perspective.	Within	the	
efficiency	construct,	a	parametric	and	non-parametric	linear	programming	method	has	been	shown	
to	measure	multi-input,	multi-output	efficiency	measures.			

In	section	2.3,	the	three	constructs	are	evaluated	on	the	relation	within	the	existing	literature.	The	
relation	between	ratio	analysis,	which	 is	used	for	the	profitability	construct,	and	the	DEA,	which	 is	
used	for	the	efficiency	construct,	has	been	assessed	relatively	extensively.	This	is	due	to	the	similarities	
of	 these	methods	 (both	 being	 input-output	 performance	 evaluation	 functions),	 where	 within	 the	
academic	world	 the	efficiency	measure	 is	perceived	to	be	of	more	value	but	has	 limitations	 in	 the	
explainability	to	and	support	of	a	company	its	managers.		The	relation	between	ratio	analysis	and	asset	
lightness,	which	is	used	for	the	asset	management	construct,	has	enjoyed	less	attention	within	the	
academic	 literature.	 Most	 of	 the	 literature	 within	 this	 area	 combines	 ratio	 analysis	 to	 asset	
maintenance.	The	relation	between	efficiency	and	asset	lightness	has	had	some	academic	attention.	
Studies	 contributing	 to	 these	 methods	 have,	 for	 example,	 researched	 competitive	 advantage,	
corporate	performance	and	dynamic	efficiency.	

An	 interesting	 finding	 is	 that	 the	 research	 reviewed	 on	 combining	 the	 efficiency	 to	 the	 asset	
management	showed	promising	and	interesting	results,	but	there	have	not	been	papers	written	using	
this	link	for	the	manufacturing	industry.	One	of	the	pillars	of	this	industry,	however,	is	that	in	many	
cases	it	is	an	asset	intensive	industry	and	therefore	it	would	be	interesting	to	research	whether	the	
results	presented	in	chapter	5	also	hold	for	this	industry.	Next	to	that	is	the	asset-light	strategy.	An	
asset	strategy	that	is	supported	by	many	different	researchers	but	also	many	different	industries.	The	
two	literature	gaps	above	are	the	most	important	directions	for	future	research	that	can	be	derived	
from	the	review	in	this	chapter.	These	directions	can	have	industry	wide	impacts	on	the	way	asset	
managers	or	board	members	look	at	the	asset	management	and	efficiency.		
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Chapter	3. Model	and	tool	
This	 chapter	 describes	 the	 design	 of	 the	 analysis	 tool	 that	 computes	 and	 combines	 the	 three	

constructs,	 presented	 in	 the	 previous	 chapter.	 The	 model	 has	 been	 constructed	 based	 on	 the	
literature	review	shown	in	Chapter	2.	This	chapter	includes	the	asset	lightness	measures,	the	design	
of	the	ratios	that	have	been	derived	for	the	ratio	analysis	and	the	efficiency	model.	Afterwards	the	
method	of	linking	these	constructs	is	discussed.	A	visual	overview	of	this	is	given	in	Figure	3.	

	
Figure	3:	Research	constructs	covered	by	the	analysis	tool	

3.1. Profitability	
The	ratio	analysis	used	for	the	profitability	construct	consists	of	four	different	categories;	liquidity,	

efficiency,	leverage	and	profitability	ratios.	Within	the	liquidity	segment	the	current	ratio	(equation	9)	
is	chosen.	This	is	one	of	the	most	widespread	ratios	used	to	determine	in	what	manner	companies	are	
able	to	pay	off	short	 term	debts.	Within	the	efficiency	ratios	both	the	Return	on	capital	employed	
(ROCE,	 equation	10)	 and	 the	Return	on	 invested	 capital	 (ROIC,	 equation	11)	 are	 chosen.	 Both	 are	
widely	used	within	key	performance	 indicators	portfolios	of	enterprises.	The	ROCE	determines	the	
ability	to	create	value	from	all	the	capital	that	 is	part	of	the	business	and	the	ROIC	determines	the	
ability	 to	create	value	from	the	actively	utilized	capital.	 	For	the	 leverage	ratios,	 the	solvency	ratio	
(equation	12)	has	been	chosen.	This	ratio	is	used	to	indicate	whether	both	short-term	and	long-term	
liabilities	can	be	met.	For	the	profitability	ratios	the	ROA	(equation	13)	and	the	Profit	Margin	(equation	
14)	are	chosen.	The	ROA	is	a	measure	that	indicates	how	well	a	company	is	able	to	generate	income	
from	its	assets.	The	profit	margin	is	a	noticeably	important	measure	since	almost	all	companies	are	
concerned	about	generating	profit.	

3.2. Efficiency	
The	model	that	can	be	found	in	section	2.2.2,	is	the	basic	(CCR)	model	as	was	proposed	by	Charnes,	

Cooper	&	Rhodes	(1978).	The	biggest	shortage	of	this	basic	model	is	the	assumption	that	business	is	
radial.	So	within	the	model,	described	in	section	2.2.2,	an	increase	of	inputs	by,	for	example,	a	factor	
of	two,	should	mean	an	increase	of	outputs	by	a	factor	of	two	as	well,	in	order	to	stay	efficient.	Within	

	 𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝑅𝑎𝑡𝑖𝑜 =
𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
	 (9)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐶𝑎𝑝𝑖𝑡𝑎𝑙	𝐸𝑚𝑝𝑙𝑜𝑦𝑒𝑑 =
𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠	𝐵𝑒𝑓𝑜𝑟𝑒	𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡	𝑎𝑛𝑑	𝑇𝑎𝑥𝑒𝑠
𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠 − 𝐶𝑢𝑟𝑟𝑒𝑛𝑡	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

	 (10)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑑	𝐶𝑎𝑝𝑖𝑡𝑎𝑙 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒 − 𝐷𝑖𝑣𝑖𝑑𝑒𝑛𝑑𝑠
𝑇𝑜𝑡𝑎𝑙	𝐷𝑒𝑏𝑡 + 𝑇𝑜𝑡𝑎𝑙	𝐸𝑞𝑢𝑖𝑡𝑦

		 (11)	

	 𝑆𝑜𝑙𝑣𝑒𝑛𝑐𝑦	𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒 + 𝑁𝑜𝑛	𝐶𝑎𝑠ℎ	𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠

𝑇𝑜𝑡𝑎𝑙	𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
	 (12)	

	 𝑅𝑒𝑡𝑢𝑟𝑛	𝑂𝑛	𝐴𝑠𝑠𝑒𝑡𝑠 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒
𝑇𝑜𝑡𝑎𝑙	𝐴𝑠𝑠𝑒𝑡𝑠

										 (13)	

	 𝑃𝑟𝑜𝑓𝑖𝑡	𝑀𝑎𝑟𝑔𝑖𝑛 =
𝑁𝑒𝑡	𝐼𝑛𝑐𝑜𝑚𝑒
𝑅𝑒𝑣𝑒𝑛𝑢𝑒

						 (14)	
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the	business	world	this	is	not	considered	reality,	because	inputs	and	outputs	often	do	not	behave	in	a	
proportional	 way.	 For	 example,	 in	 situations	 extra	 workforce	 does	 not	 mean	 extra	 output	 or	 by	
doubling	the	input	economies	of	scale	can	cause	for	more	than	double	the	output.	This	problem	was	
addressed	by	Banker,	Charnes	&	Cooper	(1984),	also	called	the	BCC	model.	Within	this	paper	a	new	
model	is	introduced,	relaxing	the	constant	return	to	scale	assumption,	where	increasing,	constant	and	
diminishing	returns	to	scale	can	be	identified	within	the	calculations.	Both	CCR	and	BCC	models	have	
the	assumption	that	the	decision	making	unit	(DMU)	is	either	minimizing	input	while	maintaining	a	
degree	of	output	(input-oriented)	or	maximizing	output	while	maintaining	a	degree	of	input	(output-
oriented).	While	the	BCC	is	better	suited	for	the	real-world	businesses,	companies	will	thrive	to	reduce	
input	while	increasing	output.	As	a	response	to	this	shortcoming,	Tone	(2001)	introduced	a	slack-based	
measure	(SBM)	of	efficiency	with	three	models	in	input-,	output-	and	non-oriented	cases.	Ultimately,	
this	results	in	a	non-oriented,	variable	return	to	scale,	slack-based	measure	of	efficiency.	The	complete	
reasoning	from	the	CCR	model	to	the	SBM	model	results	in	the	mathematical	deduction	proposed	by	
Tone	(2001),	which	can	be	read	in	Appendix	C:	Mathematical	deduction	of	the	Slack	Based	Measure.	
Ultimately	this	results	in	the	minimization	function:	

Subject	to	

	 𝑥6/ = 𝑥68𝜆8 + 𝑠6g
d

845
							(𝑖 = 1, … ,𝑚)	 (16)	

	 𝑦1/ = 𝑦18𝜆8 − 𝑠6h
d

845
							(𝑟 = 1, … , 𝑠)	 (17)	

	 𝜆8
d

845
= 	1					 (18)	

	 𝜆8 ≥ 0	 ∀𝑗 , 𝑠6g ≥ 0	 ∀𝑖 , 𝑠1h ≥ 0	 ∀𝑟 	 (19)	

Where	ρ	denotes	the	observed	efficiency,	x	and	y	are	the	input	and	output	matrices,	si-	is	called	
the	set	of	input	slacks	for	all	inputs	and	indicates	the	input	excess,	si+	is	called	the	set	of	output	slacks	
for	all	outputs	and	indicates	the	output	deficit,	there	are	m	inputs	and	s	outputs	and	λ	is	the	intensity	
vector.	

Next	to	this	variation	of	the	efficiency	measure,	also	the	choice	on	input	and	output	is	important	
within	this	stage.	The	evaluation	based	on	the	efficiency	score	 is	directly	affected	by	the	input	and	
output	variables.	This	means	that	the	inputs	and	outputs	should	be	selected	appropriately	so	as	to	
express	 the	 performance	 of	 DMUs	 (Morita	 &	 Avkiran,	 2009).	 Usually,	 variables	 considered	 to	 be	
desirable	are	seen	as	outputs	whereas	variables	considered	to	be	undesirable	are	seen	as	inputs.	In	
the	 research,	 the	 inputs	 and	 outputs	 are	 based	 on	 academic	 literature	 review,	 to	 form	 a	 basis	 of	
knowledge	and	understanding	of	useful	economic	concepts,	expert	knowledge	and	generally	accepted	
practices.	

Three	ratios	have	been	used	to	subtract	the	input	and	output	variables.	The	first	ratio	is	the	Return	
on	Capital	Employed.	This	is	a	widely	used	performance	indicator	within	the	chemical	industry.	It	is	
generally	known	as	a	reliable	measure	of	corporate	performance	and	is	often	used	within	a	chemical	
company	internally	as	important	KPI.	Because	it	shows	the	ability	to	allocate	capital,	it	has	a	positive	
relation	to	asset	management.	The	ROCE	is	calculated	by	dividing	the	Earnings	Before	 Interest	and	
Taxes	 (EBIT)	by	 the	 total	 capital	employed.	The	second	ratio	 is	 the	Tobin’s	Q.	This	measure	shows	

	

𝜌 = min
o,3p,3q

1 − 1
𝑚

𝑠6g
𝑥6/

7
645

1 − 1
𝑠

𝑠1h
𝑦1/

3
145

	 (15)	
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whether	a	company	is	over	or	undervalued.	It	is	therefore	a	way	to	measure	the	accumulated	trust	of	
the	investors	of	a	company.	Because	it	shows	the	accrued	trust	of	investors	it	is	also	a	good	measure	
for	 the	 beliefs	 of	 investors	 in	 the	 asset	 management	 competence	 and	 strategic	 positioning	
competence	of	that	company.	It	is	measured	by	dividing	the	total	assets	by	the	enterprise	value.	The	
third	ratio	is	the	Capital	Expenditure	over	sales	ratio.	A	lesser	known	ratio	that	is	often	used	within	
consulting	and	private	equity	firms	to	value	companies.	The	Capital	Expenditures	over	sales	measures	
a	company’s	investment	intensity.	It	is	therefore	a	degree	of	how	future	orientated	a	company	is.	It	
has	 direct	 correlations	 to	 asset	management,	 for	 the	 purpose	 is	 to	 provide	 a	 level	 of	 intensity	 of	
investments	in	assets.	It	is	measured	by	the	total	capital	expenditures	divided	by	the	revenue.	Given	
these	three	ratios,	the	input	variables	for	the	Data	Envelopment	Analysis	are:	total	capital	employed,	
the	 total	 amount	 of	 assets	 and	 the	 total	 capital	 expenditures.	 The	 output	 variables	 are:	 the	 EBIT,	
revenue	and	enterprise	value.	

3.3. Asset	lightness	
In	section	2.2.3	there	are	two	methods	identified	that	quantify	the	asset	management	capabilities	

of	 a	 company.	Within	 this	 research	 the	 asset	 strategy	 is	 seen	 as	 the	 independent	 variable.	 Asset	
strategy	is	part	of	the	corporate	strategy	and	therefore	companies	have	the	opportunity	to	make	an	
educated	decision	regarding	the	asset	strategy	and	the	capital	to	be	invested.		

The	first	asset	strategy	measure,	presented	in	equation	5	shows	the	ratio	between	fixed	assets	
and	total	assets	and	is	denoted	as	the	level	of	flexibility	of	a	company.	When	the	ratio	is	close	to	one,	
it	means	that	the	level	of	fixed	assets	is	low	compared	to	the	total	assets,	which	means	that	a	company	
can	easily	adapt	to	rigorous	changes	in	demand	or	supply.	In	that	case,	there	is	a	low	amount	of	fixed	
assets	needed	to	operate	and	so	the	scalability	is	high.		The	second	asset	strategy	measure,	presented	
in	equation	8	shows	the	difference	between	the	book	value	of	the	asset	base	and	the	actual	value	and	
is	denoted	the	competence	perspective.	This	difference	between	the	cost	of	capital	and	the	return	on	
capital	is	mostly	due	to	intangible	like	trademark,	intellectual	property	or	knowhow	of	the	workforce.	
The	competence	measure	therefore	shows	a	degree	of	being	able	to	create	value	from	an	asset	base.	
When	 a	 company	 possesses	 high	 competences	 to	 create	 value	 from	 its	 assets,	 this	means	 that	 a	
company	makes	the	right	decisions	and	creates	value	from	the	capital	that	it	has	invested.	

The	flexibility	and	competence	measures	are	complementary.	Where	the	competence	measure	
focusses	on	what	investments	should	be	made	when	and	how,	and	the	flexibility	measure	is	focused	
on	how	much	of	these	investments	should	be	made.	

3.4. Regression	analysis	
Within	this	section,	a	motivation	is	given	for	the	way	in	which	the	different	constructs,	presented	

in	this	chapter,	are	compared.	It	first	discusses	the	techniques	used	to	determine	the	effects	of	a	given	
asset	strategy,	which	is	seen	as	the	independent	variable	throughout	this	research,	on	the	efficiency	
and	profitability.	Later,	it	discusses	the	method	used	to	compare	the	efficiency	to	the	profitability.	This	
section	concludes	with	the	regression	analysis	approach	used	for	the	case	study	segmentation	and	
time	series	analysis.	

3.4.1. Case	study	results	
In	 order	 to	 have	 the	 highest	 business	 relevance	 it	 is	 chosen	 to	 discriminate	 the	 independent	

variables;	the	flexibility	measure	and	the	competence	measure,	as	ordinal	values.	The	competence	
measure	 is	 expressed	 as:	 very	 low,	 low,	 medium,	 high	 and	 very	 high.	 The	 flexibility	 measure	 is	
expressed	as:	minimum,	low,	medium,	high	and	maximum.	This	difference	is	caused	by	the	nature	of	
the	 flexibility	measure.	 Because	 for	 this	 ratio	 the	 numerator	 cannot	 exceed	 the	 denominator	 the	
maximum	achievable	value	is	when	both	parts	of	the	fraction	are	equal	resulting	in	a	maximum	value	
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of	1,	it	is	also	able	to	get	a	minimum	value	when	the	numerator	reaches	zero,	it	is	however	not	possible	
that	the	numerator	will	be	lower	than	zero,	so	therefore	the	minimum	value	for	this	fraction	is	zero.		

The	efficiency	and	profitability	measures	are	 transformed	 to	ordinal	variables.	Both	constructs	
consisting	of	one	efficiency	measure	and	six	profitability	measures	are	divided	into	four	categories.	
The	cut-off	value	for	these	four	categories	is	based	on	the	median	and	the	interquartile	ranges,	so	that	
all	four	categories	will	have	the	same	amount	of	data	points	in	it;	a	quarter	of	the	data	points.		

For	the	analysis	on	the	effects	of	the	asset	strategies	on	the	efficiency	the	reasoning	of	Hair	et	al.	
(2010)	is	used.	The	type	of	relationship	that	is	being	examined	is	a	dependence	type.	The	amount	of	
variables	that	is	being	predicted	is	one	dependent	variable	in	a	single	relationship.	The	measurement	
scale	of	the	dependent	variable	is	ordinal,	which	concludes	in	the	use	of	ordinal	regression	model.	This	
allows	for	dependent	and	independent	variables	that	are	either	metric	or	non-metric.	The	scientific	
power	of	ordinal	logistic	regression,	which	is	also	called	proportional	odds	logistic	regression,	lies	in	
the	 fact	 that	 it	 provides	 a	probability	 distribution	of	 being	 in	 a	 specific	 state.	A	 logistic	 regression	
distinguishes	 itself	 from	 other	 multiple	 regression	 analyses	 by	 the	 use	 of	 non-metric	 dependent	
variables.	To	determine	the	effect	that	both	the	asset	strategy	measures	have	on	the	efficiency,	both	
are	first	tested	as	single	independent	variable	and	later	it	will	be	analysed	using	both	measures	in	one	
regression	analysis.	The	above	presented	reasoning	accounts	 for	 the	profitability	 ratios	as	well.	All	
ratios	chosen	in	section	3.1	are	compared	individually	to	the	flexibility	and	competence	measure.		

The	ratios	are	also	compared	to	the	efficiency.	This	is	done	in	a	linear	regression	analysis.	This	is	
done	because	here,	the	objective	is	to	examine	whether	the	measures	correlate.	If	the	profitability	
measures	and	the	efficiency	measures	correlate,	the	business	relevance	of	the,	to	managers	relatively	
unknown,	efficiency	scores	would	increase.	So	that	conclusions	drawn	with	regard	to	the	efficiency	
score	of	companies	will	be	supported	by	the	business	perspective.	

3.4.2. Case	study	segmentation	
Within	 the	 case	 study	 segmentation	 three	 segmentation	methods	have	been	 identified.	 These	

segmentations	will	be	further	elaborated	on	in	Chapter	5.	For	every	segment,	new	efficiency	scores	
are	 calculated,	 because	 this	 value	 is	 dependent	 on	 the	 sample.	 So,	 a	 different	 and	more	 specific	
sample,	means	different	and	more	specific	efficiency	score.	With	these	new	efficiency	scores	from	the	
more	 specific	 sub	 samples,	 the	 ordinal	 logistic	 regression	 is	 again	 used	 to	 examine	 the	 relation	
between	the	efficiency	of	the	segmented	industry	and	the	asset	strategy	measures.	Also	the	linear	
regression	method	is	performed	and	evaluated	for	the	different	segments	of	the	industry.		

The	 same	has	been	done	 for	 the	 relation	between	 the	profitability	of	 the	 segmented	 industry	
compared	to	the	asset	strategy	measures.	As	can	be	read	in	Chapter	5,	a	linear	regression	model	will	
be	presented.	

3.4.3. Case	study	time	series	
Within	the	case	study	time	series	analysis,	data	is	used	ranging	from	2005	up	to	2016,	in	total	12	

years.	 It	 is	 chosen	 to	 use	 the	 same	 analysis	 method	 used	 in	 section	 3.4.1.	 The	 different	 sets	 of	
efficiency	scores	will	be	used	to	calculate	the	Malmquist	Productivity	Index,	also	explained	in	section	
6.1.	For	this	part	also	ordinal	logistic	regression	has	been	used	to	determine	the	chance	of	being	in	a	
determined	efficiency	state.		
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Chapter	4. Case	study	results	
This	 chapter	provides	 a	 case	 study	of	 the	 in	Chapter	 3	proposed	analysis	 tool.	 The	 case	 study	

focusses	on	the	chemical	industry.	This	chapter	starts	with	a	case	motivation,	followed	by	a	description	
of	the	data	used	within	this	case	study.	It	then	focusses	on	the	three	different	aspects	of	the	analysis	
tool:	the	efficiency,	the	profitability	and	the	asset	strategy	measures.	It	ends	with	the	results	of	the	
regression	analysis	that	is	explained	in	section	3.4.	

The	data	that	is	used	in	this	research	originates	from	a	database	owned	and	updated	by	Deloitte	
Global.	The	database	encompasses	financial	data	of	345	chemical	companies.	The	data	 is	collected	
over	a	period	of	18	years	ranging	from	1998	up	to	2016.	As	is	explained	further	in	Chapter	6,	due	to	
missing	data	a	period	of	only	12	years	has	been	used.	This	was	the	maximum	number	of	years	that	
could	be	used	while	upholding	a	large	sample	size.	The	information	in	this	database	is	collected	using	
open	source	 information,	mostly	annual	 reports	published	by	the	companies.	For	 this	 reason,	only	
publicly	traded	companies	are	taken	into	account.	Due	to	missing	data	in	the	dataset,	292	chemical	
companies	remain	that	are	used	for	the	analysis	described	below.		

4.1. Case	motivation	
As	is	earlier	introduced,	this	research	will	implement	a	specifically	designed	analysis	tool	into	data	

from	the	chemical	industry.	For	the	case	motivation	the	chemical	industry	segmentation	presented	in	
section	 1.1.1	 will	 be	 used.	 Companies	 in	 various	 industries	 have	 shown	 to	 be	 successful	 using	 a	
business	model	that	allows	to	minimize	the	amount	of	assets.	However,	this	is	not	significantly	the	
case	within	the	chemical	industry	at	the	point	of	writing.	In	section	1.2	it	is	hypothesized	that	moving	
downstream	of	the	value	chain,	a	company	is	able	to	rationalize	its	asset	portfolio	while	maintaining	
or	increasing	its	efficiency.		

To	 test	 this,	 the	 average	 return	 on	 total	 assets	 of	 the	 different	 segments	 of	 the	 industry	 is	
compared.	The	commodity	chemical	companies	are	seen	as	upstream	of	the	value	chain,	diversified	
chemical	companies	are	seen	as	active	within	the	entire	value	chain	or	significant	parts	of	it	and	the	
specialty	chemical	companies	are	seen	as	downstream	of	the	value	chain.	As	can	be	seen	in	Figure	4,	
the	 commodity	 chemical	 companies	 realise	 the	 lowest	 return	 on	 assets,	 diversified	 chemical	
companies	are	higher	than	the	commodity	companies	and	the	specialty	chemical	companies	realise	
the	highest	average	return	on	assets	over	time.	This	indicates	that	further	downstream	of	the	value	
chain	a	higher	average	return	on	assets	is	achieved.	

	

	
Figure	4:	Return	on	assets	of	the	different	segments	within	the	chemical	industry	
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As	a	second	test,	the	profit	margin	is	compared	for	these	three	different	segments.	This	shows	the	
position	within	the	value	chain	where	costs	are	relatively	lowest	compared	to	sales.	In	Figure	5,	it	can	
be	 seen	 that	 specialty	 chemical	 companies,	 on	 average	 have	 the	 highest	 profit	 margin	 and	 are	
therefore	most	capable	of	minimizing	cost	for	the	revenue	it	creates,	or	maximizing	revenue	for	the	
cost	it	has.		

So	these	tests	show	that	downstream	of	the	value	chain,	the	need	for	assets	to	create	revenue	is	
lower	and	the	return	relative	to	the	cost	is	higher.	Whereas	upstream	the	need	for	assets	is	higher	
and	the	return	relative	to	the	cost	is	lower.	These	tests	indicate	that	it	might	be	beneficial	to	position	
a	chemical	company	within	the	downstream	part	of	the	value	chain.		

	

	

	
Figure	5:	Profit	margins	for	the	different	segments	within	the	chemical	industry	

Although	the	differences	are	relatively	small,	the	significance	lies	in	the	uniformity.	Within	Figure	
4	and	Figure	5,	it	occurs	just	once	that	these	results	show	a	different	result	than	is	hypothesized.	A	
possible	explanation	for	the	varying	spread	between	commodity	and	specialty	within	different	years,	
can	be	because	commodity	companies	are	on	average	highly	dependent	on	feedstock	prices,	whereas	
specialty	companies	can	set	a	margin	on	 their	products.	While	 these	 tests	are	 too	 limited	to	draw	
conclusions,	it	does	motivate	the	choice	to	investigate	this	case	further.	

4.2. Efficiency	measure	
The	efficiency	measure	is	calculated	using	the	linear	programming	problem	described	in	section	

3.2.	This	problem	determines	the	technical	efficiency,	meaning	that	the	efficiency	is	relative	to	the	
sample.	 So,	 if	 the	 sample	 changes,	 some	 of	 the	 efficiency	 scores	 given	 to	 DMUs	 might	 change	
accordingly.	This	programming	problem	 is	 solved	using	a	widely	cited	software	 tool,	developed	by	
Coelli	 (Emrouznejad,	 2012)	 called:	Win4Deap.	Win4Deap	 is	 an	open	 source	 software	package	 that	
provides	a	Windows	front	end	for	the	performance	of	Data	Envelopment	Analyses.	It	is	written	by	Tim	
Coelli,	professor	in	Economics	at	the	University	of	Queensland,	Australia.	

The	slack-based	efficiency	measure	is	calculated,	with	292	companies	active	within	the	chemical	
industry.	An	example	of	these	efficiency	scores	can	be	found	in	Table	1,	the	entire	list	can	be	found	in	
Appendix	D:	List	of	technical	efficiency	scores.	The	efficiency	measure	gives	the	first	dimension	to	the	
research	results.	The	 list	consists	of	292	companies	ranked	from	1	to	213,	due	to	some	companies	
scoring	the	same	efficiency	score.	
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Table	1:	Example	of	efficiency	scores	

Rank		 Company	 Efficiency	
#1	 Company	1	 100%	
#1	 Company	279	 100%	
#30	 Company	169	 77%	
#56	 Company	287	 62%	
#80	 Company	160	 55%	
#104	 Company	219	 49%	
#128	 Company	111	 44%	
#151	 Company	125	 39%	
#169	 Company	217	 36%	
#193	 Company	175	 29%	
#213	 Company	196	 18%	

4.3. Profitability	measure	
The	profitability	measures	are	calculated	using	the	equations	presented	in	section	3.1.	In	Figure	6	

a	 scatterplot	 is	presented	 to	show	the	 relation	between	 the	efficiency	measure	and	 the	return	on	
assets	and	in	Figure	7	this	is	done	for	the	efficiency	measure	and	the	return	on	capital	employed.	An	
overview	of	all	 the	scatterplots	 related	 to	 the	 relationship	between	efficiency	and	 the	profitability	
measures	can	be	found	in	Appendix	E:	Scatterplots	relating	the	different	constructs.	It	can	be	
seen	 in	 the	 figures	 presented	below,	 that	 there	 appears	 to	 be	 a	 positive	 correlation	between	 the	
efficiency	and	return	on	assets	and	between	the	efficiency	and	return	on	capital	employed.	This	will	
be	further	examined	in	section	4.5.	

	
Figure	6:	Scatterplot	of	efficiency	to	the	return	on	assets	
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Figure	7:	Scatterplot	of	efficiency	to	the	return	on	capital	employed	

4.4. Asset	strategy	
The	asset	strategy,	as	is	proposed,	is	calculated	in	two	separate	measures:	the	flexibility	measure	

and	the	competence	measure.	Due	to	missing	data,	 the	competence	measure	has	211	data	points	
whereas	the	flexibility	has	292	data	points.	The	weighted	average	cost	of	capital,	which	is	part	of	the	
competence	measure,	is	not	obligatory	to	present	in	the	annual	reports	and	is	therefore	not	known	
for	all	 the	companies	within	 the	dataset.	Both	asset	strategies	are	compared	and	visualised	to	the	
efficiency	measure.	Figure	8	shows	the	relation	between	efficiency	and	flexibility	for	the	292	chemical	
companies.	Here,	a	high	percentage	of	flexibility	means	that	the	company	has	a	relatively	low	amount	
of	fixed	assets	compared	to	its	total	asset	base.	The	observations	are	scattered	over	the	plot,	however,	
it	seems	like	some	differences	in	density	can	be	seen,	this	will	be	further	investigated	in	section	4.5.2.	
Figure	 9	 shows	 the	 relation	between	efficiency	 and	 the	 competence	 for	 211	 chemical	 companies.	
There	is	a	low	amount	of	observations	in	the	high	efficiency	and	low	competence	region.	Here	can	be	
seen	 that	 there	 is	a	 low	amount	of	observations	 that	have	 low	efficiency	and	high	competence	or	
observations	that	have	high	efficiency	and	low	competence.	

	 	
Figure	8:	Scatterplot	of	efficiency	to	the	flexibility	measure	
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Figure	9:	Scatterplot	of	efficiency	to	the	competence	measure	

Also	the	relations	between	the	asset	strategy	measures	and	the	profitability	measures	have	been	
tested	and	visualised.	The	relation	between	the	flexibility	measure	and	the	return	on	capital	employed	
is	shown	in	Figure	10.	The	relation	between	the	competence	measure	and	the	operating	profit	can	be	
seen	 in	 Figure	 11.	 Here	 a	 positive	 trend	 can	 be	 seen	 between	 the	 competence	measure	 and	 the	
operating	profit.	All	different	scatterplots	visualizing	the	asset	strategy	in	relation	to	the	profitability,	
can	be	found	in	Appendix	E:	Scatterplots	relating	the	different	constructs.	

	

Figure	10:	Scatterplot	of	flexibility	to	the	return	on	capital	employed		

	

Figure	11:	Scatterplot	of	competence	to	the	operating	profit	

4.5. Regression	analysis	
4.5.1. Classification	

The	 cut-off	 values	 for	 the	 classes,	 as	 is	discussed	 in	 section	3.4,	 for	performing	 the	 regression	
analyses	are	presented	below.	It	explains	that	every	class,	within	the	classification	of	the	dependent	
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variables	profitability	and	efficiency,	has	the	same	amount	of	data	points;	a	quarter	of	the	sample.	For	
the	efficiency	measure	 the	upper	boundary	 is	 100%,	with	32	 companies	obtaining	 this	 score.	 This	
means	that,	based	on	the	input	and	output	variables	described	in	section	4.2,	these	companies	cannot	
be	discriminated	from	each	other.	The	lower	bound	is	18,4%.	The	median	of	the	sample	is	equal	to	
50,1%	and	the	upper	and	lower	quartile	range	are	respectively	38,0%	and	69,5%.	So,	for	a	company	
that	scores	a	68%	efficiency	score	it	will	be	allocated	to	the	second	highest	efficiency	bucket.	

Table	2:	Cut-off	values	for	the	profitability	measures	
For	the	profitability	measures	the	same	technique	has	been	used.	Table	2	shows	the	cut-off	values	

for	all	the	different	profitability	measures.	So,	if	a	company	has	a	ROA	between	-20,75%	and	1,61%	it	
is	allocated	to	the	lowest	value	for	ROA.	

For	the	asset	strategy	measures	the	approach	has	been	different.	These	two	measures	are	the	
independent	variables	within	the	analysis	and	have	been	classified	to	five	different	classes,	as	can	be	
read	in	section	3.4.p	

4.5.2. Ordinal	Logistic	Regression	
As	 is	 explained	 in	 section	 3.4,	 the	 ordinal	 logistic	 regression	 is	 used	 to	 examine	 the	 relation	

between	the	independent	variables:	flexibility	and	competence	and	the	dependent	variable	efficiency	
and	profitability.	First,	the	flexibility	and	competence	are	tested	independently	from	each	other,	 in	
the	relation	with	efficiency.	After	that,	the	effect	of	both	independent	variables	together	are	tested.		

In	Figure	12	the	ordinal	logistic	regression	results	have	been	shown	for	the	relation	between	the	
flexibility	measure	and	the	efficiency.	It	can	be	seen	that	when	a	company	has	a	low	flexibility	score	it	
is	likely	to	score	a	low	value	for	efficiency,	whereas,	when	a	company	has	a	high	flexibility	it	is	more	
likely	to	score	a	higher	efficiency.	It	can	be	seen	that	with	a	minimum	flexibility,	chances	of	being	in	
the	highest	efficiency	bucket	are	approximately	2,5%.	With	a	 low	flexibility	these	chances	 increase	
with	103%	to	5,2%.	Having	a	medium	flexibility	increases	the	chances	of	being	in	the	highest	state	of	
efficiency	with	98%	to	10,2%,	relative	to	the	low	flexibility.	A	high	flexibility	will	increase	these	chances	
with	88%	compared	to	the	medium	flexibility,	to	19,3%.	Finally	having	a	maximum	flexibility	will	give	
a	company	a	33,3%	chance	of	being	in	the	highest	efficiency	state.	

 Current	
ratio	

ROA	 ROIC	 Operating	
profit	margin	

Solvency	
ratio	

ROCE	

Lower	bound	 29,29%	 -20,75%	 -24,93%	 -12,12%	 -31,76%	 -11,40%	

1st	quartile	range	 97,86%	 1,61%	 0,60%	 5,56%	 3,00%	 7,10%	

Median	 137,40%	 4,20%	 4,61%	 9,06%	 7,82%	 13,06%	

3rd	quartile	range	 198,05%	 7,46%	 10,30%	 14,75%	 16,74%	 23,40%	

Upper	bound	 831,19%	 28,48%	 59,87%	 72,62%	 126,29%	 101,88%	
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Figure	12:	Ordinal	Logistic	Regression	of	the	flexibility	on	efficiency	

Using	 ordinal	 logistic	 regression	 for	 the	 competence	measure	 for	 asset	 strategy,	 compared	 to	
efficiency,	gives	a	 similar	 result.	Again	having	high	competences	gives	 the	highest	chance	of	being	
efficient.	This	can	be	seen	in	Figure	13.		

	
Figure	13:	Ordinal	Logistic	Regression	of	the	competence	on	efficiency	

In	the	third	analysis	concerning	asset	strategy	and	efficiency	both	measures	are	incorporated	as	
two	descriptive	independent	variables.	Figure	14	shows	the	result	of	this	regression	analysis.	It	can	be	
seen	that,	in	line	with	the	previous	two	figures,	having	maximum	flexibility	and	very	high	competence	
gives	the	highest	chance	on	reaching	the	highest	state	of	efficiency.	It	is	also	noticeable	that	a	change	
from	high	flexibility	to	maximum	flexibility	increases	the	chance	on	being	in	the	highest	efficiency	state	
with	 11%,	whereas	 a	 change	 from	high	 competence	 to	 very	 high	 competence	 only	 increases	 that	
chance	with	1%.	The	chances	of	being	 in	 the	maximum	state	of	efficiency	have	been	 illustrated	 in	
Table	3.	
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Figure	14:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	efficiency		

Table	3:	Heatmap	for	the	chance	of	being	in	the	highest	state	of	efficiency	

	

The	same	reasoning	has	been	used	for	evaluating	the	correlation	of	the	asset	strategy	measures	
to	the	profitability	construct.	First	the	flexibility	measure,	then	the	competence	measure	is	compared	
to	the	profitability	ratios.	Examples	of	this	are	given	in	Figure	15	and	Figure	16.	The	other	ratios	can	
be	found	in	Appendix	F:	Ordinal	Logistic	Regression	of	Asset	strategy	measures	to	the	profitability.	The	
green	border	shows	that	the	p-value	for	these	relations	has	been	found	smaller	than	0,05.	This	means	
that	the	correlation	that	is	found	is	significant.	

	
Figure	15:	Ordinal	Logistic	Regression	of	the	flexibility	on	the	current	ratio	(l)	and	operating	profit	(r)		
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Figure	16:	Ordinal	Logistic	Regression	of	the	competence	on	the	return	on	assets	(l)	and	solvency	ratio	(r)		

The	logistic	regression	where	both	independent	variables	are	used	is	also	made	for	the	profitability	
construct.	It	is	found	that	the	flexibility	and	competence	measures	significantly	correlate	with	three	
of	the	six	profitability	ratios.	The	ROA,	Operating	profit	margin	and	the	ROCE	significantly	correlate	
with	the	asset	strategy	measures,	whereas	the	ROIC,	solvency	ratio	and	current	ratio	do	not.	All	figures	
can	be	found	in	Appendix	F:	Ordinal	Logistic	Regression	of	Asset	strategy	measures	to	the	profitability,	
the	three	that	correlate	can	be	 found	 in	Figure	17,	Figure	18	and	Figure	19.	The	heatmaps	 for	 the	
chance	of	being	 in	the	highest	state	have	been	given	 in	Appendix	G:	Heatmaps	 for	 the	statistically	
significant	profitability	ratios.	

	
Figure	17:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	operating	profit	

	
Figure	18:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	the	return	on	assets	
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Figure	19:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	the	return	on	capital	employed	

4.5.3. Linear	regression	
The	objective	for	the	linear	regression	is	to	see	whether	the	profitability	ratios	are	correlating	with	

the	efficiency	measure.	By	doing	so,	it	can	be	determined	what	ratios	affect	the	efficiency	measure	
and	what	ratios	are	not.	Because	the	profitability	construct	consists	of	a	ratio	analysis	incorporating	
six	ratios,	the	efficiency	will	be	tested	as	dependent	variables	with	six	independent	indicators.	As	can	
be	seen	in	Table	4,	three	indicators	have	a	p-value	lower	than	0,05.	In	linear	regression	the	p-value	
relates	 to	 the	 probability	 of	 observing	 any	 value	 equal	 or	 larger	 than	 the	 t-value.	 A	 small	 p-value	
indicates	 that	 it	 is	 unlikely	 to	 observe	 a	 relationship	 between	 the	 predictor	 (efficiency)	 and	 the	
response	variables	(profitability	ratios)	due	to	change.	Within	the	linear	regression	model,	it	can	be	
said	that	the	return	on	assets,	solvency	ratio	and	the	return	on	capital	employed	have	an	effect	on	the	
efficiency.	 Both	 the	 return	 on	 assets	 and	 the	 return	 on	 capital	 employed	 have	 a	 positive	 effect,	
whereas	the	solvency	ratio	has	a	negative	effect.		

Table	4:	Linear	regression	coefficients	table	of	efficiency	to	profitability	ratios	
 Estimate Std. Error t value p value 
(Intercept)	 0,47	 0,03	 13.85	 <2E-16	
Return	on	assets*	 1,58	 0,77	 2.05	 4,1E-2	
Current	Ratio	 0,00	 0,02	 0,05	 9,6E-1	
Return	on	invested	capital	 -0,25	 0,28	 -0,92	 3,6E-1	
Operating	profit	Margin	 -0,18	 0,25	 -0,73	 4,6E-1	
Solvency	Ratio*	 -0,43	 0,18	 -2.35	 1,9E-2	
Return	on	Capital	Employed*	 0,61	 0,19	 3.25	 1,3E-3	

4.6. Conclusion	
In	 this	 chapter	 the	 results	 are	 presented	 from	 the	 analysis	 tool.	 These	 results	 are	 structured	

following	the	in	Figure	3	presented	relations.	It	starts	with	the	visualisation	of	the	different	constructs	
in	 relation	 to	 each	 other.	 After	 that	 the	 regression	 results	 have	 been	 presented.	 First	 the	 ordinal	
regression	explaining	the	effect	of	asset	strategy	on	the	efficiency	and	profitability,	then	the	 linear	
regression	explaining	the	effect	of	profitability	on	efficiency.	The	ordinal	logistic	regression	is	first	done	
for	 both	 of	 the	 independent	 asset	 strategy	 variables	 separately	 and	 later	 these	 variables	 are	
combined.		

When	considering	the	link	between	the	effect	that	the	flexibility	measure	has	on	efficiency,	it	can	
be	seen	that	a	higher	flexibility	gives	a	higher	chance	on	being	in	a	higher	state	of	efficiency.	This	same	
result	also	accounts	for	the	competence	state,	where	a	higher	level	of	competence	causes	a	higher	



	 	 					27	

level	of	efficiency.	When	these	two	are	put	together	into	one	test,	for	both	an	increase	in	competence	
or	an	increase	in	flexibility	an	increase	is	found	for	the	chance	of	being	in	the	highest	level	of	efficiency.	
It	can	also	be	seen	that	the	flexibility	has	a	bigger	impact	on	the	chance	of	being	in	a	higher	efficiency	
state	 than	 the	 competence	 has.	 To	 illustrate,	 going	 from	high	 to	maximum	 flexibility	 -holding	 the	
competence	 level	at	maximum-	changes	the	chance	of	being	 in	the	maximum	efficiency	state	with	
11%,	 while	 going	 form	 high	 to	 maximum	 competence	 -holding	 the	 flexibility	 level	 at	 maximum-	
changes	the	chance	of	being	in	the	maximum	efficiency	state	with	1%.	

When	evaluating	the	impact	of	the	flexibility	and	competence	measure	on	the	profitability	ratios	
it	is	also	found	that	by	increasing	one	of	the	asset	strategy	measures,	the	chance	of	getting	in	a	higher	
efficiency	 state	 will	 increase.	 However,	 there	 has	 not	 been	 found	 a	 statistical	 significance	 for	 all	
profitability	ratios.	The	flexibility	measure	has	found	to	have	a	positive	effect	on	the	return	on	assets,	
operating	profit	margin,	solvency	ratio	and	return	on	capital	employed.	For	the	current	ratio	and	the	
return	on	 invested	capital,	 the	results	were	 inconclusive.	For	the	competence	measure	it	has	been	
found	that	this	measure	has	a	positive	influence	on	the	operating	profit	margin,	return	on	assets	and	
return	on	capital	employed.	For	the	current	ratio,	solvency	ratio	and	return	on	capital	employed	the	
results	were	statistically	inconclusive.	

When	these	two	measure	are	put	together	into	one	test,	both	measures	still	have	a	positive	effect	
the	efficiency.	It	is	found	that	the	two	measures	put	together	have	a	statistical	significant	correlation	
with	the	return	on	assets,	operating	profit	margin	and	return	on	capital	employed.	For	the	efficiency	
it	was	very	clear	that	the	flexibility	had	a	bigger	impact	on	the	chance	of	being	in	the	highest	state,	
than	the	competence	did.	For	the	operating	profit	margin	however	this	is	different.	It	can	be	seen	in	
Figure	 17	 that	 the	 competence	 has	 more	 influence	 on	 this	 profitability	 ratio	 than	 the	 flexibility	
measure	has.	The	heatmaps	for	the	chances	of	being	in	the	highest	state	of	these	three	profitability	
ratios	have	been	given	in	Appendix	G:	Heatmaps	for	the	statistically	significant	profitability	ratios.	
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Chapter	5. Segmentation	
In	this	chapter	the	segmentation	of	the	chemical	industry	is	elaborated	on.	First	the	choices	on	

the	 different	 segmentation	 criteria	 are	 explained.	 Then	 the	 results	 of	 these	 segmentations	 are	
presented.	 The	 chapter	 concludes	 with	 the	 link	 between	 the	 results	 of	 the	 previous	 chapter,	
incorporating	the	entire	industry	and	the	results	of	the	different	segments.	

For	 the	 segmentation	 it	 is	 chosen	 to	 use	 three	 different	 segmentation	 criteria.	 The	 first	
segmentation	 criterion	 is	 geographical	 location.	 The	 discrimination	 is	 made	 on	 the	 geographical	
location	of	a	company’s	headquarters.	The	different	segments	within	this	category	are:	Europe,	Asia,	
North-America	(called:	“USA”)	and	Other.	Within	the	segment	Other,	companies	have	been	allocated	
that	have	its	headquarters	in	Australia,	South	America	or	Africa.	This	has	been	done	to	increase	the	
amount	of	data	point	in	this	segment,	so	that	it	has	significant	discriminating	power.	

The	 second	segmentation	criterion	 is	 the	 location	within	 the	value	chain,	briefly	 introduced	 in	
Chapter	1.	This	consist	of	commodity	chemical	companies,	located	upstream	in	the	value	chain,	often	
characterized	 as	 high	 volume	 production	 industries.	 This	 also	 consists	 of	 specialty	 chemical	
companies,	 located	 downstream	 in	 the	 value	 chain,	 often	 lower	 in	 volume	 than	 the	 commodity	
companies,	 but	 with	 higher	 profit	margins	 and	more	 diversification	 in	 the	 product	 portfolio.	 This	
segmentation	also	 incorporates	diversified	companies.	These	companies	 can	be	 found	on	multiple	
locations	or	completely	across	the	value	chain.	Usually	these	are	the	larger	international	corporations	
that	include	a	wide	variety	of	different	activities	within	the	chemical	industry	spectrum.	

The	third	segmentation	criterion	is	the	chemical	multiverse	4.0	developed	by	Deloitte	(Deloitte	
Development	 LLP,	2017).	This	 segmentation	has	been	 introduced	by	Deloitte	as	a	 response	 to	 the	
experienced	 lack	 of	 differentiating	 power	 of	 the	 commercial	 segmentation.	 Companies	within	 the	
chemical	 industry	did	not	fit	 into	one	‘commercial	segment’	anymore	due	to	major	 investments	or	
divestment	over	time.	This	method	describes	a	new	form	of	segmentation	of	the	chemical	industry	
where	a	differentiation	is	made	based	on	quality	of	business	and	the	availability	of	financial	resources.	
The	quality	of	business	is	determined	using	financial	data	on	growth	and	potential,	and	availability	of	
financial	resources	is	a	static	snapshot	of	resources	that	can	only	be	spent	one	time.	Figure	20	shows	
how	the	different	categories	are	divided	over	the	two	differentiation	criteria.	

	
Figure	20:	Chemical	multiverse	segmentation	

The	strategic	leaders	are	the	companies	with	the	highest	amount	of	financial	resources	available.	
The	strong	options	are	companies	that	have	a	high	quality	of	business,	followed	by	the	middle	ground	
and	lastly	the	limited	options	with	a	low	quality	of	business	and	low	available	financial	resources.	As	
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mention	in	section	3.4	the	efficiency	has	been	recalculated	using	the	different	segments	as	separate	
samples.	Table	5		for	shows	the	number	of	observations	per	segment.	

Table	5:	Number	of	observations	per	segment	
Geographic	
segmentation	

Observations	 Commercial	
segmentation	

Observations	 Multiverse	
segmentation	

Observations	

Europe	 50	 Specialty	 137	 Strategic	leaders	 20	
USA	 63	 Commodity	 77	 Strong	options		 42	
Asia	 156	 Diversified	 18	 Middle	ground	 99	
Other	 23	 Other	 60	 Limited	options	 131	

5.1. Efficiency	
Within	 the	 different	 segmentations,	 companies	 receive	 different	 scores	 dependent	 on	 what	

segment	 criteria	 is	 used.	 As	 is	mentioned	 in	 section	 3.2,	 the	 efficiency	 score	 is	 dependent	 on	 the	
sample	it	is	reviewed	in.	When	the	sample	changes	size	or	information	within	the	sample	changes,	the	
scores	of	all	within	the	sample	change.	Therefore	the	efficiency	will	be	discussed	separately	from	the	
profitability	that	is	described	in	section	5.2.	An	example	to	show	how	the	measures	can	differ,	is	given	
in	Table	6.	

Table	6:	Example	of	difference	in	efficiency	measures	due	to	segmentation	

Company	 Geographic	Efficiency	 Commercial	Efficiency	 Multiverse	Efficiency	
Evonik	Industries	AG		 Europe	 0,76	 Diversified	 0,76	 Strategic	Leader	 0,71	
Koninklijke	DSM	N.V.		 Europe	 0,57	 Specialty	 0,57	 Limited	Option	 0,89	
Rongsheng	
Petrochemical	Co.	

Asia	 0,83	 Commodity	 0,74	 Middle	Ground	 0,72	

Quaker	Chem.	Corp.	 North-America	 1	 Specialty	 0,86	 Middle	Ground	 0,90	
5.1.1. Geographic	segmentation	

Within	the	geographic	segmentation	 four	different	segments	have	been	distinguished.	Europe,	
USA,	Asia	and	the	rest	of	the	world	as	Other.	First	an	ordinal	logistic	regression	has	been	performed,	
but	as	can	be	seen	in	the	example	shown	in	Table	7	the	findings	are	inconclusive	since	the	p-value	is	
too	 high	 and	 it	 is	 therefore	 not	 possible	 to	 reject	 the	 null	 hypothesis.	 Because	 these	 results	 are	
inconclusive,	a	linear	regression	model	is	made.	This	is	to	see	whether	this	method	can	be	used	to	say	
something	 about	 the	 segmentations.	 Because	 these	 results	 are	 also	 found	 within	 the	 different	
segmentations,	this	research	will	focus	on	a	different	regression	analysis.	

Table	7:	Values	and	p	values	for	ordinal	logistic	regression	of	flexibility	on	ROA	and	efficiency	

Flexibility	on	the	ROA	of	European	companies	 Flexibility	on	the	efficiency	of	Other	companies	
	 Value	 p	value	 		 Value	 p	value	
AlFLex	 0,33	 4,30E-1	 AlFLex	 -0,89	 1,70E-1	
1|2	 1,06	 7,59E-2	 1|2	 0,66	 6,44E-2	
2|3	 -0,04	 4,75E-1	 2|3	 -0,38	 1,91E-1	
3|4	 -0,93	 1,01E-1	 3|4	 -1,46	 5,54E-4	

Figure	21	shows	the	results	of	the	linear	regression	of	the	geographic	segmentation.	The	different	
lines	are	 the	 linear	 regression	 lines	 that	 represent	one	segment.	The	red	 line	represents	 the	Asian	
companies,	the	green	line	represents	the	European	companies	and	so	on.	The	slight	see	through	band	
around	the	 line	represents	the	95%	confidence	 interval.	Table	8	shows	the	corresponding	p-values	
generated	by	the	linear	model	coefficients.	All	segments	have	an	intercept	and	a	flexibility	row.	Every	
second	row	in	this	table	shows	the	p-value,	where	can	be	concluded	that		
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when	this	value	is	below	0,05,	the	correlation	between	the	efficiency	and	flexibility	of	this	segment	is	
significant.	

	
Figure	21:	Linear	regression	results	of	the	flexibility	on	the	geographic	efficiency	

Table	8:	Intercept	and	p-values	for	the	segments	of	the	flexibility	on	the	efficiency	

Segment	 	 Estimate	 Std.	Error	 p	value	
Europe*	 (Intercept)	 0,90	 0,09	 3,76E-14	

Flexibility	 0,43	 0,22	 5,81E-03	
North-America*	 (Intercept)	 0,93	 0,06	 1,20E-22	

Flexibility	 0,59	 0,16	 3,46E-04	
Asia*	 (Intercept)	 0,67	 0,05	 3,45E-28	

Flexibility	 0,18	 0,11	 2,47E-02	
Other	 (Intercept)	 0,94	 0,09	 5,23E-10	

Flexibility	 0,08	 0,20	 6,83E-01	
As	can	be	seen	in	Figure	21,	for	all	different	segments	it	is	still	applicable	that	increasing	flexibility	

presented	 in	equation	5,	 increases	the	efficiency.	Table	8	shows	that	the	results	 for	the	European,	
North-American	and	Asian	companies	are	significant,	whereas	the	results	for	the	other	companies	are	
not.	This	can	also	be	seen	in	Figure	21,	the	segments	with	a	*	in	the	legend	are	statistically	significant.	
This	is	due	to	the	amount	of	observations	in	the	sample.		

The	same	has	been	done	for	the	competence	measure.	This	asset	strategy	measure	has	also	been	
modelled	in	a	linear	regression.	This	can	be	seen	in	Figure	22.	The	results	of	the	p	values	in	Table	9,	
indicate	 that	 the	 correlation	 between	 the	 competence	 of	 European,	 North-American	 and	 Asian	
companies	is	significantly.	The	other	companies	are	not.	



*p-value	<	0.05	 	 					31	

	
Figure	22:	Linear	regression	results	of	the	competence	on	the	geographic	efficiency	

Table	9:	Intercept	and	p-values	for	the	segments	of	the	Competence	on	the	efficiency	

Segment	 	 Estimate	 Std.	Error	 p	value	
Europe*	 (Intercept)	 0,63	 0,04	 5,62E-15	

Competence	 2,03	 0,47	 1,54E-04	
North-America*	 (Intercept)	 0,72	 0,03	 1,03E-29	

Competence	 0,92	 0,24	 4,28E-04	
Asia*	 (Intercept)	 0,59	 0,02	 3,27E-48	

Competence	 0,26	 0,22	 2,51E-02	
Other	 (Intercept)	 0,94	 0,03	 1,54E-11	

Competence	 0,37	 0,40	 3,72E-01	
5.1.2. Commercial	segmentation	

When	comparing	the	commercial	segmentation,	companies	receive	a	new	efficiency	score.	These	
segments	are	the	commodity,	diversified,	specialty	and	other	segment.	The	amount	of	observations	
can	be	found	in	Table	5.	The	results	of	the	linear	regression	model,	where	the	effect	of	flexibility	on	
commercial	efficiency	is	visualised,	is	shown	in	Figure	23.	The	results	of	the	intercept	and	p-values	are	
shown	in	Appendix	H:	Linear	regression	graphs	for	flexibility	and	competence	to	profitability,	Table	
15.	

	
Figure	23:	Linear	regression	results	of	the	flexibility	on	the	commercial	efficiency	

As	 can	 be	 seen	 in	 Appendix	 H:	 Linear	 regression	 graphs	 for	 flexibility	 and	 competence	 to	
profitability,	only	the	results	of	the	specialty	and	diversified	segments	are	conclusive.	The	commodity	
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and	other	segments	have	a	p-value	above	 the	0,05	 threshold	and	 therefore	 these	null	hypotheses	
cannot	be	rejected.	The	same	analysis	has	been	done	for	the	competence	measure.	These	results	are	
visualised	in	Figure	24	and	the	intercept	and	p-values	can	be	found	in	Appendix	H:	Linear	regression	
graphs	for	flexibility	and	competence	to	profitability.	

	As	can	be	seen	in	Table	16,	for	this	analysis	only	the	specialty	segment	is	found	to	be	conclusive.	
The	other	three	segments	have	a	p-value	higher	than	0,05.		

, 	

Figure	24:	Linear	regression	results	of	the	competence	on	the	commercial	efficiency.	

5.1.3. Chemical	Multiverse	segmentation	
Within	the	chemical	multiverse	segmentation	there	are	four	different	segments:	strategic	leaders,	

strong	options,	middle	ground	and	limited	options.	The	number	of	observations	per	segment	can	be	
found	 in	 Table	 5.	 The	 chemical	multiverse	 segmentation	 has	 also	 been	 tested	 on	 the	 correlation	
between	 the	 asset	 strategy	 measures	 and	 the	 multiverse	 efficiency.	 The	 results	 of	 the	 flexibility	
measure	 on	 the	 multiverse	 efficiency	 can	 be	 found	 in	 Figure	 25.	 The	 results	 of	 the	 competence	
measure	on	the	multiverse	efficiency	can	be	found	in	Figure	26.	For	both	of	these	linear	regression	
models	the	tables	for	the	intercept	and	p-values	are	given	in	Appendix	H:	Linear	regression	graphs	for	
flexibility	and	competence	to	profitability.	

.	 	

Figure	25:	Linear	regression	results	of	the	flexibility	on	the	multiverse	segmentation	
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Figure	26:	Linear	regression	results	of	the	competence	on	the	multiverse	segmentation	

For	the	flexibility	measure	it	can	be	seen	that	the	p-value	does	not	exceed	the	threshold	for	the	
strategic	 leaders,	 strong	 options	 and	 middle	 ground,	 the	 results	 for	 the	 limited	 options	 are	
inconclusive.		For	the	competence	measure	it	can	be	seen	that	the	strategic	leaders	and	the	middle	
ground	results	have	a	p-value	below	the	0,05	threshold.	This	means	that	the	results	for	the	strategic	
leaders	and	middle	ground	can	be	considered	valid,	whereas	the	results	for	the	strong	options	and	
limited	options	cannot.	

5.2. Profitability	
For	 the	 profitability	 it	 is	 also	 tested	 if	 there	 is	 a	 linear	 correlation	 between	 the	 different	

segmentations	and	the	different	profitability	measures.	As	has	been	discussed	in	Chapter	4,	only	the	
return	on	assets,	operating	profit	margin	and	return	on	capital	employed	are	taken	into	account,	since	
these	three	measures	showed	correlation	with	the	entire	sample,	whereas	the	other	three	measures	
did	not.	The	linear	regression	has	been	done	using	the	same	method	as	used	in	the	previous	section.	
The	 linear	 regression	 lines	with	 corresponding	95%	confidence	bands	 can	be	 found	 in	Appendix	 I:	
Linear	regression	graphs	for	flexibility	and	competence	to	profitability.	Also	the	intercept	and	p-values,	
corresponding	to	these	linear	regression	lines	can	be	found	in	Appendix	I:	Linear	regression	graphs	for	
flexibility	and	competence	to	profitability.	 It	 is	 found	that	when	 introducing	the	segmentation,	 the	
results	on	whether	or	not	there	is	a	correlation	between	the	flexibility	or	competence	and	the	different	
profitability	 measures	 is	 inconclusive.	 All	 p-values	 are	 higher	 than	 the	 0,05	 threshold	 value.	 It	 is	
therefore	not	possible	to	segment	the	sample	using	the	segmentation	criteria	used	in	this	research	
and	to	be	able	to	discover	a	correlation.	

5.3. Conclusion	
Within	 this	 chapter	 the	 segmentation	 of	 the	 chemical	 industry	 has	 been	 described	 in	 three	

different	possibilities:	 a	 geographic	 segmentation,	 the	 commercial	 segmentation	and	 the	 chemical	
multiverse	segmentation.	These	all	exist	of	four	different	segments.	The	efficiency	for	every	separate	
segment	is	determined,	due	to	this	being	dependent	on	the	sample.		

When	comparing	the	newly	calculated	efficiency	to	the	flexibility	and	competence	measures	using	
the	segmented	data	samples,	it	is	noticeable	that	significance	is	not	always	found.	However,	several	
results	have	been	found	that	are	statistically	significant.	These	will	be	discussed	below.	

When	 comparing	 the	 efficiency	 to	 the	 flexibility	measure	within	 the	 segmented	 samples,	 it	 is	
found	that	European,	North-American	and	Asian	companies	that	an	increase	in	flexibility	causes	an	
increase	in	efficiency.	North-American	companies	would	have	the	most	benefit	of	decreasing	the	in	
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equation	5	presented	ratio,	followed	by	European	companies	and	lastly	Asian	companies	that	have	
the	lowest	absolute	benefit	from	decreasing	the	ratio.	For	the	commercial	segmentation	it	is	found	
that	considering	the	flexibility	measure,	diversified	and	specialty	chemical	companies	would	increase	
their	efficiency	when	increasing	its	flexibility.	The	commodity	and	other	companies	are	inconclusive	
on	this	measure.	For	the	chemical	multiverse	segmentation,	 it	 is	 found	that	the	flexibility	measure	
significantly	correlates	with	the	efficiency	for	the	strategic	leaders,	strong	options	and	middle	ground	
companies.	Only	for	the	limited	options	the	efficiency	does	not	correlate	with	the	flexibility	measure.	

When	 considering	 the	 competence	 measure,	 it	 has	 been	 found	 that	 a	 company	 with	 its	
headquarters	located	in	Europe,	North-America	or	Asia,	increasing	it	competence	would	also	increase	
its	 efficiency.	 	 For	 the	 segment	Other	 this	 is	 inconclusive	 on	 the	 correlation.	 It	 is	 also	 found	 that	
specialty	chemical	companies	would	benefit	from	increasing	their	efficiency	because	it	would	increase	
its	competence.	For	the	commodity,	diversified	and	other	companies	these	results	are	inconclusive.	
For	the	competence	measure	it	is	also	found	that	the	efficiency	of	strategic	leaders	and	the	middle	
ground	 companies	 positively	 correlate	with	 the	 competence	measure.	 For	 the	 strong	 options	 and	
limited	options	this	is	inconclusive.	An	overview	of	what	results	are	significant	and	which	are	not	is	
given	in	Appendix	J:	Statistically	significance	of	the	sub-samples	within	the	segmentation,	Table	22.	

The	profitability	has	also	been	tested	in	the	same	manner	as	the	efficiency.	First	an	ordinal	logistic	
regression	 has	 been	 performed	 for	 the	 different	 segments	 and	 later	 a	 linear	 regression,	 but	 both	
methods	have	not	been	successful	in	finding	significant	results.	
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Chapter	6. Time	series	analysis	
Within	 this	chapter	a	 time	series	analysis	has	been	performed.	First	 it	 is	explained	why	a	 time	

series	analysis	was	done.	Secondly,	choices	are	explained	on	the	method	that	have	been	used.	After	
that	the	Malmquist	Productivity	Index	(MPI)	is	explained.	This	chapter	concludes	with	the	results	of	
the	time	series	analysis	and	the	conclusion.	

The	time	series	analysis	is	a	vital	part	of	the	research.	In	order	to	support	the	hypothesis	that	there	
is	a	trend	of	going	asset	light,	this	will	be	tested	for	the	chemical	industry.	Within	this	chapter	it	will	
be	 investigated	 whether	 there	 is	 a	 trend	 noticeable	 where	 the	 average	 flexibility	 of	 companies	
increases	while	the	average	efficiency	holds,	or	 improves.	 It	can	also	be	that	the	average	flexibility	
holds	while	the	average	efficiency	improves.	The	competence	of	this	measure	has	not	been	taken	into	
account	 because	 the	 available	 data	 for	 this	 measure	 is	 between	 2013	 and	 2016.	 This	 results	 in	
insufficient	possibilities	to	test	the	hypothesis.	

For	the	time	series	analysis	it	has	been	chosen	to	use	the	same	approach	as	used	in	Chapter	4.	
This	means	that	an	ordinal	logistic	regression	will	be	performed	to	determine	the	chance	of	being	in	
the	desired	state,	given	the	level	of	flexibility.	This	causes	that	the	efficiency	scores	have	to	be	made	
ordinal.	It	is	again	chosen	to	divide	the	data	into	four	different	segments.	The	same	reasoning	accounts	
for	the	segmentation	of	the	data	as	in	Chapter	4.		

For	the	support	of	this	hypothesis,	data	has	been	used	of	the	last	12	years	within	the	dataset.	This	
means	that	the	years	between	2005	and	2016	will	be	taken	into	account.	Due	to	missing	data	this	was	
the	maximum	number	of	years	that	could	be	used	while	upholding	a	large	sample	size.	Within	this	
sample	146	companies	have	been	taken	into	account.	Because	choices	made	regarding	asset	strategy	
neither	have	the	impact	of	one	year	nor	the	payback	period	of	one	year,	it	is	chosen	to	split	the	data	
into	three	groups	of	four	years;	2005-2008,	2009-2012	and	2013-2016.	These	three	groups	have	been	
evaluated	on	flexibility,	efficiency	and	profitability.		

6.1. Malmquist	productivity	index	
The	efficiency	scores	have	been	recalculated,	because	the	efficiency	score	is	dependent	on	the	

sample	 size.	 Next	 to	 new	 efficiency	 scores	 also	 the	 efficiency	 scores	 are	 calculated	 for	 all	 the	
independent	12	years.	However,	due	the	characteristic	of	the	Data	Envelopment	Analysis	(DEA)	that	
the	efficiency	 score	will	 be	 sample-based,	 it	 is	 necessary	 to	 find	 the	 relation	between	 two	 sets	of	
efficiency	scores.	For	example,	if	something	changes	to	the	benefit	of	the	entire	industry,	it	might	be	
possible	 that	 the	 entire	 industry	 is	 significantly	 more	 efficient	 than	 the	 previous	 year.	 However,	
because	the	DEA	is	sample-based,	it	could	be	the	case	that	this	is	not	reflected	back	in	the	efficiency	
scores.	For	this	reason,	the	Malmquist	Productivity	Index	(MPI)	is	introduced.		

The	MPI	was	defined	by	Caves,	Christensen	and	Diewert	 (1982)	as	an	approach	 in	productivity	
measurement	over	time,	with	nonparametric	specifications	applied	to	micro	data.	 It	calculates	the	
relative	performance	of	a	DMU	at	different	periods	in	time	using	a	base	set.	This	base	set	is	in	this	case	
the	 set	 of	 inputs	 and	outputs	 for	 the	 year	 2005.	 It	 is	 often	 used	 to	measure	 the	 impact	 of	major	
national	or	worldwide	regulatory	changes	or	with	the	introduction	of	new	technologies	(Qazi	&	Yulin,	
2012),	(Kao,	2010).	

The	 Malmquist	 Productivity	 Indices	 have	 been	 calculated	 for	 every	 year	 using	 the	 software	
package	introduced	in	section	4.2,	using	2005	as	base	year.	The	results	of	the	productivity	index	can	
be	 found	 in	 Table	 10.	 These	 indices	 than	 give	 a	multiplier	 that	 is	 used	 to	 determine	 the	 relative	
efficiency	scores	for	all	years	accordingly.	
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Table	10:	Productivity	index	scores	and	according	multipliers	

Year	 2005-
2006	

2006-
2007	

2007-
2008	

2008-
2009	

2009-
2010	

2010-
2011	

2011-
2012	

2012-
2013	

2013-
2014	

2014-
2015	

2015-
2016	

	

Productivity	
Index	

-0,6%	 1,7%	 -7,8%	 -1,6%	 8,6%	 6,5%	 -1,8%	 5,6%	 0%	 4,8%	 6,7%	 	

Year	 2005	 2006	 2007	 2008	 2009	 2010	 2011	 2012	 2013	 2014	 2015	 2016	
Multiplier	 1,000	 0,994	 1,011	 0,932	 0,917	 0,996	 1,061	 1,042	 1,100	 1,100	 1,153	 1,230	

6.2. Results	
The	Malmquist	Productivity	Index	has	been	used	to	determine	the	relative	efficiency	scores	of	all	

separate	years,	relative	to	the	base	year	2005.	The	average	efficiency	scores	and	average	flexibility	
scores	can	be	found	in	Figure	27.	Then,	the	efficiency	and	flexibility	scores	are	comprised	to	the	groups	
of	four	years.	These	efficiency	and	flexibility	score	sets	are	visualised	using	boxplots,	in	respectively	
Figure	28	and	Figure	29.		

	
Figure	27:	Average	efficiency	and	flexibility	from	2005	to	2016	

	
Figure	28:	Boxplots	of	the	efficiency	score	over	the	different	time	period	
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s 	

Figure	29:	Boxplots	of	the	flexibility	score	over	the	different	time	periods	

It	can	be	seen	that	the	average	efficiency	slowly	increases	after	a	downturn	between	2005	and	
2008.	Next	to	that,	the	flexibility	is	slightly	decreasing.	In	Figure	28,	it	can	be	seen	that	the	median	and	
the	top	whisker	of	the	three	groups	of	efficiency	scores	increase	over	time.	The	increase	of	the	median	
shows	that	the	best	scoring	half	of	the	companies	score	higher	over	time,	given	that	all	companies	
have	 been	 given	 a	 MPI	 score.	 The	 increase	 in	 the	 top	 whisker	 shows	 that	 the	 best	 performing	
companies	 are	 increasing	 efficiency	 compared	 to	 the	 best	 performing	 companies	 of	 the	 previous	
period.	

Then,	an	ordinal	logistic	regression	for	the	relation	between	the	flexibility	and	efficiency	within	
the	three	groups	of	years	has	been	done.	The	full	results	can	be	found	in	Appendix	H,	the	maximum	
and	minimum	flexibility	results	are	shown	in	Figure	30.	

	
Figure	30:	Ordinal	logistic	regression	results	for	maximum	and	minimum	flexibility	over	time	

This	 figure	shows	that	companies	have	a	higher	probability	of	begin	efficient	when	 in	the	time	
frame	of	2013-2016	 than	 companies	had	 in	2005-2008.	The	difference	between	 the	probability	of	
being	efficient	with	a	maximum	flexibility	in	2005-2008	and	2013-2016	is	approximately	5,2%.	

The	 same	 analyses	 have	 been	 done	 for	 the	 profitability	 measures.	 However,	 no	 statistically	
significant	results	have	been	found	for	the	relation	between	flexibility	and	return	on	assets,	operating	
profit	margin	and	return	on	capital	employed,	over	time.		

When	looking	at	Figure	31	the	different	efficiency	and	flexibility	changes	over	time	are	depicted	
for	 the	commercial	 segmentation.	 It	can	be	seen	that	over	 time	the	Diversified	companies	are	the	
most	 efficient	 companies	 followed	 by	 the	 other	 companies,	 specialty	 companies	 and	 lastly	 the	
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commodity	companies.	However,	for	the	flexibility	of	these	segments,	it	can	be	seen	that	the	specialty	
companies	are	on	average	most	flexible,	followed	by	the	diversified,	other	and	commodity	chemicals.	

	
Figure	31:	Time	series	efficiency	and	flexibility	for	the	commercial	segmentation	

When	 looking	 at	 Figure	 32	 the	 different	 efficiency	 and	 flexibility	 scores	 are	 shown	 for	 the	
geographic	segmentation.	It	can	be	seen	that	the	European	and	North-American	companies	are	close	
in	the	efficiency	and	have	the	highest	average	flexibility.	The	Asian	and	other	companies	have	a	lower	
efficiency	and	lower	flexibility.	

	
Figure	32:	Time	series	efficiency	and	flexibility	for	the	geographic	segmentation	

When	 looking	 at	 Figure	 33	 the	 different	 efficiency	 and	 flexibility	 scores	 are	 shown	 for	 the	
multiverse	segmentation.	The	strategic	leaders	have	a	clear	lead	in	efficiency	followed	by	the	strong	
options.	However,	the	strong	options	are	more	flexible	followed	by	the	strategic	leaders.		

	

	
Figure	33:	Time	series	efficiency	and	flexibility	for	the	multiverse	segmentation	
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6.3. Conclusion	
Within	this	chapter,	first	the	new	data	separation	has	been	discussed.	Followed	by	the	methods	

used	to	prepare	the	data	for	the	analyses.	It	presents	the	MPI,	which	has	been	used	to	connect	the	
different	efficiency	score	sets.	It	then	continues	with	the	results,	showing	the	average	efficiency	and	
flexibility	over	time,	separated	into	the	different	groups.	Finally,	ordinal	logistic	regression	is	used	to	
determine	the	chances	of	being	in	a	determined	efficiency	state.	

It	can	be	seen	from	the	boxplots	that	there	is	a	slight	increasing	value	for	efficiency.	For	flexibility	
it	can	be	seen	that	the	value	for	the	second	group	is	lower	than	for	the	first,	but	the	last	group	has	the	
highest	median	value	for	flexibility,	as	opposed	to	the	hypothesis.	Using	ordinal	logistic	regression,	it	
has	been	shown	that	the	group	of	data	from	2013-2016	has	the	highest	chance	of	being	efficient.	For	
the	 relation	 between	 the	 flexibility	 measure	 and	 the	 profitability	 ratios,	 the	 results	 were	 not	
statistically	significant.		
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Chapter	7. Supply	chain	implications	
For	 the	 final	 part	 of	 this	 research	 recent	 supply	 chain	 trends	 and	 implications	 that	 are	

implemented	or	to	be	implemented	in	order	to	increase	flexibility	or	competence	are	identified.	A	file-
scraping	technique	is	used	to	determine	widely	supported	supply	chain	concepts	that	are	discussed	in	
the	annual	reports	of	chemical	companies,	these	concepts	are	used	as	input	for	expert	interviews,	to	
provide	more	research	insights	and	in	depth	experiences.	

7.1. File-scraping	
The	Deloitte	file-scraper	uses	annual	reports	to	provide	a	basis	for	understanding	the	strategies	

stated	by	the	complete	group	of	industries	as	a	whole	in	comparison	with	those	categorized	by	the	
chemical	industry.	The	file-scraping	technique	differs	from	the	wider	known	file-crawling	technique	in	
the	ability	to	extract	and	comprise	the	data,	 instead	of	 locating	it,	and	it	can	be	done	at	any	scale,	
rather	than	referring	to	data	usually	on	a	large	scale.	The	file	scraping	software	is	fed	with	over	100.000	
annual	reports	of	publicly	traded	companies	from	all	industries	and	industry	segments.		

With	artificial	 intelligence	technology,	created	by	a	specialized	Deloitte	team	of	data	scientists,	
the	file-scraping	system	identifies	different	strategy	categories	and	business	focusses	set	to	a	Deloitte	
world-wide	standard.	Strategy	decision	categories	 include:	Revenue	growth,	Operating	margin	and	
Asset	efficiency.	This	research	focusses	on	the	asset	efficiency	category	because	this	is	the	topic	that	
will	help	improve	the	two	asset	strategy	measures.	Next	to	that,	also	four	different	business	focusses	
have	been	identified	for	this	research,	within	the	standard	business	focusses.	These	are:	manufacture	
of	 basic	 metals,	 manufacture	 of	 basic	 pharmaceutical	 products	 and	 pharmaceutical	 preparations,	
manufacture	of	chemicals	and	chemical	products	and	manufacture	of	 rubber	and	plastic	products.	
5,2%	of	the	companies’	attention	was	placed	in	the	category	of	asset	efficiency	within	the	complete	
group	of	these	industries.	

1. Improving	Property	Plant	&	Equipment	efficiency	is	a	stable	topic	for	the	companies	within	all	these	
industries.	Within	the	researched	industries,	64,1%	of	the	companies	claim	that	equipment	&	systems	
is	a	main	part	of	corporate	strategy.	Within	this	part	the	most	mentioned	actions	are:	

1.1. Consolidate	IT	systems,	production	lines	and	service	mechanisms,	
1.2. Improve	maintenance	of	IT	systems,	
1.3. Increase	utilization	of	IT	systems	and	divest	low-utilization	IT	systems,	
1.4. Increase	utilization	and	use	of	flexible/expandable	production	equipment,	
1.5. Improve	effectiveness	of	plant	maintenance,	
1.6. Rationalize	and/or	refocus	product	and	service	portfolios.	

2. Next	to	the	equipment	&	systems	the	second	biggest	focus	 is	the	real	estate	&	infrastructure.	This	
category	is	mentioned	within	49,9%	of	all	researched	industries’	annual	reports	crawled.	Within	that	
category	the	most	important	strategies	mentioned	are:	

2.1. Reduce	number	of	data	centres,	branch	offices,	dealerships,	retail	outlets,		
2.2. Outsource	non-core	business	functions,	
2.3. Divest	low-utilization	infrastructure,	
2.4. Increase	use	of	leased	and	flexible	infrastructure,	
2.5. Develop	business	models	with	low	real	estate	requirements,	
2.6. Reconfigure	facilities/Increase	utilization	of	facilities.	

3. The	file-crawler	concluded	that	improving	inventory	efficiency	was	the	number	two	most	mentioned	
corporate	 strategy	with	 60,4%	 of	 the	 files	mentioning	 this	 strategy.	 The	most	 important	 category	
within	 this	 strategy	 is	 the	 finished	 goods	 inventory	management.	 For	 this	 category	 the	 following	
actions	have	been	named:	
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3.1. Rationalize	production	quantities	and	timing	(improve	inventory	planning),	
3.2. Divest	low-demand/obsolete	inventory,	
3.3. Consolidate	inventory,	
3.4. Improve	logistics/distribution	efficiency,	
3.5. Rationalize	and/or	refocus	customer	segments	and	distribution	channels,		
3.6. Rationalize	and/or	refocus	product	portfolio.	

4. The	second	most	important	category	for	this	strategy	was	the	work	in	progress	and	raw	materials.	This	
was	mentioned	within	60%	of	all	the	files	researched.	Important	actions	within	this	category	are:	

4.1. Manage	materials	sourcing	on	a	national/global	basis,	
4.2. Divest	obsolete	materials,	
4.3. Improve	terms	on	materials,	
4.4. Increase	utilization	of	standardized	components,		
4.5. Increase	emphasis	on	use	of	common	components,	
4.6. Increase	emphasis	on	designing	for	manufacturing	efficiency.	

7.2. Expert	interviews	
Expert	 interviews	 have	 both	 provided	 broadening	 insights	 for	 the	 research	 and	 in-depth	

experiences	 and	 insights	 on	 the	 supply	 chain	 implications	 for	 improving	 a	 company’s	 asset	
configuration.	 For	 this	 part	 both	 internal	 and	 external	 experts	 have	 been	 interviewed.	 In	 semi-
structured	 interviews,	 interviewees	were	asked	 to	give	a	vision	on	 the	optimal	asset	configuration	
within	the	chemical	industry	and	later	on	personal	experiences	in	supply	chain	actions	needed	to	reach	
this	optimal	asset	configuration.	In	total	five	chemical	industry	experts	were	interviewed	in	fourteen	
interviews	and	2	supply	chain	specialists	with	experience	in	the	chemical	industry	were	interviewed.		

Looking	back	in	the	history	of	the	chemical	industry,	companies	have	adopted	a	long	term	strategy	
altering	the	position	it	had	in	the	value	chain.	An	interviewee	stated:	“The	real	chemistry	is	located	in	
the	middle	of	the	value	chain,	with	high	process	costs	and	low	return”.	For	this	reason,	companies	
would	move	away	from	the	midstream	and	move	towards	the	consumer	or	towards	the	source.	Figure	
34	shows	an	example	of	 these	movements.	An	 interviewee	stated:	“Both	movements	 towards	 the	
commodity	segment	and	specialty	segment	can	be	found	throughout	time.	For	commodity	companies	
the	success	usually	lies	with	bulk	production,	delivering	high	volumes	of	standardized	products.	For	
specialty	 companies	 the	 success	 usually	 lies	 in	 increasing	 the	 value	 of	 the	 intermediary	 product,	
branding	and	selling	to	wholesalers	or	consumers.”		

	
Figure	34:	Example	of	backwards	and	forwards	integrated	companies	

When	considering	Porter’s	five	forces	model	(Porter,	1980),	both	of	these	movements	affect	the	
threats	 that	 companies	 face.	 Commodity	 companies’	 threats	 are	 buyers	 and	 substitutes,	 but	 the	
biggest	threat	comes	from	the	existing	competitors,	trying	to	‘win	territory’.	Raw	materials	prices	are	
watched	by	buyers,	governments,	 ‘the	public’	and	substitutes	might	have	the	power	to	disrupt	the	
entire	market	(energy	transition,	bio	degradable	plastics).	The	biggest	supplier	is	nature.	It	is	slowly	
becoming	scarce,	making	it	an	important	stakeholder	here.	Specialty	companies	have	more	diverse	
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threats.	Enormous	suppliers,	end	consumer	as	buyer,	new	entries	that	can	relatively	easy	penetrate	
the	market,	substitutes.	The	suppliers	are	usually	companies	with	high	selling	power.	The	buyer	is	the	
consumer	 (or	 a	 wholesaler	 in	 between),	 with	 lots	 of	 choices,	 preferences	 and	 irrational	 or	
subconscious	decision	making.	New	variations	on	products	can	relatively	easily	be	introduced.		

These	threats	need	to	be	mitigated	and	assets	are	used	to	do	so.	These	different	threat	profiles	
shown	 above,	 require	 different	 asset	 configurations	 in	 order	 to	 successfully	 mitigate	 these	 risks.	
Commodity	companies	reconfigure	their	asset	configuration	to	mitigate	for	threats:	

• Optimizing	the	resource	usage	by	investing	in	state-of-the-art	assets	that	minimizes	the	waste	of	
natural	resources	and	optimizes	use	of	capacity,	

• increasing	production	volumes	and	a	larger	buyer	portfolio	can	make	buyers	a	‘small	player’,	the	
negotiation	power	over	buyers	becomes	higher,	it	also	mitigates	the	risk	of	existing	companies,	

• new	entries	are	relatively	small	due	to	capital	investment	requirements,	when	they	form	a	threat	
companies	can	try	and	take	them	over	or	interfere	in	their	markets	to	out	compete	them.	

Specialty	chemical	companies	need	to	reconfigure	their	asset	configuration	the	same	as	commodity	
companies	but	for	different	threats:	

• Investing	in	brand	recognition,	Intellectual	Property,	research	and	development	and	other	forms	
of	 intangible	 assets	 that	 can	 give	 a	 competitive	 advantage	 relative	 to	 new	 entries,	 existing	
competitors	or	substitutes,	

• specialty	chemical	companies	need	to	be	flexible.	This	way,	when	faced	with	one	of	these	threats,	
it	is	able	to	shift	towards	a	more	desirable	state	without	being	held	back	by	capital	intensive	assets	
now	redundant.	

Although	 these	 threat	 profiles	 differ	 and	 the	 asset	 configuration	 differs	 accordingly,	 the	 experts	
interviewed	 state	 their	 beliefs	 in	 the	 asset	 measures	 for	 flexibility	 and	 competence	 presented	 in	
section	3.3	and	the	results	found	in	Chapter	4.	The	support	for	the	results	presented	in	Chapter	4	is	
due	 to	 indirect	experience	with	 these	measures.	The	 interviewees	have	experienced	projects	with	
different	objectives	but	where	improvements	to	these	measures	were	a	subsequent	result.		

The	experts	hypothesized	that	the	impact	of	increasing	flexibility	and	competence	would	be	higher	
for	specialty	companies	whereas	for	the	commodity	chemicals	this	was	of	less	value,	due	to	the	risk	
mitigation	decisions	both	segments	need	to	make.	

Although	the	results	found	in	Chapter	4,	are	supported	within	the	interviewed	community,	there	
was	one	remark	to	the	measures.	Assets	used	for	production	within	the	chemical	 industry,	usually	
need	to	have	high	utilization	rates	in	order	to	create	a	greater	value	than	the	cost.	This	means	that	
when	assets	are	only	used	for	research	and	development	are	too	expensive	for	companies	to	maintain.	
Exceptions	for	this	are	in	the	pharmaceutical	industry	and	in	some	cases	in	the	personal	care	industry.			
Outsourcing	or	discard	common	assets	to	improve	the	flexibility	of	the	company,	can	therefore	lead	
to	a	decrease	in	research	and	development	capabilities,	which	can	lead	to	a	decrease	in	competence.	
Here	a	correlation	is	hypothesized	between	the	flexibility	at	a	point	in	time	and	a	gradual	decrease	in	
competence.			

While	most	 of	 the	 insights	 gained	 from	 the	 file-crawler	 seem	 generic	 and	 ‘easy’,	 it	 has	 been	
confirmed	by	a	supply	chain	specialist	that	these	subjects	are	getting	a	lot	of	attention	within	chemical	
companies.	 Experts	 would	 also	 rank	 the	 average	 maturity	 of	 the	 supply	 chain	 within	 chemical	
companies	relatively	low,	due	to	the	main	focus	being	on	engineering	rather	than	supply	chain.	“These	
companies	emphasize	decision	making	on	 topics	as	product	quality	or	cost	competitiveness	 rather	
than	throughput	time	or	transportability”.	Both	the	industry	experts	and	the	supply	chain	specialists	
have	confirmed	these	topics,	while	near	optimal	in	industries	like	the	automotive,	are	still	very	much	
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daily	 issues	 within	 the	 chemical	 industry.	 For	 the	 flexibility	 measure	 the	 following	 bullets	 have	
specifically	been	mentioned	that	could	be	found	in	a	majority	of	the	projects	done	within	the	chemical	
industry:	 increasing	 utilization	 and	 use	 of	 flexible/expandable	 production	 equipment,	 rationalize	
and/or	 refocus	 customer	 segments	 and	 distribution	 channels,	 manage	 materials	 sourcing	 on	 a	
national/global	basis	 and	 Increase	emphasis	on	use	of	 common	components.	 For	 the	 competence	
measure	the	specifically	mentioned	bullets	were:	outsource	non-core	business	units	and	divest	low-
demand/obsolete	inventory.		

7.3. Conclusion	
Within	 this	 chapter	 a	 file	 scraping	 system	has	 been	 used	 to	 identify	 corporate	 strategy	 topics	

regarding	asset	efficiency.	These	topics	have	then	formed	the	basis	 for	expert	 interviews	to	create	
broadening	and	in	depth	insights	of	the	report.		

Asset	management	 is	 closely	 related	 to	 the	position	 in	 the	value	chain,	 the	corporate	 strategy	
therefore	has	major	impacts	in	the	direction	of	the	asset	management.	Although	it	is	shown	in	Chapter	
4	and	Chapter	5	 that	 improving	 the	competence	and	 flexibility	of	 companies	has	a	positive	 (or	an	
inconclusive)	effect	on	the	different	segments,	there	are	differences	in	how	to	exploit	assets	to	create	
sustainable	 competitive	 advantage.	 It	 is	 also	 hypothesized	 that	 the	 flexibility	 and	 competence	
measure	correlate	due	to	the	effect	flexibility	improving	actions	have	on	the	competence	over	time.		

While	most	 of	 the	 insights	 gained	 from	 the	 file-crawler	 seem	 generic	 and	 ‘easy’,	 it	 has	 been	
confirmed	by	supply	chain	specialists	that	these	subjects	are	getting	a	lot	of	attention	within	chemical	
companies.	 It	 is	 shown	 that	 recent	 projects	 have	 been	performed	by	Deloitte	 teams	on	 the	 asset	
management	relating	to	the	topics	shown	in	section	7.1.	
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Chapter	8. Conclusion,	recommendations	and	limitations	
This	last	chapter	describes	the	general	conclusions	as	they	are	formed	from	the	results	throughout	

this	research.	It	starts	with	the	conclusions	from	the	case	study	results,	followed	by	the	case	study	
segmentation	results.	It	then	continues	with	a	conclusion	on	the	time	series	analysis	and	the	supply	
chain	implications.	After	that	the	recommendations	and	limitations	of	the	research	are	given.	Within	
this	last	part,	also	directions	for	future	research	are	identified.	

8.1. Conclusion	
The	first	technique	used,	that	is	important	to	this	research,	is	the	technique	used	to	determine	

the	efficiency	of	a	 company.	This	has	been	 researched	 in	Chapter	2.	A	Data	Envelopment	Analysis	
(DEA)	has	been	chosen	as	the	most	effective	method	of	measuring	efficiency	within	a	sample.	This	
method	 resulted	 in	 a	 sample	 based	 efficiency	measure	 that	 reflected	 the	 specific	 company	 under	
review	in	contrast	to	the	rest	of	the	sample.	This	sample	consists	of	345	chemical	companies	but	due	
to	missing	data	only	292	companies	are	used	within	the	analyses.	

The	second	important	technique	used	for	this	research	is	the	method	of	quantifying	asset	strategy.	
This	 has	 been	 done	 by	 identifying	 two	 asset	 strategy	 concepts;	 flexibility	 and	 competence.	 The	
flexibility	measure,	measures	the	amount	of	fixed	assets	compared	to	the	total	amount,	resulting	in	a	
measure	 where	 can	 be	 seen	 how	 much	 a	 company	 is	 ‘restricted’	 to	 its	 fixed	 asset	 base,	 when	
challenged	with	change	from	in	or	outside	of	the	company.	The	competence	measure,	measuring	the	
return	on	invested	capital	relative	to	the	cost	of	capital,	shows	a	degree	of	competence	of	investing	
and	allocating	capital	in	an	effective	manner.	The	difference	that	is	not	measured	on	the	balance	sheet	
represents	 the	 level	 of	 competence	 a	 company	 has,	 which	 is	 mostly	 due	 to	 intangible	 assets	 as	
intellectual	property	or	employee	knowhow.	

For	 the	 profitability,	 ratios	 have	 been	 used	 that	 are	 widely	 supported	 within	 the	 accounting	
society.	Four	different	directions	of	profitability	are	defined	and	ratios	of	these	directions	have	been	
incorporated	in	the	analysis.	

The	most	important	result	is	the	ordinal	logistic	regression	analysis	that	has	been	done	across	the	
industry.	The	two	asset	strategy	measurements	have	been	categorised	into	five	categories	and	the	
efficiency	into	four	groups	of	25%	of	the	data	points.	The	results	of	this	can	be	found	in	Figure	35.	Both	
measurements	 have	 been	 found	 to	 be	 significantly	 and	 positively	 correlating	 with	 the	 efficiency.	
However,	as	can	be	seen	in	Figure	35,	the	flexibility	measure	has	more	influence	on	the	probability	of	
being	efficient	than	the	competence	measure	has.		

	
Figure	35:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	efficiency	
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Within	the	same	case	study,	also	the	relation	between	the	competence	and	flexibility	measure	
and	the	different	profitability	ratios	have	been	tested,	using	ordinal	logistic	regression.	Within	these	
analyses,	three	of	the	six	profitability	ratios	were	found	to	have	a	significant	relation	with	the	flexibility	
and	competence	measures.	These	are	shown	in	Figure	36,	Figure	37	and	Figure	38.		

	
Figure	36:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	operating	profit	

	
Figure	37:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	return	on	assets	

	 	
Figure	38:	Ordinal	Logistic	Regression	of	flexibility	and	competence	on	return	on	capital	employed	

From	these	figures	it	can	be	concluded	that	it	depends	what	performance	indicator	a	company	
pursues	 most,	 to	 determine	 what	 asset	 strategy	 measure	 is	 most	 important.	 For	 efficiency	 and	
operating	profit	it	is	easy	to	see	that	respectively	the	flexibility	and	competence	are	most	important.	
For	the	return	on	assets	and	return	on	capital	employed	it	can	be	seen	that	it	is	a	mix	of	both.	

Three	different	segmentations	of	the	chemical	industry	have	been	identified	in	Chapter	5.	The	first	
segmentation	 is	 the	commercial	 segmentation	consisting	of:	Commodity,	Diversified,	Specialty	and	
Other	companies.	The	second	segmentation	is	the	geographic	segmentations	distinguishing	European,	
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Asian,	 North-American	 and	 Other	 companies.	 The	 third	 segmentation	 is	 the	 chemical	 multiverse	
segmentation,	 discriminating	 the	 following:	 Strategic	 Leaders,	 Strong	Options,	Middle	Ground	and	
Limited	Options.		

New	efficiency	scores	have	been	determined	within	all	different	segments.	The	segments	have	
been	 analysed	 using	 the	 same	method	 as	 the	 sample	 without	 segmentation,	 namely	 the	 ordinal	
logistic	regression	method.	This,	however,	did	not	result	in	significant	results,	which	is	the	reason	that	
a	 linear	 regression	model	 has	 been	 introduced.	 This	 new	model	 did	 succeed	 in	 creating	 valid	 and	
significant	results.	

When	comparing	flexibility	to	efficiency	of	all	segments,	it	has	been	found	that	there	is	a	positive	
correlation	between	the	 increase	of	 flexibility	and	efficiency	 for	 the	 following	segments:	European	
companies,	 North-American	 companies,	 Asian	 companies,	 diversified	 companies,	 specialty	
companies,	strategic	leaders,	strong	options	and	middle	ground	companies.	For	these	segments	it	has	
been	 found	 that	 the	 flexibility	measure	 correlates	 significantly	with	 the	efficiency	measure.	When	
comparing	the	competence	to	the	efficiency	over	all	the	different	segments,	it	has	been	found	that	
there	is	a	positive	correlation	between	the	increase	in	competence	and	efficiency	for	the	following	
segments:	European	companies,	North-American	companies,	Asian	companies,	specialty	companies,	
strategic	leaders	and	middle	ground	companies.	The	differences	in	correlation	scores	and	relation	to	
the	asset	strategy	measures,	however,	can	be	found	in	Chapter	5.		

When	 investigating	 the	 relation	 between	 efficiency	 and	 profitability,	 it	 is	 found	 that	 three	
profitability	indicators	correlate	with	the	efficiency	measure,	this	can	be	found	in	section	4.5.3.	Within	
this	section,	it	can	be	read	that	the	return	on	assets,	solvency	ratio	and	return	on	capital	employed	
are	found	to	be	correlating	with	the	efficiency	measure.		

	 To	answer	the	main	question	of	this	research:		

Does	the	asset	configuration	of	chemical	companies	correlate	with	the	efficiency	and	
profitability,	are	there	differences	within	segments	of	the	chemical	industry	and	if	so,	what	supply	

chain	implications	underlie	this	effect?	

The	 results	have	shown	that	 increasing	 the	 flexibility	and	competence	of	a	 company	 increases	
both	efficiency	and	profitability.	So,	the	asset	configuration	of	chemical	companies	does	correlate	with	
the	efficiency	and	profitability.	Companies	should	therefore	incorporate	these	two	measures	within	
the	performance	evaluation	of	its	asset	strategy.	When	segmenting	the	chemical	industry,	differences	
are	 noticeable.	 The	 correlation	 tests	 between	 the	 asset	 strategy	measures	 and	 the	 efficiency	 and	
profitability	scores	of	the	different	segments	show	different	correlation	results.	However,	all	segments	
have	been	proven	to	correlate	positively	or	were	statistically	inconclusive.	The	supply	chain	decisions	
underlying	this	effect	can	be	categorised	into	two	fragments.	The	first	is	improving	plant	property	and	
equipment	 and	 the	 second	 by	 improving	 inventory	 efficiency.	 Companies	 should	 determine	what	
performance	 indicators	 are	most	 important	 to	 its	 evaluation	 process,	 follow	 the	 results	 from	 the	
analyses	done	within	this	research	and	then	determine	actions	provided	in	Chapter	7	to	achieve	these	
asset	strategy	improvements.	

All	in	all,	this	research	has	shown	that	the	asset	strategy	measures	correlate	with	the	profitability	
and	 efficiency	 of	 chemical	 companies.	 Dependent	 on	 the	 performance	 indicators	 that	 a	 company	
values	 most,	 it	 can	 be	 concluded	 whether	 the	 flexibility	 or	 competence	 of	 a	 company’s	 asset	
configuration	is	more	important.	This	research	contributes	to	the	decision	making	process	for	asset	
management	or	the	company	board,	regarding	whether	or	not	to	invest	in	assets	or	not.		
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8.2. Limitations	
With	an	industry	wide	analysis	of	the	chemical	industry	this	research	could	be	of	high	value	to	the	

incorporated	segments;	commodity,	diversified	and	specialty	chemicals.	A	limitation	however,	is	the	
exclusion	of	the	Oil	&	Gas	industry.	This	segment	was	not	part	of	the	dataset.	Because	this	is	a	segment	
of	the	industry	has	a	big	societal	impact,	it	would	have	had	added	value	if	this	would	was	incorporated.	

The	sample	size	and	data	quality	is	the	second	limitation	to	the	research.	In	Chapter	5	the	sample	
is	segmented	into	different	segments	and	therefore	the	sample	has	been	split.	These	new	segmented	
sample	sizes	were	in	some	cases	not	big	enough	to	be	able	to	say	something	about	the	analyses	that	
were	done	on	the	entire	sample.	Not	only	was	the	size	of	the	sample,	but	also	the	quality	of	the	data	
a	limitation	to	the	research.	The	amount	of	missing	data	caused	that	for	the	industry	wide	analyses	
only	292	of	the	in	total	345	companies	could	be	used,	which	is	a	loss	of	15%	of	the	data.	When	the	
time	series	case	study	was	introduced	this	number	reduced	to	146	companies,	which	is	a	loss	of	57%	
of	the	data	set.	It	is	now	found	that	the	results	for	the	relation	between	the	flexibility	measure	and	
the	profitability	ratios	is	inconclusive.	Having	a	higher	quality	data	set	might	have	changed	this	result.	

One	major	assumptions	during	the	research	is	the	easiness	and	costless	divestment	of	assets.	It	is	
assumed	that	when	a	company	decides	to	increase	its	flexibility,	by	divesting	or	discarding	fixed	assets,	
it	can	freely	and	easily	do	that.	In	reality	these	assets	could	not	be	this	easily	discarded.	Also,	some	
processes	 within	 the	 chemical	 industry	 might	 not	 be	 profitable	 at	 all.	 This	 would	 mean	 that	 all	
companies,	when	 following	 the	 conclusions	 and	 recommendations	of	 this	 research,	would	discard	
these	assets.	No	company	would	then	buy	the	assets	so	no	company	is	able	to	sell	them,	but	also	that	
would	mean	that	there	is	no	company	left	to	do	that	part	of	the	process.		

While	asset	strategy	is	an	important	part	of	the	corporate	strategy	and,	as	shown	in	this	research,	
correlates	 with	 the	 efficiency	 and	 profitability	 of	 companies,	 it	 is	 not	 the	 only	 predictor	 for	 the	
efficiency	and	profitability.	It	 is	therefore,	within	this	research,	not	possible	to	determine	causality.	
The	 research	 has	 limited	 itself	 to	 two	 independent	 variables.	 Including	 other	 factors	within	 asset	
strategy	might	have	increased	the	power	of	the	analyses.	

8.3. Contribution	and	recommendations	
Within	this	section,	first	scientific	contributions	are	given	that	have	been	presented	throughout	

this	research.	After	that	recommendations	are	given	aimed	at	Deloitte.	The	scientific	contributions	
reflect	 back	 on	 the	 proposed	 scientific	 relevance	 given	 in	 section	 1.5.1.	 The	 business	
recommendations	aim	at	providing	Deloitte	constructive	understanding	on	how	Deloitte	can	place	
and	use	this	research	in	its	extensive	knowledge	base.	

8.3.1. Scientific	contribution	
The	 first	 contribution	 within	 this	 category,	 is	 the	 researched	 relation	 between	 the	 asset-light	

strategy	 and	 the	 efficiency	 for	 the	 chemical	 industry.	 It	 is	 shown	 that	 there	 is	 a	 positive	 relation	
between	both	proposed	asset-light	measures	and	the	efficiency	measure	calculated	using	DEA.	The	
earlier	 proposed	 academic	 view	 on	 the	 asset-light	measure,	 later	 referred	 to	 as	 the	 competence	
measure,	has	been	researched	in	relation	to	the	efficiency	scores	using	DEA.	However,	this	relation	
has	not	yet	been	researched	within	the	chemical	industry.	This	research	therefore	contributes	to	the	
academic	literature	by	researching	this	link	within	the	chemical	industry.	The	results	of	this	known	link	
but	in	a	new	industry,	have	shown	that	it	is	in	line	with	the	results	proposed	by	for	example:	Gannon	
et	al.	(2010)	in	the	hotel	industry,	Liou	(2011)	in	the	telecommunication	industry	and	Wen	&	Cheng	
(2012)	in	the	semiconductor	industry.	

The	second	contribution	within	this	section	is	the	methodology	used	for	the	researched	topics.	
Most	papers	research	only	asset	strategy	on	efficiency	 (	 (Wen	&	Cheng,	2012),	 (Liou,	2011)),	asset	
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strategy	on	profitability	(	(Stricker,	Micali,	Dornfeld,	&	Lanza,	2017),	(Hey,	2017),	(Lavy,	Garcia,	&	Dixit,	
2014))	or	profitability	on	efficiency	((Smith,	1990),	(Thanassoulis,	Boussofiane,	&	Dyson,	1995),	(Chen	
&	McGinnis,	2007)).	This	research	combines	these	three	research	constructs	and	evaluates	all	links.	
These	 researched	 links	 combined	 with	 the	 novelty	 of	 the	 chemical	 industry	 environment,	 have	 a	
scientific	contribution	within	the	field	of	asset	management	and	performance	evaluation.	

8.3.2. Business	recommendations	
Deloitte	can	increase	the	sample	with	specific	focus	on	adding	strategic	 leaders	and	diversified	

companies.	When	these	analyses	can	be	performed	on	a	 larger	scale,	 the	 results	will	become	of	a	
higher	statistical	value.	Deloitte	could	also	extend	this	research	by	adding	more	independent	variables	
that	might	correlate	with	the	efficiency.	If	these	can	be	found	to	be	statistically	significant,	the	analysis	
tool	would	have	more	value	for	Deloitte.		

Deloitte	can	use	this	research	in	a	follow-up	study	where	it	is	attempted	to	find	causality	between	
asset	strategy	and	efficiency.	Deloitte	could	also	extend	the	research	done	and	emphasis	on	the	supply	
chain	implications.	This	way	a	heuristic	for	supply	chain	implications	can	be	created	with	specific	focus	
on	asset	management	for	when	companies	have	adopted	the	flexibility	and	competence	asset	strategy	
measures.		

It	would	increase	the	value	of	the	research	if	more	recent	data	was	added.	With	more	recent	data	
also	 a	 better	 view	 of	 the	 current	 situation	 can	 be	 constructed.	 Also	 incorporating	 the	 Oil	 &	 Gas	
segment	of	the	chemical	industry,	can	give	new	and	interesting	insights.	This	could	again	increase	the	
value	of	the	research	and	could	lead	to	new,	useful	insights	in	the	Oil	&	Gas	industry.		

In	 a	 follow-up	 study,	 Deloitte	 could	 research	 more	 factors	 that	 influence	 the	 efficiency	 and	
profitability	of	the	chemical	industry.	Deloitte	can	extend	on	this	research	by	framing	the	cost	impact	
that	changes	in	the	asset	strategy	would	have.	Also,	what	is	needed	to	achieve	these	changes	in	asset	
strategy	would	give	Deloitte	valuable	information.	

8.4. Future	research	
A	reaction	on	the	increase	of	flexibility	would	be	the	divestment	in	fixed	assets.	While	maintaining	

the	amount	of	assets	in	the	core	business,	this	would	result	in	a	strategic	positioning	that	is	a	smaller	
part	of	the	entire	value	chain.	Although	this	might	be	theoretically	plausible,	it	would	be	interesting	
to	 investigate	whether	 this	would	mean	 that	 the	 industry	 could	 fragment	 vertically,	 optimizing	 all	
fragments	separately.	Also,	 if	the	industry	gets	fragmented	vertically,	 it	 is	accepted	that	this	would	
cause	a	significant	gain	in	synergy	within	the	entire	value	chain.	

Within	this	research	the	oil	and	gas	segment	of	the	chemical	industry	has	not	been	incorporated.	
Due	to	it,	according	to	Deloitte	standards,	not	being	part	of	the	chemicals,	this	would	be	an	interesting	
segment	to	add	within	a	future	research.	Where	the	oil	and	gas	is	an	economic	and	societal	important	
industry,	it	is	interesting	whether	the	results	from	this	research	hold	for	that	segment.	

An	 interesting	and	currently	widely	 researched	 topic	 is	 the	 sustainability.	Due	 to	 the	 ‘negative	
societal	 reputation’	 the	 chemical	 industry	 could	 be	 an	 interesting	 industry	 to	 use	 the	 Data	
Envelopment	Analysis	and	incorporate	sustainability	factors.	Due	to	the	wide	variety	of	processes	and	
therefore	sustainability	implications,	it	is	important	that	good	segmentation	criteria	are	used	for	this	
industry	when	performing	such	an	analysis.	But	when	that	requirement	can	be	met,	an	industry	wide	
benchmark	could	be	of	high	value.	

An	 interesting	 direction	 would	 be	 to	 find	 other	 factors	 that	 can	 predict	 the	 efficiency	 and	
profitability	 of	 a	 company.	When	 these	 factors	 can	 be	 found,	 the	 analysis	 tool	 can	 have	 a	 higher	
predictive	power	and	possibly	causality	can	be	found.		 	
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Chapter	10. Appendices	

Appendix	A:	Deloitte	consulting	structure	breakdown	

Deloitte	Netherlands
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Figure	39:	Deloitte	consulting	structure	breakdown	
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Appendix	B:	Overview	of	commonly	used	financial	analysis	ratios	
Table	11:	Overview	of	the	ratios	and	formulas	used	within	ratio	analysis	

	

	

	

	 	

Ratio	 Formula	

Profitability	ratios		

Gross	profit	rate	 Gross	profit		 ÷ 		Net	Sales	

Return	on	Sales	 Net	Income	÷	Net	Sales	

Return	on	assets	 Net	Income	 ÷ 	Average	Total	Assets		

Return	on	stockholders’	equity	 Net	Income	 ÷ 	Average	Stockholders′	Equity	

Liquidity	ratios	

Current	Ratio	 Current	Assets	 ÷ 	Current	Liabilities	

Acid	Test	Ratio	 Quick	Assets	 ÷ 	Current	Liabilities	

Cash	Ratio	 (	Cash	 + 	Marketable	Securities	) 	÷ 	Current	Liabilities		

Net	Working	Capital	 Current	Assets	 − 	Current	Liabilities		

Efficiency	ratios	

Receivable	Turnover	 Net	Credit	Sales	 ÷ 	Average	Accounts	Receivable	

Return	on	Capital	Employed	 EBIT	 ÷ 	(Total	assets	 − 	Current	liabilities)	

Inventory	Turnover	 Cost	of	Sales	 ÷ 	Average	Inventory		

Accounts	Payable	Turnover	 Net	Credit	Purchases	 ÷ 	Average	Accounts	Payable	

Total	Asset	Turnover	 Net	Sales	 ÷ 	Average	Total	Assets	

Return	on	invested	capital	 Net	Income − Dividends ÷ 	(Total	Debt + Total	Equity)	

Leverage	ratios	
Type	equation	here.

	Debt	Ratio	 Total	Liabilities	 ÷ 	Total	Assets		

Equity	Ratio	 Total	Equity	 ÷ 	Total	Assets		

Debt-Equity	Ratio	 Total	Liabilities	 ÷ 	Total	Equity		

Solvency	Ratio	 (Net	Income + Non	cash	expenses) ÷ Total	liabilities		
Times	Interest	Earned	 EBIT	 ÷ 	Interest	Expense		
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Appendix	C:	Mathematical	deduction	of	the	Slack	Based	Measure	
The	sample	consists	of	n	DMUs	with	an	input	matrix	X	=	(xij)	ϵ	Rm*n	and	an	output	matrix	Y	=	(yij)	ϵ	

Rs*n,	with	m	inputs	and	s	outputs.	These	matrices	give	the	following	production	possibility	set	P:	

	 𝑃 = 𝑥, 𝑦 𝑥 ≥ 𝜆8𝑥8
d

845
, 0	 ≤ 𝑦 ≤ 𝜆8𝑦8

d

845
, 𝜆8 ≥ 0}		 (20)	

Here	λ	is	the	intensity	vector	λ	=	(λ1,	λ2,	…	,	λn)	where	λ	is	a	nonnegative	vector	in	Rn	and	in	order	to	
make	sure	that	the	model	has	the	variable	return-to-scale	possibility	a	constraint	is	imposed:	

	 λ8 = 1
d

845
	 (21)	

The	inequalities	in	equation	20	can	be	transformed	to	an	expression	for	describing	a	certain	DMU	as:	

	 𝑥 = λ8𝑥8 + 𝑠6g
d

845

7

645
, 𝑠g ≥ 0		 (22)	

	 𝑦 = λ8𝑦8 + 𝑠6h
d

845

3

645
, 𝑠h ≥ 0	 (23)	

where	si-	is	called	the	set	of	input	slacks	for	all	inputs	and	indicates	the	input	excess.	si+	is	called	the	
set	of	output	slacks	for	all	outputs	and	 indicates	the	output	deficit.	Using	these	slack	variables	the	
observed	efficiency	ρ	can	be	defined	as:	

	

𝜌 =
1 − 1

𝑚
𝑠6g
𝑥62

7
645

1 + 1
𝑠

𝑠1g
𝑦12

3
145

	 (24)	

Because	all	variables	are	greater	or	equal	to	zero,	it	can	be	seen	that	0	<	ρ	≤	1.	Equation	24	can	be	
transformed	into:	

	
𝜌 =

1
𝑚

𝑥62 − 𝑠6g

𝑥62

7

645
	∗

1
𝑠

𝑦12 + 𝑠1g

𝑦12

3

145

g5

	
(25)	

Where	in	the	first	term	the	ratio	(xi0	–	si-)/	xi0	considers	the	relative	reduction	rate	of	input	i	and	
the	second	term	(yr0	–	sr+)/	yr0	evaluates	the	relative	expansion	rate	of	output	r.	The	 inverse	of	the	
second	term	makes	sure	that	the	inefficiencies	are	measured.	So	ρ	can	be	seen	as	the	product	of	input	
and	output	inefficiencies.		

Subject	to	

	 𝑥6/ = 𝑥68𝜆8 + 𝑠6g
d

845
							(𝑖 = 1, … ,𝑚)	 (16)	

	 𝑦1/ = 𝑦18𝜆8 − 𝑠6h
d

845
							(𝑟 = 1, … , 𝑠)	 (17)	

	 𝜆8
d

845
= 	1					 (18)	

	 𝜆8 ≥ 0	 ∀𝑗 , 𝑠6g ≥ 0	 ∀𝑖 , 𝑠1h ≥ 0	 ∀𝑟 	 (19)	

	

𝜌 = min
o,3p,3q

1 − 1
𝑚

𝑠6g
𝑥6/

7
645

1 − 1
𝑠

𝑠1h
𝑦1/

3
145

	 (15)	
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Appendix	D:	List	of	technical	efficiency	scores	
Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	
#1	 Company	1	 100,0%	 #12	 Company	224	 88,7%	 #53	 Company	40	 64,9%	
#1	 Company	2	 100,0%	 #13	 Company	277	 88,4%	 #54	 Company	127	 64,1%	
#1	 Company	3	 100,0%	 #14	 Company	7	 86,4%	 #54	 Company	135	 64,1%	
#1	 Company	4	 100,0%	 #15	 Company	28	 85,3%	 #55	 Company	35	 64,0%	
#1	 Company	6	 100,0%	 #16	 Company	83	 85,2%	 #55	 Company	86	 64,0%	
#1	 Company	11	 100,0%	 #17	 Company	93	 84,5%	 #56	 Company	32	 62,4%	
#1	 Company	13	 100,0%	 #18	 Company	199	 82,5%	 #56	 Company	287	 62,4%	
#1	 Company	17	 100,0%	 #19	 Company	20	 82,3%	 #57	 Company	89	 62,1%	
#1	 Company	19	 100,0%	 #20	 Company	33	 82,1%	 #58	 Company	186	 61,8%	
#1	 Company	22	 100,0%	 #21	 Company	10	 81,6%	 #59	 Company	136	 61,1%	
#1	 Company	24	 100,0%	 #22	 Company	239	 81,5%	 #60	 Company	240	 61,0%	
#1	 Company	26	 100,0%	 #23	 Company	106	 81,4%	 #61	 Company	159	 60,8%	
#1	 Company	41	 100,0%	 #24	 Company	247	 79,6%	 #62	 Company	230	 60,7%	
#1	 Company	51	 100,0%	 #25	 Company	97	 78,5%	 #63	 Company	31	 60,6%	
#1	 Company	67	 100,0%	 #26	 Company	124	 78,4%	 #63	 Company	164	 60,6%	
#1	 Company	94	 100,0%	 #27	 Company	210	 78,0%	 #64	 Company	117	 60,4%	
#1	 Company	100	 100,0%	 #28	 Company	9	 77,7%	 #65	 Company	204	 60,0%	
#1	 Company	126	 100,0%	 #29	 Company	30	 76,9%	 #65	 Company	222	 60,0%	
#1	 Company	132	 100,0%	 #30	 Company	169	 76,8%	 #66	 Company	34	 59,0%	
#1	 Company	133	 100,0%	 #31	 Company	14	 76,5%	 #67	 Company	64	 58,4%	
#1	 Company	146	 100,0%	 #32	 Company	130	 74,2%	 #67	 Company	95	 58,4%	
#1	 Company	178	 100,0%	 #33	 Company	163	 73,5%	 #68	 Company	278	 58,3%	
#1	 Company	181	 100,0%	 #34	 Company	79	 73,1%	 #69	 Company	60	 57,8%	
#1	 Company	197	 100,0%	 #35	 Company	191	 72,8%	 #70	 Company	150	 57,5%	
#1	 Company	236	 100,0%	 #36	 Company	27	 72,0%	 #70	 Company	184	 57,5%	
#1	 Company	242	 100,0%	 #37	 Company	201	 71,8%	 #71	 Company	88	 57,1%	
#1	 Company	261	 100,0%	 #38	 Company	15	 71,0%	 #72	 Company	192	 56,6%	
#1	 Company	266	 100,0%	 #39	 Company	8	 70,4%	 #73	 Company	195	 56,5%	
#1	 Company	275	 100,0%	 #40	 Company	16	 70,2%	 #74	 Company	96	 56,3%	
#1	 Company	276	 100,0%	 #41	 Company	174	 69,6%	 #75	 Company	73	 55,9%	
#1	 Company	279	 100,0%	 #42	 Company	50	 69,5%	 #76	 Company	29	 55,8%	
#1	 Company	291	 100,0%	 #42	 Company	103	 69,5%	 #77	 Company	255	 55,5%	
#2	 Company	194	 97,9%	 #43	 Company	144	 69,4%	 #77	 Company	280	 55,5%	
#3	 Company	91	 97,3%	 #44	 Company	143	 68,0%	 #77	 Company	283	 55,5%	
#4	 Company	123	 96,0%	 #45	 Company	226	 67,7%	 #78	 Company	189	 55,3%	
#5	 Company	5	 94,9%	 #46	 Company	176	 67,1%	 #79	 Company	183	 54,9%	
#6	 Company	214	 94,3%	 #47	 Company	237	 67,0%	 #80	 Company	160	 54,7%	
#7	 Company	203	 94,0%	 #48	 Company	72	 66,8%	 #80	 Company	282	 54,7%	
#8	 Company	18	 93,2%	 #49	 Company	152	 66,4%	 #81	 Company	21	 54,5%	
#9	 Company	12	 92,9%	 #50	 Company	273	 65,9%	 #81	 Company	122	 54,5%	
#10	 Company	113	 91,0%	 #51	 Company	151	 65,1%	 #82	 Company	269	 54,4%	
#11	 Company	262	 90,6%	 #52	 Company	200	 65,0%	 #83	 Company	235	 54,2%	
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Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	
#84	 Company	161	 54,1%	 #117	 Company	44	 46,8%	 #151	 Company	125	 38,8%	
#85	 Company	140	 54,0%	 #117	 Company	155	 46,8%	 #151	 Company	216	 38,8%	
#86	 Company	162	 53,6%	 #118	 Company	274	 46,1%	 #151	 Company	245	 38,8%	
#87	 Company	81	 52,9%	 #119	 Company	70	 46,0%	 #152	 Company	220	 38,7%	
#87	 Company	105	 52,9%	 #120	 Company	104	 45,7%	 #153	 Company	87	 38,6%	
#88	 Company	25	 52,7%	 #121	 Company	177	 45,6%	 #154	 Company	258	 38,2%	
#89	 Company	38	 52,3%	 #122	 Company	221	 45,5%	 #155	 Company	49	 38,1%	
#90	 Company	45	 52,2%	 #123	 Company	257	 45,3%	 #156	 Company	42	 38,0%	
#91	 Company	153	 52,1%	 #124	 Company	207	 45,1%	 #156	 Company	75	 38,0%	
#92	 Company	36	 51,8%	 #125	 Company	253	 45,0%	 #157	 Company	109	 37,9%	
#93	 Company	215	 51,4%	 #126	 Company	244	 44,8%	 #158	 Company	256	 37,7%	
#94	 Company	84	 51,2%	 #127	 Company	23	 44,6%	 #159	 Company	59	 37,6%	
#94	 Company	110	 51,2%	 #128	 Company	111	 44,3%	 #159	 Company	62	 37,6%	
#95	 Company	119	 51,1%	 #129	 Company	108	 43,9%	 #159	 Company	157	 37,6%	
#95	 Company	168	 51,1%	 #129	 Company	243	 43,9%	 #159	 Company	218	 37,6%	
#96	 Company	213	 50,9%	 #130	 Company	173	 43,5%	 #160	 Company	249	 37,5%	
#97	 Company	251	 50,8%	 #131	 Company	265	 43,4%	 #161	 Company	227	 37,4%	
#98	 Company	55	 50,4%	 #132	 Company	241	 43,3%	 #162	 Company	78	 37,3%	
#99	 Company	37	 50,3%	 #133	 Company	156	 42,9%	 #163	 Company	171	 37,0%	
#99	 Company	264	 50,3%	 #134	 Company	102	 42,7%	 #163	 Company	179	 37,0%	
#100	 Company	206	 49,9%	 #135	 Company	98	 42,5%	 #163	 Company	211	 37,0%	
#101	 Company	129	 49,8%	 #136	 Company	66	 42,3%	 #164	 Company	56	 36,8%	
#102	 Company	69	 49,6%	 #136	 Company	76	 42,3%	 #165	 Company	71	 36,6%	
#103	 Company	43	 49,4%	 #136	 Company	188	 42,3%	 #166	 Company	252	 36,5%	
#104	 Company	219	 49,0%	 #136	 Company	246	 42,3%	 #167	 Company	248	 36,4%	
#105	 Company	92	 48,8%	 #137	 Company	47	 42,2%	 #167	 Company	259	 36,4%	
#106	 Company	90	 48,7%	 #138	 Company	54	 42,1%	 #167	 Company	284	 36,4%	
#107	 Company	145	 48,4%	 #139	 Company	139	 42,0%	 #168	 Company	141	 36,3%	
#107	 Company	223	 48,4%	 #140	 Company	285	 41,9%	 #169	 Company	58	 36,0%	
#108	 Company	142	 48,2%	 #141	 Company	53	 41,8%	 #169	 Company	158	 36,0%	
#109	 Company	46	 48,1%	 #142	 Company	270	 41,6%	 #169	 Company	217	 36,0%	
#110	 Company	165	 48,0%	 #143	 Company	52	 41,5%	 #170	 Company	182	 35,6%	
#111	 Company	166	 47,7%	 #143	 Company	107	 41,5%	 #171	 Company	190	 35,5%	
#111	 Company	254	 47,7%	 #144	 Company	234	 40,7%	 #172	 Company	268	 35,2%	
#112	 Company	172	 47,6%	 #145	 Company	134	 39,9%	 #172	 Company	281	 35,2%	
#113	 Company	250	 47,5%	 #146	 Company	48	 39,6%	 #172	 Company	288	 35,2%	
#114	 Company	170	 47,4%	 #146	 Company	77	 39,6%	 #173	 Company	149	 35,1%	
#114	 Company	187	 47,4%	 #147	 Company	260	 39,4%	 #174	 Company	118	 34,9%	
#115	 Company	39	 47,0%	 #148	 Company	267	 39,3%	 #175	 Company	114	 34,8%	
#115	 Company	65	 47,0%	 #149	 Company	202	 39,1%	 #176	 Company	61	 34,6%	
#115	 Company	292	 47,0%	 #150	 Company	63	 38,9%	 #177	 Company	80	 34,0%	
#116	 Company	68	 46,9%	 #150	 Company	228	 38,9%	 #178	 Company	137	 33,7%	
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Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	 Rank	 Name	 Efficiency	
#179	 Company	115	 33,2%	 #190	 Company	209	 29,6%	 #202	 Company	82	 24,2%	
#179	 Company	232	 33,2%	 #191	 Company	138	 29,4%	 #202	 Company	225	 24,2%	
#180	 Company	208	 33,1%	 #192	 Company	131	 29,0%	 #203	 Company	212	 23,9%	
#181	 Company	57	 32,9%	 #193	 Company	121	 28,5%	 #204	 Company	233	 23,8%	
#182	 Company	120	 32,1%	 #193	 Company	175	 28,5%	 #205	 Company	99	 23,4%	
#183	 Company	128	 31,8%	 #194	 Company	229	 27,8%	 #206	 Company	272	 23,2%	
#183	 Company	185	 31,8%	 #195	 Company	85	 27,6%	 #207	 Company	290	 22,6%	
#184	 Company	271	 31,4%	 #196	 Company	193	 26,7%	 #208	 Company	148	 22,4%	
#185	 Company	101	 31,3%	 #197	 Company	289	 26,4%	 #209	 Company	231	 20,9%	
#186	 Company	286	 30,6%	 #198	 Company	198	 26,2%	 #210	 Company	112	 20,8%	
#187	 Company	205	 30,5%	 #199	 Company	147	 25,2%	 #211	 Company	180	 19,4%	
#188	 Company	74	 30,3%	 #200	 Company	238	 24,6%	 #212	 Company	116	 18,8%	
#188	 Company	263	 30,3%	 #201	 Company	167	 24,4%	 #213	 Company	196	 18,4%	
#189	 Company	154	 29,9%	 	      
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Appendix	E:	Scatterplots	relating	the	different	constructs		

	

Figure	40:	Scatterplots	of	all	profitability	measures	to	the	efficiency	measure	
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Figure	42:	Scatterplots	of	all	profitability	measures	to	the	competence	measure	

Figure	41:	Scatterplots	of	all	profitability	measures	to	the	flexibility	measure	
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Appendix	F:	Ordinal	Logistic	Regression	of	Asset	strategy	measures	to	the	profitability	

	

Figure	43:	Ordinal	logistic	regression	of	flexibility	on	the	different	profitability	ratios	
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Figure	44:	Ordinal	logistic	regression	of	competence	on	the	different	profitability	ratios	
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Appendix	G:	Heatmaps	for	the	statistically	significant	profitability	ratios	
Table	12:	Heatmap	for	the	chance	of	being	in	the	highest	state	of	return	on	assets	

  Competence	
	  Max	 high	 Medium	 Low	 Very	Low	

Fl
ex
ib
ili
ty
	 Maximum	 77%	 59%	 39%	 22%	 11%	

High	 71%	 52%	 33%	 18%	 9%	
Medium	 65%	 45%	 27%	 14%	 7%	
Low	 58%	 38%	 21%	 11%	 5%	
Very	Low	 51%	 31%	 17%	 8%	 4%	

Table	13:	Heatmap	for	the	chance	of	being	in	the	highest	state	of	operating	profit	margin	

  Competence	
	  Max	 high	 Medium	 Low	 Very	Low	

Fl
ex
ib
ili
ty
	

Maximum	 79%	 59%	 36%	 18%	 8%	
High	 77%	 57%	 34%	 16%	 7%	
Medium	 75%	 54%	 31%	 15%	 6%	
Low	 73%	 51%	 29%	 14%	 6%	
Very	Low	 71%	 49%	 27%	 13%	 5%	

	

Table	14:	Heatmap	for	the	chance	of	being	in	the	highest	state	of	return	on	capital	employed	

  Competence	
	  Max	 high	 Medium	 Low	 Very	Low	

Fl
ex
ib
ili
ty
	 Maximum	 88%	 82%	 74%	 63%	 51%	

High	 73%	 63%	 51%	 39%	 28%	
Medium	 50%	 38%	 28%	 19%	 13%	
Low	 27%	 19%	 12%	 8%	 5%	
Very	Low	 12%	 8%	 5%	 3%	 2%	
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Appendix	H:	Linear	regression	graphs	for	flexibility	and	competence	to	profitability	
Table	15:	Intercept	and	p-values	for	the	flexibility	on	the	commercial	segmentation	

Segment	 	 Estimate	 Std.	Error	 p	value	
Diversified	 (Intercept)	 1,15	 0,07	 1,94E-11	

Flexibility	 0,59	 0,17	 3,85E-03	
Specialty	 (Intercept)	 0,80	 0,04	 2,76E-39	

Flexibility	 0,52	 0,12	 3,48E-05	
Commodity	 (Intercept)	 0,70	 0,07	 2,97E-14	

Flexibility	 0,07	 0,15	 6,51E-01	
Other	 (Intercept)	 0,73	 0,04	 4,82E-35	

Flexibility	 0,02	 0,11	 1,86E-01	
	

Table	16:	Intercept	and	p-values	for	the	competence	on	the	commercial	segments	

Segment	 	 Estimate	 Std.	Error	 p	value	
Diversified	 (Intercept)	 0,92	 0,03	 1,14E-13	

Competence	 0,42	 0,59	 4,91E-01	
Specialty	 (Intercept)	 0,60	 0,02	 3,15E-56	

Competence	 1,32	 0,22	 3,97E-08	
Commodity	 (Intercept)	 0,64	 0,03	 8,89E-24	

Competence	 -0,01	 0,21	 9,77E-01	
Other	 (Intercept)	 0,67	 0,04	 3,45E-28	

Competence	 0,47	 0,11	 2,42E-01	
Table	17:	Intercept	and	p-values	for	the	flexibility	on	the	multiverse	segmentation	

Segment	 	 Estimate	 Std.	Error	 p	value	
Strategic	Leader	 (Intercept)	 1,10	 0,10	 1,16E-09	

Flexibility	 0,70	 0,25	 1,11E-02	
Strong	Options	 (Intercept)	 0,98	 0,06	 1,31E-19	

Flexibility	 0,43	 0,16	 1,00E-02	
Middle	Ground	 (Intercept)	 0,83	 0,06	 3,65E-26	

Flexibility	 0,33	 0,14	 1,85E-02	
Limited	Options	 (Intercept)	 0,68	 0,05	 5,12E-27	

Flexibility	 0,13	 0,11	 2,55E-01	
	

Table	18:	Intercept	and	p-values	for	the	competence	on	the	multiverse	segmentation	

	Segment	 	 Estimate	 Std.	Error	 p	value	
Strategic	Leader	 (Intercept)	 0,80	 0,04	 1,44E-12	

Competence	 1,14	 0,40	 1,22E-02	
Strong	Options	 (Intercept)	 0,82	 0,04	 1,29E-16	

Competence	 0,64	 0,39	 1,13E-01	
Middle	Ground	 (Intercept)	 0,71	 0,02	 5,73E-38	

Competence	 0,97	 0,24	 1,70E-04	
Limited	Options	 (Intercept)	 0,63	 0,02	 1,65E-47	

Competence	 0,01	 0,21	 9,77E-01	
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Appendix	I:	Linear	regression	graphs	for	flexibility	and	competence	to	profitability	

	
Figure	45:	Flexibility	on	return	on	assets	for	the	different	segmentations	

	
Figure	46:	Flexibility	on	Operating	Profit	Margin	for	the	different	segmentations	

	

	
Figure	47:	Flexibility	on	Return	on	Capital	Employed	for	the	different	segmentations	
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Figure	48:	Competence	on	Return	on	assets	for	the	different	segmentations	

	
Figure	49:	Competence	on	Operating	Profit	Margin	for	the	different	segmentations	

	

	

Figure	50:	Competence	on	Return	on	Capital	Employed	for	the	different	segmentations	
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Table	19:	Intercept	and	p-values	for	the	flexibility	on	return	on	assets	for	all	segments	

Flexibility	on	return	on	assets	
Segment	 	 Estimate	 Std.	Error	 p	value	

EU	 (Intercept)	 0,05	 0,03	 7,83E-02	
Flexibility	 0,01	 0,08	 9,26E-01	

USA	 (Intercept)	 0,05	 0,01	 1,88E-06	
Flexibility	 0,01	 0,02	 7,58E-01	

ASIA	 (Intercept)	 0,03	 0,02	 8,53E-02	
Flexibility	 -0,03	 0,05	 4,94E-01	

Other	 (Intercept)	 0,06	 0,04	 9,31E-02	
Flexibility	 0,02	 0,09	 8,05E-01	

Segment	 	 Estimate	 Std.	Error	 p	value	
Commodity	 (Intercept)	 0,07	 0,02	 4,19E-03	

Flexibility	 0,01	 0,05	 7,88E-01	
Specialty	 (Intercept)	 0,04	 0,01	 9,31E-05	

Flexibility	 0,01	 0,03	 7,88E-01	
Diversified	 (Intercept)	 0,07	 0,02	 3,08E-03	

Flexibility	 0,06	 0,05	 2,35E-01	
Segment	 	 Estimate	 Std.	Error	 p	value	

Strategic	Leader	 (Intercept)	 0,09	 0,02	 1,45E-03	
Flexibility	 0,07	 0,06	 2,77E-01	

Strong	Options	 (Intercept)	 0,04	 0,02	 7,57E-02	
Flexibility	 -0,06	 0,06	 3,35E-01	

Middle	Ground	 (Intercept)	 0,06	 0,02	 4,96E-04	
Flexibility	 0,01	 0,04	 6,96E-01	

Limited	Options	 (Intercept)	 0,03	 0,01	 1,21E-02	
Flexibility	 -0,02	 0,03	 5,62E-01	

Table	20:	Intercept	and	p-values	for	the	flexibility	on	operating	profit	margin	for	all	segments	

Flexibility	on	Operating	Profit	Margin	
Segment	 	 Estimate	 Std.	Error	 p	value	

EU	 (Intercept)	 0,10	 0,04	 1,24E-02	
Flexibility	 0,02	 0,09	 8,18E-01	

USA	 (Intercept)	 0,08	 0,02	 1,08E-04	
Flexibility	 0,06	 0,04	 1,68E-01	

ASIA	 (Intercept)	 0,11	 0,03	 4,05E-04	
Flexibility	 0,04	 0,07	 5,76E-01	

Other	 (Intercept)	 0,14	 0,06	 2,94E-02	
Flexibility	 -0,03	 0,14	 8,49E-01	

Segment	 	 Estimate	 Std.	Error	 p	value	
Commodity	 (Intercept)	 0,07	 0,04	 1,05E-01	

Flexibility	 0,11	 0,09	 1,95E-01	
Specialty	 (Intercept)	 0,12	 0,02	 5,05E-11	

Flexibility	 -0,04	 0,05	 3,47E-01	
Diversified	 (Intercept)	 0,10	 0,03	 7,15E-03	

Flexibility	 0,01	 0,08	 9,10E-01	
Segment	 	 Estimate	 Std.	Error	 p	value	

Strategic	Leader	 (Intercept)	 0,11	 0,03	 1,54E-03	
Flexibility	 0,10	 0,08	 2,29E-01	

Strong	Options	 (Intercept)	 0,11	 0,03	 8,48E-04	
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Flexibility	 0,05	 0,08	 5,56E-01	
Middle	Ground	 (Intercept)	 0,10	 0,03	 2,97E-04	

Flexibility	 0,02	 0,06	 7,49E-01	
Limited	Options	 (Intercept)	 0,07	 0,02	 2,70E-03	

Flexibility	 0,07	 0,05	 1,60E-01	
Table	21:	Intercept	and	p-values	for	the	flexibility	on	the	return	on	capital	employed	for	all	segments	

Flexibility	on	Return	on	Capital	Employed	
Segment	 	 Estimate	 Std.	Error	 p	value	

EU	 (Intercept)	 0,23	 0,05	 1,45E-04	
Flexibility	 -0,16	 0,14	 2,58E-01	

USA	 (Intercept)	 0,16	 0,03	 3,83E-06	
Flexibility	 -0,01	 0,07	 8,86E-01	

ASIA	 (Intercept)	 0,34	 0,05	 8,41E-10	
Flexibility	 -0,36	 0,12	 4,09E-03	

Other	 (Intercept)	 0,20	 0,07	 6,64E-03	
Flexibility	 -0,09	 0,16	 5,62E-01	

Segment	 	 Estimate	 Std.	Error	 p	value	
Commodity	 (Intercept)	 0,12	 0,06	 5,25E-02	

Flexibility	 0,13	 0,12	 2,73E-01	
Specialty	 (Intercept)	 0,30	 0,03	 5,92E-15	

Flexibility	 -0,37	 0,10	 2,02E-04	
Diversified	 (Intercept)	 0,26	 0,06	 4,87E-04	

Flexibility	 -0,25	 0,15	 1,10E-01	
Segment	 	 Estimate	 Std.	Error	 p	value	

Strategic	Leader	 (Intercept)	 0,58	 0,11	 4,44E-05	
Flexibility	 -0,81	 0,27	 8,98E-03	

Strong	Options	 (Intercept)	 0,29	 0,05	 6,27E-07	
Flexibility	 -0,17	 0,13	 2,11E-01	

Middle	Ground	 (Intercept)	 0,18	 0,05	 1,70E-04	
Flexibility	 -0,03	 0,11	 7,72E-01	

Limited	Options	 (Intercept)	 0,14	 0,03	 2,50E-06	
Flexibility	 -0,02	 0,06	 7,98E-01	
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Appendix	J:	Statistically	significance	of	the	sub-samples	within	the	segmentation	
	

Table	22:	Visualization	of	statistically	significant	sub	samples	within	Chapter	5	

	 	 Flexibility	 Competence	

Geographic	
efficiency	

European	 	Significant	 	Significant	
North	American	 	Significant	 	Significant	

Asian	 	Significant	 	Significant	
Other	 	Not	significant	 	Not	significant	

Commercial	
efficiency	

Commodity	 	Not	significant	 	Not	significant	
Diversified	 	Significant	 	Not	significant	
Specialty	 	Significant	 	Significant	

Other	 	Not	significant	 	Not	significant	

Multiverse	
efficiency	

Strategic	Leader	 	Significant	 	Significant	
Strong	options	 	Significant	 	Not	significant	
Middle	ground	 	Significant	 	Significant	

Limited	options	 	Not	significant	 	Not	significant	

	

Appendix	H:	Ordinal	logistic	regression	results	for	the	time	series	analysis	

	
Figure	51:	Ordinal	logistic	regression	results	for	all	flexibility	buckets	for	the	time	series	analysis	

	


