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	 I	

I	Abstract		

Industrial	 symbiosis	 involves	 cooperation	 by	 exchanges	 of	 resources	 between	 companies,	 and	
furthermore	 develops	 regional	 competitiveness	 and	 increase	 new	 business	 opportunities.	 To	
consider	the	definition	of	industrial	symbiosis	within	a	company,	and	allow	innovations	in	circular	
economy	and	resource	usage,	creates	opportunities	for	a	company	to	grow	businesses	by	reaching	
economic	development	and	increased	efficiency.		
	
The	 research	 questions	 investigate	 how	 a	 business	 model	 develops	 cooperation	 between	 a	
recycling	 company,	 an	 energy	 company	 and	 a	 real	 estate	 manager,	 in	 manner	 of	 connections	
between	relevant	businesses	in	industrial	symbiosis.	A	case	study	with	the	three	companies	Ragn-
Sells,	 E.ON	 and	 Väderholmen	 AB	 is	 accomplished,	 with	 divisions	 of	 six	 responsibility	 roles	 to	
maintain	 cooperation	 in	 development	 of	 industrial	 symbiosis	 between	 the	 three	 companies	 in	
Broporten,	Upplands-Bro.	Broporten	is	a	projected	area	in	Upplands-Bro	and	this	report	 is	made	
as	 a	 step	 to	 implement	 industrial	 symbiosis	 in	 the	 area.	 The	 result	 shows	 that	 cooperation	
between	 three	 main	 partners;	 recycling	 company,	 energy	 company	 and	 real	 estate	 company,	
leads	 to	an	effective	 implementation	of	 industrial	 symbiosis	 since	 the	 individual	core	businesses	
have	useful	supplement.	The	industrial	symbiosis	in	Broporten	can	be	developed	and	maintained	
by	 the	 three	 cooperating	 companies	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 by	 using	 a	 canvas	
business	model	supporting	the	cooperation.	Different	scenarios	show	how	responsibility	roles	can	
be	divided	between	the	three	key	partners	and	depends	on	decision	of	chosen	scenario.	The	most	
successful	 scenario	 is	 when	 Väderholmen	 AB	 is	 Park	 coordinator,	 because	 Park	 coordinator	 is	
close	to	Väderholmen	AB’s	core	business.	Network	coordinator	is	suitable	for	both	Ragn-Sells	and	
E.ON	since	they	already	are	involved	in	geopolitical	framework.	It	results	in	following	division;		

• Ragn-Sells	as	Recycling	company,	Knowledge	company	and	Network	coordinator	
• E.ON	as	Infrastructure	company,	Process	industry	company	and	Network	coordinator	
• Väderholmen	AB	as	Park	coordinator	

The	role	as	network	coordinator	should	only	correspond	to	one	Key	Partner.		
	
Potential	 businesses	 for	 implementation	 of	 industrial	 symbiosis	 in	 Broporten	 are	 a	 cluster	with	
greenhouse,	slaughterhouse,	dairy,	bakery	and	brewery,	beneficently	located	close	to	a	combined	
heat	and	power	plant	(CHP	plant).	The	total	maximum	margin	of	yearly	output	of	district	heating	
from	the	CHP	plant	 to	 the	 five	priority	 industries	demand	are	3.6%,	and	11%	for	electricity.	The	
total	 maximum	 margin	 of	 yearly	 output	 of	 organic	 fertilizer	 from	 the	 biogas	 plant	 to	 the	 five	
priority	industries	demand	are	0.4%.	The	total	maximum	margin	of	yearly	input	of	biological	waste	
from	 the	 five	 priority	 industries	 to	 the	 biogas	 plant	 is	 4.1%.	 It	 leads	 to	 questions	 regarding	 the	
relevance	of	E.ON’s	biogas	in	Broporten.	Potential	dimensions	suitable	for	Broporten	are	5000	m2	
for	greenhouse,	5000	m2	for	slaughterhouse,	40,000	m2	for	dairy,	15,000	m2	for	bakery	and	10,000	
m2	for	brewery.	
	
Key	 words:	 Industrial	 symbiosis,	 Canvas	 business	 model,	 responsibility	 roles,	 implementation,	
energy	and	material	flows	 	
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II	Sammanfattning	

Begreppet	 industriell	 symbios	 innefattar	 flöden	av	resurser	 i	 form	av	energi	och	material	mellan	
industrier,	skapat	genom	fungerande	samarbeten.	Att	applicera	cirkulära	resursflöden	och	cirkulär	
ekonomi	 inom	 en	 organisation	 ger	 möjlighet	 till	 regional	 konkurrenskraft	 med	 potential	 för	
effektivitet	 och	 ekonomisk	 tillväxt,	 tillsammans	 med	 hållbarhet	 inom	 sociala	 och	 ekologiska	
faktorer.	
	
Frågeställningen	undersöker	hur	en	affärsmodell	kan	utvecklas	för	att	understödja	ett	samarbete	
mellan	ett	återvinningsföretag,	ett	energiföretag	och	en	fastighetsägare	rörande	utvecklingen	av	
industriell	 symbios.	 En	 fallstudie	 är	 gjord	 specifikt	 för	 de	 tre	 företagen	 Ragn-Sells,	 E.ON	 och	
Väderholmen	 AB.	 Sex	 olika	 ansvarsroller	 är	 specificerade	 och	 uppdelade	 mellan	 de	 tre	
samarbetspartners	 för	 att	 vidare	 skapa	 en	 effektiv	 implementering	 av	 industriell	 symbios	 i	
Broporten,	Upplands-Bro.	Broporten	är	en	projekterad	area	i	Upplands-Bro	och	denna	rapport	är	
avsedd	 att	 vägleda	 implementering	 av	 industriell	 symbios	 på	 området.	 Olika	 scenario	 beskriver	
hur	 ansvarsfördelningen	 kan	 utformas	 mellan	 de	 tre	 huvudparterna.	 Den	 mest	 effektiva	
uppdelningen	uppkommer	från	scenario	1,	eftersom	parkkoordinator	är	snarlik	Väderholmen	ABs	
kärnverksamhet.	Nätverkskoordinator	är	en	passande	roll	för	både	Ragn-Sells	och	E.ON,	eftersom	
de	redan	är	involverade	inom	geopolitiska	områden.	Följande	uppdelning	är	rekommenderad:		

• Ragn-Sells	som	Återvinningsföretag,	Kunskapsföretag	och	Nätverkskoordinator		
• E.ON	som	Infrastrukturföretag,	processindustriföretag	och	Nätverkskoordinator		
• Väderholmen	AB	som	Parkkoordinator			

Nätverkskoordinator	ska	endast	tillfalla	en	av	huvudparterna.		
	
Resultatet	 visar	att	ett	 samarbete	mellan	 tre	generella	huvudparter;	ett	 återvinningsföretag,	ett	
energiföretag	och	en	fastighetsägare,	 leder	 till	en	effektiv	 implementering	av	 industriell	 symbios	
eftersom	 deras	 kärnverksamheter	 kompletterar	 varandra	 effektivt	 rörande	 industriell	 symbios.	
Industriell	 symbios	 i	 Broporten	 kan	 skapas	 genom	 ett	 samarbete	 mellan	 Ragn-Sells,	 E.ON	 och	
Väderholmen	 AB	 baserat	 på	 en	 gemensam	 affärsmodell	 Canvas.	 Industrier	 med	 potential	 att	
införas	 i	 Broporten	 är	 växthus,	 slakthus,	mejeri,	 bageri	 och	bryggeri,	 vilka	med	 fördel	 placeras	 i	
närheten	 av	 ett	 kraftvärmeverk.	 Ju	 fler	 relevanta	 energi-	 och	 materialflöden	 mellan	 industrier,	
desto	bättre	anpassning	för	industriell	symbios.		
	
Maximal	 mängd	 biologiskt	 avfall	 från	 de	 fem	 prioriterade	 industrierna	 och	 vidare	 använt	 i	
biogasanläggningen	 produktion	 är	 4.1	 %.	 De	 använder	 0.4	 %	 av	 producerat	 biogödsel	 från	
biogasanläggningen,	 3.6	 %	 av	 producerat	 fjärrvärme	 och	 11	 %	 av	 producerad	 elektricitet	 från	
kraftvärmeverket.	 Detta	 leder	 till	 frågetecken	 rörande	 huruvida	 E.ONs	 biogasanläggning	 är	 en	
relevant	investering	i	Broporten.	Beräkningar	av	massflöden	mellan	de	prioriterade	industrierna	i	
Broporten	 påvisar	 en	 dimensionering	 av	 industrierna	 till	 5000	 m2	 för	 växthus,	 5000	 m2	 för	
slakthus,	40,000	m2	för	mejeri,	15,000	m2	för	bageri	och	10,000	m2	för	bryggeri.	
	
Nyckelord:	 Industriell	 symbios,	 Canvas	 affärsmodell,	 ansvarsroller,	 implementering,	 energi-	 och	
materialflöden		
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	 1	

1 Introduction	

Environmental	impact	has	become	a	more	significant	global	issue	than	ever	before.	The	industries	
have	reached	a	point	where	linear	flows	are	no	longer	possible	to	manage	a	business	in	order	to	
maintain	sustainability.	Sustainability	together	with	new	technology	and	value	driven	business	are	
required	 if	 environmental	 impacts	 should	 be	 reduced	 and	 to	 ensure	 the	 company's	
competitiveness.	 Opportunities	 for	 companies	 to	 achieve	 operation	 more	 with	 less	 are	 a	
fundamental	condition	to	the	scarce	supply	of	natural	resources	(Lacy,	et.al,	2014).	
	
In	 the	 context	 appears	 the	 term	 industrial	 symbiosis,	 which	 can	 appear	 internal	 in	 a	 company,	
between	 companies	 or	 at	 regional	 and	 global	 basis.	 Industrial	 symbiosis	 takes	 place	 among	
companies	 or	 organizations	 with	 ecology	 incitement.	 The	 definition	 of	 industrial	 symbiosis	 is	
according	 to	Lombardi	&	Layborn	 (2012)	a	network	of	different	organizations,	made	 in	order	 to	
create	eco	innovation	and	long-term	culture	change	by	shared	knowledge,	values	and	transactions	
between	 organizations.	 It	 results	 in	 improvements	 in	 businesses	 and	 technical	 processes.	
Furthermore,	a	circular	approach	can	be	used	as	a	competitive	advantage	(Lombardi	&	Layborn,	
2012).		
	
To	implement	the	concept	of	circular	economy	and	circular	resource	usage	gives	opportunities	for	
companies	 to	 reach	 economic,	 environmental	 and	 social	 sustainability,	 furthermore	 used	 as	
competitive	 advantage	 against	 competitors	 (Lacy,	 et.al.,	 2014).	 An	 important	 factor	 for	 success	
within	circular	recycling	is	timing	of	investment.	Policymakers	have	demands	to	avoid	depleting	of	
natural	 resources,	 and	 a	 company	 can	 therefore	 become	 more	 interesting	 to	 the	 customer	 if	
contribution	to	reduced	environmental	 impact	 is	shown	(Lacy,	et.al.,	2014;	Ragn-Sells,	2016).	To	
ensure	 remained	 competitiveness	 in	 the	 global	 market,	 Sweden	 has	 to	 create	 new	 business	
models	 (Mirata	&	Martinsson,	 2016).	 The	 resource	exchange	develops	 regional	 competitiveness	
and	 brings	 new	 working	 and	 market	 opportunities,	 generating	 profits	 for	 all	 parts	 with	
economical,	social	and	environmental	benefits	as	an	outcome	(Baumgarten	&	Nilsson,	2014).	

1.1 Aims	
The	aim	of	this	report	is	to	enable	implementation	of	industrial	symbiosis	in	Broporten,	Upplands-
Bro	 municipality.	 The	 aim	 is	 to	 find	 connections	 between	 cooperating	 companies	 to	 maintain	
industrial	symbiosis,	and	to	find	quantified	data	 intend	to	create	a	foundation	of	how	to	further	
facilitate	 relevant	 symbiosis	 relationships.	 The	 project	 is	 made	 by	 an	 initiative	 of	 Ragn-Sells	 in	
order	 to	 find	a	 reachable	solution	 for	 the	 implementation	of	 industrial	 symbiosis	 in	cooperation	
with	 E.ON	 and	 Väderholmen	 AB	 in	 the	 area	 Broporten,	 Upplands-Bro	 municipality.	 The	
implementation	 of	 industrial	 symbiosis	 is	 an	 elongated	 subject	 depending	 on	 corporations	 and	
acceptance	 from	 both	 society	 and	 companies.	 The	 project	 is	 made	 as	 groundwork	 for	 further	
development,	 and	 the	 business	 models	 are	 made	 for	 cooperation	 to	 maintain	 a	 successful	
symbiosis.		 	
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1.2 Research	questions	
	

1. How	 can	 a	 Canvas	 business	 model	 be	 developed	 for	 cooperation	 between	 a	 recycling	
company,	an	energy	company	and	a	real	estate	manager	in	industrial	symbiosis?	
	

2. What	 connections	 and	 flows	 can	 be	 discovered	 between	 relevant	 businesses	 within	
industrial	symbiosis?		
	

1.3 Objectives	
How	can	industrial	symbiosis	be	developed	in	Broporten,	Upplands-Bro	municipality,	Stockholm?		
	

- Canvas	 business	 model:	 Maintain	 cooperation	 between	 companies	 responsible	 for	 the	
implementation.	Present	three	business	models,	one	for	each	of	the	potential	cooperating	
companies	Ragn-Sells,	E.ON	and	Väderholmen	AB,	in	order	to	find	a	manageable	setup	to	
enable	implementation	of	industrial	symbiosis	in	Broporten.		

	
- Scenario:	Present	three	scenarios	for	Väderholmen	AB´s	role	in	the	industrial	symbiosis	in	

Broporten,	in	order	to	provide	Väderholmen	AB	with	accurate	information	to	facilitate	the	
process	of	industrial	symbiosis.		

	
- Energy	and	material	 flow:	Find	potential	 infrastructure,	 identify	 industries	with	potential	

for	industrial	symbiosis	and	propose	the	industries	location	in	the	area.	
	

- Quantified	 energy	 and	mass	 calculations:	 Calculate	mass	 flows	 between	 industries	 with	
potential	for	industrial	symbiosis	and	energy	suppliers,	to	demonstrate	demands	of	flows	
and	to	find	corresponding	dimensions	of	the	industries.	

1.4 Scope	
Time	used	for	this	report	is	limited	to	20	weeks.	The	research	questions	are	based	on	three	core	
businesses	recycling	company,	energy	company	and	real	estate	manager.	The	case	study	is	based	
on	the	three	companies	Ragn-Sells,	E.ON	and	Väderholmen	AB.	The	three	main	actors	are	chosen	
because	 of	 geographical	 connections,	 relevant	 core	 business	 connections	 and	 common	 value	
connections.	Canvas	business	model	is	used	to	maintain	cooperation	between	the	three	parts,	and	
chosen	because	of	relevance	to	industrial	symbiosis.	No	other	business	models	are	considered	in	
the	report.		
	
Energy	 and	material	 flows	 are	 based	 on	 specific	 businesses	 that	 have	 the	 potential	 to	 become	
implemented	 in	 the	 area	 based	 on	 geographical	 availability,	 as	 well	 as	 relevant	 flows	 in	
production.	The	energy	flows	are	limited	to	district	heating,	steam,	gas,	and	cold.	Material	flows	
are	 limited	 to	 biological	waste,	 organic	 fertilizer,	 CO2,	 fresh	water	 and	 cold	water.	 Assumptions	
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and	mean	values	are	made	in	order	to	get	average	data	for	each	branch,	to	reach	an	overview	of	
demand	and	supply.	Numbers	of	data	vary	between	different	companies	within	the	same	branch,	
depending	on	proportions	and	circumstances.	Energy	and	mass	calculations	are	made	for	the	five	
most	 relevant	 businesses,	 because	 of	 time	 limitations	 and	 concentration	 on	 the	 industries	with	
highest	relevance	in	the	result.		
	
Broporten	 is	 located	 in	Upplands-Bro,	 northern	part	 of	 Stockholm	County,	 Sweden.	 The	map	 in	
Figure	1	shows	the	area	of	Broporten,	divided	into	three	parts.	Väderholmen	AB	owns	the	land	in	
Stage	 1	 and	 Stage	 3.	 Upplands-Bro	 municipality	 owns	 the	 land	 in	 Stage	 2	 (Ragn-Sells,	 E.ON	 &	
Väderholmen	AB,	2015).	
	

	
Figure	 1	 Shows	a	map	over	 the	potential	 industrial	 symbiosis	 in	Broporten.	 The	black	 lines	 represent	 potential	
roads	in	Broporten.	

Broporten	is	a	projected	area	of	420,000	m2,	divided	into	85	potential	properties	of	approximately	
5000	 m2	 each.	 To	 find	 potential	 dimension	 of	 including	 businesses	 for	 each	 property	 area	 are	
businesses	 within	 the	 quantitative	 study	 concentrated	 to	 5000	 m2.	 Further	 market	 analysis	 is	
required	to	reach	particular	areas	of	 including	businesses	to	find	relevant	production	dimension.	
Energy	 and	material	 flows	 are	 quantified	 per	 property	 area	 of	 5000	m2	 to	 allow	 Broporten	 to	
include	 every	 potential	 dimension	 of	 businesses	 and	 production	 quantities	 based	 on	 relevance.	
Högbytorp	 landfilling	 and	 recycling	 facility	 is	 not	part	 of	 the	 spatial	 scope	of	 implementation	of	
industrial	symbiosis	 in	Broporten,	but	used	for	connection	to	waste	management	and	owned	by	
Väderholmen	AB.	
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2 Methodology	

A	 literature	 study	 and	 a	 case	 study	 answer	 to	 the	 research	 questions	 and	 objectives.	 For	 the	
methodology	path,	see	Figure	2.	
	

	
Figure	2	Methodology	path.	

Several	examples	of	existing	industrial	symbiosis	are	studied	in	an	explorative	literature	study	with	
scientific	 articles	 and	 reports,	 i.e.	 qualitative	 study,	 to	 achieve	 an	 overview	 of	 the	 research	
questions,	 to	 adapt	 the	 Canvas	 business	 model	 for	 developing	 industrial	 symbiosis	 between	 a	
recycling	company,	an	energy	company	and	a	 real	estate	manager.	Both	primary	and	secondary	
methods	 are	 used	 in	 order	 to	 gather	 data;	 interview	 methodology	 as	 primary	 method	 and	
document	gathering	methodology	as	secondary	method.	To	map	industrial	symbiosis	as	a	concept	
in	 Sweden	 is	 a	 literature	 study	 performed,	 together	 with	 an	 unstructured	 interview	 with	 the	
recycling	company	Econova.	The	 interview	 is	held	over	 telephone	with	open	questions,	 to	allow	
the	 interviewer	to	explain	the	vision	from	Econova	regarding	 industrial	symbiosis,	without	being	
directed	by	the	questions.	Documentation	of	the	interview	is	made	during	the	interview	through	a	
written	 document,	 see	 Appendix	 XI	 Interview	 with	 Ian	 Hamilton,	 Miljöintegratör	 Econova,	 and	
further	proofread	by	the	interviewee	before	published	in	the	report.	Source	criticism	pervades	the	
entire	conversation.		
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A	 case	 study	 adapts	 the	 Canvas	 business	 model	 with	 the	 concept	 of	 industrial	 symbiosis	 for	 a	
recycling	 company,	 an	 energy	 company	 and	 a	 real	 estate	manager.	 The	 case	 study	 consists	 of	
three	 Swedish	 companies	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 and	 is	 based	 on	 Broporten	 in	
Upplands-Bro.	Data	gathering	about	the	three	companies	core	businesses	and	values	are	made	as	
guidelines	 to	 create	 a	 foundation	 for	 sustainable	 cooperation.	 Empirical	 contributions	 based	on	
visions	and	values	give	an	objective	insight	in	energy	and	material	flows	between	customers	in	the	
park.		

2.1 Case	study	Broporten	
An	exploratory	case	study	allows	analytical	generalizability	where	the	cooperation	between	Ragn-
Sells,	 E.ON	 and	 Väderholmen	 AB	 together	 with	 the	 implementation	 of	 industrial	 symbiosis	 is	
studied	 to	achieve	authentic	 knowledge	and	 solutions	 for	 the	accomplishment.	 Three	 individual	
Canvas	 business	 models	 clarify	 how	 to	 manage	 the	 implementation	 of	 industrial	 symbiosis	 in	
Broporten	depending	on	the	specific	company’s	priorities.	For	a	quantitative	study	of	energy	and	
material	flow	analysis	identifies	potential	industries	in	Broporten,	see	Figure	1.	Secondary	data	by	
simple	random	sampling	collects	data	from	various	sizes	of	industries	arranged	by	sectors,	where	
the	 information	 is	 divided	 in	 branches.	 The	 literature	 study	 is	 established	 by	 publications,	
environmental	reports,	official	statistics	and	personal	contact	by	email.	A	field	map	study	made	in	
Google	 earth	 roughly	 quantifies	 the	 potential	 areas	 for	 different	 businesses.	 The	 energy	 flows	
indicates	a	range	of	possible	in	and	outgoing	flows	per	square	meter	for	the	mean	value	for	each	
business,	as	a	guideline	based	on	specific	manufacturing.	

2.1.1 Ragn-Sells	
Ragn-Sells	 is	 a	 company	 within	 recycling	 and	 environment.	 Ragn-Sells	 collect,	 maintain,	 and	
recycle	 waste	 from	 households	 and	 commercial	 businesses,	 and	 elaborate	 with	 simplicity,	
responsibility,	comprehensiveness	and	forwardly	thinking	as	slogan.	Ragn-Sells	operate	in	Sweden	
with	 1700	 employees,	 as	well	 as	 in	 Denmark,	Norway,	 Estonia,	 Latvia,	 and	 Poland,	with	 a	 total	
amount	of	2500	employees.	The	business	was	established	in	1881,	with	headquarter	in	Sollentuna	
at	Väderholmen	gård.	Ragn-Sells	business	concept	 is	 to	offer	 innovative	and	efficient	 solution	 to	
minimize,	 take	 care	 of	 and	 transform	 waste	 into	 resources.	 The	 company	 is	 continuously	
developing	techniques	to	minimize	the	environmental	impact,	both	in	a	local	and	global	level.	This	
leads	 to,	among	others,	 reduced	amount	of	greenhouse	gases	and	a	 reduced	amount	of	 landfill	
waste	with	increased	recycling	(Ragn-sells,	2016).		

2.1.2 E.ON	
E.ON	 corporate	 group	 is	 developed	 in	 Düsseldorf,	 Germany,	 and	 have	 a	 subsidiary	 company	
named	 E.ON	 Sweden	 AB,	 that	 works	 as	 an	 energy	 company	 with	 production	 and	 delivering	 of	
energy	 to	 the	 Nordic	 area.	 E.ON	 operates	 in	 production,	 distribution	 and	 sales	 of	 electricity,	
biogas,	natural	gas,	gas	oil,	heat,	cool,	and	energy	from	waste	and	has	3500	employees	in	Sweden	
(E.ON,	2014).	From	year	2016	and	estimated	ready	in	2019,	is	E.ON	developing	a	gas	filling	station,	
biogas	plant	and	combined	heat	and	power	plant	 (CHP	plant)	 in	Upplands-Bro.	The	biogas	plant	
has	capacity	to	deliver	66,000	ton	dry	digestion	and	60	GWh	gas	as	yearly	output.	The	demand	of	
yearly	 fuel	 supply	 is	 77,000	 ton	 substrates.	 The	 CHP	 plant	 has	 capacity	 to	 deliver	 170	 GWh	
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electricity	and	540	GWh	district	heating	as	yearly	output.	The	demand	of	yearly	fuel	supply	is	220	
000	ton	waste	(Ragn-Sells,	E.ON	&	Väderholmen	AB,	2015).	The	CHP	plant´s	possibility	to	produce	
steam	is	not	yet	decided	(Aid,	G.	2016).	

2.1.3 Väderholmen	AB	
Väderholmen	AB	is	a	real	estate	manager	with	commercial	facilities	and	residences	in	Stockholm.	
Väderholmen	AB	 is	 the	 owner	 of	Högbytorp,	 a	 landfilling	 and	 recycling	 facility	 in	Upplands-Bro,	
and	is	partly	 landowners	of	the	area	Broporten,	Stage	1	and	Stage	3	 in	Figure	1,	 located	next	to	
Högbytorp,	together	with	Upplands-Bro	municipality	(Väderholmen	AB,	2016).		

2.1.4 Högbytorp	
Högbytorp	 is	a	 landfilling	and	 recycling	 facility	 in	Upplands-Bro,	owned	by	Väderholmen	AB	and	
used	as	a	recycling	center	by	Ragn-Sells.	Högbytorp	has	100	employees,	and	receive	waste	from	
200-300	trucks	every	day	from	the	surrounding	area.	The	yearly	income	of	waste	is	about	700,000	
ton,	 mostly	 from	 industries,	 constructions	 and	 municipalities,	 and	 a	 lower	 amount	 from	
households.	Högbytorp	recycle	and	treat	waste	from	among	others	contaminated	materials,	oily	
sludge,	 scrap	 metal,	 ash	 and	 medical	 products,	 and	 waste	 made	 of	 paper,	 plastic	 and	 wood.	
Högbytorp	 act	 as	 an	 interim	 storage	 as	well	 as	 landfilling,	 stabilizer	 of	 ashes	 and	 liquids	 before	
final	 destruction,	 and	 have	 the	 permission	 to	 handle	 hazardous	 (Ragn-Sells,	 2011).	 Each	 year	
Högbytorp	produce	around	13,885	MWh	landfill	gas	and	distribute	 it	to	E.ON’s	heat	plant	 in	Bro	
(5567	MWh),	to	a	local	glasswork	(428	MWh),	to	own	intern	facilities	(5446	MWh)	and	the	rest	of	
the	gas	 is	 flared	 (2690	MWh)	 (Persson	&	Östlund,	2016).	 Energy	 from	 landfill	 gas	 is	 available	at	
Högbytorp	for	at	least	15	more	years	(Aid,	2016).	The	existing	heat	plant	in	Bro	is	closing,	leading	
to	discontinued	distribution	of	district	heating	to	the	community	in	Bro	(Persson	&	Östlund,	2016).		

2.2 Source	criticism	
The	data	used	for	energy	and	material	flows	in	the	case	study	are	mainly	collected	from	
companies’	websites,	annual	reports	or	contact	persons	at	respective	company,	which	gives	
potential	prejudice	information.	The	empirical	data	is	collected	from	already	existing	businesses	
with	varying	amount	of	sizes.	It	is	made	to	collect	adequate	information	and	calculations	for	the	
possibility	to	compare	and	quantify	potential	flows	between	relevant	industries	in	a	broader	
perspective.	The	data	range	an	interval	from	both	larger	and	smaller	industries,	to	reach	a	broader	
prospect	for	potential	industries	to	become	implemented	in	Broporten.	The	information	is	used	as	
a	guideline	to	reach	potential	links	between	relevant	businesses,	since	the	information	is	not	
adequate	for	all	business	with	the	same	production.	In	order	to	reach	exact	numbers	of	quantities	
needs	specific	companies	to	be	investigated	with	a	set	area	and	production	size	of	the	chosen	
companies.	The	information	collected	from	the	interview	with	the	company	Econova	is	based	on	
Econova’s	point	of	view.	The	information	from	Econova	is	used	as	a	guideline	for	the	background	
information	in	the	report,	and	is	used	with	carefulness.	Further	investigation	is	required	to	reach	
future	market	needs.	
	 	



	 7	

2.3 Canvas	business	model		
Canvas	business	model	is	recommended	when	implementing	industrial	symbiosis,	according	to	V.	
Eidman	(2016),	and	therefore	used	in	this	study	(Eidman,	V.,	2016).	Canvas	business	model	is	used	
to	 analyze,	 coordinate	 and	 develop	 business	 structures.	 It	 demonstrates	 values,	 revenues	 and	
costs,	 interaction	 with	 customers	 and	 supply	 chains	 within	 the	 business.	 It	 is	 a	 strategic	
management	tool	used	to	clarify	what	drivers	and	barriers	the	implementation	of	a	concept	mean,	
contributing	to	common	understanding	within	the	business	and	allowing	improvements	(Boons	&	
Lüudeke	 Freund,	 2013;	 Osterwalder	 &	 Pigneur,	 2010).	 When	 needs	 and	 expectations	 are	
explained	facilitated	a	successful	outcome	when	implementation	of	a	new	concept,	used	to	avoid	
misunderstanding	 in	 steering	 and	 liability	 (Osterwalder	 &	 Pigneur,	 2010).	 To	 reach	 an	 uniform	
outcome,	all	participants	use	a	common	concept	and	concretizing	the	approach,	contributing	to	a	
better	 relation	and	 communication	 in	 the	 collaboration	 (Päivärinne,	Hjelm	&	Gustafsson,	 2015).	
Values,	 revenues	 and	 costs	 create	 a	 foundation	 in	 Canvas	 business	 model,	 furthermore	
expounded	 into	 nine	 building	 blocks,	 specified	 of	 the	 company's	 particular	 needs	 and	
requirements	 (Boons	&	 Lüudeke	 Freund,	 2013;	Osterwalder	&	Pigneur,	 2010).	 An	 illustration	of	
Canvas	business	model	suitable	for	general	model	for	development	of	industrial	symbiosis	sees	in	
Figure	3.	

	
Figure	3	Shows	a	description	of	the	nine	basic	building	blocks	for	a	general	model	regarding	industrial	symbiosis	
(Osterwalder	&	Pigneur,	2010).	
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3 Background	

The	chapter	contains	information	about	industrial	symbiosis	and	success	factors	with	drivers	and	
barriers.	 It	 states	 frequently	 occurring	 eco	 criteria	 in	 existing	 industrial	 symbioses,	 and	 present	
different	 responsibility	 roles	 and	 division	 between	 cooperating	 parts	 in	 maintaining	 industrial	
symbiosis.	 The	 foreign	 parks	 The	 Devens	 Enterprise	 Commission	 and	 Biopark	 Terneuzen	 are	
examples	 of	 successful	 eco	 industrial	 parks	 (Biopark	 Terneuzen,	 n.d.	 C.;	 Devens,	 n.d.).	 The	
background	is	a	ground	for	further	case	study,	presented	in	chapter	4;	Results.	

3.1 Success	factors	in	industrial	symbiosis	
Several	 success	 factors	 and	 criteria	 for	 an	 industrial	 symbiosis	 are	 defined	 from	 the	 survey	
International	 survey	 on	 eco	 innovation	 parks	 by	 the	 European	 Research	 Area	 Network	 on	 Eco	
innovation	 aims	 to	 support	 research,	 innovation	 and	 environmental	 policy	 makers.	 The	 study	
contributes	 to	 an	 international	 survey	 on	 eco	 innovation	 parks,	 to	 identify	 and	 learn	 from	
international	experiences	on	eco	innovation	in	industrial	parks	and	urban	areas.	An	eco	industrial	
park	 mainly	 focuses	 on	 recycling	 business	 clusters,	 and	 exchange	 of	 by-products	 in	 networks	
(Massard,	Jacquat	&	Zürcher,	2014).	Three	of	the	main	categories	of	benefits	from	eco	innovation	
parks	can	be	seen	in	Figure	4.	
	

	
Figure	4	Shows	three	main	categories	of	benefits	from	eco	innovation	parks	(Massard,	Jacquat	&	Zürcher,	2014).		
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According	 to	 the	 survey	 among	 168	 parks	 are	 six	 success	 factors	 for	 eco	 innovation	 parks	 in	
development	and	operations	stated,	see	Figure	5.	Appendix	I	Description	of	success	factors	of	eco	
innovation	 parks	 shows	 for	 description	 of	 success	 factors	 of	 eco	 innovation	 parks	 (Massard,	
Jacquat	&	Zürcher,	2014).	
	

	
Figure	5	Shows	the	statistical	analysis	based	on	168	detailed	experiences.	Numbers	are	the	amount	of	occurrence	
in	the	168	participating	parks	in	the	survey	(Massard,	Jacquat	&	Zürcher,	2014).		

According	to	Figure	5	are	coordinators	the	success	factor	with	the	highest	occurrence.	At	the	first	
stage	 of	 any	 project,	 the	 major	 roles	 of	 the	 coordinators	 consist	 of	 recruiting	 participating	
companies.	 Motivating	 involvement	 of	 private	 sector	 companies	 is	 done	 by	 supporting	 cost	
benefit	analysis,	providing	political	and	managerial	support,	educational	services,	and	information	
and	 supporting	 project	 development	 (Massard,	 Jacquat	 &	 Zürcher,	 2014).	 The	 collaboration	 is	
possible	to	appear	internal	or	external,	where	contracts	are	mainly	socially	and	not	legally	binding	
(Jones,	 Hesterly	 &	 Borgatti,	 1997).	 A	 bottom	 up	 approach	 is	 required	 to	 create	 personal	
relationships	 between	 partners,	 further	 deprived	 if	 top	 down	 approaches	 are	 used	 (Päivärinne,	
Hjelm	&	Gustafsson,	2015).	
	
The	 second	 success	 factor	 of	 an	 industrial	 symbiosis	 is	 according	 to	 Figure	 5	 cooperation	 with	
science	 and	 technology	 institutions	 (Coop.	 S&T).	 Academic	 experience	 is	 an	 advantage	 for	 a	
successful	 industrial	 symbiosis	 (Massard,	 Jacquat	 &	 Zürcher,	 2014).	 According	 to	 Rosqvist,	
Thomasson	&	 Persson	 (2014)	 is	 implementation	 of	 a	 test	 center,	 connected	 to	 universities	 and	
research	 center	 in	 the	 area,	 a	 potential	 way	 to	 attract	 new	 establishments	 in	 the	 symbiosis	
(Rosqvist,	 Thomasson	 &	 Persson,	 2014).	 The	 third	 success	 factor	 in	 Figure	 5	 is	 eco	 innovation,	
which	 contributes	 to	 innovations	 together	with	 the	 second	 success	 factor	 Coop.	 S&T	 (Eklund	&	
Gustafsson,	2015).		
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Value	 added	 to	 the	 cooperation	 between	 companies	 is	 the	 fourth	 success	 factors	 according	 to	
Figure	5,	based	on	a	 fair	distribution	of	profits	between	 involved	companies.	 It	 contributes	 to	a	
long-term	relationship	with	shared	costs	based	on	every	company’s	 individual	 income	(Hållstedt,	
2016;	Rosqvist,	Thomasson	&	Persson,	2014).	 Improvement	for	a	functioning	value	based	park	is	
to	 consider	 the	 benefits	 already	 in	 an	 early	 stage,	 and	 therefore	 facilitates	 to	 confirm	 the	
implementation	 (Chertow	 &	 Lombardi,	 2005).	 To	 focus	 on	 use	 instead	 of	 consume	 within	
production	 facilitate	 the	 delivering	 of	 the	 company’s	 set	 core	 value	 for	 coordinators	 and	
customers	(Lacy,	et.al.,	2014).		
	
Policy	 intervention	 is	 the	 fifth	 factor	 of	 success	 according	 to	 Figure	 5.	 It	 is	 a	 forcing	 factor	 and	
mean	 to	motivate	 businesses	 to	 cooperate	 and	 can	 contribute	 to	 a	 shift	 from	 linear	 to	 circular	
resource	flows	(Chertow	&	Lombardi,	2005).	To	create	a	business	model	requires	understanding	of	
which	 kind	 of	 role	 the	 local	 government,	 i.e.	 municipal,	 has	 in	 the	 partnership	 (Rosqvist,	
Thomasson	 &	 Persson,	 2014).	 The	 governmental	 involvement	 includes	 regulatory	 pressure	
through	 direct	 policy,	 and	 normative	 pressure	 through	 voluntary	 instruments	 and	 setting	
expectations.	 To	 encourage	 development	 of	 industrial	 symbiosis	 are	 cooperation	 that	 includes	
positive	 feedback	 loops	 from	 government,	 industry	 and	 stakeholders	 useful	 (Walls	 &	 Paquin,	
2015).	 Regular	 reports	 let	 the	 industrial	 symbiosis	 work	 without	 micromanaging	 from	 the	
government,	 however	 giving	 insight	 for	 the	 government	 and	 clarifies	 when	 common	 and	
individual	 goals	 are	 achieved	 (Hållstedt,	 2016).	 A	 possible	 reason	 for	 the	 local	 government	 to	
become	a	part	of	 industrial	symbiosis	 is	according	to	Rosqvist,	Thomasson	&	Persson	(2014)	 the	
profit	from	reduced	environmental	impact	and	new	establishment	of	industries	and	organizations	
in	 the	 area,	 leading	 to	 greater	 surrounding	 development.	 Experience	 from	 cooperation	 with	
governmental	 and	 public	 private	 cooperation	 within	 the	 organization	 is	 an	 advantage,	 since	
invested	subsidies	are	a	success	factor	(Rosqvist,	Thomasson	&	Persson,	2014;	Päivärinne,	Hjelm	&	
Gustafsson,	2015).	Carbon	footprint	and	ecological	 footprint	 is	a	 tool	 to	measure	environmental	
impact	from	a	company,	and	further	used	to	reach	sustainability	(WWF,	2016).		
	
The	last	mention	factor	of	success	in	Figure	5	is	location.	With	geographically	reachability	becomes	
the	 park	 more	 efficient	 and	 monetary	 benefits	 occur,	 such	 as	 shorten	 distances	 to	 seaport,	
airport,	highway,	urban	centers,	historical	and	natural	conditions.	The	location	of	the	park	enables	
possibilities	for	expansion	of	the	park,	because	lack	in	existing	businesses	in	the	surrounding	area	
enables	new	implementation	of	the	specific	branch	in	the	area	with	industrial	symbiosis.	Efficient	
infrastructure	 shortens	 requirement	 of	 transportation	 of	 flows	 between	 companies	 (Massard,	
Jacquat	&	Zürcher,	2014).	
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3.2 Eco	criteria	in	industrial	symbiosis		
The	survey	among	168	parks	presents	the	occurrence	of	implemented	eco	criteria,	and	the	criteria	
are	included	in	a	common	strategy	of	partnerships	for	established	industrial	parks.	The	five	most	
evident	criteria	of	an	eco	innovation	park	are	described	as	waste	management,	energy	efficiency,	
water	management,	materials	 flow	and	renewable	energy,	seen	 in	Figure	6	 (Massard,	 Jacquat	&	
Zürcher,	2014).	For	description	of	criteria,	see	Appendix	II	Criteria	of	eco	innovation	parks.	
	

	

Figure	6	Shows	 the	eco	criteria	among	case	 studies	based	on	a	 statistical	analysis	of	168	detailed	experiences.	
Numbers	are	the	amount	of	occurrence	in	the	168	participating	parks	in	the	survey	(Massard,	Jacquat	&	Zürcher,	
2014).		

Waste	management	is	the	most	important	criterion	according	to	the	result	of	the	survey,	seen	in	
Figure	 6.	 Funding	 resources	 and	 waste	 leads	 to	 decreased	 market	 dependency	 regarding	 non-
renewable	 energy	 sources,	 and	 reduce	 the	 interdependence	 of	 imported	 resources	 (Massard,	
Jacquat	&	Zürcher,	2014).	Waste	management	 is	essential	 for	 running	a	circular	economy	based	
on	 waste	 and	 recycling.	 Efficient	 handling	 of	 waste	 management	 creates	 value	 in	 a	 business	
perspective.	Example	of	value	creation	is	present	in	Table	1	(Lacy,	et.al.,	2014).	

Table	1	Shows	value	creation	in	waste	management	(Lacy,	et.al.,	2014).	

Value	in	waste	management	 Description	

Lasting	resources	 Only	use	resources	with	possibility	to	become	regenerated	

Linked	value	chains	 Use	waste	as	resources	

Liquid	markets	 Multiple	users,	more	users	from	the	same	amount	of	products	

Longer	life	cycles	 Extend	the	lifetime	of	a	product	to	limit	need	of	new	natural	resources	
	

77	

95	

100	

102	

120	

0	 20	 40	 60	 80	 100	 120	 140	

Renewable	energy	

Materials	Ylow	

Water	managment	

Energy	efYiciency	

Waste	management	



	 12	

Energy	 efficiency	 is	 the	 second	 most	 important	 criterion	 for	 operating	 a	 successful	 industrial	
symbiosis,	 according	 to	 the	 survey	 presented	 in	 Figure	 6.	 It	 contributes	 to	 cost	 savings	 and	
consequently	cost	driven	business	(Massard,	Jacquat	&	Zürcher,	2014).		
	
Figure	6	shows	water	management	as	the	third	criterion	of	running	industrial	symbiosis.	To	meet	a	
well	functioning	business	agreement	regarding	water	management	and	steam	supplies	can	a	CHP	
plant	be	used	in	synergy	with	a	waste	treatment	facility	(Päivärinne,	Hjelm	&	Gustafsson,	2015).	It	
covers	 the	 possibility	 to	 utilize	 heat	 from	 the	 CHP	 plant	 to	 process	 anaerobic	 digestion,	 sludge	
drying,	 composting	 speed	 up,	 waste	 oil	 treatment	 and	 concrete	 upgrading	 within	 the	 waste	
treatment	 facility	 (Arushanyan,	 Y.	 2010).	 Denmark	 developed	 the	 first	 industrial	 symbiosis	 in	
Kalundborg	1989,	and	the	CHP	plant	in	Kalundborg	is	one	of	the	reasons	for	the	capacity	to	save	
three	million	m3	water	in	the	area	each	year	(Kalundborg,	n.d.).	
	
The	 fourth	 criterion	 in	 Figure	 6	 outline	 material	 flows	 in	 industrial	 symbiosis.	 By	 reusing	 by-
products	 into	 raw	 material	 generates	 a	 functioning	 business	 agreement	 between	 the	 involved	
actors	 (Päivärinne,	 Hjelm	 &	 Gustafsson,	 2015).	 An	 operational-focused	 business,	 defined	 as	 a	
business	 with	 high	 activity	 in	 energy	 and	 material	 flow,	 can	 have	 restrictions	 regarding	 high	
transition	 costs,	 focus	 in	 core	 business,	 lack	 of	 technical	 competence,	 absence	 of	 information	
regarding	dispose	 in	economical	 financing,	and	permission	 in	environmental	 law	code.	 Industrial	
symbiosis	can,	according	 to	Baumgarten	&	Nilsson	 (2014)	offers	a	competitive	advantage	 for	an	
operational	focused	business	(Baumgarten	&	Nilsson,	2014).	Industrial	symbiosis	contributes	with	
an	 overall	 solution	 concerning	 effective	 management	 of	 products,	 and	 allows	 the	 company	 to	
concentrate	in	particular	core	business	(Rosqvist,	Thomasson	&	Persson,	2014).	
	
Renewable	energy	is	the	fifth	criterion	in	Figure	6,	where	a	CHP	plant	 in	 industrial	symbiosis	 is	a	
common	 solution	 for	 renewable	 energy	 source	 in	 the	 area.	 Solar	 and	 wind	 power	 are	 less	
widespread	among	existing	eco	parks	(Massard,	Jacquat	&	Zürcher,	2014).	The	CHP	plant	is	used	
to	 feed	the	excess	district	heating	grids	 to	nearby	urban	area.	District	heating	 is	a	cost	effective	
technique	 to	 deliver	 heat	 and	 cold	 for	 buildings	 and	 industry	 (Päivärinne,	 Hjelm	&	 Gustafsson,	
2015).	 Cooperation	 between	 a	 CHP	 plant	 and	 industries	 leads	 to	 reduce	 environmental	 impact	
with	 decreased	 emissions	 and	 lower	 total	 costs	 in	 a	 local	 area,	 by	 the	 usage	 of	 excess	 heat	
(Gebremedhin	&	Carlson,	2002).	
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3.3 Definition	of	facilitators	in	industrial	symbiosis	
Baumgarten	&	Nilsson	(2014)	has	published	a	report	in	cooperation	with	Linköping	University	and	
the	recycling	company	Econova,	where	six	types	of	decisive	facilitators	for	successful	development	
of	 industrial	 symbiosis	 are	 identified.	 The	 study	 is	 based	 on	 quantitative	 research	 of	 existing	
industrial	 symbiosis	 in	 Europe,	 which	 resulted	 in	 60	 respondents	 and	 material	 to	 identify	 six	
facilitators,	 see	 Table	 2,	 works	 either	 as	 preparatory	 or	 supplying	 in	 the	 ecological	 chain.	 To	
initiate	 the	 profitability	 of	 the	 role	 are	 the	 facilitations	 in	 accordance	 with	 the	 strategic	
development	of	the	company	(Baumgarten	&	Nilsson,	2014).		
	

Table	2	Shows	six	types	of	decisive	facilitators	for	a	successful	developed	industrial	symbiosis.1	

Facilitator	 Responsibility	

Knowledge	company	 ● Develop	investigations	
● Provide	knowledge	
● Acts	at	local	level	
● Preparatory	

Network	coordinator	 ● Coordinate	
● Provide	knowledge	
● Acts	at	regional	level	
● Preparatory	

Park	coordinator	 ● Coordinate	synergy	corporation	
● Provide	knowledge	and	manage	streams	
● Acts	at	local	level	
● Preparatory	

Recycling	company	 ● Works	as	middleman	
● Manage	solid	material	
● Acts	at	regional	level	
● Supplying	

Infrastructure	company	 ● Works	as	middleman	
● Manage	liquids	and	gases	
● Acts	at	local	level	
● Supplying	

Process	industry	company	 ● Works	central	point	
● Control	large	flow	
● Acts	at	local	level	
● Supplying	

	 	

																																								 																
1	The	authors	independently	translate	the	definitions.	
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3.4 Drivers	and	Barriers	in	industrial	symbiosis	
Drivers	and	barriers	 in	 industrial	 symbiosis	 are	divided	 into	 three	 categories:	 financial,	 technical	
and	organizational	(Päivärinne,	Hjelm	&	Gustafsson,	2015).		

3.4.1 Financial	drivers	and	barriers	
Financial	 issues	 are	 both	 the	 main	 drivers	 and	 the	 main	 barriers	 behind	 the	 emergence	 and	
developments	 of	 inter-organizational	 collaborations	 in	 industrial	 symbiosis	 (Päivärinne,	 Hjelm	&	
Gustafsson,	2015).	A	free	market	approach	or	a	governmental	approach	contributes	to	an	overall	
governmental	 involvement	 in	 industrial	 symbiosis,	 leading	 to	 efficiency	 regarding	 ways	 to	 find	
strategies	 in	how	to	handle	by	products,	 coordinate	activity	and	 integrate	differentiated	sectors	
within	the	symbiosis	(Walls	&	Paquin,	2015).		
	
Industrial	 symbiosis	 contributes	 to	 continuous	 flows	 of	 material	 and	 decreases	 the	 demand	 of	
storage,	which	gives	 lower	monetary	risks	with	no	capital	 locked	up.	Lower	environmental	 taxes	
gives	reduced	costs	for	a	company	with	an	environmental	approach,	and	to	build	a	park	suited	for	
future	demands	of	environmental	conditions	gives	a	marketing	opportunity	and	a	chance	for	the	
company	to	be	contemporized	(Biopark	Terneuzen,	n.d.a).		
	
Difficulties	 occur	 when	 profits	 are	 expressed	 in	 different	 terms,	 for	 example	 when	 ecological	
profits	measured	 in	amount	of	carbon	dioxide	are	compared	with	economic	profits	measured	 in	
monetary	terms.	Reduction	of	conflicts	emerge	with	communication	and	openness	combined	with	
long-term	planning	 and	 financing,	 and	 the	 possibility	 to	 start	 industrial	 symbiosis	 in	 small	 scale	
(Hållstedt,	2016;	Rosqvist,	Thomasson	&	Persson,	2014;	Hamilton,	2016).	Possible	outcomes	from	
a	 financial	 comprise	 contribute	 to	 lower	 transaction	 costs	 and	 increased	 learning,	 flexibility	 and	
innovation.	 It	 leads	 to	 permit	 actors	 analyze	 other	 opinions	 in	 a	 long-term	 agreement,	 such	 as	
behavior	and	action	taken,	which	reduce	liability	risks,	such	as	health	and	safety	(Massard,	Jacquat	
&	 Zürcher,	 2014;	Walls	 &	 Paquin,	 2015).	 Direct	 economic	 savings	 with	 industrial	 symbiosis	 are	
increased	 income,	 reduced	 investment	 and	 operation	 costs,	 reduced	 national	 debt,	 increased	
growth,	 technical	 development,	 improved	 infrastructure	 and	 increased	 job	 opportunities	
(Martinsson	&	Winqvist,	2015).		
	
The	start	up	process	requires	more	investments	than	proceeding	maintenance,	because	of	lack	of	
knowledge	 and	 financing	 from	 start	 (Martinsson	 &	 Winqvist,	 2015).	 Furthermore	 comes	
importance	 to	 reflect	 over	 the	 demand	 of	 invested	 time	 regarding	 introduction	 of	 industrial	
symbiosis,	 since	 sustainability	 in	 industrial	 symbiosis	 requires	 time	 and	 resources,	 and	 in	 the	
beginning	a	proper	groundwork.	Thus	the	businesses	need	information	and	awareness	about	time	
requirement	and	stepwise	implementation	(Lacy,	et.al.,	2014).	
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3.4.2 Organizational	drivers	and	barriers	
Repeated	interactions,	and	shared	norms	and	behaviors	between	actors,	create	engaged	network	
which	presents	trust	in	relations	and	include	various	types	of	opinions.	It	leads	to	broader	insight	
in	 the	 network	 structure	 and	 explains	 actors’	 specific	 behavior.	 Embedded	 interaction	 enables	
fine-grained	 information	 transfer	 and	 simplifies	 possibilities	 to	 solve	 joint	 problems	 (Walls	 &	
Paquin,	2015;	Päivärinne,	Hjelm	&	Gustafsson,	2015).	For	a	successful	collaboration	must	all	of	the	
actors	have	confidence	in	the	cooperation,	and	distinguish	an	outcome	comparable	or	close	to	the	
actors’	 individual	business	goals	 (Päivärinne,	Hjelm	&	Gustafsson,	2015).	To	achieve	a	successful	
outcome,	intern	and	extern	goals	have	to	be	considered	to	create	a	required	flexible	organization,	
based	 on	 trust	 and	 personal	 ties	 (Rosqvist,	 Thomasson	 &	 Persson,	 2014;	 Päivärinne,	 Hjelm	 &	
Gustafsson,	 2015).	 Internal	 and	 external	 ties	 create	 integrated	network	 and	 leads	 to	 developed	
embeddedness,	which	is	a	method	to	expanded	business	and	growth	(Walls	&	Paquin,	2015).		
	
A	 constantly	 changed	 market	 contributes	 to	 enhance	 the	 importance	 to	 rewrite	 and	 update	
contracts	between	the	stakeholders,	where	a	joint	project	organization	leads	to	risk	minimization	
(Hållstedt,	 2016).	 Trust,	 problem	 solving	 and	 fine-grained	 information	 transfer	 are	 elements	
leading	to	successful	collaboration	(Päivärinne,	Hjelm	&	Gustafsson,	2015).	The	collaboration	can	
be	simplified	and	clarified	with	a	business	model,	with	aim	to	increase	value	creation	and	increase	
the	 understanding	 for	 companies.	 Challenges	 arise	 with	 a	 common	 business	 model,	 such	 as	
difficulties	 to	 make	 a	 relevant	 understandable	 model	 without	 oversimplifying	 enterprises	
operating.	Acceptance	of	new	processes	of	learning,	allow	new	methods	of	problem	solving	and	as	
a	 consequence	 the	 integrated	 behavior	 within	 the	 business.	 It	 contributes	 to	 a	 successful	
collaboration,	 which	 gives	 the	 company	 a	 possibility	 to	 reach	 competitive	 advantages	 among	
others,	leading	to	greater	collective	value	for	the	company	(Walls	&	Paquin,	2015).	
	
Cooperating	coordinators	may	have	different	expectations	and	individual	goals,	which	indicates	on	
the	 demand	of	 agreeable	 strategic	 goals	 and	 use	 of	 indicators,	 in	 order	 to	 achieve	 success	 and	
elaborate	 long-term	agreement	 (Hållstedt,	2016).	Long-term	agreements	contribute	to	 trust	and	
dialogue	 among	 partners	 within	 industrial	 symbiosis,	 and	 are	 made	 to	 state	 each	 participant's	
profits	from	the	collaboration.	The	coordinators	benefits	might	contain	compensation	for	land	and	
services,	commission	for	specific	business,	and	knowledge	regarding	case	and	solutions	(Rosqvist,	
Thomasson	 &	 Persson,	 2014).	 A	 major	 challenge	 for	 coordinators	 is	 the	 information	 flow,	
improved	with	communication	tools	like	annual	reports	to	publish	recent	achievements	and	news	
in	the	park	(Massard,	Jacquat	&	Zürcher,	2014).	It	furthermore	encourages	innovation	in	creating	
new	opportunities	for	customers,	and	introduces	confidence	between	key	partners	in	knowledge	
regarding	solving	infrastructural	challenges	(Rosqvist,	Thomasson	&	Persson,	2014).	
	
Collaboration	 within	 each	 individual	 organization,	 solved	 with	 a	 bottom	 up	 approach,	 further	
creates	common	trust	and	understanding	of	industrial	symbiosis	in	the	network	(Hållstedt,	2016).	
A	company	with	 triple	bottom	 line	 reporting,	 i.e.	 sustainable	approach,	can	use	 the	opportunity	
with	marketing	opportunities,	and	therefore	reach	competitive	advantage	with	a	green	approach,	
indicating	 the	 importance	of	 improvement	culture	within	 the	organization	 (Babcock,	Hammer	&	
Moosbrugger,	n.d.;	Rosqvist,	Thomasson	&	Persson,	2014).	 	
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3.4.3 Technical	drivers	and	barriers	
Technical	 barriers	 are	 frequently	 results	 from	 financial	 limitations,	 however	 possibilities	 to	
overcome	barriers	prevent	with	organizational	solutions,	i.e.	the	possibility	to	share	manufactory	
capacity	 or	 logistical	 expertise	 together	 with	 experience	 in	 environmental	 law	 and	 directions	
(Päivärinne,	 Hjelm	 &	 Gustafsson,	 2015;	 Martinsson	 &	 Winqvist,	 2015).	 To	 identify	 energy	 and	
material	flows	is	a	method	to	find	trends	and	potential	of	recycling	waste	by	volume,	diversified	
between	different	 companies	 to	 fit	 into	 the	businesses	 value	 chain	 (Lacy,	 et.al.,	 2014;	Norgren,	
2010).	Circular	economy	 is	about	to	create	a	business	model	 focusing	on	customer	demand	and	
the	use	of	products,	instead	of	focusing	on	production	of	a	large	homogenous	amount	of	goods.	It	
implies	 in	 trading	 and	manufacturing	 resources	 that	 already	exist	 in	 the	market,	which	 leads	 to	
focus	 shift	 from	manufacture	new	products	made	of	 raw	material,	 to	 converting	used	products	
into	new	ones	(Lacy,	et.al.,	2014).	
	
Moreover,	 cooperation	 between	 companies	 contributes	 to	 a	 local	 business	 concept	 because	 of	
the	 economical	 advantages	 that	 occur	 from	 industrial	 symbiosis,	 together	 with	 reduced	 risks	
regarding	energy	and	material	supply	(Martinsson	&	Winqvist,	2015).	It	reduces	the	total	inflows	
of	energy	and	material	to	the	park,	which	leads	to	reduction	of	waste	and	emissions	to	local	and	
global	 environment.	 Long-term	 effects	 are	 reduction	 of	 costs	 together	 with	 created	 synergy	
between	 production	 and	 distribution.	 The	 strategies	 reduce	 the	 region	 dependency	 to	 non-
renewable	resources	and	thus	increase	resilience	(Massard,	Jacquat	&	Zürcher,	2014).	In	order	to	
develop	a	successful	symbiosis	are	technical	competences	and	shared	information	regarding	flows	
a	 vital	 factor,	 facilitated	 by	 confidence	 and	 communication	 between	 companies	 (Martinsson	 &	
Winqvist,	2015).		
	
Participating	in	industrial	symbiosis	gives	the	businesses	competitive	advantages	in	green	market	
with	new	marketing	possibilities,	and	contributes	with	flexibility	to	regulatory	changes	(Massard,	
Jacquat	&	Zürcher,	2014).	Facilities	are	one	advantage	where	green	buildings	are	a	future	demand	
because	 of	 upcoming	 laws,	 namely	 disfavoring	 of	 buildings	 without	 certification,	 which	
furthermore	 force	construction	of	new	buildings	 to	become	certified	 (Broström	&	Weinz,	2010).	
Lower	 energy	 consumption	 in	 heat,	 cold,	 lighting,	 water	 consumption	 and	 an	 overall	 lower	
maintenance	 costs	 are	 factors	 that	 green	 buildings	 contribute	 to	 (Dörrenberg,	Nelson	&	Rakau,	
2010).		
	
Communication	channels	have	exceeded	from	personal	contact	into	technology	interactions	over	
the	 years.	 Digital	 platforms	 allow	 monitoring	 flow,	 distribution	 lines,	 location	 and	 status	 at	
physical	products,	which	reduce	transaction	costs	and	increase	information	availability.	The	focus	
shifts	from	large	shipped	and	sold	inventories	into	customer	focus	and	products	use	(Lacy,	et.al.,	
2014).	Trustworthy	communication	contributes	to	the	strength	of	regional	economies	by	fostering	
innovation,	and	diversity	at	local	and	regional	scales	(Massard,	Jacquat	&	Zürcher,	2014).		 	
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3.5 Existing	industrial	symbiosis	
Swedish	 industrial	 symbiosis	 parks	 are	 defined	 after	 region	 and	 the	 industries	 categorized	 into	
branches,	furthermore	identifying	potential	energy	and	material	flows	in	industrial	symbiosis.	The	
foreign	 parks	 The	 Devens	 Enterprise	 Commission	 and	 Biopark	 Terneuzen	 are	 examples	 of	
successful	eco	industrial	parks	(Biopark	Terneuzen,	n.d.	C.;	Devens,	n.d.).	

3.5.1 Swedish	industrial	symbiosis		
Flows	of	existing	industrial	symbiosis	corporations	in	Sweden	are	used	as	an	example	in	Figure	7	to	
identify	 common	 flows	between	actors	and	 industries	 for	 facilitate	 implementation	of	 industrial	
symbiosis	 (Mirata	 &	 Martinsson,	 2016).	 For	 details	 and	 locations	 of	 Swedish	 symbiosis,	 see	
Appendix	XII	Existing	industrial	and	urban	symbiosis.	
		

	
Figure	 7	 Shows	 fusion	 of	 potential	 energy	 and	 material	 flows	 in	 Swedish	 industrial	 symbiosis	 (Mirata	 &	
Martinsson,	2016).		
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3.5.2 Heros	Biopark	Terneuzen	
Heros	Biopark	Terneuzen	 is	 located	 in	The	Netherlands	and	established	 in	year	2007	 in	order	 to	
create	 sustainability	 by	 implemented	 industrial	 symbiosis.	 The	 area	was	 developed	 by	 initiative	
based	 on	 already	 demonstrated	 economic	 advantages,	 by	 using	 existing	 knowledge	 for	 the	
development	in	the	area	(Baumgarten	&	Nilsson,	2014).	For	Heros	beneficial	factors	in	the	Heros	
Biopark	Terneuzen,	see	Figure	8.	
	

	
Figure	8	Shows	the	company	Heros	beneficial	factors	in	the	Biopark	Terneuzen.2	

Heros	act	as	Park	coordinator	and	Recycling	company	in	the	area,	and	have	tasks	regarding	waste	
treatment	 of	 metals	 and	 ashes,	 steel	 sludge,	 process	 water,	 transportation,	 and	 storage	 and	
transfer.	Heros	purification	facilitation	supplies	glass	horticulture	with	water,	and	additional	to	the	
area	 is	 a	 biomass	 plant,	 a	 biofuel	 additives	 factory	 and	 a	 bioethanol	 factory	 (Smeets,	 2011).	 By	
linking	associated	businesses	have	several	potential	advantages	been	reached.	Some	mentioned	
beneficial	 factors	 in	Biopark	 Terneuzen	 are	 cut	 storage	 and	 disposal	 costs,	 optimize	 production	
costs,	 improve	 profitability	 and	 reduce	 environmental	 burden.	 The	 biomass	 plant	 and	 biofuel	
factory	 in	Biopark	Terneuzen	 has	 contributed	 to	 lower	 carbon	emission,	 reduction	of	 fossil	 fuel,	
return	 of	 investment	 and	 lower	 energy	 costs.	 The	 return	 is	 used	 for	 future	 investments	 of	
additional	smart	links	and	marketing	with	a	sustainable	image	(Biopark	Terneuzen,	n.d.b).	

																																								 																
2	The	authors	have	independently	translated	the	company	Heros	beneficial	factors	in	the	Biopark	Terneuzen.	
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3.5.3 The	Devens	Enterprise	Commission	
The	 Devens	 Enterprise	 Commission	 is	 a	 former	 military	 base	 in	 the	 United	 States	 of	 America,	
redeveloped	to	become	an	area	with	industrial	symbiosis.	The	park	is	established	to	preserve	the	
environment	in	a	sustainable	manner	and	to	enforce	an	economic	development	strategy	(Lowitt,	
2008).	 Encapsulated	 in	 the	 self-sustained	 park	 are	 tasks,	 among	 others,	 regarding	 education,	
digital	platforms,	energy	conservation	in	buildings,	marketing	with	green	labeling	and	markets	in	
order	to	reach	value	added	companies	to	the	park	and	energy	and	material	supply	(Devens,	n.d.).	
For	beneficial	factors	in	The	Devens	Enterprise	Commission	 in	the	industrial	symbiosis,	see	Figure	
9.		
	

	
Figure	9	Shows	The	Devens	Enterprise	Commission	beneficial	factors	in	industrial	symbiosis.3	

A	 general	 contradiction	 that	 arises	 for	 investors	 in	 industrial	 symbiosis	 is	 whether	 businesses	
willingness	 to	 take	 part	 of	 the	 symbiosis.	 Lowitt	 (2008)	 has	 stated	 some	 success	 factors	 in	 The	
Devens	 Enterprise	Commission,	 to	 establish	 the	potential	 of	 a	beneficial	 industrial	 symbiosis.	 To	
allow	the	businesses	in	the	park	to	be	seen	as	a	part	of	the	industrial	symbiosis	underwrites	to	the	
willingness	to	contribute	to	the	collaboration.	All	take	part	of	the	upcoming	advantages;	both	for	
the	 business	 itself	 as	 well	 as	 the	 overall	 advantages	 that	 industrial	 symbiosis	 gives.	 Sustained	
education	 for	 the	 contributing	 businesses	 generates	 a	 reduced	mental	 distance,	 contributing	 to	
trust,	 and	 shared	 values	 and	 goals.	 By	using	 common	means,	 as	 a	 digital	 platform,	become	 the	
links	between	companies	encourage	(Lowitt,	2008).		

																																								 																
3	The	authors	have	independently	translated	The	Devens	Enterprise	Commission	beneficial	factors	in	the	industrial	symbiosis.	
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4 Results		

The	 energy	 and	 material	 flows	 between	 industries	 is	 defined	 in	 order	 to	 develop	 industrial	
symbiosis,	resulting	in	three	essential	actors	in	energy	and	material	flow.	To	combine	cooperation	
between	 three	 main	 actors	 is	 a	 business	 model	 developed	 to	 improve	 and	 operate	 industrial	
symbiosis.	 The	 case	 study	 implements	 energy	 and	 material	 flows	 in	 industrial	 symbiosis	 in	
Broporten	 and	 a	 Canvas	 business	model	 is	made	 on	 three	 specific	 companies;	 Ragn-Sells,	 E.ON	
and	 Väderholmen	 AB.	 Energy	 and	 mass	 calculations	 results	 in	 recommendation	 of	 priority	
industries	to	implement	in	Broporten.		

4.1 Responsibility	roles	in	industrial	symbiosis	
The	 three	main	 identified	 actors	 specified	 from	 Figure	 7;	 biogas	 plant,	 CHP	 plant	 and	 recovery	
facility,	are	found	as	numerous	roles	to	maintain	industrial	symbiosis.	The	main	actors	in	Figure	6	
are	 common	 in	every	 current	 symbiosis,	 and	used	 to	 find	 flows	between	companies.	An	energy	
company	 could	 maintain	 both	 the	 biogas	 plant	 and	 the	 CHP	 plants,	 and	 a	 recycling	 company	
maintains	the	recovery	facility.	A	real	estate	manager	are	defined	as	a	main	actor	because	of	the	
benefit	to	secure	the	area	of	industrial	symbiosis.	Ownership	of	land	and	facilities	avoids	costs	for	
rent	 and	 infrastructure	 for	 the	 main	 actors	 to	 develop	 and	 maintain	 industrial	 symbiosis,	 and	
secure	a	long-term	renting	contract	and	reduce	risks	regarding	labor	dispute.	It	resulting	in	three	
main	actors:	recycling	company,	energy	company	and	real	estate	manager.	A	successful	industrial	
symbiosis	requires	a	distinct	division	by	the	main	actors.	Six	responsibility	roles	are	 identified	to	
operate	industrial	symbiosis,	see	Table	3.	

Table	3	Present	six	responsibility	roles	in	a	successful	industrial	symbiosis.	

	

Responsibility	role	 Responsibility	
Knowledge	company	 ● Develop	investigations	

● Share	the	knowledge	in	environmental	impact	with	Key	Partners	
Network	coordinator	 ● Political	lobby	

● Responsible	for	marketing	
● Value	driven	concept	
● Responsible	for	incubator	

Park	coordinator	 ● Coordinate	synergy	corporation	with	digital	platform	
● Provide	education	and	workshops	
● Responsible	for	waste	and	sanitation	management	
● Recruiting	new	businesses	

Recycling	company	 ● Waste	management	
● Acts	in	the	park	and	surrounding	area	
● Transport	material	

Infrastructure	company	 ● Manage	liquids	and	gases	
● Renewable	energy	

Process	industry	company	 ● Works	at	a	central	point	
● Control	large	flows	
● Supplying	energy	
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The	 role	 as	 a	Knowledge	 company	possesses	or	discover	 information	about	 industrial	 symbiosis	
and	 environmental	 innovation.	 The	 Knowledge	 company	 has	 the	 responsibility	 to	 share	
knowledge	within	the	main	cooperators,	by	means	of	education	and	seminars,	made	to	increase	
understanding	of	maintain	successful	industrial	symbiosis.		
	
The	Network	coordinator	is	responsible	for	the	relationship	with	the	national	government	and	the	
municipal,	 for	 tax	 reduction,	 subsidies	 and	 improve	 environmental	 laws.	 It	 increases	 the	
awareness	 of	 the	 industrial	 symbiosis	 at	 a	 regional	 level,	 which	 in	 a	 long-term	 period	 increase	
revenues	 to	 the	 park.	 The	 Network	 coordinator	 is	 responsible	 for	 a	 connected	 incubator,	 for	
innovation	and	maintaining	of	relationship	with	universities.		
	
The	 Park	 coordinator	 is	 responsible	 for	 coordinate	 operation	 and	 communication	 in	 the	 park,	
where	the	communication	tool	is	a	digital	platform.	It	contributes	to	a	long-term	relationship	with	
shared	values	in	cooperation.	All	participators	in	the	park	are	connected	to	the	platform	to	receive	
information,	invoice	and	live	reports	about	energy	and	material	flow,	cash	flows	and	stock	status.	
A	surplus	value	is	delivered	to	customers,	i.e.	participating	businesses	in	industrial	symbiosis	and	
surrounding	customers,	and	contributes	to	decreased	need	of	store	keeping.	The	Park	coordinator	
is	 responsible	 for	 increased	 knowledge,	 with	 educations	 and	workshops	 among	 the	 customers,	
recruiting	new	businesses	and	sanitation	management.		
	
The	 Recycling	 company	 is	 responsible	 for	 waste	management	 in	 the	 park	 and	 the	 surrounding	
area,	 which	 implies	 deposition	 and	 transportation	 of	 material.	 The	 Infrastructure	 company	
manages	infrastructure	regarding	liquids	and	gases	from	renewable	sources.	The	Process	industry	
company	control	energy	flows	in	the	park.		
	
The	six	responsibility	roles	with	divided	responsibility	between	the	three	main	partners	recycling	
company,	 energy	 company	 and	 real	 estate	 manager,	 see	 Table	 4.	 Each	 main	 partner	 can	 be	
responsible	for	more	than	one	role	in	industrial	symbiosis.	

Table	 4	 Shows	 the	 six	 responsibility	 roles	 divided	 between	 three	 main	 partners	 recycling	 company,	 energy	
company	and	real	estate	manager.	

Recycling	company	 Energy	company	 Real	estate	manager	
● Recycling	company	
● Network	coordinator	
● Knowledge	company	

● Infrastructure	company	
● Process	industry	company	
● Network	coordinator	

● Park	coordinator	
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4.2 Canvas	business	model	in	industrial	symbiosis	
The	relationship	between	the	three	main	actors	 in	 industrial	symbiosis,	 i.e.	Key	Partners;	recycle	
company,	 energy	 company	 and	 real	 estate	manager,	 is	 combined	 by	 Canvas	 business	model	 to	
develop	strategic	management,	see	Table	5.		

Table	 5	 Shows	 the	 combined	 Canvas	 business	model	 for	 a	 recycling	 company,	 an	 energy	 company	 and	 a	 real	
estate	manager.	 Each	 row	 corresponds	 to	 one	 of	 the	 nine	 Canvas	 blocks.	 The	 columns	 to	 the	 left	 are	 further	
explained	in	Figure	3.	

Canvas	nine	building	
blocks	

Containment	of	the	Canvas	business	model´s	9	blocks	

Key	Partnership	 • Recycling	company	 • Energy	company	 • Real	estate	manager	
Key	Activities	 • Recycling	company	

• Network	coordinator	
• Knowledge	company	

• Infrastructure	company	
• Process	Industry	
company	

• Network	coordinator	

• Park	Coordinator	

Key	Resources	 • Material	flow	
• Energy	efficiency,	
• Transportation	
• Political	engagement	

• Renewable	energy	
• New	technology	
• Political	engagement	

• Facilities	
• Land	use	optimization	

Value	Proposition	 • Lasting	resources	
• Secure	delivery	of	by	
products	

• Sustainability	

• Liquid	markets	
• Secured	energy	
delivery	

• Sustainability	

• Linked	value	chains	
• New	opportunities	
• Sustainability	

Customer	Segment	 • Industries	
• Inhabitants	
• Local	government	

• Municipality	
• Industries	
• Inhabitant	

• Commercial	
• Government	
• Inhabitant	
• Industries	

Customer	Relationship	 • Personal	assistance	
• Services	

• Automatic	assistance	
• New	technology	
• Services	

• Value	added	location	
• Cost	benefits	

Channels	 • Political	
• Personal	
• Media	

• Automated	
• Personal	
• Media	

• Digital	platform	
• Personal	
• Media	

Revenue	Streams	 • In	and	outflows	of	
material	

• Subsidies	

• Long-term	customers	
• Improved	
• Infrastructure	
• Subsidies	

• Eco	profile	
• Long-term	customers	

Cost	Structure	 • Maintain	transport	
• Key	partnership	
• administration	

• Maintain	production	
and	distribution	

• Key	partnership	
• Administration	

• Build	and	maintain	
facilities	

• Administration	within	
the	park	
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4.3 Case	study	of	Canvas	business	model		
A	case	study	based	on	the	three	Key	Partners	recycle	company,	energy	company	and	real	estate	
manager,	 is	 further	 applied	 on	 the	 companies	 Ragn-Sells,	 E.ON	 and	Väderholmen	AB.	 A	 Canvas	
business	model	 is	 expressed	 for	 each	Key	Partner	 i.e.	 Ragn-Sells,	 E.ON	and	Väderholmen	AB,	 in	
industrial	symbiosis	 in	Broporten,	extended	 into	nine	blocks;	Key	Partnership,	Key	Activities,	Key	
Resources,	 Value	 Proposition,	 Customer	 Segment,	 Customer	 Relationship,	 Channels,	 Revenue	
Streams	and	Cost	Structure.	Three	different	scenarios	regarding	Key	Partnership	are	further	made.		

4.3.1 Key	Partnership	
Key	Partnership	creates	alliances	and	trust	between	involving	parts,	 in	order	to	obtain	resources	
and	optimize	the	cooperation	between	Ragn-Sells,	E.ON	and	Väderholmen	AB.	The	aim	is	to	guide	
the	partnership	between	Ragn-Sells,	E.ON	and	Väderholmen	AB	to	maintain	cooperation	through	
barriers	 to	support	a	 long-term	relationship.	Key	Partnership	 includes	discussions	regarding	how	
to	 reach	 a	 beneficial	 situation	 for	 all	 partners	 within	 a	 long-term	 partnership,	 where	 motives,	
possible	 conflicts,	 and	 driving	 forces	 are	 discussed	 together	 with	 shared	 knowledge	 regarding	
strategies,	objectives	and	visions.	
Nine	 principles	 are	 set	 by	 the	 Key	 Partners	 to	 characterize	 the	 partnership;	 trust,	 long-term	
relation,	 business	 likeness,	 engagement,	 comprehensive,	 openness,	 respect,	 distinctness	 and	
community.	Fulfilling	cooperation	with	 the	principles	as	a	guideline	 for	steering	 the	cooperation	
contributes	to	devotion	and	further	consistent	innovation.	
	
The	Key	Partnership	depends	on	decision	between	three	different	scenarios	for	Väderholmen	AB	
regarding	 the	 contribution	 in	 industrial	 symbiosis	 in	 Broporten.	 Ragn-Sells	 and	 E.ON’s	
responsibility	depends	on	Väderholmen	AB’s	choice	of	scenario.		
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4.3.1.1 Scenario	1		

Scenario	1	for	Väderholmen	AB’s	contribution	in	cooperation	of	industrial	symbiosis	in	Broporten,	
see	Figure	10.	
	

	
Figure	10	Shows	scenario	1	for	Väderholmen	AB.	

Väderholmen	AB’s	Key	Activities	are	Park	 coordinator	and	Real	estate	manager	 in	Broporten.	 In	
scenario	 1,	 Väderholmen	AB	 becomes	 the	 linking	 partner	 spreading	 information	 through	 digital	
platform	 to	customers.	Väderholmen	AB	 is	 responsible	of	 the	digital	platform	 in	aim	 to	 support	
communication	 and	 illustrate	 energy	 and	 material	 flows	 in	 Broporten.	 Ragn-Sells	 possess	
knowledge	 in	 industrial	 symbiosis,	 henceforth	 gives	 the	possibility	 to	 share	 knowledge	between	
Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 by	 creating	 cooperation	 and	 accomplish	 shared	 profits.	
Cooperation	maintains	Value	Proposition	regarding	green	approach	in	the	park,	which	can	be	used	
as	 eco	profile	marketing.	Assorted	 employees	 at	Väderholmen	AB	have	 responsibility	 to	 ensure	
enforcement	 and	 further	 circulation	 of	 information	 between	 customers.	 Shared	 facilities	 for	
customers	 in	 Broporten	 give	 social	 connections	 between	 customers	 and	 contributes	 with	 a	
bottom	up	approach	useful	for	trust.	Väderholmen	AB	is	responsible	for	the	digital	platform	in	aim	
to	support	communication	and	 illustrate	energy	and	material	 flows	 in	Broporten.	The	outcomes	
are	increased	knowledge	together	with	efficiency	and	competitiveness	for	Broporten.		
	
Income	 revenues	 to	 Väderholmen	AB	 are	 rent	 for	 facilities,	 park	 administration	 fee,	 and	 digital	
platform	fee.	Costs	for	Väderholmen	AB	occur	in	developing	the	digital	platform,	investment	and	
maintenance	of	facilities	and	employees	to	educating.		
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4.3.1.2 Scenario	2		

Scenario	2	for	Väderholmen	AB’s	contribution	in	cooperation	of	industrial	symbiosis	in	Broporten,	
see	Figure	11.		
	

	

Figure	11	Shows	scenario	2	for	Väderholmen	AB.	

Väderholmen	 AB	 contributes	 as	 a	 real	 estate	 manager	 in	 the	 park	 and	 is	 responsible	 for	 the	
facilities	 in	 Broporten.	 The	 main	 activities	 are	 investment	 in	 new	 buildings	 and	 maintain	 the	
facilities	in	the	area.	Revenues	occur	in	rent	from	leasing	companies	and	costs	occur	in	employees	
for	maintenance,	 together	with	 new	 investments	 and	maintenance	 buildings.	 Contributing	with	
sustainability	approach	 in	the	development	of	 industrial	symbiosis	 in	Broporten,	 leads	to	reduce	
ecological	footprint	for	Väderholmen	AB.	To	have	a	triple	bottom	line	approach	are	facilities	with	
sustainable	 manner	 developed,	 by	 constructing	 green	 facilities	 and	 infrastructure	 and	 further	
contributing	to	sustainable	solutions.	It	results	in	opportunities	for	businesses	in	the	symbiosis	to	
participate	in	lowering	environmental	impacts.		
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4.3.1.3 Scenario	3		

Scenario	3	for	Väderholmen	AB’s	contribution	in	cooperation	of	industrial	symbiosis	in	Broporten,	
see	Figure	12.		
	

	

Figure	12	Shows	scenario	3	for	Väderholmen	AB.	

Väderholmen	 AB	 contributes	 as	 Network	 coordinator	 in	 Broporten.	 It	 gives	 responsibility	 and	
insight	in	industrial	symbiosis	and	contributes	with	links	to	political	engagement.	Väderholmen	AB	
provides	 integration	between	Broporten	and	 the	government,	 in	order	 to	deliver	a	value	driven	
concept	 of	 industrial	 symbiosis.	 Väderholmen	 AB	 gets	 insight	 and	 potential	 to	 influence	 the	
cooperation	 in	 Broporten.	 Väderholmen	 AB	 contributes	 with	 marketing	 of	 Broporten	 by	
connecting	 politicians.	 It	 contributes	 to	 allowance	 and	 tax	 concessions	 in	 the	 park	 with	 the	
environmental	 approach	 and	 contribution	 to	 reduced	 environmental	 impact.	 Väderholmen	 AB	
possesses	greater	involvement	in	the	park	and	reaches	potential	to	change	managing	structures.	
Employees	 responsible	 for	political	 engagement	are	Väderholmen	AB’s	outgoing	 costs.	 Reduced	
taxes	 and	 grants	 are	 incoming	 revenues	 and	 Broporten	 resolve	 to	 be	 marketed	 with	 a	 green	
profile	 and	 green	 labeling.	 Further	 potential	 for	 recruiting	 ecologically	 sustainable	 value-adding	
companies	to	Broporten.	

4.3.2 Key	Activities	
Key	 Activities	 ensure	 that	 the	 companies	 operate	 successfully	 and	 are	 divided	 into	 six	
responsibility	 roles:	 Knowledge	 company,	 Network	 coordinator,	 Park	 coordinator,	 Recycle	
company,	 Infrastructure	 company	 and	 Process	 industry	 company.	 Ragn-Sells	 and	 E.ON´s	
contribution	 in	 industrial	 symbiosis	 in	 Broporten	 depends	 on	 Väderholmen	 AB’s	 choice	 of	
scenario.	Network	coordinator	and	Park	coordinator	should	only	belong	to	one	of	the	Key	Partners	
to	 reduce	 miscommunication	 between	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB.	 Ragn-Sells	 and	
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E.ON	 decide	 role	 division	 (Park	 coordinator	 and	 Network	 coordinator)	 if	 Väderholmen	 choose	
scenario	2.	For	an	overview	of	the	Key	Activities	for	the	Key	Partners,	see	Table	6.	

Table	6	Shows	Key	Activities	for	the	three	Key	Partners	Ragn-Sells,	E.ON	and	Väderholmen	AB.		

Ragn-Sells	is	responsible	for	Recycling	company,	managing	solid	material	flows	in	a	regional	level	
and	 act	 as	middle-hand	between	Broporten	 and	 surrounding	 area.	 Ragn-Sells	 act	 as	 Knowledge	
company	because	of	the	capability	to	provide	and	share	knowledge	regarding	industrial	symbiosis.	
Network	coordinator	imply	in	sharing	knowledge	at	a	regional	level	include	political	lobbying	and	
marketing,	 therefore	 providing	 potential	 for	 growing	 businesses.	 Väderholmen	 AB	 is	 Network	
coordinator	in	scenario	3,	otherwise	are	Ragn-Sells	or	E.ON	Network	coordinator.	Park	coordinator	
implicates	 developing	 of	 a	 digital	 platform	 to	 coordinate	 streams	 and	 synergy	 corporation.	
Väderholmen	AB	 is	 Park	 coordinator	 in	 scenario	 1,	 otherwise	 this	 accrue	 to	Ragn-Sells	 or	 E.ON.	
E.ON	 also	 act	 as	 Infrastructure	 company	with	 responsibility	 for	managing	 streams	 of	 gases	 and	
liquids	 and	 is	 the	main	 supplier	of	 energy	 in	Broporten.	 E.ON	 is	 also	 responsible	 for	 the	 role	 as	
Process	industry	company,	where	large	flows	are	controlled	at	a	local	level,	i.e.	Broporten.		
	 	

Key	Activities	 Ragn-Sells	 E.ON	 Väderholmen	AB	
Scenario	1	

Infrastructure	company	 	 X	 	
Knowledge	company	 X	 	 	
Network	coordinator	 X	 X	 	
Park	coordinator	 	 	 X	
Process	industry	company	 	 X	 	
Real	estate	manager	 	 	 X	
Recycling	company	 X	 	 	

Scenario	2	
Infrastructure	company	 	 X	 	
Knowledge	company	 X	 	 	
Network	coordinator	 X	 X	 	
Park	coordinator	 X	 X	 	
Process	industry	company	 	 X	 	
Real	estate	manager	 	 	 X	
Recycling	company	 X	 	 	

Scenario	3	
Infrastructure	company	 	 X	 	
Knowledge	company	 X	 	 	
Network	coordinator	 	 	 X	
Park	coordinator	 X	 X	 	
Process	industry	company	 	 X	 	
Real	estate	manager	 	 	 X	
Recycling	company	 X	 	 	
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4.3.3 Key	Resources	
Key	 Resources	 describes	 the	 assets	 required	 to	 earn	 Revenue	 Streams	 and	 offer	 a	 Value	
Proposition	to	the	Customer	Segments.	Table	7	shows	the	Key	Resources	for	Ragn-Sells,	E.ON	and	
Väderholmen	AB.	

Table	7	Shows	Key	Resources	 for	 the	 three	Key	Partners	Ragn-Sells,	E.ON	and	Väderholmen	AB.	Ragn-Sells	and	
E.ON´s	contribution	depends	on	Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	
should	 only	 belong	 to	 one	 of	 the	 key	 partners	 to	 reduce	 miscommunication	 between	 Ragn-Sells,	 E.ON	 and	
Väderholmen	 AB.	 Ragn-Sells	 and	 E.ON	 decides	 role	 division	 (Park	 coordinator	 and	 Network	 coordinator)	 if	
Väderholmen	choose	scenario	2.	For	role	division	depending	on	scenarios,	see	Table	6.		

Key	Resources	 Ragn-Sells	 E.ON	 Väderholmen	AB	
Scenario	1	

Physical	Key	
Resources	

• In	and	outflows	of	waste	
• Logistic	supply	with	
vehicles	for	transportation	

• In	and	outflows	of	liquid	
energy	carrier	and	electricity	

• Facility	
• Digital	platform	

Intellectual	Key	
Resources	

• Knowledge	for	recycling	
• Steering	committee	
• Network	coordinator	
• Political	engagement	
• Value	driven	concept	
• Marketing	

• Knowledge	for	energy	supply	
• Steering	committee	
• Network	coordinator	
• Political	engagement	
• Value	driven	concept	
• Marketing	

• Administration	
• Steering	committee	
• Responsible	for	
digital	platform	

Scenario	2	
Physical	Key	
Resources	

• In	and	outflows	of	waste	
• Logistic	supply	with	
vehicles	for	transportation	

• Digital	platform	

• In	and	outflows	of	liquid	
energy	carrier	and	electricity	

• Digital	platform	

• Facility	

Intellectual	Key	
Resources	

• Knowledge	for	recycling	
• Steering	committee		
• Network	coordinator	
• Educational	provider	
• Responsible	for	digital	
platform	

• Political	engagement	
• Value	driven	concept	
• Marketing	

• Knowledge	for	energy	supply	
• Steering	committee,	
• Network	coordinator,	
• Responsible	for	digital	
platform	

• Political	engagement	
• Value	driven	concept	
• Marketing	

• Administration	
• Steering	committee	

Scenario	3	
Physical	Key	
Resources	

• In	and	outflows	of	waste	
• Logistic	supply	with	
vehicles	for	transportation	

• Digital	platform	

• In	and	outflows	of	liquid	
energy	carrier	and	electricity	

• Digital	platform	

• Facility	

Intellectual	Key	
Resources	

• Knowledge	for	recycling	
• Steering	committee	
• Educational	provider	
• Responsible	for	digital	
platform	

• Knowledge	for	energy	supply	
• Steering	committee	
• Responsible	for	digital	
platform	

• Administration	
• Steering	committee	
• Network	coordinator	
• Political	engagement	
• Value	driven	concept	
• Marketing	
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4.3.4 Value	Proposition	
Value	Proposition	 is	described	as	 the	 specific	 value	 the	business	deliver,	 and	demonstrate	what	
products	and	services	 the	business	use	 to	create	value,	 furthermore	estimated	of	 the	Customer	
Segment.	 Industrial	 symbiosis	 creates	 values	 based	 on	 seven	 different	 approaches:	 newness,	
customization,	efficiency,	cost	reduction,	risk	reduction,	accessibility,	convenience,	and	usability.	
General	values	 for	 the	concept	of	 industrial	 symbiosis	are	 lasting	 resources,	 linked	value	chains,	
liquid	markets	and	longer	life	cycles.	The	newness	in	the	concept	is	to	deliver	an	overall	solution	
regarding	industrial	symbiosis	 in	Stockholm	region	for	potential	businesses	and	is	mutual	for	the	
three	Key	Partners.		

4.3.5 Customer	Segment	
Customer	Segments	are	mutual	for	Ragn-Sells,	E.ON	and	Väderholmen	AB.	The	specific	segments	
include	segregated	businesses	with	different	 levels	of	needs,	 requests	and	problems.	An	outline	
flows	 map	 is	 seen	 in	 Figure	 13	 to	 illustrate	 the	 Customer	 Segments	 for	 Ragn-Sells,	 E.ON	 and	
Väderholmen	AB.	
	

	
Figure	 13	 Shows	 Customer	 Segments	 for	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB.	 The	 dotted	 system	 boundary	
defines	the	area	of	Broporten.		

Customer	 Segment	 is	 described	 as	 the	 heart	 of	 a	 canvas	 business	 model.	 Without	 profitable	
customers,	it	is	impossible	for	a	company	to	maintain	a	sustainable	business.	The	main	customers	
to	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 in	 industrial	 symbiosis	 are	 Stockholm	 City,	 the	
surrounding	area	and	new	potential	businesses	in	Broporten.	The	customers	become	a	part	of	the	
symbiosis	by	connections	in	cluster	made	by	relevant	flows	between	the	companies.		
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4.3.6 Customer	Relationship	
Customer	Relationship	specifies	the	relationship	between	Key	Partners	and	Customer	Segments.	
The	 relation	manages	with	 five	 interactions;	 personal	 assistance,	 dedicated	personal	 assistance,	
automated	services,	communities	and	co	creation.		
	
Personal	 assistance	 delivered	 to	 customers	 is	 expressed	 as	 customer	 service	 departments,	
information	counter	and	consulting	missions.	Dedicated	personal	assistance	is	maintained	through	
the	 cooperation	between	Ragn-Sells,	 E.ON	and	Väderholmen	AB	because	of	 their	 connection	 to	
industrial	symbiosis.	Automated	assistance	is	an	integrated	service	between	the	Key	Partners	and	
Customer	 Segments,	 by	 the	 digital	 platform.	 Examples	 of	 automated	 service	 are	 transportation	
delivery,	 invoice	and	 live	 information	regarding	the	relevant	consumption	from	each	business	 in	
the	area.	Communities	and	co	creation	is	a	foundation	to	create	a	functional	industrial	symbiosis,	
a	common	value	and	make	involving	parts	strive	towards	a	common	goal.	

4.3.7 Channels	
Channels	correspond	to	the	communication	needed	to	provide	Value	Proposition	to	the	Customer	
Segment,	 and	 help	 customers	 with	 knowledge	 about	 products	 and	 services	 produced	 in	 the	
business.	The	channels	are	utilized	to	simplify	customers’	evaluation	of	the	company	or	concept.	
Channels	 connected	 to	 industrial	 symbiosis	 are	 explained	 in	 five	 steps;	 awareness,	 evaluation,	
purchase,	delivery	and	after	sales.	Figure	14	shows	who	is	responsible	for	each	step,	how	can	the	
step	be	developed	and	why	should	it	be	done.		
	

	
Figure	14	Shows	five	steps	for	Channels,	explained	with	who	is	responsible,	how	should	it	be	developed	and	why	
should	it	be	developed.	For	role	division	depending	on	scenarios,	see	Table	6.		
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In	the	initial	step	of	the	development	of	industrial	symbiosis,	the	Network	coordinators’	main	task	
is	 to	 raise	 common	 awareness	 about	 industrial	 symbiosis	 among	 the	 customers	 and	marketing	
Broporten.	 The	 awareness	 is	 spread	 through	 knowledge	 and	 integration	 with	 government	 and	
society	 through	 advertisement	 and	 human	 connections.	 The	 Park	 coordinator	 is	 responsible	 for	
evaluation	 of	 ongoing	 progress	 in	 the	 park.	 The	 digital	 platform	 is	 a	 tool	 for	 evaluation	 since	 it	
allows	 personalized	 information	 and	 sharing	 experiences	 between	 relevant	 participants	 in	 the	
park.	The	Network	coordinator	is	responsible	for	purchasing	and	connection	with	new	businesses	
in	order	to	create	a	growing	park.		
	
All	 participators	 in	 the	 industrial	 symbiosis	 deliver	 the	 concept	 of	 industrial	 symbiosis,	 which	
contributes	 to	 circular	 flows	 and	 circular	 economy.	 To	make	 all	 including	 parties	 aware	 of	 the	
Value	Propositions	ease	the	probability	to	deliver	the	correct	Value	Propositions.	Regular	reports	
are	 maintained	 by	 the	 Park	 coordinator	 with	 responsibility	 for	 collection	 and	 compiling	
information	from	all	participators	 in	the	park,	 i.e.	Customer	Segments	and	Key	Partners.	Regular	
reports	 from	all	participators,	used	as	after	 sales	channel,	provides	profitability	and	create	 trust	
between	 Key	 Partners	 and	 Customer	 Segments.	 Follow	 up	 assure	 progress	 in	 efficiency	 and	
optimization	within	industrial	symbiosis.		
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4.3.8 Revenue	Streams	
Each	Customer	Segment	generates	revenue	to	the	company	divided	in	two	categories:	transaction	
revenues	and	recurring	revenues.	Transaction	revenues	implicate	to	one	single	customer	payment	
and	 recurring	 revenues	 refer	 to	 the	 incoming	 revenues	 as	 a	 result	 from	 previous	 investments	
regarding	 Value	 Proposition	 and	 post	 purchase	 customer	 support.	 Table	 8	 shows	 the	 Revenue	
Streams	 for	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB.	 In	 and	 outflows	 of	 material	 occur	 both	 as	
transaction	revenues	and	recurring	revenue,	depending	on	the	customers	demand,	type	of	waste	
collection	and	agreement	on	service	delivering.	The	Park	coordinator	is	responsible	for	education,	
which	 can	 be	 represented	 in	 a	 one	 time	 educational	 session,	 i.e.	 transaction	 revenue,	 and	
continuously	ongoing	action	i.e.	recurring	revenue.		

Table	 8	 Shows	 Revenue	 Streams	 for	 the	 Key	 Partners	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB.	 Ragn-Sells	 and	
E.ON´s	contribution	depends	on	Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	
should	 only	 belong	 to	 one	 of	 the	 key	 partners	 to	 reduce	 miscommunication	 between	 Ragn-Sells,	 E.ON	 and	
Väderholmen	 AB.	 Ragn-Sells	 and	 E.ON	 decides	 role	 division	 (Park	 coordinator	 and	 Network	 coordinator)	 if	
Väderholmen	choose	scenario	2.	

Revenue	Streams	 Ragn-Sells	 E.ON	 Väderholmen	AB	
Scenario	1	

Transaction	
revenues	

• In	and	outflows	of	
material	

		 • Usage	fee	for	
education	

Recurring	revenues	 • In	and	outflows	of	
material	

• Subsidies	
• Growing	business	

• Customer	usage	fee	for	
electricity,	gas,	steam	and	
district	heating	

• Subsidies	
• Growing	business	

• Rent	from	facilities	
• Usage	fee	for	
education	

• Administration	fee	
from	digital	platform	

Scenario	2	
Transaction	
revenues	

• In	and	outflows	of	
material	

• Usage	fee	for	education	

• Usage	fee	for	education	 		

Recurring	revenues	 • In	and	outflows	of	
material	

• Usage	fee	for	education	
• Administration	fee	for	
digital	platform	

• Subsidies	

• Customer	usage	fee	for	
electricity,	gas,	steam	and	
district	heating	

• Usage	fee	for	education	
• Administration	fee	for	digital	
platform	

• Subsidies	

• Rent	from	facilities	

Scenario	3	
Transaction	
revenues	

• In	and	outflows	of	
material	

• Usage	fee	for	education	

• 	Usage	fee	for	education	 		

Recurring	revenues	 • In	and	outflows	of	
material	

• Administration	fee	for	
digital	platform	

• Usage	fee	for	education	

• Customer	usage	fee	for	
electricity,	gas,	steam	and	
district	heating	

• Administration	fee	for	digital	
platform	

• Usage	fee	for	education	

• Rent	from	facilities	
• Subsidies	
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4.3.9 Cost	Structure	
Cost	Structure	is	defined	by	Key	Resources,	Key	Activities	and	Key	Partnership	and	constitutes	the	
flows	 of	 energy	 and	 material	 in	 industrial	 symbiosis.	 For	 costs	 required	 for	 operating	 and	
administrate	the	business,	see	Table	9.		

Table	 9	 Shows	 the	 Cost	 Structure	 for	 the	 Key	 Partners	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB.	 Ragn-Sells	 and	
E.ON´s	contribution	depends	on	Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	
should	 only	 belong	 to	 one	 of	 the	 key	 partners	 to	 reduce	 miscommunication	 between	 Ragn-Sells,	 E.ON	 and	
Väderholmen	 AB.	 Ragn-Sells	 and	 E.ON	 decides	 role	 division	 (Park	 coordinator	 and	 Network	 coordinator)	 if	
Väderholmen	choose	scenario	2.	

Cost	Structure	 Ragn-Sells	 E.ON	 Väderholmen	AB	
Scenario	1	

Administration	 • Employees	for	
• Recycling	company	
• Steering	committee	
• Network	coordinator	

• Employees	for	core	
business	

• Steering	committee	
• Network	coordinator		

• Employees	for	steering	
committee	

• Facilities	
• Park	coordinator		

Operation	 • Maintain	and	fuel	for	
transportation	

• Advertising	

• Maintain	for	production	
and	distribution	

• Advertising	

• Responsible	for	digital	
platform	

• Build	and	maintain	facilities	
Scenario	2	

Administration	 • Employees	for	Recycling	
company	

• Education	
• Steering	committee	
• Park	coordinators	
• Network	coordinators	

• Employees	for	core	
business	

• Steering	committee	
• Park	coordinators	
• Network	coordinator	

• Employees	for	steering	
committee	

• Facilities		

Operation	 • Maintain	and	fuel	for	
transportation	

• Responsible	for	digital	
platform	

• Maintain	for	production	
and	distribution	

• Responsible	for	digital	
platform	

• Build	and	maintain	facilities	

Scenario	3	
Administration	 • Employees	for	Recycling	

company	
• Education	
• Steering	committee	
• Park	coordinators	

• Employees	for	core	
business	

• Steering	committee	
• Park	coordinators	

• Employees	for	steering	
committee	

• Facilities	
• Network	coordinator	

Operation	 • Maintain	and	fuel	for	
transportation	

• Responsible	for	digital	
platform	

• Maintain	for	production	
and	distribution	

• Responsible	for	digital	
platform	

• Build	and	maintain	facilities	
• Advertising	
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4.3.10 Canvas	business	model	for	Ragn-Sells		
A	summary	of	the	nine	blocks	of	the	Canvas	business	model	is	presented	in	Figure	15,	illustrating	
the	result	for	Ragn-Sells.	The	Canvas	business	model	is	concentrated	on	Ragn-Sells	contribution	in	
Broporten	 and	 is	 used	 as	 a	 foundation	 for	 maintaining	 cooperation	 between	 the	 three	 Key	
Partners	in	industrial	symbiosis.		
	

	
Figure	 15	 Shows	 the	 Canvas	 business	 model	 for	 Ragn-Sells.	 Ragn-Sells	 and	 E.ON´s	 contribution	 depends	 on	
Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	should	only	belong	to	one	of	the	
key	partners	to	reduce	miscommunication	between	Ragn-Sells,	E.ON	and	Väderholmen	AB.	Ragn-Sells	and	E.ON	
decides	role	division	(Park	coordinator	and	Network	coordinator)	if	Väderholmen	choose	scenario	2.	
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4.3.11 Canvas	business	model	for	E.ON		
A	summary	of	the	nine	blocks	of	the	Canvas	business	model	is	presented	in	Figure	16,	illustrating	
the	 result	 for	 E.ON.	 The	 Canvas	 business	 model	 is	 concentrated	 on	 E.ON’s	 contribution	 in	
Broporten	and	used	as	a	foundation	for	maintaining	cooperation	between	the	three	Key	Partners	
in	industrial	symbiosis.		
	

	
Figure	 16	 Shows	 the	 Canvas	 business	 model	 for	 E.ON.	 Ragn-Sells	 and	 E.ON´s	 contribution	 depends	 on	
Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	should	only	belong	to	one	of	the	
key	partners	to	reduce	miscommunication	between	Ragn-Sells,	E.ON	and	Väderholmen	AB.	Ragn-Sells	and	E.ON	
decides	role	division	(Park	coordinator	and	Network	coordinator)	if	Väderholmen	choose	scenario	2.	
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4.3.12 Canvas	business	model	for	Väderholmen	AB		
A	summary	of	the	nine	blocks	of	the	Canvas	business	model	is	presented	in	Figure	17,	illustrating	
the	result	for	Väderholmen	AB.	The	Canvas	business	model	is	concentrated	on	Väderholmen	AB’s	
contribution	 in	 Broporten	 and	 used	 as	 a	 foundation	 for	 maintaining	 cooperation	 between	 the	
three	Key	Partners	in	industrial	symbiosis.		
	

	
Figure	17	Shows	the	Canvas	business	model	for	Väderholmen	AB.	Ragn-Sells	and	E.ON´s	contribution	depends	on	
Väderholmen	AB’s	choice	of	scenario.	Network	coordinator	and	Park	coordinator	should	only	belong	to	one	of	the	
key	partners	to	reduce	miscommunication	between	Ragn-Sells,	E.ON	and	Väderholmen	AB.	Ragn-Sells	and	E.ON	
decides	role	division	(Park	coordinator	and	Network	coordinator)	if	Väderholmen	choose	scenario	2.	
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4.4 Energy	and	material	flows	of	case	study	
For	division	of	different	industries	based	on	energy	demand,	see	Table	10.			

Table	10	Shows	a	division	of	high-grade	energy	and	low-grade	energy	for	different	branches.	The	table	is	divided	
in	high	value	energy	defined	as	gas	or	steam	and	low	value	energy	defined	as	district	heating.	

Industry		 Energy	demand		
Dairy	 High	Value	Energy	
Commercial	laundry	 High	Value	Energy	
Slaughterhouse	 High	Value	Energy	
Ragn-Sells	recovery	facility	Högbytorp	 High	Value	Energy	
Greenhouse	 Low	Value	Energy	
Fish	production	 Low	Value	Energy	
Brewery	 Low	Value	Energy	
Bakery	 Low	Value	Energy	
Institutional	kitchen	 Low	Value	Energy	
Computer	hall	 Low	Value	Energy	
Ice	skating	hall	 Low	Value	Energy	
Swimming	bath	 Low	Value	Energy	
Glass	recycling	 Low	Value	Energy	

	
The	 existing	 high-grade	 energy	 industries	 in	 Table	 10	 are	 dairy,	 commercial	 laundry,	
slaughterhouse	 and	 industries	 located	 at	 Ragn-Sells	 material	 recovery	 facility	 Högbytorp.	 The	
industries	at	Högbytorp	operate	in	the	present	by	landfill	gas,	produced	by	Ragn-Sells	landfills.	The	
excess	 of	 gas	 is	 distributed	 to	 the	 generic	 gas	 net	 in	 the	 area.	 Dairy,	 commercial	 laundry	 and	
slaughterhouse	can	be	supplied	with	gas	received	by	individual	gas	boilers	placed	at	each	industry	
or	supplied	with	steam	from	a	CHP	plant.	The	low	value	energy	industries	are	supplied	with	heat	
and	cool	from	district	heating.	For	recommended	energy	supply,	see	Figure	18.	For	calculations	of	
heat	 and	 electricity,	 see	 Appendix	 III	 Calculations	 of	 heat	 in	 Broporten	 and	 Appendix	 IV	
Calculations	of	electricity	in	Broporten		
	

	

Figure	18	Shows	potential	energy	flows	in	the	area	Broporten.	The	numbers	are	mean	values	of	the	minimum	and	
maximum	value	per	m2	of	the	demand.	The	dotted	line	represents	the	system	boundary	for	the	area	of	Broporten.	
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Ragn-Sells	 recycling	 facility	 Högbytorp	 produce	 landfill	 gas	 with	 the	 possibility	 to	 connect	 the	
landfill	gas	to	the	gas	infrastructure	in	Broporten	or	to	use	the	gas	for	Ragn-Sells	own	demand.	If	
the	demand	for	landfill	gas	at	Högbytorp	is	higher	than	the	supply	is	extended	gas	infrastructure	
from	Högbytorp	to	Broporten	not	necessary.	All	high	value	energy	in	Broporten	is	suggested	to	be	
steam	operated,	and	Högbytorp	operated	with	own	landfill	gas.	The	priory	industries	in	Figure	19	
are	brewery,	diary,	greenhouse,	bakery	and	slaughterhouse.	The	named	industries	correspond	to	
chosen	priority	and	the	first	industries	to	become	implemented	in	Broporten.	The	calculations	are	
presented	 in	Appendix	VI	Calculations	of	CO2	 in	Broporten,	Appendix	VII	Calculations	of	organic	
fertilizer	 in	 Broporten,	 Appendix	 VIII	 Calculations	 of	 biological	 waste	 in	 Broporten,	 Appendix	 IX	
Calculations	of	grey	water	in	Broporten	and	Appendix	X	Calculations	of	pure	water	in	Broporten.		
	

	

Figure	19	Shows	potential	material	flows	in	the	area	Broporten.	The	numbers	are	mean	values	of	the	minimum	
and	maximum	value	per	m2	of	the	demand.	 	
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Table	11	presents	the	minimum	and	maximum	value	of	energy	and	material	flow,	calculated	per	
square	 meter	 with	 the	 mean	 area	 of	 5000	 m2	 for	 the	 priority	 industries.	 Assumptions	 of	
calculations	are	from	energy	and	mass	calculations	and	the	mean	value	of	property	area	(5000	m2)	
in	 Broporten.	 For	 calculations,	 see	 Appendix	 III	 Calculations	 of	 heat	 in	 Broporten,	 Appendix	 IV	
Calculations	of	electricity	in	Broporten,	Appendix	V	Calculations	of	cold	in	Broporten,	Appendix	VI	
Calculations	of	CO2	 in	Broporten,	Appendix	VII	Calculations	of	organic	 fertilizer	 in	Broporten	and	
Appendix	VIII	Calculations	of	biological	waste	in	Broporten.	

Table	 11	 Shows	 the	 priority	 industries	 in	 Broporten	 with	 potential	 for	 industrial	 symbiosis.	 The	minimum	 and	
maximum	 value	 are	 presented	 per	 quantity	 of	 property	 (5000	 m2)	 and	 year.	 Total	 minimum	 and	 maximum	
demand	are	present	per	quantity.	A	mean	value	is	presented	if	minimum	and	maximum	values	are	equal.		

The	
priority	

industries	

Energy	and	
material	

In	or	
out	 Quantity	

Min.	
	(5000	m2)	

Max.	
(5000	m2)	

Min.	
(quantity)	

Max.	
(quantity)	

Unit	
(year)	

Bakery	

District	
heating	

In	

3	

40	 48	 120	 144	 MWh	

Electricity	 In	 3520	 4225	 10,560	 12,675	 MWh	
Cold	 In	 625	 750	 1875	 2250	 MWh	

Biological	
waste	

Out	 210	 250	 630	 750	 Ton	

Brewery	

District	
heating	

In	

2	

120	 1165	 240	 2330	 MWh	

Electricity	 In	 390	 415	 780	 830	 MWh	
Cold	 In	 440	 440	 880	 880	 MWh	

Biological	
waste	

Out	 170	 945	 340	 1890	 Ton	

Dairy	

District	
heating	

In	

8	

1745	 1745	 13960	 13,960	 MWh	

Steam	 In	 815	 815	 6520	 6520	 MWh	
Electricity	 In	 610	 610	 4880	 4880	 MWh	
Biological	
waste	

Out	 50	 50	 400	 400	 Ton	

Greenhous
e	

District	
heating	

In	

1	

1750	 2750	 1750	 2750	 MWh	

Electricity	 In	 15	 45	 15	 45	 MWh	
CO2	

consumpti
on	

In	 0	 125	 0	 125	 Ton	

Organic	
fertilizer	

In	 160	 280	 160	 280	 Ton	

Biological	
waste	

Out	 122	 122	 244	 244	 Ton	

Slaughterh
ouse	

Steam	 In	

1	

17	 290	 17	 290	 MWh	
Electricity	 In	 175	 250	 175	 250	 MWh	

Cold	 In	 155	 165	 155	 165	 MWh	
Biological	
waste	

Out	 150	 625	 150	 625	 Ton	
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One	 quantity	 of	 property	 is	 set	 to	 5000	 m2	 and	 the	 optimal	 quantity	 of	 property	 of	 the	 four	
priority	industries	are	seen	in	Table	11;	brewery	is	set	to	two	(total	property	area	of	10,000	m2),	
dairy	 is	 set	 to	eight	 (total	property	area	of	40,000	m2),	greenhouse	 is	 set	 to	one	 (total	property	
area	of	5000	m2),	bakery	is	set	to	three	(total	property	area	of	15,000	m2)	and	slaughterhouse	is	
set	to	one	(total	property	area	of	5000	m2).		
	
A	 summary	 of	 all	 priority	 industries	 flows	 (district	 heating,	 electricity,	 cold,	 steam,	 CO2	

consumption,	organic	 fertilizer	and	biological	waste),	with	 the	minimum	and	maximum	demand	
for	energy	and	material	flows	is	seen	in	the	two	columns	of	total	demand	in	Table	12.		

Table	12	Present	the	total	minimum	and	maximum	demand	for	each	energy	and	material	flow.	Additionally	the	
minimum	 and	 maximum	 margin	 of	 yearly	 output	 from	 the	 CHP	 plant	 and	 Biogas	 plant	 to	 the	 four	 priority	
industries	presented.	Calculations	are	based	on	result	in	Table	11.	

The	 minimum	 and	 maximum	 values	 of	 energy	 and	 material	 for	 the	 priority	 industries	 are	
summarized	 and	 further	 divided	 with	 the	 total	 demand	 for	 CHP	 plant	 and	 biogas	 plant,	 to	
calculate	 the	 total	 amount	 of	 energy	 and	material	 for	 the	 priority	 industries	 in	 Broporten.	 The	
minimum	 margin	 of	 yearly	 output	 of	 district	 heating	 from	 the	 CHP	 plant	 to	 the	 five	 priority	
industries	demand	are	3%	and	maximum	3.6%.	The	minimum	margin	of	yearly	output	of	electricity	
from	 the	 CHP	 plant	 to	 the	 five	 priority	 industries	 demand	 are	 9.7%	 and	 maximum	 11%.	 The	
minimum	margin	 of	 yearly	 output	 of	 organic	 fertilizer	 from	 the	biogas	 plant	 to	 the	 five	 priority	
industries	 demand	 are	 0.2%	 and	 maximum	 0.4%.	 The	 minimum	 margins	 of	 yearly	 output	 of	
biological	 waste	 from	 the	 five	 priory	 industries	 to	 the	 biogas	 plant	 demand	 are	 1.9%	 and	
maximum	are	4.1%.		
	 	

Total	demand		 Energy	and	
material	

In	or	
outflow	

Total	minimum	
demand	

Total	maximum	
demand		

Unit	per	
year	

The	priority	industries	 District	heating	 In	 16,070	 19,474	 MWh	
Electricity	 In	 16,410	 18,680	 MWh	
Cold	 In	 2910	 3295	 MWh	
Steam	 In	 6537	 6810	 ton	
CO2	consumption	 In	 0	 125	 MWh	
Organic	fertilizer	 In	 160	 280	 MWh	
Biological	waste	 Out	 1492	 3162	 MWh	

Biogas	plant	 CO2	 Out	 	 Not	decided	 ton	
Organic	fertilizer	 Out	 	 66,000	 MWh	
Gas	 Out	 	 60,000	 MWh	
Biological	waste	 In	 	 77,000	 ton	

CHP	plant	 District	heating	 Out	 	 540,000	 MWh	
Electricity	 Out	 	 170,000	 MWh	
Cold	 Out	 	 Not	decided	 MWh	
Steam	 Out	 	 Not	decided	 MWh	

Margin	between	in	
and	outflow	

District	heating	 	 2.98	 3.61	 %	
Electricity	 	 9.65	 10.99	 %	
Biological	waste	 	 1.94	 4.11	 %	
Organic	fertilizer	 	 0.24	 0.42	 %	
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The	energy	and	material	flows	between	the	five	priority	industries	and	the	CHP	plant	and	biogas	
plant	is	presented	in	Figure	20	with	expressed	maximum	margin	between	in	and	outflow.	
	

	
Figure	 20,	 Present	 the	 energy	 and	material	 flows	 between	 the	 four	 priority	 industries	 and	 the	 CHP	 plant	 and	
Biogas	plant.	
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A	 potential	 map	 of	 cluster	 formation	 is	 illustrated	 in	 Figure	 21.	 The	 map	 is	 constructed	 with	
potential	 projection	of	 roads.	 For	 calculated	minimum	and	maximum	demand	per	m2	 and	 year,	
see	 Table	 11.	 The	 industries	 are	 placed	 in	 cluster	 to	 minimize	 transportation	 and	 energy	
infrastructure.		

	

Figure	 21	 Shows	 a	 potential	 map	 over	 Broporten.	 For	 potential	 energy	 and	 material	 consumption	 for	 each	
industry	in	stage	3,	see	Table	11.		

Potential	 businesses	 for	 implementation	 of	 industrial	 symbiosis	 in	 Broporten	 is	 a	 cluster	 with	
greenhouse,	slaughterhouse,	dairy,	bakery	and	brewery,	beneficently	located	close	to	a	combined	
heat	and	power	plant	(CHP	plant),	based	on	quantitative	energy	and	material	flows	analysis.		

	 	



	 43	

5 Discussion	

The	three	core	businesses	with	recycling,	energy	and	facilities	contribute	to	connections	between	
companies	 that	 support	 and	 interoperate	 with	 each	 other,	 in	 order	 to	 maintain	 a	 successful	
cooperation	and	 implementation	of	a	new	concept.	The	choice	of	 the	particular	 combination	of	
recycling	company,	energy	company	and	real	estate	manager	 is	made	because	 they	possess	 the	
specific	Key	Resources	used	as	a	foundation	for	effectiveness	and	circular	 flows	and	economy	in	
industrial	 symbiosis.	 The	 mentioned	 combination	 is	 an	 essential	 success	 factor	 for	 industrial	
symbiosis,	 since	 it	 contributes	 with	 optimization	 and	 access	 to	 fundamental	 resources	 for	 the	
collaboration.	The	cooperators	use	each	other’s	resources,	share	advantages	and	support	failure	
to	create	trust	and	long-term	relations	in	order	to	generate	a	successful	concept	in	a	continuous	
period	 of	 time.	 Difficulties	 can	 occur	 between	 the	 three	 main	 actors	 concerning	 motivate	
cooperation	because	of	separated	business	goals.		
	
A	real	estate	manager	normally	has	capital	locked	in	buildings	and	can	become	supported	by	the	
potential	 shared	 beneficial	 outcomes	 the	 cooperation	 contributes	 to.	 Industrial	 symbiosis	
promotes	a	long-term	revenue	stream	since	the	customers	are	located	in	a	common	area,	where	
an	energy	 company	benefits	 from	achieving	profits	 regarding	 shorten	distribution	 infrastructure	
and	customers	 in	the	symbiosis	secure	the	energy	supply,	as	well	as	resource	supply	from	other	
businesses	 in	 interactivity	 with	 the	 recycling	 company.	 Improved	 infrastructure	 gives	 reduced	
costs	for	energy	 losses	 in	the	system,	furthermore	cost	savings	 in	the	energy	distribution.	Green	
buildings	with	eco	profile	allow	higher	rent	for	the	tenants	and	contributing	with	reduced	energy	
usage.	 This	 gives	 further	 potential	 development	 in	 relations	with	 the	 customers	 to	 switch	 from	
transaction	 revenues	 to	 recurring	 revenues,	 since	 the	 connection	 facilitate	 intermittent	
connections.	 In	 order	 to	 maintain	 continuously	 revenues,	 it	 is	 useful	 to	 possess	 post	 purchase	
customer	 support,	 and	 ensure	 that	 the	 values	 are	 delivered	 to	 keep	 up	 the	 authenticity	 in	 the	
concept.	However,	involving	in	industrial	symbiosis	is	out	of	scope	for	a	real	estate	manager’s	core	
business,	furthermore	requires	evolving	competence	among	employees.	
	
Extending	 environment	 approaches	 gives	 possibilities	 to	 share	 environmental	 knowledge	 when	
cooperation	 is	 created.	 It	 can	 lead	 to	 decreased	 costs	 concerning	 emission	 tax	 and	 contributes	
with	positive	outcomes	because	of	 subsidies	 from	the	government.	The	contribution	with	green	
buildings	 from	 a	 real	 estate	 manager	 gives	 a	 green	 approach	 to	 the	 park	 that	 all	 of	 the	
participators	can	use	as	marketing.		
	
The	result	in	the	case	study	shows	the	connections	between	relevant	industries	for	the	industrial	
symbiosis	 in	 Broporten.	 A	 potential	 cluster	 initiative	 with	 synergy	 effects,	 is	 a	 cluster	 with	
greenhouse,	 slaughterhouse,	 dairy,	 bakery	 and	 brewery.	 It	 indicates	 in	 a	 future	 market	
opportunity	for	greenhouse,	slaughterhouse,	dairy	and	brewery	particular	for	industrial	symbiosis,	
but	 the	 surrounding	 area	 might	 already	 include	 similar	 industries.	 Further	 investigations	 are	
required	 to	 map	 competition	 and	 future	 potential	 for	 implementation	 of	 specific	 industries	 in	
Broporten.	One	advantage	that	occurs	 is	 the	possibility	to	be	supplied	with	steam	from	the	CHP	
plant	 instead	 of	 own	 production	 of	 steam	 for	 manufacturing.	 Broporten	 can	 therefore	 avoid	
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decreased	 energy	 costs.	 Furthermore	 can	 the	heating	 demand	be	 supplied	with	 district	 heating	
instead	of	requirement	of	an	individual	gas	boiler.		
	
Broporten	is	located	close	to	the	Swedish	capital	Stockholm.	Geographic	placement	is	one	of	the	
success	factors	in	industrial	symbiosis	and	Broporten	possess	the	possibility	to	develop	a	new	park	
without	 having	 to	 adjust	 to	 existing	 industries’	 demands.	 The	 availability	 to	 consumers	 for	 the	
industries,	 situated	 in	 the	 surrounding	 area,	 as	 well	 as	 access	 to	 material	 and	 facilitate	 for	
effectiveness.	 Competition	 from	 similar	 businesses	 in	 the	 surrounding	 area	 might	 be	 a	
disadvantage.	 Contemporary	 social	 and	 environmental	 analysis	 is	 required	 to	 find	 existing	
production	 outside	 of	 Broporten	 and	 the	 surrounding	 area,	 to	 find	 potential	 for	 new	 scope	 of	
businesses,	and	to	avoid	implementation	of	already	existing	businesses.	Understanding	of	demand	
and	 supply	 of	 quantities	 in	 production	 supports	 set	 of	 relevant	 dimension	 of	 newly	
implementation	 of	 industries.	 The	 possibility	 to	 plan	 the	 energy	 infrastructure	 and	 connect	 the	
majority	of	 the	 industries	 to	 steam	and	district	heating	 instead	of	 fossil	 fuel	 gives	 lower	energy	
transaction	costs	and	increase	the	possibility	to	market	Broporten	with	eco	profile.	Advantages	in	
terms	of	energy	efficiency	arise	with	a	central	energy	source	with	distribution	of	steam,	compared	
to	a	separate	gas	boiler	at	each	industry.		
	
Advantages	occur	with	potential	 to	share	and	combine	resources	between	the	Key	Partners	and	
customers.	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 have	 customers	 related	 to	 their	 core	
businesses.	The	opportunity	 to	combine	segments	of	customers	between	the	Key	Partners	gives	
advantages	regarding	resource	supply	by	creating	circular	flows	that	further	contributes	to	reduce	
environmental	 impact.	Risks	might	occur	because	of	 their	dependency	of	each	other’s	 flows,	 for	
example	 production	 stop.	 However,	 additional	 flows	 from	 diversified	 industries	 gives	 risk	
minimization.	The	 local	 cluster	 initiative	 reduces	 the	demand	of	 transportations,	 contributing	 to	
environmental	sustainability.	To	combine	businesses	with	numerous	connections	and	use	of	each	
other's	 energy	 and	 material	 flows	 contribute	 to	 efficiency	 and	 result	 in	 economic,	 social	 and	
environmental	benefits.		
	
Landfill	gas	from	Högbytorp	is	an	opportunity	for	cost	saving	regarding	energy	production,	and	can	
be	 an	 opportunity	 for	 energy	 supply	 in	 Broporten.	 However,	 the	 infrastructure	 to	 connect	 the	
landfill	 gas	 between	 Högbytorp	 and	 Broporten	 for	 energy	 use	 in	 Broporten	 contributes	 to	
increased	 costs.	 It	 requires	 further	 cost	 benefit	 analysis	 to	 find	 the	 potential	 in	 investments	 of	
landfill	gas	infrastructure	between	the	two	areas.	After	15	years	might	the	landfill	gas	run	out,	and	
therefore	can	it	be	more	efficient	to	have	gas	infrastructure	connections	between	the	biogas	plant	
in	Broporten	to	Högbytorp	to	avoid	production	stop	because	of	limited	amount	of	landfill	gas.		
	
Canvas	business	model	used	by	all	cooperators	are	beneficial	when	clarifying	how	the	cooperation	
handle	 profits,	 risks	 and	 investments,	 and	 it	 gives	 guidelines	 for	 how	 to	 set	 incentives	 for	
improvements	within	the	cooperation.	The	long-term	relationship	between	Key	Partners	leads	to	
increased	 learning	and	 income,	reduces	 investment	and	operation	costs	and	promotes	 flexibility	
and	 innovation.	 A	 common	 business	 model	 in	 industrial	 symbiosis	 reduces	 costs	 and	 increase	
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revenues,	however	it	also	encloses	a	long	repayment	time.	Canvas	business	model	can	occur	as	a	
difficult	and	unfamiliar	strategy	tool	and	therefore	hard	to	rely	on.		
	
Even	 if	a	Canvas	business	model	 could	be	hard	 to	 rely	on,	a	model	 for	cooperation	 is	necessary	
when	 join	 a	 project	 between	 three	 different	 companies,	 and	 contributes	 to	 risk	 minimization.	
Repeated	 interactions,	 shared	 norms	 and	 shared	 behavior	 within	 the	 cooperation	 make	 the	
network	 become	more	 engaged	which	 creates	 greater	 trust	 for	 involved	 parties.	 For	 successful	
collaboration	must	all	the	actors	have	confidence	in	the	cooperation	and	distinguish	an	outcome	
comparable	 or	 close	 to	 the	 actors	 business	 goals.	 Different	 company	 cultures	 can	 appear	 as	 a	
barrier	in	maintaining	industrial	symbiosis,	leading	to	misunderstanding	in	communication.		
	
Disadvantages	 that	might	 occur	 in	 cooperation	 between	 companies	with	 different	 interests	 are	
how	 to	 handle	 profits,	 and	 how	 to	 share	 it	 fair	 depending	 on	 relevance,	 contribution	 and	
achievement	 from	 each	 individual	 part.	 If	 lack	 of	 trust	 between	 participants	 occurs,	 challenges	
might	enlarge,	which	again	emphasize	 the	 importance	of	shared	trust	within	 the	cooperation.	A	
conflicting	reason	for	a	company	to	avoid	contribution	is	the	inability	to	see	the	economical	profits	
arising	 in	a	future	sense,	since	economic	profits	might	not	always	occur	 in	the	beginning.	Profits	
appear	 in	 both	 monetary	 terms	 and	 ecological	 terms,	 which	 can	 be	 difficult	 to	 share	 equal.	 A	
steering	 committee	 with	 members	 from	 all	 participators	 avoids	 misunderstanding	 and	
miscommunication,	 and	 allowing	 the	 separate	 participators	 individual	 contributions	 using	 their	
specific	 knowledge	 and	 capacity,	 to	 give	 individual	 evolvement	 and	 to	 avoid	 sub	 optimization.	
Difficulties	regarding	creating	connecting	links	and	flows	between	customers	in	the	park	might	be	
a	reason	for	avoiding	collaboration	for	participators,	since	the	cooperation	appears	as	difficult	and	
require	effort	that	the	company	is	not	willing	to	give	comparing	to	the	benefits	it	gives.	In	this	case	
can	the	potential	cooperation	be	pitched	as	a	complete	concept,	which	is	already	composed	and	
easy	to	become	part	of.		
	
To	 divide	 the	 responsibility	 between	 the	 six	 roles	 contributes	 to	 risk	 dispersal,	 which	 refers	 to	
scenario	 1	 and	 3,	 where	 Väderholmen	 AB	 is	 an	 operative	 Key	 Partner	 in	 Broporten.	 If	
Väderholmen	 AB	 choose	 scenario	 2,	 Ragn-Sells	 or	 E.ON	 become	 responsible	 for	 the	 roles	 as	
Network	coordinator	and	Park	coordinator.	Scenario	2	gives	a	narrow	operative	responsibility	and	
requires	less	effort	from	Väderholmen	AB,	since	Väderholmen	AB	only	contribute	with	facilities	in	
the	area.	The	limited	insight	for	Väderholmen	AB	might	affect	the	possibility	to	change	structures	
and	 managing	 in	 Broporten,	 furthermore	 forces	 Ragn-Sells	 and	 E.ON	 with	 larger	 commitment.	
Heros	Biopark	Terneuzen	 and	Devens	Enterprise	Commission	 state	examples	of	how	a	dispersed	
responsibility	 contributes	 to	 a	 successful	 industrial	 symbiosis,	 and	 is	 a	 proof	 that	 a	 larger	
participation	 from	 a	 real	 estate	manager	 leads	 to	 success	 in	 industrial	 symbiosis.	 The	 choice	 of	
scenario	 1	 or	 3	 gives	 Väderholmen	AB	 greater	 commitment	 in	 Broporten	 and	 allows	 Ragn-Sells	
and	E.ON	to	support	the	real	estate	company	in	the	given	roles.		
	
In	 scenario	 1,	 the	 role	 as	 Park	 coordinator	 gives	 Väderholmen	 AB	 responsibility	 for	 the	 digital	
platform,	used	as	a	communication	tool.	A	digital	platform	facilitates	the	managing	of	energy	and	
material	 flows	between	customers	and	makes	 information	available	to	able	optimized	flows	and	
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avoid	superior	material	storage.	Develop	an	already	existing	intranet	can	be	a	cost	reduction.	To	
develop	a	digital	platform	requires	further	investigation	to	reach	the	most	cost	efficient	solution.	
However,	the	communication	tool	enables	all	participators	in	the	park	to	communicate	and	share	
information.	The	Park	coordinator	 is	also	a	role	 in	close	relation	to	a	real	estate	manager’s	core	
business,	since	it	requires	facility	maintenance	such	as	sanitation	management	and	daily	building	
maintain.	 The	 Park	 coordinator	 and	 the	 Knowledge	 company	 contributes	 to	 knowledge	 for	 all	
customers	in	the	park,	by	education,	workshops	and	seminars.	The	Park	coordinator	together	with	
the	Network	coordinator	occupies	responsibility	for	 included	customers	 in	the	synergies,	 leading	
to	potential	direction	of	shaping	the	industrial	symbiosis.	
	
Marketing	 is	 a	 useful	 mean	 to	 provide	 awareness	 among	 local	 and	 regional	 public,	 which	
contributes	 to	 submerge	 risk	 for	 lack	 of	 interest	 and	 support	 from	 the	 society.	 The	 company	
responsible	 for	 the	 role	 as	 Network	 coordinator	 has	 the	 power	 of	 marketing	 process	 and	
contributes	 to	 the	 synergy	 effects	 of	 the	 symbiosis.	 The	Network	 coordinator	 can	 contribute	 to	
reduced	environmental	taxes,	since	the	industrial	symbiosis	gives	an	ecologically	sustainability	and	
green	 approach.	 It	 is	 furthermore	 suitable	 if	 the	 responsible	 company	 for	 the	 role	 as	 Network	
coordinator	 already	 is	 geopolitical	 engaged.	 The	 Knowledge	 company	 becomes	 responsible	 for	
innovation	 in	the	park,	 important	for	 further	 improvements	and	continuously	reduced	costs	and	
environmental	 impacts.	 Together	 with	 marketing	 responsibility	 from	 the	 Network	 coordinator	
become	cooperation	between	the	two	roles	improved	by	the	outcome	with	greater	awareness	of	
the	 concept,	 and	 promotes	 growing	 businesses	 and	 recognition	 for	 society.	 Shared	 knowledge	
between	 the	 roles	 in	 industrial	 symbiosis	 enables	 dissipation	 of	 the	 concept	 to	 be	 adapted	 by	
others,	which	contributes	to	a	greater	outcome	regarding	reduced	global	environmental	impact.		
	
Comprehensive	 and	 distinctness	 are	 useful	 in	 order	 to	 understand	 each	 separate	 business	
regarding	expectations	and	needs,	and	to	use	possible	synergies.	The	value	in	industrial	symbiosis	
is	 the	 solution	 to	 reach	 sustainability,	 and	 simultaneously	 secure	 resource	 supply	 and	 receive	
economic	profits.	Broporten	makes	it	possible	for	customers	to	interact	in	an	area	of	cluster,	and	
achieve	 support	 with	 the	 implementation	 from	 operating	 Key	 Partners.	 To	 market	 industrial	
symbiosis	with	all	including	benefits	outreach	the	specific	values,	regarding	cost	reduction	and	risk	
reduction,	 accessibility,	 convenience	 and	 usability	 for	 the	 customers.	 However,	 difficulties	 can	
occur	 when	 marketing	 industrial	 symbiosis,	 because	 of	 the	 newness	 in	 the	 concept	 since	 it	
requires	acceptance	of	circular	resource	flows	strategies.	
	
A	common	value	delivered	from	the	three	Key	Partners	is	to	reach	sustainability,	expressed	in	the	
terms	 of	 economic,	 social	 and	 environmental.	 Economic	 sustainability	 is	 reached	 by	 lower	
transaction	 costs	 and	 reuse	 and	 reduced	 demand	 of	 raw	 material	 supply,	 resulting	 in	 secured	
delivery	of	by	products.	Furthermore,	social	sustainability	occurs	with	risk	reduction	and	created	
trust,	leading	to	innovative	solutions.	Environmental	sustainability	reached	by	renewable	energy,	
reduced	transportation	with	local	production,	and	lasting	resources	because	of	reused	amount	of	
materials.	Cooperation	can	contribute	to	ethical	manner	and	genuine	sustainable	maintaining	of	
industrial	 symbiosis.	 Minimizing	 global	 climate	 impact	 and	 maintaining	 cooperation	 with	
sustainable	 values	 reach	 ethical	 approaches	 and	 allow	 contributors	 to	 work	 within	 the	 same	
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framework	 for	 social	 performance.	 Cooperation	 contributes	 to	 a	 fair	 maintaining	 of	 the	
development	of	sustainable	and	efficient	 industrial	symbiosis,	when	values	regarding	ethical	and	
sustainable	development	are	set.	
	
Trust	creates	endurance	to	continue	with	the	plan	even	in	failure,	and	is	formed	by	straight	and	
open	 communication.	 It	 requires	 transparency	 in	 the	 relationships,	 where	 prosperity	 for	 each	
company	 is	 indulged.	 Business	 likeness	 enhance	 a	 common	 competitiveness,	 and	 allows	 the	
involving	 parts	 to	 support	 and	 improve	 each	 other	 to	 actuate	 a	 sustainable	 growth	 and	 a	
community	 with	 common	 goals.	 Engagement	 in	 the	 cooperation	 means	 that	 further	 common	
arrangement	 between	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 are	 more	 likely	 to	 become	
generated,	and	it	requires	a	willingness	from	each	part	to	spend	time	on	this.		
	
Energy	and	mass	calculations	 show	 that	 the	 five	priority	 industries	greenhouse,	 slaughterhouse,	
brewery,	bakery	and	diary	cover	4.1%	of	the	yearly	consumption	of	biological	waste	for	the	biogas	
plant,	 and	 0.4%	 of	 the	 yearly	 production	 of	 organic	 fertilizer.	 It	 furthermore	 leads	 to	 question	
regarding	 the	 placement	 of	 E.ON’s	 biogas	 plant	 in	 Broporten,	 since	 the	 high	 value	 energy	 is	
recommended	as	steam	and	not	gas,	and	the	supply	of	biological	waste	is	 limited.	To	secure	the	
supply	of	biological	waste	needs	the	surrounding	area	become	analyzed	and	included	as	supplier	
with	 biological	 waste	 to	 the	 biogas	 plant.	 Further	 investigation	 regarding	 access	 to	 Ragn-Sells	
biological	waste	resources	is	required,	and	surrounding	demand	of	vehicle	gas.		
	
Energy	 and	 mass	 calculations	 show	 that	 the	 five	 priority	 industries	 cover	 3.6%	 of	 the	 yearly	
production	of	district	heating	for	the	CHP	plant,	and	11%	of	the	yearly	electricity	production.	CHP	
plant	is	suitable	alternative	in	Broporten	since	Stockholm	city	also	demand	electricity	and	district	
heating.	Furthermore	presents	capability	for	E.ON	with	the	CHP	plant	to	become	a	Key	Partner	in	
industrial	 symbiosis	 in	Broporten,	 since	 the	beneficial	outcome	of	 long-term	customers.	 Further	
economic	calculations	are	 recommended	 to	 involve	monetary	 terms.	Ragn-Sells	 receive	benefits	
of	 being	 connected	 with	 E.ON’s	 secured	 energy	 supply,	 since	 the	 possibility	 to	 make	
improvements	 in	 waste	 management	 with	 decreasing	 landfill	 at	 Högbytorp.	 Väderholmen	 AB	
receives	secured	recurring	revenues	from	customers,	furthermore	risk	minimization	by	long-term	
relationships.		
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6 Conclusion	

Cooperation	between	a	recycling	company,	an	energy	company	and	a	real	estate	company	leads	
to	an	effective	implementation	of	industrial	symbiosis,	since	the	individual	core	businesses	supply	
each	 other	 in	 a	 useful	 manner.	 The	 industrial	 symbiosis	 in	 Broporten	 can	 be	 developed	 and	
maintained	by	the	three	cooperating	companies	Ragn-Sells,	E.ON	and	Väderholmen	AB	by	using	a	
canvas	business	model.		
	
Different	scenarios	show	how	responsibility	roles	can	be	divided	between	the	three	key	partners.	
The	Key	Partnership	depends	on	decision	of	chosen	scenario.	The	most	successful	outcome	is	
scenario	1,	because	Park	coordinator	is	close	to	Väderholmen	AB’s	core	business.	Network	
coordinator	is	suitable	for	both	Ragn-Sells	and	E.ON	since	they	already	are	involved	in	geopolitical	
framework.	It	results	in	following	division;		

• Ragn-Sells	with	key	activities	as	Recycling	company,	Knowledge	company	and	Network	
coordinator	

• E.ON	with	Key	Activities	as	Infrastructure	company,	Process	industry	company	and	
Network	coordinator	

• Väderholmen	AB	with	Key	Activities	as	Park	coordinator	
The	role	as	network	coordinator	should	only	correspond	to	one	Key	Partner.		
	
Potential	 businesses	 for	 implementation	 of	 industrial	 symbiosis	 in	 Broporten	 are	 a	 cluster	with	
greenhouse	 (5000	 m2),	 slaughterhouse	 (5000	 m2),	 dairy	 (40,000	 m2),	 bakery	 (15,000	 m2)	 and	
brewery	 (10,000	m2).	 Energy	 and	mass	 calculations	 show	 that	 the	 five	 priority	 industries	 cover	
4.1%	of	 the	biogas	plant	yearly	consumption	of	biological	waste,	and	0.4%	of	 the	yearly	organic	
fertilizer	production.	 It	 furthermore	 leads	 to	question	 regarding	 the	placement	of	E.ON’s	biogas	
plant	in	Broporten,	since	the	high	value	energy	used	in	Broporten	is	recommended	as	steam	and	
not	gas,	and	the	supply	of	biological	waste	is	 limited.	Further	 investigation	needs	to	be	done	for	
the	demand	of	vehicle	gas.		
	
The	calculations	present	that	the	five	priority	industries,	beneficently	located	close	to	CHP	plant,	
cover	 3.6%	 of	 the	 CHP	 plant	 yearly	 district	 heat	 production,	 and	 11%	 of	 yearly	 electricity	
production.	 CHP	 plant	 is	 suitable	 as	 alternative	 in	 Broporten	 since	 Stockholm	 city	 also	 demand	
electricity	and	district	heating.		
	
Furthermore	 presents	 capability	 for	 Ragn-Sells,	 E.ON	 and	 Väderholmen	 AB	 to	 become	 Key	
Partners	in	industrial	symbiosis	in	Broporten.	E.ON	with	the	CHP	plant	has	beneficial	outcome	with	
long-term	customers,	thus	further	economic	calculations	are	recommended	to	 involve	monetary	
terms.	 Ragn-Sells	 receive	 benefits	 of	 being	 connected	with	 E.ON’s	 secured	 energy	 supply,	 since	
the	 possibility	 to	 make	 improvements	 in	 waste	 management	 with	 decreasing	 landfill	 at	
Högbytorp.	 Väderholmen	 AB	 receives	 secured	 recurring	 revenues	 from	 customers,	 furthermore	
risk	minimization	by	long-term	relationships.	
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7 Recommendations	

Specific	 dimensions	 of	 suggested	 industries	 are	 not	 set,	 because	 of	 requirement	 of	 further	
investigation	of	the	surrounding.	For	further	development	of	 industrial	symbiosis	 in	Broporten	is	
marketing	analysis	a	way	to	 find	suitable	branches,	production	and	dimensionality	of	businesses	
implemented	 in	 the	 park.	 The	 stated	 property	 area	 in	 the	 result	 is	made	 as	 a	 guideline	 for	 the	
dimension	of	the	implementation	of	the	specific	industry.		
	
Since	this	study	is	limitied	to	energy	flows	with	district	heating,	steam,	gas,	and	cold.	Furtermore	
Material	 flows	 limited	 to	 biological	 waste,	 organic	 fertilizer,	 CO2,	 fresh	 water	 and	 cold	 water.	
Should	 the	 flows	 of	 energy	 and	 material	 links	 between	 industries	 further	 be	 investigated	 to	
evaluate	 the	 higher	 value	 use	 of	 recourse	 flows,	 and	 find	 even	more	 connections	 between	 the	
industries	in	Broporten.	Whether	the	amounts	of	flows	within	the	industrial	symbiosis	are	used	as	
a	contributing	complement	to	the	existing	demand	in	energy	production,	or	if	it	is	a	fundamental	
base	for	the	operation,	needs	further	analyze.	
	
Calculations	 of	 monetary	 benefits	 for	 energy	 production	 based	 on	 complete	 mass	 balances	
between	 energy	 suppliers	 and	 including	 businesses	 should	 further	 be	 made	 to	 find	 monetary	
profits	 in	 industrial	 symbiosis.	Calculations	 should	be	based	on	 the	 total	 amount	of	 flows	giving	
from	industries	to	the	biogas	plant	and	the	CHP	plant.	
	
Data	 for	 education	 is	 required	 in	 an	 early	 stage	 of	 implementation	 of	 industrial	 symbiosis	 in	
Broporten	to	reach	greater	knowledge	for	all	participators	in	the	implementation	for	a	successful	
outcome.	 To	 reach	 common	 recognition	 by	 society	 to	 arise	 knowledge	 and	 acceptance	 of	 the	
concept	 is	beneficial,	 furthermore	spread	the	concept	and	contribute	to	 increased	knowledge	of	
industrial	symbiosis.	Simplify	the	definition	of	industrial	symbiosis	to	reach	a	broader	segment	of	
customers	with	greater	recognition.	 	
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Appendix	I	Description	of	success	factors	of	eco	innovation	parks	

Success	factors	for	eco	innovation	parks	are	shown	in	Table	I.		

Table	I	Shows	description	of	success	factors	of	eco	innovation	parks	(Massard,	Jacquat	&	Zürcher,	2014).		

Success	factor	 Description/example	 Short	name	

Economic	value	added	 Direct	business	interests	of	companies	in	reducing	
expenses	and/or	in	increasing	profit	by	implementing	
synergies	with	other	companies	in	the	park	
(implementation,	development,	perpetuation)	

Value	added	
	

Policy	&	regulation	
frameworks	

Legislation	enhancing	eco	innovation,	sustainable	
development,	public	private,	partnerships,	industrial	
symbiosis	and	eco	industrial	development	strategies	
through	local	and	regional	policy	action	for	
implementation	and	regulatory	instruments	combined	
with	innovative	models	

Policy	
	

Organizational	and	
institutional	setups	

Organization	and	setups	for	the	operation	of	the	park.	
Coordination	bodies,	e.g.	trust	companies	in	charge	of	
the	coordination	and	services	for	stakeholders	(e.g.	
environmental	services,	risk	analysis,	information	and	
training,	marketing	and	communication,	help	for	
getting	permits,	“plug	and	play”	services)	and	providing	
a	platform	for	cooperation	among	stakeholder	
Monitoring	through	independent	authorities	and	
management	of	common	mutualized	infrastructures	

Coordinators	
	

Cooperation	with	Science	
and	Technology	institutions	

Cooperation	with	e.g.	universities,	science	and	
technology	enterprises	and	research	centers,	
knowledge	sharing	

Coop.	S&T	
	

Geographical	factors	and	
regional	infrastructure	
	

Location	(close	to	seaport,	airport,	highway,	urban	
centers,	historical	and	natural	conditions),	
infrastructure,	size,	potential	for	expansion	

Location	
	

Clear	designation	of	the	
park	as	eco	innovation	park	
	

Clear	commitment,	clear	definition	and	differentiation	
from	other	parks	(self	declaration	must	be	reviewed)	as	
marketing	and	communication	standards	

Eco	Innovation	
Park	
	

	

	 	



	 57	

Appendix	II	Criteria	of	eco	innovation	parks	

Criteria	of	eco	innovation	parks	are	shown	in	Table	II.		

Table	II	Shows	explanation	of	words	and	criteria	for	eco	innovation	parks	(Massard,	Jacquat	&	Zürcher,	2014).		

Success	factor	 Description/example	

Energy	efficiency	
	

Optimization	or	reduction	of	energy	use,	including	energy	needed	for	buildings	and	
other	infrastructure	as	well	as	for	industrial	production	

Renewable	energy	
sources	
	

Use	and/or	onsite	production	of	renewable	energy.	Includes	solar	energy,	wind	
energy,	hydropower,	combined	heat	and	power	(CHP),	energy	production	based	on	
waste,	geothermal	energy,	tidal/wave	generated	energy,	biofuels	

Waste	management	
	

Onsite	collection,	transport,	onsite	or	external	processing	and	recycling	or	disposal	of	
waste	

Water	management	
	

Onsite	wastewater	treatment,	reduction/optimization	of	water	use	for	infrastructure	
and	production	

Material/chemical	
flow	

Synergies,	exchange	of	materials	(chemicals,	waste,	etc.)	among	companies,	inter	firm	
collaborations.	Input	output	scheme	as	theoretically	defined	by	industrial	symbiosis	
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Appendix	III	Calculations	of	heat	in	Broporten	

Calculations	and	assumptions	for	heat	consumption	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
The	calculations	assume	a	tomato	greenhouse	and	need	according	to	Andersson	(2010)	350-550	
kWh	 heat	 per	 m2	 grow-area	 (Andersson,	 S.	 2010).	 Plantagon	 is	 a	 greenhouse	 company	 in	
Linköping,	 with	 growing	 area	 of	 4500	m2	 (Rytterborn,	 2016).	 The	minimum	 value	 is	 set	 to	 the	
lower	value	(350	kWh)	of	heat	consumption	per	m2.	The	maximum	value	is	set	to	the	higher	value	
(550	kWh)	of	heat	consumption	per	m2.	The	mean	value	of	the	minimum	(350	kWh)	and	maximum	
(550	kWh)	value	per	m2	and	year	is	calculated	to	450	kWh	district	heating	per	m2	and	year.	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
greenhouse	in	Linköping	has	a	growing	area	of	4500	m2,	which	quantify	an	assumed	area	of	5000	
m2	 in	 Broporten.	 Calculations	 with	 the	 minimum	 (350	 kWh)	 and	 maximum	 (550	 kWh)	 district	
heating	 consumption	 per	m2	 applied	 on	 5000	m2	 greenhouse	 property	 in	 Broporten	 result	 in	 a	
minimum	demand	of	1750	MWh	district	heating	per	year	and	a	maximum	demand	of	2750	MWh	
district	heating	per	year.	
	
Fish	production:		
The	 calculation	 is	 based	on	 a	 small	 fish	 production,	 producing	 5	 ton	 fish	 per	 year.	Moreover,	 a	
large	fish	production	produces	130	ton	fish	per	year	(Insulander	&	Tobiasson,	2015).	A	mean	heat	
consumption	is	30	kWh	per	kg	produced	fish	and	year	(Nordiska	ministerrådet,	2008).	Simontorps	
Säteri	AB	is	used	as	reference	ground	area	by	the	map	field	study	and	set	to	be	15,000	m2.		
	
The	minimum	 value	 is	 calculated	 with	 a	 small	 fish	 production	 sites	 (5	 ton)	multiplied	 with	 the	
mean	heat	consumption	(30	kWh)	per	kg	produced	fish,	resulting	in	150	MWh	heat	consumption	
for	a	small	fish	production	site.	The	heat	consumption	for	a	small	fish	production	site	(150	MWh)	
divided	with	 the	 reference	 area	 of	 Simontorps	 Säteri	 AB	 (15,000	m2)	 result	 in	 a	minimum	heat	
consumption	value	of	10	kWh	heat	per	m2	and	year.	
	
The	maximum	value	 is	calculated	with	a	 large	fish	production	sites	(130	ton)	multiplied	with	the	
mean	heat	consumption	(30	kWh)	per	kg	produced	fish,	resulting	in	3900	MWh	heat	consumption	
for	a	large	fish	production	site.	The	heat	consumption	for	a	large	fish	production	site	(3900	MWh)	
divided	with	 the	 reference	 area	of	 Simontorps	 Säteri	 AB	 (15,000	m2)	 result	 in	 a	maximum	heat	
consumption	value	of	260	kWh	heat	per	m2	and	year.	
	
The	mean	 value	 of	 the	minimum	 (10	 kWh)	 and	maximum	 (260	 kWh)	 value	 per	m2	 and	 year	 is	
calculated	to	135	kWh	heat	per	m2	and	year	 	
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Brewery:	
Sigtuna	Brygghus	is	used	as	reference	for	the	definition	of	a	small	brewery	and	the	minimum	value	
of	 heat	 consumption.	 From	mail	 conversation	with	 the	 Environment	 and	Health	 Department	 of	
Sigtuna	municipality	consumes	Sigtuna	Brygghus	around	100	MWh	heat	per	year	(Engvall,	2016).	
For	 the	definition	of	a	 large	Brewery	 is	Carlsberg’s	mean	heat	consumption	 for	each	production	
site	used,	which	 is	 calculated	with	 the	 total	 thermal	heat	 consumption	2943	GWh,	divided	with	
the	number	of	reported	production	sites	equal	to	110	(Carlsberg,	2015).	Sigtuna	Brygghus	ground	
area	defined	by	the	map	field	study	to	4200	m2.	Carlsberg	brewery	in	Falkenberg	ground	area	are	
defined	by	the	map	field	study	to	115,000	m2.	Åbro	brewery	in	Vimmerby	ground	area	are	defined	
by	the	map	field	study	to	75,600	m2.		
	
The	minimum	 value	 is	 calculated	 with	 Sigtuna	 Brygghus	 heat	 consumption	 (100	MWh)	 divided	
with	Sigtuna	Brygghus	ground	area	(4200	m2),	which	result	in	the	minimum	value	of	24	kWh	heat	
per	m2	and	year.	The	mean	value	of	the	minimum	(24	kWh)	and	maximum	(233	kWh)	value	per	m2	
and	year	is	calculated	to	128.5	kWh	heat	per	m2	and	year.		
	
The	maximum	value	is	calculated	with	Carlsberg’s	heat	consumption	(2943	GWh)	with	the	number	
of	reported	production	sites	(110),	which	result	in	a	mean	value	of	26755	MWh	heat	consumption	
per	site.	The	mean	value	of	heat	consumption	(26755	MWh)	divided	with	Carlsberg’s	ground	area	
(115,000	m2),	result	in	the	maximum	value	of	233	kWh	heat	per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	 with	 the	 minimum	 (24	 kWh)	 and	 maximum	 (233	 kWh)	 heat	 consumption	 per	 m2	
applied	on	5000	m2	brewery	property	in	Broporten	result	in	a	minimum	demand	of	120	MWh	heat	
per	year	and	a	maximum	demand	of	1165	MWh	heat	per	year.	
	
The	Åbro	brewery	has	an	area	of	75,600	m2.	Sigtuna	Brygghus	 is	a	small	brewery	at	a	ground	of	
4200	m2.	Åbro	brewery	is	one	of	Sweden’s	biggest	breweries,	and	it	is	more	reasonable	to	have	a	
microbrewery	 or	 middle-sized	 brewery	 actor	 in	 Broporten.	 It	 quantifies	 the	 assumed	 area	 of	
10,000	 m2	 in	 Broporten.	 Calculations	 with	 the	 minimum	 (24	 kWh)	 and	 maximum	 (233	 kWh)	
electricity	 consumption	 per	m2	 applied	 on	 10,000	m2	 brewer	 property	 in	 Broporten	 result	 in	 a	
minimum	 demand	 of	 240	 MWh	 electricity	 per	 year	 and	 a	 maximum	 demand	 of	 2330	 MWh	
electricity	per	year.	
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Bakery:	
Polarbröd	in	Älvsbyn	produces	26,000	ton	bread	in	year	2014,	and	consumes	190	MWh	heat	with	
district	heating	 (Lundberg,	2016).	Anderson	Bakery	produces	6500	 ton	bread	each	year	and	 the	
amount	 of	 produced	 bread	 is	 defined	 as	 a	 small	 bakery	 (Andersson	 Bakery,	 n.d.).	 Andersson	
Bakery	ground	area	defined	by	the	map	field	study	is	5000	m2.	Polarbröd	in	Älvsbyn	ground	area	
defined	by	the	map	field	study	to	24,000	m2.		
	
The	minimum	value	 is	 calculated	on	Polarbröd	 in	Älvsbyn	of	 the	consumed	district	heating	 (190	
MWh)	 divided	 with	 Polarbröd’s	 ground	 area	 (24,000	 m2),	 which	 result	 in	 a	 district	 heat	
consumption	of	8	kWh	per	m2	and	year.			
	
The	maximum	value	is	calculated	with	Polarbröd	in	Älvsbyn	consumed	district	heating	(190	MWh)	
divided	 with	 Polarbröd’s	 amount	 of	 produced	 bread	 (26,000	 ton),	 which	 gives	 a	 mean	 district	
heating	consumption	of	7.3	kWh	district	heating	per	ton	bread	and	year.	The	mean	district	heating	
consumption	(7.3	kWh)	multiplied	with	the	amount	of	produced	bread	at	Anderson	Bakery	(6500	
ton)	 which	 result	 in	 an	 estimated	 district	 heat	 consumption	 of	 47.5	 MWh	 district	 heat	
consumption.	 The	 district	 heat	 consumption	 for	 a	 small	 bakery	 (47.5	 MWh)	 is	 divided	 with	
Anderson	Bakery	ground	area		(5000	m2),	which	result	in	a	maximum	district	heating	consumption	
of	9.5	kWh	per	m2	and	year.	The	mean	value	of	the	minimum	(8	kWh)	and	maximum	(9.5	kWh)	
value	per	m2	and	year	is	calculated	to	8.75	kWh	heat	per	m2	and	year.	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	 with	 the	 minimum	 (8	 kWh)	 and	 maximum	 (9.5	 kWh)	 heat	 consumption	 per	 m2	
applied	on	5000	m2	bakery	property	in	Broporten	result	 in	a	minimum	demand	of	40	MWh	heat	
per	year	and	a	maximum	demand	of	48	MWh	heat	per	year.	
	
Polarbröd	 in	 Älvsbyn	 has	 an	 area	 of	 24,000	 m2.	 Andersson	 Bakery	 ground	 area	 is	 5000	 m2.	
Polarbröd	 in	Älvsbyn	Sweden’s	biggest	bakery,	 and	Andersson	Bakery	 is	 a	 small	 industry	bakery	
and	it	is	reasonable	to	have	a	middle	bakery	actor	in	Broporten.	It	quantifies	the	assumed	area	of	
15,000	m2	 in	Broporten.	 Calculations	with	 the	minimum	 (8	 kWh)	 and	maximum	 (9.5	 kWh)	heat	
consumption	 per	 m2	 applied	 on	 15,000	 m2	 bakery	 property	 in	 Broporten	 result	 in	 a	 minimum	
demand	of	120	MWh	heat	per	year	and	a	maximum	demand	of	144	MWh	heat	per	year.	
	
Commercial	laundry:	
Berendsen	Textil	Service	AB	in	Ockelbo	is	a	commercial	laundry	and	consumes	4860	MWh	steam	
for	4250	ton	laundry	(Nevala,	2015).	Berendsen	Textil	Service	AB	in	Fristad	is	a	commercial	laundry	
and	wash	8000	ton	of	laundry	each	year,	according	to	Berendsen	Textil	Service	AB’s	sustainability	
report	 from	 2014	 (Berendsen,	 2016).	 Berendsen´s	mean	 consumption	 is	 1.12	 kWh	 heat	 per	 kg	
laundry	(Berendsen,	2015).		
	
Berendsen	Textil	Service	AB	ground	area	is	defined	by	the	map	field	study	to	12,000	m2	in	Ockelbo	
and	7000	m2	in	Fristad.		
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The	 minimum	 value	 is	 calculated	 with	 Berendsen	 Textil	 Service	 AB	 in	 Ockelbo,	 and	 consumed	
steam	 (4860	MWh)	 is	 divided	with	 Berendsen	 Textil	 Service	 AB	 in	Ockelbo	 ground	 area	 (12000	
m2),	which	result	in	a	minimum	steam	consumption	of	405	kWh	per	m2	and	year.	
	
The	maximum	value	is	calculated	with	Berendsen	Textil	Service	AB´s	in	Fristad	commercial	laundry	
wash	(8000	ton)	per	year,	multiplied	with	the	mean	consumption	(1.12	kWh)	heat	per	kg	laundry,	
which	 result	 in	 a	 heat	 consumption	 of	 8960	MWh	 per	 year	 for	 Berendsen	 Textil	 Service	 AB	 in	
Fristad.	 Berendsen	 Textil	 Service	 AB	 in	 Fristad	 heat	 consumption	 (8960	 MWh)	 divided	 with	
Berendsen	 Textil	 Service	 AB	 in	 Fristad	 ground	 area	 (7,000	 m2)	 results	 in	 a	 maximum	 heat	
consumption	of	1280	kWh	per	m2	and	year.			
	
The	mean	value	of	the	minimum	(405	kWh)	and	maximum	(1280	kWh)	value	per	m2	and	year	 is	
calculated	to	843	kWh	heat	per	m2	and	year	
	
Diary:	
Norrmejerier	 in	 Umeå	 consume	 22,000	 MWh	 energy	 and	 the	 diary	 area	 is	 43,000	 m2.	 District	
heating	can	be	used	to	approximately	15,000	MWh	and	7000	MWh	high	value	energy	is	needed	to	
the	 production	 (Hurtig,	 2014).	 The	mean	 value	 of	 district	 heating	 consumption	 is	 calculated	 by	
dividing	 the	 district	 heating	 consumption	 (15,000	MWh)	with	Norrmejerier’s	 diary	 area	 (43,000	
m2),	which	result	in	a	consumption	of	349	kWh	district	heating	per	m2.	The	mean	value	of	steam	
consumption	 is	 calculated	 by	 dividing	 the	 steam	 consumption	 (7000	MWh)	with	Norrmejerier’s	
diary	area	(43,000	m2)	which	result	in	a	consumption	of	163	kWh	steam	per	m2.	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	value	of	district	heating	(329	kWh)	and	of	steam	(163)	consumption	per	m2	
applied	on	5000	m2	diary	property	in	Broporten	result	in	a	demand	of	1645	MWh	district	heating	
per	year	and	a	demand	of	815	MWh	steam	per	year.	
	
The	 diary	 in	Umeå	 has	 an	 area	 of	 43,000	m2,	which	 quantify	 an	 assumed	 area	 of	 40,000	m2	 in	
Broporten.	 Calculations	 with	 the	 value	 of	 district	 heating	 (329	 kWh)	 and	 of	 steam	 (163	 kWh)	
consumption	 per	 m2	 applied	 on	 40,000	 m2	 diary	 property	 in	 Broporten	 result	 in	 a	 demand	 of	
13,960	MWh	district	heating	per	year	and	a	demand	of	6520	MWh	steam	per	year.	
	
Ice	arena:		
The	annual	heat	consumption	for	an	ice	hall	in	Sweden	is	56	kWh	district	heating	per	m2	and	year	
(Energimyndigheten,	2011).	
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Institutional	kitchen:	
House	28	at	Campus	Strängnäs	is	an	institutional	kitchen,	using	873	MWh	district	heating	per	year	
for	3883	m2	building.	The	key	value	for	district	heat	consumption	is	225	kWh	heat	per	m2	and	year	
(Rolfhamre,	Bringner	&	Larsson,	2015).		
	
Ragn-Sells	recycling	facility,	Högbytorp:	
Ragn-Sells	 recycling	 facility	 Högbytorp	 consumes	 5200	 MWh	 landfill	 gas	 each	 year	 (Persson	 &	
Östlund,	2016).	Högbytorp	ground	area	defined	by	the	map	field	study	is	1,175,000	m2.		The	mean	
value	is	calculated	with	the	landfill	gas	(5200	MWh)	divided	with	the	ground	area	(1,175,000	m2),	
which	result	in	a	mean	value	of	4.43	kWh	heat	per	m2	and	year.	
	
Slaughterhouse:	
Rafnaslakt	AB	 in	Ramsele	 is	a	slaughterhouse	and	consumes	5011	kWh	steam	per	year	at	86	m2	
(Larsdotter,	 2012).	 Jakobssons	 Slakteri	 AB	 consumes	 10,187	 kWh	 steam	 per	 year	 (WSP,	 2012).	
Jakobssons	 Slakteri	 AB’s	 ground	 area	 defined	 by	 the	map	 field	 study	 is	 2970	m2.	 The	minimum	
value	 is	 calculated	with	 Jakobssons	 Slakteri	AB’s	 steam	consumption	 (10,187	 kWh)	divided	with	
Jakobssons	Slakteri	AB’s	 ground	area	 (2970	m2),	which	 result	 in	 the	minimum	value	of	3.4	 kWh	
steam	per	m2	and	year.	The	maximum	value	is	calculated	with	Rafnaslakt	AB´s	steam	consumption	
(5011	kWh)	divided	with	Rafnaslakt	AB´s	ground	area	(86	m2),	which	result	in	the	maximum	value	
of	58	kWh	steam	per	m2	and	year.	The	mean	value	of	the	minimum	(3.4	kWh)	and	maximum	(58	
kWh)	value	per	m2	and	year	is	calculated	to	42	kWh	cold	per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
slaughterhouse	in	Sollefteå	has	an	area	of	2970	m2,	which	quantify	an	assumed	area	of	5000	m2	in	
Broporten.	Calculations	with	the	minimum	(3.4	kWh)	and	maximum	(58	kWh)	steam	consumption	
per	m2	applied	on	5000	m2	slaughterhouse	property	in	Broporten	result	in	a	minimum	demand	of	
17	MWh	steam	per	year	and	a	maximum	demand	of	290	MWh	steam	per	year.	
	
Public	bath:		
Tibble	public	bath	in	Stockholm	is	4123	m2	and	consumes	1945	MWh	heat	per	year.	Nacka	public	
bath	in	Stockholm	is	1500	m2	and	consumes	509	MWh	heat	per	year	(Sjökvist,	2013).	Nacka	public	
bath	 in	 Stockholm	 is	 used	 as	 a	 reference	 for	 the	 minimum	 heat	 consumption	 value,	 which	 is	
calculated	 with	 the	 heat	 consumption	 (509	 MWh)	 divided	 with	 the	 ground	 area	 (1500	 m2),	
resulting	in	a	minimum	value	of	339	kWh	heat	per	m2.	Tibble	public	bath	in	Stockholm	is	used	as	a	
reference	 for	 the	 maximum	 heat	 consumption	 value,	 which	 is	 calculated	 with	 the	 heat	
consumption	(1945	MWh)	divided	with	the	ground	area	(4123	m2),	resulting	in	a	maximum	value	
of	472	kWh	heat	per	m2.			
	
The	mean	value	of	 the	minimum	 (339	kWh)	and	maximum	 (472	kWh)	 value	per	m2	and	year	 is	
calculated	to	406	kWh	heat	per	m2	and	year	
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Glass	recycling:	
Svensk	Glasåtervinning	 is	one	of	Sweden’s	biggest	glass	 recycle	 industry.	Svensk	Glasåtervinning	
consumes	 1190	MWh	 heat	 per	 year	 (Svensk	 Glasåtervinning	 AB,	 2014).	 Svensk	 Glasåtervinning	
ground	area	defined	by	the	map	field	study	to	33,250	m2.	The	mean	value	is	calculated	with	the	
heat	consumption	(1100	MWh)	divided	with	the	ground	area	(33,250	m2),	which	result	in	a	mean	
value	of	36	kWh	heat	per	m2	and	year.	 	
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Appendix	IV	Calculations	of	electricity	in	Broporten	

Calculations	and	assumptions	for	potential	electricity	consumption	in	Broporten	industrial	
symbiosis.	
	
Greenhouse:	
A	small	tomato	greenhouse	is	defined	from	Jordbruksverket	as	300	m2	and	need	1	MWh	electricity	
per	year	(Jordbruksverket,	2015.a).	A	large	greenhouse	is	defined	as	50,000	m2	and	consumes	450	
MWh	 electricity	 each	 year	 (Jordbruksverket,	 2015.b).	 Plantagon	 is	 a	 greenhouse	 company	 in	
Linköping,	with	growing	area	of	4500	m2	(Rytterborn,	2016).	The	minimum	value	is	calculated	with	
a	 small	 greenhouse	 electricity	 consumption	 (1	MWh)	 divided	with	 a	 small	 greenhouse	 growing	
area	 (300	 m2),	 which	 result	 in	 the	 minimum	 value	 of	 3	 kWh	 electricity	 per	 m2	 and	 year.	 The	
maximum	value	is	calculated	with	a	large	greenhouse	electricity	consumption	(450	MWh)	divided	
with	a	large	greenhouse	growing	area	(50,000	m2),	which	result	 in	the	maximum	value	of	9	kWh	
electricity	per	m2	and	year.	The	mean	value	of	the	minimum	(3	kWh)	and	maximum	(9	kWh)	value	
per	m2	and	year	is	calculated	to	6	kWh	electricity	per	m2	and	year.	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
greenhouse	in	Linköping	has	a	growing	area	of	4500	m2,	which	quantify	an	assumed	area	of	5000	
m2	 in	 Broporten.	 Calculations	 with	 the	 minimum	 (3	 kWh)	 and	 maximum	 (9	 kWh)	 electricity	
consumption	per	m2	applied	on	5000	m2	greenhouse	property	 in	Broporten	result	 in	a	minimum	
demand	of	15	MWh	electricity	per	year	and	a	maximum	demand	of	45	MWh	electricity	per	year.	
	
Fish	production:	
A	 small	 fish	 production	 produces	 around	 5	 ton	 fish	 per	 year.	Moreover	 a	 large	 fish	 production	
produces	130	ton	fish	per	year	(Insulander	&	Tobiasson,	2015).	A	mean	electricity	consumption	is	
approximately	1.5	kWh	electricity	per	kg	produced	fish	and	year	 (Nordiska	ministerrådet,	2008).	
Simontorps	Säteri	AB	is	used	as	reference	ground	area	by	the	map	field	study	and	set	to	be	15,000	
m2.		
	
The	minimum	 value	 is	 calculated	 with	 a	 small	 fish	 production	 sites	 (5	 ton)	multiplied	 with	 the	
mean	electricity	consumption	(1.5	kWh)	per	kg	produced	fish,	which	result	in	7500	kWh	electricity	
consumption	 for	 a	 small	 fish	 production	 site.	 The	 electricity	 consumption	 for	 a	 small	 fish	
production	site	(7500	kWh)	divided	with	the	reference	area	of	Simontorps	Säteri	AB	(15,000	m2)	
result	in	a	minimum	electricity	consumption	value	of	0.5	kWh	electricity	per	per	m2	and	year.	
	
The	maximum	value	 is	calculated	with	a	 large	fish	production	sites	(130	ton)	multiplied	with	the	
mean	electricity	consumption	(1.5	kWh)	heat	per	kg	produced	fish,	which	result	 in	195,000	kWh	
electricity	consumption	for	a	large	fish	production	site.	The	electricity	consumption	for	a	large	fish	
production	 site	 (195,000	kWh)	divided	with	 the	 reference	area	of	 Simontorps	 Säteri	AB	 (15,000	
m2)	result	in	a	maximum	electricity	consumption	value	of	13	kWh	electricity	per	m2	and	year.	
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The	mean	 value	 of	 the	minimum	 (0.5	 kWh)	 and	maximum	 (13	 kWh)	 value	 per	m2	 and	 year	 is	
calculated	to	6.75	kWh	electricity	per	m2	and	year.	
	
Brewery:	
Sigtuna	 Brygghus	 is	 used	 as	 reference	 for	 the	 definition	 of	 a	 small	 brewery.	 From	 mail	
conversation	 with	 the	 environment	 and	 health	 Department	 of	 Sigtuna	 municipality	 is	 the	
consumption	350	MWh	electricity	per	year	(Engvall,	2016).	For	the	definition	of	a	large	brewery	is	
Carlsberg’s	mean	electricity	consumption	for	each	production	site	used,	which	 is	calculated	with	
the	total	electricity	consumption	988	GWh	divided	with	the	number	of	reported	production	sites	
110	 (Carlsberg,	2015).	Sigtuna	Brygghus	ground	area	defined	by	 the	map	field	study	 is	4200	m2.	
Carlsberg	brewery	in	Falkenberg	ground	area	defined	by	the	map	field	study	is	115,000	m2.	Åbro	
brewery	in	Vimmerby	ground	area	defined	by	the	map	field	study	is	75,600	m2.		
	
The	 minimum	 value	 is	 calculated	 with	 Carlsberg’s	 electricity	 consumption	 (988	 GWh)	 with	 the	
number	of	reported	production	sites	(110),	which	result	in	a	mean	value	of	8982	MWh	electricity	
consumption	 per	 site.	 The	 mean	 value	 of	 electricity	 consumption	 (8982	 MWh)	 divided	 with	
Carlsberg’s	ground	area	 (115,000	m2),	 result	 in	 the	minimum	value	of	78	kWh	electricity	per	m2	
and	year.	 	The	maximum	value	 is	 calculated	with	Sigtuna	Brygghus	electricity	consumption	 (350	
MWh)	divided	with	Sigtuna	Brygghus	ground	area	(4200	m2),	which	result	in	the	maximum	value	
of	83	kWh	electricity	per	m2	and	year.	The	mean	value	of	the	minimum	(78	kWh)	and	maximum	
(83	kWh)	value	per	m2	and	year	is	calculated	to	80.5	kWh	electricity	per	m2	and	year.			
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	minimum	(78	kWh)	and	maximum	(83	kWh)	electricity	consumption	per	m2	
applied	 on	 5000	 m2	 brewer	 property	 in	 Broporten	 result	 in	 a	 minimum	 demand	 of	 390	MWh	
electricity	per	year	and	a	maximum	demand	of	415	MWh	electricity	per	year		
	
The	brewery	in	Åbro	has	an	area	of	75,600	m2.	Sigtuna	Brygghus	is	a	small	brewery	at	a	ground	of	
4200	m2.		Åbro	brewery	is	one	of	Sweden’s	biggest,	and	it	is	more	reasonable	to	have	a	micro	or	
middle	 brewery	 actor	 in	 Broporten.	 It	 quantifies	 the	 assumed	 area	 of	 10,000	m2	 in	 Broporten.	
Calculations	with	the	minimum	(78	kWh)	and	maximum	(83	kWh)	electricity	consumption	per	m2	
applied	on	 10,000	m2	brewer	property	 in	 Broporten	 result	 in	 a	minimum	demand	of	 780	MWh	
electricity	per	year	and	a	maximum	demand	of	830	MWh	electricity	per	year.	
	
Bakery:	
Polarbröd	 is	one	of	Sweden’s	biggest	 Industrial	bakeries.	According	 to	 their	 sustainability	 report	
they	consume	a	minimum	of	0.65	kWh	electricity	per	kg	bread	 in	Älvsbyn	year	2014	(Polarbröd,	
2015).	 Polarbröd	 in	 Älvsbyn	 produced	 26,000	 ton	 bread	 year	 2014	 (Lundberg,	 2016).	 Anderson	
Bakery	 produces	 6500	 ton	 bread	 each	 year	 (Andersson	 Bakery,	 n.d.).	 Anderson	 Bakery	 ground	
area	defined	by	the	map	field	study	is	5000	m2.	Polarbröd	in	Älvsbyn	ground	area	defined	by	the	
map	field	study	is	24,000	m2.		
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The	minimum	 value	 is	 calculated	 with	 Polarbröd	 in	 Älvsbyn	 consumed	 electricity	 per	 kg	 bread	
(0.65	 kWh)	 multiplied	 with	 Polarbröds	 amount	 of	 produced	 bread	 (26,000	 ton),	 which	 gives	 a	
mean	electricity	consumption	of	16.9	MWh	electricity	per	year	for	Polarbröd	in	Älvsbyn.	Dividing	
the	mean	electricity	consumption	(16.9	GWh)	with	Polarbröds	ground	area	(24,000	m2),	result	in	a	
electricity	consumption	of	704	kWh	per	m2	and	year.			
	
The	maximum	 value	 is	 calculated	with	 Polarbröd	 in	 Älvsbyn	 consumed	 electricity	 per	 kg	 bread	
(0.65	kWh)	multiplied	with	the	amount	of	produced	bread	at	Anderson	Bakery	(6500	ton)	which	
result	 in	 an	 estimated	 electricity	 consumption	 of	 4225	 MWh	 electricity	 consumption.	 The	
electricity	 consumption	 for	 a	 small	 bakery	 (4225	 MWh)	 is	 then	 divided	 with	 Anderson	 Bakery	
ground	area	 	 (5000	m2),	which	 result	 in	a	maximum	electricity	consumption	of	845	kWh	per	m2	
and	year.	
	
The	mean	value	of	 the	minimum	 (704	kWh)	and	maximum	 (845	kWh)	 value	per	m2	and	year	 is	
calculated	to	774.5	kWh	heat	per	m2	and	year	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	minimum	(704	kWh)	and	maximum	(845	kWh)	electricity	consumption	per	
m2	applied	on	5000	m2	bakery	property	in	Broporten	result	in	a	minimum	demand	of	3520	MWh	
electricity	per	year	and	a	maximum	demand	of	4225	MWh	electricity	per	year.	
	
Polarbröd	 in	 Älvsbyn	 has	 an	 area	 of	 24,000	 m2.	 Andersson	 Bakery	 ground	 area	 is	 5000	 m2.	
Polarbröd	 in	Älvsbyn	Sweden’s	biggest	bakery,	 and	Andersson	Bakery	 is	 a	 small	 industry	bakery	
and	it	 is	more	reasonable	to	have	a	middle	bakery	actor	 in	Broporten.	 It	quantifies	the	assumed	
area	 of	 15,000	m2	 in	 Broporten.	 Calculations	with	 the	minimum	 (704	 kWh)	 and	maximum	 (845	
kWh)	electricity	consumption	per	m2	applied	on	15,000	m2	bakery	property	in	Broporten	result	in	
a	minimum	demand	of	10,560	MWh	electricity	per	year	and	a	maximum	demand	of	12,675	MWh	
electricity	per	year.	
	
Commercial	laundry:	
Berendsen	 is	 a	 commercial	 laundry	 and	 according	 to	 their	 sustainability	 report	 from	 2015,	
Berendsen	 consumes	 0.27	 kWh	 electricity	 per	 kg	 laundry	 (Berendsen,	 2015).	 Berendsen	 Textil	
Service	AB	in	Ockelbo	is	a	commercial	laundry	and	washes	4250	ton	laundry	each	year	(Nevalla	G,	
2015).	 Berendsen	 Textil	 Service	 AB	 in	 Fristad	 is	 a	 commercial	 laundry	 and	washes	 8000	 ton	 of	
laundry	each	year	(Berendsen,	2016).	Berendsen	Textil	Service	AB	ground	area	in	Ockelbo	defined	
by	the	map	field	study	is	12,000	m2.	Berendsen	Textil	Service	AB	ground	area	in	Fristad	defined	by	
the	map	field	study	is	7000	m2.		
	
The	minimum	 value	 is	 calculated	 with	 Berendsen	 Textil	 Service	 AB	 in	 Ockelbo	 washed	 laundry	
(4250	ton)	multiplied	with	the	mean	electricity	consumption	(0.27	kWh),	resulting	in	a	electricity	
consumption	 of	 1147.5	 MWh	 per	 year.	 The	 yearly	 electricity	 comsumption	 (1147.5	 MWh)	 is	
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divided	 with	 Berendsen	 Textil	 Service	 AB	 ground	 area	 in	 Ockelbo	 (12,000	 m2),	 which	 gives	 a	
minimum	value	of	95	kWh	electricity	per	m2	and	year.	
	
The	 maximum	 value	 is	 calculated	 with	 Berendsen	 Textil	 Service	 AB	 in	 Fristad	 washed	 laundry	
(8000	ton)	multiplied	with	the	mean	electricity	consumption	(0.27	kWh),	resulting	in	a	electricity	
consumption	of	2160	MWh	per	year.	The	yearly	electricity	comsumption	(2160	MWh)	 is	divided	
with	Berendsen	Textil	Service	AB	ground	area	in	Fristad	(7000	m2),	which	gives	a	maximum	value	
of	309	kWh	electricity	per	m2	and	year.			
	
The	mean	 value	 of	 the	minimum	 (95	 kWh)	 and	maximum	 (309	 kWh)	 value	 per	m2	 and	 year	 is	
calculated	to	202	kWh	heat	per	m2	and	year	
	
Computer	hall:	
Facebook’s	computer	hall	in	Luleå	is	28,000	m2	(NCC,	n.d.).	The	computer	hall	consumes	473	GWh	
electricity	 each	 year	 (Cornucopia,	 2013).	 The	 mean	 value	 is	 calculated	 with	 the	 electricity	
consumption	(473	GWh)	divided	with	the	ground	area	(28,000	m2),	which	result	in	a	mean	value	of	
16	893	kWh	electricity	per	m2	and	year.	
	
Diary:	
Arla	diary	 in	 Järfälla,	Stockholm	consumes	28,992	MWh	electricity	and	the	diary	area	 is	237,400	
m2	(Arla,	2015).	Norrmejerier	 in	Umeå	diary	area	is	43,000	m2	(Hurtig,	2014).	The	mean	value	of	
electricity	consumption	is	calculated	with	dividing	the	electricity	consumption	(28,992	MWh)	with	
Arlas	diary	area	(237,400	m2),	which	result	in	a	consumption	of	122	kWh	electricity	per	m2.	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	value	of	electricity	consumption	(122	kWh)	per	m2	applied	on	5000	m2	diary	
property	in	Broporten	result	in	a	demand	of	610	MWh	electricity	per	year.	
	
The	 diary	 in	Umeå	 has	 an	 area	 of	 43,000	m2,	which	 quantify	 an	 assumed	 area	 of	 40,000	m2	 in	
Broporten.	 Calculations	with	 the	 value	 of	 electricity	 consumption	 (122	 kWh)	 per	m2	 applied	 on	
40,000	m2	diary	property	in	Broporten	result	in	a	demand	of	4880	MWh	electricity	per	year.	
	
Institutional	kitchen:	
House	28	at	Campus	Strängnäs	 is	an	 institutional	kitchen	and	uses	747	MWh	electricity	per	year	
for	 3883	m2	 building,	 and	 serves	 around	 5000	 portions	 each	 day.	 The	 key	 value	 for	 electricity	
consumption	is	192	kWh	electricity	per	m2	and	year	(Rolfhamre,	Bringner	&	Larsson,	2015).	
	
Ice	arena:		
The	annual	electricity	consumption	for	a	bandy	ice	hall	in	Sweden	is	1.4	kWh	electricity	per	m2	and	
day	 (Rogstam,	 Dahlberg	 &	 Hjert,	 2011).	 The	 mean	 value	 is	 calculated	 with	 the	 electricity	
consumption	per	m2	(1.4	kWh)	multiplied	with	365	days,	which	result	in	a	mean	value	of	511	kWh	
electricity	per	m2	and	year.	
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Glass	recycling:	
Svensk	Glasåtervinning	 is	one	of	Sweden’s	biggest	glass	 recycle	 industry.	Svensk	Glasåtervinning	
consumes	 3010	 MWh	 electricity	 per	 year	 (Svensk	 Glasåtervinning	 AB,	 2014).	 Svensk	
Glasåtervinning	 ground	 area	 defined	 by	 the	 map	 field	 study	 to	 33,250	 m2.	 The	 mean	 value	 is	
calculated	 with	 the	 electricity	 consumption	 (3010	MWh)	 divided	 with	 the	 ground	 area	 (33,250	
m2),	which	result	in	a	mean	value	of	90	kWh	electricity	per	m2	and	year.	
	
Ragn-Sells	recycling	facility,	Högbytorp:	
Ragn-Sells	 recycling	 facility	 Högbytorp	 consumes	 6724	 MWh	 electricity	 per	 year	 (Persson	 &	
Östlund,	2016).	Högbytorp	ground	area	defined	by	the	map	field	study	is	1,175,000	m2.	The	mean	
value	 is	 calculated	with	 the	 electricity	 consumption	 (6724	MWh)	 divided	with	 the	 ground	 area	
(1,175,000	m2),	which	result	in	a	mean	value	of	5.72	kWh	electricity	per	m2	and	year.	
	
Slaughterhouse:	
Rafnaslakt	AB	 in	Ramsele	 is	a	slaughterhouse	and	consumes	4290	kWh	electricity	per	year	at	86	
m2	 (Larsdotter,	 2012).	 Jakobssons	 Slakteri	 AB	 is	 a	 slaughterhouse	 that	 consume	 101	 878	 kWh	
electricity	 (WSP,	 2012).	 Jakobssons	 Slakteri	 AB’s	 ground	 area	 defined	 by	 the	map	 field	 study	 is	
2970	m2.The	minimum	value	 is	 calculated	with	 Jakobssons	 Slakteri	 AB’s	 electricity	 consumption	
(101	878	kWh)	divided	with	 Jakobssons	Slakteri	AB’s	ground	area	 (2970	m2),	which	result	 in	 the	
minimum	 value	 of	 34	 kWh	 electricity	 per	 m2	 and	 year.	 The	 maximum	 value	 is	 calculated	 with	
Rafnaslakt	AB´s	electricity	consumption	(4290	kWh)	divided	with	Rafnaslakt	AB´s	ground	area	(86	
m2),	which	result	in	the	maximum	value	of	50	kWh	electricity	per	m2	and	year.	The	mean	value	of	
the	minimum	 (34	kWh)	and	maximum	 (50	kWh)	value	per	m2	and	year	 is	 calculated	 to	42	kWh	
electricity	per	m2	and	year.	The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	
projected	area	of	420,000	m2,	divided	into	85	potential	properties,	which	result	in	an	area	of	5000	
m2	 per	 property.	 The	 slaughterhouse	 in	 Sollefteå	 has	 an	 area	 of	 2970	 m2,	 which	 quantify	 an	
assumed	area	of	5000	m2	 in	Broporten.	Calculations	with	the	minimum	(34	kWh)	and	maximum	
(50	 kWh)	 electricity	 consumption	 per	 m2	 applied	 on	 5000	 m2	 slaughterhouse	 property	 in	
Broporten	result	in	a	minimum	demand	of	175	MWh	electricity	per	year	and	a	maximum	demand	
of	250	MWh	electricity	per	year.	
	
Public	bath:		
Tibble	public	 bath	 in	 Stockholm	 is	 4123	m2	 and	 consumes	602	MWh	electricity	per	 year.	Nacka	
public	bath	in	Stockholm	is	1500	m2	and	consumes	354	MWh	electricity	per	year	(Sjökvist,	2013).	
Tibble	public	bath	 in	Stockholm	 is	used	as	a	 reference	 for	 the	minimum	electricity	consumption	
value,	which	 is	 calculated	with	 the	electricity	 consumption	 (602	MWh)	divided	with	 the	 ground	
area	(4123	m2),	resulting	in	a	minimum	value	of	146	kWh	electricity	per	m2.	Nacka	public	bath	in	
Stockholm	 is	 used	 as	 a	 reference	 for	 the	 maximum	 electricity	 consumption	 value,	 which	 is	
calculated	with	the	electricity	consumption	 (354	MWh)	divided	with	the	ground	area	 (1500	m2),	
resulting	in	a	maximum	value	of	236	kWh	electricity	per	m2.	The	mean	value	of	the	minimum	(146	
kWh)	and	maximum	(354	kWh)	value	per	m2	and	year	is	calculated	to	250	kWh	heat	per	m2	and	
year	 	
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Appendix	V	Calculations	of	cold	in	Broporten	

Calculations	and	assumptions	for	potential	cold	consumption	in	Broporten	industrial	symbiosis.	
	
Brewery:	
Kopparberg	Brewery	in	Örebro	consumes	2113	MWh	cold	each	year	(Regionförbundet	Örebro	län	
Energikontoret,	2005).	Kopparberg	brewery	in	Örebro	ground	area	defined	by	the	map	field	study	
to	24,000	m2.	Åbro	brewery	in	Vimmerby	ground	area	defined	by	the	map	field	study	is	75,600	m2.	
Sigtuna	Brygghus	ground	area	defined	by	the	map	field	study	is	4200	m2.	The	mean	value	of	cold	
consumption	is	calculated	with	Kopparberg	Brewery	cold	consumption	(2113	MWh)	divided	with	
Kopparberg	brewery	ground	area	 (24,000	m2),	which	gives	a	mean	value	of	88	kWh	cold	per	m2	
and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	 with	 the	 mean	 value	 (88	 kWh)	 of	 cold	 consumption	 per	 m2	 applied	 on	 5000	 m2	
brewery	property	in	Broporten	result	in	a	mean	value	demand	of	440	MWh	cold	consumption	per	
year.	
	
The	brewery	in	Åbro	has	an	area	of	75,600	m2.	Sigtuna	Brygghus	is	a	small	brewery	at	a	ground	of	
4200	m2.	Åbro	brewery	is	one	of	Sweden’s	biggest,	and	it	 is	more	reasonable	to	have	a	micro	or	
middle	 brewery	 actor	 in	 Broporten.	 It	 quantifies	 the	 assumed	 area	 of	 10,000	m2	 in	 Broporten.	
Calculations	 with	 the	mean	 value	 (88	 kWh)	 of	 cold	 consumption	 per	m2	 applied	 on	 10,000	m2	
brewery	property	in	Broporten	result	in	a	mean	value	demand	of	880	MWh	cold	consumption	per	
year.	
	
Institutional	kitchen:	
House	28	 at	Campus	 Strängnäs	 is	 an	 institutional	 kitchen	and	need	130	MWh	cold	per	 year	 for	
3883	m2	building	(Rolfhamre,	Bringner	&	Larsson,	2015).	The	mean	value	is	33.5	kWh	cold	per	m2	
and	year.	
		
Slaughterhouse:	
Rafnaslakt	 AB	 in	 Ramsele	 in	 a	 slaughterhouse	 and	 consumes	 2816	 kWh	 cold	 per	 year	 at	 86	m2	
(Baltic	Energy,	2012).	Jakobssons	Slakteri	AB	in	Sollefteå	is	a	slaughterhouse	that	consumes	91,690	
kWh	 cold	 (WSP,	 2012).	 Jakobssons	 Slakteri	 AB’s	 ground	 area	 defined	 by	 the	map	 field	 study	 is	
2970	m2.	The	minimum	value	is	calculated	with	Jakobssons	Slakteri	AB’s	cold	consumption	(91,690	
kWh)	with	Jakobssons	Slakteri	AB’s	ground	area	(2970	m2),	which	result	in	the	minimum	value	of	
31	 kWh	 cold	 per	 m2	 and	 year.	 The	 maximum	 value	 is	 calculated	 with	 Rafnaslakt	 AB´s	 cold	
consumption	 (2816	 kWh)	divided	with	Rafnaslakt	AB´s	 ground	area	 (86	m2),	which	 result	 in	 the	
maximum	value	of	33	kWh	cold	per	m2	and	year.	The	mean	value	of	the	minimum	(31	kWh)	and	
maximum	 (33	 kWh)	 value	 per	 m2	 and	 year	 is	 calculated	 to	 32	 kWh	 cold	 per	 m2	 and	 year.		
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The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
slaughterhouse	in	Sollefteå	has	an	area	of	2970	m2,	which	quantify	an	assumed	area	of	5000	m2	in	
Broporten.	Calculations	with	 the	minimum	 (31	kWh)	and	maximum	 (32	kWh)	 cold	 consumption	
per	m2	applied	on	5000	m2	slaughterhouse	property	in	Broporten	result	in	a	minimum	demand	of	
155	MWh	cold	per	year	and	a	maximum	demand	of	165	MWh	cold	per	year.	
		
Bakery:	
Polarbröd	 is	one	of	 Sweden’s	biggest	 industrial	bakeries.	Polarbröd	 in	Älvsbyn	produced	26	000	
ton	bread	 year	2014	and	needed	3000	MWh	cold	 (Lundberg,	 2016).	Anderson	Bakery	produces	
6500	ton	bread	each	year	(Andersson	Bakery,	n.d.).	Anderson	Bakery	ground	area	defined	by	the	
map	 field	 study	 is	5000	m2.	Polarbröd	 in	Älvsbyn	ground	area	defined	by	 the	map	 field	 study	 is	
24,000	m2.		
	
The	minimum	value	 is	calculated	with	Polarbröd	 in	Älvsbyn	consumed	cold	 (3000	MWh)	divided	
with	Polarbröds	ground	area	(24,000	m2),	which	result	in	a	cold	consumption	of	125	kWh	per	m2	
and	year.			
	
The	maximum	value	 is	calculated	with	Polarbröd	in	Älvsbyn	consumed	cold	(3000	MWh)	divided	
with	Polarbröds	amount	of	produced	bread	(26,000	ton),	which	gives	a	mean	cold	consumption	of	
115	kWh	cold	per	ton	bread	and	year.	The	mean	cold	consumption	(115	kWh)	multiplied	with	the	
amount	 of	 produced	 bread	 at	 Anderson	 Bakery	 (6500	 ton)	 result	 in	 an	 estimated	 cold	
consumption	of	750	MWh	cold	consumption.	The	cold	consumption	for	a	small	bakery	(750	MWh)	
is	 then	divided	with	Anderson	Bakery	 ground	 area	 	 (5000	m2),	which	 result	 in	 a	maximum	cold	
consumption	 of	 150	 kWh	 per	 m2	 and	 year.	 The	 mean	 value	 of	 the	 minimum	 (125	 kWh)	 and	
maximum	(150	kWh)	value	per	m2	and	year	is	calculated	to	8.75	kWh	heat	per	m2	and	year	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	 with	 the	minimum	 (125	 kWh)	 and	maximum	 (150	 kWh)	 cold	 consumption	 per	m2	
applied	on	5000	m2	bakery	property	in	Broporten	result	in	a	minimum	demand	of	625	MWh	cold	
per	year	and	a	maximum	demand	of	750	MWh	cold	per	year.	Polarbröd	in	Älvsbyn	has	an	area	of	
24,000	 m2.	 Andersson	 Bakery	 ground	 area	 is	 5000	 m2.	 Polarbröd	 in	 Älvsbyn	 Sweden’s	 biggest	
bakery,	 and	 Andersson	 Bakery	 is	 a	 small	 industry	 bakery	 and	 it	 is	 more	 reasonable	 to	 have	 a	
middle	 bakery	 actor	 in	 Broporten.	 It	 quantifies	 the	 assumed	 area	 of	 15,000	 m2	 in	 Broporten.	
Calculations	 with	 the	minimum	 (125	 kWh)	 and	maximum	 (150	 kWh)	 cold	 consumption	 per	m2	
applied	on	15,000	m2	bakery	property	 in	Broporten	 result	 in	a	minimum	demand	of	1875	MWh	
cold	per	year	and	a	maximum	demand	of	2250	MWh	cold	per	year.	
	
Ice	arena:		
The	 annual	 cold	 consumption	 for	 an	 ice	 hall	 in	 Sweden	 is	 84	 kWh	 per	 m2	 and	 year	
(Energimyndigheten,	2011).	 	
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Appendix	VI	Calculations	of	CO2	in	Broporten	

Calculations	and	assumptions	for	potential	CO2-consumption	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
A	small	tomato	greenhouse	is	defined	from	Jordbruksverket	as	300	m2	and	do	not	need	supply	of	
CO2	(Jordbruksverket,	2015.a).	A	large	greenhouse	is	defined	as	50,000	m2	and	consumes	1250	ton	
CO2	each	year	 (Jordbruksverket,	2015.b).	Plantagon	 is	a	greenhouse	company	 in	Linköping,	with	
growing	area	of	4500	m2	(Rytterborn,	2016).	The	minimum	value	is	set	to	zero	and	the	maximum	
CO2-consumption	is	calculated	with	dividing	a	large	greenhouse	growing	area	(50,000	m2)	with	the	
CO2-consumption	81250	ton)	resulting	 in	a	maximum	value	of	25	kg	per	m2	and	year.	The	mean	
value	is	calculated	with	dividing	the	maximum	value	(25	kg)	with	two,	it	results	in	a	mean	value	of	
12.5	kg	per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
greenhouse	in	Linköping	has	a	growing	area	of	4500	m2,	which	quantify	an	assumed	area	of	5000	
m2	 in	Broporten.	Calculations	with	 the	minimum	 (0	 kg)	 and	maximum	 (25	 kg)	CO2-consumption	
per	m2	applied	of	5000	m2	greenhouse	property	 in	Broporten	result	 in	a	minimum	demand	of	0	
ton	CO2-consumption	per	year	and	a	maximum	demand	of	125	ton	CO2-consumption	per	year.	
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Appendix	VII	Calculations	of	organic	fertilizer	in	Broporten	

Calculations	and	assumptions	for	organic	fertilizer	consumption	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
The	 amount	 of	 needed	 organic	 fertilizer	 in	 a	 greenhouse	 is	 calculated	 with	 Jordbruksverket’s	
calculated	cost	per	each	kg	organic	fertilizer,	since	the	total	amount	of	organic	fertilizer	for	a	small	
and	 large	greenhouse	 is	expressed	 in	 total	costs	and	not	 in	mass.	A	small	 tomato	greenhouse	 is	
defined	from	Jordbruksverket	as	300	m2,	and	the	amount	of	used	organic	fertilizer	costs	0.24	SEK	
per	 kg	 and	 the	 total	 cost	 is	 2400	 SEK	per	 year	 (Jordbruksverket,	 2015.a).	 A	 large	 greenhouse	 is	
defined	as	50,000	m2	and	the	amount	of	used	organic	 fertilizer	costs	0.25	SEK	per	kg,	giving	the	
total	 cost	 of	 700,000	 SEK	 per	 year	 (Jordbruksverket,	 2015.b).	 Dividing	 the	 total	 cost	 sum	 (2400	
SEK)	with	 costs	per	kg	 (0.24	SEK)	organic	 fertilizer	gives	a	 consumption	of	10,000	kg	 for	a	 small	
tomato	 greenhouse.	 Dividing	 the	 consumption	 of	 a	 small	 greenhouse	 (10,000	 kg)	with	 growing	
area	(300	m2)	result	in	a	minimum	value	of	33	kg	organic	fertilizer	per	m2	and	year.	
	
Calculations	for	the	large	tomato	greenhouse	is	made	in	the	same	way,	dividing	the	total	sum	of	
costs	(700,000	SEK)	with	costs	per	kg	organic	fertilizer	(0.25	SEK)	gives	a	consumption	of	2800,000	
kg	 for	 a	 large	 tomato	 greenhouse.	 Dividing	 the	 consumption	 (2,800,000	 kg)	 with	 growing	 area	
(50,000	m2)	result	in	a	maximum	value	of	56	kg	organic	fertilizer	per	m2	and	year.		
	
The	mean	value	of	the	minimum	(33	kg)	and	maximum	(56	kg)	results	in	44.5	kg	organic	fertilizer	
per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	per	 property.	 The	
greenhouse	in	Linköping	has	a	growing	area	of	4500	m2,	which	quantify	an	assumed	area	of	5000	
m2	 in	Broporten.	Calculations	with	 the	minimum	 (33	kg)	and	maximum	 (56	kg)	organic	 fertilizer	
consumption	per	m2	applied	on	5000	m2	greenhouse	property	 in	Broporten	result	 in	a	minimum	
demand	of	160	ton	organic	fertilizer	per	year	and	a	maximum	demand	of	280	ton	organic	fertilizer	
per	year.	
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Appendix	VIII	Calculations	of	biological	waste	in	Broporten	

Calculations	and	assumptions	for	organic	biological	waste	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
Plantagon	is	a	greenhouse	company	in	Linköping,	with	growing	area	of	4500	m2	and	produces	300	
kg	 sludge	each	day	 (Rytterborn,	2016).	Mean	 sludge	production	 is	 calculated	by	multiplying	 the	
sludge	each	day	(300	kg)	with	365	days	(one	year),	and	divide	the	product	(109,500	kg)	with	the	
growing	are	 (4500	m2)	which	 result	 in	a	mean	sludge	production	of	24	kg	per	m2	and	year.	The	
assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	m2,	
divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	 The	
greenhouse	in	Linköping	has	a	growing	area	of	4500	m2,	which	quantify	an	assumed	area	of	5000	
m2	in	Broporten.	Calculations	with	the	mean	sludge	production	(24	kg)	per	m2	applied	on	5000	m2	
greenhouse	property	in	Broporten	result	in	a	demand	of	122	ton	biological	waste	per	year.	
	
Brewery:	
Sigtuna	Brygghus	produce	1	million	liter	liquids	per	year	(Sigtuna	Brygghus,	n.d.).	Åbro	Brewery	is	
one	of	Sweden’s	biggest	brewery	and	produces	100	million	 liter	 liquids	per	year	 (Bergvall	&	Ny,	
2014).	The	delivering	of	biological	waste	 from	Åbro	to	a	biogas	plant	 is	estimated	to	14,310	ton	
per	year	(Bock,	Cerruto	&	Karlsson,	2012).	Sigtuna	Brygghus	ground	area	defined	by	the	map	field	
study	is	4200	m2.	Åbro	brewery	in	Vimmerby	ground	area	defined	by	the	map	field	study	is	75,600	
m2.	The	estimated	biological	waste	per	million	liter	produced	liquid	is	calculated	by	dividing	Åbros	
estimated	biological	waste	(14,310	ton)	with	Åbros	produced	liquid	(100	million	liter),	which	result	
in	143.1	ton	biological	waste	for	1	million	produced	liquids.	Sigtuna	Brygghus	is	used	as	reference	
for	a	micro	brewery	(4200	m2)	and	produce	1	million	 liter	 liquid,	which	correspond	to	estimated	
143.1	 ton	 biological	 waste.	 Dividing	 the	 estimated	 biological	 waste	 (143.1	 ton)	 with	 defined	
ground	 area	 (4200	m2)	 results	 in	 a	minimum	 value	 of	 34	 kg	 biological	 waste	 per	m2	 and	 year.	
Åbros	estimated	biological	waste	(14,310	ton)	 is	divided	with	Åbros	produced	liquid	(100	million	
liter).	 The	 quantity	 (the	 estimated	 biological	waste	 divided	with	 Åbros	 produced	 liquid)	 divided	
with	Åbro	brewery	in	Vimmerby	ground	area	(75,600	m2),	which	result	in	a	maximum	value	of	189	
kg	biological	waste	per	m2	and	year.	The	mean	value	of	the	minimum	and	maximum	value	per	m2	
and	year	is	calculated	to	111.5	kg	biological	waste	per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	minimum	(34	kg)	and	maximum	(189	kg)	of	biological	waste	production	per	
m2	applied	on	5000	m2	brewery	property	 in	Broporten	 result	 in	a	minimum	demand	of	170	 ton	
biological	waste	per	year	and	a	maximum	demand	of	945	ton	biological	waste	per	year.	
	
The	brewery	in	Åbro	has	an	area	of	75,600	m2.	Sigtuna	Brygghus	is	a	small	brewery	at	a	ground	of	
4200	m2.	Åbro	brewery	is	one	of	Sweden’s	biggest,	and	it	 is	more	reasonable	to	have	a	micro	or	
middle	 brewery	 actor	 in	 Broporten.	 It	 quantifies	 the	 assumed	 area	 of	 10,000	m2	 in	 Broporten.	
Calculations	with	the	minimum	(34	kg)	and	maximum	(189	kg)	of	biological	waste	production	per	
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m2	applied	on	10,000	m2	brewery	property	in	Broporten	result	in	a	minimum	demand	of	340	ton	
biological	waste	per	year	and	a	maximum	demand	of	1890	ton	biological	waste	per	year.	
	
Slaughterhouse:	
David	Kahlgrens	slaughterhouse	in	Gällivare	produces	780	ton	biological	waste	each	year	(Biomil	
AB,	2012).	Jakobssons	Slakteri	AB	produces	90	ton	biological	waste	each	year	(WSP,	2012).	David	
Kahlgrens	ground	area	defined	by	the	map	field	study	is	6240	m2.	Jakobssons	Slakteri	AB’s	ground	
area	defined	by	the	map	field	study	is	2970	m2.	The	minimum	value	is	calculated	with	Jakobssons	
Slakteri	AB’s	biological	waste	(90	ton)	with	Jakobssons	Slakteri	AB’s	ground	area	(2970	m2),	which	
result	 in	 the	minimum	 value	 of	 30	 kg	 biological	waste	 per	m2	 and	 year.	 The	maximum	 value	 is	
calculated	with	 David	 Kahlgrens	 slaughterhouse´s	 biological	waste	 (780	 ton)	 divided	with	 David	
Kahlgrens	slaughterhouse´s	ground	area	(6240	m2),	which	result	in	the	maximum	value	of	125	kg	
biological	waste	per	m2	and	year.	The	mean	value	of	the	minimum	(30	kg)	and	maximum	(125	kg)	
value	per	m2	and	year	is	calculated	to	77.5	kg	biological	waste	per	m2	and	year.		
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	m2	 per	 property.	 The	
slaughterhouse	in	Gällivare	has	an	area	of	6240	m2,	which	quantify	an	assumed	area	of	5000	m2	in	
Broporten.	 Calculations	 with	 the	 minimum	 (30	 kg)	 and	 maximum	 (125	 kg)	 biological	 waste	
production	per	m2	applied	on	5000	m2	slaughterhouse	property	in	Broporten	result	in	a	minimum	
demand	of	150	ton	biological	waste	per	year	and	a	maximum	demand	of	625	ton	biological	waste	
per	year.	
 
Bakery:	
Polarbröd	bakery	in	Älvsbyn	is	one	of	Sweden’s	biggest	bakeries	and	produce	1000	ton	biological	
waste	 per	 year	 (Biomil	 AB,	 2012).	 Polarbröd	 in	 Älvsbyn	 produce	 26,000	 ton	 bread	 year	 2014	
(Lundberg,	2016).	Anderson	Bakery	produce	6500	ton	bread	each	year	 (Andersson	Bakery,	n.d.).	
Anderson	 Bakery	 ground	 area	 defined	 by	 the	map	 field	 study	 is	 5000	m2.	 Polarbröd	 in	 Älvsbyn	
ground	area	defined	by	the	map	field	study	is	24,000	m2.		
	
The	minimum	value	is	calculated	with	Polarbröd	in	Älvsbyn	produced	biological	waste	(1000	ton)	
divided	with	Polarbröds	ground	area	(24,000	m2),	which	result	in	a	biological	waste	production	of	
42	kg	per	m2	and	year.			
	
The	maximum	value	is	calculated	with	Polarbröd	in	Älvsbyn	produced	biological	waste	(1000	ton)	
divided	with	Polarbröds	amount	of	produced	bread	 (26,000	 ton),	which	gives	 a	mean	biological	
waste	 production	 of	 38	 kg	 biological	waste	 per	 ton	 bread	 and	 year.	 The	mean	biological	waste	
production	(38	kg)	multiplied	with	the	amount	of	produced	bread	at	Anderson	Bakery	(6500	ton),	
result	 in	 an	 estimated	 biological	 waste	 production	 of	 250	 ton	 biological	 waste	 production.	 The	
biological	 waste	 production	 of	 a	 small	 bakery	 (250	 ton)	 is	 then	 divided	 with	 Anderson	 Bakery	
ground	area	 	(5000	m2),	which	result	 in	a	maximum	biological	waste	production	of	50	kg	per	m2	
and	year.	
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The	mean	value	of	the	minimum	(42	kg)	and	maximum	(50	kg)	value	per	m2	and	year	is	calculated	
to	46	kg	biological	waste	production	per	m2	and	year	
	
The	assumptions	of	quantity	of	property	in	Broporten	are	based	on	the	projected	area	of	420,000	
m2,	 divided	 into	 85	 potential	 properties,	 which	 result	 in	 an	 area	 of	 5000	 m2	 per	 property.	
Calculations	with	the	minimum	(42	kg)	and	maximum	(50	kg)	biological	waste	production	per	m2	
applied	 on	 5000	 m2	 bakery	 property	 in	 Broporten	 result	 in	 a	 minimum	 demand	 of	 210	 ton	
biological	 waste	 production	 per	 year	 and	 a	 maximum	 demand	 of	 250	 ton	 biological	 waste	
production	per	year.	
	
Polarbröd	 in	 Älvsbyn	 has	 an	 area	 of	 24,000	 m2.	 Andersson	 Bakery	 ground	 area	 is	 5000	 m2.	
Polarbröd	 in	Älvsbyn	Sweden’s	biggest	bakery,	 and	Andersson	Bakery	 is	 a	 small	 industry	bakery	
and	it	 is	more	reasonable	to	have	a	middle	bakery	actor	 in	Broporten.	 It	quantifies	the	assumed	
area	 of	 15,000	m2	 in	 Broporten.	 Calculations	 with	 the	minimum	 (42	 kg)	 and	maximum	 (50	 kg)	
biological	waste	production	per	m2	applied	on	15,000	m2	bakery	property	in	Broporten	result	in	a	
minimum	demand	of	 630	 ton	biological	waste	 production	 per	 year	 and	 a	maximum	demand	of	
750	ton	biological	waste	production	per	year.	
	
Institutional	kitchen:	
House	 28	 at	 Campus	 Strängnäs	 is	 an	 institutional	 kitchen	 in	 a	 3883	 m2	 building	 (Rolfhamre,	
Bringner	&	Larsson,	2015).	The	key	value	for	estimated	waste	in	an	institutional	kitchen	is	0.06	kg	
waste	per	portion,	and	serves	around	5000	portions	each	day.	Assuming	the	kitchen	is	open	226	
days	 per	 year,	 which	 is	 the	 annually	 number	 of	 workdays	 per	 year	 (RFV,	 2006).	 Calculations	 is	
done	 by	 multiplying	 the	 key	 value	 for	 estimated	 waste	 (0.06	 kg)	 with	 the	 numbered	 served	
portions	(5000	portions),	results	in	an	estimated	biological	waste	of	300	kg	each	day.	Multiplying	
the	estimated	biological	waste	(300	kg)	each	day	with	the	numbered	of	opening	days	(226	days),	
results	 in	 a	 value	of	 67.8	 ton	biological	waste	per	 year.	Dividing	 the	 yearly	 estimated	biological	
waste	(67.8	ton)	with	the	institutional	kitchen´s	ground	area	(3883	m2),	resulting	in	a	mean	value	
of	17.5	kg	biological	waste	per	m2	and	year.		
	
Diary:	
Arla	diary	in	Järfälla,	Stockholm	produce	2302	ton	biological	waste	and	the	diary	area	is	237,400	
m2	(Arla,	2015).	Norrmejerier	 in	Umeå	diary	area	is	43,000	m2	(Hurtig,	2014).	The	mean	value	of	
biological	waste	 production	 is	 calculated	by	 dividing	 the	 biological	waste	 production	 (2302	 ton)	
with	Arla´s	diary	area	(237,400	m2),	which	result	 in	a	consumption	of	9.7	kg	biological	waste	per	
m2.	 The	 assumptions	 of	 quantity	 of	 property	 in	 Broporten	 are	 based	 on	 the	 projected	 area	 of	
420,000	m2,	divided	into	85	potential	properties,	which	result	in	an	area	of	5000	m2	per	property.	
Calculations	with	the	value	of	biological	waste	production	(9.7	kg)	per	m2	applied	on	5000	m2	diary	
property	in	Broporten	result	in	a	production	of	48.5	ton	biological	waste	per	year	

	
The	 diary	 in	Umeå	 has	 an	 area	 of	 43,000	m2,	which	 quantify	 an	 assumed	 area	 of	 40,000	m2	 in	
Broporten.	Calculations	with	the	value	of	biological	waste	production	(9.7	kg)	per	m2	applied	on	
40,000	m2	diary	property	in	Broporten	result	in	a	production	of	400	ton	biological	waste	per	year	 	
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Appendix	IX	Calculations	of	grey	water	in	Broporten	

Calculations	and	assumptions	for	grey	water	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
Plantagon	is	a	greenhouse	company	in	Linköping,	with	growing	area	at	4500	m2	and	produces	365	
m3	grey	water	each	year	(Rytterborn,	2016).	Dividing	the	produced	grey	water	each	year	(365	m3)	
with	the	growing	area	(4500	m2)	result	in	mean	value	of	grey	water	is	0.08	m3	per	m2	growing	area	
and	year.	
	
Fish	production:		
A	 small	 fish	 production	 produces	 around	 5	 ton	 fish	 per	 year.	 A	 large	 fish	 production	 produces	
around	130	ton	fish	per	year	(Insulander	&	Tobiasson,	2015).	The	grey	water	consumption	is	250	
liters	 per	 kg	 produced	 fish	 (Ungfors	 &	 Lindegarth,	 2013).	 Simontorps	 Säteri	 AB	 is	 used	 as	
reference,	and	the	map	field	study	result	in	a	ground	area	of	15,000	m2.	
	
The	minimum	 value	 is	 calculated	 with	 a	 small	 fish	 production	 sites	 (5	 ton)	multiplied	 with	 the	
mean	 grey	water	 consumption	 (250	 liters)	water	 per	 kg	produced	 fish,	which	 result	 in	 1250	m3	

grey	water	consumption	for	a	small	fish	production	site.	The	grey	water	consumption	for	a	small	
fish	production	site	(1250	m3)	divided	with	the	reference	area	of	Simontorps	Säteri	AB	(15,000	m2)	
result	in	a	minimum	grey	water	consumption	value	of	0.08	m3	grey	water	per	m2	and	year.	
	
The	maximum	value	 is	calculated	with	a	 large	fish	production	sites	(130	ton)	multiplied	with	the	
mean	grey	water	consumption	(250	liters)	water	per	kg	produced	fish,	which	result	in	32,500	m3	

grey	water	consumption	for	a	 large	fish	production	site.	The	grey	water	consumption	for	a	 large	
fish	production	site	(32,500	m3)	divided	with	the	reference	area	of	Simontorps	Säteri	AB	(15,000	
m2)	result	in	a	maximum	grey	water	consumption	value	of	2.16	m3	grey	water	per	m2	and	year.	
	
The	 mean	 value	 of	 the	 minimum	 (0.08	 m3)	 and	 maximum	 (2.16	 m3)	 value	 per	 m2	 and	 year	 is	
calculated	to	1.12	m3	grey	water	per	m2	and	year.	
	
Brewery:	
Sigtuna	Brygghus	produce	1	million	liter	 liquid	per	year	(Sigtuna	Brygghus,	n.d.).	Åbro	Brewery	is	
one	 of	 Sweden’s	 biggest	 brewery	 and	 produce	 100	million	 liter	 liquid	 per	 year	 (Bergvall	 &	 Ny,	
2014).	 The	 grey	water	 consumption	 for	 Åbro	 Brewery	 is	 195,000	m3	per	 year	 (Bock,	 Cerruto	&	
Karlsson,	2012).	 Sigtuna	Brygghus	ground	area	defined	by	 the	map	 field	 study	 is	 4200	m2.	Åbro	
brewery	in	Vimmerby	ground	area	defined	by	the	map	field	study	is	75,600	m2.		
	
The	grey	water	per	million	liter	produced	liquid	is	calculated	by	dividing	grey	water	(195,000	m3)	
with	Åbros	 produced	 liquid	 (100	million	 liter),	which	 result	 in	 1950	m3	 grey	water	 for	 1	million	
produced	 liquids.	 Sigtuna	 Brygghus	 is	 used	 as	 reference	 for	 a	 microbrewery	 (4200	 m2)	 and	
produce	1	million	 liter	 liquid,	which	correspond	 to	1950	m3	grey	water.	Dividing	 the	grey	water	
(1950	m3)	with	defined	ground	area	(4200	m2)	results	 in	a	minimum	value	of	0.46	m3	grey	water	
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per	 m2	 and	 year.	 The	 maximum	 value	 of	 grey	 water	 is	 estimated	 from	 Åbros	 grey	 water	
consumption	 (195,000	 m3)	 divided	 with	 Åbro	 brewery	 in	 Vimmerby	 ground	 area	 (75,600	 m2),	
which	result	in	a	maximum	value	of	2.6	m3	grey	water	per	m2	and	year.		
	
The	 mean	 value	 of	 the	 minimum	 (0.46	 m3)	 and	 maximum	 (2.6	 m3)	 value	 per	 m2	 and	 year	 is	
calculated	to	1.53	m3	grey	water	per	m2	and	year	
	
Diary:	
Arla	diary	in	Järfälla,	Stockholm	produce	278,240	m3	grey	water	and	the	diary	area	is	237,400	m2	
(Arla,	 2015).	 The	mean	 value	 is	 calculated	 by	 dividing	 the	 grey	water	 production	 (278,240	m3),	
with	the	ground	area	(237,400	m2)	resulting	in	a	mean	value	of	grey	water	production	to	1.17	m3	

grey	water	per	m2	and	year.	
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Appendix	X	Calculations	of	pure	water	in	Broporten	

Calculations	and	assumptions	for	pure	water	in	Broporten	industrial	symbiosis.	
	
Greenhouse:	
A	Greenhouse	needs	4	to	5	liter	water	per	m2	each	day	(Jordbruksverket,	2015.c).	Plantagon	is	a	
greenhouse	 company	 in	 Linköping,	 with	 growing	 area	 at	 4500	 m2	 (Rytterborn,	 2016).	 The	
minimum	 value	 is	 calculated	 by	multiplying	 the	minimum	need	 of	 pure	water	 (4	 liter)	with	 the	
growing	area	(4500	m2),	which	result	in	18	m3	pure	water	per	m2	and	year.	The	maximum	value	is	
calculated	by	multiplying	the	maximum	need	of	pure	water	(5	liter)	with	the	growing	area	(4500	
m2),	which	result	in	22.5	m3	pure	water	per	m2	and	year.		
	
Fish	production:		
A	 small	 fish	 production	 produces	 around	 5	 ton	 fish	 per	 year.	 A	 large	 fish	 production	 produces	
around	130	ton	fish	per	year	(Insulander	&	Tobiasson,	2015).	The	pure	water	consumption	is	250	
liters	 per	 kg	 produced	 fish	 (Ungfors	 &	 Lindegarth,	 2013).	 Simontorps	 Säteri	 AB	 is	 used	 as	
reference,	and	the	map	field	study	result	in	a	ground	area	of	15,000	m2.	
	
The	minimum	 value	 is	 calculated	 with	 a	 small	 fish	 production	 sites	 (5	 ton)	multiplied	 with	 the	
mean	pure	water	 consumption	 (250	 liters)	water	per	 kg	produced	 fish,	which	 result	 in	1250	m3	

pure	water	consumption	for	a	small	fish	production	site.	The	pure	water	consumption	for	a	small	
fish	production	site	(1250	m3)	divided	with	the	reference	area	of	Simontorps	Säteri	AB	(15,000	m2)	
result	in	a	minimum	pure	water	consumption	value	of	0.08	m3	pure	water	per	m2	and	year.	
	
The	maximum	value	 is	calculated	with	a	 large	fish	production	sites	(130	ton)	multiplied	with	the	
mean	pure	water	consumption	 (250	 liters)	per	kg	produced	 fish,	which	 result	 in	32,500	m3	pure	
water	consumption	for	a	 large	 fish	production	site.	The	pure	water	consumption	for	a	 large	 fish	
production	site	(32,500	m3)	divided	with	the	reference	area	of	Simontorps	Säteri	AB	(15,000	m2)	
result	in	a	maximum	pure	water	consumption	value	of	2.16	m3	pure	water	per	m2	and	year.	
	
The	 mean	 value	 of	 the	 minimum	 (0.08	 m3)	 and	 maximum	 (2.16	 m3)	 value	 per	 m2	 and	 year	 is	
calculated	to	1.12	m3	pure	water	per	m2	and	year.	
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Appendix	XI	Interview	with	Ian	Hamilton,	Miljöintegratör	Econova	

Interview	with	Ian	Hamilton,	Miljöintegratör	2016	03	03	
	
Ian	Hamilton	 är	 anställd	 som	miljöintegratör	 på	 Econova,	 avsedd	 för	 att	 utveckla	 området	med	
industriell	symbios.	Idag	finns	det	befintlig	teknik	som	tillvaratar	material,	såsom	skrot	och	metall,	
men	omhändertagning	av	industriellt	processavfall	är	en	mer	omogen	marknad	för	restavfall	(t.ex.	
skogsindustrin).	Det	 gör	behovet	 av	 en	 facilitator	nödvändigt,	med	avseende	att	 sluta	 kretslopp	
och	samtidigt	skapa	affärs-	och	miljönytta,	vilket	initierar	cirkulära	samtal	mellan	industrier.	Vilket	
initierar	uppdragsområden	för	miljöintegratörer,	enligt	Econova.	
	
För	 närvarande	 gör	 Econova	 kartläggningar	 över	 områden	 i	 Lindesberg	 utanför	 Örebro,	 med	
ambition	att	sammankalla	relevanta	företag	för	industriell	symbios.	För	närvarande	undersöks	10	
verksamheter	 med	 inkluderade	 flödesanalyser	 för	 att	 hitta	 och	 effektivisera	 samverkan	 dessa	
emellan.	 Econova	 menar	 att	 drivkraften	 i	 dessa	 samtal	 är	 att	 det	 finns	 en	 underliggande	
affärsnytta	 för	 att	 samla	 intresserade	 partner.	 Miljönyttan	 är	 svår	 att	 motivera	 då	 ett	
konkurrensutsatt	bruk	måste	tillsätta	egna	finansiella	medel	för	att	skapa	en	cirkulär	verksamhet.	
För	att	skapa	en	trovärdighet	hos	verksamheter	innan	de	ansluter	sig	till	industriell	symbios	är	det	
fördelaktigt	 att	 låta	 en	 kommun	 agera	 initiativtagare	 istället	 för	 företag.	 Econova	 vill	
flödeskartlägga	 Örebro	 kommun	 med	 ambitionen	 att	 införa	 undersökningen	 hösten	 2016,	 om	
ekonomiska	resurser	tillåter	detta.		
	
Problem	uppstår	rörande	betalningsvilja	för	projekt	som	innebär	anslutning	till	industriell	symbios.	
En	potentiell	lösning	är	att	få	regionen	att	investera	i	industriell	symbios,	då	det	ligger	i	regionens	
intresse.	 Problematik	 uppstår	 då	 regionen	 saknar	 pengar	 och	 förståelse	 för	 potential.	 Från	
Econovas	sida	är	ett	kontinuerligt	 fokus	av	stor	vikt	 för	att	 förändra	 investeringsviljan.	Enligt	 Ian	
Hamilton	räcker	det	med	ett	mindre	kapital	för	att	genomföra	en	kartläggning,	vilket	då	främst	ska	
gå	till	projektledning	som	driver	och	samordnar	studien.	Utmaningen	 idag	är	att	hitta	en	modell	
som	avser	att	samla	olika	aktörer	 i	en	region,	och	att	få	dessa	att	vilja	samarbeta	och	öppna	sig,	
och	viljan	att	dela	flöden	mellan	andra	verksamheter	och	konkurrenter	för	att	skapa	en	gemensam	
cirkulär	ekonomisk	samverkansmodell.	
	
Det	krävs	forskning	för	att	hitta	samverkansmodeller,	där	processen	bryts	ner	 i	olika	delar,	samt	
utveckling	 för	 cirkulär	 omställning.	 Industriell	 symbios	 i	 regioner	 är	 teoretiskt	 eftersatt	 och	
standardisering	av	flöden	behövs	för	applicering	av	skalbara	modeller.	
	
Affärsnyttan	 som	 drivande	 faktor	 hos	 företag	 är	 fundamentalt,	 samt	 att	 företagsledarna	 är	
lyhörda	och	öppna.	Idag	inkluderas	ofta	miljöargument	i	diskussioner,	men	det	ligger	stor	vikt	i	att	
även	påvisa	en	ekonomisk	vinning	för	att	hitta	motivation	för	verksamheter	att	delta	i	 industriell	
symbios.	 För	 lokalsamhället	 ligger	 det	 stor	 vikt	 i	 att	 påvisa	 den	miljönytta	 som	 uppstår,	 för	 att	
motivera	 viljan	 till	 industriell	 symbios.	 Rent	 generellt	 krävs	 resurseffektivisering	 på	 lokal	 nivå,	
vilket	bör	inledas	i	den	tekniska	utvecklingen	för	att	sedan	skalas	upp	på	regional	nivå.	
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Utmaning	 ligger	 i	att	 skapa	en	praktiskt	genomförbar	modell.	Möjligheter	 finns	 tillgängliga,	men	
det	är	ännu	inte	tillräckligt	utvecklat.	Det	kan	krävas	en	grupp	av	olika	kompetenser	för	att	skapa	
en	 regionmodell,	 med	möjlighet	 till	 kontinuerlig	 revidering	 för	 applicerbar	 utveckling,	 samt	 ett	
generellt	ramverk	som	gäller	för	samtliga	aktörer	på	regional	nivå.		
	
	
Ian	Hamilton	
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Appendix	XII	Existing	industrial	and	urban	symbiosis		

Existing	industrial	and	urban	symbiosis	in	Swedish	municipalities	are	shown	in	Table	III.		

Table	 III	 Shows	different	existing	 industries	 in	 industrial	and	urban	 symbiosis	 in	 Sweden	 (Mirata	&	Martinsson,	
2016).	

Industrial	symbiosis	in	Sweden	 Industries	

Avesta	municipality	 • City	
• Gas	industry	
• Heat	plant	
• Pellets	factory	

• Pulp	and	paper	mill	
• Sawmill	
• Steel	industry	

Helsingborg	municipality		
Industry	Park	of	Sweden		

• Chemical	Industry	
• CHP	plant	
• City	
• Eel	production	

• Gravel	pit	
• Greenhouse	
• Process	industry	
• Recovery	facility	

Karlshamn	municipality	 • Greenhouse	
• Pulp	and	paper	mill	

• Spirit	production	

Lidköping	municipality	 • Biogas	plant	
• CHP	plant	
• City	
• Farmers	

• Food	industry		
• Recovery	facility	
• Waste	water	treatment	

Malmö	city	 • Biogas	plant	
• Carbon	black	producer	
• CHP	plant	
• City	

• Food	industry	
• Pellets	factory	
• Process	industry	
• Recovery	facility	

Norrköping	municipality	 • Biogas	plant	
• Chemical	industry	
• City	
• Ethanol	plant	

• Farmers	
• Forest	
• Process	industry	
• Recovery	facility	

Sotenäs	municipality	 • Algae	farming	
• Biogas	plant	
• Fish	production	
• Food	industry	

• Process	water	
• Slaughterhouse	
• Offshore	marine	energy	

	


