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DESARROLLO	DE	UNA	RED	SIMBIÓTICA	
INDUSTRIAL	EN	EL	PUERTO	DE	MALMÖ	

	
Empleando	el	concepto	de	Simbiosis	Industrial	se	propone	un	modelo	integrado	de	
industrias	que	presentan	nuevas	oportunidades	de	negocio	sostenibles	y	reducen	el	

impacto	medioambiental	de	toda	el	área	industrial	del	puerto	de	Malmö.		
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Antecedentes	
Este	 Proyecto	 Final	 de	 Carrera	 fue	 realizado,	 defendido	 y	 aprobado	 en	 el	 curso	
2015/2016	en	la	Universidad	de	Linköping	(Suecia)	con	el	título	original	“Building	
up	a	bio-based	synergetic	industrial	network	in	the	Northern	Harbour	of	Malmö”.		
	
Este	proyecto	arranca	en	abril	2015	al	incluirse	la	Universidad	de	Linköping	como	
entidad	 colaboradora	 en	 la	 iniciativa	 «EPIC2020».	 Esta	 iniciativa	 busca	
transformar	 las	 áreas	 portuarias	 europeas	 en	 zonas	 eficientes,	 neutras	 en	
emisiones	de	CO2	e	integradas	con	el	funcionamiento	de	la	ciudad.	Esta	iniciativa	es	
co-fundada	por	el	 Intelligent	Energy	Europe	Programme	de	 la	Unión	Europea	y	es	
apoyada	 por	 la	 ciudad	 de	 Malmö.	 En	 este	 ambicioso	 proyecto,	 cabe	 destacar	 la	
colaboración	de	los	potenciales	inversores	E.ON,	SYSAV	y	Copenhagen-Malmö	Port.	
Para	 lograr	 este	 objetivo,	 se	 basa	 en	 la	 aplicación	 de	 la	 simbiosis	 industrial:	
concepto	clave	del	proyecto	que	consiste	en	el	aprovechamiento	de	sub-productos,	
residuos	y	calor	residual	por	otra	industria	cercana,	creando	así	una	red	industrial	
cerrada	de	intercambio	de	materia	y	energía.		
		
Basándose	en	un	estudio	exhaustivo	del	área	industrial	de	Malmö,	de	su	potencial	
biológico	y	de	las	necesidades	de	la	zona,	el	objetivo	del	proyecto	es	proponer	una	
nueva	red	industrial	sostenible.	Dicha	red	conectaría	las	industrias	y	empresas	ya	
existentes	con	las	nuevas,	justificando	su	implementación	según	el	potencial	de	la	
zona,	 la	 viabilidad	 económica	 y	 por	 supuesto	 su	 adaptación	 al	marco	 EPIC2020.	
Por	tanto,	los	tutores	Murat	Mirata	y	Stefan	Anderberg	(este	último	participó	en	el	
diseño	 de	 la	 primera	 zona	 industrial	 simbiótica,	 Kalundborg	 –Dinamarca-)	
plantearon	este	proyecto	como	una	demostración	de	la	viabilidad	de	la	aplicación	
del	 EPIC2020	 a	 Malmö	 incluyendo	 una	 primera	 propuesta	 de	 modelo,	 con	 el	
objetivo	 final	de	 llevarlo	a	 fases	más	avanzadas	una	vez	 claras	 la	participación	e	
inversión	de	las	empresas	locales.	
	
A	continuación,	se	propone	un	breve	resumen	en	castellano	para	dar	satisfacción	a	
la	norma	vigente.	Después	de	dicho	Resumen	del	Proyecto,	 se	adjunta	el	proyecto	
de	 fin	 de	 carrera	 íntegro	 original.	 Dicho	 proyecto	 original	 incluye	 una	 primera	
parte	en	 la	que	se	propone	el	marco	del	proyecto	(se	describen	 los	objetivos,	 las	
delimitaciones,	estructura,	cronograma	y	presupuesto)	para	comenzar	a	partir	del	
punto	2	con	el	propio	desarrollo	del	trabajo.			
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Resumen	del	proyecto	

Objetivo	
La	 ciudad	 de	 Malmö	 (Suecia)	 tiene	 como	 objetivo	 reducir	 su	 impacto	
medioambiental	y	también	el	de	desarrollar	nuevas	oportunidades	de	negocio	en	
la	parte	Norte	del	puerto.	Basándose	en	estos	requerimientos,	en	este	proyecto	se	
estudiará	 el	 desarrollo	 de	 una	 red	 de	 industrias	 sostenibles.	 Además,	 con	 el	
objetivo	de	alcanzar	una	optimización	de	la	energía	y	de	los	recursos,	se	aplicará	el	
concepto	de	“Simbiosis	Industrial”.	Este	concepto	se	refiere	a	que	los	sub-productos	
o	 flujos	 de	 calor	 residual	 provenientes	 de	 las	 industrias	 locales	 (o	 nuevas	
actividades)	serán	aprovechados	por	otras.	Por	tanto,	el	principal	objetivo	de	este	
proyecto	es	diseñar	una	red	 industrial	 simbiótica	para	 implementar	en	el	puerto	
de	Malmö.		

La	simbiosis	industrial	y	la	economía	circular	
En	 la	 actualidad	 hay	 una	 clara	 tendencia	 a	 integrar	 la	 sostenibilidad	
medioambiental	en	los	procesos	productivos,	e	incluso	a	desarrollar	una	economía	
basada	 en	 productos	 de	 origen	 biológico	 en	 Europa.	 Ciudades	 portuarias	
relevantes	como	Rotterdam	o	Gante	están	desarrollando	modelos	con	un	enfoque	
biológico	 añadiendo	 conexiones	 entre	 las	 diferentes	 industrias	 locales.	 Este	
concepto	es	definido	por	Chertow	en	2007	como	un	“intercambio	físico	de	materia,	
energía,	 agua	 y	 sub-productos	 entre	 varios	 conjuntos	de	 empresas”.	 Cabe	 destacar	
que	 este	 concepto	 surge	 por	 primera	 vez	 en	Kalundborg	 (Dinamarca).	 Esta	 área	
sufría	 de	 una	 falta	 de	 agua	 que	 hizo	 que	 las	 empresas	 locales	 se	 unieran	 para	
gestionarla.	 Después	 de	 esta	 unión,	 surgieron	 otras	 conexiones	 que	 llevaron	 al	
complejo	a	una	 reducción	de	costes,	 el	desarrollo	de	nuevas	vías	de	negocio	y	 la	
garantía	 de	 intercambios	 sostenibles	 de	 agua	 y	 energía	 a	 largo	 plazo	
(www.symbiosis.dk).	 Otros	 estudios	 demuestran	 que	 ser	 capaz	 de	 realizar	
intercambios	de	 recursos	 aumenta	 la	 competitividad	de	una	 industria	 (Dyer	 and	
Singh,	1998).		
	
Con	el	fin	de	ilustrar	los	beneficios	de	la	simbiosis	industrial,	el	método	empleado	
será	el	que	describen	Martin	et	al.	 (2013).	Consiste	en	cuantificar	 los	ahorros	de	
energía	 y	 materia,	 así	 como	 los	 procesos	 evitados	 gracias	 a	 las	 conexiones	
desarrolladas	entre	distintas	plantas	 industriales.	En	este	proyecto,	por	 tanto,	 se	
calcularán	los	consumos	energéticos	y	materias	primas	con	integración	y	sin	ella.	A	
parte	 de	 los	 consumos	 “evitados”,	 se	 estimarán	 los	 beneficios	 para	 el	 medio	
ambiente,	 usando	el	 indicador	de	 emisiones	de	CO2	para	 los	 esquemas	 con	y	 sin	
integración.	 Este	 indicador	 está	 directamente	 relacionado	 con	 la	 eficiencia	 y	 el	
impacto	 de	 la	 actividad	 industrial	 en	 el	 cambio	 climático.	 Aunque	 existen	 otras	
muchas	implicaciones	medioambientales,	el	análisis	se	reduce	a	este	indicador	ya	
que	 resulta	 suficientemente	 ilustrativo	 a	 nivel	 metodológico	 y	 no	 se	 pretende	
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hacer	 una	 evaluación	 ambiental	 exhaustiva,	 que	 excede	 el	 ámbito	 del	 presente	
Proyecto	Fin	de	Carrera.	Con	esta	aproximación	se	pretende	evaluar	los	beneficios	
económicos	 y	 medioambientales	 de	 forma	 simultánea,	 ya	 que	 estos	 últimos	 no	
suelen	 ser	 suficientes	 para	 incentivar	 el	 desarrollo	 de	 la	 simbiosis	 (dado	 la	
inversión	inicial	que	suponen).	
	

El	potencial	biológico	de	la	región	de	Malmö	
El	objetivo	de	la	ciudad	consiste	en	reducir	al	máximo	su	dependencia	de	energías	
fósiles	 y	 desarrollar	 una	 economía	 circular,	 que	 reutilice	 la	materia	 orgánica	 de	
manera	 sostenible.	 Por	 tanto,	 se	 trata	 de	 demostrar	 que	 la	 región	 tiene	 un	
potencial	biológico	suficiente.	En	efecto,	en	este	proyecto	se	confirma	que	Malmö	
tendría	 la	materia	 prima	 suficiente	 con	 los	 residuos	 orgánicos	 de	 la	 ciudad	para	
alimentar	 una	 planta	 de	 biogás	 80,2GWh	 de	 potencia	 (según	 el	 estudio	 de	
Björnsson	et	 al.,	 2011).	Asimismo,	 la	 región	de	Skåne,	 en	 la	que	 se	ubica	Malmö,	
produce	818000	toneladas	anuales	de	residuos	agrícolas.	Se	puede	concluir	que	la	
región	estudiada	tiene	potencial	para	desarrollar	industrias	de	base	biológica	que	
empleen	los	recursos	naturales	de	la	zona.	
	
Por	 otro	 lado,	 las	 actividades	 portuarias	 son	 las	 siguientes	 (basados	 en	 el	 WSP	
Environmental	report,	2013):		
• Copenhagen-Malmö	 port	 (CMP)	 es	 una	 entidad	 privada	 que	 gestiona	 y	 se	

beneficia	de	los	amarres	de	buques	en	estos	dos	puertos.		
• SYSAV,	 E.ON	 Öresundsverket	 E.ON	 Flintrännan,	 que	 son	 las	 empresas	 que	

generan	energía	para	la	región,	a	partir	de	ciclos	combinados	de	gas	natural	y	
valorización	 térmica	 de	 residuos;	 junto	 con	 VASYD	 Sjölundaverket,	 que	
produce	 electricidad	 para	 autoconsumo	 a	 partir	 del	 biogás	 producido	 en	 el	
proceso	de	tratamiento	de	aguas	residuales	urbanas.		

• Cementa	 AB,	 Finnlines,	 Ragnsells,	 Scandinavian	 Tank	 Storage	 y	 Stena	 Verkö	
que	 implican	 un	 flujo	 de	 transportes	 importantes	 tanto	 de	 productos	
industriales	y	materias	primas	como	pasajeros	y	otras	mercancías.	

• Otras	 empresas	 dedicadas	 a	 diversas	 ramas	 de	 la	 industria	 química	 como	
Norcarb	Engineered	Carbons	que	produce	negro	de	humo	empleado	en	tintas	de	
impresión,	goma	o	revestimientos.		

	
En	base	a	la	evaluación	previa	desarrollada	en	el	proyecto	original	(ver	apartado	4.	
Assessing	the	Northern	Harbour	of	Malmö)	del	potencial	biológico	de	 la	zona	y	de	
las	actividades	económicas,	se	identifican	las	oportunidades	a	desarrollar:	
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Potencial	biológico	
disponible	 Actividad	Industrial	 Oportunidad	identificada	

Fracción	orgánica	de	los	
residuos	urbanos	y	lodos	
de	depuradora	

Empresas	con	alta	necesidad	
de	transporte	à	hay	un	
mercado	para	
biocombustibles	

Producción	de	biogás	con	
los	residuos	de	la	ciudad	

Residuos	agrícolas	con	
base	lignocelulósica		

Bioetanol	empleado	en	
combustibles	

Producción	de	bioetanol	con	
los	residuos	vegetales	

Medio	marino	y	algas	 Industria	química	en	busca	de	
materias	primas	naturales	

Explotación	de	algas	que	
reutilice	flujos	de	calor	y	
agua	residuales	

	

Descripción	del	modelo	
Además	 de	 las	 industrias	 y	 empresas	 locales	 ya	 existentes,	 el	 modelo	 propone	
añadir	las	siguientes	unidades,	junto	con	sus	sinergias:	
• Una	 planta	 de	 biogás:	 en	 la	 actualidad,	 la	 fracción	 orgánica	 de	 los	 residuos	

municipales	de	 la	ciudad	de	Malmö	son	enviados	a	otra	ciudad	para	producir	
biogás.	 Por	 tanto,	 la	 implementación	 de	 una	 planta	 de	 biogás	 evitaría	 el	
transporte	 y	 aportaría	 valor	 añadido	 a	 los	 desechos	 dentro	 de	 la	 ciudad.	
Además	de	aportar	el	biogás	para	 su	uso	en	el	puerto.	 Según	el	modelo	y	 los	
cálculos	 realizados,	 se	 estima	 que	 la	 producción	 anual	 de	 biogás	 podría	
alcanzar	 los	 13,4	 millones	 de	 m3	 para	 el	 uso	 en	 transportes	 y	 75	 500	
toneladas/año	de	bio-fertilizantes	para	uso	en	cultivos	agrícolas	de	la	región.		

• Una	 planta	 de	 etanol	 que	 emplee	 los	 residuos	 agrícolas	 y	 forestales	 de	 la	
región	 (biomasa	 celulósica).	 La	 región	 de	 Skåne	 produce	 818	 000	
toneladas/año	de	residuos	vegetales	aprovechables.	En	la	primera	destilación,	
el	etanol	y	el	agua	son	separados	de	la	lignina	(sustancia	que	forma	parte	de	las	
células	 de	 los	 vegetales)	 y	 de	 los	 azúcares	 que	 no	 se	 han	 transformado	 en	
etanol.	La	parte	alta	de	la	columna	(agua	+	etanol)	son	llevados	a	otra	columna;	
mientras	que	el	fondo	(“stillage”)	se	envía	a	la	planta	de	biogás.	Se	estima	que	
dicho	flujo	implicaría	un	extra	de	3,14	millones	m3/año	de	biogás	producido.	El	
consumo	de	agua	es	muy	alto	en	la	producción	de	etanol.	La	planta	propuesta	
emplearía	 más	 de	 330000	 m3/año	 de	 agua	 que	 se	 intercambiaría	 con	 una	
planta	de	tratamiento	de	aguas.	Finalmente,	se	estima	que	Norcarb	Engineered	
Products	y	 las	plantas	de	E.ON	tienen	 flujos	de	calor	residual	suficientes	para	
cubrir	 los	 248GWh/año	 necesarios	 para	 producir	 el	 vapor	 en	 el	 proceso	 de	
destilación	(ver	6.2.4.	Heat	recovery	assessments,	apartado	-ii-).		

• Una	explotación	de	micro-algas	de	alto	valor	añadido	que	se	aprovecharían	
en	la	industria	química	local	ya	que	la	extracción	de	su	aceite	se	puede	emplear	
como	aditivo	en	alimentos	para	los	humanos	y	para	la	acuicultura	o,	incluso	en	
la	 industria	 cosmética.	 Dichas	micro-algas	 pueden	 utilizarse	 también	 para	 la	
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Figura	1	Esquema	general	del	modelo	industrial	simbiótico	propuesto		

1. Los	“actores	o	industrias	locales”	(empresas	o	industrias	que	ya	estaban	implementadas	antes	del	comenzar	el	proyecto)	vienen	marcadas	en	
naranja.		

2. Los	“nuevos	actores	o	industrias”,	es	decir	las	industrias	que	se	sugiere		que	se	implementen	en	el	puerto	en	este	proyecto,	vienen	resaltadas	
en	Verde.	

3. Finalmente,	las	empresas	locales	del	puerto	que	son	potenciales	clientes	para	el	biogás	como	carburante	vienen	listadas	en	Azul.		

producción	 de	 biocarburantes.	 Además	 de	 ofrecer	 un	 mercado	 amplio,	 su	
explotación	es	especialmente	interesante	ya	que	no	necesita	agua	de	calidad	y	
es	un	potente	agente	de	 fijación	del	CO2.	Por	ello,	en	el	modelo	propuesto,	se	
desarrollará	una	explotación	de	micro-algas	que	emplee	31	775	ton/año	de	CO2	
proveniente	 de	 la	 planta	 de	 etanol	 y	 que	 esté	 conectada	 con	 una	 planta	 de	
tratamiento	de	aguas.	Finalmente,	para	optimizar	todavía	más	esta	explotación,	
se	enviarán	los	residuos	del	cultivo	de	algas	a	la	planta	de	biogás;	y	se	empleará	
el	calor	residual	de	la	planta	de	E.ON	para	calentar	el	cultivo.		

	
A	continuación,	se	propone	un	esquema	visual	del	modelo	propuesto:	
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Identificación	de	los	beneficios	socioeconómicos	y	ambientales	
La	 implementación	 de	 este	 modelo	 implica	 claros	 beneficios	 socioeconómicos	 y	
para	el	medioambiente.	 (Se	pueden	consultar	 los	detalles	del	razonamiento	en	el	
capítulo	7:	Highlighting	the	benefits	of	integration.)		
	
En	 primer	 lugar,	 existe	 un	 uso	 potencial	 para	 el	 biogás	 como	 carburante	 en	 el	
transporte:	reemplazar	el	bio-diesel	de	los	camiones	pesados	por	biogás	producido	
con	 los	 residuos	 de	 la	 ciudad.	 El	 biogás	 se	 puede	 purificar	 hasta	 calidad	 de	 bio-
metano	puro	y	así	emplearse	como	combustible.	Se	estima	que,	aun	instalando	una	
unidad	para	purificar	el	biogás,	si	se	vende	a	precio	de	mercado,	la	planta	de	biogás	
obtendría	beneficios	de	50	millones	de	coronas	suecas.	Desde	el	punto	de	vista	de	
las	 empresas	 locales	 como	 Cementa	 AB,	 Finnlines,	 Ragnsells,	 Scandinavian	 Tank	
Storage,	 Stena	 Verkö	 etc.,	 cuya	 actividad	 implica	 transporte	 de	 mercancía	 por	
camión,	sería	beneficioso	ya	que	obtendrían	de	reducción	de	tasas	al	disminuir	sus	
emisiones	de	CO2.	Respecto	a	los	beneficios	para	el	medioambiente,	se	calcula	una	
reducción	 del	 200%	 de	 las	 emisiones	 de	 gases	 de	 efecto	 invernadero	 en	
comparación	con	el	biodiesel.	
	
En	 segundo	 lugar,	 los	 procesos	 de	 recuperación	 del	 calor	 residual	 parecen	 ser	
clave	 a	 la	 hora	 de	 crear	 una	 red	 industrial	 simbiótica	 sostenible.	 En	 efecto,	 las	
industrias	locales	existentes	encontrarían	en	el	modelo	propuesto	un	uso	para	su	
calor	 residual	 hasta	 ahora	 liberado	 a	 la	 atmósfera.	 Los	 usos	 encontrados	 en	 el	
modelo	 son	 para	 el	 calentamiento	 de	 los	 biodigestores	 (1,83	 GWh/año	 de	 calor	
residual	de	SYSAV),	del	cultivo	de	algas	(usando	el	30%	del	calor	residual	de	E.ON	
para	 las	 dimensiones	 de	 la	 explotación	 considerada)	 y	 para	 los	 pasos	 de	 la	
destilación	 del	 etanol,	 que	 demandan	 mucha	 energía	 (248GWh/año).	 La	
recuperación	 del	 calor	 residual	 permitirá	 reducir	 la	 dependencia	 del	 área	
industrial	 en	 energías	 fósiles	 y	 reducir	 costes	 de	 producción	 ya	 que,	 se	 evita	 la	
producción	de	energía	y	la	instalación	de	unidades	para	producirla.		
	
En	 tercer	 lugar,	 se	 estima	que	usar	 los	 residuos	producidos	 en	 la	destilación	del	
etanol	 para	 su	 digestión	 anaeróbica	 en	 la	 planta	 de	 biogás	 aumentaría	 la	
producción	de	biogás	en	un	19%	según	las	estimaciones	del	modelo.		
	
En	conclusión,	este	modelo	se	plantea	como	un	punto	de	partida	de	un	ambicioso	
plan	de	futuro	para	la	región	de	Malmö	que	permitiría	mejorar	la	calidad	de	vida	
de	los	habitantes	de	la	zona.	Se	crearían	oportunidades	nuevas	de	negocio	y,	así,	de	
empleo	 que	 desarrollarían	 social	 y	 económicamente	 la	 zona.	 Al	 desarrollar	
sinergias,	 se	 fomentaría	una	comunicación	activa	entre	 las	 industrias	 locales	que	
reducirían	 sus	 costes	 de	 producción.	 Finalmente,	 el	 beneficio	 para	 el	 medio	
ambiente	 estaría	 implícito,	 ya	 que	 se	 emplearía	 el	 calor	 residual,	 los	 residuos	
orgánicos	 y	 los	 productos	 intermedios	 que	 ahora	 están	 desaprovechados	 en	 su	
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mayoría.	 Se	 reducen	por	 tanto	 las	 emisiones	de	gases	de	efectos	 invernadero,	 se	
reaprovechan	recursos	y	se	consumen	menos	energías	fósiles.	

Conclusiones	
	
Competencias	desarrolladas	
Este	 proyecto	 parte	 de	 la	 comprensión	 de	 procesos	 complejos	 de	 ingeniería	
química	 y	 bioquímica	 con	 el	 objetivo	 de	 aplicarles	 un	 innovador	 concepto:	 	 la	
simbiosis	industrial.	En	efecto,	se	ha	requerido	un	estudio	detallado	del	proceso	de	
obtención	del	biogás,	del	etanol	y	de	las	micro-algas,	así	como	de	sus	aplicaciones.	
Por	otro	 lado,	el	modelo	propuesto	se	basa	en	 la	 identificación	de	oportunidades	
para	establecer	 sinergias	entre	 los	diferentes	actores	 industriales.	 Se	 realiza,	por	
tanto,	un	trabajo	de	investigación	para	conocer	la	actividad	industrial	existente	y	el	
potencial	biológico	de	la	zona.	Dicho	trabajo	es	indispensable	para	desarrollar	un	
modelo	 viable	 y	 conectado	 con	 la	 realidad.	 Finalmente,	 el	 proyecto	 incluye	 una	
revisión	 de	 la	 bibliografía	 para	 desarrollar	 una	 metodología	 adecuada	 para	
cuantificar	 las	 conexiones	 de	 flujos	 de	 energía	 y	 materia	 entre	 las	 industrias	 y	
estimar	los	beneficios	económicos	y	para	el	medioambiente.	
	
Enfoque	innovador		
A	 través	 de	 este	 proyecto	 se	 plantea	 reemplazar	 la	 generación	 de	 energía	 y	 los	
combustibles	de	origen	fósil	por	una	energía	y	un	combustible	que	provengan	de	la	
explotación	 de	 recursos	 de	 origen	 biológicos	 existentes	 en	 la	 zona.	 El	 primer	
carácter	 innovador	 de	 este	 proyecto	 reside	 en	 aportar	 una	 posibilidad	 de	
desarrollo	y	expansión	de	la	producción	de	energía	de	origen	biológico,	a	través	de	
la	biomasa	y	 los	biocombustibles.	En	 segundo	 lugar,	 el	 concepto	de	 simbiosis	no	
está	muy	desarrollado	entre	industrias	de	una	misma	área	y	se	pretende	justificar	
su	viabilidad	y	sus	beneficios.		
	
Valoración	final	
Este	 proyecto	 implica,	 sin	 duda,	 una	 gran	 inversión	 inicial	 y	 una	 participación	
activa	de	las	entidades	gubernamentales	y	privadas	para	que	pueda	salir	adelante.	
Los	beneficios	para	el	medioambiente	no	son	(desgraciadamente)	suficientes	para	
incentivar	las	empresas	privadas	a	cambiar	su	sistema	productivo	o	integrarse	con	
otras.	 Sin	 embargo,	 con	 un	marco	 legislativo	 adecuado	 e	 incentivos	 económicos	
por	 tener	 una	 actitud	 sostenible;	 las	 empresas	 encontrarían	 la	 motivación	 para	
adquirir	 una	 actitud	 integradora	 con	 otras	 entidades.	 Además,	 la	 existencia	 de	
casos	 similares	 de	 redes	 industriales	 conectadas	 en	 simbiosis	 en	 Escandinavia	
como	 Kalundborg	 son	 pruebas	 de	 que	 la	 simbiosis	 industrial	 tiene	 beneficios	
cuantificables.	Y	 finalmente,	 la	ambición	de	 la	ciudad	combinada	con	el	apoyo	de	
iniciativas	 europeas,	 permite	 estimar	 que	 en	 2020	 el	 puerto	 de	 Malmö	 será	 un	
ejemplo	exitoso	de	red	industrial	simbiótica.	
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Abstract	
	
The	city	of	Malmö	aims	at	reducing	its	environmental	 impact	and	also	to	develop	
new	businesses	 in	 its	Northern	Harbour.	Based	upon	 these	 requests,	 this	project	
will	 study	 the	 development	 of	 a	 bio-based	 industrial	 network.	 Furthermore,	 in	
order	 to	 reach	 optimisation	 of	 energy	 and	 resources,	 the	 concept	 of	 industrial	
symbiosis	 will	 be	 applied.	 This	 means	 that	 by-products	 or	 excess	 heat	 streams	
from	actors	(or/and	newcomers)	will	be	re-used	by	others.	The	main	objective	of	
this	project	is	to	develop	a	scenario	for	the	implementation	of	a	bio-based	network	
of	 the	harbour	of	Malmö.	Nowadays	 there	 is	 an	 evident	 shift	 towards	 integrated	
industrial	bio-based	economies	 in	Europe.	Relevant	city-ports	such	as	Rotterdam	
or	 Ghent	 are	 developing	 bio-based	 approaches	 adding	 up	 different	 types	 of	
connections	 between	 the	 local	 actors.	 Furthermore,	 Malmö	 has	 the	 potential	 to	
develop	an	80,2GWh	biogas	plant	that	would	use	the	sludge	and	the	food	waste	of	
the	 city.	 In	 addition	 to	 that,	 the	 region	 of	 Skåne	 has	 an	 amount	 of	 818000	
tonnes/year	 of	 cultivation	 remains	 that	 are	 straw-based.	 The	 region	 has	 then	
enough	potential	to	build	bio-based	industries.	
	
In	order	 to	exploit	 the	existing	potential	of	 the	 region,	 the	scenario	developed	 in	
this	project	includes	the	following	industrial	activities:	a	biogas	plant	(that	would	
produce	biogas	out	of	the	wastes	of	the	area),	a	lignocellulosic	ethanol	plant	(that	
would	 produce	 ethanol	 out	 of	 the	 forest	 and	 agricultural	 residues	 of	 the	 region)	
and	 an	 algae	 complex	 that	 would	 add	 value	 to	 waste	 streams	 existing	 in	 the	
harbour	while	creating	a	new	business	concept.	This	infrastructure	requires	to	be	
connected	to	a	WWTP	in	order	to	be	feasible.	In	addition	to	the	implementation	of	
these	 facilities,	 synergies	 between	 them	 are	 developed	 and	 quantified.	 Material	
flows	(example:	 the	stillage	produced	 in	 the	ethanol	plant	 is	driven	to	 the	biogas	
plant	 for	 anaerobic	digestion)	 and	 energy	 flows	 (example:	waste	heat	 from	 local	
actors	could	be	used	to	warm	up	the	algae	pond)	are	assessed.		
	
Furthermore,	the	implementation	of	this	scenario	carries	out	benefits	for	the	area.	
Indeed,	there	is	a	potential	use	for	the	biogas	as	a	transportation	fuel:	replacing	the	
heavy-duty	trucks	that	work	on	bio-diesel	by	the	biogas	produced	from	the	city’s	
wastes.	An	algae	complex	can	find	an	economical	viability	in	the	harbour	of	Malmö	
where	 the	 chemical	 and	 agro-food	 industry	 are	 very	 present.	 The	 economical	
viability	 of	 such	 facility	 is	 also	 under	 the	 condition	 of	 its	 integration	 with	 a	
wastewater	 facility	 and	 other	 actors	 that	 provide	 heat	 and	 CO2	 required.	
Furthermore,	 there	 is	a	new	tendency	for	“natural”	bio-products	 in	the	agro-food	
sector,	 so	 there	 is	 a	 potential	 profitability	 for	 such	 activity	 for	 both	 the	
environment	 and	 the	 economy.	 	 Heat	 recovery	 processes	 are	 assessed.	 Indeed,	
current	 actors	 could	 find	 in	 the	 scenario	 uses	 for	 their	 excess	 heat	 streams:	 for	
heating	 bio-digesters,	 algae	 ponds	 and	 produce	 high-demanding	 energy	 steps	 of	
the	 ethanol	 production.	Heat	 recovery	will	 reduce	 the	 dependence	 of	 fossil	 fuels	
and	the	costs	of	the	overall	industrial	activity	of	the	newcomers.		And	finally,	using	
the	stillage	from	the	ethanol	plant	in	an	anaerobic	digestion	process	at	the	biogas	
plant	happens	to	be	very	productive,	increasing	the	biogas	production	of	19%.		
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1.	Introduction		
	

1.1	Background	
	
The	city	of	Malmö	has	the	ambition	of	becoming	a	leading	eco-city	by	2020.	And	in	
the	long	run,	it	has	environmental	targets	such	as	100	%	renewable	energy	system	
by	2030	(Malmö	Stadsbyggnadskontor,	2009).		
	
In	 addition	 to	 that,	 in	 the	Northern	 part	 of	 the	 harbour,	 there	 is	 an	 unexploited	
land	 available	 that	 the	municipality	 would	 like	 to	 lease	 out	 to	 newcomers.	 This	
carries	out	economical	benefits	such	as	jobs	and	investments.	
	
Increasing	 industrial	 activity	 implies	 that	more	 energy	 needs	 to	 be	 produced	 to	
fulfil	 the	 needs	 of	 the	 newcomers,	 but	 also	more	 resources	 (such	 as	water)	 and	
finally,	new	activities	will	increase	the	transportation	requirements	in	the	area.		
	
Then,	one	wants	to	create	economic	growth	but	environmental	quality	remains	the	
key	 aspect.	 In	 order	 to	 fulfil	 both	 determinations,	 the	 city	 is	 very	 picky	 when	
choosing	new	industrial	actors	for	the	harbour.		That	is	the	reason	why,	combining	
both	visions,	the	idea	of	implementing	a	bio-based	industrial	park	in	the	Northern	
Harbour	 seems	 to	 be	 accurate	 given	 the	 city’s	 aspirations.	 In	 addition	 to	 that,	
building	up	connections	between	the	local	stakeholders	could	enhance	the	benefits	
for	the	environment	and	the	local	business.	By	developing	synergies,	one	means	to	
add	value	to	by-products	and	re-use	waste	energy	flows	for	example.	The	existing	
industry	 reduces	 its	 environmental	 impact	 avoiding	 disposal	 and	 emissions	 by	
finding	 newcomers	 to	 use	 its	 by-product	 or	 excess	 heat	 stream	 respectively.	
Furthermore,	it	is	also	beneficial	for	the	newcomer	since	it	will	reduce	its	costs	in	
energy	 production	 and	 purchasing	 raw	 materials.	 This	 concept	 is	 the	 industrial	
symbiosis	 and	 in	 a	 reality	 where	 resources	 are	 becoming	 scarce,	 its	 application	
seems	very	relevant.		
	

1.2	Aim	
	
The	overall	aim	of	this	project	is	to	develop	a	scenario	for	potential	development	of	
a	bioresource-based	 industrial	network	 founded	on	synergetic	 connections	 in	 the	
Northern	Harbour	of	Malmö.		
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1.3	Objectives	
	
The	municipality	and	other	 local	actors	 intend	 to	develop	 local	business	activity	
without	 increasing	 environmental	 impact.	Then,	 one	 aims	at	 building	 a	 scenario	
for	potential	development	of	a	bioresource-based	industrial	network	reaching	for	
the	following	objectives:	
	

Ø Learn	about	the	Northern	Harbour	of	Malmö’s	industrial	activities	in	order	
to	be	able	to	identify	new	business	opportunities.		

Ø Highlight	the	benefits	of	adding	connections	between	newcomers	and	local	
actors	 in	 the	 scenario	 for	 potential	 use	 of	 bioresource-based	 industrial	
network.		

	

1.4	Research	Questions	
	

• Why	should	Malmö	implement	a	bio-industrial	park	based	on	symbiosis?	
• What	potential	newcomers	should	be	implemented?	
• What	connections	can	be	developed?		
• What	 benefits	will	 this	 implementation	 bring	 to	 the	 local	 environment	 and	

business	activities?	

1.5	Overview	of	the	project’s	approach	
	
The	 first	 step	 of	 this	 work	 was	 the	 project	 outline	 where	 were	 defined	 the	
approach	taken.	The	following	procedure	was	chosen:	
	

1. Literature	review	on	bio-based	harbours	in	Europe.		
	

- Finding	 examples	 of	 harbours	 with	 similar	 ambitions.	 Find	 possible	
applications	for	the	harbour	of	Malmö.		
	

2. Assessing	the	Northern	Harbour	of	Malmö	
	
	 The	 objective	 of	 this	 part	 is	 to	 describe	 the	 current	 situation	 of	 the	 local	
economy	to	find	possible	opportunities;	answering	to	these	questions:		
	

- What	 economic	 activities	 are	 present	 in	 the	 Harbour	 of	 Malmö	 in	 the	
energy	supply	sector,	the	food	production	sector	and	harbour	activities?		

- Which	companies	are	major	actors	in	the	local	business?		
- What	are	their	outputs?	Excess	and	waste	streams?		

	
Besides	 studying	 the	 current	 industrial	 landscape	 of	 the	 harbour,	 the	 resources	
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that	the	city	and	the	region	have	will	also	be	assessed.	These	two	analyses	will	be	
done	 by	 reading	 documents	 available	 on	 the	 harbour’s	 economic	 activity	 and	
reports	done	by	local	administration.		
	
The	 main	 objective	 being	 to	 quantify	 the	 bio-energy	 potential	 of	 the	 Region	 of	
Skåne	in	order	to	identify	possible	opportunities	for	new	activities	that	would	be	
demanded	in	the	nearby	market.		
	

3. Developing	a	scenario	for	the	development	of	a	bio-based	symbiotic	park	in	
the	harbour	of	Malmö	

	
	 Justifying	 the	 answer	 from	both	 environmental	 and	 economic	 perspectives,	
and	based	on	1.	and	2.,	what	bio-based	symbiotic	park	should	be	implemented?	The	
core	of	the	project	will	then	be	the	selection	of	the	activities	that	will	be	a	part	of	
the	 bio-based	network	 in	 the	Harbour	 of	Malmö.	These	will	 be	 chosen	based	 on	
their	 viability	 for	 the	 Northern	 Harbour	 and	 their	 economic	 and	 environmental	
benefits.		
	

4. Further	scrutiny	of	the	scenario.	
	
- From	a	technical	point	of	view:	What	synergies	will	be	built?	And	how	these	

be	 done,	 technically?	 Description	 of	 the	 technologies	 and	 infrastructures	
required.	

- Discussion	 on	 the	 viability	 from	an	 economical	 and	 environmental	 point	 of	
view	

	

1.6	Delimitations	
	
This	 project	 does	 not	 aim	 to	 build	 an	 exhaustive	 inventory	 of	 all	 the	 possible	
business	 opportunities	 that	 could	 be	 developed	 in	 the	 harbour.	 Decisions	 were	
made	 based	 on	 the	 case	 studies	 and	 literature	 found,	 but	 the	 possibilities	 are	
infinite.		
	
Furthermore,	 the	 scenario	 proposed	 doesn’t	 aim	 to	 give	 a	 comprehensive	
assessment	 of	 the	 sub-processes	 of	 each	 production	 plant.	 Each	 detailed	
assessment	of	the	processes	within	a	facility	would	be	a	project	itself.	The	report	
doesn’t	 focus	either	 in	 the	details	of	costs,	but	 it	 is	an	overall	study	of	 feasibility.		
The	idea	of	the	project	is	then	to	give	a	starting	point	to	new	actors	informing	on	
what	could	be	added	and	how	could	it	be	implemented	in	order	to	perform	deeper	
studies	afterwards.		
	



	

	

	 Building	up	a	bio-based	synergetic	industrial	network	in	the	Northern	
Harbour	of	Malmö	

	
	 	

20	

Finally,	 this	 project	 doesn’t	 aim	 to	 create	 implementation	 strategies	 and	 suggest	
incentives	on	a	decision	making	level	in	order	to	apply	the	activities	suggested	in	
the	scenario.		
	

1.7	The	structure	of	the	project		
	
In	order	to	facilitate	the	reading	of	this	report,	one	can	find	a	short	description	of	
the	content	of	the	next	chapters	of	this	report:			
	

§ Chapter	2	 aims	at	describing	 the	basic	 concepts	 that	will	 be	developed	 in	
the	 project.	 Notions	 such	 as	 industrial	 ecology	 (IE),	 industrial	 symbiosis,	
bio-based	economy	and	bio-energy	etc.	need	to	be	described	as	they	are	the	
framework	of	the	project.	

	
§ Chapter	 3	 describes	 and	 assesses	 the	 harbour	 of	 Rotterdam	 and	 the	

Terneuzen-	Ghent	 valley	 in	order	 to	 identify	 the	 good	practices	 and	 learn	
more	 about	 the	 bio-based	 activities	 that	 are	 implemented	 in	 those	major	
European	bio-based	industrial	parks.		

	
§ Chapter	 4	 aims	 at	 identifying	 potential	 bio-based	 industrial	 activities	 that	

would	be	adequate	for	the	Northern	Harbour.	In	order	to	achieve	this,	one	
will	first	proceed	by	studying	the	legislative	and	administrative	background	
of	the	city	of	Malmö.	Then,	one	will	analyse	the	agricultural	sector	in	order	
to	 identify	 the	 bio-energy	 potential.	 And	 the	 third	 step	 is	 to	 describe	 the	
current	 local	 actors	 and	 their	 industrial	 activities	 in	 order	 to	 identify	
potential	synergies	with	newcomers.		

	
§ Chapter	5	is	the	presentation	of	the	scenario	for	a	bio-based	symbiotic	park	

in	 the	 northern	 harbour	 of	 Malmö.	 This	 chapter	 will	 include	 a	 complete	
description	of	the	new	activities	included	as	well	as	the	synergies	identified	
between	current	activities	and	newcomers.	

	
§ Chapter	6	 aims	 at	 highlighting	 the	 economic	 and	environmental	 benefits	 of	

integrating	 industrial	 activities	 with	 local	 activities.	 A	 technical	 approach	
will	be	used	in	order	to	assess	the	viability	of	re-using	existing	energy	and	
mass	flows	to	make	the	new	facilities	less	resource	demanding.	In	addition	
to	 that,	 the	 economic	 and	 environmental	 benefits	 as	well	 as	 the	 technical	
viability	of	the	integration	will	be	discussed	in	each	case.		

	
§ Chapter	 7	 summarises	 the	 answers	 found	 in	 this	 project	 to	 the	 research	

questions,	 adds	 some	 final	 remarks	 on	 the	work	 done	 in	 the	 project	 and	
introduces	ideas	for	further	research.		
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1.8	The	project’s	planning	and	budgeting		
	
a)	The	project’s	framework	
	
This	project	starts	back	in	April	2015	when	the	University	of	Linköping	starts	 its	
collaboration	with	the	project	“EPIC2020”.	This	initiative	aims	at	turning	harbour	
areas	into	efficient	ones,	carbon	neutral	and	totally	integrated	with	the	city.	 	This	
initiative	 is	 co-founded	by	 Intelligent	Energy	Europe	Programme	 of	 the	European	
Union	 and	 it	 is	 supported	 by	 the	 city	 of	 Malmö	 and	 potential	 investors	 such	 as	
E.ON,	SYSAV	y	Copenhagen-Malmö	Port.	
	
In	this	framework,	there	was	a	need	for	a	first	global	assessment	of	the	area	that	
could	 be	 a	 starting	 point	 to	 demonstrate	 the	 area’s	 potential.	 The	 tutors	 of	 the	
project	 were	 Murat	 Mirata	 and	 Stefan	 Anderberg	 (he	 was	 one	 of	 the	 main	
designers	of	the	first	industrial	site	applying	symbiosis,	in	Kalundborg	–Denmark).	
	
b)	Time-plan	of	the	project	
	
The	main	phases	of	the	project	are:	
	

1. Finding	and	reading	relevant	literature	
a. 	Evaluation	 of	 the	 natural	 biological	 resources	 of	 Malmö’s	 region	

(Reading	 through	 municipality	 reports	 and	 contacting	 local	
companies).		

b. Understanding	 of	 theoretical	 concepts:	 Thorough	 work	 of	 the	
concepts	 that	will	 be	 applied	 in	 the	project,	 such	 as	 sustainability,	
symbiosis	 and	 circular	 economy.	 But	 also	 biogas	 plants,	 ethanol	
plants	and	all	the	facilities	that	could	be	applied	in	the	model.		

2. Analysis	 of	 the	 current	 local	 situation	 in	 the	 harbour:	 listing	 of	
industrial	 activities:	 companies,	 resources	 used,	 and	 their	 environmental	
impact.	Finding	new	business	opportunities.	

3. Creating	 a	 model	 that	 includes	 new	 possible	 industrial	 activities	
connected	 to	 the	existing	ones;	reducing	 the	environmental	 impact	of	 the	
industrial	area.	

4. Adjusting	 the	model	 according	 to	 feedback:	 the	model	wasn’t	built	on	
the	 first	 trial.	 Building	 it	 up	 has	 not	 been	 a	 linear	 process,	 but	 rather	 an	
iterative	one.		

5. Developing	the	model	once	it	was	decided	consisted	of	creating	the	links	
between	the	current	industries	and	the	new	ones.		

6. Quantification	of	the	benefits	for	the	local	economy	and	the	environment	
if	the	model	was	built	in	the	harbour	of	Malmö.		
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In	order	to	represent	the	steps	of	the	project	more	visually	in	time,	one	can	find	a	
Gantt	diagram	following	these	lines.		
	

	
	
c)	Budget	of	the	project.		
	
The	 potential	 costs	 of	 a	 project	 can	 be	 divided	 in	 two	 categories:	 material	
resources	 and	 human	 resources.	 By	material	 resources,	 one	 refers	 to	 particular	
facilities,	such	as	a	laboratory,	particular	raw	materials	for	experiments	etc.	It	can	
also	 refer	 to	 a	 program	 license	 etc.	 This	 project	 does	 not	 require	 any	 of	 these,	
except	 basic	 computer	 tools:	 a	 computer,	 printer	 and	 Internet	 connection.	 Since	
the	computer	used	for	this	thesis	is	older	than	five	years,	its	use	is	amortized.	The	
University	provided	 the	printer	and	 Internet	connection.	One	will	 consider	 those	
costs	not	relevant	compared	to	the	ones	associated	with	human	resources.	
	
Indeed,	the	student	and	professors	but	also	professionals	spent	part	of	their	time	
on	 this	 project.	 This	 time	 can	 be	 valued	 as	 8€/h	 for	 the	 student,	 30€/h	 for	 the	
professor	 and	 25€/h	 for	 the	 professionals	 from	 different	 companies.	 Then,	
supposing	 that	 on	 average	 the	 student	 worked	 22,5	 days/month	 on	 the	 project	
during	8	hours	per	day,	one	can	estimate	the	Student’s	cost.	Then	supposing	that	
the	professor	dedicated	around	20%	of	that	total	time	to	it	and	that	the	meetings	
with	professionals	represented	a	5%	of	the	time,	one	can	add	up	the	time	costs	of	
these	different	actors	as	it	follows:	
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According	to	these	suppositions,	the	total	cost	of	the	project	is	around	22000€.		 	
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2.	Scientific	context	
This	 chapter	 is	 a	 description	 of	 the	 basic	 concepts	 that	 will	 be	 developed	 in	 the	
project.	 The	 concepts	 of	 Industrial	 Ecology	 (1),	 Industrial	 symbiosis	 (2),	 bio-based	
economy	(3)	and	bio-energy	and	bio-mass	will	be	developed.	
	

2.1	Industrial	Ecology	
	
Industrial	ecology	emerged	as	a	new	conceptual	framework	in	order	to	understand	
the	 impact	 that	 industries	 have	 on	 the	 environment.	 Through	 identifying	 those	
impacts,	 strategies	 can	 be	 defined	 in	 order	 to	 reduce	 them.	 Indeed,	 the	 ultimate	
goal	 of	 Industrial	 Ecology	 (IE)	 is	 sustainable	 development.	 This	 concept	 became	
popular	in	the	late	1980s	with	the	article	by	Frosch	and	Gallopoulos,	“Strategies	for	
Manufacturing”	 (1989).	 In	 this	 article,	 the	 authors	 describe	 an	 “industrial	
ecosystem”	that	would	function	just	the	same	as	its	biological	equivalent.	
	
This	analogy	with	natural	systems	is	a	key	concept	to	IE.	It	means	the	change	from	
a	linear	point	of	view	to	a	cyclical	(closed)	system	in	which	the	waste	or	effluents	
of	one	process	are	used	as	feedstock	for	another	one	(Frosch	&	Gallopoulos,	1989).	
	
IE	 is	 indeed	 a	 good	 approach	 in	 order	 to	 improve	 and	 maintain	 environmental	
quality.	This	is	due	to	the	fact	that	the	system	is	taken	into	account	as	a	whole.	For	
example,	 the	environmental	 impact	of	a	product	 is	studied	alongside	 its	 life	 from	
design	phase	 to	disposal.	Then,	 this	allows	manufacturers	 to	develop	sustainable	
products,	 reduce	 the	 impact	 in	 the	manufacturing	process	and	plan	 their	end-of-
life.	 When	 industrial	 processes	 are	 assessed,	 flows	 of	 energy	 and	 materials	 are	
quantified,	 analysing	 the	 effects	 of	 the	 whole	 industry	 in	 the	 natural	 system.	
However,	 Industrial	 Ecology	has	 one	more	major	 actor:	 organisations.	 In	nature,	
evolution	 towards	 efficiency	 is	 spontaneous,	 however,	 efficiency	 in	 industrial	
processes	 requires	 some	 management,	 as	 firms	 are	 involved.	 Baas	 and	 Boons	
(2004)	define	 IE	 as	 an	 “inter-organizational	phenomenon”,	 as	 it’s	not	only	 about	
material	and	energy	flows	but	also	about	humans	and	inter-firms	connections.		
	

2.2	Industrial	Symbiosis		

2.2.1	Definition	
	
The	core	of	this	project	is	the	concept	of	industrial	 symbiosis.	In	2007,	Chertow	
defines	it	as	“physical	exchanges	of	materials,	energy,	water,	and	by-products	among	
diversified	clusters	of	firms”	(2007).	In	the	particular	case	of	the	Northern	Harbour,	
a	new	space	to	lease	offers	thousands	of	opportunities,	but	the	fact	that	there	is	an	
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analysis	done	towards	integrating	these	new	industries	adds	up	a	new	dimension	
in	the	industrial	park.	Furthermore,	this	seems	to	be	a	new	tendency	in	industrial	
development.		
	
For	 industrial	 symbiosis,	more	 than	 three	 actors	 need	 to	 be	 linked,	 as	 only	 two	
actors	 would	 lead	 to	 linear	 exchanges.	 Then,	 once	 the	 actors	 are	 connected	
different	kind	of	connections	can	be	developed	(Chertow,	2007):	

• By-product	or	specific	material	exchange	
• Infrastructures	 and	 management	 of	 commonly	 used	 resources	 such	 as	

energy,	water,	and	wastewater	
• Joint	providing	of	services	

	
Defining	the	concept	needs	to	be	complemented	with	the	mention	of	the	very	first	
application	of	industrial	symbiosis:	the	industrial	park	of	Kalundborg	in	Denmark.	
The	 area	 suffered	 form	 a	 lack	 of	 water	 and	 that	 motivated	 the	 local	 actors	 to	
develop	 a	 resource	 exchange	 network	 for	 it.	 After	 that,	more	 links	were	 created	
between	local	actors.	Indeed,	it	is	not	very	common	to	see	actors	from	the	private	
sector	 coordinate	 to	 pursuit	 some	 goals	 such	 as:	 cost	 reduction,	 business	
expansion	 and	guarantee	 long-term	water	 and	energy	 resources.	The	 results	 are	
approximately	3	million	m3	of	water,	20	000	 tons	of	oil,	80	000	 tons	of	coal	ash,	
and	 200	 000	 tons	 of	 virgin	 gypsum	 are	 saved	 annually	 through	 the	 industrial	
symbiosis	exchanges	(Symbiosis	Institute,	2007).		
	
Furthermore,	 according	 to	Dyer	 and	 Singh	 (1998),	 firms	 that	 combine	 resources	
can	develop	a	competitive	advantage	over	firms	who	are	unable	or	unwilling	to	do	
so.	 This	means	 that	 firms	 that	 would	 normally	 work	 as	 standalone	 facilities,	 by	
developing	a	 collective	approach	 in	 their	 resource	and	waste	management	 could	
provide	the	same	value	as	its	competitors	but	at	lower	costs.	
	

2.2.2	Quantifying	environmental	benefits		
	
It	 seems	 intuitive	 that	 collaboration	 between	 industrial	 plants	 in	 order	 to	 avoid	
wastes	 of	 raw	 materials	 and	 energy	 will	 definitely	 decrease	 the	 environmental	
impact	 of	 the	 industrial	 cluster.	 In	 the	 case	 of	 Kalundborg,	 the	 benefits	 of	 the	
integration	can	be	estimated	in	consumption	of	raw	materials	avoided	for	example.	
However,	 a	 precise	 quantification	 of	 the	 performance	 of	 industrial	 symbiosis	 is	
lacking	in	literature	(Martin,	2015).	The	main	approach	that	is	used	is	to	quantify	
the	energy,	raw	materials	and	processes	avoided	when	doing	industrial	symbiosis	
comparing	 to	 each	 industry	 working	 alone	 (Martin	 et	 al.,	 2013).	 This	 is	 a	 very	
interesting	 analysis	 since	 one	 can	 calculate	 the	 energy,	 the	 resources	 and	 the	
emission	 of	 both	 cases:	 with	 integration	 of	 industrial	 activities	 and	 without.	 By	
doing	 so,	 one	 can	 estimate	 if	 the	 investment	 in	 the	 infrastructure	 or	 technology	



	

	

	 Building	up	a	bio-based	synergetic	industrial	network	in	the	Northern	
Harbour	of	Malmö	

	
	 	

26	

required	 for	 the	 integration	 is	 worth	 the	 savings	 in	 energy,	 resources	 and	
environmental	impacts.		
	
A	 structured	 method	 is	 important	 when	 assessing	 the	 benefits	 of	 industrial	
symbiosis.	 Besides	 energy	 and	 resources	 avoided,	 in	 order	 to	 quantify	
environmental	 benefits,	 one	 can	 choose	 an	 indicator,	 the	 CO2	 emissions	 for	
example	 and	 compare	 the	 data	 between	 standalone	 plants	 and	 integrated	 ones.	
However,	the	system	boundaries	are	crucial	when	doing	such	assessment	as	they	
can	 influence	 the	 result.	 Let’s	 take	 the	 example	 of	 replacing	 a	 boiler	working	on	
Natural	Gas	to	produce	heat	by	a	heat	pump	that	will	re-use	waste	heat	but	require	
electricity	for	that.	The	first	impression	is	that	the	heat	pumps	(since	it	adds	value	
to	 an	 existing	 waste	 stream)	 seems	 a	 good	 option	 from	 an	 environmental	
perspective;	 however,	 one	needs	 to	draw	 the	 limits	 of	 the	 system	boundaries.	 Is	
the	production	of	electricity	taken	into	account	in	the	assessment?	If	 it	 is	and	the	
electricity	is	produced	from	burning	imported	coal	for	example,	then	the	benefits	
of	 using	 a	 heat	 pump	 are	 not	 very	 clear	 anymore,	 as	 one	 needs	 to	 add	 in	 the	
assessment	the	emissions	of	burning	coal.	This	point	will	be	further	developed	in	
the	Chapter	6	when	analysing	heat	recovery	techniques.		

2.2.3	The	business	landscape	shaped	by	environmental	policies	
	
Environmental	benefits	(even	when	quantified)	are	not	sufficient	drivers	for	actors	
of	 the	 industrial	 private	 sector	 for	 investments	 in	 technologies	 optimising	
resources	and	decreasing	the	environmental	impacts.	It	is	the	role	of	actors	in	the	
decision-making	level	of	a	country	or	a	region	to	stimulate	private	entities	towards	
that	 behaviour,	 by	 creating	 environmental	 regulations.	 One	 possibility	 is	 that	
environmental	policies	constraint	 firms	by	setting	economical	 fines	when	certain	
activities	 do	 not	 fulfil	 some	 environmental	 targets,	 increasing	 the	 costs	 of	
production.	 Environmental	 policies	 can	 be	 administrative,	 economic	 of	
informational.	 The	 informational	 ones	 (Product	 specifications	 for	 example),	 the	
administrative	ones	(a	specific	behaviour	 is	mandatory	and	not	respecting	 it	will	
imply	certain	punishment)	and	the	economical	one	(fees	but	also	subsidies)	work	
in	combination	to	limit	the	environmental	impact	of	the	activities	(Mirata,	2015).		
	
By	increasing	waste	disposal	and	new	material	acquisition	costs	for	example,	firms	
find	new	ways	to	create	value	out	of	their	wastes	(Paquin	and	Howard-Grenville,	
2013).	 The	 main	 objective	 is	 then	 creating	 economical	 value	 out	 of	 increasing	
environmental	 constraints.	 Paquin	 and	 Howard-Grenville	 (2013)	 reunite	 case	
studies	of	China,	Europe	and	Australia	where	if	regulations	increased,	new	job	and	
business	opportunities	were	created	as	the	environmental	impacts,	the	energy	use	
and	 the	 resources	 were	 lowered.	 Furthermore,	 limitations	 like	 landfill	 taxes	 on	
certain	 materials	 will	 stimulate	 firms	 on	 what	 to	 do	 with	 their	 waste	 and	 that	
might	 stimulate	 the	 creation	 of	 new	 business	 that	 find	 a	 use	 for	 these	 streams.	
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Indeed,	 waste	 treatment	 firms	 are	 playing	 an	 expanding	 role	 in	 industrial	
symbiosis	 as	 production	 plants	 tend	 to	 want	 to	 limit	 waste	 landfill	 and	 have	 a	
proactive	attitude	when	managing	their	waste	disposal.		
	

2.2.4	Application	in	port	cities	
	
Ports	 link	 a	 region	 to	 the	 rest	 of	 the	 world	 via	 international	 transport.	 Their	
importance	is	undeniable	as	harbours	may	account	for	as	much	as	25%	of	global	
primary	 production	 (Turner	 et	 al.,	 1996).	 They	 provide	 value	 added	 to	 cities.	
However,	 port-related	 activities	 are	 generally	 heavy-industry	 activities	 such	 as	
refineries,	 chemical	 plants,	 steel	 and	 coal	 production,	 paper	 and	 paper	 pulp	
processing,	aerospace	and	renewable	energy	generation	(Merk,	2011).	All	of	these	
activities	are	extremely	resource	demanding,	creating	environmental	impacts.	The	
consequences	 for	 these	 port-cities	 are	 the	 lowering	 of	 the	 quality	 of	 life	 and	
resource	access.		
	
Then,	the	vision	of	sustainable	ports	for	the	future	makes	sense,	and	that	is	where	
industrial	symbiosis	can	help	in	resource	optimisation.		
Cerceau	 et	 al.	 (2014)	 has	 done	 an	 international	 study	 of	 industrial	 ecology	
initiatives	in	ports.	As	Chertow	et	al.	(2007),	the	authors	also	found	three	different	
types	of	integration:		

• Pragmatic	resource	share:	where	exchanges	are	very	practical	rather	 than	
complex	 integrations.	An	example	of	 such	 integration	 can	be	 found	 in	 the	
port	 of	 Marseille-Fos	 (France)	 where	 the	 implementation	 of	 energy	
intensive	companies	and	the	Liquified	Natural	Gas	(LNG)	terminal	led	to	the	
development	of	by-products	exchanges.	

	
• Sharing	utilities	and	facilities:	This	 type	of	 integration	 is	based	on	the	 fact	

that	 a	 few	 actors	 of	 the	 industrial	 park	 might	 require	 the	 same	 type	 of	
facilities	 or	 units.	 Then,	 sharing	 them	 (and	 by	 doing	 so,	 the	 costs	 too)	
connections	between	local	actors	can	be	developed.	An	example	of	this	type	
of	 integration	 can	 be	 found	 in	 the	 port	 of	 Rotterdam	 (the	 Netherlands)	
where	combined	systems	 for	compressed	air,	waste	water	circulation	and	
bio-sludge	reduction	were	developed	(Baas	and	Huisingh,	2008).	

	
• Strategic	sustainable	plan:	This	one	corresponds	to	a	larger	scale	and	long-

term	 integration	 of	 activities	 within	 the	 port.	 One	 example	 of	 such	
integration	can	be	 the	port	city	of	Kawasaki	 (Japan).	The	project	began	 in	
1997	with	 concrete	 synergies	 concerning	waste	management,	 energy	 and	
water	recovery,	and	a	significant	limitation	of	impacts	on	the	environment.		



	

	

	 Building	up	a	bio-based	synergetic	industrial	network	in	the	Northern	
Harbour	of	Malmö	

	
	 	

28	

2.3	A	bio-based	economy	

2.3.1	Definition	
	
A	 bio-based	 economy	 aims	 at	 reducing	 dependence	 on	 fossil	 fuels	 and	
introducing	production	processes	based	on	organic	materials.		
	
Furthermore,	 because	 of	 the	 on-going	 price	 and	 availability	 uncertainty	 of	 fossil	
resources,	reduction	of	fossil	fuels	is	promoted.	Then,	replacing	oil	with	biomass	as	
raw	material	 for	 fuel	 and	chemical	production	seems	 to	be	an	 interesting	option	
and	is	 the	driving	force	for	the	development	of	biorefinery	complexes	(Cherubini,	
2010).	These	are	infrastructures	that	are	able	to	convert	different	types	of	biomass	
into	diverse	bio-fuels.	All	the	industrial	activities	that	try	to	limit	their	dependence	
on	fossil	fuels	form	a	bio-based	economy.		
		
Besides	bio-based,	an	industrial	activity	can	also	be	circular.	This	 is	based	on	the	
reuse	 of	 mass	 and	 energy	 flows,	 optimising	 resources.	 These	 two	 concepts	
together	provide	new	opportunities	for	innovation	in	order	to	reach	sustainability	
in	industrial	production.	
		
Furthermore,	the	EU	is	encouraging	a	bio-based	circular	economy	(EU	Commission,	
2011).	 In	 particular,	 the	 EU	 demands	 a	 reduction	 of	 biodegradable	 waste	
landfilling	 by	 65	%.	 This	 is	 due	 to	 the	 fact	 that	 it	 is	 the	 cause	 for	 emissions	 of	
climate-relevant	 methane	 gas.	 Then,	 if	 this	 waste	 is	 collected	 and	 processed	 in	
anaerobic	 digestion	 for	 example,	 one	 will	 contribute	 to	 a	 bio-based	 energy	
production	while	shifting	to	a	circular	approach	for	material	use.		All	of	these	types	
of	initiatives	will	help	protecting	the	environment	and	lead	Europe	to	a	sustainable	
primary	 production.	 Shifting	 towards	 a	 bio-economy	 creates	 new	 business	
opportunities	in	the	agricultural,	forestry	and	industrial	sectors	
	
One	 controversial	 aspect	 of	 the	 bio-based	 economy	 lies	 in	 the	 increased	
competition	 between	 food	 supply	 and	biomass	 cultivation	 for	 energy	 production	
purposes.	 This	 is	 a	 major	 problem	 in	 a	 starving	 world.	 However,	 the	 EU	 then	
discusses	that	one	solution	to	avoid	this	competition	is	to	produce	biofuels	at	the	
end	of	the	life	cycle	of	bio-based	products	(EU	Commission,	2011).	Harvests	should	
then	 be	 exploited	 for	 food	 purposes,	 and	 use	 only	 the	 wastes	 for	 energy	
production.		
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2.4	Bioenergy	and	biomass	

2.4.1	Concept	of	biomass	
	
The	biomass	 is	 used	 as	 a	 feedstock	 for	 bio-energy	production.	 From	a	biological	
point	of	view,	biomass	refers	to	the	complex	materials	synthesized	by	plants	from	
their	 content	 in	 sugars.	 These	 sugars	 are	 produced	 via	 photosynthesis,	 using	
carbon	dioxide	and	water	from	the	air.	
	
The	production	of	bio-fuels	or	bio-energy	will	require	great	amounts	of	biomass.	It	
can	be	found	in	the	following	four	different	sectors:		

• Agriculture		
• Forestry	
• Industries	 (residues)	 and	 households	 (municipal	 solid	 waste	 –MSW	 and	

wastewaters)	
• Aquaculture	(algae	and	seaweeds)	

	
In	this	project,	two	types	of	bio-energy	processes	will	be	deeply	studied:	the	biogas	
and	 bio-ethanol	 production.	 Then,	 a	 third	 concept	 will	 be	 developed:	 algae	
production	for	energy	production	and	as	a	high	value-added	product	for	chemical	
industries	or	the	food	sector.		

2.4.2	Biogas	production	
	
Biogas	refers	to	a	gas	that	has	mainly	methane	(raw	biogas’	content	in	methane	is	
around	60%),	CO2	and	H2O	and	it	is	produced	from	organic	materials.	As	its	fossil-
based	competitor	natural	gas	(<99%	methane),	biogas	can	be	used	as	fuel	for	CHP	
plants	 to	 produce	 heat	 and	 electricity	 of	 a	 biofuel	 for	 transportation	 if	 it	 is	 up-
graded	to	“natural	gas	content	of	methane”.		
	
The	 biogas	 production	 process	 is	 called	 anaerobic	 digestion	 and	will	 be	 further	
developed	when	modelling	 the	scenario.	This	anaerobic	digestion	can	be	done	to	
different	 types	of	 raw	materials	 such	as:	manure,	 sewage	sludge,	municipal	 solid	
waste,	biodegradable	waste,	energy	crops	or	any	other	biodegradable	feedstock.		

2.4.3	Bioethanol	production	
	
The	bio-ethanol	production	can	be	divided	mainly	 in	 two	types,	 the	starch-based	
ethanol	production	and	the	cellulose-based	one.	Taking	the	example	of	the	United	
States	 of	 America,	 the	 ethanol	 production	 is	 mainly	 starch-based.	 Furthermore,	
studied	 found	 that	 corn-based	ethanol	production	has	a	positive	energy	balance:		
production	does	not	require	more	energy	than	the	amount	of	energy	contained	in	
the	 fuel,	 a	 crucial	 aspect	 for	 business.	 However,	 the	 tendency	 now	 is	 shifting	
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towards	 cellulosic	 ethanol,	 since	 its	 production	 requires	 less	 fossil	 fuel	 to	 be	
produced	and	there	is	no	competition	at	all	with	the	food	sector.		

Ethanol	is	becoming	a	key	fuel	for	transportation.	Even	gasoline	cars	contain	some	
ethanol:	the	fuel	E10	(10%	ethanol,	90%	gasoline)	has	it	to	oxygenate	the	fuel	and	
reduce	air	pollution.	Besides	 this	use,	 cars	can	run	also	on	high-levels	of	ethanol	
contents	(the	E85),	stimulating	the	global	demand	to	produce	this	bio-fuel.		

In	 conclusion,	 there	 is	 clear	 evidence	 that	 industrial	 activities	 carry	 out	 harmful	
consequences	on	the	environment.	However,	through	changes	towards	a	bio-based	
economy,	resource	optimisation	and	 innovative	bio-energy	production,	 there	 is	a	
potential	opportunity	to	create	value	added	without	perturbing	the	environment.			
	
	
Conclusion	
	
Moving	towards	a	bio-based	economy	is	a	way	to	reduce	fossil	fuels	consumption;	
and	 by	 doing	 so,	 Europe	 is	 less	 dependent	 on	 unstable	 countries	 for	 the	
importation	of	 those	 fuels.	Furthermore,	 it	 is	based	on	the	use	of	organic	matter,	
making	it	a	sustainable	solution	for	Europe.	In	addition	to	that,	there	is	the	concept	
of	 a	 circular	 economy,	where	 the	 outputs	 of	 one	 firm	 are	 the	 inputs	 of	 the	 next	
ones,	and	little	is	wasted.		
	
In	 the	 industrial	 framework,	 industrial	 ecology	 aims	 at	 reducing	 environmental	
impact	of	 industries	and	the	concept	of	 industrial	symbiosis	develops	 inter-firms	
connections	in	order	to	reach	for	this	goal.	There	are	different	approaches	that	can	
go	from	by-product	exchanges	or	infrastructures	commonly	used,	to	joint	services.	
Furthermore,	developing	these	synergies	and	bio-based	industrial	parks	can	create	
a	 competitive	 advantage	 and	 new	businesses	 opportunities	 or	 expand	 new	 ones	
(such	as	waste	treatment).		
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3.	Bio-based	harbours	in	Europe	
	
This	chapter	describes	and	assesses	the	harbour	of	Rotterdam	(1)	and	the	Terneuzen-	
Ghent	valley	(2).	The	main	aim	is	to	identify	the	good	practices	and	learn	more	about	
the	 bio-based	 activities	 that	 are	 implemented	 in	 those	 major	 European	 bio-based	
industrial	parks.	
	

3.1	The	harbour	of	Rotterdam		
	
The	 harbour	 of	 Rotterdam	 is	 the	 largest	 of	 Europe	 (The	 port	 of	 Rotterdam	
Authority,	 2014).	 The	 industrial	 cluster	 of	 the	 harbour	 comprises:	 oil	 refineries,	
petrochemical	companies,	distribution	terminals	for	chemicals,	biofuels	and	edible	
oils,	 refineries	 for	 edible	 oils,	 biofuels	manufacturers,	 power	 plants,	 Natural	 Gas	
terminals	 and	 waste	 incineration	 and	 disposal	 companies	 etc.	 (the	 port	 of	
Rotterdam	Authority,	2010).		
	
The	port	aims	at	being	“the	gateway	for	bio-based	activities	in	Europe”	(The	port	
of	 Rotterdam	 Authority,	 2014).	 As	 mentioned	 before,	 the	 industrial	 activities	
present	 in	 the	harbour	are	very	diverse	and	 in	 this	case,	many	are	related	to	 the	
handling	 of	 fossil	 fuels.	 But	 there	 are	 also	 greener	 activities	 such	 as	 biofuels	 or	
waste	 treatment.	 Then,	 one	 can	 expect	 that	 the	 challenge	 of	 Rotterdam	 will	 be	
enhancing	a	bio-based	approach	in	an	existing	diversified	park.		
	
Its	main	growth	strategy	 is	 towards	developing	 the	 concept	of	biorefinery	where	
there	would	be	an	optimal	utilisation	of	raw	materials	 for	pharmaceuticals,	 food,	
high-tech	chemistry,	paper	and	 fuels	 for	 transportation.	The	port	 itself	describes	
the	key	for	success	in	the	collaboration	between	public	and	private	sectors,	where	
science	and	government	help	creating	new	markets.	Indeed,	one	major	asset	of	the	
harbour	of	Rotterdam	is	that	the	government	is	working	together	with	the	private	
entities.	 Rotterdam’s	 biorefinery	 concept	 aims	 at	 including	 activities	 that	 use	
organic	matter,	in	an	interconnected	way	(in	order	to	reduce	wastes	and	optimize	
the	use	of	 resources).	This	approach	 is	concurrent	with	 the	concept	of	bio-based	
and	 circular	 economy	 that	 has	 been	mentioned	 previously.	 Furthermore,	 linking	
Rotterdam’s	 case	 with	 the	 theoretical	 background	 discussed	 before,	 Baas	 and	
Boons	(2004)	state	that	there	is	a	need	for	management	in	industrial	processes	in	
order	to	reach	sustainability,	which	is	precisely	what	Rotterdam’s	defines	as	their	
major	asset:	a	joint	management	between	private	a	public	sector.		
	
Furthermore,	besides	this	public-private	collaboration,	the	port	of	Rotterdam	has	
developed	 synergies	 between	 local	 actors.	 Indeed,	 more	 than	 45	 chemical	
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companies,	 5	 oil	 refineries	 and	 14	 bio-based	 industrial	 companies	 are	 providing	
other	plants	with	feedstock	or	are	using	another	actor’s	by-products	(The	port	of	
Rotterdam	 Authority,	 2014).	 The	 harbour	 has	 developed	 many	 cross-sectoring	
connections.	This	means	that	various	sectors	work	in	synergy:	edible	oils	and	agro-
food	for	example.	Furthermore,	the	production	of	energy,	chemicals	and	biofuels	is	
mainly	 based	 on	 organic	matter.	 These	 synergies	 that	Rotterdam	developed,	 are	
tangible	 examples	 of	 industrial	 symbiosis	 applied	 for	 bio-based	 ports.	 One	
considers	 that	 a	 part	 of	 justifying	 the	 applicability	 of	 linkages	 in	 industrial	
activities	is	the	fact	that	the	major	port	of	Europe	has	a	similar	approach.	Then,	the	
application	of	 IS	 to	 an	 existing	harbour	 is	 feasible.	 Furthermore,	 it	 is	 relevant	 to	
mention	 to	 that	 Rotterdam’s	 main	 energy	 production	 is	 bio-based.	 These	 two	
pieces	of	information	will	then	be	relevant	when	studying	the	case	of	Malmö.			
	
Other	industrial	symbiosis	projects	such	as	The	Happy	Shrimp	Farm	can	be	worth	
to	mention.	 In	 this	project,	waste	heat	and	CO2	are	used	 in	a	shrimp	aquaculture	
complex	 (Baas,	2008).	 Ideas	of	 the	applicability	of	waste	 streams	of	CO2	or	heat	
can	be	taken	from	this	example.	This	success	story	can	be	a	starting	point	in	order	
to	 reflect	 on	 the	 possible	 utilization	 of	 waste	 streams	 in	 the	 harbour	 of	Malmö.	
Similar	facilities	for	Malmö	will	indeed	be	studied.		
	
There	is	also	the	utilization	of	the	waste	industrial	heat	of	Shell	Pernis	refinery	to	
the	 Rotterdam	 city	 district	 heating	 system.	 It	 is	 supposed	 to	 be	 economically	
sustainable	 and	 the	 challenge	will	 be	 in	 linking	 private	 and	 public	 sector	 (Baas,	
2008).	The	use	of	waste	heat	for	district	heating	can	also	be	a	possible	application	
for	the	waste	heat	present	in	the	harbour.	Furthermore,	in	the	case	of	Malmö,	the	
linkage	between	private	and	public	sector	don’t	seem	to	be	a	challenge	since	 the	
local	actors	are	 involved.	However,	a	precise	assessment	will	need	 to	be	done	 in	
order	 to	 estimate	 the	 quantity	 of	 heat	 available	 in	 the	 harbour	 and	 if	 there	 is	 a	
need	for	it.		
	
Conclusion	
	
Rotterdam	 is	 a	 bio-based	 and	 sustainable	 bio-park.	 Its	 assessment	 confirms	 that	
this	 was	 mainly	 achieved	 through	 interconnecting	 different	 local	 actors.	 Indeed	
lessons	can	be	 taken	 from	the	example	of	Rotterdam.	First	of	all,	green	activities	
can	 be	 enhanced	 even	 in	 a	 diversified	 industrial	 cluster.	 Then,	 an	 appropriate	
management	 between	 private	 and	 public	 sector	 is	 key	 for	 success	 at	 creating	 a	
synergetic	network.	And	the	third	idea	is	that	waste	heat	and	CO2	can	find	a	use	in	
aquaculture	or	as	district	heating.	 It	 is	very	relevant	to	 find	second	uses	 for	such	
waste	streams	in	order	to	reduce	the	environmental	impact	of	the	industries.		
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3.2	The	Terneuzen-	Ghent	Valley	
	
The	Terneuzen-Ghent	valley	refers	to	the	land	located	alongside	and	at	both	ends	
of	the	Ghent-Terneuzen	Canal.	This	32km	canal	is	very	particular	since	17	km	are	
on	Belgian	territory	and	15	km	on	Dutch	territory.	The	connection	that	Terneuzen	
has	with	 the	North	 Sea	 gives	many	possibilities	 for	 exportation	 and	 importation	
from	both	Belgium	and/to	Europe’s	hinterland	from	Ghent.		
	

	
Figure	1	Map	of	the	Ghent-Terneuzen	Valley	

	
The	 harbour	 of	 Ghent	 developed	 a	 public	 and	 private	 partnership	 for	 the	
promotion	of	sustainable	bio-energy	activities	and	bio	based	economic.	Indeed,	the	
port	 has	 state-of-the-art	 biogas	 technology,	 bio-diesel	 production,	 bio-ethanol	
production	and	green	electricity	generation.		

3.2.1	Biopark	of	Terneuzen	
		
Besides,	the	port	of	Ghent’s	amazing	development	towards	a	bio-based	economy,	it	
is	 worth	 to	mention	 the	 Biopark	 Terneuzen,	 at	 the	 other	 end	 of	 the	 canal.	 This	
park,	of	course	works	together	with	the	harbour	of	Ghent.	However,	this	particular	
industrial	 park	 has	 developed	 a	 real	 agro-industrial	 cluster	 (information	 taken	
from	 www.bioparkterneuzen.com).	 Key	 synergies	 have	 been	 developed	 in	 the	
harbour	 in	order	 to	reach	sustainability.	The	bio-park	maximises	 the	potential	of	
its	 ideal	 location	 for	 trading	 by	within	 the	 cluster	 exchanging	 and	 using	 of	 each	
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other’s	 by-products	 and	 waste	 streams.	 This	 project	 of	 “smart	 links”	 is	 the	
application	of	industrial	symbiosis.	
	
Concretely,	some	of	the	connections	that	have	developed	are	for	example:	

• Yara	 (firm	 specializing	 in	 agricultural	 products	 and	 environmental	
protection	agents)	provides	with	the	waste	stream	of	CO2	from	its	ammonia	
production	 process	 and	 the	 low	 caloric	 heat	 in	 many	 of	 its	 production	
processes	 to	 the	greenhouses	of	 the	park,	WarmCO2.	This	 firm	uses	 these	
streams	for	its	vegetable	growers.		

• Cargill	 (a	 food,	 agriculture	 and	 industrial	 products	provider)	 delivers	
residues	 of	 starch,	 purified	water,	 energy	 and	 compressed	 air	 to	Nedalco,	
producer	of	bioethanol	from	agricultural	products.	

	
Other	 links	 between	 local	 actors	 are	 described	 in	 the	 following	 scheme	
(information	and	picture	taken	from	www.bioparkterneuzen.com):	
	

	
Figure	2	Scheme	of	the	connections	between	local	actors	in	the	Terneuzen	biopark	

	
Conclusion	
	
From	this	particular	example	of	Terneuzen,	one	can	 find	many	success	stories	of	
integrations	that	can	be	relevant	when	creating	synergies	in	the	Northern	Harbour	
of	 Malmö.	 Once	 again,	 it	 is	 trough	 integration	 and	 reduction	 of	 wastes	 that	
Terneuzen	 reaches	 sustainability.	 In	 particular,	 the	 use	 of	 CO2	 by	 a	 greenhouse	
complex	and	water	exchanges	are	very	relevant	and	will	be	studied	in	the	case	of	
the	Northern	Harbour	of	Malmö.	
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3.3	Conclusion	
	
The	 assessment	 of	 such	 port	 areas	 definitely	 highlighted	 that	 the	 integration	 of	
bio-based	 activities	 within	 the	 harbour	 is	 the	 key	 for	 sustainable	 development.	
Furthermore,	ideas	such	as	grower	for	the	use	of	CO2	might	be	interesting	too	for	
other	harbour	areas.	One	now	needs	to	look	at	the	harbour	of	Malmö	and	evaluate	
its	primary	potential	to	develop	a	bio-cluster	like	this	one	in	Terneuzen.		
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4.	Assessing	the	Northern	Harbour	of	Malmö	
	
In	 order	 to	 study	 the	 potential	 that	 the	 Northern	 harbour	 of	 Malmö	 has	 for	 the	
implementation	 of	 a	 bio-based	 activity,	 one	 will	 (1)	 assess	 the	 legislative	 and	
innovative	capacity	of	the	region,	(2)	analyse	the	agricultural	sector,	and	(3)	describe	
the	current	local	actors	and	their	activities.	Finally,	all	that	information	is	gathered	
in	 order	 (4)	 to	 identify	 the	 new	 economical	 opportunities	 that	make	 sense	 for	 the	
harbour.		

4.1	Background	

4.1.1	Legislations	for	energy	efficiency	
	
In	Sweden,	 the	government	and	 the	ministries	handle	 the	general	policy	making,	
then	 there	 is	 the	 EU	 that	 appears	 as	 a	 supra-national	 entity.	 The	 Ministry	 of	
Enterprise,	Energy	and	Communications	introduced	Sweden’s	Second	(2011)	and	
Third	 (2014)	 National	 Energy	 Efficiency	 Action	 Plan	 (NEEAP)	 promoting	 the	
effective	use	of	resources	(including	energy),	stating	that	this	would	be	the	key	to	
sustainable	 development	 and	 economical	 growth.	 Then,	 in	 these	 texts,	 the	
objectives	 for	 Sweden	 are	 described	 as	 “continuous	 economical	 development	
without	 increasing	 the	 consumption	 of	 energy”.	 In	 particular,	 one	 interesting	
figure	 is	 that	 energy	 use	 should	 be	 20%	more	 efficient	 in	 2020	 compared	with	
2008.	(Ministry	of	Enterprise,	Energy	and	Communications,	2014).	This	ambitious	
target	was	actually	voted	in	the	Swedish	Parliament	in	2009	(EFFECT,	2015).		
	
Matching	with	 these	 Swedish	 goals,	 the	EU	 aims	 at	 a	20%	share	of	 its	gross	 final	
energy	 consumption	 from	 renewable	 sources	 by	 2020	 (EU	 Commission	 –i-).	 This	
objective	attempts	to	be	reached	by	developing	action	plans	within	each	member	
state	of	 the	EU.	And	Sweden	has	the	tools	and	the	means	to	reach	that	objective:	
for	example,	municipalities	can	get	help	from	the	Energy	Agency	in	order	to	reach	
energy	efficiency	in	their	local	areas.	In	line	with	this,	according	to	EFFECT	(2015),	
the	municipality	of	Malmö	aims	at:	

• Reducing	overall	CO2	emissions	by	40%	(compared	to	1990)	
• A	share	of	renewable	energy	at	 least	50%	by	2020	and	energy	exclusively	

from	renewable	sources	by	2030	
• A	reduction	in	energy	use	of	20%	
• Reducing	energy	use	in	the	municipality’s	own	operation	and	companies	by	

30%	
	
Then,	 there	 is	 a	 real	 commitment	 towards	 energy	 efficiency	 and	 the	 use	 of	
renewables	in	Sweden,	backed	by	governmental	actors,	but	it	is	also	a	target	at	the	
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EU	level.		

4.1.2	EPIC2020	
	
One	of	the	tools	that	will	be	used	to	reach	those	targets	for	Malmö	is	the	EPIC2020.	
This	European	project,	EPIC2020	 is	 co-founded	by	 the	 Intelligent	Energy	Europe	
Programme	of	 the	European	Union	and	aims	at	developing	the	ability	to	create	a	
more	sustainable	use	of	the	available	bioenergy	resources	in	port	areas.	The	main	
idea	 is	 to	 reach	 sustainability	 through	 industrial	 symbiosis.	 Even	 if	 the	 term	
“industrial”	is	used,	the	project	intends	to	connect	both	the	industrial	site	and	the	
city	of	Malmö.	In	this	framework,	the	EPIC2020	has	conducted	many	studies	on	the	
area.	

In	 addition	 to	 that,	 the	 Swedish	 innovation	 agency,	 Vinnova	 will	 fund	 a	 project	
named	 “Shared	 Energy	 doubles	 the	 force”	 which	 objective	 is	 to	 boost	 both	
efficiency	 energy	 use	 and	 industrial	 symbiosis.	 This	 project	 will	 collect	 the	
knowledge	of	EPIC2020.	Supported	by	the	local	government	of	the	city	of	Malmö,	
the	local	actor	E.ON	(that	owns	many	energy	production	facilities	and	distribution	
grids)	will	 take	 the	 lead	 toward	Malmö’s	 goals	 of	 sustainability	 and	 renewables.	
E.ON	is	actually	ready	to	make	investments	in	that	direction	(4).	
	
Furthermore,	the	Northern	Harbour	aims	at	being	the	place	for	new	industries	to	
settle,	 as	 Malmö	 is	 promoting	 an	 economical	 growth	 in	 this	 industrial	 zone	 to	
create	more	jobs.	(4)	
	

4.1.3.	Clustering	as	a	major	strategy	towards	innovation	
	
The	region	of	Skåne	(2009)	highlights	that	there	are	already	on	going	projects	that	
work	 in	 clusters	 and	 that	 their	 integration	 is	 a	 major	 asset	 for	 innovation.	 The	
report	mentions	for	example	the	food	industry	where	the	Skåne	Food	Innovation	
Network	(SFIN)	has	the	goal	of	attracting	new	businesses	and	generating	growth	
in	 the	 food	 industry	 as	 a	 whole.	 The	 basic	 principle	 of	 the	 cluster	 is	 that	 its	
members	 have	 a	 common	 interest.	 Meaning	 that	 all	 the	 actors	 belonging	 to	 the	
system	share/participate	in	the	cluster’s	resources.	Then,	why	not	building	a	bio-
based	 energy	 network	 for	 the	 Northern	 harbour	 of	 Malmö?	 A	 site	 where	 local	
actors	 would	 share	 resources,	 information,	 mass	 and	 energy	 flows	 in	 order	 to	
reach	high	efficiency	and	economical	growth.	The	development	of	a	bio-orientated	
economy	 in	 the	 area	 is	 not	 a	 totally	 new	 idea	 as	 in	 the	 harbour	 one	 can	 find	
conventional	 natural	 gas	 power	 plants,	 waste	 incinerators,	 but	 also	 biomass	
installations	and	wind	turbines.	However,	a	 further	bio-based	expansion	 is	still	a	
major	challenge.		
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The	governmental	entities	support	innovation,	there	are	success	stories	of	clusters	
in	the	region	and	the	harbour	is	already	progressing	towards	bio-based	activities;	
three	key	starting	points	for	the	development	of	a	bio-based	network..		

4.2	The	agricultural	sector:	source	of	potential	

4.2.1.	Agricultural	landscape	
	
The	 region	 of	 Skåne’s	 report	 (2009)	 stated	 that	 24%	 of	 the	 whole	 Swedish	
agriculture	 and	 food	 processing	 (in	 terms	 of	 numbers	 of	 employees	 as	 well	 as	
value	 added)	 is	 found	within	 the	 region.	 Furthermore,	 agricultural	 cultivation	 is	
limited	 in	 Sweden	 because	 of	 its	 climatic	 conditions;	 less	 than	 10%	of	 Sweden's	
land	 area	 is	 under	 cultivation.	 Most	 arable	 land	 is	 found	 in	 Southern	 Sweden,	
which	 produces	 wheat,	 barley,	 sugar	 beets,	 oilseeds,	 potatoes,	 and	 staple	
vegetables,	 while	 hay	 and	 potatoes	 are	 the	 major	 crops	 in	 Northern	 Sweden.	
Agricultural	 yields	 from	 Swedish	 farms	 are	 among	 the	 highest	 in	 the	 world.	
Besides	crop	farming,	animal	agriculture	and	forestry	are	significant	contributors	
to	 the	 Swedish	 economy.	 Individuals	 hold	 about	 half	 of	 Swedish	 forestland,	 a	
quarter	 is	 company-owned,	 and	 the	 government	 owns	 the	 remaining	 quarter	
(Market	Line,	2014).		
	
The	 agricultural	 potential	 is	 crucial	 in	 order	 to	 build	 a	 bio-based	 energy	
production	system.	One	needs	to	prove	that	the	region	has	the	capacity	to	produce	
enough	biomass	(or	to	import	it)	in	order	to	make	bioenergy	a	reliable	resource.	

4.2.2.	Bioenergy	potential	quantification		
	
The	 EPIC2020	 did	 a	 research	 in	 2014	 evaluating	 the	 bioenergy	 potential	 and	
biomass	resources	in	each	port	participating	in	the	project	(EPIC2020	D3.1,	2014).	
One	will	 differentiate	 internal	 and	 external	 flows	 of	 bio-resources.	 By	 “external”	
flows,	one	will	refer	to	the	resources	that	come	from	the	entire	region	of	Skåne	and	
by	 “internal”,	 the	 ones	 that	 are	 inside	Malmö’s	municipality	 borders.	 The	 report	
quantifies	the	potential	of	the	material	flows	using	diverse	sources.	However,	since	
the	 EPIC2020	 report	 uses	 the	 data	 from	 the	 report	 by	 the	 region	 of	 Skåne	
(Björnsson	et	 al.,	 2011),	 one	will	 take	 those	 values	 instead.	This	project	will	 use	
this	 data	 as	 a	 starting	 point	 to	 develop	 the	model	 of	 the	 harbour.	 Potential	 raw	
materials	 like	 food	waste,	 sludge	and	crop	residues	or	 industry	waste	have	been	
estimated:			

• Food	waste:	43,8	GWh/year		
• Sludge:	36,4	GWh/year		
• Others	like	crop	residues	and	industry	waste:	35,2	MWh/year	
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For	the	bio-energy	potential	coming	from	cellulose-based	materials,	the	region	of	
Skåne	 has	 an	 amount	 of	 818	 000	 tonnes/year	 of	 cultivation	 remains	 that	 are	
straw-based	(Björnsson	et	al.,	2011).	
	
The	report	(EPIC2020	D3.1,	2014)	underlines	the	great	potential	the	region	has	to	
develop	a	bio-based	activity:	 the	presence	of	unexploited	wastes	and	agricultural	
residues	 is	 therefore	 evident.	 Furthermore,	 the	 data	 of	 the	 energy	 these	 raw	
materials	 can	produce	 is	key	 for	 the	 following	development	of	a	 scenario	 for	 the	
northern	 harbour.	 	 In	 addition	 to	 that,	 the	 report	 qualifies	 Malmö	 as	 “the	most	
advanced”	 of	 the	 four	 ports	 participating	 in	 EPIC2020	 in	 terms	 of	 the	 existing	
network.	 Indeed,	 Malmö	 has	 already	 42	 connections	 on-going	 in	 the	 harbour		
(EPIC2020	D3.1,	2014).	
	
In	conclusion,	once	the	legislation	and	private	entities	back	the	development	of	a	
bio-based	economy,	that	the	region	has	a	quantified	potential	 for	 it,	one	needs	to	
look	at	the	current	actors	and	their	activities.		

4.3	The	current	industrial	network	of	the	harbour	
	
Different	entities	are	present	in	the	harbour.	They	are	potentially	related	to:		

§ Port	operations	
§ Energy	production	and	wastewater	treatment	
§ Other	diverse	industrial	activities	

4.3.1	Harbour-related	activities	
	
The	Copenhagen-Malmö	port	(CMP)	is	a	private	entity	that	makes	business	out	of	
the	 ships	 that	 dock	 in	 the	 port.	 CMP	 benefits	 from	 a	 perfect	 location	 for	
distribution	 of	 goods.	 It	 is	 indeed	 a	 hub	 for	 commerce	 in	 the	 Baltic	 Region.	 The	
company	 had	 384	 employees	 in	 2014	 and	 made	 a	 net	 profit	 of	 90MSEK.	 CMP	
recently	added	three	new	Terminals	that	cost	a	total	investment	of	600	MDKK	and	
the	company	wants	to	be	prepared	for	future	demand	but	also	develop	its	existing	
facilities	to	make	them	more	sustainable.	In	line	with	this	goal,	CMP	is	developing	a	
system	to	handle	wastewater	from	cruise	ships:	incorporated	at	the	pier,	it	should	
handle	 300	m3/hour/ship.	 Investments	 in	 order	 to	 get	 in	 electrical	 power	 from	
land	 are	 on-going	 also.	 CMP	 has	 also	 the	 project	 of	 connecting	 directly	 through	
pipes	the	residual	water	of	its	ships	to	the	water	treatment	facility	(instead	of	the	
current	transportation)	(Copenhagen	Malmö	Port	Annual	Report,	2014).	
	

4.3.2	Energy	production	and	wastewater	treatment	
	
Regarding	 the	 energy	 supply,	 it	 seems	 relevant	 to	 mention	 that	 most	 of	 the	

energy	 production	 of	 the	 city	 takes	 place	 in	 the	Northern	Harbour.	 The	German	
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company	E.ON	that	has	two	power	plants	(Heleneholmverket	and	Öresundsverket)	
working	on	natural	gas,	a	wind	turbine	and	a	gas	upgrading	plant	in	the	area.	E.ON	
Öresundsverket	 consumes	 400,5	Mm3	of	 Natural	 Gas/year.	 Then,	 there	 is	 SYSAV	
that	 treats	waste	 from	households	and	companies	and	does	material	 and	energy	
recovery	operations.	This	 company	 is	owned	by	 the	 city	of	Malmö	and	produces	
electricity	and	heat	in	a	CHP	plant.	SYSAV	had	plans	to	build	a	new	biogas	plant	of	
35	GWh	 for	digestion	of	100	000	 tonnes	of	bio-waste	 (industrial	waste,	manure,	
household	 waste	 and	 overflow	 from	 restaurants),	 this	 plan	 is	 however	 at	 stake	
today.	 Basically,	 Sysav	 and	 Öresundsverket	 cover	 the	 local	 demand	 and	
Heleneholm	 does	 not	 work	 continuously.	 Finally,	 there	 is	 Flintrännan.	 It	 is	 a	
biofuel-fired	hot-water	station	with	a	thermal	output	of	55	MW	that	produces	heat	
for	Malmö.	The	biofuel	consists	of	a	mixture	of	products	from	sawmills	and	wood	
industries	 that	 accounts	 for	 300	 000	 m3/year	 approximately	 (EPIC2020	 D3.1,	
2014).		
	
In	 addition	 to	 those,	 there	 is	 VA	 SYD	 Sjölundaverket:	 the	 plant	 receives	 and	
processes	 sewage	 from	 most	 of	 the	 city	 of	 Malmö	 and	 treats	 the	 wastewater.	
Approximately	12	886	tonnes	of	sludge	is	processed	in	the	digester.	According	to	
VASYD’s	brochure,	the	major	part	of	the	biogas	is	conducted	to	two	gas	motors	in	
order	 to	 produce	 electricity	 and	 heat,	 used	 for	 the	 plant’s	 own	 processes.	 The	
remaining	heat	is	delivered	to	the	central	heating	network	of	the	city.		
VA	SYD’s	plant	is	in	charge	of	the	waste	management	of	the	sludge	and	the	supply	
of	fresh	drinking	water.		
	
The	 outputs	 of	 the	main	 energy	 generators	 of	 the	 harbour	 are	 described	 in	 the	
following	table	using	as	a	reference	the	report	of	WSP	Environmental	(2013):		
	
Energy	generators	 Outputs	
SYSAV	 § 240	GWh	of	electricity		

§ 1400	 GWh	 of	 heat	 (using	 100	 GWh	 of	 electricity	 in	
their	own	process).	Rest	is	delivered	to	the	E.ON’s	grid	

E.ON	Öresundsverket	 § 3	TWh	of	electricity	
§ 1	TWh	of	heat	

E.ON	Flintrännan	 § 55	MW	of	heat	
VASYD	Sjölundaverket	 § 30GWh	of	raw	biogas	from	digestion	process;	of	which	

15GWh	is	directed	to	E.ON	upgrading	facility.	The	rest	
is	used	for	VASYD’s	own	processes		

Table	1	The	energy	generators	of	the	Northern	harbour	

4.3.3	Other	industrial	actors	
	
The	 harbour	 hosts	 many	 diverse	 activities	 that	 are	 broadly	 described	 in	 the	
following	table	(WSP	Environmental,	2013).		
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Industrial	activities	of	the	Northern	Harbour	
Cementa	AB	 Transport	of	cement	products	and	adhesives	
Finnlines		 Passenger	and	freight	transport	
HJ	Hansen		 Services	 in	 purchasing	 and	 selling	 of	 iron	 and	 metal	

based	commodities	
IL	Recycling		 Recyclable	materials	collection	
Lantmännen	Cerealia	 Development,	manufacturing	of	grain-based	products	
Lantmännen	Lantbruk	 Production	of	products	to	be	sold	to	food	producers	
Norcarb	 Engineered	
Carbons		

Production	of	carbon-black	oil	based	raw	materials	

OKQ8		 Storage	of	petroleum	products	
Ragnsells		 Transportation	 and	 handle	 of	 waste	 from	 recyclable	

materials	
Scandinavian	 Tank	
Storage		

Renting	of	oil	tanks	to	oil	trailers	

Stena	Malmö		 Fragmentation	 of	 complex	 scrap	 from	 industry	 and	
municipalities	

Stena	Verkö		 Distribution	of	hazardous	waste	
Table	2	Industrial	activities	of	the	Northern	Harbour	

From	the	WSP	report	(2013),	one	can	find	that	many	of	these	companies	require	
car	or	truck	transportation	for	their	daily	activities.	 	In	addition	to	this,	the	study	
highlight	 that	 these	 actors	 are	 constantly	 growing:	 for	 example	 Stena	 Verkö	 AB	
expects	 that	by	2020,	 its	business	will	grow	and	energy	demand	will	 increase	by	
10-20%.		
	
In	conclusion,	one	can	see	that	there	would	be	a	market	for	bio-fuels	since	many	
of	the	activities	require	truck	or	car	transportation	within	the	harbour.	In	addition	
to	that,	since	business	is	growing	in	the	area,	there	is	also	a	need	for	a	surplus	of	
energy	production.		
	

4.3.4	The	industrial	network		
	
Industrial	activities	are	certainly	most	of	the	time	associated	with	wastes	streams	
that	can	be	heat,	by-products,	hazardous	components,	water	etc.	The	harbour	has	
already	been	developing	connections	 in	order	 to	deal	with	 these	waste	 fractions.	
Some	example	of	already	existing	connections:		

i. OKQ8,	Lantmännen	Lantbruk,	Stena	Verkö,	HJ	Hansen	and	Finnlines	
send	 their	 waste	 oil,	 hazardous	 components,	 burnable	 waste,	 car	
tires	and	grey	water	respectively	to	SYSAV.	
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ii. Norcarb	 Engineered	 Carbons	 provides	 Scandinavian	 Tank	 Storage	
and	OKQ8	

	
These	types	of	connections	are	the	ones	that	want	to	be	enhanced	in	the	harbour.	
The	exchange	of	material	flows	(i)	and	energy	flows	(ii)	are	key	success	factors	of	
the	harbour.	In	particular,	E.ON	has	been	interested	in	the	use	of	low-temperature	
waste	heat	in	the	harbour.	Not	interesting	for	district	heating	distribution,	uses	for	
this	 heat	 must	 be	 found.	 The	 already	 existing	 actors	 can’t	 seem	 to	 find	 a	 good	
solution	for	those.	 	 In	line	with	the	sustainability	goals	of	the	city,	 investments	in	
the	 harbour	will	 be	 done	 in	 new	 activities	 that	 can	 be	 integrated	 in	 the	 current	
network	(using	waste	heat	streams	existing,	adding	value	to	unexploited	streams	
etc.).		
	
The	 challenge	 is	 then	 to	 attract	new	actors	 to	 the	port	 that	 could	use	 this	waste	
heat,	have	a	bio-based	activity,	create	value-added	in	the	region	and	be	capable	of	
integrating	in	a	mature	industrial	network!	
	

4.4	Opportunities	identified	
	
The	harbour	has	major	assets:	

o Existing	mature	 industrial	 network	 and	motivation	 from	 the	 current	
actors	to	enhance	it	

o Adapted	hinterland	for	a	bio-based	activity			
o Dynamic	activities	that	can	find	use	of	diverse	energy	carriers	

	
Furthermore,	one	can	identify	opportunities	based	on	the	main	findings	about	the	
industrial	activity	an	the	bioenergy	potential	of	the	region	of	Skåne	and	the	city	of	
Malmö:	
Bioenergy	potential	 Industrial	activity	 Opportunity	found	

Potential	of	Food	waste	
(43,8	GWh/year)	and	
Sludge	(36,4	GWh/year)		
	

Many	local	actors	have	
transportation	
requirements	à	market	
for	bio-fuels	

Biogas	production	

Presence	of	cellulose-
based	materials	
(818000	tonnes/year)	
that	are	straw-based		

Many	local	actors	have	
transportation	
requirements	à	market	
for	bio-fuels	

Straw-based	Ethanol	
production	

	 Industries	related	with	
chemical	industry	and	
fisheries	in	a	port	area	
with	access	to	water	

Aquaculture	complex	à	
algae	exploitation	

Table	3	Opportunities	identified	for	the	harbour	based	on	its	bioenergy	potential	and	industrial	
activity	
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Then,	 in	 order	 the	 exploit	 the	 previous	 potentials;	 one	will	 consider	 developing	
new	activities	in	the	port	by	implementing	

- A	biogas	plant	that	would	produce	biogas	out	of	the	wastes	of	the	area	
- A	lignocellulosic	ethanol	plant	that	would	produce	ethanol	out	of	the	forest	

and	agricultural	residues.	
- An	 algae	 complex	 that	 would	 add	 value	 to	 waste	 streams	 existing	 in	 the	

harbour	while	creating	a	new	business	concept		
	
Then,	the	starting	point	of	the	chosen	scenario	for	the	Northern	harbour	of	Malmö	
can	be	plotted	as	it	follows	(the	three	new	facilities	are	coloured	in	green):	
	

	
Figure	3	Starting	point	for	the	scenario	for	Malmö	
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5.	A	potential	scenario	
	
It	 is	the	presentation	of	the	scenario	for	a	bio-based	symbiotic	park	in	the	northern	
harbour	 of	 Malmö.	 This	 chapter	 will	 include	 a	 complete	 description	 of	 the	 new	
activities	included	(5.1)	as	well	as	the	synergies	identified	between	current	activities	
and	newcomers	(5.2).	
	

5.1.	Description	of	the	new	activities	
This	 section	 includes	 the	 description	 of	 the	 biogas	 plant	 (5.1.1),	 the	 ethanol	 plant	
5.1.2)	and	the	algae	complex	(5.1.3)	chosen	to	be	part	of	the	scenario	for	the	Harbour	
of	Malmö.	

5.1.1	Biogas	plant		

i.	Why	a	biogas	plant?		
	
In	 the	case	of	Malmö,	biogas	production	makes	sense	as	 the	waste	and	sludge	of	
the	area	don’t	 require	 to	be	 treated	somewhere	outside	 the	region.	Value	can	be	
added	 to	 it	 within	 the	 city	 borders.	 This	 will	 mean	 savings	 the	 costs	 of	 the	
transportation	but	 also	 less	 environmental	 impact	 derived	 from	 it.	 Furthermore,	
the	by-product	of	a	biogas	plant	is	a	bio-fertilizer	(digestate),	which	can	be	used	in	
the	region	of	Skåne	as	it	is	very	agricultural.		
	
Biogas	as	a	renewable	source	of	energy	could	be	either	used	as	a	burning	fuel	in	a	
CHP	plant	 (to	 produce	 electricity	 and	heat)	 or	 as	 a	 fuel	 for	 transportation	 if	 up-
graded	 in	 account	 of	 its	 high	 content	 of	 methane.	 Both	 options	 are	 technically	
feasible	and	the	application	will	depend	on	each	particular	case.		
	
The	 Northern	 harbour	 is	 a	 very	 active	 area	 where	 trucks	 come	 back	 and	 forth	
every	day,	where	many	company	cars	are	required	and	the	city	buses	fleet	fulfil	the	
needs	of	a	350	000	habitants	city.	The	most	suitable	use	for	biogas	in	the	Northern	
harbour	might	then	be	as	a	fuel	for	transportation.	Success	stories	like	in	the	city	of	
Linköping	where	buses	run	on	biogas	empower	the	idea	that	this	is	an	opportunity	
for	Malmö.			

ii.	The	biogas	production	process		
	
The	biogas	process	can	be	different	depending	on	the	biogas	plant,	the	input	and	
also	the	application	for	the	biogas.	In	this	part,	one	will	briefly	describe	the	overall	
process	in	order	to	draw	a	framework	for	the	model.		
	
The	 first	 step	 of	 producing	 biogas	 is	 treating	 the	 organic	 matter	 in	 anaerobic	
digestion.	 The	 process	 is	 done	 without	 oxygen	 and	 its	 point	 is	 to	 break	 the	
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components	of	 the	organic	matter	 into	smaller	ones.	The	“digestion”	 is	done	 in	a	
digester,	which	is	basically	a	tank.		
There	are	many	ways	to	proceed	depending	on:	

• The	content	of	water	in	the	feedstock	(dry	or	wet	digestion)	
• The	 temperature	 (mesophilic	 digestion,	 35ºC	 or	 thermophilic	 digestion,	

55ºC)	
• The	 number	 of	 stage	 (single	 or	 multi-,	 where	 stages	 of	 the	 process	 are	

separated	during	the	process)	
	
Inside	the	digester,	the	substrate	is	continuously	stirred	in	order	to	avoid	layers	of	
matter	to	form.	A	hot	water	system	of	pipes	heats	up	the	digester	to	the	required	
temperature.		
The	 bio-chemical	 principle	 of	 biogas	 production	 is	 that	 the	 organic	 fats	 or	
carbohydrates	 are	 consumed	 by	 different	 kinds	 of	 bacteria.	 That	 is	 the	 starting	
point	of	biogas	formation.	And	since	the	substrate	is	continuously	stirred,	the	gas	
tends	to	go	in	the	upper	part	of	the	tank.	This	is	raw	biogas	that	typically	contents	
60%	of	methane	but	also	carbon	dioxide	and	hydrogen	sulphide.	Before	it	is	used,	
it	is	necessary	to	treat	the	gas	and	the	vapour	water,	as	well	as	the	CO2	and	the	H2S	
are	removed	through	different	processes.		
	
Before	it	is	used	as	a	fuel	the	biogas	needs	to	be	up-graded.	This	means	that	almost	
a	 concentration	 of	 100%	 of	 methane	 is	 needed.	 Up-grading	 biogas	 is	 basically	
purifying	it.	In	the	biogas	production,	some	of	the	CO2,	water	and	H2S	are	removed,	
but	 through	 the	 absorption	 process,	 the	 remaining	 content	 of	 those	 will	 be	
removed	 achieving	 a	 high	 concentration	 of	methane.	 This	 absorption	 process	 is	
very	common	in	the	chemical	industry	and	consists	of	transferring	molecules	from	
a	gas	into	a	liquid	phase.	The	“liquid	phase”	typically	used	in	up-grading	biogas	is	
water.		
	

5.1.2	Straw-based	ethanol	plant	

i.	Why	a	straw-based	bio-ethanol	plant?	
	
The	EU	renewable	energy	directive	demands	EU	countries	 that	10%	of	 transport	
fuels	 is	 derived	 from	 renewable	 sources	 by	 2020	 (2).	 Then,	 ethanol	 (produced	
from	biomass)	as	a	fuel	for	transportation	is	a	good	alternative	to	reduce	fossil	fuel	
consumption	and	move	toward	this	goal.		
	
First-generation	 bioethanol	 plants	 are	 based	 on	 the	 use	 of	 food-crops	 for	
feedstock.	 On	 the	 other	 hand,	 the	 second-generation	 bioethanol	 plants	 use	
lignocellulosic	 biomass	 as	 input.	 This	 use	 lowers	 considerably	 the	 food	
competition.	 Considering	 no	 food	 competition	 as	 a	 crucial	 factor	 for	 the	
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sustainable	 development	 of	 a	 region	 and	 that	 the	 technological	 developments	 in	
the	 chemical	 industry	 field	 are	 towards	 2nd	 generation	 plants,	 we	 will	 only	
consider	the	2nd-generation	bioethanol	technology	in	this	project.		
	
In	 this	 framework,	 straw	 has	 a	 great	 potential	 for	 ethanol	 production.	 Indeed,	
straw	has	a	low	commercial	value	and	it	is	a	high-volume	agricultural	by-product.	
This	lignocellulosic	biomass	can	be	both	obtained	from	agriculture	or	forest	wastes	
(Collins	et	al.,	2014).		
		
Furthermore,	 Ekman	 et	 al.	 found	 that	 the	 county	 of	 Skåne	 has	 a	 significant	
potential	of	straw	supply	(2013).		

ii.	The	bioethanol	production	process	
	
From	cellulose	to	glucose	
	
Cellulose	can	be	defined	as	the	main	component	in	the	cell	wall	of	plants.	We	can	
find	it	as:	

- virgin	biomass	(trees	and	grass)		
- waste	biomass	(low	value	by-product	of	the	agricultural	sector)	
- energy	crops	(crops	with	high	yield	of	lignocellulosic	biomass	produced	to	

serve	as	a	raw	material)		
	
These	 three	 types	 of	 biomass	 enclose	what	 is	 called	 “lignocellulosic	 biomass”	 or	
lignocellulose	and	it	contains	mainly	cellulose,	hemicellulose	and	lignin.	
	
Obtaining	 glucose	 from	 cellulose	 is	 possible	 through	 an	 enzymatic	 hydrolysis	
called	saccharification:	Cellulose	+	water	à	Glucose	
	
Using	the	formula,	the	reaction	(simplified)	is:	(C6H10O5	)n	+	n	(H2O)	à	n	(C6H12O6)		
	
From	glucose	to	ethanol	
	
The	production	of	ethanol	 from	glucose	 is	done	 in	 the	 fermentation	process.	The	
two	products	of	this	are	CO2	and	C2H5OH	(ethanol):	
C6H12O6	à	2	C2H5OH	+	2	CO2	
	
The	model	of	the	straw-based	ethanol	plant	of	Malmö	
	
The	production	of	ethanol	from	lignocellulose	is	based	on	enzymatically	saccharify	
and	ferment	the	sugars	of	straw	(Collins	et	al.,	2014).	The	efficiency	of	the	process	
will	vary	depending	on	the	composition	of	the	straw.	And	the	composition	varies	
according	 to	 the	 type	 of	 biomass	 and	 its	 agricultural,	 water,	 climate	 and	 soil	
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conditions	(Liu	et	al.,	2010).	In	general,	straw	contains	mostly	cellulose	(32-47%),	
hemicellulose	(19-27%)	and	lignin	(5-24%).	(Song,	2014)	
	
For	 this	 project,	 one	 will	 consider	 a	 feedstock	 that	 has	 the	 following	 mass	
composition:	 cellulose	 30%,	 hemicellulose	 50%	 and	 lignin	 20%	 (Arvinius	 et	 al.,	
2010).	 In	 the	 bioethanol	 plant,	 the	 feedstock	 will	 go	 through	 a	 series	 of	 steps	
detailed	in	the	following	line	
	
Pre-treatment		
	
The	main	goal	of	this	phase	is	to	breakdown	the	structure	of	the	cellulosic	biomass	
in	 order	 to	 have	more	 access	 to	 the	 cellulose.	 Since	 in	 the	 following	 hydrolysis,	
cellulose	will	be	broken	down	into	simple	sugars,	the	aim	of	the	pre-treatment	is	to	
prepare	the	substrate	for	it	(Arvinius	et	al.,	2010).	
	
There	are	many	types	of	pre-treatments	that	affect	the	yield	of	the	process.	There	
exist	 mainly	 four	 types	 of	 them:	 physical,	 physico-chemical,	 chemical	 and	
biological.	
	
	
Type	 Name	 Description	
Physical	(PP)	 Milling	 the	 substrate	 (often	 a	 previous	 step	 of	

other	pre-treatments)	
Physico-
chemical	
	
	
	
	
	
	
	 	

Liquid	 Hot	
Water		
	

Water	in	liquid	state	under	high	pressure	
• the	 maximum	 recovery	 of	 fermentable	

sugars	
• high	energy	and	economical	costs		

Steam	Explosion	
	

Size-reduced	 (by	 previous	 PP)	 straw	 is	 rapidly	
heated	by	high-pressure	steam.	

• one	 of	 the	 most	 cost-effective	 and	 widely	
used	pre-treatment	methods.		

	
Ammonia	 Fiber	
Explosion	
(AFEX)	
	

The	wheat	straw	is	exposed	to	 liquid	ammonia	at	
high	temperature	and	pressure	

• no	need	for	size	reduction		
• rarely	used	
• high	risks	manipulating	ammonia		

Chemical	
(acids	
and	
oxidizing	
agents	

Acid	hydrolysis	
	

Depending	 on	 the	 dose	 of	 acid	 the	 method	 is	
different.	

• high	yields	of	sugars	
• no	enzymes	for	saccharification	are	needed	
• high	energy	consumption	
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are	used)	
	
	

• long	reaction	time	
	

Alkaline	
	

Sodium,	 potassium,	 calcium	 or	 ammonium	
hydroxides	are	used	at	50-65°C	

Biological	 Microorganisms	 do	 a	 degradation	 of	 both	 lignin	
and	hemicellulose.	Further	studies	are	on-going.	
	

Table	4	Different	of	pre-treatments	in	the	ethanol	production	

The	 physico-chemical	 pre-treatment:	 steam	 explosion	 is	 chosen	 for	 the	 model.	
Three	main	reasons	were	taken	into	consideration:		

- There	 is	much	 literature	 about	 the	 steam	 explosion	 process	 (Varga	 et	 al.,	
2004;	Ruiz	et	al.,	2006;	Ballesteros	et	al.,	2004;	Josefsson	et	al.,	2002)	

- It	seems	to	be	the	most	effective	one	(Taherzadeh	et	al.,	2008)	
- The	energy	cost	is	quite	moderate	(Arvinius	et	al.,	2010)	

	
In	 this	 project,	 diluted	 acetic	 acid	 will	 be	 used.	 This	 choice	 has	 been	 made	
considering	the	synergies	that	are	designed	for	the	model	downstream.	During	the	
process,	one	part	of	the	stillage	of	the	distillation	is	planned	to	be	an	input	of	the	
biogas	 plant	 (further	 developed	 in	 the	 next	 chapter).	 Then,	 it	 seems	 logical	 to	
choose	 an	 organic	 acid	 that	 can	 enhance	 the	 methane	 production	 in	 a	 future	
anaerobic	digestion	process	(Arvinius	et	al.,	2010).	
	
Hydrolysis	and	Fermentation	
	
As	mentioned	briefly	before,	the	core	operation	of	ethanol	production	is	hydrolysis	
and	 fermentation.	 The	 hydrolysis	 process	 converts	 cellulose	 into	 glucose	 using	
enzymes.	 Then,	 the	 result	 is	 cooled	 and	 sent	 to	 the	 fermentation	 reactor	where	
essentially	the	glucose	will	be	transformed	into	bioethanol	(Song,	2014).		
	
These	procedures	 can	be	done	 concurrently	or	one	after	 the	other.	We	will	 then	
distinguish	 Separate	 Hydrolisis	 and	 Fermentation	 (SHF)	 from	 Simultaneous	
saccharification	and	fermentation	(SSF).	However,	the	yields	of	SSF	have	proven	to	
be	 greater	 since	 the	 sugars	 can	 start	 to	 be	 converted	 into	 ethanol	 while	 the	
hydrolysis	is	still	on-going.	This	also	reduces	the	time	of	reaction,	as	the	glucose	is	
an	 inhibitor	 of	 the	 reaction,	 so	 if	 transformed	 simultaneously,	 the	 production	
increases	(Alfani	et	al.,	2000).	In	this	project,	a	SSF	will	be	considered	because	of	
the	 higher	 yields	 but	 also	 since	 costs	 would	 be	 reduced	 needing	 only	 one	
bioreactor	for	the	process	(Alfani	et	al.,	2000).	
	
Distillation	
Before	the	distillation	phase,	the	mixture	goes	through	a	filter	where	solid	residues	
are	 collected.	The	 rest	will	 be	distilled	 in	 a	 two-column	distillation	unit.	 For	 this	
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step,	 the	distillation	 columns	 system	described	by	 (Arvinius	et	 al.	 (2010)	will	be	
used.		
	
The	first	unit	is	a	stripping	column	used	to	remove	the	unwanted	products	such	
as	water	and	CO2.	The	vapour	from	the	stripper	is	the	value-added	product	(high	
concentration	 of	 ethanol)	 and	 the	 unwanted	 products	 remain	 in	 the	 bottom	
(stillage).	The	vapored	stream	is	condensed	and	goes	through	a	rectifier	(column	
nº2),	 in	order	to	obtain	a	greater	enrichment	of	alcohol	in	the	final	distillate.	The	
expected	 concentration	of	 ethanol	 in	 the	distillate	will	 be	 considered	93%.	After	
this	phase,	the	solution	is	dehydrated	(removing	water)	reaching	a	concentration	
of	95%	(Arvinius	et	al.,	2010).		

	

5.1.3	Algae	cultivation	

i.	Main	aspects	of	algae	exploitation	
	
Algae	 growth	 requires	 CO2,	 nutrients	 and	 great	 quantities	 of	 water.	 The	
environmental	 impact	of	 algae	 cultivation	 is	 then	mainly	due	 to	 its	high	demand	
for	CO2,	water,	fertilizers	and	heat.	
	
Razon	 and	 Tan	 (2001)	 discuss	 that	 some	 solutions	 can	 be	 found	 to	 solve	 these	
issues:	 connecting	 an	 algae	 cultivation	 complex	 to	 a	wastewater	 treatment	plant	
that	would	provide	 for	 fertilizers	 and	 fresh	water.	 Furthermore,	 other	 industrial	
sites	near-by	 can	provide	 the	heat	 required.	This	discussion	 is	highly	 interesting	
for	the	harbour	since	there	 is	 indeed	excess	heat	and	CO2	that	could	be	provided	
from	other	actors	and	a	wastewater	treatment	plant.		
	
An	 algae	 cultivation	 complex	 in	 the	 Northern	 harbour	 of	 Malmö	 makes	 sense	
mainly	for	two	reasons:	

o The	possibility	of	adding	value	to	waste	streams	of	the	industrial	activity:	
the	carbon	dioxide	(CO2)	emitted	 from	facilities	 in	 the	harbour	could	be	
directly	 used	 as	 a	 source	 of	 carbon	 for	 algal	 growth.	 Furthermore,	 this	
complex	 makes	 sense,	 as	 it	 could	 use	 some	 waste	 heat	 from	 the	 other	
actors	such	as	E.ON,	SYSAV	or	Norcarb.	Meaning	that	the	plant	wouldn’t	
require	great	investments	in	energy.		

o The	 exploitation	 of	 algae	 offers	 many	 diverse	 business	 opportunities:	
indeed,	 algae	 have	 applications	 for	 energy	 and	 non-energy	 products,	
including	both	marine	and	fresh	water	macro-	and	micro-algae.		

	
The	 term	 “algae”	 refers	 to	 all	 photosynthetic	 organisms	 that	 live	 in	 an	 aquatic	
milieu.	 The	 size	 and	 then	 complexity	 of	 these	 plants	 can	 vary	 from	 single-celled	
diatoms	(micro-algae)	to	large	multi-cellular	seaweeds	(macro-algae).			
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The	following	table	summarizes	the	main	types	of	algae	for	each	family	in	terms	of	
abundance	(Carlsson	et	al.,	2007):		
	
Family	 Groups	
Micro-algae	 § Diatoms	(Bacillariophyceae)	

§ The	green	algae	(Chlorophyceae)	
§ The	Golden	algae	(Chrysophyceae)	

Macro-algae	 § Brown	seaweed	(Phaeophyceae)	
§ Red	seaweed	(Rhodophyceae)	
§ Green	seaweed	(Chlorophyceae)	

Table	5	Micro-	and	Macro-	algae	

Since	the	applications	of	micro-algae	offer	a	broader	set	of	opportunities,	it	is	the	
micro-algae	that	will	be	assessed	in	this	project.	
	

Micro-algae	
	

Micro-algae*	can	 live	 in	 both	 marine	 (salt	 water)	 and	 freshwater	 milieu.	 As	
mentioned	 before,	 there	 exist	 many	 families	 of	 micro-algae	 depending	 on	 their	
pigmentation,	morphology	etc.	(Carlsson	et	al.,	2007).		
	
Pulz	 and	Gross	 (2004)	 select	 the	most	 abundant	micro-algae	 and	 highlight	 their	
potential	 industrial	 application.	 The	 quite	 long	 list	 of	 the	 literature	 has	 been	
adapted	 for	 this	 project	 and	 reduced	 to	 three	 main	 species	 (See	 the	 following	
Table).		
Species/group	 Product	 Application	areas	 Production	

facilities	
Characteristic	

Spirulina	
(Arthrospira	
platensis)	/	
Cyanobacteria)	

Phycocyanin,	
biomass	

Health	 food,	
cosmetics	

Open	ponds	 High	alkalinity	

Chlorella	
vulgaris	/	
Chlorophyta	

Biomass	 Health	food,	
Food	supplement,	
Feed	substitutes	

Open	 ponds	
or	
PBR†	

High	nutrition	

Dunaliella	
salina	
/	Chlorophyta	

Carotenoids,	
β-carotene	

Health	food,	
Food	supplement	
	

Open	ponds	 high	salinity	

Table	6	Micro-algae	and	their	application	

																																																								
*	Note	that	for	now	on,	the	term	algae	will	be	also	referring	to	micro-algae	
†	PBR=	Photobiorreactor	
‡	Treatment	applied:	DA=Dilute	acid;	SF=Saccharo-myces	fermentation.		
Reactors:	CSTR=Continuously	stirred	reactor;	UASB=Up	flow	anaerobic	sludge	†	PBR=	Photobiorreactor	
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As	 seen	 in	 the	 previous	 table,	 algae	 can	 be	 cultivated	 in	 an	 open	 pond	 or	 in	 a	
photobiorreactor	 (PBR).	 A	 PBR	 is	 a	 closed	 system	 where	 the	 algae	 are	 grown.	
Oxygen	 is	 removed	and	 the	adequate	nutrients,	CO2	and	water	are	provided	 in	a	
very	controlled	system.	Depending	on	the	type	of	reactor,	light	can	reach	the	algae	
directly	(through	transparent	walls)	or	via	light	fibres.	Then,	there	are	open	ponds	
where	the	nutrients	can	be	provided	from	wastewater	treatment	plants.	The	water	
needs	to	be	constantly	stirred.		

ii.	Micro-algae	for	high	value	added	products	
	
Since	the	cultivation	of	algae	has	low	yield	efficiency	and	high	infrastructure	costs,	
many	 studies	 revealed	 that	 its	 cultivation	 only	 for	 biomass	 purposes	 is	 not	
economically	 feasible	 (Carlsson	 et	 al.,	 2007).	 Stand-alone	 algae	 exploitation	
facilities	make	 sense	 economically	when	 the	 potential	 applications	 for	 algae	 are	
related	to	high	value	added	products.	These	products	will	be	the	ones	that	can	be	
sold	 at	 a	 higher	 price	 than	 the	 costs	 of	 production.	 Indeed,	 micro-algae	 can	
produce	some	pharmaceutically	active	compounds	such	as	antibiotics	and	diverse	
chemicals	(Carlsson	et	al.,	2007).		
	
In	 conclusion,	 the	 cultivation	of	micro-algae,	only	 as	 a	 feedstock	 for	bio-methane	
generation	 or	 diverse	 bio-fuels	 production	 is	 not	 considered	 to	 be	 a	 potential	
alternative	for	the	harbour	area	of	Malmö.		
	
The	potential	applications	 for	micro-algae	are	 for	 the	 following	high	value	added	
products:	

o Pharmaceuticals:	 algae	 have	 potential	 uses	 as	 neurotoxic	 and	 hepatotoxic	
compounds,	antibiotics	or	vitamins	(Carlsson	et	al.,	2007).	

	
o Cosmetics:	Chlorella	and	Spirulina	have	proved	to	be	effective	for	skin	and	

hair	care	and	for	sun	protection	(Spolaore	al.	2006).	
	

o High	value	oils:	One	major	fatty	acid	called	“vlcPUFAs”	is	well	known	in	the	
pharmaceutical	 industry,	 as	 it	 is	 a	 compound	 frequently	 used	 in	 adult	
dietary	 supplements	 or	 for	 infants	 because	 of	 its	 nutritional	 properties.	
Sources	for	it	are	fishes	such	as	eel,	herring,	salmon	and	sardines	(Ward	and	
Singh	2005).	Due	to	its	good	properties,	there	is	a	potential	market	for	the	
production	of	this	fatty	acid	(Carlsson	et	al.,	2007).		

	
o Colorants:	 The	 possibility	 to	 produce	 natural	 colorants	 through	 algal	

exploitation	is	very	interesting.	For	example,	in	order	to	give	a	pink	colour	
to	 cultured	 salmon,	 95%	 of	 market	 producers	 use	 a	 synthetic	 colorant.	
However,	green	micro-algae	produce	natural	colorants	such	as	carotenoids,	
in	 particular	 one	 called	 “astaxanthin”	 that	 could	 fulfil	 the	 role	 for	 salmon	
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production.	 This	 example	 gives	 a	 potentially	 interesting	 idea	 for	 the	
harbour	 of	 Malmö	 that	 can	 have	 salmon	 fisheries	 near-by.	 This	 will	 be	
discussed	 further	 on.	 Another	 possibility	 is	 “xanthophyll”,	 used	 for	 the	
colouration	of	drugs	and	cosmetics	(Carlsson	et	al.,	2007).			

	

iii.	Micro-algae	for	wastewater	treatment	
	
The	second	potential	use	for	algae	is	the	removal	or	transformation	of	pollutants,	
CO2	 or/and	 heavy	 metals	 from	 wastewater.	 In	 wastewater,	 suspended	 solids,	
nutrients,	bacteria	and	toxicity	compounds	need	to	be	removed	in	order	to	purify	
it.	Many	authors	highlight	interests	for	greener	methods	for	wastewater	treatment:	
the	use	algae	seems	then	to	make	sense.		
	
Using	algae	for	bio-treatment	is	not	a	new	idea	(Oswald	et	al.,	1991).	Indeed,	since	
then,	algae	such	as	Chlorella	have	been	deeply	studied	as	they	offer	possibilities	for	
converting	solar	energy	into	biomass,	incorporating	nutrients	such	as	nitrogen	and	
phosphorus	 causing	 eutrophication	 and	 also	 for	 the	 removal	 of	 heavy	 metals	
(Abdel-Raouf	et	al.,	2012).	
	
In	this	work,	one	will	consider	that	the	wastewater	purification	is	done	in	ponds	as	
the	 treatment	 in	photo-bio-reactors	 (PBR)	has	been	used	on	pilot-scales	but	 still	
implies	 major	 technical	 difficulties	 for	 large-scale	 production	 (Carlsson	 et	 al.,	
2007).		
	
As	opposed	to	algae	cultivated	especially	for	biomass	purposes,	wastewater-grown	
micro-algae	are	a	potentially	important	feedstock	for	biofuel	production.	However,	
most	of	the	WW	pond	systems	do	not	harvest	the	algae	since	their	methane	yield	is	
lower	 than	 sludge.	 Furthermore,	 instead	 of	 anaerobic	 digestion	 feedstock,	 the	
algae	biomass	could	be	processed	for	lipid	extraction	to	be	used	in	transportation	
fuel.	 However,	 the	 technologies	 for	 lipid	 extraction	 are	 still	 under	 development	
(Woertz	et	al.,	2009).		
	

Even	 though	wastewater-grown	 micro-algae	 are	 not	 usually	 harvested,	 one	 can	
consider	the	special	case	of	the	harbour	of	Malmö:	there	is	a	biogas	plant	close-by.	
And	 that	 can	 make	 the	 harvest	 profitable	 for	 biogas	 production.	 Furthermore,	
unlike	 land-based	 crops	 cultivation,	 it	 is	 quite	 adapted	 for	 Sweden	 as	 harvests	
could	be	done	throughout	the	year.		
	
In	conclusion,	one	can	highlight	two	potential	uses	for	algae	cultivation	complexes:	
	

o High	value-added	compounds	commercialisation.	
o Purification	of	water	of	a	wastewater	treatment	facility		
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Both	applications	can	use	algal	residues	for	biogas	production.		
	
The	Northern	harbour	 could	 find	a	potential	 application	 for	both	 these	activities	
combined.	 The	 costs	 of	 harvesting	 can	 be	 balanced	 with	 the	 integration	 of	 the	
complex	 with	 heat	 and	 CO2	coming	 from	 other	 facilities.	 This	 will	 be	 discussed	
further	on.		
	
The	overall	process	
	
	During	the	algal	harvest,	high	value	added	compounds	of	the	algae	are	extracted	
and	separated	from	the	low	value	added	ones.	After	this	fractionation,	the	low	ones	
(made	of	carbohydrates	basically)	will	be	used	as	an	energy	source	 in	the	biogas	
plant.	And	the	high	ones	(fatty	acids/lipids,	pigments,	vitamins)	will	be	sold	to	the	
chemical	 industry	business.	 It	 is	 indeed	very	present	 in	 the	area,	Akzo	Nobel	 for	
example	 is	 the	 largest	chemical	engineering	company	 in	 the	region	of	Skåne	(see	
Chapter	5),	and	could	potentially	use	one	high	value	added	product.	Furthermore,	
producing	these	value	added	products	could	be	interesting	for	exportation	to	close	
European	countries	(such	as	Germany)	that	prefer	to	use	natural	products:	either	
for	natural	colorants	for	food,	vitamins,	components	in	beauty	products	etc.			
	

5.2.	Integration	of	new	activities	
This	section	describes	and	assesses	the	synergies	identified	between	current	activities	
and	newcomers	or	within	newcomers.	These	connections	are	structured	according	to	
the	new	activity	they	are	related	to:	the	biogas	plant	(5.2.1),	the	ethanol	plant	(5.2.2),	
and	the	algae	complex	(5.2.3).	

5.2.1.	The	biogas	plant	

i.	Inputs	and	outputs	
	
The	organic	fraction	of	the	city	of	Malmö	is	currently	pre-treated	by	Sysav	and	sent	
to	another	city	for	biogas	production	(EPIC2020	D3.1,	2014).		
	
The	biogas	plant	has	then	two	major	advantages	for	the	harbour:	

• Avoid	transportation	and	add	value	to	the	waste	within	the	city.		
• Provide	with	biogas	both	new	and	current	industries	of	the	area		

	
According	 to	 the	 report	by	 the	 region	of	Skåne	 (Björnsson	et	al.,	2011),	 the	near	
urban	raw	materials	for	the	biogas	production	are	mainly	food	waste	and	sludge.	
In	 addition	 to	 that,	 potential	 raw	materials	 like	 crop	 residues	 or	 industry	waste	
have	also	been	estimated:			

• Food	waste:	43,8	GWh/year		
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• Sludge:	36,4	GWh/year		
• Others	like	crop	residues	and	industry	waste:	35,2	MWh/year		

	
The	 evaluated	 total	 biogas	 potential	 for	 the	 Malmö	 commune	 is	 115,4	 GWh	
(Björnsson	et	al.,	2011).	
	
According	 to	 Sören	 Nilsson	 Påledal’s	 presentation	 (2015),	 “Svensk	 Biogas	 i	
Linköping	 AB/	 Tekniska	 verken”	 is	 Sweden’s	 largest	 plant.	 It	 allows	 125	 000	
tons/year	of	raw	materials.	In	2014,	the	plant	processed	104000	tons	of	waste	to	
produce	the	equivalent	of	100GWh	(approximately	16MNm3/year	of	raw	biogas).	
Furthermore,	 the	 plant’s	 by-product,	 bio-fertilizers	 accounted	 for	 approximately	
99	000	tonnes	in	2014.		
	
Then,	since	the	method	used	by	the	Region	of	Skåne	to	estimate	the	potentials	 is	
not	 100%	 clear	 (mainly	 the	 calculations	 for	 the	 energy	 crops	 potential):	 the	
scenario	will	 consider	a	biogas	plant	 that	uses	only	 the	 food	waste	and	sludge	of	
Malmö.	The	potential	of	those	two	combined	is	80,2	GWh	(approximately	70%	of	
the	total	evaluated	potential).	This	means	an	annual	raw	biogas	production	of	13,4	
millions	of	m3.	
	
Assumptions	for	calculations:	

• The	operation	time	per	year	is	7227h		
• 1	ton	of	sludge	yields	260	Nm3	of	bio-methane	
• 1	ton	of	organic	bio-waste	yields	130	Nm3	of	bio-methane	
• 1Nm3	of	raw	biogas	(60%	of	methane)	contains	6,0	kWh	of	energy	
• 1Nm3	of	up-graded	biogas	(97%	of	methane)	contains	9,67	kWh	of	energy	

	
	

{Scenario}	 Input	of	biogas	plant	(tons/year)	
Food	waste	 56	154	tons/year	
Sludge	 23	333		
TOTAL	INPUT	 79	487	

Table	7	Input	of	the	biogas	plant	

	
	

{Scenario}	 Output	of	biogas	plant	(GWh)	
Food	waste		 43,8	
Sludge	 36,4	
TOTAL	 80,2		

Table	8	Output	of	the	biogas	plant	
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The	biogas	plant	of	the	scenario	also	has	a	bio-fertilizer	as	a	by-product.	According	
to	 Linköping’s	 example,	 it	 represents	 95%	 of	 the	 input	 tonnage.	 Then,	 one	 can	
estimate	the	production	of	75	500	tonnes/year	of	bio-fertilizers	for	the	scenario.		
	

	
Figure	4	Summary	of	inputs	and	outputs	of	the	biogas	plant	

	

ii.	Heat	waste	stream		
	
Biogas	plants	require	heat	in	certain	parts	of	the	process	such	as	warming	up	the	
digesters.	Plants	can	either	purchase	the	heat,	produce	it	with	a	boiler	or	do	heat	
recovery	and	re-use	existing	heat	flows.		
	
In	the	framework	of	industrial	symbiosis,	heat	recovery	seems	to	be	a	good	option	
for	 the	 biogas	 plant:	 another	 actor	 provides	 its	 waste	 heat	 to	 heat	 up	 the	 two	
digesters	 of	 the	 model.	 This	 would	 be	 beneficial	 for	 the	 local	 stakeholder,	 as	 it	
would	enable	it	to	give	a	use	for	the	stream	and	for	the	environment,	as	the	stream	
wouldn’t	 be	 wasted.	 And	 finally,	 the	 potential	 biogas	 plant	 would	 reduce	 its	
environmental	impact	and	its	costs.		
	
Digesters	need	to	be	kept	at	a	constant	temperature	between	30	and	40	ºC.	There	
are	two	ways	to	heat	up	a	digester:	internally,	through	a	series	of	hot	water	pipes,	
or	externally	 using	 a	 heat	 exchanger	where	 the	 content	 of	 the	digester	 is	 heated	
using	a	heat	transfer	fluid,	usually	water.	
	
The	biogas	plant	of	the	scenario	has	the	following	digesters:	
Assumptions:	

• Volume	of	1	digester:	4000	m3	
• Number	of	digesters:	2	

	
A	complete	assessment	of	the	heat	recovery	procedure	for	the	biogas	plant	is	done	
in	Chapter	6.		
	
Before	continuing	to	the	next	activity,	a	small	scheme	of	what	has	been	described	
in	 5.2.1	 is	 suggested	 (Note	 that	 the	 fact	 that	 the	 heat	 provided	 by	 SYSAV	will	 be	
assessed	in	the	next	chapter).	
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Figure	5	The	biogas	plant	of	the	scenario	

	

	

5.2.2	Ethanol	plant	

i.	Ethanol	production	from	straw	
	
The	 ethanol	 plant	 in	 the	harbour	 of	Malmö	 is	 planned	 to	 add	 value	 to	 cellulose-
based	 biomass.	 The	 region	 of	 Skåne	 has	 an	 amount	 of	 818	 000	 tonnes/year	 of	
cultivation	remains	that	are	straw-based	(Björnsson	et	al.,	2011).		
	
Producing	 ethanol	 from	 lignocellulosic	 biomass	 is	 not	 as	 developed	 as	 starch-
based	 ethanol	 production	 and	one	 can	 find	 very	different	 estimations	 of	 ethanol	
yields	 as	 they	 strongly	 depend	 on	 the	 pre-treatment	 and	 the	 nature	 of	 the	
substrate.	 Zhu	 et	 al.	 (2012)	 does	 a	 literature	 review	 and	 highlights	 these	
differences.	 For	 this	 study,	 the	 value	 of	 ethanol	 yield	 is	 based	 upon	 the	 NREL	
assumption	(Humbird,	et	al.	2011).	In	this	case,	the	ethanol	yield	is	0,3	m3	Eth/ton.	
Note	that	the	value	used	in	that	text	is	for	corn	stove	and	not	for	straw.	However,	
reading	 through	Zhu	 et	 al.’s	 review,	 one	 can	 find	 a	 range	 of	 values	 for	 cellulosic	
biomass	 from	 0,2	 to	 0,4	 m3	Eth/ton.	 Since	 in	 the	 end,	 these	 raw	 materials	 are	
cellulose	based,	one	can	suppose	that	the	difference	of	yields	will	be	mainly	due	to	
the	type	of	pre-treatment.	The	value	for	spruce	when	applying	steam	explosion	is	
0,301	m3	Eth/ton	(Monavari	et	al.,	2010).	Since	it	will	be	the	pre-treatment	chosen,	
the	value	of	0,3	m3	Eth/ton	is	accepted.		
	
Agroetanol’s	plant	in	Norrköping	processes	mainly	wheat	(rye	and	barley	as	well).	
The	 plant	 produces	 172	 000	 m3/year	 of	 ethanol.	 It	 is	 actually	 the	 biggest	 in	
northern	Europe.		Since	the	scenario	aims	at	having	an	average-sized	ethanol	plant,	
the	ethanol	plant	is	projected	to	produce	around	≈60	000	m3	of	ethanol	per	year.		
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If	25%	of	 the	available	 tonnage	of	 straw	 in	 the	 region	of	Skane	 is	used:	205	000	
tons/year	of	straw.	Then	one	gets	an	average-sized	plant	production:	
	
	

Output	of	the	ethanol	plant	
TOTAL	Ethanol	yield	 61	500	Nm3/year	

Table	9	Output	of	the	ethanol	plant	

	

	
Figure	6	Summary	of	inputs	and	outputs	of	the	ethanol	plant	

	

ii.	Stillage	from	the	ethanol	plant	
	
As	explained	in	detail	previously,	in	the	first	distillation	the	ethanol	and	water	are	
separated	from	the	lignin	and	other	sugars	that	were	not	transformed	into	ethanol.	
The	top	part	(water	and	ethanol)	will	be	driven	to	the	rectification	column	where,	
the	water	will	be	separated	from	the	ethanol.	The	bottom	stream	of	the	column,	or	
“stillage”	has	a	great	potential	for	anaerobic	digestion.	
If	added	to	the	biogas	plant	of	the	scenario,	this	could	provide	a	surplus	of	energy	
(Tadeu	Fuess	et	al.,	2015).	Ethanol	plants	usually	produce	11,1L	of	stillage	per	litre	
of	ethanol	produced	from	cellulosic	feedstock	(Wilkie	et	al.,	2000).		
		
In	order	to	estimate	the	extra	yield	of	biogas	that	occurs	when	using	the	stillage,	
the	 concept	 of	 COD	 (Chemical	 Oxygen	Demand)	 is	 used.	 The	 COD	 quantifies	 the	
convertible	 organic	 matter	 of	 the	 stillage.	 For	 cellulosic	 biomass,	 the	 COD	 is	
estimated	 to	 vary	 between	 22,5	 and	 25,5	 g/l	 (Wilkie	 et	 al.,	 2000).	 Values	 of	 the	
COD	for	different	substrates	are	available	in	Tadeu	Fuess	et	al.	(2015)	and	Wilkie	
et	al.	(2000).	In	this	project,	one	will	work	with	the	reference	Wilkie	et	al.	(2000)	
since	Tadeu	Fuess	(2015)	actually	uses	part	of	the	results	found	by	these	authors.		
Wilkie	et	al.	(2000)		estimate	the	COD,	the	efficiency	and	methane	yield	of	stillage	
depending	on:	

• The	cellulose-based	substrate	used	for	the	ethanol	production	
• The	technique	used	for	the	anaerobic	digestion	(process	and	reactor	types)	

	
The	data	is	in	the	table‡	below:	

																																																								
‡	Treatment	applied:	DA=Dilute	acid;	SF=Saccharo-myces	fermentation.		
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Substrate/	
Technique/	
	Reactor	Type	

COD	
	
(kg/m3)	
	

Efficiency	
	
(%)	

Meth	yield	
	
(l/g	COD)	
	

Methane	 yield	
estimation	
(m3/year)	

Eucalyptus/DA/	UFFT=35ºC	 22,5	 86,6	 0,4	 5	320	574	
Eucalyptus/DA/	UFFT=55ºC	 22,5	 84,4	 0,38	 4	926	139	
Eucalyptus/DA/	CSTR	 22,5	 85,5	 0,4	 5	252	992	
Pinus	 radiata/	 DA-SF	 /	
CSTR	

25,5	 92	 0,28	 4	484	191	

Pinus	radiata/	DA-SF/	UASB		 25,5	 86	 0,21	 3	143	808	
Average	 23,7	 86,9	 0,334	 4	695	833	
Methane	yield	estimations	for	different	cellulosic	substrates,	techniques	and	reactors	
	
Using	these	figures	one	can	get	a	range	of	methane	yield	from	3,14	millions	to	5,3	
millions	 of	 extra	 biogas	 produced	 thanks	 to	 the	 stillage.	 Since	 the	 exact	
composition	of	the	substrate	is	unknown	and	this	work	attempts	to	give	the	most	
realistic	values	as	possible.	Then,	one	will	use	the	lowest	yield	for	the	scenario:	the	
treatment	of	the	stillage	leads	to	an	estimated	biogas	production	of	approximately	
3,14	millions	m3/year.		
	
	

	
Figure	7	Adding	the	stillage	from	the	ethanol	plant	to	the	biogas	plant	

	
	
	 	

																																																																																																																																																																		
Reactors:	CSTR=Continuously	stirred	reactor;	UASB=Up	flow	anaerobic	sludge	
blanket;	UFF=	Up	flow	fixed	film	
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iii.	Rinsing	water	used	before	the	pre-treatment	
	
The	consumption	of	water	is	very	high	in	ethanol	production	compared	with	other	
biofuel	production	based	on	thermochemical	pathways	(Wu	and	Chiu,	2011).	The	
National	Renewable	Energy	Laboratory	 (NREL)	(Humbird,	et	al.	2011)	estimated	
the	consumption	in	terms	of	gallons	of	water	used	per	gallon	of	fuel	produced	to	be	
5,4	 gal/gal.	 According	 to	 this	 figure,	 this	 implies	 the	 scenario	 uses	 more	 than	
330000	m3	of	water	annually	for	the	ethanol	plant.		
	
The	 difference	 between	 starch-based	 and	 cellulose	 (or	 straw-based)	 ethanol	
production	 mainly	 lies	 in	 the	 pre-treatment	 step.	 Relatively	 intensive	 pre-
treatment	is	needed	to	break	the	cellulosic	structure	of	straw	and	make	its	smaller	
sugar	 molecules	 accessible	 to	 yeast.	 However,	 before	 the	 steam	 pre-treatment,	
some	cleaning	of	the	raw	materials	needs	to	be	done.	Since	the	rinsing	water	gets	
contaminated	 in	 the	 process,	 it	 usually	 can’t	 be	 reused	 within	 the	 plant.	 The	
scenario	suggests	then	that	the	ethanol	plant	works	in	contact	with	a	WWTP	that	
will	 provide	 for	 the	 water	 required.	 After	 serving	 for	 the	 rinsing	 process,	 the	
stream	is	driven	back	to	the	plant	to	be	cleaned	and	re-used	again.	The	idea	of	the	
process	is	to	try	to	close	the	loop	in	water	requirement.			
	
	

	
Figure	8	Adding	a	WWT	connected	to	the	algae	complex	
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iv.	CO2	from	the	ethanol	plant	
	
The	 carbon	 enters	 the	 process	 in	 the	 biomass	 feed,	 with	 small	 amounts	 of	
additional	carbon	coming	from	fermentation	nutrients.	One	tonne	of	conventional	
straw	has	155kg	CO2	of	carbon	(HB	Lanarc’s	report,	2011).	Then,	the	CO2	stream	is	
estimated	 around	 31	 775	 tons/year.	 According	 to	 the	 study	 of	 the	 NREL,	 the	
scrubber	 vent	 captures	 15%	 of	 CO2.	 However,	 other	 readings	 have	 been	 found	
where	commercial	brands	sell	scrubbers	for	power	plants	that	can	capture	90%	of	
the	CO2	in	flue	gases	(RWE	Power,	2009)	
	
One	can	conclude	that	there	exist	many	different	types	of	technologies	and	it	 is	a	
on-going	research.	Furthermore,	the	costs	of	such	unit	will	vary	depending	on	its	
efficiency.			
	
The	assumption	for	the	scenario	will	then	be	that	15%,	4766	tons	CO2/year	could	
be	used	in	the	algae	plant,	in	order	to	remain	pessimistic.		
	

	
Figure	9	Using	te	CO2	in	the	algae	complex	
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v.	Heat	for	steam-explosion	pre-treatment	
	
The	two	most	demanding	steps	of	the	lignocellulosic	production	of	ethanol	are	the	
distillation	 and	 the	 steam	 pre-treatment.	 Monavari	 et	 al.	 (2010)	 estimate	 the	
energy	requirement	to	be	4348	MJ/ton	of	biomass.	The	scenario	will	then	require	
247,6	 GWh/year	 only	 for	 this	 phase	 of	 the	 ethanol	 production.	 Actors	 of	 the	
harbour	such	as	E.ON	or	Norcarb	could	possibly	supply	this	need	of	heat,	as	they	
have	excess	heat.		
Technologies	 used	 to	 produce	 steam	 can	 be	 boilers,	 fuelled	 with	 some	 fuel.	
However,	 the	 interest	 of	 the	 project	 being	 the	 symbiosis,	 one	 will	 assess	 the	
possibility	of	using	waste	heat	available	in	the	harbour.	A	complete	assessment	is	
done	 in	Chapter	7	 (Note	that	the	fact	that	the	heat	provided	by	Norcarb	and	E.ON	
will	be	also	explained	in	the	next	chapter).		
	

	
Figure	10	Using	waste	heat	from	other	actors	

	

5.2.3	Algae	complex	integrated	with	a	WWTP		

i.	The	importance	of	integration		
	
Excess	heat	and	CO2	streams	have	been	identified	in	the	harbour;	these	are	the	key	
actors	 for	 the	 feasibility	of	 the	algae	complex.	Exploiting	existing	heat	will	 lower	
the	energy	requirement	and	using	the	CO2	will	reduce	the	environmental	impact	of	
the	area	by	creating	value	added.		
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Deeper	 discussed	 previously,	 algae	 complexes	 are	 economically	 feasible	 when	
connected	 to	 a	 WWTP.	 The	 algae	 are	 then	 used	 to	 remove	 nitrogenous,	
phosphorous	and	different	unwanted	compounds	from	the	water	(Abdel-Raouf	et	
al.,	2012).	Andersson	et	al.	(2014)	highlight	this	importance	of	integrating	an	algae	
complex	 with	 industrial	 actors	 (for	 their	 excess	 heat	 and	 CO2	 streams	 as	
mentioned	before)	but	also	for	the	type	of	water	required.	Indeed,	algae	cultivation	
requires	a	certain	amount	of	nutrients	for	their	growth.	This	integration	consists	of	
driving	 the	nutrients-rich	WW	of	 the	plant	 to	an	open	algae	pond.	However,	note	
that	the	WW	lacks	of	carbon	and	that	is	the	reason	why	extra	CO2	must	be	added.	
Since	 the	 pond	 is	 located	 in	 an	 industrial	 complex,	 another	 actor	 will	 indeed	
provide	the	CO2	required.	
	

ii.	Wastewater	exploitation	
	
The	WWTP	will	provide	the	water	rich	in	nutrients;	it	will	be	driven	into	an	open	
pond.	Algae	such	as	Chlorella	will	be	added	in	order	to	treat	the	water	and	re-store	
it.	When	the	algal	growth	 is	 finished,	algae	are	harvested	and	clean	water	can	be	
used	for	low-purity	water	requirements.		
	

	
Figure	11	Water	supply	and	disposal	in	a	WWTP	
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iii.	Harvesting	the	algae	
	
Focusing	now	on	algae,	 the	harvested	algae	 can	be	processed	 to	produce	a	 large	
variety	of	products	depending	on	the	downstream	treatments	applied.	The	harvest	
represents	 20	 to	 30%	 of	 the	 overall	 production	 cost	 (Safia	 et	 al.,	 2014).	 The	
technique	that	is	mostly	used	is	the	centrifugation	as	it	can	handle	large	volumes.	
The	 efficiency	 is	 around	95%.	The	 scenario	will	 assume	 that	Chlorella	vulgaris	is	
used	since	it	seems	to	be	the	most	abundant	one.		
	
Chlorella	vulgaris	has	a	high	content	in	proteins	(42–58%	of	biomass	dry	weight),	
which	 offers	 a	 huge	 variety	 of	 opportunities	 for	 valorisation.	 The	 extraction	 is	
mainly	done	by	solubilisation	of	proteins	in	alkaline	milieu.	It	is	basically	the	same	
for	all	micro-algae	(Rausch,	1981).	This	type	of	algae	also	has	important	amounts	
of	carotenoids	that	behave	like	pigments	by	catching	light.	The	scenario	will	then	
take	into	consideration	these	two	facts	for	the	application	of	the	algae.		
	
The	 extracted	 algae	 will	 then	 be	 used	 as	 food	 for	 animal	 fishes.	 As	 previously	
mentioned,	 the	 presence	 of	 this	 natural	 colorant	 (carotenoid)	 has	 potential	
benefits	 for	 fisheries.	 This	 application	 seems	 to	 make	 sense	 for	 a	 project	 on	 a	
harbour	 area.	 In	 addition	 to	 that,	 Northern	 Europe	 consumers	 can	 be	 potential	
clients	for	more	natural	products,	especially	in	the	food	sector.	

	

iv.	Residual	biomass	
	
The	 biomass	 residues	 that	 the	 complex	 generates	 need	 to	 be	 treated.	 They	 are	
mainly	carbon-based	compounds.	Then,	in	order	to	make	the	most	out	of	this	low	
value	added	stream,	 it	will	be	driven	 to	 the	biogas	plant	 for	anaerobic	digestion.	
The	residual	biomass	accounts	for	113	tons/year	of	extra	input	in	the	biogas	plant.	
This	implies	a	surplus	of	raw	biogas	production	of	88	MWh/year:	
	
Assumptions	for	calculations:	

• The	operation	time	per	year	is	7227h		
• 1	ton	of	organic	bio-waste	yields	130	Nm3	of	bio-methane	
• 1Nm3	of	raw	biogas	(60%	of	methane)	contains	6,0	kWh	of	energy	

	
Discussion	
	
For	this	scenario,	this	extra	of	production	is	not	substantial	and	doesn’t	carry	out	
significant	 benefits.	 However,	 one	 needs	 to	 take	 into	 account	 the	 costs	 of	 either	
installing	pipelines	to	send	the	residual	biomass	or	transporting	it	by	truck.	If	the	
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installation	 of	 pipes	 has	 technical	 difficulties,	 then	 truck	 transportation	 makes	
sense,	especially	if	it’s	fuelled	on	biogas.	However,	the	whole	costs	of	the	operation	
need	to	be	considered,	as	this	might	no	be	beneficial	for	only	extra	88	MWh/year	
of	biogas.		
	

	
Figure	12	Residual	biomass	to	the	Biogas	plant	

	

	

v.	Heat	flow	from	actors	of	the	harbour		
	
The	algae	ponds	will	require	to	be	maintained	at	a	temperature	of	at	least	T=20ºC	
for	the	algal	growth.	Then,	providing	the	complex	with	heat	is	key	in	the	viability	of	
the	facility.	In	a	similar	way	of	the	digesters,	these	ponds	are	kept	at	the	required	
temperature	by	using	pipes	inside	the	pond	where	a	warm	fluid	flows.	The	pond	is	
kept	warm	by	the	basic	principle	of	heat	transfer	from	the	hot	fluid	of	the	pipe	to	
the	water.	
The	challenge	in	this	part	is	to	estimate	the	heat	that	the	pond	will	require	in	order	
to	 see	 if	 another	actor	of	 the	harbour	has	 the	possibility	 to	provide	 it.	Chapter	7	
does	 a	 complete	 assessment	 of	 this	 integration	 (Note	 that	 the	 fact	 that	 the	 heat	
provided	by	E.ON	will	also	be	further	assessed	in	the	next	chapter).		
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Figure	13	The	algae	complex	uses	waste	heat	from	the	harbour	

	

vi.	CO2	from	the	ethanol	plant	
	
Using	the	case	study	example	from	Andersson	et	al.	(2014),	where	the	pond’s	size	
vary	from	220-720	ha,	the	scenario	will	consider	a	smaller	scale	complex	of	2,5ha	
to	eventually	amplify	it.	The	algal	growth	varies	from	12	to	40	g/m2·day	with	the	
seasons.	
	
Assumptions	for	the	calculations:	

• The	algal	growth	value	used	is	26	g/m2·day	(mean	value	of	the	range)	
• 1kg	of	dry	algae	requires	1,8kg	of	CO2	(1*)	(Schmid-Staiger,	2009)	
• The	pond	has	a	25000m2	surface	and	30cm	depth.		
• Cp	(water)=	4,182	kJ/kg°C	
• Temperatures	of	the	complex:	Toutside=	5ºC	and	Trequired	pond=20ºC	
• The	 algae	 of	 the	 complex	 is	 Chlorella	vulgaris	 is	 50%	 proteins	 and	 these	

proteins	 will	 be	 the	 ones	 used	 for	 animal	 feed	 thanks	 to	 their	 high	
nutritional	properties.	

• 95%	of	the	algae	can	be	extracted	through	centrifugation	
	
A	2,5ha	pond	of	algae	will	require	4271	ton/year	of	CO2.	This	implies	that	around	
90%	 of	 the	 flow	 from	 the	 ethanol	 plant	 needs	 to	 reach	 the	 algae	 complex.	
Furthermore,	 the	 complex	 will	 require	 7500m3	 of	 WW	 from	 the	 wastewater	
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treatment	facility	after	every	harvest.	The	daily	mass	flow	of	algae	sent	for	animal	
feed	production	 is	 309kg/day.	 The	 biogas	 plant	will	 then	have	 an	 extra	 input	 of	
113tons/year	of	biomass	residues	from	the	algae	+	WWTP.	
	
	
{Scenario}	 Data	used/assumed	 Inputs	
Water	flow	 -	 7500m3/harvest	
CO2	stream	 1,8kg	CO2/kg	dry	algae	 4271	ton/year	of	CO2	
Table	10	Inputs	and	assumptions	for	the	algae	complex	

	
{Scenario}	 Data	used/assumed	 Outputs	
Sanitised	water	 No	major	water	leakages	 ≈7500m3/harvest	
Algal	growth	 95%	is	extracted	 226	tons/year	
Feed	for	fisheries	 50%	are	usable	proteins	 309	kg/day	as	food	
Biomass	production	 50%	 goes	 for	 biogas	

production	
113	tons/years		

Table	11	Outputs	of	the	algae	complex	

Finally,	note	that	the	pond	was	scaled	quite	reduced	as	a	start	for	the	scenario	but	
there	is	enough	CO2	availability	and	probably	also	enough	heat	suppliers	to	expand	
it.	However,	the	square	metre	in	the	area	might	be	very	expensive,	and	this	activity	
requires	lots	of	space.	The	availability	of	land	added	to	the	fact	that	adding	value	to	
algae	is	not	a	mature	technique	(and	then	carries	business	incertitude),	made	that	
one	remains	cautious	when	scaling	such	facility.		
	

	
Figure	14	Summary	of	inputs	and	outputs	of	the	algae	complex	

	

5.2.4	Wastewater	treatment	plant	

Lignin	stream	form	the	ethanol	plant	
	
In	 the	 ethanol	 production	 process,	 after	 the	 pre-treatment,	 there	 is	 a	 stream	 of	
lignin	 and	 untransformed	 cellulose	 from	 the	 straw	 that	 can’t	 be	 converted	 into	
sugar	(lignin	can	represent	around	25%	of	the	structure	of	wood	for	example).	In	
the	study	of	the	NREL	(Humbird	et	al.	2011),	this	stream	and	biomass	sludge	from	
a	WWTP	are	combusted	to	produce	electricity	and	heat.	This	allows	the	plant	to	be	
self-sufficient	in	energy	requirements	and	even	sell	surplus	electricity	to	the	grid.	
In	the	scenario,	 instead	of	adding	value	to	the	stream	of	 lignin	inside	the	plant,	 it	
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will	be	sent	to	the	WWTP	to	be	used	as	fuel	in	the	boiler.	Then,	the	costs	associated	
with	 installing	 this	boiler	 inside	 the	proper	plant	 is	avoided	but	 the	by-stream	is	
added	value	to	(see	Chapter	6).	Note	that	this	plant	could	be	the	existing	VA	SYD	
that	could	get	an	extra	input.		
	
As	a	conclusion	of	the	scenario,	one	explanatory	scheme	is	depicted.	Note	that	the	
different	 integrations	 and	 in	 particular	 the	 waste	 heat	 integration	 are	 further	
developed	in	the	next	Chapter.		
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Figure	15	Description	of	the	connections	developed	in	the	scenario	
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	6.	Highlighting	the	benefits	of	integration	
	
This	 chapter	 analyses	 the	 benefits	 (both	 economical	 and	 environmental)	 of	 the	
addition	of	these	actors	and	their	integration.	First	of	all,	the	biogas	plant	producing	
fuel	for	transportation	will	be	assessed	(1),	then	three	applications	for	heat	recovery	
will	 be	 studied	 (2):	 heating	 up	 digesters,	 algae	 ponds	 and	 producing	 steam	 out	 of	
existing	waste	heat	streams.	And	finally,	the	impact	of	the	use	of	the	stillage	from	the	
ethanol	plant	for	anaerobic	digestion	is	assessed	(3).		
	
The	potential	scenario	seems	to	be	feasible	according	to	bio-energy	potentials	of	
the	region	and	the	use	of	the	technology	available.	However,	one	needs	to	be	able	
to	quantify	the	benefits	of	such	integration.	For	this	matter,	both	the	economical	
and	environmental	benefits	will	be	looked	at.	

6.1.	Biogas	used	as	a	vehicle	fuel	

6.1.1.	Economic	aspects	
	
Biofuel	 used	 for	 transportation	 needs	 to	 be	 upgraded	 to	 natural	 gas	 quality,	
meaning	that	other	components	such	as	CO2	or	water	need	to	be	removed	from	it.	
Then,	it	also	needs	to	be	compressed	to	be	able	to	be	used	as	a	fuel.	Natural	gas	has	
been	 used	 lately	 in	 Europe	 as	 a	 vehicle	 fuel,	 mainly	 for	 public	 buses	 in	 France,	
Sweden	 and	 Italy.	 The	 technology	 currently	 exists	 as	 a	 bi-fuel	 (gasoline-Natural	
Gas)	and	for	dedicated	vehicles.	CNG	is	mainly	compressed	bio-methane.			
	
	According	to	the	Swedish	Gas	Council	(2005),	the	production	and	upgrading	of	the	
biogas	 vary	 in	 the	 range	 of	 3.50-4.50	 SEK/Nm3.	 Since	 in	 our	model,	 the	 biogas	
works	with	the	extra	stillage	of	the	ethanol	plant	and	uses	excess	heat	from	other	
industries,	one	will	suppose	that	the	costs	of	the	production	are	the	lowest.		
	
The	NSCA’s	report	(2006)	concluded	that	the	only	market	for	biogas	vehicles	that	
could	work	and	have	success	in	the	UK	is	for	heavy-goods	vehicles.	Working	with	
this	conclusion,	one	will	study	what	consequence	would	there	be	for	the	harbour	
of	Malmö	if	 its	trucks	ran	on	biogas.	On	WSP’s	report,	Cementa	AB,	HJ	Hansen,	IL	
Recycling,	 Lantmännen	C,	 Lantmännen	L,	Norcarb,	OKQ8,	Ragnsells,	 Stena,	 Stena	
Verkö,	Sysav	and	VA	SYD	claim	to	have	some	kind	of	heavy-goods	transportation	
on	trucks.	Some	of	them	report	more	than	100	trips	a	day,	others	that	80%	of	their	
production	is	transported	by	truck.		
	
Assumptions	for	the	calculations:	

• A	truck	approximately	consumes	28kg/100km	(1)	
• Each	truck	drives	20	000	km/year.		
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• The	price	of	CNG	was	15,86	SEK/kg	in	the	area	of	Malmö	in	October	2015	
(1)	 .	The	price	is	referred	to	kg	of	CNG.	In	order	to	compare	it	to	prices	of	
gasoline,	 one	 needs	 to	 use	 the	 equivalent	 factor:	 1	 kg	 CNG	 =	 1.5	 liters	 of	
gasoline.	

• In	the	scenario,	the	costs	of	production	and	upgrading	are	3,5	SEK/Nm3.	
• 1kg	of	CNG	has	13kWh	of	energy	(1)	

	
Then,	 a	 truck	 that	 drives	 annually	 20	 000km	 will	 consume	 5600	 kg	 of	
CNG/year.	 This	 means	 that	 according	 to	 the	 production	 of	 the	 scenario,	 the	
biogas	and	upgrading	plant	could	approximately	fulfil	the	needs	of	1100	trucks	
annually.		

	
Estimation	of	the	costs	of	producing	CNG	
Production	(SEK/Nm3)	 0,5	
Upgrading	(SEK/Nm3)	 2	
Compression	(SEK/Nm3)	 1	
Total	costs	(annual)	in	the	scenario	 47	millions	SEK	

Table	12	Estimation	of	the	costs	of	producing	CNG	

Estimation	of	incomes	for	the	biogas	+	up-grading	plant	
Trucks	 1100	
Km/year/truck	 20	000	
Customer	price	SEK/kg	 15,86	SEK/kg	
Income	(millions	SEK/year)	 97,8		
****	
NET	BENEFITS	(millions	SEK/year)	 50,8		

Table	13	Estimation	of	the	incomes	for	the	biogas	and	up-grdaing	plant	

From	 the	 biogas	 plant	 point	 of	 view,	 if	 the	 biofuel	 can	 be	 sold	 to	 the	 local	
stakeholders	at	15,86	SEK/kg	(prices	of	October	2015),	then	the	plant	has	positive	
net	benefits.		
	
Discussion	
	
Companies	that	purchase	 fuels	 for	their	vehicles	(which	trucks	run	on	biodiesel),	
could	reduce	costs	working	on	biogas.	The	analysis	of	the	NSCA	(2006)	highlighted	
that	 for	 light-duty	 vehicles,	 CNG	 (and	 potentially	 biogas)	 in	 the	 end	 is	 more	
expensive	than	diesel,	meaning	that	the	fuel	costs	savings	do	not	compensate	the	
additional	 costs:	 for	 re-engining	 the	vehicles	 for	example	and	other	maintenance	
costs.	 For	 heavy-duty	 vehicles,	 the	 CNG	 can	 still	 compete	 effectively	with	 diesel-
based	vehicles.	The	authors	 then	conclude	 that	 this	explain	why	 the	only	market	
for	 CNG	vehicles	 is	 for	 heavy-duty	 vehicles.	However,	 it	 is	 important	 to	mention	
that	the	major	inconvenient	that	biogas	has	as	a	fuel	is	that	for	long	distances,	the	
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tank	of	the	truck	would	be	too	bulky.	This	is	why	the	solution	seems	appropriate	
for	the	Northern	harbour	where	trucks	don’t	drive	around	the	whole	Sweden	but	
stay	relatively	close	to	the	municipality.		
	
Furthermore,	the	taxes	and	legislations	in	Sweden	are	in	favour	of	biogas	making	it	
even	 more	 interesting	 economically.	 Indeed,	 the	 CNG	 as	 a	 fuel	 benefited	 of	 an	
exemption	of	the	carbon	dioxide	tax	for	example.	The	framework	of	Malmö	makes	
it	 interesting	to	produce	biogas	from	the	region,	since	it	has	the	biomass	and	the	
customers	for	it.		
	

6.1.2.	Environmental	aspects	of	biogas-powered	vehicles	
	
When	 analysing	 the	 environmental	 impacts	 of	 an	 industrial	 activity,	 one	 can	
consider	the	boundaries	of	the	system	either	studying	the	impact	of	the	product	or	
the	 impact	 of	 producing	 this	 final	 product	 on	 the	 environment.	 For	 this	
assessment,	one	will	consider	the	whole	biogas	production	process	(referred	to	as	
“well-to-tank”)	and	the	final	use	of	the	fuel	(“tank-to-wheel”).		
	
	 Well-to-tank	 Tank-to-wheel	
	 Diesel	 Biogas	 Diesel	 Biogas	
GHG		(gCO2/km)	 1250	 -1250	 1000	 925	
Tons	CO2/year	Scenario	 50	000	 -50	000	 40	000	 37000	
GHG	reduction	 200%	 7,5%	
Table	14	Environmental	impact	assessment	with	two	approaches	

In	both	cases	there	is	a	reduction	of	the	GHG	emissions	when	using	biogas.	When	
taking	the	whole	production	process	perspective,	one	can	see	a	200%	reduction	in	
emissions.	The	reason	for	this	is	that	the	sludge,	manure	or	food	waste,	if	not	used	
for	biogas	production	would	produce	methane	emissions	(which	is	considered	as	a	
GHG!).	Then,	 if	 engines	are	powered	by	biogas,	not	only	 the	 fossil	 fuel	emissions	
are	avoided	but	also	potential	emissions	of	methane.		
	
This	 is	 why	 when	 looking	 at	 the	 picture	 of	 biogas	 production	 as	 a	 whole;	 it	 is	
potentially	good	for	the	harbour	area	to	replace	the	heavy-duty	trucks	that	work	
on	bio-diesel	by	biogas.		
	

6.2	Excess	heat	recovery	

6.2.1	Introduction	
	
One	 can	 improve	 an	 overall	 industrial	 process	 efficiency	 either	 by	 reducing	 the	
energy	 consumed	 by	 the	 equipment	 used	 (boiler,	 furnaces,	 reactors	 etc.)	 or	 by	
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capturing	 and	 re-using	 the	 lost	 heat	 that	 is	 inherent	 in	 all	 industrial	 activities.	
Indeed,	the	harbour	of	Malmö	has	at	 least	three	actors	that	stated	to	have	excess	
heat	streams	(under	different	forms)	willing	to	give	those	a	use.		
	
Both	 these	 applications	 enable	 a	 significant	 reduction	 of	 fossil	 fuel	 consumption	
that	 carry	out	 important	decrease	of	 the	costs	and	environmental	 impacts	of	 the	
activity.	Developing	heat	recovery	technologies	is	an	on-going	issue	to	solve,	as	one	
can	 always	 improve	 an	 existing	 recovery	 technology	 (to	 maximize	 recovery)	 or	
create	 a	 new	 one.	 However,	 both	 approaches	 will	 face	 economical	 and	
technological	constraints.		
	
Heat	can	either	be:	

- …	 re-used	within	 the	 same	 process:	 typical	 applications	 for	 that	 are	 pre-
heating	the	water	that	enters	a	boiler	for	example	so	the	energy	to	reach	a	
certain	temperature	is	lowered.		

- …transferred	 to	 another	 process:	 one	 example	 could	 be	 using	 a	 heat	
exchanger,	where	 a	 hot	 stream	 flue	 of	 gases	 transfers	 its	 heat	 to	 a	water	
stream	 for	 example	 that	 will	 be	 used	 in	 another	 process	 (US	 Dept.	 of	
Energy,	2008).		

	
In	the	framework	of	industrial	symbiosis	and	assuming	that	the	facilities	that	have	
excess	heat	can’t	find	a	use	within	their	own	plants	(which	seems	to	be	the	case),	
one	will	work	 in	 this	part	 of	 the	project	with	heat	 recovery	by	 transferring	 it	 to	
another	 facility.	Then,	 if	 two	 facilities	are	 fairly	 close	 to	each	other,	process	heat	
integration	offers	the	possibility	of	transferring	a	waste	heat	stream	(that	would	be	
rejected	 to	 the	 air	 otherwise),	 directly	 to	 another	 process.	 This	 implies	 that	
(almost)	 no	 extra	 input	 of	 energy	 is	 required	 for	 the	 second	process,	 optimizing	
resources	 and	 reducing	 the	 environmental	 impact	 of	 consuming	more	 fuels	 and	
rejecting	 heat	 to	 the	 atmosphere.	 As	 mentioned	 before,	 the	 major	 asset	 of	 heat	
recovery	is	the	avoidance	of	burning	additional	fossil	fuels.		
	
The	 assessment	 of	 the	 potential	 heat	 recovery	 for	 the	 harbour	 will	 be	 done	 by	
identifying	current	recovery	techniques	and	their	barriers,	and	using	these	results	
to	evaluate	the	feasibility	of	the	waste	heat	recovery	of	the	scenarios’	streams.	
	

6.2.2.	Factors	Affecting	Waste	Heat	Recovery	Feasibility	
	
Heat	recovery	feasibility	assessments	require	a	characterization	of	the	waste	heat	
stream	and	the	application	for	which	it	will	be	used.		
	
Focusing	 first	 on	 the	 waste	 heat	 stream,	 the	 following	 aspects	 of	 it	 should	 be	
analysed:	
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- Heat	quantity:	this	is	how	much	energy	the	stream	has.		
- Temperature:	this	is	a	measure	of	quality	and	will	affect	the	potential	uses	for	

the	stream	
- Nature:	 Its	 composition	 (water,	 air	 etc.)	 and	phase	 (gas,	 liquid)	will	 affect	 its	

own	capacity	of	transferring	heat.	(US	Dept.	of	Energy,	2008)	
	
This	 information	 added	 to	 the	 logistics	 of	 the	 transfer	 of	 the	 heat:	 distance,	
availability	etc.	are	also	required	in	the	assessment.	And	finally,	one	needs	to	look	
at	the	use	for	it	and	the	requirements	this	one	has.		
	

6.2.3.	Waste	Heat	sources	in	the	harbour	
	
Three	main	 actors	 stated	 to	 have	 great	 heat	waste	 streams.	 The	 following	 table	
summarizes	the	information	one	has	about	these	streams	taken	from	a	report	of	a	
Project	 Course	 in	 Environmental	 Engineering	 done	 at	 LiU	 (Klinteskog	 J.	 and	
Vincent	F.,	2014).	The	authors	interviewed	three	local	stakeholders	(E.ON,	SYSAV	
and	Norcarb)	and	gathered	the	information	below:	
	

	
Figure	16	Description	of	waste	heat	of	three	local	actors	

	
Using	this	information,	one	calculated	the	energy	content	of	these	flows	in	order	to	
study	possible	applications	for	them.	Since	enthalpy	is	not	an	absolute	value	(it	is	a	
magnitude	 measured	 to	 a	 reference),	 one	 chose	 Treference=25ºC,	 considering	 that	
under	this	temperature,	 the	stream	doesn’t	have	thermal	properties	that	one	can	
take	advantage	of	in	an	industrial	process.		
The	 result	 is	 the	estimation	of	 the	energy	content	of	 the	waste	heat	 flows.	Then,	
adding	new	facilities	in	the	harbour	created	new	options	for	the	use	of	these	waste	
heat	streams	listed	below.	
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Table	15	Quantification	of	the	heat	available	from	the	three	local	actors	

																																																								
§	When	working	with	an	average	T=15ºC,	the	temperature	of	this	stream	remains	
under	the	reference	temperature	of	enthalpy	chosen	to	be	Tref=25ºC.	Not	giving	
any	thermodynamic	interest.		
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Waste	recovery	options		
	
Once	 these	 different	 heat	 contents	 (under	 different	 forms)	 have	 been	 described,	
one	needs	to	take	a	look	at	the	main	options	one	has	to	re-use	the	heat.	Three	main	
ones	are	commented	and	described	(US	Dept.	of	Energy,	2008).		
	

1. Heat	 Exchangers:	 This	 first	 option	 might	 be	 the	 most	 common	 one.	 An	
example	for	this	application	will	be	using	the	heat	of	a	waste	stream	to	pre-
heat	 combustion	air	 entering	a	 furnace.	Then,	 since	 the	air	will	 enter	at	 a	
higher	 temperature,	 less	 fuel	 will	 be	 required.	 In	 heat	 exchangers,	 both	
flows	 don’t	 get	 in	 contact	 at	 any	 time,	 only	 heat	 is	 transferred.	 One	 can	
mention	also	the	 finned	tube	heat	exchangers	 in	which	the	transfer	is	done	
from	a	 gas	 to	 a	 liquid.	 Feed-water	 of	 certain	processes	 can	be	pre-heated	
this	way.	Finally,	still	in	this	category,	there	are	the	Waste	Heat	Boilers:	they	
use	exhaust	gases	to	generate	steam.	Waste	heat	boilers	are	available	 in	a	
variety	of	capacities	and	auxiliary	burners	can	be	added	if	greater	rates	of	
steam	are	needed.			

	
2. Low-Temperature	 Energy	 Recovery:	 there	 are	 many	 technologies	 that	

can	 achieve	 this	 but	 the	 most	 used	 one	 consists	 of	 extracting	 of	 a	 low	
temperature	 fluid	 and	 compressing	 it	 using	 a	 heat	 pump	 (higher	
temperature	and	lower	volume).	This	option	requires	the	use	of	electricity.	
The	 basic	 principle	 of	 a	 heat	 pump	 is	 using	 external	 inputs	 (usually	
electricity)	 to	 take	a	 fluid	at	a	 low	temperature,	and	by	applying	pressure	
variation,	 increase	 its	 temperature.	 These	 units	 are	 quite	 common	 in	
chemical	industries,	petroleum	refineries	etc.		

	
3. Power	 Generation:	 this	option	consists	of	using	 the	waste	heat	 to	 create	

mechanical	 energy	 that	 then	drives	an	electric	generator.	This	application	
has	 many	 limitations	 and	 is	 restricted	 to	 high-temperature	 waste	 heat	
sources.	

6.2.4.	Heat	recovery	assessments		

i.	Heating	system	for	digesters	
	
Digester	 heating	 systems	 can	 be	 divided	 mainly	 in	 two	 categories:	 the	 external	
ones	and	the	internal	ones.		
	
The	external	heating	systems	are	the	ones	that	pre-heat	the	input	substrate	before	
it	enters	the	digester	and	adjust	the	temperature	of	the	flow	to	the	one	required	for	
the	anaerobic	digestion.	Then	there	are	the	internal	ones,	which	are	more	used	in	
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general.	 These	 are	 heating	 pipes,	 spread	 through	 the	 wall	 of	 the	 digesters	 that	
carry	a	fluid	(usually	water)	to	heat	up	the	substrate	to	the	temperature	required.	
	
One	will	work	with	 internal	heating	systems	 for	 the	assessment.	The	principle	 is	
simple:	 energy	 is	 transferred	 from	 the	 fluid	of	 the	pipe	 to	 the	 substrate	across	a	
solid	surface	(in	this	case,	the	wall	of	the	pipes).		
	
According	 to	 the	 information	 provided	 previously,	 wastewater	 streams	 that	 are	
approximately	at	40ºC	are	available	in	the	harbour.	These	could	be	used	to	heat	up	
the	 digesters.	 The	 requirements	 are	 summarised	 in	 the	 table	 below.	 The	 heat	
required	 is	 estimated	 thanks	 to	 the	 data	 of	 the	 plant	 “Schnega”	 in	 Low-Saxony	
(Germany)	where	each	one	of	the	two	digesters	has	a	volume	of	2493m3.	The	plant	
uses	heating	pipes	installed	right	at	the	digester	wall	and	100kW	are	required	per	
digester	to	maintain	the	temperature	at	38ºC	(Schubert,	2012).	The	digester	of	the	
scenario	 is	 slightly	 bigger.	 So	 one	 can	 assume	 that	 the	 amount	 of	 extra	 energy	
required	for	the	digester	of	the	scenario	will	be	proportional.	
	

Heating	up	a	bio-digester	
Temperature	required	 38	 ºC	
Number	of	digesters	 2	 -	
Volume	of	digester	 4000	 m3	
Energy	required/bio-digester	 1,16	 GWh/year	
Table	16	Estimation	of	the	heat	required	for	heating	up	the	digester	

Option	1	
	
In	order	to	produce	hot	water	for	the	circulation	circuit	of	the	bio-digester,	one	can	
use	a	boiler	(fired	by	burning	fuel).	Approximately	2,32	GWh/year	are	required	to	
heat	up	the	bio-digester.	
	
Assumptions	for	the	calculations:	

• The	efficiency	of	the	boiler	is	80%	
• The	boiler	uses	natural	gas	as	a	fuel	
• The	heating	circuit	is	made	of	stainless	steel	pipes,	and	the	transfer	is	done	

from	the	pipe	surface	to	the	substrate.	
	
Option	1	 Heating	up	the	bio-digester	
Fuel	to	boiler	required	 3	 GWh/year	
Price	of	NG	in	2012	(Eurostat,	2014)	 0,055	 €/kWh	
Costs	in	NG/year	for	boiler	 165	000	 €/year	

Table	17	Using	a	boiler	for	the	biodigester	heating	
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Figure	17	Description	of	Option	1	for	the	heating	of	the	biodigesters		

	
If	a	boiler	will	be	used	to	warm	up	the	water,	then	only	in	fuel	costs,	it	will	imply	
1,56	MMSEK	 (if	 the	 exchange	 rate	 is	 1€	à	 9,44SEK).	 Furthermore,	 the	 use	 of	 a	
boiler	 implies	burning	 fossil	 fuels,	 increasing	 the	global	environmental	 impact	of	
the	biogas	plant.		
	
Heating	 up	 the	 bio-digesters	 implies	 the	 surplus	 production	 of	 approximately	
3GWh/year.		
	
Option	2		
	
Since	 there	are	heat	 streams	available,	 it	 is	worth	 to	assess	 if	 the	use	of	a	boiler	
could	eventually	be	avoided.		
	
In	order	to	heat	up	the	bio-digesters	of	the	scenario,	the	stream	from	SYSAV	will	be	
used:	45m3/h	water	stream	from	the	CHP	plant	 that	 is	within	 the	range	35-45ºC	
carrying	5,62GWh/year.	
	
Assumptions	for	the	calculations:	
• The	water	stream	is	directly	driven	through	pipes	to	the	circulation	system	of	

the	digester.		
• The	 heating	 circuit	 is	made	 of	 stainless	 steel	 pipes,	 and	 the	 transfer	 is	 done	

from	the	pipe	surface	to	the	substrate.		
• The	 heat	 that	 is	 actually	 transferred	 to	 the	 bio-digester	 is	 estimated	 to	 be	

around	65%,	since	heat	losses	happen	in	the	transport.	
	

Heat	recovery		
Energy	flow/	bio-digester	 2,81	 GWh/year	
Temperature	(average)	 40	 ºC	
Efficiency	of	heat	transfer	 65	 %	
Energy	transferred/bio-digester	 1,83	 GWh/year	

Table	18	Using	heat	recovery	for	heating	up	the	digesters	
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Discussion	
	
The	costs	of	the	installation	of	the	internal	heating	circuits	haven’t	been	taken	into	
account	since	 it	will	be	 the	same	 in	both	cases.	What	 is	 interesting	 in	option	2	 is	
that	the	energy	content	of	the	water	from	SYSAV	is	actually	enough	considering	a	
worst-case	scenario	where	only	65%	of	the	heat	is	transferred	from	it.	This	means	
that	 heating	 up	 the	 bio-digesters	 could	 be	 actually	 done	with	no	 surplus	 of	 heat	
production	 required!	 This	 implies	 that	 no	 boiler	 would	 be	 installed	 (less	 initial	
costs),	 no	 burning	 of	 fossil	 fuels	 and	 that	 there	 is	 an	 energy	 avoidance	 of	 3	
GWh/year	thanks	to	the	heat	recovery.		
	
	

ii.	Steam	production	for	the	ethanol	plant	
	
One	of	the	most	heat-demanding	steps	of	the	ethanol	production	is	the	steam	pre-
treatment	(where	high	temperature	vapour	is	applied	on	the	biomass	to	break	its	
structure).	The	requirements	of	the	process	are	summarised	in	the	table	below.	
	

Steam	pre-treatment	
Energy	requirement	 4348	 MJ/ton	biomass	
Annual	straw	input	 205000	 Tons	biomass/year	
Total	energy	required	 247,6	 GWh/year	

Table	19	Steam	pre-treatment's	energy	requirement	

When	looking	at	the	waste	heat	available	in	the	harbour,	one	can	see	that	the	flue	
gas	 from	 E.ON	 can	 provide	 the	 input	 required	 and	 also	 that	 Norcarb	 has	 waste	
vapour	 streams	 available.	 For	 steam	 production	 at	 120ºC	 as	 the	 ethanol	 plant	
required,	the	most	appropriate	method	to	recover	the	heat	is	by	using	a	heat	pump	
(the	temperature	is	too	low	for	other	uses).	
	
Feasibility	assessment	
	
Using	a	heat	pump	has	technical	limitations	since	the	heat	available	is	in	the	form	
of	 gases	 at	 80ºC,	 while	 steam	 at	 120ºC	 is	 required	 for	 the	 pre-treatment	 in	 the	
ethanol	plant.	It	is	in	this	type	of	cases,	where	a	heat	pump	provides	solutions	for	
“upgrading”	and	 then	gives	a	use	 for	 the	heat.	Then,	 the	 installation	of	 such	unit	
will	depend	on	the	temperature	 lift	required.	 Indeed,	 the	electricity	 that	 the	heat	
pump	 requires	 will	 depend	 on	 the	 how	 much	 the	 temperature	 needs	 to	 be	
increased.	 The	 basic	 reflection	 that	 then	 needs	 to	 be	 done	 is:	 if	 the	 heat	 pump	
requires	 providing	 a	 great	 amount	 of	 electricity	 (so	 that	 the	 fluid	 reaches	 the	
temperature	 sought),	 from	 an	 economical	 point	 of	 view,	 it	 might	 be	 more	
interesting	to	use	a	boiler	to	produce	the	steam	(US	Dept.	of	Energy,	2003).		
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Two	cases	will	be	studied	for	the	steam	production	at	the	ethanol	plant:		
• Option	1:	Produce	steam	within	the	plant	(this	is	basically	done	by	using	a	

boiler	that	warms	up	a	fluid	by	burning	fuels)	
• Option	2:	Do	heat	recovery	using	a	heat	pump	
	

Option	1	
	

As	 mentioned	 before,	 to	 produce	 the	 steam	 required,	 one	 needs	 to	 produce	
247,6	GWh/year		(≈248	GWh/year)	of	heat	by	burning	fuels	in	a	boiler.		
Suppositions	for	the	calculations:	

• The	boiler	uses	natural	gas	as	a	fuel	
• Its	efficiency	is	80%	

	
Option	1	 Steam	production	for	ethanol	plant	
Fuel	to	boiler	required	 310	 GWh/year	
Price	of	NG	in	2012	(Eurostat,	2014)	 0,055	 €/kWh	
Costs	in	NG/year	for	boiler	 17,1	 M€/year	

Table	20	Using	a	boiler	for	the	steam	pre-treatment	

	

	
Figure	18	Description	of	option	1	for	the	steam	pre-treatment	

	
Only	 in	 fuel	 for	 the	 boiler,	 the	 ethanol	 plant	 will	 require	 and	 input	 of	 310	
GWh/year.	If	this	is	done	by	burning	NG,	this	implies	costs	only	for	the	fuel	of	17,1	
M€/year	(or	161	MSEK/year	if	the	exchange	rate	is	1€	à	9,44SEK).		
	
Option	2	
	
For	option	2,	one	will	 suppose	 that	 the	heat	pump	takes	 in	 the	heat	of	 the	waste	
stream	 from	E.ON,	upgrades	 it	 and	 transfers	 it	 to	 the	 vapour	 stream	of	Norcarb.	
Benefits	 such	 as	 re-using	 existing	 streams	 and	 take	 advantages	 of	 their	
temperatures	above	ambient	are	key	aspects	for	choosing	them.	
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The	 following	 scheme	 describes	 the	 heat	 flows	 and	 their	 temperatures.	
Explanations	 of	 the	methods	 used	 for	 the	 calculations	will	 follow	 right	 after	 the	
figure.		
	

	
The	 use	 of	 a	 heat	 pump	 will	 enable	 great	 energy	 savings.	 The	 following	 lines	
summarize	the	assumptions	that	needed	to	be	taken	for	the	estimation:	
	
- The	flue	gases	from	E.ON	are	used	to	heat	the	working	fluid	of	the	heat	pump,	

not	 requiring	any	extra	burning	 fuel	 or	 electricity.	 It	 is	 the	heat	 transfer	 that	
occurs	in	the	evaporator:	

QEVAPORATOR=	mE.ON	·	Cp(air)	·	∆THEAT	SOURCE	
QEVAPORATOR=	2,34	(kg·h-1)	·	1,008	(kJ·kg-1ºC-1)	·	(80-20)	(ºC)	
à	QEVAPORATOR	=	141500	MJ/h	
	
- The	 vapour	 stream	 from	 Norcarb	 is	 re-used.	 This	 assumes	 that	 the	 vapour	

stream	 from	 Norcarb	 has	 no	 hazardous	 components	 that	 would	 affect	 the	

Figure	19	Description	of	a	Heat	Pump	used	in	the	steam	pre-treatment	(option	2)	
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biomass	for	the	ethanol	production.	Since	the	purpose	if	the	pre-treatment	is	to	
“break”	the	cellulosic	structure,	one	will	assume	that	the	vapour	is	safe	enough	
to	be	used.			

	
- By	using	the	vapour	from	Norcarb,	one	takes	advantage	of	the	temperature	of	

the	 vapour:	 indeed,	 instead	 of	 heating	 a	 volume	 of	 water	 at	 ambient	
temperature	to	produce	120ºC	steam,	the	heat	pump	will	heat	the	vapour	from	
Norcarb	reducing	the	temperature	lift	and	then	making	it	feasible	to	reach	the	
temperature	required.	One	will	assume	that	the	vapour	stream	from	Norcarb	is	
at	100ºC.	Since	the	vapour	comes	from	high-demanding	temperatures	process,	
and	 that	 it	 is	 at	 “vapour”	 phase,	 it	 seems	 reasonable	 to	 assume	 this	 for	 low	
pressure.		

	
In	order	to	estimate	the	work	(or	electricity	required)	in	the	compressor,	one	can	
work	with	 the	Coefficient	Of	Performance	(COP)	of	 the	unit.	For	an	 ideal	system,	
the	 COP	 is	 defined	 by	 the	 temperature	 delivery	 of	 a	 fluid	 (TOUT)	 and	 the	
temperature	lift	(TOUT	-	TIN):	COPideal_HP=	QOUT/WIN	=	TOUT	/	TOUT-	TIN	
	
The	 values	 of	 the	 temperatures	 are	 given	 in	 ºRankine.	 And	 the	 real	 value	 of	 the	
COP	of	a	Heat	Pump	is	estimated	to	be	70%	of	the	ideal	one.	And	by	rearranging	
the	formulas,	one	can	estimate	the	work	input	for	the	compressor:	
à	WIN=	QEVAPORATOR/(COPHP-1)	
	

Compressor	requirements	
TIN=55ºC	 590ºR	
TOUT=130ºC	 725ºR	
COPideal_HP	 5,4	
COPHP	 3,75	
Electricity	for	compressor	 103	GWh/year	

Table	21	Compressor	requirements	

Then,	once	the	estimation	for	the	energy	requirement	is	done,	one	can	estimate	the	
costs	of	using	a	compressor	to	produce	the	steam	with	the	heat	integration.	
	

Option	2	 Steam	production	for	ethanol	plant	
Electricity	to	compressor	 103	 GWh/year	
Price	 of	 electricity	 in	 2012	
(Eurostat,	2014)	

0,075	 €/kWh	

Costs	in	electricity	for	compressor	 7,7	 M€/year	
Table	22	Costs	associated	with	the	use	of	a	Heat	Pump	
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CO2	emissions	
	
One	 important	 reflection	 that	 is	worth	 to	 do	when	 using	 a	 heat	 pump	 is	 also	 to	
wonder	 how	 the	 electricity	 used	 in	 the	 compressor	 is	 produced.	 From	 an	
environmental	point	of	view,	one	can	want	to	recover	the	waste	heat	but	by	doing	
so,	much	more	CO2	will	be	emitted	when	considering	the	process	as	a	whole.		
	
Indeed,	 using	 the	 values	 of	 emissions	 for	 different	 fuel	 carries	 (Andersson	 et	 al.,	
2014),	one	can	calculate:	
	
Energy	Carrier	 Value	(kg	CO2/year)	 Assumptions	
Electricity	 722	 Produced	from	coal	
Heat	 287,5	 Natural	gas	boiler	with	0,8	efficiency	

	
Steam	production	 CO2	emitted	(tons	CO2/year)	
Option	1	 NG	Boiler	with	0,8	efficiency	 89	125	
Option	2	 Compressor	using	electricity		 74	366	
Table	23	CO2	emissions	associated	with	the	two	option	for	steam	pre-treatment	production	

The	global	emissions	 from	the	heat	recovery	option	are	still	 lower	 than	 the	ones	
when	 a	 Natural	 Gas	 boiler	 is	 used	 to	 produce	 the	 heat.	 However,	
∆tons(CO2)=14750	annually,	 that’s	 around	17%	of	 reduction	 in	 emissions.	 Every	
kind	of	reduction	in	CO2	emissions	is	appreciated	of	course,	however,	the	point	is	
to	keep	a	global	perspective	when	developing	new	activities.	Using	electricity	for	a	
compressor	 to	 re-use	 waste	 heat,	 instead	 of	 producing	 it	 from	 scratch	 with	 a	
natural	gas	boiler	 could	 from	 life-cycle	perspective	affect	more	 the	environment.	
Especially	 if	 the	electricity	comes	from	burning	imported	coal	 for	example	or	the	
boiler	uses	biogas.		
	
Discussion	
	
By	using	a	heat	pump	instead	of	producing	the	steam	from	scratch,	at	least	around	
10M€/year	 can	 be	 saved	 only	 by	 not	 purchasing	 any	 natural	 gas	 for	 the	 boiler.	
However,	estimating	cost	savings	is	very	challenging	and	can	be	a	whole	project	on	
its	 own!	 This	 is	 the	 reason	 why	 the	 estimation	 has	 been	 simplified.	 For	 the	
calculations,	the	actual	costs	of	installing	the	units	and	their	maintenance	have	not	
been	taken	into	account.	The	logistics	(heat	losses	in	transferring	from	one	plant	to	
the	other	because	of	the	distance)	haven’t	been	studied	either.	This	was	accepted	
in	order	to	decrease	the	number	of	assumptions.	Indeed,	lacking	information	about	
exact	costs	of	installation	and	distances	between	plants,	one	would	have	needed	to	
suppose	them.	 In	order	to	avoid	that,	a	simple	model	has	been	chosen.	However,	
the	reader	needs	to	keep	in	mind	that	they	could	affect	considerably	the	economics	
of	 such	 installation.	 Furthermore,	 in	 the	 case	 of	 using	 a	 boiler,	 there	 is	 the	
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incertitude	of	fuel	prices,	which	is	something	to	take	into	account	also.	In	the	case	
of	 using	 a	 heat	 pump,	 the	 incertitude	 lies	 on	 the	 availability	 of	 the	 waste	 heat	
streams.		
	
Then,	the	aim	of	this	estimation	wasn’t	to	give	a	comprehensive	study	of	the	use	of	
the	waste	 streams	 from	E.ON	and	Norcarb	but	 a	 starting	point.	 Indeed,	 adding	 a	
new	facility	in	the	harbour	opens	up	possible	uses	for	the	heat	that	does	not	have	
any	utility	 for	now.	 If	one	 takes	 into	account	 the	 two	options,	 there	 is	an	annual	
amount	of	145	GWh/year	that	do	not	require	to	be	produced	in	the	harbour	thanks	
to	 the	heat	pump	and	 the	existing	waste	heat	 streams.	This	 implies	 that	one	can	
add	 a	 new	 facility	 that	 adds	 value	 to	 the	 local	 biomass	 without	 increasing	
considerably	 the	 global	 energy	 requirements	 of	 the	 harbour	 and	 in	 addition	 to	
that,	reducing	the	waste	heat	loss	of	the	activities.			
	

Energy	avoided	with	heat	recovery		
(Steam	for	ethanol	production)	

145	GWh/year	

	

iii.	Heating	up	the	algae	pond	
	
According	to	the	model	of	the	scenario,	the	pond	has	the	following	requirements.	
	

Algae	pond	requirements	
Temperature		 20	 ºC	
Surface	of	the	pond	 200x125	 m	
Depth	 30	 cm	

Table	24	Algae	pond	energy	requirements	

The	first	step	is	to	estimate	the	amount	of	heat	that	the	pond	will	require	in	order	
to	 see	 if	 the	 actors	 of	 the	 harbour	 could	 provide	 it.	 The	 pond	 is	 open	 to	 the	
surrounding	air	 (TOUT=5ºC)	and	because	of	 that	 it	will	 loose	heat:	 there	will	be	a	
convective	heat	transfer	from	the	surface	of	the	water	to	the	air	(since	the	pond	is	
warmer:	 	TPOND=20ºC).	The	heat	provided	should	be	able	to	compensate	the	heat	
loss	to	the	ambient.		
	
The	 following	 figure	 illustrates	 the	pond	and	the	heating	system	chosen.	The	hot	
water	flows	through	pipes	inside	de	pond.	Its	temperature	is	higher	than	the	pond	
so	 there	 is	 a	 heat	 transfer	 QADDED	 from	 the	 hot	 water	 to	 the	 water	 in	 the	 pond	
through	 the	 surface	 of	 the	 pipe.	 The	 heat	 that	 the	 water	 in	 the	 pipeline	 carries	
should	be	greater	than	the	heat	losses	so	that	the	temperature	of	the	pond	remains	
stable.		
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Figure	20	Description	of	the	eating	system	of	the	pond	

	
Assumptions	made	for	the	calculations:	
• The	pond	is	 insulated	on	the	bottom	and	walls.	Heat	 losses	occur	through	the	

surface.	 Indeed,	 since	 the	 temperature	 of	 the	 water	 is	 higher	 than	 the	
surrounding	 air,	 there	will	 be	 a	 convective	 heat	 transfer	 (from	water	 to	 air)	
only:	QCONV=	A	·	h	·	∆T.	Where	A	is	the	surface	of	the	pond,	h	is	the	convective	
heat	transfer	coefficient	and	∆T=	TPOND	–	TOUT.	

• TOUT=5ºC		and	the	wind	has	an	average	speed	of	5,5m/s	in	Sweden	
	
In	order	to	calculate	QLOSS	one	needs	to	calculate	first	the	convective	heat	transfer	
coefficient	 h.	 The	 method	 used	 is	 based	 on	 the	 principle	 of	 convective	 heat	
transfer.	And	the	calculations	are	done	in	three	steps:	

ü Calculation	of	the	Reynolds	(Re)	for	the	case	of	mixed	flow.	Re=	(d	·	V·	L)/µ	
ü Depending	 on	 the	 value	 of	 Re	 one	 will	 choose	 one	 empirical	 formula	 to	

calculate	the	Nu.		
	

	In	the	case	of	107<Re<109:	Nu=	[0,228·Re·	(log10Re)-2,584-872]·Pr1/3	
ü Once	the	Nu	is	calculated,	h=	Nu·k/L	
ü Properties	 of	 air,	 empiric	 formulas	 and	methodology	 to	 estimate	 heat	 are	

taken	from	the	heat	transfer	reference	book	Incropera	(1999).		
	
Air	Properties	 T=5ºC	
Density	(kg/m3)	 1,269	
µ	(N·s/m2)	 0,00001754	
k	(W/m·K)	 0,02401	
Pr	 0,735	
L	(m)	 200	
V	(m/s)	 5,5	
Table	25	Air	properties	used	for	calculations	and	convective	heat	trasnfer	estimation	

Convective	heat	transfer	estimation	
Re	 7,96·107	
Nu	 77665	
h	(W/m2·K)	 9,32	
QCONV	 25,3	GWh/year	
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Once	 the	 heat	 loss	 is	 estimated,	 one	 knows	 the	 amount	 of	 energy	 the	 pond	will	
require.	There	are	two	options	to	provide	the	heat:	either	produce	it	from	scratch	
(a	 boiler	 heats	 up	 fresh	 water	 and	 it	 is	 then	 driven	 through	 the	 pipelines)	 or	
recover	the	heat	from	another	actor	of	the	industrial	park.	Since	the	viability	of	the	
algae	complex	is	based	on	the	integration,	one	won’t	consider	producing	the	heat	
from	scratch.		
	
When	looking	at	the	availability	of	waste	heat	in	the	harbour,	E.ON	seems	to	have	
an	 excess	 flow	 of	 700m3/h	 of	 medium-temperature	 (40ºC)	 water	 containing	
approximately	87,4	GWh/year.	Using	this	stream	to	heat	the	algae	pond	can	be	a	
good	opportunity	for	the	harbour.		
	
The	heat	balance	would	then	be:	QTOTAL	=	(QADDED	–	QLOSS)	–	QCONV;	where	QADDED	is	
the	heat	added	by	the	hot	water	circulation	from	E.ON,	QLOSS	is	the	heat	lost	in	the	
pipelines	 from	the	source	at	E.ON	until	 it	 reaches	 the	pond	and	QCONV	 is	 the	heat	
lost	through	the	surface	of	the	pond	(calculated	previously).		
	
Lacking	 information	 about	 the	 exact	 distances	 of	 the	 infrastructures,	 the	 type	 of	
pipelines	etc.	and	in	order	to	add	more	assumption,	one	will	express	QLOSS=	x	(%)	·	
QADDED	.	If	the	initial	temperature	of	the	water	is	actually	20ºC,	then	to	maintain	it	
constant	(meaning	to	compensate	only	QCONV),	QTOTAL=0.	In	that	case,	28,6%	of	the	
heat	stream	from	E.ON	needs	 to	make	 it	 to	 the	pond.	With	 the	correct	 insulation	
and	 a	 fair	 distance	 this	 (and	 actually	 a	 higher	 percentage)	 of	 transfer	 should	 be	
achieved.	 Furthermore,	 if	more	 heat	 is	 transferred	 to	 the	 pond,	 the	water	might	
reach	a	higher	temperature	but	 this	 is	won’t	affect	 the	algal	growth	as	T=20ºC	 is	
the	minimum	temperature	required	for	them	to	actually	live.		
	
Finally,	note	 that	 there	 is	 the	possibility	of	 amplifying	 the	pond,	 since	enhancing	
the	percentage	of	heat	transferred	from	the	E.ON’s	hot	water	seems	feasible.	
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6.3	Stillage	integration	

6.3.1.	Surplus	of	biogas		
	
Besides	the	food	waste	and	sludge	from	Malmö	area,	treating	the	stillage	from	the	
ethanol	 plant	 on	 anaerobic	 digestion	 in	 the	 biogas	 plant	 provides	 a	 bioenergy	
surplus	that	can	be	beneficial	for	the	biogas	plant.	As	calculated	previously,	thanks	
to	the	stillage,	extra	3.14	millions	of	m3	of	raw	biogas	can	be	produced		
	
Biogas	source	 Annual	raw	biogas	production		

(millions	of	m3)	
Food	waste	and	sludge	 13,4		

Stillage	integration	 3,14	
TOTAL	 16,14	
Table	26	Including	the	stillage	in	the	biogas	production	

Integrating	the	stillage	 from	the	ethanol	plant	 implies	that	 the	biogas	 facility	will	
produce	 19%	more	 biogas	 that	 if	 it	 only	worked	 on	 the	 raw	materials	 form	 the	
area.	
	
Then,	the	costs	of	production	will	increase	but	also	more	biogas	will	be	produced.	
When	evaluating	the	costs	of	the	overall	process:	
	
Estimation	of	the	costs	of	producing	CNG	with	stillage	integration	
Production	(SEK/Nm3)	 0,5	
Upgrading	(SEK/Nm3)	 2	
Compression	(SEK/Nm3)	 1	
SURPLUS	raw	biogas	production	(millions	of	m3)	 3,14	
Costs	(annual)	of	the	stillage	integration		 11	
Table	27	Estimation	of	the	costs	of	producing	CNG	with	stillage	integration	

• 1Nm3	of	raw	biogas	(60%	of	methane)	contains	6,0	kWh	of	energy.		
	
Estimation	of	incomes	for	the	biogas	+	up-grading	plant	 SURPLUS	 from	 the	

stillage	integration	
Trucks	 1100	 260	
Km/year/truck	 20	000	
TOTAL	CNG	required	(tons/year)	 6160	 1456	
Customer	price	SEK/kg	 15,86	
Income	(millions	SEK/year)	 97,7	 23,1	
*			*			*			*	
NET	BENEFITS	(millions	SEK/year)	 50,8	 12,1	
Table	28	Estimation	of	the	incomes	for	the	biogas	production	with	the	stillage	integration	
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When	 there	 was	 no	 integration	 of	 the	 stillage,	 80,2	 GWh/year	 of	 biogas	 were	
produced	 (food	 waste	 and	 sludge).	 With	 the	 stillage,	 extra	 18,8	 GWh/year	 are	
produced.	 This	 implies	 that	 when	 adding	 the	 stillage	 for	 anaerobic	 digestion,	
around	 19%	 of	 the	 total	 raw	 biogas	 produced	 is	 actually	 from	 the	 ethanol	
production.	

6.3.2.	Discussion	
	
Stillage	integration	implies	the	installation	of	pipelines	between	the	two	plants	for	
the	 transportation	 of	 the	 stillage	 and	 the	 costs	 of	 that	 haven’t	 been	 taken	 into	
account.	No	precise	information	has	been	found	about	it	and	these	would	add	too	
many	 assumptions	 in	 the	 calculation	 (since	 the	 distances	 between	 plants	 in	 not	
known	either).	The	costs	of	such	installation	can	increase	the	costs	of	production	
and	reduce	the	benefits.	
	
However,	 despite	 some	uncertainties,	 stillage	 integration	 for	 anaerobic	digestion	
has	proven	to	be	technically	possible	and	economically	feasible	(Tadeu	Fuess	et	al.,	
2015).	 The	 authors	 highlight	 that	 this	 integration	 reduces	 the	 total	 sludge	
generated	by	the	ethanol	plant,	reducing	the	amount	of	matter	sent	to	wastewater	
plants.	This	is	a	major	benefit	in	the	cases	of	regions	with	intense	activities	a	little	
space.	However,	driving	the	stillage	to	the	wastewater	treatment	facility	could	also	
imply	that	after	cleansing,	the	water	can	be	re-used	for	agriculture	purposes	(since	
the	content	of	water	 in	stillage	 is	90%)	(Murphy	and	Power,	2008).	 	Each	region	
has	its	main	requirements	and	priorities,	and	it	is	its	decision.		
	
The	stillage	integration	implies	an	extra	annual	benefit	of	12,1	millions	SEK/year.	
This	surplus	of	production	can	fulfil	the	tanks	of	260	extra	heavy-duty	trucks.	One	
can	 find	here	 an	opportunity	 for	 the	Malmö	city	buses.	These	 could	be	 the	main	
beneficiaries	of	this	extra	of	production.	Indeed,	this	would	make	sense,	according	
to	 the	 objective	 of	 the	 city	 of	 Malmö	 to	 be	 a	 clean	 city	 and	 the	 kind	 of	
transportation	that	buses	do.	Like	in	Linköping,	the	buses	could	fulfil	their	tanks	at	
night,	 in	 order	 to	 be	 operative	 during	 the	 days.	 This	 method	 has	 proven	 to	 be	
effective	and	then	the	city	benefits	from	a	lower	dependency	on	fossil	fuels.		
	
From	an	environmental	point	of	view,	adding	the	stillage	to	biogas	production	will	
avoid	 sending	 the	 stillage	 to	 wastewater	 plants	 but	 also	 enhance	 the	 biogas	
production	 that	will	be	used	 to	 replace	 fossil	 fuels	 in	 transportation.	Then,	 there	
are	two	major	benefits,	decreasing	the	environmental	impact	of	the	ethanol	plant	
and	the	burning	of	fossil	fuels.		
	
In	 conclusion,	 stillage	 integration	 seems	 to	 be	 an	 excellent	 opportunity	 for	 the	
harbour	 of	Malmö	 that	 can	 find	 uses	 for	 the	 extra	 biogas	 production	 in	 the	 city	
buses.	The	benefits	for	the	environment	are	also	a	major	asset	for	this	integration	
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as	 they	 reduce	 sludge	 generation	 (and	 disposal)	 by	 doing	 materials	 recovery,	
reducing	the	use	of	fossil	fuels	in	the	city.	
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7.	Conclusions	and	future	research		
	
This	chapter	revisits	the	research	questions	established	in	the	introduction	(1)	and	
explores	the	different	answers	found	for	them.	Then,	a	final	reflection	is	done	on	what	
was	learned	in	this	project	(2).	And	finally,	there	is	an	opening	for	the	next	step	after	
this	project	(3).		
	

7.1	Revisiting	the	research	questions		
	
The	 main	 objective	 of	 this	 project	 was	 to	 develop	 a	 scenario	 for	 the	
implementation	of	a	bio-based	network	of	the	harbour	of	Malmö.		
	
The	following	lines	are	a	recapitulation	of	the	main	answers	found	to	the	research	
questions	that	have	been	proposed	in	the	first	chapter.	
		

• RQ	 1:	 Why	 should	 Malmö	 implement	 a	 bio-industrial	 park	 based	 on	
symbiosis?	

	
- The	shift	towards	integrated	industrial	bio-based	economies	is	a	reality	in	

Europe.	Relevant	city-ports	such	as	Rotterdam	or	Ghent	are	developing	bio-
based	 approaches	 adding	 up	 different	 types	 of	 connections	 between	 the	
local	actors.		

- Malmö	has	the	potential	to	develop	an	80,2GWh	biogas	plant	that	would	use	
the	sludge	and	the	food	waste	of	the	city.	 In	addition	to	that,	the	region	of	
Skåne	has	an	amount	of	818000	tonnes/year	of	cultivation	remains	that	are	
straw-based.	 The	 region	 has	 then	 enough	 potential	 to	 build	 bio-based	
industries.	

	
	

• RQ	2:	What	potential	newcomers	should	be	implemented?	
	
According	to	 the	potential	 identified	 in	 the	region	and	 in	order	 the	exploit	 it,	 the	
implementation	of	the	following	new	activities	has	been	considered:		

- A	biogas	plant	that	would	produce	biogas	out	of	the	wastes	of	the	area	
- A	lignocellulosic	ethanol	plant	that	would	produce	ethanol	out	of	the	forest	

and	agricultural	residues	of	the	region.	
- An	 algae	 complex	 that	 would	 add	 value	 to	 waste	 streams	 existing	 in	 the	

harbour	while	creating	a	new	business	concept.	This	infrastructure	requires	
to	be	connected	to	a	WWTP	in	order	to	be	feasible.			
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• RQ	3:	What	connections	can	be	developed?	

	
Synergies	 between	 actors	 in	 a	 bio-park	 can	 be	 the	 key	 to	 energy	 and	 resource	
optimisation	and	sustainability.	That	is	the	reason	why	those	have	been	studied.		
	
In	 particular,	 connections	within	newcomers	 and	between	 them	and	 the	 current	
actors	have	been	developed.	

- The	 biogas	 plant	 is	 connected	 to	 the	 local	 agricultural	 farms	 and	 the	
municipality	that	provide	the	input	raw	material.	Furthermore,	SYSAV	will	
provide	with	 its	waste	 heat	 in	 order	 to	 lower	 the	 energy	 need.	 The	 algae	
complex	 drives	 its	 residual	 biomass	 and	 the	 ethanol	 plant	 its	 stillage	 in	
order	to	increase	the	biogas	production.	The	biogas	will	be	up-graded	and	
used	as	a	transport	fuel	by	local	companies.		

- The	ethanol	plant	will	use	heat	from	Norcarb	and	from	E.ON	Öresundsverket	
for	 the	 pre-treatment,	 reducing	 the	 energy	 requirements	 of	 the	 plant.	 In	
addition	 to	 that,	 the	 plant	 will	 furnish	 its	 CO2	 to	 the	 algae	 complex.	 And	
finally,	a	closed	loop	of	water	exchange	with	a	WWTP	is	planned	in	order	to	
reduce	the	water	consumption	of	the	plant.		

- The	 algae	 plant	 is	 connected	 to	 a	 WWTP	 that	 provides	 for	 water	 rich	 in	
nutrients.	 It	 will	 use	 the	 heat	 from	 E.ON	 Öresundsverket	 to	 warm	 up	 its	
ponds	 and	 the	 CO2	 from	 the	 ethanol	 pant.	 Finally,	 the	 algae	 facility	 will	
provide	 with	 High	 value	 algae	 to	 the	 local	 chemical	 sector	 and	 residual	
biomass	to	the	biogas	plant.		

	

	
Figure	21	Summary	of	the	local	actors,	newcomers	and	the	connections	developed	in	the	scenario	



	

	

	 Building	up	a	bio-based	synergetic	industrial	network	in	the	Northern	
Harbour	of	Malmö	

	
	 	

91	

• RQ	4:	What	benefits	will	this	implementation	bring	to	the	local	environment	
and	business	activities?	

	
- There	is	potential	use	for	the	biogas	as	a	transportation	fuel:	replacing	the	

heavy-duty	trucks	that	work	on	bio-diesel	by	the	biogas	produced	from	the	
city’s	wastes.		

- An	algae	complex	can	find	an	economical	viability	in	the	harbour	of	Malmö	
where	 the	 chemical	 and	 agro-food	 industry	 are	 very	 present.	 The	
economical	 viability	 of	 such	 facility	 is	 also	 under	 the	 condition	 of	 its	
integration	with	 a	wastewater	 facility	 and	 other	 actors	 that	 provide	 heat	
and	CO2	required.	Furthermore,	 there	 is	a	new	tendency	for	“natural”	bio-
products	in	the	agro-food	sector,	so	there	is	a	potential	profitability	for	such	
activity	for	both	the	environment	and	the	economy.			

- Heat	 recovery	 processes	 are	 feasible.	 Indeed,	 current	 actors	 could	 find	 in	
the	 scenario	 uses	 for	 their	 excess	 heat	 streams:	 for	 heating	 bio-digesters,	
algae	 ponds	 and	 produce	 high-demanding	 energy	 steps	 of	 the	 ethanol	
production.	Heat	recovery	will	reduce	the	dependence	of	fossil	fuels	and	the	
costs	of	the	overall	industrial	activity	of	the	newcomers.			

- Using	the	stillage	from	the	ethanol	plant	in	an	anaerobic	digestion	process	
at	 the	 biogas	 plant	 happens	 to	 be	 very	 productive,	 increasing	 the	 biogas	
production	of	19%.		

	

7.2	Final	remarks	and	reflections	
	
This	 project	 started	 as	 a	 white	 paper.	 After	 a	 thorough	 study	 of	 the	 current	
situation	 in	 the	 harbour	 of	 Malmö,	 the	 possibilities	 for	 new	 coming	 industrial	
activities	 were	 infinite.	 And	 there	 didn’t	 seem	 to	 be	 any	 wrong	 answer	 either.	
However,	 choices	had	 to	be	made	and	 this	was	 the	 first	 challenge	of	 the	project.	
According	to	the	quick	development	of	bio-fuels	in	Europe	and	the	transportation	
requirements	of	the	region,	the	biofuels	production	seemed	to	make	sense.	This	is	
the	reason	why	those	were	the	core	activities	developed.	Then,	in	order	to	absorb	
GHG	 emissions	 and	 produce	 high	 value	 added	 products	 for	 the	 local	 chemical	
industry;	aquaculture	facilities	seemed	to	make	sense	too.		
	
However,	many	other	ideas	were	discarded	in	the	process.	In	particular,	there	was	
the	 possibility	 of	 using	 the	 biogas	 for	 LNG	 production,	 which	would	 be	 used	 to	
power	the	ships	of	 the	harbour.	This	 idea	was	risen	 from	the	very	beginning	but	
was	 rejected	 after	 some	 research	 and	 realising	 that	 economic	 and	 technical	
feasibility	were	not	even	close	to	be	guaranteed:	the	biogas	requires	to	be	purified	
and	 liquefied	 (trough	a	cryogenic	process)	and	 it	 is	a	very	expensive	 technology.	
This	 is	 an	 idea	 that	 could	 be	 developed	 in	 the	 near	 future	 though,	 as	 the	 ships	
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running	 on	 bio-fuels	 would	 lower	 the	 environmental	 impact	 of	 transportation	
around	the	world.		
	
When	narrowing	the	new	activities	down	to	a	biogas	plant,	an	ethanol	plant	and	an	
algae	plant,	the	next	challenge	was	to	thoroughly	know	all	the	steps	of	how	do	they	
work,	the	different	types	of	processes	etc.	This	was	highly	interesting	as	one	got	to	
learn	 about	 technology	 that	 weren’t	 meticulously	 studied	 up	 until	 now	 in	 one’s	
university	studies.		
	
Modelling	 the	 synergies	 between	 the	 newcomers	 was	 undoubtedly	 the	 most	
challenging	 step.	 The	 technologies	 are	 very	 diverse	 and	 then	 there	 is	 also	 the	
economic	aspect.	Everything	should	make	sense.	Using	biogas	for	transportation	is	
certainly	a	major	reduction	of	GHG	emissions,	however,	the	challenge	will	be	in	the	
engines’	adaptation	for	this	new	fuel,	the	biogas	refilling	stations,	the	construction	
of	 biogas	 plants,	 the	 management	 of	 raw	 materials	 for	 them	 etc.	 and	 the	
investments	they	imply.	These	new	technologies	offer	clear	environmental	impact	
reductions	but	the	local	administration	and	stakeholders	will	be	the	ones	deciding	
if	it	is	worth.	There	is	a	similar	situation	with	the	heat	recovery,	the	ones	proposed	
in	 the	 project	make	 sense	 from	 a	 technological	 and	 economic	 point	 of	 view,	 but	
then	 reality	 strikes	 and	 the	 heat	 available	may	 not	 be	 the	 one	 estimated,	 or	 the	
price	 of	 heat	 has	 lowered	 and	 the	 investment	 is	 not	worth	 it.	 This	 is	 the	 reason	
why	one	is	aware	that	in	a	professional	framework,	when	developing	such	project,	
the	conditions	are	constantly	changing	and	this	adds	up	a	clear	difficulty.	However,	
this	project	was	a	starting	point	that	enabled	one	to	gain	experience	on	reflecting	
on	technology,	finance,	environment,	management…	and	how	combining	those	all,	
it	is	possible	to	reach	sustainability	in	industrial	processes,	or	at	least	tend	to	it.		

7.3	Future	Research	
	
After	 this	proposition,	 the	scenario	can	be	 fine-tuned	according	to	 the	 interest	of	
potential	 investors.	Then,	 if	 economical	 relevance	 is	 found,	deeper	 and	 thorough	
assessment	of	each	facility	will	be	done,	estimating	in	detail	the	costs	of	each	step	
of	the	industrial	activity.	This	project	is	the	starting	point	for	this	new	vision	of	a	
synergetic	bio-based	harbour	in	Malmö.	
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