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Many	of	these	strategies	can	be	applied	when	adapting	the	existing	urban	fabric.	Like‐
wise,	new	urban	developments	or	brown	field	regeneration	also	provides	ample	oppor‐
tunities	for	reducing	building	energy	consumption,	as	the	various	examples	have	shown.	
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Source:	Bouman	ET	AL.	(2010:	76)	
	
On‐site	in	Greenport,	energy	is	being	produced	by	combined	heat	and	power	installa‐
tions.	Natural	gas	is	incinerated	is	these	installations,	its	CO2	emission	can	be	used	for	
enhanced	plant	growth,	and				other	greenhouse	and	pollutant	gases	are	emitted	into	the	
air.	In	this	particular	case	of	industrial	symbiosis,	CHP	contends	with	mismatches	due	to	
seasonal	effects.	In	summertime,	the	demand	for	CO2	for	plant	growth	is	largest	but	
lowest	for	heat.	Greenhouse	owners	are	now	experimenting	with	mixed	forms	of	the	
open	greenhouse	type	–	ventilation	by	opening	windows	means	a	loss	of	CO2	into	the	
atmosphere	–	and	the	close	greenhouse	type	–	practically	no	loss	of	CO2	but	energy	
needed	for	cooling	in	summertime.	Occasionally,	the	demand	for	both	CO2	and	heat	is	
low,	but	even	then	CHP	stays	in	operation	because	of	contractual	sales	of	generated	elec‐
tricity	to	the	grid,	also	a	source	of	income	for	producers.	In	fact,	oversupply	of	electricity	
for	the	grid	is	the	main	barrier	for	expansion	of	CHP	capacity	in	the	area.	
	
Given	the	mismatches	of	the	CHP	production,	de‐coupling	of	heat	and	CO2	supply	and	
expansion	of	supplies	of	both	by	industries	in	the	Mainport	should	be	both	economically	
and	environmentally	beneficial	for	Greenport.	One	step	on	this	road	is	the	connection,	in	
2010,		of	a	new	bio‐ethanol	plant	in	Mainport	to	OCAP.	In	addition,	interconnecting	the	
different	heat	suppliers	within	Greenport	into	an	integrated	system	would	also	save	
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The	new	knowledge‐intensive	and	creative	industries	are	ignored.	A	search	action	to	
literature	on	energy	use	by	creative	industries	has	yielded	only	one	journal	paper,	about	
music	industry	in	the	UK	(Bottrill	et	al.,	2010).	Nevertheless,	it	is	suggested	by	several	
authors	(Ji	et	al.,	2014;	Morikawa,	2012)	that	a	transformation	towards	an	urban	econ‐
omy	with	growing	service	and	creative	industries	is	accompanied	with	reduction	of	en‐
ergy	use.	Such	a	transformation	is	taking	place	in	many	cities,	although	to	a	different	
degree,	and	receive	much	attention	by	academic	research	by	economists,	geographers,	
sociologist,	political	scientists,	urban	planners	and	even	urban	designers,	but	still	not	
from	the	perspective	of	energy	use	and	efficiency.	Hence,	urban	planning	polices	to	
achieve	reduction	of	energy	use	and	increase	energy	efficiency	by	the	industrial	sector	
requires	extension	of	the	research	agenda	at	least	in	two	directions:	to	the	link	with	ur‐
ban	form	and	to	the	new	types	of	industries.	
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A	range	of	other	typologies	of	urban	form	characteristics	associated	with	more	energy	
efficient	 transport	 consumption	 can	 also	 be	 found	 (see	 for	 example	 Hickman,	 2013),	
most	of	which	broadly	reflect	the	characteristics	contained	in	Figure	1.	These	typologies	
often	refer	to	the	“3Ds”	(density,	diversity	and	design),	“5Ds”	(density,	diversity,	design,	
destination	 accessibility	 and	distance	 to	public	 transport)	 or	 “7Ds”	 (density,	 diversity,	
design,	destination	accessibility,	distance	to	public	transport,	demand	management	and	
demographics).2	
	
The	relationships	between	land	use	planning	and	travel	patterns	(and	transport	energy	
consumption	and/or	CO2	emissions	from	transport3)	have	been	the	focus	of	increasing	
attention	in	recent	years	(Transportation	Research	Board,	2009).	There	is	now	a	grow‐
ing	body	of	research	concerned	with	these	issues.	Studies	originate	from	a	diversity	of	
sources,	and	encompass	a	variety	of	geographic	scales	and	locations.	In	addition,	many	
different	 characteristics	 of	 urban	 form	 have	 been	 examined	 in	 these	 studies,	 ranging	
from	regional	to	local	in	scale,	and	travel	patterns	have	been	measured	in	a	number	of	
different	 ways	 (Stead	 and	 Marshall,	 2001).	 Some	 of	 the	 main	 ways	 in	 which	 land	 use	
planning	can	potentially	influence	transport	demand	and	energy	consumption	are	sum‐
marised	in	section	3	below.4	
	
Almost	all	empirical	studies	on	the	relationship	between	urban	form	and	transport	use	
are	cross‐sectional:	in	other	words,	they	are	based	on	analyses	at	a	single	point	in	time.	
These	often	use	 regression	 analysis	 to	 isolate	 the	 variables	 of	 interest	 and	hold	other	
variables	 constant	 (e.g.	 demographic	 and	 socio‐economic	 characteristics).	 Although	
many	 cross‐sectional	 studies	 report	 statistically	 significant	 correlations	 between	 the	
built	 environment	 and	 transport	demand,	 they	 cannot	 identify	 causation	nor	 can	 they	
provide	 information	 about	 the	 temporal	 relations	 between	 the	 built	 environment	 and	
transport	demand	(e.g.	how	transport	demand	will	change	if	the	urban	form	is	altered).	
Establishing	causal	relationships	requires	longitudinal	research,	typically	involving	pan‐
el	data	in	order	to	follow	households	(and	urban	form)	over	time.	Since	this	type	of	re‐
search	is	both	time‐consuming	(several	decades	of	data	may	be	needed	to	observe	large	
enough	changes	in	the	built	environment)	and	methodologically	challenging	(many	oth‐
er	variables	are	also	likely	to	change	over	time	as	well),	very	few	long‐term	longitudinal	
studies	 can	be	 found	on	 the	 relationship	between	urban	 form	and	 transport	use.	As	 a	
result,	a	lot	is	known	about	the	correlations	between	urban	form	and	transport	use	(and	
energy	consumption)	but	much	less	about	the	causalities,	long‐term	changes,	and	inter‐
relationships	between	different	aspects	of	urban	form.	
	
The	 issue	 of	 scale	 is	 an	 important	 consideration	 when	 analysing	 the	 relationship	 be‐
tween	urban	form	and	transport.	As	can	be	seen	in	Figure	1,	urban	form	can	influence	
transport	energy	consumption	at	various	spatial	scales.	For	example,	local	trips	(particu‐
larly	by	non‐motorized	modes)	are	likely	to	be	influenced	by	neighbourhood	design	(e.g.	
walkability,	 safety)	 and	 the	number	of	 desirable	destinations	 (e.g.	 local	 shopping,	 res‐
taurants,	schools)	in	close	proximity.	In	contrast,	travel	to	regional	destinations,	such	as	

																																																								
2	See	for	example	Cervero	and	Kockelman	(1997),	Ewing	and	Cervero	(2001)	and	(2010).	
3	Travel	distance	and	transport	energy	consumption	are	closely	correlated	(Stead,	1999a).	
4	More	detailed	reviews	of	empirical	studies	concerning	these	relationships	can	be	found	elsewhere	(e.g.	
Badoe	and	Miller,	2000;	Cao	et	al,	2008;	Crane,	2000;	Ewing	and	Cervero,	2001;	Handy,	2005;	Stead	and	
Marshall,	2001;	Næss	2012).	
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Maximum	parking	standards	should	be	applied	to	new	residential	and	commercial	de‐
velopments	 to	 reduce	 accessibility	 by	 car	 and	 lower	 the	 attractiveness	 of	 owning	 and	
using	a	car.	Public	transport	access	needs	to	be	high	in	order	to	provide	an	alternative	
form	of	transport	to	car‐based	travel.	
	
A	range	of	urban	 form	characteristics	needs	 to	be	promoted	by	means	of	spatial	plan‐
ning	policy	in	order	to	deliver	more	energy	efficient	urban	transport.	These	characteris‐
tics	 are	 summarised	 in	 Table	 4.2	 which	 contrasts	 less	 energy	 efficient	 development	
(‘sprawl’)	 with	 more	 energy	 efficient	 development	 (‘smart	 growth’).	 Spatial	 planning	
policies	 are	 just	 one	 of	 several	 types	 of	 policies	 (alongside	 pricing	 policies,	 education	
and	awareness	policies	and	other	regulations)	that	have	the	potential	to	reduce	the	en‐
ergy	consumption	of	transport.	These	other	measures	are	often	complementary	to	spa‐
tial	planning	policies.	Maximising	the	synergies	between	different	policy	instruments	is	
an	important	consideration	when	developing	spatial	policies	to	reduce	transport	energy	
consumption.	
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“Smart	Grid	may	be	characterised	as	an	upgrade	of	20th	century	power	grids,	which	
generally	"broadcast"	power	from	a	few	central	generation	nodes	to	a	large	number	of	
users.	Smart	Grid	will	instead	be	capable	of	routing	power	in	more	optimal	ways	to	re‐
spond	to	a	wide	range	of	conditions	and	to	charge	a	premium	to	those	that	use	energy	
during	peak	hours.”	(Gulich,	2010	,	p.	9).	
	
In	the	smart	grid,	there	is	a	need	for	competent	operators.	This	is	the	background	for	the	
formation	of	so‐called	‘aggregators’	who,	in	the	interest	of	small	producers	or	consum‐
ers,	acts	on	the	electricity	market.	One	such	example	is	the	Danish	NESA	Energy,	repre‐
senting	about	200	power	producers,	many	of	which	are	CHP	companies.	Each	of	the	
partners	is	equipped	with	remote	control	units	facilitating	a	central	coordination	and	
optimisation	of	the	partners	500	generating	units	by	NEAS.	“The	CHP	plants	plan	their	
day‐ahead	production	considering	both	the	electricity	market	and	the	district	heating	
system.	Over	the	course	of	the	day	they	deliver	different	balancing	services.	They	re‐
move	capacity,	when	there	is	a	surplus.	They	offer	NESA	storage	in	hot	water	accumula‐
tion	tanks	and	the	district	heating	system.	This	storage	facility	has	been	further	encour‐
aged	in	district	heating	systems,	allowing	the	district	heating	plant	to	maintain	high	lev‐
els	of	efficiency	wile	decoupling	their	electricity	and	heat	generation	over	certain	time	
periods.”	(COGEN	Europe,	2014)	
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Finally,		
	
	

Figure	5.5:	Energy	space(s):	Relations	of	a	local	CHP	plant	‐	with	renewable	resource	suppliers,	local	heat	grid,	nation‐
al	(/international)	power	grid	and	a	national	aggregator	taking	responsibility	of	monitoring	and	optimisa‐
tion	of	production.				

	
The	work	of	the	aggregator	illustrates	the	key	issue	of	smart	grid,	remote	monitoring	of	
energy	generation	in	the	interest	of	the	total	system.	As	a	consequence,	the	individual	
producer,	including	the	local	energy	producer,	sacrifices	his	autonomy	for	the	benefits	of	
being	part	of	the	‘common	good’.	If	sustainability	is	a	goal,	the	aggregator	thereby	also	
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Figure	5.6:	CHP	plant	and	peat	excavation	areas	of	Fortum	Tartu	(Presentation	Fortum	Tartu,	06.06.2014)	

	
Stoke‐on‐Trent	has	decided	to	start	up	what	is	going	to	be	England’s	first	district	heating	
plant.	It	is	going	to	be	fuelled	by	deep	geothermal	energy	from	natural	resources	about	2	
kilometres	below	the	city.	Due	to	the	lack	of	central	heating	in	Stoke‐on‐Trent,	the	pro‐
ject	is	only	for	a	new	housing	area.	
	
The	use	of	bio	fuels	augments	daily	hauls	with	biomass	to	the	CHP	plant,	many	of	which	
still	is	located	close	to	the	centre	for	cities,	as	e.g.	in	Estonia.	A	relocation	of	the	plant	is	
currently	being	considered	in	order	to	respond	to	two	challenges:	the	need	for	a	tech‐
nical	renewal	of	the	14‐year‐old	plant	and	the	need	to	reduce	the	heavy	transport	of	
wood	chips	into	the	city.	The	new	CHP	is	planned	to	be	located	10	km	east	of	the	city	in	a	
new	logistical	park	situated	between	the	Svealand	Railway	and	the	E20	motorway,	see	
figure	8.	
	
Currently,	the	Eskilstuna	CHP	consumes	900,000	MWh	biofuels	(wood	chips)	per	year,	
delivered	by	8,182	lorries	per	year.	In	the	cold	winters,	about	80	lorries	pass	through	
the	town	each	day.	Former	plans	included	a	new	combined	heating	and	power	plant	
which	would	decrease	the	annual	number	of	transports	to	the	city	to	about	3,500	lorries,	
while	30‐	50%	of	the	wood	chips	will	be	delivered	by	rail	to	the	new	plant,	thus	reducing	
the	number	of	lorries	by	2,800‐4,600.	However,	the	plans	are	currently	(June	2015)	
halted.	
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Figure	5.8:	The	use	of	combined	heat	and	power	(CHP)	and	district	heating	(DH)	in	the	EU	member	states.	

Figures	from	two	statistics	are	here	jointly	presented.	Unfortunately,	not	all	figures	were	available	in	the	DH	statistics	
(CY,	EL,	ES,	HU,	IE,	IT,	LU,	PT).	The	figure	reveals	two	distinct	types:	residential	and	industrial	CHP.	Residential	CHP	
was	driven	by	DH	supplemented	by	power	production.	Prime	examples	are	DK,	FI,	LT,	LV,	SK	showing	high	DH	pro‐
duction	combined	with	high	shares	of	electricity	produced	by	CHP.	Also	CZ,	EE,	PL,	SE	need	mentioning	due	to	large	
production	of	DH,	however	accompanied	by	lower	shares	of	electricity	production.	Industrial	CHP	is	first	and	fore‐
most	represented	by	NL,	showing	a	large	production	of	CHP	power	combined	with	only	a	minor	production	of	DH.	
Industrial	CHP	is	driven	by	heat	from	industrial	processes	(NL:	green	houses	and	refineries)	supplemented	by	addi‐
tional	power	production.	DE	and	UK	resembles,	at	much	lower	rates	however	some	of	the	industrial	CHP	profile	also.	
Source:	Percentages	of	citizens	serviced	by	DH,	Euro	Heat	and	Power	(http://euroheat.org/Statistics‐69.aspx).	Share	
of	CHP	in	electricity	generation,	EU	Energy	in	Figures,	p.	95:	
(http://ec.europa.eu/energy/publications/doc/2013_pocketbook.pdf).		

	
Denmark	and	Latvia	show	high	figures	on	DH	and	CHP	as	well,	whereas	Sweden	and	
Estonia	shows	high	rates	of	DH	but	modest	shares	of	CHP,	indicating	potentials	for	fur‐
ther	transformation	of	DH	into	CHP.	The	industrial	profile	of	CHP	production	in	the	
Netherlands	seems	to	characterise,	however	at	a	more	modest	level,	the	profiles	of	the	
UK	and	Germany.		As	revealed	by	figure	5.9,	excess	heat	activities	are	available	all	over	
Europe.	Only	about	3%	is	used	for	district	heating.	Thus,	the	potentials	for	profiting	up‐
on	existing	excess	energy	production	is	potentially	available	for	district	heating.	
	
As	for	example	in	1996,	following	from	a	governmental	directive,	Frederikssund	district	
heating	plant	was	transformed	into	a	combined	heating	and	power	plant	based	upon	
natural	gas.	To	day,	Frederikssund	district	heating	profits	from	cooperation	with	a	local	
company,	Haldor	Topsøe,	an	international	renowned	producer	of	catalysts.	To	day	ap‐
prixametly	45%	of	the	heat	distributed	from	the	distric	heating	system	is	excess	heat	
from	the	company.	A	further	input	is	expected	in	the	future.		
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