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A B ST R A C T  

	
Following	 the	 Paris	 Climate	 Agreements,	 all	 European	 cities	 must	 undergo	 a	 transition	 towards	 a	
sustainable,	net	zero-carbon	energy	system.	This	is	an	unprecedented	challenge	that	will	require	a	lot	
of	knowledge	and	methodological	support.	
For	the	City-zen	project,	under	the	coordination	and	execution	of	TU	Delft,	chair	of	Climate	Design	&	
Sustainability,	an	energy	transition	roadmap	was	elaborated	for	the	city	of	Amsterdam.	The	approach	
for	this	Roadmap	was	embedded	in	the	City-zen	methodology,	which	was	developed	under	the	same	
work	package	and	task	within	City-zen	(WP4,	T2).	
Based	 on	 extensive	 research	 into	 energy	 characteristics	 of	 the	 city,	 planned	 near-future	
developments,	 stakeholder	analyses	and	 future	 scenarios,	a	sustainable	city	vision	was	elaborated,	
after	which	a	roadmap	with	different	energy	transition	paths	was	defined.	This	roadmap	was	made	
for	 the	entire	municipality	of	Amsterdam	and	exemplified	 in	detail	 for	 two	neighbourhoods	within	
the	city.	
The	research	work,	supported	by	an	intensive	workshop,	led	to	the	insight	that	Amsterdam	can	solve	
its	heat	demand	by	renewable	sources	entirely	within	the	city	boundaries,	but	with	drastic	measures,	
depending	 on	 the	 type	 of	 neighbourhood,	 regarding	 energy	 renovation,	 heat	 pump	 systems,	
expansion	of	district	heating	on	geothermal	and	other	renewable	sources,	and	a	limited	possibility	of	
sustainable	gas.	The	transition	schemes	for	this	shift	 from	a	system	mainly	based	on	natural	gas	to	
one	on	renewable	energy,	is	a	disrupting	one.	
For	 the	provision	of	electricity,	Amsterdam	has	options	 to	 install	many	solar	panels	and	about	one	
hundred	wind	turbines	within	its	premises,	but	the	increase	of	electricity	demand	and	limited	space	
within	the	city	hampers	the	full	provision	within	the	municipal	boundaries.	About	40%	of	the	future	
electricity	demand	is	estimated	to	be	imported	from	elsewhere.	
It	is	up	the	city	council	to	take	up	this	challenge	and	elaborate	it	into	policy	and	into	an	action	plan.	
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E X E C U T I V E  SU M M A R Y  [D O B B E L S T E E N  E T  A L .  2018 A ]  

	
1. Introduction  

The	EU	FP7	funded	project	of	City-zen	addresses	the	urban	energy	transition	assignment	required	to	
comply	with	the	Paris	Climate	Agreements.	It	develops	methods	and	tools,	spatial-technical	as	well	as	
social-economical	and	legal-political,	to	help	cities	getting	the	transition	started.	As	part	of	City-zen,	
so-called	 Roadmaps	 are	 developed	 for	 the	 two	 partner	 cities,	 Amsterdam	 and	 Grenoble.	 These	
Roadmaps	should	pave	the	way	towards	a	desired	future	state	of	the	cities.	

The	 City	 of	 Amsterdam	 has	 expressed	 its	 sustainability	 ambitions	 in	 numerous	 documents,	 most	
lately	 in	 the	 city	 council’s	 coalition	 agreement.	 The	 city	 wants	 to	 become	 climate	 neutral	 and	 –	
triggered	by	the	national	uproar	about	earthquakes	 in	parts	of	the	country	due	to	gas	drillings	–	to	
get	rid	of	natural	gas.	Amsterdam	is	getting	the	energy	transition	started,	and	City-zen,	in	which	the	
city	is	a	partner,	is	helping	out.	City-zen	does	this	as	well	in	the	other	partner	city,	Grenoble,	and	so-
called	Roadshows	are	held	to	help	ten	other	European	cities	in	their	energy	transition.	

The	 Amsterdam	 Roadmap	 is	 based	 on	 the	 City-zen	 Urban	 Energy	 Transition	 Methodology.	 The	
Roadmap	 will	 demonstrate	 how	 the	 current	 fossil	 fuel	 based	 urban	 energy	 system	 can	 be	
transformed	into	one	that	is	running	fully	on	renewables.	It	will	show	how	different	spatial-technical	
interventions	 in	 the	 built	 environment,	 based	 on	 local	 sustainable	 energy	 potentials,	 will	 be	
integrated	 through	 all	 scale	 levels	 of	 the	 city	 and	 contribute	 to	 the	 final	 goal	 and	 targets	 set	 in-
between.	

	
Figure	1:	Municipal	borders	of	Amsterdam	and	the	neighbourhoods	of	Slotermeer	and	the	inner-city	
considered	for	the	City-zen	Roadmap	
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The	 area	 that	 will	 be	 addressed	 in	 the	 City-zen	 Roadmap	 of	 Amsterdam	 is	 the	 municipality	 of	
Amsterdam	 as	 a	 whole	 (figure	 1).	 By	 applying	 the	 City-zen	methodology,	 we	 worked	 successively	
from	the	 large	(municipality)	scale	to	district	and	neighbourhood	scale.	 In	order	to	make	the	urban	
energy	interventions	more	tangible,	special	attention	was	given	to	two	neighbourhoods,	which	were	
elaborated	 into	 more	 detail:	 the	 historic	 Amsterdam	 city	 centre,	 in	 particular	 a	 neighbourhood	
around	 the	 Brouwersgracht,	 to	 the	 west	 (from	 now	 on	 called	 City	 Centre),	 and	 the	 Slotermeer	
neighbourhood,	which	is	a	post-war	extension	area	to	the	west	of	the	city	centre.	

	

2. The City-zen energy transition methodology 

European	 cities	 usually	 have	 ambitious	 goals	 in	 becoming	more	 sustainable,	 but	 often	 are	 not	 on	
track	towards	their	short-term	(e.g.	EU2020)	targets.	The	pathways	to	move	forward	in	the	transition	
towards	 a	 sustainably	 built	 environment	 are	 complex	 to	 outline.	 The	 City-zen	methodology	 helps	
provide	structure	within	these	complex	tasks.	The	output	of	this	is	an	‘Energy	Master	Plan’	for	a	city	
or	neighbourhood,	based	on	an	energy	analysis	of	several	energy	maps	(demand	and	potentials)	of	
the	city,	with	a	roadmap	that	will	head	for	a	preliminary	set	of	targets	and	goals	(also	beyond	2020).	
The	roadmap	exists	of	several	energy	interventions	and	measures,	both	at	the	technical	and	strategic	
level,	which	are	attached	to	a	timeline.		

Figure	 2	 illustrates	 the	 the	 City-zen	 Urban	 Energy	 Transition	Methodology.	 In	 this	 figure	 different	
steps	 are	 highlighted:	 1.	 Energy	 analysis	 (present	 circumstances,	 current	 energy	 demands	 etc.),	 2.	
Current	 planning	 and	 trends	 (the	 near	 future	 plan	 already	 started),	 3.	 Societal	 and	 stakeholder	
analysis	(political,	legal,	social,	economic	analysis),	4.	Scenarios	for	the	future	(external	variables	that	
will	 influence	the	future	state	of	cities),	5.	Sustainable	city	vision	with	goals	and	principles	(inspired	
by	a	 so-called	Book	of	 Inspiration,	produced	 from	the	City-zen	project),	 and	6.	The	Roadmap,	with	
energy	strategies	and	actions	(supported	by	the	City-zen	‘Catalogue	of	Measures’).	

	

	
Figure	2:	City-zen	Urban	Energy	Transition	Methodology		
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In	 the	 study	 presented,	 we	 primarily	 focused	 on	 determining	 the	 urban	 energy	 interventions	
required	 to	 make	 the	 transition	 to	 the	 desired	 future	 state	 of	 the	 city,	 climate	 neutral.	 Energy	
interventions	 are	 technical-spatial	 measures	 that	 are	 specified	 for	 a	 specific	 location	 and	
implementation	time	frame.	Examples	are:	extending	a	heat	network	in	a	neighbourhood,	retrofitting	
building	blocks,	or	installing	of	a	certain	amount	of	solar	power	on	roofs	in	a	district,	within	a	certain	
period.	

Energy	 Potential	 Mapping	 (Broersma	 et	 al.	 2013)	 is	 used	 to	 determine	 the	 renewable	 energy	
potentials	of	a	city	as	Amsterdam.	This	EPM	method	structurally	exposes	the	geographical-physical	
and	 technical	 layers	 into	 local	 layers	 of	 energy	 potentials.	 This	 technical-spatial	 quantification	 of	
demand,	reduction	potential	and	renewable	supply,	forms	the	first	analytical	step	of	the	approach.	

We	acknowledge	that,	to	be	able	to	realise	these	interventions,	multiple	barriers	may	exist	that	need	
to	 be	 dealt	 with	 (Amsterdam	 Economic	 Board	 2018).	 The	 solutions	 for	 these	 can	 be	 on	 a	 non-
technical	 level,	 such	as	political	decision-making	processes,	 agreements	with	housing	 corporations,	
and	economic	barriers	to	establish	far-going	energy	renovations.	We	analysed	these	but	they	are	not	
discussed	in	this	paper.	

3. Outcomes of the preparative research  

Analysis	of	the	present	circumstances	revealed	the	energy	usage	of	the	city	of	Amsterdam.	In	total,	
the	 city	 uses	 15.2	 PJ	 of	 electricity,	 of	 which	 2.8	 PJ	 for	 private	 homes	 and	 13.3	 PJ	 for	 business	
purposes.	 In	 addition,	 26.1	 PJ	 of	 natural	 gas	 is	 used,	 of	 which	 10.5	 PJ	 for	 homes	 and	 15.8	 PJ	 for	
businesses.	Finally,	2.0	PJ	of	heat	used	comes	from	district	heating,	of	which	0.9	PJ	for	homes	and	1.1	
PJ	for	business.	These	energy	values	however	say	little	until	we	know	how	much	of	these	can	actually	
be	generated	in	a	sustainable	way.		

Our	energy	potential	mapping	analysis,	 informed	by	data	from	the	municipality	(City	of	Amsterdam	
2017,	2018;	Gemeente	Amsterdam	2017)	and	the	Energy	Atlas	of	Amsterdam	(Boogert	et	al.	2014),	
produced	 interesting	 findings.	 First,	 Amsterdam	 cannot	 provide	 itself	 with	 sufficient	 renewable	
power;	 there	 simply	 is	not	enough	 space	and	urban	 surfaces	 to	generate	 sufficient	 solar	and	wind	
power.	Second,	the	AEB	waste	 incineration	plant	–	now	considered	as	a	sustainable	source	of	heat	
and	 power	 –	 cannot	 function	 as	 a	 renewable	 source	 in	 the	 long	 run;	 it	 does	 not	 fit	 the	 goal	 of	 a	
circular	 economy.	 Third,	 high-temperature	 (HT,	 65+oC)	 deep	 geothermal	 heat	 sources	 can	 replace	
heat	 from	fossil	 fuel	and	waste	 (Bär	et	al.	2017;	Geodan	2018)	but	only	partly.	Fourth,	Amsterdam	
cannot	produce	enough	biogas	and	hydrogen	to	 replace	natural	gas	significantly.	Fifth,	Amsterdam	
has	plenty	of	mid-	(MT,	40-65oC))	and	low-temperature	(LT,	25-40oC)	heat	sources.	Think	of	natural	
sources	 as	 soil,	 open	 water	 and	 air,	 but	 also	 anthropogenic	 sources	 of	 waste	 heat,	 such	 as	 data	
centres,	supermarkets	and	industries.	

In	the	 light	of	climate	change,	Amsterdam	will	also	have	to	cater	for	cooling	demands.	Cold	can	be	
delivered	through	electrical	systems	(air-conditioning)	or	through	environmental	sources	(soil,	water,	
air).	In	this	research,	when	‘heat’	is	mentioned,	it	also	refers	to	‘cold’.	

The	main	conclusion	of	the	preparative	analytic	research	is	that	the	city	needs	to	be	smart	with	high-
temperature	(HT)	heat,	currently	primarily	provided	by	natural	gas.	Where	possible,	a	shift	from	HT	
demand	 to	 MT	 or	 LT	 is	 desired,	 which	 is	 possible	 if	 buildings	 with	 HT	 heating	 systems	 can	 be	
energetically	renovated	so	MT	or	LT	heating	systems	can	replace	the	old	ones.	This	 is	difficult	with	
ancient,	monumental	 buildings,	which	will	 still	mostly	need	HT	heating,	 possibly	 to	be	 supplied	by	
geothermal	 heat	 or	 green	 fuels.	New	 to	 be	 constructed	 buildings	 however	 should	 be	 based	 on	 LT	
systems,	i.e.	heat	pump	systems	and	local	LT	heat	grids.	Other	buildings	in	Amsterdam,	after	limited	
energy	renovation,	might	be	suited	for	MT	temperatures,	which	could	be	the	return	temperature	of	
HT	 heat	 grids.	 This	 transition	 from	 fossil-based	 HT	 sources	 to	 a	mix	 of	 renewable	 HT,	MT	 and	 LT	
sources	can	be	seen	in	figure	3,	left,	assuming	a	growth	in	buildings	(Amsterdam	is	expanding),	which	
need	to	be	net	zero	energy,	and	potential	energy	saving	in	existing	buildings.	
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For	 electricity,	 the	 current	 supply	 from	 the	 gas-fired	 and	 coal-fired	 powerplant,	 and	 in	 due	 time,	
most	 of	 the	 electricity	 from	waste	 incineration,	 needs	 to	 be	 replaced	 by	 renewables.	 The	 city	 has	
potential	 for	 both	 solar	 and	wind	 energy,	 but	 a	 considerable	 part	 still	 needs	 to	 be	 supplied	 from	
outside.	Figure	3,	right	illustrates	the	shift	from	fossil	fuels	to	renewables	in	the	energy	system,	again	
assuming	growth	in	demand,	also	because	of	a	shift	to	electric	vehicles	and	heat	pumps.	

	
Figure	3:	Future	scenario	for	the	heat	(left)	and	electricity	(right)	balance	of	Amsterdam	

	
4. Vision of a sustainable city 

For	the	future	aim	of	Amsterdam,	destination	of	the	city’s	Roadmap,	an	inspiring	and	tempting	vision	
was	described.	

By	2050,	the	city	of	Amsterdam	is	envisioned	to	be	circular,	meaning	that	it	has	control	over	all	of	its	
resources,	energy,	water,	materials,	food	and	waste	flows	affiliated	with	them.	The	city	is	clean,	has	
no	harmful	 or	 toxic	 fumes	 anymore,	 has	 drastically	 reduced	 the	number	of	 deaths	 and	 loss	 of	 life	
expectancy	related	to	fine	dust	particles.		

Because	of	a	circular	system	of	nutrients,	the	city	and	its	region	have	become	extremely	effective	in	
producing	 food,	 clean	water	 and	 renewable	energy,	 including	urban	agriculture	 in	 formerly	 vacant	
buildings,	 on	 rooftops,	 attached	 to	 buildings,	 also	 serving	 the	 need	 for	 green	 outdoor	 spaces	 and	
biodiversity.	 The	 city	 is	 rich	 in	 essential	 pollinators,	 such	 as	 bees	 and	 bumblebees.	 Citizens	 are	
healthy	and	happy;	children	grow	up	in	a	safe	environment.		

All	 transportation	 is	 based	 on	 renewable	 energy,	mostly	 human-powered,	 or	 otherwise	 electric	 or	
with	fuel	cells.	Biofuels	–	because	of	their	exhaust	gases	–	are	only	allowed	outside	the	urban	cores.	
There	are	no	cars	in	the	inner-city.	An	efficient	underground	system	supplies	the	city	with	goods	and	
foods.	

Water	 is	cleaner	than	ever	before,	a	self-purifying	natural	system	that	provides	plenty	of	places	for	
swimming	and	nature	everywhere	across	the	city.	In	spite	of	global	warming,	in	wintertime	some	of	
the	canals	are	frozen	by	the	heat	pumps	of	the	canal	houses,	who	take	their	heat	from	every	other	
canal.	In-between	canals	remain	open	for	electric	touristic	boats,	operated	by	robotic	systems.	

The	 inner-city	 has	 not	 changed	 so	much	 as	 one	 would	 expect.	 Building-integrated	 PV	 has	 turned	
many	 of	 the	 historic	 buildings	 to	 energy	 neutrality,	 in	 an	 almost	 invisible	 way.	 While	 all	
neighbourhoods	 outside	 the	 Singel	 canal	 have	 become	 energy	 neutral	 by	 themselves,	 the	 historic	
centre	is	still	supplied	to	a	limited	extent	with	geothermal	heat	from	external	plants,	transported	by	
the	heat	and	cold	system	of	the	city.	

Amsterdam	has	become	the	ultimate	paragon	for	a	sustainable	city	and	attracts	millions	of	tourists	
for	that	accomplishment.	
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The	Amsterdam	Roadmap	and	an	ambitious	action	agenda	should	cater	for	this.	

	

5. Strategy towards the future 

In	order	to	define	the	best	energy	transition	strategy	for	Amsterdam,	we	first	investigated	the	city’s	
districts	and	neighbourhoods	(see	figure	4).		

	

	
Figure	4:	Neighbourhoods	of	Amsterdam,	subdivided	by	construction	era	

	

	 	 	 	
	

	 	 	 	
	
Figure	5:	Possible	combinations	of	measures	per	neighbourhood	
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By	determining	the	era	of	construction	and	building	typology	and	combining	these	with	the	current	
energy	labels	or	energy	consumption	data	of	buildings,	we	could	make	an	estimate	of	the	extent	that	
buildings	could	be	renovated	and	 in	how	far	 the	energy	consumption	could	be	brought	down.	This	
then	defined	the	possible	energy	interventions,	for	heat	and	electricity,	per	neighbourhood.	Figure	5	
illustrates	this.	

One	of	the	findings	of	the	preparative	research	was	that	although	Amsterdam	has	two	unconnected	
district	heating	systems	–	one	run	on	heat	from	the	waste	incineration,	one	on	the	waste	heat	from	
the	gas-fired	power	plant	–	that	serve	the	outer	districts,	while	the	city	within	the	ring	road	actually	
needs	 this	heat	 the	most	 (see	 figure	6).	This	part	of	 the	city	 is	now	mainly	served	with	natural	gas	
boilers,	which	have	to	be	replaced.	Far-stretching	energy	renovation	here	 is	difficult,	mostly	due	to	
the	age	of	most	of	the	buildings	and	because	a	lot	of	them	are	listed	as	monumental	premises.	The	
historic	 inner-city	of	Amsterdam	 is	 a	Unesco	World	Heritage	 site,	 so	 altering	 the	 image	of	 the	 city	
there	 is	 limited.	
	

	 	
Figure	6:	Discrepancy	between	the	urban	areas	in	Amsterdam	where	the	heat	demand	is	the	greatest	
(left)	and	the	service	areas	of	the	Amsterdam	district	heating	(right).	Images	adapted	from	[City	of	
Amsterdam].	
	
In	 order	 to	 elaborate	 the	 urban	 energy	 transition	 of	 Amsterdam	 in	 a	 more	 practical	 way,	 as	
explained,	two	neighbourhoods	were	investigated	in	greater	detail.	Figure	7	shows	typical	images	of	
parts	of	these	areas,	the	Brouwersgracht	(left)	and	tenement	flats	in	Slotermeer.	

In	the	following	sections	the	energy	transition	possibilities	of	these	areas	will	be	briefly	discussed.	

	

		 	
Figure	7:	Image	of	the	Brouwersgracht	in	Amsterdam	Centre	(left)	and	a	typical	tenement	flat	
neighbourhood	of	Amsterdam	Slotermeer	(Source:	Google	maps).	
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Amsterdam	Centre	

Considered	 straightforwardly,	 there	 are	 three	 main	 choices	 for	 an	 energy	 transition:	 1.	 Radical	
energy	renovation	to	a	very	low	energy	demand	for	heating	and	with	maximum	photovoltaics	(PV)	to	
supply	 the	 remaining	 demand;	 2.	 Connection	 to	 the	 HT/MT	 heat	 grid,	 thanks	 to	which	 no	 radical	
renovation	 is	 needed;	 power	 can	 be	 supplied	 by	 invisible	 PV;	 3.	 Use	 of	 the	 limited	 amount	 of	
sustainable	 gas	where	we	 now	 use	 natural	 gas.	 Electricity	 is	 either	 procured	 sustainably	 or	 partly	
produced	by	invisible	PV.	

	
Table	1:	Possible	strategies	for	heat	(left	columns)	and	electricity	(top	rows)	for	the	inner-city	of	
Amsterdam	

Individual
maximal	PV-application	on	all	

surfaces
PV-roof	tiles	+	panels	on	

invisible	places
PV	panels	on	invisible	places No	PV No	PV,	import	green	power

Collective

Renovation Heat	source

Deep	renovations HP	on	canal	water
Interesting,	but	difficult	to	

realize	with	the	current	policies	
towards	monumental	buildings

Limited	
renovations

HT	heatwork	geothermal	

Achievable	alternative	by	
flexible	attitude	Monumental	
care	organisation,	relatively	

expensive

Achievable	alternative,	
additional	green	power	

required,	relatively	expensive

Limited	
renovations

Green	gas	(AGF:	
Amsterdam	Green	Fuel)

Good	combination	chance,	gas	
is	a	risk,	relatively	cheap

Combination	is	achievable,	
green	power	required,	relatively	

cheap

No	renovations
HT	heat	network	with	
residual	heat/	waste

Achievable,	additional	green	
power	required,	expensive	
infrastructure,	low	ambition

Challenge	to	realise	the	
electricity	production,	expensive	

infrastructure

Responsibility	for	electricity	
production	shifted	to	others,	

AEB	in	the	lead

No	renovations
Green	gas	(AGF:	
Amsterdam	Green	Fuel)

Slightly	better	than	the	current	
situation,	cheap,	less	ambitious,	

is	there	enough	green	gas	
available	for	this	option?

In	this	case	everything	should	be	
solved	with	the	Amsterdam	
Green	Energy	(AGE)	company

The	worst	solution,	Amsterdam	
shifts	all	its	responsibilities	

towards	other	parties

Electricity

He
at
in
g	
sy
st
ee

m

Possible	energy	strategies	for	Amsterdam	city	centre

Green	power	coming	from	
Amsterdam	(AGP:	Amsterdam	

Green	Power)

Green	power	coming	from	
Amsterdam	(AGP:	Amsterdam	

Green	Power)

No	AGP	(Amsterdam	Green	
Power)	company

	
	
These	three	main	routes	have	been	elaborated	in	table	1,	with	solutions	for	heat	at	left	and	those	for	
electricity	at	the	top.	The	colour	scheme	indicated	the	intrinsic	sustainability	value	for	the	area	itself.	
It	goes	without	saying	that	each	of	these	solutions	have	consequences	and	will	encounter	opposition	
in	all	forms.	

Most	 interesting	 as	 a	 case	 is	 the	 roll-out	 of	 the	 district	 heating	 towards	 the	 inner-city.	 Figure	 7	
illustrates	the	possible	solution	of	that:	since	roads	are	already	filled	to	the	rim	with	infrastructure,	
heat	pipes	would	have	to	be	laid	out	in	the	canals.	For	the	historical	buildings	the	change	would	not	
be	severe:	their	gas	boiler	would	have	to	be	replaced	by	a	heat	exchanger	but	otherwise	no	energy	
renovation	would	be	needed,	although	some	post-insulation	and	PV	on	roofs	where	allowed	would	
improve	the	energy	performance,	of	course.	Boat	houses	in	the	canals	could	provide	themselves	with	
heat	pumps	and	PV.	
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Figure	7:	Illustration	of	the	heat	grid	solution	for	the	inner	city	of	Amsterdam	

Amsterdam	Slotermeer	

The	New	West	district	of	Amsterdam	is	totally	different	from	the	city	centre.	Here,	from	1945	until	
the	 2000s	 new	 urban	 expansion	 was	 facilitated,	 with	 most	 of	 the	 residential	 buildings	 in	 the	
neighbourhood	of	Slotermeer	from	the	1950s	and	1960s.	Their	energy	performance	is	poor	but	these	
buildings	 usually	 have	 few	 restrictions	 regarding	 energy	 renovation.	 Therefore,	 a	 much	 greater	
package	 of	 interventions	 is	 possible	 compared	 to	 the	 city	 centre.	 Table	 1	 was	 also	 made	 for	
Slotermeer,	but	its	size	is	three	times	larger.	

	
Figure	8:	Illustration	of	the	heat	grid	solution	for	the	inner	city	of	Amsterdam	
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Some	of	the	interesting	energy	transition	possibilities	lies	in	the	creation	of	localised	mini	heat	grids	
on	MT	or	LT	heat,	depending	on	the	extent	of	renovation.	These	mini	networks	could	be	based	on	
heat	pumps	with	borehole	thermal	energy	storage	for	inter-seasonal	storage	of	heat,	which	could	be	
produced	 largely	by	PV	 thermal	panels	on	 the	buildings	 (PVT).	 Figure	8	 gives	 an	 illustration	of	 this	
principle.	

For	 Slotermeer	 a	 full	 set	 of	 measures	 was	 proposed	 for	 heat	 in	 the	 built	 environment	 itself,	 for	
electricity,	 mobility	 and	 for	 waste	 and	 water	 management.	 These	 are	 not	 discussed	 here.	 All	
together,	 these	measures	 would	 enable	 the	 area	 to	 become	 fully	 carbon	 neutral,	 something	 that	
would	not	be	possible	for	the	city-centre.	

	
6. The Amsterdam Roadmap 

All	strategies	and	measures	combined	were	translated	into	schedules	that	show	a	timeframe	within	
which	 these	measures	 should	 be	 effectuated.	 Figure	 9	 gives	 two	examples	 of	 these,	 for	 electricity	
(left)	 and	 for	HT	 heat	 (right).	MT	 heat	 and	 LT	 heat	 are	missing,	 but	 equally	 important	 since	 these	
need	to	be	tackled	simultaneously.	

	 	
Figure	9:	Roadmap	schemes	for	electricity	(left)	and	high-temperature	heat	(right)	

	

These	 Roadmap	 schemes	 do	 not	 entirely	 speak	 for	 themselves.	 Therefore,	 we	 translated	 them	 to	
practical	and	harsh	consequences	if	Amsterdam	wants	to	be	carbon	neutral,	energy	neutral	and	rid	
of	natural	gas	by	the	year	2040.		

First,	 all	 newly	 constructed	 buildings	 need	 to	 be	 gasless,	 all-electric	 and	 at	 least	 energy	 neutral.	
Second,	 starting	 2018,	 until	 2040,	 7,000	 renovation	 projects	 need	 to	 be	 up	 and	 running	
simultaneously,	offering	 labour	 to	an	estimated	number	of	14,000	construction	workers	and	2,000	
installers	 permanently.	 Third,	 26,000	 new	 connections	 need	 to	 be	 connected	 to	 a	 new	 heat	 grid,	
annually,	until	2030.	This	comes	down	to	the	roll-out	of	78	km	of	heat	pipe	per	annum.	Fourth,	until	
2030,	20	geothermal	doublets	need	 to	be	drilled	and	 installed,	up	 to	a	capacity	of	3.5	PJ.	 Fifth,	by	
2040,	100	wind	turbines	of	4	MW	need	to	be	placed	within	the	municipal	boundaries.	Sixth,	28	ha	of	
PV	panels	need	to	be	 laid	on	roofs	and	other	surfaces,	annually	until	2040.	This	equals	around	650	
panels	per	working	day.	Hence,	for	22	years,	96	installers	can	be	continuously	on	the	job.		

With	these	measures	mentioned,	by	2040,	Amsterdam	will	have	become	carbon	neutral	for	its	heat	
and	cold	provision	and	60%	self-reliant	on	renewable	power.	The	remainder,	2200	GWh	needs	to	be	
imported	sustainable	power	 from	outside	the	city.	For	 indication:	 this	equals	a	number	of	146	7.5-
MW	marine	turbines	on	the	North	Sea,	or	14.7	km2	of	PV	elsewhere	in	the	Netherlands.		
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7. Conclusion and discussion 

The	 City-zen	 Amsterdam	 Roadmap	 demonstrates	 that	 urban	 energy	 transition	 is	 a	 demanding	
process,	of	which	the	establishment	of	a	roadmap	is	just	a	first	step.		

The	study	revealed	that	a	city	as	Amsterdam	can	become	energy	neutral	in	its	heat	demand,	but	not	
in	the	production	of	electricity	from	renewables.	Even	so,	an	enormous	effort	is	required	in	order	to	
transform,	 renovate	 and	 adapt	 parts	 of	 the	 city.	 Many	 of	 the	 energy	 measures	 required	 earn	
themselves	back	and	start	paying	off	within	10	years.	Hence	these	are	a	business	case	for	companies	
and	individuals.	Nonetheless,	there	will	be	interventions	that	require	extra	investments	facilitated	by	
commercial	 companies,	 banks,	 insurance	 companies,	 investment	 funds,	 governments	 and	 citizens	
themselves.	 Eventually	 all	 will	 be	 felt	 in	 the	 country’s	 economic	 system,	 but	 the	 advantage	 is	 a	
healthy,	 liveable,	 safe	world	 that	 future	generations	want	 to	 inherit,	use	and	maintain	 (Kristinsson	
2012).	 Therefore,	 it	 is	 evident	 that	 urban	 energy	 transition	means	 an	 operation	 that	 will	 only	 be	
accepted	if	people	understand	the	need	and	see	the	benefits.	

In	 that	 sense,	 the	 technical-spatial	 content	 of	 the	 Roadmap	was	 presented	 to	 stakeholders	 of	 the	
Dutch	 capital	 city,	 such	 as	 politicians,	 energy	 companies,	 commercial	 enterprises	 and	 not	 least	
citizens	 themselves.	 Although	 informed	 by	 scientific	 work,	 the	 Roadmap	 appealed	 to	 many,	
demonstrated	by	the	extensive	media	coverage.	The	people	want	it.	
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CHAPTER  1 –  In tro duc t i o n  

1.1. EU GOALS 

A	 so-called	 20-20-20	 target	 was	 set	 by	 the	 EU	 to	 achieve	 20%	 energy	 saving,	 20%	 increase	 in	
production	of	renewables,	and	20%	carbon	emission	reductions	by	2020.	This	ambition	was	followed	
by	the	EU	Energy	Building	Performance	Directive	that	by	2020	all	newly	constructed	buildings	need	
to	 be	 ‘nearly’	 zero	 energy.	 These	 aims	 have	 now	 been	 surpassed	 by	 the	 Paris	 Climate	 Treaty	
Agreements,	which	aim	for	a	carbon-neutral	built	environment	by	2050.		
The	greatest	challenge	lies	in	the	approach	of	the	existing	built	environment.	Started	in	2014,	the	EU	
FP7	 funded	 project	 of	 City-zen	 addresses	 this	 urban	 energy	 transition	 assignment.	 It	 develops	
methods	 and	 tools,	 spatial-technical	 as	 well	 as	 social-economical	 and	 legal-political,	 to	 help	 cities	
getting	 the	 transition	 started.	 As	 part	 of	 City-zen,	 so-called	 Roadmaps	 are	 developed	 for	 the	 two	
partner	 cities,	Amsterdam	and	Grenoble.	These	Roadmaps	 should	pave	 the	way	 towards	a	desired	
future	state	of	the	cities.	
	

1.2. DEFINITIONS OF SUSTAINABILITY AMBITIONS 

Before	 sustainability-related	 targets	 and	 goals	 can	 be	 set,	 a	 clarification	 of	 possible	 ambitions	 is	
needed,	because	in	debates	there	is	a	mix-up	and	confusion	about	terms	such	as	zero	carbon,	zero	
energy,	fossil	free,	and	circular.	Therefore,	we	first	state	our	practical	definitions	of	these	terms.	
	
(Net)	zero	carbon,	carbon	neutral,	climate	neutral	
In	 a	 living	 system	as	we	 know	on	earth,	 total	 absence	of	 carbon	emissions	 is	 impossible,	 so	when	
people	 talk	 of	 ‘zero	 carbon’,	 they	mean	 ‘net	 zero	 carbon’	 or	 ‘carbon	 neutral’,	 related	 to	 a	 certain	
period,	mostly	one	 year.	 Since	 the	ambition	of	 carbon	 is	 related	 to	 climate	 change	mitigation,	 the	
goal	 is	 actually	 to	 become	 ‘climate	 neutral’,	 encompasses	 also	 other	 greenhouse	 gases	 (GHG).	
Simplification	to	‘carbon	neutral’	therefore	requires	a	conversion	of	other	GHG	emissions	to	‘carbon	
equivalents’.	A	clean	definition	of	(net)	zero	carbon,	carbon	neutral	or	climate	neutral	is	that,	over	a	
year’s	 time,	 the	 net	 GHG	 emission	 of	 the	 system	 considered	 is	 zero.	 For	 this	 purpose,	 carbon	
emissions	 from	 fossil	 fuels	may	be	 sequestered,	 for	 instance	by	 storage	 in	 the	underground,	or	by	
functional	use	 in	horticulture	or	 industry,	or	compensated	by	planting	green.	 Indirectly,	 in	order	to	
become	climate	neutral,	compensation	is	possible	through	carbon	trading	(of	CO2	certificates).	Being	
climate	neutral	therefore	does	not	necessarily	mean	that	a	system	is	‘zero	energy’.	
	
(Net)	zero	energy,	energy	neutral	
Similar	 to	 zero	 carbon,	 for	 a	 living	 system	 ‘zero	 energy’	 literally	 means	 death,	 so	 in	 the	 light	 of	
sustainable	 cities,	 the	 actual	 goal	 is	 to	 become	 ‘net	 zero	 energy’	 or	 ‘energy	 neutral’.	 A	 clean	
definition	 of	 energy	 neutral	 is	 that	 in	 the	 system	 considered,	 over	 a	 year’s	 time,	 the	 quantity	 of	
renewable	 energy	 produced	 equals	 the	 energy	 used.	 By	 this	 definition,	 the	 use	 of	 fossil	 fuels	 is	
allowed,	as	 long	as	 it	 is	compensated	by	sufficient	production	of	renewable	energy	(e.g.	sun,	wind,	
water,	soil,	biomass).	An	example	of	this	 is	the	Danish	island	of	Samsø:	fossil	fuels	are	still	used	for	
cars	and	 ferry	boats	but	 the	 island	produces	more	 renewable	energy	 than	 it	needs,	 so	 it	 is	energy	
neutral	(and	climate	neutral)	but	not	yet	‘fossil	free’.		
	



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	18	

Fossil	free	
Being	‘fossil	free’	eliminates	the	use	of	fossil	fuels.	In	this	case	no	use	of	fossil	resources	(mineral	oil,	
natural	gas,	coal)	is	allowed	anywhere	in	the	system	considered.	In	a	fossil-free	system,	all	elements	
run	on	renewable	energy	resources.	A	fossil-free	system	can	be	called	circular	for	the	use	of	energy	
but	not	yet	for	other	flows,	such	as	water,	materials	and	food	(nutrients).	
	
Circular,	Cradle	to	Cradle	
There	are	two	types	of	circular	systems:	compliant	with	the	natural	cycle,	where	all	resources	return	
to	nature	in	a	non-harmful,	non-toxic	manner,	and	with	the	technical	cycle,	where	all	resources	are	
being	 reused.	 In	 that	 sense	 it	 is	 a	different	 term	 for	what	McDonough	&	Braungart	 (2002)	already	
coined	 ‘Cradle	 to	 Cradle’.	 Circularity	 is	 often	 solely	 coupled	 to	 the	 use	 of	 products,	 focusing	 on	
reusing,	recycling	and	reprocessing	of	materials,	but	it	also	harnesses	the	energy,	water	and	nutrient	
cycle,	 including	 more	 complicated	 biological	 and	 chemical	 processes.	 A	 circular	 system	 can	 be	
defined	 as	 a	 system	 that	 reuses	 all	 resources	 and	waste	 flows	 coming	 from	 these	 resources,	with	
input	 solely	 of	 renewable	 energy.	 Overall,	 a	 circular	 system	 should	 be	 able	 to	 function	 by	 itself,	
autarkic	or	self-sufficient.	
In	 a	 circular	 system,	 all	 resources	 keep	 flowing	 in	 loops,	 creating	 stability	 from	 the	 moment	 of	
circularity	onwards,	but	it	does	not	mean	that	past	damages	or	shortages	have	been	solved.	That	is	
what	regenerative	stands	for.		
	
Regenerative,	Beyond	Sustainable,	Positive	Footprint	
A	regenerative	system	does	more	than	a	circular	one,	in	that	it	regenerates	damages	and	shortages	
that	have	evolved	over	time,	before	a	system	became	circular.	Various	scholars	have	identified	that	
the	earth	at	present	 is	overstretched,	 that	our	 individual	Ecological	Footprint	 (Wackernagel	&	Rees	
1996)	 on	 average	 is	 larger	 than	 our	 share	 of	 earth	 surface,	 that	 we	 have	 created	 an	 unbalanced	
situation	beyond	natural	recovery.	Becoming	regenerative	means	that	a	system	not	just	takes	care	of	
its	own	self-sufficient	functioning	yet	also	makes	amends	for	the	damage	created	in	centuries	before.	
This	 is	 also	 referred	 to	 as	 ‘beyond	 sustainable’	 (Luscuere	 et	 al.	 2016),	 aiming	 to	 create	 ‘positive	
footprints’.	
	

1.3. AMSTERDAM AND ITS SUSTAINABILITY AMBITIONS 

The	 City	 of	 Amsterdam	 has	 expressed	 its	 sustainability	 ambitions	 in	 numerous	 documents,	 most	
lately	 in	 the	 city	 council’s	 coalition	 agreement	 (Groenlinks	 et	 al.	 2018).	 The	 city	wants	 to	 become	
climate	neutral	and	–	triggered	by	the	national	uproar	about	earthquakes	in	parts	of	the	country	due	
to	gas	drillings	–	 to	get	 rid	of	natural	 gas.	Amsterdam	 is	 getting	 the	energy	 transition	 started,	 and	
City-zen,	in	which	the	city	is	a	partner,	is	helping	out.	City-zen	does	this	as	well	in	the	other	partner	
city,	Grenoble,	and	so-called	Roadshows	are	held	 to	help	 ten	other	European	cities	 in	 their	energy	
transition	(Dobbelsteen	et	al.	2018b).	
	

1.4. THE AMSTERDAM CITY-ZEN ROADMAP 

The	main	 objective	 of	 the	 Amsterdam	City-zen	 roadmap	 is	 to	 develop	 a	 general	 energy	 transition	
roadmap	 for	 the	 built	 environment	 by	 using	 the	 City-zen	 approach.	 The	 roadmap	 will	 show	 a	
pathway	in	which	the	current	fossil	based	energy	system	of	the	built	environment	of	the	municipality	
of	Amsterdam	can	be	 transformed	 into	one	 that	 is	 fossil	 free.	 It	will	 show	how	different	 technical	
interventions	 (systems)	 in	 the	built	 environment,	based	on	 the	 local	 sustainable	energy	potentials,	
will	be	integrated	through	all	scale	levels	of	the	city	and	contribute	to	the	set	targets	and	final	goal.	
But	more	importantly,	the	approach	that	is	applied	will	describe	step-by-step	in	this	report,	how	this	
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particular	roadmap	came	into	being.	This	gives	the	reader	or	user	of	the	roadmap	insight	in	how	the	
roadmap	can	be	adjusted,	completed	or	be	made	for	other	cities.	
	

1.5. INTRODUCTION TO THE TWO NEIGHBOURHOODS 

The	 area	 that	 will	 be	 addressed	 in	 the	 City-zen	 Roadmap	 of	 Amsterdam	 is	 the	 municipality	 of	
Amsterdam	 as	 a	 whole	 (figure	 1).	 By	 applying	 the	 City-zen	methodology,	 we	 worked	 successively	
from	the	 large	(municipality)	scale	to	district	and	neighbourhood	scale.	 In	order	to	make	the	urban	
energy	interventions	more	tangible,	special	attention	was	given	to	two	neighbourhoods,	which	were	
elaborated	 into	 more	 detail:	 the	 historic	 Amsterdam	 city	 centre,	 in	 particular	 a	 neighbourhood	
around	 the	 Brouwersgracht,	 to	 the	 west	 (from	 now	 on	 called	 City	 Centre),	 and	 the	 Slotermeer	
neighbourhood,	which	is	a	post-war	extension	area	to	the	west	of	the	city	centre.	
	

	
Figure	1:	Municipal	borders	of	Amsterdam	and	the	neighbourhoods	of	Slotermeer	and	the	inner-city	
considered	for	the	City-zen	Roadmap	

	

1.6. THE CITY-ZEN ENERGY TRANSITION METHODOLOGY 

European	 cities	 usually	 have	 ambitious	 goals	 in	 becoming	more	 sustainable,	 but	 often	 are	 not	 on	
track	towards	their	short-term	(e.g.	EU2020)	targets.	The	pathways	to	move	forward	in	the	transition	
towards	 a	 sustainably	 built	 environment	 are	 complex	 to	 outline.	 The	 City-zen	methodology	 helps	
provide	structure	within	these	complex	tasks.	The	output	of	this	is	an	‘Energy	Master	Plan’	for	a	city	
or	neighbourhood,	based	on	an	energy	analysis	of	several	energy	maps	(demand	and	potentials)	of	
the	city,	with	a	roadmap	that	will	head	for	a	preliminary	set	of	targets	and	goals	(also	beyond	2020).	
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The	roadmap	exists	of	several	energy	interventions	and	measures,	both	at	the	technical	and	strategic	
level,	which	are	attached	to	a	timeline.	
	
Figure	 2	 illustrates	 the	 the	 City-zen	 Urban	 Energy	 Transition	Methodology.	 In	 this	 figure	 different	
steps	 are	 highlighted:	 1.	 Energy	 analysis	 (present	 circumstances,	 current	 energy	 demands	 etc.),	 2.	
Current	 planning	 and	 trends	 (the	 near	 future	 plan	 already	 started),	 3.	 Societal	 and	 stakeholder	
analysis	(political,	legal,	social,	economic	analysis),	4.	Scenarios	for	the	future	(external	variables	that	
will	 influence	the	future	state	of	cities),	5.	Sustainable	city	vision	with	goals	and	principles	(inspired	
by	a	 so-called	Book	of	 Inspiration,	produced	 from	the	City-zen	project),	 and	6.	The	Roadmap,	with	
energy	strategies	and	actions	(supported	by	the	City-zen	‘Catalogue	of	Measures’).	
	

	
Figure	 2:	 City-zen	 energy	 transition	 approach.	 ANALYSIS:	 Step	 1:	 Energy	 Analysis	 (the	 technical	
geographical	present),	Step	2:	Present	planning	and	trend	(near	future	energy	plans	and	business-as-
usual	trend),	Step	3:	Society	&	stakeholder	analysis	 (political-legal-economic-social	climate;	ENERGY	
MASTER	 PLANNING:	 Step	 4:	 Scenario	 for	 the	 future	 (external	 factors	 and	 technical-geographical	
limitations),	Step	5:	Energy	vision	with	targets	and	guiding	principles	(from	the	Book	of	 Inspiration),	
Step	6:	Roadmap	with	energy	strategies	and	actions	(by	means	of	the	Catalogue	of	Measures)	

	

1.7. OUTPUT OF THE ROADMAP 

The	output	of	the	City-zen	methodology	will	be	an	‘Energy	Master	Plan’	for	a	city	or	neighbourhood,	
based	 on	 an	 energy	 analysis	 of	 several	 energy	 maps	 (demand	 and	 potentials)	 of	 the	 city,	 with	 a	
roadmap	 that	 will	 head	 towards	 a	 preliminary	 set	 of	 targets	 and	 goals	 (also	 beyond	 2020).	 The	
roadmap	 exists	 of	 several	 energy	 interventions	 and	measures,	 both	 at	 the	 technical	 and	 strategic	
level,	which	are	attached	to	a	timeline.	
Energy	 interventions	 are	 technical	 measures	 that	 are	 specified	 for	 a	 specific	 location	 and	
implementation	 time	 frame.	 Examples	 are:	 an	 extension	 of	 a	 heat	 network	 in	 a	 neighbourhood,	 a	
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retrofit	of	building	blocks,	or	the	installation	of	a	certain	amount	of	solar	power	on	roofs	in	a	district,	
installed	within	a	certain	period.	
However,	 to	 be	 able	 to	 really	 install	 or	 build	 these	 interventions,	multiple	 barriers	may	 exist	 that	
need	to	be	dealt	with.	The	solutions	for	these	can	be	on	a	non-technical	 level,	such	as	deciding	on	
energy	 vision	 and	 main	 directions	 with(in)	 the	 municipality,	 making	 agreements	 with	 housing	
corporations	and	home-owners	in	order	to	make	connections	with	the	new	heat	network,	stimulate	
housing	 corporations	 to	 retrofit	 (by	 the	 municipality),	 and	 give	 incentives	 to	 install	 PV	 on	 roofs	
(subsidy	or	a	‘roof	letting	construction’).	
These	barriers	and	opportunities	can	be	classified	in	societal	and	technical	layers	of	influence,	which	
the	City-zen	approach	implements.	The	method	of	Energy	Potential	Mapping	(EPM,	Broersma	et	al.	
2013a)	already	structurally	exposes	the	geographical-physical	and	technical	layers	into	local	layers	of	
energy	potentials.	This	technical-spatial	quantification	of	demand,	reduction	potential	and	renewable	
supply	forms	the	first	analytical	step	of	the	approach.	
As	said,	other	layers	may	affect	the	realisation	of	this	technical	potential	on	a	non-technical	and	non-
quantifiable	 level.	 Technically	 feasible	 interventions	 have	 to	 be	 assessed	 on	 barriers	 and	
opportunities	on	economic,	social	and	political-legal	 levels.	 In	order	to	take	away	barriers,	strategic	
measures	have	to	be	defined.	
For	a	full	Energy	Master	Plan	in	the	next	steps,	the	future	has	to	be	envisioned	in	a	scenario.	So,	 it	
has	to	be	defined	in	what	direction	the	city	is	going,	economically,	socially	yet	also	climatically.	In	a	
next	 step,	 the	 future	 targets	 and	 goals	 (and	 their	 associated	 indicators)	 have	 to	 be	 defined.	
Amsterdam	 for	 example	 wants	 to	 cut	 its	 CO2	 emissions	 by	 75%	 in	 2040.	 With	 this	 in	 mind,	 the	
roadmap	can	be	created.	
	

1.8. LIMITATION 

In	 the	 study	 presented,	 we	 primarily	 focused	 on	 determining	 the	 urban	 energy	 interventions	
required	 to	 make	 the	 transition	 to	 the	 desired	 future	 state	 of	 the	 city,	 climate	 neutral.	 Energy	
interventions	 are	 technical-spatial	 measures	 that	 are	 specified	 for	 a	 specific	 location	 and	
implementation	 time	 frame.	 Examples	 are:	 extending	 a	 heat	 network	 in	 a	 neighbourhood,	
retrofitting	 building	 blocks,	 or	 installing	 of	 a	 certain	 amount	 of	 solar	 power	 on	 roofs	 in	 a	 district,	
within	a	certain	period.	
Energy	 Potential	 Mapping	 is	 used	 to	 determine	 the	 renewable	 energy	 potentials	 of	 a	 city	 as	
Amsterdam.	 This	 EPM	method	 structurally	 exposes	 the	 geographical-physical	 and	 technical	 layers	
into	 local	 layers	 of	 energy	 potentials.	 This	 technical-spatial	 quantification	 of	 demand,	 reduction	
potential	and	renewable	supply,	forms	the	first	analytical	step	of	the	approach.	
We	acknowledge	that,	to	be	able	to	realise	these	interventions,	multiple	barriers	may	exist	that	need	
to	 be	 dealt	 with	 (Amsterdam	 Economic	 Board	 2018).	 The	 solutions	 for	 these	 can	 be	 on	 a	 non-
technical	 level,	 such	as	political	decision-making	processes,	agreements	with	housing	corporations,	
and	economic	barriers	to	establish	far-going	energy	renovations.	
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CHAPTER  2 –  Ene rgy analys i s  (Step  1)  

2.1. CURRENT ENERGY CHARACTERISTICS 

In	 this	 first	 step	of	 the	City-zen	energy	 transition	approach	 the	 technical	 and	geographical	present	
will	be	mapped,	this	 includes	the	current	energy	demands,	energy	system	and	the	present	building	
stock.	 This	 step	 is	 applied	 to	 Amsterdam	 in	 paragraph	 1.	 In	 the	 next	 two	 paragraphs	 include	 the	
Energy	Potential	Mapping	for	electricity	and	heating.		
	

2.1.1. Building stock 

Land-use		
Figure	 3	 shows	 the	 use	 of	 land	 by	 the	 city	 of	 Amsterdam.	 The	 most	 important	 functions	 are	
residential	 areas	 (red),	 industrial	 and	commercial	areas	 (purple),	mainly	around	 the	harbour	 in	 the	
north-west),	 recreational,	 sports	and	green	areas	 (green),	Schiphol	Airport	 in	 the	south-west	 (grey)	
and	shops	in	the	centre	(orange).	
	

	
Figure	2:	Land	use	in	Amsterdam	(City	of	Amsterdam,	2018)	

Construction	period	of	buildings	
Figure	4	visualises	the	construction	of	the	city	of	Amsterdam	throughout	the	years,	once	started	in	
the	historic	city	centre,	expanding	towards	the	newest	districts	constructed	after	World	War	II,	the	
latest	ones	being	the	expansions	into	the	IJmeer.	
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Figure	 3:	 Map	 of	 building	 construction	 period	 of	 buildings	 in	 Amsterdam,	 extracted	 from	 (City	 of	
Amsterdam,	2017)	

Energy	labels	in	the	built	environment	

The	energy	labels	of	figure	5	are	strongly	related	to	the	construction	period	shown	in	figure	4.	

Figure	4:	Energy	labels	in	Amsterdam	(certified	+	indicated)	derived	from	(Energie	label	atlas,	2017)	



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	24	

	

2.1.2. Existing energy systems 

As	 nearly	 all	 of	 the	 Netherlands,	 Amsterdam	 is	 served	 by	 an	 electricity	 grid	 fed	 by	 power	 plants	
mainly	running	of	fossil	fuels.	The	Dutch	capital	has	three	power	plants:	the	natural	gas-fired	power	
plant	in	Diemen,	the	coal-fired	Hemweg	power	plant	near	the	western	ring	road,	and	the	AEB	waste	
incineration	plant	 in	the	Amsterdam	harbour.	At	the	moment	power	from	the	waste	incineration	is	
considered	a	sustainable	source.	
	
For	heating	and	hot	water	purposes	almost	all	Dutch	households,	most	Amsterdam	ones	 included,	
have	 gas	 boilers.	 In	 addition,	 Amsterdam	 has	 two	 district	 heatworks.	 Figure	 5	 shows	 these.	 The	
networks	are	supplied	by	three	main	heat	sources:	the	gas-fired	power	plant	in	Diemen	to	the	east,	
AEB	 waste	 incineration	 plant	 (Westpoort	 Warmte)	 to	 the	 west,	 and	 the	 Vrije	 Universiteit	 in	 the	
south.	 There	 are	 also	 a	 few	 cooling	 networks,	 which	 are	 supplied	 with	 cold	 from	 health	 care	
institutions.		
	

	
Figure	5:	The	existing	district	heating	and	cooling	networks	in	Amsterdam,	(City	of	Amsterdam,	2017)	
	

2.1.3. Current energy demand 

Current	electricity	production	
The	maps	of	 figure	7	and	8	 indicate	the	electricity	consumption	throughout	the	city	 in	kWh/m2	for	
both	 commercial	 as	 domestic	 use.	As	 visible	 the	high	electricity	 demands	 are	mainly	 found	 in	 and	
around	the	city	centre.	
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Figure	6:	Electricity	consumption	in	Amsterdam,	in	kWh/m2	(Boogert,	et	al.,	2014)	

	
Figure	7:	Electricity	consumption	per	building	block	(City	of	Amsterdam,	2017)	

Current	gas	consumption	
The	map	of	figure	9	indicates	the	division	of	the	heat	demand	throughout	the	city,	showing	the	total	
gas	use	of	 residential	and	non-residential	 functions.	The	map	 is	 retrieved	 from	the	Dutch	web	tool	
PICO.	The	gas	consumption	is	strongly	related	to	the	energy	labels	(and	construction	period)	of	the	
building;	 in	 general,	 a	 lower	 energy	 label	 and	 old	 building	 increases	 the	 heat	 demand	 (see	 the	
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combination	of	 figure	4,	5	and	9).	Also	 the	areas	with	district	heating	 (Figure	5)	do	have	a	 low	gas	
demand.		
	

	
Figure	8:	Gas	use	distribution	Amsterdam	(www.pico.geodan.nl)	

Current	energy	demands	
The	total	demand	for	heating	and	electricity	in	the	city	of	Amsterdam	is	about	42	PJ.	The	largest	
share	is	used	by	businesses	(71%),	mainly	by	their	substantial	electricity	use	(see	figure	10).	The	gas	
demand	of	businesses	is	slightly	higher	than	the	demand	of	the	private	sector.	In	total,	the	demand	
for	heating	is	much	higher	than	for	electricity.	
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Figure	9:	Energy	demands	for	the	city	Amsterdam.	

	

2.1.4. Current carbon footprint of Amsterdam 

In	the	Roadmap	team	of	City-zen,	dr.	Riccardo	Pulselli	of	INDACO2	made	carbon	emission	
calculations	for	Amsterdam,	based	on	characteristics	for	the	use	of	electricity,	heat	(mainly	natural	
gas),	mobility	and	water,	plus	the	production	of	waste.	More	information	on	this	method	can	be	
found	in	Bastianoni	et	al.	(2014)	and	Dobbelsteen	et	al.	(2018b).	
	
The	electricity	use	of	Amsterdam	is	around	809	GWh	per	annum,	and	the	annual	usage	of	natural	gas	
is	2980	GWh	(Gemeente	Amsterdam	2017).	Amsterdam	uses	38.4	million	m3	of	water	per	annum	(NL	
2015)	and	produces	304	kiloton	of	waste	per	year	(Gemeente	Amsterdam	2013).	
	
In	2017	the	city	of	Amsterdam	had	822,272	inhabitants.	with	an	estimated	number	of	373,760	
households,	based	on	the	national	average	of	2.2	people	per	household.	The	average	area	per	
household	is	74	m2.		
The	average	household	use	of	electricity	is	2000	kWh	per	annum,	and	that	of	natural	gas	is	900	m3.	
One	person	uses	128	litre	of	water	per	day	and	produces	307	kg	of	waste	per	annum.	
A	household	covers	6650	km	of	mobility	(not	only	commuting),	which	is	50%	less	than	the	Dutch	
average.		
Based	on	these	values,	the	total	greenhouse	gas	emissions	per	household	are	5.04	ton	CO2eq	per	
annum.	In	comparison:	the	average	Dutch	household	emits	8.50	ton	CO2	per	annum.	
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For	Amsterdam	as	a	whole,	the	total	emission	of	greenhouse	gas	emissions	is	1884	kiloton	CO2eq	per	
annum.	To	compensate	for	this,	a	new	forest	the	size	of	140,000	ha	(1400	km2)	would	have	to	
sequester	this	amount	of	CO2.	This	is	what	we	call	the	carbon	footprint	of	Amsterdam.	
	
Please	note	the	following:	
- only	residential	energy	was	taken	into	account	(no	services);	
- mobility	was	estimated	(not	only	commuting);	
- of	waste	it	was	estimated	that	60%	is	incinerated;	
- water	consumption	was	assessed	based	on	water	use	per	capita;	
- no	services,	industry,	agriculture,	food,	goods,	air	and	maritime	mobility,	and	industrial	waste	

were	included;	
- no	carbon	uptake	was	assumed.	
	

2.2. ENERGY POTENTIALS – ELECTRICITY 

The	main	 sources	 to	produce	 sustainable	electricity	 in	Amsterdam	are	 sun,	wind	and	waste.	 Solar	
irradiation	can	be	converted	into	electricity	with	solar	or	photovoltaic	(PV)	panels	on	roofs	or	other	
areas.	Wind	 can	be	 converted	 into	 electricity	with	 large	wind	 turbines	 located	on	 industrial	 areas,	
business	parks	or	open	areas.	Waste	can	be	 incinerated	at	a	waste	 incineration	plant	and	with	co-
generation	transformed	into	electricity	and	useful	heat.	
There	are	more	ways	to	generate	electricity	that	will	not	be	elaborated	here	because	Amsterdam	has	
insignificant	potential	for	these,	or	technologies	are	not	mature	(e.g.	ultra-deep	geothermal	energy).	
Next,	the	main	sources	and	potentials	will	be	addressed.	
	

2.2.1. Energy Potential Mapping 

Sun	

	
Figure	10	Solar	potential	on	roofs	in	Amsterdam	(Boogert,	et	al.,	2014)	
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The	current	electricity	production	potential	on	roofs	in	Amsterdam	(figure	11)	is	estimated	at	almost	
4	PJ	or	1000	GWhe	in	2014	in	the	Amsterdam	Energy	Atlas	(Boogert,	et	al.,	2014).		
This	 is	 based	 on	 an	 estimated	 800	 hectares	 of	 suitable	 roof	 for	 energy	 production	 in	 the	 built	
environment	of	Amsterdam	and	there	is	calculated	with	the	conservative	maximum	108	kWh/m2	PV-
panel.	Note	that	vertical	applications	of	PV	were	excluded	in	our	calculations,	whereas	these	might	
become	important	in	the	near	future.	
	
Wind	
The	wind	potential	 in	Amsterdam	 is	also	described	 in	 the	Energy	Atlas	Amsterdam	(Boogert,	et	al.,	
2014).	The	graph	of	figure	12	visualises	suitable	locations	in	yellow	and	a	grid	of	3MW	wind	turbines	
at	an	optimal	distance	from	each	other	(for	maximised	energy	production).	Calculated	this	way,	the	
total	potential	reaches	up	to	1.6	PJe	(450	GWhe).	
	

	
Figure	11	Wind	potential	from	large	wind	turbines	(Boogert,	et	al.,	2014)	

Electricity	and	heat	from	waste	incineration	
Amsterdam	has	a	large	waste	incineration	plant	in	the	harbour	area,	the	Afval	Energie	Bedrijf	(AEB),	
which	processes	domestic	waste.	 In	 the	year	2016,	almost	1,400,000	 tons	of	waste	was	processed	
(AEB	Amsterdam,	2017),	of	which:	
§ 1,000,000	ton	is	Dutch	waste	
§ 400,000	ton	is	waste	from	the	UK	
§ 43,000	ton	separated	at	the	source	
§ 110,000	ton	is	separated	at	the	AEB	plant	
§ 3.3	PJe	or	920	GWhe	of	electricity	is	produced	from	this	
§ 0.7	PJth	of	heat	is	used	in	the	district	heating	network	
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With	a	caloric	value	of	10	GJ/ton,	this	quantity	of	waste	has	a	primary	energy	content	of	14	PJ.		
	
In	 2013,	 19%	 of	 the	 total	 waste	 in	 Amsterdam	was	 separated.	 Amsterdam	wants	 to	 increase	 this	
percentage	significantly	to	65%	in	2020.	This	will	predominantly	be	achieved	by	the	AEB	separation	
plant,	which	will	be	installed	before	2020.	
Taking	this	amount	of	waste	separation	into	account,	the	primary	energy	content	of	the	waste	that	
has	to	be	incinerated	is	5	PJ.	With	the	high	efficiency	of	30%	of	the	current	CHP	fuelled	by	waste	at	
AEB,	this	can	roughly	be	converted	into	1.5	PJe	(436	GWhe)	and	3.5	PJth.	
	
In	Europe,	the	general	policy	is	to	reduce	the	final	waste	stream	as	much	as	possible	and	recycle,	re-
use	or	upgrade	 these	 valuable	materials.	 This	might	have	an	 influence	on	 the	available	 amount	of	
waste	available	for	energy	in	the	future.	
	
Current	electricity	potentials	
The	current	sustainable	electricity	potential	is	based	on	sun,	wind	and	waste	incineration	at	the	AEB	
plant.	In	the	diagram	of	figure	13	these	potentials	are	shown.	
	

	
Figure	12	Current	electricity	demands	and	renewable	potentials	

	

2.2.2. Electricity potentials development scenario 

Figure	14	illustrates	the	current	demand	for	electricity	and	the	estimated	total	amount	of	renewable	
electricity	now	and	in	the	future.	The	scenario	considered	is	as	follows.	
§ Electricity	production	with	PV	is	concidered	to	increase	from	108	W/m2	to	200	W/m2	in	2040	(by	

increased	 efficiencies),	 also	 the	 available	 roofs	 will	 increase	 due	 to	 a	 growing	 Amsterdam.	
Around	20%	more	roof	will	be	available	in	2040.	The	potential	will	have	more	than	doubled	from	
2016	–	2040.	
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§ Wind	turbines	already	have	very	a	high	efficiency.	The	current	potential	 is	based	on	an	optimal	
spacing	of	540	meters	between	turbines	and	for	suitable	locations	on	the	Amsterdam	wind	vision	
of	 before	 2012.	 This	 can	 all	 be	 considered	 as	 ‘conservative’.	 Therefore,	 the	 potential	 doubles	
from	 2016-2040,	 mainly	 by	 allowing	 turbine	 closed	 to	 each	 other	 and	 expecting	 more	 open	
spaces	to	be	prospective	by	2040.	

§ The	potential	of	electricity	from	waste	incineration	decreases	after	2020	due	to	the	efforts	to	get	
to	 a	 circular	 economy,	 leading	 to	 an	 expected	 increase	 of	 waste	 separation	 to	 1	 PJ	 in	 2040.	
According	to	this	scenario	the	amount	of	electricity	that	can	be	generated	in	the	boundaries	of	
the	city	won’t	be	enough	to	fulfill	the	current	electricity	demands.	

	

	 	
Figure	13:	Current	electricity	demands	and	the	potentials	for	electricity	generation	from	waste,	wind	
and	PV	on	roofs	till	2040.	
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2.3. ENERGY POTENTIALS – HEAT 

2.3.1. Energy potential Mapping  

Sun	(rooftops)	
In	order	to	define	the	heat	production	potentials	on	rooftops	in	Amsterdam,	next	relative	potentials	
per	 m2	 for	 electricity,	 high-temperature	 solar	 and	 low-temperature	 solar	 production	 are	 used	 to	
define	Amsterdam	potentials.	

Table	1:	Energy	yield	per	m2		

PV - electricity 108 kWh/m2

Solar thermal high temp 250 kWh/m2

Solar PVT- low temp 400 kWh/m2

energy yield per m2 from the sun

	
	
The	current	high-temperature	heat	production	potential	of	solar	collectors	on	roofs	in	Amsterdam	is	
almost	9	PJ	(or	2500	GWhth).	
The	current	mid-	or	low-temperature	heat	production	potential	by	PV-thermal	collectors	located	on	
roofs	in	Amsterdam	is	estimated	to	be	almost	14	PJ	(or	3900	GWhth).	
This	does	not	mean	that	both	potentials	can	be	used	at	the	same	time.	
	
Sun	(solar	collectors	in	streets)	
Solar	road	collectors	can	generate	on	average	0.8	GJ/m2	of	thermal	energy	(Broersma	et	al.	2013b).	
Only	 about	 25%	of	 the	 roads	 can	be	used	 for	 these	 asphalt	 collectors	 (excluding	 shaded	and	non-
asphalt	 roads).	 With	 an	 area	 of	 12.1	 km2	 of	 road	 this	 means	 that	 about	 2.42	 PJ	 of	 mid-	 to	 low-
temperature	heat	can	be	generated	with	asphalt	collectors	in	Amsterdam.	

Table	2:	The	total	area	of	roads	in	Amsterdam	(based	on	www.cbs.nl)	and	extractable	heat	

	 Linear	kilometres	
of	road	

Estimated	area	 Maximum	heat	theoretically	
harvested	from	asphalt	

Municipal	roads	 1689	 8.45	km2	 6.76	PJ	
National	roads	 119	 3.57	km2	 2.86	PJ	
Provincial	roads	 5	 0.05	km2	 0.04	PJ	
Water	board	 32	 0.03	km2	 0.02	PJ	
Total	 1845	 12.1	km2	 9.68	PJ	
	
Deep	geothermal	heat	
The	 graph	 of	 figure	 15	 shows	 the	 potential	 of	 deep	 geothermal	 wells	 in	 a	 large	 part	 of	 the	
Netherlands.	 The	 yellow,	 orange	 and	 brown	 areas	 indicate	 potentials	 with	 different	 chances	 for	
geothermal	wells	with	thermal	power	of	at	least	5	MWth	(respectively,	with	a	probability	of	<=	30%,	
30-50%,	 >=	50%).	 The	orange	areas	outlined	black	are	most	promising	with	>=	70%	of	probability.	
Blue	and	grey	areas	are	considered	not	suitable	for	geothermal	wells	because	these	aquifers	are	thin	
or	temperatures	are	low.	
		



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	33	

	
Figure	14:	Deep	geothermal	potentials	of	the	middle	part	of	the	Netherlands	and	around	Amsterdam	
(indicated)	in	Jura	and	Chalk	layers	(www.pico.geodan.nl)	

Amsterdam	 is	 not	 situated	 on	 deep	 aquifers	 with	 high	 potentials	 for	 geothermal	 wells.	 Yet,	 the	
western	part	lies	on	a	large	area	with	minor	chances	(>30%)	on	drillings	with	enough	output.		
	
Biomass	
Amsterdam	produces	 79.4	 kg	 of	 green	 domestic	waste	 per	 person	 (Gemeente	 Amsterdam,	 2015),	
which	results	in	66.3	Mton	of	green	waste	in	total	(835.000	inhabitants).	This	can	be	fermented	into	
0.15	PJ	of	biogas.	
There	is	a	production	of	around	12.5	kg	of	garden	waste	per	person.	By	estimation	(Broersma	et	al.	
2013b)	 half	 of	 this	 is	 fermentable	 and	 half	 is	 woody	 (of	 which	 50%	 dry	 matter,	 with	 an	 energy	
content	of	19	GJ/ton);	 in	 total	 this	can	deliver	0.01	PJ	of	biogas	and	0.05	PJ	of	biomass	 (wood),	 so	
0.06	PJ	in	total.	
Trimmings	 in	 the	 municipality	 of	 Amsterdam	 can	 lead	 to	 a	 feasible	 energy	 yield	 of	 0.02	 PJ,	
(theoretically	up	 to	0.08	PJ,	which	we	did	not	assume).	The	potential	amount	of	biogas	 from	black	
waste	water	is	0.24	PJ.	
All	in	all,	the	total	potential	of	biogas	and	biomass	in	Amsterdam	equals	0.47	PJ,	which	is	around	25%	
of	the	current	gas	use	of	the	inner	city.	
	
Sources	of	waste	heat	
Figure	16	and	17	present	the	potential	sources	of	residual	heat,	high-temperature	and	low-	or	mid-
temperature	 respectively.	 High-temperature	 (HT)	 heat	 potentials	 are	 mainly	 industries,	 waste	
incinerators	and	power	plants;	those	are	found	in	the	Amsterdam	Metropolitan	Area.	The	low-	(LT)	
and	mid-temperature	(MT)	sources	are	limited	to	the	city	of	Amsterdam,	recovered	from	the	cooling	
installations	of	mainly	supermarkets,	hospitals,	datacentres	and	offices.	HT	sources	are	considered	to	
be	above	65oC,	MT	sources	between	40	and	65oC	and	LT	sources	between	25	and	40oC.	
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Figure	15:	Different	sources	of	high-temperature	waste	heat	in	the	Amsterdam	Metropolitan	Area	
(Metropoolregio	Amsterdam,	2016)	
	

	
Figure	 16:	 Waste	 heat	 potentials	 from	 buildings:	 datacentres,	 hospitals,	 supermarkets	 and	 offices	
(City	of	Amsterdam,	maps.amsterdam.nl,	2018)	
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The	potential	of	waste	heat	 is	calculated	in	table	3.	The	potential	of	datacentres	 is	probably	higher	
due	to	a	rapid	increase	of	these	buildings	in	recent	years.	

Table	3:	Residual	heat	potentials	from	different	sources	in	PJ	

residual heat (mixed)
feasible 1,31
theoretical 3,92
supermarkets 0,04
hospitals 0,08
datacentres 0,65
offices 0,35
additional 0,18 	
	
	

2.3.2. High-temperature heat development scenario 

In	 the	 previous	 paragraphs	 the	 high-temperature	 potentials	 were	 determined.	 In	 the	 diagram	 of	
figure	18,	 the	cogeneration	heat	 from	Diemen	power	plant	 (natural	gas)	will	not	be	available	after	
2035.	Also	the	heat	produced	from	waste	at	AEB	will	decrease	as	a	result	if	an	increase	of	separated	
waste.	The	quantity	of	geothermal	heat	is	based	on	an	optimistic	scenario,	rather	uncertain.	
	

	 	
Figure	17:	Current	heat	demand	and	the	potentials	for	high-temperature	heat	in	Amsterdam.	
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2.3.3. Low- and mid- temperature heat development scenario 

The	following	potentials	for	low-	and	mid-temperature	heating	are	available.	A	heat	pump	might	be	
needed	to	upgrade	the	heat	temperature.	
	
Low-temperature	sources:	
§ Open	water	(surface	water)	
§ Sewage	mains	
§ Drinking	water	mains	
§ Waste	heat	from	buildings	
	
Mid	temperature	sources	
§ PV-thermal	heat	
§ Road	collector	heat)	

	

	
Figure	 18:	 Current	 heat	 demands	 and	 the	 potentials	 for	 mid-	 and	 low-temperature	 heat	 in	
Amsterdam.	

The	scenario	considered	is	as	follows:	
§ PVT	efficiency	is	assumed	to	increase	from	400	kWh/m2	to	450kWh/m2	in	2040.	
§ Other	potentials	are	assumed	to	remain	stable.	
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The	diagram	of	figure	20	shows	the	
potential	for	thermal	energy	storage	
systems,	such	as	BTES	(borehole	
thermal	energy	storage,	i.e.	a	closed-
loop	system)	and	ATES	(aquifer	
thermal	energy	storage,	i.e.	an	open	
system).	The	potential	is	assumed	to	
remain	stable.	
This	graph	is	set	at	the	same	scale	as	
previous	figure	19,	which	emphasises	
the	enormous	potential	of	heat	and	
cold	storage	in	the	underground	of	
Amsterdam.	
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2.3.4. Overview of the current heat potentials 

	
Figure	20:	Current	heat	demands	and	 the	potentials	 for	high-,	mid-	and	 low-temperature	heat	and	
seasonal	thermal	energy	storage	in	Amsterdam.		

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

current	demand High	T	heat Low/Mid	T	heat Storage
ATES	open	(50-150) 54

BTES	closed	loop 4

drinking	water	mains 0.09

sewage	mains 0.11

surface	water 0.39

Road	collectors 2.4

Waste	heat	(mixed	functions) 1.3

solar	thermal	LT	or	pvT 13.9

Biomass 0.47

Diemer	power	plant 1.2

AEB	(supply) 3

Deep	geothermal	(70°) 9.31

solar	thermal	HT 8.7

demand 25.5

(P
J)

Current	heat	demand	and	high,	mid/low-temp	and	storage	
potentials



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	39	

2.4. ENERGY POTENTIALS - COLD  

Figure	 22	 illustrates	 the	 cold	 potentials	 of	 Amsterdam,	 assumed	 constant	 in	 the	 coming	 decades.	
Although	the	exact	cold	demand	from	buildings	is	not	well	known,	there	is	an	equal	amount	of	cold	
available	for	cooling	purposes.	
	

	
Figure	21:	Current	potentials	for	cooling.	

	

0

10

20

30

40

50

60

70

2016 2020 2030 2040

PJ

Cold	potentials

deep	water	

surface	water

drinking	water	mains

BTES	closed	loop

ATES	open	(50-150)



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	40	

CHAPTER  3 –  Pre s en t  p lann ing  and  trend  (Step  2)  

In	the	second	step	of	the	City-zen	Energy	Transition	Methodology	near-future	energy	plans	and	the	
trend	in	case	of	a	business-as-usual	scenario	are	analysed.	
	

3.1. CARBON EMISSIONS IN A BUSINESS AS USUAL SCENARIO 

The	graph	of	figure	23	projects	the	carbon	emissions	for	Amsterdam	in	the	coming	years	in	case	of	a	
business	as	usual	(BAU)	scenario,	based	on	figures	of	OIS	(Municipality	of	Amsterdam,	2017)	on	CO2-	
emissions	in	Amsterdam	2011-2016	and	corrected	for	population	growth	(1.3%	of	growth,	based	on	
the	average	growth	between	2011-2016).	
	

	
Figure	22	CO2-emission	prognoses	for	a	business	as	usual	scenario	

As	 can	 be	 seen,	 carbon	 emissions	will	 not	 decrease	 a	 lot,	 only	 a	 little	 as	 result	 of	 current	 energy-
saving	strategies.	This	decrease	is	not	nearly	enough	to	fit	any	of	the	current	goals	of	Amsterdam	or	
the	goals	of	the	City-zen	Amsterdam	Roadmap.	
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3.2. NEAR-FUTURE PLANS FOR CARBON EMISSION REDUCTION 

	
Figure	23:	Plan	of	the	municipality	of	Amsterdam	towards	a	sustainable	city	(Gemeente	Amsterdam	
2015,	www.amsterdam.nl/duurzaamheid)	

Amsterdam	 has	 had	 a	 long-lasting	 policy	 to	 become	 a	 sustainable,	 climate-neutral	 city.	 This	 was	
elaborated	 in	 the	 ‘Duurzaam	 Amsterdam’	 (sustainable	 Amsterdam)	 report	 (Gemeente	 Amsterdam	
2015),	 of	which	 figure	 24	 is	 an	 illustration	 of	measures	 proposed.	 For	 the	 Roadmap	 the	 following	
strategies	were	important	to	include.	
§ 40,000	roofs	on	buildings	of	housing	corporations	will	be	equipped	with	PV	panels	before	2020,	

which	will	contribute	for	50%	to	Amsterdam’s	goal	to	have	160	MW	installed	by	2020.	
§ 40,000	 label	 step	 improvements	are	 foreseen	 for	 the	period	2015-2019	 (10,000	per	 year)	with	

corporation	housing	buildings.	
	
The	 current	 city	 council	 has	 repeated	 the	 intention	 to	become	 sustainable	and	 initiated	an	energy	
transition	process,	partly	as	a	result	of	the	presentation	of	this	Roadmap	study.	
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CHAPTER  4 –  So c i e ty  and  s takeho ld e r analys i s  
(Step  3)  

In	the	last	step	of	the	analysis	part	of	the	transition	methodology,	the	society	and	stakeholders	are	
analysed	from	a	political-legal-economic-social	perspective.	
	

4.1.1. Municipality of Amsterdam  

For	the	built	environment	of	Amsterdam,	the	following	figures	apply:	
§ The	 city	 currently	 has	 430,000	 residential	 units	 (2017),	 which	 are	 projected	 to	 grow	 towards	

500.000	by	2030.	
§ A	residential	unit	on	average	has	a	floor	area	of	75	m2.	
§ In	 total,	 there	 is	 32,250,000	 m2	 of	 residential	 floor	 area	 (55%)	 and	 26,000,000	 m2	 of	 non-

residential	floor	area,	mainly	offices	(45%).	
	
There	are	many	housing	corporations	in	Amsterdam.	Roughly	50%	of	the	430,000	residential	units	is	
owned	by	corporations	(see	Figure	24).	
	

	
Figure	24:	Housing	corporation	ownership	in	Amsterdam	(Amsterdamse	federatie	van	
woningcorporaties,	2017)	
	
Current	(2017)	goals	of	the	City	of	Amsterdam	
The	Municipality	of	Amsterdam	uses	2	documents	as	guidelines	for	the	energy	transition	of	the	city	
in	the	incumbent	board	(2014-2018):	the	Structuurvisie	2040	(structural	vision	2040)	and	the	Agenda	
Duurzaamheid	(sustainability	agenda).	
The	sustainability	goals	of	Amsterdam	are	considerable:	
§ 40%	of	CO2	reduction	by	2025,	compared	to	the	year	1990	(Structuurvisie	2040).	
§ 75%	of	CO2	reduction	by	2040	(Structuurvisie	2040).	
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§ 20%	 increase	 of	 renewable	 energy	 production	 per	 inhabitant	 by	 2020,	 compared	 to	 the	 year	
2013	(Agenda	Duurzaamheid).	

§ 20%	less	energy	use	per	inhabitant	by	2020,	compared	to	2013	(Agenda	Duurzaamheid).	
The	latter	two	goals	are	compliant	with	EU	targets	for	2020.	With	the	first	goal,	Amsterdam	exceeds	
the	 EU	 target	 of	 20%	of	 carbon	emission	 reductions,	which	 in	 itself	 is	 logical	when	20%	of	 energy	
demand	is	saved	and	20%	of	the	remaining	demand	is	produced	sustainably.	
	
Objectives	that	contribute	to	this	goal	
Sustainable	production:	
§ Solar	 power:	 9	 MW	 in	 2016,	 160	 MW	 in	 2020,	 1000	 MW	 in	 2040.	 40.000	 roofs	 on	 housing	

corporation	buildings	will	be	equipped	with	PV	before	2020.	
1000	MW	of	power	comes	down	to	4	PJ	or	1000	GWh	of	electricity	(Agenda	Duurzaamheid).	

§ Wind	power	Installed	within	the	city	boundaries:	250	MW	in	2025,	400	MW	in	2040.	
§ Connections	to	the	district	heat	network:	81,000	in	2018,	102,000	in	2020,	230,000	in	2040.	Of	

these,	 100,000	 are	 for	 housing	 corporation	 buildings,	 as	 agreed	 with	 the	 housing	 corporation	
association	(Municipality	of	Amsterdam,	2016).	

	
Energy	reduction:	
§ Housing	corporation	units:	on	average	label	B	in	2020	(as	in	national	targets).	
§ 1000	‘zero-on-the-meter’	dwellings	 in	2020;	these	are	net	zero-energy	houses	that	pay	nothing	

for	their	energy	use.	
§ All	newly	constructed	buildings	must	be	energy	neutral	from	2020	on	(as	national	targets).	
§ For	 large	 non-residential	 consumers	 the	 energy	 reduction	 obligations	 count	 from	 the	 national	

environmental	conservation	law	(Wet	Milieubeheer).	
	

4.1.2. Amsterdam Metropolitan Area (AMA) 

	
Figure	25:	Current	district	heating	network	and	options	for	extension	in	the	Amsterdam	Metropolitan	
Area	(Metropoolregio	Amsterdam,	2016)	
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The	 AMA	 is	 currently	 researching	 options	 for	 an	 open	 regional	 high-temperature	 district	 heating	
network	(DHN)	to	be	powered	by	sustainable	sources.	This	will	be	an	expansion	of	the	current	DHN.	
The	goal	is	to	connect	500,000	housing	equivalents,	with	a	base	load	of	700	MW.	The	main	sources	
that	 are	 researched	 to	 feed	 the	network	are	waste	heat	of	different	 industrial	 functions	 (e.g.	 Tata	
steel	and	AEB,	see	also	Figure	15),	deep	geothermal	heat,	heat	from	biomass	incineration	and	waste	
heat	from	the	3	power	plants.	Scenarios	with	different	shares	of	these	sources	of	heat	contributing	
to	700	MW,	with	or	without	the	heat	of	cogeneration	from	power	plants,	are	under	scrutiny.	
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CHAPTER  5 –  Scenario  to w ard s  the  fu ture  (Step  4)  

Step	4	in	the	City-zen	methodology	is	the	first	step	of	the	energy	master	planning	part.	Scenarios	that	
influence	 the	 future	 vision	 of	 Amsterdam	 are	 analysed,	 for	 which	 eventually	 an	 energy	 transition	
roadmap	 will	 be	 made.	 This	 is	 done	 by	 setting	 boundaries	 on	 technical,	 geographical,	 economic,	
political	and	social	levels.	
	

5.1. RELEVANT SCENARIOS FOR AMSTERDAM 

For	different	purposes,	the	Amsterdam	Economic	Board	makes	use	of	a	scenario	quadrant	(for	2025)	
as	 schematised	 in	 Figure	 27.	 Some	 economic,	 political	 and	 social	 directions	 are	 indicated	 therein,	
along	 2	 axes.	 The	 quadrants	 are	 divided	 by	 the	 vertical	 axis	 of	 either	 a	 more	 demand-driven	 or	
supply-driven	 ecosystem	 and	 a	 horizontal	 axis	 of	 either	 an	 integrated	 or	 a	 more	 defragmented	
Europe.	4	scenarios	arise:	a	supply-driven	ecosystem	in	a	united	Europe;	’Global	giants’;	a	demand-
driven	 ecosystem	 in	 a	 united	 Europe,	 ’European	 renewal’;	 a	 supply-driven	 ecosystem	 in	 a	
defragmented	Europe,	 ‘International	alliances’;	and	a	demand-driven	ecosystem	in	a	defragmented	
Europe,	’Local	for	local’.	
	

	
Figure	26:	Scenario	quadrants	(Amsterdam	Economic	Board,	2018).	

European	renewal	–	a	new	industrial	revolution	
The	City-zen	Amsterdam	roadmap	has	a	more	technical	focus	on	the	built	environment	and	how	its	
energy	system	can	be	transformed	from	the	current	fossil	fuel	based	system	into	a	sustainable	one.	
Yet,	the	basis	of	the	scenario	is	the	‘European	renewal	–	a	new	industrial	revolution’	scenario.		
The	main	aspects	of	this	scenario	are	described	below.	
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Political,	economic	and	social	aspects	on	national	and	European	level	
§ Politically	and	economically,	the	European	Union	will	be	increasingly	stable	with	a	stable	internal	

market.	
§ The	European	market	is	demand	driven	with	‘smart’	industries.	
§ Society	has	a	rather	sustainable	and	committed	mind-set.	
§ Open	innovation	is	stimulated	by	the	EU.	
§ Crowd-funding	will	increase	as	a	financial	approach.	
These	 factors	 allow	 for	 a	 relatively	 quick	 transition	 to	 a	much	more	 sustainable	 and	 circular	 built	
environment.	 But	 to	 be	 able	 to	 give	 directions	 for	 the	 roadmap,	 some	 technical	 and	 geographical	
boundaries	must	be	given	with	the	scenario	as	well.	These	are	described	below.	
	
Technical-geographical	aspects	at	the	national	and	European	level	
§ The	national	energy	networks	within	European	will	 increasingly	be	 interconnected,	allowing	for	

more	and	more	exchange	of,	for	instance,	supply-driven	overproduction	(electricity)	to	locations	
with	demand	or	storage	potential.	

§ Energy	from	waste	incineration	conflicts	with	a	fully	circular	or	really	sustainable	and	fossil-free	
energy	system	and	must	be	seen	as	a	transition	fuel.	The	energy	potential	development	of	waste	
heat	from	waste	incineration	will	decrease	towards	2050,	as	described	in	section	4.1.2.	

	
Technical-geographical	aspects	at	the	municipal	level	
§ Amsterdam	 cannot	 rely	 on	 deep	 geothermal	 heat	 (at	 a	 depth	 of	 2-4	 km)	 as	 a	 complete	

replacement	of	heat	used	in	the	city:	it	is	not	(proven	to	be)	abundantly	available.	It	can	however	
be	an	addition	 to	 the	 current	 and	quickly	 growing	use	of	heat	 from	waste	 incineration.	Better	
potentials	of	deep	geothermal	wells	are	found	both	north	and	south	of	Amsterdam	(at	a	distance	
of	approximately	30-50	km).	Also	the	use	of	ultra-deep	geothermal	heat	(at	5	to	6	km	depth)	is	
not	 considered	 as	 a	 promising	 potential	 for	 Amsterdam,	 although	 temperatures	 at	 that	 depth	
around	Amsterdam	are	high.	At	present	there	are	no	existing	very	deep	geothermal	wells	in	use	
(in	the	Netherlands)	and	the	permeability	is	not	known.	

§ Amsterdam	cannot	rely	on	a	significant	amount	of	‘green	gas’	such	as	biogas	of	synthetic	gases	
(yet).	There	is	a	limited	amount	of	useful	biomass	available	and	no	renewable	over-production	of	
electricity	yet	to	produce	synthetic	gases	such	as	methane	and	(green)	hydrogen	through	power-
to-gas	 solutions.	 Nonetheless,	 the	 technologies	 for	 these	 are	 under	 development	 and	 may	
become	 a	 good	 solution	 for	 (chemical)	 seasonal	 storage	 of	 renewable	 over-production	 in	
summer.	 As	 yet,	 we	 do	 not	 see	 it	 as	 a	 significant	 energy	 source	 that	 can	 replace	 natural	 gas	
sufficiently.	

§ Some	energy	potentials	will	develop	in	time	due	to	increasing	efficiencies;	in	contrast,	processes	
that	 produce	 waste	 heat	 may	 fall	 away.	 The	 development	 scenarios	 of	 the	 main	 electricity	
potentials	and	high-temperature	heat	potentials	are	described	in	the	section	2.2.2	and	2.3.2.	

	

5.2. AMSTERDAM 2050 AMBITIONS 

The	 City	 of	 Amsterdam	 has	 declared	 its	 ambition	 of	 becoming	 climate	 neutral	 by	 2050.	 This	 is	 of	
course	compliant	with	 the	Paris	Treaty	and	EU	goals,	but	 in	all	honesty,	knowing	the	definitions	as	
discussed	 in	 chapter	1,	 it	 is	 not	 a	 very	 ambitious	 goal.	 Practically,	 the	 relatively	wealthy	 city	 could	
purchase	sufficient	CO2	certificates	(very	cheap	at	present)	and	formally	be	climate	neutral	already	in	
2018.	Moreover,	carbon	trading	will	not	save	the	world	as	we	know	it,	so	it	is	better	to	refrain	from	
it,	and	from	its	temptation.	
	
Therefore,	 for	 the	 City-zen	 Roadmap	 the	 aim	 is	 set	 higher,	 at	 a	 goal	 that	 requires	 persistent	
intervention	in	the	current	urban	situation.	Climate	neutrality	therein	is	only	an	intermediate	goal,	a	
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first	 step.	 For	 a	 dense	 complex	 city,	 becoming	 regenerative	within	 32	 years	 seems	unrealistic,	 but	
attempting	 to	 become	 fully	 circular	 is	 in	 line	 with	 all	 endeavours	 of	 the	 AMS	 Institute	 and	 of	
Amsterdam	Smart	City,	and	ambitious	enough	to	put	pressure	on.	
With	that	in	mind	the	following	timeline	for	Amsterdam	is	proposed	in	Table	4.	

Table	4:	Intermediate	goals	on	a	timeline	towards	a	circular	city	

year	 buildings	 transport	 city	

2020	 new	buildings	energy	neutral	
public	buildings	climate	neutral	 public	transport	climate	neutral	 	

2025	 all	buildings	climate	neutral	
public	buildings	energy	neutral	 public	transport	energy	neutral	 	

2030	 all	buildings	energy	neutral	
public	buildings	fossil	free	 public	transport	fossil	free	 climate	neutral	

2035	 all	buildings	fossil	free	
public	buildings	circular	 inner	city	fossil	free	(all	electric)	 energy	neutral	

2040	 circular	 fossil	free	 fossil	free	

2050	 	 	 circular	

	
In	addition,	a	discussion	could	be	held	about	the	extent	of	these	ambitions.	For	instance,	does	energy	
neutrality	refer	to	the	operation	of	a	building,	or	also	the	embodied	energy	of	 its	materials,	or	also	
the	travel	energy	of	its	users?	
This	 principal	 schedule	 can	 form	 the	 basis	 of	 a	 roadmap	 with	 an	 agenda	 of	 interventions	 into	
buildings,	 transportation	and	 the	entire	urban	 system	 (for	which	 the	 city	 region	may	be	 included).	
Over	 time	 it	 will	 entail	 action	 directed	 at	 new	 (to	 be	 constructed)	 buildings,	 existing	 buildings	
(especially	 public	 buildings),	 public	 transport,	 private	 transport,	 the	 urban	 energy	 system,	 water	
system,	 food	 supply	 and	 waste	 management.	 All	 of	 these	 can	 be	 put	 into	 a	 roadmap	 scheme,	 a	
means	of	navigation	through	the	transition	period.	
	

5.3. CITY-ZEN ROADMAP AMBITIONS 

For	 the	City-zen	roadmap	of	Amsterdam,	 the	emphasis	 lies	on	energy.	Transportation	 in	 the	city	 is	
proposed	as	a	separate	category.	The	embodied	energy	of	products	and	materials	(including	building	
materials,	 packaging,	 transport	means	 themselves)	 are	 shared	under	 the	goal	of	 circularity.	 So	 the	
City-zen	 roadmap	Amsterdam	 focusses	on	energy	 in	 the	built	 environment	 and	will	 show	how	 the	
built	environment	can	become	fossil	free	by	2035	-2040.	In	Table	4	this	part	is	marked	in	blue.	
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CHAPTER  6 –  Ams te rd am v i s i o n  2050 (Step  5)  

6.1. DESCRIPTION OF A DESIREABLE FUTURE 

As	a	vision	for	2050,	the	city	of	Amsterdam	will	by	then	be	circular,	meaning	that	it	has	control	over	
all	of	its	resources,	i.e.	energy,	water,	materials,	food	and	waste	flows	affiliated	with	them.	The	city	is	
clean,	has	no	harmful	or	toxic	fumes	anymore,	has	drastically	reduced	the	number	of	deaths	and	loss	
of	life	expectancy	related	to	fine	dust	particles.		
	
Because	of	a	circular	system	of	nutrients,	the	city	and	its	region	have	become	extremely	effective	in	
producing	 food,	 clean	water	 and	 renewable	energy,	 including	urban	agriculture	 in	 formerly	 vacant	
buildings,	 on	 rooftops,	 attached	 to	 buildings,	 also	 serving	 the	 need	 for	 green	 outdoor	 spaces	 and	
biodiversity.	 The	 city	 is	 rich	 in	 essential	 pollinators,	 such	 as	 bees	 and	 bumblebees.	 Citizens	 are	
healthy	and	happy;	children	grow	up	in	a	safe	environment.		
	
All	 transportation	 is	 based	 on	 renewable	 energy,	mostly	 human-powered,	 or	 otherwise	 electric	 or	
with	fuel	cells.	Biofuels	–	because	of	their	exhaust	gases	–	are	only	allowed	outside	the	urban	cores.	
There	are	no	cars	in	the	inner-city.	An	efficient	underground	hyperloop	system	supplies	the	city	with	
goods	and	foods.	
	
Water	 is	cleaner	than	ever	before,	a	self-purifying	natural	system	that	provides	plenty	of	places	for	
swimming	and	nature	everywhere	across	the	city.	In	wintertime	some	of	the	canals	are	frozen	by	the	
heat	 pumps	of	 the	 canal	 houses,	who	 take	 their	 heat	 from	every	 second	 canal.	 In-between	 canals	
remain	open	for	electric	touristic	boats,	operated	by	robotic	systems.	
	
The	 inner-city	 has	 not	 changed	 so	much	 as	 one	 would	 expect.	 Building-integrated	 PV	 has	 turned	
many	 of	 the	 historic	 buildings	 to	 energy	 neutrality,	 in	 an	 almost	 invisible	 way.	 While	 all	
neighbourhoods	 outside	 the	 Singel	 canal	 have	 become	 energy	 neutral	 by	 themselves,	 the	 historic	
centre	is	still	supplied	to	a	limited	extent	with	geothermal	heat	from	external	plants,	transported	by	
the	heat	and	cold	system	of	the	city.	
	
Amsterdam	has	become	the	ultimate	paragon	for	a	sustainable	city	and	attracts	millions	of	tourists	
for	that	accomplishment.	
	

6.2. IDEAS IN CONJUNCTION WITH THE AMSTERDAM GOALS 

If	table	01	is	adopted	as	an	underlayment	for	the	Amsterdam	Roadmap,	a	few	quick	actions	can	be	
set	 in	motion	already.	Assuming	the	EU	NZEB	directive	will	take	care	of	energy	neutrality	with	new	
buildings	 (although	 the	 city	 needs	 to	 keep	 a	 sharp	 eye	 on	 that…),	 the	 municipality	 should	 focus	
immediately	 on	 the	 next	 step	 with	 their	 own	 real	 estate	 and	 with	 the	 city’s	 public	 transport.	
Therefore,	 a	 carbon	 and	 energy	 plan	 needs	 to	 be	 set	 in	 motion	 for	 these	 categories,	 taking	 into	
account	an	energy	renovation	plan	for	buildings,	investment	in	renewable	energy,	planting	of	trees,	
and	most	of	all:	investing	in	clean	public	transport.	
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There	are	many	more	actions	to	be	taken,	which	were	elaborated	during	the	Amsterdam	Roadmap	
workshop,	 and	 illustrated	 by	 two	 case	 sites:	 the	 ‘Brouwerskruis’	 area	 (inner-city)	 and	 Slotermeer	
(New	West).	
	

6.3. INTERMEDIATE EMERGENCY MEASURES 

While	 the	 transition	 from	 climate	 neutral	 to	 energy	 neutral	 to	 fossil	 free	 to	 circular	 is	 ongoing,	
intermediate	goals	need	to	be	met	in	years	set	beforehand.	
- A	climate-neutral	city	that	is	not	yet	supported	by	climate	neutrality	in	all	sectors	(e.g.	harbour	

industries	or	complex	city	parts)	by	2030,	needs	to	be	compensated	by	carbon	sequestration	or	
compensation.	

- An	energy-neutral	city	(or	city	region)	that	cannot	supply	itself	fully	by	2035,	should	in	time	
invest	in	renewable	energy	production	elsewhere,	e.g.	in	wind	parks	at	sea.	

- A	fossil-free	city	that	still	uses	fossil	fuel	in	certain	sectors	by	2040	is	not	fossil	free	but	can	
contribute	to	fossil	freedom	elsewhere.	All	fossil	transport	from	elsewhere	should	be	banned	by	
then,	requiring	electricity-,	hydrogen-,	or	biofuel-based	alternatives,	a	clean	network	for	mobility,	
in	which	the	city	needs	to	start	investing	soon	after	2020.	

- A	circular	city	in	which	not	all	details	have	become	circular	by	2050	should	at	least	contribute	to	
circularity	elsewhere	or	to	regeneration	(the	next	step)	in	certain	flows.	
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CHAPTER  7 –  Ams te rd am Ro ad map  (Step  6)  

7.1. PROCESS TOWARDS THE ROADMAP 

Determining	 the	 energy	 transition	 roadmap	of	 Amsterdam,	 by	 using	 step	 6	 of	 the	 City-zen	 Energy	
Transition	Methodology,	starts	with	working	step	by	step	from	the	largest	scale	of	the	municipality	to	
smaller	 scale	 levels.	 This	 can	 be	 done	 in	 different	 ways,	 with	 many	 or	 little	 stakeholders	 and	
specialists,	 for	all	or	some	neighbourhoods,	 in	few	or	more	rounds	(in	which	a	certain	scale	 level	 is	
addressed).	 Previous	 chapters	 described	 the	 first	 steps	 of	 Energy	Master	 Planning,	 the	 boundaries	
and	limits	for	which	the	roadmap	is	developed.	Taking	the	boundaries	of	the	scenarios	and	goals	of	
the	vision	 into	account,	 the	following	sub-steps	must	roughly	be	passed	through	 in	order	to	define	
the	energy	transition	roadmap.	
	
6.I.		 Define	the	heat	balance	&	electricity	balance	scenario	for	the	city	[city-scale].	
6.II.	 Develop	an	energy	strategy	for	the	city’s	districts,	indicating	the	main	collective	and	individual	

future	 heating	 systems	 (from	 the	 sustainable	 heating	 systems	 sheet)	 and	 the	 collective	
electricity	production	[scale	of	the	city’s	districts].	

6.III.	 Translate	the	district	energy	strategies	 into	energy	strategy	maps,	 indicating	the	 locations	of	
the	main	energy	systems	[scale	of	the	city’s	districts].	

6.IV.	 Develop	 energy	 strategies	 for	 the	 different	 neighbourhoods	 in	 the	 districts,	 indicating	 all	
different	 combinations	 of	 heating	 (&	 cooling)	 systems	 and	 electricity	 production,	 both	 for	
collective	and	individual	systems	[scale	of	the	neighbourhoods	in	a	district].	

6.V.	 Design	 energy	 systems	 for	 the	 neighbourhood,	 fitting	 the	 energy	 strategies.	 These	 are	
(examples	of)	projects	that	are	quantified	and	contribute	in	a	sufficient	amount	to	the	goals	of	
the	cities	energy	transition	vision	[scale	of	the	neighbourhood	and	its	building	blocks].	

6.VI.	 Translate	 the	energy	strategies	 into	a	 roadmap	 for	 the	city,	explaining	how	the	main	energy	
systems	 and	measures	 have	 to	 develop	 in	 time	 into	 units	 per	 year	 and	main	 actions	 to	 be	
taken	in	advance	[city-scale].	

6.VII.	 Deduce	actions	from	the	proposed	energy	systems/interventions.	
	
Steps	1-3	are	described	in	this	chapter,	the	strategies	and	systems	for	the	neighbourhoods	(steps	4-5)	
are	 applied	 to	 the	 City	 centre	 (Ch.	 8)	 and	 Slotermeer	 neighbourhood	 (Ch.	 9).	 Finally,	 chapter	 10	
creates	the	Roadmap	for	the	city.	
	
Amsterdam	City-zen	Roadmap	approach	
For	 the	Amsterdam	City-zen	Roadmap,	 it	 has	 not	 been	 able	 to	 establish	 an	 interactive	 connection	
with	 the	municipality	 as	most	 important	 stakeholder	 in	making	 a	 city	 roadmap.	 Therefore,	 it	 was	
decided	 to	 work	 mainly	 with	 internals	 of	 City-zen’s	 work	 package	 4	 task	 2,	 all	 academic	 energy	
(transition)	 specialists	 from	 different	 universities	 or	 institutions.	 After	 an	 intensive	 analysis	 of	
Amsterdam	on	energy,	including	its	stakeholders,	as	briefly	presented	in	chapter	3,	the	roadmap	was	
developed	on	the	basis	of	2	workshop	shifts.	The	Amsterdam	Roadmap	emphasis	is	on	the	transition	
of	the	existing	built	environment.	
	
Workshop	round	1		
Step	I	to	III	were	covered	in	the	first	workshop	round	with	a	team	of	TU	Delft.	This	workshop	led	to	
preparative	 maps	 of	 Amsterdam,	 divided	 by	 districts	 (Figure	 28)	 and	 strategies	 for	 heat	 and	
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electricity.	Also	the	city	vision	was	prepared	during	this	round.	These	products	served	as	preparation	
for	the	second	workshop.	
	

	
Figure	28:	Example	of	a	product	from	the	first	workshop,	an	energy	strategy	sketch,	a	basis	for	other	
maps	in	this	chapter	

Workshop	round	2		
In	the	next	round,	the	full	City-zen	WP4	T2	team	worked	on	the	smaller	scale	of	the	neighbourhood	
within	 a	 district	while	 following	 steps	 IV	 to	 VI.	 At	 this	 scale	 level,	 for	 the	Amsterdam	Roadmap,	 2	
different	 neighbourhoods	 were	 addressed,	 as	 already	 previously	 described:	 a	 part	 of	 the	 old	 city	
centre	and	the	Slotermeer	neighbourhood.	Here,	the	chosen	energy	strategies	were	translated	to	the	
specific	 neighbourhoods	 or	 building	 blocks	 in	 it,	 into	 specific	 energy	 systems.	 These	were	 roughly	
dimensioned	and	calculated	to	fit	the	energy	goals	and	vision.	
	
General	energy	systems	diagrams	
	
General	heating	systems	
In	accordance	with	the	general	City-zen	methodology,	the	main	ways	of	sustainably	heating	the	built	
environment	were	ordered	and	visualised	 in	 the	 scheme	of	 figure	29,	with	 the	6	basic	 sustainable	
heating	 systems.	The	different	measures	 that	are	 included	 in	 this	diagram	are	 further	explained	 in	
the	Catalogue	of	Measures.	
	
In	the	next	step	(described	in	section	4.3),	the	main	heating	strategies	that	are	suitable	for	the	city’s	
different	 neighbourhoods	 were	 chosen.	 This	 was	 based	 on	 the	 energy	 balance,	 existing	 energy	
systems	 (for	 heating),	 neighbourhood	 typologies	 and	 the	 average	 building	 quality	 or	 energy	
performance.		
	
General	electricity	systems	
The	electricity	system	diagram	of	figure	30	provided	an	overview	of	the	sustainable	technologies	to	
generate	electricity	in	the	city,	 its	surroundings	and	in	and	around	buildings.	The	last	row	visualises	
the	systems	to	convert	and	store	electricity	on	different	levels.		
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Figure	29:	Basic	sustainable	energy	systems	for	heating	
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Figure	30:	Basic	sustainable	energy	systems	for	electricity	
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7.2. ENERGY BALANCE SCENARIO FOR THE CITY 

The	first	step	of	the	Amsterdam	City-zen	roadmap	(as	final	step	of	the	City-zen	approach)	is	to	define	
the	heat	balance	scenario	(or	heat	balance	roadmap)	indicating	the	desired	or	needed	main	sources	
and	their	temperature	levels	(as	from	Figure	)	and	the	amount	of	demand	reduction	towards	2040.	
Based	on	the	(energy)	analysis	of	Amsterdam	and	the	first	workshop	round,	the	following	preliminary	
findings	or	conclusions	were	put	forward	that	form	the	basis	for	the	heat	balance	scenario.	
	

7.2.1. Preliminary findings or conclusions for the Amsterdam energy balances 

§ Amsterdam	should	be	wise	and	smart	with	 its	high-temperature	(HT)	sources:	use	these	where	
demand	is	relative	high	and	where	energy	reduction	measures	or	all-electric	options	are	difficult.	
Do	not	use	HT	heat	for	new	buildings	and	new	neighbourhoods.	

§ Expand	 the	 (HT)	district	heating	network	as	quickly	as	possible	 to	connect	existing	buildings	 to	
sustainable	heat,	of	which	the	most	sustainable	form	now	comes	from	waste	incineration.	

§ This	waste	heat	and	certainly	heat	from	cogeneration	should	be	seen	as	transition	fuel:	towards	
2040,	waste	must	be	expected	 to	be	 treated	 in	 a	much	more	 circular	way	 and	heat	 from	gas-
powered	cogeneration	will	be	vanished	by	2035	in	order	to	become	fossil	free.	Biofuel-powered	
cogeneration	is	expected	to	be	limited	by	then.	

§ Geothermal	 heat	 therefore	 is	 expected	 to	 be	 the	 main	 source	 of	 HT	 heat	 in	 the	 future.	 Its	
potential	however	is	not	enough	to	deliver	HT	heat	everywhere,	which	is	why	the	demand	needs	
to	be	brought	down	to	mid-	 (MT)	 to	 low-temperature	 (LT)	 levels	wherever	possible.	From	now	
on,	new	construction	should	always	be	LT-based.	

§ Rely	 on	 what	 is	 there	 now	 and	 what	 always	 will	 be	 there	 in	 large	 quantities:	 solar	 heat	 and	
seasonal	storage	capacity	in	the	underground.	These	are	MT	to	LT	heat	sources.	

§ Energy	reduction	measures	must	be	taken	in	the	meantime	and	once	blocks	or	neighbourhoods	
are	 retrofitted	 sufficiently,	 parts	 of	 the	HT	 net	 can	 be	 cascaded	 to	 open	 networks	 running	 on	
lower	temperatures	(MT)	with	local	production	of	MT	sources	(solar)	and	local	seasonal	storage	
(underground).	

	

7.2.2. Defining the heat balance scenario 

High-,	mid-	and	low-temperature	heating	systems	
The	 subdivision	 between	 high-	 (HT),	 mid-	 (MT)	 and	 low-temperature	 (LT)	 heat	 is	 used	 to	 let	 the	
different	 heating	 systems	 and	 their	 temperature	 levels	 correspond	 with	 the	 available	 sustainable	
sources	 and	 their	 temperatures	 and	 to	 be	 able	 to	 determine,	 in	 a	 next	 step,	 in	 how	 far	 energy	
renovation	will	be	needed.	
	
§ HT	 systems	 are	 sustainable	 gas	 systems	 (very	 limitedly	 available	 to	 replace	 natural	 gas),	 or	

district	 heating	 networks.	 These	 are	 large-scale	 networks	 with	 centralised	 production.	
Temperature	 levels	of	the	supply	are	above	65°C.	Direct	space	heating	and	direct	domestic	hot	
water	(DHW)	production	is	possible	via	these	systems.	

§ MT	systems	are	either	networks	cascaded	from	the	high-temperature	net	(the	return	pipes)	or	
small-scale	local	mini	heat	grids	or	individual	systems	fed	by	local	heat	production.	This	can	be	in	
combination	with	seasonal	storage	(in	that	case,	heat	pumps	lift	the	temperature).	Supply	is	
between	40	and	65°C.	Direct	space	heating	is	possible	for	somewhat	or	reasonably	insulated	
homes	(low	D	energy	label	buildings	and	better);	little	additional	heating	for	DHW	is	needed.	

§ LT	systems	are	either	small	local	grids,	such	as	the	office	blocks	that	have	ATES,	small	grids	based	
on	 local	 LT	 production	 (and	with	 local	 seasonal	 storage)	 or	 individual	 all-electric	 systems	with	
heat	 pumps	 on	 ground,	 water	 or	 air	 heat	 exchangers.	 The	 ATES	 systems	 for	 office	 blocks	 are	
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already	rather	common	and	their	supply	is	below	25°C.	Direct	space	heating	is	possible	for	(very)	
well-insulated	 houses	 (low	 B	 energy	 label	 buildings	 and	 better);	 DHW	 production	 requires	
additional	heating.	This	can	be	done	electrically	or	with	booster	heat	pumps.		
We	 can	 also	 distinguish	 very-low	 temperature	 systems;	 these	 are	 heat	 (cold)	 networks	with	 a	
supply	below	25°C.	No	direct	space	heating	is	possible	and	heat	pumps	in	the	building	need	to	lift	
the	temperature.	For	the	Roadmap	we	grouped	these	under	LT	systems.		

	
Approach	
In	order	to	define	the	heat	balance,	the	current	demand	and	sources	that	meet	this	demand	had	to	
be	determined	first.	
Next,	 the	sources	 that	are	able	 to	produce	HT	heat	were	defined.	This	was	done	based	on	what	 is	
thought	 to	 be	 sustainably	 available	 towards	 the	 future	 (2040)	 and	 what	 is	 considered	 most	
convenient	to	use	in	the	built	environment.	This	starts	with	biogas	and	HT	heat.	Biogas	can	directly	
be	 fed	 into	 the	 existing	 gas	 grid	 and	 no	 energy	 renovations	 are	 required	 for	 using	 it.	 Sustainably	
produced	HT	heat	can	be	directly	used	in	the	existing	heat	grid	and	in	grid	expansions.	So	for	biogas	
and	HT	sources,	 it	 is	assumed	here	 that	 in	general	all	buildings,	with	all	energy	 labels	 (F-A)	 can	be	
heated	with	 these	 temperatures.	So,	 if	enough	of	 these	sources	will	be	present,	 there	will	be	 little	
demand	for	energy	renovations.			
Consequently,	we	defined	the	available	MT	sources.	These	have	temperatures	from	40	to	65°C.	This	
will	predominantly	be	heat	from	the	sun	and	residual	heat.	To	be	able	to	run	on	these	temperatures,	
buildings	 have	 to	 have	 energy	 label	 levels	 of	 at	 least	 C	 (or	 a	 low	 D)	 or	 better;	 otherwise,	 energy	
renovations	are	a	necessity.	
The	 final	demand	will	have	 to	be	met	by	 LT	heat	 sources	 that	 in	general	are	abundantly	available.	
Heat	pumps	can	efficiently	 lift	the	temperature	of	these	sources	to	levels	of	25	to	40°C	(or	higher).	
So,	 air-source	 and	 ground-source	 (ATES/BTES)	 heat	 pump	 systems	 and	heat	 pump	 systems	 run	on	
low-temperature	environmental	heat.	To	be	heated	at	temperatures	below	40°C,	buildings	should	at	
least	have	energy	label	A	or	very	low	B,	or	they	have	to	be	renovated	to	these	levels.	
	
If	MT	sources	are	abundantly	available,	this	will	not	mean	that	there	will	not	be	any	need	or	place	for	
LT	systems.	Choices	for	energy	systems	that	will	be	on	either	MT	or	LT	will	depend	on	many	factors	
for	each	 individual	 case.	However,	 this	approach	enabled	a	 first	 iteration	of	 the	 indication	of	what	
should	be	done	for	the	roadmap.		
	
Since	 all	 new	 buildings	 have	 to	 be	 energy	 neutral	 at	 least,	 their	 future	 demand	 does	 not	 (really)	
influence	 energy	 transition	 roadmap	 (for	 the	 existing	 built	 environment)	 and	 therefore	 get	 little	
attention.	Yet	their	future	demand	was	also	defined.	
	

7.2.3. Heat balance scenario 

The	heat	balance	(	
Figure	31)	shows	how	the	demand	of	the	existing	built	environment	will	develop	towards	2040	and	
how	this	demand	is	met	by	different	sustainable	energy	sources	on	certain	temperature	levels.	The	
required	energy	reduction	and	the	future	demand	of	new	buildings	are	also	shown	
Colours	indicate	the	temperature	levels	that	will	meet	the	demand	and	on	which	heating	systems	will	
have	to	run.	Blue	is	used	for	systems	on	natural	gas.	Light	green	shows	new	energy-neutral	buildings	
and	 dark	 green	 indicates	 the	 required	 energy	 reduction	 towards	 the	 future.	 Red	 is	 used	 for	 high-
temperature	(>65°C)	systems,	orange	for	mid-temperature	systems	(inlet	temperature	between	65°C	
and	40°C)	and	yellow	for	low-	and	very-low-temperature	systems.	
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Figure	31:	Energy	balance	scenario	for	heat		

Heat	demand	scenario	(black	line)	
§ The	 current	 heat	 demand	 (25	 PJ)	 is	 largely	met	 by	 natural	 gas	 (in	 blue),	 further	more	 by	 heat	

from	 district	 heat	 networks	 (indicated	 in	 red)	 and	 some	 heat	 from	 heat	 and	 cold	 storage	 (or	
ATES)	 systems	 (yellow).	 The	 current	 district	 heat	 networks	 get	 waste	 heat	 from	 waste	
incineration	and	electricity	production	 in	power	plants.	 The	use	of	ATES	 comes	with	electricity	
use	 for	 the	heat	pumps,	 in	general	still	produced	by	 fossil	 fuels.	This	 is	why	this	share	 is	partly	
indicated	 in	 yellow/grey	 in	 the	 scheme.	Waste	 heat	 is	 indicated	 in	 red/grey	 because	 it	 is	 also	
based	on	waste	heat	from	fossil	fuels.	

§ The	goal	for	the	built	environment	is	to	be	(almost)	fossil	free	by	2035.	So,	no	natural	gas	will	be	
used	for	heating	of	buildings	and	no	gas	and	coal	for	electricity	production	from	2035	onwards.	

§ An	 energy	 reduction	 of	 around	 33%	 for	 the	 existing	 built	 environment	 is	 considered	 to	 be	
necessary	 and	 reasonable	 to	 get	 the	 existing	 buildings	 suitable	 for	 the	 MT	 and	 LT	 heating	
systems.	

	
Heat	sources	scenario	
The	 scenario	 for	 the	 heat	 balance	 is	 based	 on	 next	 points,	 based	 on	 the	 energy	 analysis	 of	
Amsterdam	and	workshop	sessions.	
§ Around	15%	of	the	current	demand	can	be	met	with	HT	heat.	

o Only	 a	 relative	 small	 amount	 of	 biogas	 can	 be	 generated	 from	 local	 green	 waste	 and	
sewage.	 This	 is	 around	 0.5	 PJ,	 which	 can	 be	 applied	 for	 heating	 of	 e.g.	 monumental	
buildings	that	cannot	easily	be	connected	to	a	HT	district	heat	network.	This	concerns	2%	
of	the	current	demand.	

o The	full	1	PJ	of	heat	from	waste	that	still	needs	to	be	incinerated	will	be	used	in	the	HT	
district	heating	network.	
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o By	2040	around	3	PJ	of	geothermal	heat	will	be	used	(a	third	of	the	available	potential	of	
10	PJ)	

§ Around	 25%	 of	 the	 current	 demand	 can	 be	met	with	MT	 heat.	 For	 these	 temperatures,	 large	
parts	of	the	current	building	stock	would	already	be	suitable	or	can	become	suitable	with	minor	
to	reasonable	renovations.	

o 6	PJ	of	MT	heat	from	thermal	collectors	(PVT	or	solar	collectors)	will	be	used.	This	is	heat	
that	 can	 be	 produced	 if	 50%	 of	 the	 suitable	 roofs	 will	 be	 equipped	 with	 solar	 heat	
production	techniques.	

o 1	PJ	of	MT	waste	heat	will	be	available	and	used	in	local	heating	systems.	
§ Another	25%	of	 the	current	demand	will	be	met	with	LT	heat.	This	will	also	be	 in	combination	

with	heat	pumps	that	upgrade	(very)-LT	sources.	
§ The	share	of	HT	heating	by	the	city’s	district	heating	networks	will	first	increase	to	around	33%	in	

2025-2030.	From	then	on,	it	will	be	reduced	to	a	final	15%	in	2040.	The	main	sources	are	waste	
heat	 from	 waste	 incineration	 and	 from	 cogeneration	 (both	 as	 transition	 fuel)	 and	 deep	
geothermal	heat	that	will	largely	replace	those	sources.	

§ So,	the	share	of	both	MT	and	LT	heating	systems	has	to	increase	gradually	to	25%	in	2040	
§ New	building	must	be	energy	neutral,	almost	self-sufficient	for	their	heating	demand.	This	should	

be	solved	locally,	not	by	connecting	to	the	HT	district	heat	network.	
o Connecting	to	a	cascade	of	 this	network	 (to	a	 lower	temperature)	 is	possible	when	the	

demand	is	met	by	local	production	and	the	network	is	only	used	for	a	stable	supply.	
o Different	ways	of	all-electric	buildings	will	also	contribute	to	this	goal.		

	

7.2.4. Electricity balance scenario 

The	 electricity	 balance	 scenario	 could	 only	 be	 done	 after	 the	 heat	 balance	 had	 roughly	 been	
determined,	 since	 some	 future	 sustainable	heating	 systems	are	electric	by	 the	use	of	heat	pumps,	
influencing	the	future	electricity	demand.	
	
The	 electricity	 balance	 scenario	 shows	 the	 roadmap	 for	 electricity	 demand	 (Figure	 32)	 and	 the	
different	renewable	supply	(Figure	33).	The	schemes	visualise	the	electricity	demand	scenario	for	the	
different	functions	and	the	balance	for	electricity	production	for	different	sources.		
The	amount	of	electricity	that	can	be	produced	with	PV	on	building	roofs,	wind	turbines	and	waste	
incineration	is	based	on	the	Energy	Potential	Mapping	in	the	first	step	of	the	City-zen	approach.		
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Figure	32:	Energy	balance	roadmap	for	electricity	

Electricity	demand	scenario	
The	electricity	consumption	in	Amsterdam	is	considered	to	increase	towards	2040,	with	25%:	
§ Electrification	of	heating	by	heat	pumps	and	electric	 vehicles	 results	 in	an	 increased	electricity	

demand.	
§ For	households	 the	electricity	demand	 for	 appliances	will	 decrease	 slightly,	 but	 the	amount	of	

households	will	increase:	
o The	user-related	electricity	use	of	households	 is	expected	to	have	decreased	by	30%	in	

2040.	This	is	1	to	1,5%	per	year.	
o The	residential	sector	will	grow	by	30%	towards	2040.		

§ The	 electricity	 demand	 for	 non-residential	 functions	will	 decrease	 around	 20-25%,	 but	 around	
the	same	increase	of	non-residential	functions	is	assumed.		

§ Due	to	electrification	of	heating	systems	(heat	pumps),	an	additional	3	PJ	 (850	GWh)	has	to	be	
produced,	assuming	an	average	COP	of	6	for	both	heating	and	production	of	domestic	hot	water	
for	the	MT	systems	and	of	4	for	LT	systems.	

§ Due	to	electrification	of	vehicles,	an	additional	3.5	PJ	(1000	GWh)	has	to	be	produced.		
§ There	will	be	an	electricity	demand	of	around	19	PJ	(5250	GWh)	by	2040.	
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Figure	33:	Energy	balance	roadmap	for	electricity	

Electricity	balance	roadmap	
§ The	goal	of	becoming	fossil	free	is	reached	between	2035-2040.	
§ The	Hemweg	coal-fired	power	plant	must	close	around	2020	to	make	a	first	large	step	in	carbon	

emission	reduction.	
§ A	decrease	of	electricity	production	from	waste	incineration	is	expected	from	2025	onwards,	 in	

order	to	create	a	circular	economy.	
§ 30%	will	be	generated	with	solar	power	systems	on	roofs:	5	to	6	PJ	(1400	to	1700	GWh).	
§ New	 buildings	 must	 at	 least	 be	 energy	 neutral,	 also	 for	 the	 user-related	 energy	 (appliances).	

Their	new	roof	surfaces	are	not	considered	in	the	solar	roof	production	mentioned	above.	
§ Another	2.5	PJ	(700	GWh)	will	come	from	non-roof	projects,	such	as	surfaces	along	motorways	

and	railways,	covered	bicycle	lanes,	PV	parks,	etc.		
§ 4	PJ	(1100	GWh)	will	come	from	wind	turbines	from	within	the	municipal	borders.	
§ The	remaining	demand	will	have	to	come	from	regional	import.	
	

7.3. ENERGY STRATEGY FOR DISTRICTS  

Previous	 sections	 indicated	 the	main	 types	and	quantity	of	measures	of	production,	 reduction	and	
heat	transport	networks,	which	have	to	be	executed	in	order	to	make	Amsterdam	a	fossil-free	city	by	
2040.	Next,	these	general	measures	have	to	be	translated	into	the	most	suitable,	promising	energy	
strategies	for	sustainable	heating	systems	for	the	different	districts	in	the	city.	With	energy	strategies	
we	 mean	 allocating	 energy	 systems	 to	 locations.	 So,	 in	 other	 words,	 the	 different	 options	 for	
measures	and	systems	have	to	be	defined	for	and	allocated	to	the	different	districts	throughout	the	
city.	The	basis	of	this	was	done	during	the	1st	workshop	round.		
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The	 following	 input,	 amongst	 other	 knowledge,	 was	 used	 to	 define	 these	 sustainable	 energy	
strategies	for	the	districts:	
§ Energy	balance	2040	(based	on	energy	vision	and	energy	scenario)	
§ Options	for	sustainable	heating	systems	(Figure)	
§ Local	options	for	energy	renovations	

o Labels	(Figure	5)	
o Building	age	(Figure	4)	
o Monumental	status		

§ Local	energy	potentials	
§ Location	of	existing	district	heat	network	(Figure	5)	
§ Available	space	
§ Building	functions/land	use	(Figure	2)	
	
In	 order	 to	 show	 the	 energy	 strategies	 for	 both	 individual	 and	 collective	 heating	 solutions	 the	
following	products	were	made:	
1. Map	of	districts	with	similar	heating	strategy	potentials	

Indicating	 where	 similar	 sustainable	 heating	 systems	 are	 thought	 to	 be	 suitable	 (for	 this	
roadmap);	this	goes	together	with	next	table.	

2. Table	of	energy	strategies	for	similar	districts	
Indicating	 promising	 sustainable	 collective	 and	 individual	 heating	 systems	 (renovation	 levels,	
sources,	sizes	and	temperatures).	

	
Locations	for	collective	heating	systems	were	shown	in	the	following	maps,	all	at	city	scale:	
3. Map	of	favourable	DHN	expansion	areas	
4. Map	of	DHN	transformation	towards	2040	in	different	steps	
5. Map	of	favourable	areas	for	mini	heat	grids	
	
The	table	of	energy	strategies	(nr.	2)	was	translated	to	each	district	to	 indicate	both	 individual	and	
collective	suitable	sustainable	heating	systems:	
6. Maps	with	heating	strategies	per	district	
	
Finally,	the	sustainable	electricity	production	strategy	was	shown	for	the	entire	city:	
7. Map	of	electricity	production	strategy	
	

7.3.1. Districts with similar heating strategy potentials 

Amsterdam	can	be	divided	 into	districts	with	similar	heating	 (and	electricity)	 strategy	potentials	as	
done	 in	 next	 figure.	 This	 division	 is	 based	 on	 density,	 construction	 era,	 building	 technology	 and	
current	energy	performance.		
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Figure	34:	Districts	with	similar	potentials	for	energy	strategies	

	

7.3.2. Table of energy strategies for similar districts 

Table	5	indicates	the	general	energy	strategies	suitable	for	the	districts	indicated	in	Figure	34,	divided	
into	the	following	specifications:	
§ Desired	 energy	 performance	 improvement	 in	 label	 steps	 (for	 residential	 buildings,	 but	 similar	

performance	improvement	is	desired	for	non-residential	functions)	
§ Heating	systems	for	

o Collective	heat	grid	systems,	as	from	the	chart	of	Figure	29:	their	heat	sources	
o Individual	systems,	as	from	Figure	29:	their	heat	sources	

§ Electricity	production	for	
o Collective	systems	on	the	municipal	scale	
o Individual	systems	on	the	building	scale	

	
The	results	have	successively	been	processed	for	each	neighbourhood	of	Amsterdam	in	the	maps	of	
next	sections.	
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Table	5:	Main	energy	strategies	for	Amsterdam’s	district	typology	
	

Collective Individual
Grid	type heat	source system heat	source

Historic	Inner	City
III

•	Waste	incineration
•	Geothermal I	-	II

•	Green	(bio)gas
•	HP	on	water
•	HP	on	ground	exchangers

•	From	regional	
wind	+	PV

•	Where	possible	
on	roofs

III	(HT)
•	Waste	incineration
•	Geothermal I •	Green	(bio)gas

IV	(MT)
•	Cascade	on	HT	net
•	HP	-	Solar	+	ATES/BTES	 II

•	HP	on	ground	exchangers
•	+	Solar

IV	(MT)
•	Cascade	on	HT	heat	grid
•	HP	-	Solar/PVT	+	ATES/BTES	 II

•	HP	on	ground	exchangers
•	+	Solar

(III)
•	(Waste	incineration
•	Geothermal) (I) •	(Green	(bio)gas)

IV	(MT)
•	Cascade	on	HT	heat	grid
•	HP	-	Solar	/PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger

V	(LT)
•	HP	-	PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger

IV	(MT)
•	Cascade	on	HT	heat	grid
•	HP	-	Solar/PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger

	V	-	VI	(LT)
•	Solar/PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger
•	HP	-	LT	waste	heat	

	after	1990	
	V	-	VI	(LT)

•	Cascade	on	MT	net
•	HP	-	PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger
•	HP	-	LT	waste	heat	

II

•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

•	Non-roof	PV	
projects

•	Maximize	PV(T)	
on	roofs
•	Maximize	on	
non-residential	
roofs

New	residential	
areas 	V	-	VI	(LT)

•	Cascade	on	MT	net
•	HP	-	PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger
•	HP	-	LT	waste	heat	

II
•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

•	Non-roof	PV	
projects

•	Maximize	PV(T)	
on	roofs

I
•	Green	(bio)gas
•	Woody	biomass

II
•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

III	(HT)
•	Waste	incineration
•	Geothermal I •	Green	(bio)gas

IV	(MT)
•	Cascade	on	HT	net
•	HP	-	Solar	+	ATES/BTES	 II

•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

Business	
parks/offices 	V	-	VI	(LT)

•	HP	-	(Solar	+)	ATES/BTES	
•	HP	-	ground	heat	exchanger
•	HP	-	LT	waste	heat	

II

•	HP	on	air
•	HP	on	ground	exchangers	
•	HP	on	ATES/BTES	
•	+	PVT

•	Non-roof	PV	
projects

•	Maximize	PV	on	
roofs

Heavy	industries

•	Non-roof	PV	
projects
•	Maximize	on	
non-residential	
roofs

•	Maximize	PV(T)	
on	roofs
•	Maximize	on	
non-residential	
roofs

•	Where	possible	
on	roofs

•	Maximize	Wind	
turbines
•	Non-roof	
projects

•	Maximize	PV(T)	
on	roofs

•	Non-roof	PV	
projects
•	Some	wind	
turbines

•	Maximize	PV	on	
roofs

Low	desity	areas

•	From	regional	
wind	+	PV

•	Where	possible	
on	roofs

II

•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

NEIGHBOURHOOD	
TYPOLOGY

label	improvement

•	Non-roof	PV	
projects
•	Maximize	on	
non-residential	
roofs

•	Maximize	PV(T)	
on	roofs
•	Maximize	on	
non-residential	
roofs

Edges	inner	city	-
before	1920

1920	-	1945

Expansion	plan	
1945-1965 II

•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

•	From	regional	
wind	+	PV

1965	-	1990

GENERAL	ENERGY	STRATEGIES	for	AMSTERDAM	MUNICIPALITY
HEAT		SYSTEM ELECTRICITY

Collective	system Individual	system
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7.3.3. Favourable DHN expansion areas (HT and MT) 

From	the	1990’s	onwards,	 the	city’s	district	heating	networks	(DHN)	were	developed	mainly	where	
new	buildings	were	constructed:	in	the	development	areas,	which	were	generally	located	outside	the	
ring	road	area.	This	is	the	logical	and	easiest	way	to	develop	a	district	heat	network.	But	if	we	look	at	
the	 main	 heat	 demand	 in	 the	 city	 and	 if	 we	 need	 to	 expand	 the	 DHN	 within	 the	 existing	 built	
environment,	 it	 is	 easy	 to	 conclude,	 that	 the	DHN	expansion	 should	be	 in	 the	direction	of	 the	 city	
centre,	where	the	demand	for	heat	is	the	highest.	This	is	illustrated	in	Figure	35.	
	

	 	
Figure	35:	Heat	demand	and	existing	district	heat	network	do	not	match		

With	 the	 target	 of	 a	 central	 DHN	 with	 400,000	 residential	 equivalent	 connections	 in	 2040	 to	 the	
existing	built	environment	(of	which	60%	on	high-temperature	and	40%	on	mid-temperature),	37%	of	
the	 current	 built	 environment	must	 be	 connected.	 This	makes	many	 areas	 of	 the	 city	 suitable	 to	
expand	too.	Figure	36	indicates	the	demand	for	high-,	mid-	and	low-temperature	heat	based	on	the	
neighbourhood	typologies	and	the	energy	strategies	from	figure	34	and	table	5.	This	results	in	figure	
37,	 in	 which	 the	 favourable	 locations	 for	 high-	 and	mid-temperature	 heat	 networks	 are	 depicted	
(figure	37).		
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Figure	36:	Demand	for	HT,	MT	and	LT	heat		
	

	
Figure	37:	Expansion	areas	of	the	DHN	indicating	HT	or	MT	levels	and	density	of	expansion	
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7.3.4. Transformation DHN in four steps towards 2040  

Starting	with	the	DHN	as	it	currently	is,	we	propose	to	extend	the	grid	within	the	city,	in	four	steps:	
Step	1:	Create	an	open	(cascaded)	MT	and	HT	network.	
Step	2:	Expand	the	DHN	to	existing	buildings	&	(test)	connections	or	local	sources.	
Step	3:	Increase	the	local	sources	and	storage	connections	and	reduce	temperatures	and/or	cascade.	
Step	4:	Connect	the	city	centre	to	the	HT	network.	
This	is	illustrated	by	Figures	38-41.	
	
Step	1	
In	this	step	the	present	HT	district	heating	network	is	made	active	in	the	MT	range	by	activating	the	
return	pipes	of	the	HT	supply	and	starting	to	use	them	as	MT	supply.	This	MT	pipes	can	later	be	fed	
with	other	MT	heat	sources,	hence	becoming	an	open	network.	
	

	
Figure	38:	Transformation	of	the	Amsterdam	DHN,	step	1	
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Step	2		
In	this	phase	the	two	district	heat	networks	will	be	connected	and	expanded	towards	the	edges	of	
the	inner	city	(MT/HT),	resulting	in	an	integrated	DHN.	The	first	local	heat	sources	will	be	connected	
to	the	heat	network:	the	first	geothermal	doublet,	solar	collector	and	PVT	installations	and	the	first	
asphalt	collector	test	facility.	
	

	
Figure	39:	Transformation	of	the	Amsterdam	DHN,	step	2	
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Step	3	
More	local	energy	sources	will	be	connected,	together	with	energy	storage	systems.	In	the	outer	
districts	of	Amsterdam,	which	can	be	renovated	easier	than	the	pre-20th	century	districts,	the	HT	
heat	network,	with	a	MT	return	flow,	can	be	gradually	transformed	to	a	MT	network,	with	a	LT	return	
flow.		
Ever	more	renewable	HT,	MT	and	LT	heat	sources	(geothermal,	solar	collectors,	asphalt	collectors,	
open	water,	soil,	and	perhaps	bio-based	co-generation	as	backup.	
In	order	to	make	optimal	use	of	these	sources,	the	temperature	in	the	network	should	be	reduced	
were	possible,	creating	also	the	potential	to	use	heat	cascades.	
	

	
Figure	40:	Transformation	of	the	Amsterdam	DHN,	step	3	
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Step	4	
In	this	final	step,	the	heat	network	will	be	expanded	towards	the	historic	inner	city	(HT).	The	heat	
from	the	cogeneration	of	the	Diemen	power	plant	will	not	be	available	from	2035	onwards.	In	the	
meantime,	HT	heat	coming	from	the	waste	incineration	plant	(AEB)	will	be	reduced.	So	around	this	
period,	there	should	be	full	capacity	from	geothermal	wells	and	solar	collectors	or	PVT	panels,	to	be	
supplied	further	in	wintertime	with	bio-based	heat.	
	

	
Figure	41:	Transformation	of	the	Amsterdam	DHN,	step	4	
	

7.3.5. Map of favourable areas for mini grids 

Favourable	areas	for	mini	heat	grids	(mid-	and	low-temperature)	
Next	to	the	development	of	the	HT	and	MT	DHN	as	described	above,	there	will	be	various	spots	 in	
Amsterdam,	where	local	LT	systems	can	be	initiated.	This	in	particular	applies	to	all	new	construction	
developments	 (for	 instance,	 Zeeburgereiland	 with	 the	 Sluisbuurt,	 the	 newest	 IJburg	 islands,	 the	
Buiksloterham	 redevelopment),	 but	 also	 already	 existing	 neighbourhoods	 that	 can	 be	 renovated	
seriously,	 can	 opt	 for	 a	 mini	 heat	 grid	 based	 on	 renewable	 LT	 sources	 such	 as	 the	 shallow	
underground,	 open	 surface	 water,	 supermarkets	 and	 datacentres,	 which	 can	 be	 linked	 to	 local	
seasonal	 heat	 and	 cold	 storage	 systems	 (ATES	 and	 BTES).	 The	 potentials	 of	 these	 are	 depicted	 in	
Figure	42:	more	towards	the	outer	districts	than	in	the	inner	city.	
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Figure	42:	Potential	sites	for	localised	LT	mini	heat	grids	

	
	

7.3.6. Map with heating strategies per district 

Similar	 to	 the	 heating	 strategies	 and	 solutions	 for	 Amsterdam	 on	 the	 city	 scale,	 based	 on	
construction	era,	building	technology	and	energy	performance,	as	discussed	in	section	7.3.1,	a	more	
detailed	study	can	be	executed	for	these	districts	 in	detail,	 indicating	where	which	heating,	cooling	
and	 electricity	 scheme	 can	 be	 applied,	 which	 sometimes	might	 differ	 per	 housing	 block	 or	 utility	
building	complex.	This	will	be	exemplified	later,	with	the	discussion	of	exemplary	neighbourhoods.	
	

7.3.7. Electricity production strategy 

According	to	the	electricity	balance,	around	40	to	50%	of	the	electricity	demand	in	2040	is	expected	
be	produced	by	solar	systems.	Therefore,	a	 total	area	of	800	to	900	hectares	needs	to	be	 installed	
with	solar	systems	(calculated	on	the	basis	of	200	kWh/m2	on	average	for	roof	systems	in	2040	and	
250	kWh/m2	 for	non-roof	projects),	of	which	600	hectares	on	 roofs	of	 (existing)	buildings	and	300	
hectares	of	non-roof	PV-projects	(along	rail	roads	and	high	ways	etc.).		
	
To	reach	the	required	4	PJ	electricity	generated	by	wind	turbines	in	2040,	in	total	111	wind	turbines	
(4	MW)	must	be	installed.	This	is	possible	if	the	harbour	is	used	maximally,	together	with	1	extra	
wind	park	in	Waterland,	for	instance.	All	existing	wind	turbines	are	assumed	to	have	been	replaced	
by	better	performing	ones	by	2040.	
	
Figure	43	illustrates	(in	blue)	where	the	present	wind	turbines	are	located	and	(in	orange)	where	the	
new	wind	turbines	can	be	positioned	under	the	current	environmental	laws.	
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Figure	27:	Renewable	electricity	production:	existing	and	potential	new	locations	of	wind	turbines	in	
Amsterdam	

	

ENERGY STRATEGY MAP PER DISTRICT 

The	energy	strategy	for	the	districts	of	Amsterdam,	as	determined	in	step	6.II,	is	translated	into	maps	
to	indicate	the	different	locations	of	both	individual	and	collective	heating	systems.	These	locations	
and	heat	 systems	 are	 visualised	 for	 the	 different	 neighbourhood	 typologies	 (as	 used	 in	 table	 5)	 in	
figures	44	through	52.		
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Historic	inner	city	
As	discussed	beforehand,	in	the	last	phase	of	the	DHN	transformation,	the	historic	inner	city	will	be	
connected	to	the	heat	network.	The	inner	city	HT	demand	can	be	supplied	by	geothermal	heat	and	
heat	from	the	AEB	waste	incineration.	Buildings	that	are	not	suited	for	collective	HT	heating	can	use	
individual	systems	such	as	sustainable	gas	(HT)	or	all-electric	systems	based	on	heat	pumps	(MT/LT),	
depending	on	the	respective	possibilities	for	energy	renovation.	Sustainable	gas	can	be	biogas	from	
fermentation	 of	 organic	 waste	 (water),	 hydrogen,	 or	 synthetic	methane	 from	 excessive	 electricity	
production	in	summer.	
	

	
Figure	44:	Heating	strategy	for	the	historic	inner	city	
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Edges	of	the	inner	city	(before	1920)	
This	 area	 within	 the	 Amsterdam	 ring	 road	 will	 be	 connected	 to	 the	 district	 heat	 network	 in	 the	
second	 phase	 of	 the	 transformation.	 This	 will	 be	 a	 combination	 of	 a	 HT	 and	 MT	 heat	 network,	
supplied	by	the	waste	incineration	plant	(AEB),	geothermal	heat,	heat	cascade	and	a	combination	of	
seasonal	thermal	energy	storage	with	solar	collectors.	For	individual	heating,	sustainable	gas	and	all-
electric	heating	can	be	applied.		
	

	
Figure	45:	Heating	strategy	edges	inner	city	
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Interbellum	and	WWII	(1920-1945)	developments	
The	 neighbourhoods	 constructed	 between	 1920	 and	 1945	will	 be	 connected	 to	 the	 heat	 network	
while	 their	 buildings	 are	 upgraded	 to	MT	heating	 level	 at	 the	 same	 time.	Heat	 cascaded	 from	 the	
inner	 city	 (or	 edges	 of	 the	 inner	 city)	 is	 used	 as	 one	 of	 the	 collective	 heat	 sources	 for	 these	
interbellum	 and	WWII	 buildings.	 Beside	 the	 collective	 heating	 systems,	 some	 of	 the	 buildings	will	
become	all	electric.		
	

	
Figure	46:	Heating	strategy	for	interbellum	and	WWII	areas	
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Early	post-war	(1945-1965)	expansion	plans	
This	area	is	already	partly	connected	to	the	existing	district	heat	network.	During	the	DHN	
transformation	the	amount	of	connections	in	the	district	will	be	increased.	In	the	meantime,	the	
heating	temperature	in	the	area	will	be	decreased	to	MT	and	LT	levels.		
	

	
Figure	47:	Heating	strategy	for	early	post-war	expansion	plans	
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Late	post-war	(1965-1990)	developments	
At	present,	a	part	of	the	late	post-war	districts	is	already	connected	to	the	existing	HT	district	heat	
network.	During	the	transition	period,	this	network	will	be	expanded	and	the	temperature	can	be	
decreased	as	a	result	of	energy	renovations	and	through	the	connection	to	multiple	local	energy	(MT	
and	LT)	sources.	A	part	of	the	buildings	will	be	heated	individually	with	all-electric	systems,	or	–	
dependent	on	intense	renovation	schemes,	within	local	LT	mini	heat	grids,	which	might	have	
seasonal	storage.	
	

	
Figure	48:	Heating	strategy	for	late	post-war	districts	
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Recent	developments	(after	1990)	
The	approach	for	the	districts	constructed	after	1990	is	similar	to	the	post-war	districts:	a	part	of	the	
buildings	is	already	connected	to	the	DHN,	this	network	will	be	expanded	and	its	temperature	will	be	
decreased.	In	this	case	all	connected	buildings	will	use	LT	heating	(collective	or	individual,	with	all-
electric	heating	on	heat	pumps).	
	

	
Figure	49:	Heating	strategy	after	1990	
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New	residential	areas	
The	newest	dwellings,	constructed	around	the	time	of	this	report,	will	be	connected	to	a	local	LT	heat	
network	with	inter-seasonal	storage	capacity,	or	they	will	be	heated	individually	with	all-electric	
systems	on	heat	pumps.	
	

	
Figure	50:	Heating	strategy	for	new	residential	areas	
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Low-density	areas	
The	heat	demands	of	low-density	areas	around	the	urbanised	area	of	Amsterdam	will	be	supplied	by	
individual	systems.	Since	construction	of	and	connection	to	the	heat	network	will	not	be	cost-
efficient	due	to	the	low	density	of	these	areas,	a	combination	of	(LT)	all-electric	heating	(on	heat	
pumps),	or	heated	by	sustainable	gas	and	biomass	(HT)	is	possible.	
	

	
Figure	51:	Heating	strategy	for	low-density	areas	
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Heavy	industries	
In	the	north-western	part	of	Amsterdam,	the	Westpoort	industrial	area	is	located.	Even	with	
intensive	renovations,	industrial	processes	will	still	require	HT	heating.	For	these	industries	the	
options	are	a	HT	heat	network	or	heating	from	sustainable	gas.	For	other	buildings	(such	as	offices)	
MT	or	LT	heating	run	by	heat	pumps	will	be	sufficient.	
	

	
Figure	52:	Heating	strategy	for	industrial	areas	
	
	 	



	
City-zen	–	GA	n°	608702	 	 	

DELIVERABLE	D4.6	|	CO	confidential	
p.	80	

Business	parks	and	offices	
Amsterdam	boasts	different	business	parks	or	office	areas,	mostly	around	the	perimeter.	These	areas	
can	be	upgraded	to	a	LT	heat	demand	relatively	easily,	supplied	by	all-electric	heat	pump	systems	or	
local	LT	heat	networks.	
	
	

	
Figure	53:	Heating	strategy	for	business	parks	and	offices	
	
In	 the	 next	 chapter,	 a	 part	 of	 the	 historic	 inner	 city	will	 be	 analysed	 in	 order	 to	 determine	 suited	
heat,	cold	and	electricity	strategies.	
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CHAPTER  8 –  Ex amp le  s o lu t i o ns  fo r the  
Ams te rd am c i ty  cen tre  

8.1. CITY CENTRE  

Figure	46	depicts	 the	small	part	of	 the	historic	 inner	city	 that	was	chosen	to	be	elaborated	 for	 the	
Amsterdam	 Roadmap.	 It	 comprises	 three	 main	 different	 neighbourhoods:	 a	 part	 of	 the	 17th/18th	
century	labourers’	area	of	the	Jordaan	to	the	west,	the	Haarlemmerstraat	and	Haarlemmerdijk	zone	
to	the	north,	and	the	17th	century	merchant	canal	houses	area	to	the	east.	
There	are	two	main	canals	crossing	this	area:	the	Prinsengracht	(‘prince’s	canal’,	north	to	south)	and	
the	 Brouwersgracht	 (‘brewer’s	 canal’,	 east	 to	 west),	 which	 is	 why	 we	 coined	 the	 area	 ‘Brewer’s	
Cross’.	
	

	
Figure	28:	Map	of	of	the	western	part	of	the	historic	Amsterdam	city	centre	(Source:	Google	maps)	

Of	this	set	of	neighbourhoods,	the	inner	canal	zone	was	constructed	in	the	period	of	the	‘Golden	
Century’	of	Amsterdam	(1600-1680).	The	Jordaan	area	took	a	bit	longer	to	build	after	1630,	with	
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large	parts	filled	in	during	1890-1910.	The	Haarlemmerdijk	zone	has	all	sorts	of	building	types	
constructed	since	the	17th	century.	
The	area	contains	many	listed	national	or	municipal	monuments	(approximately	50%)	and	the	
neighbourhoods	form	part	of	the	Unesco	world	heritage	site	of	the	Amsterdam	inner	city.	
	
The	neighbourhoods’	total	area	is	55	ha	(of	which	49	ha	land),	with	228.000	m2	of	built	floor	area	
(residential	and	non-residential).	70%	of	the	houses	is	rented,	30%	owned.	
In	total	,there	are	10,600	inhabitants,	6900	residential	units,	and	8800	companies	registered.	
	
The	current	total	energy	demand	is	0.39	PJ;	the	buildings	have	energy	labels	with	mainly	D-E-F-G	
level.	Table	6	explains	this	energy	demand.	
	

Table	6:	Current	energy	demand	city	centre	

Energy  heat
(PJ)       or (GWh) (PJ)

residential 0,06 17 0,21
non-residential 0,16 44 0,17

total: 0,22 61 0,39

electricity
City centre - current energy demand

	
	

8.2. ENERGY STRATEGIES FOR THE CITY CENTRE 

There	 are	 basically	 three	 radical	 energy	 strategies	 for	 the	 inner	 city	 (and	 in	 fact,	 for	 all	 areas	 in	
Amsterdam),	as	illustrated	by	table	7:	1.	Radical	renovation	with	maximum	application	of	PV	panels,	
monumental	 restrictions	 set	aside;	2.	 Limited	or	no	energy	 renovation	and	connection	 to	 the	heat	
grid,	PV	panels	invisible	or	integrated;	3.	Limited	or	no	energy	renovation	and	use	of	sustainable	gas	
through	the	existing	grid	used	for	natural	gas,	PV	panels	invisible	or	integrated.	
	
Table	7::	Energy	strategies	for	the	Amsterdam	city	centre		

Individual
maximal	PV-application	on	all	

surfaces
PV-roof	tiles	+	panels	on	

invisible	places
PV	panels	on	invisible	places No	PV No	PV,	import	green	power

Collective

Renovation Heat	source

Deep	renovations HP	on	canal	water
Interesting,	but	difficult	to	

realize	with	the	current	policies	
towards	monumental	buildings

Limited	
renovations

HT	heatwork	geothermal	

Achievable	alternative	by	
flexible	attitude	Monumental	
care	organisation,	relatively	

expensive

Achievable	alternative,	
additional	green	power	

required,	relatively	expensive

Limited	
renovations

Green	gas	(AGF:	
Amsterdam	Green	Fuel)

Good	combination	chance,	gas	
is	a	risk,	relatively	cheap

Combination	is	achievable,	
green	power	required,	relatively	

cheap

No	renovations
HT	heat	network	with	
residual	heat/	waste

Achievable,	additional	green	
power	required,	expensive	
infrastructure,	low	ambition

Challenge	to	realise	the	
electricity	production,	expensive	

infrastructure

Responsibility	for	electricity	
production	shifted	to	others,	

AEB	in	the	lead

No	renovations
Green	gas	(AGF:	
Amsterdam	Green	Fuel)

Slightly	better	than	the	current	
situation,	cheap,	less	ambitious,	

is	there	enough	green	gas	
available	for	this	option?

In	this	case	everything	should	be	
solved	with	the	Amsterdam	
Green	Energy	(AGE)	company

The	worst	solution,	Amsterdam	
shifts	all	its	responsibilities	

towards	other	parties

Electricity

He
at
in
g	
sy
st
ee

m

Possible	energy	strategies	for	Amsterdam	city	centre

Green	power	coming	from	
Amsterdam	(AGP:	Amsterdam	

Green	Power)

Green	power	coming	from	
Amsterdam	(AGP:	Amsterdam	

Green	Power)

No	AGP	(Amsterdam	Green	
Power)	company

	
Each	of	these	strategies	is	more	of	less	sustainable,	within	the	perspective	of	solving	one’s	problems	
locally,	nearby	or	far	away.	To	be	realistic,	it	is	not	to	be	expected	that	the	historic	inner	city	will	be	
subjected	under	an	obligation	of	radical	renovation	schemes.	In	that	case,	Amsterdam	would	lose	its	
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Unesco	status	and	a	 large	part	of	 its	attractiveness.	So	the	choice	would	be	between	a	sustainable	
supply	of	heat	through	the	DHN	or	through	a	gaseous	energy	carrier.		
	
Table	8:	General	energy	strategies	for	the	city	centre		

Collective Individual
Grid	type heat	source system heat	source

Historic	Inner	City
III

•	Waste	incineration
•	Geothermal I	-	II

•	Green	(bio)gas
•	HP	on	water
•	HP	on	ground	exchangers

•	From	regional	
wind	+	PV

•	Where	possible	
on	roofs

GENERAL	ENERGY	STRATEGIES	for	AMSTERDAM	MUNICIPALITY
NEIGHBOURHOOD	

TYPOLOGY
label	improvement

HEAT		SYSTEM ELECTRICITY
Collective	system Individual	system

	
We	propose	to	go	for	the	expansion	of	the	DHN	towards	the	oldest	part	of	the	city	of	Amsterdam.	
There	are	a	few	important	reasons	why	we	propose	to	choose	for	the	heat	grid	solution:	
1. As	already	explained,	the	availability	of	biogas	in	Amsterdam	is	very	limited.	Using	it	for	heating	

the	inner	city	makes	use	elsewhere	impossible.	
2. The	 gas	 coming	 from	 power-to-gas	 techniques	 is	 also	 limited	 as	 long	 as	 we	 do	 not	 produce	

excessive	amounts	of	renewable	power	in	certain	periods	of	the	year.	
3. Hydrogen	 is	 a	 very	 clean	energy	 carrier,	 and	 to	produce	 it	 from	electricity	has	 an	efficiency	of	

80%,	whereas	converting	it	back	to	electricity	has	an	efficiency	of	50%	at	most,	leading	to	a	loss	
of	 60%	 at	 least.	 Also	 synthetic	methane	 has	 an	 inefficiency	 in	 its	 conversion.	 Therefore,	 using	
electricity	directly	has	a	preference	over	converting	it	to	gas.	These	forms	of	power-to-gas	will	be	
very	 relevant	 in	 the	 near	 future,	when	 all	 electricity	 produced	 is	 from	 renewable	 sources,	 but	
there	is	one	more	reason	to	preserve	them	for	other	purposes.	

4. Gas,	in	whichever	form,	is	a	very	high	quality	energy	form,	with	a	high	exergetic	value.	Using	gas	
that	combusts	at	a	temperature	of	a	few	hundred	to	1800oC	in	order	to	heat	homes	to	21oC,	or	
to	 generate	 hot	water	 of	 60oC	means	 an	 enormous	 loss	 of	 exergy	 that	 can	 be	 better	 used	 in	
urban	 functions	 that	 require	 high	 qualities	 of	 energy:	 heavy	 industries	 (Tata	 steel),	 power	
stations	 and	 heavy	mobility	 (there	 still	 is	 no	 good	 solution	 for	 air	 traffic	 and	 long-haul	marine	
transport).	 Therefore,	 we	 propose	 to	 allocate	 gaseous	 energy	 carriers	 for	 these	 purposes	 and	
perhaps	only	use	it	in	the	built	environment	where	absolutely	necessary.	
	

For	 the	 Roadmap	 workshop,	 second	 stage,	 we	 divided	 the	 Brewer’s	 Cross	 area	 into	 three	 main	
neighbourhoods:	the	Canals	 (C1),	 the	Jordaan	(C2),	and	the	Haarlemmerbuurt	 (C3).	Energy	systems	
were	proposed,	designed	and	elaborated	 for	 these	 three	neighbourhoods.	Areas	C1	and	C2	will	be	
discussed	below.	
	

8.3. ENERGY SYSTEM PROPOSALS 

8.3.1. C1 The Canals 

For	the	Canals	area	(Figure	47)	we	took	a	slice	of	the	Brouwersgracht,	with	canal	houses	and	house	
boats.	
	
The	buildings	along	the	canals	often	have	a	monumental	status.	The	potential	of	energy	renovation	is	
very	limited,	in	general.	These	buildings	will	therefore	require	HT	heating.	Air-	or	ground-source	heat	
pumps	can	produce	this	in	a	relatively	ineffective	way.		
The	proposed	energy	system	therefore	would	consist	of	the	extended	district	heating	piping,	 in	the	
canal	 bottom	 since	 the	 roads	 are	 all	 fully	 filled	 with	 other	 infrastructure,	 and	 heat	 exchangers	
replacing	gas	boilers	 in	the	buildings.	 Invisible	PV	or	PVT	can	be	put	on	the	roofs,	either	on	unseen	
surfaces,	or	 in	the	form	of	PV	roof	 tiles	–	to	be	developed	to	 fit	 the	traditional	Dutch	ceramic	roof	
tile.		
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Figure	47:	Location	S1	(source:	Google	Maps)	
	
The	house	boats	on	the	other	end	are	not	listed	as	monument	or	part	of	the	Unesco	world	heritage	
site	image	and	have	large	potentials	to	be	renovated	to	high	standards	and	to	be	equipped	with	solar	
panels	and	use	the	canals	water	as	heat	source.	As	an	interesting	side-effect,	this	will	lead	to	faster	
freezing	of	the	water	in	winter,	enabling	ice-skating,	even	in	a	changing	climate.	

	
Figure	29:	Principle	energy	system	canals	and	house	boats		
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C1	area	energy	system	proposal	summary	
Canal	houses:	
§ Minor	 energy	 renovations	 up	 to	 20%	 of	 energy	 savings	 by	 double	 glazing	 and	 roof/back	 wall	

insulation.	
§ Connections	to	HT	DHN	(integrated	 in	the	canal).	The	heat	comes	from	waste	 incineration	that	

will	largely	be	replaced	by	deep	geothermal	wells	in	the	future.	
§ PV	applied	where	possible	and	fitting	monumental	schemes.	
House	boats:	
§ Deep	renovations	to	energy	label	A+/A++.	
§ LT	heating	through	heat	pumps	on	canal	water;	domestic	hot	water	with	a	heat	pump	booster.		
§ PV-panels	on	the	roofs.	

	

8.3.2. C2 Jordaan 

For	the	Jordaan	area	we	selected	a	block	of	buildings	with	a	courtyard	(Figure	49).	
	

	
Figure	30:	Location	of	the	C2	area	in	the	Jordaan	(source:	Google	Maps)	

The	solution	possible	here	 is	to	use	PVT	panels	and	BTES	 in	the	underground,	with	a	heat	pump	to	
create	hot	water	and	heating.	A	large	part	of	this	area	can	be	serviced	by	the	DHN	running	towards	
the	historic	inner	city,	either	with	the	HT	supply,	or	the	MT	return	(Figure	50).	
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Figure	31:	Energy	system	for	the	C2	area	

C2	area	energy	system	proposal	summary	
§ Minor	 energy	 renovations	 up	 to	 20%	 of	 energy	 savings	 by	 double	 glazing	 and	 roof/back	 wall	

insulation.	
§ Connections	to	HT	DHN	or	to	its	MT	return	pipes.	The	heat	comes	from	waste	incineration	that	

will	largely	be	replaced	by	deep	geothermal	wells	in	the	near	future.	
§ Collective	 heat	 pump	 systems	 with	 BTES	 as	 source	 and	 PV(T)	 panels	 on	 the	 roofs.	 This	 BTES	

system	can	be	constructed	in	the	courtyard.	
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CHAPTER  9 –  Ex amp le  s o lu t i o ns  Slo te rmeer 
ne ighb o urho o d  

9.1. SLOTERMEER AREA 

Figure	51	presents	the	Slotermeer	area	in	the	Nieuw	West	post-war	expansion	area.	
	

	
Figure	32:	Map	of	the	Slotermeer	area		
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This	 area	 are	 built	 mainly	 in	 the	 period	 1953-1960	 (as	 part	 of	 the	 general	 expansion	 plan	 of	
Amsterdam).	 It	 is	an	area	of	382	ha	 (of	which	321	ha	of	 land),	with	426.000	m2	of	built	 floor	area	
(residential	and	non-residential).	20%	of	the	houses	privately	owned,	80%	is	rented.	
27,000	inhabitants,	12,000	residential	units	(of	on	average	75	m2),	with	1400	company	registrations.	
The	energy	performance	of	the	residential	and	non-residential	buildings	is	depicted	in	table	9.	Most	
of	the	energy	labels	are	D-E-F-G.	
	

Table	9:	Current	energy	demand	Slotermeer	

Energy  heat
(PJ)       or (GWh) (PJ)

residential 0,08 21 0,26
non-residential 0,14 38 0,15

total: 0,21 59 0,41

electricity
Slotermeer - current energy demand

	
	
	

9.2. POTENTIAL ENERGY STRATEGIES FOR SLOTERMEER 

As	 an	 urban	 area,	 Slotermeer	 has	many	more	 options	 for	 interventions	 in	 the	 buildings	 stock	 and	
energy	system.	This	is	because	of	the	much	bigger	size	of	the	area,	compared	to	the	Brewer’s	Cross	
area	 discussed	 previously,	 due	 the	 very	 limited	 number	 of	 listed	 buildings,	 enabling	 far-stretching	
renovation	schemes,	especially	since	there	 is	a	 lot	of	repetition	 in	the	types	of	buildings	(tenement	
flats,	terraces	housing)	and	because	there	is	much	more	open	space	in	this	part	of	the	city.	
This	means	 that	 both	 for	 heat	 and	 for	 electricity	 there	 are	more	paths	 to	make	 the	 area	net	 zero	
energy,	both	individual	and	collective,	as	well	as	in	new	construction,	which	is	very	limitedly	possible	
in	the	inner	city.	
	
Table	 10	 gives	 an	 overview	 of	 the	 energy	 strategies	 that	 can	 be	 possibly	 applied	 in	 Slotermeer.	 It	
demonstrates	 there	 are	 different	 principles	 of	 sustainable	 energy	 systems	 possible	 for	 each	
neighbourhood.	 In	the	 long	term,	after	ambitious	renovation	schemes,	 the	main	energy	system	for	
heating	 seems	most	 logically	 based	 on	 local	 LT	 and	MT	 renewable	 heat	 production,	with	 ATES	 or	
BTES	for	seasonal	storage.	Also,	al	lot	of	solar	energy	can	be	generated	in	this	part	of	the	city.	Table	
11	illustrates	these	main	options.	
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Table	10:	Possible	energy	strategies	for	Slotermeer	

Individual
maximal	PV(T)-application	on	

roofs
suitable	south	orientated	roofs	

with	PV(T)
No	or	limited	PV	panels No	PV,	purchase	green	power

Collective

Renovation Heat	source
New	

New	buildings
Individual:	All-electric	E-
neutral/positive	or	collective:	mini-
heat	network	with	local	sources

Easily	achievable	for	all	new	
buidings

Achievable	for	all	new	buidlings;	
include	seasonal	storage

New	buildings
Connect	to	MT	DHN	cascaded	from	the	
existing	HT	DHN	with	local	production	
SC	+	PV(T)

E-positive!,	achievable	for	all	
new	buildings;	installl	seasonal	

energy	storage

Achievable	for	all	new	buildings;	
include	seasonal	storage;	test	
with	local	heat	production

Well	achievable	at	locations	
closeby	existing	heat	network	

New	buildings Connection	to	existing	HT-network
Do	not	use	the	HT	DHN	for	new	
buildings,	since	these	can	easily		

become	energy	neutral

Amsterdam	shifts	its	
responsibility	to	other	parties.

Individual

Deep	
renovation

HP	outside	air	or	ground	heat	
exchanger	source

Achievable	for	individual	
residences	with	a	good	

financial	plan,	interesting	for	
corporation	housing.	

Limited	
renovation

HP	outside	air	or	ground	heat	
exchanger	source

Achievable	for	individual	
residences,	very	well	

achievable	for	corporation	
housing

Achievable	for	individual	
residences,	very	well	achievable	

for	corporation	housing

Easy	way	to	exclude	the	gas	
network,	sustainable	electricity	
demand		should	be	imported

Easy	way	to	exclude	the	gas	
network	without	a	heat	

network,	results	in	an	increased	
electricity	demand

Collective

Limited	
renovation

MT	heat	network	with	collective	HP	
and	LT	storage	of	PVT	with	ATES

Achievable	for	corporation	
housing

Achievable	for	corporation	
housing	

Limited	
renovation

MT	mini-heat	network	+	MT-thermal	
energy	storage	in	aquifers	with	
PVT/residual	heat/solar	collectors

Achievable	for	corporation	
housing	-	test	project	MT	

storage	,	or	after	change	of	the	
law

Achievable	for	corporation	
housing	-	test	project	MT	

storage,	or	after	change	of	the	
law

Limited	
renovation

Expand	and	cascade	the	existing	HT	
DHN	and	step-by-step	reduction	to	MT	
with	SC	+	(PV)T	(+	geo)

Achievable	for	corporation	
housing,	quickly	realize	test	
projects	with	heat	cascade

Well	achievable	for	corporation	
housing,	quickly	realize	test	

projects	on	MT	

Limited	
renovation

Expansion	HT	DHN	on	waste	heat/	
waste	incineration/geothermal

Possible,	extra	(green)	electricity	
demand,	expensive	

infrastructure,	low	ambition

Challenge	to	realize	the	power	
production,	expensive	

infrastructure

Electricity	production	
responsibility	others,	AEB	in	the	

lead

No	renovation
Expansion	DHN	on	waste	heat/waste	
incineration

Possible,	low	ambition	heat	
sources;	in	the	future	not	seen	

as	renewable	sources

It	will	be	a	challenge	to	realize	
the	electricity	production,	
expensive	infrastructure

Electricity	production	
responsibility	others,	AEB	in	the	

lead

Limited	
renovation

Green	gas	(AGF:	Amsterdam	Green	
Fuel)

Limited	potential	for	local	
biomass,	use	where	really	

necessary,	a	lot	of	green	power	
is	needed,	relatively	cheap

In	this	case	everything	should	be	
solved	with	an	Amsterdam	
Green	Energy	Company	(AGE)

No	renovation Import	green	gas

Only	a	small	improvement	
compared	to	the	existing	

situation,	less	ambistious,	will	
the	be	enough	green	power	
available	for	this	option?	

the	worst	solution,	Amsterdam	
shifts	all	its	responsibilities	
towards	other	parties

H
ea
tin

g	
sy
st
em

s

Electricity

Possible	energy	strategies	Amsterdam	Slotermeer

Green	power	coming	from	
Amsterdam		(AGP:	Amsterdam	

Green	Power)

Green	power	coming	from	
Amsterdam	(AGP)

No	AGP	(Amsterdam	Green	
Power)	company
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Table	11:	General	energy	strategies	for	Slotermeer	(1945-1965	Expansion	plan)

Collective Individual
Grid	type heat	source system heat	source

IV	(MT)
•	Cascade	on	HT	heat	grid
•	HP	-	Solar	/PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger

V	(LT)
•	HP	-	PVT	+	ATES/BTES	
•	HP	-	ground	heat	exchanger

GENERAL	ENERGY	STRATEGIES	for	1945-1965	Expansion	plan
HEAT		SYSTEM ELECTRICITY

Collective	system Individual	system
NEIGHBOURHOOD	
label	improvement

•	Non-roof	PV	
projects
•	Maximize	on	
non-residential	
roofs

•	Maximize	PV(T)	
on	roofs
•	Maximize	on	
non-residential	
roofs

Expansion	plan	
1945-1965 II

•	HP	on	air
•	HP	on	ground	exchangers	
•	+	PVT/solar

	
For	the	Slotermeer	area,	five	neighbourhoods	were	identified,	S1	through	S5,	shown	in	Figure	52.	
	

	
Figure	33:	Locations	for	the	interventions	S1	t/m	S5	

In	the	following	sections,	some	technical	solutions	for	these	neighbourhoods	are	elaborated.	
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9.3. ENERGY SYSTEM PROPOSALS 

9.3.1. Neighbourhood-centralised energy systems 

Figure	53	gives	an	overview	of	several	energy	measures	taken	at	the	scale	of	the	entire	Slotermeer	
area:	energy	 renovation,	 solar-covered	bicycle	 lanes,	bio-fermentation	and	cogeneration,	and	wind	
turbines	in	the	Slotermeer	lake,	as	power	islands.	
	

	
Figure	34:	Proposed	energy	systems	for	the	Slotermeer	area	

Figure	54	again	shows	these	energy	solutions,	but	in	cross-section.	

	
Figure	35:	Proposed	energy	systems	for	the	Slotermeer	area	in	section	
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9.3.2. S1 Noordzijde courtyards 

Next	 to	 the	Noordzijde	 (Figure	 55),	 3	 courtyards	 are	 situated	 in	 front	 of	 the	 small	 harbour	 of	 the	
Sloterplas.	Each	courtyard	has	as	small	and	a	bigger	block	of	4	layers	with	apartments.	These	blocks	
have	 in	 total	 272	 apartments	of	 an	 average	of	 60	m2.	 The	blocks	were	built	 in	 the	 late	1950s	 and	
currently	have	labels	F	and	G.	
The	 blocks	 have	 a	 large	 potential	 for	 improvement	 of	 the	 energetic	 performance	 by	 adding	
insulation,	improving	the	windows	and	apply	more	efficient	energy	systems.	The	pitched	roofs	have	
large	potentials	for	solar	energy	production;	the	underground	is	suitable	for	thermal	energy	storage	
in	aquifers.	All	blocks	are	owned	by	one	housing	corporation,	Stadgenoot.	
	

	
Figure	36:	Noordzijde	courtyard	blocks	(source:	Google	Maps)	

Energy	system	proposal	S1:	PVT-powered	LT	heat	grid	with	ATES	
The	potentials	described	above	are	the	starting-point	to	propose	next	energy-neutral	energy	system.	
The	blocks	have	enough	heat	demand	to	make	it	economically	feasible	to	apply	an	ATES	system.	In	
addition	to	electricity,	PV-thermal	collectors	produce	the	heat	required,	which	is	seasonally	stored	in	
the	underground.	Heat	production	 is	 required	 to	 keep	 the	underground	 in	balance.	A	 central	 heat	
pump	upgrades	the	stored	heat	of	25°C	to	40°C	and	booster	heat	pumps	with	small	storage	provide	
domestic	hot	water	in	each	apartment.	The	blocks	have	to	be	renovated	to	around	label	A.	This	may	
allow	the	occupants	to	stay	in	the	apartments	during	reconstruction.	
With	the	proposed	densification	around	the	north	side	of	the	lake,	also	along	the	wide	Burgemeester	
Roëllstraat	 (Figure	 56),	 newly	 built	 energy-positive	 apartment	 blocks	 can	make	 directly	 use	 of	 the	
same	 ATES.	 Therefore,	 the	 heat	 stored	 in	 the	 ATES	 must	 be	 at	 the	 currently	 maximum	 allowed	
temperature	of	25°C,	or	rather	slightly	higher,	and	the	new	blocks	must	be	almost	in	accordance	with	
Passive	House	standards.	
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S1	area	energy	system	proposal	summary:	
§ Energy	renovations	to	label	A	level.	
§ Central	heat	pump	for	refurbished	blocks	~40°C	(with	COP	8),	combined	with	ATES.	
§ Connection	to	new	energy-positive	housing	blocks.	
§ Booster	heat	pumps	for	domestic	hot	water	(DHW,	COP	6	&	4).	
§ Electricity	and	heat	produced	by	PVT	and	PV	
	
The	new	energy-positive	housing	blocks	will	have	LT	district	heating	at	~26°C	(with	COP	20),	booster	
heat	pumps	for	DHW	(COP	6	&	4),	and	electricity	and	heat	is	produced	by	PVT	and	PV.	
	

	
Figure	37:	Bird’s	eye	view	of	the	Burgemeester	Roëll	location	(source:	Google	Maps)	

The	energy	system	for	this	site	is	illustrated	by	Figure	57,	in	winter	and	summer.	
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Figure	38:	Scheme	of	the	energy	system	in	winter	and	summer	situation	
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Figure	58	illustrates	the	site	of	the	ATES	system	and	LT	heat	grid	in	this	zone.	
	

								 	

Figure	39:	Plan	with	schematically	shown	the	ATES	and	central	heat	pump	for	the	existing	blocks	and	
direct	heating	and	cooling	for	the	new	building	block	(left	image,	source:	Google	maps).	

Energy	Performance	calculated	
The	 following	 calculation	 proves	 that	 the	 proposal	 described	 will	 be	 (almost)	 energy	 neutral.	 The	
calculation	is	only	done	for	the	existing	housing	blocks.		
	

	
Figure	40:	Energy	consumption	basic	figures	of	building	blocks	Noordzijde	(City	of	Amsterdam,	2017)	

The	total	net	floor	area	of	the	project	is	roughly	16,000	m2	(Table	12).	
	

Table	12:	Net	floor	area,	based	on	figures	of	(City	of	Amsterdam,	2017)	

	

apartments 276
layers	 4
total	area 16350 m2
ave.	area/app 59,2 m2

Building	dimensions
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The	 current	 energy	 demand	 can	 be	 determined	 with	 data	 from	 Figure	 40:	 the	 energy	 use	 of	 the	
blocks	in	2012	(City	of	Amsterdam,	2017)	and	taking	Dutch	average	efficiency	of	boilers	of	87%	into	
account.	With	the	average	natural	gas	use	of	350	m3	for	domestic	hot	water,	 the	total	demand	for	
space	heating	and	DHW	can	be	determined	(zee	Table	13).	
	

Table	13:	Current	heat	and	electricity	demand	calculation	based	on	(City	of	Amsterdam,	2017)	

	

gas	use	m3/m2 23 m3/m2
electricity	use	 38 kWh/m2
ave	gas	use	for	DHW/app	 350 M3
total		gas	use 376050 M3
energy	content	natural	gas 32 MJ
total	primary	energy	use	from	gas	 12034 GJ
ave.	Efficiency	gas	boilers 87%
total	heat	demand 10469 GJ
of	which	for	DHW	 2689 GJ
of	which	for	space	heating	 7780 GJ
total	electricity	use	 621 MWh

Current	energy	use	and	demand

	
	
With	moderate	renovations	(60%	reduction	on	space	heating	and	25%	reduction	on	DHW	use),	the	
final	heat	demand	is	around	5000	GJ	(Table	14).		
	

Table	14:	Energy	demand	after	renovation	

space	heating	reduction	(%) 60%
DHW	reduction	(%) 25%
demand	for	space	heating 3112 GJ
demand	for	DHW 2017 GJ

Energy	demand	after	moderate	renovation

	
	
The	new	heat	demand	is	supplied	by	a	central	heat	pump	with	a	coefficient	of	performance	(COP)	of	
8	 to	upgrade	the	stored	heat	of	25°C	to	40°C.	Booster	heat	pumps	at	every	apartment	make	DHW	
with	a	COP	of	4.	This	means	a	final	electricity	demand	for	heating	and	appliances	of	around	800	MWh	
for	the	project	(Table	15).	
	

Table	15:	Calculating	the	final	electricity	demand		

COP	heatpump	space	heating 8
electricity	use	for	heatpump	space	heating 108 MWh
COP	heatpump	booster	DHW 4
electricity	demand	for	heatpump	space	heating 140 MWh
electricity	demand	appliances	2030	(90%	of	2017) 559 MWh
total	electricity	demand	 807 MWh

Electricity	demand	with	heat	pump	system

	
	
Finally,	the	required	area	for	PVT	panels	is	calculated	to	be	around	5500	m2	to	produce	enough	heat	
and	 electricity,	 whereas	 the	 roughly	 available	 space	 is	 only	 10%	 less	 (Table	 16).	 The	 use	 of	 some	
facades	or	slightly	more	demand	reduction	will	make	this	proposal	fully	energy	neutral.	
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Table	16:	available	and	required	roof	area	for	solar	energy		

ave.	Electricity		production	PV/m2 150 kWh
roof	space	for	PV(T)	needed 5382 m2
overproduction	heat 120%
ave.	Heat	production	(PV)T/m2 300 kWh
heat	production	for	ATES 6155 GJ
(roof)	area	for	(PV)T	needed 5699 m2
available	roof	area	roughly 5000 m2

Energy	production	on	roof	area

	
	
Repetition	potential	in	Amsterdam	
The	combination	of	potentials	that	are	the	starting-point	of	this	energy	system	can	be	found	in	many	
neighbourhoods	or	groups	of	building	blocks	in	Slotermeer	and	other	parts	of	Amsterdam	as	can	be	
seen	in	the	image	of	Figure	60,	for	Slotermeer.	
	

	
Figure	41:	Housing	corporations	ownership	in	Slotermeer	area	(Amsterdamse	federatie	van	
woningcorporaties,	2017)	
	

9.3.3. S2 Burgemeester Cramergracht 

Along	the	Burgemeester	van	de	Cramergracht,	6	similar	housing	blocks	are	situated	next	to	a	canal	
(Figure	61).	Each	block	is	built	in	east-west	direction	and	houses	18	apartments	over	3	layers.	These	
blocks	have	in	total	108	apartments	of	on	average	54	m2.	The	blocks	were	built	in	the	late	1950s	and	
currently	have	labels	E.	
	
As	with	neighbourhood	S1,	the	blocks	of	S2	have	a	large	potential	for	improvement	of	the	energetic	
performance	by	adding	insulation,	improving	the	windows	and	apply	more	efficient	energy	systems.	
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The	pitched	roofs	have	a	great	potential	for	solar	energy	production	at	their	south-facing	sides.	The	
underground	is	suitable	for	thermal	energy	storages	in	aquifers.	All	blocks	are	owned	by	one	housing	
corporation,	Ymere.		
	

	
Figure	42:	Location	of	intervention	S2	Burgemeester	Cramergracht	(source:	Google	Maps)	

Energy	system	proposal	S2:	PVT-powered	MT	heat	grid	with	mid-temperature	ATES	
The	energy	system	for	this	neighbourhood	of	Slotermeer	around	the	Burgemeester	Cramergracht	is	
very	similar	to	that	of	S1:	
§ Energy	renovation	to	label	A	level.	
§ LT	heating	directly	from	ATES	(on	mid	temperature,	40°C	heat	source)	
§ Booster	heat	pump	for	DHW	(COP	4).	
§ PVT	on	roofs	for	heat	production	and	electricity.	
Figure	62	illustrates	this	system.	
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Figure	43:	Scheme	of	energy	system	in	winter	situation	in	the	S2	area.	
	
Energy	Performance	calculated	
Figure	63	depicts	the	basic	energy	consumption	figures	of	the	housing	blocks.		
	

	
Figure	63:	Energy	consumption	figures	of	the	Burgemeester	Cramergracht	(City	of	Amsterdam,	2017)	
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The	calculation	of	Table	17	proves	the	(almost)	energy	neutral	status	of	the	described	proposal.	
	

Table	17:	Proposal,	based	on	figures	of	(City	of	Amsterdam,	2017)		

appartments 108
layers	 3
total	area 5829 m2
ave.	area/app 54,0 m2

gas	use	m3/m2 20 m3/m2
electricity	use	 39,2 kWh/m2
ave	gas	use	for	DHW/app	 350 M3
total		gas	use 116580 M3
energy	content	natural	gas 32 MJ
total	primary	energy	use	from	gas	 3731 GJ
ave.	Efficiency	gas	boilers 87%
total	heat	demand 3246 GJ
of	which	for	DHW	 1052 GJ
of	which	for	space	heating	 2193 GJ
total	electricity	use	 228 MWh
Energy	demand	after	moderate	renovation

space	heating	reduction	(%) 70%
DHW	reduction	(%) 20%
demand	for	space	heating 658 GJ
demand	for	DHW 842 GJ
Electricity	demand	with	heat	pump	system

COP	heatpump	space	heating 20
electricity	use	for	heatpump	space	heating 9 MWh
COP	heatpump	booster	DHW 5
electricity	demand	for	heatpump	space	heating 47 MWh
electricity	demand	appliances	2030	(90%	of	2017) 206 MWh
total	electricity	demand	 262 MWh

Energy	production	on	roof	area
ave.	Electricity		production	PV/m2 180 kWh
roof	space	for	PV(T)	needed 1453 m2
overproduction	heat 120%
ave.	Heat	production	(PV)T/m2 300 kWh
heat	production	for	ATES 1800 GJ
(roof)	area	for	(PV)T	needed 1667 m2
available	roof	area	roughly 1600 m2
Energy	self	production	share	HEAT 96,0 %
Energy	self	production	share	ELECTRICITY 110,1 %

Burgemeester	van	de	Pollstraat	-	Slotermeer
Building	dimensions

Current	energy	use	and	demand
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S3	Schopenhauer-, Hegel-, Herder- and Immanuelhof 

For	the	S3	neighbourhood	(Figure	64),	the	following	steps	describe	a	potential	approach	to	expand	
and	 transform	 the	 HT	 DHN	 branch	 into	 a	 MT	 network	 by	 cascading,	 decreasing	 HT	 sources	 and	
increasing	MT	supply.	The	whole	process	may	take	up	to	2035.	
§ Renovate	some	existing	DHN-connected	blocks	to	A/B	level	(-40%	reduction).	
§ Cascade	the	net	by	connecting	new	or	renovated	blocks	to	the	return	pipe	(55-60°C	in).	
§ The	return	pipe	temperature	will	drop	after	new	connections	of	demand.	
§ Connect	local	renewable	supply	(solar	thermal,	PVT	or	waste	heat).	
§ Add	local	seasonal	storage	at	MT	(BTES)	or	LT	level	(ATES),	with	heat	pumps.	
§ Repeat	this	process.	
§ Reduce	and	disconnect	the	HT	sources	(>	90°C).	
§ Reduce	the	temperature	of	the	grid	gradually	to	~60°C.	
	

		
Figure	64:	Location	S3:	Schopenhauer-,	Hegel-,	Herder-	and	Immanuelhof	(source:	Google	Maps)	
	
Energy	system	proposal	S1	
Existing	buildings	
§ Energy	renovations	to	label	A/B,	30%	energy	reduction.	
§ Made	ready	for	LT	heating	with	enlarged	radiators.	
§ PV	on	roofs.	
§ Connection	to	the	existing	HT	grid	(90°C).	
New	densification:	
§ New	 blocks	 connected	 to	 the	 on	 return	 pipe	 (60°C)	 of	 the	 existing	 housing	 blocks	 (cascading)	

provides	both	heating	and	DHW.	
§ Electricity	and	heat	demand	produced	by	PVT.	
§ Seasonally	storage	in	BTES.	
This	can	be	seen	in	Figure	65	and	Figure	66.	
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Figure	65:	Proposed	energy	system	for	the	S3	neighbourhood	of	Slotermeer	

	
Figure	66:	The	energy	system	for	the	S3	neighbourhood	from	above	
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9.3.4. S4	Courtyard blocks (Frank vd Goesstraat) 

For	the	S4	neighbourhood	of	Slotermeer	(Figure	67),	an	energy-positive	concept	is	proposed.	
	

	
Figure	67:	Location	S4:	Frank	van	der	Goesstraat	(source:	Google	Maps)	

Energy	system	proposal	S4:	energy-positive	courtyards	
§ Northern	blocks	replaced	by	larger	blocks.	
§ PVT	roofs	and	BIPV	facades.	
§ Moderate	renovation	of	existing	blocks.	
§ Borehole	thermal	storage	(in	courtyard)	at	at	least	40°C.	
§ Smart	connections	to	existing	DHN	for	off-peak	charging.	
	
Figure	68	is	an	illustration	of	these	measures	proposed.	
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Figure	44:	Energy	system	for	the	S4	neighbourhood	of	Slotermeer	

	

9.3.5. S5	Gerbrandypark/Speelmanstraat 

Neighbourhood	S5	(Figure	69)	finally	is	proposed	to	be	solved	by	a	MT	mini	heat	grid	on	(waste)	heat	
from	a	datacentre,	solar	collectors,	PVT	and	BTES	storage	(see	Figures	71-73).	
	

	
Figure	45:	Location	S5:	Gerbrandypark/Speelmanstraat	(source:	Google	Maps)	
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Figure	46	Schematised	energy	system	for	S5	neighbourhood	(image	left,	source:	Google	Maps).	

	

	
Figure	47:	Proposed	energy	system	for	the	S5	neighbourhood,	in	the	winter	situation	
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Figure	48:	Proposed	energy	system	for	the	S5	neighbourhood,	in	the	summer	situation	
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CHAPTER  10 –  The  Ams te rd am Energy Trans i t i o n  
Ro ad map  

The	previous	 three	 chapters	described	 the	energy	 strategies	on	urban,	district	 and	neighbourhood	
scale	 (steps	6.I	 through	6.VI,	of	 section	7.1).	By	using	 these	steps	of	 the	City-zen	Energy	Transition	
Methodology,	we	worked	through	the	city’s	scales,	from	the	largest	scale	of	the	municipality	to	the	
smaller	scale	levels	of	neighbourhoods	and	streets.	Finally,	this	chapter	translates	the	strategies	into	
an	energy	transition	roadmap	for	the	city	(step	6.VI).	This	roadmap	shows	how	main	energy	systems	
and	measures	have	to	develop	over	time	(in	units	per	year)	to	achieve	the	desired	result.	All	of	the	
proposed	measures	only	concern	the	existing	built	environment	of	the	municipality	of	Amsterdam.	
	

10.1. BUILDING STOCK, RESIDENTIAL EQUIVALENTS AND HEAT GRID CONNECTIONS 

In	 order	 to	 determine	 the	 amount	 of	 buildings	 that	 should	 be	 connected	 to	 the	 district	 heating	
network	(DHN)	or	that	need	to	be	retrofitted,	the	first	step	is	to	determine	the	number	of	residential	
equivalents	in	the	municipality.	In	this	way,	it	is	possible	to	give	an	indication	of	the	amount	of	non-
industrial	 buildings	 that	 need	 to	 be	 retrofitted	 and/or	 connected	 to	 the	 DHN	 over	 time.	 One	
residential	unit	equivalent	is	equal	to	the	average	heat	demand	of	a	residence	in	Amsterdam:	23	GJ.		
	

10.1.1. Connections to the collective heating systems 

§ An	average	residential	unit	 in	Amsterdam	has	a	net	floor	area	of	75	m2;	 in	total	currently	there	
are	430,000	residential	units	(2016).	

§ This	means	a	total	residential	net	floor	area	of	32,250,000	m2	(around	38,700,000	gross).	Next	to	
this,	 there	 is	 another	 26,000,000	m2	 gross	 floor	 area	 of	 non-residential	 buildings.	 So	 the	 floor	
area	ratio	of	residential/non-residential	=	60%/40%	

§ From	the	heat	demand	(based	on	gas	use	and	heat	from	the	current	DHN),	the	ratio	is	the	other	
way	around:		40%	for	residential	and	60%	for	non-residential.	

§ The	residential	sector	has	a	total	heat	demand	of	10	PJ.	This	is	on	average	23	GJ/residential	unit.	
§ The	non-residential	sector	has	an	average	energy	gas	use	of	16.5	m3/m2;	this	equals	0.57	GJ/m2;	

this	equals	the	average	national	energy	use	of	the	non-residential	sectors	(Sipma,	2016)	
§ Amsterdam	 has	 1,070,000	 average	 residential	 unit	 equivalents,	 considering	 the	 total	 heat	

demand	of	25	PJ,	with	an	average	connection	of	23.3	GJ	per	 residential	unit.	So,	640,000	non-
residential	unit-equivalents.	

§ Roughly	50%	of	the	430.000	residential	units	 is	owned	by	corporations.	Assuming	75%	of	these	
will	be	connected	to	collective	heating	systems	in	2040,	this	concerns	160,000	residential	units.	
Assuming	 that	50%	of	 the	privately	owned	 residential	buildings	will	 be	 connected	 to	 collective	
heating	 systems	 in	 2040,	 this	 will	 be	 215,000	 residential	 units.	 So	 in	 total,	 375,000	 (existing)	
residential	buildings	will	be	connected	to	collective	systems.	

§ Assuming	60%	of	 the	non-residential	buildings	will	be	connected	 to	collective	heating	 systems,	
this	will	be	384,000	residential	unit	equivalents.	

§ Overall,	 in	 total	 650.000	 residential	 unit	 equivalents	 will	 be	 connected	 to	 collective	 heating	
systems	in	2040.	
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Table	22	clarifies	and	summarises	this	division	of	residential	equivalents	to	collective	and	individual	
heating	systems	for	the	different	temperature	levels	in	2040,	according	to	the	explanation	above.	
	

Table	18:	Residential	units	connected	to	collective	and	individual	heating	systems	in	2040	

individual
temperature district heat network mini/microgrid total 
High (+65°C) 240000  - 30000 270000
mid (40-65°C) 185000 135000 80000 400000
low (-40°C)  - 100000 300000 400000

total 425000 235000 410000 1070000
total (%) 40 22 38

collective
residential unit equivalents connections

Division of heating levels for residential equivalents in collective and individual systems

	
	

10.1.2. Energy renovations 

The	energy	reduction	towards	2040	for	heating	is	expressed	in	label	improvement	steps.	
Note:	 It	 is	 very	 important	 to	 keep	 in	mind	 that	 the	 required	 the	 label	 improvement	only	 concerns	
heat	reduction	measures,	such	as	post-insulation	and	domestic	hot	water	saving	measures	and	not	
energy	 production	 measures	 such	 as	 PV-panels	 and	 solar	 collectors.	 The	 final	 energy	 reduction	
measures	are	treated	separately.	
	
The	 energy	 reduction	 is	 indicated	 to	 be	 33%	 and	 determined	 by	what	 is	 necessary	 to	 run	 on	 the	
temperature	levels	of	the	available	renewable	sources.	Furthermore,	 it	 is	based	on	what	 is	thought	
financially	reasonably	possible	(defined	during	the	workshops)	and	also	into	which	direction	the	city	
is	already	going.	The	total	reduction	is	average	for	the	entire	building	stock.	
	
We	can	also	get	an	indication	of	the	energy	reduction	potential	with	the	use	of	the	Dutch	Pico	web	
tool	to	define	the	amount	of	energy	reduction	in	gas	use	if	all	buildings	go	to	B	levels	(-34%)	and	if	all	
buildings	go	 to	A+	 levels	 (-45%),	with	an	average	energy	use	of	23.3	GJ	per	Amsterdam	residential	
unit	for	heating	(of	which	15.4	GJ	for	space	heating	and	7.7	GJ	for	domestic	hot	water).	
	
A	total	heat	demand	reduction	(including	production	of	domestic	hot	water)	of	33%	needs	to	be	met	
by	2040;	this	means	that	all	existing	buildings	on	average	need	to	get	to	an	energy	label	B,	almost	A.	
All	 corporation	buildings	have	already	have	 the	goal	get	 to	B-levels	by	2020	 	Their	goals	 should	be	
met	by	energy	performance	measures	within	the	buildings,	not	by	adding	PV	or	connecting	to	the	HT	
DHN.	For	the	average	aim	of	energy	label	B,	it	should	be	taken	into	account	that	many	buildings	with	
a	monumental	status	cannot	get	near	to	these	goals.	
For	 the	 desired	 energy	 label	 (after	 renovation),	 the	 sole	 performance	 of	 the	 building	 is	 meant,	
without	renewable	production.	So	a	B-label	building	that	has	a	full	PV(T)-roof,	will	be	labelled	much	
higher,	 e.g.	 at	 an	 A+	 label,	 if	 this	 renewable	 production	 is	 included.	 Therefore,	 energy	 demand	
reduction	and	renewable	production	are	kept	split.	
	
In	order	to	define	the	desired	amount	of	energy	renovations	for	the	existing	building	stock,	first	the	
shares	of	heating	levels	(high,	mid,	low)	had	to	be	specified	from	the	future	demand	development	as	
presented	in	the	heat	balance	scenario,	shown	in	Figure	49.	
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Figure	49:	Heat	levels	in	heat	balance	scenario	

Next,	the	current	amount	of	residential	equivalents	had	to	be	identified,	which	could	be	heated	with	
either	LT	heat	(<40º),	MT	heat	(40-65ºC),	or	with	HT	heat	(>65ºC).	In	order	to	do	so,	the	amount	of	all	
existing	building	 labels	 (Figure	 75)	 had	 to	be	 specified	 as	 accurate	 as	 possible.	 For	Amsterdam	we	
know	this	for	a	large	part	of	the	building	stock	as	presented	in	the	left	hand	side	of	Figure	51.	
	

	
Figure	50:	Energy	labels	(duurzaamthuis.nl)	

Subsequently,	 this	 division	 of	 labels	 had	 to	 be	 translated	 to	 the	 temperature	 level	 at	 which	 the	
buildings	can	be	heated.	Based	on	interviews	with	specialists,	we	indicate	that	in	general,	low	D-level	
buildings	 and	worse	 have	 to	 be	 heated	 at	 high	 temperatures;	 low	 B-level	 buildings	 to	 low	D-level	
buildings	can	 technically	be	heated	at	mid	 temperatures;	 low	B	 levels	and	better	can	be	heated	at	
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low	 temperatures.	Combining	 this	with	Figure	49	we	can	 see	 to	which	distribution	of	 temperature	
levels	we	want	to	go	according	to	the	heat	balance	scenario	(Figure	76,	right	hand	side).	
	

	
Figure	 51:	 Label	 distribution	 (left)	 and	 required	 energy	 renovations	 (right)	 to	 fit	 the	 heat	 balance	
scenario	(middle)	(maps.amsterdam.nl,	2014)	
	
By	 defining	 the	 differences	 in	 percentages,	 the	 energy	 renovations	 from	G-F-E	 to	 D-C-B	 labels,	 so	
from	high-	to	mid-temperature	level,	and	from	D-C-B	to	B-A	and	better	labels	can	be	extracted.	
As	 can	 be	 seen	 in	 Figure	 76,	 in	 22	 years’	 time	 110,000	 building	 equivalents	 have	 to	 be	 renovated	
from	G-F-E	 to	D-C-B	 labels	 and	300,000	 from	D-C-B	 to	B-A	 and	better.	 This	 is	 a	 relative	 5,000	 and	
13,500	residential	equivalents	each	year.	
	

10.2. HIGH-TEMPERATURE DISTRICT HEATING ROADMAP 

The	existing	HT	district	heat	network	(DHN)	 is	 fed	by	 industrial	waste	heat	from	waste	 incineration	
and	co-generation	and	will	largely	be	replaced	by	deep	geothermal	heat	towards	2040.	
Waste	heat	is	a	transition	fuel,	we	need	it	but	heat	from	cogeneration	is	based	on	fossils	and	waste	
incineration	does	not	fit	 in	a	circular	economy	(and	waste	is	partly	based	on	materials	made	out	of	
fossils).	However,	a	small	share	of	(local)	waste	cannot	be	reused	in	a	circular	system	and	still	needs	
to	be	incinerated.	This	limited	amount	of	waste	is	considered	a	sustainable	energy	source	and	does	
therefore	not	conflict	with	the	fossil	free	goal.	
Large	 parts	 of	 the	 HT	 DHN	 will	 become	 MT	 grids	 in	 time	 by	 reducing	 the	 temperature	 and	 by	
replacing	HT	sources	by	mid-temperature	sources.	
	
Currently,	60,000	 residential	unit	equivalents	are	connected	 to	 the	HT	DHN.	They	have	an	average	
heat	 use	 of	 33	 GJ	 per	 grid	 connection	 equivalent.	 For	 HT	 grid	 connections	 this	 current	 residential	
connection	equivalent	of	33	GJ/unit	will	be	used	to	be	able	 to	compare	the	HT	DHN	roadmap	with	
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current	 goals	 in	 Amsterdam	 of	 annual	 new	 connections	 to	 the	 heat	 grid.	 However,	 the	 average	
residential	unit	equivalents,	with	an	average	heat	use	of	23	GJ/unit	will	mostly	be	used	during	 the	
road	mapping.	The	heat	use	of	this	average	residential	unit	equivalents	will	also	gradually	be	reduced	
from	23	GJ/unit	to	33%	less,	which	is	16	GJ/unit.	This	may	all	be	a	little	confusing	but	is	necessary.	
	
At	present,	2	PJ	of	heat	is	provided	to	60,000	current	residential	equivalents	by	the	HT	DHN;	This	has	
to	 increase	 to	 a	 maximum	 of	 	 8-9	 PJ	 by	 2030.	 This	 means	 there	 will	 be	 275,000	 current	 grid	
connection	equivalents	in	2030	(with	33	GJ/unit)	or	over	400,000	average	residential	unit	equivalents	
in	2030.	
	
Waste	 incineration	 is	 used	 as	 a	 transition	heat	 source:	 0.5	 PJ	 now	 to	4-5	PJ	 in	 2025	 to	 0.5-1	PJ	 in	
2040.	Around	3-3.5	PJ	will	come	from	deep	geothermal	heat	in	2030	and	onwards	and	replace	heat	
from	waste	incineration	largely.	An	average	deep	geothermal	doublet	produces	0.25	PJ.	
Heat	 from	cogeneration	of	 the	Diemen	power	plants	will	 not	be	available	anymore	 from	2035	 the	
latest,	and	therefore	its	waste	heat	will	fall	away.	
Hence,	the	HT	heat	use	will	be	reduced	to	4	PJ	in	2040.	Parts	of	the	grid	will	gradually	be	turned	into	
MT	grids	by	 reducing	 the	 temperature	and	connected	 to	 local	 renewable	 sources	 (solar	and	waste	
heat	 from	 local	 functions);	 other	 parts	 will	 be	 cascaded	 to	MT	 grids	 and	 also	 connected	 to	 local	
renewable	sources.		
	
In	2040,	240,000	average	residential	unit	equivalents	will	remain	connected	to	the	HT	grid.	We	have	
to	 take	 into	account	 that	 for	HT	connections,	 the	energy	reduction	measures	have	been	much	 less	
than	for	other	buildings	(think	of	monumental	buildings	in	the	inner	city)	and	(residential)	buildings	
will	often	be	much	larger	than	the	average	residential	equivalent.	So,	the	real	amount	of	connections	
will	be	much	lower.	
Almost	50%	(185,000	average	residential	unit	equivalents)	of	the	HT	grid	will	be	turned	into	MT	grid	
during	 the	period	 2025-2040.	 These	 buildings	will	 have	 to	 retrofitted	 to	 be	heated	with	MT	 levels	
(40-65°C).	
	
In	order	to	be	able	to	use	the	full	potential	of	HT	waste	heat	and	also	geothermal	heat	or	even	HT	
solar	heat,	large	(seasonal)	HT	storage	systems	have	to	be	installed.	Conventional	seasonal	storage	in	
the	underground	 is	 currently	 allowed	 to	 a	maximum	of	 25°C.	Heat	 pumps	will	 have	 to	be	used	 to	
upgrade	this	to	MT	levels.	
	
Beside	conventional	storage	of	HT	and	MT	levels	in	tanks	at	the	surface,	MT	and	HT	thermal	storage	
in	 shallow	 aquifers	 (ATES)	 and	 shallow	 borehole	 thermal	 energy	 storages	 (BTES),	 geothermal	 heat	
storage	 at	medium	 depths	will	 be	 necessary,	 but	 these	 are	 rather	 innovative	 and	 not	 fully	 tested	
concepts	(Bär,	et	al.,	2017).	in	the	Netherlands,	only	in	pilot	projects	it	 is	currently	allowed	to	store	
heat	of	higher	 temperatures	 in	 the	underground.	So,	different	options	 to	use	 the	underground	 for	
storage	purposes	have	to	be	tested	and	optimised	before	this	can	be	applied	large	scale.	
	
This	noted,	Figure	77	presents	the	HT	heat	roadmap	for	Amsterdam,	spanning	the	period	2018-2040.	
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Figure	52:	Roadmap	for	sustainable	HT	heat	in	the	existing	built	environment	Amsterdam		

	

10.3. MID-TEMPERATURE HEATING ROADMAP  

It	is	assumed	that	80%	of	all	MT	systems	will	be	collective	systems	and	20%	individual;	these	can	also	
be	micro-grids.	 In	2040	there	will	be	400,000	average	residential	unit	equivalents	with	MT	systems,	
of	which	80,000	average	residential	unit	equivalents	will	be	individual	systems	and	320,000	average	
residential	unit	equivalents	will	be	connected	to	collective	MT	grids.	185,000	will	be	connections	to	
the	city’s	DHN;	This	will	be	done	by	transforming	parts	of	the	city’s	DHN	to	lower	temperatures	and	
by	cascading	from	high-temperature	parts	of	the	network.	135,000	equivalents	will	be	collective	mini	
grids.	A	large	share	of	these	will	be	residential	buildings	from	corporations.	
	
Around	6-7	PJ	of	MT	sustainable	heat	will	be	produced	by	2040,	this	will	mainly	be	solar	heat	and	a	
small	share	of	local	waste	heat	on	mid	temperatures.	The	solar	heat	comes	from	solar	collectors	and	
an	 increasing	 and	 large	 share	 from	 PV-thermal	 panels.	 50%	 of	 the	 600-800	 hectares	 of	 roofs	 that	
must	 be	 equipped	 with	 PV	 for	 the	 desired	 electricity	 production	 (see	 next	 electricity	 balance	
scenario)	will	be	PV-thermal;	this	will	deliver	around	4	PJ	(calculated	4.2	PJ)	of	heat.	Solar	collectors	
will	produce	around	2	PJ	(calculated	1.8	PJ)	of	heat.	Another	1	PJ	will	come	from	local	MT	waste	heat.	
	
The	use	of	this	sustainable	heat	requires	a	 large	seasonal	storage	capacity	since	a	 large	part	comes	
available	when	 the	 demand	 is	 low	 in	 summer.	 Roughly	 4-5	 PJ	 of	 underground	 storage	 capacity	 in	
ATES	and	BTES	systems	must	be	installed	to	make	optimally	use	of	the	heat.	This	large	amount	of	MT	
and	also	HT	heat	that	has	to	be	seasonally	stored	requires	a	 lot	of	space	 in	the	underground.	ATES	
systems	have	storage	capacities	of	1	PJ/km2	in	Amsterdam	and	BTES	systems	0.1	PJ/km2.	So	a	well-
organised	planning	of	the	underground	will	be	essential	in	future.		
	
That	said,	Figure	78	presents	the	roadmap	for	MT	heat	in	Amsterdam.	
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Figure	53:	Roadmap	for	sustainable	mid	temperature	heating	existing	built	environment	Amsterdam		

	

10.4. LOW-TEMPERATURE HEATING ROADMAP  

Next	assumptions	have	been	made	in	order	to	define	the	roadmap	for	LT	heating	systems:	
§ 25%	of	all	LT	connections	will	be	collective	systems,	75%	will	be	individual	systems	(MT	and	HT	

collective	heat	grids	are	thought	to	be	more	suitable	in	the	existing	built	environment,	whereas	
individual	retrofits	will	often	be	based	on	LT	sources).	

§ In	2040	there	will	be	400,000	average	residential	unit	equivalents	with	LT	heating	(and	cooling)	
systems,	of	which	100,000	average	residential	unit	equivalents	will	be	connected	to	collective	LT	
grids	and	300,000	average	residential	unit	equivalents	will	be	individual	systems.	A	large	share	of	
these	 systems	 will	 be	 all-electric	 systems	 for	 residential	 buildings	 but	 also	many	will	 be	 ATES	
systems	for	office	buildings.	

§ 7	PJ	must	come	from	LT	sources	 that	are	often	used	 in	combination	with	heat	pumps.	Sources	
are	such	as	ground,	water,	air	and	waste	heat	(supermarkets,	datacentres),	as	well	as	PV-thermal	
heat	and	heat	from	road	collectors.	

	
Figure	79	presents	the	roadmap	for	LT	heat	in	Amsterdam.		
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Figure	54:	Roadmap	for	sustainable	low-temperature	heating	existing	built	environment	Amsterdam		

	

10.5. ELECTRICITY ROADMAP 

Figure	80	depicts	the	roadmap	for	electricity	in	Amsterdam.	
	

	
Figure	55:	Roadmap	for	sustainable	electricity	production	in	Amsterdam	
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Wind	power	
In	 the	 Netherlands	 a	 typical	 load	 capacity	 factor	 is	 22%	 (Kamp,	 1992);	 around	 Amsterdam	 the	
capacity	 factor	 will	 be	 higher	 according	 to	 the	 current	 production	 of	 the	 3MW	 turbines	 in	 the	
harbour	area	(capacity	factor	=	0,28).	
By	 2040	 4	 PJ	 or	 1100	 GWh	 must	 come	 from	 wind	 turbines	 located	 within	 the	 municipality	 of	
Amsterdam.	This	requires	444	MW	of	wind	power	to	be	installed	in	2040.	If	this	would	all	be	4MW	
turbines	 (slightly	 larger	 than	 the	 most	 recent	 installed	 turbines	 in	 the	 harbour	 area),	 111	 wind	
turbines	must	be	installed	in	total.	This	is	possible	if	the	harbour	is	used	maximally	for	this,	together	
with	1	extra	wind	park	 in	Waterland,	for	 instance.	More	wind	turbine	parks	within	the	municipality	
seem	not	realistic.	All	existing	ones	are	assumed	to	have	been	replaced	by	2040.	
This	means	that	on	average	5	turbines	of	4	MW	need	to	be	installed	or	replaced	per	year	between	
2018	and	2040.	
	
Solar	power	
Electricity	from	PV	systems	fulfils	an	important	and	consciously	increasing	share	of	the	electricity	mix	
almost	everywhere	 in	Europe.	 In	Amsterdam	40-50%	of	 its	electricity	demand	will	 be	produced	by	
solar	 systems	 by	 2040.	 A	 total	 area	 of	 800-900	 hectares	 has	 to	 be	 installed	 with	 solar	 systems	
(calculated	with	a	n	average	of	200	kWh/m2	in	2040	for	roof	systems	and	250	kWh/m2	for	non-roof	
projects,	with	17-20%	system	efficiency	for	roof	systems	and	20-25%	system	efficiency	for	non-roof	
projects),	 of	which	 600	 hectares	 on	 roofs	 of	 (existing)	 buildings	 and	 300	 hectares	 of	 non-roof	 PV-
projects	(along	rail	roads	and	motorways	etc.).	In	2016,	800	hectares	of	existing	roofs	are	considered	
to	be	suitable	for	energy	production.	
Between	2018	and	2040	14	hectares	of	PV	roofs	have	to	be	installed	each	year,	plus	14	hectares	of	
PVT;	 this	 equals	 170,000	 PV	 panels.	 In	 addition,	 14	 hectares	 of	 non-roof	 PV	 projects	 should	 be	
established	per	year;	this	concerns	85,000	panels.	So,	roughly	250,000	panels	a	year,	approximately	
1000	every	working	day.	
	
Electricity	from	waste	incineration	
The	current	relatively	high	share	of	sustainable	electricity	produced	by	waste	incineration	(3.3	PJ	 in	
2016)	will	increase	slightly	towards	2020	(to	around	4	PJ).	But	with	the	desired	increasing	amount	of	
waste	treated	circularly,	the	electricity	production	by	waste	 incineration	will	decrease	to	1	PJe	 (275	
GWhe).	
	
Regional	import	of	electricity	from	renewables	
Amsterdam	 cannot	 reasonably	 provide	 all	 of	 its	 demand	 for	 electricity	 by	 sustainable	 electricity	
production	 on	 its	 own	 surfaces.	 Therefore,	 the	 remaining	 demand	of	 around	 7	 PJe	 (or	 2000	GWh)	
must	 come	 from	 regional	 sustainable	 generation,	 for	 instance	 from	 wind	 parks	 within	 the	
Amsterdam	Metropolitan	Area	and	on	the	North	Sea.	
	

10.6. NEAR-FUTURE ACTIONS  

Based	on	the	roadmap	presented	in	the	previous	sections,	one	cannot	but	conclude	that	the	energy	
transition	of	a	city	such	as	Amsterdam	is	an	enormous	challenge.	However,	this	is	what	it	entails	if	a	
city	as	complicated	as	 the	Dutch	capital,	aims	to	become	climate	neutral,	energy	neutral	and	fossil	
free.	
	
Action	required	
The	consequence	is	that	the	City	of	Amsterdam,	i.e.	its	council	and	the	municipal	departments,	must	
do	its	utmost	to	get	the	process	started.	We	therefore	suggest	the	following:	
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§ The	City	of	Amsterdam	 is	 the	director.	The	municipality	should	define	the	boundary	conditions	
and	objectives	for	the	energy	transition.	

§ Start	 with	 annual	 carbon,	 energy	 and	 natural	 gas	 accountancy	 and	 include	 these	 in	 public	
reports.	

§ Formulate	 a	 transition	 agenda	 with	 concrete	 actions	 and	 milestones.	 Justify	 these	 in	 annual	
public	progress	reports.	

§ Execute	the	plans	with	other	stakeholders:	energy	companies,	knowledge	institutes,	companies,	
industries,	housing	corporations,	citizens.	

§ Let	citizens	and	companies	operate	freely	within	municipal	boundary	conditions.	For	the	energy	
transition	 needed,	 an	 acceleration	 is	 necessary	 on	 all	 levels:	 individuals,	 commercial	 parties,	
public	institutions…	

	
Knowledge	sharing	
From	the	City-zen	project,	 for	which	 this	 roadmap	study	was	executed,	we	as	 team	have	done	the	
utmost	to	disseminate	our	findings	(and	methodology)	to	the	municipality,	local	stakeholders	and	the	
general	public.	This	had	not	gone	unnoticed:	a	session	in	Pakhuis	de	Zwijger	was	picked	up	by	social	
media	and	when	the	final	roadmap	was	presented	(even	before	this	report	could	be	finished),	news	
radio	 channels	 and	 the	 national	 news	 broadcasted	 items	 related	 to	 the	 roadmap.	 Since,	 we	 have	
been	 in	 constant	 contact	with	 the	municipality	 and	other	 stakeholders,	 going	 through	 the	difficult	
process	of	getting	the	transition	started.	
	
As	one	of	 the	products,	 a	 poster	was	made	of	 the	Amsterdam	Energy	 Transition	Roadmap	 (Figure	
81).		
	

	
Figure	56:	Amsterdam	Energy	Transition	Roadmap	poster	

Furthermore,	presentations	and	a	serious	gaming	session	was	quickly	made	and	played	for	the	Dutch	
national	conference	for	municipalities	in	Maastricht.	For	this	conference	a	flyer	(Figure	82)	was	made	
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and	 spread	among	 the	many	people	 interested.	 Every	municipality	 faces	 the	 same	great	 transition	
challenge!	

	

	
Figure	82:	Amsterdam	Energy	Transition	Roadmap	flyer	
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CHAPTER  11 –  Co nc lus io n  

The	 City-zen	 Amsterdam	 Roadmap	 demonstrates	 that	 urban	 energy	 transition	 is	 a	 demanding	
process,	of	which	the	establishment	of	a	roadmap	is	just	a	first	step.		

First,	 all	 newly	 constructed	 buildings	 need	 to	 be	 gasless,	 all-electric	 and	 at	 least	 energy	 neutral.	
Second,	 starting	 2018,	 until	 2040,	 7,000	 renovation	 projects	 need	 to	 be	 up	 and	 running	
simultaneously,	offering	 labour	 to	an	estimated	number	of	14,000	construction	workers	and	2,000	
installers	 permanently.	 Third,	 26,000	 new	 connections	 need	 to	 be	 connected	 to	 a	 new	 heat	 grid,	
annually,	until	2030.	This	comes	down	to	the	roll-out	of	78	km	of	heat	pipe	per	annum.	Fourth,	until	
2030,	20	geothermal	doublets	need	 to	be	drilled	and	 installed,	up	 to	a	capacity	of	3.5	PJ.	 Fifth,	by	
2040,	100	wind	turbines	of	4	MW	need	to	be	placed	within	the	municipal	boundaries.	Sixth,	28	ha	of	
PV	panels	need	to	be	 laid	on	roofs	and	other	surfaces,	annually	until	2040.	This	equals	around	650	
panels	per	working	day.	Hence,	for	22	years,	96	installers	can	be	continuously	on	the	job.		

With	these	measures	mentioned,	by	2040,	Amsterdam	will	have	become	carbon	neutral	for	its	heat	
and	cold	provision	and	60%	self-reliant	on	renewable	power.	The	remainder,	2200	GWh	needs	to	be	
imported	sustainable	power	 from	outside	the	city.	For	 indication:	 this	equals	a	number	of	146	7.5-
MW	marine	turbines	on	the	North	Sea,	or	14.7	km2	of	PV	elsewhere	in	the	Netherlands.		

	

The	study	revealed	that	a	city	as	Amsterdam	can	become	energy	neutral	in	its	heat	demand,	but	not	
in	the	production	of	electricity	from	renewables.	Even	so,	an	enormous	effort	is	required	in	order	to	
transform,	 renovate	 and	 adapt	 parts	 of	 the	 city.	 Many	 of	 the	 energy	 measures	 required	 earn	
themselves	back	and	start	paying	off	within	10	years.	Hence	these	are	a	business	case	for	companies	
and	individuals.	Nonetheless,	there	will	be	interventions	that	require	extra	investments	facilitated	by	
commercial	 companies,	 banks,	 insurance	 companies,	 investment	 funds,	 governments	 and	 citizens	
themselves.	 Eventually	 all	 will	 be	 felt	 in	 the	 country’s	 economic	 system,	 but	 the	 advantage	 is	 a	
healthy,	 liveable,	 safe	world	 that	 future	generations	want	 to	 inherit,	use	and	maintain	 (Kristinsson	
2012).	 Therefore,	 it	 is	 evident	 that	 urban	 energy	 transition	means	 an	 operation	 that	 will	 only	 be	
accepted	if	people	understand	the	need	and	see	the	benefits.	

In	 that	 sense,	 the	 technical-spatial	 content	 of	 the	 Roadmap	was	 presented	 to	 stakeholders	 of	 the	
Dutch	 capital	 city,	 such	 as	 politicians,	 energy	 companies,	 commercial	 enterprises	 and	 not	 least	
citizens	 themselves.	 Although	 informed	 by	 scientific	 work,	 the	 Roadmap	 appealed	 to	 many,	
demonstrated	by	the	extensive	media	coverage.		

The	people	want	it.	
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