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Abstract	
	
The	 German	 initiative	 Energiewende	 aims	 to	 decrease	 their	 dependence	 on	 nuclear	 and	
fossil-based	energy,	and	to	increase	the	share	of	variable	renewable	energy	sources	(V-RES).	
This	 transformation	 calls	 for	 new	 technical	 solutions	 that	 can	 meet	 future	 stakeholder	
needs.	 Distributed	 battery	 storage	 (DBS),	 which	 can	 be	 used	 as	 a	 complement	 to	 the	
unreliable	V-RES,	is	such	a	solution.	
	
In	 this	 thesis,	 the	possibilities	 for	 incorporating	DBS	 into	 the	German	energy	market	were	
first	analyzed.	This	was	followed	by	calculations	of	the	economic	potential	for	DBS,	and	lastly	
a	 possible	 business	 model	 for	 Vattenfall	 associated	 with	 the	 identified	 business	
opportunities	was	developed.	The	assessment	shows	big	opportunities	of	incorporating	DBS	
into	 the	 future	 energy	 system	 since	 it	 can	 increase	 the	 reliability	 and	 stability	 of	 the	
decentralized	 generation	 of	 V-RES.	 DBS	will	 also	 be	 the	 cheapest	 solution	 for	 an	 average	
household	2030,	making	the	technology	a	profitable	solution.	A	suitable	business	model	has	
also	been	identified	for	Vattenfall,	which	focuses	on	the	activities	of	leasing	the	DBS-units	to	
prosumers	 and	 utilizing	 excess	 capacity	 for	 ancillary	 services	 to	 TSO’s	 and	 DSO’s.	 The	
ancillary	services	that	can	be	utilized	include	frequency	regulation	and	peak	shaving.		
	
Theoretically	the	thesis	contributes	with	knowledge	about	the	increasing	possibilities	of	DBS	
becoming	a	large	part	of	the	future	German	power	system.	The	thesis	will	also	be	a	practical	
tool	for	utilities	on	how	to	adapt	their	business	offering	with	regards	to	the	new	market.	
	
Key-words:	Distributed	battery	storage,	Solar	PV,	Decentralized	Energy	System,	Energy	
storage,	Energiewende
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Sammanfattning	
	
Det	 tyska	 initiativet	 Energiewende	 syftar	 till	 att	minska	Tysklands	användning	av	 kärnkraft	
och	 fossil	 energi	 och	 öka	 användningen	 av	 förnyelsebara	 energikällor	 (variable	 renewable	
energy	sources,	V-RES).	Denna	transformation	kräver	nya	tekniska	 lösningar	som	kan	möta	
de	 framtida	 behoven	 på	 energimarknaden.	 Distribuerad	 energilagring	 (distributed	 battery	
storage,	DBS),	som	kan	användas	som	ett	komplement	till	V-RES,	är	en	sådan	lösning.	
	
I	 denna	 studie	 analyserades	 först	 möjligheterna	 för	 DBS	 på	 den	 tyska	 energimarknaden.	
Fortsättningsvis	gjordes	beräkningar	på	den	ekonomiska	potentialen	 för	DBS,	och	slutligen	
skapades	 en	 potentiell	 affärsmodell	 för	 Vattenfall	 som	 kan	 utnyttja	 de	 identifierade	
affärsmöjligheterna.	 Studien	 visar	 på	 stora	möjligheter	 att	 inkorporera	 DBS	 i	 det	 framtida	
energisystemet	 eftersom	 det	 kan	 öka	 tillförlitligheten	 och	 stabiliteten	 av	 decentraliserad	
produktion	 genom	 V-RES.	 DBS	 kommer	 också	 vara	 den	 billigaste	 lösningen	 för	 ett	
genomsnittligt	 hushåll	 2030,	 vilket	 påvisar	 dess	 lönsamhet.	 En	 passande	 affärsmodell	 har	
tagits	fram	och	fokuserar	på	att	hyra	ut	batterier	till	prosumenter	och	utnyttja	den	oanvända	
kapaciteten	till	 systemtjänster	åt	energiproducenter	och	nätägare.	Systemtjänster	som	kan	
erbjudas	innefattar	frekvensreglering	samt	toppbelastningsutjämning.		
	
Teoretiskt	bidrar	studien	med	kunskap	om	att	det	finns	stora	möjligheter	för	DBS	att	bli	en	
del	av	det	framtida	tyska	kraftsystemet.	Studien	kommer	även	vara	ett	praktiskt	redskap	för	
energibolag	 om	 hur	 de	 bör	 förändra	 sin	 affärsmodell	 med	 hänsyn	 till	 de	 nya	
förutsättningarna	på	marknaden.		

	
Nyckelord:	 Distribuerad	 batterilagring,	 Solceller,	 Decentraliserat	 Energisystem,	
Energilagring,	Energiewende,	V-RES	
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1	Introduction	
	

The	introduction	includes	the	background	of	the	thesis	and	defines	a	problem	formulation.	
The	 purpose	 of	 the	 study	 will	 also	 be	 stated	 in	 this	 chapter,	 followed	 by	 a	 definition	 of	
research	 questions,	 delimitations	 and	 academic	 contribution	 of	 the	 study.	 Finally,	 a	
disposition	of	the	thesis	will	be	presented.	
	

1.1	Background	
In	Germany,	the	government	has	decided	to	decrease	their	dependence	on	nuclear	and	
fossil-based	energy	in	an	initiative	called	Energiewende.	The	targets	set	in	this	initiative	
are	 that	 by	 2020	 Germany	 should	 have	 decreased	 their	 carbon	 emissions	 by	 40%	
relative	to	1990’s	values,	and	by	2050	the	carbon	emissions	should	have	been	reduced	
by	90%	(Morris	&	Pehnt,	2015).	Additionally,	 the	nuclear	 reactors	 in	Germany	will	be	
shut	down	by	2022,	a	decision	fueled	by	the	accident	at	the	Fukushima	nuclear	reactor	
in	 2011.	 After	 the	 accident,	 the	 old	 generations	 of	 nuclear	 reactors	 were	 shut	 down	
immediately	and	the	safety	of	all	active	reactors	were	re-examined	(Wittneben,	2012).	
The	decrease	in	nuclear	and	fossil-based	energy	production	will	have	to	be	replaced	by	
renewable	energy	sources.	Therefore,	an	additional	target	set	in	Energiewende	is	that	in	
2050,	Germany’s	electricity	production	should	consist	of	80%	renewable	sources	(Otto,	
2016).	
	
Germany	has	experienced	an	increase	in	residential	and	commercial	solar	photovoltaic	
(PV)	due	to	recent	regulations	favoring	these	solutions	as	part	of	the	Energiewende.	The	
increase	 in	 variable	 renewable	 energy	 sources	 (V-RES)	 has	 also	 led	 to	 an	 increase	 in	
demand	 for	 solutions	 to	maintain	 the	 flexibility,	 reliability	 and	 stability	 of	 the	 power	
grid.	Different	types	of	storages,	such	as	pumped	hydro,	power	to	heat	(P2H),	power	to	
gas	 and	battery	 storage	have	 therefore	 been	discussed	 as	 possible	 components	 of	 the	
future	energy	system.	Storages	can	be	used	to	maintain	the	balance	of	power	supply	by	
preventing	intra-hourly,	hourly,	daily,	seasonal	and	yearly	fluctuations	(Nielssen,	2015).	
	
Storages	can	be	integrated	in	different	parts	of	the	power	systems,	such	as:	(1)	close	to	
the	 energy	 production,	 e.g.	 next	 to	 wind	 parks,	 to	 be	 able	 to	 balance	 demand	 and	
production,	(2)	close	to	the	grid	to	help	maintain	frequency	stability	and	(3)	close	to	the	
consumer	 in	combination	with	e.g.	 solar	PV	 to	avoid	distribution	 losses	and	providing	
the	 opportunity	 of	 going	 off	 the	 grid	 (Otto,	 2016).	 For	 the	 third	 option,	 distributed	
battery	storage	(DBS)	is	one	of	the	most	suitable	options,	and	is	the	focus	of	this	study.		
	
Germany	 is	 one	 of	 Vattenfall’s	 largest	 markets	 together	 with	 Sweden	 and	 the	
Netherlands,	 in	which	 they	 are	 active	 in	 the	 entire	 value	 chain	 of	 both	 electricity	 and	
heat.	 In	 Germany	 and	 Netherlands,	 94%	 of	 the	 produced	 energy	 is	 fossil-based.	 In	
Sweden,	 the	 produced	 electricity	 is	 mostly	 hydropower	 in	 combination	 with	 nuclear	
(Vattenfall,	2015).	
	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 16	

Vattenfall	 previously	 conducted	 a	 study	 regarding	 opportunities	 and	 challenges	 in	 a	
100%	renewable	future	power	system,	where	the	possibility	of	Sweden	becoming	100%	
renewable	 is	 discussed.	 The	 large	 seasonal	 variations	 in	 both	 energy	 demand	 and	
production	from	V-RES	decreases	the	potential	for	DBS	in	the	Swedish	system.	However,	
the	 German	 market,	 which	 is	 briefly	 discussed	 in	 the	 study,	 shows	 much	 smaller	
seasonal	fluctuations.	Through	this,	a	higher	potential	in	business	opportunities	for	DBS	
is	expected	(Nielssen,	2015).	
	
Germany	 is	 predicted	 to	 represent	 the	 largest	 market	 for	 DBS-capacity	 short	 term,	
mainly	 driven	 by	 Germanys	 recent	 increase	 of	 residential	 and	 commercial	 solar	 PV	
installations	 and	 new	 regulations.	 The	 demand	 for	 combining	 solar	 PV	 and	 DBS	 for	
household	consumers	is	mainly	driven	by	high	retail	electricity	prices	(Nielssen,	2015).	
The	recent	 increase	 in	residential	solar	PV	 in	combination	with	DBS	 indicates	 that	 the	
German	energy	market	is	moving	towards	a	decentralization	of	the	energy	system.	

1.2	Problem	Formulation		
To	heavily	increase	the	share	of	energy	production	from	V-RES	increases	the	uncertainty	
of	the	power	supply.	V-RES,	such	as	wind	and	solar	energy	cannot	be	turned	on	and	off	
in	accordance	with	demand.	The	mismatch	of	production	and	demand	leads	to	either	a	
production	surplus	or	deficit,	which	is	not	an	effective	use	of	energy.	Finding	solutions	
to	the	problems	of	maintaining	the	balance	in	an	energy	system	with	a	high	share	of	V-
RES	are	therefore	becoming	more	important.	
	
The	 probable	 transition	 of	 the	 energy	 market	 towards	 a	 more	 decentralized	 system,	
calls	for	sustainable	and	effective	solutions	to	ensure	the	reliability	and	stability	on	the	
energy	market.	 This	 transition	 calls	 for	 combinations	 of	 technologies,	which	 can	 form	
systems	that	meet	future	stakeholder	needs.	The	change	in	the	market	will	create	new	
opportunities	 for	 existing	 and	new	actors	 to	 capture.	 If	 the	 existing	 actors	want	 to	be	
part	 of	 the	 new	 energy	 system,	 a	 need	 to	 adapt	 to	 the	 new	 business	 environment	 is	
needed.	 End	 customers	 can	 no	 longer	 be	 seen	 as	 just	 customers,	 but	 also	 as	 possible	
suppliers,	 competitors	 and	 partners	 in	 the	 new	 market.	 This	 transition	 turns	 the	
consumers	into	prosumers,	i.e.	consumers	who	also	produce	their	own	energy,	who	will	
need	to	be	integrated	into	the	new	energy	system.	
	
There	 are	 many	 types	 of	 business	 models	 possible	 in	 respect	 to	 this	 emerging	
transformation	of	the	energy	system.	How	a	company	active	on	the	energy	market	as	a	
producer	 and	 distributor	 could	 and	 should	 adapt	 to	 match	 the	 future	 business	 is	
therefore	an	increasingly	important	question.	

1.3	Aim	and	Purpose		
The	aim	of	the	study	is	to	contribute	with	knowledge	on	how	incumbent	actors	need	to	
adapt	 to	 the	 ongoing	 transition	 of	 the	 energy	 market	 in	 regards	 to	 their	 business	
offering.	The	purpose	of	the	study	is	to	determine	under	what	circumstances	there	will	
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be	a	business	opportunity	for	utilities	in	DBS	for	household	consumers	in	Germany	until	
2030.		

	1.4	Research	Questions	
The	research	questions	have	been	set	up	as	a	main	research	question,	from	which	three	
sub-questions	have	been	derived	to	enable	answering	the	main	question.	
	

• Main	RQ:	Under	what	circumstances	is	there	a	business	opportunity	for	utilities	
in	distributed	battery	storage	for	household	consumers	in	Germany	until	2030?	
	

• SQ1:	How	 can	 distributed	 battery	 storage	meet	 the	 needs	 of	 the	 future	 energy	
system,	and	what	are	the	competing	systems	of	technologies?	

• SQ2:	What	is	the	economic	potential	of	distributed	battery	storage	compared	to	
the	competing	systems?	

• SQ3:	How	can	utilities	seize	business	opportunity	around	the	identified	potential	
for	distributed	battery	storage?	

	
The	 questions	 have	 been	 drawn	 out	 in	 a	 decision	 tree,	 see	 Figure	 1	 below,	 to	
illustrate	how	the	questions	integrate.	A	further	level	of	sub-questions	has	also	been	
added.	
	

	
Figure	1	-	Issue	tree	with	main	research	question	and	sub-questions	
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1.5	Delimitations	
The	report	will	be	limited	to	assessing	the	German	market.	The	results	will	thereby	be	
specific	for	the	conditions	for	Germany,	which	affects	the	generalizability	of	some	results	
on	other	markets.	The	report	will	focus	on	evaluating	different	systems	of	technologies	
meeting	all	stakeholder	needs	for	a	system	with	distributed	generation.	Central	storage	
solutions	 will	 therefore	 not	 be	 included.	 The	 calculations	 will	 be	 based	 on	 a	 specific	
setting,	with	the	situation	for	an	average	four	people	household	being	examined,	which	
can	affect	the	generalizability	of	the	thesis	and	the	results.			
	
Since	 the	 project	 is	 conducted	 together	 with	 Vattenfall,	 the	 recommendation	 of	 the	
optimal	business	model	will	be	adjusted	for	Vattenfall.	Writing	the	thesis	together	with	
Vattenfall	gives	access	to	lots	of	material	and	expertise	on	the	area.	However,	since	some	
of	the	information	used	in	the	project	is	confidential,	some	of	the	numbers	in	the	report	
have	been	altered.	The	alteration	does	however	not	affect	the	overall	result	presented	in	
the	thesis.	
	
The	 calculations	 and	 applications	 of	 DBS	 are	 in	 this	 thesis	 based	 on	 a	 specific	 size	 of	
single-family	 household.	 Other	 types	 of	 customers,	 such	 as	 commercial	 actors,	 multi-
family	houses	and	microgrids	have	not	been	examined.	

1.6	Contribution	to	Research	
Research	within	the	area	of	the	current	energy	transformation	is	quite	extensive.	There	
are	several	reports	examining	how	the	power	market	will	change	with	regards	to	energy	
mix,	actors	in	the	system	and	how	to	reach	the	stated	energy	targets.	Since	the	targets	
are	 set	 on	 global	 as	 well	 as	 local	 levels,	 there	 are	 also	 multiple	 levels	 of	 research	
available,	focusing	on	different	aspect	of	the	market.		
	
Previous	research	on	the	implications	of	an	increasing	share	of	V-RES	is	mostly	focused	
on	the	difficulties	of	such	a	system.	DBS	are	often	included	in	the	studies	as	a	possible	
solution	to	the	identified	difficulties.		The	focus	of	the	studies	is	often	on	the	wholesale	
market	 and	 comparisons	 regarding	 profitability	 are	 often	 limited	 to	 calculating	 the	
Levelized	Cost	of	Energy	 (LCOE),	 a	method	 that	 compares	 the	 total	 cost	of	 the	energy	
compared	 with	 the	 total	 electricity	 production	 for	 different	 solutions.	 This	 thesis	
assesses	 the	economic	potential	 for	DBS	by	supplementing	 the	LCOE-calculations	with	
additional	 benefits	 DBS-solutions	 bring	 to	 the	 entire	 system	 as	 well	 as	 putting	 the	
technologies	in	interdependent	systems.		
	
In	 a	 few	 reports,	 the	 profitability	 of	 DBS	 is	 assessed	 through	 case	 studies.	 The	
perspective	 is	however	not	 focused	on	evaluating	whether	 there	 is	a	potential	market	
for	DBS,	but	rather	what	the	implications	for	various	actors	would	be	if	a	market	existed.	
The	 thesis	will	use	a	 customer	perspective	 to	assess	whether	a	 substantial	market	 for	
DBS	 is	 probable.	 The	 results	 will	 be	 used	 to	 gain	 knowledge	 on	 whether	 and	 how	
utilities	need	to	adapt	their	business	model	to	the	occurring	changes	on	the	market.	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 19	

	
Most	 studies	 are	 united	 in	 the	 belief	 that	 the	 current	 decentralization	will	 have	 a	 big	
impact	 on	 the	market	 structure	 and	 the	 involved	 actors.	 The	 previous	 studies	 concur	
that	 the	 business	models	 of	 utilities	will	 need	 to	 change	 in	 the	 future	 energy	market.	
This	 thesis	 assesses	 possible	 ways	 to	 adapt	 the	 business	 models	 of	 the	 companies	
existing	on	the	market	to	the	transformation.		
	
In	a	continuously	developing	context	of	regulations	and	technology,	there	is	a	constant	
need	 for	 new	 research	 on	 the	 subject.	 The	 political	 landscape	 and	 the	 regulations	
affecting	 the	 energy	market	 are	 constantly	 changing.	 This,	 in	 combination	with	 rapid	
technological	 developments	 brings	 a	 need	 for	 continuous	 research.	 New	 research	
complements	the	previous	research	with	current	market	conditions	to	fully	understand	
how	 the	 transformation	 of	 the	 energy	 market	 is	 evolving.	 The	 results	 will	 mainly	
contribute	with	 information	about	the	German	market,	but	a	 large	share	of	 the	results	
will	also	be	generalizable	to	other	markets.		

1.7	Disposition	
The	remaining	report	is	structured	in	the	following	way:		
	
Chapter	 2:	 Literature	 review:	 Presents	 the	 existing	 research	 in	 the	 area	 divided	 by	
four	different	sections:	Transformation	of	an	Industrial	System,	Dynamics	of	the	Future	
Energy	System,	Technologies	and	Business	Models.		
	
Chapter	3:	Methodology:	Presents	the	research	approach	and	process	used	during	the	
creation	of	the	thesis.	The	data	collection	and	data	analysis	methods	are	also	described	
as	well	as	a	section	on	the	validity	and	reliability	of	the	thesis.		
	
Chapter	 4:	 Pre-study	 findings:	 Presents	 findings	 from	 previous	 reports	 and	 early	
interviews,	which	 are	 deemed	 important	 knowledge	 for	 the	 following	 sections	 of	 this	
thesis.	The	results	presented	in	this	chapter	are	divided	into	four	sections:	Dynamics	of	
the	future	energy	system,	Stakeholder	needs	in	the	future	energy	system,	Technologies	
and	Regulations.		
	
Chapter	5:	Results	and	discussion:	Presents	the	empirical	findings	and	analysis	of	the	
collected	data.	The	findings	are	presented	in	order	of	the	research	questions.	Moreover,	
the	chapter	includes	discussion	of	how	the	results	relate	to	the	previous	literature.		
	
Chapter	 6:	 Conclusion:	 Presents	 the	 conclusions	 from	 the	 empirical	 findings.	 It	 also	
discusses	 the	 contribution	 to	 research	 of	 the	 thesis	 and	 gives	 suggestions	 on	 further	
research	that	can	be	conducted.	
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2	Literature	review	
	

In	this	chapter	previous	research	and	literature	will	be	presented.	First,	theories	regarding	
the	 transformation	of	 large	 technical	 systems	will	 be	presented.	This	will	 be	 followed	by	
previous	 studies	 regarding	 dynamics	 of	 the	 future	 energy	 system.	 The	 presented	
information	in	these	two	sections	will	be	used	to	answer	sub-question	one,	and	will	be	the	
basis	for	answering	sub-question	two.	In	the	last	section	of	this	chapter	different	business	
model	theories	will	be	presented.	These	are	included	to	help	answer	sub-question	three.		
	

2.1	Transformation	of	an	industrial	system	
Thomas	 P.	 Hughes	 (1983)	 developed	 the	 theory	 about	 Large	 Technical	 System	 (LTS)	
with	 the	 purpose	 of	 being	 able	 to	 analyze	 the	 dynamics	 of	 technological	 change	 in	
industrial	systems.	To	describe	the	development	of	a	LTS,	Hughes	studied	the	electricity	
system.	The	complexity,	size	and	transformation	effects	on	both	scientific	and	economic	
aspects	of	this	market	are	substantial.	As	the	energy	market	currently	is	going	through	
one	of	the	largest	transformations	since	its	development,	it	is	clearly	verified	to	use	the	
system	approach	to	analyze	the	current	transformation.	
	
To	 use	 LTS-theories	 as	 the	 basis	 of	 the	 study	 is	 the	 optimal	way	 to	 fully	 describe	 the	
challenges,	 dynamics	 and	 future	 possibilities	 for	 the	 energy	 market.	 Other	 industrial	
dynamic	 theories	using	 the	system	perspective	are	 the	Socio-Technical	Systems	 (STS),	
Path	 Dependency	 and	 the	 Multi-Level	 Perspective	 (MLP).	 These	 theories	 are	 also	
discussed	below	and	will	 be	used	 to	 further	 analyze	 the	 transformation	of	 the	 energy	
system	in	this	thesis.	By	using	multiple	theories	more	aspects	and	effects	on	the	actors	
and	components	existing	in	the	system	will	be	captured.		

2.1.1	Large	technical	systems	and	socio-technical	systems		
To	describe	the	transformation	process	of	a	LTS,	Hughes	(1983)	developed	the	concepts	
of	 critical	 problems,	 salients	 and	 reverse	 salients.	 These	 can	 be	 used	 to	 describe	 key	
aspects	 of	 the	 occurring	 technological	 change	 (Hughes,	 1983).	 Hughes’	 theories	 have	
been	 applied	 in	 this	 thesis	 to	 the	 current	 transformation	 of	 the	 energy	 system	 to	
understand	the	change	process	and	its	components	further.	
	
Salients	 and	 reverse	 salients	 are	 components	 of	 a	 system	 in	 different	 stages	 of	 the	
transformation.	A	salient	is	a	component	that	is	in	front	of	the	rest	of	the	system	when	it	
comes	to	the	development	in	the	transformation.	It	can	therefore	be	seen	as	an	enabler	
or	a	driver	for	future	development.	The	salients	are	more	developed	than	the	rest	of	the	
system	by	being	either	more	efficient,	more	economical	or	in	other	ways	more	evolved	
than	 the	 system	 of	 which	 they	 are	 a	 part.	 A	 reverse	 salient	 on	 the	 other	 hand	 is	 a	
component	 of	 the	 system	 that	 is	 lagging	 behind	 and	 is	 therefore	 restricting	 further	
development	in	the	LTS	(Hughes,	1983).	An	example	of	a	reverse	salient	is	the	restricted	
deployment	of	charging	stations	for	EVs,	which	have	been	holding	further	development	
and	research	on	EV’s	back.	
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Researchers,	 inventors	 and	 other	 stakeholders	 in	 the	 transformation	 will	 use	 the	
salients	 and	 reverse	 salients	 discovered	 in	 the	 system	 to	 identify	 focus	 areas.	 These	
focus	areas	will	form	the	basis	of	the	future	research	and	development	(R&D)	regarding	
the	technical	system	being	under	transformation.	The	solutions	to	the	critical	problems	
will	 be	 the	 key	 factors	 in	 aligning	 the	 system	 and	 eliminating	 salients	 and	 reverse	
salients	by	pushing	the	entire	system	forward	(Hughes,	1983).	
	
The	theories	by	Hughes	have	been	further	developed	by	Geels	(2012)	who	investigated	
STS.	 A	 STS	 is	 described	 as	 a	 system	 with	 both	 technical	 and	 social	 components	 that	
cannot	be	separated	 in	a	clear	manner	(Geels,	2012).	A	theory	that	 is	sprung	 from	the	
STS-theory	is	the	MLP.	The	MLP	gives	a	greater	focus	on	the	different	levels	of	a	change	
process	and	brings	important	insights	into	a	change	process	in	a	LTS	or	a	STS.	

2.1.2	Multi-level	perspective	
The	 MLP	 explains	 the	 pathway	 of	 transitions	 and	 system	 changes	 as	 an	 outcome	 of	
simultaneous	 developments	 at	 multiple	 levels.	 There	 are	 three	 levels	 of	 analytical	
concepts	that	the	MLP	distinguishes	between;	niche-innovation,	sociotechnical	regimes	
and	sociotechnical	landscape	(Geels	&	Schot,	2007).	
	
The	 transition	 of	 a	 system	 is	 defined	 as	 a	 change	 from	 one	 sociotechnical	 regime	 to	
another	and	is	affected	by	interactions	from	the	other	two	levels,	niche	innovation	and	
sociotechnical	landscape	(Geels	&	Schot,	2007).	
	

• The	 niche-innovation-level	 is	 where	 radical	 innovations	 occur.	 The	
technical	 innovations	 on	 this	 level	 are	 usually	 unstable	 configurations	
with	 low	 performance.	 The	 innovations	 at	 a	 niche	 level	 are	 therefore	
usually	 isolated	 in	 incubator	 rooms	 or	 similar	 to	 protect	 the	 innovation	
from	the	mainstream	market	selection.	

• The	 sociotechnical	 regime	 refers	 to	 how	 scientists,	 policy	makers,	 users	
and	 special-interest	 groups	 contribute	 to	 shaping	 the	 technological	
trajectories.		

• The	 sociotechnical	 landscape	 looks	 beyond	 the	 direct	 influence	 of	 niche	
and	 regime	 actors	 and	 forms	 an	 exogenous	 environment,	 such	 as	
macroeconomics,	 deep	 cultural	 patterns	 and	 macro-political	
developments.	 The	 changes	 on	 the	 landscape	 level	 are	 usually	 evolving	
slowly.			

	
The	theory	of	MLP	argues	that	transitions	occur	through	interactions	between	processes	
at	 these	 three	 levels.	 The	 niche-innovations	 build	 up	 an	 internal	momentum	 through	
learning	processes,	price/performance	improvements	and	with	support	 from	powerful	
groups.	 The	 changes	 at	 the	 landscape	 level	 put	 pressure	 on	 the	 regime	 and	 a	
destabilization	of	 the	 regime	 creates	opportunities	 for	 the	niche-innovations.	Through	
these	 processes	 new	 innovations	 can	 break	 through	 in	 the	 mainstream	 market	 and	
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compete	 with	 the	 existing	 regime.	 Figure	 2	 is	 an	 illustration	 of	 this	 process.	 The	
downward	 arrows	 in	 the	 figure	 pointing	 towards	 the	 niche	 level	 represent	 that	 the	
perception	 of	 niche	 actors	 and	 the	 support	 networks	 are	 influenced	 by	 regime	 and	
landscape	developments	(Geels	&	Schot,	2007).	
	

	
(Geels	&	Schot,	2007)	
Figure	2	-	Illustration	of	a	change	process	within	MLP	

2.1.3	Path	dependency		
The	 theory	 of	 path	 dependency	 was	 developed	 by	 Brian	 Arthur	 and	 is	 a	 theory	 that	
describes	the	importance	of	choosing	a	path.	The	continuous	use	of	a	product	or	service	
is	based	on	previous	preference	or	use,	the	chosen	path.	The	theory	explains	that	this	is	
true	 even	 if	 the	 circumstances	 change,	 e.g.	 even	 if	 there	 are	 more	 efficient	 products	
available	on	 the	market.	This	holds	 true	because	of	 the	previous	 commitments.	There	
are	four	mechanisms	that	create	path	dependency,	two	static	 factors	and	two	dynamic	
factors.	 The	 static	 factors	 are	 high	 fixed	 costs	 and	 high	 transaction	 costs	 and	 the	
dynamic	factors	are	learning	by	doing	and	self-fulfilling	prophecy	(Arthur,	1994).	
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2.2	Dynamics	of	the	future	energy	system		
How	the	future	energy	system	will	be	set	up	is	a	major	discussion	area	in	Germany	and	
there	are	 several	opinions	about	what	 the	dynamics	of	 the	 future	 system	will	 be.	 It	 is	
clear	 that	 the	 share	 of	 renewable	 energy	 sources	 will	 increase	 due	 to	 changes	 and	
decisions	at	 the	 landscape	 level	 through	 the	Energiewende	and	other	European	Union	
regulations	(Otto,	2016).	
	
The	shape	of	 the	European	energy	sector	 is	defined	by	European	policies,	 and	 today’s	
energy	market	is	the	result	of	many	years	of	legislation	and	compromise.	The	European	
energy	 policy	 is	 built	 on	 the	 five	 dimensions	 energy	 security,	 solidarity	and	 trust,	 fully	
integrated	 market,	 energy	 efficiency,	 low-carbon	 economy,	 and	 research/innovation	
competitiveness.	 The	 five	 dimensions	 are	 overlapping	 and	 at	 times	 conflicting	 and	 the	
preliminary	 focus	 of	 the	 five	 dimensions	 is	 changing	 due	 to	 the	 wider	 political	
environment.	 The	 European	 union	 have	 set	 their	 long-term	 climate	 goals	 in	 the	
“Roadmap	for	moving	to	a	competitive	low	carbon	economy	in	2050”	(European	Climate	
Foundation,	2010).	To	reach	the	long-term	goals	partial	targets	are	formed,	such	as	the	
2030	targets	that	is	the	current	main	focus	(Chettrit,	2015).	The	Energiewende	initiative	
however	 has	 higher	 targets	 and	 therefore	 Germany	 is	 not	 affected	 by	 the	 European	
regulations	to	a	large	extent	(Krebs,	2016).	

2.2.1	Level	of	centralization	
In	a	study	by	McKinsey	&	Company	(2010),	possible	developments	of	the	power	sector	
are	 analyzed	 through	 a	 cost-optimization	point	 of	 view.	The	 costs	 of	 different	 options	
meeting	the	EU	targets	until	2050	are	analyzed	and	discussed.	The	most	cost-effective	
way	 to	 achieve	 this	 is,	 according	 to	 the	 study,	 through	 full	 integration	 and	
interconnectivity	between	countries.	This	 leads	to	utilization	of	the	energy	available	in	
the	most	effective	areas	for	solar,	wind	and	other	energy	production.	This	would	mean	
that	solar	from	southern	Europe,	wind	from	Netherlands	and	UK,	and	hydropower	from	
the	Nordic	 countries	would	be	used	all	 across	Europe.	The	 local	production	 in	 central	
Europe	 would	 drastically	 decrease	 and	 countries	 such	 as	 Germany	 would	 become	
dependent	 on	 a	 high	 share	 of	 imported	 energy.	 This	 solution	might	 be	 the	most	 cost-
effective	but	concerns	are	raised	in	the	report	that	a	lot	of	political	agreements	would	be	
needed,	which	would	complicate	this	type	of	solution	(McKinsey	&	Co,	2010).	
	
More	 recent	 literature	 is	 stating	 that	 a	 decentralization	 of	 the	 energy	 system	 is	more	
probable.	 In	 the	 study	 “Utility	 of	 the	 future”	 by	 Bharatkumar	 et	 al.	 (2013),	 the	
development	 of	 the	 energy	 market	 is	 examined	 and	 described.	 Demands	 put	 on	 the	
energy	 sector	 to	 use	 more	 renewable	 energy	 combined	 with	 a	 technological	
development	will	 increase	 the	opportunities	 for	allowing	on-site	generation	of	energy,	
so	 called	 distributed	 generation.	 Distributed	 generation	 decreases	 the	 transmission	
losses,	 increases	 flexibility	 and	 improves	 the	 efficiency	 of	 the	 power	 production.	 To	
capture	 the	 benefits	 of	 distributed	 generation,	 new	 technological	 innovations	 are	
needed	 on	 the	 energy	 market.	 Two	 such	 niche	 innovations	 are	 Information	 and	
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Communications	Technology	(ICT)	and	DBS.	ICT	enables	the	energy	system	to	perform	
in	 the	most	efficient	way	and	DBS	enables	 the	 system	 to	utilize	more	of	 the	produced	
energy.	Since	distributed	generation	mostly	will	consist	of	V-RES,	DBS	can	increase	the	
reliability	 of	 the	 energy	 system.	 A	 system	 that	 combines	 ICT	 in	 combination	 with	
distributed	 energy	 resources	 is	 defined	 as	 a	 distributed	 energy	 system	 and	 have	
potential	 to	have	a	major	 impact	on	 the	 regime	 level.	This	development	will	 influence	
the	 way	 energy	 is	 produced	 and	 distributed	 to	 the	 customers	 to	 a	 great	 extent	
(Bharatkumar,	o.a.,	2013).	

2.3	Business	models	
As	the	energy	market	evolves	in	line	with	technology	and	regulatory	developments,	the	
need	 for	 new	 business	models	 occur	 (Bharatkumar,	 o.a.,	 2013).	 The	 business	models	
should	 describe	 the	 way	 a	 company	 will	 create,	 deliver	 and	 capture	 value	 (Richter,	
2012).	 If	 the	 incumbent	 actors	 fail	 to	 adapt	 their	 business	models	 to	 the	 evolution	 of	
customer	needs,	it	leaves	space	for	new	companies	to	capture	the	new	opportunities	on	
the	market	that	has	been	created	(Slywotzky,	1996).	
	
In	a	study	by	Mario	Richter	(2012),	possible	business	models	for	utilities	in	line	with	the	
increase	in	renewable	energy	production	are	examined.	The	study	defines	two	opposite	
business	models,	 one	 large-project	 focused	utility-side	business	model	 and	one	 small-
project	 focused	 consumer-side	 business	 model.	 The	 study	 shows	 that	 the	 utility-side	
business	model	is	the	most	profitable	business	model	for	utilities	in	the	current	state	but	
as	the	energy	system	becomes	more	decentralized	and	the	on-site	generation	grows,	the	
focus	will	 need	 to	 shift.	 Therefore,	 the	utility	 companies	 are	 advised	 to	 start	 adapting	
and	monitoring	 the	development	of	distributed	energy	 systems,	but	 for	now,	 focus	on	
the	large-scale	projects	that	promise	better	returns	and	less	risk.	This	opinion	is	in	line	
with	the	estimated	price	developments	of	distributed	energy	resources	in	the	future.	

2.3.1	Porters	five	forces		
Porters	five	forces	is	a	framework	developed	by	Michael	Porter	that	is	used	for	analyzing	
the	level	of	competition	within	an	industry	and	thereby	the	attractiveness	of	an	industry.	
The	framework	is	built	up	by	analyzing	five	different	forces	affecting	the	company	at	a	
micro	 level.	 The	 five	 forces	 are	 divided	 by	 vertical	 and	 horizontal	 competition,	 see	
Figure	3	on	the	following	page.	The	vertical	forces	are	the	threat	of	new	entry,	the	threat	
of	substitution,	and	the	competitive	rivalry,	and	the	horizontal	 forces	are	supplier	power	
and	the	buyer	power	 (Porter,	2008).	The	forces	are	described	in	more	detail	below	the	
figure.		
	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 26	

	
(Porter,	2008)	
Figure	3	-	Porters	Five	Forces	framework	

Threat	of	new	entry	 is	the	threat	that	new	actors	will	enter	the	market	and	decrease	
the	profitability	for	the	incumbent	actors.	Factors	that	can	have	an	effect	of	how	big	the	
threat	of	new	entrants	is	are:	time	and	cost	of	entry,	specialist	knowledge,	economies	of	
scale,	cost	advantages,	technology	protection	and	barriers	to	entry	(Porter,	2008).	
	
Threat	 of	 substitution	 is	 the	 threat	 that	 the	 customers	 will	 switch	 to	 alternative	
products	 or	 services.	 Factors	 to	 analyze	 the	 level	 of	 this	 threat	 are:	 substitute	
performance	and	cost	of	change	(Porter,	2008).	
	
Supplier	power	refers	to	the	bargaining	power	of	the	suppliers.	Factors	that	can	affect	
the	supplier	power	are:	number	of	suppliers,	size	of	suppliers,	uniqueness	of	service,	the	
company’s	ability	to	substitute	and	cost	of	changing	(Porter,	2008).	
	
Buyer	 power	 refers	 to	 the	bargaining	power	of	 the	buyer.	 Factors	 that	 can	affect	 the	
buyer	 power	 are:	 number	 of	 customers,	 size	 of	 each	 order,	 differences	 between	
competitors,	price	sensitivity,	ability	to	substitute	and	cost	of	changing	(Porter,	2008).	
	
Competitive	 rivalry	 is	 for	 most	 industries	 the	 major	 force	 that	 determines	 the	
competitiveness	of	an	 industry.	Factors	 to	analyze	are:	number	of	competitors,	quality	
differences,	other	differences,	switching	cost	and	customer	loyalty	(Porter,	2008).	
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2.3.2	Business	model	canvas	
The	 Business	 Model	 Canvas	 is	 a	 strategic	 management	 tool	 created	 by	 Alexander	
Osterwalder	 used	 for	 developing	 new	 or	 documenting	 existing	 business	 models.	 The	
business	model	of	an	organization	can	be	described	with	nine	basic	building	blocks;	key	
partners,	key	activities,	key	resources,	value	proposition,	customer	relationships,	channels,	
customer	segments,	cost	structure	and	revenue	streams.	The	business	model	 canvas	 is	a	
tool	 that	maps	 the	 nine	 building	 blocks,	 as	 seen	 in	 Figure	4	 below,	 to	 help	 structure,	
discuss,	 design	 and	 invent	 new	 business	models	 (Osterwalder	 &	 Pigneur,	 2010).	 The	
building	blocks	are	described	in	more	detail	below	the	figure.		
	

	
(Osterwalder	&	Pigneur,	2010)	
Figure	4	-	Business	Model	Canvas	

Customer	segments	describe	the	people	or	organizations	that	a	value	is	being	created	
for.	 Questions	 to	 answer	 when	 describing	 this	 block	 are	 “For	 whom	 are	 we	 creating	
value?”,	and	“Who	are	our	most	important	customers?”	(Osterwalder	&	Pigneur,	2010).	
	
Value	 proposition	 is	 the	 bundles	 of	 product	 and	 services	 that	 creates	 value	 for	 each	
customer	segment.	Questions	to	answer	when	describing	this	block	are	“What	value	do	
we	 deliver	 to	 the	 customer?”,	 “Which	 one	 of	 our	 customers	 problems	 are	we	 helping	 to	
solve?”,	 “What	 bundles	 of	 products	 and	 services	 are	 we	 offering	 to	 each	 customer	
segment?”,	 and	 “Which	 customer	 needs	 are	 we	 satisfying?”	 (Osterwalder	 &	 Pigneur,	
2010).	
	
Channels	 describe	 what	 channels	 are	 used	 to	 interact	 with	 the	 customers	 when	
delivering	 value.	 Questions	 to	 answer	when	 describing	 this	 block	 are	 “Through	which	
channels	 do	 our	 customer	 segments	 want	 to	 be	 reached?”,	 “How	 are	we	 reaching	 them	
now?”,	 “How	 are	 our	 channels	 integrated?”,	 “Which	 ones	work	 best?”,	 	 “Which	 ones	 are	
most	 cost-efficient?”,	 	 and	 “How	 are	 we	 integrating	 them	 with	 customer	 routines?”	
(Osterwalder	&	Pigneur,	2010).	
	
Customer	relationships	outline	the	type	of	relationships	that	is	being	established	with	
the	 customers.	 Questions	 to	 answer	 when	 describing	 this	 block	 are	 “What	 type	 of	
relationship	does	each	of	our	customer	segments	expect	us	to	establish	and	maintain	with	
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them?”,	“Which	ones	have	we	established?”,	“How	are	they	integrated	with	the	rest	of	our	
business	model?”,	and	“How	costly	are	they?”	(Osterwalder	&	Pigneur,	2010).	
	
Revenue	 streams	 show	 how	 and	 through	 which	 pricing	 mechanisms	 the	 business	
model	is	capturing	value.	Questions	to	answer	when	describing	this	block	are	“For	what	
value	are	our	customer	really	willing	to	pay?”,	“For	what	do	they	currently	pay?”,	“How	are	
they	 currently	 paying?”,	 “How	 would	 they	 prefer	 to	 pay?”,	 and	 “How	 much	 does	 each	
revenue	stream	contribute	to	overall	revenues?”	(Osterwalder	&	Pigneur,	2010).	
	
Key	resources	describe	the	infrastructure	used	to	create,	deliver	and	capture	value.	The	
key	 resources	 also	 show	 which	 assets	 are	 indispensable	 in	 the	 business	 model.	
Questions	 to	 answer	when	 describing	 this	 block	 are	 “What	key	resources	do	our	value	
propositions	 require?;	 Our	 distribution	 channels?,	 Customer	 relationships?,	 Revenue	
streams?”	(Osterwalder	&	Pigneur,	2010).	
	
Key	 activities	 show	 which	 activities	 are	 most	 needed	 to	 be	 able	 to	 perform	 well.	
Questions	 to	 answer	when	 describing	 this	 block	 are	 “What	key	activities	 do	our	 value	
propositions	 require?;	 Our	 distribution	 channels?,	 Customer	 relationships?,	 Revenue	
streams?”	(Osterwalder	&	Pigneur,	2010).	
	
Key	partners	describe	who	can	help	to	leverage	the	business	model	since	the	company	
will	most	 likely	 not	 have	 all	 key	 resources	 themselves,	 nor	 perform	 all	 key	 activities.	
Questions	to	answer	when	describing	this	block	are	“Who	are	our	key	partners?”,	“Who	
are	 our	 key	 suppliers?”,	 “Which	 key	 resources	 are	 we	 acquiring	 from	 partners?”,	 and	
“Which	key	activities	do	partners	perform?”	(Osterwalder	&	Pigneur,	2010).	
	
Cost	 structure	 is	 identified	 once	 the	 infrastructure	 of	 the	 business	 models	 is	
understood.	 Questions	 to	 answer	 when	 describing	 this	 block	 are	 “What	 are	 the	most	
important	 costs	 inherent	 in	 our	 business	 model?”,	 “Which	 key	 resources	 are	 most	
expensive?”,	 and	 “Which	 key	 activities	 are	 most	 expensive?”	 (Osterwalder	 &	 Pigneur,	
2010).	

2.3.3	Business	model	attributes		
According	to	Bharatkumar	et	al.	(2013),	there	are	six	different	attributes	that	have	been	
identified	as	ways	to	create	value	on	the	market	for	distributed	energy	systems.	These	
can	 be	 combined	 in	 different	 ways	 to	 create	 the	 most	 effective	 business	 model	
depending	on	the	opportunities	discovered	and	the	conditions	of	the	company	that	tries	
to	take	advantage	of	it.		
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The	six	attributes	identified	are:	
	

• Own	assets	
• Operate	assets	
• Fund	the	assets	
• Provide	information	to	owners	or	operators	
• Build	assets	
• Aggregate	with	dispersed	physical	locations	or	with	disaggregated	ownership	

	
The	 opportunities	 can	 be	 examined	 with	 regards	 to	 these	 six	 attributes	 and	 the	
combination	 between	 multiple	 attributes	 with	 achievable	 synergies.	 The	 business	
attributes	identified	as	most	successful	can	then	be	compared	to	the	business	model	of	
the	 company	 that	 is	 evaluating	 the	 business	 opportunity	 to	 see	 if	 it	 fits	 the	 current	
business	model	and	what	changes	would	be	needed.	

2.4	Concluding	remarks		
The	 literature	 presented	 in	 this	 section	will	 be	 used	 as	 a	 tool	 to	 answer	 the	 research	
questions.	By	combining	these	theories	with	more	detailed	information	regarding	DBS,	
collected	 from	 interviews	 and	 previous	 reports,	 robust	 answers	 can	 be	 given	 to	 the	
research	questions.			
	
The	theories	presented	in	section	2.1	Transformation	of	a	large	technical	system	will	be	
used	 to	 analyze	 the	 current	 transformation	 of	 the	 German	 power	 market.	 The	 MLP	
theory	 will	 be	 used	 to	 describe	 how	 different	 aspects	 of	 the	 power	 market,	 such	 as	
regulations	 and	 technologies	 interact	 on	 the	 power	 market	 and	 how	 these	 affect	 the	
transformation.	The	theory	on	path	dependency	will	be	used	to	describe	how	decisions	
taken	today	will	form	the	energy	system	in	the	future.	The	findings	from	using	these	two	
theories	 will	 mainly	 be	 presented	 in	 Chapter	 4	 Pre-study	 findings.	 The	 theories	 on	
reverse	salients	and	salients	are	used	to	identify	which	aspects	of	the	power	market	that	
are	driving	the	change	and	which	are	lagging	behind.	Partial	findings	will	be	discussed	in	
the	pre-study	finding	chapter,	and	the	main	findings	will	be	presented	in	the	results	and	
discussion	chapter.	The	literature	presented	in	section	2.2	Dynamics	of	the	future	energy	
system	will	be	used	to	assess	how	the	future	energy	system	will	evolve	at	a	high	 level.	
The	results	will	be	presented	in	the	pre-study	findings	chapter	and	will	be	the	basis	for	
the	remaining	of	the	report.		
	
The	literature	presented	in	section	2.3	Business	models	will	be	used	to	analyze	if	there	is	
any	business	opportunity	for	utilities	regarding	DBS.	The	theory	Porters	five	forces	will	
be	 used	 to	 analyze	 the	 attractiveness	 of	 the	 DBS	market.	 The	 business	model	 canvas	
theory	 will	 be	 combined	 with	 the	 theory	 on	 business	 model	 attributes	 to	 form	 a	
potential	 business	model	 for	 Vattenfall.	 The	 finding	 from	 using	 these	 theories	will	 be	
presented	at	the	end	of	the	results	and	discussion	chapter.	
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3	Methodology	
	

In	this	chapter	the	research	approach	and	process	of	the	project	 is	discussed.	The	overall	
approach	used	to	answer	the	research	questions	will	be	explained	as	well	as	the	different	
steps	that	was	taken	to	reach	a	conclusion.	
	

3.1	Research	approach	
The	research	was	divided	into	two	parts,	where	the	first	consisted	of	understanding	the	
current	 market,	 and	 the	 other	 to	 forecast	 the	 future	 state	 after	 the	 transition	 of	 the	
energy	market.	The	current	state	was	important	to	understand	to	be	able	to	analyze	the	
future	development	of	various	factors,	which	affect	the	future	demand,	competitiveness	
and	barriers	for	DBS.	
	
The	forecast-research	was	focused	not	only	on	the	end-state	of	the	transformation	but	
also	 the	 process	 itself.	 The	 market	 transformation	 is	 driven	 by	 regulations,	 and	
therefore,	this	was	used	as	a	starting	point.	By	using	the	current	regulations	and	targets	
an	 end-state	 of	 the	 energy	 system	 transformation	 could	 be	 identified.	 This	 top-down	
analysis	 of	 the	 future	 state	 was	 the	 main	 approach	 of	 the	 study.	 The	 targets	 and	
ambitions	 stated	 on	 different	 legislative	 levels,	 such	 as	 national,	 European	 and	 global	
were	analyzed	to	achieve	probable	results	of	what	will	need	to	be	achieved	by	2030.	The	
results	were	 then	 back	 casted	 to	 get	 a	 view	 of	 how	 each	 factor	will	 develop	 between	
today	and	2030.	The	top-down	analysis	was	then	combined	with	a	bottom-up	analysis	of	
the	 development	 of	 technologies	 and	 other	 drivers.	 Through	 examining	 previous	
technical-	and	market-associated	developments,	the	results	received	from	the	top-down	
approach	could	be	 confirmed	or	adjusted.	Through	 this	 triangulation,	 the	 reliability	of	
the	results	could	be	increased.		
	
This	thesis	is	a	deep-dive	into	the	possibilities	for	DBS	and	is	part	of	a	bigger	project	at	
Vattenfall	 investigating	 all	 implications	 of	 the	 Energiewende-initiative	 on	 the	 German	
energy	 market,	 and	 how	 it	 will	 affect	 Vattenfall.	 Therefore,	 some	 results	 could	 be	
verified	 through	 the	 results	 conducted	 by	 the	 rest	 of	 the	 team	 investigating	 other	
matters.	 The	 team	 was	 also	 able	 to	 deliver	 valuable	 input	 on	 the	 thesis	 work,	 for	
example	 future	 fuel	 prices,	 development	 of	 the	 energy	 mix	 and	 cost	 of	 future	 grid	
deployments.	

3.2	Research	process	
The	research	questions	state	that	the	possible	role	of	the	DBS	needs	to	be	understood	as	
a	first	step	to	being	able	to	calculate	the	profitability	and	compare	it	to	the	alternatives.	
The	 data	 collection	 and	 the	 literature	 review	 displayed	 in	 the	 figure	 below	 therefore	
needed	 to	 be	 iterated	 as	 new	 information	 and	 related	 issues	 were	 discovered.	 The	
process	can	therefore	not	be	seen	as	linear,	as	can	be	seen	in	Figure	5	on	the	next	page.	
The	 literature	 review	 was	 supplemented	 with	 relevant	 research	 and	 additional	 data	
collection	was	conducted	when	needed.	The	main	source	of	first-hand	information	was	
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interviews.	An	additional	source	of	data	was	input	from	a	power	system	model	created	
by	 the	 team	 at	 Vattenfall	 that	 analyzes	 possible	 future	 developments	 on	 the	 power	
market.	At	the	final	stage,	the	data	collected	was	analyzed,	applied	to	Vattenfall	to	find	a	
suitable	business	model	and	a	recommendation	based	on	the	research	was	formed.		
	

	
Figure	5	-	Illustration	of	the	research	process	

3.3	Data	collection	
As	described	above,	data	was	collected	through	various	methods	to	bring	all	angles	into	
the	 research	 and	minimize	 the	 uncertainties	 associated	 with	 the	 project.	 It	 was	 very	
important	to	capture	the	existing	internal	knowledge	within	Vattenfall	to	maximize	the	
value	created	for	the	company	and	also	to	decrease	time	for	initial	research.	However,	it	
was	also	important	to	collect	as	much	data	as	possible	externally	to	verify	and	complete	
the	internal	knowledge.	

3.3.1	Interviews	
Interviews	were	the	main	source	of	primary	information	in	this	thesis.	The	possibilities	
for	DBS	are	affected	by	many	different	parameters	on	the	energy	market.	Therefore	we	
interviewed	experts	in	various	areas	to	understand	the	market	dynamics	and	what	the	
probable	developments	are.	As	described	earlier	 it	was	 important	 to	use	both	 internal	
and	 external	 knowledge	 and	 therefore	 the	 interview	 subjects	 were	 both	 within	
Vattenfall	and	from	other	stakeholders	to	get	a	wider	set	of	views	and	opinions.	
	
The	 interview	 subjects	 within	 Vattenfall	 were	 from	 different	 business	 areas	 (BA)	
working	with	RES	and	 storages.	The	 thesis	has	been	 carried	out	 at	 the	 strategy	BA	at	
Vattenfall,	 and	 three	 of	 the	 interview	 subjects	were	 from	different	 focus	 areas	within	
this	BA.	One	subject	had	more	focus	on	policies	and	regulations,	and	the	other	two	were	
more	involved	in	the	analytical	work	regarding	the	transformation	of	the	energy	system.	
Two	interview	subjects	at	the	R&D-department	have	also	been	interviewed	to	be	able	to	
assist	 on	 more	 technical	 issues	 and	 how	 DBS	 could	 be	 incorporated	 into	 the	 future	
energy	system.	Parallel	to	this	thesis,	a	PhD-student	has	been	conducting	a	project	that	
evaluates	 PV	 and	 DBS	 as	 a	 system.	 Therefore,	 the	 findings,	 assumptions	 and	 process	
carried	 out	 in	 this	 thesis	 were	 discussed	 during	 an	 interview	 with	 him.	 Finally,	 a	
colleague	 working	 as	 a	 strategic	 advisor	 within	 renewables,	 focusing	 on	 storage	 has	
been	 interviewed	several	 times.	A	bi-weekly	touch	point	have	also	been	held	with	this	
person	to	regularly	report	and	discuss	current	challenges,	progress	and	assumptions.	In	
addition	to	the	more	formal	interviews	there	has	been	several	workshops,	presentations	
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and	more	informal	discussions	during	the	thesis.	In	these	settings,	additional	colleagues	
have	been	able	to	provide	inputs	and	comment	on	the	results	and	findings	of	the	thesis.	
	
One	external	 interview	was	held	with	an	analyst	at	the	Fraunhofer	institute	within	the	
area	 of	 energy	 systems	 and	markets.	 The	 interviewee	 was	 one	 of	 the	 authors	 to	 the	
Fraunhofer	 publication	 “Levelized	 Cost	 of	 Electricity	 Renewable	 Energy	 Technologies”.	
The	 remaining	 external	 interviews	 were	 held	 with	 KTH	 professors	 and	 one	 research	
fellow.	One	interview	was	held	with	a	professor	in	Electric	Power	Systems,	engaged	in	
research	and	education	 in	 the	 field	of	electric	power	systems.	This	 includes	 studies	of	
power	 system	 stability,	 the	 effect	 of	 economic	 regulation	 and	 smart	 grid	 etc.	 Another	
interview	was	 held	 with	 a	 professor	 in	 Energy	 Business,	 engaged	 in	 research	 on	 the	
transformation	of	energy	business	and	energy	systems.	Two	interviews	where	held	with	
a	 research	 fellow	 who	 focuses	 on	 research	 on	 techno-economic	 analysis	 of	 energy	
systems	and	is	also	working	at	Fortum	Värme.	
	
The	interviews	held	in	the	beginning	were	conducted	in	an	unstructured	way	with	open-
ended	questions	to	obtain	as	much	information	as	possible	(Collis	&	Hussey,	2014).	The	
basis	for	the	open	questions	was	the	research	questions	and	the	issue	tree	presented	in	
the	 introduction	chapter.	The	 information	from	these	 interviews	where	used	to	design	
the	 following	 research	 and	 increased	 the	 knowledge	 needed	 to	 complete	 the	 project.	
Once	the	problem	structure	became	more	clear	the	 interview	format	changed	to	semi-
structured	interviews.	Semi-structured	interviews	are	a	good	way	to	collect	qualitative	
data	and	to	secure	that	the	needed	information	is	gathered	(Blomkvist	&	Hallin,	2015).	
Multiple	 interviews	 were	 also	 held	 with	 the	 same	 experts	 as	 new	 findings	 were	
discovered.	A	 summary	of	 all	 interview	 subjects	 can	be	 found	 in	Appendix	A,	 together	
with	the	dates	of	the	initial	interviews.	

3.3.2	Power	system	model	
The	 power	 system	 model	 is	 a	 model	 that	 Vattenfall	 has	 created	 to	 explore	 possible	
future	developments	for	different	parameters	on	the	power	market.	The	model	forecasts	
future	 power	 prices,	 fuel	 prices,	 energy	mix	 etc.	 The	 output	 is	 presented	 in	 different	
Long	Term	Market	Outlook	(LTMO)-scenarios	and	is	updated	every	year.	The	scenarios	
used	 in	 this	 report	 are	 the	 Smart	 Integration-scenario	 (SI)	 and	 the	 Current	 Policy	
Scenario	 (CPS)	 for	 2030.	 The	 SI-scenario	 is	 based	 on	 the	 scenario	 that	 Germany	will	
have	 a	 large	 amount	 of	 decentralized	 generation.	 The	 CPS-scenario	 is	 based	 on	 the	
scenario	 that	 the	 Germany	 energy	 market	 will	 develop	 in	 line	 with	 current	 market	
trends.		
	
How	 the	 developments	 will	 affect	 the	 future	 profitability	 of	 storage	 solutions	 is	 not	
included	in	the	model,	which	created	a	need	for	additional	calculations.	The	output	from	
Vattenfall’s	power	system	model	was	used	as	inputs	to	the	additional	calculations	of	the	
economic	potential	for	possible	system	solutions	on	the	future	energy	market.	
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3.4	Data	analysis		
To	be	able	to	assess	the	potential	of	DBS,	a	comparison	was	made	with	other	solutions	
that	 also	 satisfy	 the	 needs	 of	 the	 future	 energy	 system.	 This	 was	 made	 through	
comparing	 the	 needs	 from	 different	 stakeholders	 with	 the	 benefits	 and	 attributes	
associated	 with	 different	 solutions.	 Once	 the	 main	 competing	 solutions	 had	 been	
decided,	 the	 cost	 and	 benefits	 were	 compared	 to	 further	 understand	 the	 future	
challenges	 that	 need	 to	 be	 addressed	 in	 order	 for	 DBS	 to	 be	 a	 viable	 solution	 in	 the	
future	energy	system.	

3.4.1	LCOE	calculations		
The	costs	 associated	with	 the	different	 solutions	need	 to	be	 structured	 so	 that	 a	valid	
comparison	 can	 be	 carried	 out.	 The	 method	 deemed	most	 beneficial	 is	 to	 use	 LCOE-
calculations	 for	 different	 solutions.	 The	 LCOE-method	 compares	 all	 costs	 with	 the	
achieved	 output	 from	 a	 certain	 power	 source,	 technology	 etc.	 The	 calculations	 give	 a	
good	 overview	 on	 what	 solutions	 can	 be	 considered	 the	 most	 profitable	 in	 terms	 of	
cost/kWh	and	in	Equation	1	the	calculation	method	is	shown.	
	

𝐿𝐶𝑂𝐸 =
𝑆𝑢𝑚 𝑜𝑓 𝑐𝑜𝑠𝑡𝑠 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
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𝐸!
1+ 𝑟 !

!
!!!

	

𝐼! = 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒n𝑡 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡	
𝑀! = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑎𝑛𝑑 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡	
𝐹! = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡	
𝐸! = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡	
𝑟 = 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒	
𝑛 = 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑜𝑓 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 
Equation	1 − 𝐅𝐨𝐫𝐦𝐮𝐥𝐚 𝐟𝐨𝐫 𝐜𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐋𝐞𝐯𝐞𝐥𝐢𝐳𝐞𝐝 𝐂𝐨𝐬𝐭 𝐨𝐟 𝐄𝐥𝐞𝐜𝐭𝐫𝐢𝐜𝐢𝐭𝐲𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕	

The	 LCOE	 have	 been	 calculated	 for	 different	 system	 components.	 These	 where	 then	
combined	 into	 full	 solutions	 that	have	 the	potential	 to	 satisfy	all	needs	 for	an	average	
German	 household	 in	 regards	 to	 total	 electricity	 consumption,	 self-consumption	
realization	 and	 reliability.	 For	 example	 a	 household	 using	 solar	 PV	 without	 DBS	 will	
need	to	buy	more	additional	power	from	the	grid	than	a	household	with	DBS.	

3.4.2	Development	of	future	scenarios		
To	 forecast	 the	 uncertain	 future	 developments	 of	 parameters	 affecting	 the	 future	
profitability	 of	 DBS-solutions,	 multiple	 sources	 were	 used	 to	 triangulate	 the	
development.	Previous	research,	results	from	Vattenfall’s	power	system	model,	as	well	
as	 interviews	 were	 used	 to	 create	 three	 different	 scenarios	 for	 how	 the	 economic	
potential	 for	 DBS	 might	 change.	 The	 scenarios	 created	 were	 a	 best	 case-scenario,	 a	
worst-case	 scenario	 and	 a	 probable	 case-scenario.	 The	 possible	 developments	 of	 the	
parameters	were	 therefore	assessed	with	regards	 to	 the	effect	 they	might	have	on	the	
economic	potential	of	DBS.	By	the	creation	of	these	three	scenarios	the	possible	spread	
of	developments	was	analyzed,	securing	that	the	future	development	is	 in	the	range	of	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 35	

the	 scenario	 results.	This	approach	of	data	analysis	decreased	 the	uncertainties	of	 the	
development	of	the	parameters.	

3.4.3	Estimation	of	additional	benefit	values		
The	results	received	from	the	LCOE-calculations	do	not	take	all	benefits	associated	with	
the	systems	of	technologies	into	account.	Many	of	the	systems	offer	additional	value	for	
other	 stakeholders	 than	 the	 household	 consumers.	 This	 value	 can	 also	 be	 realized	
through	 different	 business	model	 set-ups	 through	 distribution	 of	 costs	 and	 value.	 To	
fully	 evaluate	 the	 different	 systems,	 these	 values	 have	 therefore	 been	 estimated	 in	 a	
following	 step	 of	 the	 study	 to	 complete	 the	 LCOE-calculations	 and	 enable	 a	more	 fair	
comparison	of	different	systems.	The	additional	services	often	require	that	a	significant	
market	 size	 can	be	 achieved.	To	 ensure	 that	 the	 additional	 services	will	 be	 able	 to	be	
utilized,	an	examination	of	the	potential	market	size	will	also	be	estimated	in	this	step.	
The	 identified	market	size	will	also	be	compared	 to	what	will	be	needed	 to	utilize	 the	
ancillary	services	and	additional	benefits.	

3.4.4	Creation	of	business	model	
The	 results	 received	 from	 calculating	 the	 cost	 of	 different	 solutions	 and	 the	 value	 of	
additional	benefits	was	combined	in	order	to	create	a	business	model	that	can	achieve	
the	 maximum	 value	 for	 the	 system.	 The	 business	 model	 was	 designed	 by	 using	 the	
Business	 Model	 Canvas	 (BMC).	 By	 using	 the	 BMC	 the	 most	 optimal	 business	 model	
associated	with	potential	developments	of	power	system	components	was	obtained.	By	
analyzing	the	business	opportunities	for	Vattenfall	the	future	necessary	regulatory	shifts	
and	technical	developments	were	identified.		
	
The	 created	 business	 model	 has	 been	 analyzed	 by	 using	 the	 framework	 Porters	 five	
forces.	By	using	the	framework,	the	competitiveness	of	the	business	model	was	assessed	
and	the	strengths	and	weaknesses	could	be	identified.			

3.5	Reliability	and	validity	
The	 validity	 of	 the	 study	 describes	 whether	 the	 researchers	 are	 studying	 the	 right	
theory	 related	 to	 the	 focus	 area	 of	 the	 study	 and	 the	 reliability	 refers	 to	 the	way	 the	
research	is	carried	out.	Together,	they	measure	the	quality	of	the	study.	A	high	reliability	
does	 not	 guarantee	 that	 the	 validity	 is	 high,	 whereas	 a	 high	 validity	 demands	 a	 high	
reliability	 (Blomkvist	 &	 Hallin,	 2015).	 By	 having	 a	 high	 reliability,	 the	 results	 in	 the	
study	should	be	replicated	if	another	researcher	tries	to	perform	the	same	study	(Collis	
&	Hussey,	2014). 
	
When	data	had	been	collected	through	the	methods	described	above,	the	data	needed	to	
be	 analyzed	 and	 validated	 to	 secure	 the	 results	 and	 form	 a	 recommendation	 for	
Vattenfall.	To	increase	the	validity	of	the	research	results,	triangulation	was	used	in	the	
empirical	 data	 gathering.	 Triangulation	 of	 theories,	 data	 triangulation	 and	
methodological	triangulation	was	used,	as	they	are	the	main	categories	for	triangulation	
and	improve	the	validity	of	the	results	(Easterby-Smith,	Thorpe,	&	Jackson,	2012).	The	
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increased	 knowledge	 base	 obtained	 in	 the	 data	 gathering	made	 the	 foundation	 of	 the	
recommendation	and	the	success	rate	of	the	recommendation	significantly	higher	with	
triangulated	data.		
	
Since	much	of	the	data	collection	is	interview-based,	it	might	affect	the	reliability	of	the	
study	 since	different	 interview	 subjects	might	display	different	 opinions.	However,	 by	
increasing	the	number	of	interviews	and	also	ensuring	that	the	interview	subjects	were	
not	affected	by	each	other	the	reliability	of	the	study	was	increased.		
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4.	Pre-study	findings	
	

In	 this	 chapter	 the	 findings	 from	 previous	 reports	 and	 early	 interviews	 regarding	 sub-
question	one	and	two	are	presented.	The	findings	are	divided	into	four	sections.	In	the	first	
section	the	dynamics	of	the	future	energy	system	is	discussed,	followed	by	an	identification	
of	the	stakeholder	needs	in	the	future	energy	system.	The	third	section	presents	findings	on	
technologies,	and	lastly	findings	regarding	regulations	are	presented.		

4.1	Dynamics	of	the	future	energy	system	
The	 transformation	 that	 will	 be	 assessed	 further	 in	 this	 report	 is	 the	 development	
towards	a	more	decentralized	system.	This	 is	due	to	the	fact	that	most	recent	sources,	
such	 as	 Bharatkumar	 et.	 al.	 (2013)	 and	 Fitzgerald	 et.	 al.	 (2015)	 describe	 this	
development	 as	 the	 most	 credible.	 The	 development	 of	 moving	 towards	 a	 more	
centralized	 energy	 market	 would	 be	 complicated	 since	 it	 would	 demand	 large	
interdependencies	between	countries	to	sustain	the	reliability	and	flexibility.	This	would	
create	difficulties	and	tensions	on	the	landscape	level	when	the	power	is	removed	from	
the	countries	themselves.	It	is	therefore	more	probable	that	Germany	will	want	to	drive	
the	transformation	more	independently.	Previous	German	regulations	have	also	favored	
small-scale	 PV	 where	 self-consumption	 from	 systems	 of	 less	 than	 10	 kW	 has	 been	
exempted	from	paying	the	EEG-surcharge,	pointing	towards	Germany	moving	towards	a	
more	decentralized	system	(Krebs,	2016).			

4.2	Stakeholder	needs	in	the	future	energy	system		
The	basic	need	in	the	future	energy	system	is	that	sufficient	electricity	can	be	supplied	
to	the	consumers	by	the	power	market	at	the	right	time.	The	average	consumption	for	a	
household	 of	 four	 people	 is	 4400	 kWh	 per	 year.	 The	 consumption	 does	 not	 include	
electricity	used	 for	heating.	 If	heat	 should	be	 included,	 the	consumption	would	rise	 to	
5600	kWh/year	(Die-stromsparinitiative,	2016).	
	
To	assess	how	distributed	storages	would	meet	the	needs	of	the	future	energy	system,	
the	future	needs	have	to	be	identified.	In	the	MIT	study	“Utility	of	the	future”	(2015),	the	
main	customer	and	utility	needs	that	must	be	fulfilled	by	the	future	energy	system	have	
been	identified.	Following	is	a	list	of	the	needs	identified	in	the	study.		
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Utility	needs:	 Customer	needs:	
• Energy	 • Heating/cooling	
• Power/Capacity	 • Lightning	
• Voltage	control	 • Electrical	appliances	
• Frequency	regulation	 • Reliability	
• Increased	reliability	 • Control	
• Black-start	 • Convenience	
• Primary	reserves	 • Variable	cost	stability	
• Secondary	reserves	 • Environmental	impact	
• Tertiary	reserves	 • Independence	
• Flexibility	of	intermittent	RES	 • Mobility	
• CAPEX	deferral	 • Affordability	
• OPEX	reduction	 	
• Reduction	of	losses	 	
• Risk	mitigation	 	
• Price	variability	arbitrage	 	
• Affordability	 	

	
In	the	MIT-study	(2015),	an	assessment	of	what	needs	different	technologies	meet	was	
also	 conducted.	 By	 combining	 multiple	 technologies	 and	 creating	 a	 more	 complete	
system	more	needs	will	be	met	(Bharatkumar,	o.a.,	2013).	The	main	type	of	distributed	
energy	 resource	 is	 solar	 PV.	 There	 are	 several	 concerns	 among	 consumers	 about	 the	
difficulties	of	PV	 that	will	need	 to	be	overcome	before	distributed	energy	systems	can	
move	 from	 the	 niche	 level	 to	 the	 regime	 level.	 These	 concerns	 are	 for	 example	 the	
reliability	of	PV,	 the	customer	 inertia	and	 that	 installation	of	PV	on-site	 requires	 large	
cost	and	effort	(Strupeit	&	Palm,	2015).	However,	these	uncertainties	among	consumers	
also	 open	 up	 business	 opportunities	 for	 utility	 companies	 and	 other	 actors	 to	 fill	 the	
gaps	emerging	from	the	uncertainties.	

4.3	Technologies		
As	 previously	 mentioned,	 the	 most	 common	 solution	 for	 calculating	 profitability	 of	
different	technologies	is	through	the	LCOE-method.	This	compares	the	total	cost	of	the	
energy	 compared	 with	 the	 total	 electricity	 production	 for	 different	 solutions	
(Fraunhofer,	2015).	 Looking	at	 the	LCOE,	multiple	previous	 researchers	 conclude	 that	
PV	+	DBS-systems	cannot	compete	with	power	from	the	grid	generated	from	nuclear	or	
fossil	 fuels.	However,	as	shown	 in	Figure	7	 and	Figure	8,	 the	price	of	PV	solutions	and	
DBS	is	decreasing	rapidly.	The	price	of	grid	electricity	has	under	the	same	period	been	
increasing	(Fraunhofer,	2015).		
	
The	 future	price	development	of	 technologies	 is	 commonly	 analyzed	 through	 learning	
curves,	 which	 show	 projections	 on	 how	 prices	 drop	 as	 volume	 scales.	 The	 learning	
curves	does	also	include	how	the	integration	of	lessons	learned	and	innovations	built	up	
over	time	lead	to	price	drops.	The	learning	rate	describes	the	price	developments	as	a	
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percentage	of	how	much	the	price	drops	as	a	result	of	doubling	the	volume.	The	learning	
curves	present	the	rate	of	development	in	the	technological	niches	that	can	be	expected.		
	
Other	technologies	and	flexibility-increasing	solutions	will	also	be	assessed	as	possible	
parts	of	the	future	energy	system.	Except	for	PV	and	DBS,	the	technologies	discussed	are	
demand	side	integration	and	distributed	P2H.	Similar	to	DBS	the	solutions	will	increase	
the	 flexibility	 of	 an	 energy	 system	 with	 distributed	 generation	 through	 affecting	
electricity	demand	and	supply	 to	 follow	each	other	 to	a	 larger	extent.	These	 solutions	
have	been	identified	through	interviews	with	industry	experts	as	probable	solutions	to	
the	identified	challenges	(Maguire,	2016)	(Nordlander,	2016)	(Otto,	2016)	(Krebs,	2016)	
(Levihn,	2016).			

4.3.1	Solar	PV	
PV	is	a	technology,	which	has	been	growing	a	lot	and	is	believed	to	be	a	substantial	share	
of	the	future	energy	mix.	The	previous	development	of	Solar	PV-installations	can	be	seen	
in	Figure	6	below.	During	2009-2012	approximately	7.5	GW	of	solar	PV	were	 installed	
per	year.	 Since	2012,	 the	 installation	 rate	decreased	and	 from	2012-2016	 the	average	
annual	installation	rate	of	solar	PV	has	been	2	GW/year	(Fraunhofer,	2015).	
	

	
(Fraunhofer,	2015)	
Figure	6	-	Historical	development	of	Solar	PV	installations	

In	Figure	7	 on	 the	 following	page	 the	projected	 learning	 curve	 for	 solar	PV	under	 the	
assumption	that	the	current	trend	for	solar	PV	holds	is	shown.	In	the	figure,	the	learning	
curve	 for	 solar	 PV	 is	 assumed	 at	 16%	 (Naam,	How	Cheap	 Can	 Solar	 Get?	 Very	 Cheap	
Indeed,	2015).	
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(Naam,	How	Cheap	Can	Solar	Get?	Very	Cheap	Indeed,	2015)	
Figure	7	-	LCOE	of	Solar	PV	

4.3.2	DBS		
DBS	 is	 a	 technology	 that	 has	 gained	 an	 increasing	 attention	 recently	 due	 to	 its	
capabilities	of	stabilizing	and	securing	an	unreliable	energy	system	with	 lots	of	V-RES.	
The	learning	rate	for	lithium-ion	DBS-units	is	in	two	separate	studies	15%,	and	in	a	third	
study	 21%,	 shown	 in	 Figure	 8	on	 the	 following	 page	 (Naam,	 How	 Cheap	 Can	 Energy	
Storage	Get?	Pretty	Darn	Cheap,	2015).	Lithium-ion	battery	is	the	kind	of	battery	used	in	
most	 electrical	 vehicles	 and	 is	 starting	 to	 be	 used	 at	 grid	 scale	 and	 for	DBS	 e.g.	 Tesla	
Motors	 use	 lithium-ion	 batteries	 in	 their	DBS-solution	 Powerwall,	 and	 Sonnen	Batteri	
uses	lithium-ion	batteries	in	their	DBS-solutions.		

	
(Naam,	How	Cheap	Can	Energy	Storage	Get?	Pretty	Darn	Cheap,	2015)	
Figure	8	-	LCOE	of	Li-ion	battery	storage	

LCOE	Solar	PV	
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The	 financial	 advisory	 firm	 Lazard	 has	 also	 done	 research	 on	 the	 cost	 of	 DBS-	
technologies	and	compared	them	to	grid	electricity	alternatives.	The	conclusion	is	that	
the	 cost-competitiveness	of	 the	DBS	 is	not	 yet	 as	 good	as	described	by	 the	 renewable	
energy	 advocates.	 However,	 the	 price	 of	 the	 technology	 is	 expected	 to	 decline	 in	 the	
coming	 five	 years,	 which	 will	 increase	 the	 cost-competitiveness	 of	 DBS	 substantially	
(Lazard,	2015).	
	
Additional	benefits	of	DBS	
The	 full	 economic	 potential	 of	 DBS	 can	 however	 not	 be	 assessed	 through	 only	
calculating	the	LCOE.	Since	the	different	technologies	would	be	part	of	a	bigger	system,	
the	 economics	 of	 this	 entire	 system	 need	 to	 be	 evaluated.	 In	 the	 study	 E-storage	 -	
Shifting	 from	 cost	 to	 value	 (2016)	 the	 method	 of	 only	 using	 LCOE	 to	 calculate	 the	
economic	potential	of	different	solutions	is	criticized.	According	to	the	authors,	there	are	
several	additional	benefits	of	DBS	 that	can	be	utilized	 in	various	parts	of	 the	grid	 that	
need	to	be	included	in	the	evaluation	(Council,	2016).	Therefore,	only	when	shifting	DBS	
from	a	niche	level	to	a	regime	level	the	full	potential	can	be	realized.		
	
This	thinking	is	also	present	in	other	reports.	Many	of	the	utility	needs	described	in	the	
section	2.2.2	Stakeholder	needs	in	the	future	energy	system	from	MIT	(2015)	are	by	other	
sources	 described	 as	 possibilities	 to	 provide	 additional	 services	 and	 benefits.	 In	 the	
report	 “Characteristics	of	electrical	energy	storage	technologies	and	their	applications	in	
buildings”	 a	 number	 of	 benefits	 using	 DBS	 are	 identfied.	DBS-systems	 can	 be	 used	 to	
increase	 the	 efficiency	 of	 power	 systems	 since	 they	 can	 manage	 the	 mismatch	 of	
production	and	demand	when	using	renewable	energy	technologies	as	energy	sources.	
DBS	can	also	be	used	to	assist	with	improvements	of	grid	stability	and	reliability	since	
they	 in	 a	 flexible	 way	 can	 address	 fluctuations	 in	 consumption	 and	 generation.	
Furthermore,	the	DBS	can	increase	energy	security	and	quality	of	supply,	for	example	by	
ensuring	supply	in	case	of	a	power	failure	(Chatzivasileiadi,	Ampatzi,	&	Knight,	2013).	
	
In	 the	 Rocky	 Mountain	 Institute	 report	 “The	 Economics	 of	 Battery	 Energy	 Storage”	
(2015)	 services	 and	 values	 that	DBS	 installed	 behind	 the	meter	 can	 create	 to	 the	U.S.	
electricity	 stakeholders	 are	 identified.	 Vattenfall	 has	 also	 discussed	 the	 services	 and	
values	 internally.	 Below	 is	 a	 compilation	 of	 the	 different	 assessments	 of	 services	 that	
DBS	can	deliver,	divided	by	the	customer	services,	upstream	grid	services	and	ancillary	
services.		
	

• Customer	services:		
o Time-of-Use	 Bill	 Management	 –	 Use	 to	 reduce	 the	 electricity	 bill	 by	

minimizing	 electricity	 purchases	 when	 the	 time-of-use	 (TOU)	 rates	 are	
high	and	shift	the	purchases	to	periods	when	the	price	is	low.		

o Increased	PV	Self-Consumption	–	Use	to	maximize	the	financial	benefit	of	
solar	 PV	 in	 areas	 where	 the	 utility	 rate	 structures	 are	 unfavorable	 for	
distributed	PV	by	minimizing	the	export	electricity.		
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o Demand	 Charge	 Reduction	 –	 Use	 as	 backup	 power	 in	 the	 event	 of	 grid	
failure.	Can	be	used	in	ranges	from	second-to-second	power	for	industrial	
operation	to	daily	backup	for	residential	customers.		

o Backup	Power	-	Use	as	backup	power	in	the	event	of	grid	failure.	Can	be	
used	 in	 ranges	 from	 second-to-second	power	 for	 industrial	 operation	 to	
daily	backup	for	residential	customers.	

o Load	 shifting	 –	Use	 to	move	 electrical	 load	 from	 one	 part	 of	 the	 grid	 to	
another.	Load	shifting	is	used	during	peak	demand.	This	solution	result	in	
peak	demand	being	met	with	 fewer	blackouts,	 over-voltages	 and	under-
voltages.		
	

• Power	system	services:		
o Voltage	control	–	Use	to	maintain	voltage	on	transmission	and	distribution	

system	 to	 ensure	 reliability	 and	 continuous	 electricity	 flow	 across	 the	
power	grid.			

o Peak	shaving	-	Use	to	minimize	congestion	in	the	transmission	system	by	
discharging	DBS-units	during	congested	periods.	Can	also	be	relevant	for	
TSO.		

o Resource	 Adequacy	 –	 Can	 reduce	 or	 defer	 the	 need	 for	 new	 generation	
capacity	and	minimize	the	risk	of	overinvesting	in	one	area.		

o Distribution	Deferral	–	Can	delay,	reduce	or	entirely	avoid	investments	in	
distribution	systems	that	are	necessary	to	meet	projected	load	growth	of	
the	grid.	

o Frequency	 control	 –	 Increase	 grid	 stability	 by	 avoiding	 system-level	
frequency	spikes	or	dips	using	DBS	as	immediate	and	automatic	response	
to	a	change	in	system	frequency.		

o Synthetic	 inertia	 –	 Use	 as	 generation	 capacity	 to	 immediately/within	 a	
short	 period	 respond	 to	 unexpected	 contingency	 events,	 e.g.	 unplanned	
generation	outage.		

o Peak	generation	asset	–	Use	at	peak	demand	as	an	alternative	production	
source	 to	 avoid	 the	 need	 to	 turn	 on	more	 expensive	 production	 assets.	
Will	 reduce	 production	 cost	 since	 production	 from	 the	 most	 expensive	
production	sources	is	decreased.	

o Black	 Start	 –	 Use	 in	 the	 event	 of	 a	 grid	 outage	 to	 restore	 operation	 to	
larger	power	stations	in	order	to	bring	the	regional	grid	back	online.	

o Energy	Arbitrage	 –	 Purchase	 of	wholesale	 electricity	when	 the	 locations	
marginal	 price	 (LMP)	 of	 energy	 is	 low,	 and	 selling	 back	 to	 wholesale	
market	when	LMP	price	is	high.		

o Transmission	Deferral	-	Can	delay,	reduce	or	entirely	avoid	investments	in	
distribution	systems	that	are	necessary	to	meet	projected	load	growth	of	
the	grid.	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 43	

4.3.3	Demand	side	integration	
Demand	side	integration	is	defined	as	a	combination	of	the	two	activities	demand	side	
management	 and	 demand	 response.	 	 Demand	 side	management	 is	 an	 activity	 used	 to	
influence	 or	 remotely	 manage	 load,	 and	 demand	 response	 is	 an	 activity	 where	
consumers	 actively	 respond	 to	 requests	 in	 load	 changes.	 Demand	 side	 integration	
activities	 are	 used	 to	 achieve	 peak	 shaving	 and	 energy	 efficiency	 improvements	 by	
deferring	 investments	 and	 saving	 fuel	 costs.	 The	 activities	 can	 also	 contribute	 to	
improved	system	reliability,	environmental	benefits,	market	functioning	and	integration	
of	variable	renewables	(IEA,	2014).	
	
Demand	side	integration	can	be	used	in	many	different	load	types	used	for	residential,	
commercial	 and	 industrial	 sectors.	 The	 demand	 side	 integration	 processes	 has	 the	
ability	to	achieve	the	following:		
	

• Shift	 the	 time	 of	 use	 for	 applications	 and/or	 devices	 that	 have	 a	 low	 overall	
capacity,	e.g.	household	appliances	

• Adjust	 the	 set-point	 for	 devices	 with	 a	 high	 capacity	 factor	 but	 where	
consumption	can	be	adjusted	for	a	certain	amount	of	time,	e.g.	air-conditioning	

• Interrupt	the	electric	consumption	at	short	notice	at	a	pre-determined	price	and	
in	exceptional	circumstances,	mainly	used	for	large	energy	intensive	industries		

	
Demand	side	integration	is	in	most	countries	limited	to	large	consumers.	However,	with	
the	development	of	cost	efficient	and	reliable	IT-infrastructure	demand	side	integration	
capabilities	can	reach	larger	market	segments	in	a	more	sophisticated	way.	The	demand	
side	 integration	 systems	 are	distinguished	 for	 demand	 side	management	 and	demand	
response	 applications.	 The	 classifications	 are	 as	 follows	 and	 can	 be	 seen	 in	 Figure	 9	
below:		
	

• Demand	 response	 systems	 (reactive	 programs):	 The	 reactive	 programs	 rely	 on	
the	 customers	 voluntary	 responses	 to	 various	 signals	 communicated	 to	 them.	
The	 most	 common	 signals	 are	 price,	 but	 environmental	 and	 neighborhood-
comparable	data	may	become	useful	in	the	future.	The	reactive	programs	can	be	
divided	 into	 wholesale	 and	 retail	 programs	 were	 the	 wholesale	 programs	 are	
administrated	by	system	operators	and	retail	programs	present	customers	with	
time-varying	retail	prices.		

• Demand	 side	management	 systems	 (dispatchable	 programs):	 The	 dispatchable	
programs	 allow	 the	 grid	 operators	 or	 a	 third	 party	 aggregator	 to	 control	 load	
responses.	The	customers	are	often	offered	an	incentive	to	participate.		
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(IEA,	2014)	
Figure	9	-	Demand	side	integration	programs	classification	

4.3.4	P2H	
P2H	is	a	thermal	energy	storage	system	designed	to	store	energy	in	water	accumulators	
when	production	 exceeds	demand	 and	made	 available	when	 the	user	 requests	 it.	 The	
system	 is	 used	 to	match	 energy	 supply	 and	demand,	 and	 can	be	 integrated	with	both	
central	and	decentralized	V-RES.	The	cost	of	distributed	P2H-solutions	is	mainly	the	cost	
for	the	accumulator,	which	is	minimal	compared	to	other	storage	solutions.			
	
P2H	 affects	 the	 use	 of	 electricity	 since	 the	 electricity	 used	 for	 producing	 heat,	 e.g.	
through	 heat	 pumps,	 can	 be	 shifted	 to	 times	when	 there	 is	 a	 high	 supply	 of	 variable	
renewable	 energy	 sources	 or	 low	 electricity	 prices.	 The	 market	 for	 distributed	 P2H-
solutions	 is	 therefore	 limited	 to	 the	 households	 that	 use	 electricity	 for	 heating.	 Other	
customers	will	not	have	the	 incentive	of	 lowering	the	electricity	bill	by	 installing	P2H-	
solutions	(IEA-ETSAP & IRENA, 2013).	

4.4	Regulations	
Regulations	have	the	ability	to	quickly	change	the	conditions	on	the	market	and	change	
the	benefits	associated	with	the	different	technologies.	When	it	comes	to	DBS-solutions	
and	the	enabling	technologies	for	DBS,	regulations	have	played	a	role	as	both	a	salient	
and	 a	 reverse	 salient.	 Different	 aspects	 of	 the	 regulatory	 framework	 is	 favoring	 DBS	
while	other	aspects	is	inhibiting	the	technology	to	reach	the	full	potential.	

4.4.1	Regulations	as	a	salient	
One	of	the	main	regulations	used	in	the	German	market	to	increase	the	share	of	V-RES	is	
the	 introduction	 of	 Feed-in	 Tariff-contracts	 (FiT)	 for	 installations	 of	 distributed	 solar	
PV-plants.	The	FiT-contracts	stipulate	a	price	at	which	the	prosumers	will	be	able	to	sell	
their	produced	solar	energy	to	the	grid.	The	FiT-levels	have	decreased	gradually	as	can	
be	seen	in	Figure	10	below	and	its	effect	on	the	solar	PV	rollout	has	therefore	decreased	
(Fraunhofer,	2015).	
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(Fraunhofer,	2015)	
Figure	10	-	Historical	development	of	FiT-levels	

The	FiT-contracts	are	written	on	a	20-year	basis	and	the	current	FiT-levels	are	therefore	
only	 relevant	 for	 all	 new	 installations.	 The	 FiT-contracts	 were	 first	 introduced	 in	 the	
German	system	in	early	21st	century.	When	the	contracts	were	introduced	the	FiT-levels	
were	much	higher	than	the	grid	electricity	price.	This	meant	there	was	a	big	opportunity	
to	make	a	profit	through	installing	a	PV	power	plant	since	the	power	was	sold	to	the	grid	
for	a	higher	price	than	the	cost	of	consuming	power	from	the	grid.	This	was	what	caused	
the	 large	 amount	 of	 solar	 PV	 installations	 in	 2009-2012	 that	 can	 be	 seen	 in	 Figure	6	
above.	 The	 figure	 also	 shows	 the	 decrease	 in	 installation	 rate	 after	 2012	 as	 the	 FiT	
decreased	(Fraunhofer,	2015).	
	
Since	the	FiT-contacts	are	valid	for	20	years	the	existing	installations	of	solar	PV	will	not	
be	affected	when	a	change	in	regulations	occur	until	the	contracts	end.	However,	during	
2029-2032,	when	the	first	big	wave	of	FiT-contracts	expires,	the	effect	of	the	regulatory	
changes	will	be	noticeable	on	current	installations.	The	potential	for	DBS	among	existing	
solar	 PV-plants	 is	 very	 limited	 as	 the	 FiT-levels	 that	 make	 it	 more	 profitable	 for	 the	
owners	 to	 sell	 the	 electricity	 to	 the	 grid	 than	 to	 increase	 their	 self-consumption.	 In	 a	
study	made	by	Germany	Trade	&	Invest	(2015),	the	potential	for	retrofit	installations	of	
DBS,	 i.e.	 the	 potential	 of	 installations	 of	 DBS-	 solutions	 on	 already	 existing	 solar	 PV	
plants,	 is	assessed.	This	shows	a	growing	potential	 for	retrofit	 installations	after	2029,	
which	is	illustrated	in	Figure	11	below.	
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(Germany	Trade	&	Invest,	2015)	
Figure	11	-	Potential	of	retrofit	installations	

4.4.2	Regulations	as	a	reverse	salient		
The	Rocky	Mountain	Institute	(2015)	have	examined	what	regulations	exist	that	prevent	
DBS-systems	from	growing	in	popularity	and	how	these	should	be	changed	to	maximize	
the	 value	 of	 DBS,	 both	 as	 a	 single	 unit	 and	 especially	 as	 an	 aggregated	 fleet	 of	 DBS-
system	units.	The	examined	market	 is	USA,	but	 the	challenges	are	also	present	on	 the	
German	market.	 The	 reverse	 salients	 from	 a	 regulatory	 point	 of	 view	 that	 have	 been	
identified	in	the	study	are:	
	

• Rules	 and	 regulations	 that	 creates	 an	 equal	 playing	 field	 for	 behind-the-meter	
DBS	and	large	central	generators	need	to	be	further	developed	and	implemented		

• Regulatory	 restrictions	 make	 it	 difficult	 or	 impossible	 for	 a	 utility	 to	 collect	
revenue	 from		 a	 behind-the-meter	 DBS-asset	 that	 provides	 value	 to	 multiple	
stakeholder	groups		

• Most	electricity	markets	compensate	ancillary	service	providers	using	a	formula	
that	accounts	for	the	marginal	cost	of	generation	and	opportunity	costs	from	not	
participating	in	the	wholesale	energy	market	

• Regulations	regarding	load	following	are	currently	misaligned	
• Regulatory	uncertainty	is	limiting	DBS-potential	
• 	Currently,	no	standard	market	mechanism	exists	for	behind-the-meter	assets	to	

collect	revenue	for	load	management	
• Widespread	 DBS-participation	 in	 electricity	markets	will	 dramatically	 alter	 the	

markets	themselves	under	current	market	design	
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It	 is	 therefore	 very	 important	 to	 find	 solutions	 to	 overcome	 these	 reverse	 salients	 in	
order	 to	maximize	 the	potential	 of	DBS.	Another	 future	 challenge	 that	 is	discussed	by	
Rocky	Mountain	Institute	(2015)	is	the	change	in	market	dynamics	as	DBS-solutions	are	
becoming	 more	 usual	 and	 the	 self-consumption	 increases,	 leading	 to	 less	 electricity	
being	 transported	 on	 the	 grid.	 This	 is	 referred	 to	 as	 the	 “utility	 death	 spiral”	 and	 is	
described	as	what	happens	when	the	profits	 for	 the	utilities	are	decreasing	due	 to	 the	
grid	fees	being	distributed	among	less	transported	kWh.	This	 leads	to	more	 incentives	
for	using	DBS-solutions	 that	decreases	 the	grid	dependency	 further.	This	development	
can	be	seen	in	Figure	12	below.	

	 	
(Rocky	Mountain	Institute,	2015)	
Figure	12	–Decrease	in	electricity	transported	on	the	grid	

4.4.3	Electricity	grid	trajectories		
In	 the	 Rocky	Mountain	 Institute-report	 “The	Economics	of	Load	Defection”	(2015)	 two	
possible	trajectories	 for	electricity	grid	evolution	are	discussed	as	an	outcome	of	what	
decisions	 are	 made	 today	 regarding	 pricing	 structures,	 business	 models	 and	 the	
regulatory	environment.	The	report	states	that	solar	PV	and	DBS	play	an	important	role	
in	the	future	electricity	grid	but	that	the	decisions	made	today	will	lead	to	very	different	
outcomes.	One	path	leads	to	an	integrated	grid	and	the	other	leads	to	grid	defection,	see	
Figure	13	below.		
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(Rocky	Mountain	Institute,	2015)	
Figure	13	-	Possible	trajectories	of	the	electricity	grid	development	

The	path	 chosen	will	 highly	 influence	 the	 future	 decisions	 and	 changes	 in	 accordance	
with	 the	 theory	 of	 path	 dependence	 (Arthur,	 1994).	 The	 future	 development	 will	
continue	 from	 the	 chosen	 path	 through	 the	 factors	 of	 high	 transaction	 costs	 and	 high	
fixed	 costs.	 The	 dynamic	 factors	 of	 learning	 by	 doing	 and	 self-fulfilling	 prophecy	will	
also	cause	path	dependency. The	path	of	integrated	grid	is	based	on	pricing	structures,	
business	models	and	a	regulatory	environment	that	support	and	value	the	integration	of	
solar	 PV	 and	 DBS-systems	 to	 the	 grid.	 Choosing	 this	 path	 will	 lead	 to	 an	 efficient	
deployment	 of	 capital	 and	 physical	 assets	 as	 the	 grid	 and	 the	 customer	 side	 work	
together.	The	path	of	grid	defection	involves	pricing	structures,	business	models	and	a	
regulatory	environment	that	does	not	support	and	value	the	integration	of	solar	PV	and	
DBS-systems	 to	 the	 grid.	 The	 effects	 of	 choosing	 this	 path	 is	 that	 the	 grid	 and	 the	
customer	side	resources	are	overbuilt	and	underutilized	which	leads	to	excess	capital	on	
both	sides	of	the	meter.	The	outcomes	of	the	pathways	are	not	definite	and	there	is	some	
room	to	navigate	between	the	pathways.	However,	the	decisions	made	today	will	affect	
which	path	is	chosen	and	from	which	it	will	be	more	difficult	to	change	pathway	in	the	
future	 (Bronski,	 o.a.,	 2015).	 The	 path	 that	 has	 been	 assessed	 in	 this	 thesis	 is	 the	
integrated	 trajectory.	 In	 interviews,	 all	 experts	have	been	united	 in	 the	belief	 that	 the	
trajectory	 of	 grid	 defection	 is	 not	 a	 probable	 future	 and	 this	 has	 therefore	 not	 been	
assessed	 further	 (Maguire, 2016) (Krebs, 2016) (Nordlander, 2016)	 (Söder, 2016) 
(Sandberg, 2016). 
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5.	Results	and	discussion	
	

This	 chapter	 presents	 the	 empirical	 findings	 together	with	 an	analysis	 of	 collected	 data.	
The	 results	 will	 be	 discussed	 directly	 after	 they	 are	 presented	 in	 this	 section	 and	 are	
presented	in	the	same	order	as	the	research	questions.	Sub-question	one	will	be	answered	
in	section	5.1.	The	results	related	to	sub-question	two	will	be	presented	in	section	5.2-5.6,	
and	in	section	5.7	the	results	related	to	sub-question	three	will	be	presented.		
	

5.1	Assessment	of	future	needs	and	technologies		
In	the	MIT	report	“Utility	of	the	future”	(2015),	a	list	of	different	stakeholder	needs	were	
identified	 and	 mapped	 with	 the	 ability	 of	 different	 technologies	 to	 meet	 them.	 The	
mapping	 of	 needs	 and	 technologies	 has	 been	 modified	 through	 expert	 interviews	
(Nordlander,	 2016)	 (Levihn,	 2016)	 (Krebs,	 2016).	 The	 technologies	 that	 have	 been	
assessed	 are	 solar	 PV,	DBS,	 P2H,	 demand	 side	 integration	 and	 a	 non-distributed	peak	
solution.	The	chosen	technologies	have	been	included	in	the	report	since	they	have	been	
identified	as	likely	components	of	the	future	energy	system	in	Germany	due	to	technical	
and	market	oriented	factors.	 In	Table	1	below	the	mapping	against	the	end-consumers	
needs	 are	 shown,	 and	 in	 Table	 2,	 shown	 on	 the	 following	 page,	 the	 mapping	 against	
utility	needs	are	shown.		
	
PV	is	includes	in	the	table	to	show	what	needs	PV	meet,	as	it	is	the	V-RES	deemed	most	
beneficial	for	distributed	generation.	By	combining	PV	with	other	technologies,	further	
needs	 can	 be	 met.	 The	 systems	 of	 technologies	 identified	 as	 beneficial	 enough	 have	
thereafter	 been	 analyzed	 in	 terms	 of	 economic	 potential	 as	 they	 are	 the	 identified	
systems	of	technologies	competing	with	DBS.	

	
Table	1	-	End-consumer	needs	in	the	energy	system	and	how	technologies	meet	the	needs	 	
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Table	2	-	Utility	needs	in	the	energy	system	and	how	technologies	meet	the	needs	

Following	 is	a	more	detailed	description	of	 the	different	 technologies	and	their	role	 in	
the	future	energy	system.		

5.1.1	Solar	PV		
Solar	PV	 is,	as	described	 in	 the	previous	chapters,	a	 technology	that	has	been	growing	
fast	in	Germany	in	the	last	years	and	will	be	an	important	technology	to	reach	the	goals	
set	 in	 the	Energiewende.	The	targets	set	by	the	German	government	 is	 to	 increase	the	
use	of	solar	PV	from	todays	37	GW	to	200	GW	in	2050.	Since	it	has	a	low-medium	price,	
it	is	a	good	technology	to	use	to	the	maximum	of	its	ability	(Fraunhofer,	2015).	
	
As	 seen	 in	 Table	 1	 on	 the	 previous	 page,	 solar	 PV	 meets	 the	 majority	 of	 the	 end-
consumer	needs.	However	the	parameters	reliability,	control	and	mobility	are	not	met.	A	
solution	of	only	PV,	disconnected	from	the	grid	would	not	be	a	viable	solution	but	would	
need	to	be	complemented	with	other	technologies	to	secure	that	all	the	needs	are	met.	
When	analyzing	the	utility	needs	that	solar	PV	meet,	the	most	basic	needs	are	met	while	
other	needs	are	not	met,	which	concludes	that	a	PV	solution	need	to	be	complemented	
also	from	a	utility	perspective.	
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5.1.2	DBS		
DBS	meet	a	 lot	of	 important	needs	both	from	the	customer	and	the	utility	perspective.	
Since	 it	cannot	produce	energy	but	store	 it,	a	connection	to	a	power	source	 is	needed.	
Since	 it	provides	 reliability,	 control	and	mobility,	 it	 is	a	good	complement	 to	 solar	PV.	
The	DBS-units	could	also	be	connected	to	the	grid,	which	would	limit	the	benefits	for	the	
end-consumers.	 The	 medium-high	 price	 of	 DBS	 is	 still	 a	 reverse	 salient	 of	 this	
technology	 and	 inhibits	 the	 profitability.	 Therefore,	 it	 should	 be	 used	 as	 a	 technology	
that	can	assist	cheaper	technologies,	such	as	PV.		

5.1.3	Demand	side	integration	
Demand	side	integration	is	a	tool	that	would	be	able	to	have	some	impact	on	the	energy	
market	since	it	offers	support	for	some	of	the	needs	both	the	utilities	and	the	customers	
have.	 However,	 after	 discussing	 the	 technology	 with	 industry	 experts	 the	 effects	 are	
deemed	to	be	quite	limited.	The	demand-response	solution	requires	active	participation	
from	the	end-consumers,	who	in	return	receive	a	small	economic	benefit.	The	economic	
benefit	is	very	small	for	each	household	whereby	the	willingness	to	active	participation	
is	 low.	 Therefore,	 the	 possibility	 would	 be	 through	 demand	 side	 management	
(Nordlander,	2016).	This	opportunity	has	however	also	been	deemed	to	have	too	little	
impact	since	it	can	only	reduce	peak	demand	and	can	not	be	used	to	receive	extra	supply	
when	this	 is	 too	 low.	It	cannot	offer	the	same	solutions	to	customer	demands	as	other	
solutions	 and	 technologies,	 and	 will	 therefore	 not	 be	 assessed	 with	 regards	 to	 its	
economic	potential.		

5.1.4	Distributed	P2H		
P2H	is	another	storage	technology	that	through	the	simplicity	of	the	technology	is	very	
cheap.	 The	main	 inhibitor	 of	 the	 success	 of	 P2H	 is	 that	 only	 heat	 can	 be	 stored.	 This	
means	that	it	can	only	be	used	as	a	solution	for	flexibility	in	the	electrical	systems	in	the	
households	 that	 are	 heated	 through	 a	 heat	 pump.	 The	 current	 share	 of	 German	
households	heated	by	heat	pumps	is	approximately	20%	(Federal	Ministry	for	Economic	
Affairs	and	Energy,	2015).	The	share	of	the	electricity	consumption	is	also	quite	limited	
and	is	around	20%.	These	factors	strongly	limit	the	possibility	of	having	an	effect	on	the	
energy	system	through	distributed	P2H	(Ruehle,	2016).	The	share	of	households	using	a	
heat	 pump	 has	 been	 decreasing	 since	 2010,	 caused	 by	 an	 increasing	 share	 of	 district	
heating	 (Federal	Ministry	 for	Economic	Affairs	 and	Energy,	 2015).	This	 show	 that	 the	
future	 potential	 of	 having	 an	 impact	 through	 distributed	 P2H	 will	 not	 increase	 to	 a	
significant	level	in	the	coming	years.	Based	on	the	factors	presented	above,	distributed	
P2H	will	not	be	assessed	with	regards	to	its	economic	potential.		

5.1.5	Non-distributed	peak	solution	
The	 non-distributed	 peak	 solution	 represents	 all	 storage	 opportunities	 that	 are	 not	
distributed.	 The	mapping	 of	 the	 non-distributed	 peak	 solution	 has	 been	 verified	with	
employees	at	Vattenfall.	The	solution	could	either	be	centralized	storage,	gas	burners	or	
other	 peak	 solutions	 used	 at	 a	 centralized	 level	 of	 the	 grid.	 This	 solution	will	 not	 be	
assessed	 as	 having	 a	 certain	price	 but	 its	 costs	 are	 assumed	 to	be	present	 in	 the	 grid	
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electricity	 price.	 Thereby,	 all	 central	 storage	 opportunities	 are	 being	 analyzed	 in	 the	
report	indirectly.		

5.1.6	Systems	of	Technologies	for	economic	potential	comparison	
The	systems	 that	will	be	assessed	 further	due	 to	 its	potential	and	probability	of	being	
able	to	meet	the	customer	needs	are:	
	

• PV	connected	to	the	grid	without	storage	
• PV	connected	to	the	grid	with	DBS	
• Grid	electricity	

	
These	 systems	 were	 chosen	 since	 the	 solar	 PV	 is	 both	 very	 affordable	 and	 a	 very	
probable	technology	to	include	in	the	future	energy	system	while	the	DBS-solution	offer	
a	complement	 to	meet	 the	needs	not	met	by	PV	alone.	When	the	PV	solution	does	not	
have	any	DBS	connected	to	it,	 the	same	flexibility	solutions	as	discussed	above	in	5.1.4	
Non-distributed	peak	solution	will	 be	used.	 This	 is	 also	 the	 flexibility-solution	used	 for	
the	consumers	only	connected	to	the	grid	and	not	having	any	PV	or	DBS	installed.	The	
solution	with	PV	and	storage	defected	from	the	grid	will	not	be	assessed	further	as	has	
been	discussed	previously	in	the	thesis.	

5.2	Current	Economic	Potential	for	Different	Solutions			
The	different	solutions	that	were	selected	and	described	in	5.1.6	have	been	calculated	in	
terms	of	an	annual	cost	 for	an	average	German	household	as	can	be	seen	 in	Figure	14	
below.	The	inputs	used	for	the	calculations	are	presented	in	section	5.2.1	Assumptions.		
	

	
Figure	14	-	Annual	electricity	cost	in	€	for	an	average	German	household	in	2016	
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As	 seen	 in	Figure	14,	 the	most	 profitable	 technology	 to	 use	under	 current	 regulations	
and	 technological	 development	 is	 PV	 without	 any	 storage.	 The	 annual	 cost	 for	 a	
household	 having	 a	 PV-solution	 without	 storage	 is	 1007	 €	 compared	 to	 1262	 €	 for	
conventional	 electricity	 and	 1358	€	 for	 a	 PV-solution	with	 a	DBS-unit.	 A	 contributing	
factor	to	the	profitability	of	the	solutions	that	uses	PV	is	the	FiT,	which	ensures	a	price	of	
over	12	€cts/kWh	of	electricity	sold	back	to	the	grid.	If	these	were	to	be	removed	and	
the	prosumers	instead	would	sell	the	PV	power	to	the	wholesale	price,	the	profitability	
of	the	solutions	would	be	rather	different.	Electricity	of	the	grid	would	thereby	become	
the	most	 profitable	 solution,	 showing	 the	 big	 impact	 of	 regulatory	 decisions	 and	 how	
decisions	on	the	landscape	level	affect	the	regime	level.		

5.2.1	Assumptions	
All	solutions	are	connected	to	the	grid	and	general	inputs	regarding	the	electricity	price,	
its	 components	 (Federal	Ministry	 for	Economic	Affairs	and	Energy,	2015),	 the	 current	
regulations	 (Fraunhofer,	 2015)	 and	 the	 current	 consumption	were	 needed.	 These	 are	
presented	in	Table	3	below.	
	
Input	 Value	

Utility	sales	price	of	electricity		 6	€cts/kWh	

Grid	fee		 7	€cts/kWh	

Taxes	&	Surcharges		 16	€cts/kWh	

Annual	consumption		 4	400	kWh	

FiT		 12.31	€cts/kWh	
Table	3	-	General	inputs	

The	specific	inputs	needed	for	calculations	of	the	different	technologies	are	presented	in	
Table	4	below.	
	
Input	 PV	 DBS	

Investment	cost	(€)	 7500	 6000	

Installation	cost	(€)	 0	 800	

Operational	cost	(€/year)	 60	 0	

Fuel	cost	(€/year)		 0	 0	

Expected	lifetime	(years)	 25	 13	

Annual	energy	supply	(kWh)	 5250	 3300	

Discount	rate	 3%	 3%	

Enabled	self-consumption	 30%	 75%	

System	size	 5	kW	 6.4	kWh	
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Table	4	-	Technology-specific	inputs	

The	 discount	 rate	 used	 and	 the	 operational	 cost	 for	 different	 technologies	 are	
estimations	made	since	the	values	differ	between	sources.	The	discount	rate	is	set	at	3%	
which	 is	 an	 estimate	 based	 on	 the	 current	 interest	 rates	 and	 alternative	 investment	
opportunities.	3%	interest	rate	is	a	suitable	estimation	for	a	B2C-investment	(Maguire,	
2016).	The	values	for	PV	investment	cost,	lifetime	expectancy	and	annual	energy	supply	
have	 been	 collected	 from	 the	 Fraunhofer-study	 Levelized	 cost	 of	 electricity	 renewable	
energies	 where	 central	 Germany	 was	 the	 selected	 geography	 that	 values	 have	 been	
collected	from.	The	size	of	the	PV	system	was	selected	to	be	able	to	gain	all	the	benefits	
offered	 to	 small-scale	 PV-owners.	 The	 DBS-unit	 used	 in	 the	 comparison	 is	 the	 Tesla	
Powerwall,	which	will	be	introduced	in	Europe	during	the	spring	2016.		
	
Previous	 studies	 have	 identified	 that	 a	 household	 with	 an	 installed	 PV-system	 can	
achieve	a	self-consumption	of	30%	and	if	storages	are	introduced,	this	figure	can	rise	to	
70%	(Deutsch	&	Graichen,	2015).	However,	after	discussing	these	figures	with	experts,	
and	researching	specifications	of	retailers	of	PV+DBS	solution,	a	self-consumption	rate	
with	storages	of	75%	was	chosen	(Gerhard,	2016)	(Maguire,	2016).	

5.2.2	Payback-time	
To	further	investigate	the	profitability	of	investing	in	a	PV+DBS-solution,	a	calculation	of	
payback-time	 has	 been	made.	 The	 investment	 cost	 assessed	 is	 for	 a	 PV+DBS-solution	
according	 to	 the	 specifications	 in	Table	4.	The	 investment	 cost	 is	presented	 in	Table	5	
below.	The	timeframe	to	compare	the	Payback-time	to	is	13	years,	the	expected	lifetime	
of	 the	 DBS-unit	 (Gerhard,	 2016).	 The	 annual	 savings	 enabled	 by	 the	 investment	
composes	of	the	income	from	sold	PV	electricity	and	the	grid	electricity	avoided	through	
self-consumption	have	been	calculated	and	are	 shown	 in	Table	6.	The	 calculations	are	
performed	according	to	Equation	2	below.	
	

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑡𝑖𝑚𝑒 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 	

Equation	2	-	Calculation	of	payback-time	of	investment	

Cost	parameter	 Value	

Cost	for	PV-system	 7	500	€	

Cost	for	DBS-unit	 6	000	€	

Installation	cost	 800	€	

Total	investment	cost	 14	300	€	
Table	5	-	Cost	parameters	for	payback-calculations	
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Savings	parameter	 Value	

Income	from	sold	PV-electricity	 147	€	

Value	of	avoided	grid	electricity	 911	€	

Total	savings	 1	058	€	
Table	6	-	Savings	parameters	for	payback-calculations	

This	 results	 in	 a	 payback-time	 of	 13.5	 years,	 meaning	 that	 the	 investment	 under	 the	
current	circumstances	will	be	not	be	paid	back	before	the	expected	lifetime	of	the	DBS-
unit	(13	years).	

5.3	Drivers	for	future	demand	of	DBS		
The	drivers	for	the	future	demand	of	DBS	have	been	identified	through	interviews	with	
industry	experts	and	divided	into	macro-drivers	and	customer-based	drivers	as	can	be	
seen	in	Figure	15	below.		The	drives	are	explained	and	discussed	in	more	detail	below.		
	

	
Figure	15	-	Main	drivers	of	the	demand	for	DBS	

5.3.1	Macro	drivers		
The	macro	drivers	are	the	factors	mostly	affecting	the	wholesale	price	and	are	the	most	
important	drivers	 since	 they	are	 the	 fundament	of	 the	 transformation.	These	will	 to	a	
high	extent	also	affect	the	customer-based	drivers,	presented	in	the	following	section.		
	

• Regulations	are	one	of	the	main	drivers	behind	the	current	development	of	DBS	
on	 the	 energy	market.	 The	 regulations	 affect	 the	 transformation	 of	 the	 energy	
market	 on	 the	 landscape,	 regime	 as	 well	 as	 the	 niche	 level.	 Favorable	 or	
unfavorable	 regulations	will	 have	 an	 enormous	 impact	 on	 the	demand	 for	DBS	
and	on	the	entire	market	dynamics.	One	example	of	the	impact	of	the	regulations	
is	the	impact	of	FiT	on	the	profitability	of	PV+DBS	vs.	PV,	where	a	lower	FiT	will	
increase	the	profitability	of	the	solution	including	DBS.	

• Technical	development	is	the	other	main	driver	that	will	determine	the	potential	
for	DBS.	The	technical	development	both	affects	the	price	of	 the	technology	but	
also	how	it	can	be	incorporated	in	different	parts	of	the	energy	system	
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• Economic	 growth	 will	 affect	 the	 purchasing	 power	 of	 consumers	 but	 is	 not	
specific	 for	 different	 solutions	 and	 will	 therefore	 not	 affect	 the	 potential	 in	 a	
noticeable	way	

• Fuel	prices	are	affecting	the	potential	for	DBS	since	it	is	one	of	the	main	drivers	of	
the	 price	 of	 grid	 electricity.	 The	 higher	 the	 grid	 electricity	 price	 becomes,	 the	
larger	 the	 probability	 is	 for	 any	 competing	 solution	 becoming	more	 profitable,	
including	DBS	

• Enabling	 and	 competing	 technologies	 is	 to	 a	 large	 extent	 determining	 the	
profitability	 of	 DBS	 through	 the	 technological	 and	 price	 development	 of	 other	
technologies.	If	the	development	of	the	competing	technologies	is	faster	than	for	
DBS,	 the	 potential	 is	 decreased,	 while	 a	 quick	 development	 of	 enabling	
technologies	benefits	DBS	

5.3.2	Customer-based	drivers		
The	 customer-based	 drivers	 are	 the	 main	 factors	 affecting	 the	 retail	 market.	 These	
drivers	are	 in	many	cases	affected	by	the	macro-drivers	but	bring	more	clarity	 in	how	
the	customers	make	decisions.	

• Environmental	 awareness	 and	 behavior:	 The	 customers’	 values	 and	
environmental	concerns	will	drive	an	increase	in	V-RES	and	storage.	The	current	
transformation	 of	 the	 power	 market	 is	 highly	 influenced	 by	 increased	
environmental	awareness	

• Customer	priorities:	Is	linked	to	the	consumer	needs	presented	earlier.	Whether	
the	customers	prioritize	control	and	independence	or	reliability	and	convenience	
will	affect	the	future	roll	of	DBS	in	the	energy	system.	The	business	models	from	
utilities	need	to	reflect	these	priorities	

• Price	variability:	A	high	variability	of	electricity	prices	will	increase	the	demand	
for	a	flexible	energy	use	and	storage	solutions	since	it	will	enable	larger	savings	
potential.	 This	 is	 however	 not	 important	 in	 Germany	 under	 the	 current	
regulations	since	the	price	does	not	vary	during	the	day	for	end-consumers	

• Socket	 price:	 High	 electricity	 prices	 will	 increase	 the	 probability	 of	 customers	
demanding	new	solutions.	The	set-up	of	the	price	in	terms	of	variable	and	fixed	
shares	of	grid	fees	will	also	have	an	effect	on	the	demand	for	DBS	

• Public	 perception	 of	 big	 utilities:	 A	 negative	 perception	 of	 the	 big	 utility	
companies	will	 affect	 the	 demand	 for	 a	 change	 in	 the	 energy	market	 and	 new	
actors	 will	 be	 able	 to	 enter	 more	 easily.	 A	 decentralization	 of	 the	 electricity	
market	is	also	more	probable	with	a	bad	perception	of	big	utilities	

5.3.3	Salients	and	reverse	salients		
To	understand	how	DBS	can	be	deployed	and	move	from	the	niche	level	to	the	regime	
level	 the	 salients	and	 reverse	 salients	have	been	 identified.	The	 salients	will	drive	 the	
demand	for	DBS	and	the	reverse	salient	will	need	to	be	removed.	The	two	main	salients	
identified	are	The	high	share	of	residential	solar	and	The	drive	of	shifting	to	a	low-carbon	
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economy.	 The	 two	 main	 reverse	 salients	 identified	 are	 Regulations	 and	 Technical	
development.		
	
The	high	share	of	residential	solar	is	linked	to	the	macro-driver	Enabling	and	competing	
technologies	as	residential	solar	PV	is	seen	as	an	enabling	technology.	The	high	share	of	
residential	solar	PV	indicates	that	the	market	is	moving	towards	distributed	generation,	
which	is	a	necessity	for	the	demand	for	distributed	storages	to	increase	(Bharatkumar,	
o.a.,	2013).		
	
The	salient	of	shifting	to	a	low	carbon	economy	is	linked	to	the	two	drivers	Regulations	
and	Environmental	awareness	and	behavior.	The	macro-driver	Regulations	is	in	this	case	
seen	 as	 a	 salient	 since	 the	 government	 has	 implemented	 policies	 that	 on	 a	 landscape	
level	 are	 supportive	 of	 the	 change	 to	 a	 low	 carbon	 economy.	 This	 is	 mainly	 shown	
through	the	Energiewende-initiative,	which	is	supported	by	all	political	parties	and	the	
majority	 of	 the	 German	 population	 (Krebs,	 2016).	 The	 customer-based	 driver	
Environmental	awareness	and	behavior	is	seen	as	a	salient	since	the	German	population	
has	 remained	 in	 favor	of	 the	Energiewende-initiative	despite	high,	 and	years	of	 rising	
electricity	prices	(Thalman	&	Ellen,	2016).	
	
The	driver	Regulations	 is	also	seen	as	a	reverse	salient	for	DBS.	The	current	initiatives,	
like	the	Energiewende,	put	pressure	from	the	landscape	level	on	new	innovations	within	
the	technological	niches.	As	technological	innovations	emerge	from	these	initiatives	the	
regulatory	institutions	need	to	update	the	regulations	as	well	to	fully	be	able	to	capture	
the	potential	of	 the	solutions	on	a	regime	 level	 (Bharatkumar,	o.a.,	2013).	The	current	
regulations	are	 identified	as	a	 reverse	 salient	 for	DBS	as	 they	 inhibit	 the	utilization	of	
various	 needs	 that	 would	 make	 them	 more	 profitable	 (Fitzgerald,	 Mandel,	 Morris,	 &	
Touati,	2015).	
	
The	 driver	Technical	 development	 is	 identified	 as	 a	 reverse	 salient	 since	 the	 DBS	will	
need	 to	 become	 cheaper	 for	 the	 demand	 for	 DBS	 to	 increase	 (Naam,	How	Cheap	 Can	
Energy	Storage	Get?	Pretty	Darn	Cheap,	2015).	The	 technical	development	of	 the	DBS	
will	occur	on	the	niche	level	and	can	be	predicted	by	the	learning	curve	for	the	DBS.	The	
DBS	are	predicted	to	be	able	to	decrease	drastically	in	price,	however	the	time	frame	for	
such	a	decrease	is	more	uncertain	(Maguire,	2016).	

5.4	Future	economic	potential	for	different	solutions			
The	 future	 economic	 potential	 for	 the	 different	 solutions	 have	 been	 calculated	 by	
altering	 the	 different	 parameters	 affecting	 the	 results	 into	 three	 different	 scenarios,	 a	
worst	case,	a	best	case	and	a	probable	case.	The	parameters	used	for	the	electricity	price	
components	 have	 been	 gathered	 from	 Vattenfall.	 Vattenfall	 have	 created	 different	
projections	for	the	future	electricity	price	based	on	different	circumstances.	Remaining	
parameters	have	been	gathered	from	previous	literature	and	interviews.		
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All	 three	 scenarios	 are	 designed	 to	 show	 a	 probable	 development	 for	 the	 different	
solutions,	 meaning	 that	 the	 factors	 within	 each	 scenario	 have	 been	 developed	
interdependently.	 The	 dominating	 parameter	 for	 the	 scenarios	 is	 the	 technological	
development	 of	 DBS	 and	 PV,	 and	 the	 implications	 this	 has	 on	 other	 parameters	 is	
therefore	the	basis	of	how	other	parameters	are	chosen.	By	including	these	scenarios,	a	
range	of	the	probable	development	for	the	different	solutions	can	be	presented,	which	
the	 actual	 result	 most	 likely	 will	 be	 within.	 Below,	 the	 three	 different	 scenarios	 are	
described	followed	by	the	results	of	the	simulations	in	each	scenario	and	a	specification	
of	the	inputs	for	each	scenario.		

5.4.1	Best-case	scenario	
The	best-case	 scenario	 is	designed	 to	 show	 the	probable	development	of	 the	different	
solutions	 if	 there	 is	 a	 fast	 technological	 development	 of	 solar	 PV	 and	 DBS.	 The	 fast	
technological	development	would	lead	to	heavily	decreasing	LCOE	of	both	solar	PV	and	
DBS.	 This	 would	 cause	 an	 increase	 in	 the	 deployment	 of	 the	 technologies,	 which	
distributes	 a	 large	 share	 of	 the	 electricity	 generation.	 The	 decentralization	 leads	 to	
diminishing	returns	for	the	grid	operators	which	forces	them	to	increase	the	fixed	share	
of	 the	grid	 fees,	as	described	by	 the	utility	death	spiral.	However,	as	stated	above,	 the	
path	of	grid	defection	is	not	a	probable	path	in	Germany	whereby	the	utility	death	spiral	
is	probable	to	not	continue	further.		
	
The	 components	 of	 the	 electricity	 price	 are	 in	 this	 scenario	 taken	 from	 Vattenfall’s	
projections	for	a	market	development	with	a	higher	share	of	distributed	generation	and	
a	more	decentralized	system,	 called	 the	Smart	 Integration-scenario	 (SI).	Vattenfall	has	
projected	 how	 the	 electricity	 price	 components	 will	 develop	 if	 there	 is	 a	 fast	
development	of	PV	and	DBS,	with	a	substantial	drop	in	prices	of	the	technology.	The	PV	
sales	price,	the	price	that	solar	PV	generated	electricity	can	be	sold	back	to	the	grid	at,	
has	been	set	by	decreasing	the	current	FiT-level	with	the	CAGR	for	the	last	two	years.	As	
seen	in	Figure	10,	the	changes	in	the	FiT-contracts	have	historically	shifted	largely,	but	
in	the	last	two	years	the	decrease	has	been	stable	whereby	that	CAGR	has	been	used	for	
future	projections.	The	consumption	remains	the	same	since	 it	enhances	the	results	of	
the	PV+DBS-solution	and	is	within	a	likely	range	of	developments.	

5.4.2	Worst-case	scenario	
The	 worst-case	 scenario	 is	 designed	 to	 have	 a	 pessimistic	 view	 on	 the	 technological	
development	 of	 solar	 PV	 and	 DBS.	 A	 slow	 technological	 development	 and	 continuous	
high	 prices	 will	 lead	 to	 that	 the	 deployment	 of	 distributed	 generation	 systems	 will	
remain	low.	Given	a	lower	amount	of	decentralization	the	system	set-up	will	be	similar	
to	today.			
	
The	 electricity	 price	 components	 for	 this	 scenario	 are	 gathered	 from	 Vattenfall’s	
projections	for	a	market	with	a	 low	share	of	distributed	generation,	called	the	Current	
Policy-scenario	(CPS).	This	projection	holds	a	conservative	view	of	the	developments	of	
the	 technologies,	 and	 is	 the	 probable	 development	 of	 a	 system	with	 a	 continued	 low	
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share	 of	 distributed	 generation,	 which	 is	 quite	 similar	 to	 the	 current	 set-up	 of	 the	
electricity	price.	The	PV	sales	price	is	in	this	scenario	set	at	the	wholesale	price,	which	is	
assumed	to	be	the	absolute	lowest	level	that	solar	PV	electricity	can	be	sold	back	to	the	
grid	at.	The	average	consumption	has	been	decreased	in	this	case.	

5.4.3	Probable-case	scenario	
In	the	probable	case,	the	rate	of	technological	development	of	solar	PV	and	DBS	has	been	
set	as	an	average	between	the	best	case	and	the	worst-case	scenarios.	The	technological	
development	in	this	scenario	will	 lead	to	an	increase	in	distributed	generation	but	will	
not	cause	a	large	disruption	of	the	current	system.	The	system	set-up	will	need	to	adapt	
to	the	 increased	decentralization	but	any	major	changes	will	not	be	seen.	The	share	of	
fixed	grid	fees	will	increase,	but	not	as	much	as	in	the	best	case-scenario.		
	
The	electricity	price-components	used	in	this	scenario	have	been	assumed	as	an	average	
between	 Vattenfall’s	 two	 projections,	 the	 optimistic	 projection	 used	 in	 the	 best	 case-
scenario	 and	 the	 pessimistic	 projection	 used	 in	 the	worst-case	 scenario.	 The	 PV	 sales	
price	 is	 assumed	 to	 be	 the	 wholesale	 price	 plus	 a	 small	 premium.	 The	 average	
consumption	in	this	case	decreases	but	not	as	much	as	in	the	worst	case.	

5.4.4	Future	scenario	results			
In	this	section	the	results	for	the	three	different	scenarios	will	be	presented.	In	all	three	
scenarios	the	PV+DBS	is	the	most	profitable	solution,	but	the	total	cost	saving	per	year	
differs	between	the	three	solutions.		
	

	
Figure	16	-	Electricity	price	per	kWh	for	average	German	household	in	2030,	Best	case	

As	seen	in	Figure	16	above,	the	PV+DBS	is	the	most	profitable	solution	in	the	best-case	
scenario.	This	simulation	results	in	a	potential	annual	saving	for	a	four	people	household	
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of	411	€/year	 in	comparison	to	the	grid	electricity	alternative,	and	approximately	123	
€/year	compared	to	the	PV	without	DBS-solution.		
	

	
Figure	17	-	Electricity	price	per	kWh	for	average	German	household	in	2030,	Worst	case	

As	seen	in	Figure	17	above,	the	PV+DBS	solution	is	also	the	most	profitable	solution	in	
the	 worst-case	 scenario,	 even	 if	 the	 cost	 for	 PV	 without	 storage	 is	 very	 similar.	 This	
simulation	 results	 in	 a	 potential	 annual	 saving	 for	 a	 four	 people	 household	 of	 103	
€/year	 compared	 to	 the	grid	electricity	 alternative,	 and	8	€/year	 compared	 to	 the	PV	
without	DBS-solution.		
	

	
Figure	18	-	Electricity	price	per	kWh	for	average	German	household	in	2030,	Probable	case	
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In	 the	probable	case,	 the	PV+DBS	solution	 is	also	 the	most	profitable	solution,	 seen	 in	
Figure	18	above.	This	 simulation	 results	 in	a	potential	 annual	 saving	 for	a	 four	people	
household	 of	 274	 €/year	 compared	 to	 the	 grid	 electricity	 alternative,	 and	 92	 €/year	
compared	to	the	PV	without	DBS-solution.	

5.4.5	Inputs		
When	 designing	 the	 three	 different	 scenarios	 a	 set	 of	 parameters	 have	 been	 altered.	
These	parameters	are	presented	in	Table	7	below	together	with	the	value	used	for	each	
scenario.		
	
Input	 Best	case	 Probable	case	 Worst	case	

Wholesale	price	 5	€cts/kWh	 7.5	€cts/kWh	 10	€cts/kWh	

Fixed	grid	fee	 297.0	€	 225.1	€	 168.9	€	

Variable	grid	fee	 0.8	€cts/kWh	 2.1	€cts/kWh	 3.1	€cts/kWh	

Taxes	&	surcharges	 20	€cts/kWh	 17.5	€cts/kWh	 15	€cts/kWh	

Average	consumption	 4400	kWh	 4000	kWh	 3500	kWh	

PV	sales	price	 8.2	€cts/kWh	 7.0	€cts/kWh	 6.6	€cts/kWh	

LCOE	DBS	 8.0	€cts/kWh	 11.7	€cts/kWh	 14.1	€cts/kWh	

LCOE	Solar	PV	 6.5	€cts/kWh	 8.0	€cts/kWh	 9.5	€cts/kWh	
Table	7	-	Inputs	altered	in	the	different	scenario	set-ups	

Some	 of	 the	 parameters	 are	 based	 on	 the	 LTMO-work	 conducted	 by	 Vattenfall.	 The	
parameters	used	from	the	LTMO-work	are	from	two	different	scenarios,	the	SI	and	the	
CPS.	The	ones	used	for	the	best	case	are	from	the	SI	scenario,	the	once	used	for	the	worst	
case	are	 from	the	CPS	scenario,	and	the	ones	used	 for	 the	probable	case	 is	an	average	
between	the	two	scenarios.		
	
The	inputs	on	the	parameters	Wholesale	price	and	Taxes	&	surcharges	are	taken	directly	
from	the	LTMO-work.	The	total	grid	fees	are	also	derived	from	the	LTMO-work,	but	the	
division	 between	 fixed	 and	 variable	 is	 based	 on	 interviews	 with	 internal	 experts	 at	
Vattenfall.	 In	all	 the	scenarios	 the	 fixed	grid	 fees	are	set	at	higher	 levels	 than	 they	are	
today	as	a	higher	level	of	decentralized	generation	would	lead	to	higher	fixed	grid	fees.	
In	the	best	case	the	fixed	grid	fees	are	set	at	90%	and	in	the	worst	case	and	the	probable	
case	 a	 lower	 level	 fixed	 grid	 fees	 are	 used	 as	 the	 level	 of	 decentralization	 is	 lower	 in	
those	scenarios	(Krebs,	2016).	The	fixed	grid	fees	used	in	the	worst	case	is	56%	and	in	
the	probable	case	71%,	calculated	from	the	relationship	of	the	profit	and	the	percentage	
of	the	fixed	grid	fees	in	the	current	state.	As	the	level	of	decentralization	increases	the	
profit	 for	 the	 distribution	 network	 decreases	 whereby	 the	 fixed	 grid	 fees	 will	 be	
adjusted	to	maintain	the	profit,	as	can	be	described	by	the	Utility	death	spiral	(Bronski,	
o.a.,	2015)	discussed	earlier.		
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In	 the	LTMO-work,	 the	average	consumption	 is	predicted	 to	decrease	until	2030	 from	
today’s	 levels.	 The	 assessed	 decrease	 is	 therefore	 used	 in	 the	 probable	 case.	 For	 the	
worst-case	the	average	consumption	is	set	to	decrease	even	further,	and	in	the	best	case	
the	average	consumption	is	not	varied	from	todays	levels.		
	
The	PV	sales	price	is	the	price	at	which	electricity	produced	by	residential	rooftop	solar	
PV	 can	 be	 sold	 back	 to	 the	 grid.	 In	 the	 worst	 case	 the	 PV	 sales	 price	 is	 set	 at	 the	
wholesale	price	and	for	the	other	two	cases	a	premium	on	the	wholesale	price	is	added	
(Krebs,	 2016).	 Using	 the	wholesale	 price	 as	 the	 basis	 for	 the	 PV	 sales	 price	might	 be	
slightly	higher	 than	 the	 actual	worst	 case	 as	 the	wholesale	price	 varies	over	 the	year.	
However,	 since	 the	 correlation	 between	 the	 fluctuations	 in	 wholesale	 price	 and	
produced	PV	energy	is	hard	to	determine	for	the	future	scenarios	the	average	wholesale	
price	has	been	used.	Also,	as	seen	in	section	5.4.7	Sensitivity	analysis,	further	down	in	the	
report,	the	PV	sales	price	is	required	to	decrease	by	69%	for	removing	the	profitability	
for	the	PV+DBS	solutions	in	the	worst	case,	which	show	that	a	small	change	in	PV	sales	
price	does	not	alter	the	results	significantly.	 In	the	probable	case,	 the	PV	sales	price	 is	
the	wholesale	price	plus	a	premium	of	1.3	€cts/kWh.	In	the	best	case	the	PV	sales	price	
is	based	on	the	development	of	the	FiT-level	where	the	CAGR	for	the	last	two	years	has	
been	used	and	extrapolated	until	2030.		
	
The	LCOE	for	the	DBS	is	based	on	a	learning	curve	of	17.2%,	which	is	an	average	of	three	
different	 learning	 curves	 (Naam,	 How	 Cheap	 Can	 Energy	 Storage	 Get?	 Pretty	 Darn	
Cheap,	2015)	(Bloomberg,	2014).	For	the	scenarios	three	different	global	capacity	levels	
are	used.	In	the	best	case	the	global	capacity	is	256	times	the	current	value,	based	on	the	
positive	outlook	in	the	article	How Cheap Can Energy Storage Get? Pretty Darn Cheap	by	
Ramed	Naam	 (2015).	 In	 the	probable	 case	 the	 global	 capacity	 is	 64	 times	 the	 current	
value,	based	on	an	outlook	from	Bloomberg	(2014).	In	the	worst	case	the	global	capacity	
is	16	times	the	current	value,	based	on	a	more	pessimistic	outlook.	The	LCOE	for	the	DBS	
is	the	most	uncertain	parameter	and	also	the	parameter	affecting	the	results	the	most.	
Therefore	 an	 even	more	pessimistic	 view	 than	what	 is	 presented	 in	most	 reports	 has	
been	taken	in	this	study	to	get	a	broader	view	of	how	this	parameter	affects	the	results.			
	
The	 LCOE	 for	 solar	 PV	 is	 based	 on	 the	 Fraunhofer	 report	 “Recent	 Facts	 about	
Photovoltaics	 in	 Germany”	where	 nine	 different	 LCOE	 levels	 for	 2030	 are	 presented	
(Fraunhofer	ISE,	2013).	For	the	best	case	the	most	positive	LCOE	is	used,	for	the	worst	
case	 the	most	pessimistic	LCOE	 is	used,	and	 for	 the	probable	case	 the	median	LCOE	 is	
used.	
	
The	 parameter	 discount	 rate	 is	 set	 at	 a	 fixed	 value	 of	 3%	 in	 all	 three	 scenarios.	 The	
discount	 rate	 is	 based	 on	 the	 interest	 rate	 and	 alterative	 investment	 opportunities,	
described	 in	 section	 5.2.1	 Assumptions.	 The	 parameter	 is	 not	 altered	 in	 the	 different	
scenarios	since	the	set-up	of	the	different	scenarios	does	not	affect	the	discount	rate.		
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5.4.6	Parameters	effect	on	economic	potential		
To	see	what	parameters	have	the	largest	influence	on	the	results	and	what	parameters	
cause	the	biggest	uncertainties,	an	individual	assessment	of	each	parameter	have	been	
made.	The	effects	of	the	parameters	have	been	analyzed	by	observing	how	the	economic	
potential	for	DBS	is	affected	when	each	parameter	is	shifted	from	their	best	case-value	
to	 their	 worst	 case-value.	 Below	 is	 the	 result	 from	 the	 assessment,	 the	 change	 in	
economic	potential	vs.	grid	electricity	is	displayed	in	Figure	19	below	and	the	change	in	
economic	 potential	 vs.	 PV	 without	 storage	 is	 displayed	 in	 Figure	 20	 on	 the	 following	
page.	The	parameters	have	been	sorted	from	left	to	right	with	regards	to	their	respective	
impact	on	the	results.	
	

	
Figure	19	-	Analysis	of	parameters	effect	on	economic	potential	vs.	grid	electricity	from	best	to	worst	case	
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Figure	20	-	Analysis	of	parameters	effect	on	economic	potential	vs.	PV	from	best	to	worst	case	

The	 parameters	 can	 be	 connected	 to	 the	 drivers	 that	 were	 discussed	 in	 section	 5.3	
Drivers	 for	 future	 demand	 of	 DBS.	 As	 can	 be	 seen	 in	 Figure	 19	 and	 Figure	 20,	 the	
parameters	having	the	 largest	effect	on	the	results	are	the	LCOE	for	solar	PV	and	DBS.	
These	parameters	 represent	 the	driver	Technical	development.	This	driver	 is	 therefore	
identified	 as	 the	 most	 important	 for	 the	 future	 economic	 potential	 for	 DBS.	 Other	
parameters	having	a	large	effect	on	the	economic	potential	are	taxes	&	surcharges	and	
the	grid	fees.	These	parameters	are	regulatory	driven,	which	make	Regulations	the	other	
most	important	driver	for	the	economic	potential.	While	these	drivers	have	most	impact	
on	 the	 economic	 potential	 for	 DBS,	 other	 drivers	 will	 also	 have	 an	 impact	 on	 the	
potential	 market	 for	 DBS.	 Many	 of	 the	 customer-based	 drivers	 presented	 earlier	 are	
non-economic	factors,	but	can	affect	the	demand	from	the	customers	for	DBS	for	other	
reasons.	For	example	environmental	 impact	 and	 increased	 independence	 can	 increase	
the	demand	for	DBS.		

5.4.7	Sensitivity	analysis	
To	understand	the	effect	 the	different	parameters	used	 in	the	calculations	have	on	the	
results	 a	 sensitivity	 analysis	 was	 conducted.	 The	 sensitivity	 analysis	 was	 designed	 to	
show	 how	 much	 each	 parameter	 assessed	 would	 have	 to	 change	 for	 the	 PV+DBS	
scenario	to	not	be	the	most	profitable	solution.	The	analysis	was	based	on	the	probable-
case	scenario	and	each	parameter	was	altered	until	the	cost	of	the	PV+DBS	solution	was	
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the	same	as	for	either	the	grid	electricity	or	the	PV	solution.	Table	8	below	shows	how	
much	each	parameter	would	have	to	change	for	that	to	occur.		
		

Input	
Value	for	disruption	of	economic	

potential	(+/-	from	probable	case	in	%)	

Wholesale	price	 -	52	%	

Taxes	&	surcharges	 -	36	%	

Average	consumption	 -	27	%	

PV	Sales	price	 +	69	%	

LCOE	Solar	PV	 +	76	%	

LCOE	DBS	 +	30	%	
Table	8	-	Analysis	of	shift	in	parameters	to	remove	economic	potential	for	DBS	in	worst	case	scenario	

As	 seen	 in	 Table	 8	 the	 parameters	 would	 need	 to	 change	 drastically	 for	 the	 PV+DBS	
solution	 to	not	be	 the	most	profitable	solution.	The	sensitivity	analysis	 thereby	shows	
that	 small	 changes	 of	 these	parameters	 alone	will	 not	 affect	 the	 result	 of	 the	PV+DBS	
solution	 being	 the	 most	 profitable	 solution.	 The	 likelihood	 that	 the	 wholesale	 price,	
taxes	 and	 surcharges	 and	 average	 consumption	 would	 make	 the	 drastic	 changes	
presented	 in	Table	8	 are	 unlikely.	 The	wholesale	 price	would	 need	 to	 decrease	 to	 2.7	
€cts/kWh,	which	is	below	todays	wholesale	price.	The	taxes	and	surcharges	would	need	
to	decrease	to	7.2	€cts/kWh	and	the	average	consumption	for	a	four	people	household	
would	need	to	decrease	to	3050	kWh/year.	Decreasing	the	PV	sales	price	by	69%	would	
lead	to	that	the	PV	sales	price	would	be	below	the	wholesale	price,	which	is	not	probable	
according	 to	 internal	 experts	 at	 Vattenfall.	 Increasing	 the	 LCOE	 for	 Solar	 PV	 by	 76%	
would	 lead	 to	 that	 the	LCOE	would	 increase	above	 the	 current	LCOE,	whereby	 such	a	
change	 is	 unlikely.	 Increasing	 the	 LCOE	 for	DBS	 by	 30%	would	 lead	 to	 that	 the	 LCOE	
would	 be	 17	 €cts/kWh.	 As	 seen	 in	 Figure	 19	 and	 Figure	 20	 the	 LCOE	 for	 DBS	 is	 the	
parameter	affecting	the	profitability	the	most.	However,	if	three	is	a	slow	technological	
development	of	the	LCOE	other	parameter	will	affect	the	profitability	in	a	positive	way.		
	
Not	 included	in	the	table	above	are	the	grid	fees.	That	 is	due	to	that	changing	the	grid	
fees	 alone	would	 not	make	 the	 other	 solutions	more	 profitable.	 Even	 if	 the	 grid	 fees	
would	be	100%	fixed	and	increased	dramatically	it	would	affect	all	three	scenarios	the	
same	 and	 the	 other	 solutions	 would	 also	 become	 more	 expensive,	 still	 making	 the	
PV+DBS	solution	the	most	profitable.		

5.4.8	Overcoming	the	salients	and	reverse	salients	
For	DBS	to	move	to	the	regime	level	the	salients	and	the	reverse	salient	will	need	to	be	
overcome.	 As	 described	 earlier,	 the	 two	main	 salients	 identified	 are	The	high	share	of	
residential	solar	and	The	drive	of	shifting	to	a	low-carbon	economy.	The	two	main	reverse	
salients	identified	are	Regulations	and	Technical	development.		
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As	can	be	seen	in	the	results,	the	future	potential	of	DBS	is	very	high,	which	can	be	seen	
as	a	sign	that	 the	reverse	salients	will	have	been	removed	and	overcome	in	2030.	The	
main	factor	improving	the	economic	potential	from	the	current	to	the	future	state	is	the	
technical	development,	which	significantly	decreases	the	price	of	both	PV	and	DBS.	One	
important	 reason	why	 the	 technical	 development	 of	 DBS	 in	 the	 future	 no	 longer	 is	 a	
reverse	salient	 is	 the	high	deployment	and	popularity	of	EV.	The	significant	growth	of	
the	EV	market	 improves	 the	LCOE	 for	 lithium-ion	batteries	 through	economy	of	 scale,	
which	 can	 drive	 down	 the	 price	 on	 the	 technology.	 Because	 of	 the	 elimination	 of	 the	
technical	reverse	salient,	the	economic	potential	for	DBS	is	ensured.		
	
Regulations	 is	 identified	 to	 be	 a	 reverse	 salient	 as	 discussions	 in	 section	 4.4.1	
Regulations	as	a	salient.	The	results	however	imply	that	the	effect	regulations	have	as	a	
salient	are	limited	and	decreasing,	as	a	large	technical	development	alone	can	secure	the	
profitability	of	DBS.	The	regulatory	reverse	salient	will	although	in	combination	to	the	
technical	 development	 have	 the	 opportunity	 to	 affect	 the	 economic	 potential	 and	 the	
business	 opportunities	 further.	 The	 regulations	 of	 today	 are	 not	 adjusted	 to	 all	 of	 the	
technical	possibilities	in	the	future	energy	system	and	do	not	define	how	DBS	installed	
behind	 the	meter	 are	 allowed	 to	 be	 used	 in	 other	 parts	 of	 the	 energy	 system,	 e.g.	 by	
utilities.	The	evolution	of	the	energy	market	brings	new	challenges	and	opportunities	for	
utilities	and	their	regulators.	The	shifting	dynamics	will	lead	to	several	key-implications	
important	 for	 the	 regulators	 to	 tackle.	 However,	 by	 taking	 proactive	 reforms	 the	
regulators	 can	 lead	 the	 evolution	 of	 technologies,	 business	 models	 and	 meeting	 the	
future	customer	needs.	The	new	regulations	should	in	a	proactive	way	enable	utilities	to	
meet	 the	 changing	 needs	 of	 the	 stakeholders	 in	 a	more	 rapid	 pace.	 They	 should	 also	
provide	efficient	price	for	an	increased	range	of	diverse	system	users.	Furthermore,	the	
regulations	should	also	help	define	a	new	industry	structure	with	responsibilities	of	the	
distribution	utility	and	how	these	will	interact	with	other	market	actors	(Bharatkumar,	
o.a.,	 2013).	 This	 transformation	 can	 be	 realized	 in	 multiple	 ways	 on	 a	 regime-level,	
which	will	bring	different	dynamics	regarding	level	of	centralization	of	production	and	
the	power	of	the	different	actors	on	the	market.		
	
The	main	effect	 of	 the	 salient	The	high	share	of	residential	solar	 is	 a	high	potential	 for	
retrofit-installations	 of	 DBS	 when	 the	 FiT-contracts	 end.	 As	 mentioned	 earlier	 this	 is	
predicted	 to	 have	 a	 large	 impact	 during	 2029-2032,	 when	 the	 first	 big	 wave	 of	 FiT-
contracts	 expires.	 The	 salient	 of	 customers	wanting	 to	 shift	 to	 a	 low-carbon-economy	
will	 become	 less	 relevant	 in	 the	 future	 since	 the	 economic	 potential	 will	 ensure	 a	
profitable	solution	anyway.	The	salient	can	however	slightly	advance	the	deployment	of	
DBS	 since	 the	 profitability	 will	 be	 less	 important	 as	 the	 salient	 helps	 to	 drives	 the	
change.		
	
To	 conclude,	 by	 removing	 the	 reverse	 salient	 of	 technical	 development	 the	 economic	
potential	and	possible	market	for	DBS	is	ensured,	making	the	other	salients	and	reverse	
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salients	 less	 important.	 However,	 to	 reach	 the	 full	 potential	 of	 DBS,	 and	 increase	 the	
business	 opportunities	within	 the	 area,	 a	 regulatory	 framework	 that	 support	 utilizing	
behind-the-meter	services	used	in	other	parts	of	the	energy	system	is	needed.	

5.5	Ancillary	services		
That	 the	 DBS	 is	 the	 most	 profitable	 solution	 in	 all	 scenarios	 implies	 that	 there	 most	
likely	 will	 be	 a	 market	 for	 DBS	 in	 Germany.	 All	 potential	 storage	 options	 have	 been	
calculated	 directly	 or	 indirectly,	 as	 described	 in	 section	5.1	Assessment	of	 future	needs	
and	technologies.	The	companies	active	on	the	DBS	market	will	therefore	be	able	to	take	
advantage	of	all	the	additional	benefits	associated	with	this	technology.	How	Vattenfall	
should	participate	in	the	market	will	be	discussed	in	section	4.7	Business	Models	and	in	
this	section,	the	potential	value	of	the	ancillary	services	will	be	discussed.	
	
The	 additional	 services	 found	 in	 previous	 studies	 on	 DBS	 have	 been	 discussed	 with	
experts	 (Nordlander,	 2016)	 (Otto,	 2016;	 Jülch,	 2016)	 (Maguire,	 2016)	 (Krebs,	 2016)	
(Rehnholm,	 2016)	 (Gerhard,	 2016).	 The	 services	 that	 have	 been	 identified	 in	 these	
interviews	 as	 having	 the	 highest	 potential	 are	 using	 the	 DBS	 for	 frequency	 control,	
distribution	deferral,	peak	shaving	and	as	a	peak	generation	asset.	The	main	usage	for	
the	DBS	will	be	to	increase	the	self-consumption	and	decrease	the	electricity	cost	for	the	
end-consumer.	 However,	 how	 the	 available	 capacity	 should	 be	 divided	 between	 the	
different	additional	services	need	to	be	decided.	By	creating	a	market	place	where	the	
different	services	can	bid	on	the	available	capacity	the	resource	will	be	used	where	most	
needed.	 Preferably,	 this	 resource	 distribution	 should	 be	 handled	 by	 the	 ICT-solution	
connected	to	the	aggregated	fleet	of	DBS-units.	
	
It	 is	 however	 important	 to	 remember	 that	 the	 DBS-services	 that	 is	 seen	 as	 most	
profitable	 is	 very	 dependent	 on	 the	 current	 regulations.	 The	 main	 driver	 behind	 the	
economic	 potential	 of	 the	 additional	 services	 that	 DBS	 can	 provide	 is	 therefore	
regulations	 and	 changes	 on	 a	 landscape	 level	 can	 therefore	 change	 the	 economic	
potential	of	the	additional	services	relatively	quickly	(Rehnholm,	2016).	Other	services	
may	thereby	become	better	sources	of	income	and	the	usage	of	the	batteries	therefore	
need	 to	 be	 able	 to	 adapt	 to	 the	 regulations	 to	 obtain	 the	 maximum	 income	 of	 the	
capacity	available.	

5.5.1	Frequency	control	
Frequency	control	is	used	to	ensure	system	stability	in	the	grid.	Frequency	regulation	is	
needed	to	balance	the	differences	between	supply	and	demand.	By	keeping	a	constant	
net	frequency	on	the	grid	a	secure	operation	of	electric	services	can	be	ensured.	There	
are	 three	different	 levels	of	 frequency	 control:	primary,	 secondary	and	 tertiary.	These	
refer	to	in	which	order	the	power	is	reacting	to	the	imbalances.	Primary	power	should	
be	able	to	react	within	30	seconds,	secondary	within	five	minutes	and	tertiary	within	15	
minutes	(Ocker	&	Ehrhart,	2015).	The	quick	reaction	time	batteries	have	makes	DBS	a	
possible	alternative	 for	 the	primary	power,	while	other	cheaper	alternatives	are	more	
suitable	alternatives	for	secondary	and	tertiary	balancing	power	(Deign,	2015).	
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According	to	experts	within	the	subject,	frequency	control	is	the	main	additional	service	
that	 is	 being	 discussed	 within	 the	 industry	 as	 having	 the	 biggest	 potential.	 Sonnen	
Batteri	 is	 a	 company	 on	 the	German	market	 offering	DBS	 to	 consumers	 to	 connect	 to	
their	PV-units.	They	have	 started	a	 community	of	 consumers	where	 they	 can	buy	and	
sell	power	to	each	other.	The	electricity	price	that	the	consumers	pay	has	no	margin	and	
thus,	Sonnen	Batteri	does	not	profit	 from	the	customers.	However,	 the	excess	capacity	
available	 in	 the	 DBS	 at	 the	 consumers	 is	 sold	 as	 secondary	 frequency	 control,	 which	
ensures	the	profit	of	the	company.	Sonnen	Batteri's	business	model	is	therefore	focused	
on	gaining	a	large	customer-base	and	subsequently	achieving	a	large	capacity	to	sell	as	
balancing	power.	This	shows	the	big	potential	profit	on	the	balancing	market	(Gerhard,	
2016).	 The	 DBS-units	 being	 assessed	 in	 this	 thesis	 has	 a	 smaller	 capacity	 and	 power	
than	 the	 ones	 offered	 by	 Sonnen	 Batteri	 making	 the	 primary	 control	 market	 a	 more	
suitable	option.	However,	regardless	of	which	market	is	being	targeted,	it	is	important	to	
gain	 a	 large	 aggregated	 capacity	 to	 enable	 sufficient	 income	 on	 the	 balancing	market	
(Rehnholm,	2016).	

5.5.2	Distribution	grid	deferral		
At	peak	demand	the	DBS	at	customer	sites	could	be	used	to	decrease	the	pressure	on	the	
grid	through	already	having	distributed	the	power	to	the	end-consumers	before	demand	
is	high.	Therefore,	 the	pressure	on	deploying	the	grid	will	decrease,	which	enables	the	
utilities	to	avoid,	or	push	forward	heavy	investments	in	the	grid.	This	service	can	only	be	
utilized	by	companies	present	in	the	entire	value	chain	of	the	electricity	market,	which	
means	that	Vattenfall	has	a	strategic	advantage	against	new	actors	on	the	market.	

5.5.3	Peak	shaving	
In	 the	 distribution	 and	 transmission	 grid,	 a	maximum	 load	 is	 allowed	 and	when	 this	
level	is	violated,	a	penalty	fee	needs	to	be	paid	to	the	DSO/TSO.	To	have	an	aggregated	
fleet	of	DBS-units	 that	 is	used	as	extra	capacity	when	the	 load	 limit	 is	near	could	be	a	
way	to	avoid	fees	by	not	transgressing	the	limit.	The	service	of	selling	power	to	others	
that	is	near	their	limit	thereby	might	be	a	possible	income	for	the	aggregator	of	the	DBS.	
When	Uppsala	Energi	was	near	to	transgress	their	load	limit	on	the	15th	January	2016,	
they	managed	to	avoid	a	fee	of	600	TSEK	by	switching	off	100	heat	pumps	within	their	
network	(Tångring,	2016).	This	example	shows	that	the	penalty	fees	are	very	high	and	
that	this	service	has	a	high	potential	through	the	ability	to	charge	a	relatively	high	price	
from	the	buying	organizations.	However,	 it	 is	only	at	very	high	peak	demand	that	 this	
service	will	be	requested	and	the	income	is	hard	to	predict	(Rehnholm,	2016).	

5.5.4	Peak	generation	asset		
The	DBS	 can	be	 kept	 as	 an	 additional	 production	unit,	which	 can	be	 an	 alternative	 to	
more	 expensive	 energy	 sources	when	 demand	 is	 high.	 The	 production	 from	 the	most	
expensive	 energy	 sources	 will	 therefore	 be	 able	 to	 be	 decreased	 (Rehnholm,	 2016).	
However,	 to	be	able	 to	use	 this	 service	 the	batteries	need	 to	be	cheaper	 in	LCOE	 than	
other	 peak	 demand	 solutions	 such	 as	 gas	 peakers	 and	 strategic	 reserve	 capacity	
available.	An	important	factor	for	determining	the	potential	profit	from	this	solution	is	
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the	 fossil	 fuels.	 The	 usage	 of	 fossil	 fuels	 is	 being	 decreased	 in	 Energiewende	 but	will	
perhaps	be	allowed	to	use	as	a	strategic	reserve.	This	might	inhibit	the	potential	of	DBS	
being	utilized	for	this	service,	as	the	fossil	fuels	will	be	a	cheaper	solution.	

5.6	Market	size		
The	potential	market	for	DBS	is	dependent	on	the	installed	amount	of	rooftop	solar	PV.	
For	the	last	25	years	more	than	1.5	million	solar	plants	have	been	installed	in	Germany,	
with	 the	 majority	 being	 installed	 on	 residential	 rooftops	 (Bräutigam,	 Rothacher,	
Staubitz,	 &	 Trost,	 2016).	 The	 market	 size	 for	 solar	 PV	 rooftop	 systems	 is	 also	
continuously	growing,	as	there	are	many	areas	 in	Germany	where	solar	PV	is	not	 fully	
utilized	 (Maguire,	 2016).	The	 installations	of	DBS	 in	Germany	has	up	until	 2015	been	
approximately	35.000	DBS	systems,	invested	by	households	and	commercial	operations.	
The	market	 for	DBS	 is	expected	to	 increase	drastically	by	2016/2017,	and	by	2020	an	
annual	installation	volume	of	around	50.000	systems	could	be	reached.	 	This	indicated	
that	there	is	a	significant	market	for	DBS	in	Germany	short	term	(Bräutigam,	Rothacher,	
Staubitz,	&	Trost,	2016).	The	market	 for	DBS	 is	 also	predicted	 to	boom	as	 the	 retrofit	
installations	 of	 rooftop	 solar	 PV	 occurs,	which	 as	 seen	 in	 figure	 11	 is	 predicted	 to	 be	
approximately	 16.900	 MW	 between	 2029-2033.	 The	 significant	 market	 for	 DBS	
increases	the	potential	to	utilize	the	ancillary	services	discussed	above.	For	example	the	
German	market	for	primary	control,	which	is	identified	as	one	of	the	ancillary	services	
with	highest	potential,	is	570	MW	(Maguire,	2016),	which	the	estimated	market	size	for	
DBS	clearly	can	meet.			

5.7	Business	models	
According	 to	 Bharatkumar	 et	 al.	 (2013),	 a	 decentralization	 of	 the	 electricity	 market	
would	 enable	 more	 flexibility	 in	 the	 power	 system	 and	 increase	 the	 power	 of	 the	
customers	through	the	distribution	of	the	generation.	Richter	(2012)	also	argues	than	an	
increasing	 customer	 focus	 will	 need	 to	 be	 adapted	 into	 the	 utilities	 future	 business	
models.	 	 This	 new	 competing	 regime	 put	 new	 demands	 on	 the	 existing	 actors	 on	 the	
market.	 The	 change	 creates	 a	 need	 for	 adaption	 in	 the	 business	models	 and	 services	
offered	from	the	current	big	utilities	on	the	energy	market.	To	survive	the	change	to	a	
new	 regime	 it	 is	 critical	 for	 the	 big	 energy	 companies	 to	 find	new	ways	 and	business	
models	 that	embrace	 the	new	opportunities	and	dynamics	associated	with	distributed	
energy	 systems.	 They	 will	 also	 need	 to	 find	 new	ways	 to	manage	 new	 actors	 on	 the	
market,	 such	as	prosumers.	As	has	been	shown	 in	 these	results,	 there	will	be	possible	
business	opportunities	for	DBS	and	it	will	therefore	become	an	important	question	how	
these	should	be	utilized	in	the	business	model.		

5.7.1	Business	model	canvas	
Vattenfall	 is	 built	 up	 of	 different	 business	 areas	 (BAs)	 today	 and	 to	 be	 able	 to	 fully	
analyze	 how	 the	 business	 opportunities	 can	 be	 captured,	 the	 analysis	 will	 be	 made	
under	the	assumption	that	a	new	BA	is	created:	BA	Storage.	A	BMC	has	therefore	been	
developed	for	BA	Storage,	which	is	discussed	further	below.	The	main	discussion	points	
when	creating	this	business	model	is	finding	what	activities	Vattenfall	should	focus	on	to	
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utilize	 the	business	opportunities	 in	 the	most	optimal	way.	The	end-consumers	will	 in	
the	 future	 energy	 system	 be	 prosumers,	 which	will	 increase	 the	 need	 to	 finding	 new	
suitable	offerings	and	payments	methods.	The	business	model	attributes	have	been	the	
basis	 for	 identifying	 what	 activities	 Vattenfall	 should	 perform.	 When	 choosing	 what	
activities	to	perform,	it	is	important	to	be	aware	of	what	strengths	and	competencies	are	
present	within	the	company	as	well	as	knowing	what	other	partners	would	do	better.	In	
this	business	model,	 the	 focus	 for	Vattenfall	 is	 to	utilize	 its	position,	previous	network	
and	connections	to	gain	profit	from	the	identified	business	opportunities.	This	is	made	
through	using	 the	 core	 competencies	 of	Vattenfall	 but	 on	 a	new	market	 and	 in	 a	 new	
way.	
	
Key	partners:	It	is	important	that	BA	Storage	create	partnerships	with	other	BAs	within	
Vattenfall	 that	 can	 support	 BA	 Storage	 with	 additional	 capabilities.	 Since	 PV	 will	 be	
tightly	 linked	 with	 the	 storage	 solutions,	 the	 BAs	 associated	 with	 RES	 will	 be	 very	
important	 to	 cooperate	 with	 to	 develop	 functioning	 systems	 for	 the	 prosumers.	 To	
develop	the	systems	a	partner	within	 ICT-technology	would	also	be	useful	 to	optimize	
the	charge	and	discharge-patterns	of	the	DBS.	The	ICT-technology	will	be	used	to	decide	
when	electricity	will	be	used	for	self-consumption	by	the	prosumers,	and	when	it	ill	be	
used	 for	 ancillary	 services.	The	 connections	and	 the	 cooperation	with	 the	distribution	
system	 operators,	 BA	Distribution,	will	 also	 be	 an	 important	 partner.	 Since	 Vattenfall	
does	not	have	knowledge	and	competence	 for	building	 the	DBS	 it	 is	also	 important	 to	
have	 functioning	 partnerships	with	 a	 supplier	 of	 DBS.	 The	 specifications	 for	 the	DBS-
solutions	should	be	developed	in	cooperation	between	Vattenfall’s	internal	partners	and	
the	DBS-supplier.		
	
Key	 activities:	The	key	activities	 that	 is	needed	by	BA	Storage	can	be	associated	with	
the	 business	model	 attributes	 discussed	 by	 Bharatkumar	 et.	 al.	 (2013).	 The	 activities	
should	 be	 linked	 with	 Vattenfall’s	 other	 businesses	 and	 competence.	 The	 other	
important	factor	is	that	the	activities	should	enable	maximize	utilization	of	the	batteries	
to	 maximize	 the	 economic	 potential.	 The	 business	 model	 attributes	 that	 should	 be	
present	in	these	activities	are	therefore	to	operate	and	aggregate	the	assets,	the	DBS.	By	
having	 control	 of	 the	 operations	 of	 the	DBS,	 it	 enables	 optimal	 use	 of	 the	DBS	 and	 to	
reach	 the	 best	 economic	 potential.	 This	 set-up	will	 decrease	 the	 prosumers	 electrical	
bills,	 but	 does	 not	 require	 any	 further	 involvement	 from	 them.	 By	 limiting	 the	
involvement	 from	 the	 prosumers	 the	 barriers	 for	 the	 prosumers	 to	 invest	 in	 the	
technology	decreases.	By	aggregating	the	assets,	ancillary	services	will	also	be	possible	
services	for	BA	storage	to	sell.	For	example	balancing	power	can	be	offered	to	the	TSO	
and	the	aggregated	power	can	be	utilized	as	a	power	source	at	peak	demand.	
	 	
Value	proposition:	The	value	propositions	to	different	customer	segments	is	made	up	
by	meeting	 the	 stakeholder	 needs	 discussed	 previously	 in	 this	 thesis.	 By	 offering	 the	
prosumers	 to	have	solutions	of	PV	and	DBS,	 the	prosumers	will	be	able	 to	 lower	 their	
electricity	 prices,	 which	 is	 the	 main	 value	 proposition	 to	 this	 customer	 segment.	
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Additional	 values	 for	 them	 is	 to	 lower	 their	 environmental	 impact	 while	 they	 can	
maintain	 their	 reliability	 of	 their	 energy	 supply	 as	 well	 as	 their	 convenience	 by	
minimizing	 the	amount	of	 control	needed	 from	 the	prosumers.	They	will	 also	become	
more	 independent	 and	 not	 as	 affected	 by	 rising	 electricity	 prices.	 For	 the	 ancillary	
services	 the	 value	 proposition	 will	 differ	 depending	 on	 what	 service	 is	 offered.	 For	
example	 for	 the	 TSO’s	 the	 value	 proposition	 will	 be	 to	 lower	 the	 price	 of	 balancing	
power,	 and	 for	 peak	 shaving	 the	 DBS	 will	 enable	 a	 lower	 price	 than	 the	 current	
balancing	power.	
	
Customer	relationships:	The	customer	relationships	do	in	many	ways	already	exist	for	
Vattenfall	since	the	connection	to	prosumers	and	TSO’s	are	present	at	Vattenfall	today.	
Therefore	this	is	not	an	area	where	the	main	focus	of	the	business	model	development	is	
needed.	Additional	steps	could	however	be	taken	to	integrate	the	prosumers	with	each	
other.	 The	 prosumers	 could	 then	 be	 able	 to	 sell	 electricity	 between	 each	 other	when	
supply	and	demand	is	differing	between	the	households.	This	is	however	something	that	
could	be	developed	 later	 and	 should	not	be	 an	 imminent	 action	 from	Vattenfall.	More	
important	is	to	use	the	existing	customer	relationships	and	offer	them	additional	value	
propositions.	
	
Customer	segments:	There	are	two	main	customer	segments	that	have	been	identified.	
These	are	the	prosumers	and	the	TSO’s.	The	additional	benefits	possible	for	other	BA’s	
within	Vattenfall	 to	utilize	are	not	 listed	as	a	value	proposition	but	 instead	something	
that	will	alter	the	existing	cost	and	revenue	structure	within	the	company.	
	
Key	 resources:	 The	 key	 resources	 needed	 to	 provide	 the	 value	 propositions	 are	 the	
distribution	network,	a	functioning	ICT-technology	and	cost-competitive	DBS-solutions.	
The	 distribution	 network	 enables	 energy	 to	 be	 transported	 to	 the	 parts	 of	 the	 grid	
where	it	is	needed	the	most	and	offer	most	value.	The	ICT	technology	will	be	the	main	
resource	for	optimizing	the	charging	and	discharging	of	the	DBS	to	offer	the	maximum	
value	to	both	customers	and	internally.	
	
Cost	 structure:	The	main	changes	 in	the	cost	structure	 for	Vattenfall	 is	an	 increase	 in	
costs	 associated	 to	 ICT-Technology	 and	 DBS-supply,	 and	 a	 decrease	 in	 costs	 through	
more	cost-effective	distribution	and	decreased	pressure	on	the	grid.	The	ICT-technology	
should	be	developed	by	a	partner	and	could	either	be	purchased	as	a	complete	solution	
or	 leased	and	operated	together	with	a	partner.	The	DBS-units	could	also	be	 leased	to	
decrease	 financial	 pressure	 on	 Vattenfall,	 through	 decreased	 liabilities.	 The	 set-up	 of	
this	will	however	need	to	be	calculated	and	compared	to	find	the	optimal	solution.	The	
decrease	 in	 costs	 is	 associated	 to	 the	 changes	 at	 peak	 demand	 when	 energy	 can	 be	
produced	 at	 a	 cheaper	 price	 by	 not	 turning	 on	 the	most	 expensive	 energy	 resources.	
Through	the	distribution	of	energy,	the	pressure	on	the	grid	will	also	decrease	at	peak	
demand	and	enables	a	delay	of	grid	deployment.		
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Revenue	 streams:	The	prosumers	will	be	able	to	 lease	DBS-units,	which	decrease	the	
financial	 uncertainty	 for	 them	 and	 enables	 value	 to	 be	 created	 directly	 after	 the	
investments.	 Residential	 customers	 often	 value	 short-term	 profits	 instead	 of	 making	
investment	decisions	that	will	pay	back	after	longer	usage	of	a	service	(Levihn,	2016).	As	
seen	 in	 the	payback-calculations,	 the	 investment	will	 not	be	 returned	 in	 a	 short	 time-
perspective	and	therefore	a	solution	of	 leasing	the	DBS-units	is	more	beneficial	for	the	
consumers.	 The	 entry	 barrier	 for	 the	 prosumers	 to	 install	 PV	 and	 DBS-systems	 will	
therefore	be	decreased	and	 immediate	profit	enabled.	Selling	 the	aggregated	power	 to	
the	 TSO’s	 will	 also	 enable	 a	 revenue	 stream	 that	 give	 a	 high	 additional	 value	 to	
Vattenfall.		

5.7.2	Porters	five	forces	
The	theory	of	Porters	five	forces	have	been	applied	to	the	business	model	designed	for	
Vattenfall	 to	 analyze	 the	 business	model	 and	 discuss	 the	 components	 through	 a	 new	
perspective.	An	assessment	of	how	each	of	the	five	forces	will	affect	the	business	model	
follows	below:	
	
Threat	of	new	entries	
Vattenfall	has	a	very	strong	position	on	the	energy	market,	as	they	are	active	within	the	
entire	value	chain.	A	clear	barrier	for	new	entries	that	would	compete	with	Vattenfall	is	
that	 they	 do	 not	 possess	 the	 same	 network	 and	 the	 same	 internal	 knowledge	 as	
Vattenfall.	What	is	also	a	positive	factor	for	Vattenfall	is	that	a	wide	range	of	services	and	
operations	that	can	benefit	BA	Storage	already	exist	within	the	company.	These	benefits	
are	 described	 in	 section	5.5	Ancillary	 services.	 The	 barriers	 of	 new	 producers	 of	 DBS-
units	 are	 much	 less	 imminent	 as	 partnerships	 can	 be	 made	 battery	 producers	 and	
adjusted	to	make	sure	the	most	suitable	solutions	are	used.	This	implies	that	the	choice	
made	in	the	business	model	to	avoid	production	of	DBS	is	correct.	
	
Threat	of	substitution	
Possible	substitute	systems	have	been	identified	in	section	5.1.5	Systems	of	technologies	
for	economic	potential	comparison,	where	the	meeting	of	customer	needs	were	assessed.	
Since	 the	economic	potential	 for	DBS	has	been	proven	high	 in	 this	 thesis	compared	 to	
these	solutions,	the	threat	of	substitution	seems	to	be	quite	low.	However,	to	fully	assess	
this,	 the	non-economic	 factors	 also	need	 to	be	 assessed	 further.	 These	 factors	 include	
environmental	 impact,	 independence,	 reliability	 and	 convenience.	 These	 factors	 also	
promote	 the	 emergence	 of	 DBS	 since	 DBS	 decreases	 the	 environmental	 impact	 and	
increase	the	convenience.	Possible	downsides	in	reliability	and	convenience	have	been	
prevented	 in	 the	 business	 model	 by	 the	 chosen	 payment	 solution	 for	 the	 customers	
through	offering	the	DBS	through	leasing.	
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Supplier	power	
The	 supplier	 power	 will	 here	 refer	 to	 suppliers	 of	 DBS	 and	 ICT,	 which	 are	 the	 most	
important	partners	 in	 the	business	model.	The	DBS-industry	 is	growing	rapidly	and	 is	
relatively	new.	There	are	a	few	market	leaders	active	today,	but	many	producers	already	
exist	and	the	learning	curves,	prices	and	offerings	will	converge.	The	position	and	size	of	
Vattenfall	also	secures	a	certain	negotiating	power	 for	Vattenfall.	The	suppliers	within	
ICT	 are	 quite	 many	 which	 decreases	 the	 power	 of	 the	 supplier.	 However,	 it	 will	 be	
important	 to	achieve	 the	 right	partnerships,	but	 the	power	of	 suppliers	 should	not	be	
significant	for	Vattenfall	in	this	industry.	
	
Buyer	power	
The	 customers	 identified	 in	 the	 business	 model	 differ	 from	 each	 other,	 which	 also	
differentiates	 the	 analysis	 of	 their	 respective	 power.	 The	 prosumers	 will	 most	 likely	
have	multiple	options	to	choose	from,	as	the	economic	potential	for	DBS	was	proven	to	
be	 big.	 Therefore	 it	 is	 important	 to	 continuously	 evolve	 the	 offering	 and	 utilize	 the	
synergies	 from	 already	 having	 connections	 to	 prosumers	 on	 the	 energy	 market.	 The	
offering	to	TSO	will	be	purely	based	on	price,	which	is	the	only	way	they	will	make	their	
choice.	It	is	not	a	section	of	the	business	model	that	can	be	modified	to	a	large	extent.	
	
Competitive	rivalry	
It	 is	probable,	as	discussed	in	the	buyer	power	segment	that	multiple	competitors	will	
exist.	 As	 there	 also	 are	 several	 similar	 companies	 to	 Vattenfall,	 i.e.	 large	 utilities,	 the	
competitors’	 offerings	 might	 be	 quite	 similar.	 However,	 once	 connections	 are	
established	with	prosumers	 they	will	be	 locked	 in	due	 to	 leasing	contracts,	which	will	
increase	 the	 barrier	 for	 the	 prosumer	 to	 switch	 supplier.	 This	 implies	 that	 an	 early	
entrance	 on	 the	 DBS-market	 would	 be	 very	 positive	 for	 Vattenfall	 to	 beat	 the	
competition.	
	
	 	



	 	



Oscar	Gustafsson		 	 ME200X	–	Master	Thesis	Project	
Johanna	Maiorana	 	 2016-05-31	

	 75	

6.	Conclusion		
	

This	chapter	concludes	the	findings	of	the	thesis	and	answers	the	research	questions.	This	
is	followed	by	a	discussion	on	the	implications	of	the	findings	and	the	sustainability	aspect.	
Furthermore,	the	report’s	contribution	to	research	is	discussed,	followed	by	suggestions	for	
further	research.		
	
The	 ongoing	 transformation	 of	 the	 energy	 system	 in	 Germany,	 called	 Energiewende,	
aims	to	 increase	the	share	of	RES	and	to	shut	down	the	nuclear	and	fossil-based	fuels.	
This	transformation	creates	new	stakeholder	needs	on	the	future	energy	market.	DBS	is	
being	 discussed	 as	 a	 potential	 solution	 to	 some	 of	 the	 future	 energy	 needs	 and	 as	 a	
complement	 to	 the	 unreliable	 V-RES	 technologies.	 The	 purpose	 of	 this	 study	 is	 to	
determine	under	what	circumstances	there	is	a	business	opportunity	for	utilities	in	DBS	
for	household	consumers	in	Germany.		

6.1	Conclusion	of	research	questions	
The	main	 research	 question	 “Under	what	circumstances	 is	 there	a	business	opportunity	
for	 utilities	 in	 distributed	 battery	 storage	 for	 household	 consumers	 in	 Germany	 until	
2030?”,	 have	 been	 answered	 through	 an	 assessment	 of	 three	 sub-questions.	 The	
conclusions	for	these	sub-questions	are	presented	below.	

6.1.1	Sub-question	1:	How	can	distributed	battery	 storage	meet	 the	needs	of	 the	 future	
energy	system,	and	what	are	the	competing	systems	of	technologies?	
This	 thesis	 chooses	 to	 assess	 a	 decentralized	 energy	 system	where	 the	 customers	 are	
still	connected	to	the	grid.	To	enable	a	system	with	a	high	deployment	of	decentralized	
V-RES,	there	are	several	needs	that	will	have	to	be	met	through	other	technologies.	The	
DBS-technology	 has	 been	 identified	 as	 a	 technology	 that	 increases	 the	 reliability	 and	
stability	of	decentralized	generation,	especially	 for	solar	PV.	 In	addition	 to	assist	 solar	
PV-installations	at	the	household	level,	the	DBS-units	can	be	used	as	an	aggregated	fleet	
to	deliver	grid	services	to	both	energy	producers,	TSO’s	and	DSO’s.	
	
The	 main	 competing	 solutions	 to	 DBS,	 for	 which	 the	 economic	 potential	 has	 been	
assessed,	are	 to	have	a	solar	PV-system	without	DBS	and	to	use	grid	electricity.	These	
solutions	would	solve	the	reliability	and	stability	problems	of	a	system	with	a	high	share	
of	V-RES.	Central	solutions	as	central	storage	facilities	or	gas	burners	are	being	used	as	
flexible	production	units.	Other	distributed	storages	are	not	assessed	as	probable	parts	
of	the	future	energy	system.		

6.1.2	 Sub-question	 2:	 What	 is	 the	 economic	 potential	 of	 distributed	 battery	 storage	
compared	to	the	competing	systems?	
The	potential	 for	DBS	 in	combination	with	solar	PV	has	been	 identified	as	high	 in	 this	
thesis.	Three	scenarios,	a	best-case,	a	worst-case	and	a	probable-case,	were	developed	to	
assess	how	different	parameters	will	change	on	the	future	energy	market	with	regards	
to	 the	 impact	 on	 the	 demand	 and	 economic	 potential	 for	 DBS.	 All	 three	 examined	
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scenarios	show	that	the	PV+DBS-system	has	higher	economic	potential	than	the	PV	and	
grid	 electricity	 solutions.	 The	 potential	 annual	 savings	 for	 a	 household	 investing	 in	 a	
PV+DBS-system	 varies	 between	 the	 scenarios;	 8-120	 €	 compared	 to	 a	 PV-system	
without	storage,	and	120-410	€	compared	to	grid	electricity.	Additional	savings	can	be	
made	through	contracts	with	utilities	regarding	ancillary	services	that	the	DBS-units	can	
help	to	enable	when	excess	capacity	is	available.	

6.1.3	 Sub-question	 3:	How	 can	utilities	 seize	 business	 opportunity	 around	 the	 identified	
potential	for	distributed	battery	storage?	
As	Vattenfall	are	present	 in	 the	entire	value	chain	on	 the	electricity	market,	Vattenfall	
have	 the	 opportunity	 of	 maximizing	 the	 potential	 of	 integrating	 the	 DBS-units	 in	 the	
energy	 system.	 By	 leasing	 the	DBS-units	 to	 end-customers	 and	 utilizing	DBS-units	 for	
the	additional	services	when	there	is	excess	capacity	available,	an	optimal	battery	usage	
can	be	achieved.		
	
It	 is	 however	 important	 that	 Vattenfall	 focus	 on	 the	 activities	 that	 they	 are	 experts	
within,	and	creates	partnership	for	other	parts	to	realize	the	maximum	potential	of	this	
business.	This	means	that	they	should	focus	on	operating	and	aggregating	the	DBS	and	
use	 their	 position	 on	 the	 energy	market	 to	maximize	 the	 customer	 base.	 They	 should	
also	 find	 suitable	partners	 for	building	 the	DBS-units	 and	 creating	 an	 ICT-solution	 for	
maximizing	the	profit	from	the	aggregated	DBS-fleet.	

6.2	Implications		
The	future	energy	market	is	expected	to	develop	into	a	more	decentralized	system	and	
the	future	potential	for	DBS	is	in	this	thesis	assessed	to	be	high.	This	will	challenge	the	
current	 utilities	 and	 their	 business	 models,	 since	 they	 have	 not	 adapted	 to	 these	
conditions.	These	changes	will	also	bring	opportunities	for	new	entrants	on	the	market	
to	 utilize	 the	 new	 opportunities.	 The	 utilities	 will	 have	 an	 advantage	 through	 their	
existing	market	positions	and	customer	relationships.	However,	these	advantages	can	be	
lost	quickly	and	 immediate	actions	are	 therefore	needed	 to	not	allow	new	entrants	 to	
steal	the	emerging	opportunities.	
	
What	will	be	the	exact	implications	on	the	entire	market	is	hard	to	predict,	but	what	is	
clear	is	that	it	will	be	important	to	be	able	to	quickly	adapt	to	changes	on	the	market.	By	
keeping	 the	 organization	 flexible	 and	 adaptive,	 the	 possibilities	 to	 gain	 a	 favorable	
position	 increases.	 The	 organizations	 that	 embrace	 the	 changes	 caused	 by	 the	
transformation	will	be	the	winners	while	the	ones	refusing	to	adapt	will	suffer.	

6.3	Sustainability	
A	successful	implementation	of	DBS	will	have	an	impact	on	all	aspects	of	sustainability.	
Environmental,	 social	 and	economical	 sustainability	will	 all	 be	 affected	by	 the	 current	
energy	transformation	and	the	changes	it	implies.	
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Environmentally,	the	implementation	of	DBS	will	enable	a	larger	share	of	V-RES,	which	
will	assist	 in	 the	closing	of	nuclear	and	 fossil	based	power.	DBS	does	 therefore	have	a	
very	 positive	 impact	 on	 environmental	 sustainability.	 Socially,	 DBS	 will	 serve	 the	
community	with	a	new	industry	that	will	bring	new	job	opportunities	in	many	parts	of	
the	power	market.	Additionally,	the	implementation	of	DBS	means	more	independence	
for	 the	 end-consumers,	which	 increases	 the	 social	 sustainability.	 Since	 the	 findings	 in	
this	thesis	also	demonstrate	an	economical	gain	from	DBS,	the	economical	sustainability	
is	also	ensured,	leading	to	all	aspects	of	sustainability	being	met.	

6.4	Contribution	to	research	
The	thesis	mainly	contributes	with	empirical	research	within	the	energy	transformation	
to	 more	 V-RES.	 The	 thesis	 is	 showing	 a	 large	 potential	 for	 DBS,	 both	 in	 potential	
economic	savings	and	by	the	large	share	of	future	stakeholder	needs	that	DBS	can	met.	
The	 thesis	 can	 also	 be	 used	 as	 a	 practical	 tool	 for	 companies	 during	 the	 ongoing	
transformation	in	Germany	by	assessing	how	the	incumbent	actors	should	embrace	the	
new	possibilities	associated	with	 this	 technology.	The	research	has	combined	 theories	
on	 LTS	 and	business	models,	 previous	 research	 on	 the	 dynamics	 of	 the	 future	 energy	
system,	and	detailed	information	regarding	DBS	collected	from	interviews	and	previous	
reports	to	find	robust	answers.		
	
The	future	potential	and	possible	savings	for	households	investing	in	DBS	is	substantial.	
This	will	have	a	large	effect	on	how	the	market	can	change	and	probable	developments.	
The	 findings	 in	 this	 thesis	will	 therefore	 help	 focus	 future	 research	 by	 showing	what	
impact	DBS	can	have	on	the	future	energy	market.	By	assessing	business	opportunities	
the	 thesis	 can	 also	 assist	 with	 future	 research	 within	 business	 as	 well	 as	 energy	
transformation	effects.	

6.5	Suggestions	for	further	research	
The	thesis	has	concluded	that	the	share	of	decentralized	and	distributed	generation	will	
increase.	How	the	central	 flexibility	solutions,	 such	as	central	 storages,	would	work	 in	
such	 an	 energy	 system	 have	 however	 not	 been	 assessed.	 The	 costs	 of	 the	 central	
solutions	are	in	this	thesis	assumed	to	being	paid	through	the	electrical	price.	There	is	
therefore	 some	 room	 for	 further	 research	 regarding	 comparing	 central	 storages	with	
DBS.		
	
Since	the	cost	comparison	of	alternatives	for	households	showed	unanimously	that	DBS	
most	 likely	will	 be	profitable	 in	 the	 future	energy	 system,	 the	 focus	on	estimating	 the	
value	of	different	ancillary	services	was	 limited.	This	 leaves	 further	room	for	research	
regarding	how	large	the	benefits	of	the	ancillary	services	might	be	for	utilities.	This	was	
not	 the	 focus	of	 this	 thesis	as	 the	economic	potential	 for	DBS	was	ensured	by	the	cost	
comparison.	The	ancillary	services	where	only	included	to	explain	that	there	is	an	added	
potential	for	DBS.	
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This	 thesis	was	 limited	to	assessing	the	economic	potential	 through	the	perspective	of	
an	average	household.	To	 fully	assess	 the	extent	of	 the	 impact	DBS	might	have	on	 the	
energy	 transformation,	 studies	 of	 other	 sizes	 of	 households	 should	 complement	 this	
thesis.	 There	 are	 also	 other	 possibilities	 of	 using	 DBS	 that	 could	 help	 improve	 the	
potential	 even	 further.	 Something	 that	 was	 discussed	 during	 interviews	 with	 experts	
was	 the	 possibility	 of	 utilizing	 PV+DBS	 solutions	 for	 multi-family	 houses.	 Another	
possibility	for	DBS,	which	was	left	out	of	scope	for	this	thesis,	is	to	assess	the	potential	of	
DBS	in	micro	grids	and	how	these	could	be	used	in	the	future	energy	system.	
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A	Appendix	–	Overview	of	interview	subjects	

A.1	Internal	interviews	

Date	 Name	 Position	

2016-01-20	 Vincent	Otto	 Group	strategy	

2016-02-24	 Harald	Krebs	 Power/Strategic	Analysis	

2016-02-24	 Eoghan	Maguire	 Strategic	Advisor	for	Renewables	

2016-03-15	 Bastian	Ruehle	 Group	Strategy	

2016-03-16	 Mikael	Nordlander	 Head	of	R&D-portfolio	Future	Energy	System	

2016-04-21	 Sebastian	Gerhard	 PhD-Student	focused	on	PV+DBS	

2016-05-03	 Tobias	Rehnholm	 Senior	R&D-engineer	
Table	9	-	Summary	of	Internal	interview	subjects	and	their	positions	

A.2	External	interviews	

Date	 Name	 Position	

2016-02-09	 Lennart	Söder	 Professor	in	Electrical	Power	Systems	(KTH)	

2016-02-17	 Thomas	Sandberg	 Professor	Emeritus	in	Energy	Business	(KTH)	

2016-02-26	 Verena	Jülch	 Researcher	–	Energy	System	Analysis	(Fraunhofer)	

2016-03-10	 Fabian	Levihn	 Investment	Analyst	&	R&D	(Fortum)	
Table	10	-	Summary	of	External	interview	subjects	and	their	positions	

	 	
	


