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Abstract:	 There	 exists	 a	 performance	 gap	 between	 the	 predicted	 and	 the	 actual	 energy	 performance	 of	
domestic	buildings	in	the	UK	once	they	are	inhabited	(Cohen	and	Bordass,	2015).	One	of	the	reasons	for	this	
performance	 gap	 is	 the	 usage	 of	 home	 technologies	 in	 energy	 efficient	 homes.	 This	 research	 analyses	 the	
practice	of	largely	overlooked	building	professionals	such	as	PV	installers,	who	are	often	ignored	and	neglected	
during	PV	technology	installation.	This	research	has	been	drawn	on	a	theoretical	standpoint	of	practice	theory	
by	Gram-Hanssen.	A	qualitative	approach	involving	observations	and	a	semi-structured	interview	with	both	PV	
installers	and	occupants	of	 the	five	case	studies	were	undertaken.	The	findings	suggest	a	major	role	of	both	
human	actors	such	as	PV	installers	and	occupant	also	non-human	actors	like	government	policies	in	the	design	
and	 integration	 of	 technology.	 This	 ultimately	 leads	 to	 findings	 that	 can	 help	 transform	 behaviour	 into	
sustainable	and	energy	saving	practices.	
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1. Introduction	
The	number	of	households	 is	 increasing	and	has	 grown	 from	18.8	million	 in	1970	 to	27.8	
million	in	2016	(DUKES,	2017)	due	to	which	the	energy	demand	also	increased	and	is	mainly	
generated	 from	 non-renewable	 resources.	 This	 also	 contributes	 to	 about	 15%	 of	 total	
carbon	emissions	(DECC,	2013b)	due	to	this	there	 is	a	need	for	energy-efficient	housing	 in	
the	UK.	This	can	be	achieved	through	two	main	measures	such	as	increasing	the	efficiency	
and/or	 adopting	 RETs	 (Danny	 et	 al.,	 2013).	 To	 promote	 the	 use	 of	 micro-generation	 in	
housing	 the	government	 introduced	Feed	 in	Tariff	 (FIT)	which	promoted	PV	technology	as	
one	 of	 the	 most	 installed	 micro-generation,	 responsible	 for	 99%	 of	 the	 increase	 in	
installations	by	the	end	of	2016	(BEIS).	

However,	 the	 energy-efficient	 housing	 does	 not	 meet	 the	 expected	 low-levels	 of	
energy	 consumption	 as	 predicted	 leading	 to	 ‘energy-performance	 gap’	 when	 inhabited	
(Gram-	 Hanssen	 and	 George,	 2018).	 Professionals	 such	 as	 PV	 installers	 are	 the	 main	
authority	 that	 shape	 the	 design	 and	 integration	 of	 technology	 into	 homes.	 Also	 the	 PV	
installers	are	messengers	who	help	to	transfer	knowledge	about	the	energy	efficiency	of	PV	
technology	 to	 users	 and	 also	 increase	 their	 know-how	 which	 helps	 to	 shape	 the	
technology(Wade	 et	 al.,	 2016).	 My	 research	 aims	 to	 understand	 the	 largely	 overlooked	
practices	 of	 PV	 installers	 and	 how	 they	 inscribe	 the	 technology	 and	 integrate	 it	 into	
individual	houses.	The	PV	technology	is	thus	an	integration	between	both	the	provision	side	
actors	as	well	as	end-users	and	negotiations	between	them	help	to	shape	the	technology.	
	 	



The	following	questions	were	answered:	
•	How	do	the	PV	installers	shape	the	design	and	integration	of	the	domestic	PV	
technology	in	individual	houses	in	the	UK?	
•	 How	 is	 this	 inscription	 of	 new	 PV	 technology	 is	 perceived	 and	 practiced	 by	 the	

inhabitants	of	the	
individual	houses?	

2. Practice	Theory	
This	research	has	been	set	on	a	theoretical	standpoint	of	practice	theory	to	understand	the	
practices	 of	 PV	 installer	 and	 occupants	 that	 affects	 the	 technology	 integration	 at	 both	
provision	 and	occupancy	 stage	 to	 reduce	 the	performance	 gap.	 This	 approach	 focuses	on	
examining	 technologies	and	behaviour	 together	and	embedding	 them	with	 social	practice	
(Gram-Hanssen,	2010).	Practice	theories	by	different	theorist	were	analysed	and	studied	in	
detail	(figure	1).	The	one	that	best	worked	for	this	research	was	defined	by	Gram	Hanssen.		
	

	
	

3. Methodology	
A	Qualitative	approach	was	followed	as	rich	data	was	required	in	a	contextual	setting	which	
helped	to	analyse	 the	underlying	phenomena	as	 to	how	the	PV	technology	 is	designed	by	
the	PV	installer	and	how	it	affects	the	occupants.	Case	study	approach	was	adopted	also	due	
to	 its	capacity	 to	 investigate	a	contemporary	phenomenon	within	 its	 real-life	context.	The	
qualitative	approach	 includes	data	collection	 through	 three	main	methods	as	explained	 in	
Figure	2.	

	
	



	
	

4. Case	Studies	
The	paper	draws	qualitative	data	from	five	case	studies	of	individual	houses	in	the	UK	who	
have	installed	PV.	Figure	3	shows	the	location	of	various	components	across	all	case	studies.		

	
5.	Analysis	and	Discussion	

5.1	PV	System	Inscription	and	Integration	into	Homes		
The	PV	technology	inscription	begins	with	occupant’s	decision	to	install	PV	in	their	house	as	
well	as	occupant’s	priorities	which	helps	the	installer	decide	and	negotiate	the	final	material	
integration	 of	 components	 thus	 shaping	 the	 technology.	 The	 table	 1.	 shows	 how	 the	



different	PV	components	were	 integrated	 in	the	presented	case	studies	 in	this	thesis.	This	
physical	integration	further	shapes	the	behaviour	and	practices	related	to	it	thereby	shaping	

the	technology	output.	

5. Priorities	Related	to	Physical	Location		
The	priority	of	occupants	for	one	factor	maybe	more	important	than	other	such	as	for	many	
occupants	the	aesthetics	are	more	important	than	energy	efficiency	or	location	or	even	the	
brand	of	components.	This	is	because	some	occupants	completely	depend	on	the	installers	
advice	while	 others	 had	 previous	 knowledge.	 Analysing	 the	 five	 case	 studies	 the	 physical	
integration	 was	 usually	 based	 on	 the	 factors	 shown	 in	 the	 figure.	 5.	 This	 shaped	 the	
practices	and	behaviour	of	occupants	with	 technology	which	 sometimes	wasn’t	 as	energy	
saving	as	it	should	be	leading	to	performance	gaps.		

“While	some	occupants	are	very	specific	about	the	brand	of	inverter,	sometimes	they	
are	specific	about	the	colour	of	the	panel	and	only	want	black	and	not	the	silver	ones	
with	white	stripes.	Some	people	only	want	panels	at	the	back	of	the	house,	not	the	
front.”																																																																																																															(PV	Installer	#3)	

By	 analysing	 the	 five	 case	 studies,	 the	 physical	 integration	 was	 usually	 based	 on	
prioritising	 cost,	 aesthetics,	 environmental	 motivation	 or	 energy	 generation.	 Such	 as	
occupant	from	case	one	generated	all	the	energy	in	his	home	from	renewable	sources	such	
as	PV	and	air-source	heat	pump	while	occupant	from	case	two	was	majorly	concerned	about	
generating	maximum	electricity.	While	 the	 occupant	 from	 case	 three	was	 also	 concerned	
about	maximising	the	energy	generation	and	aesthetics	wasn’t	very	important.	As	different	



occupants	 have	 different	 motivations	 and	 aims	 which	 also	 shapes	 their	 practices	 and	
behaviour	 with	 technology	 and	 this	 sometimes	 wasn’t	 as	 energy	 saving	 as	 it	 leads	 to	
performance	gaps.		

	

	

6. Know	How	and	Interaction	with	PV	Technology		
This	 know-how	 about	 the	 system	 helps	 to	 interact	 with	 PV	 components	 and	 promotes	
engagements.	Though	there	 is	a	 lack	of	knowledge	and	know-how	in	occupants	related	to	
their	PV	system.	Only	one	out	of	 the	five	occupants	across	 five	case	studies	was	aware	of	
the	documents	provided	to	him	by	the	installer	and	he	also	acknowledged	that	he	reduced	
his	 energy	 consumption.	 There	 is	 a	 need	 for	 installers	 to	 introduce	 the	 home-owners	 to	
documents,	 energy	 saving	 techniques	 and	 demonstration	 or	 hands-on	 practices.	 Another	
problem	occupant	mentioned	that	the	monitoring	tablet	wasn’t	user-friendly,	and	it	wasn’t	
working.	This	is	probably	one	of	the	important	aspects	for	reducing	imported	electricity	as	
the	monitor	could	not	help	the	occupant	to	keep	a	check	on	energy	generated	by	PV.	This	
know-how	 helps	 to	 develop	 practical	 understanding	 of	 technology	 which	 helps	 at	 the	
occupation	stage.	

”	The	software	wasn’t	easy	to	use.	The	monitoring	tablet	 is	 the	cheap	one.	But	 the	
basic	 idea	 is	 to	 see	 the	 readings	 and	 the	 Wi-Fi	 is	 a	 problem	 as	 it	 doesn’t	 get	
connected.”																																																																																																										(Occupant	#2)	

7. Institutional	Rules		
As	the	government	polices,	majorly	the	FIT	scheme	and	the	tariff	bands	affects	the	design	of	
PV	system	as	 it	decides	the	types	and	wattage	of	panels	as	the	transcript	shows.	Now	the	
government	 policies	 have	 changed	 a	 lot	 and	 the	 tariff	 rates	 have	 drastically	 gone	 down	
affecting	the	installation	of	PV	technology	which	presses	a	need	to	introduce	lucrative	rates	
to	 attract	 the	 home-owners	 for	 more	 deployments	 of	 micro-generation.	 Another	 change	
that	 has	 affected	 the	 PV	 installation	 is	 the	 updated	 tariff	 band	 which	 gives	 occupants	 a	
higher	rate	on	installing	more	than	4kw	which	will	try	to	support	the	falling	deployment.	



“As	the	tariff	band	was	earlier	0-4kw	and	4-10kw	but	now	it	is	0-10kw.	So,	everyone	
was	installing	4kw	on	the	roof	and	now	10kw	as	to	just	bump	to	higher	tariff	band.	
So,	we	might	 end	up	 getting	 a	 280	watt	 and	 some	may	 end	up	 getting	 285	watts	
panel	so	as	to	just	to	bump	10kw”																																																																	(Occupant	#5)				

8. Conclusion	
The	 thesis	 contributes	 to	 the	 underestimated	 knowledge	 of	 practices	 that	 shape	 the	 PV	
technology	by	 the	understanding	of	 the	provisioning	 and	occupation	 sides	 together	 as	 an	
combined	approach.	This	suggested	that	installers	play	a	major	role	in	shaping	the	domestic	
PV	 technology	 in	 the	 homes	 in	 the	 UK.	 Improving	 the	 efficiency	 of	 home	 technology,	
through	technical	means	alone	cannot	help	in	achieving	the	goals,	but	the	human	dimension	
also	 plays	 a	major	 role.	 Therefore,	 there	 is	 a	 need	 to	 demonstrate	 the	 technology	 to	 the	
users	 and	 help	 them	 improve	 and	 modify	 their	 practices	 which	 can	 be	 done	 by	 the	 PV	
installers,	 as	 they	 help	 to	 integrate	 the	 technology.	 This	 research	 suggests	many	ways	 of	
changing	the	practice	of	PV	installers	as	well	occupants	together	as	an	integrated	approach	
can	help	 increase	 the	energy	efficiency	as	well	 as	 reduce	energy	bills.	 Though	 this	 should	
start	as	early	as	from	the	provision	stage	by	shaping	the	installers	practice	and	also	at	the	
occupation	 stage	 by	 making	 sure	 the	 occupants	 are	 well	 introduced	 and	 aware	 of	 the	
technology.	 The	 PV	 installers	 need	 to	 understand	 the	 context	 as	 well	 as	 the	 needs	 of	
occupants	deeply	so	as	to	design	and	integrate	the	technology	better	which	is	often	missed.	
This	 is	 because	 when	 a	 new	 technology	 is	 being	 installed,	 it	 needs	 to	 be	 explained	 and	
translated	 to	 the	 homeowners,	 so	 they	 can	 interact	 correctly	 with	 it.	 This	 also	 includes	
motivating	 the	 occupants	 to	 reduce	 the	 priority	 they	 give	 to	 a	 particular	 factor	 such	 as	
aesthetics	 or	 location	 or	 sometimes	 brands	 due	 to	 which	 the	 design	 of	 technology	 is	
compromised.	 Secondly,	 the	 PV	 installers	 should	 have	 good	 knowledge	 themselves	which	
can	be	transferred	to	the	occupants	so	as	 to	monitor	 the	technology	better	such.	Also,	as	
the	FIT	 is	now	coming	to	an	end	 in	April	2019	and	this	might	 lead	to	 the	waning	of	many	
small	 PV	 installers	 as	 homeowners	will	 not	 adopting	 PV	 as	much	 as	 they	did	 before.	 This	
suggests	 for	 new	 and	 improved	 subsidise	 by	 the	 government	 as	 the	 case	 studies	 showed	
almost	all	 the	occupants	were	dependent	on	the	FIT	scheme	and	were	majorly	concerned	
about.	
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