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Abstract	
As	 70%	 of	 current	 homes	 in	 the	 UK	 will	 still	 be	 standing	 in	 2050,	 the	 CO2	 emissions	 associated	 with	 high	
space-heating	demand	contributes	to	significant	environmental	impacts.	In	order	to	reduce	carbon	emissions,	
housing	retrofit	is	gaining	momentum	with	architects	proposing	solutions	for	the	reduction	in	occupant	energy	
consumption	 by	making	 buildings	more	 energy-efficient.	 This	 research	 investigated	 the	 retrofitting	 barriers,	
upgrading	strategies	and	 issues	associated	with	Victorian	housing	 in	 the	UK.	The	research	 illustrated	retrofit	
barriers	 in	 the	 UK	 drawn	 out	 from	 literature	 and	 supplemented	 with	 interviewing	 retrofit	 professionals.	 A	
number	 of	 retrofit	 strategy	 themes	 were	 focused	 on,	 based	 on	 the	 relative	 importance	 attached	 by	 the	
interviewees	 and	 as	 found	 in	 the	 literature.	 Six	 retrofit	 projects	 from	 the	 TSB	 in	 the	UK	 and	 EnergieSprong	
(Netherlands)	 are	 included	 as	 case	 studies.	 Findings	 indicate	 that	 there	 is	 some	 scope	 to	 apply	 and	 adapt	
German	and	Dutch	solutions	to	the	UK	retrofit	market.	 	
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1. Introduction	 	

1.1	 	 Background	and	problems	
The	UK’s	climate	change	response	is	to	reduce	80%	CO2	emissions	by	2050	when	compared	
with	emissions	in	1990	(DECC,	2011).	The	energy	reduction	of	the	UK	building	stock	plays	an	
essential	role	(Utley	and	Shorrock,	2005),	as	27%	of	CO2	emissions	in	the	UK	were	estimated	
contributed	by	26	million	dwellings	in	the	country.	 	

Housing	stock	turnover	is	about	1%	a	year	(TRCCG,	2008)	and	75-85%	of	the	existing	housing	
stock	 in	the	UK	will	still	stand	by	2050	(Power,	2011).	This	means	that	the	proper	ways	of	
retrofitting	existing	housings	are	essential.	 	

Although	building	standards	had	developed	since	the	20th	century	by	using	cavity	walls	to	
prevent	damp	penetration	from	the	1930s	onwards	and	brick	walls	from	the	1950s	(TRCCG,	
2008).	 The	 millions	 of	 existing	 properties	 still	 contain	 poorly	 performing	 fabric,	 such	 as	
single	 glazing	 windows,	 badly	 performing	 solid	 walls	 and	 less	 insulated	 floors	 or	 roofs	
(Roberts,	 2008).	 These	 features	 are	 responsible	 for	 the	 significant	 heat	 loss	 and	 overall	
energy	consumption	of	the	buildings.	

1.2	 	 Key	research	question	
The	 above	 problem	 leads	 to	 the	 main	 research	 question:	 ‘What	 are	 the	 challenges	 and	
opportunities	 in	 the	 UK	 when	 upgrading	 Victorian	 terraced	 housing	 to	 high	 fabric	
energy-efficiency?’	
	 	



1.3	 	 Aim	and	objects	
The	 aim	 of	 this	 research	 is	 to	 find	 out	 barriers	 of	 retrofitting	 and	 investigate	 how	 to	
undertake	energy-efficient	upgrades	 in	terrace	housing	streets	 in	the	UK	by	reviewing	and	
testing	strategies	from	other	countries.	

The	objectives	of	doing	this	research	are:	
• To	understand	the	housing	condition	of	the	current	UK	residential	dwellings;	
• To	investigate	barriers	when	doing	retrofitting	in	the	UK;	
• To	 analyze	 retrofitting	 strategies	 in	 Germany	 and	 the	 Netherlands,	 and	 evaluate	 their	

applicability	to	the	UK;	
• To	conclude	energy-efficient	upgrades	in	terrace	housing	streets.	

2. Literature	review	and	methodology	
The	retrofit	barriers	summarized	from	literature	review	includes	the	following	items:	
• The	policy	and	government	incentive	schemes	make	the	policy	landscape	complicated;	
• The	 UK	 housing	 stock’s	 uniqueness	 make	 it	 hard	 to	 come	 up	 with	 ‘one	 size	 fits	 all’	

solution	and	make	it	limited	to	apply	prefab	strategies;	
• Financial	challenges	make	it	essential	to	consider	the	balance	between	benefit	and	cost;	
• The	 proper	 choice	 of	 internal	 insulation	 and	 external	 insulation	 strategy	 in	 different	

cases.	 	
• The	 lack	 of	 efficient	 communication	 and	 collaboration	 among	 different	 teams	 might	

cause	problems	for	decision	making,	construction	processes	and	material	deliveries;	
• The	supply	chain	needs	to	be	improved;	
• Retrofit	professionals	and	people	with	appropriate	retrofit	 skills	are	urgently	needed	 in	

both	design	and	contractor	teams;	
• The	large	gap	between	predicted	energy	performance	and	real	energy	consumption;	
• The	 communication	 and	 collaboration	 with	 occupants	 during	 and	 after	 projects	 –	 this	

needs	to	be	well	managed;	
• The	 weight	 load	 affordability	 of	 existing	 houses	 should	 be	 considered	 when	 installing	

renewable	equipment	on	the	roof;	

Qualitative	research	and	case	study	methods	are	used	in	this	research.	Interviews	were	used	
in	 the	 early	 stages	 of	 the	 thesis	 research	 where	 intended	 to	 gain	 a	 better	 general	
understanding	 of	 current	 housing	 retrofit	 background	 information	 throughout	 the	 UK	 by	
interviewing	architects	who	focused	on	retrofitting	projects.	Ten	 interview	questions	were	
designed	 for	 architects.	 These	questions	 for	 architects	 focused	on	 their	point	of	 views	on	
three	aspects,	which	were	about	their	retrofit	project,	about	the	UK	retrofitting	issues	and	
about	 perspective	 research	 themes.	 Six	 interviewees	 from	 five	 projects	 -	 see	 Table	 1	 are	
picked	from	Baeli’s	book	(2013)	according	to	their	willingness	of	participate.	 	
Table	1.	Information	of	interviewees	and	their	projects.	
	 RFtF	

project	
	
Interviewee	

Energy	
reduction	
ranking	 	

Total	cost	

Hawthorn	
Road	 	

	

TSB-59	 Fran	Bradshaw	 1	 £189,090	

Shaftesbury	
Park	Terrace	 	

TSB-51	 Bill	Gething;	
Andrew	Macintosh	

9	 £80,791	



Grove	Cottage	 	

	

/	 Andrew	Simmonds	 16	 £140,000	

Princedale	
Road	 	

TSB-28	 Marion	Baeli	 17	 £180,683	

Byron	Square	 	

	

TSB-25	 Andrew	Mellor	 19	 £98,670	

Apart	from	these	five	UK	case	studies,	a	pilot	study	in	Netherlands	that	produce	a	ten-days	
pre-constructed	method	–	see	Figure	1	was	illustrated	as	case	study	as	well.	

	 	
Figure	1.	Timetable	of	the	ten-day	work	program	(Figure	taken	from	Rover,	2014).	

3. Results	and	discussion	

3.1	 	 Evaluation	of	main	retrofit	barriers	according	to	literature	and	interviews	
Out	 of	 six	 interviews	 with	 architects	 (based	 on	 5	 RFtF	 case	 studies),	 many	 aspects	 were	
mentioned	 and	 repeated	 during	 the	 discussions.	 A	 detailed	 summarize	 of	 interview	 was	
listed	 in	 Figure	 2.	 The	 8	 barriers	 are	 listed	 below	 in	 order	 of	mentioned	 frequency;	 they	
were	also	identified	in	the	reviewed	literature:	

• housing	stocks’	condition	and	corresponding	problems,	 	
• collaboration	among	different	parties,	 	
• government	policy	and	planning	context,	 	
• retrofit	budgets	
• insulating	the	façade	of	historical	buildings.	 	
• housing	stock	conditions:	such	as	 	

• moisture	sensitive	materials,	 	
• construction	quality,	 	
• cold	bridging,	 	
• small	gardens,	 	
• limited	parking	area	 	
• chimney	presence.	

• housing	 diversity	 represents	 the	 uniqueness	 of	 dwellings	 in	 this	 country	 but	 leads	 to	
added	retrofit	complexity.	 	



• large	 numbers	 of	 housing	 stocks	 are	 historical	 or	 listed	 buildings	 that	 require	 special	
consideration	while	doing	low	energy	retrofit.	 	

	
Figure	2.	Detailed	summarize	of	interview	results	(Red	colour	coded:	Key	points	of	the	answers).	

3.2	 	 Upgrading	themes	
Considering	the	barriers	learn	from	literature	review	and	summarized	from	interviews	with	
professionals,	 there	 are	 four	 themes	 been	 discussed	 further	 about	 their	 applicability	 in	
retrofit	to	a	larger	scale	role	out	in	the	UK.	

a.	 	 	 Government	activities	–	Learning	from	Germany	
Four	out	of	six	interviewees	pointed	out	that	there	are	some	schemes	worth	to	learn	from	
Germany.	 Bradshaw	 (2016)	 and	 Simmonds	 (2016)	 both	 pointed	 out	 that	 the	 funding	
arrangements	in	Germany	are	very	successful	and	exemplary.	However,	Schröder	et	al	(2011)	
hold	 the	 view	 that	 the	 Germany	 approaches	 cannot	 be	 transposed	 directly	 to	 other	
countries,	but	worth	to	 learn	from	a	general	scale	to	some	extent,	especially	for	countries	
that	in	the	early	stage	of	energy	efficiency	development	such	as	the	UK.	

According	 to	 the	 analyses	 of	 Germany’s	 ‘Three	 pillars’	 approach	 and	 the	 comparison	 of	
Germany	 and	 the	 UK.	 Thought	 Germany’s	 approach	 has	 its	 limitation	when	 transform	 to	
other	 countries,	 it	 still	worth	 learning	 -	 their	government	 incentive	approach	and	ways	 to	
improve	public	awareness.	 	

b.	 	 	 Project	 collaboration	and	operating	 systems	on	 retrofit	projects	–	 Learning	 from	 the	
Netherlands	 	
The	project	organization	system	of	the	Dutch	EnergieSprong	is	further	analyzed,	in	order	to	
learn	lessons	for	the	UK’s	construction	process	to	address	collaboration	issues,	which	were	
pointed	 out	 several	 times	 by	 architects	 during	 interviews.	 Five	 out	 of	 six	 interview	
respondents	hold	the	view	that	EnergieSprong	in	the	Netherlands	is	an	exemplary	project,	
but	has	its	limitation	to	roll	out	in	the	UK.	



Their	joint	responsibility	system	(co-makers)	ensures	the	responsibility	would	continue	from	
the	start	of	the	project	and	remain	several	years	after	occupants	moved	in.	It	also	ensures	
that	the	co-makers	are	interested	and	fully	involved	in	the	project	(Rovers,	2014).	 	

This	is	a	good	operation	system	could	be	applied	to	other	countries,	which	including	the	UK.	
This	will	 increase	 the	cost	 to	some	extent	 in	 the	early	 stage	as	 it	 involves	 third	party	 that	
would	charge	for	their	efforts.	Meanwhile,	it	would	save	budget	on	solving	problems	caused	
by	 unsuccessful	 collaboration,	 such	 as	 the	 mistake	 on	 materials’	 supply,	 delay	 of	 the	
construction	 schedule	 and	 inefficiency	 teamwork.	 The	 applicability	 depends	 on	 the	
operation	efficiency	of	the	co-makers	system	and	the	cost	of	third	party	in	UK	market	when	
transforming	it	into	the	UK.	 	

c.	 	 	 External	wall	insulation	as	street	scale	roll-out	 	
Osmani	and	Davies	 (2013)	 indicated	 in	 their	 research	 that	 improving	 thermal	 insulation	 is	
one	of	the	best	low	energy	retrofit	design	strategies.	Insulation	strategies	were	applied	on	
roof,	wall	and	floor	areas	with	different	materials.	Internal	and	external	insulation	both	have	
their	own	merits	that	should	be	considered	in	different	dwelling	conditions.	 	

In	some	cases	where	the	public	values	the	uniqueness	of	housing	appearance,	internal	and	
external	 insulation	 were	 mix-used	 on	 Victorian	 housing	 streets.	 In	 other	 cases	 external	
insulation	was	considered	as	a	priority	for	its	convenience	on	installation	and	better	roll	out	
on	a	street	scale	where	buildings’	original	appearance	were	not	worth	to	keep.	 	

Though	 there	 are	 a	 large	 percentage	 of	 historical	 dwellings	 in	 the	 UK	 (40%	 of	 pre-1919	
housing),	 there	 are	 still	 large	 numbers	 of	 housing	 streets	 that	 suitable	 for	 street	 scale	
retrofit	 that	care	 less	about	 façade	experience	changing.	Therefore,	EWI	 is	more	worth	to	
roll	out	and	invest	more	research	on.	

d.	 	 	 Floor	
The	 innovative	floor	 insulation	solution	for	suspended	timber	ground	floors	 in	Shaftesbury	
Park	Terrace	(TSB-51)	was	deemed	an	efficient	and	cheap	approach	that	could	be	rolled	out	
in	 future	 retrofits	at	 large	scale	 (Pelsmakers,	2016).	As	 the	pros	and	cons	of	 this	 solution,	
insulating	 without	 lifting	 floorboards	 and	 requiring	 re-route	 services	 running	 under	 the	
floorboards,	 the	 risk	 and	 gain	 evaluation	 should	 be	 discussed	 in	 each	 project	 in	 order	 to	
decide	the	applicability	of	this	strategy.	

Ground	 floor	 insulation	 has	 its	 value	 when	 there	 is	 limited	 accessibility	 to	 do	
high-performance	wall	 insulation.	 Especially	 for	 small-spaced	 properties,	which	 located	 in	
conservation	area	or	 they	are	 listed	buildings.	As	external	wall	 insulation	 is	not	proper	or	
cannot	be	applied	and	 internal	wall	 insulation	could	occupy	 large	amount	of	space.	Hence	
insulating	 the	 ground	 floor	 to	 a	 higher	 level	 could	 make	 it	 possible	 to	 insulate	 other	
elements	to	a	lower	level,	still	keeping	the	total	heat	loss	at	a	more	acceptable	level.	

4. Conclusion	
This	 research	 contributes	 to	 the	 low	 energy	 upgrading	 of	 Victorian	 terraced	 housing	 by	
researching	 on	 retrofit	 barriers,	 the	 applicability	 of	 low	 energy	 upgrade	 strategies	 from	
other	countries	to	the	UK	and	which	strategies	might	be	worth	a	roll	out	at	larger	scale.	

The	 objectives	 of	 this	 research	 were:	 to	 investigate	 the	 retrofitting	 barriers,	 current	
upgrading	 strategies	 and	 issues	 related	with	 Victorian	 terraced	 housing	 stocks	 in	 the	UK;	
secondly,	to	evaluate	successful	schemes	in	the	UK,	Germany	and	the	Netherlands	as	well	as	



challenges	and	opportunities	of	domestic	retrofitting;	thirdly,	to	analyse	upgrading	schemes	
that	have	potential	 to	be	 rolled	out	 at	 larger	 scale.	 To	achieve	 these	objectives,	methods	
such	as	literature	review,	case	study	and	interviews	were	used	in	this	dissertation.	

The	research	collected	views	from	limited	target	interviewees	–	only	architects,	which	may	
lead	an	 incomprehensive	result.	However,	due	to	the	 limited	time,	 interviews	with	people	
from	multidiscipline	could	not	be	undertaken.	 	

Study	of	 retrofit	 upgrading	 approaches	 could	 be	 taken	 as	 further	 researches.	 Such	 as	 the	
transform	 of	 Dutch	 EnergieSprong	 program,	 floor	 insulation	 approaches	 and	 street	 scale	
external	wall	insulation.	
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