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Abstract:	 In	 the	UK,	27%	of	 the	energy	consumed	 in	dwellings,	with	the	40%	of	carbon	emissions.	To	retard	
climate	 change	 and	 achieve	 net	 zero	 emissions	 by	 2050,	 it	 is	 of	 urgent	 necessity	 to	 conduct	 the	 retrofit	 of	
traditional	buildings	to	improve	their	energy	efficiency.	This	paper	presents	the	whole	process	of	pre-retrofit	
survey,	 assessment	 and	 decisions-makings	 before	 retrofitting,	 based	 on	 the	whole	 house	 retrofit	 approach.	
This	study	utilises	the	retrofit	project	of	a	Victorian	terraced	house,	typical	in	the	UK,	as	a	case	study	for	setting	
up	 an	 integrated	 methodology	 considering	 technical	 and	 heritage	 constraints.	 Based	 on	 a	 combination	 of	
methods	including	assessment	of	building	survey,	simulation	and	optimisation,	the	main	findings	provide	the	
proposed	 insulation	 thickness,	 insulated	 thermal	 bridges,	 secondary	 glazing	 materials	 and	 mechanical	
ventilation	 systems	 can	 achieve	 the	 recommended	 heating	 demand	 from	 EnerPHit	 for	 this	 case	 and	 early	
prevention	of	technical	and	heritage	issues.		
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1. Introduction		
Nowadays,	 buildings	 account	 for	 about	 40%	 of	 the	 global	 energy	 consumption	 and	
contribute	more	than	30%	of	the	carbon	emissions.	The	residential	building	are	responsible	
for	26%	of	emissions	(DECC,	2011).	The	UK	government	has	introduced	and	enforced	carbon	
reduction	targets,	which	is	reducing	emissions	by	80%	by	2050,	through	the	Climate	Change	
Act	 2008	 (Parliament	 of	 the	 United	 Kingdom,	 2008).	 To	 achieve	 the	 emission	 reduction	
targets,	 the	 improvement	 of	 building	 performance	 of	 existing	 buildings	 is	 urgent	 to	 be	
implemented	 based	 on	 retrofits.	 In	 the	 UK,	 30%	 of	 the	 existing	 houses	 are	 traditionally	
constructed	with	solid	walls,	the	majority	of	which	are	uninsulated.	Successful	retrofits	can	
halve	emissions	generated	from	the	existing	traditional	buildings	(Fankhauser,	et	al.,	2018).	
Hence,	 the	 retrofit	 of	 traditional	 buildings	 is	 of	 vital	 importance	 to	 reduce	 the	 energy	
consumption	within	the	existing	building	stock.		
In	the	previous	studies,	there	were	limited	methods	that	combine	building	assessments	and	
simulation	for	the	retrofit	of	historic	and	traditional	buildings.	In	this	study,	the	heritage	and	
technical	compatibility	of	energy-efficient	interventions	will	be	discussed	and	assessed.		
This	 research	presents	 an	 approach	 to	 achieve	 the	whole	 house	 retrofit	 and	 improve	 the	
energy	 efficiency	 by	 considering	 the	 technical	 and	 heritage	 constraints	 involved	 in	 the	
traditional	buildings.	A	case	study	was	applied	to	demonstrate	the	procedure	of	the	whole	
house	 retrofit,	which	 is	 a	 typical	Victorian	 terraced	house.	 The	 study	 aims	 to	 support	 the	
whole	 house	 retrofit	 of	 the	 traditional	 building	 in	 the	 UK,	 reducing	 the	 risk	 of	 thermal	
bridges	and	moisture.	
	
		



2. Methodology		
The	 paper	 presents	 an	 integrated	 survey-based	 and	 simulation-based	 decision-making	
approach	for	the	retrofit	of	historic	and	traditional	buildings.	The	approach	is	based	on	the	
general	framework	described	in	BS	EN	16883		(CEN,	2017).		

	
Figure	1	The	integrated	decision-making	process	for	the	energy-efficient	retrofit	of	traditional	buildings		

As	shown	in	Figure	1,	the	decision-making	process	consists	of	two	main	stages.	 In	the	first	
stage,	 the	existing	conditions	of	 the	historic	building	were	assessed	based	on	the	heritage	
significance	 and	 conservation,	 including	 the	 analysis	 of	 decorative	 details.	 The	 existing	
building	condition	was	assessed	and	the	build-up	of	building	fabric	was	identified,	as	well	as	
the	type	of	building	services.	For	the	construction	materials,	the	thermal	transmittance	was	
inferred	by	visual	inspection	and	previous	research.	In	addition,	constraints	were	included	to	
determine	 the	 retrofit	 measures,	 concerning	 space	 and	 technical	 constraints.	 During	 this	
process,	moisture	risks	associated	with	the	retrofit	measures	were	considered	according	to	
the	key	principles	of	a	whole-building	approach	to	moisture:	compatibility	with	the	context,	
coherence	in	approach	and	detailing,	capacity	in	design	and	construction,	and	caution	in	use	
and	maintenance	 (BSI,	2017).	At	 the	end	of	 the	 first	 stage,	 the	potential	energy	efficiency	
measures	(EEM)	were	identified,	and	their	main	design	parameters	were	considered	in	the	
second	stage,	where	dynamic	building	simulations	were	used	to	identify	the	optimal	retrofit	
scenarios	based	on	 the	energy	 and	 cost	objectives.	 This	 process	was	 aimed	 to	obtain	 the	
retrofit	scenario	when	the	cost	was	acceptable	with	the	minimum	energy	use.	The	retrofit	
measures	that	weren’t	affected	by	heritage	or	technical	constraints	were	assumed	to	meet	
the	 EnerPHit	 criteria.	 The	 building	 thermal	 performance	 of	 the	 final	 optimal	 project	 was	
compared	with	the	EnerPHit	criteria	to	determine	whether	the	energy	efficiency	had	been	
improved	efficiently.		
In	this	study,	the	applied	simulation	tool	was	DesignBuilder	and	the	optimal	retrofit	scenario	
was	identified	according	to	the	Pareto	front.	In	this	study,	the	parametric	project	was	built	
up	 to	obtain	 the	optimal	 retrofit	 scenario	based	on	 the	Pareto	 front.	The	objectives	were	
the	primary	energy	consumption	and	the	investment	cost.	



3. Case	study		
The	case	study	is	a	two-storey	Victorian	mid-terraced	house	built	from	1890-1900,	located	
listed	in	a	conservation	area	in	Bourneville.	The	front	façade	of	the	building	is	west-oriented,	
as	shown	in	Figure	2.	This	house	represents	as	typical	traditional	building	in	the	UK,	and	has	
uninsulated	solid	walls,	single	glazing	and	no	mechanical	ventilation	system.	The	initial	input	
of	 constructions	 and	materials	 had	 a	 relatively	 high	U	 thermal	 transmittance,	 as	 inferred	
from	 the	 building	 survey,	 leading	 to	 the	 large	 heat	 loss	 through	 the	 building	 envelope.	
During	 thermal	 energy	modelling,	 the	assumed	 climate	 file	was	Birmingham.	As	 shown	 in	
the	 figure	 below,	 the	 neighbourhood	 buildings	 had	 been	 included	 in	 DesignBuilder	 to	
consider	 their	 shading.	Considering	 shading,	 the	neighbouring	houses	will	block	 the	direct	
sunlight	during	 the	day.	 The	party	walls	were	 simulated	as	 adiabatic	boundaries,	 ignoring	
the	heat	loss	through	them.		

	 	
Figure	2	Site	location	and	Model	in	DesignBuilder	

4. Results	and	analysis		

4.1 Survey	results		
Table	 1	 included	 the	 existing	 conditions	 of	 the	 house	 and	 the	 constraints	 related	 to	 the	
heritage	 conservations	 and	 technical	 constraints	 as	 discussed	 before,	 corresponding	 with	
the	compatibility	with	the	context,	coherence	in	approach	and	detailing,	capacity	in	design	
and	construction,	and	caution	in	use	and	maintenance.			
Table	1	Summary	of	survey	results	and	assessment	

	



Based	 on	 the	 assessment,	 the	 selected	 retrofit	 options	 can	 be	 specified	 and	 input	 in	 the	
model	as	 shown	 in	 table	2.	Adding	 insulation	and	 replacing	with	 the	new	building	 service	
equipment	were	the	considered	retrofit	solutions.		
Table	2		Parametric	data	
Retrofit	measures		 Descriptions		 Values		
Insulation	thickness		 Wood	fibre	board		 0mm	to	140mm,	intervals:	20mm		
Thermal	bridges	 Insulated/Uninsulated		 (see	Marincioni	et	al,	2015)	
Window	U-value	 Acoustic/Low-e/Vacuum		 0.8	𝑊/𝑚%𝐾,	1.6	𝑊/𝑚%𝐾,	2.0	𝑊/𝑚%𝐾	
Ventilation	types		 MVHR/MEV	 Replace	with	different	systems		

Considering	from	the	heritage	perspective,	the	survey	indicated	the	front	wall	and	windows,	
hallway	as	 the	elements	 to	be	retained.	The	option	of	having	secondary	windows	without	
removing	 the	 original	 windows	 was	 considered	 in	 the	 simulation,	 and	 internal	 wall	
insulation	was	the	only	insulation	option	for	the	front	wall.	For	the	hallway,	decorative	tiles	
were	 considered	by	 considering	 the	 conservation	 and	difficulties	 of	 the	 replacement.	 The	
critical	elements	from	the	technical	point	of	view	were	internally	insulated	walls,	as	well	as	
the	 floor.	 For	 internal	 wall	 insulation,	 the	 moisture	 risk	 was	 considered,	 looking	 at	 the	
context	 and	 coherence	 of	 approach	 and	 detailing.	 Capillary	 active	 insulation	 system	with	
wood	 fibre	 board	 was	 considered	 because	 of	 the	 compatibility	 with	 the	 existing	 wall	
(Vereecken	and	Roels,	2016).	Due	to	 the	deep	and	draughty	ground	floor	void,	 the	risk	of	
trapped	and	accumulated	moisture	could	be	reduced.	For	the	hallway,	decorative	tiles	were	
considered	 for	 conservation	 and	 difficulties	 of	 replacement	 as	mentioned	before.	 For	 the	
kitchen	floor,	the	limited	space	makes	it	difficult	to	achieve	low	U-value	as	EnerPHit	criteria.		
For	ventilation	systems,	MVHR	and	MEV	systems	with	demand-control	were	considered	in	
the	retrofit	options	as	considering	the	airtightness	of	the	whole	house.		

4.2 Simulation	results		

	
Figure	3	The	Pareto	optimal	solutions	and	the	candidate	solutions	of	this	case	

The	main	objectives	of	this	study	were	the	primary	energy	use	and	the	investment	cost.	The	
Pareto	optimal	 front	obtained	 for	 the	parametric	 results	has	been	shown	 in	Figure	3	with	



the	 corresponding	 values	 in	 the	 two-dimensional	 criterion	 field.	 The	 Pareto	 optimal	
solutions,	which	are	highlighted	with	orange	dots,	are	not	dominated	by	any	other	solution.	
The	 configurations	 of	 the	 optimal	 solution	 are	 the	 60mm	 wall	 insulation	 thickness,	 with	
various	 secondary	 glazing	 types	 and	 MEV	 system.	 	 Hence,	 the	 recommended	 internal	
insulation	thickness	based	on	the	optimisation	process	is	60mm	while	the	secondary	glazing	
types	 is	 suggested	 to	 be	 low-E	 glazing.	 As	 shown	 in	 figure	 below,	 vacuum	 glazing	 can	 be	
much	more	expensive	than	the	rest	options	with	low	energy	savings	as	discussed	before.	On	
the	 other	 hands,	 low-E	 glazing	 becomes	 common	 with	 lower	 price	 at	 present.	 Based	 on	
these	 considerations,	 the	 cost-optimal	 retrofit	 configurations	 for	 this	 traditional	 Victorian	
terraced	house	can	be	insulated	with	60mm	internal	insulation	and	low-e	secondary	glazing,	
with	MEV	system	installed	in	the	whole	house.			
Table	 3	 shows	 the	 comparisons	 of	 the	 pre-retrofit	 and	 post-retrofit	 measure	 in	
DesignBuilder.	In	addition,	the	criteria	of	each	component	have	been	displayed	to	compare	
the	difference	between	 the	post-retrofit	 results.	By	 considering	 the	heritage	 conservation	
mentioned	 before,	 the	 floor	 of	 the	 hallway	 will	 be	 kept	 as	 the	 original	 construction	 as	
discussed	before,	which	is	much	higher	than	the	EnerPHit	criteria.		
Referring	 to	 the	 EnerPHit	 criteria	 mentioned	 in	 review	 section,	 the	 linear	 thermal	
transmittance	of	 junctions	were	suggested	 to	be	smaller	 than	0.01	W/(mK).	However,	 the	
majority	of	 the	simulation	values	 for	a	house	of	 this	 type	are	 larger	 than	0.01	W/(mK).	 In	
fact,	it	is	challenging	to	achieve	extremely	low	linear	thermal	transmittance.	
Also,	 the	U-values	were	 larger	 than	 suggested	 in	EnerPHit.	However,	 the	heating	demand	
still	 can	be	 reduced	 to	be	 lower	 than	25	kWh/(m2a).	 In	 terms	of	 the	 infiltration	 rate,	 it	 is	
difficult	 to	 achieve	 an	 extremely	 low	 airtightness	 level.	Hence,	 the	 appropriate	 value	was	
input	in	this	case	and	required	further	monitoring.	
Table	3	Comparisons	of	pre-retrofit	and	post-retrofit	models	
Retrofit	measures		
and	outputs		

	 Pre-
retrofit	

Post-
retrofit	

EnerPHit	

Wall	[𝑊/𝑚%𝐾]	 Front		 0.902	 0.399	 ≤0.15		
Rear		 1.960	 0.496	
Kitchen/	Utility	 1.469	 0.406	
WC	 0.609	 0.292	

Floor	[𝑊/𝑚%𝐾]	 Main		 2.299	 0.15	 ≤0.15	
Hallway		 4.078	 4.078	
Kitchen/	Utility	 4.060	 1.0	

Roof/Ceiling	[𝑊/𝑚%𝐾]	 Bay	window	 1.597	 0.12	 ≤0.12	
First	Floor	 0.600	 0.116	
Rear		 1.026	 0.116	

Window	[𝑊/𝑚%𝐾]	 Double	glazing	with	aluminum	frames			 2.900	 0.78	 ≤0.85	
Double	glazing	with	UPVC	frames			 2.800	 0.78	
Single	glazing	with	timber	frames		 5.800	 1.20	

Door	[𝑊/𝑚%𝐾]	 	 1.650		 0.633	 ≤0.80	
Boiler		 Efficiency	 80%	 89%	 -	
Ventilation		 	 -	 MEV	 MVHR	
Infiltration	rate		 	 15	ach	 3ach		 <0.6ℎ*+	
Heating	demand	[kWh/𝑚%a]	 293.67	 21.279	 ≤25	

	
	



5. Discussions	and	conclusions		

5.1 Main	findings		
In	terms	of	the	whole	house	retrofit,	various	energy	efficiency	measures	may	have	different	
impacts	on	associated	building	 subsystems	due	 to	 these	 interactions,	 requiring	a	 complex	
combination	 of	 energy	 efficiency	 technologies.	 The	 building	 survey	 is	 necessary	 to	 be	
undertaken	 before	 retrofitting	 a	 historical	 building,	 leading	 to	 figure	 out	 the	 design	
constraints,	 like	 heritage	 conservation	 and	 space	 limitation.	 As	mentioned	 in	 the	 existing	
frameworks	 that	 provide	 with	 the	 guidelines	 for	 improving	 the	 energy	 performance	 of	
traditional	 buildings,	 it	 is	 important	 to	 identify	 the	 conservation	 opportunities	 and	
constraints.	 For	 the	 pre-assessment,	 the	 guidance	 wheel	 report	 was	 used	 to	 assess	 the	
measures	 and	 generate	 a	 report.	 The	 STBA	 guidance	 wheel	 and	 report	 is	 highly	
recommended	 to	 assess	 the	 retrofit	measures	 before	 undertaking	 the	 completed	 retrofit	
plan.	 It	 is	worth	 focusing	 on	 the	 specific	 building	 constructions	 and	 related	 technical	 and	
heritage	 concerns	 in	 the	 early	 stage	 of	 the	 traditional	 building	 retrofit.	 In	 addition,	 the	
heating	demand	will	be	applied	to	evaluate	thermal	performance	while	the	energy	use	and	
cost	were	as	the	objective	to	achieve	the	optimisation	for	a	retrofit	project.		

5.2 Limitations	and	Further	work		
The	pre-assessment	could	be	limited	as	the	risk	assessment	only	focused	on	the	moisture	of	
the	wall.	 The	moisture	 risk	 of	 the	whole	 house	 and	 site	 could	 be	 included	 in	 the	 retrofit	
project.	 To	 undertake	 the	 whole	 house	 assessment,	 other	 measures	 are	 suggested	 to	
undertake	 the	 moisture	 assessment.	 When	 assessing	 the	 main	 risks	 on	 ventilation	 and	
mechanical	system,	the	heritage	impact	has	not	been	taken	into	considerations.		
During	 the	 simulation,	 the	 weather	 file	 was	 Birmingham	 in	 DesignBuilder,	 which	 was	
updated	a	 few	years	ago.	Hence,	 the	simulation	results	can	be	different	 from	the	realistic	
results;	also,	the	prediction	of	performance	under	future	climate	was	not	considered.	Based	
on	 the	 previous	 works	 by	 STBA,	 ventilation	 grills	 and	 ducting	 have	 an	 influence	 on	 the	
heritage	value	of	a	traditional	building.	Finally,	in	the	pre-assessment	section,	there	is	a	high	
risk	of	the	overheating	mentioned	by	the	responsible	retrofit	guidance	wheel.	However,	 it	
has	not	been	included	in	this	paper,	which	can	be	considered	in	further	work.		
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