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Abstract:	Millions	of	Victorian	and	Edwardian	terraced	houses	are	present	in	UK,	including	semi-detached	and	
flats	 from	the	post-war	period,	built	 in	 late	1960’s	 (Dowson,	Poole,	Harrison,	&	Susman,	2012).Furthermore,	
new	and	refurbished	houses	need	to	converge	with	meticulous	energy-efficiency	standards,	to	provide	thermally	
comfortable	built	environments,	fuel-efficiency	and	carbon-emission	reduction	targets,	making	radical	shift	to	
low-carbon	economy.	However,	there	is	often	an	extensive	gap	between	the	planned	and	actual	performance	
of	 dwellings.	 This	 paper	 will	 interrogate	 functioning	 of	 different	 ventilation	 systems	 into	 building	 designs,	
especially	during	retrofit	of	existing	houses.	The	study	focuses	on	identifying	risks	associated	with	internal	air-
quality	 and	overheating,	 specifically	 during	 summer-periods.	 Case-study	 approach	will	 be	 adopted,	 enabling	
deep	 understanding	 of	 relationship	 between	 these	 systems	 and	 thermal-comfort	 of	 household	 occupants.	
Special	emphasis	will	be	given	to	compare	these	mechanisms	in	futuristic	climate	scenarios	as	this	will	help	in	
achieving	zero-energy	and	carbon	homes.		
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1. Introduction	
UK	has	around	26	million	existing	dwellings,	45,000	heritage	buildings	which	stand	still	(RIBA	
Climate	change	TOOLKIT);	and	75-85%	of	current	building-stock	will	still	be	 in	use	by	2050	
(Power,	2008;	Ravetz,	2008).	As	years	passed	by,	need	to	refurbish	these	houses	according	to	
present	quality-standards	became	critically	important.	As	the	process	of	retrofitting	evolved,	
several	other	factors	such	as	thermal-regulation,	heating	and	cooling	mechanisms	had	to	be	
addressed,	 and	 complexities	 associated	 with	 construction-methods	 excavated	 need	 for	
adaptive	planning	and	designing	strategies.	

Apart	from	energy-efficiency	of	the	built-envelope,	major	components	of	internal	air-
circulation,	air-filtration	and	pressure	maintenance	are	due	to	ventilation	strategies	used	in	
the	dwelling.	Excellent	 functioning	of	ventilation	systems	with	minimum	maintenance	and	
vulnerability	adds	to	longer	life-cycle	of	dwellings,	providing	habitable	indoor	environments	
to	occupants.	In	countries	with	hotter	climates,	more	the	airtightness	in	buildings,	lesser	is	
the	duration	of	heating	seasons	and	subsequently	lesser	energy	is	required	to	ensure	thermal-
comfort,	 especially	during	winter.	Poor	housing	environments	 can	 cast	 adverse	effects	on	
occupant’s	 overall	 lifestyle	 and	 also	 impact	 health,	 productivity	 and	 comfort,	 leading	 to	
physical,	 psychological	 and	 social	 problems,	 deteriorating	 the	 quality	 of	 life	 (Silva,	Maas,	
Souza,	&	Gomes,	2017).	Additionally,	special	emphasis	needs	to	be	given	to	future	climatic	
scenarios	 of	 2050s	 and	 2080s,	 adopting	 decarbonized	 power-generation	 and	 use	 of	
renewables	as	efficient	strategies	to	reduce	greenhouse	gas-emissions.	Climate	equalization	
therefore	 implies	a	 systematic	 change	 in	approaches	 to	 space-heating,	 thermal	 insulation,	
and	ventilation	systems	involving	few	combinations	of	radical	efficiency-upgradation	and	low-
carbon	vectors	(Eyre	&	Baruah,	2015).			



2. Methodology	
A	 quantitative	 approach	 has	 been	 adopted	 as	 compared	 to	 qualitative	 one.	 The	 overall	
assessment	does	not	focus	to	include	occupant-experience	and	vulnerability,	but	deal	with	
physical	working	of	mechanisms.	Hence,	shortlisted	case	studies	will	be	examined	in	pre	and	
post	retrofit	conditions	using	Design	PH	and	PHPP	software,	giving	a	holistic	perspective	of	
the	building	with	respect	to	overheating	and	heating	demands.	Design	Builder	software	will	
be	 used	 for	 detailed	 simulation	 of	 internal	 environments,	 providing	 better	 understanding	
about	 indoor	 air-quality	 rates,	 and	 assessing	 strategic	 solutions.	 For	 the	 purpose	 of	
simulations,	a	‘Best	Practice	Construction	Scenario’	has	been	considered.	This	may	not	match	
the	exact	building	assemblies	used	 in	 the	project	but	 aims	 to	make	an	easier	 comparison	
between	the	two	ventilation	systems.	Two	Prime	Scenarios:	Summer	Design	Week	(SDW)	and	
Winter	Design	Week	(WDW)	are	incorporated.	

Additionally,	 academic	 research	 papers	 from	 the	 University	 of	 Sheffield	 database,	
Google	 Scholar,	 CIBSE	 and	 BRE	 guidelines,	 Passivehaus	 Trust	 database	 were	 used	 for	
informative	 disclosures.	 Using	 the	 Prometheus	 Climate	 data,	 weather	 files	 have	 been	
obtained	for	these	simulations	as	these	are	extensively	used	data-sets	by	most	researchers	
for	modelling	futuristic	scenarios	with	climate	change.		

The	two	dwelling	types	to	be	analysed	are:	
CASE	A-	Private	bungalow	-	Sycamore	Hall	at	Bolsterstone	(Completed	in	May	2017)	
CASE	B	-	Park	Road	House	(Completed	in	2018)	

	

	
	

3. Analysis	and	Discussion	

3.1	 Case	A	
The	existing	house	had	severe	 issues	of	overheating,	 internal-planning,	poor	daylight,	and	
occupants	experienced	appalling	discomfort	 levels.	Annual	space-heating	demand	was	147	
kWh/m2/year,	and	recorded	high	risks	of	overheating	due	to	thermal-gaps,	poor	insulation	
and	leakages.	Post	refurbishment,	planning	of	 interconnected	spaces	was	revamped.	Floor	
and	 cavity-walls	were	 redesigned	using	Xtra-therm	 insulation	membranes,	OSB	 sheathing,	
Dritherm32,	 thermalite	 blocks,	 stone	 and	 plaster.	 Triple-glazed	 windows	 were	 installed.	
Space-heating	demand	was	reduced	to	39	kWh/m2/year	and	overheating	to	1%	with	addition	
of	 super-insulation	and	MVHR	system.	Natural-ventilation	 is	 incorporated	 in	 scenario	2	by	
opening	of	windows	for	night-time	cooling	and	cross-ventilation.	



	
	

	
	

	
	

Overall	comparison	suggests	indispensable	fluctuation	in	outside	dry-bulb	temperature	
during	 summer,	 resulting	 in	 relative-humidity	 between	 33-61%.	 Internal	 radiant-
temperatures	 range	 around	 human-threshold	 of	 25°C,	 rising	 upto	 28°C.	 During	 winters,	
comfortable	indoor	temperatures	between	17-20°C	are	noted,	with	effective	heating	system.	
The	peak	temperature	rise	and	fall	everyday	categorically	fails	to	consider	sudden	dribbles	in	
night	air-variations.	When	natural-ventilation	is	coupled	with	MVHR,	excessive	overheating	
and	relative-humidity	levels	are	seen	in	summer	in	Case	2.	Airtightness-levels	are	0.6	-	2.75	
ach	 in	 summer;	 upto	 3.1	 ach	 in	 winter,	 while	 target	 set	 for	 this	 retrofit	 was	 nearly	 1.5	
ach/m3/hm2	@50	Pa.	Extensive	variations	in	indoor	temperatures	are	seen	in	living-room,	and	
since	kitchen-dining	are	interconnected,	internal	gains	are	notably	higher.	In	the	bedroom,	
air-change	 rates	 are	 maintained	 satisfactorily	 due	 to	 presence	 of	 extract-vents	 and	
continuous	fresh-air	supply	through	ducts;	and	variations	in	relative-humidity	levels	indicate	
higher	internal-gains,	excessive	summer-heating	and	background	air-contamination	through	
internal	heat	sources.			

Future	Climate	Scenarios	
The	fitful	rise-fall	during	summer-time	signifies	changing	global	temperatures	and	rising	mean	
radiant-temperatures	across	the	dwelling.	In	winter,	each	time-zone	experiences	upsurge	in	
relative	humidity	from	30-40%	in	2030,	35-44%	in	2050	and	nearly	39-54%	in	2080.	The	role	
of	ventilation	systems	will	be	very	crucial	to	control	low-pressure	zones,	balance	air-quality	



and	 re-circulate	 fresh-air,	 minimising	 energy-consumption	 through	 reduced	 heating	 and	
cooling	 mechanisms,	 enhanced	 comfort,	 occupant’s	 content,	 secured	 maintenance	 and	
integrated	 cost-equilibrium.	 As	 compared	 to	 present	 conditions,	 future-times	 will	 need	
further	resilient	building-fabric	with	insulation-membranes	having	higher	U-values	to	prevent	
overheating.	
	

	

	

		

3.2	Case	B	
The	comprehensive	building	design	after	refurbishment	aimed	to	solve	fundamental	issues	of	
overheating,	 poor	 daylighting,	 uncontrolled	 thermal-bridges,	 draughts,	mechanical	 system	
de-condensation,	deficient	ventilation	strategies;	and	planning	extensions	to	existing	spaces	
to	 cater	 increasing	needs	of	 residents.	 The	 space-heating	demand	was	124	KWh/m2/year.	
After	retrofitting,	external	wall	has	been	reconstructed	using	Knauf	frame-therm32	and	Unger	
Diffutherm	wool	 insulations.	Roof	and	 floor	entities	have	been	 re-designed	with	weather-
protection	layers,	reviving	energy-performance	quality.	The	total	space-heating	demand	has	
reduced	to	19	kWh/m2/year,	nearing	Passivhaus	standard.	
	

	

As	 observed,	 climate	 is	 a	 substantial	 influence	 asserting	 that	 differences	 in	
temperatures	during	day-night	affect	energy-demands	by	almost	5-10%	per	degree.	Relative	
humidity	 ranges	 from	38%-58%	 in	 summer,	while	drops	down	 from	49%	 to	nearly	17%	 in	
winter,	creating	vulnerable	dry	atmospheres.	In	scenario	2,	DMEV	system	has	been	coupled	



with	induced	natural	cross-ventilation	to	dilute	pollutants	emerging	from	occupant’s	activities	
to	 acceptable	 levels.	The	 target	 airtightness	 objected	was	 3	 ach/m3/hm2	@50	Pa,	 though	
projected	levels	are	in	the	range	of	0.7-	2.2	ach/m3/hm2.	Since	DMEV	system	installs	separate	
extractors	 in	 each	 room,	 efficiency	 of	 the	 selected	 model	 is	 very	 important.	 Areas	 with	
excessive	 infiltration	 need	 high-power	 systems,	 whereas	 ones	 with	 lower	 pollutants	 can	
survive	 secondary	 standard	 volumes.	 This	 saves	 energy-consumption;	 balances	 cost,	
maintenance	and	longevity	of	mechanisms.	

	

		

	

Future	Climate	Scenarios	

		

	

Climatic	turbulences	and	uncertainties	result	in	higher	wind	speeds	externally,	causing	rise	in	
average	radiant	and	outside	dry-bulb	temperature,	making	it	highly	important	for	coherent	
building-envelope	to	prevent	external	air-infiltration.	The	corresponding	graphs	reveal	that	in	
summer,	relative-humidity	varies	from	40-70%	in	2030,	45-68%	in	2050	and	nearly	55-72%	in	



2080	with	severe	probabilities	of	overheating	and	heat-exhaustion.	Low	relative-humidity	of	
18-50%	in	2030s,18-54%	in	2050s	and	20-45%	in	2080s	are	observed	in	winter.	It	indicates	
certain	 failure	 of	 ventilation	 mechanism	 to	 maintain	 sustainable	 air-permeability	 levels;	
creating	 arid	 turbulent	 conditions	 in	 winter,	 or	 increased	 thermal-stress	 and	 draughts	 in	
summer.	 Secured	 planning	 of	 operating-mechanisms	 is	 necessary	 for	 future-proofing	 of	
dwellings.	A	successful	ventilation	network	will	put	extra	demands	on	local	controllability	of	
heating-system,	in-turn	developing	intermittent	systems	with	energy	and	cost-savings.	

4. Conclusion	
MVHR	system	in	Case	A	delivers	satisfactory	comfort	in	both	seasons,	with	lesser	draughts,	
condensation,	 substantial	 daily-temperatures,	 as	 per	 ‘CIBSE	 Guide	 A’	 of	 25-26.5°C	 and	
tremendously	 higher	 humidity	 levels.	 Case	 1	 condition	 fairly	 reduces	 infiltration	 and	
maintains	 air-quality	 with	 lower	 internal-gains.	 Combining	 natural	 ventilation	 in	 Case	 2,	
particularly	 decreases	 overheating	 with	 significant	 hours	 of	 summer-comfort.	 Intense	
insulation	of	building-envelope	saves	 leakage	and	air-pressure	 losses.	During	winter,	heat-
recovery	reduces	thermal	losses	in	ducts	by	supplying	recycled-heat	to	habitable	rooms.		

In	Case	B,	considerably	higher	ambient-temperatures	are	observed	as	compared	to	Case	
A.	This	is	partially	due	to	absence	of	heat-recovery	and	also	because	DMEV	system	operates	
individually	 in	 each	 room	with	no	 interconnectivity	 of	 air-transfusion.	Window-opening	 in	
Case	2	minimizes	heating-load	and	fabric	overheating;	however,	summer-time	passive	cooling	
is	diligent.	Heat-losses	through	ventilation	in	DMEV	system	are	much	higher	in	comparison	to	
MVHR	as	it	lacks	heat-recovery	or	summer-bypass	with	excessive	permeable	air-changes,	thus	
increasing	risks	of	condensation	and	additional	heating	demands.	Individual	rooms	are	small,	
finite	components	having	multifarious	responses	as	compared	to	entire	dwelling,	so	approach	
to	 evaluate	 each	 room	 separately	 may	 be	 less	 meticulous	 and	 reliable	 than	 assessing	
parameters	of	the	total	house.		

To	summarize,	suitable	conceiving,	designing,	installation,	operation	and	maintenance	
of	ventilation	systems	is	inevitable.	There	should	be	‘performance	feedback	loops’,	‘adaptive	
comfort	means’	and	controlled	systems	in	intuitive	and	occupant-friendly	environment	that	
promote	 user-interaction	 with	 internal	 surroundings	 in	 adaptive,	 positive	 ways.	 Post-
occupancy	 evaluation	 can	 be	 adopted	 for	 future	 study	 as	 understanding	 user-behaviour	
towards	handling	operations	of	ventilation-systems	 is	vital	to	devise	operational	strategies	
for	further	scopes	of	development.	
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