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Abstract:	This	study	quantifies	the	existing	overheating	issue	in	new	London	housing	and	provides	guidelines	for	
different	overheating	mitigation	design	 strategies.	 It	 assesses	 the	 sensitivity	of	 the	overheating	 risk	 towards	
different	climate	scenarios	and	ventilation	patterns.	Indoor	dry	bulb	temperatures	were	monitored	in	residential	
and	student	housings.	Dynamic	thermal	simulations	were	conducted	to	quantify	the	impact	of	different	design	
strategies	on	the	overheating	risk.	The	study	pointed	out	that	new	housing	in	London	are	at	risk	of	overheating	
within	the	current	climate	without	additional	ventilation	rates.	Regardless,	natural	ventilation	is	not	sufficient	
to	prevent	overheating	in	severe	future	climate	projections.		Lowering	the	insulation	levels	was	found	to	be	the	
most	 effective	 single	 strategy.		 Maximum	 overheating	 risk	 reduction	 of	 up	 to	 52%	 was	 achieved	 with	 a	
combination	 of	 thermal	 mass,	 shading,	 lower	 insulation	 levels,	 and	 high	 albedo	 building	 envelope.	 Night	
ventilation	was	found	to	be	the	optimum	ventilation	model	for	high	emission	future	climate	scenarios.	
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1. Introduction		
In	the	UK,	the	primary	focus	has	always	been	on	reducing	the	heat	loss	in	the	cold	weather	
(Lomas	&	Porritt,	2017).	In	2015,	the	maximum	temperatures	in	London	had	not	exceeded	
26°C	for	more	than	1%	of	the	time	in	30	years	(CIBSE,	2015).	The	frequency	of	heatwaves,	
however,	has	 increased	 in	recent	years	 (Environmental	Audit	Committee,	2018).	The	most	
recent	unseasonably	hot	weathers	occurred	in	April,	June,	and	July	of	2018	(Environmental	
Audit	Committee,	2018).	It	 is	estimated	that	by	2040,	summer	temperatures	similar	to	the	
heatwave	of	2003	will	become	the	norm	(PHE,	2015).	Studies	by	Peacock	et	al.	(2010)	and	Liu	
&	Coley	(2015)	highlighted	that	overheating	in	the	UK	will	target	most	significantly	London.					

The	new	energy	efficiency	measures	and	 regulations	have	 resulted	 in	heat	 retentive	
buildings	(NHBC,	2012;	Lomas	&	Porritt,	2017),	where	the	building	envelopes	have	become	
more	 air	 tight	 to	 decrease	 heat	 loss	 and	 CO2	 emissions.	 Simultaneously,	 however,	 the	
ventilation	regulations	have	remained	the	same	(Lomas	&	Porritt,	2017),	which	contributes	
to	the	overheating	problem	in	a	warming	climate.		

Previous	work	suggests	that	the	building	orientation,	fabric,	and	geometry	are	the	main	
parameters	that	define	the	thermal	performance	of	the	buildings	but	also	the	main	factors	
that	contribute	to	the	overheating	risk	(AECOM,	2012;	NHBC,	2012).	In	addition,	the	climate	
change	(Liu	&	Coley,	2015;	NHBC,	2012)	and	the	urban	heat	Island	(Santos	et	al.,	2016;	NHBC,	
2012)	promote	the	overheating	problem.	The	published	literature	also	tackles	the	effect	of	
occupants’	behaviour	on	the	overheating	problem	(AECOM,	2012;	NHBC,	2012;	Beizaee	et	al.,	
2013;	Porritt	et	al.,	2013;	Mavrogianni	et	al.,	2014).	Despite	the	fact	that	there	is	a	wealth	of	
research	 on	 the	 overheating	 risk,	 most	 of	 the	 existing	 literature	 tackles	 refurbishment	
interventions	 for	 overheating	mitigation	 in	older	 dwellings,	with	 less	 insulation	 levels	 and	
lower	air	tightness	(Porritt,	2011;	Porritt,	2013).	This	study	investigates	the	overheating	risk	
in	 homes	 that	 are	 delivered	 according	 to	 the	 current	 building	 standards	with	 high	 Fabric	



	 	

Energy	Efficiency	rates	(FEE)	and	low	CO2	Emission	Rates	(TER).	The	objectives	of	the	current	
study	are	as	follows

• To	monitor	the	overheating	risk	in	new	dwellings	in	London.	
• To	 quantify	 the	 impact	 of	 single	 and	 combined	 design	 strategies	 on	 overheating	

reduction	by	using	dynamic	thermal	modelling,	and	assess	their	sensitivity	 towards	
climate	change	and	different	ventilation	patterns.	

2. Methods	

2.1 Fieldwork	
Table	1.	Comparison	between	the	parameters	of	the	occupied	monitored	spaces.	

	
Figure	1.	Data	loggers’	location	(red	dot),	and	layout	of	the	monitored	spaces	at	Mint	St.	and	Woodlane	buildings.	

London	fieldwork	was	conducted	in	a	newly	built	residential	flat	in	Mint	St.	building,	as	well	
as	in	two	student	studio	rooms	in	Woodlane	building	(Figure	1).	The	aim	was	to	monitor	the	
indoor	thermal	performance	and	investigate	the	risk	of	overheating.	A	commonality	between	
the	two	buildings	is	that	they	both	have	been	awarded	the	Code	for	Sustainable	Homes	Level	
4.	Both	buildings	have	a	well-insulated	air	tight	building	skin,	and	no	thermal	mass	exposed.	
The	Mint	St.	apartment	was	occupied	by	two	working	adults	during	the	study	period	from	the	
17th	to	the	24th	of	August	2017.	At	Woodlane,	Room	D	was	occupied	by	one	occupant,	while	
Room	B	was	occupied	by	two	occupants	during	the	study	period	from	the	13th	to	the	19th	of	
August	 2017.	 Table	 1	 shows	 a	 comparison	 between	 the	 parameters	 of	 the	 occupied	
monitored	spaces,	the	reported	occupancy	patterns,	and	the	internal	loads.

	 Woodlane	 Mint	St.	
	 Room	B	 Room	D	 Bedroom	 Living	room	
Floor	 3rd	floor	 3rd	floor	 6th	floor	(top	floor)	 6th	floor	(top	floor)	
Orientation	 North	East	 South	West	 North	West		 South	East		
Area	 19.00	m2	 19.00	m2	 15.00	m2	 35.00	m2	
Window:	wall	 0.40	 0.40	 0.32	 0.39	
Window:	floor	 0.20	 0.20	 0.15	 0.11	
Window	obstruction	 Obstructed	 Not	obstructed	 Not	obstructed	 Not	obstructed	
Wall	U-value	 0.25		W/m2k	 0.25		W/m2k	 0.17		W/m2k	 0.17		W/m2k	
Floor	U-value	 0.22		W/m2k	 0.22		W/m2k	 0.16		W/m2k	 0.16		W/m2k	
Window	U-value	 1.50		W/m2k	 1.50		W/m2k	 1.30		W/m2k	 1.30		W/m2k	
Infiltration	rate	 0.30	ach	 0.30	ach	 0.30	ach	 0.30	ach	
Heat	loss	coefficient	 0.20	W/m2k	 0.20	W/m2k	 0.99	W/m2k	 1.20	W/m2k	
Occupied	hours		 00:00-11:00	

19:00-00:00	
17:00-21:00	 00:00-7:00	

23:00-00:00	
07:00-10:00		
18:00-23:00	

People	heat	gains/day	 6.30	Wh/m2	 0.80	Wh/m2	 3.50	Wh/m2	 4.20	Wh/m2	
Equipment	loads/day	 70.00	Wh/m2	 17.00	Wh/m2	 6.20		Wh/m2	 30.00	Wh/m2	
Light	loads/day	 3.80	Wh/m2	 1.90	Wh/m2	 2.20	Wh/m2	 5.00	Wh/m2	

Mint	St.	

Woodlane	 Woodlane	



	

1	Current	weather	file	generated	with	Meteororm	(7.0)	for	Holborn	Central	weather	file	from	2000-09	temperature	data	and	1991-2010	for	
solar	radiations.	Future	weather	files	generated	with	Meteororm	(7.0)	for	the	years	2050,	2080	and	2100.	
2	Upper	limit	of	EN15251	for	category	II	=	Tmax	=	0.33	Trm	+	21.3,	where	Trm	is	the	running	mean	outdoor	temperature	(BSEN1521,	2007).	

2.2.	Analytic	Work		
OpenStudio®V1.13.0	 and	 EnergyPlus™	 V8-6-0	 were	 used	 to	 build	 a	 thermal	 model	 that	
mimicked	the	Mint	St.	top	floor	case	study	(Figure	1).	Figure	2	shows	the	computer	model	
thermal	 zones.	 The	 model	 was	 calibrated	 with	 indoor	 temperatures	 recorded	 during	
fieldwork.	The	building	construction,	U-values,	occupancy	patterns,	window	opening	patterns,	
people	loads,	equipment	loads,	and	lighting	loads	inputs	were	based	on	the	data	collected	
during	fieldwork	(Table	1).	The	base	case	air	exchange	rates	provided	only	the	amount	of	fresh	
air	 requirements	 (30	 m3/person)	 based	 on	 the	 recommendations	 by	 BSEN15251	 (2007).	
Windows	were	considered	open	during	the	occupied	hours	(Table	1).The	assessment	weather	
files	were	chosen	as	recommended	by	CIBSE	TM59	(2017)	guide1.	The	tested	design	strategies	
are	presented	in	Table	2.	

Table	2		Tested	design	strategies	and	simulation	iterations.	
Design	Strategy	 Modelled	Variants	(Iterations)	
Orientation	 x8	
Ventilation	models	 x3	
Shading	design	 X22	
Heat	storage	strategies	 X8	
Insulation	levels	 X2	
High	albedo	building	envelope	 X3	
Combinations	of	strategies	 X4	
Sensitivity	Study	 Modelled	Variants	(Iterations)	
Climate	change	and	different	ventilation	models	 X18	

	
Figure	2.	Computer	model	thermal	zones	on	OpenStudio®V1.13.0.	

2.3.	Overheating	Assessment	 	
The	current	study	uses	the	BSEN15251	(2007)	adaptive	comfort	band	to	assess	comfort	and	
overheating	 as	 recommended	 by	 CIBSE	 TM52	 (2013)	 and	 CIBSE	 TM59	 (2017)	 guides.	 The	
overheating	upper	threshold	is	equal	to	the	upper	limit	of	EN152512	for	category	II	+	3.	The	
overheating	assessment	is	carried	out	from	May	1st	to	September	30th,	which	is	referred	to	as	
the	 warm	 period.	 A	 room	 is	 considered	 overheated	 if	 temperatures	 exceed	 the	 upper	
threshold	for	more	than	3%	of	the	occupied	time	during	the	warm	period.	(CIBSE	TM52,	2013)	

3.	Results	and	Discussion	

3.1.	Fieldwork	
Overheating	was	not	recorded	during	Mint	St.	and	Woodlane	fieldwork	due	to	the	consistent	
window	opening	behaviour	reported	by	the	occupants,	during	the	occupied	hours	(Table	1).		
Mint	St.	living	room	shows	a	maximum	peak	temperature	of	27°C	at	noon	when	the	outdoor	
temperature	was	17°C.	That	is	only	1°C	below	the	upper	limit	of	the	EN15251	comfort	band,	



	 	

1	 The	 occupied	 hours	 below	 the	 BSEN1521	 (2007)	 comfort	 band	were	 calculated	 for	 some	 of	 the	 strategies	 to	 test	 their	 cold	 period	
performance	(Jan-April	and	Oct-Dec).	The	percentage	drop/rise	for	the	different	strategies	are	calculated	as	a	unit	percentage	from	the	base	
case	(benchmark)	values.	The	cold	period	benchmarks	are	equal	to	32%	in	the	bedroom,	and	18%	in	the	living	room.	The	Lower	limit	of	
EN15251	for	category	II=	Trmin=	0.33Trm	+	18.8	-	3,	where	Trm	is	the	running	mean	outdoor	temperature	(BSEN1521,	2007).	

although	 the	 windows	 were	 open.	 This	 highlights	 that	 natural	 ventilation	 might	 not	 be	
sufficient	to	prevent	overheating	when	a	room	is	subjected	to	high	internal	and	solar	gains.

3.2.	Analytic	Work	

Figure	3.	Summary	of	results	for	the	tested	design	strategies.	

Dynamic	 thermal	 simulations	were	 conducted	 for	 the	base	 case	 (benchmark)	 followed	by	
different	iterations	for	the	tested	strategies	(Table	2).	The	base	case	shows	an	overheating	
risk	 of	 21%	 and	 86%	 during	 the	 occupied	 hours	 in	 the	 bedroom	 and	 the	 living	 room,	
respectively,	in	the	absence	of	extra	ventilation	rates.	Figure	3	presents	a	summary	of	results	
for	the	tested	design	strategies.		

3.2.1.	Natural	Ventilation	
Increasing	the	ventilation	rates	from	an	average	of	0.8	ach	to	an	average	of	4.0	ach	during	
occupancy	 times	 kept	 the	 indoor	 temperatures	within	 the	 comfort	 band	 in	 the	base	 case	
model,	where	the	thermal	mass	was	not	exposed	(Figure	3).	Correspondingly,	previous	work	
stressed	on	the	importance	of	extra	ventilation	rates	in	overheating	reduction	(Porritt	et	al,	
2011;	AECOM,	2012;	Porritt	et	al,	2013;	Magrovani	et	al,	2014).		

3.2.2.	Heat	Storage	Strategies	
Thermal	mass	 and	Phase	Change	Materials	 (PCM)	were	 tested	 as	 heat	 storage	 strategies.	
Thermal	mass	was	found	to	improve	indoor	thermal	performance	through-out	the	year	when	
combined	with	extra	ventilation	rates.	Night	ventilated	thermal	mass	in	the	walls,	floor,	and	
ceiling	reduced	the	overheating	risk	by	up	to	85%	in	the	living	room	(Figure	3).	In	contrast,	
night	ventilated	PCM	on	the	interior	finishes	of	light	weight	walls	reduced	the	overheating	
percentage	by	only	1%.	Similarly,	PCM	increased	the	occupied	hours	below	the	comfort	band	
by	37%1	during	the	cold	period,	while	thermal	mass	reduced	the	occupied	hours	below	the	
comfort	band	by	12%1.	This	indicates	that	PCM	do	not	perform	thermally	as	well	as	thermal	
mass	in	either	cold	or	warm	periods,	and	hence	they	should	not	be	not	recommended	for	the	
current	 London	 climate.	 Previous	 findings,	 however,	 have	 shown	otherwise	 that	PCM	can	
reduce	overheating	in	a	range	of	26%-36%	(Persson	&	Westermark,	2012;	Rumin,	2014).		

3.2.3.	Insulation	Levels	
For	spaces	with	high	internal	and	solar	gains,	decreasing	the	insulation	levels	has	the	highest	
potential	for	overheating	mitigation	as	a	single	design	strategy	(Figure	3).	This	finding	has	also	
been	 reported	by	Porritt	et	al.	 (2011).	The	current	 study	highlights	 that	 the	 lower	wall	U-
values	(0.17	W/m2k)	recommended	by	DCLG	(2016)	show	insignificant	additions	to	the	cold	
period	performance	 in	 comparison	 to	 the	higher	wall	U-value	model	 (0.30	W/m2k),	which	
abides	with	the	upper	limit	values	recommended	by	DCLG	(2010).	Increasing	the	U-Values	of	



	 	

1	 The	 occupied	 hours	 below	 the	 BSEN1521	 (2007)	 comfort	 band	were	 calculated	 for	 some	 of	 the	 strategies	 to	 test	 their	 cold	 period	
performance	(Jan-April	and	Oct-Dec).	The	percentage	drop/rise	for	the	different	strategies	are	calculated	as	a	unit	percentage	from	the	base	
case	(benchmark)	values.	The	cold	period	benchmarks	are	equal	to	32%	in	the	bedroom,	and	18%	in	the	living	room.	The	Lower	limit	of	
EN15251	for	category	II=	Trmin=	0.33Trm	+	18.8	-	3,	where	Trm	is	the	running	mean	outdoor	temperature	(BSEN1521,	2007).	

the	walls	from	0.17	W/m2k	to	0.30	W/m2k	in	the	living	room	decreased	overheating	by	up	to	
46%	(Figure	3),	while	the	occupied	hours	below	comfort	band	were	increased	by	only	5%1.	

3.2.4.	Combination	of	Strategies		
In	the	living	room,	maximum	overheating	reduction	of	an	average	of	52%	was	achieved	by	a	
combination	(C1)	of	thermal	mass,	solar	shading,	 lower	 insulation	 levels,	high	albedo	roof,	
and	high	albedo	external	South	wall	(Figure	3).	That	result	was	achieved	without	additional	
ventilation	rates	under	the	current	climate.	Work	done	by	Porritt	et	al.	(2011)	and	Porritt	et	
al.	(2013)	also	highlighted	that	a	package	of	strategies	has	the	highest	potential.		

3.2.5.	Sensitivity	Study	 	

	
Figure	4.	Sensitivity	of	the	base	case	&	C1	model	to	different	climate	scenarios	and	ventilation	patterns.	

For	the	future	climate	projections,	C1	model	reduced	the	base	case	overheating	percentage	
in	a	range	of	22%-41%	without	additional	ventilation	rates	(Figure	4).	As	the	climate	change	
projections	 become	 more	 severe,	 C1	 model	 without	 additional	 ventilation	 becomes	 less	
sensitive	 to	 the	 adopted	 strategies	 (Figure	 4).	 This	 stresses	 on	 the	 importance	 of	 natural	
ventilation	 for	 overheating	mitigation	 in	 the	 changing	 climate.	 In	 the	 2080	 and	 the	 2100	
climate	projections,	the	day	ventilated	C1	model	resulted	in	3%-6%	increase	in	overheating	in	
comparison	to	the	night	ventilated	C1	model	(Figure	4).	This	indicates	that	night	ventilation	is	
the	optimum	ventilation	model	for	the	adopted	strategy.	

4.	Conclusion	
Dwellings	 that	 are	 compliant	 to	 the	 Code	 for	 Sustainable	 Homes	 Level	 4	 are	 at	 risk	 of	
overheating	within	the	current	climate	without	additional	ventilation	rates.	Indoor-outdoor	
temperature	differences	of	up	 to	10°C	were	 recorded	during	 fieldwork	despite	having	 the	
windows	open.	Decreasing	 the	 insulation	 levels	was	 found	 to	be	 the	most	effective	single	
strategy.	 The	 highest	 overheating	 reduction	 was	 achieved	 by	 a	 combination	 of	 design	
strategies	under	the	current	and	the	future	climate	projections.	

The	 biggest	 strength	 of	 the	 analytic	 study	 is	 that	 it	 is	 based	 on	 the	 temperature	
calibrations	 with	 the	 real	 life	 case	 study.	 Furthermore,	 the	 occupancy	 patterns	 and	 the	
internal	 loads	are	based	on	the	data	reported	by	 the	occupants	during	 fieldwork.	Yet,	 the	
behavioural	 patterns	 contributing	 to	 the	 internal	 heat	 gains	 and	 the	 real-life	 window	
opening/closing	patterns	are	complex	and	cannot	be	fully	addressed	in	the	computer	models.	
Therefore,	the	thermal	model	values	are	not	to	be	taken	as	absolute,	but	rather	as	guidelines	
to	evaluate	the	effectiveness	of	the	different	strategies.	



	 	

	

As	part	of	 future	 research,	 further	validation	 for	overheating	mitigation	strategies	 in	
terms	of	cold	period	energy	savings	for	new	London	housing	typologies	would	be	of	great	
value.	Further	sensitivity	studies	for	more	vulnerable	occupants	are	highly	recommended	to	
establish	a	full	understanding	of	the	climate	change	overheating	risks.	
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