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Abstract:	By	2030,	a	24%	reduction	of	CO2	emission	from	homes	would	be	required	to	be	on	track	of	the	carbon	
emission	 targets.	 This	 can	 be	 achieved	 if	 the	 UK’s	 dwelling	 energy	 rating	 system	 can	 predict	 the	 energy	
performance	of	the	housing	stock	accurately.		The	Standard	Assessment	Procedure	(SAP)	has	been	used	since	
1995	 for	 the	 energy	 assessment	 of	 UK	 dwellings.	 Although	 it	 has	 undergone	 multiple	 revisions	 and	
improvements	many	experts	believe	that	SAP	is	a	poor	indicator	of	the	actual,	in-use	energy	performance	of	the	
dwellings.	 	 This	paper	 compares	 SAP-calculated	gas	demands	with	 the	measured	gas	demands	of	114	 semi-
detached	 privately-owned	 dwelling	 spread	 across	 English	 Midlands.	 The	 study	 suggests	 that	 the	 SAP	
overpredicts	gas	demands	for	68%	of	the	dwellings.		By	utilising	data	from	a	survey	conducted	as	part	of	the	
monitoring	 the	 underlying	 technical	 and	 occupancy	 reasons	 for	 the	 differences	 between	 the	measured	 and	
predicted	gas	demands	are	investigated.		
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1. Introduction		
The	majority	of	climate	scientists	believe	that	global	warming	is	the	result	of	increased	human	
emissions	of	greenhouse	gases	also	known	as	anthropogenic	GHG	emission,	 trapping	heat	
near	the	surface	of	Earth	(Jenkins,	2009).	More	than	230	peer-reviewed	studies	focussing	on	
weather	 events	 around	 the	 globe	 present	 the	 convincing	 evidence	 that	 human	 activity	 is	
raising	the	risk	of	heat-related	extreme	weather	events.	

The	UK	government	has	come	up	with	a	five-point	plan	to	tackle	climate	change	and	are	
playing	their	part	in	reducing	global	emission	by	restricting	the	amount	of	GHG,	the	UK	can	
legally	emit	in	5	years.	To	meet	future	carbon	budgets	and	the	100%	target	for	2050	it	will	
require	the	government	to	apply	more	measures	 in	all	sectors	(CCC,	2019a).	Energy	use	in	
homes	accounted	for	about	18%	of	all	UK	greenhouse	gas	emissions	and	the	main	source	of	
emission	in	this	sector	was	found	to	be	gas	consumption	for	domestic	energy	use	(BEIS	2018).	

The	 UK	 carbon	 emission	 reduction	 targets	 will	 not	 be	 achieved	 without	 the	
decarbonisation	of	our	housing	stock	(CCC	2019b).	This	calls	for	the	development	of	robust	
policies,	 action	 plans	 and	 measures	 to	 mitigate	 the	 carbon	 emission	 reduction	 in	 the	
residential	sector	which	can	only	be	achieved	if	there	exists	a	reliable	and	accurate	energy	
assessment	system	for	the	housing	stock	at	the	national	level.	

SAP	 is	 the	 UK’s	 government	 preferred	 asset	 rating	 system	 which	 has	 been	 fully	
incorporated	in	the	building	regulations	(Part	L1A)	for	meeting	the	energy	requirements	of	
new	buildings	and	measuring	the	performance	of	existing	buildings	(Part	1LB).	SAP	has	also	
been	 used	 to	 deliver	many	 government	 policies	 and	 targets	 the	 reduction	 of	 emission	 in	
dwellings	across	the	UK.	It	is	widely	used	in	providing	the	Energy	performance	certificate	(EPC)	
for	regulated	energy	demand	which	includes	gas	use	for	space	heating,	domestic	hot	water,	
cooking	and	fixed	electrical	usage	(Jones	et	al.,	2015).		



To	date,	six	or	more	official	versions	of	SAP	have	been	released	with	SAP2012	being	the	
current	official	version.	Although	undergoing	multiple	revisions	and	being	used	at	a	national	
level,	the	legitimacy	of	SAP	being	fit	for	purpose	has	been	questioned	by	researchers	(Kelly	et	
al.,	2012;	Summerfield	et	al.,	2019).		

Evidence	 exists	 that	 there	 are	 often	 differences	 between	 the	 predicted	 energy	
performance	 of	 the	 building	 and	 the	 actual	 measured	 performance	 also	 known	 as	 the	
‘performance	 gap’	However,	 very	 few	 studies	 that	 could	be	 found	 in	 the	 literature	which	
compares	the	SAP	estimated	gas	demand	with	the	actual	gas	demand.	In	one	of	the	studies,	
six	identical	flats	in	a	newbuild	apartment	building	were	used	to	compare	the	actual	energy	
used	 during	 the	 first	 year	 of	 occupation	 with	 the	 design	 stage	 SAP	 calculations.	 The	 gas	
consumption	prediction	provided	by	the	SAP	calculation	was	found	to	be	1.7	times	greater	
than	 the	measured	mean	 annual	 gas	 consumption	 (Rory	V.	 Jones,	Alba	 Fuertes,	 2015).	 In	
another	 study,	 measured	 gas	 consumption	 for	 three-bedroom	 dwellings	 in	 the	 UK	 were	
compared	 with	 predictions	 from	 the	 Cambridge	 Housing	 Model	 (CHM)	 which	 used	 gas	
consumption	 data	 collected	 from	 2008	 to	 2010	 from	 a	 sample	 of	 255	 three-bedroom	
dwellings.	The	study	suggested	that	for	dwellings	built	before	1919,	the	measured	estimates	
were	markedly	lower	than	the	model	predictions	for	annual	gas	consumption	(Summerfield	
et	al.,	2015).		

None	of	the	studies	focussed	on	the	owner-occupied	dwelling	which	form	63%	of	the	
English	housing	stock	(MHCLG,	2019).	This	paper	utilises	a	dataset	collected	from	one	of	the	
largest	 and	 longest	 unbroken	 domestic	 half-hourly	 gas	 dataset	 from	 the	 owner-occupied	
semi-detached	 homes	 (Lomas	 et	 al.,	 2019)	with	 the	 aim	 understanding	 the	 energy	 usage	
pattern	and	the	reasons	for	any	performance	gap	in	these	homes.	

2. Methods:	
The	paper	investigates	the	efficacy	of	the	SAP’s	ability	to	predict	the	actual	gas	demand	of	the	
UK	housing	stock	by	utilising	the	dataset	collected	from	114	dwellings	in	the	Digital	Energy	
Feedback	 and	 Control	 Technology	 Optimisation	 (DEFACTO)	 project.	 The	 project	
measurements	of	 gas	energy	demand	at	30-minute	 intervals	 and	electricity	demand	at	2-
minute	 intervals	 for	a	period	of	 three	years.	 EPC+	assessments	and	questionnaire	 surveys	
were	undertaken.	The	details	of	the	cohort	recruitment,	data	collection	and	cleaning	process	
has	been	published	in	a	separate	paper	(Haines	et	al.,	2019).	

The	 SAP	 estimated	 gas	 demand	𝐸𝐷#	%&' 	for	 each	 dwelling	 was	 calculated	 using	 the	
dataset	extracted	from	the	XML	files	produced	as	part	of	the	EPC	rating.	As	the	dwellings	used	
in	 this	 study	 were	 spread	 across	 the	 English	 Midlands	 in	 seven	 clusters,	 the	 weather	
correction	of	the	measured	gas	demand	was	undertaken,	𝐸𝐷#().	The	percentage	difference	
between	predicted	and	measured	gas	demand,	𝑃𝐸𝑅#	%&',	henceforth	termed	the	‘prediction	
gap’	was	calculated:	

	
	 𝑃𝐸𝑅#	%&' = 	

𝐸𝐷#() − 𝐸𝐷#	%&'
𝐸𝐷#	%&'

×100					(%)	 	
(1)	

Where:	
𝐸𝐷#()	is	the	weather	corrected	measured	gas	demand	in	kWh.	
𝐸𝐷#	%&'	is	the	SAP	estimated	gas	demand	in	kWh.	
	
	



3. Results		
The	prediction	gap	of	the	114	dwellings	(Figure	1)	clearly	shows	that	SAP	tends	to	overpredict	
for	68%	of	the	homes.	 A	paired	t-test	showed	that	the	mean	difference	between	the	EDgSAP	
and	EDgwm	was	1623kWh	(95%	CI:	714.6	to	2531),	which	is	statistically	significant	(t	=3.541,	df	
=	109,	p<0.0006,	two-tailed).	There	was	substantial	overprediction	for	four	homes	(#48,	#199,	
#318,	#205),	marked	as	outliers	in	Figure	1.	
	

	
Figure	1:	SAP	prediction	of	gas	consumption	with	respect	to	the	actual	gas	use	in	dwellings	(n=114)	

Investigating	 further,	 it	 was	 found	 that	 #199	 and	 #318	 had	 a	 high	 electrical	 demand	
suggesting	 that	 secondary	electric	heating	 rather	 than	 the	gas	heating	was	being	used,	 In	
these	two	dwellings	the	spilt	between	the	gas	and	electricity	demand	was	44%:56%	(house	
#199)	and	36%:64%	(house	#318).	This	compares	to	an	average	split	for	the	whole	sample	of	
114	homes	of	77%:23%,	which	is	a	similar	split	for	the	UK	stock	as	whole	(Lomas	et	al.	2019).	
In	dwelling	#205	there	were	66	days	of	no	gas	use,	which	might	be	due	to	the	occupants	being	
on	vacation.	

Dwelling	#48	was	occupied	by	two	retired	older	people	(ages	86	and	83)	living	in	the	
dwelling	in	a	home	with	a	floor	area	of	102m2,	it	is	possible	that	only	some	of	the	rooms	were	
heated,	 whereas	 SAP	 assumes	 that	 a	 dwelling	 is	 fully	 heated.	 	 There	 was	 evidence	 of	
overprediction	 by	 SAP	 for	 other	 larger	 homes	 in	 the	 sample	 suggesting	 that	 partial,	 or	
underheating,	might	be	widespread.		

4. Discussion	

The	study	presented	in	this	paper	has	provided	an	indication	of	the	extent	to	which	SAP	may	
fail	to	reflect	the	actual	energy	demand	of	dwellings.	It	has	also	suggested	factors	which	might	
lead	to	the	overprediction	of	energy	demand.			

All	the	result	was	obtained	from	semi-detached,	owner-occupied	homes	with	gas	central	
heating	 system	which	 does	 not	 represent	 the	whole	 UK	 housing	 stock.	 Perhaps	 a	 larger,	
national-scale	 study,	 looking	at	 various	owner-occupied	dwelling	 types	 and	heating	 types,	
would	be	a	valuable	extension	to	this	present	work.	
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The	impression	of	SAP	calculations	is	just	one	contributory	factor	to	the	‘prediction	gap’.	
Other	 factors	which	are	 found	 in	the	 literature	 (‘time	of	use’,	heating	setpoint,	occupancy	
level	in	each	room)	could	be	examined	in	future	work.	

With	 the	 introduction	of	 smart	meters,	 there	 is	 scope	 for	 the	creation	of	a	dwelling	
rating	system	based	on	actual,	rather	than	measured,	energy	demand.	An	operational	rating	
has	been	proposed	elsewhere	based	on	the	same,	DEFACTO,	dataset	(Lomas	et	al.	2019).	

5. Conclusion	
This	paper	has	highlighted	the	weakness	of	SAP	in	predicting	the	actual	heating	demand	of	
dwellings.	 Comparing	 the	 predicted	 and	 measured	 gas	 demand	 of	 114	 dwellings,	 it	 was	
concluded	 that	 SAP	 overpredicts	 in	 68%	 of	 dwellings.	 Occupant	 behaviour	 and	 building	
characteristic	have	been	identified	as	contributors	to	this	prediction	gap.	The	small	sample	
size	limited	the	insights	possible,	but	it	may	be	that	SAP	systematically	over	predicts	for	larger,	
under-occupied,	dwellings.	
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