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Introduc6on	
§  Heat	flow	through	building	envelopes	and	energy	expenditure	of	heat	genera0on	are	

theore0cally	well	understood.	Various	validated	simula0on	tools	are	at	hand.	

§  In	many	cases	simplified	calcula0on	models	are	applied,	as	in	Energy	Performance	
Cer0ficates	(EPC),	assuming	standardized	specifica0ons	of	building	parameters,	user	
behaviour	and	climate	

§  Measured	consump0on	qf,C	usually	differs	from	the	calculated	demand	qf,D	in	a	typical	
manner,	in	par0cular	when	it	comes	to	simplified	calcula0on	models	of	hea0ng	Energy.		

§  These	are	well-known	problems	in	the	empirical	sciences.	Consumers,	though,	generally	
are	not	aware	of	these	differences.	
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Luxemburg	EPC	Register	
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1.2	

^qf,C	=	0,2845	·	qf,D	+	91,784	
R²	=	0,3126	
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1.3	

^qf,C	=	0,2845	·	qf,D	+	91,784	
R²	=	0,3126	
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qf,C,i	=	qf,D,i	
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regression	line	

∆​𝑞↓𝑓,𝐶,𝑖 
≪∆​𝑞↓𝑓,𝐷,𝑖  

Sta0s0cal	analysis	of	the	EPC	register	renders	
an	es0mate	of	the	consump0on	including	a	
standard	error.		
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2.1	

Simple	Regression	Analysis:	

§  Since	the	coefficients	bk	are	unknown,		
we	es0mate	βk	from	the	sample	

§  with	the	residue	

§  and	the	es0mate	of	the	standard	error		
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2.1	

Simple	Regression	Analysis:	

§  Since	the	coefficients	bk	are	unknown,		
we	es0mate	βk	from	the	sample	

§  with	the	residue	

§  and	the	es0mate	of	the	standard	error		

Mul0ple	Regression	Analysis:	
•  Hypotheses	(Number	of	dwelling	units	nDU,	reference	area	An,	air	0ghtness	n50	and	compactness	A/Ve)	
•  Actual	user	behaviour	is	not	being	recorded	in	Luxemburg	
•  Non-linear	transforma0on	(Heteroscedas0city)	

§  Es0ma0on	func0on	for	Luxemburg	EPC	

§  with	standard	error	
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Primary	Energy	Demand	

	

Useful	Energy	Demand	

	

CO2-Emissions	

Luxemburg	EPC	for	Residen6al	Buildings	
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2.2	

Es0mated	Consump0on	
	

Measured	Consump0on	
	

(if	available)	

With	a	probability	of	68%	the	
“true”	consump0on											will	
be	in	the	interval	
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2.3	

§  In	an	EPC	only	standard	user	behaviour	can	
be	regarded,	but	there	is	a	considerable	
spread,	as	we	know	from	various	research.	
	
	
	
	

§  Applying	classical	error	calculus:	
	
	
	
	

§  Renders	a	rela0ve	error	in	calculated	
demand	of	25%	on	average		
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 σ(x) 

Room temperature 
 

ϑint [°C] ±3,3°C 

thermally effective 
window ventilation rate 

n [1/h] ±30% 

specific internal heat 
gain 
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2.4	

Measurement	Error	in	explanatory	Variables:	

§  We	assume	that									was	the	true	demand	and	further	assume											to	be	our	best	
measure	of	the	true	demand	but	it	comes	with	a	“measurement”	error	δi:	

§  Then	asympto0cally		for	large	samples	we	get	the	“auenua0on	bias”	due	to	errors-	in	
variables 	 	 	 		
	

§  The	es0mator	of	the	slope	coefficient,	β1,	is	always	smaller	in	magnitude	than	the	true	
value	b1.	And	this	is	the	tendency	we	observed	in	the	regression	line.		

§  We	need	to	obtain	data,	f.i.	on	user	behaviour,		
from	other	sources	in	order	to	set	standards		
of	behavioural	parameters	Bk	as		
mean	values	of	this	observed	spread		
and	indicate	the	uncertainty:	
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2.5	

Measurement	Error	in	dependent	Variable:	

§  To	measure	the	true	energy	consump0on	of	a	building	oven	is	quite	difficult,	since	the	
metering	situa0on	is	oven	quite	inappropriate.	

§  Let											be	the	true	consump0on	and										our	best	measure	with	a	“measurement”	error	
e0:	

§  We	get	the	es0mable	model		

§  If	e0	and	u	are	uncorrelated,	the	measurement	error	in	the	dependent	variable	results	in	a	
larger	error	variance:		

§  The	only	thing	we	can	do	about	it,	is	to	measure	energy	consump0on	as	precise	as	
possible:	Metering	situa0on,	weather	correc0on,	vacancy	correc0on	…	
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13	

3	

§  The	research	project	“Teilenergiekennwerte	von		Nichtwohngebäuden”	(TEK)	within	the	
ENOB	research	program	of	the	Federal	Ministry	for	Economic	Affairs	and	Energy	(BMWi)	
delivered	a	database	consis0ng	of	92	records	of	exis0ng	non-residen0al	buildings	with	
detailed	specific	par0al	energy	values.	

§  Distribu0on	of	these	92	non-residen0al	buildings	for	different	classifica0ons	

Age band Number of 
buildings Net floor area Number of 

buildings Use Number of 
buildings 

before 1918 10 up to 1.000 m² 3 Office 23 

1919 - 1948 5 1.001 to 5.000 m² 36 Trade 11 

1949 - 1977 38 5.001 to 10.000 m² 29 University 19 

1978 - 1994 26 10.001 to 30.000 m² 20 Hotel 8 

1995 - 2001 7 > 30.000 m² 4 School 15 

after 2002 6 	 	 Event 16 
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3.1	

y	=	0,7677x	+	20,75	
R²	=	0,6689	

y	=	0,6433x	+	26,106	
R²	=	0,5538	

y	=	0,5003x	+	46,882	
R²	=	0,42545	
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delivered	energy,	calculated	demand	qf,d	(Hea6ng	+	DHW)	[kWh/(m²a)]	

consump0on	=	0,5	x	demand	 consump0on	=	demand	 consump0on	=	2	x	demand	
C/D-comparison	Real-Real	 C/D-comparison	Std-Real	 C/D-comparison	Std-simplified	
Linear	(C/D-comparison	Real-Real)	 Linear	(C/D-comparison	Std-Real)	 Linear	(C/D-comparison	Std-simplified)	



Calibra6on	func6on	
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3.2	

§  Following	our	ra0onale,	for	the	further	deriva0ons	we	focused	on	the	Std-simplified-
scheme,	which	is	our	preferred	candidate	for	calcula0ons	of	many	buildings	in	scenarios	of	
a	building	stock	for	example.	We	proposed	the	mul0ple	regression	equa0on	
	

§  And	derived	the	es0ma0on	func0on	

§  Rendering	the		
calibra0on	func0on	fC/D:	

§  Calculated	savings	poten0als		
turn	out	more	reliable	
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delivered	energy,	calculated	demand	qf,d	(Hea6ng	+	DHW)	[kWh/(m²a)]	

fC/D	(Mean,	0,5)	 fC/D	(4.Quar0le,	0,5)	 fC/D	(Std,	0,5)	

Power	(fC/D	(Mean,	0,5))	 Power	(fC/D	(4.Quar0le,	0,5))	 Power	(fC/D	(Std,	0,5))	
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3.3	

y	=	0,9592x	-	0,7957	
R²	=	0,87803	
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delivered	energy,	calculated	demand	qf,d	(elctrical	energy)	[kWh/(m²a)]	

consump0on	=	0,5	x	demand	 consump0on	=	demand	
consump0on	=	2	x	demand	 C/D-comparison	Std-simplified	
Linear	(C/D-comparison	Std-simplified)	
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4	

§  Specific	values	of	calculated	energy	demand	for	hea0ng	and	domes0c	hot	water	deviate	
from	measurements	f.i.	in	energy	bills,	even	in	realis0c	calcula0on	models,	but	considerably		
in	simplified	models.		

§  Simplified	calcula0on	models	are	used	for	typology	based	calcula0ons	in	buildings	stocks	or	
as	in	EPCs	made	to	inform	about	the	energy-related	quality	of	buildings	and	to	cer0fy	
compliance	with	Energy	Performance	Ordinances	irrespec0ve	of	user	behaviour	and	climate	
parameters.		

§  Sta0s0cal	analysis	can	provide	calibra0on	to	real	consump0on	and	realis0c	es0mates	of	the	
uncertain0es	in	the	calcula0ons,	as	in	the	new	EPC	in	Luxemburg	or	in	the	calcula0on	of	
energy	savings.	

§  The	distribu0on	of	user	behaviour	parameters	has	to	be	quan0ta0vely	analysed	and	an	EPC	
database	including	assured	consump0on	values	should	be	established.	

§  For	buildings	stocks’	analyses	simplified	calcula0on	models	with	well-defined	standard	
specifica0ons	including	uncertain0es	and	calibra0on	func0ons	are	appropriate	method	to	
predict	the	future	energy	consump0on	of	the	building	sector	in	scenario	calcula0ons.	

§  We	consider	the	quan0fica0on	of	uncertain0es	of	the	calcula0on	models	as	necessary	in	
order	to	use	their	results	as	a	sound	base	for	decision	making	in	the	poli0cal	arena.		


