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1.1 Introduction IWU

" Heat flow through building envelopes and energy expenditure of heat generation are
theoretically well understood. Various validated simulation tools are at hand.

v p = f(UiaAiaej’Bkacl)

" In many cases simplified calculation models are applied, as in Energy Performance
Certificates (EPC), assuming standardized specifications of building parameters, user
behaviour and climate

EPC _ simpliﬁed( std  gsimplified _std pystd std)
drp _f Ui :Ai »€; 7Bk ’Cl

" Measured consumption ¢, . usually differs from the calculated demand q; , in a typical
manner, in particular when it comes to simplified calculation models of heating Energy.

" These are well-known problems in the empirical sciences. Consumers, though, generally
are not aware of these differences.



IWU

1.2 Luxemburg EPC Register

Data Source: Luxemburg EPC Register, Luxemburg Ministry of the Economy, IWU (reg2 DB6 LN)
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1.3 The Trouble is ...
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Statistical analysis of the EPC register renders
an estimate of the consumption including a
standard error.

g, . =0,2845 - q,, + 91,784
R?=0,3126

500 600 700 800 900 1000

delivered energy, calculated demand, g;,; (heating and dhw ) [kWh/m?a]



2.1 Regression Analysis IWU

. . . EPC . _EPC
Simple Regression Analysis: qyc=1\af’s )=by+bi-qfls +u
= Since the coefficients b, are unknown, Gre=B+Bap

we estimate B, from the sample By =92, 5, =0,28
" with the residue ‘qm’i ~qscil =Y

= and the estimate of the standard error (Af(éf,(;,,-)
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2.1 Regression Analysis IWU

Simple Regression Analysis: qyc=1\af’s )=by+bi-qfls +u
" Since the coefficients b, are unknown, Grc=B+B a0
we estimate B, from the sample B, =92, 5, =0,28
= with the residue ‘qf,C,i ~qscil =Y
* and the estimate of the standard error &(éf’ai)

Multiple Regression Analysis:
. Hypothéses (Number of dwelling units n,,, reference area A,,, air tightness nc, and compactness A/V,)
e Actual user behaviour is not being recorded in Luxemburg

* Non-linear transformation (Heteroscedasticity)

TN Lo - A Bo+Banpu+ By An+Bynso + s
" Estimation-function for Luxemburg EPC sk, = (q?;c)ﬁl CRANE A s,

" with standard error éfcl. + 6(éfCi)

>

delivered encrey, calculated demand, gf.DLi (res ¢ ber ) [kwWh/m'a



2.2 Luxemburg EPC for Residential Buildings - WU

Primary Energy Demand

Useful Energy Demand

CO,-Emissions

With a probability of 68% the

“true” consumptlon iV

be in the interval ., £ O\q, ¢,

4 \
Energieeffizienzklasse dieses Gebaude erreicht ..
Primarenergiebedarf ! .
(bezogen auf An) Hﬂ l 272 T xWhi(m3a)

g O
Warmeschutzklasse dieses Gebaude erreicht ..
-
Heizwarmebedarf
A :

(bezogen auf An) IHH J%--I [ 134,6 i
Effizienzklassen fiir die Umweltwirkung dieses Gebaude erreicht ...
CO,-Emissionen !! 65.2 xsco:/(ms)
(bezogen auf An) [ J ;

- e © 3 s ; >

\ - NN - - - )

Verwendung der gemessenen Energieverbrauche

v Heizen v wWamwasser [~ Kochen mit Gas

Schatzung Endenergieverbrauch (berechnet)

Qesxww 1499 %54 Kivh / (m°3) QevHww 156,1 K (me 3)

Endenergieverbrauch (gemessen)

Estimated Consum;jtion Measured Consumption
drc; * O(q £,Csi drc.
(if available)



2.3 User Behaviour and Measurement Error

IWU

In an EPC only standard user behaviour can

be regarded, but there is a considerable
spread, as we know from various research.

Variable

o(x)
Room temperature 9t [°C] +3,3°C
h lly effecti
thermally effective n [1/h] +30%
window ventilation rate
specific internal heat 5

. + (o)
el Qint [W/m?] 130%
ifi tic hot

specific domestic ho Qorw [KWh/m?a] +30%

water demand

Applying classical error calculus:

0 on

int

o(q_,‘,w:J )] o -0 o

2
99, p dq
—-0(q. +
a (qmt)] (a

2

9 prw

i'U(CIDHW)) +...

Renders a relative error in calculated
demand of 25% on average

Dwelling Aq/ oll\j:el:\lf):tz(?lfs
Single-family houses (SFH) 30% 2788
Small Multi-family houses (sMFH) 209, 938
Multi-family houses (MFH) 10% 681

All houses 25%, 4.407




2.4 Regression under Measurement Error IWU

Measurement Error in explanatory Variables:

" We assume that ¢, 5, was the true demand and further assume qfiii to be our best

measure of the true demand but it comes with a “measurement” error &;: ¢;' 5. =q,,, +9,

" Then asymptotically for large samples we get the “attenuation bias” due to errors- in
variables o’ .
liInp (/51 ) = bl Y qj,D’l 2
o (Qf,D,i)"'U (Ai)
" The estimator of the slope coefficient, B,, is always smaller in magnitude than the true
value b,. And this is the tendency we observed in the regression line.

—bA<b

" We need to obtain data, f.i. on user behaviour,
from other sources in order to set standards

- Room Temperature Distribution accord. to Building Standard

I November - March

of behavioural parameters B, as 12 f ——oLp_77 .
} —o— EnEV-2002
i i s
mean values of this observed spread e =
and indicate the uncertainty: = g
sd § 6-
B, _BkiO(Bk) g |
L

8 10 12 14 16 18 20 22 24 26 28
Room Temperature TL [°C] Data Source: METRONA (2017)
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2.5 Regression under Measurement Error IWU

Measurement Error in dependent Variable:

" To measure the true energy consumption of a building often is quite difficult, since the
metering situation is often quite inappropriate.

" Let 9,¢ be the true consumption and ¢, our best measure with a “measurement” error
ShE Q;,C =q4rc €

= \We get the estimable model ¢ =b,+b g}, +u
c=b,+b" q]]f]f +u+e,

" If e, and u are uncorrelated, the measurement error in the dependent variable results in a
larger error variance: Var(u +e,)=0 + 0 >0’

" The only thing we can do about it, is to measure energy consumption as precise as
possible: Metering situation, weather correction, vacancy correction ...
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3 Non-residential Buildings in Germany

IWU

The research project “Teilenergiekennwerte von Nichtwohngebauden” (TEK) within the
ENOB research program of the Federal Ministry for Economic Affairs and Energy (BMWi)
delivered a database consisting of 92 records of existing non-residential buildings with

detailed specific partial energy values.

Distribution of these 92 non-residential buildings for different classifications

before 1918 10 up to 1.000 m? 3 Office 23
1919 - 1948 5 1.001 to 5.000 m? 36 Trade 11
1949 - 1977 38 5.001 to 10.000 m? 29 University 19
1978 - 1994 26 10.001 to 30.000 m? 20 Hotel 8
1995 - 2001 7 > 30.000 m? 4 School 15
after 2002 6 Event 16




3.1 Regression Analysis Heating and Hot Water IWU
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delivered energy, calculated demand q; , (Heating + DHW) [kWh/(m?a)]
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3.2 Calibration function IWU

Following our rationale, for the further derivations we focused on the Std-simplified-
scheme, which is our preferred candidate for calculations of many buildings in scenarios of
a building stock for example. We proposed the multiple regression equation

ln(éf,c ) = /30 + /))1 ) fwinvent,area + /3)2 ) Aqint,sld—real + /33 ) Atuse,std—real + /))4 ) Al?i‘nt,std—real
+ /)75 . ln(q}?l:dD—simpl. )

And derived the estimation function

~ _ Std—Simpl./))5 . eﬁO +/J)l 'fwinvent,area +ﬁ2 'Aqint,sld—real +/J)3 'Atuse,std—real +ﬁ4 .Aﬂint,std—real
9rc =450 25

_ Std —simpl. |, _ Std—simpl.
= fC/D(Qf,D ) dr.p
2 O
. 8 [l
Rendering the 2
. 0 . o 1,5
calibration function f 5: g
éf C ( Std—-simpl YS_I "E i = -0,195
f =_ ~J - : 6 1 ~ <Ae y-=2,3738 x*
C/D Std—simpl. qf,D fuse E Qd: Et- - == - - -
9.0 = = S— ’3 - S‘ ;g,- -é y = 2,0486 x 0195
o 0,5 T L= L)

y = 1,8272x°01%

Calculated savings potentials
turn OUt more reliable 0 50 100 150 200 250 300 350 400 450

delivered energy, calculated demand q; 4 (Heating + DHW) [kWh/(m?a)]

¢  fC/D (Mean, 0,5) O  fC/D (4.Quartile, 0,5) A fC/D (Std, 0,5)

e« Power (fC/D (Mean, 0,5)) Power (fC/D (4.Quartile, 0,5)) == e= Ppower (fC/D (Std, 0,5))



3.3 Electrical Energy IWU

delivered energy, measured consumption, ¢, . (electrical energy)
[kWh/(m?2a)]

250 /

200 y = 0,9592x - 0,7957

R? = 0,87803
150
100 - al
50
0
0 50 100 150 200 250

delivered energy, calculated demand g , (elctrical energy) [kWh/(m?a)]

= +consumption = 0,5 x demand consumption = demand
= = consumption = 2 x demand <& C/D-comparison Std-simplified
= | inear (C/D-comparison Std-simplified)



4 Conclusions IWU

Specific values of calculated energy demand for heating and domestic hot water deviate
from measurements f.i. in energy bills, even in realistic calculation models, but considerably
in simplified models.

Simplified calculation models are used for typology based calculations in buildings stocks or
as in EPCs made to inform about the energy-related quality of buildings and to certify
compliance with Energy Performance Ordinances irrespective of user behaviour and climate
parameters.

Statistical analysis can provide calibration to real consumption and realistic estimates of the
uncertainties in the calculations, as in the new EPC in Luxemburg or in the calculation of
energy savings.

The distribution of user behaviour parameters has to be quantitatively analysed and an EPC
database including assured consumption values should be established.

For buildings stocks’ analyses simplified calculation models with well-defined standard
specifications including uncertainties and calibration functions are appropriate method to
predict the future energy consumption of the building sector in scenario calculations.

We consider the quantification of uncertainties of the calculation models as necessary in
order to use their results as a sound base for decision making in the political arena.



