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Det bedste fra to verdener:

GREY-BOX
MODELLER

Kombineret brug af data og
statistiske og fysiske principper
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Identification of Occupancy Status by Statistical Change Point
Detection of CO, Concentration

Christoffer Rasmussen®, Rishi Relan*, Henrik Madsen*

Abstract—There is an increasing focus on energy savings
in buildings but still there exist a gap between the calculated
and the realised energy performance. A statistical analysis
performed on in situ measurements of occupied buildings
is one way to reveal if the occupants’ behaviour, the build
quality, or the building design is the underlying reasons for
this performance gap. A critical issue when carrying out the
statistical analysis of the measurements from occupied buildings
is to handle the measurement disturbances caused by the
occupants’ interaction with the building. In this paper, an offline
method combining ventilation theory of buildings with change
point detection of time series measurements of indoor CO,
concentrations is proposed to detect vacant and sleeping periods
in dwellings. The proposed method is tested using the CO
measurements obtained from a single apartment. The method
developed has classified 19 % of a 14-days period as a vacant
or sleeping period with an 81 % accuracy based on indirect
measures.

I. INTRODUCTION

Within the European Union, households account for %
of the total energy consumption of which 65% is used
for space heating [1]. Consequently, a significant amount
of the greenhouse gas emission is directly related to the
operation of the building stock. On the other hand, buildings
offer great possibilities for considerable energy savings as
well as aid in the reduction of greenhouse gases through
energy renovation. To reach the European goal of reducing
greenhouse gas emission by 80-95 % by 2050. compared
to 1990 [2], reducing the greenhouse gas emission from the
building stock is necessary.

Often, the energy consumption for buildings is under-
estimated. One study shows that the difference between the
estimated and the actual energy consumption can exceed
100 % [3]. In another study, a difference of 300 % has been
observed between identical buildings [4]. This discrepancy
between the estimated and the realised energy consumption
can be related to oversimplified assumptions of, e.g. the
occupants’ behaviour, general mistakes in the design, as
well as unmethodical workmanship during the construction
phase. Contrary to this, the common misconception of this

AN Q Q] 9 ate bv th D 7101

Today, there is no operational method or tool available
that can identify, quantify and analyse the reasons for the
discrepancies between expected and realised energy per
mance. Often, energy labelling system relies on a
similar to those in the design phase of a building which
enhances the probability of unreliable res Alternative
methods for identifying the total heat loss coefficient like the
co-heating or the quick U-value of buildings (QUB/e) method
[5], requires that the building of interest is vacant during the
measurements. In addition to this, these methods are labour
intensive and cannot selectively analyse the thermal perfor-
mance of specific building parts. Hence, the development
of reliable tools for in situ cl terisation of the actual
energy performance is of utmost importance. Such tools can
help map potential renovation focus areas of the building,
ensure substantial energy savings, improve thermal comfort
and eventually raise the build quality.

Data-driven methods—especially the grey-box models—
present great potential in solving some of the i
cussed above because the dynamics of the s
consideration can be learned directly from data without the
need to describe the full complexity of the building physics.
Most of the current research on data-driven methods for the
determination of energy performance of buildings deal with
unoccupied buildings [6]-[8]. Consequently, they disregard

tic and fluctuating dynamics, such as ventilation,
infiltration and hot water draws caused by the occupants.

Due to ease of prediction of heat load from people and
the limited interaction of occupants with office buildings, a
method for identifying the energy performance of occupied
office buildings was proposed in [9]. These assumptions
might not be valid for the dwellin, the occupants are free
to interact with the building, and therefore, strongly affect the
indoor environment, the energy consumption, and ultimately
the complexity of models that can describe the building
dynamics. Grey-box models of the building dynamics of
occupied dwellings proposed in [10]. These models did
not account for the presence of occupants and the occupants’
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KORTLAGNING AF TERMISKE EGENSKABER |
16 DANSKE BOLIGER

House Year Floor area Uy UA
[m?]  [W/(Km?)] [W/K]
1 1970 151 1.25(0.03) * 189 (4)*
2 1969 163 1.25(0.02) * 204 (4)*
3 1963 140 1.28 (0.02) * 179 (2) *
4 1952 86 1.45(0.03) * 125 (2)*
5 1966 111 1.54 (0.03) * 171 (3) *
6 1963 119 0.97(0.02) * 115 (2)*
7 1947 119 2.17(0.04) * 258 (5) *
8 1965 160 1.24 (0.04) * 199 (6) *
9 1965 173 1.21(0.02) * 210(3)*
10 1996 135 0.90(0.02) * 121 (2)*
11 1966 122 1.09 (0.04) * 133 (4)*
12 1975 136 1.05(0.02) * 143 (2)*
13 1937 86 2.67(0.06) * 229 (5)*
14 1965 123 1.36(0.02) * 167 (2) *
15 1953 127 1.65 (0.03) * 209 (4)*
16 1967 137 1.22(0.02) * 167 (3)*
Hj : Ug=20 UAg =0

Significance code *: p-value < 0.05



KORTLAGNING AF TERMISKE EGENSKABER |

16 DANSKE BOLIGER

House Year Floor area UAw
[m?] [W/Kperm/s]

1 1970 151 5.8(0.7)*
2 1969 163 3.9(0.8) *
S 1963 140 3.2(0.5)*
4 1952 86 4.1(0.5)*
g 1966 111 6.1(0.7)*
6 1963 119 6.5(0.6) *
7 1947 119 72(1.3)*
8 1965 160 57(1.4)*
9 1965 173 4.2(0.6)*
10 1996 135 5.1 (0.6) *
11 1966 122 31(1.1)*
12 1975 136 3.1(04)*
13 1937 86 92(14)*
14 1965 123 5.7 (0.6) *
15 1953 127 8.0(1.0) *
16 1967 137 3.4(0.7)*
Hj : UAw =0

Significance code *: p-value < 0.05



ESTIMERET BLOWER DOOR RESULTAT MED DATA

Building leakage (g5()

Apartment A  Apartment B

Energy signature (*) 2.8 1/s/m? 0.9 1/s/m?
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ESTIMERET BLOWER DOOR RESULTAT MED DATA

Building leakage (g5()

Apartment A
Energy signature (*) 2.8 1/s/m?
Blower door test 2.1 1/s/m?
Deviation (ES/BDT) +33 %

* Average infiltration after stack pressure correction.
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ESTIMERET BLOWER DOOR RESULTAT MED DATA

Building leakage (g5()

Apartment B
Energy signature (*) 0.9 1/s/m?
Blower door test 1.1 1/s/m?
Deviation (ES/BDT) -18 %

* Average infiltration after stack pressure correction.
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KORTLAGNING AF TERMISKE EGENSKABER |
16 DANSKE BOLIGER

House Year Floor area D
[m?] (W]
1 1970 151 676 (84) *
2 1969 163 340 (47)*
3 1963 140 141 (30) *
4 1952 86 215(19) *
5 1966 111 110 (63)
6 1963 119 47(19) *
7 1947 119 6 (50)
8 1965 160 376 (45)*
9 1965 173 523 (62) *
10 1996 135 106 (25) *
11 1966 122 108 (46) *
12 1975 136 644 (17) *
13 1937 86 45 (31)
14 1965 123 356 (22) *
15 1953 127 166 (35) *
16 1967 137 193 (26) *
Hl] . d){] =0

Significance code *: p-value < 0.05



KORTLAGNING AF TERMISKE EGENSKABER |
16 DANSKE BOLIGER

House

Floor area

Year D, 4|T; =20°C  0g,,

[m?] (W] (W]

1 1970 151 702 157
2 1969 163 1246 194
3 1963 140 810 103
4 1952 86 971 118
5 1966 111 643 155
6 1963 119 880 129
7 1947 119 1810 243
8 1965 160 1569 258
9 1965 173 389 275
10 1996 135 786 193
11 1966 122 751 96
12 1975 136 1001 94
13 1937 86 2227 431
14 1965 123 1068 203
15 1953 127 1593 210
16 1967 137 1137 143

Significance code *: p-value < 0.05
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