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Results

All indoor temperature measurements from the living
room before renovation were compared to temperature
measurements from the central corridor after renovation
in figure 1. The black curves represent the measurements
from the living room before the renovation and the red
curves represents the measurements from the corridor in
the renovated apartments. The apartments had similar
indoor temperatures before and after the renovation.
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Figure 1: Cumulative temperature distribution before
(black) and after the renovation (red).

The heat use is plotted in figure 2 as function of the
outdoor temperature both before and after renovation.
Each grey points represent a monthly heat use before the
renovation from 2005-2014 (except for 2011). The red
points represents the monthly heat use of the renovated
apartment building from May 2016 until May 2017.

The data both before and after renovation closely
followed a fitted line. The coefficient of determination
were high (>0.9) for both models, which indicates that
more than 90% of the variation in monthly heat use was
explained by the mean monthly outdoor temperature. The
heat use before the renovation was more dependent on the
outdoor temperature than after renovation.
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Figure 2: Monthly heat use (for space heating and
domestic hot water) as a function of monthly mean
outdoor temperature before (grey) and after (red) the
renovation.

Figure 3 is a comparison of the calculated and measured
heat use before and after the renovation. The actual heat
use before renovation was almost half of the calculated
heat use. In the renovated building, the difference
between the calculated and measured use decreased.
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Figure 3: Comparison of the calculated and measured
heat use before and after the renovation
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Discussions

The investigation of the indoor temperature showed an
overall picture of no change before and after renovation,
when comparing the 17 apartments before renovation
with the 63 apartments after renovation (figure 1). The
temperatures before the renovation were measured in the
living room and were compared to temperature
measurements from the corridor. The temperatures in the
corridor and living room were most likely not identical
and as such, large temperature differences between the
two rooms would make the comparison invalid. To
investigate potential large temperature differences
between the corridor and living room, five renovated
apartments were equipped with Netatmo measuring
stations in the bedroom and living room. In these
apartments, variations up to 2.6°C between the two rooms
were observed. However, on average the difference was
within the temperature sensors measurement error,
indicating that there was no difference in the average
temperature between the living rooms and the corridor.

Although the temperature measurements were compared
for the same months, they were conducted in different
years and therefore at different outdoor temperatures. The
different outdoor temperatures could have influenced the
residents” heating practices and thereby the indoor
temperatures. However, a linear regression analysis
revealed weak correlations between indoor and outdoor
temperatures (correlation coefficients between 0.01 and
0.13 and coefficient of determination between 0.00 and
0.18), indicating that the indoor temperature was affected
very little by the outdoor temperature during the heating
season.

Aydin et al. (2017) found that that people living in rented
homes experience larger rebound effects compared people
living in owned homes. Additionally greater effects were
found for lower income groups and for people with a
higher heat use than the average. Since the measurements
were conducted in rented apartments in social housing, a
significant rebound effect was expected. However, the
measured heat use was only slightly lower than the
calculated heat use of the renovated building.

Gram Hansen et al. (2016) and Aydin et al. (2017) found
that the predicted energy use was larger than the measured
in homes with a poor energy certificate while the opposite
was true in homes with a good energy certificate. The
buildings in our investigation did not have an energy
certificate before the renovation, but the low level of
insulation prior to the renovation would have resulted in
a poor energy certificate and the renovation would have
improved the energy certificate by several steps. As a
consequence, the observed differences in calculated and
measured heat use confirms the findings of Gram Hansen
et al. (2016) and Aydin et al. (2017). However, we found
no change in indoor temperature indicating that the
residents did not change their heating practices during the
renovation. So the reduction in the difference between
predicted and actual heating use after the renovation was
not explained by changes in the occupants’ heating

practices as a result of the renovation. The large difference
in predicted and actual heating use prior to the renovation
may simply be a result of poor assessment of insulation
levels and airtightness of the buildings prior to renovation.

Conclusions

The measured indoor temperatures were similar before
and after the renovation indicating that the residents did
not change their heating practices as a result of the
renovation.

The heat use of the renovated building was less dependent
on the outdoor temperature than before the renovation.
This resulted in a measured 64% reduction in the heat use,
which was a bit higher than the calculated reduction of
57%. The difference in the measured and predicted
heating use was much higher prior to the renovation,
indicating signs of a rebound effect. However, the
measured temperatures had similar distributions before
and after the renovation, indicating that the occupants did
not change their heating practices
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