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Retrofit of a 1970s apartment building into energy plus, results of a prototype apartment
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Abstract

Project ‘Inside Out’ aims to turn apartment buildings
from the 1960s and 1970s into energy plus (InsideOut,
2021). In order to achieve this goal, a retrofit design is
made, and tested by means of a pilot apartment. Results
of this pilot showed that, with minor adjustments, the
energy demand of the building would be smaller than
modelled, while adequate levels of comfort are
maintained. The projected energy output of the PV system
is sufficient to exceed the energy demand of the building.

Key Innovations

o  Retrofit with fully equipped building elements

e Net energy plus, all electric

e Increased PV surface through BIPV and
additional building crown.

Research Implications

The output of this research is a proof of concept which
paves the road to retrofit a significant building stock into
energy producing buildings.

Introduction

To reduce the CO, emissions of the building stock in the
Netherlands, 1.5 million existing houses must be turned
into NZEB (Near Zero Energy Buildings) before the end
of 2030 (EZK, 2019). This extended abstract describes a
case study in which we investigate whether this challenge
can be taken a step further by retrofitting a 10 story
apartment building from the 1970s in such a way that it
becomes a positive energy building. The building
structure is based on the Intervam typology and consists
of prefabricated concrete floor- and wall-elements. Itis 10
floors high, has 2 staircases and bears a total of 58
apartments.

Figure 1 Artist impression of renovated building. Green
box at the top left shows location of the pilot apartment.

A new building design is made (Figure 1), where the
thermal envelope is insulated, and fagades are upgraded
by means of new modular building elements. These
elements perform very well on insulation level, contain
systems for ventilation and heating, have integrated
window blinds and building-integrated photovoltaic
(BIPV) modules. The main characteristics of the building
after renovation, are shown in Table 1.

Table 1: Key characteristics of building after
renovation, with thermal conductivity (RC), thermal
transmittance (U), solar gain (G), surface area (A), air
tightness (nso) and the volumetric leakage airflow (qv:10)

Characteristic Value
Location Utrecht (Netherlands)
Orientation Southeast
Ground floor RCyr=3.5 m?K/W Ayt = 528 m?
Facade RCrac=7 m*K/W Afag= 2192 m?
Roof RCro0i=8 m2K/W Aroof=536 m?
Windows Uglass=0.70 W/m2K Aw_se=869 m?
Utrame=1.30 W/m?K Aw_Nnw=789 m?
Gylass=0.55
Blinds Gulind =0.15 Orientation=SE
Sealing 0Ov;10=0.30 nso=1.18 /h
dm?3/(s*m?GO)

Central Air-to-Water heat pumps (HP) on the roof provide
heat for space heating and domestic hot water (DHW) for
the whole building. The heat is transferred as warm water
through pipes along the fagade (space heating) and
through the centre of the building (DHW). Ventilation
occurs decentralized at room level. In the living room of
each apartment a primary space heater and ventilation unit
with heat recovery is connected to the HP. Additional
rooms have a secondary heating/ventilation unit, without
heat recovery. A booster heat pump for DHW in each
apartment utilizes heat from the central HP to generate
DHW. The PV setup includes 1118 PV modules with a
rated total capacity of 358.6 kWp. Standard modules are
placed on the roof as well as on the short facades of the
building. A crown, made of a steel frame on top of the
building accommodates most of these modules. Figure 1
shows that windows are situated over the full length of the
facade, leaving room to place custom-sized grey coloured
BIPV modules underneath these windows on the
southeast facade. Balcony fencing is carried out with
transparent glass-glass PV modules.
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Methodology

The NZEB tool, which is based on PHPP v9 (Passive
House Institute, 2019), was used to make an analysis of
the energy requirements of the retrofitted full building
design, and the pilot apartment specifically. These
separate models were made to accommodate for
differences in energy demand and heat gain due to the
location of the pilot apartment (top corner). Using PHPP
instead of performing a dynamic simulation was expected
to be accurate enough for our case, as the cooling demand
is low and the quality of the thermal envelope is high
(Dermentzis et al., 2019).

To understand how the proposed concept meets the model
results in real life, the pilot apartment was realized and
energy demand and comfort levels were monitored for
about 1 year. Results of the energy measurements were
analysed and adapted to account for invalid system
settings, modifications in system topology and to
normalize user behaviour as well as the number of
residents. For example, after accounting for the invalid
system settings, the DHW measurements were multiplied
with a factor of 4.8 (=2.4+2) to get normalized DHW
usage. This value corrects for the average number of
tenants in the building of 2.4 and for a very energy
efficient tenant who uses half of average DHW demand.
For heating such a factor was not used, as the whole
apartment was kept at 20 degrees, independent of the
amount of tenants. Subsequently, the ratio between the
model results at apartment level and building level was
used to linearly project the pilot-outcomes to full building
scale. On top of that, auxiliary energy demand was added
for elevators and stairways.

The energy production of the PV system was modelled by
means of the PVSites software tool (PVSites, 2019),
which also accounts for shading and reflection effects
from the building.

Results

Monitoring temperature, CO; and relative humidity in the
apartment proved that in general the comfort is well
within the limits of the latest European standards (Council
of the European Union, 2019). Only during an exceptional
heatwave, overheating was measured up to 34.8 °C. This
could be reduced by intelligent cooling at night times.

In the summer period, a malfunctioning space heater
caused a larger energy demand from the HP than
expected. User behaviour and number of residents
resulted in a smaller DHW and domestic energy demand
than projected. Table 2 shows that the total measured
energy demand, as well as the demand after analysis are
smaller than the demand projected by the model.

Table 2: Energy demand in kWh of pilot apartment from
model, measurements and after adaptation

Model Measured Adapted
DHW 2877 2675 2146
Heating 2897 1567 1927
Ventilation 210 353 210
Domestic 2288 1226 2014
Total 8272 5821 6297

Extrapolating the measured and optimized energy
demand of the apartment to building level indicates a total
energy demand of 142 and 153 MWh, respectively, which
is significantly smaller than the 198 MWh from the
model. The expected PV production of nearly 230 MWh
would in all cases result in an annual net energy output of
the building, as shown in Table 3.

Table 3: Energy demand and -production in kWh of the
full building model, measurements and after adaptation

Model | Measured | Adapted

DHW 43886 40810 32728

Heating 21549 11655 14332

Ventilation 9465 15912 9480
Domestic 116000 62168 102125

Auxiliary Energy 7540 7540 7540
Total demand 198440 141886 152861

PV production 229556
Net energy output 31116 87670 76695
Conclusion

We can conclude that with our prototype apartment we
have proven that it is possible to retrofit an apartment
building such that it produces more energy by its PV
system than its energy demand. Lessons learnt from the
pilot project are already implemented in the next step of
the project, where the whole building is being retrofitted.
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