
Introduction

The laboratory/test building ZEB Laboratory [1] 
is located in Trondheim at the NTNU Gløshaugen 
campus. It is a 4-storey office building with a total 
area of 2000 m². The ZEB Laboratory was designed 
and realised with the aim to be a pilot building used to 
facilitate the diffusion of new environmentally friendly 
building components, solutions, and processes and 
as an arena for national and international research 
cooperation.

Norway, through the work of the ZEB Research Centre 
[2], defined five levels of nearly zero energy building 

as encouraged by the EU Commission [3]. The ZEB 
Laboratory was built according to the ZEB-COM level. 
This means that the in loco production of renewable 
energy (hence the reduction of potential emission) must 
compensate the CO₂ generated by the construction 
and the use of the building in its planned lifetime, and 
the CO₂ embodied in the materials. The construction 
process, the building envelope, building service systems, 
and materials and components used are selected to 
ensure very low construction, operational and embodies 
emissions as well as a highly energy efficient building [4]. 
The renewable energy production is entirely achieved by 
Building Integrated Photovoltaic panels (BIPV).

BIPV in Nordic climate: 
the ZEB Laboratory

The ZEB Laboratory, designed to be a test environment for building technology, energy 

use, ventilation, and user-building interaction, is an example of how to reach the ambition 

of Zero Emission Building (ZEB) through production of renewable energies. After the first 

year of use, real data are used to validate simulations.
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The PV installation in the ZEB 
Laboratory

BIPV panels constitute most of the building external 
envelope, as seen in Figure 1. The roof, the South 
façade and the pergola are entirely covered, the 
East, West and North façade are partially covered. 
This choice is not only due to the orientation of the 
building, but rather to the characteristics of the sur-
roundings and their capacity to cast shadow.

The interest towards the use of vertically mounted 
PV has increased in the last years. They seem to be 
particularly promising for Northern climates. At 
these latitudes, in fact, vertical panels can gather solar 

radiation when the sun is low on the horizon while 
gravity helps to keep surfaces free from ice and snow. 
In addition, vertical panels can better capture scattered 
or reflected radiation that in some condition during 
the year can be preeminent.

Table 1 gives an overview of the whole installed solar 
power system in the ZEB Laboratory. A total of 701 
monocrystalline panels of different type and shape are 
installed for a total power of 184 kWp. All the panels 
are connected in strings and to three inverter units. 
According to calculations performed in the design 
phase, the expected yearly PV production is estimated 
to be 156 MWh.

Figure 1. The ZEB Laboratory: Southern and Western façade. 
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Table 1. Overview of the installed PV panels.

Surface Panels [pcs.] Area [m²] Installed Power [kWp] Type

Roof 280 456 98 Sunpower 350

North 30 53 11 Sunpower 375

South 132 144 22 Solarlab

West 73 80 12 Solarlab

East 144 156 25 Solarlab

Pergola (mono) 21 37 8 Sunpower 375

Pergola (bi) 21 37 5 Solitek

Total 701 963 184
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The graph in Figure 2 illustrates the yearly power 
balance as predicted by simulations during the design 
phase. As written above, the renewable energy produc-
tion relies entirely on the PV. The production by the 
PV covers the heating demand by sustaining a twin 
heat pump system, and the electricity consumption 
in the building. The remaining energy is transferred 
to the local electricity grid, and it should compen-
sate, in terms of equivalent tons of CO₂, the CO₂ 
emission related to the construction process and the 
CO₂ embodied in the materials.

The ZEB Laboratory was finished in 2020 and deliv-
ered at the beginning of 2021. After that, it went 
through a commissioning phase. The building is used 
as office space by NTNU and SINTEF and it has 
started to gather solar power and to acquire data. The 
data infrastructure was tested in the autumn, and in 
the winter started logging the first results.

Results
Winter results are particularly interesting since they 
constitute the “worst case scenario” and this is espe-
cially true for the Nordic climates. The winter season at 
Trondheim´s latitude offers few hours of daylight, and 
during these few hours the sun is low on the horizon.

The chosen period of investigation is one month from 
December 15th to January 14th.

In Trondheim (63°26´N 10°24´E) the day length 
during the chosen period varies from 4h20 around the 

solstice to 5h30 (Jan 14th). The sun elevation above 
the horizon is low, it spans from 3.3° to circa 5.5°. On 
January 14th the Sun rises at 141° South-East and sets 
at 219° South-West. To the low elevation and the short 
azimuth angle are to be added cloud coverage and snow 
coverage. The panels installed with an inclination can 
be covered by snow for a certain time. In the consid-
ered period, thanks to daily photographic observation 
(Figure 3), we could determine that snow covered 
totally or mostly the PV surface on the roof from Dec 
23rd to Jan 11th. On the other hand, the presence of 
snow increases the albedo of the surroundings thus 
increasing the production of vertically mounted BIPV.

Although the worst-case scenario, data reported in 
Figure 4 shows how the system can still produce 
a certain amount of renewable energy, for a total 
232 kWh in one month.

Figure 2. The overall energy balance of the ZEB Laboratory. [5]

Figure 3. Example of daily photographic inspection to 
evaluate snow coverage on the roof (Dec 15th to Jan 14th).
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The contribution of each surface is reported in Table 2. 
The table presents the percentage of installed power 
on each surface, the production, and the percentage of 
production during the investigated period.

It is interesting to look at the production of the North 
façade, here reported in Figure 5.

Although the available solar radiation is very low, and 
the PV panels of the North façade are those which are 
in the worst position, still they managed to produce 
circa 2.6 kWh during the whole period, a value com-
parable with the production of the monocrystalline 
elements of the pergola which have a slightly inferior 
installed power but are oriented towards South.

The first thing that can be observed is that the roof 
produced 41.3% of the energy despite constituting 
more than a half of the installed power. On the 
contrary the South and East façade produced in pro-
portion more than expected from the share of installed 
power. This is due to the low elevation of the sun. By 
comparing the daily production data, it is also possible 
to relate this difference to the period of snow coverage.

Development in the research
This paper presented some preliminary results of the 
PV production on the ZEB Laboratory. The data 
acquisition will continue, and a larger amount of data 
will allow for a validation of the simulations performed 
in the design phase. During the winter an additional 
set of sensors was added to the ZEB Laboratory. This 
mainly consists of a pyranometer per façade and two 
weather stations: one on the roof and one at ground 
level. They allow for a better analysis of the solar 
resources, which in this paper was only based on the 
energy produced without comparing it to the actual 
solar energy available.

Table 2. Absolute and relative production of the PV surfaces in the ZEB Laboratory during the investigated period.

Surface Percentage of installed power [%] Production [kWh] Percentage of the production [%]

Roof 53.5% 95.8 41.3%

North 6% 2.6 1.1%

South 12% 47.1 20.3%

West 7% 20.6 8.9%

East 14% 52.3 22.5%

Pergola (mono) 4.5% 2.6 1%

Pergola (bi) 3% 0.9 0.39%

Total − 231.8 −

Figure 4. Daily PV production of the whole PV system 
during the investigated period.

Figure 5. Daily PV production of the North facade 
during the investigated period.
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The BIPV installations are part of a ventilated wooden 
façade structure. The correct ventilation of the struc-
ture is needed to keep the correct hygrothermal 
conditions. These conditions influence the tempera-
ture of the panels and consequently, since the efficiency 
of the solar panels depends on the temperature, on the 
power production and the reach of the ZEB-COM 
[2] ambition. On the other hand, PV panels with 
open joints introduce a challenge with regards to the 
rain tightness for Norwegian climate. These topics 
are under study both experimentally and by means of 
numerical models. 
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