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Abstract
In this paper the authors intend to share the lessons learned in the designing process of a solar office
building currently underway to reach the Net Zero-Energy performance. Solar XXI building was
built in Lisbon in 2006 as a demonstration project [1]. The building, which design is based on a
combination of passive design techniques with renewable energy technologies (PV, solar
collectors), may be currently considered, from this perspective, a near Net Zero Energy Building.
Despite Solar XXI falling short the NZEB status, it is believed that the experience acquired and
lessons learned in the designing phase are worth noting. The demonstration of the building energy
performance is done by means of experimental monitoring data and energy modelling results using
the simulation engine EnergyPlus [2]. In addition of this, it is important to stress out the fact that
the authors of this paper, who are participants in the SHC Task 40-ECBCS Annex 52, “Towards
Net Zero Solar Energy Buildings” are currently engaged in studying possible strategies for
“upgrading” Solar XXI to NZEB status [3].

1. Introduction
The energy consumption in European Union residential and commercial buildings member states
represents approximately 40% of total final energy consumption. The implementing of energy
efficiency measures in buildings through passive design applications is now recognized as a priority
due to its potential to invert the statistics. Another strategy currently under investigation to be fully
implemented beginning 2019 in Europe is to offset the growing energy demand of building with
renewable energy harvested on site (e.g. by means of renewables). When energy efficiency measures
(high performance insulation and windows, ventilation heat recovery, architecture sustainable design,
high rating appliances) are successfully combined with on-site energy renewable sources, and the
energy consumption is equal (or nearly) to the energy production, then the output achieved can be
referred to as “near net zero energy”, “net zero-energy “ or even “positive energy building”. Although
these terms have different meaning and are often still poorly stated or understood, the net-zero energy
building (NZEB) concept may be defined as a building that over a year is neutral, meaning that it
delivers as much energy to the supply grids as it uses from the grids [4]. The successful application of
this strategy, which in practice may lead to zero energy, depends on choosing the adequate technical
strategies that respond better in the local context to the defined objective. In this context the present
paper presents the energy performance of the solar office building, Solar XXI, built in 2006 in Lisbon
as a demonstration project. The building, which design is based on a combination of passive design
techniques with renewable energy technologies (PV), may be currently considered, from this
perspective, a near Net Zero Energy Building. Despite Solar XXI falling short the NZEB status, it is
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Table 1. Buiilding elementts thermal properties.
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3.50

Envelope (avverage)
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kWh/kW, and the parking car PV system 1401 kWh/kW [6]. In February 2010 it has been initiated the
installation of a new PV system of 12 kWh in the parking car as a complementary shading device. This
new PV array of 150 PV CIS thin-film modules, with an area of 110 m2, has an estimated productivity
similar to the other PV parking system (1401 kWh/kW). Solar XXI also integrates a roof-mounted
array of 16 m² CPC solar collectors for space heating. The solar thermal system supplies 11 MWh
thermal energy, 5MWh of which being used during the winter time for space heating, mostly in
compartments north oriented. The solar system is assisted by a natural gas boiler.

3. NZEB Energy performance
3.1. Building energy performance
The on-site measurements and the building energy simulation model are important features in the
process of assessing the building energy performance. While the physical building features can be
modelled with a help of an appropriate simulation tool, the operational characteristics can seldom be
defined precisely. One way to overcome the differences between the “real” building and “predicted”
building behaviour is to calibrate the simulation model through disaggregation of measured energy use
and then “tune” the model to fit the measured data. In the case of Solar XXI building, its energy
performance was demonstrated by means of experimental data (on-site measurements) together with
modelled data (using the simulation engine EnergyPlus).

Fig. 6. Distribution of the total primary energy consumption.

The numerical simulations, ran with the objective of calculating the distribution of primary energy,
indicate that 65% is used for office equipments (computers, printers, photocopiers and fax machines)
and monitoring equipment (data loggers), 17 % for lightning, 12 % for heating (natural gas boiler) and
approximately 5 % for other means (Figure 6).
3.2. Electric energy consumption/renewable energy supply
The monitoring analysis performed in 2007 has shown a total amount of electric energy consumption
of 27 MWh, versus an amount of electricity produced by PV system of 21 MWh. In figure 7 is
presented the monthly distribution of the electric energy consumed by Solar XXI versus the energy
supplied by the PV system (façade + parking) for the 2007. With the increase of the photovoltaic cells

in the nearby car parking area (operation under course) it is expected an increase in the total annual
electric energy production of about 37.27 MWh.
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Fig. 7. Solar XXI - monthly electric energy consumption/PV (façade + parking) energy supply.

3.3. Reaching “zero energy”
As it has been described in the previous points, the Solar XXI integrates efficient solutions set and
strategies, from the features reducing building energy demands, to integration of the renewable
energies. Figure 8 shows the 2007 Solar XXI performance from an energy balance approach
perspective versus the critical steps towards NZEB performance.

Fig. 8. Solar XXI - the path to net zero-energy performance.

If designed as an “normal” office building in accordance with the current Portuguese Building Code,
Solar XXI would have consumed approximately 101kWh/m2.y including typical user related
loads (1). If one performed improvements at level of the building envelope (and still continue with
typical user related loads), the building would have consumed 90 kWh/m2.y (2). On the basis of the
improved building envelope and the outlined passive techniques and strategies, Solar XXI building
annual energy consumption is 36 kWh/m2.y (3). Taking into account that in 2007 approximately 31%
of the electric energy used from the utility grid was green [7], the building needs to offset decreases to
29 kWh/m2.y (4). This consumption is offset with a credit of 22 kWh/m2.y energy generated by the
photovoltaics and solar thermal collectors (5), thus, the final balance of the building points out a near
zero-energy performance. However, with the installation of the new PV cells, the feed credit for
energy will be increased at 35 kWh/m2.y, thus, it is expected Solar XXI to become a positive energy
balance building.

5. Final remarks
With this work the authors were able to share the main findings of the research carried in the design
process of an office building currently underway to reach NZEB performance. Along the lines of the
paper it has been shown the road traversed by Solar XXI on its way towards reaching zero-energy
performance objective. It is believed that the set of solutions adopted the building envelope, the
daylighting performance characteristics, the natural ventilation strategies, the passive heating and
cooling techniques, together with the integrated renewable energy systems, qualifies the Solar XXI
building for exemplary energy performance. Solar XXI building energy performance is about ten times
the energy performance of a standard new office building in Portugal [3]. Looking at the energy
balance of the building from a NZEB perspective, it was shown that the wise combination of standard
and innovative energy performance measures with renewable systems is able to achieve the zeroenergy performance without significant efforts. The authors of this work are hoping that the lessons
learned during design, construction and operation of the building will provide useful clues to all
interested in developing outstanding energy projects in Southern European countries and not only. At
the same time it is also important that this work help policy makers and stakeholders identify (and
counteract) the barriers against broader implementation of NZEB´s.
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