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a b s t r a c t
Buildings are one of the biggest energy consumers in our world. The concept of zero energy building (ZEB)
is an attractive approach in order to reduce the energy requirement of buildings leading to more sustainable cities. Building integrated photovoltaics (BIPV) is one suitable technology for providing electricity
to the buildings with a minimum impact. Traditionally, photovoltaics (PV) have been installed looking
for maximum yearly energy production.
In this work the feasibility of PV working in non-optimal orientations will be explored by using two
experimental setups: a photovoltaic façade with a southwest orientation and an architectural model
of a building with the façades in the cardinal points, covered with PV. The results show interesting
features, considering yearly and hourly generation proﬁles. Although the annual energy production for
the façades and the roof is between 50% and 76% of an optimum angle installation, the façades have a
more stable production along the year: monthly production can vary by a factor 2 vs a variation of factor
4 for irradiance. Moreover, the hourly production proﬁles are displaced from noon so they can match
the demand. With some current net metering proposals, non-optimal orientations could even be more
economical than the maximum producing orientation.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
The overuse of resources and especially the increasing energy
demand is turning into deeper and serious concerns, leading to initiatives in both efﬁciency and use of renewable energy sources. One
of the biggest energy consumers is the building sector, accounting
for about 40% of total energy and 70% of electricity in the United
States [1]. In the EU, the European Commission reports that buildings also account for 40% of primary energy consumption and in
with a potential 27% reduction in emissions [2]. The EU Directive
on energy performance of buildings stipulates that by 31 December
2020, all new buildings must be nearly zero-energy buildings.
These goals can be met using energy efﬁciency measures and
by means of renewable energy sources (RES) produced locally, at
building or neighbourhood level. One of the more suitable RES technologies to be used in buildings is photovoltaic technology (PV),
which has many potentialities in a ZEB scenario. It has special features: direct sunlight conversion to electricity, easy integration in
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the building envelope, reduction of CO2 emissions, as well as a huge
decrease in costs in recent years.
PV technology is increasing its share of electricity generation
and quickly reaching grid parity, more noticeable in southern European countries [3]. Nowadays, with smaller feed-in tariffs and a
rising price for electricity at the consumer point, PV is emerging as
a real option for self-consumption. The approval of net-metering
schemes for photovoltaic electricity retribution is on the track in
several countries. In any case, there are efforts in order to reduce
legal-administrative barriers for the development of PV systems in
12 European countries, especially in Spain, aimed to eliminate a
disproportionate and unnecessary burden to developers of small
PV systems [4]. These regulations, together with simpler and faster
administrative procedures are expected to drive a higher use of PV
in buildings.
A recent and trendy example on the potentialities of PV for
fulﬁlling the objectives of the ZEB scenario is the so called BIPV
strategy (Building Integrated PV) [5,6]. Photovoltaic modules can
be easily and smartly integrated into the building envelopes:
rooftops, façades, atria, etc., having a structural function as well
as sun-shading and cladding function (Fig. 1), and enabling also a
construction costs reduction.
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Fig. 1. BIPV system in Historical market in Béjar, Spain.

BIPV enables building owners to save on construction costs of
new buildings or retroﬁtting; while at the same time generating
a portion of their own electricity [5]. The potential of electricity
obtained by BIPV means is huge; only in the EU-27 countries, it is
reported to be 951 GW, with an annual production of 840 TW h [6].
It is estimated that 40% of the total electricity demand in the European Union in 2020 could be met if all suitable roofs and façades
were covered with solar panels [7].
However and independently from the PV strategy selected, there
is a limit to the amount of energy that can be generated per square
meter by a photovoltaic collector, depending mainly on the PV efﬁciency, the inclination and azimuth angles of the PV generator, the
latitude as well as the efﬁciency of the balance of system (BOS).
For example, in the case of optimal orientation of the PV system (inclination and azimuth angles), a typical energy generation
in northern climates such as northern Europe, would be about 100
to 120 kW h/m2 per year of usable collected energy. In southern
climates, such as southern Europe, a typical generation would be
around 200–220 kW h/m2 per year of useful collected energy [8].
Several investigations have studied the solar potential of buildings in urban landscapes [9,10], In particular, the ﬁrst referenced
work concludes that, “the annual irradiation on vertical facades is
lower than that of more favourable surfaces (roofs) but that, due
to their very large areas, the solar potential of façades is relevant
for the overall solar potential of a building and/or an urban area”.
In addition, roofs are not always suitable for PV due to building
infrastructure deployed on them (chimneys, ventilation, elevators,
antennas, etc.). For these reasons, it is important to have a good
knowledge of the properties of PV in façades for helping in an
adequate planning of PV deployment.
Regarding to research focused in BIPV generation properties,
in ref [11] an extensive simulation study is presented for several
orientations, including southwest. This study is focused on total
energy production, ﬁnding that the more favourable options are
roof and southwest. The main difference in the results of these
researches [9–11] is the latitude of the locations: at higher latitudes the energy production of the roof is lower but the production
of the vertical surfaces is higher than at lower latitudes.
The use of solar energy in façades can be made by thermal
and/or photovoltaics technologies. There are references of using
solar thermal for passive heating in winter and hot water production in summer [12]. In particular, windows are very inﬂuential on
energy demand: artiﬁcial lighting and heating/cooling load. Semitransparent PV glasses based on thin ﬁlm technology has been
object of some research, for example PV ventilated window properties were numerically investigated in [13] and PV see-through
glasses were experimentally characterized in [14].

One of the preferred options for using the vertical planes of
buildings is the use of double skin façade systems [15]. This is one of
the best choices in managing the interaction between the outdoors
and the internal spaces, while providing some architectural ﬂexibility to the design. Using PV as part of the façades also has interesting
thermal features, as it is shown in [16]. In fact, using PV on a multilayer wall leads to signiﬁcant reductions both in heat losses in
winter and heat gain in summer. This allows a better energetic
performance of the PV systems, by using solar modules as shading/insulating devices, or making use of the heat at the backplane
of the modules: greenhouse, heaters, solar chimneys, etc. [17]. In
terms of exergy efﬁciency, this is higher when the residual heat
from PV is used for other purposes thus leading to PV/T systems.
Extensive work has been done in modelling both PV/T air systems
[18,19] and PV/T water systems [20,21]. Making use of the exergy
analysis, it is possible to determine the optimum parameters for
PV/T systems depending on several factors, in particular local latitude and climate. This is due to the different quality of the two
kinds of energy present in PV/T systems: electricity and heat.
Stepping backwards in order to get a better view, the use of PV
in ZEBs has to be related on the one hand to the energy needs of the
building (ZEB balance) in the absence of other energy generation
systems. Therefore, the PV performance should tend to balance the
energy demand of the building. On the other hand, it is possible
that the low energy density in PV makes the building envelope not
to be sufﬁcient to generate all the energy the building needs. This
leads to the possibility of using PV in the proximity of the building
when the surfaces available for PV are not large enough to reach
equilibrium ZEB.
There is also the possibility to connect a ZEB (Network ZEB) to
the grid to obtain a fully adapted annual energy balance, but in the
case of PV, the matching load (fraction of the electricity consumed
directly) is in the range of 30% or less. For this reason, it might be
interesting to create a smaller network with other nearby buildings
in order to increase the matching load.
In short, to know how to properly use the PV energy in a ZEB
building, it is necessary to have information about the boundary
conditions of the building and thus compare different ways of using
the PV energy, leading to Network ZEBS (zero energy buildings network). These boundary conditions can be, for example: the type
of construction (ofﬁces, education, housing, etc.), climate (Dominated cooling, heating, Dominated heating and cooling), occupation
(people/m2 )) [22–24]. It is important not only to get the maximum power from every photovoltaic installation but also to get that
power in the right time when it is expected to be consumed [25].
From the foregoing, it seems necessary to know in detail how
the generation proﬁles and energy consumption can be ﬁtted in
accordance with the requirements and typology of the building.
In many cases, the optimal orientation and inclination of the PV
modules do not comply at all with consumer proﬁles; however nonoptimal situations could be very efﬁcient for self-consumption.
The work presented here is an experimental study of PV generation in non-optimal orientations. There are several investigations
concerning this topic at the building [26] and neighbourhood level
[27] but they are based on analytical and simulation methodologies.
Few installations in these conditions are reported [28]. For this reason, two experimental set-ups have been monitored for more than
a year. Results show interesting features regarding the daily and
seasonal generation proﬁles. These properties are very useful in
order to match the generation with the consumption.

2. Experimental setup
The experimental setups are intended to demonstrate the viability of PV installations with non optimal orientations, like those in
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Fig. 2. Ventilated photovoltaic façade. Conceptual integration: part of surface composition [29].

BIPV applications. While the ﬁrst experiment uses an actual façade,
for the second one an architectural model of a building has been
constructed.
2.1. Test location and overview of the experiments
Fig. 3. Architectural model of a building covered with thin ﬁlm PV modules.

The test venue is the PV factory at Soliker in Béjar, Spain
(40◦ 22 N, 5◦ 45 W, altitude 1015 m). This site is located in the centre
of the country, by the mountains so that the climate is very varied,
with cold winters and moderate hot in summers.
The ﬁrst experiment is a photovoltaic ventilated façade with
orientation 37◦ South–West and is located on the R & D building at
Soliker, providing protection against rain, in a similar fashion to the
traditional constructions in this zone. The building is part of what
was an old textile factory and currently serves as a test building in
an attempt to preserve the architectural heritage, as it dates from
the eighteenth century (Fig. 2).
The second one is an architectural model of a building with the
four façades and the ﬂat rooftop covered with PV glasses (Fig. 3),
simulating a typical building in any city of the world. The purpose
of this architectural model is to quantify the energy developed by
each façade as an electricity generator. In particular, one of the
main objectives of this experiment is the identiﬁcation of the hourly
and yearly generation proﬁles. Very scarce literature can be found
addressing this topic in experimental conditions [25,30].
The technology used in these experiments is thin ﬁlm amorphous silicon. This technology, in spite of having low efﬁciency
compared with standard c-Si technology, has a wide acceptance
in buildings due to some special features, like the more favourable
temperature coefﬁcients for power and its aesthetics. Compared
to other photovoltaic technologies the a-Si modules show good
behaviour at high temperature and low irradiance. The special feature of thin ﬁlm technology is its monolithic nature, which makes
thin ﬁlm modules very tolerant to partial shading, a typical circumstance of buildings. In some conditions, these characteristics may
result in higher energy yields per peak power [31,32].
2.2. Photovoltaic façade
The photovoltaic façade is composed of 32 tandem a-Si thin
ﬁlm photovoltaic modules of 45 W, 15 of them being used for this
experiment. Twelve modules were arranged in six strings of two
modules and were connected to a Mastervolt Soladin 600 grid
inverter, resulting in a peak power of 540 W, while the remaining
three modules were connected in parallel to an electronic load for

obtaining IV and PV curves (Fig. 4). The monitoring period started
several months after the installation of the photovoltaic modules,
allowing for power stabilization. These two sets of modules were
tested using different methodologies.
The ﬁrst experimental procedure consisted on obtaining the IV
and PV curves of the three modules connected in parallel. These
modules were connected to a BK Precision 8500 electronic load for
acquisition of IV and PV curves. These curves were obtained every
20 s during daytime and every day, with very high reliability during
the period from July 2010 to November 2011. Accurate knowledge
of PV curves makes it possible to calculate the maximum power
point of the PV modules by means of a cubic interpolation. With
these data it is possible to make an estimation of the energy that
the façade would produce.
Since January 2011 the inverter fed by the other twelve modules was connected to a personal computer via the standard RS232
port and monitored by means of speciﬁc software developed in LabView. This monitoring provided the energy produced at DC and AC
sides in real time as well as several inverter parameters such as the
DC and AC currents and voltages. The data obtained by monitoring the inverter parameters cover the period from January 2011 to
November 2012.
Both methods were working redundantly from January 2011 to
November 2011, being the results in excellent agreement.
2.3. Architectural model of a building
The experimental procedure is based on the acquisition of IV and
PV curves of the ﬁve modules in the architectural model (Fig. 5).
These modules share an electronic load by means of a relay box,
which sequentially connects one of the modules to the electronic
load at a time, acquiring IV and PV curves for a speciﬁc module. The
system tests one module every 20 s, so it is possible to test all ﬁve
modules in less than 2 min.
The maximum power point is easily calculated by means of cubic
interpolation from the points near maximum of PV curve. Using
this data it is possible to make a good estimation of the power and
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Fig. 4. Electrical diagram of modules and monitoring system of the photovoltaic ventilated façade.

Fig. 5. Electrical diagram of modules and monitoring system for the Architectural model of a building.

energy production of a hypothetical façade with the orientations
of this architectural model. This set-up started working in January
2011 and the results presented here correspond to the period from
July 2011 to June 2012, completing one full year. In order to avoid
the effects of stabilization of power for a-Si technology due to Light
Induced Degradation (Staebler–Wronski effect) data from the initial months of operation was discarded, as it was in the previous
experiment.
3. Results
In this section the results for the two experiments will be presented with a special focus on speciﬁc features that exhibit PV
systems working in non-optimum orientations.
3.1. Photovoltaic façade
Results start with the monthly production for the period under
study in Fig. 6. For a better comparison, normalized monthly

Fig. 6. Production of photovoltaic façade and horizontal irradiation.
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Fig. 7. Daily production and horizontal irradiation for the photovoltaic façade.

production (actual energy produced divided by nominal power of
PV installation) and monthly horizontal irradiation are shown. As
can be seen, the monthly energy production is quite stable, with a
maximum in autumn.
It is important to notice that despite the large variation of the
horizontal irradiation throughout the year, a comparable change in
production is not observed. The only remarkable variation is the
maximum production in autumn, while a fairly stable production
takes place during the rest of the year. At the same time, as the
monthly radiation varies by a factor of 4, the energy produced varies
around a factor of 2. This result is in line with ﬁndings in former
research on this particular topic, for example [33].
One of the factors that determine the energy production is the
weather, but it is hidden in the monthly sampling, so it is necessary
to build the histogram of the daily energy production and daily horizontal irradiation (Fig. 7) to see the effect. In fact, the envelope of the
two histograms gives the maximum production possible on clear
days, leaving clearly marked partially cloudy and overcast days. The
other factor is, of course, the façade orientation. As was noted earlier, in the case of a south-facing façade, peak production occurs
around the winter solstice (and the minimum at the summer solstice) due to the lower altitude of the sun, a fact that can be checked
analytically. In the case of a vertical facade slightly deviated from
south orientation, analytical calculations show that there are two
peaks equally spaced on the winter solstice, with a local minimum
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on that day, while the overall minimum occurs during the summer
solstice [34].
It is also interesting to analyse in detail the difference between
the beginning of the autumn and the end of the winter seasons.
While the path of the sun in the sky is the same, there is the same
solar irradiation on the façade (for comparable days in terms of
the weather), but the energy production observed in the envelope is higher in October than in February–March. This can be
seen more clearly in Fig. 7. Although meteorological factors can
also affect, there is another factor: the effect of annealing. The
Staebler–Wronski effect is responsible of light induced degradation in amorphous silicon. The degradation in power stops due to
thermal annealing when the temperature is above 40 ◦ C and can be
reverted when the temperature is above 60 ◦ C. So, in summer the
a-Si modules can partly recover their initial power. For this reason
the annealing effect results in an improved performance in terms
of photovoltaic generation of the a-Si for the October–November
months over February–March [35,36].
In order to evaluate the interest of the southwest orientation, the
daily proﬁles for horizontal irradiation and energy produced both
at PV side and AC side are shown in Fig. 8. These ﬁgures are plotted
for the worst and best clear days in terms of energy collected on
the façade.
As it was expected with the southwest orientation, the energy
production is shifted to the afternoon. Interestingly, for the best
days in terms of energy production (autumn and late winter), the
maximum daily production is closer to midday than it is in the
worst days (June and July). In this case the maximum daily production is displaced to the afternoon. Moreover, there is a noticeable
difference between maximum and minimum production. For the
days presented in Fig. 8, these are 1.81 kW h and 1.04 kW h, respectively. These features make this façade suitable for use in residential
applications because there is a higher electricity demand in autumn
and winter and it is lower in summer.
The interest of these results was the motivation for an extensive
experimental study of the behaviour of PV façades at non optimal
orientations, which are very common in buildings but not so usual
in standard photovoltaic installations. At this point the construction
of an architectural model of a building, which was described before,
was the logical step in this work.
3.2. Architectural model of a building
In regard with the results of this experiment, a structure similar to that in the previous one will be followed. Beginning with

Fig. 8. Daily Irradiation and Production for the photovoltaic façade on (a) worst day and (b) best day.
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• The electrical power proﬁle is centred at midday for the roof and
the south façade.
• For the east and west façade the maximum power occurs before
and after midday, respectively.
The main difference between south façade and the rooftop is in
the seasonal behaviour:
• In spring and summer the production is higher for the rooftop.
• In autumn and winter the production is higher for the south
façade.
The different uses of one particular building (residential, commercial, administrative . . .) can make the electrical consumption
yearly proﬁle very different from a similar building with different
uses. For example, if the use of the building is residential, the production related to the west façade can be more interesting because
of the higher consumption in the afternoon. On the other side, if
the use is administrative, the east façade is more interesting. More
precisely, in the case of an administrative or educational building,
a combination of east and south/rooftop could support the periods
of higher electricity demand. In these cases the energy consumption is usually lower in summer [37] (in the case that there are not
electrical air conditioning systems).
4. Discussion

Fig. 9. Energy production for the roof, south and east façade of the architectural
model of a building. Daily irradiation at optimal angle is also shown.

the yearly energy production, the energy production for the east,
south façades and the rooftop is shown in Fig. 9 on a daily basis. For
an easier comparison, this production is normalized to kW h/kW p
using the nominal power of each module, measured with the ﬂash
report of each module at factory after power stabilization in order
to avoid Staebler–Wronski effect. It is also important to note that
the results presented start in summer.
It is clear that each façade has a different yearly generation proﬁle, with the only exception of east and west façades, which have
only minor differences, based mainly in the different horizon proﬁles due to nearby mountains. For simplicity, the results will take
only the east façade as representative.
The maximum energy production is for the ﬂat rooftop and for
the south façade. It can be seen that there is a strong seasonal effect
making the production higher in summer for the rooftop and the
east and west façades and higher in winter for the south façade.
For the north façade the production is very low, keeping it far from
proﬁtability. It is important to notice that the speciﬁc yield of an
optimal ﬁxed-angle mounted installation in this location is in the
range of 1400–1500 kW h/kW p (for this test venue and the same
a-Si technology).
For a better comparison of the performance of the ﬁve planes
of the architectural model, in Table 1 presents the annual energy
production of each plane, the southwest façade and a reference
installation (of the same technology on this location). The data is
expressed in terms of kW h/kW p and in percentages of the optimum (30◦ tilt) reference case.
As in the façade experiment, it is convenient to show the hourly
generation proﬁles for speciﬁc days. In Fig. 10, the proﬁles of the
power for every façade and the rooftop are shown for clear days
near solstices and equinox. For an easier comparison, it is presented
the maximum power normalized to the nominal power of each
module. It can be observed that the production for the north façade
is very small. For the other façades there are two cases:

Architectural systems incorporating photovoltaic glass are
capable of showing a good behaviour even in conditions far from
the ideal maximum annual production, as it is shown in this case.
Besides the advantages in terms of insulation, particularly moisture in the façade case, this photovoltaic façade can provide a very
constant annual electricity production. The fact of having a more
constant production than the irradiation proﬁle would provide a
good balance to the owner. In addition, the daily generation proﬁle
presented here (displaced at afternoon) matches well with residential uses, as the electricity consumption best ﬁts the production.
On the contrary, in the case of a façade facing southeast, the daily
maximum would be situated before noon, so that a better match
is obtained for buildings for administrative or ofﬁce uses. In this
sense, and without having favourable orientations to maximize the
annual production, it is possible to maximize the self-consumption
of electricity from photovoltaic sources without using batteries or
demand-side management strategies (DSM) [38] and reducing the
complexity of the system and the overall price of the installation.
While the total energy produced by BIPV is important, the topic
of the hourly generation proﬁles is less studied, but it has a great
impact in economic and technical terms [39,40]. The experiment
conducted with aid of an architectural model of a building covered with PV glass has shown interesting features that would allow
a high degree of matching between the PV generation and the
building consumption. As an example, Fig. 11 shows the weekly
electricity consumption proﬁle for a college building at University of Salamanca. It can be seen that the main consumption starts
before nine o’clock and there is a valley at midday during lunch
time (between 14 and 16). Comparing with the plots presented in
Fig. 10, it is clear that using a smart combination of east and west
façade with an addition of the south one and the rooftop it would be
possible to ﬁt the PV electricity production with the consumption.
In addition, from Fig. 7 it is clear that the south façade production
is lower in summer, just when the electricity needs for this building are lower due to the holidays but higher in the other seasons,
coinciding with the courses. So that, for this particular application it
would ﬁt better with the consumption than an installation designed
for maximum yearly production.
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Table 1
Annual energy production of six orientations with respect to reference installation at optimal angle. Roof East South West North Southwest 30◦ reference.
Roof
1061
76%
*
**

East
692
49%

South
926
66%

West
*

537
38%*

North
244
17%

Southwest
**

714
51%**

30◦ Reference
1400 (kW h/kW p)
100%

The noticeable difference with respect to East is due to nearby mountains at West.
Southwest value is also affected, being higher than measured but lower than the South value.

However, as it is shown in Fig. 11, on weekends (and also holidays) the consumption for this administrative building is very low
compared with the periods of activity. In these conditions there are
three main options for the building owners:
• Feeding the generation excess to the grid.
• Storing the excess of energy in batteries.
• Avoid feeding the grid by using additional electric equipment or
soft control of inverters.
Feeding the excess to the grid is the preferred option if net
metering is available. This is theoretically the best option as it uses
the grid as a battery of inﬁnite capacity; at least it is true for small
PV installations. For the so called “prosumer” it is a good option as it

can recover the excess of energy produced for its own consumption
within a temporal limit (typically one year).
If there are no net metering regulations, as in the case of Spain,
the “prosumer” can still feed the grid with the excess of energy
but this energy will be paid at the prices marked by the electrical
pool. This option can be reasonable for companies, especially in the
case of MW size installations, but it is discouraging for individuals,
mainly because of the complexity of the accounting and ﬁscal treatment of these incomes. The options are storing the extra energy in
batteries forming a backup system, with some commercial products
in the market at this moment, or to control the inverter for reducing its output power avoiding feeding the grid. This last option is
the worst in efﬁciency but it is very common in new installations in
Spain because batteries are forbidden in association with PV [41].
Anyway, the use of batteries could be interesting for peak-shaving

Fig. 10. Hourly proﬁle of electricity production for days nearby of equinox and solstices.
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Fig. 11. Weekly evolution of electricity consumption for one Faculty building at
University of Salamanca. L1, L2 and L3 represent the three phases of electricity taken
from the distribution grid.

purposes, allowing contracting less peak power and reducing ﬁxed
cost of the electricity bill.
Recent research [42] shows that “if the amount (of reduction
in electricity consumption from the grid) is relatively small, FIT
is likely to produce more social welfare than net metering/net
purchase and sale. But if the amount is large, the opposite is the
case”. With fading FIT schemes and subsidies, the only option is
net/metering net/purchase and sale. For this reason it is clear that
for a BIPV installation is important to achieve the maximum degree
of self-consumption of electricity generated from PV. Moreover, it
is pointed out in [40] that the rule of thumb of total energy production does not apply for every location. Deployment of the smart grid
allows variable electricity rates depending on the demand can be a
factor that would make these non optimal surfaces more proﬁtable
in economic terms [43].
From the point of view of the grid operator, the different orientations existing in the urban environment can lead to different
production proﬁles for solar photovoltaic installations. Following
the discussion, the addition of all contributions for different orientations can provide a ﬂattened production proﬁle during daytime.
This would promote a higher penetration of photovoltaics, because
if most PV installations choose the optimum tilt and inclination for
yearly energy production, grid operators may have a problem due
to the fact that most facilities would be peaking at the same time.
This is a well-known effect in recent times that force to stop conventional power stations and it is not optimum in operational and
efﬁciency terms.

5. Conclusions
A southwest façade of an old building (eighteenth century) with
moisture problems has been covered with photovoltaic glass forming a ventilated façade, an architectural system that has solved the
problems, making the building more comfortable. The PV façade
has been monitored for more than two years taking data from the
inverter and an electronic load connected to several modules.
The observed monthly electricity production is more constant
than the monthly horizontal irradiation, showing that the use of
this type of photovoltaic systems represents an advantage towards
the self-consumption in a net-metering electricity balance scheme.
The seasonal shift of production towards the autumn is also more
favourable for matching consumption in several applications.

It can be concluded that the southwest orientation, in spite of not
developing maximum annual energy production, has many other
advantages in terms of a constant output power and a better ﬁt of
energy production to consumption.
A broader research was conducted with the aid of an architectural model of a building covered with PV and, after more than one
year of monitoring, the results show interesting features that make
the façades and the roof to work in a complementary fashion. Fine
tuning the east, west and the set of rooftop and south façade make
it possible to match the daily generation proﬁle with the consumption. The roof and the south façade share the same daily proﬁle but
the seasonal behaviour is opposite, so tuning the power installed in
the rooftop and in the south façade can allow matching the yearly
production with the consumption.
Following the discussion, for PV installations in non-optimum
orientation, even if the electricity production is not the maximum
possible for a peak installed power, the electricity exchanged with
the grid could be the minimum. If this electricity is subject to fees
or taxes, or if it is fed to the grid at the pool price (lower than
retail price) then the economic balance could be favourable to the
building owners over the conventional design for maximum yearly
production.
Finally, as a result of this work it is shown that the use of the different planes of buildings can lead to reach a high degree of support
for its electricity requirements, taking into account the consumption proﬁles that depend on the particular use of each building.
Working in this way, future buildings could be more sustainable
with lesser external energy or internal storage requirements. In
addition, this feature can make the operation of the electrical grid
easier, allowing a higher share of PV in the electrical market.
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