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Abstract

The recent launch of the Directive (EU) 2018/844 establishes a very general framework for the
implementation of Nearly Zero Energy Buildings (NZEB), asking Members States of the EU to elaborate
their national approaches and their implementation plans. NZEB are buildings with very good energy
performance, whose energy needs must be almost totally covered by local renewable energy production.
In this thesis, we propose a study for the city of Lisbon, with the aim of implementing all the techniques
defined for a NZEB and thus realize the energy potential of the city. For a better understanding of the
Lisbon housing type, we proposed six types buildings, with and without insulation. With this, we have
done the study of several renewable energies in each type of housing for a better local production of
power and lower power consumption. This shows that local renewable production exceeds more than
66% for houses without insulation and more than 71% for insulated houses. Finally, an economic study
was done to evaluate the total cost of all these techniques and changes, as well as an assessment of the
life cycle cost of the various solutions. we conclude that the city of Lisbon is an excellent city for all the
implementations of these highly efficient buildings.

1. Introduction

The buildings sector is one of those with the great-
est potential for savings in Europe, and the second
in Portugal, after transport. Making buildings more
efficient and with lower energy needs are two of
the main objectives of international entities and in
particular of European entities.

The revision of the European Directive on the en-
ergy performance of buildings in 2010 set that new
public buildings in 2018, and that all new buildings
by 2020 would be buildings with almost no energy
balance. This revision of the Directive for the build-
ings of the city of Lisbon, creates and potentiate
not only energy savings but new jobs. This new
branch will try to achieve the goal of making build-
ings with almost zero energy balance, which today
is not possible in cities like Lisbon, but will still have
a big impact on the current efficiency of its build-
ings.

According to the EPBD (Energy Performance of
Buildings Directive), a near zero energy building
(NZEB) is a building that has a very high energy
performance. The almost zero, or very low amount
of energy required, must be very significantly cov-
ered by renewable energy sources, including re-
newable energy produced locally or nearby.

Figure 1: NZEB definiton [2].

The objective is that the needs can be covered
with local productions, and the NZEB ”barrier” is
possible to reach or even exceeded as shown in
the figure 2.

Figure 2: The relationship between local production in a NZEB
building and the energy needs of that same building [2].
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2. Introduction
About the buildings in Lisbon:

• The most common typologies are T2 (0.389%)
and T3 (0.304%). [3]
• 64% of building are apartments or blocks of
flats and that 31% are villas or houses. The rest
are infrastructures such as hospitals, museums, li-
braries, etc. [3]
• Roofs inclination is between 30 and 36 degrees.
[1]
• The average area of the apartments or apartment
blocks is between 95 m2 and 115 m2, whereas for
houses and villas the average value is 137 m2 [4].
• The number of average floors is five and the num-
ber of average dwellings is twenty for each building
[3].

3. Methodology
In order to characterize the consumption by en-
ergy service, several representative profiles were
defined taking into account the systems of ambient
heating and cooling and the systems for production
of domestic hot water (DHW) used.

Figure 3: Characterization of the profiles in terms of equipment
for heating, cooling and DWH [4].

The representativeness of each profile in the city
of Lisbon is presented in figure 4. As can be
seen, profile 2 is the most representative cover-
ing about 56% of households, followed by profile
1, with about 16%. In Lisbon, the use of fireplaces
(profiles 3 and 4) is much lower than in the other
regions of mainland Portugal.

Figure 4: Representativeness of consuming profiles in the city
of Lisbon [4].

The 6 consumption profiles represent 94% of
the energy consumption of Lisbon houses. This

means the other 6% do doesn,t meet the six pro-
files presented. In the characterization of con-
sumption, they are presented in kWh per hous-
ing (on an annual basis). Taking into account that
these are national average consumption, the fol-
lowing characteristics were assumed in relation to
the property:

• T3 Apartment
• Average usable area of 109 m2

• Intensity of occupancy between 2 and 3 ele-
ments

• Useful roof space per apartment of 21 m2

• Energy class C
All profiles have in common the energy con-

sumption for lighting, kitchen equipment and elec-
trical equipment. The equipment used for the heat-
ing of the environment and production of DWH are
the ones that are different between profiles. A
study will be carried out on the implementation of
renewable energy (photovoltaic, solar thermal and
biomass) for each profile, replacing the maximum
net power consumption by renewable energy pro-
duced locally.

Each profile includes a study for class C hous-
ing that, in the course of installation of renewable
sources, will improve energy certification according
to the energy performance regulations for residen-
tial buildings (DL 118/2013 of 20 August).

3.1. Housing profile 1
The housing with profile 1, in the city of Lisbon,
is characterized by not using any type of heating
equipment and use a gas water heater for DHW.

The figure 5 shows the distribution of energy
consumption in a housing of profile 1. As can be
seen, most of the electricity consumption is used in
the equipments and lighting.

Figure 5: Consumption (kWh per housing) per energy service,
and by type of source, in a housing of profile 1 in the city of
Lisbon (Class C)

We will now realize how much we can cover,
with renewable energies, the consumptions made
by profile 1.

The figure 6 shows that the implementation of
a solar thermal panel, which has a production of
1178.8 Kwh/year, contributes to a reduction of
21.38% in overall energy consumption. When we
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speak of DWH the reduction in gas usage is 84%,
this is done only with a panel of 2 m2.

Figure 6: Replacement of energy consumption by renewable
energy sources with a solar thermal panel, in the city of Lisbon,
(class B-)

With the installation of solar thermal panel, the
energy class was improved to B-. With respect
to the electrical supply of the building, six photo-
voltaic solar panels with a total area of 12.94 m2

were installed. Each solar panel has a power of
340 W with a total of 3208.70 Kwh/year produc-
tion. With this annual production we managed to
have a positive balance throughout the year, be-
tween network consuption energy and the energy
produced by the solar panels. The figure 7 demon-
strates the substitution of the energy of the network
by the energy of the photovoltaic panels:

Figure 7: Replacement of the energy consumption by renew-
able energy sources with six photovoltaic solar panels, in the
city of Lisbon, (Class A+)

The first point to consider is the great impact
that the installation of photovoltaic panels has on
the energy certification of housing, changing it to a
class A +.

We must also take into account that there is no
network independence, considering the annual val-
ues. There will be days throughout the year that
electricity production will be quite low, for example
in the months of December and January, as op-
posed to the months with better production, such
as June, July, August and September.

The impact of this measure is significant be-
cause it makes us have a positive balance between
the power consumption of the network and the one
produced by photovoltaic panels. When we add
solar panels to photovoltaic systems we have a to-
tal global reduction of 76.48% in overall energy
consumption for the profile 1 housing.

3.2. Housing profile 2
The housing with profile 2 in the city of Lisbon is
characterized by using only independent electric
heating equipment and a gas water heater for hot
sanitary waters.

In figure 8 the energy consumption distribution
is represented in a housing of profile 2, in which
only electric equipment (on average two) is used
for ambient heating.

Figure 8: Consumption (kWh per housing) per energy service
and by type of source in a housing of profile 2, without isolation,
in the city of Lisbon (Class C)

As the consumption of energy by the DWH re-
mains the same as in profile 1, we can apply the
same technique as in the previous case to reduce
gas consumption. In relation to the electrical sup-
ply of the building, in this case, the annual global
electricity consumption will be higher than the out-
put of the six panels of 340 W. However, the an-
nual electricity bill reduction will be 83.21% of the
global consumption.

Figure 9: Replacement of the electric energy consumption in
profile 2, without insulation, by renewable energy sources with
six photovoltaic solar panels in the city of Lisbon (Class A+)

In this case, the overall reduction in electric
power consumption of the network (on an annual
basis) is 83.21%. When we join the solar thermal
panels with the photovoltaic we have a total
global reduction of 69.41%. We re-emphasize
that the reduction is in annual global terms.

For a housing with a retrofit in isolation, the re-
duction in energy consumption relative to heating
is significantly lower, reaching consumptions of ≈
25% of the value used for profile 2 without insula-
tion.

Reducing the energy consumed by heating sys-
tems by ≈ 75%, we have the following figure:
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Figure 10: Consumption (kWh per housing) per energy service
and by type of source in a housing of profile 2, insulated, in the
city of Lisbon (Class C)

In profile 2 with insulation, the applied en-
ergy technologies are the same. They consist in
six photovoltaic panels and one solar thermal
panel. The substitution of non-renewable sources
from renewable sources is shown in the image 11:

Figure 11: Replacement of non-renewable energy consump-
tion in profile 2, insulated, by renewable energy sources with
six photovoltaic panels and one solar thermal panel, in the city
of Lisbon (Class A+)

In this case the overall reduction is quite signifi-
cant for the profile 2 with insulation, reaching a
production of 77.01%, of the consumption that the
house performs. Much of the energy consumed in
profile 2 was in heating and equipment. With the
use of the six photovoltaic panels this production is
almost enough annually, leaving 35.55 KWh/year
to be filled. Again, we point out that they are an-
nual values.

3.3. Housing profile 3

The housing with profile 3, in the city of Lisbon,
is characterized by having an open fireplace, in-
dependent electric heating equipment and a gas
water heater for hot sanitary waters.

In figure 12 the energy consumption distribution
of profile 3 is represented.

Figure 12: Replacement of the open fireplace for a boiler, con-
sumptions in kWh per accommodation (Class C)

We will now apply the same techniques as previ-
ously applied in Profile 1 and Profile 2 in relation
to solar thermal and solar photovoltaic.

Figure 13: Installation of a solar thermal panel and six photo-
voltaic panels in profile 3, without isolation, in the city of Lisbon
(Class A+)

With the application of all these measures we
have achieved an overall energy reduction of
82.20 %. For profile 3 with insulation we have a
significant reduction in the use of firewood as well
as electricity.

Figure 14: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 3, insulated, in the
city of Lisbon (Class C)

In profile 3 with insulation the applied energy
technologies are the same: six photovoltaic pan-
els and one solar thermal panel. The substitution
of non-renewable sources for renewable sources is
shown in the image 15:
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Figure 15: Installation of a solar thermal panel and six photo-
voltaic panels in profile 3, with isolation, in the city of Lisbon
(Class A+)

The electrical production is ”negative” meaning
that, in annual average values, there is an overpro-
duction by the six photovoltaic panels. With profile
3 with insulation we have a global reduction of
energy consumption at 80.56%.

Wood is one of the cheapest sources of energy
(on the opposite side we have electricity as the
most expensive source of energy). Another in-
teresting point is the difference between the an-
nual consumption of profile 3 with and without in-
sulation, since the profile without insulation has a
greater percentage of reduction. In terms of over-
all costs, there is a lower consumption in profile 3
with insulation than in the uninsulated, making this
a better, and more environmentally friendly, hous-
ing.

3.4. Housing profile 4
The housing with profile 4 is characterized by hav-
ing a fireplace with stove or salamander, indepen-
dent electrical equipment for heating and a gas
water heater for hot sanitary waters. The figure
16 shows the energy consumption distribution of a
room where independent electrical equipment and
a heat recuperator (fireplace or salamander) for en-
vironment heating are used.

Figure 16: Consumption (KWh per housing) per energy service
and by type of source in a house of profile 4, without isolation,
in the city of Lisbon (Class C)

This is an example similar to the case of the
profile 3 - using the wood - but with a salamander,
since there was a clever substitution of the open
fire for a stove or a salamander.

As in the other profiles, we will replace part of
the energy consumed by solar renewable energies.

Figure 17: Installation of a thermal release panel and six pho-
tovoltaic solar panels in a profile 4 house, without isolation, in
the city of Lisbon (Class A+)

With the application of all these measures we ex-
pect to achieve an overall energy reduction of
80.41%. For the evaluation of profile 4 with insu-
lation, we have the following consumptions shown
in figure 18:

Figure 18: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 4, insulated, in the
city of Lisbon (Class C)

Using the same approach of the other profiles,
six photovoltaic panels and one thermal solar panel
were used.

Figure 19: Installation of a solar thermal panel and six solar
photovoltaic panels in profile housing 4, with insulation, in Lis-
bon (Class A)

Applying all these measures for the profile 4 with
insulation, we achieve an overall reduction in en-
ergy consumption of 79.92%. This is an inter-
esting value to be evaluated, since for profile 4
without insulation the overall reduction in energy
consumption is 80.41%, and for profile 4 with iso-
lation the result is 79.92%. This is a strong in-
dicator that overall energy reduction is a very im-
portant factor and why doesn’t only matter replace
non-renewable sources with renewable sources
but also reduce consumption.
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3.5. Housing profile 5
The housing with profile 5 has a central heating
system for ambient heating and for the production
of DHW. The figure 20 shows the distribution of en-
ergy consumption in this type of housing, for natu-
ral gas boilers.

Figure 20: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 5, without isolation,
in the city of Lisbon (Class C)

We will now apply the same technologies pre-
viously used in the other profiles. We will use the
use of 5 photovoltaic panels and 2 thermal solae
panels. The result is shown in figure 21:

Figure 21: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 5, without isolation,
in the city of Lisbon (Class A)

With the application of all these measures we
achieved a global energy reduction of 59.23%.
We have chosen not to use firewood in this case to
reduce the DHW and heating since there is no pre-
vious structure to install a stove or a salamander.
Installing them would steal space that was previ-
ously not being used for that purpose.

For the evaluation of profile 5 with insulation, we
have the consumptions shown in figure 22:

Figure 22: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 5, insulated, in the
city of Lisbon (Class C)

In this case we will use the same approach of
profile 5 without isolation. We will have five photo-
voltaic solar panels and two solar thermal pan-
els. With these we have:

Figure 23: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 5, insulated, in the
city of Lisbon (Class A +)

With the application of all these measures for
profile 5 with insulation, we achieved a global en-
ergy reduction of 72.02%.

3.6. Housing profile 6
The housing with profile 6 uses air conditioning for
ambient heating and cooling and a water heater
for the production of DHW. The figure 25 shows
the distribution of power consumption in a profile
housing 6:

Figure 24: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 6, without isolation,
in the city of Lisbon (Class C)

We will apply the same measures previously dis-
cussed for the other profiles.

Figure 25: Installation of a solar thermal panel and six photo-
voltaic panels, in a housing of profile 6, without isolation, in the
city of Lisbon (Class A)

With the application of these measures we have
achieved a global energy reduction of 64.53%.
For the evaluation of profile 6 with insulation we
have the consumptions shown in figure;
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Figure 26: Consumption (KWh per housing) per energy service
and by type of source in a housing of profile 6, insulated, in the
city of Lisbon (Class C)

We used the same energetic techniques as in
all profiles (except profile 5): six photovoltaic solar
panels and one solar thermal panel.

Figure 27: Installation of a solar thermal panel and six photo-
voltaic panels in a housing of profile 6, with isolation, in the city
of Lisbon (Class A +)

With the application of all these measures we get
a global energy reduction of 71.03%.

Again we have not opted for the installation of a
salamander or a stove because there isn’t a pre-
made installation, and the air-conditioning system
serves both for heating and cooling. However,
electric energy is much more expensive than the
heat energy obtained by the use of firewood. An-
other interesting factor is to compare the profile 6
with and without insulation after solar panels instal-
lations.

4. Positive and negative balance
To summarize all the work done in previous sec-
tions, the figure shows that none of the buildings,
without isolation, has a positive balance over the
year or consumes less than it produces.

Figure 28: The energy required in the six profiles without insu-
lation

The figure 29 shows a reduction in the consump-
tion of energy compared to the figure 28. There is

also a renewable energy installation (thermal, pho-
tovoltaic, biomass), for the production of energy.

Figure 29: The reduction of the energy consumption in the six
profiles and the different energy productions

We can therefore say that the application of all
these measures in the non-insulated real estate
sector in the city of Lisbon corresponds to a reduc-
tion of approximately 66.98% of the energy con-
sumed in the housing. Regarding the real estate
sector after the installation of insulation, in the
city of Lisbon, corresponds to a reduction of ap-
proximately 71.86% of the energy consumed in the
houses.

The measures that Portugal is adopting only take
into account the parameters of heating, cooling
and DHW for the definition of NZEB (DL 118/2013
of 20 August).

Figure 30: The relationship between the different profiles (cool-
ing, DHW, heating) without insulation

The figure 31 shows a reduction in the consump-
tion of energy compared to the figure 30. There is
also a renewable energy installation (thermal, pho-
tovoltaic, biomass), for the production of energy.

Figure 31: The reduction of energy consumption and the pro-
duction of renewable energy for the six insulated profiles

Even with these three components, the annual
balance in Lisbon corresponds to a reduction of
approximately 75.49% of the energy consumed in
non-insulated housing. The annual balance in the
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city of Lisbon for insulated profiles, and only tak-
ing into account heating, DHW and cooling, corre-
sponds to a reduction of approximately 72.66% of
the energy consumed in the housing.

Again, we have an interesting factor to note: the
fact that housing without isolation has a more pos-
itive annual balance sheet than that of insulated
housing. This is due to the fact that there is a
reduction in the consumption of energy for heat-
ing and cooling, but mainly for the heating of both
the production granted and the consumption made,
thus having a smaller ratio between the numerator
and the denominator.

The approximation of the different profiles to the
origin of the graph may not indicate an increase in
production in relation to the energy needs, but in-
dicates a reduction in the consumption of the pro-
files, thus fulfilling the first rule of the NZEB of re-
duction of the consumptions made and, only after,
a suppression of the needs.

5. Economic evaluation
The annual cost is based on two reports: ”PV Sta-
tus Report 2017”, where we will conclude the an-
nual value for the maintenance of solar panels, and
the ”Solar Heat World Wise” that will give us the
annual value for maintenance of the thermal solar
panels. The costs associated with thermal insu-
lation will be based on a simulator, where the an-
nual costs are associated with the initial investment
value.

Housing Representation Heating(Kwh/Year) Annual Savings
1 16% without Heating 0.00 Euros
2 56% 829 Kwh/Year (Electricity) 136.79 Euros
3 5% 2800 Kwh/Year (Firewood) 105 Euros
3 5% 456 Kwh/Year (Electricity) 75.24 Euros
4 6% 2000 Kwh/Year (Firewood) 75 Euros
4 6% 456 Kwh/Year (Electricity) 75.24 Euros
5 3% 1850 Kwh/Year (Gas) 111 Euros
6 8% 829 Kwh/year (Electricity) 136.79 Euros

Table 1: Savings by type of housing by type of energy

Housing Representation Annual savings per building PayBack(Cork) PayBack(rock wool)
1 16% 0.00 0.00 Year 0.00 Year
2 56% 683.93 Euros ≈ 41.54 Years ≈ 30.69 Years
3 5% 901.2 Euros ≈ 42.06 Years ≈ 33.83 Years
4 6% 751.2 Euros ≈ 37.82 Years ≈ 27.94 Years
5 3% 555 Euros ≈ 51.19 Years ≈ 37.81 Years
6 8% 683.92 Euros ≈ 42.54 Years ≈ 30.69 Years

Table 2: Savings made per building and its payback according
to the insulation used

All this evaluation takes into account the invest-
ment in the ceiling, walls of the whole building (not
only rear and facade) and double glazed windows.
It seems to be an investment that takes a long time
to return, but this investment is not only done for

energy savings, but for property valuation. A prop-
erty that has a lower energy consumption will be
more appealing to its purchase, as well as much
more comfortable, since the differences between
the windows (the area always less isolated) and the
walls of the houses (better insulated) are smaller,
soon the thermal discomfort is lower. Another point
to highlight is in profile 3, where a biomass boiler
was installed in the 5 houses, which increases the
payback of each investment in almost 10 years.
But since the boiler has more than 25 years of life-
time, it is an excellent investment for saving energy,
reducing by more than twice the consumption that
was previously made.

6. Evaluation of the installation of photovoltaic and
solar thermal panels

All profiles are composed of one solar panel and
six photovoltaic solar panels, except for profile 5
which is composed of five photovoltaic solar panels
and two solar thermal panels.

To make a comparison of the return time of our
income, we have to see the prices practiced by the
different companies. We have come to the conclu-
sion that the average KWH price is 0.22 euros with
tazes. This is for a contracted power of 10.35 kva,
in the simple option. Regarding gas the price per
KWh is 0.08 euros/KWh, with taxes.

With electricity and gas (euro per kWh) we can
see how each type of panel can be profitable for
both types of energy use. The electricity produced
by the photovoltaic panels that serve for heating
of DHW and electrical production, and the energy
produced by solar thermal panels for the produc-
tion of DHW. The annual values made by these two
types of panels are shown in figure 32:

Figure 32: Annual income by source of solar energy

We should note that in the figure 32 the values
presented are the gross gains of each type of panel
for each type of application. We will also calculate
the time required to recover the investment made
and use two reports to estimate costs associated
with the use of the panels:

• All the investment made in the photovoltaic
panels, when used for the production of elec-
tric energy, is ≈ 3.85 years. This estimate is
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compounded with annual maintenance costs
that is made throughout the year. According
to the EU’s ”PV Status Report 2017” [5], the
annual cost is 0.9% of the initial value, which
is an estimate of ≈ 3.96 years. We gain over
21 years of use, with recovery of the initial in-
vestment.

• If the use of photovoltaic panels is to be used
for heating DHW, a return of ≈ 10.31 years
is expected. This estimate is compounded
with annual maintenance costs that are made
throughout the year. According to the EU’s
”PV Status Report 2017” [5], the annual cost
is 0.9% of the initial value, which is an esti-
mate of ≈ 11.23 years which leaves us with
more than 13 years of use, in which the initial
investment has already been recovered.

• If thermal solar panels are used for DHW, the
initial investment will be paid in ≈ 9.54 years.
This estimate is aggravated by annual main-
tenance costs, mainly for tubing and rubber
replacement. The annual estimate is 4.7%,
made by ”Solar Heat World Wise” [6], accord-
ing to geographic position, type of building and
solar hours. This estimate is annual, accord-
ing to the initial investment, which makes an
estimate of approx 17.27 years which leaves
us with more than 7 years of use of the panels.

7. Conclusions
All the proposed objectives were achieved. For
both the production of DHW as well as for heat-
ing, the concluded values are constant because
the average number of occupants (in this case,
three) was used and the mean area is 109 m2.
Then we proceeded with the calculation of the
various renewable energies applied (solar photo-
voltaic and solar thermal), where the production
was quite interesting. Photovoltaic solar produc-
tion was 534.78 kwh/year for each panel, for solar
thermal was 1178.8 kwh/year.

Within the methodology, it was possible to struc-
ture all the major objectives of this thesis. Firstly,
we have been able to use three studies on used
equipment and their annual consumption. These
studies were done by ICESD, EFII and REMOD-
ECE, thus showing the weight of some household
appliances within the housing in Lisbon. Even
following these three studies, we can see how
much weight each study attributed to each type of
use: the energies spent on different environmen-
tal heating equipment, DHW, lighting and cooling.
We have thus been able to separate the types of
houses in the city of Lisbon in six profiles, repre-
senting 94 % of housing in terms of consumption
and equipment used inside the houses.

The second major objective was the implemen-
tation of the three energy production systems (so-
lar photovoltaic, solar thermal and biomass) in the
six profiles. The above methods and studies were
used for this purpose. These implementations
were for houses with and without insulation, keep-
ing all other parameters constant: average area of
109 m2, occupation of three people and a useful
area of roof for installation of renewable sources of
17 m2. In all profiles were applied six solar pho-
tovoltaic panels and one thermal solar panel, both
with a total production of 3208.70 Kwh/year and
1178.8 Kwh/year, respectively, in which makes up
14.94 m2 of the roof (except in profile 5 where two
solar thermal and five solar photovoltaic were in-
stalled). Thermal insulation has led to a better per-
formance of all profiles, except profiles 3 and 4.
This is not due to the fact that the change has wors-
ened the performance of these two profiles, but
better insulation, less thermal discomfort as well as
lower power consumption, having been reduced by
1213.5 kwh/year in both profiles.

So we conclude that none of the profiles pre-
sented can produce as much energy as the en-
ergy it consumes, yet the energy balance is quite
good, getting an average of all the houses above
66% to the without isolation and above 71.5 %
for with isolation. Following the path that is being
adopted in Portugal for the definition of NZEB, the
study for the DHW, cooling and heating, also had
good annual balances, in which for the house with-
out insulation, the energy balance was of 75.49%,
and for the insulated house was 72.66%. Another
difference was expected: that the house without
insulation would have an annual energy balance
worse than that of insulation. But in fact the insu-
lated house is more in line with the NZEB defini-
tion, since it consumes much less energy for heat-
ing and cooling than the uninsulated house.

The objectives for economic evaluation in chap-
ter six were all achieved. A study was done on
all expenditures, their pay-back and the LCC (life-
cycle cost). Of the overall costs, both the annual
cost as well as the initial investment were taken
into account. In the thermal insulation, the time of
return of the investment and the value of the invest-
ment was well known, but in the long term it com-
pensates because of the low deterioration of mate-
rials as well as the thermal comfort and valorization
brought by the insulators. In terms of renewable
energy, the one with the fastest return on invest-
ment is photovoltaic solar energy, with just under
4 years for electrical production and 11.23 years
for the production of domestic hot water. Lastly,
thermal solar despite the longest payback period
of 17.27 years, has 7 years of excellent production
filling 84% of the use that would be given for the
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gas.
The NZEB universe can be achieved in many

other ways and using and developing other tech-
niques. The façades can be better utilized by filling
in more sun panels, according to the sun exposure.
Also in the windows and shutters can be applied
photovoltaic cells to be possbile to take advantage
of the sun in an efficient and profitable way. The
use of energy reuse on stairs and floors of the
building, is another dimension. Several technolo-
gies have been developed but few are still efficient
and cheap enough. There are plenty of opportu-
nities to innovate, so that one day the NZEB can
produce as much energy as the one consumed or
even more, on an urban scale, so that the surplus
can be injected into the network. Therefore, next
thesis within the area are important to promote a
more ecological and sustainable future.
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