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Abstract

This work proposes the development and validation of models for smart grid systems, regarding a
case study under analysis in a Portuguese Village. The systems include photovoltaic (PV) array, a water
heater (WH) and energy storage systems (batteries) which were installed in end users households and
tested in residential context. The models were developed using Simulink/Matlab and with Simscape
components, offering an approximation of the real behavior of the systems. To validate the models, real
data collections from the clients engaged in a project, developed by EDP/Labelec in Valverde, a village
in the South-Center of Portugal, were used. 25 households were studied with multiple distributions of
the aforementioned systems. Furthermore, the self sufficiency (SS) and surplus are analyzed for each
house, considering the production and consumption for each client. The PV model is the core system
of each household and the model showed a good approximation when compared to the real data of
solar energy generation. The water heater also showed reliable results for the long term, despite the
big variations seen in winter and summer, with respectively under and overestimations. The battery
model exhibits the largest error, mainly due to uncertainty in charging periods. All the houses exhibit
considerable SS and surplus. A new solution is proposed with an increasing usage of the battery. The
payback periods are considerable and the best configuration in an economic perspective is the usage of
WH and PV without battery, taking into consideration the initial investment cost.
Keywords: Batteries, Renewable Energy, Smart Grids, Solar Energy, Water Heaters

1. Introduction

According to the increase in energy consumption
around the world, particularly in electricity [1] and
with the strict correlation that electricity genera-
tion has on the Green House Gases (GHG) emis-
sions [2], it is crucial that a shift to more efficient
and cleaner energy generation methods is imple-
mented. Thus, there is an effort to promote the
change into Renewable Energy Systems (RES) [3]
in all sectors of activity, namely in the residential
sector.

However, a change into RES is a complex and
challenging task for energy markets, as their inter-
mittent generation does not allow a regular supply
to the demand of end users [4]. Besides that, the
cost associated to the change from fossil fuels still
represents a considerable investment, with a ten-
dency to diminish over time [5].

Portugal has the task to comply with proposed
goals for the 2020 horizon defined by the European
Commission [6] and consequently increase the pen-
etration of RES while promoting bigger efficiency
in electricity markets. With that regard, Sensible

was born, a pilot project in Valverde for the demon-
stration of on site generation of electricity and en-
ergy storage viability. Relying on installed devices
to improve energy efficiency and enhance the us-
age of solar energy, 25 participants were provided
with photovoltaics (PV), Water Heaters (WH) and
energy storage systems (batteries), besides the en-
abling tools for those devices. The distribution of
devices was performed according to 3 different con-
figurations, to optimize the energy usage in a real-
istic residential sector.

This work proposes the modeling of the aforemen-
tioned devices in Matlab/Simulink and their valida-
tion with the real data from the consumption and
generation patterns from the participants. Further-
more, results should allow a perception of the best
configuration with the focus on economical benefits
for clients. Besides that, the overall improvements
in the microgrid are stated, as well as a proposed
solution to enhance the savings with the simulation
of the created models.
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2. Background
2.1. Smart Grids in Energy Markets
To supply the growing needs in energy, there is an
interest in developing new technologies to allow not
only the increment in production, but also a better
use of the energy available. With that regard, con-
cept that gain some importance in energy markets
was microgrid, which according to [7] is defined as:
”A microgrid is a group of interconnected loads and
distributed energy resources within clearly defined
electrical boundaries that acts as a single control-
lable entity with respect to the grid”. By controlling
and managing a microgrid, it enables a better as-
sessment of both challenges and opportunities, since
it provides an aggregation of end users, loads and
sources, enhancing its importance in the wholesale
market. On the other hand, provides a compart-
mentalization of the grid in blocks, allowing a better
evaluation of its needs.

However, current power systems have relied in
the same infrastructures for the last century [8] and
consequently some of the technologies do not meet
the challenges of today. To face this issue, there
is a new concept emerging, the smart grids, which
according to [9], are modernized infrastructures in
the electric grid to increase efficiency and reliabil-
ity, through the implementation of techniques for
optimization of demand.

To a better integration of smart grids in electric-
ity markets, there is a number of strategies, wither
related to the integration of RES in the grid, or by
promoting a more active role of the end users in
the market, the most relevant for this work will be
presented.

2.1.1 Decentralized Energy Generation

One of the most relevant technologies enhanced by
smart grids, is the decentralized energy generation.
Traditional energy supply was performed by cen-
tralized power plants with the ability to supply
large quantities of energy to numerous clients [10].
By moving the generation of electricity closer to the
consumer, there was a reduction in size and capac-
ity, where each consumer can produce its own en-
ergy, or communities can rely in local power genera-
tion, enhancing local economy. There are numerous
benefits of the integration of local production, as
the reduction in energy bills and the improvement
in efficiency: by reducing the demand, the distri-
bution lines will be clearer and thus improving the
quality of distribution.

The implementation of such generation sources,
namely solar generation, has seen an improvement
in the past years, particularly due to the reduction
in price, as it fell more than 100 times [11], which
led to an increase from 0.26GW of capacity in the
beginning of the century to more than 30GW in

2016 [12]. The trend is clear and the prices are ex-
pected to keep falling [13], enhancing the generation
on site.

2.1.2 Energy Storage Systems

To face the problem of intermittent energy genera-
tion from RES, one solution that has drawn some
interest is the ability to store it. With that re-
gard, the usage of batteries to supply residential
consumption is already a reality [14]. By storing
the surplus of energy production, it is possible for
end users to increase the usage of local sources, be-
sides the periods of energy generation.

The recent developments in batteries for electric
vehicles is one of the factors that led to an improve-
ment in its capacity, charging cycles and life cycles
[15]. That, allied to the drop in battery prices [16]
(namely in Lithium-Ion, which are the most com-
mon for daily devices) have enhanced the technol-
ogy to a point where in some cases it is already
profitable.

Furthermore, the investment in future develop-
ments is constant according to [17] and the future
it is expected that residential sector is provided with
the ability to store energy for later use.

Figure 1: Self-Consumption illustration [18].

In figure 1 it is illustrated how the integration
of energy storage systems and decentralized energy
generation can affect the demand from the grid, re-
lying in self consumption during longer periods.

2.1.3 Demand Side Management

Energy markets have the fundamental task of sup-
plying the energy needs of end users at any given
time. Thus, its is requested that energy production
is at least equal to the energy demand. However,
the demand from customer side is always changing,
which adds complexity to that task. It is possible
to produce more energy than what is consumed and
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consequently wasting the surplus, or by falling short
on production the comfort and safety of Human ac-
tivities is jeopardized.

To better fit the curve of demand with the curve
of supply, one mechanism used is Demand Side
Management (DSM). According to [19] DSM is the
”planning, implementation and monitoring of util-
ity activities that are designed to influence customer
use of electricity”. Hence, DSM goal is to promote
the changes that allow the better match of both
curves. DSM is commonly referred as load shifting
(LS) and load curtailment (LC). Load curtailment
(also called peak clipping) is related to a reduction
in electricity demand, mostly related to equipments
with high thermal inertia and consequently great
electricity consumption. Load shifting promotes the
change of loads from periods where the overall elec-
tricity demand in the grid is greater, to periods of
clearer distribution lines. LS is mainly performed
by postpone loads that can be delayed.

Figure 2: Peak shaving plus valley filling - Load
Shifting [20].

In fig.2, it is possible to see how DSM typically
works regarding electricity consumption patterns.
While LC always promote savings in electricity, LS
can also be a source of profit, if the tariff imple-
mented in the client translates the real cost of elec-
tricity (for example a dual tariff), by shifting load
from peak periods (higher cost) to off peak periods
(lower cost).

Furthermore, the implementation of Demand Re-
sponse (DR) programs can enhance the savings for
the client. DR is commonly defined as the changes
promoted in regular electricity consumptions pat-
terns by end-use consumers in response to the os-
cillation in the price of electricity [21]. Thus, by
engaging in such programs, clients can increase the
savings in electricity bills, by promoting changes in
the regular consumption.

2.1.4 Smart Metering

With the increase in complexity of energy systems,
a correct evaluation of all the variables is of extreme
importance. Hence, the introduction of smart me-
ters is a fundamental process in the context of a
smart grid.

Smart meters have a considerable number of func-
tionalities as described in [22] and some of the most
relevant are listed below:

• Remote meter management and reading

• Power outage detection and detection of irreg-
ularities

• Remote connection and disconnection

• Control and storage of load profiles

For a correct implementation of previously men-
tioned mechanisms, smart metering is fundamental
to provide the correct information during larger pe-
riods, allowing a better assessment of problems and
solutions for each consumer.

2.2. Benefits of a Smart Grid
The implementation of smart grids (SG) bring a set
of benefits for all the players: consumer, distribu-
tion system and power generation systems [23].

For consumers, the possibility to increase the in-
dependence on the grid, the allowance of savings
in electricity bills and a better assessment of the
expenses and saving opportunities.

For Distribution systems, the possibility to better
evaluate the needs of each consumer allowing better
usage of distribution networks, reduction of outages
and an overall increase in efficiency of distribution.

For power generation systems the clearer picture
of electricity demand from the grid allow an opti-
mization of production and consequently effect pos-
itively the overall efficiency of the process.

For the overall system, the increment in reliability
and an higher penetration of RES associated with
reduction of GHG emissions, the enhancement of
new technologies and a reduction of pressure for
electricity markets.

2.3. Barriers imposed Smart Grid
Despite showing a great set of advantages, there are
also barriers associated with the deployment of SG
in electricity markets.

The most significant one is related to the in-
vestment cost necessary to promote such changes.
Either the investment in decentralized generation,
energy storage systems or smart meters, all the
changes promoted are related to long term commit-
ments and consequently impose a barrier to a more
widespread implementation of SG mechanisms.

Moreover, the inherent human behavior presents
another considerable barrier to overcome for the im-
plementation of those tools [24]. The dependency
of a full commitment from end user side make them
essential players to promote the deployment of the
aforementioned mechanisms and consequently when
there is no strong acceptance, it is a perceived bar-
rier for utility supplier and distribution networks to
engage the costumer.

The third barrier is related to the framework re-
lated to the deployment of some of this techniques,
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such as the smart meters. From the access to con-
sumption information from clients (which can be
seen as confidential) to the unclear regulation re-
garding feed in tariffs [25].Thus, it is essential to
have a broad view in regulatory framework to allow
a successful integration of SG mechanisms.

3. Methodology
3.1. Devices modeling

The foundation of this dissertation, was built
around the creation of dynamic models in MAT-
LAB/Simulink. In order to obtain reliable re-
sults regarding to the behavior of installed devices,
Simulink was be used, with support from Simscape.
A wide range of tools and the graphic scheme make
it a great choice for the proposed task [26].

The devices modeled are a PV, a Water Heater
and a Lithium-Ion battery. The specifications of
the battery were defined according to the real char-
acteristics of the devices.

Each device was modeled with a unique set of
tools and definitions to provide the best approx-
imation to reality that was possible. The inputs
provided were obtained either by gathering public
available information, such as the weather data for
the PV output simulation and data collection pro-
vided within the case study under analysis.

Each device will then provide outputs according
to what was defined to be further analyzed.

3.2. Energy Storage

The main and sole goal of the battery is store the
surplus energy produced by the PV, which means
that it was not used to supply the household in
which it is installed. Thus, the storage of electricity
is dependent on the quantity of electricity produced
by the PV. Furthermore, the battery is set to charge
in regular quantities to promote maximum life cycle
and it is taken into consideration to the simulation
of the battery.

3.3. Water demand

For each household equipped with a water heater,
a hot water demand profile was draw, to model a
realistic scenario. The definition of the water con-
sumption pattern was defined according to the real
consumption of the WH, estimating the number of
times there was a consumption of hot water and
defining the input for the model.

3.4. Validation

For the validation of the data the following formula
will be used for the relative error:

µ =
ε

|v|
=

∣∣∣∣vmodel − vmeasured

vmeasured

∣∣∣∣ (1)

Where vmodel and vmeasured are the value ob-
tained from the model and the real value registered,

respectively. This equation can be used as percent-
age, multiplying by 100%.

According to [27], Root mean square error
(RMSE) is the coefficient that ”measures the vari-
ability of the errors between measured and simu-
lated values” for a large number of values and it
will be used to assess the results of the PV. Also,
to evaluate the signal of the error will be used the
mean bias error, MBE. Both formulas are computed
as follows:

RMSE =

√√√√ 1

N

N∑
t=1

(vmodel − vmeasured)2 (2)

MBE =
1

N

N∑
t=1

(vmodel − vmeasured) (3)

With N standing for the total number of mea-
sures, vmodel is the value obtained through the
model simulation and vmeasured is the measured
value from the smart meters

For an economical and energetic evaluation of the
model, the evaluation of Key performance indica-
tors (KPI) for the PV according to [28] is provided,
through the assessment of self-sufficiency (SS) and
the surplus (in percentage).

SS(%) = 1−
∑6144

t=1 (Ed,t − EPV,t) > 0

Total energy demand
(4)

Surplus (%) =

∑6144
t=1 (EPV,t − Ed,t) > 0

Total energy production
(5)

EPV,t is the hourly energy production in the PV
and Ed,t is the energy demand in the household
during the same hour interval. 6144 refers to the
total number of hours accounted in the case study.
KPI will allow a perception of the adequacy of the
devices to the context in which they are applied.

Furthermore, for the evaluation of the viability of
the investment in each configuration is calculated
according to [29] as follows:

PB =
I0

Annual savings
(6)

Where I0 is the initial investments and the sav-
ings are computed as

Savings = Tariff ∗ Electricity demand (7)

where the tariff is the tariff applied to the client
according to the periods of usage.

Moreover, the sale of surplus electricity to the
grid is computed according to [30],
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Selling price = Em ∗Avg. daily market ∗ 0.9 (8)

Where Em is the total surplus injected on the
grid in each month in MWh and the average daily
market price is the value for the year 2017.

4. Case Study
4.1. Project overview
Promoted by EDP/Labelec, Sensible is pilot project
in demonstration of storage of energy, energy ef-
ficiency and integration of RES in the grid, be-
tween other purposes. It was promoted by Euro-
pean Commission regarding the 2020 Horizon for
European Union. In Valverde, vora, the project is
implemented in the goal to study the influence in
residential sector of integration of smart grid de-
vices and assessment of an ideal configuration for
households.

25 participants were enrolled in the project with
no investment cost (all the costs were supported
by a European grant) and the configuration is as
follows:

• 4 clients type 1 - PV, battery and Water Heater

• 11 clients type 2 - PV and battery

• 10 clients type 3 - PV and water heater

Furthermore, every household was equipped with
a home energy management system (with smart
meter), a solar inverter and the houses with bat-
tery with a battery inverter. One client from
type 1 had implemented a weekly dual-tariff and
2 clients from type 3 had implemented a daily
dual tariff. The remaining households have imple-
mented flat tariffs. The simple tariff as a price per
kWh of 0.1652e while for the other clients peak
hour price is 0.1997e/kWh and off peak price is
0.0921e/kWh.

The smart meters were programmed to store en-
ergy consumption for the devices, households, pro-
duction in the PV, injected electricity in grid and
more information regarding each household with
time periods of 15 minutes.

The project was developed since the end of July
and the data accounted with information from 256
full days.

4.2. Weather data
Weather data necessary to simulate the model of the
PV was obtained through [31], providing a good ap-
proximation for the location of Valverde and with
patterns for solar irradiance and temperature 2 me-
ters above the ground (an estimation for the height
of the PV). The data was originally obtained by
MERRA-2 software from NASA [32], according to
the geographical information and with the configu-
ration of the PV.

4.3. Data processing
All the processing of the data collection and outputs
of the model was performed in Matlab according to
the specific needs of each model. The data collec-
tions from the smart meters exhibited an additional
effort since there was a considerable amount of miss-
ing informations and overrun data, with incoherent
values. Thus, there was a considerable analysis of
the data to assure the maximal realism was imple-
mented in the models, to obtain the best possible
response from the simulations.

5. Validation and discussion of results
5.1. Simulation Results
5.1.1 PV model

The results for the PV model simulation are pre-
sented in the following figure.

Figure 3: Totals of each PV output and simulation
output.

It is possible see in figure 3, that in the overall
the model of simulink led to an underestimation of
the total energy production. This is mostly due
to the variations of direction the panels are facing
and the tilt they have. Thus, each PV produced
a single quantity of energy and the model used a
single set of values, which on average accounted for
an underestimation of 17%.

Evaluating the RMSE allows a perception of the
differences noticed in the pattern.

Table 1: Model outputs compared to the real power
generation.

House Period RMSE [kW] MBE [KW]
I Total 0,256 -0.027

I
Sep 0,147 -0.044
Jan 0,304 -0.122
Mar 0,231 0.009

T
Sep 0,339 -0,038
Jan 0,285 -0.101
Mar 0,293 0.042

N
Sep 0,134 -0.045
Jan 0,302 -0.119
Mar 0,196 -0.011

Particularly for household T, where the relative
error was 1%, household I and N exhibit smaller
indices for some months. When compared in table
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1 the worsened assessment for winter months and
smaller errors for summer periods, due to the oscil-
lations in local weather.

The KPIs present in section 3 provided the fol-
lowing results:

Table 2: Key performance indicators for the PV.
Household Self-sufficiency [%] Surplus [%]

A 33,4 24,9
B 37,7 32,6
C 5,3 1,8
D 23,2 18,6
E 34,9 29,9
F 58,7 71,5
G 35,6 36,1
H 68,3 53,4
I 48 42,3
J 22,5 21,1
K 35,9 36
L 11,6 30
M 17,8 2,2
N 28,8 42
O 17,8 51
P 16,9 93
Q 56 56,7
R 25,3 31,1
S 39,4 26,9
T 31,3 37
U 19,5 19,5
V 49,4 46,2
W 42,2 47
X 22 37,8
Y 35,1 49,2

Each letter represents one of the households from
each participant. As it can be seen in table 2, a
great share of the users consumption was within
the power capacity of the PV. Only one customer
exhibit a SS under 10% (”C”), while only 6 in total
were under 20%. This shows that a great share
of each households is supplied by the PV. How-
ever, the surplus of energy is in some cases greater,
which also shows a spare of energy, that is related
to usage of energy in different periods that it is
being consumed. For that reason, the actual self-
consumption is lower than what the self-sufficiency
allows to perceive. This KPIs demonstrate that the
PV arrays are suitable for every house in the same
proportion and since they all are equipped with the
same PV capacity (1.5kWp), there are considerable
variations in energy consumption for one house to
the following and consequently a better individual
assessment would be needed to better match the
needs of each costumer.

5.1.2 Water Heater

For the water heater, the comparison of real data
from households type 1 and 3 with the simulation
results is provided in the next figure:

Figure 4: Output of the WH model plotted with
the real consumption data.

In figure 4 is possible to see a clear overestima-
tion of the model when compared to the reality.
This is mostly due to the impossibility of the model
to be turned off during longer periods, whereas the
real WH were commonly turned off during long pe-
riods. This led to a constant energy consumption
to keep the water between the threshold of temper-
ature, consequently consuming more energy. Fur-
thermore, a closer look into the data showed that
there was an overestimation for summer days and
an underestimation for winter days, which contra-
dicted each other. Hence, the total overestimation
was on average of 117 kWh, accounting for 12.8%,
a conservative approach that translate reasonably
the response from this kind of devices.

5.1.3 Battery

The simulation performed for the battery showed
the worst results, as the following graphs illustrate.
The battery was prepared to store the surplus en-
ergy from the PV generation for later toping of de-
mand in the household, thus, it was necessary to
compute the surplus of energy according to the in-
stantaneous demand and production. The results
that follow are exhibit per day:

Figure 5: Daily stored energy data.

Since the maximum energy that could be stored
was around 2.5kWh, figure 5 allows a perception
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that some batteries faced more than one cycle of
charge, which also led to an increase in simulation
errors. Furthermore, the rules implemented in the
households are not clear and consequently a bet-
ter assessment was not possible. On average, there
was an overestimation of 141kWh of surplus en-
ergy stored in the batteries, which is a considerable
amount considering the 256 days of the project and
a maximum of 2.5 kWh of available storage quan-
tity.

5.1.4 Economical parameters

For the estimation of payback periods, the following
table presents the initial investment according to
the type of household.

Table 3: Initial investment according to assets
Devices Investment [e]

Type 1

HEMS, PV,
PV inverter

Battery, Battery
inverter and WH

7880

Type 2

HEMS, PV,
PV inverter,
Battery and

Battery Inverter

7760

Type 3
HEMS, PV,
PV inverter

and Water Heater
2100

Table 3 presents the investments needed to ac-
quire the installed devices in each household. How-
ever, it is important to notice that these costs were
covered by the grant from European Union and
there was no investment from the clients, thus this
is a theoretical result.

According to the PV production, surplus origi-
nated on site and the storage in the battery, it was
computed the savings incurred for the respectively
tariff applied for each household according to sec-
tion 3. The payback period was then computed
with the investment cost and annual savings for
each households providing the following results:

Table 4: Average Payback periods per household
type.

Average Payback period
Households

type 1
38 years

Households
type 2

63 years

Households
type 3

9 years

Table 4 shows the average PB period for each
type of configuration and as it possible to see, the

inclusion of battery increases the PB by a large
amount (type 1 and 2). On the other hand, the us-
age of Water Heater increases the energy consump-
tion and reduces the surplus, consequently leading
to smaller payback time. The two households with
the shortest PB period were the households type 3
with dual tariff implemented, which also shows that
the PV generates more electricity during peak hours
(the bigger the price of electricity, the greater the
savings). These results show that the investment in
battery to increase the self sufficiency do not consti-
tute a good investment and thus it is necessary an
increase in capacity (or decrease in price) to make
them profitable.

5.2. Enhanced solution

To promote a better efficiency for each household,
a new simulation was performed with new rules
implemented in the battery to increase the stored
quantity. The WH were not taken into consider-
ation since the consumption of hot water is inde-
pendent and can not be managed. The new rules
define a limit of 2.5kWh per day and the quantity
is stored with regard to the surplus produced. The
results obtained are as follows:

Figure 6: Total energy savings with enhanced solu-
tion.

It is possible to see in figure 6 an increase in total
energy stored in most households except for house-
holds D and F. The overall result shows that the
batteries are not being exploited to its maximum
capacity.

The improvement in the KPIs according to the
new imposed rules is detailed in the following table:

It is possible to see in table 5 the increase in the
SS of all the households equipped with the battery
where the new rule was applied. With an average of
4.2% increase, allowed the batteries to store more
surplus of energy and stimulates the self sufficiency
and consequently enhances the profitability of the
PV usage. For the reduction of surplus, the results
are more accentuated, since there is a noticeable de-
crease of surplus generated in each household. With
exception to 3 households, the remaining decreased
the surplus production in more than 10%, which
shows an attractive improvement. Furthermore, it
is noticed that there are 3 households (B, L and
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Table 5: Improvement in KPIs

Household
Increment in

SS [%]
Decrease in
surplus [%]

A 4.6 14.4
B 8.4 22.3
E 5.7 16.3
G 2.4 14.6
H 8.7 12.8
I 1.9 4
J 3.6 15.6
K 0.1 0.3
L 2.2 19.7
M 4.4 2.2
N 6.4 22.2
O 2.3 13.2

Table 6: PB periods according to new method
Type 1 Type 2

PB period 32 53

N) where this reduction accounted for around 20%
which is one fifth of the total surplus energy pro-
duced. The fact that with a simple solution it is
possible to increase the performance of the self gen-
erated electricity, proves the low exploitation of the
battery capacity and consequently provide oppor-
tunities for greater improvements in the total effi-
ciency.

The new PB periods according to the obtained
results are then:

Table 6 represents the new payback periods com-
puted according to the new imposed rule for the
batteries. For type 1 households, the decrease in
payback is 6 years and for type 2 households the
decrease is more accentuated, 10 years. It is still
clear the high payback periods according to the bat-
tery usage, despite the fact that it was possible to
reduce in 13% the payback period with a simple
readjustment of energy storage. The investment in
this technology is still not sufficiently profitable for
short and medium term.

6. Conclusions

The proposed goal for the dissertation was the de-
velopment and modeling of the devices installed in
the microgrid; validation of the models and testing
of the working scenarios; analysis of economical as-
pects of those devices in a realistic context and the
proposal for an improvement with focus on cost-
benefit.

The integration of the a huge amount of data with
irregular errors in a created model was the biggest
challenge, as it forced to deal with a sensible mat-
ter: a model that has certain flaws and will never
represent the reality with a 100% accuracy and by

integrating the data, there was an enhancement of
the difficulties to reproduce the reality.

However, it was possible to obtain an assess-
ment of the overall of the results provided by ei-
ther Simulink model and the real data obtained to
further validate and draw some conclusions.

The modeling of the devices showed some limita-
tions, particularly on the battery model where the
implemented rules according to charging and dis-
charging cycles were not clear. Thus, there was a
clear overestimation of the capabilities of this asset
by more than 40%. The water heater provided some
reliable results, despite the fact that the pattern of
water consumption was unknown and consequently
there was an enhanced error by providing an esti-
mation. The overestimation in energy consumption
accounted for around 13%, a conservative approach
for this sort of devices. The PV, being the most
important installed device, provided a good esti-
mation of energy production, particularly on the
long term. Besides the underestimation of around
15%, the patterns showed a noticeable match be-
tween data collection and model, translating in a
reliable source for long term assessment.

The economical indicators for the PV showed
a clear miscalculation for most of the households,
with a great self-sufficiency, but also a noticeable
surplus of energy, which means the configuration
is not ideal for the scope of clients. This shows
a clear problem in the evaluation and conclusion
drawing, since there is a lack of accountability from
the participants, presumably due to the fact that
the investment was not promoted by them.

Furthermore, the evaluation of Payback period
for the 3 configurations of houses showed that the
best option to make a efficient use of electricity gen-
erated in the PV is with the Water tank. The PB for
the remaining configurations is considerably high
and is not feasible in the current conditions, with
PB above 30 years. The enhanced solution pro-
posed allowed a reduction in more than 15% the
PB, but is still not sufficient for the profitability.
On the other hand, it is clear the reduction in sur-
plus energy in those houses and an overall increase
in self sufficiency.
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