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Abstract. in the quest for sustainabilitgelfconsumption of
solar energy, facilitated by home automation and informe
technology, emerges as a viable solution ‘or energy manage
This paper presents an innovative algoritrm designed to opt
the scheduling of electric consumptibased evices in domestic
settings. The algorithm aims to align the power consumg
curve with solar generation, thereby promoting efficient en
use. The algorithm’s effectiveness has jeen validated thi
simulations conducted in MATLAB, usirg reworld data to
emulate various scenarios of photovoltaic generation
consumption. The results demonstrate the potential of
approach in contributing to energy susteinak by improving
the efficiency andproviding flexibility to the grid, whict
translates ifbroader societal and economic bene
Keywords. Self-consumption, photovoltaic,
sustainability, efficiency.

1. Introduction

In the contemporary discourse on sustainability, en
management practices and societal habits hgained
momentum One potential pathway to achieving ene
sustainability is through seffensumption, wher
individuals harness renewable energy sources, suc
solar power, for their personal use. Thalternative,
facilitated by advancements in home automation

information technology, holds promise for deliveri
significant social and economic benel Due to this
reason, n the realm of electrical engineering, tpursuit of
sustainability has emerged as a critical concern in re
years. Traditional efforts ka concentrated on the creati
of clean power generation methods, including solar, w
and hydroelectric power.

However, this represents only one facet of
sustainability equation. While the generation of cl
power is undeniably vitala combingon of several
strategies must addressedor pursuing energ
sustainability. In Fig. 1 the mosignifican strategies are
summarizedTechnological innovation involves the use
advanced technologies like smart grids and energy st
systems to improve energy efficiency. Demand reduc
aims to decrease energy consumption through e-
efficient practices and appliances. Energversification
reduces dependence on a single energy source, pron

a mix for energy security. The use of renewable en
sources such as solar and wind is encouraged for
sustainability and lower emissions. Sconsumption,
particularly with sola photovoltaic systems, reduces -
need for grid energy. Lastly, adapting consump
habits, such as using ene-efficient appliances and
shifting energy use to offeak times, can significant
reduce energy consumptic This work targets all these
strategies but places a particular emphasis on
adaptation of consumption hat in order to enhance the
performance of the seconsumption photovoltaic

systems.
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Fig. 1. Factors for energy sustainabi

As depicted in Fig. 2,consumption curves do ot
commonly align with production curves, leading
inefficiencies, such awasting the energy or increasi
the capacity requirements batteries when facing energy
surpluses during offieak hoursOn the other hand, when
the generation iBwer thanconsumption, there is a need
to consume more enerdom the grid, which can lead
higher costs and increased reliance on traditional er
sources. This is particularly evident during peak he
when the demand for energy is hi Furthermore, these
misalignments can lead to wear and tear on en
infrastructure [2],as the systems need to consta
adjust to the fluctuating supply and demand. This
result in increased maintenance costs and shorter life
of the infrastructure. Aese inefficienes highlight the
need for smarter energy management systems red
wasted energgnd improving the overall efficiency of tl
energy system.
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Fig. 3. Flow chart of the developed algorithm
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Fig. 2. Example of photovoltaic production profiles &
consumption in a singlamily residential buildin [1]

The electrical energy consumption management eeisi
grid flexibility by allowing for modifications in gneratior
and consumption patterns [3This flexibility, coupled
with new technologies and arket structures, enableo

dynamically balance the resources aadgmooth out the
discrepancies between production and consum
curves. This lead® more efficient and sustainable ene
use, thereby modernizing the power gaitl increasing it
resilience [4].

Given the complexities and implications of the &s
discussed, there is a number of resezeah the literature
dedicated to this topic, such as [5-10his underscore
the significance and urgency of finding etive solutions
in consumption management fo self-consumption
systems.

In the field of consumption demand management,
primary objective often emphasized in most stuikethe

reduction of economic costs. These alterna are
commonly designed to spond to a non-linear
optimization problemthat is, setting several conditior
functions (which can also be r-linear) when looking
for a minimum of an objective function. The optir
solution hinges on the precise calibration of thad
specifically, the consumption programming tt
minimizes the objective functic

This issue could lead to numerous solutions, sutge
the presence of multiple local optimal points tihady
vary considerably from the absolute optim Meta-
heuristic algorithms haveeen used to find the solutic
such as genetic algorith [11-12] or compromise
algorithms [13, but other different algorithms are al
used in other areas related to the fi€e1l4-16]. These
algorithms guarantee greater flexibility compareal
traditioral ones, but the complexity also increases du
inaccuracies.

For this reasanin this work, a traditional algorithm wi

be sought, which is moragid but lighter in terms of
computational work. Consequently, tgoal of this work
has been too devedan algorithm designed to establis

specific load consumption schedule, aligning ithwiihe

generation curve in a solar ene-based self-
consumption system.

2. Proposed algorithm

This section describegbe develope algorithm, shown in
Fig 3, whichaims to optimize the scheduling of elec
consumptiorbased devices in domestic settings, thel
aligning the power consumption curve with sc
generation. This schednd) process seeks to optimize
energy usage, ensuring that the available solaej will

be utilized in an efficientanne.



Once the program has been launched, in a first sbep
solar source parameters are loaded to create tieza®n

curve. In the next step, the user introduces tleetrt

energy consumption to create the data base ofdahieas

to be used, including the power ratings and hofingse.

With this information, the consumption curve is Ihui
placing all electrical consumption at midday housthis

point, it will be verified that the total energyrgumption
is not 1.5 times greater than the total energy petadn. If

so, the program will enter the restructuring fuoiati
otherwise it will indicate that it is not worth agj through
the consumption management algorithm.

The scheduling function has been designed as afalate
structure that follows the bell-shape of the geti@na
curve. Then, in each iteration, it gradually moubs
consumption of each device distancing it from teate
until the optimal solution has been reached. Ttat ftep
of the scheduling is to sort the matrix of peaksoading
to powers by classifying them. For instance, peaky
close to Pmax (4/5) are considered high power,aenthibse
far from Pmax (1/3) are low power

The scheduling algorithm aims to balance the ojmraif
high-consumption  and  low-consumption  devices
throughout the day to optimize energy use. Durihg t
scheduling process, the calculation of the area=aoh of
the curves (generation and consumption) is cardetl
using the trapezoidal integration method. In thiscpss,
high-consumption devices are used near the peakeof
generation curve, while low-consumption devicesraoee
likely to be used simultaneously at the ends ofdheve,
that is, in the mornings and at dusk, likely whererall
energy demand is lower. The remaining equipment is
placed after performing further classifications gk
above and below 0.5%B). Hence, they will be moved
left-right through different iterations, displacinghe
medium-low powers by 5 minutes in each iteratiod tre
medium-high ones by 3 minutes. This iteration has t
limits: while the first and main limit aims to olia
Pconsumption_max<1-25 Pgeneration_max relation, the Second
limit is used to avoid entering into an infiniteojm This is
carried out by limiting the iterations in the pragiming
loop. This limit depends on the number of devicedeé
scheduled.

After obtaining a satisfactory result with an opim
schedule, the algorithm provides the results, uhclg a
graph that contrasts the final generation energj Wie
final consumption energy management. In additictabde
with the data for each day is displayed.

3. Validation

The validation process of the proposed approacthbas
conducted using the MATLAB R2021a software, witk th
various modules of the algorithm designed to operat
within this environment. The first module calcukatthe
electric generation of the photovoltaic system by
processing historical irradiance data. Subsequerdly
consumption profile is constructed based on the dfs
appliances provided by the user. With the dataegath

from these steps, the developed algorithm perfaimes
processing to derive an optimized consumption saleed

The algorithm also provides the results of two
parameters: self-sufficiency ratio and self-constiomp
ratio.

The electrical self-sufficiency ratio (1) indicatdke
percentage of electrical consumption provided by
photovoltaic installations. This parameter not only
guantifies the photovoltaic installation’s contritoun to
energy consumption, but also serves as an inddheof
restriction on energy derived from the electricaidg
Consequently, it mirrors the potential for economic
savings. In a scenario of complete self-sufficiency
(100%), the consumer is exempt from the variable
component of the electricity bill, indicating maxim
cost efficiency.

Local P.Consum.
Local P.Consum.+Grid P.

self sufficiency(%) = 100 - Q)
Self-consumption (2) indicates the percentage of
photovoltaic production that is consumed on-sitbe T
ratio is at its peak (100%) when all the productien
consumed. A low ratio value could be due to inatdrre
installation sizing (excessive production for théseng
consumption) or consumption deviating from produrti
times. This has different economic implications
depending on what is done with the surplus eldttritn
this case, since no batteries are used, this sugiargy

is not considered. The aim of this work is to ceeah
algorithm that maximizes this ratio by reducingpdus
energy.

Local P.Consum.

self consumption(%) = 100 -

)

Finally, the algorithm simulates the results usitg
calculated data, enabling user to visualize themtal
impact of distinct strategies. This feature posgiche
algorithm as a potent tool for energy management,
offering users tangible and comprehensible results.

Local P.Consum.+Surplus gen.

The versatility of the algorithm has been testetbss
various scenarios by varying data inputs and distin
parameters. For the lack of simplicity, the constiomp
items, represented by household consumption devices
have been maintained constant as a reference. The
fluctuating factors in these situations relate fwe t
generation curve, particularly the weather condgiand

the length of daylight hours. Distinct measuremérage
been conducted corresponding to distinct time dmrat

In each of these cases, the algorithm accounted for
varying weather conditions, thereby demonstratitey i
adaptability and robustness in diverse environments

The performed simulationw shown that the algoritism
effective and adaptable but also user-friendly, inak a
promising solution for managing energy consumption
and generation in households.

Results



| Self-sufficiency ratio: 94.2969%

This section includes the results and the simulagi@phs
of four of the studied cases in Matlab.
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Table Ill. —Case C results: 14h and maximum powe3 kW
Table I. — Case A result8h and maximum power o kW
DEVICE POWER| LENGTH | POSITION | ENERGY
DEVICE POWER[ LENGTH | POSITION | ENERGY Laptop 200 W 2 05:00 400
Lapiop 200 W > 08:0C 200 Dryer 1800 W 2 09:42 3600
Dryer 1800 W 2 08:5 3600 PC 800 W 4 10:00 3200
Washingm. | 1800 W ; 123t 5400 Solution obtained
Solution obtained Number of iterations: 180
Number of iterations: 287 Self-consumption ratio: 50.44%3
Self-consumption ratio: 82.0183% Self-sufficiency ratio: 95.4408%
Self-sufficiency ratio: 88.6684%
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Fig. 5. Case B results: 10h and maximum power kW .
Table IV. — Case D results: A4andmaximum power of 1.8 kW

Table Il. —Case B results: 10h and maximum power kW

DEVICE POWER| LENGTH | POSITION | ENERGY

DEVICE POWER| LENGTH | POSITION | ENERGY Laptop 200 W 2 05:00 400
Laptop 200 W 2 07:00 400 PC 800 W 4 05:16 3200
Dryer 1800 W 2 09:42 3600 Dryer' 1800 W 2 10:00 3600
PC 800 W 2 10:0C 3200 Washingm. | 1800 W 3 12:01 5400
Vacuum c. 1000 W 1 11:3( 1000 TV 300 W 4 15:00 1200
Washing m. | 1800 W 3 11:4¢ 5400 Vacuumec. | 1000 W 1 15:03 1000
v 300 W 4 13:0C 1200 Solution obtained

Solution obtained Number of |ter_at|ons:_ 355

Number of iterations: 180 Self-consu_mptlon ratio: 79.582¢

Self-consumption ratio: 69.7797% Self-sufficiency ratio: 90.3372%




The results obtained from the tests demonstrate the
attainment of valid solutions. It is important tote that

the interaction count fluctuates considerably aros
different cases. The results are subject to theifspe
attributes of each case, leading to a variable eaof
outcomes. Generally, the application yields favblea
self-consumption ratios, obtaining even better -self
sufficiency ratios.

Finally, the program has been executed relativedy ih all
the studied cases (between 1 and 3 seconds). I lmeus
remarked that the majority of the processing tiras been
used draw graphs (for example, in a case wherdotiak
execution time was 2.435 s, the algorithm’s executinly
used 0.112 s). While these results are not conveludiie to
their dependence on the specific hardware and aodtw
used, they provide a valuable benchmark for agsg$lsat
can be useful in gauging the algorithm’s efficieranyd
responsiveness.

4. Conclusion

The proposed approach fosters efficient energization,
thereby contributing to the overarching objectiVeergy
sustainability. The algorithm’s effectiveness haser
substantiated through comprehensive simulations
MATLAB, leveraging real-world data to simulate dige
scenarios of photovoltaic generation and consumptio

The algorithm offers multiple advantages. Primaritly
aids in optimizing energy consumption, facilitatirey
quicker return on investment for the installatiorhis
promotes the adoption of self-consumption solutions
empowering consumers and aiding in the reduction of
reliance on traditional energy sources. Anothenificant
advantage is the algorithm’s capacity to improvergn
management, thereby helping to extend the time that
households could be disconnected from the primary
network. In addition, the approach provides posdnid
increase the flexibility and contributes to grichlstity,
enhancing its resilience against fluctuations aatemial
disruptions.

In terms of future work, there are several prongsin
avenues for enhancing the application. One potentia
improvement could be to equip the algorithm witle th
capability to prioritize specific time slots for rtain
consumptions, thereby offering users greater cornol
customization. The inclusion of the battery in Hmalysis
would be another interesting aspect for improvement
Additionally, the development of a user-friendlydrface

or a hardware implementation, such as a mobile
application, could significantly enhance the user
experience and accessibility of the system. These
enhancements could further optimize energy consompt
scheduling and contribute to the broader goal
sustainable energy management.

of
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