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Abstract—Electricity consumption is currently an issue of great
interest for power companies that need an as much as accurate
profile for controlling the installed systems but also for designing
future expansions and alterations. Detailed monitoring has
proved to be valuable for both power companies and consumers.
Further, as smart grid technology is bound to result to
increasingly flexible rates, an accurate forecast is bound to prove
valuable in the future. In this paper, a monitoring and
forecasting system is investigated. The monitoring system was
installed in an actual building and the recordings were used to
design and evaluate the forecasting system, based on an artificial
neural network. Results show that the system can provide
detailed monitoring and also an accur ate forecast for a building’s
consumption.
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l. INTRODUCTION

The problem of electric energy consumption, and its
forecast, is an issue of growing interest. The growth in
industrial, commercial and housing sectors result in increased
electricity consumption whereas the nature of the loads has
shifted towards a nonlinear nature. However, the overal
consumption of buildings is lately recognized as an important
characteristic, now increasingly considered and implemented in
the building's calculated worth. In this situation, new
challenges surfaced. The energy efficiency of electrica and
control devicesis constantly sought to be improved [1], but the
most significant means of optimization are related to the power
network (generation, transmission, distribution) [2]. Of course,
the optimization of the network is of great interest to power
companies. Nowadays, the distribution companies need to
monitor and correct problems in energy quality for the benefit
of their users, rea-time plot the average vaues of the
programmed energy production and make adjustments
according to the demand of the day [3]. Thus, detailed
consumption monitoring systems is of great interest to power
distribution companies.

However, it has also proved to be valuable for consumers.
The energy profile of buildings is now increasingly considered
during the buildings design and the overall reduction in energy
consumption results to increased power quality [6-7]. Further,
close monitoring may be used by consumers to alter their
consumption routine and thus explait flexible rates provided by
power companies and general reduce their consumption.
Recent research has shown that the traditional periodic
measurements have been ineffective in changing users
behavior. However, detailed monitoring (and electronic
feedback) has been more efficient in that area [4]. In [5], it was
concluded that close monitoring captures the attention of the
audience, gains participation and it is credible and useful to
users. Although it is not ssimple to unfold the information, what
matters the most a this stage is that these information
motivates consumers to save energy.

In [8], a study regarding the benefits of an interactive
connection information system of energy consumption for
residential buildings was conducted. A comparison of energy
consumption before and after the installation of the system
revealed a reduction in the total consumption of electricity.
Information about the energy consumption is also very useful
for detecting abnormalities [5]. The next generation of
predictive load schemes however, will require an increased
amount of information and the ability to make an accurate
forecast will be asignificant benefit of monitoring systems.

This paper focuses on a system that is able to monitor and
forecast the electricity consumption of a building. The forecast
part is based on an Artificial Neural Network (ANN) and it
uses actual consumption data as recorded from the monitoring
system installed in an actua building. Being able to provide
accurate forecasts of future consumption is obviously a matter
of great importance for power companies. Consumers may also
benefit from such a system in the future as smart grids may
bring about flexible rates linked to overal consumption thus
making an accurate forecast rather useful.
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II.  CONSUMPTION MONITORING

Technological advances in networking, communications,
data management, and measurement technology have
combined to reduce significantly the cost of energy monitoring
systems (EMS), and to increase the capacity of these systems
and include energy quaity data. Traditiona measuring
instruments used individual analog circuits to measure and
calculate the energy parameters. A power monitoring system
can currently perform al measurements on a single chip. As
the level of integration increases, the gauge of the future will be
smaller, more capable and less expensive. In [9], a list of
intelligent building components is provided, in which power
management systems (SAE) are the most important. SAE
allows a user to control and monitor energy consumption of a
building locally or remotely. For proper operation of a SAE,
accurate energy consumption values are necessary [10].

The energy consumption data considered in this paper, were
obtained from the main substation a the Technological
University of Corregidora from January 29 to November 3,
2015. A building management system (BMS) was designed
and installed in the control room of the building, embedded on
aweb server. This BMS is based on a microcontroller module
that alows the monitoring of the building's energy
consumption in real time via the Internet (Figure 1). It should
be noted that since monetary relations are based on meter
readings, production, sale and use of these instruments are
subjected to strict regulations and specification. The three-
phase analyzer used in this system complies with ANSI/ISA
S82.01-1994. Figure 2 shows a part of monitoring data

obtained.
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Fig. 1. The BMS scheme
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Fig. 2. Measurement of energy monitoring

IIl.  FORECAST SCHEME AND RESULTS

The proposed forecasting model is based mainly on an
artificial neura network. This network was used to select the
best average of the absolute differences between measured and
estimated values, expressed as a percentage of the measured
values. The ANN implemented in this study is a multilayer
perceptron (MLP) with an input layer of 3 nodes (the inputs are
kW, Hr and day), a hidden layer with a variable number of
hidden nodes (severa networks with variable number of hidden
nodes were implemented and tested) and an output layer with
only one node (the result of the forecast).

The basic description of the algorithm is as follows:
e determine theinput and output variables

e include a set of data describing the relationship
between input-output model

e divide the data set into 2 parts. the training and
validation set (used to determine the parameters of the
ANN) and the test set (used to evaluate the model).
80% of the data is used to train the network, 10% is
used for the validation and the remaining 10% is used
for generaization.

* develop aconventional mode to train the network with
the data set

e estimate the relationship between inputs and outputs of
the neural network (i.e. definethe ANN).

These steps are repeated to find the appropriate number of
hidden nodes, using different training parameters for the
network.

The ANN was implemented in Matlab. Severa models
were evaluated for a structure of 7000 hrs. The error of the
mean absolute percentage (MAPE) was used to evaluate the
performance of the different ANNSs. The results for each tested
ANN ae shown in Table |. As shown, the 3-3-1 ANN
performed best. Figure 3 shows the approximation curve. A
data analysis tool called hypothesis testing was employed to
accept or reject the found values. A threshold of 95%
confidence level has been set and an added probability factor is
considered to make sure that the results are statisticaly
significant. Figure 4 shows a screenshot from the data analysis
procedure.

e MEASURED = =ESTIMATED
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Fig. 3. Approximation curve electricity consumption
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TABLEI. COMPARISON OF THE ESTIMATED ERROR FOR DIFFERENT
MODELS OF NEURAL NETWORKS
Model R? MAPE SEP
31-1 0.9015 0.0628 0.0959
3-2-1 0.9270 0.0617 0.1788
331 0.9310 0.0537 0.0849
3-4-1 0.9264 0.0563 0.1094
351 0.9003 0.0662 0.1134
3-6-1 0.9153 0.0650 0.1073
37-1 0.9023 0.0631 0.1126
381 0.9010 0.0571 0.1094

IV. CONCLUSION

An €lectricity consumption forecast system based on an
Artificial Neural Network (ANN) is investigated in this paper.
Actual values recorded from a monitoring system installed in
the main substation of a university building were used to design
and evauate the system. Hypothesis testing was employed and
athreshold value of 95% was used to ensure that the results are
statistically significant. Severa architectures were tested and
the best results showed an estimated error (mean absolute
percentage) of 0.0537.
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Fig. 4. Dataanalysis
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