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Prediction of Electricity Load Demand in a
Mediterranean Island Environment Based on the
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Artificial Neural Networks Modeling
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Abstract-- The goal of this work is to examine the potential
for electricity load demand (ELD) hourly prediction with the
use of artificial neural networks (ANNs), based on the
Physiologically Equivalent Temperature (PET) index. The
current research work investigates the relation between the
PET index and electricity demand patterns in Mediterranean
island regions and the Aegean Sea in specific. PET is based on
the Munich Energy balance Model for Individuals, which
describes the thermal conditions of the human body in a
physiologically relevant way. Results obtained show that ANNs
give an adequate prediction of hourly electricity load demand
for Amorgos island (central Aegean Sea) at a statistical
significant level of p<0.01.
Index Terms--Artificial neural networks, electricity load
demand, Amorgos Island, Greece.

I. INTRODUCTION

U

RGENCY to achieve large-scale integration of the
variable or even stochastic power generation from
renewable energy sources (RES) calls among others for the
employment of novel solutions including energy storage,
upgrade of electricity grids and application of effective
demand side management strategies. To this end, the
problem of limited RES integration becomes even more
severe in isolated island regions, such as those encountered
in the Aegean Sea area, owed to the weak character of local
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electricity grids as well as to the technical minima of
thermal-based power stations used to cover the greatest part
of the local electricity needs. Furthermore, since industrial
activities in small and medium scale islands are extremely
limited, electricity demand in these regions is mainly
configured by the local residential sector. At the same time,
owed to the mild, Mediterranean conditions determining the
Aegean islands’ climate, the local residential sector is
usually equipped with air conditioning units that cover both
heating and cooling needs of the islanders, much influencing
in this way the local electricity demand patterns. In this
context, it may be concluded that human thermal comfort
conditions comprise a critical driver of the local electricity
demand [1]-[6].
Considering this argument, the goal of this work is to
examine the potential for electricity load demand (ELD)
hourly prediction with the application of artificial neural
networks (ANNs), using the Physiologically Equivalent
Temperature (PET) index.
II. DATA AND METHODOLOGY
Acknowledging the above, the current research work
investigates the ability of ANNs to predict ELD using past
data of the PET index in Mediterranean island regions and
the Aegean Sea in specific. The PET is based on the Munich
Energy balance Model for Individuals (MEMI), which
describes the thermal conditions of the human body in a
physiologically relevant way [6]. PET is defined as the air
temperature at which, in a typical indoor setting (without
wind and solar radiation), the heat budget of the human body
is balanced with the same core and skin temperature under
the complex outdoor conditions to be assessed [7], [8].
In order to estimate PET values, the RayMan model [9],
[10] is currently used together with hourly values of air
temperature (oC), wind speed (m/s), relative humidity (%),
and global solar irradiation (W/m2) for a representative,
medium-scale island region of the Aegean Sea, i.e. the
Amorgos Island, for one year period (2012). Detailed PET
results are then used in order to inform the development of
an electricity demand forecasting model with the use of
ANNs and the respective detailed time series of electricity
demand in Amorgos Island (see also Fig. 1).
According to Fig. 1, is obvious that during the summer
period and especially during July and August the electricity
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demand in Amorgos Island is higher, almost double, than the
rest of the year. This is due to the population increase, since
July and August are the main touristic months for Amorgos
Island as well as for the whole Aegean Sea. It is also during
the same period that electricity needs skyrocket; owed to the
increased cooling needs and the use of air conditioning units
(see also Fig. 2).

Fig. 1. Variation in hourly electricity load demand for Amorgos Island
during the year 2012.

The first layer is the input layer, one or more hidden
layers follow and the final layer is the output layer. An input
layer serves as buffer that distributes input signals to the next
layer, which is a hidden layer. Each neuron of the hidden
layer communicates with all the neurons of the next hidden
layer, if any, having in each connection a typical weight
factor. So, each unit-artificial neuron in the hidden layer
sums its input, processes it with a transfer function and
distributes the result to the output layer.
It is also possible that there are several hidden layers
connected in the same fashion. The units-artificial neurons in
the output layer compute their output in a similar manner.
Finally, the signal reaches the output layer, where the output
value from the ANN model is compared to the target value
and an error is estimated. Thus, the values of weight factors
are amended appropriately and the training cycle is repeated
until the error is acceptable, depending on the application.
Since data flow within the artificial neural network from a
layer to the next one without any return path, such kind of
ANN models are defined as feed-forward ANN models [12].
Concerning our methodology, initially the hourly values
of PET are calculated applying the RayMan model, for the
whole year 2012 using data including hourly values of air
temperature (oC), wind speed (m/s), relative humidity (%),
and global solar irradiation (W/m2) (see also Figs. 2-5).

Fig. 2. Variation in hourly ambient temperature for Amorgos Island during
the year 2012.

ANNs are a branch of artificial intelligence developed in
the 1950s aiming at imitating the biological brain
architecture. They are an approach to the description of
functioning of the human nervous system through
mathematical functions. Typical ANNs use very simple
models of neurons. These artificial neurons models retain
only very rough characteristics of biological neurons of the
human brain [11]. ANNs are parallel distributed systems
made of many interconnected nonlinear processing elements
(PEs), called artificial neurons [12].
A renewal of scientific interest has grown exponentially
since the last decade, mainly due to the availability of
appropriate hardware that has made them convenient for fast
data analysis and information processing. During the last two
decades more and more scientists around the world have
applied ANN models in many different scientific fields [13].
In this work, a special and well known kind of ANN
models, the Multi-Layer Perceptron (MLP) is applied in
order to predict, on an hourly basis, the load demand in
Amorgos Island, during the year 2012. The MLP is the most
commonly used type of ANNs [14]. Its structure consists of
PEs, which are arranged in layers, and connections.

Fig. 3. Variation in hourly wind speed at 1.1m above sea level for
Amorgos Island during the year 2012.

Fig. 4. Variation in hourly solar irradiance for Amorgos Island during the
year 2012.

Then, the year is divided into two seasons, the cold
season of the year (October-April) and the warm season of
the year (May-September). Fig. 6 presents the mean hourly
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variation of PET values vs the mean hourly ELD for both the
cold and the warm season of the year 2012. It seems that
during sunlight, the ELD and PET values have a similar
behavior for both the cold and the warm period of the year.
During the night, the ELD presents a maximum due to the
use of artificial lighting. The ELD is higher during the warm
period of the year, as it was expected, due to the great
number of tourists visiting the Amorgos Island.

training. The second subset which contains only the month
July, was totally unknown to the trained ANN1 model and
used as the testing set.
III. RESULTS AND DISCUSSION
For an effective evaluation of the predictive ability of the
developed ANN1 and ANN2 models, a number of wellknown statistical indices such as, the Mean Bias Error
(MBE), the Root Mean Square Error (RMSE), the
coefficient of determination (R2) and the Index of
Agreement (IA) were calculated [15]. Table 1 presents the
values of the aforementioned evaluation statistical indices.
TABLE I
SAMPLES OF TIMES ROMAN TYPE SIZES AND STYLES USED FOR
FORMATTING A PES TECHNICAL WORK

ANN1 (January 2012)
ANN2 (July 2012)

Fig. 5. Variation in hourly relative humidity for Amorgos Island during the
year 2012.

MBE
(kW)
+8.7
+2.1

RMSE
(kW)
61.6
106.8

R2

IA

0.901
0.915

0.972
0.977

To this end, Fig. 7 depicts the observed versus the
predicted ELD values using the prediction of ANN1 and
ANN2 models, respectively, both demonstrating quite
increased values for the resulting coefficient of
determination, exceeding in both cases 0.9.

Fig. 6. Intraday variation of ELD and PET values for Amorgos Island
during the year 2012.

Then, two separate ANNs models were developed. ANN1
was trained in order to predict the hourly values of ELD
during the cold period of the year. ANN2 was trained in
order to predict the hourly values of ELD during the warm
period of the year. In both cases, as input nodes (input layer)
the number of the month (1, 2, 3… 12), the number of the
hour (1, 2, 3 …, 24), the ELD from the three previous hours
(ELDt-3, ELDt-2, ELDt-1) and the PET value (PETt) of the thour, were used. The target value (output layer) was the
ELD of the t-hour (ELDt). Both ANN1 and ANN2 consist of
one hidden layer. For the appropriate training of ANN1, the
cold period of the year was divided into two subsets.
The first contains all the months of the cold period of the
year (training data set) except January and was used for
ANN1 training. The second subset which contains only the
month January, was totally unknown to the trained ANN1
model and was used as the testing set. Similarly, for the
appropriate training of ANN2, the warm period of the year
divided into two subsets.
The first contains all the months of the warm period of
the year (training data set) except July and used for ANN2

(a)

(b)
Fig. 7. Scatter plots of hourly observed versus predicted ELD values for
Amorgos Island during January (a) and July (b) 2012.

Accordingly, Fig. 8 shows the results for January (Fig.
8a) and for July (Fig. 8b) prediction of hourly ELD for
Amorgos Island. The blue line represents the ELD values
recorded in 2012 and the red line represents the ELD values
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that the ANN models predicted for the year 2012 in each
case.
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Fig. 8. The January (a) and the July (b) prediction of hourly ELD values
for Amorgos Island (year 2012).
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IV. CONCLUSIONS

VI. BIOGRAPHIES

According to the preliminary results obtained by the
development of the prognostic models, there is strong
evidence of high correlation between PET and the local
electricity demand in Amorgos Island, which allows for the
sufficiently reliable short-term prediction of electricity
demand. To this end, the development of appropriate signals
for the application of demand side management strategies
that also take into account the prognostic input of RES
power generation becomes possible.
Besides that, by considering also previous research
results of the authors concerning estimation of the PET
index in urban Mediterranean areas (i.e. Athens area),
differences noted in island (rural) regions are illustrated,
highlighting at the same time the critical role that human
thermal comfort conditions hold in the configuration of
electricity demand patterns in the small and medium scale
islands of the Aegean Sea.
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