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Forecasting Turkey’s Energy Demand Using Artificial
Neural Networks: Three Scenario Applications

Yapay Sinir Aglari Yéntemiyle Tiirkiye’nin Enerji Talebi Tahmini: U¢ Senaryo Uygulamasi

Hakan HOTUNLUOGLU', Etem KARAKAYA?

ABSTRACT

Energy has become increasingly crucial for countries as we
have experienced high economic growth, increases in popula-
tion together with rapid urbanization in the globalized world.
Turkey’s energy demand has grown rapidly and is expected to
continue growing. In this context many studies have been car-
ried out to forecast energy demand in Turkey. The energy de-
mand forecasts are officially prepared by the Turkish Ministry
of Energy and Natural Resources (MENR). However, MENR fore-
casts are significantly higher when compared with realized de-
mand and the results of other academic studies. In this study,
Turkey's energy demand is forecasted by using artificial neural
network technique, a type of artificial intelligence application.
For this purpose, three different scenarios are developed. The-
se are: ‘static scenarios, where economic growth is assumed
to be stable, ‘sustainability scenarios, where energy intensiti-
es are assumed to be decreasing and finally ‘periodic-change
scenarios, where the economic growth is assumed to change
during five different time periods by 2030. Moreover, both
static and sustainability scenarios are further investigated un-
der high, medium and slow economic growth assumptions.
Periodic-change scenarios also consist of two sub-scenarios,
where energy intensities are assumed to decrease and stay the
same. All scenarios are applied to the total energy demand of
Turkey. The results of the energy demand estimations found
by our models are compared with the official estimations of
the MENR. It is concluded that the MENR estimations are sig-
nificantly higher than what we have found with our models.

Keywords: Energy demand, energy demand forecasting,
energy demand modelling.

1-INTRODUCTION

Energy has become increasingly crucial as we
have experienced high economic growth, increa-
ses in population together with rapid urbanizati-
on in the globalized world. As developing country,
Turkey’s energy demand has grown rapidly and is
expected to continue to grow. In this context many
studies has been carried out to forecast energy de-
mand in Turkey. Forecasting of demand for energy
has become important in many respects. The first is
to assess alternative mitigation policies to climate

OZET

Kiresellesen diinyada yiiksek ekonomik biiyiime, niifus artisi
ve hizli sehirlesme nedeniyle enerji tilkeler icin nemi surekli
artan bir konu haline gelmistir. Tirkiye'nin enerji talebi hizh
bir artis seyri gostermektedir ve gelecekte de bu hizli artisin
devam etmesi beklenmektedir. Bu baglamda, Tirkiyenin gel-
ecek enerji talebini tahmin etmeye calisan bircok calisma
yapilmistir.  Enerji talep tahminlerini Ulkede resmi olarak
Enerji ve Tabi Kaynaklar Bakanligi (ETKB) hazirlamaktadir.
Ancak, ETKB'nin yapmis oldugu tahminler gerceklesen ta-
lep degerleri ve diger akademik calismalarin bulgularindan
oldukca yuksek citkmaktadir. Bu calismada, Tirkiye'nin enerji
talebi yapay zeka uygulamasinin bir tiirli olan yapay sinir aglari
teknigi kullanilarak tahmin edilmistir. Bu amagla, ti¢ farkl se-
naryo gelistirilmistir. Bunlar; ekonomik blytimenin istikrarli
blytduglni varsayan ‘statik senaryo, enerji yogunluklarinin
azaldigini varsayan ‘strdrdlebilir senaryo’ ve son olarak 2030
yllina kadar ekonomik biiytimenin her bes yillik dénemde
degistigini varsayan ‘dénemsel-degisim senaryo’sudur. Bunun
yaninda, statik ve siirdiirlilebilir senaryolarytiksek, orta ve diisiik
ekonomik biylime varsayimlari altinda ayrica incelenmistir.
Dénemsel-degisim senaryosu enerji yogunluklarinin azaldigi
ve sabit kaldigi iki alt-senaryo durumunu da incelenmekte-
dir. Tim senaryolar Tirkiye'nin toplam enerji talebi tahmini
icin kullaniimistir. Modellerimizin bulgulari ETKB'nin buldugu
resmi sonuglarla karsilastirilmistir. Ortaya cikan sonuglara gore,
resmi kurum tahminleri bizim tlim senaryo bulgularimizdan
onemli derecede yiiksek cikmaktadir.

Anahtar Kelimeler: Enerji talebi, enerji talebi tahmini, enerji
talebi modelleme.

change caused by greenhouse gas emissions' resul-
ting from energy use. In order to correctly determine
greenhouse gas emissions in future, energy demand
for the same period should be forecasted as accurate
as possible. Besides, in order to evaluate economic
costs of ghg emission reduction options in realistic
way, energy demand has to be estimated. Secondly,
demand for energy increases as results of economic
growth, increases in population, rapid urbanization
and trade. Therefore, it is important to take these
changes into account to see how energy demand
will be in future.
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Thirdly, as Turkey is net energy importer it is im-
portant to calculate the cost of energy for resource
allocation and economic development (Lise and Van
Montfort, 2007; Unler, 2008). Finally, the specific fea-
ture of electricity, which is an important energy type
that cannot be stored, requires relatively accurate es-
timation of future demand for energy.

Studies on energy demand estimations in Tur-
key have multi-disciplinary structure. Basically, the
country’s energy policies must be compatible with the
global policies and objectives. Therefore, official fore-
casts of Turkey’s energy demand is executed by MENR
in coordination with SPO (State Planning Organizati-
on) which is responsible for future development plans
and macro-economic balances (Orhan, 2007:54).

The most important criticism for the results of
Model for Analysis of the Energy Demand (MAED),
which is a technology-based model and used for
forecasting Turkey’s official energy demand, is on its
assumptions. The assumptions (economic growth,
population increase ect.) used for the MAED are ge-
nerally built according to objectives of state deve-
lopment plans. Current observations, however, usu-
ally show that these assumptions, introduced as the
target, are higher than the realized ones. Therefore,
the energy demand projection results of MAED for
Turkey are always higher compared with all other
academic studies (Karakaya, 2008: 357).

2- LITERATURE REVIEW

Studies on future energy demand projections for
Turkey were carried out by both scientists and the
MENR. In terms of methodological approaches used,
these studies, except official projections (MAED) can
be grouped in two, namely econometric models and
artificial Intelligence models. The following section
reviews these studies on energy demand forecast for
Turkey under these two groupings.

- Studies Adopted Artificial Intelligence Approach

A number of studies tried to estimate Turkey's
future energy demand by using Artificial Neural Net-
works methodology, which is developed in the field
of artificial intelligence. Even though this approach
is rather recently applied on Turkish energy sector,
there are increasing number of studies focusing on
Turkish case and several aspects of the energy issu-
es are analysed. In an earlier study, Hamzagebi and
Kutay (2004) emphasized the importance of accuracy
in the demand forecasts and specific feature of the
electrical. In this study, the authors compared the
traditional econometric models with artificial neural

networks using only the electricity consumption and
population data. The study sugests that artificial ne-
ural networks can be used as a means of estimation
of energy demand. Sozen et al (2006) also have de-
veloped a model to estimate Turkey’s future energy
consumption by using the artificial neural networks..
Kavaklioglu et al (2009) have forecasted Turkey’s
electricity demand by 2025. Sozen and Arcaklioglu
(2007) have predicted Turkey’s energy demand using
three different models by the same method. Murat
and Ceylan (2006) using artificial neural networks,
have estimated Turkey's energy demand for the
transport sector by considering future developments
in GDP, population and vehicle mileage. Gorucu et al
(2004) have estimated Natural gas demand for Anka-
ra. Gorucu and Gumrah (2004) have carried out this
estimation by using multivariate regression analysis.

Genetic Algorithm, a kind of artificial intelligence,
is among the new methods being used in the energy
demand studies of Turkey. Ceylan et al (2005), Can-
yurt et al (2005) indicated that genetic algorithm
method is used to predict energy demand of Turkey.
Ceylan and Ozturk (2004) Using this method, have
forecasted Turkey’s energy demand between 2002
and 2025. Also Ozturk et al (2005) have forecasted
Turkey's eletricity energy demand from 2002 to 2025
with genetic algorithm. Haldenbilen and Ceylan
(2005) have predicted Turkey’s transport energy de-
mand by 2020 using genetic algorithm.

Toksari (2007, 2009) have used Ant Colony Opti-
mization to forecast Turkey's electricity energy de-
mand between 2007 and 2025. Ceylan et al (2008)
have used Meta-Heuristic Harmony Search Algo-
rithm using Turkey’s transport energy demand. Unler
(2008) have forecasted Turkey’s energy demand by
2025 with Particle Swarm Optimization.

- Studies Adopted Econometric Modeling Approach

Yumurtaci and Asmaz (2004) used Linear Regres-
sion analysis to estimate Turkey’s electricity energy
demand by 2050. Say and Yucel (2006), using this
method, predicted energy demand of Turkey for
2010 and 2015.

Ediger and Akar (2007) estimated Turkey's future
primary energy demand. In this study, Autoregressi-
ve Integrated Moving Average was used to estimate
energy demand for 2020. Erdogdu (2007) estimated
Turkey's electricity energy demand between 2005
and 2014. Tunc et al (2006) estimated Turkey’s elect-
ricity energy demand in 2010 and 2020 using data
which contains oil, coal, natural gas, nuclear energy,
hidro energy and renewable energy resources. In this
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study, Curve Fitting and Optimization methods were
used. Ediger and Tatlidil (2002) estimated energy de-
mand in Turkey for 2010 using Cycle Analysis met-
hod.

3- METHOD

Artificial neural networks which is used to forecast
energy demand, were inspired by the human brain
functions. Experimenting with ways of learning and
generalization can be done. This method is not linear
and gives better results compared to linear methods
(Sharda and Patil, 1992). Therefore, this method can
perform nonlinear modeling without the need for
any assumption (Kaastra and Boyd, 1996). In artificial
neural networks, input data and output data is given
to the network, so that the relationship between this
information to the network is taught through trai-
ning (Hamzacebi and Kutay, 2004).

Artificial neural networks are mathematical
systems that weighted so many processing elements
connected to each other. All the artificial neural net-
works are composed of neurons. This is the first step
in design of the neurons. The second phase is clus-
tering these neurons. Clustering process is done in
layers. In general, all artificial neural networks have
a similar structure. Some neurons are in contact with
outer space to receive inputs and to forward output.
The rest of the neurons are in hidden layers.
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Figure 1: Neural Networks Structure

Output Layer

Table 1: Scenarios Example in Literature

The next stage is training after configuration of
an artificial neural network. At this stage, the weights
are determined. In general, the initial weights are se-
lected randomly. There are two methods to training
the process. These are supervised and unsupervised
training. The supervised training method performs
estimation with input and output data. However
unsupervised training method estimates using only
input data (Yurtoglu, 2005).

Artificial neural networks are divided in terms of
direction of information flow on the network. If the
information on the network system is moving for-
ward, “feed forward”, if the network has back connec-
tions, “back propagation” is called an artificial neu-
ral network. In addition, if the information is being
obtained from instantaneous observations, so the
update process parameters are carried out in an ins-
tant, it is called the simultaneous (parallel) learning
(Piché, 1994; Efe and Kaynak, 2004).

In this study, it is used feed forward back propa-
gation neural network. In this network structure, the
information moves from input to output. However,
output is estimated by information from the inputs,
comparing the estimated output values with actual
values are determined the errors. In order to minimi-
ze these errors, it is estimated the network again and
again. Thus, this process was repeated for each loop
until the best network structure is created. In the
study, all the networks created an input layer consis-
ting of 5 neurons, forming a hidden layer and output
layer, that is composed of a single neuron. In additi-
on, all artificial neural network is formed, trained 20
thousand times.

4- SCENARIOS

In this study, Turkey’s total energy demand will
be forecasted by focusing on developments in po-

Studies Annual Growth

Scenarios GDP Population Import Export Export/import

(%) (%) (%) (%) (%)

Ceylan ve Oztiirk (2004) 1 5 0.12 5 5 -

2 4 0.18 5 5 -
Canyurt et al (2004) 1 5 0.12 5 5 -
Toksari (2009) 1 3.5 0.10 7 - 50

2 7 0.12 35 2.5 -

3. 5 0.08 35 4 -
Toksari1 (2007) 1. 6 0.17 4.5 2

2 5 0.15 5 - 45

3 4 0.18 4.5 3.5 -
Unler (2008) 1 6 0.17 45 2 -

2 5 0.15 5 2 -

3 4 0.18 4.5 3.5 -
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pulation, export, import, energy intensities and GDP
data. Past trend data sets cover 1970-2008 periods.
This forecasting exercise has three scenario struc-
tures. Each scenario structures have different as-
sumptions on GDP growth rates, energy intensities,
exports and imports. Before presenting our scenari-
os, it is useful to see the other studies’ assumptions
on similar indicators for comparison purposes. The
scenarios and assumptions adopted in literature are
shown in Table 1.

The three different scenarios developed for this
study are: ‘static scenarios, where economic growth
is assumed to be stable, ‘sustainability scenarios,
where energy intensities are assumed to be decre-

Table 2: Static Scenarios

asing and finally ‘periodic-change scenarios, where
the economic growth is assumed to change during
five different time periods by 2030.

- Static Scenarios

Static scenarios are assumed to be a steady up-
ward trend in population, exports, imports, energy
intensities and GDP. Static scenarios covers the pe-
riod between 2009 and 2030. Under this scenario
structure, the energy demand was forecasted under
three different economic growth assumptions (high,
medium and low). The assumptions on main drivers
for energy demand under this scenario are presen-
ted in Table 2;

Low Medium High
Economic Economic Economic
Growt Growth Growth
GDP (%) 3 4.5 6
Population (%) 1.2 1.2 1.2
Export (%) 3 4 5
Import (%) 2 4 6
Energy Intensities (%) Constant Constant Constant

- Sustainability Scenarios

The main feature of this scenario structure is to
assume a decrease in amount of energy used for per
unit of production by increasing efficiency in energy
use by the year 2030. In this context, the energy in-

Table 3: Sustainability Scenarios

tensity is assumed to be reduced by 30% in 2030
compared to 2008. That is, annual energy intensity
is assumed to decrease by 1.6% on average. The as-
sumptions of this scenario are shown in Table 3;

Low Economic Medium High
Growth Economic Economic
Growth Growth
GDP (%) 4.5 6
Population (%) 1.2 1.2 1.2
Export (%) 3 4 5
Import (%) 2 4 6
Energy Intensities (%) -1.6 -1.6 -1.6

- Periodic-Change Scenarios

In Periodic-change scenarios, the period betwe-
en 2009 and 2030 are divided into five sub-periods,
changes in variables of each period is differentiated.

Table 4: Periodic-Change Scenarios

Also using this scenario structure, it is created two
different sub-scenarios which are ‘Static energy in-
tensity’ and decreasing over time called as ‘sustaina-
bility’ The scenarios are shown in Table 4;

2009-2012 2013-2016 2017-2020 2021-2025 2026-2030

o= GDP (%) 2 6 5 4 3
g 2 Population (%) 1.2 1.2 1.2 1.2 1.2
S 2 Export (%) 2 5 4.5 3 2.5
g g Import (%) 1 6 45 3 2
g = Energy Stable Stable Stable Stable Stable

Intensities (%)
> GDP (%) 2 6 5 4 3
£  Ppopulation (%) 1.2 1.2 12 1.2 12
®  Export(%) 2 5 45 3 25
§ _Import (%) 1 6 45 3 2
3 Energy -1.5 -3.5 -3.5 Stable Stable
v Intensities (%)

20
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These scenarios are assumed that have the same
growth rates in GDP, population, exports and imports
for the five different periods. Static energy intensity
scenario is assumed to be constant until 2030. In
sustainability scenario, it is assumed that energy in-
tensities are decreasing by %1.5 on average annually
between 2009 and 2012. it is then assumed to dec-
rease by % 3.5 on average between 2013 and 2020.
In the following periods, however, it is assumed to
be constant.

5- RESULTS OF THE MODEL

Generated under these scenarios, future energy
demand of Turkey using artificial neural networks
will be forecasted. The actual forecast is obtained
using a feed forward neural network, trained with
back propagation algorithm. Data from the period
1970-2008 is divided into three sections for the pur-
poses of training, validation and test. The data bet-
ween 1970 and 2000 will be used for training, bet-
ween 2001 and 2004 to validate and between 2005
and 2008 to test.

In this study, before projecting the future energy
demand, we will estimate the total energy demand
in the past years of 2006, 2007 and 2008 to test the
reliability of this method for consistency. The esti-
mated results will be compared with estimates of
MENR'’s energy demand. This will enable us to find
out to what extend our and MENR’s findings are ac-
curate. The results are presented in Figure 2. Accor-
ding to these results, the artificial neural network es-
timations found in this study are closer to the actual
past trend values. Therefore, the results show that
artificial neural networks estimates are reliable.
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Figure 2: Past Period Estimate

In this section, our future forecast results for three
seperate scenarios will be presented. The results are
also compared with the official MENR estimates for
the same period.

Static scenario estimates are shown in figure 3.
The forecasts have been carried out using three dif-
ferent growth rates. Even the highest forecast, Static-
high growth scenario, for the energy demand is ne-
arly 30 Mtoe lower compared to MENR forecasts for
the same period.
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Figure 3: Static Scenarios Forecasts

Sustainability scenario forecasts are shown in Fi-
gure 4. Artificial neural network forecasts are consis-
tently lower than the that of the MENR. Sustainability-
high economic growth forecast is closest to the
MENR forecast. In addition, the Sustainability-low
economic growth forecast is about 80 Mtoe lower
than the MENR forecast.
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Figure 4: Sustainability Scenarios Forecasts
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Periodic Change scenarios forecasts are shown
in Figure 5. The Periodic Change-sustainability, as-
suming to decrease in energy intensities, forecasts
are found to be lower than constant energy inten-
sity ones as expected. In addition, it is observed that
there is 70 Mtoe difference between our results and
MENR forecast.
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Figure 5: Periodic-Change Scenarios Forecasts

As a result, it is evident that the MENR’s energy
demand forecasts are consistently higher than fore-
casts of all scenarios found in this study.

6- CONCLUSION

Countries’ energy policies do not reflect only pre-
sent days’ energy situation, they also have to consi-
der how energy resources and use will be shaped
in the future. Because of that, energy demand fo-
recast for the future is important in many respects.
It is important for investors and energy planners to
see how much investment is required and economi-
cally sensible in energy field. Increased demand for
energy need in the future requires correct determi-
nation of the amount of energy. As the amount that
will be consumed in the future cannot be determi-
ned correctly, there would not be sufficient energy
supply, which will result in an energy deficit.

Future energy demand estimations are also im-
portant for climate change mitigation actions as
the main source of the ghg emissions is due to the
burning of fossil fuels. Another reason for reliable
energy demand forecasts is due to maintain energy

supply security at a sustainable level. In this respect,
Turkey is a net importer of energy and the amount
of resources paid to energy bill is very high. It is the-
refore important to know how much energy will be
needed and how much resources will be allocated
for this sector.

As discussed above energy projections are nee-
ded for countries. However, it is equally important
to have accurate energy demand estimations.The
most important criticism to Turkey’s official energy
demand forecasts is to use less realistic assumptions
on main macroeconomic indicators adopted in the
MAED Model. In the official model, socio-economic
data used for the future such as economic growth,
population growth are formed according to the ob-
jectives of governments’ development plan. These
objectives usually assumes high economic growth
and use of more domestic energy resources. The-
refore, the exaggerated assumptions have always
been resulted in high energy demand forecasts for
Turkey. Taking these officially estimated high energy
demand forecasts as important parameter in decisi-
on-making could mislead the investments required
in the energy field.

Because of high energy demand forecasts, high-
volume natural gas purchase agreements were sig-
ned in the past. The annual amount of natural gas
which is covered by these agreements is about 70
billion cubic meters. Moreover, these agreements
have both the “take or pay” rule as well as with the
long-term contracts (25-30 years). Therefore, Turkey
was even obliged to pay for the natural gas that
was not consumed (Pamir, 2003). Due to the esti-
mated high demand for energy, future greenhouse
gas emissions are also estimated very high. This has
resulted in great resistance in among some polciy-
makers and private sector representatives in Turkey
to take a significant action in international climate
change negotiations.

Similar to previous academic studies, this paper
has found energy demand forecasts significantly
lower than the official estimates. In the light of all
these studies, it is concluded that Turkey’s official
energy demand forecasts are overestimated. In fu-
ture energy planning and policymaking process, it
is suggested to take other methodologies and their
findings into consideration.

92



Forecasting Turkey’s Energy Demand Using Artificial Neural Networks: Three Scenario Applications

END NOTES

! According to the Kyoto Protocol, the attempted
control of greenhouse gases are the following: carbon
dioxide (CO2), methane (CH4), nitrous oxide (N20),
hydro fluorocarbons (HFCs), per fluorocarbons (PFCs),
Sculpture hexafluoride (SF6).
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