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Prediction of sectoral or total energy consumption for any country is very important 
issue to plan both short and long-term energy strategies and policies. In this study, the 
historical energy consumption data of four sectors and their total from 1970 to 2015 is 
used in a class of autoregressive integrated moving average (ARIMA) models to predict 
both sectoral and total energy consumption of Turkey for the next 15 years. The 
results indicate that Turkey's sectoral and total energy consumption will be following 
an upward trend during the forecast period. Energy consumptions of industry, 
transport, residential-commercial and public service and agriculture sectors and their 
total will continue to increase at an annual average rate of 1.59 %, 4.66 %, 2.97 %, 2.46 
% and 3.93 %, respectively, in the next 15 years. 
 

Contribution/ Originality: In a large number of empirical studies, total energy consumption has been predicted 

for various countries while the empirical work related to sectoral energy consumption prediction is scarce. In 

addition, the studies that predicted the sectoral energy consumption is generally consider one sector of the 

economy. The contribution of this study is to predict energy consumptions of industry, transport, residential- 

commercial and public service and agriculture sectors and their total for Turkey from 2016 to 2030. 

 

1. INTRODUCTION 

Turkey is roughly located at the intersection point of Europe and Asia from the east to the west with Africa 

and Europe from the south to the north and has 774,815 km2 surface area (Bilgili et al., 2012). According to Turkish 

Statistical Institute (TSI), Turkey’s population regularly average annual increase of 1.8% from 34.8 million in 1970 

to 78.7 million in 2015 and increased by 126% in 45 years. The population of Turkey is estimated to be over 88 

million by 2030 (Turkish Statistical Institute, 2013). Hence, it is expected that the country’s energy needs will 

further increase in the near future. 

An increase in population, fastening economic growth and development have led sectoral energy demand to 

rise up over the centuries. Energy demand of developing countries approximately increases between 6% and 8% per 
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year (Karaaslan and Gezen, 2017). Therefore, predicting future energy needs is vital to determine and plan energy 

policies and strategies investing in various sectors to meet future energy demand.   

In the related literature, many studies used various methods to forecast future energy demand of Turkey and 

other countries at total or sectoral bases. Sözen (2009) made a future projection of energy dependency of Turkey 

using an artificial neural network (ANN) model. Hamzaçebi (2007) estimated Turkey's net electricity energy 

consumption on sectoral basis applying ANN. Dilaver and Hunt (2011) forecasted an industrial electricity demand 

for Turkey by structural time series model (STSM). Jobert and Karanfil (2007) used notion of Granger and 

instantaneous causality to find sectoral energy consumption by source and economic growth in Turkey. Sözen et al. 

(2007) forecasted sectoral energy consumption of greenhouse gas emissions in Turkey and mitigation policies using 

ANN. Dilaver and Hunt (2011) applied underlying energy demand trend (UEDT) and STSM models to forecast 

Turkish residential electricity demand. Liu et al. (2016) combined a grey neural network and input-output 

forecasting models to predict primary energy consumption of sectors of Spanish economy. Chai et al. (2016) 

analyzed energy demand of transportation sector in China using an exponential smoothing, ARIMA and multi 

regression methods. Azadeh et al. (2008) predicted electricity consumption of industrial sector in Iran by ANN. Sen 

et al. (2016) applied ARIMA for forecasting energy consumption of pig iron manufacturing in India. Yuan et al. 

(2016) compared ARIMA and Grey models for forecasting primary energy consumption of China. Li et al. (2012) 

forecasted short-term electricity consumption for Asian developing countries using an adaptive Grey-based 

approach. Ghedamsi et al. (2016) used a bottom-up model to predict energy consumption for residential buildings in 

Algeria. Pukšec et al. (2013) forecasted long-term energy demand of Croatian transport sector using EDT model. 

Cabral et al. (2017) predicted electricity consumption in Brazil by Spatial ARIMA model. Hussain et al. (2016) 

predicted electricity consumption in Pakistan via ARIMA model.  

In this study, energy consumption data of industry, transport, residential-commercial and public service, and 

agriculture sectors and their total of Turkey for 1970-2015 is utilized to predict energy consumption for the period 

of 2016-2030. The energy consumption projection of the sectors are carried out with a class of univariate ARIMA 

models. It is believed that the present study will contribute to the limited amount of research in the related 

literature on Turkey’s energy consumption in sectoral bases and will be reference to both policy planers and 

makers. The rest of the study is organized as follows. Section 2 describes data sources and empirical methodology 

used. Section 3 presents the results of the ARIMA models in predicting yearly energy consumption of sectors of the 

economy and their total for the next fifteen years and policy implications. The last section contains concluding 

remarks.  

 

2. DATA AND METHODOLOGY 

This study is based on historical data on energy consumption of industry, transport, residential-commercial 

and public service, agriculture sectors and their total for the 1970-2015 period. The data is extracted from website 

of Turkish General Directorate of Energy. The energy consumption variables are measured in ton of oil equivalent 

(toe). E-Views 9 statistical software is used to estimate a class of univariate ARIMA models. 

ARIMA models were introduced by Box and Jenkins (1970). These are the most popular class of models for 

forecasting time series and have been broadly used. ARIMA depends on autocorellation patterns in the series 

because it uses the information in the series itself to make forecast without involving independent variables (Box 

and Jenkins, 1976). 

ARIMA (p, d, q) model has three parameters: (1) order of autoregressive process (AR), (2) the order of 

difference to make non-stationary series stationary (I), and (3) the order of moving average process (MA), 

represented respectively by ―p‖, ―d‖ and ―q‖. 

 The equation of the generalized univariate ARIMA model is 

Yt  =   μ + α1 Yt-1 +…+ α p Yt-p - θ1et-1 -…- θqet-q                              (1) 
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where the differenced time series value is Yt, unknown parameters are α and θ, and  independent identically 

distributed error terms are e. p is the number of autoregressive terms (AR) and q is the number of lagged forecast 

errors (MA) in the prediction equation . 

 

3. EMPIRICAL RESULTS AND POLICY IMPLICATIONS 

As stationary is essential in ARIMA forecasting, first ADF (Augmented Dickey-Fuller) unit root test is 

realized with and without a time trend variable. If unit root is found, it means that time series are non-stationary, 

using non-stationary series will result in spurious regression. ADF test results are given in Table 1. The results 

indicate that stationary situation is obtained in the first differences of all energy consumption variables. Therefore, 

first differences of the variables are included as dependent variable in each univariate ARIMA model, meaning that 

process I of the ARIMA models are determined as (1). Then, all the univariate ARIMA models are estimated in the 

following form: 

Yt – Yt-1  =   μ + α1 Yt-1 +…+ α p Yt-p - θ1et-1 -…- θqet-q                             (2) 

where, Yt – Yt-1, is the first difference of energy consumption variable, namely an industry, transport, 

residential-commercial and public service, agriculture sectors and their total, unknown parameters are α and θ and 

independent identically distributed error terms with zero mean are e. 

 
Table-1. The ADF Unit Root Test Results 

Variables   Level First Difference 

Industry  
 

wc 
wct 

-1.73 
-2.14    

-7.36* 
-7.62* 

Transport 
 

wc 
wct 

-0.58 
-2.89 

-5.81* 
-5.73* 

Residential, Commercial and Public Service wc 
wct 

-2.02  
-1.82 

-3.06** 
-3.22*** 

Agriculture 
 

wc 
wct 

-2.14 
-1.75 

-6.53* 
-6.66* 

Total Energy  
 

wc 
wct 

-2.04 
-2.74 

-6.85* 
-7.27* 

Notes: *, **, and *** indicate significant at 1%, 5%, and 10%, respectively. wc and wct are the test statistics for a unit root with a constant 
and with constant and trend. ADF lag lengths are selected based on Schwartz information criteria (SIC). 

  

The order of the models parameters and thus the best fitted ARIMA models are selected based on 

Akaike information criterion (AIC). Figure 1 and Table 2 indicate that the ARIMA (1, 1, 1), ARIMA (0, 1, 

0), ARIMA (0, 1, 0), ARIMA (1, 1, 2) and ARIMA (0, 1, 0)  models give the smallest AIC for, an industry, 

transport, residential-commercial and public service, agriculture sectors and their total, respectively. 
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Figure-1. Model Selection Criteria Tables: (a) industry, (b) transport, (c) residential-commercial and public service, (d) agriculture, and (e) 

sectors total. 
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Table-2. Evaluation of Various ARIMA Models Based on AIC 

Dependent Variable ARIMA (p, d, q) AIC 

Industry ARIMA (1, 1, 1) 17.55 
Transport ARIMA (0, 1, 0) -2.44 
Residential, Commercial and Public Service ARIMA (0, 1, 0) -3.22 
Agriculture ARIMA (1, 1, 2) 13.78 
Sectors Total ARIMA (0, 1, 0) -3.11 

 

 

According to the study results, the energy consumptions of all the sectors are expected to increase by the end 

of 2030. Figure 2 (a) and Table 3 indicate that there is an ascending energy consumption of industry in Turkey with 

respect to forecasted industrial energy consumption values. The energy consumption of industry will continue to 

increase at an annual average rate of 1.59 % and will reach to 41 million toe in 2030 with 26.7 % increase from its 

value in 2015.  

The energy consumption forecast in transport sector is presented in Figure 2 (b) and Table 3.  It is expected 

that energy consumption of transport sector will rise 4.66 % on average in the next 15 years and will be over 49 

million toe in 2030 with 98 % increase from its value in 2015. In the case of residential-commercial and public 

service sector’s energy consumption, obtained results show that energy consumption will be over 50 million toe in 

2030 (Figure 2 (c)) with an increase of 2.97 % at an annual average rate (Table 3). Its value in 2030 increases 55 % 

regarding its 2015 level.  

 

 
Figure-2. Forecasted and actual values of energy consumption (toe) for sectors in Turkey:   (a) industry, (b) transport, (c) residential-commercial 

and public service, (d) agriculture, (e) sectors’ total energy consumption. 
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The energy consumption of agriculture sector will increase at the annual average rate of 2.46 % in the next 15 

years and its value will be over 5 million toe in 2030 with 43.9 % increase with respect to its value in 2015 as shown 

in Figure 2 (d) and Table 3. According to the forecasted total energy consumption of all sectors, it is expected to 

ascend at the annual average rate of 3.93 % and will be over 166 million toe in 2030 with 78.3 % increase from its 

2015 level (Figure 2 (e) and Table 3).  

 
Table-3. Forecasted Sectoral Energy Consumption for Turkey (toe) 

Year Industry Transport 
Residential-Commercial and 
Public Service Agriculture Sectors’ Total 

2016 32,599,424 26,098,590 33,289,681 4,169,712 97,216,398 
2017 33,005,255 27,315,354 34,278,910 4,415,435 101,038,370 
2018 33,504,651 28,588,845 35,297,534 4,558,161 105,010,599 
2019 34,060,746 29,921,708 36,346,428 4,665,785 109,138,993 

2020 34,651,198 31,316,713 37,426,490 4,761,447 113,429,690 
2021 35,262,470 32,776,754 38,538,647 4,853,033 117,889,072 
2022 35,886,358 34,304,866 39,683,853 4,943,230 122,523,771 
2023 36,517,890 35,904,221 40,863,089 5,032,953 127,340,679 
2024 37,154,055 37,578,141 42,077,367 5,122,514 132,346,958 
2025 37,793,027 39,330,102 43,327,729 5,212,021 137,550,055 
2026 38,433,701 41,163,742 44,615,246 5,301,509 142,957,707 
2027 39,075,405 43,082,870 45,941,022 5,390,990 148,577,956 
2028 39,717,733 45,091,472 47,306,195 5,480,470 154,419,159 
2029 40,360,441 47,193,718 48,711,936 5,569,949 160,490,004 
2030 41,003,377 49,393,974 50,159,449 5,659,427 166,799,518 

      
 

 

 The prediction results imply that the energy policies of Turkey need continuously evolve to meet rising 

energy demand of its sectors. As a part of Vision 2023, the government set up number of action plans, energy 

targets for 2023, and strategies on renewable energy and energy efficiency to meet the country’s environmental 

goals and to ease rising import dependence. The energy goals to 2023 consist of fostering domestic energy sources, 

such as a 30% share of renewable energy in the electricity mix, decreasing energy intensity by 20% below 2010 

levels by improving efficiency, and building three nuclear power plants (International Energy Agency (IEA), 2016). 

Regarding renewable energy sources, Turkey has a great potential of hydro, solar, geothermal, and wind 

power. In 2015, the share of renewable energy among all energy consumption in Turkey reached to the highest 

point with 5.4%. Therefore, the government needs to evaluate more renewable energy sources to reduce country’s 

external energy dependency. In this context, the government should set clear and long-term targets for subsectors 

in order to use of renewable energy sources up to 2023 and 2030, which will provide visibility for investors (IEA, 

2016).  

 Turkey has a considerable potential to save energy in sectoral base but this potential is not determined since 

monitoring and evaluation have not been done. Therefore, collection of data on energy efficiency and reporting is 

very important in this context. Energy efficiency seems a main policy to follow up to boost economic productivity 

and energy security. The government should adopt a policy of setting upper limit on energy consumption to make 

investment, similar the policies pursued in China. Turkey had significant development in setting up the legal 

framework on energy efficiency in energy labelling and buildings. The institutional and governance structure of 

energy efficiency policies should be strengthened. For instance, as in other International Energy Agency member 

countries, Energy Efficiency National Agency with a clear view to reinforcing and enabling efforts in this policy 

plan across sectors of the economy. Furthermore, the government should adopt the National Energy Efficiency 

Action Plan to set quantitative productivity targets for the sectors and evaluate the progress towards to these 

targets (IEA, 2016). 
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4. CONCLUSION 

The aim of this study is to predict energy consumptions of four sectors and their total for Turkey from 2016 to 

2030. The historical data of sectoral energy consumptions are used from 1970 to 2015 and univariate ARIMA 

models are carried out for predictions. The best fitted ARIMA models are chosen according to AIC values among 

the estimated ARIMAs. The results indicate that sectoral-based energy consumption of Turkey will ascend 

permanently. Energy needs for industry, transport, residential-commercial and public service and agriculture 

sectors and their total will continue to increase at an annual average rate of 1.59 %, 4.66 %, 2.97 %, 2.46 % and 3.93 

%, respectively in the next 15 years. 

The predicted results present a guide for Turkey to determine energy strategy, policy and planning in the next 

15 years. Turkey’s energy strategy should be as follows; to ascend the ratio of renewable energy by allocating more 

resources to research and development on energy technologies on drilling, battery, sun panels, etc., to set long-term 

targets for subsectors of the economy in order to use of renewable energy sources, to reinforce governance 

structure of energy efficiency, to set quantitative productivity targets for the sectors of the economy and evaluate 

the progress towards the determined targets.  
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