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ABSTRACT

RESIDENTIAL ENERGY EFFICIENCY: TURKISH CASE

Kartal, Aysun
M.S., Department of Economics
Supervisor: Assoc. Prof. Dr. Serap Tiiriit Asik
Co-advisor: Prof. Dr. Elif Akbostanc1 Ozkazang

July 2019, 121 pages

This study aims to analyze residential electricity demand of Turkey between 2008 and
2015, provide relative efficiency scores of provinces in electricity use and reveal the
determinants of (in)efficiency through stochastic frontier approach. Empirical results
indicate that having higher income, inhabiting in densely populated provinces and
living at detached houses result in increasing electricity consumption at the residential
sector. On the other hand, as household size increases, electricity consumption per
capita decreases. The findings also point out that Turkish households do not use
electricity for the purpose of heating and cooling in general. Nonetheless, prosperous
provinces use electricity for cooling at high temperatures. Based on the estimated
efficiency scores, 8-year mean energy efficiency of Turkey is found to be
approximately 0.83. This suggests that on average Turkey could have used 17% less
electricity to produce the same amount of energy services between 2008 and 2015. In
other words, Turkish households have an average electricity saving potential of 17%
in the study period. The results of the inefficiency effects equation suggest that being
well-educated of women and being married have a positive impact on improving
residential efficiency. On the other hand, provinces located in the coastal area and those

with higher loss-illegal electricity use rates are more inefficient in electricity use.



Furthermore, the findings of the study imply that inefficient use of electricity at the
residential sector has not declined over time. This can be evaluated such that the
efficiency policies implemented by the authorities after 2007 did not have a significant
impact on improving efficiency in residential electricity use. Since our study is the first
one that analyzes electricity consumption and efficiency at the provincial level based
on frontier analysis, it can shed light on the consecutive studies of regional

development and energy efficiency.

Keywords: Residential, Efficiency in Electricity Use, Stochastic Frontier Analysis,

Turkey
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KONUTTA ENERJi ETKINLIGi: TURKIYE ORNEGI
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Tez Yoneticisi: Dog. Dr. Serap Tiiriit Asik
Ortak Tez Yoneticisi: Prof. Dr. Elif Akbostanc1 Ozkazang

Temmuz 2019, 121 sayfa

Bu calismada, stokastik sinir analizi yontemi ile Tirkiye konut sektoriine iliskin
elektrik talebinin 2008-2015 yillart i¢in analiz edilmesi, illerin konutta elektrik
tiketimlerine iliskin etkinlik diizeylerinin belirlenmesi ve bu etkinlik diizeylerinin
isaret ettigi etkinsizligin nedenlerinin ortaya koyulmasi hedeflenmistir. Ampirik
sonuglar, gelir diizeyi ile niifus yogunlugu artisinin ve miistakil konutlarda yagamanin
elektrik tiiketimi artisina neden oldugunu gostermektedir. Ote yandan, hanehalki
biiyiikliigii arttik¢a konutta kisi basina elektrik tiiketimi azalmaktadir. Sonuglar, genel
olarak Tiirkiye’de 1sinma ve sogutma amaci ile konutlarda elektrik kullaniimadigini
gosterse de, gelir diizeyi yliksek illerin sogutma amagl elektrik tiiketimine yonelmekte
oldugu goriilmektedir. Tahmin edilen etkinlik rakamlarina gore, iilkenin 8 yillik
etkinlik ortalamasi yaklasik 0,83°tiir. Bu rakam, 2008-2015 doéneminde Tiirkiye’de
konutlarda ayni ¢iktiy1 elde edebilmek i¢in %17 daha az elektrik kullanilabilecegini
gostermektedir. Bir bagka deyisle, s6z konusu zaman araliginda hanehalklari, elektrik
tiiketiminde yaklasik %17 diizeyinde bir tasarruf potansiyeline sahiptir. Diger taraftan,
etkinsizligin nedenlerini de agiklamayr amaglayan ¢alisma sonuglarina gore,
kadinlarin egitim diizeyi ile evli ¢ift sayisinin artmasi bir ilde elektrik tiikketiminde
etkinligin artmasina katki saglamaktadir. Ote yandan, deniz kiyisinda konumlanmis

iller ile kayip-kagak elektrik tiiketiminin fazla oldugu illerde elektrik kullaniminin
Vi



daha etkinsiz oldugu sonucuna varilmigtir. Ayrica, illerin konutta etkinsiz elektrik
kullanimlarinda zamanla bir iyilesmenin olmadig1 goriilmektedir. Bu durum, ozellikle
2007 sonrasinda birgok sektor i¢in benimsenen etkinlik politikalarinin, konutta
istenilen sonuca ulasamadigina isaret etmektedir. Bu ¢aligsma, il bazinda sinir analizi
yontemi ile konutta elektrik tiiketimini ve etkinligini inceleyen ilk calisma olmasi
yoniiyle, bundan sonra yapilacak bolgesel gelisme ve enerji etkinligi ¢aligmalarina 1s1k

tutabilecek niteliktedir.

Anahtar Kelimeler: Konut, Elektrik Kullaniminda Etkinlik, Stokastik Sinir Analizi,

Tiirkiye
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CHAPTER 1

INTRODUCTION

Electricity is undoubtedly one of the greatest innovations of humankind. It has now
become a part of our daily life and a life without electricity cannot be imagined. Even
a blackout that will be experienced for a few hours can impair many activities at
different sectors and has social and economic costs beyond imagination. Thus,
abundant and uninterrupted supply of electricity has a vital importance especially for

those countries aiming sustainable economic and social growth.

According to International Energy Agency (IEA, 2019), global electricity demand rose
by 4% in 2018 compared to 2017. This increase in electricity demand was nearly twice
as fast as total energy demand, and it was the fastest pace since 2010. IEA also states
that 45% of global electricity demand in 2018 was met by renewables and nuclear
power. On the other hand, coal and gas-fired power plants contributed extensively to
electricity generation. The share of coal and gas fired power plants in global electricity
generation in 2018 are 38% and 23%, respectively, and emissions from the power
generation constitutes 38% of total energy-related CO2 emissions. At this point,
satisfying increasing electricity demand by existing scarce resources without

contradicting greenhouse gas emissions targets poses a great challenge.

Electricity consumption in Turkey also has an increasing trend over time. Parallel to
its economic growth, industrialization and increasing population, Turkey’s electricity
consumption has increased dramatically over time. According to Turkish Statistical
Institute (TurkStat) data, total electricity consumption in 2017 has increased by 60%
since 2007. In electricity generation, natural gas and coal have received the highest
shares in 2017 with 37% and 33%, respectively. On the other hand, in the same year



industrial and residual sectors have contributed to electricity consumption by 47% and

22%, respectively.

While dealing with increasing electricity demand, Turkey also has to struggle with
serious problems related to the supply side. One of these problems is that being the
main source of electricity production, there is a high level of foreign dependence in
natural gas amounting to 99% in 2017 (Energy Market Regulatory Authority [EMRA],
2018b). Moreover, most of the natural gas has been supplied from certain countries for
years. Turkey’s dependency on these countries is a great threat for security of supply

considering a possibility of a diplomatic crisis that might undergo.

Other than foreign dependence in natural gas, increasing greenhouse gas emissions
related to energy sector is another challenge for Turkey. TurkStat (2019) reveals that
the overall greenhouse gas emissions as CO2-eq for Turkey in 2017 are 526.3 million
tonnes and energy sector has the largest share of emissions with 72.2%. In per capita
terms, CO2-eq emissions grew from 4 tonnes in 1990 to 6.6 tonnes in 2017.
Furthermore, total greenhouse gas emissions as COz-eq have increased by 140.1%
from 1990 to 2017. This striking increase in greenhouse gas emissions forces Turkey
to revise its energy policies. For the solution of this problem, renewable energy sources
may be the first option that comes to mind. Nonetheless, electricity production from
these resources is heavily dependent on climate conditions, which affects abundant

and uninterrupted supply of electricity adversely.

Although the conventional definition of energy efficiency is to use less energy in order
to provide the same service, it could offer to countries more than this. The efficiency
policies adopted by countries play an important role in sustaining economic growth,
reducing emissions and ensuring energy supply of security in the easiest and cheapest
way. Molina (2014), by analyzing costs and cost effectiveness of energy efficiency
programs for the USA over the period 2009-2012, concludes that energy efficiency is
the lowest-cost resource compared to different electricity generation options such as
building a new power plant. Furthermore, according to IEA (n.d.) the world would use

2



12% more energy in 2016 if energy efficiency improvements had not been realized
since 2000. This amount of savings corresponds to the total energy requirement of the

European Union.

Similar to other countries, Turkey has also taken important steps in promoting energy
efficiency in the recent years. Having considerably high energy consumption per capita
and energy intensity, Turkey initiated energy efficiency measures mainly by the
enactment of Energy Efficiency Law No. 5627 in 2007. Since then, many other
legislations have succeeded this law, in which important goals like encouraging
efficiency in different sectors such as industry, transportation etc. are set. Other than
these sectors, certain regulations targeting directly energy efficiency at dwellings have
also been introduced. Therefore, energy efficiency has been crucial from the policy

perspective in Turkey.

According to TurkStat (2018), the number of the households has exceeded 22 million
in 2017, and the share of residential sector in total electricity use has reached roughly
22%. It means that nearly one fourth of total electricity production is consumed at
dwellings. Therefore, it is crucial to analyze consumption patterns of residential sector,
which is one of the main electricity consuming sectors, and determine reasons for
inefficient electricity use at dwellings. Moreover, revealing the impact of present
energy efficiency policies on household electricity consumption will be essential for

future policies.

Considering the scarcity of the available studies focusing on efficiency in residential
electricity use, the novelty of our study is that we analyze residential energy efficiency
and its determinants at the provincial level for Turkey by using a parametric frontier
method i.e., Stochastic Frontier Analysis (SFA). One of the objectives of our study is
to contribute to the literature by estimating residential electricity demand function of
Turkey between 2008-2015 by using the variables reflecting household and dwelling
characteristics besides the standard energy demand variables such as income,
electricity price and climate. We focus only on electricity as an energy source and

3
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particularly 2008-2015 period due to data availability. On the other hand, another aim
is to provide relative electricity efficiency scores of provinces in Turkey and reveal the
determinants of (in)efficiency. Following the inefficiency effects model proposed by
Battese and Coelli (1995), we estimate both residential electricity demand and
inefficiency effects equations simultaneously. After obtaining efficiency scores, we
categorize provinces into certain groups according to their efficiency levels, and
discuss the reasons for being (in)efficient.

The rest of the study is organized as follows. Chapter 2 presents Turkey’s electricity
outlook by focusing on the trends on electricity consumption and production. After
discussing energy related problems it struggles, main legislations on energy efficiency

in Turkey are introduced historically.

Chapter 3 reviews the studies measuring efficiency in primary energy use and
residential energy use based on input demand functions with SFA. Furthermore, the
studies measuring efficiency in residential electricity use based on the same
methodology are discussed in detail. After concentrating on the energy efficiency

studies on Turkey, the contribution of our study is specified.

Chapter 4 concentrates on methodology. After elaborating the approaches and methods
on efficiency measurement, some prominent models based on SFA are examined in
detail. Lastly, the model proposed by Filippini and Hunt (2011) is introduced in terms

of its econometric specification and main contributions to the efficiency literature.

Chapter 5 introduces our energy demand frontier model and the variables used in the
model, and then empirical results of the study are evaluated. The variables accounting
for residential electricity demand and affecting (in)efficiency in residential electricity

use are determined.

The final part comprises concluding remarks and some policy recommendations.



CHAPTER 2

ELECTRICITY OUTLOOK AND ENERGY EFFICIENCY POLICES
IN TURKEY

In this chapter, we will present an overview of electricity sector by concentrating on
the trends® on electricity consumption? and production in Turkey. After considering
the problems Turkey has been trying to cope with for years, main legislations on

energy efficiency will be discussed in a historical sequence.

2.1 Electricity Overview of Turkey

Parallel to its economic growth, industrialization and increasing population, Turkey’s
electricity demand has increased dramatically over time. According to the TurkStat
data, total electricity consumption that was equal to 155,000 GWh (Gigawatt Hour) in
2007 has reached to 249,000 GWh in 2017 with a 60% increase. After the sharp
decrease in 2009 as a result of the global financial crisis, Turkey has continued to
experience rising electricity consumption per capita in line with its economic growth
as seen in Figure 2.1. Turkey’s consumption per capita has increased by 6.4% in 2017
compared to 2016, which signals to policy makers the need for implementing new

policies in the forthcoming years to satisfy increasing electricity demand.

! In accordance with the scope of our empirical study, we will focus on post-2007 period while
discussing these trends.

2 Other than Figure 2.9, all figures and interpretations on electricity consumption in this Chapter are
based on invoice-based electricity consumption.
5
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Figure 2.1 Changes in income and electricity consumption per capita over the period

2007-2017 (%)
Source: TEDC, Electricity Distribution and Consumption Statistics of Turkey, published by TurkStat

Besides this remarkable increase in consumption, Turkey’s electricity generation has
also been growing rapidly for decades. Total production that was equal to 191,000
GWh in 2007 has reached to 297,000 GWh in 2017 with a 55% increase (TurkStat).
On the other hand, the installed capacity in Turkey has developed drastically from
2007 to 2017, and it has reached 85,200 MW (Megawatt) in 2017 with a 109% increase
compared to that in 2007 (Turkish Electricity Transmission Company, n.d.-a).

As it can be observed from Figure 2.2, by the end of 2017, the share of natural gas
power plants (including liquid and natural gas power plants) in installed capacity is
32.29%, while the share of hydroelectric power plants and lignite power plants are
24.21% and 11.36%, respectively. On the other hand, the share of renewable energy
sources (including hydraulic) within installed capacity is 43.26%, whereas the share

of thermal sources is 56.74%.
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Figure 2.2 Distribution of licensed installed capacity by sources at the end of 2017
g)cﬁ)rce: EMRA (2018a)

Considering the share of energy sources used in electricity generation over the period
2007-2017 as shown in Figure 2.3, it is clear that there has been an increase in the
share of renewable energy resources and wastes in the recent years. Nonetheless,
seasonality of hydropower supply and unavailability of old coal plants affect Turkey’s
struggle of the electricity generation mix adversely. Therefore, Turkey continues to
rely mostly on the fossil fuels such as coal and natural gas in production of electricity.
Particularly, natural gas, which is the primary imported fossil fuel, is still the main
source of electricity production. Even though its share in electricity production
decreased remarkably from 2014 to 2016 as a result of rapid increase in renewable
energy sources, an increase has been observed again in 2017 as seen from Figure 2.3.

According to the report of IEA (2017), Turkey ranks the ninth and the fifth in 2015
among IEA member countries in terms of the share of the fossil fuels and natural gas
in electricity generation, respectively. Turkey occupies the third place behind New
Zealand and Italy in terms of geothermal sources in electricity production whereas it

7



ranks the seventh in relation to hydro electricity generation with a record high

production in 2015.
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Figure 2.3 Shares of energy resources in electricity generation over the period 2007-
2017 (%)
Source: TETC, Electricity Generation - Transmission Statistics of Turkey, published by TurkStat

Turkey is an import dependent country, and energy imports have an important share
in its total imports. Its energy imports comprise 15.9% of total imports in 20173. As
mentioned before, natural gas is the primary energy source in electricity production.
Nonetheless, its domestic production is very limited, and almost all of the natural gas
used in electricity production is imported. According to EMRA (2018b), only 0.64%

of total natural gas supply in 2017 was domestic, and the rest was imported from

3Retrieved on May 6, 2019 from Republic of Turkey Ministry of Trade website
https://www.ticaret.gov.tr/istatistikler/dis-ticaret-istatistikleri.
8



different countries. Furthermore, Turkey imported 51.93% of natural gas from Russia,
16.74% from Iran and 11.85% from Azerbaijan in 2017. This indicates that Turkey
imports more than 80% of its natural gas from these three countries, and its
dependency on these countries has not changed over the years as seen in Figure 2.4.
This situation may pose a great threat for security of supply. Therefore, it is another

important issue, on which policy makers should work.
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Figure 2.4 Changes in share of source countries for natural gas import over the period

2008-2017
Source: EMRA, (2018b)

Reducing its dependence on foreign resources without contradicting its greenhouse
gas emission targets is another challenge for Turkey. As seen from Figure 2.5, energy
has the largest share in greenhouse gas emissions among different sectors, and its share
is approximately 70% between 2007 and 2015. Turkey still relies on coal besides
natural gas in electricity generation and, coal, although mainly produced locally, emits
more pollutants than other non-renewable resources. At this point, Turkey aims to
increase the share of renewable energy sources, to add nuclear power to its energy mix,

to reduce its energy import dependency, to maximize use of domestic resources, and



to cope with high levels of emissions. Nonetheless, it seems still a difficult task for
Turkey to fulfill all these targets synchronously in the near future.
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Figure 2.5 Greenhouse gas emissions by sectors (%) over the period 2007- 2015
Source: TurkStat, Greenhouse Gas Emissions Statistics

High electricity loss rate has been also one of the important problems in Turkey for
years. In 2014, this rate for Turkey was 15.7%, whereas OECD countries and world
average were 6.6% and 8.7%, respectively (Turkish Electricity Transmission
Company, n.d.-b). This implies that 15.7% of electricity produced and given to the
system is lost while being transmitted and distributed due to certain technical and non-
technical reasons. Technical losses on the transmission or distribution systems can be
reduced by means of additional investments. Transmission losses are usually fixed,
and constitute a small portion of all losses in Turkey, which was 2.09% in 2017
(EMRA, 2018a). On the other hand, distribution loss especially due to illegal

10



electricity use is still a crucial problem. Illegal electricity use can be in different forms.
Adjusting the electric meter to make electricity use look like less than the real use or
installing a line from the power source to the necessary point for by-passing the electric
meter are common examples of illegal electricity use (Onat, 2010). Illegal electricity
use makes electricity production costly since it affects the distribution quality of
electricity and prevents supply of uninterrupted electricity to subscribers. The
privatization process of the Turkish electricity distribution completed in 2013, has
aimed to avoid distribution losses in electricity system. EMRA has set loss targets for
every distribution region since 2011. Besides these targets, some sanctions have started
to be imposed on distribution companies that cannot achieve targeted values for their
regions. Even though all these policies have been effective in decreasing technical
losses by means of new investments at many distribution regions, illegal electricity use
has not declined as targeted, especially in the eastern part of Turkey. Loss-illegal use
rate in 2017 was realized as 64.82% in Dicle and 53.3% in Vangélii Regions* where
overall rate was 12.6% for Turkey (EMRA, 2018a). In addition to being a threat to
electricity power system, illegal electricity use puts also an economic burden on
consumers living in the regions with low rates of loss-illegal use since EMRA applies
the same electricity prices to all provinces, and the cost of lost electricity is reflected
to the consumers who pay their electricity bills regularly (Onat, 2018).

As mentioned before, total electricity consumption has increased by 60% from 2007
to 2017. When distribution of net electricity consumption in Figure 2.6 is taken
account, the industrial sector stands out as the largest final consumer of electricity. On
the other hand, the residential sector with a consumption share of nearly one fourth of
total electricity production in Turkey has also an important role. This is roughly similar
to the residential sector’s share in EU countries, which is 25% (Aydin, 2018). Both
industrial and residential sectors together account for more than 70% of total

consumption. In Akbostanci et.al (2018), residential sector is found to be one of the

4 Dicle distribution region includes the provinces Diyarbakir, Sanlurfa, Batman, Mardin, Siirt and
Sirnak, while Vangoli distribution region consists of the provinces Bitlis, Hakkari, Mus and Van.
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highest energy intensive sectors in Turkish economy, coming second after the public
electricity and heat production sector. The study reveals that while energy intensity in
the economy declines by 50% from 2001-2012 overall, in residential sector there is a
reverse trend. In the period of 2001-2013, a 20% increase is observed in the residential

sector’s energy intensity.
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Figure 2.6 Distribution of net electricity consumption by sectors over the period 2007-

2017 (%)
Source: TEDC, Electricity Distribution and Consumption Statistics of Turkey, published by TurkStat

According to Figure 2.7, electricity consumption per capita in Turkey increases
substantially over the period 2007-2017, and residential use contributes to the overall
consumption extensively. Furthermore, consumption per capita value for residential
sector, which was 517 kWh (Kilowatt Hour) in 2007, has increased by 30% to 671
kWh in 2017. This considerable increase in residential electricity use may be attributed
to income growth, urbanization, and the changes in technology and consumption

trends.
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Rapid increase in the electrical appliances is another important factor that accounts for
this increasing trend in residential electricity consumption. Especially ownership of air
conditioners, computers, microwave ovens, dishwashers and freezers has grown
remarkably between 2002 and 2016. The findings of Aydin (2018) based on Turkish
Household Budget Survey 2016 reveal that households’ ownership of air conditioners
and freezers over the period 2002-2016, has increased from 3% to 19% and 5% to
24%, respectively. The use of these energy intensive appliances is expected to further

increase in line with economic growth and their increased affordability.
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Figure 2.7 Total and residential electricity consumption per capita over the period
2007-2017 (kWh)

Source: TEDC, Electricity Distribution and Consumption Statistics of Turkey, published by TurkStat

Province-based residential electricity consumption per capita values in relation to
Turkey’s average are illustrated in Figure 2.8. It is observed that, Antalya, Izmir,
Mugla, Mersin and Adana are the most electricity consuming cities, whereas Sirnak,
Hakkari, Mardin, Diyarbakir, Kars and Mus are the least electricity consuming ones

per capita.

It is important to consider that these consumptions are invoice-based, and the cities

with lower consumptions have remarkably high loss-illegal electricity use rates. To
13



illustrate, the residential electricity consumption per capita of Sirnak in 2015 is 78.6%
lower than Turkey’s average. Nonetheless, the loss-illegal use rate in this city is
already 79.1%, and this indicates that the actual consumption of Sirnak is much more
than the value stated. Hence, instead of only invoice-based consumption, considering
also amounts of loss-illegal electricity use will enable us to make more accurate

analyses and interpretations.

-52, 0 -52,0 .54.8

M residential electricity consumption (%) M loss-illegal use (%)

Figure 2.8 Invoice-based residential electricity consumption per capita in relation to

Turkey’s average and loss-illegal use in 2015 (%)
Source: TurkStat Regional Statistics on Energy, and TEDC Amounts of Loss-Illegal Electricity Use

Unlike Figure 2.8, Figure 2.9 takes into account of electricity consumption® per capita
including loss-illegal use. Accordingly, Mardin, Antalya, Hakkari, Sanlurfa and
Diyarbakir are the most electricity consuming cities while Cankir1, Kars, Kastamonu,
Kiitahya and Adiyaman are the least electricity consuming ones per capita. To
illustrate, the residential electricity consumption per capita of Hakkari in 2015 is
58.8% higher than Turkey’s average, and the loss-illegal electricity use rate in this city
is 75%.

5 For further information in obtaining consumption values, see Chapter 5 Empirical Model and Results
of this study.
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Figure 2.9 Actual residential electricity consumption per capita in relation to Turkey’s

average and loss-illegal use in 2015 (%)
Source: TurkStat Regional Statistics on Energy, and TEDC Amounts of Loss-Illegal Electricity Use

To conclude, Turkey as a developing country still heavily depends on non-renewable
resources in electricity production. However, each one of these resources has its own
deficiencies. Coal causes air pollution, whereas natural gas supply depends on the
foreign sources, which creates the problem of security of supply. One solution to these
problems may be to promote renewable resources and increase their share in total
installed capacity and electricity production. Nonetheless, renewable energy resources’
dependence mostly on climate conditions makes this solution doubtful®.

® Furthermore, increasing share of renewable energy sources in electricity generation brings along one
more important problem to the energy markets as discussed in Erbach (2017). Since renewable
resources have low or zero marginal cost, the large scale of generation from renewables results in
lower market clearing electricity prices in a competitive market®. Lower wholesale electricity prices
and the lower use of conventional electricity generation plants such as coal and gas affect the
profitability of these fuel-based plants adversely. As a result, these power plants have difficulty in
covering their fixed costs; even they are confronted with shutting down. To deal with this problem
which also endangers system security and security of electricity supply, Turkey as many European
countries has put into practice the “Capacity Mechanism” in 2018. The main beneficiaries of this
mechanism in Turkey are gas-fired and coal-fired generators. Renewable power plants that benefit
from or eligible for feed-in tariffs or benefitted from the feed-in mechanism in the past are excluded.
In the scope of this regulation, certain amount of capacity payment is made to these plants by Turkish
Electricity Transmission Company mainly to keep them in the system. However, the necessity of this
15



At this point, energy efficiency comes into stage as a means of reducing consumption
of main electricity consuming sectors, especially the residential sector, which

consumes almost a quarter of total electricity production.

2.2 Energy Efficiency Policies in Turkey

Energy is undoubtedly one of the most important inputs in every field of life. Thus,
abundant and uninterrupted supply of energy is vital to sustain a great number of
economic, social and daily activities.

It is projected that worldwide energy demand will at least double by 2050 (World
Energy Council, 2013). Considering the difficulty of meeting today’s growing energy
demand by existing scarce resources, the situation in the future seems uncertain.
Therefore, this pessimistic scenario forces countries to take urgent measures on energy
efficiency. The conventional definition of energy efficiency is to use less energy in
providing the same service. On the other hand, energy efficiency is regarded as not so
much a “hidden fuel” but could in fact be our “first fuel” (IEA, 2010).

As a consequence of rising energy prices since the 1970’s and the challenges in
promoting energy security, the concept of energy efficiency has attracted escalating
attention over time. Furthermore, global greenhouse gas emissions have increased the
significance of energy efficiency studies all over the world. Similar to the global
developments, energy efficiency in Turkey gained importance after the energy crises

in the 1970’s. After the 1980’s Turkey took important steps in promoting energy

mechanism for Turkey is a debatable issue nowadays since the cost resulted from these payments is
reflected to the electricity consumers by means of transmission tariffs. Furthermore, sustainability of
the mechanism in the long term seems to be suspicious for Turkey considering other unsuccessful
country experiences.
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efficiency by establishing certain institutions, such as Energy Efficiency Coordination
Committee (EECC)’, and by enacting laws and regulations. Particularly since 2007,
there have been quite a number of legislations on energy efficiency. The Ministry of
Energy and Natural Resources (MENR) and its General Directorate of Renewable
Energy and Energy Efficiency Coordination Board have carried out studies on energy
efficiency policies, strategies and programs by working in coordination with other
relevant institutions and organizations.

Main legislations on energy efficiency since 2007 are summarized in Figure 2.10.

Enargy
Efficlency
Law No,
5627 in
2007

Building fnergy ! | 2012 ey Tumth
Performance e - fficiancy. Developmeant
Regulation in ¥ trategy Plan covering the
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Figure 2.10 Main legislations on energy efficiency in Turkey since 2007
Source: author’s own illustration.

Turkey initiated its efforts for instigating energy efficiency measures by the enactment
of Energy Efficiency Law No. 5627 in 2007. Energy efficiency policies in Turkey are
mainly based on the legal framework of Law No. 5627. The purposes of this law are
to increase energy efficiency, prevent waste, diminish the burden of energy costs on
the economy and preserve the environment (Energy Efficiency Law, 2007). The scope
of the law is highly broad, and it proposes various regulations for the generation,
production, transmission, distribution and consumption of energy at industrial

establishments, buildings, power generation plants, transmission and distribution

7 The EECC was established in 1981 by the Prime Ministry and continued its work under the body of
MENR after 1984 (Ceylan, 2010).
17



networks and transportation. Moreover, it proposes policies on raising energy
awareness in the public and increasing use of renewable energy sources. The law
defines energy efficiency as “reducing energy consumption without causing any
decline in the living standards and service quality in buildings, and production quality
and quantity in industrial establishments” (Energy Efficiency Law, (2007), p.2).
Pursuant to the law, Energy Efficiency Coordination Board was established in the
same year to carry out energy efficiency studies within all relevant organizations all
over the country, monitor results of these studies and implement policies. Furthermore,
it is mentioned in the law that the regulations on energy requirements for buildings
about insulation characteristics, efficiency of heating and/or cooling systems and
energy consumption classification of electric motors, electrical home appliances, air-
conditioners, and light bulbs will be laid down by relevant institutions and

organizations.

In accordance with the EU law adaptation process and Energy Efficiency Law, a
regulation called “Building Energy Performance Regulation” (BEP) came into force
in 2008. This regulation is based on the TS 825 Thermal Insulation Requirements in
Buildings introduced in 2000, which is a standard under BEP at present. Within the
scope of this regulation, some performance criteria and standards on architectural,
thermal insulation, heating and cooling systems and electrical wiring issues for
buildings are determined (BEP, 2008). The buildings that do not meet these criteria
and standards are not allowed to have building licenses any more. On the other hand,
Energy Performance Certificates in order to provide information on energy expenses
and COz emissions of buildings are compulsory by BEP for new buildings starting
from January 1, 2011. Nonetheless, the deadline for existing stock (built before 2011)
has been extended from 2017 to 2020. Thus, Turkey aims to convert at least a quarter
of its 2010 building stock into sustainable buildings by installing heat insulation and

energy-efficient heating systems in all commercial and service buildings (IEA, 2017).

National Climate Change Strategy (2010-2020) and National Climate Change Action
Plan (2011-2023) were developed mainly to contribute to global efforts to reduce the
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impacts of climate change. In the scope of these plans, a set of objectives for different
sectors takes place (industrial, agricultural, transportation, buildings etc.) in line with
the basic principle of the United Nations Framework Convention on Climate Change.
Contribution to global greenhouse gas emission mitigation, adaptation to climate
change, increasing access to financial resources for mitigation and adaptation
activities, developing national research, development and innovation capacities,
increasing national preparedness and capacity, and raising public awareness are the

strategic targets proposed in Ministry of Environment and Urbanization (2011).

Electrical appliances are responsible for the most of electricity consumed at homes.
Therefore, their being efficient plays an important role in decreasing electricity
consumption. Labelling programs on electrical appliances were firstly introduced in
Turkey in 2002 parallel to EU directives and, since then mandatory labelling policies
for many products have been implemented incrementally (Aydin, 2018). Turkey has
largely adopted product efficiency standards along with the EU Eco-design Directive
in 2010. New regulations for more efficient home appliances, which would
complement and improve existing efficiency legislation Law No. 5627 and be in
accordance with the Directive, became effective in 2012. Notifications on energy
labelling on dishwashers, washing machines, refrigerators and televisions were
published. Main purpose of these notifications is to determine the obligations of
supplying information on labelling and additional product information. In the scope of
these notifications, some obligations are imposed on producers and sellers. To
illustrate, indicating energy efficiency class information of the product in their
advertisements is compulsory for both producers and sellers (Kama and Kaplan, 2013).

In 2012, Energy Efficiency Strategy Document was published. It targets to improve
energy intensity of Turkey at least by 20% in 2023 compared to 2011. Furthermore,
reducing energy intensity and energy losses in the industry and service sectors,
decreasing energy demand and carbon emissions of buildings, promoting sustainable

environment friendly buildings that use renewable energy sources, and providing
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market transformation of energy efficient products are other targets included in this

document published by Ministry of Energy and Natural Resources (2012).

In the Tenth Development Plan covering 2014-2018 period, energy efficiency
improvement program is discussed, and some important goals like encouraging energy
efficiency in different sectors such as industry, dwellings and transportation are set. In
line with 2023 targets, the plan focuses on supplying uninterrupted, qualified, secure,
minimum cost energy to the end-user and providing resource diversification in the
energy supply. The main target on energy as part of the plan is to fulfill a competitive
energy system that will concentrate on the use of domestic and renewable energy
resources, realize the use of nuclear energy in the electricity production and enable the
reduction in energy intensity while considering environmental impacts of energy use

(Ministry of Development, 2014)

MENR Strategic Plan covering 2015-2019 period makes the issues of security of
supply and resource diversity, energy saving and efficiency the key focus areas. The
mission of the plan is defined as providing the highest possible contribution to national
prosperity by using the existing energy resources most efficiently and environmentally
consciously (Ministry of Energy and Natural Resources, 2015).

In 2017, National Energy Efficiency Action Plan (2017-2023) was published. As part
of this Action Plan, the policies for the sectors of buildings and services, energy,
transport, industry and technology and agriculture are developed to decrease energy
intensity. According to Ministry of Energy and Natural Resources (2018), energy
savings are expected to be 23.9 MTEP cumulatively by investing 10.9 billion USD by
2023, and primary energy consumption of Turkey is expected to decrease by 14%
between 2017 and 2023.
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CHAPTER 3

LITERATURE REVIEW ON ENERGY EFFICIENCY

Today, efficiency measurement is used in various fields such as banking, agriculture
and health care sectors. Energy is also one of the prominent sectors on which academic
and empirical studies concentrate. Recently, studies estimating efficiency of electricity
and gas distribution networks or efficiency in energy use have constituted a large part

in the field of energy economics.

In this chapter, the studies measuring energy efficiency at different levels such as
aggregate, industrial, residential etc. based on input demand functions with Stochastic
Frontier Analysis (SFA) for different countries will be introduced in brief.
Furthermore, among these studies, those concentrating on residential energy efficiency
will be discussed in more detail in terms of the variables used in the models and their
results. After introducing the energy efficiency studies on Turkey, the contribution of

our study to the literature will be specified.

3.1 Studies Measuring Efficiency in Primary Energy Use Based on Input Demand
Functions with Stochastic Frontier Analysis

The study of Filippini and Hunt (2011)® for OECD countries aroused an interest in
energy efficiency literature since it is the first study that combines input demand
function and SFA to measure efficiency in primary energy use. This new approach has
been adopted in the literature a lot.

8 In the study, which measures energy efficiency of 29 OECD countries between 1978 and 2008, Turkey
is also one of the countries whose energy efficiency is assessed. The results indicate that Turkey takes
place among the countries using energy inefficiently.
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Based on the same approach, the studies of Zaidi (2016)° for Asian countries, Kipouros
(2017) for developing countries and Adom et al. (2018) for African countries aim to
conduct cross-country estimations. On the other hand, there are also country-specific
studies such as Filippini and Hunt (2013) for the USA, Otsuka and Goto (2015) and
Otsuka (2016) for Japan, and Filippini and Zhang (2016) for China.

Other than these studies measuring energy efficiency at the aggregate level, there are
also studies focusing on industrial energy efficiency such as Lundgren et al. (2016),
Lutz et.al (2017) and Boyd and Lee (2019).

All of these studies have contributed extensively to the energy demand frontier
literature in terms of the variables included and different SFA specifications used in

the models.

3.2 Studies Measuring Efficiency in Residential Energy Use Based on Input
Demand Function with Stochastic Frontier Analysis

The number of studies analyzing energy efficiency at the residential level remains
relatively limited compared to those at the aggregate or the industrial level.

Nonetheless, they have recently started to become popular among researchers.

The study by Filippini and Hunt (2012) stands out in the literature as the first study
that applies Filippini and Hunt (2011) approach to the residential sector. It estimates
residential aggregate energy demand function for 48 states of the USA, and measures
underlying energy efficiency for each state as well as relative efficiency across the
states over the period 1995-2007.

% In the study, which measures energy efficiency of 19 Asian countries including Turkey between 1980
and 2013, Turkey is found to be among the most inefficient countries especially during the period of
2000-2013.
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After this study, residential efficiency literature has flourished rapidly by means of

many subsequent studies. Filippini et al. (2014) analyze the impact of energy
performance standards of buildings, heating systems and electrical appliances,
financial incentives and informative measures on residential energy efficiency of 27
EU countries from 1996 to 2009. The findings suggest that energy performance

standards and financial incentives are vital to improve energy efficiency.

Adetutu and Ajayi (2015) aim to model the impact of cross-country heterogeneity on
residential energy efficiency for 17 African countries between 1980 and 2011. In the
model, inefficiency effects are explained by share of renewable and alternative energy
technologies in total energy use, industrial share of value added, level of political
rights, population density, trade openness, urbanization rate and a dummy for presence
of energy subsidies. It concludes that cross-country variation in energy efficiency
levels is highly influenced by national characteristics. The results indicate that
countries with higher levels of industrialization, population density, urbanization rate
and energy subsidies are more inefficient in energy use compared to others. On the
other hand, trade openness plays an important role in increasing efficiency since
technology spills over across countries through the channel of trade flows. Moreover,
countries with higher shares of renewable and alternative sources of energy and better
institutions without bureaucratic and organizational barriers that limit energy-saving

investments are more energy efficient.

Otsuka (2018) estimates residential energy demand function of Japan’s 47 prefectures
from 1990 to 2010 and analyses the effect of certain factors on efficiency levels such
as electrification rate and population density. The empirical results point out that
increasing electrification and population density contribute significantly to the

improvement in energy efficiency.

Other than these studies focusing on aggregate energy efficiency for residential sector,
there are also certain studies concentrating on a specific type of energy, namely

electricity.
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Marin and Palma (2015) measure residential electricity efficiency for 10 EU countries
in the use of two groups of appliances, namely cooling appliances (refrigerators and
freezers) and washing appliances (dishwashers and washing machines) for the period
1995-2013. In the model, inefficiency effects are explained by domestic and foreign
technology measures derived from patent, import and domestic production
information. The study infers that development of domestic and foreign technologies
improves efficiency in use of electricity since they enable rapid diffusion of energy

efficient appliances and, therefore increase overall energy efficiency.

Weyman-Jones et al. (2015) employ a cross-sectional disaggregated dataset obtained
from an interview carried out in 2008 to measure efficiency in electricity use of
Portuguese households. Electric heating and electric water heating ownerships are
used to account for inefficiency effects. The results show that these two variables have

no impact on efficiency.

Broadstock et.al (2016) use a dataset obtained from a survey conducted in 2012 and
try to analyze electricity consumption and efficiency of Chinese households. Besides
a model assessing all households’ efficiency, three separate models are also estimated
for households living in cities, towns and villages. In all models, inefficiency effects
are explained by environmental perception, frequency of power failure, ownership of
financial assets, health status, education level of head of the household, use of other
energy resources such as firewood and access to clean water sources. The findings
suggest that energy efficiency of Chinese households is on average around 63% in
2012. This implies that they could have used 37% less electricity to produce the same
amount of energy services. Therefore, Chinese households have an important energy
saving potential. A striking result is that households living in cities with the highest
income level and having access to the best technologies are the least efficient ones,
whereas those living in villages are the most efficient. This result is attributed to
inherent tendency of people living in cities to consume more and their lack of
understanding how to use goods more efficiently. Furthermore, the study infers that

power failures and increasing education level have a negative impact on efficiency.
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Having environmental awareness does not create an improvement in efficiency. On
the other hand, poor health status and less financial assets, use of other energy sources
such as firewood and access to clean water resources have a significant effect on

increasing efficiency.

Otsuka (2017) models residential electricity demand of Japan’s 47 prefectures from
1990 to 2010 and tries to explain inefficiency effects with household size, household
floor area and ageing population ratio. The findings suggest that the increase in
household size and decrease in floor area improve households’ efficiency in electricity

use.

3.3 Energy Efficiency Studies on Turkey

Among the studies conducted on efficiency for Turkey, there is no study utilizing the
approach proposed by Filippini and Hunt (2011). The efficiency studies mostly
concentrate on country comparisons including Turkey in relation to OECD or
European countries, and commonly use Data Envelopment Analysis (DEA) rather than

SFA as the method of analysis.

Ceylan (2010) applies two different input-oriented DEA models with single output and
two outputs to assess energy efficiency of 27 EU countries and 5 non-EU countries
including Turkey for the period 1995-2007. In both models, capital, labor and research
and development expenditures are non-energy inputs, while solid fuels, crude oil,
petroleum products, natural gas, nuclear and renewable energy are energy inputs. On
the other hand, GDP is the output of the single output model, whereas GDP and
greenhouse gas emissions are the outputs of the two-output model. The results of both
models point out that Turkey’s energy efficiency performance is remarkably high
among 32 countries in almost every year. However, this is attributed to its lower use

of capital stock and industrialization rate relative to most of the developed European
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countries considering the logic of DEA. Ceylan (2010) also tries to determine the
factors affecting energy efficiency by using relative energy efficiency scores obtained
from the two-output model. As a result, increasing energy prices and rising share of
renewable energy sources rather than oil and solid fuels in total energy consumption
have a positive impact on energy efficiency of a country, whereas higher fixed capital

formation leads to more inefficiency.

Simsek (2011) conducts a cross-country study that evaluates energy efficiency of 24
OECD countries from 1995 to 2008 by applying super efficiency DEA model and the
DEA model with an undesirable output. In both models oil, coal, natural gas,
hydropower and nuclear energy are taken as energy inputs, while capital and labor are
used as non-energy inputs. GDP is the output of super efficiency model, while GDP
and greenhouse gas emissions are the outputs of the model with an undesirable output.
Findings of both models reveal that Turkey emerges as one of the most inefficient
countries except the years 1995, 2005 and 2006. However, Simsek (2011) points out
that being one of the most inefficient countries in the model with an undesirable output
does not imply that Turkey is one of the most polluting countries among OECD
countries. Although it is a heavily fossil fuel dependent country in energy use, its
greenhouse gas emissions per capita are lower than many OECD countries. On the
other hand, the main problem of Turkey as an import dependent country is that it is

not able to use even its imported energy sources efficiently in the production process.

Diizgiin (2014) applies DEA to measure energy efficiency of 15 EU countries and
Turkey over the period 2000 to 2011. Capital, labor and energy are the inputs in the
model, whereas GDP and greenhouse gas emissions are the desirable and undesirable
outputs, respectively. The study reveals that Turkey is one of the most inefficient
countries during twelve-year period. Moreover, there is a sharp fall in energy
efficiency in 2002 resulting most probably from 2001 financial crisis. Though there is
an improvement in energy efficiency of Turkey after 2007 parallel to the enaction of
Energy Efficiency Law no. 5627, its performance is unsatisfactory in general
compared to the European countries.
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Considering the results of all these studies, Turkey seems to be an energy inefficient
country, and contrary to the findings of Ceylan (2010), its performance has not
improved over time. Besides these studies focusing on energy efficiency at the
aggregate level, there are also researches dealing with industrial energy efficiency.

Yerlikaya (2004) selects 22 Turkish private manufacturing industries at three-digit
level based on International Standard Industrial Classification and estimates their
technical efficiency levels with SFA for the years 1985, 1990 and 1995. In the model
labor, capital and electricity consumption are the inputs, and real value added is the
output. The findings show that variations in real value added in 1985 and 1990 are
mainly due to inefficient use of inputs, whereas those in 1995 are explained by random
shocks. Moreover, capital is found to have a strong positive impact on real value added

of manufacturing industries.

Oniit and Soner (2007) evaluate energy efficiency of 20 medium size companies in
metallic goods industry by using input oriented DEA model. The input variables in the
model are electricity, natural gas, oil and LPG consumptions, whereas the output
variables are total sales and profits. The results reveal that majority of the companies
are inefficient, but there are also potentials to save energy for these companies. In the
study, some company-based suggestions are made in order to improve their energy

efficiency levels.

Due to lack of data availability and reliability, studies related to energy efficiency for
Turkey’s provinces are scarce. The studies of Kone and Biike (2012), Ozkara and Atak
(2015) and Ilhan (2015) are rare examples of this literature.

Kone and Biike (2012) compare the performance of 54 Turkish provinces in terms of
urban air pollution for 1990 and 2000 by using output oriented DEA model. Fossil fuel
consumption and population are the inputs in the model, whereas GDP is the desirable
output, and sulfur dioxide and particulate matter are undesirable outputs. The findings
point out that only four provinces (Bingdl, Bolu, Kocaeli and Siirt) out of 54 are
efficient in terms of producing more GDP and less emission for both years, and there

27



is a positive relationship between GDP and efficiency scores of provinces.
Furthermore, Industrial Districts such as Canakkale, Konya and Tekirdag have lower

efficiency levels compared to other developed provinces.

Ozkara and Atak (2015) investigate total-factor energy efficiency and electricity
saving potential of manufacturing industry for 26 regions of Turkey between 2003 and
2012 by setting up four different DEA models. In the models labor, capital and
electricity consumption are the inputs, while production value and CO2 emissions are
the desirable and undesirable outputs, respectively. The results suggest that Turkish
manufacturing industry has an important electricity saving potential of 39.7% during
this ten-year period. Based on favorable DEA model, the region including Istanbul,
which is economically the largest and the most industrialized region of Turkey, is
found to be the most efficient, while the region including Gaziantep, Adiyaman, Kilis
is the least efficient one. Moreover, the findings indicate that there is a U-shaped
relationship between gross value added per capita and efficiency levels of regions.

[lhan (2015) measures urban energy efficiency levels of 81 Turkish provinces for 2012
by using DEA and assesses the factors affecting efficiency. In the model population,
land area, energy consumption per capita, heating and cooling degree days are the
inputs, whereas annual income, life expectancy and CO2 emissions are the outputs.
The results reveal that average energy efficiency score of Turkey for 2012 is
approximately 0.9 which means that it could have used 10% less resources to produce
the same amount of output. Moreover, Kocaeli and Tunceli are found to be the most
efficient provinces, whereas Aksaray, Ankara, Elaz1g, Konya and Malatya are the least

efficient ones.

In relation to residential energy efficiency, Morgiil (2014) tries to determine the
patterns in electricity consumption and energy efficiency attitudes of Turkish
households based on an internet survey conducted in 2013-2014 with more than 500
participants. In the study, cross-tabulation method, which analyzes the relationship

between multiple variables quantitatively, is used and some inferences on electricity
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consumption of clustered households are made. The survey results point out that being
well informed on energy labelling, peak hour usage, smart meters®, standby
consumption'! and the efficient use of certain electrical appliances such as kettle,
electric teapot, coffee machine etc. play an important role in improving residential

efficiency in electricity use.

Aydin (2018) analyzes the impact of mandatory energy efficiency labels for household
appliances on residential energy efficiency. The study uses 2010 and 2011 Household
Expenditure Surveys conducted by TurkStat to derive the variables included in the
model. In the study “move-in” year to the house is used as a proxy for the purchase of
new appliances to replace the old ones. It is assumed that labelling regulation can affect
electricity consumption only through the purchase of new appliances and people
moving into new houses tend to purchase new appliances. In this way, it is aimed to
reveal whether labelling regulation on electrical appliances after 2002 have become
effective in reducing households’ electricity consumption or not. The results confirm
this hypothesis and suggest that the labelling regulation led to a reduction in residential
electricity demand. The households who moved into their dwellings after 2002
consume 5% less electricity between 2002 and 2010 compared to those who moved
before the regulation.

In these two studies, i.e., Morgiil (2014) and Aydin (2018), parametric or non-
parametric frontier methods such as SFA or DEA are not utilized to determine the level
of households’ energy efficiency. Morgiil (2014) makes some inferences on the
factors affecting residential electricity use based on descriptive statistics obtained from

participants’ responses, whereas Aydin (2018) mainly concentrates on the impact of

10 A smart meter is an electronic device that is used to record consumption of electric energy and gives
the information to the electricity supplier about monitoring and billing. Using a smart meter helps
households to control their consumption in addition to their billings.

11 Standby energy consumption corresponds to the energy consumed by a device when not in present
use, but plugged in to a source of power and ready to be used, i.e., leaving televisions, computers, or
other appliances open while not using.
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labelling electrical appliances on electricity consumption by using Ordinary Least
Squares (OLS) method. Thus, our study is the first one in this field since there is no
other paper analyzing residential energy efficiency of Turkey and its determinants at

the provincial level by using a frontier method.
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CHAPTER 4

METHODOLOGY

In this chapter, concepts of efficiency and productivity will be discussed, and their
differences will be explained briefly. After elaborating the approaches and methods on
efficiency measurement, some prominent models based on SFA will be examined in
detail. Lastly, the model proposed by Filippini and Hunt (2011) will be introduced in
terms of its econometric specification and main contributions to the efficiency

literature.

4.1 Efficiency vs. Productivity

Main purpose of this study is to measure efficiency in electricity use of Turkish
households by using SFA. At this point, the approach proposed by Filippini and Hunt
(2011) is our source of inspiration as for many other subsequent studies. This approach
based on microeconomic production theory is motivated by the notion of non-radial
input specific efficiency measurement introduced by Kopp (1981).

Before providing a thorough analysis of non-radial measure of energy efficiency, it is

useful to clarify some basic concepts regarding efficiency and its measurement.

Efficiency is mainly described as the ratio of observed to optimal values of inputs or
outputs. It is also described as the ability of attaining maximum output by using certain
inputs given the technology (output maximization approach) or producing a certain
amount of output from a minimum input combination (cost minimization approach).
On the other hand, productivity is the ratio of the output produced to the input used in

a production process.
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Though efficiency and productivity are generally used interchangeably in the
literature, they are not precisely the same thing since an increase in efficiency does not
always result in an increase in productivity (Coelli et.al, 2005). Indeed, efficiency can
be considered as only one of the main determinants of the productivity, and it is
unlikely for an economic agent to provide productivity without providing efficiency.
Furthermore, efficiency is mostly related to short term, whereas productivity is a long-

term phenomenon (Odyakmaz, 2009).
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Figure 4.1 Productivity, technical efficiency and scale economies
Source: Coelli et.al (2005, p.5)

Figure 4.1, which displays a production frontier (F’) with one input (x) and one output
(y), shows the amount of maximum output level that could be reached at each input
level. Efficiency (mainly technical efficiency) is measured as the ratio of maximum
output level to the observed output level given input. The firm is technically efficient
at points B and C, but inefficient at point A since it can still increase its level of output

without increasing the amount of input.

In addition to technical efficiency, Figure 4.1 illustrates also productivity and scale
economies, and the slope of the ray, i.e., y/x provides a measure of productivity. When
a firm at point A moves to technically efficient point B, the slope of ray, and so its
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productivity increases. The point C, where the ray from the origin is tangent to the
production frontier, is actually the point of the maximum possible productivity
(utilizing the scale economies). Thus, operating at any other point on the production
frontier other than C results in a lower productivity. This indicates that a firm may be
technically efficient, but it can improve its productivity by utilizing the scale

economies.

Technical efficiency is an important concept since it takes into consideration also the
ability of a production process’ transforming inputs to outputs besides amount of the
inputs (Cakmak, et.al, 2008). On the other hand, if the price information is available
under the assumption of profit maximization or cost minimization, another type of
efficiency related to the physical quantities arises, i.e., “allocative efficiency”. In
principle, allocative efficiency requires selecting the mix of inputs that produce the
given amount of output at minimum cost. The combination of the technical and
allocative efficiency provides “productive efficiency” (overall economic efficiency).
Productive efficiency is defined as the ability of a production organization to produce

a well-specified output at minimum cost (Kopp, 1981).

4.2 Efficiency Measurement

In the literature, there are two different approaches regarding the type of efficiency
measure, namely, input and output oriented efficiency measures. Input oriented
efficiency measure is mainly grounded on minimizing the amount of inputs to produce
a certain level of output. Therefore, it addresses the question of “By how much can
input quantities be reduced without changing the output produced?” (Coelli et.al,
2005). On the other hand, output oriented efficiency measure is based on maximizing
the level of output produced given the amount of input. Thus, it addresses the question
of “By how much can output quantities be expanded without altering the inputs used?”

(Coelli et.al, 2005). Our study is an example of input oriented efficiency measure since
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we aim to measure how successful the households are to produce certain amount of

energy services by using minimum amount of electricity.

After defining the concept of efficiency, another important issue arises, namely, how
to measure efficiency. There are two fundamental approaches for efficiency
measurement: radial measure proposed by Farrell (1957) and non-radial measure

proposed by Kopp (1981) based on the Farrell’s work as seen in Figure 4.2.
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Figure 4.2 Overview of measurement of efficiency

TE: Technical Efficiency, AE: Allocative Efficiency

Source: Boogen (2017, p.291)



Farrell’s efficiency measure combines both technical and allocative efficiency of
multiple factors in single indexes, so they are also called multiple-factor efficiency
measures. In this approach, efficiency of all inputs used in the production process is
assessed, and it is assumed that a proportional decrease in all inputs is realized with an
improvement in efficiency. Moreover, efficiency is measured based on input distance,
production and cost functions. Nonetheless, this approach fails to identify individual
factor efficiency, i.e., the contribution of each factor to the productive efficiency.
Furthermore, there can be situations in which efficiency of only one input is the matter
of interest. In the real world, there are often situations where some of the inputs are
fixed or quasi-fixed (Boogen, 2017). In this case, instead of Farrell’s approach, an
input-specific or single factor (or non-radial) efficiency measure introduced by Kopp
(1981) can be utilized. In this approach, different function types such as input
requirement, Shephard distance and input demand functions are used to measure

efficiency.
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Figure 4.3 Difference between radial and non-radial measure of energy efficiency
Source: Boogen (2017, p.290)

Figure 4.3 is beneficial to examine the difference between radial and non-radial
measures of energy efficiency graphically. The isoquant simply shows different

combinations of capital and energy to produce a given amount of energy services.
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Radial technical efficiency corresponds to the distance between x1 and 0x1, and it
implies that capital and energy decrease proportionally with an improvement in
efficiency. On the other hand, non-radial technical efficiency is expressed as the
distance between x1 and Px1, and it implies that energy decreases with an

improvement of efficiency where capital is fixed.

After deciding to apply radial or non-radial approach, it is also important to determine
the most appropriate method and functional form to measure efficiency. At this point,
some basic information will be provided on the differences between measurement
methods, i.e., frontier vs. non-frontier, parametric vs. non-parametric or stochastic vs.
deterministic methods, and some types of functions that are used in the literature
(Figure 4.4).

Energy Efficiency Analysis

Non-frontier Analysis Frontier Analysis

Index Decomposition

s Non-Parametric
nalysis (IDA) Parametric Analysis Analysis

Data Envelopment
Analysis (DEA)

Stochastic Frontier Analysis Deterministic Analysis
(SFA)

Input Requirement
Function

Shephard Input
Distance Function

Corrected Ordinary
Least Squares {COLS)

Input Demand
Function

Figure 4.4 Methods to measure energy efficiency
Source: Kipouros (2017, p.35)
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In the literature, there are frontier and non-frontier methods proposed to measure
energy efficiency instead of relying on the classical efficiency indicators. For example,
Energy/GDP ratio, namely, the ratio of total primary energy use to GDP is one of the
most popular aggregate monetary-based energy efficiency indicators. This ratio
mainly measures energy consumption of an economy at the most aggregate level, and
its inverse is regarded as the measure of energy efficiency. However, this indicator,
which is mostly preferred for the sake of its simplicity, cannot distinguish the changes
unrelated to efficiency. At this point, Index Decomposition Analysis (IDA) as a
bottom-up approach is one of the non-frontier methods that can be used. It aims to
create an economy-wide composite energy efficiency index that separates factors
affecting energy efficiency from non-efficiency ones (Ang, 2006)*.

Different from the non-frontier methods, a frontier analysis with parametric and non-
parametric versions focuses on the notion of determining the best frontier for energy
use and calculates energy efficiency as the difference between actual energy use and

optimal energy use predicted by a frontier (Filippini and Hunt, 2011).

In general, non-parametric approaches use production and cost functions, while in
parametric methods production, cost or input demand functions are utilized. Although
there is no consensus in the literature regarding which method to choose, and this is
still a controversial issue, the parametric and non-parametric techniques have their own

merits and demerits.

The main advantage of parametric approaches over non-parametric approaches is that
they enable the researchers to separate the inefficiency component from the statistical
noise related to measurement errors, inadvertent omission of relevant variables etc.
Contrarily, non-parametric methods evaluate any deviation from the frontier as
inefficiency and they tend to give a lower mean technical efficiency. Parametric

methods with their ability of modelling unobserved heterogeneity in the production of

12 For a more general discussion on IDA methods, see Ang (2006).
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energy services are more appealing among the researchers (Filippini and Hunt, 2015).
They also offer researchers to test some hypotheses concerning goodness of fit of the
model constructed. Compared to the parametric ones, non-parametric methods are

more sensitive to the outliers (Musa et.al, 2015).

Considering the virtues of non-parametric methods over the parametric ones, their
computations are easier and they do not have as many assumptions as their parametric
counterparts. Determining a specific functional form for the frontier is actually a
difficult task since a wrong choice may have an influence on the results. Thus, non-
parametric methods free of determining a specific functional form may be more
preferable among the researchers. Lastly, the maximum likelihood estimation, on
which parametric methods generally rely, may fail to assess the reliability of inferences
in small number of Decision Making Units (DMUSs), and it requires a large number of
observations. Nevertheless, it is essential to take into consideration that studying on
this small number DMUs may bring about inherently quite high average level of

efficiency scores for non-parametric methods (Bezat, 2009).

Parametric methods are also divided into the methods utilizing deterministic and
stochastic approaches. Forsund et.al (1980) point out that deterministic models rule
out the very real possibility that an economic agent’s performance can be influenced
by factors completely outside its control such as poor machine performance, bad
weather, input supply breakdowns as well as inefficiency. Thus, using deterministic
models may be more appropriate for controlled environments, in which it is unlikely
for economic agents to be affected differently by given factors (Silva et.al, 2018).
Moreover, these models label all these effects as “inefficiency” without considering
exogenous shocks, measurement errors and misspecification problems, which makes

it a questionable approach (Fersund et.al, 1980).

Among the non-parametric and deterministic methods, DEA is the most prominent one
and is frequently used by many researchers from different fields. This method based
on the study by Farrell (1957) was proposed by Charnes, Cooper and Rhodes (1978).
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It is a mathematical method using linear programming techniques to estimate relative
efficiencies of homogeneous DMUs. Relative efficiency is calculated as the ratio of
the total weighed output to the total weighed input. In principle, this ratio determines
how efficient a DMU is in producing a certain level of output given the amount of

input compared to similar DMUs (Mardani, 2017).

Corrected Ordinary Least Squares (COLS) proposed by Gabrielsen (1975) is the
deterministic but parametric counterpart of DEA. It is a method applied in two steps.
In the first step, OLS is used. As a result, consistent and unbiased estimates of the
slope parameters and consistent but biased estimate of the intercept parameter (B,) are
obtained. In the second step, this bias for B, is corrected by using maximum of

estimated inefficiency terms, i.e., max (&) (Kumbhakar and Lovell, 2000).

DEA and SFA are two prominent methods in the efficiency measurement. “The DEA
and SFA methods are not direct competitors but rather complements: in the tradeoff
between DEA and SFA something is sacrificed for something to be gained.”
(Kuosmanen et.al, 2015, p.193). Nonetheless, the choice between these two methods
relies on certain factors (Sarafidis, 2002). SFA can be preferred to DEA when it is
possible to specify the functional form of the frontier correctly and omitted variables
may have an influence on the results. Moreover, in SFA some statistical tests can be
used for model specification and determination of significance of the variables in the
model. Nevertheless, if there is a remarkable correlation between the regressors and if
it is difficult to determine the correct functional form of the frontier, then DEA rather

than SFA can be chosen.

The functions used in SFA to measure energy efficiency can be categorized as input
requirement functions, Shephard input distance functions and input demand frontier
functions®®. While both input requirement and Shephard input distance functions

provide information on only technical efficiency, input demand frontier functions give

13 For further information on econometric specifications of these functions, see Filippini and Hunt
(2015) and Kipouros (2017).
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information on overall efficiency, i.e., both technical and allocative efficiency.
Moreover, input demand frontier functions require information on input prices since
conditional stochastic energy demand is derived from a cost minimizing process and
costs are determined with respect to the input prices (Filippini and Hunt, 2015). On
the other hand, energy requirement and Shephard energy distance functions regressing
energy on other inputs and outputs, potentially suffer from endogeneity problem
(Kipouros, 2017). In the literature there are some studies trying to cope with this
problem such as Guan et al. (2009), in which two-step approach is adopted for the

estimation of an input requirement function when endogeneity exists.

Table 4.1 aims to summarize some prominent studies in the literature using these three
functions. It is obvious that Shephard input distance and input demand frontier

functions are used more frequently compared to the input requirement functions.

Table 4.1

Applications based on different functions to measure energy efficiency

Study
Boyd (2008)

Type of Function
Input requirement function

Topic of Study
Energy use in corn milling plants in the US

Khayyat and Heshmati (2014)

Input requirement function

Energy use in Korean industry

Lin and Wang (2014)

Input requirement function

Energy use in China’s iron and steel industry

Zhou et al. (2012)

Shephard input distance function

Energy use in OECD countries

Lin and Du (2013)

Shephard input distance function

Energy use in China

Lin and Long (2015)

Shephard input distance function

Energy use in Chinese chemical industry

Adetutu et al. (2015)

Shephard input distance function

Lin and Wang (2016)

Shephard input distance function

Energy use in Chinese commercial sector

Li et.al (2017)

Shephard input distance function

Energy use in Chinese 30 provinces

Shen and Lin (2017)

Shephard input distance function

Energy use in Chinese 30 sub-industries

Du et.al (2018)

Shephard input distance function

Energy use in Chinese 30 provinces

Homma and Hu (2018)

Shephard input distance function

Energy use in Japanese regions

Xie et.al (2018)

Shephard input distance function

Energy use in China’s transport sector

Filippini and Hunt (2011)

Input demand function

Energy use in OECD countries

Filippini and Hunt (2012)

Input demand function

Energy use in the US

Filippini et al. (2014)

Input demand function

Energy use in the EU

Marin and Palma (2015)

Input demand function

Electricity use 10 EU countries

Orea et al. (2015)

Input demand function

Energy use and rebound effect in the US

Otsuka and Goto (2015a)

Input demand function

Energy use in Japanese regional economies

Weyman-Jones et al. (2015)

Input demand function

Electricity use in Portuguese households

Broadstock et al. (2016)

Input demand function

Residential electricity use in China.

Filippini and Hunt (2016)

Input demand function

Residential energy use in the US

Filippini and Zhang (2016)

Input demand function

Energy use in Chinese provinces

Lundgren et al. (2016)

Input demand function

Energy use in 14 Swedish manufacturing sectors

Adomet. al (2018)

Input demand function

Energy use in 22 African countries

Alberini and Filippini (2018)

Input demand function

Residential energy use in the US

Source: Author’s own elaboration, based on Boogen (2017) and Kipouros (2017)
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In our study, we can specify the functional form of the residential electricity demand
frontier. Moreover, we want to apply some statistical tests for the significance of the
variables in our model. Nonetheless, it is unlikely to include all of the variables
affecting residential electricity demand into our model at the provincial level.
Therefore, considering also inadvertent omission of relevant variables case, we opt to
use SFA as the method of analysis. Moreover, we utilize an energy demand frontier
function in our analysis to avoid the endogeneity problem.

In the rest of this chapter, we will concentrate on SFA and the study of Filippini and
Hunt (2011).

4.3 Stochastic Frontier Analysis

Stochastic frontier models that have a widespread use in the efficiency literature were
independently proposed by Aigner et.al and by Meeusen and van den Broeck in 1977
for a production function specified for cross-sectional data as follows:

Inqi= x;'B + v; -u; (4.2)

where q; is the output of the i-th firm, x; is a kx1 vector containing the logarithms of
input quantities of the i-th firm, B is a vector of the unknown parameters and u; IS non-
negative random variable related to technical inefficiency that is assumed to be

distributed as half-normal.

The term v; introduced into the model is the statistical noise (symmetric random error
term) associated with inadvertent omission of relevant variables from the vector of x;
measurement, sampling and model specification errors. This term transforms the

deterministic frontier model into the stochastic one.
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A Cobb-Douglas stochastic frontier model has the following formula (Coelli et.al,

2005):

In gj= Bo+ By In x;+ vi- u;
or ;= exp(Bo+ By In x;+ v;i- u;) (4.2)
or g;=exp(Bo+ By Inx;) x exp(v;) x exp(—u;)

i

deterministic component  noise term inefficiency
\ J
|

stochastic component

where v; can take negative or positive values, v;~ iii N(0, 02) and u;~iii N’ (0, 62),

v;‘s and u;‘s are independent of each other and the explanatory variables.
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Figure 4.5 Illustration of stochastic production frontier
Source: Coelli et al. (2005, p.244)

In Figure 4.5, g, and qi show the frontier output levels produced by firms A and B,
respectively, when there are no inefficiency effects, i.e., uy =0 and ug=0. The

statistical noise term v; can take negative or positive values. Thus, the frontier output
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value qy for firm A lies above the deterministic frontier if v,>0, while frontier output

value qg for firm B lies below the deterministic frontier if vg<O.

On the other hand, the observed output q, and qg lies below the deterministic frontier
if there are inefficiency effects and the overall sum of the noise and inefficiency effects
IS negative, i.e., vp- ua<0 and vg-ug<0. In Figure 4.5, it is possible to observe the
contribution of inefficiency effect and noise term to the deviation from the estimated
frontier for both firms. To illustrate, the reason for deviating estimated frontier output
for firm A is mostly due to inefficiency effects rather than the noise.

Determining the most appropriate method for predicting efficiency is also an important

Issue considering certain assumptions such as:

* v;~N (0, 67 ) with zero mean, homoscedastic variance and E (v;v;)=0 for all
i#
e E (uf) =constant and E (u;u;) = 0 for all i#.

While these properties of the noise term v; are the same with those in the classical
regression model, this is not the case for the inefficiency term u; with non-zero mean
(u; = 0). Since the composite error term g; = v;- u; IS asymmetric, i.e., E (g) < 0, it
IS not possible to estimate the inefficiency term u; by OLS (Cakmak et.al, 2008).
Moreover, using OLS provides consistent estimators for the slope coefficients but
downward biased estimator for the intercept coefficient. Thus, OLS is not a suitable

method for computing (in)efficiency (Coelli et.al, 2005).

Kumbhakar and Lovell (2000) state that even if this bias in the OLS method is
corrected, it is not possible to obtain the inefficiency term, since OLS method can only
give information about the existence of the inefficiency. On the other hand, with its
many large sample properties Maximum Likelihood Estimation (MLE) is
asymptotically more efficient than OLS and COLS (Coelli et.al, 2005). Furthermore,

a Monte Carlo simulation study investigating the finite sample properties of these two
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methods reveals that MLE should be preferred over COLS when the contribution of
the technical inefficiency effects to the total variance of the output is relatively large,
i.e., greater than 50 % (Coelli,1995).

The MLE method can be used in two different ways. In the first one, namely “Moments
Method”, the estimation procedure consists of two stages, i.e., firstly estimate all 3
parameters with OLS and then use the intercept parameter 3, to estimate v; and u; by
MLE. On the other hand, in the second one, § parameters and u; are simultaneously
estimated by MLE method (Kumbhakar and Lovell, 2000).

The Aigner et.al (1977) model uses parametrization of the log-likelihood function
under half-normality assumption of inefficiency terms where o2 =o2+02 and

A2=6%/62 >0 such as:

InL(y/B o) =—1In (D) + Tk, Ino(- 22 - L5 2 (4.3)
where y is vector of log of outputs (q), €= v;- u;= In g;-x; B and & (x) is the cumulative

distribution function of the standard normal random variables evaluated at x.

MLE is a method based on taking first derivatives with respect to unknown parameters
and then equalizing them to zero. However, since first order conditions for the
unknown parameters [, 6, and A are non-linear and they cannot be solved analytically
by SFA, a MLE method with iterative optimization procedure should be utilized, i.e.,
selecting the initial values for the unknown parameters and then updating them until

these values maximize the log-likelihood function (Coelli et.al, 2005).

It is possible to obtain an estimate for the composite error term €; by using Equation
4.3, but not directly for the inefficiency component u;. Hence, Jondrow et.al (1982)
proposed a method based on the conditional probability distribution approach for
separating the error term of the stochastic frontier model into its two components and

estimating the level of technical efficiency for each observation in the sample such as:
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TE; =exp (—{ii) where @i =E (u;/g;) (4.4)

Then, the measure of the technical efficiency of each firm by using output oriented

production function is calculated as:

di _exp(xi'B+ Vi—uj) _ N .
exp(x] B+ vi) - exp (x| B+ vi) = €xp ( ul)’ 0<TE; <1 (45)

i

where the level of technical efficiency shows the output level produced by i-th firm
compared to the output level produced by a fully efficient firm using the same inputs

vector.

Although there are different distributional assumptions for the inefficiency term u;
such as half-normal (Jondrow et.al, 1982), truncated normal (Stevenson, 1980),
exponential (Aigner et.al, 1977, Meeusen and van den Broeck, 1977), and gamma
(Stevenson, 1980, Greene, 1990), which one to choose is actually a matter of question
(Coelli et.al, 2005).

Coelli et.al (2005) argue that the preference of a particular distribution is related to the
capability of the software program used. To illustrate, although FRONTIER can be
used for only half-normal and truncated normal models, LIMDEP can be utilized for
exponential and gamma models beside half-normal and truncated normal models.
Another reason affecting this choice is that some distributions such as half-normal and
exponential types have mode at zero, i.e., most of the inefficiency effects will be in the
neighborhood of zero. Rather than these distributions, the ones having wider
distributional shapes such as truncated normal and gamma can be opted by researchers.
Nonetheless, even if different assumptions are made for the inefficiency terms, the
efficiency ranks of the firms are unlikely to change relying on these distributional
choices (Coelli et.al, 2005).
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Another important issue is the choice of the functional form for the stochastic frontier.
Indeed, there are some common functional forms used in the literature such as linear,
Cobb-Douglas, quadratic, normalized quadratic, translog, Fourier flexible, generalized
Leontief and CES (Constant Elasticity of Substitution). Nevertheless, which form to
choose is a matter of question again, and even there are some studies specifically
focusing on this selection issue such as Sahin (2002) and Umar et.al (2017). On the
other hand, since there is no a priori reason for choosing one form over the other, the
researchers should be aware of the drawbacks of each choice. To illustrate, although
functions such as quadratic, normalized quadratic, translog, Fourier flexible,
generalized Leontief, CES are more flexible compared to linear and Cobb-Douglas
functions, this increasing flexibility may bring about some econometric problems such
as multicollinearity (Coelli et.al 2005).

Up to now, cross-sectional version of the stochastic frontier analysis is discussed. Pitt
and Lee (1981) extended cross-sectional analysis to panel data in terms of the

following:

In gir= Xi¢'B+ Vi~ Uje (4.6)

where q;, is output of the i-th firm at time t, x;, is a k*1 vector of (transformations of
the) input quantities of the i-th firm at time t and B is the vector of the unknown

parameters.

Compared to cross sectional data, panel data analysis has an important virtue since it
enables the researcher to investigate the changes in both technical efficiency and the
production technology. As in cross-sectional data, assuming that the termsv;;’s
and u;;’s independent of each other is reasonable also for panel data and this allows us
to estimate parameters in the model and predict technical efficiency easily.
Nonetheless, assuming that u;;’s are independent of each other, i.e., E (u;cu;e) = 0 for
all i#j is not a realistic approach for the panel data since the efficient firms may remain
efficient or the inefficient ones can improve their level of efficiency over time by
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learning from their past experience. Hence, a requirement for analyzing the behavior
of the inefficiency effects arises, i.e., whether they are time varying or not (Coelli et.al,
2005).

Time-invariant models suggested by Pitt and Lee (1981) and Battese and Coelli (1988)
assume that inefficiency does not change over time. Most known versions of these
models are fixed effects and random effects models, in which u;,= u; and the term u;
is a fixed parameter or a random variable, respectively. Fixed effects models are
estimated by OLS including dummy variables, whereas random effects models can be
estimated by both OLS and MLE (Coelli et.al, 2005).

4.3.1 Battese and Coelli (1992) Model

Although the earlier models treat technical efficiency as time invariant, subsequent
panel data models proposed by Cornwell et.al (1990), Kumbhakar (1990), Battese and
Coelli, (1992,1995), and Lee and Schmidt (1993) permit technical efficiency to vary

over time!4,

In the Battese and Coelli (1992) model, the stochastic frontier production function with

N firms over T periods is specified as follows:

In gir= Xj¢'B+ Vie- Uit (4.7)

u;e =" w;= {exp [-n (t-T]} u;, i=1, 2...N, t=1, 2..T (4.8)

1 1n our study, we will focus only on Battese and Coelli (1995) model to measure energy efficiency.
For the theoretical framework of other time invariant or time varying models, see Kumbhakar and
Lovell (2000).

48



In this model, non-negative firm effects, u;;’s, are exponential function of time and
they may change over time. Furthermore, the sign of the unknown parameter 7 in the
model and its interpretation is crucial. The cases of 1> 0, 1 =0 or n< 0 imply that u;,
decreases, remains constant or increases over time, respectively. Therefore, a positive

sign of 1| points out a possible improvement in technical efficiency for a firm over time
(Battese and Coelli, 1992).

In the model, gamma parameter (y) actually proposed by Battese and Corra (1977) is

defined as y=02 /(c2+02)15. This parameter takes the value between zero and one and
indicates the importance of the inefficiency term. The case of y=0 points out that there
is no inefficiency in the model and deviations from the frontier are explained by the
statistical noise term, i.e., the model is not different from the classic OLS model.
Contrarily, the case of y=1 indicates that the deviations from the frontier completely
arise from the inefficiency, i.e., the model is not different from the deterministic model

without the statistical noise term (Battese and Coelli, 1992).

The mean technical efficiency of the i-th firm at the t-th period is defined as follows:

TE;= E [exp(—mjcu;)]  where njc=exp [-n (t-T)] (4.9)

4.3.2 Battese and Coelli (1995) Model

Although Battese and Coelli (1992) model allows the efficiencies to vary over time, it
has a significant limitation, since the rank ordering of the firms does not change even
if there is a change in the efficiency scores over time (Coelli et.al, 2005). Furthermore,

the model does not provide any explanation about the “environmental variables” that

15 52 is not equal to the variance of the inefficiency term u, contrarily it is the scale parameter of u.
Thus, the estimated parameter Y cannot be interpreted as the proportion of the total variance that is

due to inefficiency. For this interpretation Var (y) is required, see Henningsen (2014).
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could affect efficiency levels. To illustrate, the production levels of the farmers with
the same amount of land and animals can differentiate from each other based on
farmers’ age and education level. At this point, age and education are the

environmental variables that can affect production levels of the farmers.

Regarding these drawbacks of the Battese and Coelli (1992) model, a new model has
been introduced by Battese and Coelli (1995), in which technical inefficiency effects
are assumed to be a function of firm-specific variables and time. In this new model,
the inefficiency effects are independently distributed as truncations of normal
distributions with constant variance similar to the Battese and Coelli (1992) model. On
the other hand, the means of the inefficiency effects is a linear function of some
observable variables. Therefore, Battese and Coelli (1995) model considers not only

time-varying technical inefficiency but also its components.

In the models proposed by Pitt and Lee (1981) and Kalirajan (1981), stochastic frontier
production function and technical inefficiencies are estimated without environmental
variables in the first stage. In the second stage, these predicted technical inefficiencies
are regressed on the environmental variables to identify the reasons for differences in
predicted efficiency levels. Although two-stage method was used widely, it has been
recognized as an inconsistent method since it assumes the independence of the

inefficiencies in the two estimation stages (Coelli, 1996).

The Battese and Coelli (1995) model has contributed to the efficiency literature since
it estimates the parameters of the stochastic production frontier and the inefficiency
effects equations with environmental variables simultaneously by using MLE. This
one-stage estimation procedure does not contradict the independence assumption of
inefficiencies and is found to be more successful in providing efficient estimates

compared to two-stage estimation (Coelli, 1996).

In the model introduced by Battese and Coelli (1995), the stochastic frontier
production function with N firms over T periods is specified as follows:
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In qj;= Xj' B+ Vit~ Uit i=1,2..N, t=1,2..T (4.10)

The technical inefficiency effect u;; in this stochastic frontier model is assumed to be

independently and identically distributed as truncations at zero of N (z;,.8, ¢;2) such as:
Uit = Zit8 +W1t (411)
where z;, is a (1xm) vector of environmental variables accounting for the inefficiency
effects, 6 is a (mx1) vector of unknown coefficients accounting for marginal effects
of these environmental variables on technical inefficiency and wy, is a random variable

distributed with zero mean and constant variance such as N(0,6?).

In the model, some assumptions regarding the parameters can be tested based on
generalized Likelihood Ratio (LR) statistics (Battese and Coelli, 1995) such as:

Ho: y=0—u;’s are not stochastic,

Ho: y = 8, =8, = -+ = 8 = 0—u;’s are absent in the model, i.e., no inefficiency,
Ho: §,=8, =65 = --- = §, =0—u;’s are not a linear function of the environmental
variables.

The mean technical efficiency of the i-th firm at the t-th period is defined as follows:

TE;;= exp(—uj) = exp(—z;;8-wj) (4.12)

Both 1992 and 1995 models of Battese and Coelli are not special cases of each other,
so using some restrictions on one of these models does not allow us to determine which
specification to choose (Coelli, 1996). Moreover, since assuming independence of the
terms v;; and u;; is a simplistic approach, the alternative models considering possible
correlation between inefficiency effects and statistical noise terms should be
investigated (Battese and Coelli, 1995).
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4.3.3 Stochastic Cost Frontiers

All of the aforementioned models and their specifications are related to stochastic
production functions. If prices are available and an approach of minimizing costs for
the economic agent is reasonable, then stochastic cost functions that give the minimum
expenditure needed to produce a given output can be defined. In Figure 4.6, stochastic
cost frontier is illustrated together with deterministic cost frontier and observed cost
values. At point xy, the distance between stochastic cost frontier and observed cost
value corresponds to the cost inefficiency, whereas the distance between two cost

frontiers corresponds to the statistical noise.

Cost per A
unit I

Deterministic
~ . +f
cost frontier (

Stochastic
cost fronticr

X Xk >
Cost Function

Figure 4.6 Deterministic and stochastic cost frontiers
Source: Anderson and Kabir (2000, p.23)

The cost function differs from the production function in some respects: The composite
error term for a cost function is equal to v;.+u;; instead of v;.-u;; as in the production
function. Furthermore, definitions of y and x vectors are different from those in the

production function such as:

In q;e= xj'B+ vietuje (4-13)
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where q;; is the cost of production of the i-th firm in the t-th time period, x;; is a k*1
vector of (transformations of the) input prices and output of the i-th firm in the t-th

time period and f is the vector of the unknown parameters.

In the model v;, is the statistical noise term assumed to be independently and
identically normally distributed, i.e., v~ iii N(0, 2). On the other hand, u;; is non-
negative inefficiency term that defines how far a firm operates above the cost frontier.
The u;, term is assumed to be independently and identically distributed as N(0, 62) and
independent of the v;; term. However, sometimes the interpretation of u;, is not so
clear, since both technical and allocative inefficiencies may be involved in this term.
Thus, if allocative efficiency is assumed, u;; is closely related to the cost of technical

inefficiency, otherwise it is not (Coelli, 1996).

Similar to the production functions, Battese and Coelli (1992, 1995) model
specifications can also be defined for cost functions.

4.4 Energy Demand and Energy Efficiency Measurement by Stochastic Demand
Frontier Approach Based on Filippini and Hunt (2011)

As mentioned before, the study by Filippini and Hunt (2011) is the first study that
combines input demand function and SFA to measure efficiency in energy use. In their
study, Filippini and Hunt (2011) make efficiency estimations by using stochastic
frontier models, i.e., pooled model based on Aigner et al. (1977) and the True Random
Effects (TRE) model proposed by Greene (2005a, 2005b). By using these models,
energy efficiency levels of different countries are obtained, but the determinants of
inefficiency are not explained. Although our study is based on Filippini and Hunt
(2011), we also aim to account for the reasons for inefficiency besides obtaining the

efficiency scores by using another stochastic frontier specification, i.e., Battese and
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Coelli (1995) model as in the subsequent studies of Filippini et.al (2014), Otsuka and
Goto (2015), Weyman-Jones et.al (2015) and Otsuka (2017, 2018).

Filippini and Hunt (2011) derives economy-wide aggregate energy demand from the
demand for energy services such as heating, lighting, cooking, water heating etc. for
different sectors such as residential, industrial, transportation etc. Using a combination
of energy and capital equipments such as household appliances, insulated walls, cars,
machinery, etc., these services can be produced by economic agents in the production
process. Following the neoclassical production framework, it is assumed that rational
economic agents choose the minimum amount of inputs and the input combination that
minimizes the costs to produce certain amount of energy services (cost minimization
approach). Thus, these services are produced efficiently at the minimum cost (Filippini
and Hunt, 2011). However, it is unlikely that households always produce outputs by
minimizing the use of all inputs, or at least one of the inputs such as energy. This
situation ultimately leads to inefficiency in energy use, i.e., waste energy*®. Thus, there
is a need to measure how efficiently the energy services are produced, namely, the
productive energy efficiency. In this case, energy efficiency can be determined by
using Kopp’s non-radial input specific efficiency measurement, which considers other
inputs, except energy, as fixed.

The study by Filippini and Hunt (2011) aims to measure the level of energy efficiency
for a panel of 29 OECD countries over the period from 1978 to 2006. In the study,
underlying energy efficiency of i-th country in year t is measured by defining an
aggregate energy demand relationship as follows:

E1t=E (Plt’ Ylt' POPlt’ Cll Al' ISHltl SSHlt' Dt' EFlt) (414)

where E;; is aggregate energy consumption, P, is real price of energy, Y;, is gross

domestic product, POP; is population, C; is dummy variable regarding whether a

16 Waste energy can result from not only producing outputs without minimizing the use of energy but
also using an obsolete technology that does not enable households to minimize their energy use.
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country has a cold climate or not, A; is area size of a country, ISH;; is the share of value
added for industrial sector, and SSH;; is the share of value added for service sector.
On the other hand, the change in energy consumption over time can result from some
other unmeasurable exogenous factors that simultaneously affect all countries, e.g.

technical progress, climate change and environmental awareness. Thus, in order to

distinguish the effect of these unmeasurable exogenous factors from efficiency, a time
trend or a set of time dummy variables can be introduced into the model. D, is a
variable representing underlying energy demand trend to capture all these factors.

Finally, EF;; is the unobserved level of "underlying energy efficiency" of an economy.

This approach aims to isolate the energy efficiency by explicitly controlling other
factors such as price, income, country specific effects, climate effects or some

exogenous factors such as technical progress (Filippini and Hunt, 2011).

The energy demand function used here is an input demand function derived from a
cost minimizing process (Filippini and Hunt, 2011). Using mainly cost function, one
of whose inputs is energy, and Shephard’s lemma, energy demand function is
obtained!’. Estimation of a cost function requires information on inputs and input
prices. Nonetheless, due to data unavailability on some inputs or inputs’ prices, just
one input demand function can be estimated as an energy demand function. Therefore,
Filippini and Hunt (2015) consider this approach as an ad-hoc one since it does not
rely on the theoretical restrictions imposed by the production theory, but it enables us
to estimate efficiency from the difference between the actual energy demand function
and the stochastic energy demand function. Furthermore, Filippini and Hunt (2011)

estimate overall energy efficiency regardless of the distinction between technical and

17 For further information on this approach, see Weyman-Jones et.al (2016).
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allocative energy efficiency®® since there is no information on energy services

produced (outputs) and stocks of household appliances used (capital)*®

In the study of Filippini and Hunt (2011), economy-wide energy efficiency is
approximated by a one-sided non-negative term based on the panel log-log functional

Cobb-Douglas form of Equation (4.14) by using SFA as follows:

eijr=a+aPp;; + Ay +aP°Ppop;+acC; + oda; + o' ISH;+aSSSH;; + 8D +vie+u;, (4.15)%

The terms vy, and u;. in Equation (4.15) are related to the composite error term
(vie+ u;e).2t Specifically, vi, is a symmetric disturbance term, i.e., stochastic term
capturing the effect of noise and it is assumed to be normally distributed. On the other

hand, the term u;;, is the inefficiency term assumed to follow a half-normal distribution.

In Figure 4.7, the baseline energy demand, namely, frontier reflects the demand of the
countries that utilize highly efficient equipment and manage production process
efficiently. It also gives the minimum amount of energy (E) that is necessary to

produce a given level of energy services (Y). On the other hand, the difference between

18 Here, technical efficiency corresponds to minimizing amounts of inputs used to produce a given level
of energy services, whereas allocative efficiency accounts for choosing the combination of inputs that
minimize the costs to produce a given level of energy services. For an example of estimation of
technical efficiency in electricity use, one can refer to Boogen (2017).

19 Although there is no information on the stock of household appliances due data unavailability, it can
be assumed that the stock of household appliances is proportional to some variables available such as
household size. In this way, the influence of the stock of home appliances can be explained, and energy
efficiency can be measured by using Kopp’s input specific approach. Nonetheless, one should be
cautious that it is an implicit assumption. See Otsuka (2017) and Boogen (2017).

20 |n equation 4.15, the variables except those, which are in the form of percentage or dummy, are in
the logarithmic form. These logarithmic variables are illustrated by small letters in the equation.

21 Since energy demand function is derived from a cost minimizing process, the composite error term
in SFA is in the form of v, + uy, different from the composite error term in the output maximization
process i.e. Vi - Ujt.
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the observed energy demand and this cost-minimizing energy demand gives overall
energy inefficiency and the distance from the frontier is explained by inefficiency and
/or stochastic term. Thus, according to the position of a country with respect to the

frontier, some preliminary comments regarding its level of efficiency can be made.

Figure 4.7 Measuring energy efficiency with SFA
Source: Boogen (2018, s.14)

In Figure 4.7, the baseline energy demand, namely, frontier reflects the demand of the
countries that utilize highly efficient equipment and manage production process
efficiently. It also gives the minimum amount of energy (E) that is necessary to
produce a given level of energy services (Y). On the other hand, the difference
between the observed energy demand and this cost-minimizing energy demand gives
overall energy inefficiency and the distance from the frontier is explained by
inefficiency and /or stochastic term. Thus, according to the position of a country with
respect to the frontier, some preliminary comments regarding its level of efficiency

can be made.

Combining all of these definitions and concepts, based on conditional mean of the

inefficiency term E (u;. / u;:+v;:) suggested by Jondrow et.al (1982), efficiency level
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of each country (EF;; ) can be estimated theoretically as follows?? (Filippini and Hunt,
2011):

EFit:m: exp (_ﬁit) where ﬁit: E (uit / uit+vit) 0<EFlt <1 (416)

Eobserved

where Egpserved IS the observed energy consumption per capita of i-th country at time

t and Egrontier 1S frontier or the minimum energy demand of the i-th country at time t.

While a country on the frontier takes a score of one, i.e., 100% efficiency, a country
that is not on the frontier receive a score less than one, i.e., its level of energy efficiency
is lower than 100%.

Besides its methodological contributions to efficiency literature, the study of Filippini
and Hunt (2011) also proposes crucial implications for policy makers. Undoubtedly,
one of its most striking results is that energy intensity, simply the ratio of total energy
consumption per unit of GDP, may not always be a good indicator of energy efficiency
since it can be influenced by social and economic factors other than pure energy
efficiency. Thus, relying on solely energy intensity as a proxy for energy efficiency
measures may lead policy makers to take misguided decisions while trying to

implement energy efficiency and conservation measures.

Following this study, Filippini and Hunt (2012) also measure residential energy
efficiency, and many other studies for different sectors have followed these two

studies, which are mentioned in Chapter 3.

22 Energy efficiency can also be calculated by the term exp ({ix). Nonetheless, its interpretation and the
range it takes change. For further information, see Filippini and Hunt (2011).
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CHAPTER 5

EMPIRICAL MODEL AND RESULTS

In this chapter, our energy demand frontier model developed and the variables used in
the model will be introduced. Then, the empirical results of the study will be evaluated.
Findings of the study will highlight the factors that can be attributed to the
improvements in efficiency. They will reveal whether Turkey’s energy efficiency
policy reinforced through legislations and strategy plans has been successful or not.
Furthermore, since different characteristics of the provinces can result in different
efficiency scores, the findings of the study will provide policy makers invaluable

measures to develop some province and region specific strategies.

5.1 Model

Residential electricity demand frontier model built in this analysis is inspired by the
studies by Filippini and Hunt (2011, 2012). In our study, we extend the model
suggested in the study by Filippini and Hunt (2012) by adding certain variables, i.e.,
population density and income related dummies. Using this energy demand frontier
model, we aim to measure the residential electricity efficiency scores of 81 provinces
in Turkey between 2008 and 2015.

We assume that the residential electricity demand function for i-th province in t-th year

can be specified as follows:

E1t=E (Plt’Ylt' AHSlt' SHlt' POPDENSlt, HDDlt' CDDlt 1] Dt, EFlt) (5.1)
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where E;; is residential electricity consumption per capita, P is residential sector’s
real electricity price, Yj; is real income per capita, AHS;; is average household size,
SH;; is share of detached houses within total building stock, POPDENS;; is population
density, HDD;;, is heating degree days, and CDDj; is cooling degree days. D is the
time trend that illustrates the impact of technical progress and other unobservable
exogenous factors that influence all provinces simultaneously and EF;, is the level of

underlying residential efficiency in electricity use.

Since the electricity efficiency level EF;, cannot be directly observed, this indicator
has to be estimated by using SFA. At this point, the minimum level of the residential
electricity use to produce any given level of output comprises our “electricity demand
frontier”. Using the SFA under certain assumptions, we find out whether the deviations
from the efficient frontier for each province result from mostly the variables regarding
structure of the economy, household and dwelling characteristics, climate, or the
inefficient use of electricity. As well as obtaining the efficiency scores of provinces
for each year, it is also vital to determine the factors contributing to the inefficient use
of residential electricity. Therefore, this study applies the model proposed by Battese
and Coelli (1995), in which (in)efficiency levels and their determinants are estimated

simultaneously.

Considering the methodology that combines energy demand function with SFA, the
efficiency of residential sector in electricity use is approximated by a one-sided non-
negative term u;, based on the log-log functional form of Equation (5.1) as follows:

InEj;=a+ aPInPy + o¥ InYje+ a®PSInAHS + asPSH;, + aPPIenS[nPOPDENS;+ a4 mHDD;,
addInCDD;, + qdPTY*hdd DpRY. * InHDD;+ adPry*cdd DPRY,, * InCDD;,

+ot D +Vj U (5.2)

Additionally a dummy variable DPRY;, is used for the provinces whose real income

per capita values are greater than Turkey’s average in the relevant year.
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The composite error term (vi+ u;;) in the model comprises of two terms: the noise
term assumed to be v;~ iii N(0, 02) and the non-negative inefficiency term u;, assumed
to be independently distributed as the truncation at zero of the N(u, 62). These two
terms are assumed to be independent of each other and of all regressors in the

electricity demand function.

Given Equation (5.2), efficiency level of each province (EF;;) can be estimated by
using conditional mean of the inefficiency term E (u;, / u;+v;.) suggested by Jondrow
et.al (1982) as follows:

EF;,=—irontier — oy (—{iy) 0<EF;, <1 (5.3)

Eobserved

where E pserveq 1S the observed residential electricity consumption per capita for i-th
province at time t and E¢.oniier 1S frontier or the minimum residential electricity
demand per capita of the i-th province at time t. The difference between the observed
electricity demand and minimum (cost-minimizing) electricity demand estimated by
frontier gives overall residential electricity inefficiency. If a province on the frontier
takes a score of one, i.e., 100% efficiency, then a province that is not on the frontier

will receive a score less than one, i.e., its efficiency level is lower than 100%.

The studies by Filippini and Hunt (2011, 2012) only focus on obtaining the efficiency
scores rather than analyzing the factors affecting the (in)efficiency. On the other hand,
in our study mean of inefficiency term p;., forming inefficiency effects equation is

formulated as in the following form:

Wir= B+PWeIUWEDUC;,+P™ MAR;; +B4 118l DILLEGAL;j, +P™2 MARIT; +B%°°°D;009
+B2910D 010+ B2 D011 +B212D 2012 +B%13D 5013 +B%1 D14 +B*5Dyg1s  (5.4)

where WEDUC;;, is the share of educated women in the population 15 years of age and

over, MAR;; is the share of married people in the population 15 years of age and over.
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DILLEGAL is a dummy variable for provinces whose loss-illegal electricity use rates
are greater than Turkey’s average in the relevant year. MARIT;; is another dummy
the changes in inefficiency over time. The negative sign of B’s indicates a decrease in

the inefficiency, i.e., an improvement in the efficiency.

5.2 Data

The current study is the first energy efficiency research on residential electricity
consumption of Turkey at the provincial level. The main reason for focusing only on
electricity use of residential sector is data availability. Since our research aims to
conduct an analysis at the provincial level, it is not possible to find data for other
energy resources such as coal and natural gas. Therefore, we focus on electricity use
as the source of energy. The study employs a balanced panel of 81 provinces of Turkey
over the period 2008-2015. The data set is based on information compiled from various
sources. Concentrating specifically on the period of 2008-2015 is due to availability
of variables in the model for different years. To illustrate, average household size data
are available only for the post-2008 period, whereas the amounts of loss-illegal
electricity use obtained by data request are not available for the post-2016 period. For
the sake of clarity, each variable used in the residential electricity demand and
inefficiency effects equations will be explained individually in terms of its scope and

source.

5.2.1 Variables

Residential electricity consumption per capita is represented with E;.. Though the

actual electricity consumption data for provinces are not available, the data on invoice-
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based consumption for different sectors (industrial, commercial, residential etc.) at the
provincial level can be obtained from TurkStat. Furthermore, we acquire the amounts
of loss-illegal electricity consumption of provinces from Turkish Electricity
Distribution Corporation (TEDC). Thus, by combining total invoice-based
consumption with the amounts of illegal consumption, we aim to converge the actual
electricity consumption for each province®. Cakmak (2014) also points out the
necessity of this kind of approach in his study aiming to forecast future electricity
consumption of  provinces in Turkey. Since the share of residential electricity
consumption in the total electricity consumption is already known from the invoice-
based consumption, using this ratio and converging actual electricity consumption, we
are able to find the aggregate residential electricity consumption of provinces
approximately. Dividing this consumption amount by population of each province, we
obtain residential electricity consumption per capita. If the distribution of the illegal
electricity use among different sectors such as industrial, residential, agricultural etc.
at province level was known, the amounts of illegal electricity use could be distributed
to residential sector more accurately. Thus, more precise calculations on actual

residential electricity consumption could be made.

Residential sector’s real electricity price is represented with P,.. Electricity prices in
Turkey are determined by EMRA and national tariff scheme has been applied since
2006. Therefore, nominal price of electricity for residential units is the same for all 81
provinces. Residential electricity price data that cover all taxes for residential units can
be obtained from TurkStat. On the other hand, these nominal prices are converted into
real prices by using Consumer Price Index (CPI) values published by TurkStat for 26
regions of Turkey. For example, to find the real residential electricity price in 2010 the

following formula is used: Real price?°19= Nominal price?°1° x

CPIZOOS
> where base year

CPpj12010

is 2008. In accordance with demand theory, we expect a negative relationship between

23 Using the invoice-based consumption data may lead to misleading results as seen in Figure 2.8 and
Figure 2.9. The actual consumptions of some provinces in Turkey may be remarkably high though their
billed consumptions are low. Neglecting this situation would result in erroneously concluding that
these provinces are more efficient in terms of residential electricity use.
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electricity price and consumption, namely, an increase in the price will result in a

decrease in electricity demand.

Real income per capita is represented with Y;.. Nominal GDPs of provinces obtained
from TurkStat are converted into real values by using CPIs available for 26 regions of

Turkey. For example, to find the real GDP in 2010 the following formula is used:

2010__ Nominal Income?01°
- CP[2010

population, we obtain real income per capita of each province. In accordance with

Real income x 100. Dividing real income values by the

demand theory, we expect a positive relationship between real income per capita and
electricity consumption, namely, an increase in income will lead to higher amounts of
consumption. One reason for such a positive relationship may be that households with
higher incomes can afford to buy more electrical appliances or use electricity for the

purpose of heating and cooling, so they tend to use more electricity at their homes.

Average household size is represented with AHS;;. Average size by provinces is
obtained from Address Based Population Registration System (ABPRS) data
published by TurkStat. Predicting the relationship between household size and
electricity consumption for Turkey is not as straightforward as price and income. In
the literature, there are many studies indicating either a positive or a negative
relationship. Nonetheless, a negative relationship seems to be more probable.
Household members share the same electrical appliances such as refrigerator,
television etc. at their homes. Therefore, an increase in the household size can result

in a decrease in electricity consumption per household member.

Share of detached houses is represented with SH;.. This variable shows the share of
detached houses within total building stock that comprises the sum of detached houses
and apartments. In the data obtained from TurkStat, the buildings with at most two
floors are classified as “detached house” and the buildings with at least three floors are
classified as “apartment”. Since detached houses usually have larger floor area

compared to the apartments, more electricity may be required to heat or cool these
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buildings. Thus, the increase in the number of these buildings may also lead to the

increase in electricity consumption.

Population density is represented with POPDENS;,. Population density is a
measurement of population per unit area. These values by provinces are taken from
ABPRS data. We anticipate that increasing population density for a province brings

along also increasing electricity consumption.

Heating degree days and cooling degree days are represented with HDD;; and CDDj,,
respectively. The data on heating and cooling degree days are obtained from General
Directorate of Meteorology. Eurostat uses the following methodology for the
calculation of HDD and CDD, which is also adopted by General Directorate of
Meteorology.

HDD expresses the severity of cold in a specific time period taking into consideration
outdoor and room temperature, while CDD expresses the severity of heat in a specific

time period considering outdoor temperature. They are calculated as follows:

HDD = (18°C -T,,) xd if T;,< 15°C (heating threshold)
HDD = 0 if T,,> 15°C

CDD = (T,,- 22°C) xd  if T,,> 22°C (cooling threshold)
CDD = 0 if T,,< 22°C

where T, is the daily average outdoor temperature, and d is the number of the days.

Calculations are executed on a daily basis and then extended to months and
subsequently to a year. It is important to know the total number of HDD and/or CDD
in terms of determining energy necessity for heating and/or cooling of buildings. If the
outside temperature is more than 15°C, then heating is unnecessary. On the other hand,
if the temperature is over 22°C, then cooling is required. As mentioned before, coal,
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wood and natural gas are the most commonly used resources for space heating, so we
expect a negative relationship between heating degree days and residential electricity
consumption per capita. Indeed, we are more interested in revealing whether Turkey
uses electricity for cooling or not. Even if there is not a significant relationship
considering all provinces of Turkey, we anticipate that provinces with high-income

levels use more electricity for cooling.

Dummy variable for income is represented with DPRY;.. This variable takes the value
“1” for the provinces whose real income per capita values are higher than the median
value for Turkey in the relevant year and “0” otherwise. Mean values are not used
because of the outliers. This dummy variable is created to analyze whether income has
an important impact on the use of electricity for heating and cooling or not. To
illustrate, the prosperous provinces prefer to use air conditioners especially in the
summer, and this may affect their residential electricity consumption remarkably.
Thus, the contribution of electricity use for cooling to Turkey’s overall residential
electricity consumption may not be significant, but the case may be different for

provinces with high-income levels.

Share of educated women in the population 15 years of age and over is represented
with WEDUC;..Women are the family members who use electricity more compared to
other members especially for the housework. On the other hand, educated women are
considered to be more conscious about energy efficiency issues such as using energy
efficient appliances and environmental problems. Furthermore, since educated women
spend their time at work, they use electricity generally off-peak times at nights rather
than in the daytime compared to their counterparts spending all of their time at home.
In this way, they can benefit from time-of use tariffs and reduce their electricity bills
while using electricity more efficiently. To take all these issues into account, we define
the variable as the ratio of number of women having high school and university
education to total number of population 15 years of age and over. The data on

education and population are compiled from TurkStat.
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Share of married people in the population 15 years of age and over is represented with
MAR;,. People who will get married and are already married tend to pay more attention
to purchase energy efficient appliances considering their energy labels. Furthermore,
they are more cautious about their energy consumption considering their budget.
Hence, the increase in the number of married people is expected to lead to an increase
in the efficiency. This variable is constructed based on ABPRS data, and it mainly
grounds on the share of married people in the total population 15 years of age and over
for the relevant years.

Dummy variable for loss-illegal electricity use is represented with DILLEGAL;;. Since
using loss- illegal use rates directly creates a multicollinearity problem with the
variables of education, marriage etc., we prefer to create a dummy variable as an
alternative. This dummy variable takes the value “1” for the provinces whose loss-
illegal use rates are higher than the median value for Turkey in the relevant year and
“0” otherwise. Mean values are not used because of the outliers. This dummy variable
is formed to analyze whether the provinces with high loss-illegal use rates are inclined
to use residential electricity inefficiently or not. We consider that loss-illegal electricity
use is a critical factor that determines inefficient use of residential electricity in certain

provinces of Turkey.

Dummy variable for maritime provinces is represented with MARIT;,. This variable
takes the value “1” for the 28 provinces of Turkey that are maritime and “0” otherwise.
Maritime provinces have distinctive characteristics such as high prosperity, high
humidity levels and increasing population especially in the summer. All these factors
are assumed to affect residential electricity consumption in these provinces
remarkably. Undoubtedly, if we had monthly data, we could observe the effects much
better.

Table 5.1 summarizes the descriptive statistics on the variables used in the residential
electricity demand and inefficiency effects equations. Furthermore, Table 5.2 shows
how the means of these variables change by years. To illustrate, the mean of residential
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electricity consumption per capita in 2009 increased by 1.9% compared to that in 2008,
while real income per capita decreased by 5.5% compared to that in 2008. According
to Table 5.2, some rough interpretations can also be made on the changing trends in
Turkey. Turkey’s electricity demand has increased with its increasing population and
economic growth over time. On the other hand, residential electricity prices did not
follow a particular pattern between 2008 and 2015. Indeed, electricity prices are not
determined freely in the market, but by the governmental authority EMRA as
mentioned before. Along with increasing income and women’s education level,
parents have started to have less children and live in apartments rather than detached
houses. Additionally, the share of married people in the population has been declining
slightly, namely, there has been a rise in the number of single people in the society.
Furthermore, it should be noted that climate conditions in Turkey have been changing
over time. Turkey experienced cold winters in 2011 and 2015, whereas hot summers
in 2010, 2012 and 2014. The change in the means of the variables between 2008 and
2015, based on Table 5.2 are also presented graphically in Figure 5.1. The fluctuations
in the means of the variables, electricity price, women’s education, heating and cooling

degree days are obvious.
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Table 5.1

Descriptive statistics

<
0
0
H

Residential electricity
consumption per capita
(KWh)

Real electricity price
(kurus/kwWh)

Real income per capita
(T

Average
household size

Share of
detached
houses(%)

Population density
(person/km?)

Heating degree
days

Cooling degree
days

Share of educated women
in population 15 years of
age and over (%)

Married
people(%)

N
(=]
o
%)

Mean 546.65 21.20 6,421 4.32 47.18 113 2,291 359 8.64 63.88
Std.dev. 149.34 o] 2,449 1.19 16.60 272 920 324 2.91 4.97
Max 1,067.76 21.20 14,205 8.20 90.80 2,444 4,796 1,614 18.40 70.38
Min 287.56 21.20 2,408 2.90 16.20 12 629 1 2.63 49.17
Mean 556.85 23.56 6,070 4.29 47.01 114 2,124 263 9.46 63.91
Std.dev. 157.83 0.28 2,180 1.23 16.51 276 821 278 3.06 4.61
Max 1,094.87 24.30 13,230 8.40 90.40 2,486 4,515 1,271 19.34 70.27
Min 329.20 23 2,436 2.90 16.10 11 628 1 3.08 49.62

Mean 562.16 23.76 6,616 4.17 46.53 116 1,800 413 10.19 63.81
Std.dev. 147.89 0.35 2,243 1.23 16.21 284 720 294 3.13 4.16
Max 1,088.63 24.60 13,992 8.34 89.70 2,551 3,936 1,367 20.10 70.17
Min 349.89 23 3,022 2.84 16.10 10 409 1 3.75 51.16

N
ol
=1
[

Mean 590.24 21.71 7,042 4.07 46.40 118 2,504 283 11.11 63.71
Std.dev. 141.84 0.39 2,506 1.20 16.17 292 884 281 3.18 a4.75
Max 1,011.46 22.60 15,116 8.15 89.20 2,622 4,935 1,272 21.02 69.77
Min 354.62 20.90 2,886 2.80 16.10 11 722 1 4.56 46.91
Mean 598.08 24.24 7,403 3.98 46.19 119 2,257 362 11.62 63.51
Std.dev.| 151.29 0.42 2,526 1.16 16.10 297 832 313 3.23 4.65
Max 1,017.03 25.10 15,815 7.89 89.10 2,666 4,708 1,466 21.34 69.05
Min 345.29 23.50 3,198 2.76 15.90 12 824 1 4.92 45.51

N
ol
R
w

Mean 611.87 24.59 7,780 3.87 45.96 121 2,183 289 12.23 63.49
Std.dev. 156.46 0.44 2,674 1.07 16.03 303 903 286 3.19 4.20
Max 1,136.91 25.40 16,725 7.66 88.60 2,725 4,944 1,294 21.95 68.54
Min 347.54 23.80 3,309 2.73 15.90 11 555 1 5.44 48.39
Mean 622.38 23.42 8,041 3.77 45.71 123 1,938 350 12.94 63.40
Std.dev.| 167.28 0.45 2,759 1.01 15.92 308 838 274 3.30 4.12
Max 1,399.48 24.20 17,038 7.34 87.70 2,767 4,483 1,395 22.70 68.63
Min 396.23 22.40 3,306 2.70 15.70 12 449 1 6.05 48.10
Mean 632.30 23.05 8,339 3.69 45.44 125 2,196 350 13.82 63.19
Std.dev.| 200.66 0.44 2,749 0.95 15.82 314 837 303 3.38 4.08
Max 1,619.21 23.70 17,826 7.04 87.30 2,821 4,774 1,455 23.59 68.20
Min 363.93 22 3,500 2.68 15.50 12 617 1 6.39 47.59

*For avoiding calculation problems, the values of “0” in CDD are replaced by “1”.




Table 5.2

Change in the means of the variables by years (%)

Ain

POPDENS
2009 (1.9 11.1 -5.5 -0.7 -0.37 |1.5 -7.3 -26.7 9.4 0.05
2010 |1 0.8 9 -2.9 -1.02 |16 -15.2 |56.9 7.8 -0.17
2011 |5 -8.6 6.4 -2.2 -0.28 |1.4 39.1 -315 |91 -0.15
2012 (1.3 11.6 5.1 -2.4 -0.46 |[1.3 -9.9 28.0 4.6 -0.31
2013 (2.3 1.5 5.1 -2.7 -0.49 |15 -3.3 -20.2 |5.2 -0.04
2014 |1.7 -4.7 3.4 -2.5 -0.54 |13 -11.2 | 21.2 5.9 -0.15
2015 |1.6 -1.6 3.7 -2.3 -0.60 |1.4 13.3 0.1 6.8 -0.33
80
60
40
20
0
-20

Ain AHS

-40

e\ in SH e [\ in POPDENS === A in HDD e\ in CDD

e\ in WEDUC === A jn MAR

Figure 5.1 Illustration of the change in the means of the variables included in the
equations by years (%)

Before starting the analysis, we also examine whether there is a serious correlation
among the variables included in both equations or not, which may lead to
multicollinearity problem. When Figure 5.2 is examined, it is observed that the
correlations among the variables are not so critical®®. In the figure, positive and
negative correlations are displayed in blue and red, respectively. The color intensity

and the size of the circle are proportional to the correlations.

24 The correlation between two variables, if one of them is in the electricity demand equation and the
other is in the inefficiency effects equation, does not create a problem for the estimation procedure.
In the literature, there are studies using even the same variable in both of the equations such as Otsuka
(2017).
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Figure 5.2 Matrix of correlations among the variables included in both equations

5.3 Empirical Results

All of the parameters of the electricity demand and inefficiency effects equations are
estimated by means of a package named “Frontier” in R (computer program) written
by Coelli and Henningsen in 2013. Estimation and hypothesis testing results are
presented in Table 5.3 and Table 5.4, respectively.

Estimation results indicate that most of the parameter estimates for both equations are
significant and their signs are compatible with our a priori expectations in general. As
mentioned before, the parameter y lies between zero and one, and it shows the
importance of the inefficiency term. If y is close to zero, there is no inefficiency, and
the model is not different from OLS. On the other hand, if it is close to one, deviations
from the frontier can be explained by inefficiency. In our model, y value is
approximately equal to 0.89, which implies that the deviations from the frontier can
be explained by both the statistical noise term and the inefficiency term, but the
contribution of inefficiency is more important. Although z-test also confirms the
importance of vy, this test is not valid since y is bounded by [0,1]; therefore, it cannot

have a z-distribution.
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Table 5.3

Estimation results

ESTIMATION RESULTS Parameter | Estimate | Std. Error | z value Pr(>|z|)
Electricity Demand Equation

(Intercept) ol 0.5835 0.6324 | 0.9226 | not significant
In(P) of -0.1874 0.1428 | -1.3126 | not significant
In(Y) ot 0.1364| 0.0378| 3.6076 | significant ***
In(AHS) athe -0.6138| 0.0852| -7.2077]| significant ***
SH osh 0.0019| 0.0006| 2.9964 | significant **
In(POPDENS) gPopdens 0.1200| 0.0113| 10.5802 | significant ***
In(HDD) odd -0.0887| 0.0322| -2.7564| significant **
In(CDD) ocdd -0.0256| 0.0074| -3.4643 | significant ***
I(DPRY *In(HDD)) adpry*hdd 190136 |  0.0072 | -1.89904 significant.
I(DPRY *In(CDD)) dpry+cdd 0.0268| 0.0103| 2.6148| significant **
time a' -0.0021 0.0035| -0.6172 | not significant

Inefficiency Effects Equation

Z_(Intercept) B 4.8400 0.4049 | 11.9524 | significant ***
Z_WEDUC pweduc -0.1052| 0.0134| -7.8600 | significant ***
Z_MAR prmar -0.0745 0.0068 | -10.8894 | significant ***
Z_DILLEGAL pdillesal 0.3087| 0.0765| 4.0337| significant ***
Z_MARIT pmarit 0.7278| 0.0900| 8.0896 | significant ***
Z_D2009 prees 0.1679| 0.0697| 2.4077| significant *
Z D2010 prese 0.2185| 0.0810| 2.6988| significant **
Z_D2011 prott 0.3653| 0.0770| 4.7456| significant ***
Z_D2012 oL 0.3748| 0.0926| 4.0485| significant ***
Z_D2013 0Lz 0.5176| 0.0940| 5.5090 | significant ***
Z D2014 wois 0.5471| 0.0967| 5.6569 | significant ***
Z_D2015 LS 0.7043| 0.1094| 6.4392 | significant ***

Variance Parameters

gamma Y 0.887 0.023| 38.042 | significant ***
sigma square o 0.078 0.009 8.549 | significant ***
sigma square u o 0.069 0.010 7.246 | significant ***
sigma square v o 0.009 0.001 7.147 | significant ***
sigma o 0.279 0.016( 17.098 | significant ***
sigmau Ty 0.263 0.018| 14.492 /| significant ***
sigma v Ty 0.094 0.007 | 14.293 | significant ***
lambda square » 7.850 1.826|  4.299 | significant ***
lambda A 2.802 0.326 8.597 | significant ***
log likelihood value 297.55

Level of significances: “***” at %0.1, “**” at %1, “*” at %5 and “.” at %10
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Table 5.4

Hypothesis testing results

Null hypothesis to test Test Critical Decision
Statistic Value*
Ho: v**= Bzﬁweduczgmar=Bdillegalzﬁmarit=B2009=82010 [ — BZOlSzO 345.07 21.742 Reject Ho
HO: BweduczBmarzﬁdillegalzBmarit=82009=62010 e — BZOlSzO 307.58 19.675 Reject HO
Ho: f2009=p2010 = ... = 320150 47.513 |14.067 | Reject Ho

*Critical value of the test statistic at the 5% level of significance.

**All hypotheses are tested based on Generalized Likelihood Ratio Statistics that is defined as

A =-2In (Ly-L; ) where L, and L, are the values of the likelihood function for the frontiers model under
the null (Ho) and alternative hypothesis (H1), respectively. Under the null hypothesis, test statistics for
the first hypothesis asymptotically follows a mixed chi-square distribution (Kodde and Palm, 1986).

At this point, a likelihood ratio test can be used to check whether there is a significant
inefficiency effect in the stochastic frontier model or not. The first hypothesis in Table
5.4, which is rejected at the 5% significance level, points out that stochastic frontier
model fits to our data better than OLS. After confirming the existence of inefficiency
in the model, another matter of interest is the joint significance of inefficiency
determinants. The result of the second hypothesis in Table 5.4 shows that the variables
we include in our inefficiency effects equation are statistically significant in explaining
inefficiency term. Lastly, third hypothesis in Table 5.4 rejects that inefficiency is time-
invariant. To sum up, results of these three hypothesis tests indicate that we should use
stochastic frontier approach, inefficiency in electricity use can be accounted by the

variables we selected, and the inefficiency varies over time.

The dependent variable and most of the variables in the electricity demand equation
are in logarithmic form. This allows us to reduce the scale and to interpret estimated

coefficients as elasticities.

Unlike the demand theory, the estimation results indicate that electricity price does not
influence residential electricity demand of Turkish provinces. This may result from
the fact that the variation in the electricity prices is relatively low across the provinces.

Another reason may be that the electricity prices in Turkey are determined by the
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government, not in the market. Filippini and Zhang (2016) also do not find a
statistically significant relationship between energy prices and energy demand when
they estimate energy efficiency of Chinese provinces, in which energy prices are
relatively low and fully controlled by the government. On the other hand, the estimated
long-term?® income elasticity is approximately 0.14, meaning that if household income

increases by 10%, then residential electricity demand will increase by about 1.4%.

There is a significant negative relationship between household size and electricity
consumption per capita, namely, if household size increases by 10%, then residential
electricity demand will decrease by about 6.1%. This finding is in line with the study
of Yohanis et.al (2008) carried for British households, the study of Blazquez et.al
(2013) for Spanish households and the study of Boogen (2017) for Portuguese
households. This result can be attributed to the household scale economies (Otsuka,
2017). Large families have many electrical appliances at their homes and may seem to
consume more electricity. On the other hand, rather than living separately, household
members living in the same house share the same appliances such as refrigerator,
washing machine, dish washer etc. and so they economize on electricity use. Hence,
appliance usage per household member decreases and, therefore, per capita electricity

consumption decreases.

The findings suggest that detached houses consume more electricity than apartments.
This finding is quite common in the literature, given the examples of Wiesmann et al.
(2011) for Portugal, Bedir et al. (2013) for Netherlands, and Kavousian et al. (2013)
for the USA. On the other hand, increase in population density results in higher

amounts of electricity consumption as expected.

Considering the negative relationship between climate variables and electricity
consumption, it is concluded that Turkish households do not use electricity for the

25 Since this type of studies does not consider the lag of the residential electricity demand in estimating
the power demand function, they estimate long-term mean elasticities, not the short-term elasticities
(Otsuka, 2017).
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purpose of heating and cooling in general. Particularly, this result for HDD is as
expected since coal and natural gas are the main sources of space heating at homes.
According to Turkish Household Budget Survey 2016, only 2% of Turkish households
use electricity for space heating (Aydin, 2018). This finding is also parallel to the study
of Otsuka (2017) carried out for Chinese provinces, in which heating demand is met

from other resources such as kerosene rather than electricity.

This case for CDD changes when only the provinces with high-income levels are
considered. The results indicate that households even with high-income levels do not
use electricity for heating. On the other hand, prosperous provinces tend to use

electricity for cooling at high temperatures.

The time trend is not statistically significant. Hence, there is no definite positive or
negative impact of technical progress and other unobservable exogenous factors that

influence all provinces simultaneously in terms of residential electricity consumption.

After evaluating the variables that influence residential electricity demand, we
concentrate on the estimation results for the variables that account for inefficient use
of residential electricity. The sign of the estimated coefficient of the variable WEDUC
is negative as expected. This suggests that as women, who have an important share in
residential electricity consumption, become more educated, inefficiency decreases.
This may be related to their increasing awareness on the purchase and use of energy
efficient appliances, and their environmental consciousness. Furthermore, our analysis
reveals that the correlation between the variables of women’s education and income
per capita in Turkey is 0.82. Consequently, as women become well-educated, their
incomes increase, which can affect their preferences for consumption. To illustrate,
they can afford to buy more energy efficient appliances, which are generally more
expensive in the market. On the other hand, Carlsson-Kanyama and Linde'n (2007)
reveal that Swedish women are slightly more inclined to save energy at home and

change their attitudes based on the policies implemented such as the change in
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electricity prices. Furthermore, Gaspar and Antunes (2011)% find out that women
consider energy consumption related characteristics of an electrical appliance in their
purchasing decision and they search more for information on energy efficiency class.
Contrarily, men pay more attention to the number of functions, the accessories and the
technological innovation provided by an appliance purchased. On the other hand, there
are many studies in the literature revealing that highly educated people tend to make
energy efficiency improvements given the examples of Poortinga et al. (2004) for
Netherlands and Mills and Schleich (2012) for 10 EU countries and Norway. This
improvement most probably results from their increasing levels of income and
awareness. Indeed, Mills and Schleich (2012) suggest that education level has a strong
positive impact on household energy-efficient technology adoption and households’
energy conservation practices. Thus, female education stands out an important factor

for decreasing residential electricity consumption and promoting efficiency.

The negative relationship between marriage rate and inefficiency is also in accord with
our a priori expectation. This result implies that the increase in the number of married
people brings along increasing efficiency in electricity use at homes. This finding is
similar to the study by Trotta (2018), in which the factors affecting energy-saving
behavior and energy efficiency investments of British households are analyzed. Trotta
(2018) infers that being married positively affects households’ energy-saving
behavior, the purchase of energy efficient appliances and energy efficient retrofits.

Even people tend to continue their energy-saving habits when their marriages ended.

With characteristics of being a peninsula and having high loss-illegal electricity use
rates, Turkey differs from many other countries. The estimation results indicate that
these two variables are responsible for increasing inefficiency at the residential sector.
The maritime provinces of Turkey generally have high-income levels as a result of
industrialization, summer tourism or trade etc. They are also exposed to high

temperature and humidity rates. Our electricity demand equation also indicates that the

26 The data in the study are based on the responses collected from the qualitative interviews made
with households living in Ireland, Germany, Portugal, Greece, Poland, Spain and Italy.
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provinces with high-income levels have a tendency for cooling by electricity in the
summertime. Furthermore, with the arrival of summerhouse vacationists and tourists,
population in these provinces increases remarkably during summers. Consequently, all
these factors may lead to more electricity consumption and increasing inefficiency in

electricity use in these maritime provinces.

Illegal electricity use is one of the reasons for increasing inefficiency. The citizens
living in the provinces having high loss-illegal electricity use tend to consume more
electricity for agricultural irrigation, greenhouse heating or residential use, which
increases inefficient use of electricity. In his study searching socio-economic drivers
of electricity theft in Turkey, Yurtseven (2015) deduces that income and education are
two important factors for decreasing illegal electricity use. On the other hand,
increasing electricity prices and rural population, climate conditions leading to
consume more electricity, and lower risk of being caught induce illegal electricity use
in Turkey.

Lastly, estimated coefficients of the year dummies are positive and statistically
significant. This implies that efficiency level of each year is lower than that of 2008.
This finding suggests that inefficient use of electricity at the residential sector has not
improved over time, and efficiency policies implemented by the authorities after 2007

seem to not have a significant impact on improving residential energy efficiency.

Table 5.5 summarizes certain descriptive statistics on efficiency scores of Turkey
between 2008 and 2015. Accordingly, the level of efficiency in residential electricity
use decreases from 2008 to 2012, then it starts to improve after 2012 and continues to
rise until 2014, and decreases in 2015 again. Indeed, average efficiency level declines
by 2.37% from 2008 to 2015. On the other hand, 8-year mean energy efficiency score
of Turkey is approximately 0.83. This suggests that Turkish households have an
average electricity saving potential of 17%, which reaches its highest level in 2008 and

the lowest in 2012. Furthermore, the gap between the most and the least efficient
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province in the relevant year has increased over time i.e., this difference which was
0.604 has increased by 22% to 0.739 in 2015.

Table 5.5

Certain descriptive statistics on efficiency levels by years

Standard

deviation
2008 0.845 | --—-- 0.977 0.373 0.604 0.158
2009 0.831 -1.64 0.976 0.305 0.671 0.168
2010 0.834 0.33 0.977 0.263 0.714 0.168
2011 0.816 -2.14 0.966 0.310 0.656 0.167
2012 0.813 -0.35 0.969 0.339 0.629 0.170
2013 0.819 0.68 0.970 0.309 0.660 0.176
2014 0.828 1.15 0.972 0.270 0.702 0.174
2015 0.825 -0.38 0.979 0.240 0.739 0.183
2008-2015  [0.827 |-2.37 |

After commenting on the estimation results of the electricity demand and inefficiency
effects equations, we can concentrate on province-based results. As mentioned before,
energy intensity indicators are frequently used to explain energy efficiency by policy
makers and researchers. Nonetheless, using energy intensity as a proxy for energy
efficiency does not always give accurate results since energy intensity may be
influenced by factors other than energy efficiency. Furthermore, if energy intensity
were a good proxy for energy efficiency, we would expect high and positive
correlation between the rankings of the energy intensity measures and the estimated
energy efficiency scores across the provinces. In Appendix A, comparison of the
rankings of provinces based on estimated efficiency scores and energy intensity
values®’ between 2008 and 2015 are given, and the Spearman correlation coefficient
between these ranks is calculated as 0.498. This result suggests that there is a positive
relationship between energy efficiency and energy intensity ranks. However, it is not

a strong relationship. This implies that residential electricity use per capita is not a

27 |n our study, “residential energy use per capita”, which is suggested by IEA (1995) as an energy
intensity indicator for residential sector, is used for measuring energy intensity.
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sufficient measure to account for efficiency in residential electricity use. Hence, using

this indicator can lead policy makers to take wrong decisions.
Table 5.6 classifies the provinces based on their average efficiency scores between

2008 and 2015. Furthermore, Figure 5.3 presents regional distribution of the inefficient

and efficient provinces on the map.
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Table 5.6

Classification of provinces based on their average efficiency levels over the period 2008-2015

Estimate
d # of .
e Category e Member Provinces
Levels
Below Most 20 Agri Antalya Artvin Batman Bingol Bitlis Diyarbakir | Erzurum | Giresun | Hakkari
78% inefficient
Igdir Mardin Mugla Mus Rize Siirt Sinop Sanliurfa | Sirnak Van
From 78 | Moderately Adana Bayburt Trabzon Aydin Kastamonu | Bartin Yalova Mersin izmir Samsun
P 20
% to 90% | inefficient
Kars Kilis Hatay Edirne Malatya Ordu Zonguldak | Kirklareli | Sakarya | Balikesir
Adiyama
n A.karahisar Aksaray Amasya Ardahan Bolu Bursa Canakkale | Corum | Dlzce
0,
From 90% qu.erately 25 Elazig Erzincan G.antep G.hane istanbul K.Maras | Karabik | Kirsehir Konya N.sehir
to 94% efficient
Nigde Sivas Tekirdag | Tokat Tunceli
Above Most 16 Ankara | Bilecik Burdur Cankirn Denizli Eskisehir | Isparta Karaman | Kayseri [Kirikkale
94% efficient
Kocaeli | Kutahya Manisa Osmaniye | Usak Yozgat

Most inefficient provinces:
Moderately inefficient provinces:

Moderately efficient provinces:

Efficient provinces:

Their average values of estimated efficiency are lower than the first quartile estimated efficiency.

Their average values of estimated efficiency are higher than the upper quartile estimated efficiency.

Their average values of estimated efficiency are between the first quartile and median estimated efficiency.

Their average values of estimated efficiency are between the median and upper quartile estimated efficiency.




18

@ Most efficient provinces

Moderately efficient provinces
@ Moderately inefficient provinces
@ Most inefficient provinces

Figure 5.3 lllustration of provinces based on their average efficiency levels over the period 2008-2015



As seen from Table 5.6, almost half of the provinces in Turkey fall into the
“inefficienct province” category. Moreover, out of these 40 provinces, half of them are
categorized as “the most inefficient”, the other half are as “moderately inefficient”.
Most inefficient provinces have average efficiency levels lower than 78%, whereas
moderately efficient ones have average efficiency levels between 78% and 90%.
Furthermore, among 20 provinces that are classified as “the most inefficient provinces,
11 have average efficiency levels lower than 70%. Efficiencies of these 11 provinces
range between 36% and 64%.

According to the analysis results, the most inefficient province in Turkey between
2008 and 2015 is Hakkari with its 36% efficiency level, which implies that it could
have used 64 percent less electricity to produce the same amount of energy services.
As seen from Figure 5.3, inefficient provinces are mostly concentrated on the eastern
part of Turkey or they are in the coasts. This is not a surprising result since our model
already suggests that having high loss-illegal use rate and located in the coastal area

affect inefficiency in residential electricity use of provinces.

When 41 provinces that are classified into the “efficient” category are examined, out
of these provinces, 25 of them are categorized as “moderately efficient” and 16 of them
are categorized as “the most efficient”. Furthermore, moderately efficient provinces
have average efficiency levels that vary between 90% and 94%, whereas the most

efficient ones have average efficiency levels above 94%.

In this category, Bilecik stands out as “the most efficient province” of Turkey with its
96% efficiency level between 2008 and 2015. This finding implies that Bilecik could
have used only 4 percent less electricity to produce the same amount of energy

services.

In Table 5.7 and Figure 5.4, the most and the least efficient five provinces between
2008 and 2015 are analyzed in detail. The average efficiency scores of the most

efficient provinces are at least 15 percent more than Turkey’s average, whereas the
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average efficiency scores of the most inefficient provinces are at least 50 percent less
than Turkey’s average. The efficient provinces are the ones, in which women are
highly educated, the number of married people is high and illegal electricity use is
quite low. Contrarily, inefficient provinces are the ones, in which the rates of educated
women and married people are low compared to Turkey’s average, but their illegal
electricity use is quite above Turkey’s average. To illustrate, the average illegal

electricity use rate in Hakkari is 332% more than Turkey’s average.

Table 5.7

The characteristics of the most and the least efficient provinces

Rate of Rate of
.. Educated | Rate of Rate of Loss-
Efficiency .
. . Women | Married lllegal Use o
. Average Efficiency over Maritime
Province . . ,  over People over over
Efficiency Rank Turkey’s , , , or not
Average Turkey’s | Turkey’s Turkey’s
g Average | Average (%) Average (%)
(%)
(%)
Bilecik 0.968 1 16.8 10.3 0.64 -73.3 0
Kutahya |0.966 2 16.6 -8.2 7.05 -64.05 0
Burdur 0.965 3 16.5 6.6 7.13 -53.11 0
Kocaeli 0.960 4 15.9 31.1 4.23 -63.95 1
Denizli 0.959 5 15.8 17.2 6.87 -65.5 0
D.bakir 0.383 77 -53.7 -27.3 -11.31 326.71 0
Mardin 0.371 78 -55.3 -39.8 -13.58 373.43 0
Sirnak 0.366 79 -55.8 -57.7 -19.29 362.69 0
S.urfa 0.365 80 -56.0 -54.7 -8.67 299.98 0
Hakkari 0.364 81 -56.1 -38.0 -24.06 332.6 0
50,0 400,00
0,0 200,00

-50,0 0,00

I Rate of Efficiency over Turkey's Average (%)

-100,0 —@— Rate of Educated Women over Turkey's Average (%) -200,00
—@— Rate of Married People over Turkey's Average (%)
—@— Rate of Loss-lllegal Use over Turkey's Average (%)

Figure 5.4 lllustration of characteristics of the most and the least efficient provinces
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CHAPTER 6

CONCLUSION

This study analyzes residential electricity demand of Turkey over the period 2008-
2015. Furthermore, it investigates inefficiencies in residential electricity use of
provinces and tries to reveal the factors leading to this inefficiency. The main reason
for focusing only on electricity use of residential sector is due to data availability.
Since this research aims to conduct an analysis at the provincial level, and it is not
possible to find data for other energy resources such as coal and natural gas, only
electricity is used as a source of energy in the study. Furthermore, concentrating
specifically on the period of 2008-2015 is related to availability of data relation to the
variables in the model for different years. Methodologically, this study follows the
study by Filippini and Hunt (2011, 2012) and estimates both residential electricity
demand and inefficiency effects equations simultaneously based on the model
proposed by Battese and Coelli (1995).

The empirical results indicate that higher income, living at detached houses and
inhabiting in densely populated provinces are the factors that account for increasing
electricity consumption at the dwellings. On the other hand, as household size
increases, electricity consumption per capita decreases. This finding is attributed to the
household scale economies. Since family members living in the same house share the
common electrical appliances, the household appliance usage per household member
decreases, and therefore, per capita electricity consumption decreases. Considering the
impact of the climate conditions on residential electricity consumption, it is concluded
that although Turkish households do not use electricity for heating and cooling in
general, provinces with high-income levels tend to use electricity for cooling. Based
on the estimated efficiency scores, 8-year mean energy efficiency of Turkey is found
to be approximately 0.83. This suggests that on average Turkey could have used 17%

less electricity to produce the same amount of energy services between 2008 and 2015.
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In other words, Turkish households have an average electricity saving potential of 17%

in the study period.

The results of the inefficiency effects equation reveal that being a well-educated
woman and being married have a positive impact on improving residential efficiency.
Contrarily, provinces with higher loss-illegal use rates and being located in the coastal
area use electricity more inefficiently. Furthermore, the results imply that there has not
been an improvement in the inefficient use of electricity at the residential sector over

time despite the efficiency policies implemented by the authorities after 2007.

Findings of our analysis based on factors determining the inefficiency in electricity
use lead to important policy implications. They emphasize the importance of women’s
education in attaining the goal of energy efficiency in the residential sector with the
argument that as women become more educated, their awareness on the purchase of
energy efficient appliances and environmental problems increases. The results?
suggest that if the share of educated women in the population increases by 10%,
average efficiency level in residential electricity use improves approximately by 1%
in Turkey. Provinces, whose efficiency scores increase at most as women’s education
levels increase, are Trabzon, Rize, Erzurum, Antalya and Bingol. Indeed, such results
can be a guide while determining the province-based policies to struggle with

inefficiency.

The findings of the survey carried out by Turkish Residential Energy Efficiency
Financing Facility (TUREEFF) also point out the significance of women’s being well-
educated. TUREEFF (2016) concludes that gender is an important factor for energy
efficiency, and the range of energy efficiency practices adopted by women is wider
than by men. According to this survey, in Turkey women are generally the ones who
make purchasing decisions on home appliances even if they do not have their own
income. Men are more likely to obey their wives’ preferences although they are the

ones who generally pay for the home appliances. The survey also suggests that women

28 To obtain marginal effect of education on the efficiency estimates of provinces, “margEff” argument
in R was used.
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and men with higher income and education levels consider that energy saving is
essential for the protection of environment, whereas those with lower income and
education levels associate energy saving with reducing bills. On the other hand, the
survey conducted in the scope of “Enerji Hanim” project, where the housewives
constitute 79% of the people included in the survey, reveals that more than 70% of
people are unconscious of energy class of their electrical appliances (Evaluation
Results of Enerji Hanim Survey, n.d.). This indicates that introducing energy labelling
as a regulation is not sufficient itself. Public awareness should be also raised to

promote this regulation.

Another important regulation that interests residential sector is that households can
select to be included in one-term tariff or three-term tariffs. In one-term tariff,
electricity use is priced by the same tariff throughout the day. On the other hand, in
the three-term tariffs, day is divided into three periods such as daytime (06:00-17:00),
peak time (17:00-22:00) and night (22:00-06:00). The electricity use in each period is
priced differently. To illustrate; the electricity tariff at night is the cheapest, so
households can shift their consumption to night and economize on their electricity
consumption. In this respect, three term tariffs can be more appropriate for working
women. Although there is a conventional belief in the society that using electrical
appliances such as dishwashers and washing machines at nights is more economical,
three-term tariffs are only available for consumers with smart meters. The ones with
mechanic meters cannot benefit from this advantageous tariff if they do not demand
from the electricity distribution company at their region to change their meter.

These examples of regulations i.e., energy labelling and three-term tariffs, indicate that
scope and benefits of all regulations should be introduced to the public in more detail.
Otherwise, they may not be as effective as expected by the policy makers since people

are unaware or unconscious of these regulations.

In conclusion, existence of well-educated women plays a critical role in improving
residential energy efficiency. Thus, the policies especially targeting women can be

effective in promoting residential energy efficiency. Moreover, all regulations and
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policies should also be promoted by means of the informational and educational

campaigns, programs or public service announcements to raise public awareness.

Another important policy that can improve residential electricity efficiency is to reduce
illegal electricity use especially in the eastern part of Turkey. In the provinces where
illegal electricity use is highly common, this situation leads people to use electricity in
the different sectors such as industry, dwellings, agriculture inefficiently. If people
consider having lower risk of being caught, and even if they are caught, the
punishments are not dissuasive, they will not abandon this “ingrained habit”
voluntarily. Furthermore, as long as EMRA applies the same electricity prices to all
provinces and the cost of lost electricity is reflected to the consumers who pay their
electricity bills regularly, illegal electricity use will continue to be a burden on these
consumers. This kind of approach, in which the cost of illegal electricity use is
reflected to the consumers by means of higher prices, is criticized as it restrains
electricity distribution companies for searching a solution to this problem (Aydin,
2016). Therefore, policy makers should develop more effective policies and provide
legal arrangements to struggle illegal electricity use. They should also examine broadly

the socio-economic reasons, which lead people to use electricity illegally.

Yurtseven (2015) proposes implementing social tariffs as an alternative solution to this
problem. In this way, a reduced tariff can be determined for the vulnerable consumers
by considering their purchasing power and social capital levels, and this may deter
poor people from illegal electricity use. Another suggestion of Yurtseven (2015) is the
use of increasing block tariffs method in case that identification of vulnerable
consumers is difficult. In line with international standards, first 100 kWh of electricity
per month, that is essential for maintaining basic life necessities, can be offered to
these consumers at very low prices or even free of charge. On the other hand, the
revenue loss resulting from this mechanism can be compensated in the following
blocks by higher tariffs. This kind of support mechanisms may seem to be costly at
first glance, but the cost of illegal electricity use to the operation of electricity system
may be far more than that. Furthermore, research and development projects on
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reducing loss-illegal electricity use designed by electricity distribution companies or

researchers should be promoted vigorously.

Last suggestion to policy makers is that after conducting efficiency analyses,
efficiency goals can be set or certain incentives can be given to the efficient provinces.
This type of policy may encourage the inefficient provinces to use electricity more
efficiently to benefit from these incentives.

As mentioned before, our study is the first attempt to measure residential energy
efficiency at the provincial level by a frontier method. It proposes a new approach to
policy makers in measuring efficiency in residential electricity use rather than using
simply energy intensity indicators. Nonetheless, this study is restricted to electricity
consumption as data for the other sources (natural gas, coal etc.) are not available at
provincial level. In case of high quality and detailed energy data at the provincial level
are collected, our analysis can be expanded for many different sectors by regional
studies. If it is possible to reach data about the ownership of electrical appliances,
which are important in terms of residential electricity consumption, similar analyses
in Boogen (2017) can be done, and our results can be improved. Lastly, if monthly or
seasonal residential electricity consumption data are available, the impact of climate
conditions on residential electricity consumption and (in) efficiency in electricity use

can be analyzed in more detail.
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APPENDICES

A. COMPARISON OF THE RANKINGS OF PROVINCES BASED ON
ESTIMATED EFFICIENCY SCORES AND ENERGY INTENSITY VALUES
BETWEEN 2008 AND 2015

2008-2015 Average 2008-2015 Average Energy Intensity

Provinces Efficiency Energy Intensity Efficiency Rank | Rank
Bilecik 0.9676 483.006 1 21
Kutahya 0.9660 440.067 2 7
Burdur 0.9654 488.641 3 23
Kocaeli 0.9605 621.644 4 54
Denizli 0.9594 581.589 5 46
Kirikkale 0.9592 507.786 6 30
Manisa 0.9582 571.660 7 43
Usak 0.9560 513.361 8 34
Ankara 0.9549 706.153 9 67
Osmaniye 0.9534 485.370 10 22
Kayseri 0.9531 511.203 11 33
Yozgat 0.9516 411.350 12 3
Isparta 0.9501 532.544 13 38
Cankir 0.9501 456.224 14 13
Eskisehir 0.9467 599.204 15 50
Karaman 0.9455 466.713 16 19
Adiyaman 0.9431 370.990 17 1
Erzincan 0.9427 458.838 18 17
Konya 0.9416 492.604 19 25
Kahramanmaras | 0.9395 406.592 20 2
Afyonkarahisar |0.9388 463.153 21 18
istanbul 0.9382 825.517 22 74
Canakkale 0.9378 598.905 23 49
Tokat 0.9377 458.002 24 16
Kirsehir 0.9352 505.988 25 29
Nigde 0.9347 452.051 26 12
Bursa 0.9344 627.643 27 56
Gaziantep 0.9329 473.289 28 20
Corum 0.9322 492.129 29 24
Sivas 0.9321 445.272 30 9
Aksaray 0.9311 451.645 31 11
Bolu 0.9283 552.205 32 40
Karabik 0.9254 554.565 33 41
Elazig 0.9245 456.346 34 14
Gilmughane 0.9217 448.431 35 10
Tekirdag 0.9191 648.353 36 58
Amasya 0.9177 574.422 37 45
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(continued)

2008-2015 Average

2008-2015 Average

Energy Intensity

Provinces Efficiency Energy Intensity Efficiency Rank Rank
Nevsehir 0.9144 547.588 38 39
Diizce 0.9092 566.077 39 42
Ardahan 0.9054 437.073 40 6
Tunceli 0.9048 442.162 41 8
Balikesir 0.8868 661.122 42 62
Sakarya 0.8845 622.059 43 55
Kirklareli 0.8800 667.334 44 63
Zonguldak 0.8794 603.559 45 52
Ordu 0.8741 574.238 46 44
Malatya 0.8732 509.951 47 32
Edirne 0.8669 685.469 48 65
Hatay 0.8662 589.296 49 48
Kilis 0.8657 526.682 50 36
Kars 0.8541 424.093 51 5
Samsun 0.8502 611.286 52 53
izmir 0.8438 919.148 53 77
Mersin 0.8363 717.640 54 68
Yalova 0.8297 794.091 55 73
Bartin 0.8214 581.966 56 47
Kastamonu 0.8067 530.106 57 37
Aydin 0.7937 764.992 58 71
Trabzon 0.7764 738.343 59 69
Bayburt 0.7763 508.315 60 31
Adana 0.7762 699.934 61 66
Erzurum 0.7712 502.366 62 28
Antalya 0.7661 904.474 63 76
18dir 0.7652 497.136 64 26
Bingol 0.7587 421.430 65 4
Rize 0.7583 685.147 66 64
Giresun 0.7467 653.102 67 60
Sinop 0.7100 660.947 68 61
Mugla 0.7009 924.487 69 78
Artvin 0.6983 649.665 70 59
Siirt 0.6363 457.113 71 15
Bitlis 0.5994 522.246 72 35
Mus 0.5911 499.958 73 27
Agri 0.5036 600.999 74 51
Van 0.4988 642.380 75 57
Batman 0.3928 870.910 76 75
Diyarbakir 0.3835 956.269 77 79
Mardin 0.3707 1001.932 78 81
Sirnak 0.3661 790.263 79 72
Sanlhurfa 0.3645 959.470 80 80
Hakkari 0.3636 739.184 81 70
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*Residential electricity use per capita (kWh) is taken as an indicator for energy intensity.
**A rank of 81 for energy efficiency represents the least efficient province, whereas a rank of 1
represents the most efficient province. A rank of 81 for energy intensity represents the most energy

intensive province while a rank of 1 represents the least energy intensive province.
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B. TURKISH SUMMARY / TURKCE OZET

Stiphesiz elektrigin icadi insanlik tarihinin en 6nemli yeniliklerinden biridir. Hayatin
bir pargasi haline gelen elektrigin olmadig: bir yagam dahi hayal edilememektedir.
Birkag saat i¢in dahi yasanacak bir kesinti durumu, farkl: sektorlerdeki tiim ekonomik
aktiveleri olumsuz yonde etkileyerek tahminlerin 6tesinde ekonomik ve sosyal
maliyetlere sebep olacaktir. Bu nedenle, elektrigin yeterli ve kesintisiz arz1 ozellikle
stirdiiriilebilir sosyal ve ekonomik biiylimeyi hedefleyen {ilkeler i¢in kritik 6nem arz

etmektedir.

Uluslararas1 Enerji Ajansi (2019) verilerine gore, kiiresel elektrik enerjisi talebi 2018
yilinda 2017 yilina gore %4°liikk bir artis gostererek artig egilimine devam etmistir.
Elektrik talebinde goriilen bu artig, toplam enerji talebinin iki kat1 kadar olup, 2010
yilindan itibaren en yiiksek artis hizina ulagmistir. Yine ajans verilerine gore, 2018
yilinda diinya enerji talebinin %45°1 yenilenebilir enerji ile niikleer kaynaklardan
saglannigtir. Ote yandan, komiir ve dogalgaz santralleri, elektrik iiretimine énemli
Ol¢iide katkida bulunmaya devam etmislerdir. Komiir ve dogalgaz santrallerinin
elektrik iiretimindeki paylar1 sirasiyla %38 ve %23 olarak gerceklesmis olup, elektrik
tiretiminden kaynaklanan sera gazi salimlari ise, enerji kaynakli salimlarin %38’ini
olusturmustur. S6z konusu rakamlarin da isaret ettigi tizere, kisith kaynaklar ile artan
elektrik talebini karsilamak ve bunu sera gazi salim hedefleri ile g¢elismeksizin

gerceklestirmek bir nevi sorun teskil etmektedir.

Diinyada oldugu gibi, iilkemizde de elektrik tiikketimi yillara gore artan bir egilim
gostermektedir. Ekonomik biiylime, sanayilesme ve artan niifusun da etkisiyle,
Tiirkiye’nin elektrik tiiketimi zamanla énemli 6lciide artmistir. Tiirkiye Istatistik
Kurumu (TUIK) verilerine gére, 2007 yilina kiyasla 2017 yilinda elektrik tiiketimi
%60’lik bir artis gostermistir. 2017 elektrik iiretim verilerine bakildiginda ise,
tiretimde en biliylik pay1 sirasiyla %33 ve % 37 ile komiir ve dogalgaz santralleri

almistir. Ote yandan, toplam elektrik tiiketiminin sektdrel bazda dagilimma
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bakildiginda, bu alanda sirastyla %47 ve %22°lik paylar ile sanayi ve konut sektorleri
on plana ¢ikmaktadir. Artan talebi karsilamanin yani sira Tiirkiye, diger dnemli
sorunlarla da basa ¢ikmaya caligmaktadir. Elektrik tiretiminde temel kaynak olma
ozelligi gosteren dogalgazda 2017 yilinda %99’lara varan disa bagimlilik bu
sorunlarin basini ¢ekmektedir (EMRA, 2018b). Ayrica, dogal gaz arzinin biiyiik bir
kisminin yillardir belli tilkelerden karsilaniyor olmasi bu iilkelerle yasanacak siyasi bir
kriz durumunda arz giivenligi i¢in bliylik bir tehdit olusturmaktadir. Dogalgazda
goriilen ciddi oranlarda disa bagimliligin yami sira, enerji kaynakli sera gazi
salimlarmin artis1, Tiirkiye’nin miicadele ettigi bir diger sorundur. TUIK (2019)
verilerine gore sera gazi salimi 2017 yili igin 526,3 tona ulasmis olup, enerji
sektoriiniin toplam salimlardaki pay1 ise %72 olarak gerceklesmistir. 1990 ile
kiyaslandiginda 2017 yilinda sera gazi salimlar1 %140,1°lik bir artis gostermis olup,
sera gazi salimlarinda gdriilen bu carpici artig Tiirkiye’yi, enerji iiretim politikalarin
tekrar gozden gecirmeye itmektedir. Bu sorunun ¢6ziimii i¢in yenilenebilir enerji
kaynaklar1 ilk alternatif olarak akillara gelse de, bu kaynaklarin 6nemli 6lctide iklim
kosullarima bagimli olmalar1 yeterli ve kesintisiz enerji arzini olumsuz yonde
etkilemektedir. Bu noktada, “Enerji Etkinligi” bir diger dnemli alternatif olarak 6n

plana ¢ikmaktadir.

Ayni ¢ikt1 ya da hizmeti elde etmek i¢in daha az enerji kullanimi1 seklinde tanimlansa
da enerji etkinligi, lilkelere bundan ¢ok daha fazlasini sunmaktadir. Dogru enerji
etkinligi politikalari, en hizli ve en az maliyetle bir¢ok iilke i¢in ekonomik biiylimenin
stirdiiriilmesi, salimlarin azaltilmasi ve enerji arzinin saglanmasinda énemli bir rol
oynamaktadir. Molina (2014), ABD i¢in 2009-2012 déneminde enerji etkinligi
programlarinin  maliyet ve maliyet etkinligini inceleyen c¢alismasinda, enerji
etkinliginin, yeni bir {iretim santrali inga etmek gibi farkli elektrik iiretim se¢enekleri
ile kiyaslandiginda en diisiik maliyetli kaynak oldugu sonucuna varmistir. Uluslararasi
Enerji Ajansi (t.y), 2000 yilindan beri siiregelen enerji etkinligi iyilestirmeleri olmamis
olsayd1 tiim diinyada 2016 yilinda %12 daha fazla enerji tiiketilecegini belirtmektedir.

Bu miktar, Avrupa Birligi’nin toplam enerji gereksinimine karsilik gelmektedir.
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Tiirkiye de diger bir¢ok diinya iilkesi gibi son yillarda enerji tiikketiminde iyilestirmeler
yapmak adina son derece 6nemli adimlar atmistir. Bu yondeki en somut adimlar 2007
yilinda Enerji Verimligi Kanununun yiirtirliige girmesi ile atilmis olup o tarihten bu
yana s6z konusu Kanunu diger bir¢ok diizenleme izlemistir. Bu diizenlemeler ile
sanayi, ulasim gibi birgok farkli sektore iligskin etkinlik hedefleri belirlenmis olup,
konut sektorii de diizenlemelere tabi tutulan sektorlerden olmustur. Elektrikli aletlerde
enerji etiketlenmesi ile binalara enerji kimlik belgesine sahip olunmasi sart1 getirilmesi

konuta iliskin 6nemli diizenlemelerdendir.

TUIK verilerine gore 2017 yilinda, hane halklar1 sayis1 22 milyonu geg¢mis olup,
konutun toplam elektrik tiketimindeki pay1 ise yaklasik %22 olarak gerceklesmistir.
Bu demek oluyor ki, 2017 yilinda Tiirkiye’de iiretilen elektrigin yaklagik dortte biri
evlerde tiikketilmistir. Bu sebeple, en fazla elektrik tiiketen sektorlerden biri olan konut
sektoriine iliskin tiikketim kaliplarin1 incelemek ve konutlarda elektrik tiiketimine
iliskin etkinsizligin nedenlerini belirlemek 6nem arz etmektedir. Ote yandan, konuta
yonelik mevzuata iligkin diizenlemelerin elektrik tiiketimi ile etkinlige olan etkilerini

ortaya koymak gelecege yonelik politikalar i¢in ayrica 6nem tagimaktadir.

Etkinligin sayisal olarak Olciilmesine gelindiginde ise, gliniimiizde etkinlik 6l¢iimii
caligmalar1 bankacilik, tarim, saglik gibi birgok farkli sektdrde kullanilmaktadir. Enerji
ise basli basina akademik ve deneysel ¢alismalarin yogunlastigi 6nemli sektorlerden
birisidir. Ozellikle son zamanlarda enerji alaninda, elektrik ve dogalgaz dagitim
sirketlerinin etkinlikleri ile farkli sektorlerde enerji kullanimina iliskin etkinlik
calismalar1 On plana ¢ikmaktadir. Enerji kullanimina iligskin olarak, Filippini ve Hunt
tarafindan 2011 yilinda yayimlanan ve OECD iilkeleri i¢in enerji kullanimina iligskin
etkinlik Ol¢limii yapan akademik c¢alisma, yazinda biiyiik ilgi uyandirmistir. S6z
konusu ¢aligma, girdi talep fonksiyonu ile stokastik sinir yaklagimini birlestirerek
birincil enerji kullanimindaki enerji etkinligini 6lgen ilk ¢alisma olmasi yoniiyle, bu
calismada oldugu gibi bu alanda yapilan birgok calisma i¢in de ilham kaynagi
olmustur.
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Konutta elektrik kullaniminda etkinlige odaklanan akademik ¢alismalarin iilkemiz i¢in
oldukca kisitli oldugu g6z 6niinde bulundurulursa, ¢alismamiz bu alanda ilk olma
ozelligini gostermektedir. Bilindigi kadartyla, Tiirkiye’de konutta enerji etkinligini ve
bu etkin(siz)ligin nedenlerini il bazinda sinir yontemi ile inceleyen baska bir akademik
calisma bulunmamaktadir. Yapilan ¢aligmalarin biiyiik bir kismi1 Tiirkiye’ nin de iginde
oldugu OECD ya da Avrupa Birligi tilkeleri arasindaki karsilastirmalara odaklanmakta
olup bu caligmalarda diger bir siir yontemi olan Veri Zarflama Analizi (VZA)
kullanildigr goriilmektedir. S6z konusu c¢alismalarin genel olarak toplulagtirilmis
(genel) enerji etkinligi ya da sanayide enerji etkinligi Olgtimlerine odaklandiklar
anlasilmaktadir. Birgok degisken i¢in veri olmamasi nedeniyle il bazinda genel ya da
sanayiye iliskin ¢alismalar oldukca azdir. Kéne ve Biike (2012), Ozkara ve Atak
(2015) ve ilhan (2015) ¢aligmalar1 bu alanda yapilmis nadir ¢alismalardandir,

Konutta enerji etkinligi ¢alismalarina gelindiginde ise bu alanda il bazinda yapilmis
bir ¢calisma bulunmamakta olup, Morgiil (2014) ve Aydin (2018) ¢alismalari, tilkemiz
icin konutta elektrik tiiketimindeki etkinlik yazimina katki saglamaktadir. Morgiil,
500°den fazla katilimcinin dahil oldugu ve 2013-2014 yillarinda tamamlanan anket
calismas1 sonucunda, capraz tablolama yontemi ile hane halklarinin tiikketim kaliplar
ile enerji etkinligine iligkin tutumlarina iligkin belli ¢gikarimlarda bulunmaktadir. Anket
sonuglarina gore, elektrikli ev aletlerine iliskin enerji etiketlemesi, pik saat kullanima,
akilli sayag uygulamasi, bekleme konumunda tiiketim?® hakkinda bilgi sahibi olunmas1
ile elektrikli su isiticisi, ¢cay ya da kahve makinelerinin etkin kullanimi, konutta elektrik

tikketiminde etkinligin iyilestirilmesinde 6nemli rol oynamaktadir.

Morgiil (2014) calismasi, konutta elektrik kullaniminda etkinlik konusuna genel bir
yaklagim sunmakla beraber, daha 6nce de belirtildigi tizere VZA ya da Stokastik Sinir
Analizi (SSA) gibi yontemler kullanilmaksizin gapraz tablolama yontemi ile belli
¢ikarimlarda bulunmaktadir. Diger bir ¢alisma olan Aydin (2018), enerji etiketlemesi

uygulamasinin konutta enerji etkinligine olan etkilerini incelemekte olup, calisma

2 [ngilizce “standby consumption” 6beginden cevrilmistir.
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TUIK tarafindan yapilmis Hanehalki Biitce Anketlerini kullanarak En Kiigiik Kareler
yontemi ile tahminlerde bulunmaktadir. Calisma sonunda, enerji etiketlemesi
uygulamasinin konutta elektrik enerjisi tiiketiminin azaltilmasina katki sagladigi

sonucuna varilmaktadir.

Calismamiz, s6z konusu iki ¢alismadan farkli olarak konutta etkinlik konusunu sinir
yontemi kullanarak il bazinda ele almakta olup, ayn1 zamanda bu anlamda Tiirkiye i¢in
yapilmis ilk ¢alisma olma 6zelligini gostermektedir. Calismamizin amaglarindan biri,
2008-2015 yillart icin standart talep degiskenlerinin yan sira konut ve hanehalkina
iligkin degiskenleri de ekleyerek Tiirkiye’de konutta elektrik talep fonksiyonunu
tahmin etmektir. Calismamizin bir diger amaci ise, il bazinda enerji etkinligi skorlarini
belirleyerek etkin(siz)ligin olasi nedenlerini ortaya koymaktir. Bu amagla, Battese ve
Coelli (1995) tarafindan onerilen “etkinsizlik” etkileri modeli temel alinarak ayn1 anda
hem konut elektrik talebi hem de etkinsizlik etkileri denklemleri tanmin edilmektedir.
Elde edilen etkinlik skorlarina gore iller belli kategorilere ayrilarak tiikketimde

etkinsizligin nedenleri ayrica tartisilmaktadir.

Calisma kapsaminda kullanilan yontem detaylandirilmadan 6nce yazinda siklikla
birbirlerinin yerine kullanilan verimlilik ve etkinlik kavramlarini birbirinden ayirt
etmek gerekmektedir. Etkinlik, temelde gbzlenen girdi ve ¢ikti degerlerinin en uygun
girdi ve ¢ikt1 degerlerine oranini ifade etmektedir. Ciktiyr en ¢oklagtiran yaklasim
acisindan bakildiginda, belli teknoloji ve girdiler ile en ¢ok ¢iktiy1 elde edebilme,
maliyeti en aza indirme yaklasimi ile bakildiginda ise, en az girdi bilesimi ile belli bir
ciktiyr elde edebilme kabiliyeti olarak tanimlanmaktadir. Ote yandan, verimlilik,
tiretim siirecinde kullanilan girdilerin ¢iktilara oranini ifade etmektedir. Yazinda sz
konusu kavramlari, daha dnce de belirtildigi tizere birbiri yerine kullanma egilimi olsa
da, bu iki kavram tam olarak aymi seyler degildir. Ciinkii etkinlik artis1 daima
verimlilik artisin1 beraberinde getirmemektedir (Coelli ve digerleri, 2005). Temelde,
etkinlik verimliligin belirleyicilerinden yalnizca biri olarak degerlendirilmekte ve

ekonomik bir aktdr icin etkinlifi saglamadan verimliligi saglamak miimkiin
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goriinmemektedir. Ayrica, etkinlik kisa donemli bir olgu iken, verimlilik uzun
donemlidir (Odyakmaz, 2009).

Farkli etkinlik tiirleri bulunmakla beraber bunlardan teknik etkinlik, ¢iktiyr en
coklastiran yaklasim ile bakildiginda belli teknoloji ve girdiler ile en ¢ok ¢iktiy1 elde
edebilmeyi ifade etmekte; fiyat bilgilerinin de olmas1 durumunda diger bir etkinlik tiirii
olan “tahsis etkinligi” ise, belli miktarda c¢iktiyr en az maliyetle iiretmeye olanak
saglayan girdi bilesimini se¢gmeyi ifade etmektedir. Bu iki etkinlik tiiriiniin birlesimi
ise, “liretim etkinligini” olusturmaktadir. Kopp (1981) tarafindan tiretim etkinligi, bir
ekonomik birimin en ¢ok c¢iktiyt en az maliyetle iiretebilme kabiliyeti olarak

tanimlanmaktadir.

Etkinlik dl¢limiine gelindiginde ise, yazinda girdi odakli ve ¢ikti odakli olmak {izere
iki farklh etkinlik 6l¢iim yaklagimi bulunmaktadir. Girdi odakli yaklasimlar, ¢ikti
miktarin1  degistirmeksizin orantili olarak girdi miktarlariin  ne kadar
azaltilabilecegine odaklanirken, ¢ikti odakli yaklagimlar ise, liretim siirecinde
kullanilacak girdi miktarlarim1  degistirmeksizin  ¢ikti  miktarmin  ne kadar
arttirilabilecegine odaklanmaktadir (Coelli ve digerleri, 2005). Calismamiz, hane
halklarinin belli miktardaki 1sinma, aydinlatma vs. seklindeki enerji hizmetlerini en az
miktarda elektrik kullanarak tiretmede ne kadar basarili olduklarini 6lgmesi yoniiyle

girdi odakli bir yaklagim 6rnegidir.

Etkinlik kavrami, tiirleri ve etkinlik 6l¢iimiine iligkin farkli kavramlar tanitildiktan
sonra &nemli bir soru belirmektedir: “Etkinlik Nasil Olgiilecektir?”. Bu noktada,
Farrell (1957) tarafindan 6nerilen radyal 6l¢iim ile ve Kopp (1981) tarafindan 6nerilen

radyal olmayan dl¢tim yontemleri 6n plana ¢ikmaktadir.

Farrell’in etkinlik 6l¢timii, coklu faktorlerin teknik ve tahsis etkinligini tek bir indekste
birlestirmektedir. Bu yaklasimda, iiretim siirecinde kullanilan tiim girdilerin
etkinlikleri degerlendirmeye alinir ve gbzlemlenen etkinlik iyilestirmesinin tim girdi

miktarlariin orantili olarak azalmasi ile gerceklestigi varsayilir. Yine bu yaklagim
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kapsaminda, girdi uzakligi, liretim ve maliyet fonksiyonlar1 kullanilarak etkinlik
olgiimii yapilir. Ote yandan, Farrell’in etkinlik 6lgiimii her bir faktdriin {iretim
etkinligine olan bireysel katkisini ayr1 ayr1 ortaya koymaktan uzaktir. Ayrica, tek bir
girdiye iliskin etkinligin 6l¢iilmek istendigi ya da gercek hayatta bazi girdilerin sabit
ya da yar1 sabit oldugu durumlar siklikla olabilir. Bu durumda, Farrell’in bu yaklagimi
yerine, Kopp (1981) tarafindan onerilen radyal olmayan etkinlik 6lgtimii kullanilabilir.
Bu yaklasimi enerji etkinligi agisindan ele aldigimizda, iiretim siirecine dahil edilen
girdilerden fiziki sermayeyi (elektrikli ev aletleri vs.) sabit varsayarak belli bir enerji
hizmetini (1sinma, aydinlatma vs.) iiretmek i¢in gerekli olacak en az elektrik enerjisi
kullanim1 tahmin edilebilir. Gozlemlenen elektrik kullanimindan da hareketle bir
ekonomik birimin elektrik kullanimdaki etkinligi olgiilebilir. Kopp yaklagimi
temelinde, girdi gereksinim®, Shephard uzaklik ve girdi talep fonksiyonlari
kullanilarak etkinlik Ol¢imii yapilabilir. Calismamizda, enerji hizmetlerinin
tiretilmesinde kullanilan girdilerden yalmizca elektrik kullanimindaki etkinligin

Olclilmesi amaclandigindan Kopp’un 6nermis oldugu yaklagimdan yararlanilacaktir.

Radyal ya da radyal olmayan yaklasimlardan hangisinin kullanilacagina karar
verildikten sonra, enerji etkinligini 6l¢mek icin hangi yontem ve fonksiyonun
kullanilacagina karar vermek de bir diger 6nemli husustur. S6z konusu yontemler, sinir
veya sinir olmayan, parametrik veya parametrik olmayan, stokastik veya deterministik
yontemler seklinde farklilasmaktadir. S6z konusu yontemler, sirf kolay hesaplanmasi
nedeniyle tercih edilen ancak etkinlikle alakali olmayan degisiklikleri de igcermesi
nedeniyle aslinda enerji etkinligi icin her zaman iyi bir gosterge olmayan “Enerji/
Gayri Safi Yurt I¢i Hasila” oranina bir tiir alternatif sunmaktadir. Detaylarima,
birbirlerine gore avantaj ve dezavantajlarina deginilecek bu yontemlerden parametrik
olmayan VZA ve parametrik SSA, enerji etkinligi l¢iimlerinde en ¢ok kullanilan iki

yontem olarak karsimiza ¢ikmaktadir.

Giliniimiizde birgok arastirmaci tarafindan farkli alanlarda siklikla kullanilan

parametrik olmayan ve deterministik yontemlerden VZA Charnes, Cooper ve Rhodes

30 [ngilizce “input requirement function” dbeginden ¢evrilmistir
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(1978) tarafindan Farrell (1957) calismasindan yola ¢ikilarak onerilmis ve dogrusal
programlama yontemlerini kullanan matematiksel bir yontemdir. Bu yontem ile
temelde homojen oldugu varsayilan karar verici birimlerin, diger benzer birimlere
kiyasla belli miktarda girdi ile belli bir ¢iktiy1 elde etmede ne kadar etkin olduklari
Olciiliir (Mardani, 2017). VZA’nin da iginde oldugu deterministik modeller, sinirdan
sapmalarin tamamini digsal soklar, Ol¢lim hatalar1 ve yanlis fonksiyonel form
belirleme vs. gibi durumlari g6z Oniinde bulundurmaksizin “etkinsizlik “olarak
belirlemeleri yoniiyle yazinda tartismali bir yaklasim olarak degerlendirilmektedir

(Forsund ve digerleri, 1980).

VZA ya da SSA yontemlerinden hangisinin hangi durumlarda kullanilacag: ise bazi
etkenlere baghdir (Sarafidis, 2002). Smira iliskin fonksiyonel formu belirlemenin
olmadig1 ve/veya ihmal edilen degiskenlerin sonuglar etkileyeceginin diisiiniildiigii
durumlarda SSA’y1 kullanmak daha dogru bir yaklagim olacaktir. Ayrica, SSA
yonteminde istatistiksel testler yardimiyla modelde yer alan degiskenlerin 6nemli olup
olmadiklarima karar vermek ve bdylelikle modeli belirlemek miimkiindiir. Ote yandan,
modelde yer alan degiskenler arasinda ciddi bir korelasyon sorunu varsa ve/veya sinira
iligkin dogru fonksiyonel formu belirlemek kolay degil ise SSA yerine VZA’1 segmek

daha makul olacaktir.

SSA ile etkinlik 6l¢iimiinde kullanilabilecek fonksiyonlar1 girdi gereksinim, Shephard
uzaklik ve girdi talep fonksiyonlari seklinde siniflandirmak miimkiindiir. Girdi
gereksinim ve Shephard uzaklik fonksiyonlari yalnizca teknik etkinlik hakkinda bilgi
verirken, girdi talep fonksiyonlar1 teknik ve tahsis etkinligini i¢eren iiretim etkinligi
hakkinda bilgi vermektedir. Girdi miktarlarini kullanan girdi talep fonksiyonlari,
kosullu stokastik sinir fonksiyonu maliyeti en aza indirme siirecinden tiiretileceginden
girdi fiyatlar1 bilgisini de gerektirmektedir (Filippini ve Hunt, 2015). Ote yandan,
enerji etkinliginin 6l¢limiinde kullanilan enerji gereksinim ve Shephard enerji uzaklik
fonksiyonlar1 “i¢sellestirme” probleminden muzdariptir (Kipouros, 2017). Bu sebeple,

calismamizda Filippini ve Hunt (2011) ¢alismasinda oldugu gibi enerji girdi talep
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fonksiyonu temelinde bir tiir maliyeti en aza indirme mantigiyla etkinlik 6lgimiine

gidilecektir.

Deterministik sinir modellere dissal soklar, 6l¢tim hatalar1 ve yanlis fonksiyonel form
belirleme gibi durumlar1 kapsayacak sekilde bir istatistiksel hata teriminin ilave
edilmesi ile bu modeller stokastik sinir modellerine doniismektedir. Stokastik sinir
modelleri Aigner ve digerleri (1977) ile Meeusen ve van den Broeck (1977) tarafindan
birbirlerinden bagimsiz ve es zamanli olarak onerilmis olup, modelin yatay kesit

tiretim fonksiyonuna iliskin formu su sekildedir:

Inqi= x;'B+ vi-y; 1)
gi: 1’ninci firmanin tiretim miktaridir.

X : 1’ninci firmanin girdi miktarlarinin logaritmasini igeren vektordiir.

B: bilinmeyen parametreler vektoriidiir.

u; : negatif olmayan yar1 normal dagildig1 varsayilan etkinsizlik terimidir.

v;: kasitli olmaksizin ihmal edilen degisken durumu, 6l¢lim ya da 6rnekleme hatalari

ve yanlis fonksiyonel form belirleme gibi durumlarla iligkili istatistiksel hata terimidir.

v~ iii N(O, 02) ve u;~iii N’(0, 62) seklinde dagilmakta olup, birbirlerinden ve modelde

yer alan agiklayict degiskenlerden bagimsizdirlar.

Modelde yer alan hata terimlerine iliskin varsayimlar da dikkate alindiginda, birlesik
hata teriminin g = v;- u; nin asimetrik yani, E (g;) < 0 olmasi nedeniyle etkinsizlik
teriminin, En Kiiciik Kareler Yontemi (EKK) ile bu birlesik hata teriminden
ayristirilmast miimkiin olmamaktadir (Cakmak ve digerleri, 2008). Ote yandan, EKK
yonteminin kullanilmasi, egim katsayilari i¢in tutarli tahmin ediciler saglarken,
kesisim katsayisi i¢in yanli tahmin ediciler tiretmektedir. Bu nedenle, EKK yontemi
etkin(siz)lik hesaplamasi i¢in uygun bir yontem olmayip, Maksimum Olabilirlik
Tahmini (MOT), asimptotik olarak etkinlik dl¢iimiinde EKK ve Diizeltilmis EKK

yontemlerinden daha etkin bir yontem olmaktadir (Coelli ve digerleri, 2005).
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MOT yontemi ile bu sekilde birlesik hata terimi tahmin edilebilmekte, sonrasinda
Jondrow ve digerleri (1982) tarafindan onerilen kosullu olasilik dagilimi yaklagimi
temelli bir yontem ile denklem (2)’de oldugu gibi teknik etkinlik diizeyleri (TE)

tahmin edilebilmektedir.

qi =6XP(X1'B+ Vi— Uj
exp(x;B+ vi) exp(x;B+ Vi)

| = ) =exp (-u;) 0<TE; <1 2

Modelin ilk halinde etkinsizlik terimleri yar1 normal dagilsa da zamanla kesikli
normal, iistel ve gamma seklinde dagilimlar da Gnerilmistir. Arastirmacilarin hangi
dagilimla c¢alisacagi tezin yontem kisminda da aciklandigi iizere belli etkenlere
baglidir. Yine stokastik sinir fonksiyonunun fonksiyonel formunu belirlemek bir diger
onemli konudur. Cobb-Douglas, translog, ikinci dereceden, genellestirilmis Leontief

vs. seklinde bir¢ok farkli bigim olsa da her bir se¢imin kendi i¢inde dezavantajlarinin

olabileceginin arastirmacilarca farkinda olunmasi gerekmektedir.

[1k halinde yatay kesit veriye uygulanmis olan SSA, Pitt ve Lee (1981) tarafindan panel
veri setine genigletilmistir. Yine etkinsizligin zamana gore degismedigini varsayan ilk
modeller yerine Cornwell ve digerleri (1990), Kumbhakar (1990), Battese ve Coelli,
(1992,1995), Lee ve Schmidt (1993) tarafindan etkinsizligin zamanla degisimine izin

veren modeller gelistirilmistir.

Battese ve Coelli (1992) tarafindan gelistirilen model, etkinlik degerlerinin zamanla
degismesine izin vermesine karsin 6nemli bir dezavantaja sahiptir. Bu model ile
firmalarin  etkinlik degerleri zamanla degisse bile etkinlik siralamalar
degismemektedir. Ayrica bu model, etkinlik diizeylerini etkileyen “gevresel faktorler”

hakkinda herhangi bir bilgi de igermemektedir.

Battese ve Coelli (1992) modelindeki bu eksikliklerden 6tiirii, Battese ve Coelli (1995)
modeli gelistirilmis olup bu yeni model ile etkinsizlik etkilerinin belli degiskenler ve

zamanin bir fonksiyonu oldugu varsayilmaktadir. S6z konusu yeni model ile hem
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etkin(siz)liklerin zamana gore degismesine izin verilmekte hem de etkinsizligin

nedenleri agiklanmaktadir.

Battese ve Coelli (1992, 1995) modelleri iiretim fonksiyonlarinin yani sira maliyet

fonksiyonlarina da uygulanabilmektedir.

Calismamizda, Tirkiye i¢in konutta elektrik talebi, Filippini ve Hunt (2011, 2012)
calismalari 15181nda modellenmistir. Bu calismalarda, enerji diger girdilerle birlikte
tiretim faktorii olarak ele alinmakta ve SSA kullanilarak enerji etkinligi tahmin
edilmektedir. Belli bir ¢ikt1 diizeyini elde etmek i¢in gerekli olacak en az enerji miktari
“enerji talep smirii” olusturmakta ve simirdan pozitif sapmalar “enerji kullaniminda

etkinsizlige” tekabiil etmektedir.

2008-2015 yillart i¢in konutta elektrik enerjisi talebinin i’nci il ve t’inci yil igin

asagidaki gibi oldugu varsayilmaktadir:

Eiv=E (P,Yir, AHS;(, SH;;, POPDENS;;, HDD;,, CDD;,, Dy, EF;,) (3)

E;; kisi bas1 konutta elektrik tiiketimi, P;; konut reel elektrik fiyati, Y;; kisi bast reel
gelir, AHS;; ortalama hanehalk: biiyiikligii, SH;; mistakil konutlarin toplam konut
stokundaki pay1i, POPDENS;; niifus yogunlugu, HDDj; 1sitma giin dereceleri ve CDD;;
sogutma giin dereceleridir. D, tiim illeri ayn1 anda etkileyen teknik gelisme ya da diger
gbzlenemeyen digsal faktorleri temsil etmekte olup, EF;; ise elektrik kullaniminda

etkinlik diizeyini gostermektedir.

Enerji talep fonksiyonu ile SSA analizini birlestiren yonteme gore, konutlarin elektrik
tiketimlerine iligkin etkinlik diizeylerine, denklem (3)’lin logaritmik fonksiyonunu
temel alan, tek tarafli ve negatif olmayan wu; terimi ile su sekilde

yakinsanabilmektedir:
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InEji=a+ aPInPy + oY InY;e+ a®PSInAHS + asPSH;, + aPPAenS[nPOPDENS;+ a9 nHDD;,
addInCDD;, + qdPY*hdd DpRY. * InHDD;+ adPTy*cdd DPRY,, * InCDD;,

+o D +Vj U (4)

DPRY;, ilgili y1l i¢in Tiirkiye ortalamasindan daha yiiksek kisi basi reel gelire sahip

olan iller i¢in “1” degerini alan bir kukla degiskendir.

Her bir ile iliskin etkinlik diizeyi (EF;;) ise, Jondrow ve digerleri (1982)’nin 6nerdigi
tizere etkinsizlik teriminin kosullu ortalamasi E (u;; / uj:+vy) kullanilarak asagidaki

gibi hesaplanmaktadir:

Efrontier A ~
EFit:f—t: exp (—0i) Uie= E (uj / ujetvie) )

Eobserved

Eobserved t yilinda i’nci ilde konutta kisi basina gézlemlenen tiiketilen elektrik miktari
iken, Efontier 158, sinir ya da konutta kisi basina tiikketilen minimum elektrik miktarini
temsil etmektedir. Bu iki degisken arasindaki oran, konutta elektrik tiikketimine iliskin
etkinligi vermekte olup, bu deger %100 etkin iller i¢in “1”, etkinligi %100’den diisiik
illerde birden kii¢iik degerler almaktadir.

Yalnizca etkinlik skorlarini elde etmeye odaklanan Filippini ve Hunt (2011, 2012)
caligmalarindan farkli olarak ¢calismamizda illerin 2008-2015 yillarma iliskin etkinlik
skorlarinin yami sira etkinsizligin nedenlerini aciklamayi amaclayan “etkinsizlik

etkileri “denklemi asagidaki gibi yazilabilmektedir:

Wir= B+BY eI WEDUC;+p™T MAR;, +pAile8al DILLEGAL;+B™2 MARIT;:+B%°°°D5009

+82010D2010+ 32011D2011+52012D2012+32013D2013+52014D2014+32015D2015 (6)

WEDUC;; 15 yas ve iistii niifusta egitim diizeyi yiiksek kadinlarin pay1 ve MAR;; ise
15 yas ve iistii niifusta evli insanlarin payidir. DILLEGAL ilgili y1l igin elektrik kayip
kagak orani Tiirkiye ortalamasindan yiiksek olan iller i¢in “1” degerini alan ve

MARIT;, ise denize kiyis1 olan iller igin “1” degerini alan kukla
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aciklamak tizere olusturulan kukla degiskenlerdir. Negatif B’lar etkinsizlikte azalma

oldugunu bir baska deyisle, etkinlikte iyilesme oldugunu gostermektedir.

Calismada kullanilan degiskenlere iliskin veriler, bir¢ok farkli kaynaktan derlenmis
olup, il bazinda konutta diger enerji kaynaklarmin yani, dogalgaz, komiir vs.
tiikketimine iligkin verilerin olmamasi nedeniyle enerji tiirli olarak yalnizca elektrige
odaklanilmistir. Yine degiskenlere iligskin verilerin, farkli yillar i¢in elde edilebilmesi

nedeniyle ¢alismada 6zel olarak 2008-2015 dénemine odaklanilmustir.

Stokastik sinir modelini olusturan elektrik talep ve etkinsizlik etkileri denklemlerine
iliskin tim parametreler, R istatiksel bilgisayar programi kullanilarak Coelli ve
Henningsen tarafindan 2013 yilinda gelistirilen “Frontier” paketi araciligiyla tahmin

edilmistir.

Ampirik sonuglar yiiksek gelirin, miistakil konutlarda yagsamanin ve niifus yogunlugu
fazla olan illerde ikamet etmenin artan elektrik tiiketimi ile sonug¢landigina isaret
etmektedir. Ote yandan, hane halki biiyiikliigii artikca konutta elektrik tiiketimi
azalmaktadir. S6z konusu sonuglar, Tiirkiye’de konutlarda genel olarak 1sinma ve
sogutma amaci ile elektrik kullanilmadigini gosterse de gelir diizeyi yiiksek illerin
sogutma amacl elektrik tiikketimine yonelmekte oldugu goriilmektedir. Tahmin edilen
etkinlik rakamlarina gore, tilkemizin 8 yillik etkinlik ortalamasi yaklasik 0,83’tiir. Bu
rakam, 2008-2015 doneminde Tiirkiye’de konutlarda ayni ¢iktiy1 elde edebilmek i¢in
%17 daha az elektrik kullanilabilecegini gostermektedir. Bir baska deyisle, s6z konusu
zaman diliminde hane halklar1 elektrik tiiketiminde yaklasik %17’lik bir tasarruf

potansiyeline sahiptir.

Diger taraftan, etkinsizligin nedenlerini agiklamay1 amaglayan etkinsizlik etkileri
denklemi sonuglarina gore, kadinlarin egitim diizeyinin artmasi ile evli ¢ift sayisinin
artmast bir ilde tiiketimde etkinligin artmasina katki saglamaktadir. Ote yandan, kayip
kagak elektrik tiikketimin fazla oldugu iller ile deniz kiyisinda konumlanmis illerde

elektrigin daha etkinsiz kullanildig1r sonucuna varilmigtir. Ayrica, illerin konutta
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etkinsiz elektrik kullanimlarinda zamanla bir iyilesmenin olmadig1 goriilmekte olup,
bu durum o6zellikle 2007 sonrasinda bircok sektor i¢in benimsenen verimlilik
politikalarinin konutta istenilen sonuca ulasmadigi seklinde yorumlanmaktadir.

Calismanin sonug kisminda ise, etkinsizlik etkileri denkleminden elde edilen sonuclar

15181nda politika iireticilere baz1 6nerilerde bulunulmaktadir.

Tahmin edilen denklem sonuglari, konutta enerji etkinligi hedefine ulasmada kadin
egitiminin 6nemini vurgulamaktadir. Egitim diizeyinin artmasi, artan gelir ile birlikte
kadinlarin daha enerji etkin elektrikli ev aletlerine yonelmeleri ve ¢evresel sorunlara
olan farkindaliklarin artmasi ile sonuglanacak, bu durum beraberinde artan enerji
etkinligini de getirecektir. TuREEFF (Turkish Residential Energy Efficiency
Financing Facility) tarafindan 2016 yilinda yapilan anket calismasi sonuglari
gostermektedir ki kadinlar, kendi gelirleri olmasa dahi ev aletlerinden hangisinin, ne
zaman almacagina karar veren aile bireyleridir. Erkekler ise genelde eslerinin
tercihlerini izleyen ve 6demede bulunan taraftir. Yine anket sonuglarina gore, gelir ve
egitim diizeyi daha yiiksek olan kadin ve erkekler, enerji tasarrufunu cevrenin
korunmasi i¢in bir yol olarak goriirken, daha diisiik gelirli kadin ve erkekler, enerji
tasarrufunu ddenecek diisiik fatura bedelleri ile iliskilendirmektedir. Ote yandan, bir
diger anket calismasi olan ve ankete katilanlarin %79’unu ev kadinlarinin olusturdugu
“Enerji Hanim” anketi degerlendirme sonuglarina gore, katilimcilarin %70°1 elektrikli
ev aletlerine iligkin enerji sinifi konusunda bilingsizdir. Geceleri elektrikli ev aletlerini
kullanmanin daha diisiik elektrik faturalari ile sonuglanacagi algisi toplumda oldukca
yaygindir. Oysa bu diisiik tarifelerden yalnizca elektrik tedarikgilerine bagvurarak ti¢
zamanlh tarife uygulamasina ge¢meyi talep eden ve mekanik sayaclarimi akilli
sayaclarla degistiren tiiketiciler yararlanabilmektedir. Tiiketiciler, enerji smifi
konusunda oldugu gibi bu tarife yapist konusunda da bilingsizdir. Tiim bu 6rnekler
gostermektedir ki, diizenlemeler tek basma yeterli olmayip yapilan tim
diizenlemelerin bilgilendirici egitici kampanya, program ya da kamu spotlari ile
desteklenmesi gerekmektedir. Ozellikle kadinlara yonelik politikalar gelistirilmesinin
konutta enerji etkinligini arttirma konusunda daha olumlu sonuglar verecegi

degerlendirilmektedir.
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Etkinsizlik etkileri denkleminin 6nerdigi bir diger 6nemli sonug ise, elektrik kayip
kagak oranlarinin yiiksek oldugu illerin, elektrik kullaniminda da etkin olmayan iller
oldugudur. Bu nedenle, bu illerde kayip kagak oranlarinin diisiiriilmesine yonelik
politikalar gelistirilmesi elektrigin etkin kullanilmasina yonelik hedefleri de
destekleyecektir. Insanlar kagak kullanimda yakalanma riskini diisiik gormeye devam
ettikge, yakalansalar dahi cezalar caydirict olmadik¢a, yillardir devam eden bu
aligkanlhigin terkedilmesi zor goriinmektedir. Bu durum, Enerji Piyasas1 Diizenleme
Kurumu tarafindan tiim iilkede ayni elektrik tarifelerinin uygulanmasi ve kagak
kullanimlarin faturalara bir sekilde yansitilmasi seklinde belirlenen politika ile kagagin
az oldugu ve faturalarin1 diizenli 6deyen tiiketicilere yiik olmaya devam etmektedir.
Bu politikanin, dagitim sirketlerini kacak kullanima iliskin ¢6ziim arayisina
yonelmekten de geri koydugu yoniinde elestiriler bulunmaktadir (Aydin, 2016). Bu
sebeple, politika tireticilerin daha etkin politikalar gelistirmeleri ve yasal diizenlemeler
yapmalar1 gerekmekte olup, ayn1 zamanda bireyleri kagak elektrik kullanimina iten
sosyoekonomik nedenler kapsamli bir sekilde irdelenmelidir. Bu noktada, kisilerin
satin alma giiclerini dikkate alarak daha diisiik belirlenen sosyal tarifeler ya da belli
bir tiiketime kadar diisiik ya da iicretsiz elektrik sunmay1 Ongdren blok tarife
uygulamalari sorunun ¢ézlimiine yonelik bazi 6nerilerdir (Yurtseven, 2015). Ayrica,
kayip kacak ile miicadelede dagitim sirketleri ve arastirmacilarin gelistirecegi Ar-Ge

calismalar1 desteklenmelidir.

Illerde enerjinin etkin kullanimin1 desteklemek adina bir diger oneri ise, yapilacak
etkinlik analizleri sonuclarina gore etkin olmayan illere etkinlik hedefleri koymak,
etkin illere ise belli tesviklerde bulunmak olabilir. Bu durum, etkin olmayan illerde

yasayan tliketicileri elektrigin etkin kullanilmasina sevk edebilir.

Son kisimda calismanin gelistirilmesi yoniinde bazi énerilerde bulunulmustur. Ote
yandan, il bazinda stokastik sinir yontemi ile konutta elektrik tiiketimini ve etkinligini
inceleyen ilk ¢alisma olmasi yoniiyle, ¢alismamiz bundan sonra yapilacak bdlgesel

gelisme ve enerji etkinligi ¢alismalarina 11k tutacak niteliktedir.
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