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ECO-EFFICIENCY OF GLOBAL AUTOMOTIVE
MANUFACTURERS: AN INPUT-ORIENTED
DEA APPROACH!

Emir SAG?
Damla DURAK USAR?

1. INTRODUCTION

Sustainability has increasingly gained attention in politics,
business, and society, particularly regarding the reduction of
greenhouse gas emissions and carbon footprints through energy
efficiency. In response, manufacturing companies across various
industries are implementing measures to reduce environmental
impact while maintaining operational efficiency. This trend is
particularly evident in sectors with high production volumes and
revenues, such as the automotive industry, which aligns its
strategies with the UN Sustainable Development Goals
“Affordable and Clean Energy” (SDG 7) and “Responsible
Consumption and Production” (SDG 12), and actively contributes
to the global temperature targets outlined in the Paris Agreement.

According to the World Trade Organization (2023),
automotive products account for approximately 10% of
manufactured goods exports in 2022, which in turn constitute
roughly 65% of global merchandise trade, emphasizing the

1 This book chapter is derived from Emir Sag’s bachelor’s thesis entitled “Bewertung

der 6kologischen Nachhaltigkeit von OEMs in der Automobilindustrie anhand der
Datenhillenanalyse.”

2 Free University of Berlin, Department of Mathematics and Computer Science,
Computer Science, Berlin, Germany, ORCID:0009-0005-1750-1260.

8 Corresponding author: Turkish-German University, Engineering Faculty, Industrial
Engineering, Istanbul, Tiirkiye, ORCID: 0000-0001-8402-3856.
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sector’s significant role in the global economy. Amid substantial
structural changes toward renewable fuels, evaluating
environmental performance in this industry has become
increasingly important. Yet such assessments remain challenging
due to the diversity of operational and environmental factors and
the reliance on sustainability ratings or expert assessments with
varying methodologies and weighting schemes, which limits
comparability (Ahi et al. 2018). Thus, a systematic and
comparable approach is needed to assess how efficiently
automotive manufacturers generate economic and operational
value while limiting their environmental impacts.

This chapter addresses this gap by benchmarking the eco-
efficiency of major automotive Original Equipment
Manufacturers (OEMs) using Data Envelopment Analysis
(DEA). In this context, eco-efficiency refers to an OEM’s ability
to minimize per-vehicle environmental inputs while maintaining
its economic and operational outputs. DEA produces a relative
eco-efficiency measure by jointly evaluating total waste
generation, water consumption, greenhouse gas emissions (Scope
1 & 2), and energy intensity as environmental inputs, and total
revenue and vehicle production as outputs. By deriving weights
endogenously and accommodating variables measured in
different units, DEA enables a unified comparison of OEMs. The
environmental data were collected from sustainability reports
prepared in accordance with Global Reporting Initiative (GRI)
standards.

In addition, extensive sensitivity analyses are conducted
following the DEA modeling to assess the robustness of the
model. Internal validity checks determine the influence of each
input and output variable on the efficiency score, while external
validity checks compare the DEA modeling approach with
sustainability ratings from other third-party organizations to
evaluate its reliability. For internal validity, both correlation
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coefficients and regression estimations between input/output
variables and the efficiency score were examined. External
validity was assessed by creating a Spearman correlation matrix
between the DEA generated eco-efficiency scores and
environmental ratings from third-party providers such as
Sustainalytics, LSEG, and S&P.

By constructing a mathematically defined efficiency
frontier, DEA provides objective, data-driven benchmarks and
mathematically grounded recommendations for performance
improvement (Zhou et al. 2018). This is done by analyzing the
slack variables produced by the DEA model. These slack
variables indicate how much a company would need to reduce
certain inputs to be considered fully efficient. Based on this
information, the study concludes with an interpretation and
further recommendations to improve environmental performance
among major automotive companies across different regions.

2. LITERATURE REVIEW & RESEARCH GAP

The application of DEA in the automotive sector has
largely focused on operational and financial data. This is
primarily because financial indicators are generally easier to
quantify and more objective, allowing for consistent and fair
comparisons (Wang et al., 2024; Peykani et al., 2022; Jiang et al.,
2018; Choi et al., 2017). Most existing studies, for example, use
total assets and number of employees as input variables and total
revenue, total sales, or net profit as output variables to measure
operational efficiency. Although some studies have included
carbon dioxide emissions as an undesirable output (Otani &
Yamada, 2019), or incorporated total energy consumption into
their models (Du et al., 2018), and others have focused solely on
the social dimension of sustainability assessments in automotive
firms (Azadeh et al., 2017), to date, relatively few studies have
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used directly reported environmental indicators from
sustainability reports to compare the eco-efficiency of automotive
OEMs using DEA. Instead, most studies rely on ESG scores,
which combine environmental, social, and governance
dimensions based on abstract criteria defined by third-party
organizations (Stefanoni & Voltes-Dorta, 2021).

In addition to DEA applications within the automotive
sector, studies from outside the industry have also been reviewed
to identify exemplary modeling approaches. Cross-industry
literature reveals not only different DEA model orientations but
also varying operationalizations of input and output variables i)
sustainability indicators such as energy consumption, water
usage, environmental costs, and operational indicators like total
assets and employee count as inputs; with emissions,
environmental certificates, and financial performance indicators
like return on investment as outputs (Wang et al., 2014; Aslam et
al., 2021; Karimi et al., 2022); ii) operational and financial
indicators as inputs and sustainability indicators as outputs (Belu,
2009; Durak Usar & Soytas, 2023); iii) operational indicators as
inputs and both financial and sustainability performance as
outputs (Jiang et al., 2021; Zhuang et al., 2023); iv) sustainability
indicators as inputs and economic indicators as outputs (Egilmez
et al., 2013). Based on the identified gap, this chapter assesses
automotive OEMs’ eco-efficiency using an input-oriented DEA
model with environmental inputs and economic outputs,
following Egilmez et al. (2013).

3. METHOD AND MATERIAL
3.1. Methodical Approach

In general, DEA refers to the construction of a non-
parametric efficient production frontier using relevant decision-
making units (DMUs), such that their efficiency can be evaluated
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based on the most suitable performance and observations in the
sample (Jiang et al., 2018). According to the programming logic
of the input-oriented DEA multiplier model, the economic output
variables are held constant while the input variables—defined as
environmental indicators—are minimized (Charnes et al., 1978).
In this way, the linear optimization problem for eco-efficiency
calculation is solved to determine how much waste, water
consumption, energy intensity, and greenhouse gas emissions can
be reduced in production, while keeping total revenue and the
total number of vehicles produced constant. These latter metrics
are considered the economic outputs. Ultimately, these
calculations yield an eco-efficiency score for each decision-
making unit, ranging between 0 and 1. A score near 1 indicates a
highly efficient company, whereas a score closer to 0 represents
lower efficiency (Cooper, Seiford & Tone, 2007).

In this chapter, the environmental indicators are used as
input variables in the DEA analysis and are grouped into four
parameters: The indicators used in this model include: Total
Waste Generated (TW), Water Consumption (WC), Energy
Intensity (EI), Greenhouse Gas Emissions (GHG) as inputs, and
Total Revenue (REV) and Number of Vehicles Produced (VP) as
outputs. All these variables were calculated on a per-vehicle basis
prior to the analysis to account for differences in company size.
The input-oriented Data Envelopment Analysis approach is
adopted based on the foundational work of Charnes, Cooper, and
Rhodes (1978), which corresponds to the classical CCR model.
Although the CCR model can be expressed in fractional
multiplier form and subsequently linearized through the Charnes—
Cooper transformation (Charnes & Cooper, 1962), this chapter
directly applies its dual envelopment formulation, which is more
suitable for interpreting input reductions and reference units
(Cooper et al., 2011):
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0* = min 0

subject to

n

Zx,--TWj < 0-TW,
WG < 0-WC,
-EI; < 0-El,

n
ZA]- -GHG; < 8- GHG,
j=

=

n
ZA,- -REV; > REV,
=1

n
ZAJ- -VP > VP,
=1

A =0 for j=1.2,..,n 1)

In this formulation, 6 represents the eco-efficiency score
of the DMU under evaluation, while A_j denotes the contribution
of each peer DMU to the reference frontier. The model is solved
separately for each DMU. A value of (6”*=1) indicates that the
DMU lies on the efficiency frontier, whereas (0<6”*<1) indicates
inefficiency. Accordingly, higher values indicate greater relative
eco-efficiency, with scores bounded between zero and one.

According to Equation 1, Cooper, Seiford & Zhu (2011)
also pointed out that some inefficient units are not completely
efficient, since alternative optima in some solutions may be non-
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zero. This problem is due to the existence of slack variables. For
this reason, slack variables should generally be integrated into the
modeling approach in order to account for the margin of error and
to obtain a more precise calculation result. Considering this
approach, the above formula was restructured to also incorporate
slack variables.

m S
max E si"+Zsr+
i=1 r=1

subject to
n
ZXIJ)\] + Si_ = G*Xio i= 1,2, e, M,
j=1

n
Zij}‘j —s{ =Yoo Tr=12..5
j=1

A, si,s 20 Vijr 2)

The aim of this newly restructured formula is to maximize
the sum of the slack values of both input and output variables in
order to determine the residual values for assessing overall eco-
inefficiency, particularly when 6* in the radial measurement is not
sufficient, which is considered the eco-efficiency score. In the
study by Egilmez et al. (2013), this method is utilized as a
performance improvement proposal for each unit. That is,
following DEA modeling and benchmarking, the question for
each decision-making unit is answered: which company can
achieve an efficiency score of 1, and by reducing how much of
which input.

Finally, this objective function is derived, which
determines the target values of the input and output variables for

. . . t t t t
each decision-making unit. The values x.;” % and y,"'®°

i

indicate how much the respective decision-making unit should
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have in the given input or output criterion in order to achieve full
efficiency.

for the Input Target Value: xitargEt = 0"Xjo — S;
for the Output Target Value: yf™2elt = 9%y, + s (3)

Xio» Yro = actual input and output values

0* = the corresponding eco-efficiency score of the
decision-making unit

s, st =slack variables

1'%

After determining the values resulting from the
consideration of slack variables, the next step following the
previous operations is to present the calculation of the change
rates for each input variable. For this purpose, the difference
between the actual and target value of each input variable is
related to the actual value and expressed as a percentage change.
The calculation of the percentage reduction rate of an input
variable compared to its target value is carried out as follows
(Egilmez et al., 2013):

target
% X~ %)
A = ——+—] 100 (4)
Xjj = actual value of input i for DMU;
target __

i = calculated target value of input i for DMU;

A‘i’f’ =  percentage change rate, expressed as the

reduction in %

In connection with all these mathematical operations, the
study is not only concerned with analyzing the eco-efficiency of
OEM companies in the automotive industry, but also with
determining what types of measures should be taken in the future.
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3.2. Material

The sample was drawn from automotive companies
classified under SIC Code 371, with the analysis restricted to
manufacturers of passenger cars and light commercial vehicles.
The World Benchmarking Alliance’s list of 30 automotive
companies was used as the initial sample. Of these, 23 companies
reported the environmental indicators required for the analysis—
Total Waste Generated, Water Consumption, Greenhouse Gas
Emissions, and Energy Intensity—for the reference year 2023.
The companies were grouped into four regions: Europe and
Central Asia, East Asia and Pacific, North America, and South
Asia.

Environmental data were primarily collected from
corporate sustainability reports and supplemented, where
necessary, with climate and water-related reports and information
published on official company websites. The data were
standardized in accordance with GRI reporting principles and
normalized per vehicle to improve comparability across
companies of different production scales. Economic indicators
were obtained from annual reports and cross-checked against
CompaniesMarketCap and StockAnalysis. Financial values
reported in local currencies were converted into billions of US
dollars using the applicable 2023 exchange rates. When
production figures were unavailable, vehicle sales were used as a
proxy. In general, no significant discrepancies between
production and sales figures were observed that could
compromise the DEA modeling.

According to the descriptive statistics in Table 1, there are
generally large differences between the environmental indicators
of the selected companies, with very high standard deviations.
Regarding greenhouse gas emissions and energy, there are no
significant deviations in the data, whereas the variations in waste
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generation and water consumption are very high, indicating
differences in production processes and resource utilization
among the companies. The average total revenue of the
companies is approximately 105.59 billion USD, while the total
number of vehicles produced averages 3.20 million. In summary,
these descriptive statistics show that there are substantial
differences in both environmental and economic performance
values among the examined companies, and that the DEA
analysis can provide meaningful results when these differences
are considered.

Table 1. Descriptive Statistics of the Input and Output Variables
of the Selected OEM Companies for DEA Modeling

Standar
Variabl GRI Rol Base Unit N Mi M M d
arlables Standard ole ase uni n ean ax Deviatio
n
Cotal Veste GRIZ0E- | nput kg/vehicle | 23 2500 | 18945 | 50283 | 12691
\é‘fg:{]mpﬁm GR'53°3' Input md/vehicle | 23 0.22 852 | 11939 | 2465
A SRS | tput | 1COe/ vehicle | 23 0.1 060 | 405 0.77
Fr]q:;gs'yly GR'33°2' Input | MWh/vehicle | 23 035 201 545 100
Total Revenue - Output billion USD 23 13.99 105.59 349.94 93.79
Number of Vehicles
Vehicles - Output 23 0.55 320 | 890 2.35
Produced P (x1,000,000)

4. DEA-BASED ECO-EFFICIENCY RESULTS
4.1. Eco-Efficiency Results

This section focuses on the execution of the DEA
modeling and the subsequent interpretation of the results. The
calculations for this methodology were performed using the
formulations of the “deaR” package in R-Studio, and the
correctness and consistency of the analysis were repeatedly
verified both for the mathematical formulations explained in the
previous sections of the study using Python yielding the same
results. As shown in Table 2, the eco-efficiency scores of the
examined automotive corporations are available. In conjunction

10
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with the obtained results, the DEA modeling measures the
automotive OEMs’ eco-efficiency based on environmental inputs
and economic outputs by generating an indicator on a scale from
Oto1.

Table 2. Overview of DEA-Based Eco-Efficiency Scores of OEM
Companies in the Automotive Industry (2023)

DEA-Based DEA-Based
OEM Eco-Efficiency OEM Eco-Efficiency
Score Score
Volkswagen AG 1.00 Hyundai 0.52
Toyota Motor Corparation 1.00 Nissan Motor 0.51
BMW-Group 0.98 Tesla 0.42
Mercedes-Benz Group 0.96 Geely Holding 0.36
Stellantis 0.89 Honda Motor 0.33
Great Wall
Motor
General Motors 0.82 Company 0.24
Dongfeng
Mahindra & Mahindra 0.72 Motor Group 0.23
Suzuki Motor 0.72 Mitsubishi 0.19
Chery 0.68 BYD Company 0.13
Kia 0.65 Subaru 0.13
Mazda Motor
Tata Motors 0.55 Corpotation 0.12
Ford Motor Company 0.53

4.2. Verification of the Internal Validity of the Eco-
Efficiency Measure

Following the comparison of the companies’
performance, the next step involves verifying the internal validity
of the input and output variables and the calculated eco-efficiency
scores. First, internal validity was assessed using Pearson
correlation coefficients to examine the direction and strength of
the linear relationships among the DEA-based eco-efficiency
scores and the input and output variables (Pearson & Lee, 1897).
Table 3 presents the Pearson correlation coefficients between the
eco-efficiency scores and the input as well as output variables.
The results indicate that, as expected, the environmental
indicators generally correlate negatively with the eco-efficiency

11
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score, with greenhouse gas emissions and energy intensity having
the greatest impact on eco-efficiency. Additionally, there is
multicollinearity between the energy intensity of the variables
and greenhouse gas emissions in terms of environmental
indicators, which means that these variables exhibit a similarly
strong behavior with respect to the eco-efficiency score.
Additionally, the output variables simultaneously correlate
positively, ensuring the consistency of the analysis.

Table 3. Pearson Correlation Matrix of Eco-Efficiency Scores and
Input and Output Variables

DEA-Based
Eco-
Efficiency ™ wC GHG El REV VP
Score
—-0.147
T™W 1 0.505)
-0.317 0.322
WC 1 0.142) (0.134)
—0.483* 0.323 0.149
GHG | 0.020) (0.133) | (0.498)
El -0.382 0.298 | —0.041 |0.783***
(0.072) (0.167) |(0.852) |(<0.001)
REV 0.558** 0.170 | -0.397 |0.291 0.434*
(0.006) (0.439) | (0.061) |(0.178) (0.039)

VP 0.524* 0.005 |-0.358 |0.384 0.375 0.788***
(0.010) (0.982) |(0.093) |(0.070) (0.078) | (<0.001)
p-values are reported in parentheses. ***, ** and * indicate statistical significance

at the 1%, 5% and 10% level, respectively.

Following the correlation analysis, the next internal
validity check was to perform a regression-based sensitivity
analysis, which examines the influence of individual input and
output variables on the eco-efficiency assessment using OLS
regression (Zhuang et al., 2023). A logarithmic transformation of
all dependent and independent variables was performed prior to
the OLS regression estimation to eliminate the risk of outliers and
obtain more consistent results. This allows the regression
residuals to conform to the Gaussian distribution, and the model
ultimately achieves a higher R?-Value (Wooldridge, 2016). The
log-linear OLS regression model is as follows:

12
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In(Eff) = B, + B1In(TW)) + B,In(WC,) +
BsIn(EL) + B,In(GHG,) + BsIn(REV,) + B¢In(VPR) + ¢ (5)

In(Eff,) = logarithm of the DEA-based eco-efficiency
score for observation i,

B, = Intercept,
Bx = estimated regression coefficients,

In(x4;), ..., In(Xj) = log-transformed independent input
and output variables,

€ = error term

As shown in Table 4, all four input variables and the
output variables were considered to examine their influence on
the DEA-based eco-efficiency score using the OLS regression
method. The results indicate that the environmental indicators,
namely greenhouse gas emissions and energy intensity, show
high significance among the input variables. On the other hand, it
Is also evident that the selection of output variables has a stronger
influence on the calculation of the DEA-based eco-efficiency
score. The coefficient of determination (R? = 0.9335) confirms
that the observed dataset in this chapter provides a meaningful
basis.

13
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Table 4. OLS Regression Results and Significance Analysis

OLS Regression
Variable Coefficients
Total Waste Volume 0.0032 (0.0649)
Water Consumption 0.0830 (0.0439)
Greenhouse Gas Emissions (Scope 1 & 2) —0.630%** (0.124)
Energy Intensity —0.369*** (0.130)
Total Revenue 0.376*** (0.112)
Total Number of Vehicles Produced 0.489*** (0.086)
R-squared 0.9335
Adjusted R-squared 0.9086
Standard errors are reported in parentheses.
**x ** and * indicate statistical significance at the 1%, 5% and 10% level,
respectively.

4.3. Verification of the External Validity of the Eco-
Efficiency Measure

In this section, the Spearman rank correlation method
(Spearman, 1904) is used to evaluate the validity of the modeling
with respect to external aspects, meaning that the accuracy of the
analysis can be demonstrated. Furthermore, the environmental
assessment results from third-party organizations, such as
Sustainalytics, S&P, and LSEG, are considered and examined
within the framework of external validation to determine the
extent to which they align with the analysis conducted in this
chapter. The so-called nonparametric model is used to measure
the degree of monotonic association between two ordinally scaled
variables. In this context, it is examined whether the eco-
efficiency scores are systematically associated with the
Sustainalytics environmental score, or the LSEG and S&P
environmental scores.

Table 5 presents the Spearman rank correlations between
the DEA-based eco-efficiency scores and the environmental
ratings provided by third-party organizations. The results indicate
moderate correlations in the expected directions. Eco-efficiency
Is positively correlated with the environmental scores of S&P and

14
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LSEG, and negatively correlated with the Sustainalytics ESG
Risk Rating. The negative association with Sustainalytics is
consistent with the inverse interpretation of its risk rating, where
higher scores indicate greater ESG risk. Overall, these findings
provide external support for the DEA-based eco-efficiency
measure, although the results should be interpreted cautiously
given the moderate correlations and relatively small sample sizes.

It is surprising that the Spearman correlation efficiencies
among third-party organizations themselves are even weaker,
which supports our assertion that the evaluation criteria of
different organizations and research institutions vary, as they are
based on different abstract criteria. In particular, when examining
the correlations between third-party organizations, our model
shows a stronger correlation in the correct direction with the
mathematical target optimization method we applied, which is
presented in a more realistic and consistent manner.

Table 5. Results of the Spearman Rank Correlationsa

DEA-Based Sustainalytics
Eco-Efficiency ESG Risk Rating S&P | LSEG
Score
DEA-Based Eco-
Efficiency Score 1.000
Sustainalytics _ "
ESG Risk Rating 0.392* (0.079) | 1.000
S&P 0.481** (0.023) | —0.210 (0.350) 1.000
LSEG 0.403* (0.063) |—0.190 (0.418) (()dlgg?) 1.000

5. RECOMMENDATIONS FOR OEM
COMPANIES

We observe that the European automotive manufacturers
selected in our study, such as Volkswagen AG, BMW Group,
Mercedes-Benz Group, and Stellantis, stand out as the most eco-
efficient in the results. Including Toyota Motor Corporation,

15
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these top five companies are identified as the most eco-efficient
according to our analysis results. However, when examining the
eco-efficiency scores further down the list, it becomes apparent
that most companies from East Asia & Pacific, with the exception
of Toyota Motor Corporation, exhibit eco-efficiency levels far
below expectations. The company BYD, which has particularly
increased its vehicle output in the European market, is one of the
least eco-efficient companies with a score of 0.13. During data
collection for this company, it was noted that its water
consumption and waste generation were well above average
compared to other companies. Therefore, the low eco-efficiency
score is understandable. Particularly surprising is that Chery,
which has only recently entered the market, shows an average
eco-efficiency score of 0.62 in 2023. Notably, Tesla’s eco-
efficiency score (0.42), despite being recognized and renowned
in the autonomous electric vehicle market, is not only far below
the European market but also below the companies in the South
Asian market, as well as below companies such as Chery and
Toyota.

Furthermore, performance improvement
recommendations for each individual automotive manufacturer
were developed. Based on this analysis, the reduction of each
input variable related to environmental indicators was calculated
for every OEM company, determining which company should
reduce how much in each environmental category. According to
the target value results, the average reduction rate in the
automotive industry is highest for water consumption at 82%,
regardless of the impact of the input variables on the eco-
efficiency score, while energy intensity and waste generation
generally show a similar reduction rate of approximately 54%. In
general, it is noteworthy that most companies should reduce their
water consumption by at least 80%. Additionally, VVolkswagen

16



Uretim Yonetimi Alamnda Giincel Konular ve Akademik Degerlendirmeler

and Toyota Motor Corporation are already fully eco-efficient, so
no reductions are expected from them.

Looking at the companies in Table 6, it is particularly
noticeable that companies in East Asia & Pacific generally exhibit
a reduction rate of over 60%. Especially when considering the
results for BYD Company, which, as the least eco-efficient
company, needs to save an average of 90% of each input variable
to become fully eco-efficient. On the other hand, companies such
as Chery, Great Wall Motor Company, Mitsubishi, Suzuki Motor,
and Subaru should reduce their water usage by at least 90%.
Among companies in the North American region, Tesla and Ford
Motor Company should also reduce their energy intensity by
60%. In contrast, the situation in Europe appears somewhat more
optimistic. For instance, Stellantis is expected to achieve an
average reduction of 10-30% for all inputs except water
consumption. However, it is assumed that the BMW Group
should make further efforts to reduce its energy intensity by 50%.
The same improvement scenario applies to Mercedes-Benz
Group, with a reduction in energy intensity of approximately
70%. Finally, the South Asian companies Tata Motors and
Mahindra & Mabhindra should focus not only on reducing water
consumption but also on lowering waste generation. Tata Motors
should reduce waste by 70%, and Mahindra & Mahindra by more
than 50%.

17
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Table 6. Percentage Reduction Rates of Input Variables for Each
OEM Company

Total Waste Water Greenhous Energy
Generation (%) | Consumption e Intensity
% Gas %
OEM 0 Emissions o
(Scope 1
& 2) (%)

BMW-Group 63.81 84.52 2.30 51.24
BYD Company 86.75 99.26 95.05 86.75
Chery 54.55 99.88 55.62 32.13
Dongfeng
Motor Group 77.36 97.61 84.12 77.30
Ford Motor
Company 47.31 90.94 47.31 61.26
Geely Holding 63.74 96.65 63.74 66.75
General Motors 18.21 38.11 18.21 33.09
Great Wall
Motor Company 76.15 99.40 76.15 84.72
Honda Motor 67.08 91.54 70.58 67.08
Hyundai 47.94 87.97 48.03 47.94
Kia 34.74 72.73 49.12 34.74
Mahindra &
Mahindra 55.31 92.80 31.39 27.72
Mazda Motor
Corpotation 88.50 93.64 88.70 88.50
Mercedes-Benz
Group 67.22 91.99 351 68.17
Mitsubishi 80.60 95.03 80.6 87.88
Nissan Motor 49.16 93.60 52.35 49.16
Stellantis 11.00 81.67 11.00 29.10
Subaru 87.42 98.76 87.42 93.07
Suzuki Motor 28.27 90.58 28.27 31.91
Tata Motors 71.43 97.03 60.73 45.46
Tesla 64.32 92.40 57.52 60.58
Toyota Motor
Corparation 0 0 0 0
Volkswagen
AG 0 0 0 0

Average

Reduction (%) 53.95 82.00 48.34 53.24

Based on the results of the analysis, we can conclude that
the differences in DEA-based eco-efficiency scores between
regions can be attributed to the regulation of legal requirements
in comparison to environmental policies. These so-called
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reductions are therefore not solely the result of internal company
strategies but can also be influenced by geographic and legal
frameworks as well as the environmentally friendly regulatory
approaches adopted by states. Stricter environmental standards
and statutory sustainability guidelines promote environmentally
conscious behavior and positively impact companies’
performance improvement. This demonstrates how legal
requirements can support the implementation of sustainable
measures and the reduction of environmental burdens.

The environmental mitigation measures in Europe are
very strict across all sectors, requiring each OEM to pay greater
attention to emissions to achieve targeted sustainability goals and
advance global cooling efforts. As a result, the eco-efficiency
scores of European companies are generally higher compared to
those of companies in other regions. Therefore, the regulatory
approach applied in the European region should also be
implemented in other regions, so that companies with lower eco-
efficiency scores can achieve sustainability targets. In particular,
companies in the East Asia & Pacific region, which are beginning
to open up to global markets, could attain high eco-efficiency
scores similar to Toyota Motor Corporation by considering
investments in more environmentally friendly technologies and
processes, provided they comply with specific environmental
legislation standards.

6. CONCLUSION

In conclusion, this chapter assessed the eco-efficiency of
each OEM in the automotive industry using a Data Envelopment
Analysis (DEA) modeling approach, which relies solely on
mathematical linear optimization procedures to objectively
evaluate their eco-efficiency, without subjective aggregations or
weightings. Furthermore, a DEA model for automotive
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companies was developed, in which input variables are
minimized relative to fixed output variables. The input variables
in the DEA modeling consisted of environmental indicators per
vehicle produced, while the output variables included economic
indicators such as the company’s total revenue and total number
of vehicles produced, allowing for consideration of companies of
all sizes. As a result, companies are ranked according to their
ability to reduce their environmental footprint without
compromising revenue or operational performance.

After selecting the modeling approach, all published
sustainability reports of the automotive manufacturers from the
“World Benchmarking Alliance” dataset, as well as their
supplementary documents and business reports, were first
analyzed to identify the environmental indicators for the year
2023 in specific units. These environmental indicators were
further processed according to the established GRI standards and
guidelines. Additionally, the economic indicators were collected
from current  financial data  platforms such  as
CompaniesMarketCap and StockAnalysis. After data collection,
an input-oriented DEA analysis was conducted, and the eco-
efficiency score of each OEM in the automotive industry was
determined. Following the analysis, internal and external validity
checks were performed to verify the consistency and stability of
the DEA modeling, as well as to analyze the impact of each input
and output variable on the eco-efficiency score and on each other,
to propose improved performance enhancement suggestions for
each company based on their respective regions.

For each firm, the required reduction levels to reach the
eco-efficiency frontier were identified. However, if there is to be
continuous improvement in the eco-efficiency of the automobile
sector, the industry as a whole must push the eco-efficiency
frontier forward. Thus, the pioneer firms play a crucial role by
developing and implementing innovative strategies to advance
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environmental sustainability. Regarding the regulatory approach
to environmental protection measures, it was emphasized that
other regions should also introduce stricter environmental
regulations similar to those in Europe. Notably, the East Asian
company Chery — despite having only recently entered the
European market — demonstrates a remarkably strong eco-
efficiency compared to other manufacturers in the region. This
highlights that other East Asian companies could similarly benefit
from such strategies and achieve their sustainability targets more
effectively through more efficient production approaches.
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TURKIYE'NIN PETROL URUNLERI
ITHALATINDA TEDARIKCi ULKE
YOGUNLASMASI: 2016-2025 DONEMINDE
GTIiP 271012 UZERINE BiR HHI ANALIZI

Hakan OZKAN!?

1. GIRIS

Enerji, ekonomik ve endustriyel faaliyetlerin
stirdiiriilebilirligi acisindan stratejik bir girdidir. Enerji arz
giivenligi; kaynaklarin yeterliliginin yan1 sira tedarik siirekliligi,
disa bagimlilik ve tedarikei ¢esitliligi ile de iliskilidir (IEA, 2014;
Kim vd, 2024). Ozellikle enerji ithalatinn sinirli sayidaki
tedarik¢i {lilkede yogunlagmasi, dig tedarik kaynaklarma
bagimliligi ve arz risklerini artirabilmektedir. Bu nedenle
tedarikei lilke yogunlagsmasinin dlciilmesi enerji arz glivenliginin
degerlendirilmesinde 6nem tagimaktadir.

Petrol trlinleri ulagtirma, sanayi ve lojistik faaliyetlerinde
yaygin olarak kullanilmakta ve enerji arz giivenligi acisindan
onemli bir yer tutmaktadir. Tiirkiye'nin enerji tedarikinde dis
kaynaklara 6nemli Olgiide bagimli olmasi, petrol iiriinlerinin
tedarikgi iilke yapisinin incelenmesini gerekli kilmaktadir (IEA,
2021). Bununla birlikte, toplam petrol ithalatina iligkin
gostergeler belirli liriin gruplarindaki tedarik¢i yogunlagmasini
yeterince ortaya koymayabilir. Bu nedenle {iriin bazli analizler
daha ayrintili bir degerlendirme saglayabilir.

L Dr. Ogr. Uyesi, Siileyman Demirel Universitesi, {IBF, Uluslararas: Ticaret ve
Lojistik Boliimil, Isparta, ORCID: 0000-0001-7948-8333.
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Bu calismada Tiirkiye'nin GTIP 271012 kapsamindaki
petrol {irlinii ithalatinda tedarik¢i lilke yogunlagmasi 2016—-2025
donemi i¢in incelenmektedir. Tedarik¢i yogunlagmasini 6lgmek
amactyla Herfindahl-Hirschman Endeksi (HHI) kullanilmakta;
analiz hem ithalat miktar1 hem de ithalat degeri iizerinden
gerceklestirilmektedir. HHI'nin yiiksek olmasi ithalatin daha
siirl sayidaki tedarik¢ide yogunlastigini, diisiik olmasi ise daha
daginik bir tedarik yapisini gostermektedir (DOJ, 2024; IMF,
2025).

Calismanin temel amaci, Tiirkiyenin GTIP 271012
ithalatinda  tedarik¢i  {lilke yogunlagsmasinin  2016-2025
donemindeki gelisimini miktar ve deger boyutlariyla ortaya
koymaktir. Bu kapsamda baslica tedarikgi tilkeler, iilke paylarinin
yillar igerisindeki degisimi, miktar ve deger bazli HHI
farkliliklart  ve tedarik¢i yogunlasmasinin  genel seyri
incelenmektedir.

Calismanin temel katkisi, Tiirkiye'nin belirli bir petrol
{iriinii grubundaki dis tedarik yapismi1 GTIP 271012 diizeyinde ve
tedarikei iilke bazinda incelemesi ve yogunlagmay1 hem fiziksel
miktar hem de parasal deger acisindan  birlikte
degerlendirmesidir.

2. LITERATUR TARAMASI

Enerji arz giivenligi; enerjinin giivenilir, kesintisiz,
erisilebilir ve ekonomik kosullarda temin edilmesini ifade eden
cok boyutlu bir kavramdir. Kruyt ve digerleri (2009), enerji
giivenligini kullanilabilirlik, erisilebilirlik, karsilanabilirlik ve
kabul edilebilirlik boyutlariyla ele alirken, Le Coq ve Paltseva
(2009) dis enerji arz giivenliginde ithalat bagimliligi, tedarikei
cesitliligi ve politik risklerin 6nemini vurgulamaktadir.
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Tedarik¢i cesitliligi enerji arz giivenliginin 6nemli
unsurlarindan biridir. Ancak tedarik¢i sayisinin yani sira ithalatin
tilkeler arasindaki dagilimi da 6nem tasimaktadir. Bu nedenle
Herfindahl-Hirschman Endeksi (HHI), enerji ithalatinda tedarik¢i
yogunlagsmasini 6lgmek amaciyla yaygin olarak kullanilmaktadir.
HHI, tedarikgilerin toplam ithalat i¢indeki paylarmnin kareleri
toplamma dayanmakta ve yiiksek degerler daha yogun, diisiik
degerler ise daha cesitlendirilmis bir tedarik yapisina isaret
etmektedir (Cohen vd., 2011; Azzuni ve Breyer, 2018; Chalvatzis
ve loannidis, 2017; Rubio-Varas ve Mufoz-Delgado, 2019).
Eurostat ve IEA da enerji ithalati ve kaynak c¢esitliliginin
degerlendirilmesinde HHI temelli gostergelerden
yararlanmaktadir (Eurostat, 2026; IEA, 2025).

Petrol ithalatina iliskin g¢alismalar, HHI'nin tedarikgi
yogunlagmasin1 dlgmede kullanilabilecegini; ancak enerji arz
giivenliginin politik, jeopolitik ve ulastirma riskleri gibi diger
boyutlarmm da dikkate alinmasi gerektigini gostermektedir
(Cohen vd., 2011; Qi vd., 2021; Dao vd., 2025).

Tiirkiye  agisindan  enerji  ithalatinda  tedarik¢i
yogunlagsmast Onemli olmakla birlikte, mevcut caligmalarin
onemli bir boliimii toplam enerji, ham petrol veya dogal gaz
diizeyine odaklanmaktadir. Belirli petrol {irlinlerinin tedarik¢i
iilke yogunlasmasinin hem miktar hem de deger agisindan uzun
donemli incelenmesi ise daha sinirlidir.

Bu calisma, bu bosluktan hareketle Tiirkiye'nin GTIP
271012 kapsamindaki petrol iriinleri ithalatin1 2016-2025
doneminde tedarikgi lilkeler agisindan incelemektedir. Calismada
HHI, enerji arz giivenliginin biitiin boyutlarini 6l¢en bir gosterge
olarak degil, GTIP 271012 ithalatindaki tedarik¢i iilke
yogunlagmasini dlgen nicel bir gosterge olarak kullanilmaktadir.
Ayrica yogunlagma hem ithalat miktar1 hem de ithalat degeri
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tizerinden hesaplanarak tedarik yapismin fiziksel ve ekonomik
boyutlar karsilastiriimaktadir.

3. YONTEM
3.1. Arastirmanin Amaci ve Kapsami

Bu arastirmamin amaci, Tiirkiye’nin GTIP 271012
kapsamindaki petrol iriinleri ithalatinda tedarik¢i {ilke
yogunlagmasinin 2016-2025 donemindeki gelisimini
incelemektir. Bu kapsamda tedarikci ulkelerin toplam ithalat
icerisindeki paylart miktar ve deger bazinda hesaplanmis ve
yogunlagma diizeyi Herfindahl-Hirschman Endeksi (HHI) ile
Olctilmiistiir.

GTIP 271012 iiriin grubunun tercih edilmesinde, belirli
bir tarife kodu altinda tanimlanmasi1 ve {iilke bazinda ithalat
miktar1 ile degerine iliskin karsilastirilabilir verilerin bulunmasi
etkili olmustur. On yillik analiz donemi ise tedarik¢i tilke
yapisindaki degisimlerin ve yogunlagma egiliminin yillar
itibariyla karsilastirilmasina olanak saglamaktadir.

3.2. Veri Seti ve Degiskenlerin Hesaplanmasi

Aragtirmanm  veri setini, Tirkiye’nin 2016-2025
doneminde GTIP 271012 kapsaminda gerceklestirdigi iilke bazl
ithalat olusturmaktadir. Veriler, TUIK Dis Ticaret Istatistikleri
Veri Tabani’ndan 15.09.2026 tarihinde olusturulan rapordan elde
edilmistir (TUIK, 2026). Ithalat miktar1 kilogram (kg), ithalat
degeri ise ABD dolar1 (USD) cinsinden ele alinmigtir. Calismada
tedarikei tilkenin miktar bazli pay1 Formiil 1, deger bazli pay1 ise
Formiil 2 kullanilarak hesaplanmistir.

Qit

?:1 Qt

st = X 100 (1)
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Vie
n
i=1 Vi

S = x 100 (2)

Burada Q;; ve V,, (t) yiinda (i) iilkesinden
gergeklestirilen ithalat miktar1 ve degerini gostermektedir.
"Y0Q:"ve ") V" sirastyla ilgili yildaki toplam ithalat miktarini
ve degerini gostermektedir.

3.3. Herfindahl-Hirschman Endeksi (HHI)

Tedarikei iilke yogunlasmasi, her iilkenin toplam ithalat
icerisindeki payinin karesinin almarak toplanmasiyla hesaplanan
HHI araciligiyla ol¢iilmiistiir (DOJ, 2024). Miktar bazli HHI
hesaplamasinda Formiil 3, deger bazli HHI hesaplamasinda
Formiil 4 kullanilmistar.

n
g = ) (st ®
i=1
n
HHI} = Z(S;; 2 4
i=1
Formiullerde;

HHI g: t yilinda hesaplanan miktar bazli Herfindahl-Hirschman
Endeksi degerini,

HHIY: t yilinda hesaplanan deger bazli Herfindahl-Hirschman
Endeksi degerini,

S?t: t yilinda i tedarik¢i ilkesinin toplam ithalat miktar
icerisindeki payint (%),

S7: t yilinda i tedarik¢i ilkesinin toplam ithalat degeri
icerisindeki payini (%),

i: tedarikci tlkeleri,
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n: ilgili yilda ithalat gergeklestirilen toplam tedarik¢i tilke sayisini
gostermektedir.

HHI hesaplamalarinda ilgili yilda ithalat gergeklestirilen
tim tedarik¢i iilkeler dikkate alimmis ve iilke paylar1 ylizde
cinsinden kullanildig1 i¢in endeks 0-10.000 o&lgeginde
hesaplanmistir. HHI degerlerinin yorumlanmasinda 1.500’{in altt
diisiik, 1.500-2.500 aras1 orta ve 2.500’lin iizeri yiiksek
yogunlasma diizeyi olarak kabul edilmistir (DOJ ve FTC, 2010).
Bu esikler, enerji arz giivenliginin dogrudan olgiitleri degil,
tedarikei ililke yogunlagmasini yorumlamaya yonelik referans
araliklar1 olarak kullanilmistir.

4. ARASTIRMA VE BULGULAR

Bu béliimde Tiirkiye'nin GTIP 271012 kapsamindaki
petrol {irlinleri ithalatinda tedarikg¢i iilke yapisi, ithalat miktar1 ve
degeri, iilke paylari ve tedarik¢i yogunlasmasi 2016-2025
dénemi i¢in incelenmistir.

4.1. Tedarikgi Ulke Yapisi

Tablo 1, Tiirkiyenin GTIP 271012 kapsamindaki petrol
tiriinleri ithalatinda ¢ok sayida tedarik¢i tlilkenin bulundugunu
gostermektedir. Bununla birlikte, tedarikei iilke

kompozisyonunun yillar itibariyla degistigi ve bazi iilkelerin
belirli donemlerde tedarik¢i konumuna geldigi goriilmektedir.

Tablo 1. Tiirkiye’nin 20162025 doneminde GTIP 271012
kapsamindaki petrol iiriinlerinin tedarikgi iilkeler

2016 2017 2018 2019 2020
Fransa Fransa Fransa Fransa Fransa
Hollanda Hollanda Hollanda Hollanda Hollanda
Almanya Almanya Almanya Almanya Almanya
italya italya italya Italya Italya
Birlesik Birlesik Birlesik Birlesik Birlesik
Krallik Krallik Krallik Krallik Krallik
Danimarka irlanda Irlanda Danimarka irlanda
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Yunanistan Danimarka Danimarka Yunanistan Danimarka
Portekiz Yunanistan Yunanistan Ispanya Yunanistan
Ispanya Portekiz Portekiz Belcika Ispanya
Belgika Ispanya Ispanya Liiksemburg Belgika
Norveg Belcika Belcika isvec isvec

Isveg Liksemburg Avusturya Finlandiya Isvigre
Finlandiya Isveg Isvigre Avusturya Estonya
Avusturya Avusturya Estonya Isvigre Macaristan

Isvigre Isvigre Polonya Estonya Romanya
Estonya Estonya Macaristan Polonya Bulgaristan
. Rusya
Polonya Polonya Romanya Macaristan Fe deras);onu
Cekya Macaristan Bulgaristan Romanya Hirvatistan
Slovakya Romanya Fe dz ;J;SX/Z nu Bulgaristan Libya

Macaristan Bulgaristan | Tiirkmenistan Fe di;'l: s);ao nu Senegal

Romanya Fe dztj:s)g/acmu Cezayir Giircistan Kongo
. . . Giiney Afrika

Bulgaristan Giircistan Tunus Hirvatistan Cumhuriyeti

Rusya Tiirkmenistan Misir Cezayir ABD

Federasyonu

Turkmenistan Cezayir Senegal Tunus Irak

Giiney Afrika | Giliney Afrika . L

Slovenya Cum}}lluriyeti Cuml}llun'yeti Libya fsrail
Hirvatistan ABD ABD Giiney Afr 1k.a Hindistan

Cumhuriyeti
Cezayir fran Kanada ABD Cin
%Llljnni%llﬁglelﬁ Israil Iran fran Guney Kore
ABD Malezya Israil Israil Japonya
Irak Giiney Kore Singapur Hindistan -

Israil Japonya Cin Cin -
Hindistan Fransa Giiney Kore Guney Kore -
Tayland Hollanda Japonya Japonya -

Cin Almanya Avustralya -

Giiney Kore ftalya - - -

Japonya Birlesik ) ) )
Krallik
- irlanda - - -

2021 2022 2023 2024 2025

Fransa Fransa Fransa Fransa Fransa
Hollanda Hollanda Hollanda Hollanda Hollanda
Almanya Almanya Almanya Almanya Almanya

italya italya italya italya italya
Birlesik Birlesik Birlesik Birlesik Birlesik

Krallik Krallik Krallik Krallik Krallik
Danimarka Danimarka Danimarka Danimarka Danimarka
Yunanistan Yunanistan Yunanistan Yunanistan Yunanistan
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Portekiz Ispanya Ispanya Portekiz Ispanya
Ispanya Belcika Belgika Ispanya Belgika
Belcika Isvec Finlandiya Belcika Norveg
Isveg Avusturya Isvigre Isvec Isvec
isvicre Isvicre Letonya isvicre Avusturya
Estonya Estonya Litvanya Litvanya Isvigre
Polonya Polonya Polonya Polonya Estonya
Cekya Cekya Cekya Slovakya Polonya
Macaristan Macaristan Macaristan Macaristan Macaristan
Romanya Romanya Romanya Romanya Romanya
Fe dF;IEjassxngnu Fe d'::'l:si%nu Bulgaristan Bulgaristan Bulgaristan
Hirvatistan Slovenya Fe dZ:Jas s); Z nu Fe dF;J: s{f:) nu Moldova
c . . . . . Rusya
ezayir Sirbistan Tiirkmenistan Kazakistan
Federasyonu
Misir Misir Slovenya Bosna-Hersek | Ozbekistan
%lfjnn:%/lﬁgg;? ABD ABD Misir Hirvatistan
ABD fran B“tanxg .V‘U m %111:111?1}1, lfr‘g ‘elz“ Sirbistan
Iran Israil Irak ABD Fas
Israil Tayland fran Irak Libya
BAE Singapur Israil fran Misir
- . Suudi -
Hindistan Cin Arabistan Israil ABD
Cin Guney Kore BAE Hindistan Kanada
Guney Kore Japonya Cin Singapur Brezilya
Japonya - Glney Kore Cin Irak
- - Japonya Giiney Kore Iran
- - - Japonya BAE
- - - - Hindistan
- - - - Kambocya
- - - - Malezya
- - - - Singapur
- - - - Cin
- - - - Giney Kore
- - - - Japonya

4.2. ithalat Miktar1 ve Degerinin Gelisimi

Tablo 2 ve Grafik 1, ithalat miktar1 ve degerinin 2016—
2018 doneminde yiiksek seviyelere ulagtigini, 2019-2021
doneminde belirgin bicimde geriledigini ve 2022 sonrasinda
yeniden yiikseldigini géstermektedir. 2025 yilinda ithalat miktari
1,87 milyar kg, ithalat degeri ise yaklasik 1,08 milyar USD
seviyesine ulagmistir.
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Tablo 2. Tiirkiye’nin GTIP 271012 Kapsamindaki Petrol Uriinleri
Ithalatimn Miktar ve Deger Bazinda Gelisimi, 2016-2025

Yil Toplam ithalat Miktar1 (Kg) Toplam ithalat Degeri (USD)
2016 1.931.778.865 891.202.328
2017 1.956.110.959 1.081.003.698
2018 1.893.427.364 1.248.128.660
2019 1.382.298.694 762.751.661
2020 885.885.996 386.725.149
2021 427.855.091 302.172.036
2022 440.644.530 362.077.504
2023 1.029.409.628 632.720.659
2024 1.246.518.899 745.290.535
2025 1.871.829.789 1.079.950.877

4.3. Miktar Bazh Tedarikci Ulke Paylar

Tablo 3, Rusya Federasyonu’nun 2016-2025 déneminin
bliyiik boliimiinde miktar bazinda en yliksek paya sahip tedarike¢i
oldugunu gostermektedir. Rusya’nin payr 2021 yilinda
%13,52’ye gerilerken, 2022’de %63,67’ye ve 2024’te %65,00’e
yiikselmis; 2025’te ise %49,12’ye gerilemistir. Ilk ii¢ tedarikci
tilkenin toplam pay1 donem boyunca %51,39 ile %84,30 arasinda
degismistir.

25,00

20,00

15,00

10,00

5,00

0,00
2016 2017 2018 2019 2020 2021 2022|2023 2024 2025

@ Toplam ithalat Miktari
(Kg) x 108 19,32 19,56 18,93 13,82 8,86 4,28 4,41 10,29 12,47 18,72

Toplam ithalat Degeri
(USD)x 10"8 8,91 10,81 12,48 7,63 3,87 3,02 362 633 7,45 10,80

Grafik 1. GTIP 271012 ithalatinda On Yillik Miktar ve Deger
Degisimi
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Tablo 3. Tiirkiye’nin GTIP 271012 Kapsamindaki Petrol Uriinleri
Ithalatimin Miktar Bazh Yiizdelik Dagilimi, 20162025

Miktar Bazli (%)

vil | Siralama Olke ?OZ); Ik 3 Ulkenz&) ";“oplam Pay1
1. Ulke | Rusya Federasyonu | 32.50

2016 | 2. Ulke Yunanistan 17.60 67.22
3. Ulke Bulgaristan 17.13
1. Ulke | Rusya Federasyonu | 39.92

2017 | 2. Ulke Yunanistan 20.49 75.58
3. Ulke Bulgaristan 15.17
1. Ulke | Rusya Federasyonu | 26.80

2018 | 2. Ulke Cezayir 21.08 61.27
3. Ulke Israil 13.39
1. Ulke | Rusya Federasyonu | 42.97

2019 | 2. Ulke Italya 11.78 65.06
3. Ulke Romanya 10.30
1. Ulke | Rusya Federasyonu | 38.84

2020 | 2. Ulke Romanya 18.19 68.70
3. Ulke Bulgaristan 11.67
1. Ulke Romanya 26.20

2021 | 2.Ulke | Rusya Federasyonu |13.52 51.39
3. Ulke Cezayir 11.67
1. Ulke | Rusya Federasyonu | 63.67

2022 | 2. Ulke Romanya 13.45 84.30
3. Ulke Yunanistan 7.18
1. Ulke | Rusya Federasyonu | 55.06

2023 | 2.Ulke Yunanistan 8.95 72.76
3. Ulke Bulgaristan 8.75
1. Ulke | Rusya Federasyonu | 65.00

2024 | 2. Ulke Irak 9.61 82.93
3. Ulke Bulgaristan 8.32
1. Ulke | Rusya Federasyonu | 49.12

2025 | 2. Ulke Irak 13.04 72.19
3. Ulke Yunanistan 10.04

4.4. Deger Bazh Tedarikci Ulke Paylari

Tablo 4, deger bazinda da Rusya Federasyonu’nun dénem

boyunca cogunlukla ilk sirada yer aldigmi gostermektedir.
Rusya’nin payr 2021°de %11,14’e kadar gerilerken 2024’te
%58,11¢ yiikselmis, 2025°te %43,16 olarak gerceklesmistir. Tlk
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ic iilkenin toplam deger pay1 ise %47,08 ile %74,11 arasinda
degismistir.

Tablo 4. Tiirkiye’nin GTIP 271012 Kapsamindaki Petrol Uriinleri
ithalatimin Deger Bazh Yiizdelik Dagihmi, 2016-2025

Deger Bazh (%)
. Pay i1k 3 Ulkenin
Yil Siralama Ulke (%) Toplam Pay1
(%)
1. Ulke Rusya Federasyonu | 27.01
2016 2. Ulke Yunanistan 18.09 61.59
3. Ulke Bulgaristan 16.49
1. Ulke Rusya Federasyonu | 35.66
2017 2. Ulke Yunanistan 18.92 68.47
3. Ulke Bulgaristan 13.89
1. Ulke Rusya Federasyonu | 25.80
2018 2. Ulke Cezayir 20.31 58.95
3. Ulke Israil 12.84
1. Ulke Rusya Federasyonu | 39.09
2019 2. Ulke Italya 12.90 63.59
3. Ulke Romanya 11.60
1. Ulke Rusya Federasyonu | 31.37
2020 2. Ulke Romanya 18.18 58.41
3. Ulke Bulgaristan 8.85
1. Ulke Romanya 25.85
2021 2. Ulke Rusya Federasyonu | 11.14 47.08
3. Ulke Israil 10.09
1. Ulke Rusya Federasyonu | 44.17
2022 2. Ulke Romanya 16.24 70.94
3. Ulke Yunanistan 10.53
1. Ulke Rusya Federasyonu | 42.19
2023 2. Ulke Yunanistan 12.57 62.69
3. Ulke Bulgaristan 7.92
1. Ulke Rusya Federasyonu | 58.11
2024 2. Ulke Bulgaristan 8.56 74.11
3. Ulke Yunanistan 7.44
1. Ulke Rusya Federasyonu | 43.16
2025 2. Ulke Yunanistan 13.59 68.67
3. Ulke Romanya 11.92

4.5. Tedarikei Ulke Yogunlagmasi

Tablo 5 ve Grafik 2 incelendiginde, Tiirkiye nin GTIP
271012 kapsamindaki petrol iirtinleri ithalatinda tedarikgi tilke
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yogunlagmasinin dénem boyunca dalgali bir seyir izledigi

gorilmektedir. 2016-2020 déneminde miktar ve deger bazli HHI

degerleri genel olarak orta yogunlasma diizeyinde gergeklesmis,

2021 yilinda swrasiyla 1.379 ve 1.251 ile diisiik yogunlagma

diizeyine gerilemistir.

Tablo 5. Tiirkiye’nin GTiP 271012 Kapsamindaki Petrol Uriinleri
Ithalatinin Miktar ve Deger Bazh HHI Degerleri, 2016-2025

vil Miktar Yogunlas_ma Deger Yogunlas_ma
Bazhh HHI Duzeyi Bazh HHI Duzeyi
2016 1.848 Orta 1.597 Orta
2017 2.362 Orta 2.005 Orta
2018 1.613 Orta 1.533 Orta
2019 2.262 Orta 1.995 Orta
2020 2.071 Orta 1.545 Orta
2021 1.379 Diisiik 1.251 Diisiik
2022 4.330 Yiksek 2.444 Orta
2023 3.287 Yksek 2.159 Orta
2024 4.430 Yiiksek 3.589 Y iksek
2025 2.840 Yiksek 2.344 Orta

2022  yilimdan itibaren oOzellikle miktar bazh
yogunlagsmada belirgin bir artis yasanmistir. Miktar bazli HHI
2022°’de 4.330, 2023’te 3.287 ve 2024’te 4.430 olarak
gerceklesmistir. Bu yiikselis, Rusya Federasyonu’nun miktar
paymin 2022°de %63,67 ve 2024’te %65,00 seviyesine
ulagsmasiyla yakindan iligkilidir. Bu donemde kiiresel petrol
ticaretindeki  jeopolitik gelismeler ve Rusya’ya yoOnelik
yaptirimlar, tedarik akislarinin yeniden sekillenmesinde 6nemli
rol oynamistir.
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e Miktar Bazli HHI 1848 2362 1613 2262 2071 1379 4330 3287 4430 2840
Deger Bazli HHI 11597 2005 1533 1995 1545 1251 2444 2159 3589 2344

Grafik 2. Tiirkiye'nin GTIP 271012 Kapsamindaki Petrol
Uriinleri ithalatinda Tedarikci Ulke Yogunlasmasi (2016-2025)

2022 ve 2023 yillarinda miktar bazli HHI yiiksek diizeyde
iken deger bazlt HHI'nin sirastyla 2.444 ve 2.159 ile orta diizeyde
kalmasi, fiziksel ithalatin parasal degere kiyasla daha yogun bir
tedarik¢i yapisina sahip oldugunu gostermektedir. 2024 yilinda
deger bazli HHI'nin 3.589'a yiikselmesiyle deger bazinda da
yiiksek yogunlagsma ortaya ¢ikmustir.

2025 yilinda miktar bazli HHI 2.840’a, deger bazli HHI
ise 2.344°e gerilemistir. Rusya’nin miktar paymnin %49,12’ye
diismesi ve Irak ile Yunanistan gibi alternatif tedarik¢ilerin
paylarmin artmasi, tedarik¢i yapisinda kismi bir g¢esitlenmeye
isaret etmektedir. Bununla birlikte, miktar bazli HHI'nin hélen
yiksek dilizeyde olmast yogunlagsmanin devam ettigini
gostermektedir.

4.6. Bulgular ve Genel Degerlendirme

Aragtirma  bulgulari, Tiirkiye’nin ~ GTIP 271012
kapsamindaki petrol iirlinleri ithalatinda tedarikgi iilke yapisinin
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2016-2025 doneminde 6nemli dlgiide degistigini gdstermektedir.
Tedarikgi iilke sayisinin fazla olmasma ragmen ithalatin belirli
tilkelerde  yogunlasmasi,  HHI  degerlerinde  belirgin
dalgalanmalara yol agmustir.

2021 yilinda diisiik diizeyde bulunan yogunlagsma, 2022—
2024 doneminde 6zellikle Rusya’nin artan pay1 nedeniyle 6nemli
Olciide yiikselmigtir. Miktar bazli HHI'nin deger bazli HHI'den
daha yiiksek olmasi, fiziksel ithalatin daha yogun bir tedarikci
yapisina sahip oldugunu ortaya koymaktadir. 2025 yilinda her iki
HHI degerindeki gerileme ise tedarik¢i dagilimimin 6nceki yila
gore kismen ¢esitlendigini géstermektedir.

Bununla birlikte, yiiksek HHI dogrudan bir arz krizi
anlamimna gelmemekte, tedarik¢i yogunlagmasinin ve buna baglh
potansiyel bagimliligin arttigin1 gostermektedir. Bu nedenle
enerji arz giivenligi agisindan alternatif tedarik kaynaklarinin ve
lojistik esnekligin gelistirilmesi 6nem tagimaktadir.

5. SONUC VE DEGERLENDIRME

Bu calismada Tiirkiye’nin GTIP 271012 kapsamindaki
petrol iiriinleri ithalatinda tedarik¢i iilke yogunlagsmasi, 2016—
2025 donemi i¢in miktar ve deger bazli Herfindahl-Hirschman
Endeksi (HHI) kullanilarak incelenmistir. Bulgular, tedarikgi
yogunlagmasinin dénem boyunca dalgali bir seyir izledigini
gostermektedir. Miktar bazli HHI 2021 yilinda 1.379 ile en
diisiik, 2024 yilinda ise 4.430 ile en yiiksek seviyeye ulagmistir.
Deger bazli HHI ise ayn1 yillarda sirastyla 1.251 ve 3.589 olarak
gerceklesmistir.  Ozellikle 2022-2024 doneminde Rusya
Federasyonu’nun ithalat igerisindeki paymin ylikselmesi,
yogunlagmadaki artigla birlikte ger¢eklesmistir. 2025 yilinda ise
Rusya’nin paymin %49,12’ye gerilemesi ve Irak ile Yunanistan
gibi alternatif tedarikc¢ilerin paylarinin artmasi sonucunda
yogunlagma kismen azalmistir.
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Elde edilen sonuglar, enerji arz giivenliginde tedarik¢i
cesitliliginin 6nemini vurgulayan literatiirle uyumludur. Kruyt ve
digerleri (2009), enerji gilivenliginin yalnizca enerji arzinin
yeterliligiyle degil, erisilebilirlik, karsilanabilirlik ve tedarik
cesitliligi gibi boyutlarla birlikte degerlendirilmesi gerektigini
belirtmektedir. Le Coq ve Paltseva (2009) ise dis enerji arz
giivenligi acisindan ithalat bagimliligi, tedarik¢i cesitliligi ve
politik risklerin 6énemine dikkat ¢ekmektedir. Cohen ve digerleri
(2011) de tedarik kaynaklarinin cesitlendirilmesinin belirli bir
tedarikciden kaynaklanabilecek arz kesintilerine kars1 kirilganligi
azaltabilecegini ortaya koymaktadir. Bu ¢ercevede, ¢aligmada
Ozellikle 2022-2024 doneminde gozlenen yiiksek HHI degerleri,
petrol iirlinleri tedarikinin belirli iilkelerde yogunlastigini ve
digsal soklara karsi  potansiyel kirilganligin  arttigim
gostermektedir.

Yiiksek tedarik¢i yogunlagsmasi dogrudan bir arz krizi
anlamima gelmemekle birlikte, baskin tedarik¢i tlilkede ortaya
cikabilecek jeopolitik gelismeler, ticari kisitlamalar, iiretim
sorunlart veya lojistik kesintiler tedarik zinciri kirilganligini
artirabilir (Christopher ve Peck, 2004). Nitekim 2022-2024
doneminde Rusya’nin miktar bazli paymnin sirasiyla %63,67,
%355,06 ve %065,00 seviyelerinde gerceklesmesi, ayni donemde
miktar bazli HHI’nin ylksek diizeylerde seyretmesiyle birlikte
goriilmiistiir. Bu durum, tedarikgi lilke yogunlagsmasinin yalnizca
tedarik¢i sayist acgisindan degil, ithalatin {ilkeler arasindaki
dagilimi ve belirli iilkelerde ne Olgiide yogunlastigr dikkate
alinarak degerlendirilmesi gerektigini gostermektedir.

Miktar bazli HHI’nin deger bazli HHI’ye gdre daha
yiiksek olmasi da énemli bir bulgudur. 2022 ve 2023 yillarinda
miktar bazli HHI yiiksek diizeyde iken deger bazli HHI orta
diizeyde kalmig, 2024 yilinda ise her iki gosterge de yiiksek
yogunlagsma diizeyine ulasmistir. Bu sonug, fiziksel petrol tlirtinii
tedarikinin bazi donemlerde parasal degere kiyasla daha yogun
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bir yap1 sergiledigini gostermektedir. 2025 yilinda her iki HHI
degerinin gerilemesi kismi bir ¢esitlenmeye isaret etse de miktar
bazli HHI’nin 2.840 ile halen yiiksek diizeyde olmasi,
yogunlagmanin tamamen ortadan kalkmadigin1 géstermektedir.

Bununla birlikte, HHI’nin enerji arz giivenliginin yalnizca
tedarik¢i yogunlagmasi boyutunu 6lctiigii dikkate alinmalidir.
Dolayisiyla yiiksek HHI tek basina enerji arz glivenliginin diisiik
oldugunu gostermemektedir. Azzuni ve Breyer (2018) ile Dao ve
digerleri (2025) tarafindan da vurgulandig iizere enerji glivenligi
cok boyutlu bir yapiya sahiptir ve tedarik¢i ¢esitliliginin yani1 sira
politik, ekonomik ve jeopolitik riskler de dikkate alinmalidir. Bu
nedenle gelecekteki ¢alismalarda HHI’nin tedarik¢i Glkelerin
politik ve ekonomik riskleri, lojistik erisilebilirlik, tagima
mesafesi, fiyat oynakligi ve alternatif tedarik kapasitesi gibi
gostergelerle birlikte degerlendirilmesi yararli olacaktir. Ayrica
farklh petrol {irlinleri ve daha uzun doénemli veriler kullanilarak
yapilacak karsilastirmali analizler, Tiirkiye’nin petrol tirtinleri
tedarik yapisindaki degisimlerin ve enerji arz glivenligi agisindan
ortaya c¢ikabilecek risklerin daha kapsamli  bi¢imde
degerlendirilmesine katki saglayabilir.
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