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This study aims to measure energy efficiency and decompose the sources of
inefficiency across 31 provinces of Iran during 202 by employing a three-level
cross-frontier framework based on the SBM—VRS model. In the model, capital
stock, labor, and energy consumption measured in barrels of oil equivalent are
included as inputs; gross provincial product is specified as the desirable output;
and the social costs of emissions of carbon dioxide, methane, and nitrogen oxides
are incorporated as undesirable outputs. Provincial efficiency is calculated at
three levels: the climate—economic-sector frontier, the economic-sector frontier,
and the national cross-frontier, and overall inefficiency is decomposed into
managerial, climatic-regional, and technological-structural components. The
results show that average energy efficiency decreases as the reference set
expands, from 0.926 at the climate—economic-sector level to 0.742 at the
economic-sector level and 0.46 at the national cross-frontier level. Only seven
provinces—Ilam, Bushehr, Tehran, South Khorasan, North Khorasan,
Khuzestan, and Kohgiluyeh and Boyer-Ahmad—are efficient at all three levels.
The national technical energy-saving potential in 2021 is estimated at
approximately 885.5 million barrels of oil equivalent, of which 13 percent is
attributable to managerial inefficiency, 46.3 percent to the climatic-regional
component, and 40.7 percent to the technological-structural component.
Therefore, the majority of the potential for improving efficiency is associated
with the gap between regional and technological frontiers, and a uniform policy
approach for all provinces is not appropriate. Improving energy efficiency
requires a combination of better consumption management, development of
infrastructure suited to regional conditions, and modernization of production
technology and structure.
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Introduction

Agriculture is recognized as a major pillar of global food security, yet it is constantly threatened by High
energy intensity, extensive energy subsidies, and dependence on hydrocarbon resources have made
energy efficiency one of the major policy concerns in Iran. However, Iran’s provinces differ
substantially in terms of climate, economic structure, infrastructure, and fuel consumption patterns.
Therefore, evaluating all provinces against a single production frontier may mistakenly attribute climatic
and structural differences to managerial inefficiency. In addition, conventional energy intensity
indicators cannot simultaneously account for capital, labor, economic output, and environmental
damages.

This study measures the total-factor energy efficiency of 31 provinces of Iran in 2021. Its innovation
lies in combining the SBM model under the assumption of variable returns to scale with a three-level
cross-frontier approach and an undesirable output based on the social costs of CO2, CHa4, and N2O. This
framework decomposes overall inefficiency into managerial, climatic-regional, and technological-
structural components and estimates the technical potential for energy savings.

Methodology

Each province is considered a decision-making unit. Provincial capital stock, employed labor, and final
energy consumption measured in barrels of oil equivalent are the three inputs of the model. Gross
provincial product is considered the desirable output, while the aggregate social cost of greenhouse gas
emissions is considered the undesirable output. Energy consumption includes natural gas, gasoline,
kerosene, gas oil, fuel oil, liquefied petroleum gas, and electricity. To avoid double counting, fuel
consumed in power plants is deducted, and final electricity consumption is entered into the model
separately. Energy carriers are converted into barrels of oil equivalent using the conversion factors
reported by bp (2022).

Since official data on capital stock at the provincial level are not available, the national capital stock of
each economic sector is distributed among the provinces in proportion to each province’s share of the
value added of that sector. This operational allocation assumes a common output elasticity with respect
to capital and a common rental rate of capital within each sector, but it does not imply an assumption of
identical technologies or efficiency levels across provinces.

Provincial greenhouse gas emissions are estimated using fuel-specific coefficients derived from national
fuel consumption and emissions data. Emissions are valued based on the U.S. Environmental Protection
Agency’s global estimates of the social cost of greenhouse gases for 2021: US$197 per metric ton of
CO2, US$1,723 per metric ton of CHa, and US$55,364 per metric ton of N20O, expressed in constant
2020 U.S. dollars and using a 2% discount rate (U.S. Environmental Protection Agency, 2023). The
resulting values are aggregated into a single undesirable output. These coefficients merely provide a
common monetary scale, while differences in provincial efficiency are determined independently of
these coefficients and based on provincial data from Iran.

The SBM-VRS model (Tone, 2001) measures input excesses, desirable-output shortfalls, and
undesirable-output excesses in a non-radial manner. In addition, the Super-SBM model (Tone, 2002) is
used to rank efficient provinces. Following O’Donnell et al. (2008) and Feng et al. (2018), the provinces
are classified into six groups formed by combining three climatic operational categories and two
predominant economic structures, namely industry-oriented and service-oriented.

Efficiency relative to the climatic-sectoral frontier (TFEE,), the sectoral frontier (TFEE;), and the
national cross-frontier (TFEEr) is estimated. Overall inefficiency is decomposed into managerial
inefficiency (MI=1-TFEE),), climatic-regional heterogeneity (RHI=TFEE,—TFEE;), and technological-
structural heterogeneity (IHI=TFEE,—TFEE,,). Differences among the groups are examined using the
Kruskal-Wallis test, and the robustness of the results is assessed using an alternative binary climatic
classification.
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Results and Discussion

The average efficiency declines from 0.926 under the climatic-sectoral frontier to 0.742 under the
sectoral frontier and 0.460 under the national cross-frontier. This decline indicates that the distance of
provinces from the best national performance cannot be explained solely by managerial performance.
Seven provinces—Ilam, Bushehr, Tehran, South Khorasan, North Khorasan, Khuzestan, and
Kohgiluyeh and Boyer-Ahmad—are efficient at all three levels. Since data envelopment analysis
measures relative performance, being located on the efficiency frontier does not necessarily imply low
absolute energy consumption or low emissions.

The results of the Super-SBM model place Khuzestan, Bushehr, and Kohgiluyeh and Boyer-Ahmad at
the top of the efficient provinces. The performance of these provinces is largely associated with the high
value added of upstream oil and gas activities. North Khorasan and South Khorasan combine non-oil
production with relatively low energy consumption and low emission costs, while Tehran benefits from
the high value added of service- and technology-related activities. These differences confirm that
benchmarking and policy design should take provincial economic structures into account.

Among the 24 inefficient provinces, technological-structural inefficiency is the dominant component in
13 provinces, climatic-regional inefficiency in eight provinces, and managerial inefficiency in three
provinces. After weighting these components according to actual energy consumption, the national
technical energy-saving potential is estimated at approximately 885.5 million barrels of oil equivalent.
The share of managerial inefficiency is 115.1 million barrels of oil equivalent (13.0 percent), the share
of the climatic-regional component is 410.1 million barrels (46.3 percent), and the share of the
technological-structural component is 360.3 million barrels (40.7 percent). Therefore, approximately 87
percent of this potential is associated with gaps between regional and national frontiers. The climatic-
regional share represents a comparative gap between frontiers and should not be interpreted as a causal
effect of climate.

The Kruskal-Wallis test indicates statistically significant group differences for the RTGR, ITGR,
TFEE;, IHI, and RHI indices, whereas these differences are not significant for TFEE,, TFEE,, and ML
The robustness analysis yields the same national average efficiency of 0.460, the same seven efficient
provinces, and a difference of less than one percent in the total energy-saving potential. The rank
correlation coefficient between the two climatic classifications is 0.996, although the precise shares of
managerial and climatic-regional inefficiency remain sensitive to how the groups are defined.
Therefore, policy measures should differ across provinces. Managerial improvements should be
prioritized in Zanjan, Kerman, and Hormozgan. In Isfahan, Razavi Khorasan, East Azerbaijan, Markazi,
and Alborz, attention should be given to regional and infrastructural constraints, while technological
upgrading is more important in Yazd, Fars, Mazandaran, Golestan, and Lorestan. In terms of absolute
energy-saving potential, Isfahan, Razavi Khorasan, Fars, Yazd, and Kerman should be prioritized for
further examination.

Overall, energy policy should combine demand management, infrastructure tailored to the
characteristics of each region, technological modernization, and structural upgrading. Since the present
analysis is cross-sectional and data envelopment analysis measures relative performance, the estimated
savings represent the technical potential for 2021 and should not automatically be interpreted as
achievable annual reductions.
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  𝜏 ≥ 1


   (    𝜎  k > 1 )


   σ  k =    min  τ , λ ,   s − ,   s + ,   s  b ⁡  τ +  1  m + q  (   ∑  i = 1  m      s  i −    x  i k +   ∑  t = 1  q      s  t  b    b  t k )  


  subject to:  {      ∑  j ≠ k   λ  j   x  i j +   s  i − = τ   x  i k ,   i = 1 , … , m ,     ∑  j ≠ k   λ  j   y  r j −   s  r + =   y  r k ,   r = 1 , … , s ,     ∑  j ≠ k   λ  j   b  t j +   s  t  b = τ   b  t k ,   t = 1 , … , q ,     ∑  j ≠ k   λ  j = 1 ,    λ  j ≥ 0 ,     s  i − ≥ 0 ,     s  r + ≥ 0 ,     𝜏 ≥ 1 ,     s  t  b ≥ 0 .


  Δ   E  r


  Δ   E  i


  Δ   E  m


  s = S / t


    s  E , k − =   S  E , k − / t


  Δ   E  k =   s  E , k − ×   E max


   TFEE  r =  (   E  k − Δ   E  r ) /   E  k


  


    E  k


  𝛥 E


   TFEE  m


  RTGR 


    Y -


    TFEE  r =   C  D ,       TFEE  i   =   B  D ,       TFEE  m =   A  D


  D ≥ C ≥ B ≥ A ⇒ T F E   E  r ≥ T F E   E  i ≥ T F E   E  m


  Δ   E  r = D − C


  M P = Δ   E  r


  R E P = Δ   E  i


  Δ   E  i = C   −   B


  Δ   E  m = B − A


  I E P = Δ   E  m


  E   P  total = M P + R E P + I E P = D − A


  


  


  


  E I   =   1   −     T F E   E  m   =   M I   +   R H I   +   I H I


  T F E   E  m ≤ T F E   E  i ≤ T F E   E  r


  T F E   E  m = T F E   E  r × R T G R × I T G R


  TFE  E m


   E  CO 2  EA, gasoline = 75 , 779 , 027 ×   1 , 166 . 5  31 , 851 . 4 ≈ 2 , 774 , 700  tons


  S  C  CO 2  EA, gasoline = 2 , 774 , 700 × 197 ≈ 546 , 612 , 900  USD                    

