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Improving green efficiency as a pathway to sustainable development provides
not only environmental benefits but also energy security. This study aims to
examine the total factor ecological energy efficiency (ETFEE) and total factor
carbon efficiency (TFCEE) of Iranian provinces over the period 2006-2018. To
this end, CO, emissions for Iranian provinces were calculated in accordance with
the Intergovernmental Panel on Climate Change (IPCC) guidelines.
Subsequently, total factor ecological energy efficiency (ETFEE) and total factor
carbon efficiency (TFCEE) were estimated using Data Envelopment Analysis
(DEA). The results indicate that the average ETFEE and TFCEE of Iranian
provinces are 42.67% and 24.98%, respectively. Production has a positive
influence on ETFEE and TFCEE in provinces with high and low GDP shares.
However, due to heterogeneous results, it cannot be concluded that production
has a positive effect on ETFEE and TFCEE in provinces with medium GDP
shares. Tobit model estimates indicate that energy intensity has a significant
negative impact on both ETFEE and TFCEE, while innovation has a positive and
significant effect on these efficiency indicators. The industrial structure does not
have a substantial impact on ETFEE or TFCEE. Policy recommendations include
energy policy reforms, replacement of outdated equipment, and adoption of
modern production technologies to reduce energy intensity. Additionally,
support for research and development can substantially enhance energy and
carbon efficiency.
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Introduction

Increasing production is achievable through higher input utilization, with energy—particularly fossil
fuels—being a significant input. Two critical challenges associated with energy consumption are energy
security and emissions of pollutants. One solution to address these issues is improving energy
efficiency. Enhanced energy efficiency can prevent wastage (ensuring energy security) and reduce
greenhouse gas emissions, a key indicator of environmental quality, thereby improving environmental
outcomes.

Given the importance of “sustainable development,” another dimension of efficiency, termed
“environmental efficiency,” has emerged. This refers to producing more goods and services with a given
set of inputs while emitting less CO». Environmental efficiency focuses on the effective use of resources
and minimizing pollution. If economic activities lack environmental efficiency, achieving sustainable
development becomes challenging. In recent years, research on energy efficiency has increased
significantly. Carbon emission efficiency is the most direct approach to reducing carbon, but it is often
conflated with energy efficiency and has received limited research attention on its own.

This study has several notable features. First, it analyzes two indicators: total factor ecological energy
efficiency (ETFEE) and total factor carbon efficiency (TFCEE) in Iranian provinces. The dual indicators
allow examination of efficiency from both energy and carbon perspectives and enable cross-validation
of results. Second, the study focuses on Iranian provinces, providing more granular insights despite the
challenges in calculating CO2 emissions at the provincial level. The Tobit model is employed to
examine factors affecting energy and carbon efficiency. Since efficiency indices range between 0 and
1, the Tobit model allows for unbiased and consistent coefficient estimation.

Methodology

The study aims to analyze total factor energy and carbon efficiency across Iranian provinces during
2006-2018. Both indicators consider all production inputs and treat CO, emissions as undesirable
outputs. For total factor ecological energy efficiency, the focus is on the ratio of target energy to actual
energy. In contrast, for total factor environmental efficiency, it is the ratio of target to actual CO,
emissions. Using Data Envelopment Analysis (DEA) and the SBM model, ETFEE is calculated, and
using DEA with the directional distance function (DDF), TFCEE is computed. Finally, the Tobit model
is applied to examine factors influencing energy and environmental efficiency.

Results and discussion

The average total factor ecological energy efficiency of Iranian provinces is 42.67%, and the average
total factor carbon efficiency is 24.98%. Based on both indicators, Tehran province exhibits the highest
efficiency, while North Khorasan has the lowest. Khuzestan, despite its high GDP share, has low
efficiency in both measures. Conversely, Semnan province, with a low GDP share, demonstrates high
efficiency. Ilam, with a medium GDP share, has medium to low efficiency. Provinces such as East
Azerbaijan, Ardabil, Kerman, Golestan, Gilan, Mazandaran, and Hormozgan, which have medium GDP
shares, show above-average efficiency. This suggests that production may be a key determinant of
energy and carbon efficiency in high (group 1) and low (group 3) output provinces, but due to
heterogeneous results, its influence in medium-output provinces (group 2) is inconclusive.
Cointegration tests confirm the existence of a long-term relationship among the variables. Energy
intensity has a negative and significant impact, while innovation has a positive and significant effect on
ETFEE and TFCEE across Iranian provinces. The share of industrial value added in GDP does not
significantly influence ETFEE or TFCEE.
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