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Iraq is one of the countries that has witnessed rapid population growth and urbanization.
This growth may lead to increased energy needs in various sectors such as transportation,
construction, industry, and services. Investigating the impact of population growth on
energy efficiency can lead to improved energy consumption in the country. Because
energy efficiency reduces energy waste, reduces costs, and increases economic
competitiveness. Given the importance of this issue, the main objective of this study is to
investigate the impact of urbanization on energy efficiency during the period 1990 to 2022
in the cities of Baghdad, Basra, and Erbil in Iraqg.

In this study, energy efficiency is estimated by data envelopment analysis (DEA) method,
and then by ARDL method, the effect of urbanization rate on it is investigated.

Results of this study showed that urbanization had a positive and significant effect on
energy efficiency in Irag. Also, based on other results of this study, the impact of the
variables of GDP growth, human capital index, gross fixed capital formation, foreign direct
investment and industrial added value on energy efficiency is also positive and significant,
and the trend of energy efficiency in Iraq, despite its fluctuation, It is somewhat
bullish. Therefore, urbanization can affect energy efficiency through various channels, such
that it enhances energy consumption patterns and the effectiveness of energy policies to
improve efficiency.
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Introduction

Urban areas account for a significant portion of global energy consumption and greenhouse gas emissions. As
urbanization continues to grow, their energy needs will also increase. Understanding the relationship between
urbanization and energy efficiency is crucial for reducing the environmental impact of cities, reducing carbon
emissions, and addressing climate change. This phenomenon has multiple impacts on social, economic, and
environmental structures. Studies show that urban development is more influenced by the urban construction
system than anything else, and urban development rules and regulations play a significant role in regulating
urban development. In the context of urban development, efficiency refers to the appropriate allocation of
resources to improve urban infrastructure and services, and achieving sustainable development in cities requires
assessing progress towards sustainable urban development. Efficiency refers to the ability of a system to achieve
set goals with maximum effectiveness. In urban management, efficiency means providing timely and effective
services to citizens. Research shows that evaluating the effectiveness and efficiency of public participation
processes in urban decision-making can lead to improved urban management and planning. Energy efficiency is
actually the optimal and efficient use of energy with the aim of reducing the growth of energy demand,
significantly reducing the consumption of fossil fuels, and subsequently increasing the supply of healthy energy.

Materials and Methods

This study is an applied research in terms of its purpose that examines the impact of urbanization on energy
efficiency in three cities: Baghdad, Basra, and Erbil. Library method was used to compile theoretical literature
and research background and to collect quantitative data from reliable sources. The data used are from the period
1990 to 2022.

Independent variables

Urbanization rate (URB): The ratio of urban population to total population; general population data from the
World Bank and the urban population ratio was extracted from the National Center for Statistics of Iraq and the
Population Identification Division.

Gross Domestic Product (GDP): At constant 2015 prices; This indicator is made available by the World
Bank.

Human Capital Index (SC): Based on the average years of education of the active population; which is
obtained by the World Bank Human Capital Database based on the average years of education.

Gross Fixed Capital Formation (INV): Investment in infrastructure divided by GDP; GDP is obtained from
the World Bank and infrastructure investment is obtained from the Ministry of Finance.

Foreign Direct Investment (FDI) Inflows: Total foreign capital flows into the country; extracted from data on
FDI flows to different countries in the World Bank.

Industrial Value Added (AddIND): Share of value added of the industrial sector in GDP: Economic reports
containing details of industrial value added are obtained from the International Monetary Fund.

Dependent Variable: Energy Efficiency (EN):

This variable is calculated using the Data Envelopment Analysis (DEA) method. Inputs include fossil fuel
consumption, oil, gas, electricity, investment in energy infrastructure and labor. Outputs include gross domestic
product (GDP), labor productivity and energy exports.

Results

Based on the results, the impact of the urbanization rate variable on energy efficiency in Iraq is positive and
significant in the short and long term. Also, the results of the ECM coefficient estimation show that if a shock
occurs to energy efficiency, it takes approximately 2 years for the absorption shock and energy efficiency to
return to their long-term trend.

Conclusion

Energy efficiency improvements as a result of urbanization are possible through various channels. These include
reducing energy consumption in urban transport systems by developing efficient public transport, increasing
energy efficiency in buildings by using modern technologies and insulation standards, and economies of scale
due to population and economic activities being concentrated. These not only reduce energy consumption but
also contribute to sustainability goals and greenhouse gas emissions reduction. For example, population density
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and urban planning based on green city concepts can directly and indirectly contribute to improving energy
efficiency. However, rapid urbanization without planning can also bring challenges. These include increased
energy consumption due to inefficient management, pressure on energy infrastructure, and environmental
impacts from growing energy demand. In this context, energy-oriented policies and comprehensive urban
planning can play a key role in managing the aforementioned challenges.

Keyword: Energy Efficiency, Urbanization Rate, Data Envelopment Analysis (DEA).
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