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Abstract 
With the ongoing power market reforms in China, the electricity sector has experienced rapid 
development. As a key commercial and industrial hub, Shandong Province's power market 
plays a crucial role in local economic and social progress, directly influencing living standards. 
This study examines the determinants of electricity demand in Shandong Province using a 
multiple linear regression model. The results indicate that economic growth, electricity 
efficiency, urban industrialization, and electricity prices significantly affect electricity demand. 
These findings provide valuable insights for policymakers in Shandong Province to develop 
more effective electricity strategies, ensuring a balanced supply and demand. 
Keywords: Electricity Demand, Population, Economic Growth, Urban Industrialization, 
Electricity Efficiency, Electricity Prices 
 
Introduction 

Electricity is a fundamental resource that support national economies and social 
development, playing a crucial role in promoting economic growth and enhancing quality of 
life. Its diverse conversion methods enables both efficient centralized use and precise 
distribution. Due to its clean, controllable nature, as well as its capacity for large-scale 
production and long-distance transmission, electricity serves as a key indicator of 
modernization and the advancement of material and social well-being in a country or region 
(Belenguer et al., 2023). 

 
 Since the early 1980s, China’s electricity output has expanded significantly (Xu & Chen, 
2006), making China the world’s largest power producer (Song et al., 2017). Aligned with 
China's strategic goal of power system reform (i.e. the Scheme of the Reform for Power 
Industry), the initiative seeks to dismantle the traditional monopoly structure and foster a 
diversified, efficient power industry through market competition. At its core, the reform aims 
to establish an open, fair, and standardized power market system, ensuring optimal resource 
allocation under government supervision. Key objectives include reducing power production 
costs, refining the electricity pricing mechanism, enhancing national grid interconnectivity, 
and promoting the sustainable development of the power sector. China has made significant 
strides in this transition, initially establishing regional power markets and advancing market-
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oriented reforms (Zhao & Zhang, 2025). As a result, the evolution of the power market 
remains a focal point of industry attention. 
 

However, China's power industry has long struggled with an imbalance between 
supply and demand, experiencing prolonged power shortages in the past, which peaked in 
2004 (Song et al., 2017). The rapid advancement of new energy technologies has led to a 
diversification of power generation methods and a steady increase in power output, generally 
meeting industrial and residential electricity demands. Despite ongoing efforts, power 
resource distribution remains uneven, with some regions experiencing surpluses while others 
face frequent shortages (Sauer et al.,2023). Since 2020, frequent power outages—particularly 
in Shandong Province—have highlighted the complexity of supply-demand contradictions. As 
economic and social development progresses and modern life becomes increasingly reliant 
on electricity, the economic losses resulting from power outages and rationing have shown 
an upward trend (Song et al., 2017).  

 
The optimal pace of power industry development in alignment with national economic 

growth remains a pressing issue that requires active exploration (Tang et al.,2023). With 
hindsight, the study aims to investigate the impact mechanism of regional economic and 
social development on electricity demand through a multidimensional analysis of regional 
economy, social development and the power sector, using the Shandong power market as a 
case study. Our study aims to contribute to the existing literature in two ways. First, the study 
examines the determinants of electricity demand in Shandong Province. . As the third largest 
province in China, Shandong accounts for approximately about 10 percent of the country’s 
total energy consumption (Zhang et al., 2018). However, for an extended period, Shandong 
Province experienced a persistent shortage in electricity supply. Although the expansion of 
the new energy industry and the diversification of power generation sources have 
significantly improved electricity output to meet the energy demands of both industrial 
production and residents’ daily lives, regional imbalances in electricity supply persist (Zhou, 
2024).  Therefore, managing energy consumption is essential to address these regional 
disparities and mitigate climate change concerns. A thorough understanding of the driving 
forces behind energy demand is crucial for formulating effective energy control (Zhang et al., 
2018).  

 
Second, the study seeks to offer targeted strategic recommendations for both power 

supply companies and policymakers to optimize and advance the Shandong power market. 
Accurate forecasting of future electricity demand through analyzing its driving forces enables 
policymakers to proactively adjust power generation capacity and grid load, optimize 
resource allocation, and ensure a stable electricity supply. Additionally, it provides valuable 
insights to policymakers to facilitates rational planning for investments in power generation 
infrastructure, lowers operating costs, promotes the integration of renewable energy 
sources, and supports the development of smart grids. Furthermore, understanding 
electricity demand forecasting helps to better balance supply and demand, enables more 
efficient dispatch of wind and photovoltaic power generation, reduces reliance on standby 
capacity, and contributes to lowering carbon emissions. The remaining sections of the study 
are as follows. Section 2 presents literature review. Data and methodology are discussed in 
Section 3. It is followed by findings discussions and Section 5 concludes. 
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Literature Review 
Energy consumption serves as a fundamental indicator of economic development 

(Han et al., 2022). Electricity, as the primary energy source, in which its demand is driven by 
population growth, industrialization, and urbanization (Azam et al., 2021). According to 
International Energy Agency (2019), annual electricity demand growth in developing 
economies is four times higher than in developed ones, with China being the largest 
consumer. Electricity demand forecasting, which involves analyzing historical consumption 
patterns alongside economic and social trends, is essential for effective energy management 
and infrastructure planning. Accurate forecasts enable power producers to optimize capacity 
planning, minimize energy waste, and enhance the stability and reliability of the power 
system, benefiting utilities, policymakers, and related industries. 

 
Population Size and Electricity Demand 

Population growth is a key driver of rising electricity demand. As the world's most 
populous country with a rapidly expanding economy, China presents a vast consumer market 
and numerous business opportunities (Dai et al., 2022). With a growing population, society's 
reliance on electricity intensifies across all sectors. In industrial and commercial domains, 
population expansion translates into larger-scale production and services, leading to 
increased electricity consumption (Alexander-Haw & Schleich, 2024). Empirical studies 
consistently confirm the significant positive relationship between population growth and 
electricity demand (see, among others, Zaman et al., 2012; Alawin et al., 2016; He et al., 
2020). This underscores the need for policymakers to anticipate and address future electricity 
demand surges driven by rapid population growth. Urbanization further accelerates this 
trend, as the concentration of people in cities fuels residential, commercial, and industrial 
electricity demand. Simultaneously, industrialization amplifies energy consumption, 
sustaining an upward trajectory in electricity demand. Additionally, demographic shifts play 
a crucial role—aging populations exhibit greater reliance on electrical equipment, while 
younger generations drive electricity consumption through widespread use of electronic 
devices and household appliances (Li et al.,2024). Based on these discussions, we derive 
hypothesis 1 as follows, 
Hypothesis 1 (H1): Population size has a significant positive impact on electricity demand in 
Shandong Province. 
 
Economic Growth and Electricity Demand 

Since the economic reforms in 1978, China has experienced economic growth, 
emerging as the world's second-largest economy after the United States. This expansion has 
been accompanied by a surge in electricity consumption, making China the largest electricity 
producer (Mahmood et al., 2022). The growth-electricity nexus has been tested empirically 
(e.g., Altinay & Karagol, 2005; Gurgul & Lach, 2012; Zhang et al., 2017; Tiwari et al., 2021), 
with the positive impact of economic growth on electricity consumption explained by the 
conservation hypothesis or growth-led electricity hypothesis (Apergis & Payne, 2009; 
Mahmood et al., 2022). In modern economies, industry remains the primary driver of 
electricity consumption. As economic expansion continues, dependence on electricity 
intensifies (Zhou & Lin, 2025). Urbanization has further amplified this trend, with increasing 
urban populations driving higher residential electricity demand. From basic lighting to smart 
home technologies, electricity has become fundamental to modern life. Additionally, rising 
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living standards have diversified electricity consumption, as higher purchasing power has 
increased the adoption of high-end electrical appliances and intelligent home systems. 

 
The rapid growth of the service industry and advancements in information technology 

have further fueled electricity demand, particularly in data centers and communication 
infrastructure. Moreover, infrastructure development—including transportation, healthcare, 
and education—relies on stable and reliable power supply, reinforcing the critical role of 
electricity in economic development (Jiang et al., 2024). Based on these discussions, we 
propose Hypothesis 2 as follows, 
Hypothesis 2 (H2): Economic growth has a significant positive impact on electricity demand 
in Shandong Province. 
 
Urban Industrialization and Electricity Demand 
 The rapid industrialization of many developing countries has significantly intensified 
carbon dioxide emissions due to rising electricity consumption (Shahbaz et al., 2014). 
Industrialization influences energy consumption through several mechanisms. First, the 
expansion of manufacturing and heavy industries necessitates extensive mechanical 
equipment and production facilities, leading to high energy consumption (Sahoo & Sethi, 
2020). Second, while technological advancements associated with industrialization enhance 
production efficiency, the overall expansion of industrial activities and diversified energy 
demands contribute to increased electricity usage (Liu J et al., 2024). Third, industrial growth 
raises labor income, stimulating demand for durable goods and further driving energy 
consumption (Shahbaz & Lean, 2012). Fourth, industrialization fosters the development of 
ancillary industries, such as construction and transportation, both of which heavily depend 
on electricity (Zhao et al., 2023). Although advancements in energy efficiency and green 
technology can mitigate some of these pressures, industrialization remains a primary driver 
of electricity demand. Accordingly, we propose the following hypothesis, 
Hypothesis 3 (H3): Urban industrialization has a significant positive impact on electricity 
demand in Shandong Province. 
 
Electric Efficiency and Electricity Demand 

In many advanced economies, the growth in electricity demand has slowed due to 
increasing efforts to improve energy efficiency. Nevertheless, electricity demand continues 
to rise rapidly in many developing countries. According to the International Energy Agency 
(2022), the industrial and residential sectors account for the largest shares of energy 
consumption in China—approximately 49% and 16%, respectively—with electricity being the 
primary energy source. Lin and Zhu (2020) emphasize that enhancing electricity efficiency is 
a key strategy for energy conservation.  

 
However, the existing literature presents mixed evidence. While some studies support 

the view that improved electricity efficiency reduces consumption (e.g., Ayres et al., 2007), 
others argue that it may lead to increased energy use due to rebound effects (e.g., Moezzi, 
2000). Several mechanisms explain how improved efficiency can lead to lower electricity 
consumption. First, energy-efficient equipment delivers the same functionality while 
consuming less electricity. Second, the adoption of energy-saving technologies in industry 
enhances production efficiency and reduces waste. Third, smart grids and energy 
management systems minimize unnecessary power usage through real-time monitoring and 
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optimization (Klemeš et al., 2019). Additionally, in the construction sector, green buildings 
and energy-efficient designs reduce electricity needs through better insulation and intelligent 
control systems. Improving electricity efficiency can thus reduce consumption under 
equivalent demand and output, easing the load on power grids and lowering energy costs. 
Based on these discussions, we propose the following fourth hypothesis: 
Hypothesis 4 (H4): Electricity efficiency has a significant adverse impact on electricity demand 
in Shandong Province. 
 
Electricity Prices and Electricity Demand 

Undeniably, electricity price is a critical determinant of electricity demand (Yang et al., 
2018). As electricity markets become more liberalized, consumers are increasingly exposed 
to price volatility and may adjust their consumption patterns to minimize costs (Kirschen et 
al., 2000). When electricity prices rise, the associated increase in usage costs incentivizes 
households and businesses to curtail non-essential electricity consumption, thereby reducing 
overall demand. Conversely, lower prices tend to stimulate higher consumption. Based on 
this relationship, we formulate the fifth hypothesis as follows: 
Hypothesis 5 (H5): Electricity prices have a significant adverse impact on electricity demand 
in Shandong Province. 
 
Conceptual Framework of the Study 

Figure 1 presents the conceptual framework of the study, which aims to examine the 
determinants of electricity demand in Shandong Province. The dependent variable is 
electricity demand, while the independent variables include population, economic growth, 
urban industrialization, electricity efficiency, and electricity prices. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data and Methodology 
 Our study examines data from 2013 to 2023, sourced from the Shandong Statistical 
Yearbook compiled by the Shandong Provincial Bureau of Statistics. The dependent variable-
electricity demand —electricity demand—is measured by the annual electricity consumption 
in Shandong Province. For the independent variable, population is measured by the total 
number of permanent residents in the Shandong Province and is logarithmically transformed 
to normalize the scale. Economic growth is proxied by provincial GDP, reflecting the overall 
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economic output and development level. Urban industrialization is captured by the 
proportion of industrial added value in GDP, manufacturing output value, and indicators of 
technological innovation, illustrating the province’s transition from an agricultural to an 
industrial economy. Electricity efficiency is measured by the ratio of GDP to industrial 
electricity consumption, indicating the economic output generated per unit of electricity 
consumed; higher values suggest greater efficiency and economic benefits. Electricity price 
refers to the average electricity price in Shandong Province, influenced by production and 
transmission costs, policy interventions, and the province's energy structure. Electricity 
consumption and provincial GDP are divided by 100 to ensure consistency in the scale of the 
estimated coefficients. 
 
 This study employs multiple linear regression analysis to examine the factors 
influencing electricity demand in Shandong Province. The ordinary least square (OLS) model 
is specified as follows, 
𝐷𝑡 = 𝛼𝑡 + 𝛽1𝑡𝑙𝑜𝑔𝑃𝑜𝑝𝑡 + 𝛽2𝑡𝐺𝐷𝑃𝑡 + 𝛽3𝑡𝐼𝑛𝑑𝑡 + 𝛽4𝑡𝐸𝑓𝑓𝑡 + 𝛽5𝑡𝑃𝑡       
     (1) 
Where 𝐷 denotes the electricity demand, 𝑃𝑜𝑝 is the provincial population, 𝐺𝐷𝑃 represents 
economic growth, 𝐼𝑛𝑑 is urban industrialization, 𝐸𝑓𝑓 is the electricity efficiency, and 𝑃 is the 
electricity price. 𝛼 is the constant term, 𝛽1, 𝛽2,…, 𝛽5 are the coefficients of the respective 
independent variables.  
 
Findings and Discussions 
 The results of diagnostic tests are presented in Table 1. The Jarque-Bera test confirms 
the normality of residuals with a p-value of 0.8144, while the Breusch-Pagan test indicates no 
heteroskedasticity at 5% significant level with a p-value of 0.0976. The Ramsey RESET test 
checks the model specification and rejects the null hypothesis of model misspecification with 
a p-value of 0.1442. finally, the Breusch-Godfrey test suggests no significant autocorrelation 
with a p-value of 0.2205. The diagnostic results confirm the validity of our model by satisfying 
the key OLS assumptions. 
 
Table 1 
Diagnostic Test 

  p-value 

Jarque-Bera 0.8144 

Breusch-Pagan 0.0976 

Ramsey RESET 0.1442 

Breusch-Godfrey 0.2205 

 
 Our OLS results are reported in Table 2. The model yields an R2 of 0.999, indicating 
that 99.9% of the variation in electricity demand is explained by the independent variables. 
Among them, only population demonstrates an insignificant impact, with a coefficient of 
0.931. Although population growth generally contributes to higher residential electricity 
consumption, this segment represents a relatively minor share of total electricity demand. 
The findings suggest that electricity demand is more closely linked to economic activity and 
industrial structure than to population size alone. Economically advanced areas with smaller 
populations tend to exhibit higher electricity consumption due to electricity-intensive 
industrial, commercial, and service activities. Conversely, densely populated regions with 
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limited economic activity tend to consume less electricity. Therefore, electricity demand is 
more influenced by per capita economic activity intensity, technological advancement, and 
industrial composition than by the sheer size of the population. 
 
 Our findings consistent with those of Apergis and Payne (2009) and Mahmood et al. 
(2022), indicating that economic growth has a significantly positive impact on electric demand 
in Shandong Province, with a coefficient of 0.099. GDP captures the expansion of economic 
activities that are inherently electricity-intensive. As Shandong Province continues to undergo 
rapid industrialization and urbanization, electricity plays a critical role in supporting 
manufacturing processes and infrastructure development. Moreover, rising income levels 
and the pace of urbanization have fueled consumer demand for electricity-intensive goods 
and services, thereby further contributing to the growth in electricity consumption. 
 
Table 2 
OLS Regression Results for the Determinants of Electricity Demand  

Independent Variables Coefficient 

Population 0.931 

Economic Growth 0.099*** 

Industrialization 1.107** 

Electricity Efficiency -4.766*** 

Electricity Prices -36.937** 

Constant 213.044 

R-squared 0.999 

F-statistic 1105.360*** 

Observations 11 

Notes: *,**,*** denotes 10%, 5%, and 1% significance level. 
  
 The findings also support Hypothesis 3, indicating a statistically significant and 
positive relationship between urban industrialization and electricity demand in Shandong 
Province. This suggests that higher levels of industrialization are associated with an expansion 
in the production scale of energy-intensive industries. In particular, sectors such as metallurgy 
and chemicals, which are central to the region's industrial base, require substantial electricity 
inputs for their operations. Moreover, industrialization is often accompanied by accelerated 
infrastructure development and urbanization, further increasing electricity demand across 
industrial, commercial, and residential sectors. Additionally, the advancement of high value-
added product processing and the widespread adoption of precision equipment have further 
contributed to the rise in overall electricity consumption. 
 
 Furthermore, our findings indicate that electricity efficiency exerts a significant 
negative impact on electricity consumption in Shandong Province. This inverse relationship 
reflects the combined effects of technological advancement, economic incentives, and 
behavioral adaptations. Enhanced electricity efficiency implies that less electricity is required 
to fulfill a given level of demand, thereby curbing overall consumption. Technological 
innovations and process optimizations effectively reduce energy waste and lower electricity 
costs, incentivizing both enterprises and households to adopt energy-saving technologies and 
modify consumption behaviors. Additionally, improvements in electricity efficiency facilitate 
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more rational resource allocation, encouraging policy and market shifts toward green 
technologies and low-energy-intensive industries, thus further limiting the growth of 
electricity demand. 
 
 The findings also align with the law of demand, which posits an inverse relationship 
between price and quantity demanded—indicating that lower electricity prices lead to higher 
electricity demand. From the consumer perspective, rising electricity prices elevate usage 
costs, discouraging non-essential consumption and encouraging a shift toward energy-
efficient practices or alternative energy sources. For producers, higher electricity prices raise 
operational costs, compelling firms to reduce electricity usage through technological 
upgrades, process optimization, or energy substitution. Moreover, elevated prices signal 
resource scarcity, prompting broader societal responses in the form of improved electricity 
efficiency, demand-side management, and supportive policy interventions. 
 
Conclusion and Implications 
 Electricity demand forecasting remains a critical concern for economists, consumers, 
firms, and policymakers. In China, the power sector has long grappled with supply–demand 
imbalances, with severe shortages peaking in 2004 (Song et al., 2017). Since 2020, recurring 
power outages—particularly in Shandong Province—have underscored the ongoing 
complexity of these contradictions. This study investigates the determinants of electricity 
demand in Shandong Province. The results indicate that all selected explanatory variables 
significantly influence electricity consumption, except population. Economic growth and 
urban industrialization exert a positive effect on electricity demand, whereas electricity 
efficiency and prices are negatively associated with it. These findings offer valuable insights 
for policymakers seeking to enhance energy efficiency and promote low-carbon transitions. 
They contribute to the theoretical foundation for developing a clean, efficient, and 
sustainable energy system, while also supporting the coordinated advancement of energy 
security and socio-economic development. 
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