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ABSTRACT 
 

        Coal is the backbone of China’s urban development. The economic activities in 
urban areas, including power generation, manufacturing, urban mobility, commercial 
services, and building construction increase demand for coal. The urbanization ratio in 
China rose from around 36% in 2000 to 56% in 2015. At the same time, the total coal 
consumption in China grew from 1 billion to 2.7 billion tons of standard coal, a 172% 
increase. Unfortunately, coal combustion results in negative effects on the environment 
and public health. As the current biggest carbon emitter in the world, China is taking 
action to adjust the urban growth and control coal consumption. However, the 
relationship between these two factors is not fully understood.  
        Applying a dataset consisting of China’s 29 provinces from 2006 to 2015, this paper 
examines the effect of urbanization on coal consumption. The hypothesis is that at the 
current stage, urban growth increases coal consumption in China. Moreover, 
urbanization’s effect on coal consumption is more prominent for the western region of 
China in comparison to their middle, eastern and northeastern counterparts, as the former 
region is expected to support urban growth in the near future, and consume coal to 
support urban activities. Using the fixed effect model, this paper found some evidence of 
an association between increased urbanization and growth in coal consumption per capita 
in China. However, when the time trend is considered, the relationship largely disappears. 
In addition, urbanization probably has a more prominent effect on the western region than 
their eastern and middle counterparts. However, there is no evidence that indicates the 
effect of urbanization in northeastern region is different from that of western region.  
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Introduction 

         Since the economic reform in 1979, China has been undergoing explosive 

development marked by rapid economic growth and higher level of urbanization. For the 

past 20 years, China’s the economic growth rates averaged 10% (International Monetary 

Fund, 2016).  

        The economic boom and urbanization of China and the massive consumption of 

energy resources are inextricably linked. From 1970 to 2010, China’s share of world 

energy consumption increased from 4% to 14% (International Energy Agency, 2016). 

With vast reserves, low mining cost, and cheap purchasing price, coal plays a dominant 

role in China’s fuel usage. In 2015, coal shared 63.7% of total energy use, and coal-fired 

power made up 65.2% of total power generation (Natural Resources Defense Council, 

2017). Moreover, in 2015, the total consumption of coal in China amounted to 2.7 billion 

tons of standard coal, a 172% increase from that of 2000. Coal has been the backbone of 

China’s power generation, providing indispensable energy for agriculture modernization, 

industrial production, infrastructure provision, and especially urban construction. 

Moreover, coal mining and processing industry generated 5.2 million jobs in 2012 

(National Bureau of Statistics of China, 2012).   

        However, China’s heavy reliance on coal and intensive consumption has posed 

tremendous challenges to the environment and public health. Coal is the major 

contributor to China’s air pollution and greenhouse gas (GHG) emissions. It was 

estimated by Center for International Climate Research that coal accounts for 71% of 

total carbon emissions in China in 2016. Coal consumed in China has a global influence. 

It is estimated by the U.S. Energy Information Administration (EIA) that since 2000, 80% 

of the global increase in coal use has been attributable to China (EIA, 2012). As now the 
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largest GHG emitter in the world, it is absolutely necessary for China to reduce its coal 

consumption.  

        Moreover, coal has serious public health implications. In China’s atmosphere, 

approximately 40 percent of the poisonous fine inhalable particles known as PM 2.5 is 

account of coal (Health Effects Institue, 2016). Coal-related air pollution caused 366,000 

premature deaths in 2013 (Health Effects Institue, 2016). Coal mining operations, many 

of which are not legally registered and lack safety precaution, caused mining accidents 

such as gas blasts and collapse. The working conditions of coal mines are usually 

dangerous, and miners’ rights are not secured.  

        Chinese authority has attached great importance to reducing coal consumption and 

improving environment. In 2013, the Chinese government has announced a coal phase-

out plan for key air pollution regions in order to restrict their coal consumption. In 

addition to several other action plans to control air pollution and energy consumption, 

since March 2014, China released New-type Urbanization Plan to support a green and 

low carbon urbanization, and to facilitate energy transition. Under this impetus, in 2016, 

China’s coal consumption declined by 4.7% in comparison to 2015 levels.  

        The decrease of coal consumption might indicate the effectiveness of China’s coal 

cap plan. Chinese government is taking a more proactive role on pollution reduction and 

climate change mitigation. However, there is concern of whether this is the evidence of 

China's “coal peak” or just a temporary reduction? One may also worry that the coal 

consumption drop will be at the expense of slowing the pace of urbanization. Using data 

of China’s 21 provinces, 4 municipalities and 4 autonomous regions over 2006 to 2015, 

this paper investigates the effect of urbanization on coal consumption in China. My 

hypothesis is China’s urban growth increases coal consumption. 
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        Additionally, differences may exist among provinces. Urbanization’s effect on coal 

consumption is more prominent in the western region of China than their middle, eastern 

and northeastern counterparts, as the former region, which currently has an urbanization 

rate of lower than 50% and lower level of economic development, is expected to 

consume coal to support urban growth in the near future. The eastern, northern, 

northeastern regions may display a reverse relationship between urbanization and coal 

consumption, as these regions with higher economic development level are expected to 

accelerate the transition to renewable energy and industrial upgrade.   
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Background 

        Since 1980s,  the economic boom and the pursuit of these benefits have pushed 

Chinese citizens to migrate from rural to urban areas (Herreias et al., 2016). According to 

the National Bureau of Statistics of China (NBS), the urbanization ratio rose from around 

20% in the early 1980s to 56% in 2015. In 2015, over 771 million people live in urban 

areas. Figure 1 shows China’s urban population and urbanization rate from 2001 to 2015. 

Figure 1: China’s Urban Growth from 2001 to 2015. (NBS, 2016) 

        The urban residents have much higher purchasing power than their rural 

counterparts. In 2015, the per capita disposable income of urban population was 31,195 

RMB, while that of rural population was only 11,422 RMB (NBS, 2015). The higher 

income generates increased consumption of food, apparel, housing, commodity, 

transportation, education, entertainment, and healthcare.   

        As a result of urbanization and growing purchasing power, manufacturing 

production increases, especially the steel, cement and coke output, and thermal power 

generation, which are the some of the representative backbones for developing urban 
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transportation, buildings and production of other commercial products. As shown in the 

figure 2, overall, the coal consumption in China displays an increasing trend from 2006 to 

2015, which is consistent to the urban growth. Therefore, urbanization might play a 

prominent role in energy consumption. As discussed previously, the growing 

consumption of coal, China’s major fuel source, is possibly driven by urban growth, 

especially from industry production.  

Figure 2: Total Coal Consumption in China from 2006 to 2015. (NBS, 2016) 
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Literature Review 

        The previous studies has investigated the effect of urbanization on various aspects of 

energy use in China at both the national and provincial level. Positive correlation between 

urbanization and energy consumption in China is verified by large amounts of analyses. 

For example, at the national level, Michieka and Fletcher (2012) used a vector 

autoregression framework, discovering the causal relationship between urbanization and 

electricity consumption. At the regional level, by deploying provincial data at from 1986 

to 2011, Ma (2014) found that urbanization increases overall energy consumption. 

        Other literature explores the relationship between urbanization and energy intensity. 

By employing a decomposition and econometric analysis, Song and Zheng (2012) found 

that urbanization is a driving factor behind China’s changing energy intensity. 

Furthermore, based on 30 provinces’ data from 2000 to 2012, the empirical study from 

Yan (2015) showed that urbanization significantly increases aggregate energy intensity, 

which includes electrical and coal intensity.  

        Significant differences might exist among regions in China (Wang et al., 2014). The 

degree of urbanization is not homogeneous across regions. As shown in the table 3 in the 

descriptive statistics section, a wide gap exists in the urbanization ratios among the 

middle, western, eastern, and northeastern regions. Zhang and Lin (2012) further 

explored the regional disparity in China regarding the effect of urbanization on energy 

consumption. Using the STIRPAT model, which treats population, affluence and 

technology as three determinants of environment impact, and data from 29 provinces 

from 1995 to 2010, they found that the effects of urbanization on energy consumption is 

greater in middle region than eastern region. This is because the regional economy of 

western part of china is less prosperous, and the capacity of applying energy-efficient 
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technologies is weaker than the other regions. However, there are still not enough 

empirical analyses being made in terms of the regional differences. 

Most of the current literature focuses on the relationship between overall energy 

consumption and urbanization. There is less research focuses specifically on the 

dynamics between coal and urbanization in China. Therefore, much uncertainty about the 

relationship still exists. However, using the Spatial Durbin Model, Hao, Liu, Weng and 

Gao (2016) found strong evidence for an “inverted-U” shape relationship between per 

capita coal use and GDP per capita. It is possible that as GDP per capita of urban 

residents reaches to a turning point, coal consumption may begin to decrease. 

        Michieka and Fletcher (2012) predicted that urbanization continues to increase coal 

consumption from 2015 to 2030, by applying vector autoregression and Granger causality 

test. In reality, coal consumption increased along with the growing urbanization rate in 

China from 2000 to 2013. However, multiple factors emerging along with China’s urban 

growth may make urbanization’s effect turn negative. The first factor is industry 

transition. China is transforming its energy-intensive industry to a technology-driven 

industry (Adams & Shachmurove, 2008). Wu and Zhang (2016) found that with 

industrial upgrading, demand for coal in China reduced by approximately 1.5 billion tons 

from 1997 to 2012. The second factor is improved energy efficiency. Using a spatial 

fixed effects panel stochastic frontier mode, Jiang, Former, Ji and Tang (2016) observed 

that average level of energy efficiency of 29 provinces increases from 2003 to 2011. 

They also found that population density, income, and foreign direct investment are 

important determinants of energy efficiency improvement in China. The third factor is 

energy transition from tradition fuel to renewable energy. Zhao and Luo (2017) found 

that currently, renewable energy generation increases exponentially along with the 
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income. They also observed a positive relationship between regulation and renewable 

energy. In reality, a series of regulations has been enacted to support renewable energy 

development. In 2017, China announced that it would plough $360 billion into 

developing renewable energy and improving energy efficiency (World Economic Forum, 

2017). However, energy transition from fossil fuels to renewable energy in China is still 

at early stage, as some provinces will remain dependent on fossil fuels to support urban 

development (Ma, 2014). 

        This research will help to fill the gap in existing knowledge and empirical studies by 

conducting analysis on coal consumption in China and comparing regional differences 

using the most recent provincial data. In addition, as China is preparing to achieve its 

goal of peaking GHG emissions and reducing the coal consumption both at the regional 

and national level (Natural Resources Defense Council, 2015), this research will help 

policy makers understand the dynamics of coal consumption and urbanization in China, 

which can contribute to China’ sustainable urban development.  

        It is important to take into account the environmental costs generated by city-based 

activities on ecological recourses (Satterthwaite, 1997). This research hopes that rather 

than further deteriorating the environment, urban development in China can contribute to 

the sustainable development in the future (Satterthwaite, 1997). China should grab the 

momentum of urban growth to save energy, instead of slowing down urbanization to 

reduce energy consumption (Wang, 2014). 
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Hypothesis and Conceptual Framework 

        The hypothesis of this paper is that urbanization is positively correlated to coal 

consumption in China. Moreover, urbanization’s effect on coal consumption is more 

prominent in the western region of China in comparison to their middle, eastern and 

northeastern counterparts. These provinces in the western China, with urbanization rate 

lower than 50%, are expected to undergo rapid urban growth in the future, and consume 

coal to sustain urban activities.  

        To define my conceptual model, I will first identify various mechanisms and 

processes through which urbanization might impact urban structure and the behaviors of 

energy consumers. First of all, urbanization concentrates population in cities. Also, 

urbanization transforms economic activities by transferring labor force from the 

agricultural to the manufacturing and service sectors. Additionally, urbanization 

generates demand for transport services and urban infrastructure (Madlener & Sunak, 

2011). Moreover, urbanization increases commercial production, as an urban population 

is more dependent on commercial products than a rural population (Clancy et al., 2008). 

        Considering the above factors, this paper estimates the effect of urbanization on coal 

consumption in China based on the following function:  

𝑪𝒐𝒂𝒍  𝑪𝒐𝒎𝒔𝒖𝒎𝒑𝒕𝒊𝒐𝒏   = 𝒇 𝑼𝒓𝒃𝒂𝒏  𝑷𝒐𝒑𝒖𝒍𝒂𝒕𝒊𝒐𝒏,𝑴𝒂𝒏𝒖𝒇𝒂𝒄𝒕𝒖𝒓𝒊𝒏𝒈  , 𝑺𝒆𝒓𝒗𝒊𝒄𝒆    

        The urban population is namely the population in cities. Manufacturing refers to the 

production activities of the manufacturing sector of the economy. In particular, this paper 

measures the productions of power, iron and steel, coking, cement, and construction 

industries in China, as these industries consume almost 90% of coal in China (Natural 

Resources Defense Council, 2017). Service represents the production activities of the 

service sector of the economy, which involves the transport, distribution and sale of 
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goods from producers to a consumer. In particular, this paper looks at the transport sector, 

wholesale and retail trade in China, as these two sectors are more closely connected with 

the living of urban residents than rural residents (e.g. commute, travel, restaurant, etc.), 

and may contribute to coal consumption. It is estimated by China Energy Development 

Report that transportation became the China’s major driving factor of coal consumption 

growth in 2016 

        Accordingly, this paper defines two types of coal consumption during the 

urbanization process (following Wang, 2014): production coal consumption and private 

coal consumption Production coal consumption is the coal consumed by the industrial 

production activities. While private coal consumption is the coal consumed by the service 

sector and individual consumers, such as the wholesale and retail trade, travel, 

commuting and urban mobility.  

        The following diagram presents the conceptual framework of this paper. 

Figure 3: Impact of Urbanization on Coal Consumption 
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Methodology and Data  

        The People’s Republic of China claims sovereignty over 34 provincial-level 

administrative divisions, namely 23 provinces, 4 municipalities, 5 autonomous regions 

and two special administrative regions (Hong Kong and Macao). Due to the lack of data 

of Hainan, Tibet, Taiwan, Hong Kong and Macao, the empirical research of my paper is 

based on a panel dataset consisting of other 29 provinces from 2006 to 2015. 

        To estimate the impact of urbanization on coal consumption in China, I first propose 

a multivariate OLS model that includes all the independent variables related to the 

urbanization.  

        The model is: 

Total  Coal  𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝛽! + 𝛽! ∗   𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛  𝑅𝑎𝑡𝑒!" +   𝛽!   ∗ 𝑇ℎ𝑒𝑟𝑚𝑎𝑙  𝑃𝑜𝑤𝑒𝑟  !" + 𝛽!   ∗

  𝑆𝑡𝑒𝑒𝑙  𝑂𝑢𝑡𝑝𝑢𝑡!" + 𝛽!   ∗ 𝐶𝑜𝑘𝑒  𝑂𝑢𝑡𝑝𝑢𝑡  !" + 𝛽! ∗ 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛  𝑂𝑢𝑡𝑝𝑢𝑡!" + 𝛽!   ∗

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟  𝐺𝑜𝑜𝑑𝑠  !" +   𝛽!   ∗ 𝐿𝑒𝑛𝑔𝑡ℎ  𝑜𝑓  𝐻𝑖𝑔ℎ𝑤𝑎𝑦!" + 𝛽!   ∗ 𝐺𝐷𝑃  𝑃𝑒𝑟  𝐶𝑎𝑝𝑖𝑡𝑎!" + 𝛽!   ∗

𝑁𝑎𝑡𝑢𝑟𝑎𝑙  𝐺𝑎𝑠  𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛!" + 𝛼! + 𝛾! + 𝜀!  

 
        In the model, the dependent variable, coal consumption (10,000 tons) represents 

total coal consumed in each province every year, which consists of two part: input & 

output of transformation (IOT) and total final coal consumption (TFC). IOT is coal 

consumed to process other types of energy (thermal power, petroleum refineries, coking, 

etc.) and energy loss during the processing. TFC is coal consumed by the end users from 

different sectors in the form of electricity or other secondary fuels (NBS, 2016). As 

consuming many other types of energy, such as petroleum, actually may indirectly 

consume coal, the paper aggregates the annual IOT and TFC of each province to 

calculate the total coal consumption. In addition, the model excludes coal consumption 

from the primary sector of the economy, and rural residential coal consumption, only 
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aggregating coal consumed from industry, transport, storage, post service, construction, 

wholesale, retail trade, hotel & restaurant, and urban residents. The data for dependent 

variables is obtained from China’s Energy Statistic Year Book.  

        The first primary independent variable urbanization rate is the proportion of urban 

population of total population in each province. The variable thermal power (100 million 

kW.h) represents province’s annual thermal power generation. The variable steel output 

(10,000 tons) represents the total steel production in each province, which is the 

aggregation of output of pig iron, crude steel, and rolled steel. The variable coke output 

(10,000 tons) is the output of coke. The variable construction output (100 million RMB) 

denotes the gross output value of construction sector in money terms. These four 

variables measure the influence of  manufacturing sector on coal use. 

        The variable consumer goods refers to the revenue gained by the enterprises from 

sale of non-production and non-business physical commodity, and provison of catering 

services. The variable length of highway（10,000 km）counts the length of public roads 

connecting cities, rural and urban areas, and highways connecting streets at cities and 

towns. It also includes length of tunnels and bridges. These two variables capture the 

impact of service sector on coal consumption. 

        To factor in economic development, the model includes GDP Per Capita by 

dividing GDP of each province by its population. Finally, to measure the effect of 

emerging clean energy on coal consumption, the model includes the variable Natural 

Gas Consumption, which is the consumption of natural gas. The independent variables 

are obtained from China’s Statistic Year Book. The monetary value of RMB is constant 

in the period of my research.  
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        To test the regional differential effect of urbanization, the paper also includes three 

dummy variables representing three sets of geographical regions, and interacts the region 

dummies with the urbanization rate. The western region is the baseline category. 

Specifically, Middle equals 1 if the province is located in the middle region and zero 

otherwise. Northeast equals to 1 if the province is located in the northeastern region and 

zero otherwise. East equals to 1 if the province is located in the eastern region and zero 

otherwise.  

        The model is: 

Total  Coal  𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝛽! + 𝛽! ∗   𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛  𝑅𝑎𝑡𝑒!"  +𝛽!   ∗ 𝑇ℎ𝑒𝑟𝑚𝑎𝑙  𝑃𝑜𝑤𝑒𝑟  !" + 𝛽!   ∗

  𝑆𝑡𝑒𝑒𝑙  𝑂𝑢𝑡𝑝𝑢𝑡!" + 𝛽!   ∗ 𝐶𝑜𝑘𝑒  𝑂𝑢𝑡𝑝𝑢𝑡  !" + 𝛽! ∗ 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛  𝑂𝑢𝑡𝑝𝑢𝑡!" + 𝛽!   ∗

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟  𝐺𝑜𝑜𝑑𝑠  !" +   𝛽!   ∗ 𝐿𝑒𝑛𝑔𝑡ℎ  𝑜𝑓  𝐻𝑖𝑔ℎ𝑤𝑎𝑦!" + 𝛽!   ∗ 𝐺𝐷𝑃  𝑃𝑒𝑟  𝐶𝑎𝑝𝑖𝑡𝑎!" + 𝛽!   ∗

𝑁𝑎𝑡𝑢𝑟𝑎𝑙  𝐺𝑎𝑠  𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛!"   +   𝛽!"   ∗𝑀𝑖𝑑𝑑𝑙𝑒! + 𝛽!!   ∗ 𝐸𝑎𝑠𝑡!  +  𝛽!"   ∗ 𝑁𝑜𝑟𝑡ℎ𝑒𝑎𝑠𝑡!   + 𝛽!" ∗

𝑈rbanization  Rate!" ∗𝑀𝑖𝑑𝑑𝑙𝑒! + 𝛽!" ∗ 𝑈rbanization  Rate!" ∗ 𝐸𝑎𝑠𝑡!   + 𝛽!" ∗

𝑈rbanization  Rate!" ∗ 𝑁𝑜𝑟𝑡ℎ𝑒𝑎𝑠𝑡!   + 𝛼! + 𝛾! + 𝜀!  
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Descriptive Statistics 

        Table 1 provides descriptive statistics for dependent and key independent variables 

included in my analysis of 29 provinces over the period of 2006 to 2015. The number of 

observations is 290. Most variables are per capita. 

Table 1: Descriptive Statistics. 

 
        The coal consumption variable is the dependent variable, which is the sum of coal 

input & output of transformation (IOT) —coal consumed to process other types of energy, 

and coal consumed by end users (TFC)—namely secondary sector, tertiary sector and 

urban residential coal consumption. The urban rate variable is the percentage of 

population of each province living in urban area. Shanghai had the highest urban rate of 

89.6% in 2013, while Guizhou had the lowest urban rate of 27.5% in 2006. The ranges of 

both coal consumption and urbanization rate are very large. As we can further see from 

                                                
1	  Source	  of	  data:	  National	  Bureau	  of	  Statistics	  of	  China	  
2	  Steel	  output	  is	  the	  sum	  of	  pig	  iron,	  crude	  steel,	  rolled	  steel	  output.	  
3	  Construction	  output	  value	  refers	  to	  gross	  output	  of	  construction	  products	  and	  services	  in	  money	  terms,	  
produced	  by	  construction	  enterprises	  during	  a	  given	  period	  of	  time.	  

Descriptive Statistics1 
Variable Min Max Mean Std. 

Coal consumption (ton/person) 0.38 63.87 3.47 4.44 
Population (10K persons) 548 10,849 4,462.38 2,623.20 
Urban population (10K persons) 215 7,454 2,323.18 1,425.28 
Urbanization rate (100%) 0.27 0.90 0.52 0.14 
GDP per capita (RMB / person) 5,750 107,960 37,147.03 21,712.73 
Steel output (tons/person)2 0.08 8.28 1.53 1.64 

Thermal power generation (Kwh / person) 492.57 15,734.14 3,012.57 2,620.82 
Coke output (ton / person) 0 2.87 0.34 0.48 
Cement output (ton / person) 0.18 3.21 1.39 0.63 

Construction output value (RMB / person)3 846.45 43,294.08 8,728.31 7,896.64 

Consumer goods sale (RMB / person) 1,924.12 47,618.61 13,481.02 8,734.17 
Length of highway (m/ person) 0.52 12.86 3.45 2.07 

Natural gas consumption (m3/person) 1.33 754.76 130.94 145.70 
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figure 4, the average per capita coal consumption, and urbanization rate over 2005 to 

2016 of each province grouped by the region display considerable variation, which may 

imply potential regional difference in the effect of urbanization on coal consumption. 

 

                                   (a)                                                                        (b) 
Figure 4: Provincial Per Capita Coal Consumption (a) and Urbanization Rate (b) 

 
        Table 2 shows the geographical division of Chinese provinces into four regions by 

level of economic development, namely eastern, northeastern, middle, and western China. 

The table also compares the urbanization rate and coal consumption in 2006 and 2015. 

As we can see from the table, most provinces have undergone an increase of urbanization 

rate and coal consumption per capita. It supports my hypothesis that urbanization may 

increase consumption of coal. 
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Table 2: Geographical Divisions and Change of Urban Rate and Coal Consumption 

Geographical Division and Description of Provinces 

Province and Region 
Urbanization Rate (100%) Coal consumption (ton 

/person) (East=1; Northeast=2; 
Middle=3; West=4) 2006 2015 2006 2015 
Beijing 1 0.84 0.86 1.55 0.38 
Fujian 1 0.50 0.63 1.41 1.98 

Guangdong 1 0.63 0.69 1.17 1.52 
Hebei 1 0.39 0.51 2.95 3.67 
Jiangsu 1 0.52 0.67 2.39 3.40 
Shandong 1 0.46 0.57 3.03 4.07 
Shanghai 1 0.89 0.88 2.59 1.94 
Tianjin 1 0.76 0.83 3.44 2.82 
Zhejiang 1 0.57 0.66 2.22 2.49 

Heilongjiang 2 0.53 0.59 2.36 3.19 
Jilin 2 0.53 0.55 2.62 3.31 

Liaoning 2 0.59 0.67 3.24 3.86 
Anhui 3 0.37 0.51 1.41 2.50 
Henan 3 0.32 0.47 2.15 2.43 
Hubei 3 0.44 0.57 1.61 1.87 
Hunan 3 0.39 0.51 1.36 1.43 
Jiangxi 3 0.39 0.52 1.02 1.65 
Shanxi 3 0.43 0.55 8.16 9.83 

Chongqing 4 0.47 0.61 1.18 1.96 
Gansu 4 0.31 0.43 1.41 2.37 
Guangxi 4 0.35 0.47 0.88 1.26 
Guizhou 4 0.27 0.42 2.32 3.15 
Neimenggu 4 0.49 0.60 6.42 14.00 
Ningxia 4 0.43 0.55 5.6 13.27 
Qinghai 4 0.39 0.50 1.53 2.35 
Shannxi 4 0.39 0.54 1.99 4.73 
Sichuan 4 0.34 0.48 0.97 1.10 
Xinjiang 4 0.38 0.47 2.02 7.18 
Yunan 4 0.30 0.43 1.55 63.87 
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        The following table reports the correlation coefficients of key independent variables 

with the coal consumption variable.  

Table 3: Correlation Coefficient of Key Control Variables with Coal Consumption 

Report of Coefficient  

Variable Coefficient 

Urbanization rate (100%) -0.016 

GDP per capita (RMB / person) 0.0497 

Steel output (tons / person) 0.093 

Thermal power generation (kW.h / person) 0.5078 

Coke output (ton / person) 0.4302 

Cement output (ton / person) 0.2488 

Construction output value (RMB / person) -0.0598 

Consumer goods sale (RMB / person) -0.015 

Length of highway (m/ person) 0.1972 

Natural gas consumption (m3/person) 0.052 

 

        The urbanization rate, construction output value, consumer goods sale variables 

show a negative correlation with the per capita coal consumption. The other variables 

show a positive correlation with the per capita coal consumption. Contrary to my 

hypothesis, the correlation between urbanization rate and coal consumption is negative. 

This may possibly indicate a negative effect of urban growth on coal use.  
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Empirical Model and Regression Results 

 A. OLS Model  

          To test the effect of urbanization (urban_rate) on per capita coal consumption 

(total_coalC), I run a simple OLS model and the result is shown in table 4. The 

coefficient of the urban rate is 1.827, which means that holding other factors constant, an 

increase of 1 percentage point in the rate of urbanization is associated with an increase of 

0.01877 tons of coal consumption per person on average. However, with a standard error 

of 3.949, the effect is not statistically significant at any conventional α level. 

Table 4: Results of OLS Model 

Variable Coefficient Standard Error 

Urbanization rate 1.877 3.943 

Thermal power generation 0.001*** 0.000 

Steel output -0.024 0.194 

Coke output 1.901** 0.664 

Cement output 0.265 0.480 

Construction output value -0.000 0.000 

Consumer goods sale -0.000 0.000 

Length of highway 0.487 * 0.208 

GDP per capita 0.000 0.000 

Natural gas consumption -0.006* 0.003 

Number of observations 290 

R Squared 0.320 

*P-value < 0.05 
** P-value < 0.01 
***P-value < 0.001 

 
B. Fixed Effects Model 

         The previous model likely suffers from omitted variable bias, as it does not control 

for unobserved provincial characteristics that do not change over time, for example, the 

natural resources endowment of each province. Therefore, the second specification I use 

is the province fixed effects model. 
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        According to the result shown in Table 5, the coefficient of urban rate variable is 

38.844 and it is statistically significant at α = 0.05. This means that holding other factors 

as constant, an increase of 1 percentage point in the rate of urbanization is associated with 

an increase of 0.388 tons of coal consumption per person on average. 

        Surprisingly, compared with the OLS model, the estimate of the urbanization 

coefficient is more substantial in the fixed-effect model. This is probably because we 

controlled for the unobserved provincial characteristics into the specification. However, 

the coefficients of thermal power generation, output of coke and length of highway are all 

not statistically significant, which means holding other factors as constant, there is no 

strong evidence supporting the impact of these factors on urbanization.  

Table 5: Results of Fixed Effects Model 

Variable Coefficient Standard Error T P-value 

Urbanization rate 38.844 * 19.328 2.01 0.046 

Thermal power generation 0.000 0.000 0.78 0.121 

Steel output -0.921 0.667 -1.38 0.168 

Coke output 0.697 2.617 0.27 0.790 

Cement output 0.024 1.326 0.02 0.986 

Construction output value -0.000 0.000 -0.82 0.312 

Consumer goods sale -0.000 0.000 -0.82 0.412 

Length of highway -0.836 1.091 -0.77 0.444 

GDP per capita 0.000 0.000 0.86 0.388 

Natural gas consumption -0.001 0.006 -0.19 0.853 

Number of observations 290 

R Squared 0.0997 

F-Statistic 1.37 

 *P-value < 0.05 
 

        However, as shown in the table 6, when I control the time effect by including the 

Year variable into the fixed effect model, the coefficient of urbanization rate is now 

16.325 and it is not statistically significant. There is no evidence that supports the causal 
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relationship between urban rate and per capita coal consumption. However, when year 

effect is controlled, the steel output now has a statistically significant effect on coal 

consumption at  𝛼  = 0.1.  

Table 6: Results of Fixed Effects Model with Year Effect 

Variable Coefficient Standard Error T P-value 

Urbanization rate 16.325 22.528 0.72 0.469 

Thermal power generation 0.000 0.000 0.45 0.652 

Steel output -1.143 0.673 -1.70 0.091 

Coke output 1.601 2.645 0.61 0.546 

Cement output -0.903 1.405 -0.64 0.521 

Construction output value -0.000 0.000 -0.12 0.901 

Consumer goods sale* -0.001 0.000 -1.93 0.055 

Length of highway -1.073 1.092 -0.98 0.327 

GDP per capita 0.000 0.000 1.22 0.224 

Natural gas consumption -0.004 0.006 -0.56 0.576 

Year 0.928 0.484 1.92 0.056 

Number of observations 290 

R Squared 0.1042 

F-Statistic 0.1254 

 
        To test the non-linearity of urbanization, I add a quadratic term of urbanization rate 

variable into the model. As shown in the table 7, the coefficient of the urbanization rate 

squared variable is non-statistically significant, which indicates that there is no evidence 

that supports the quadratic relationship between urban rate and coal consumption per 

capita.  
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Table 7: Results of Fixed Effects Model with Quadratic Term 

Variable Coefficient Standard Error T P-value 

Urbanization rate 97.487* 49.069 1.99 0.048 

Urbanization rate squared -67.569 51.981 -1.30 0.195 

Thermal power generation 0.000 0.000 0.89 0.374 

Steel output -0.812 0.671 -1.21 0.227 

Coke output 0.677 2.613 0.26 0.796 

Cement output -0.596 1.407 -0.42 0.672 

Construction output value -0.000 0.000 -0.65 0.519 

Consumer goods sale* -0.000 0.000 -1.10 0.272 

Length of highway -0.916 1.092 -0.84 0.402 

GDP per capita 0.000 0.000 1.29 0.199 

Natural gas consumption -0.001 0.006 -0.18 0.854 

Number of observations 290 

R Squared 0.0971 

F-Statistic 0.1262 

*P-value < 0.05 
 

C. Provincial Difference 

        The third specification shows the regional difference of urbanization’s effect on coal 

consumption. Three region variables were generated to stand for the eastern, northeastern 

and middle regions in China. The baseline region is the western region. Interaction terms 

for each region and urbanization rate were also included in the model.   

        Shown in the table 8, the coefficient of the interaction variable East * Urbanization 

is negative and statistically significant at 𝛼 = 0.05. This means holding other factors 

constant, there is evidence showing that the effect of urbanization on per capita coal 

consumption for the eastern region is less prominent compared with the western region. 

Moreover, the coefficient of the interaction variable Middle * Urbanization is negative 

and statistically significant at the 𝛼 level of 0.01. This means controlling other factors, 

the effect of urbanization on per capita coal consumption for the middle region is less 
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prominent compared with the western region. However, the coefficient of the interaction 

variable Northeast*Urbanization is not statistically significant, which means there is no 

evidence supporting urbanization’s effect on per capita coal consumption for the 

northeastern region is different from the western region. 

Table 8: Results of Fixed Effects Model with Provincial Difference 

Variable Coefficient Standard Error T P-value 

East * Urbanization -45.315* 22.887 -1.98 0.049 

Northeast*Urbanization -28.497 37.914 -0.75 0.453 

Middle * Urbanization -50.115** 16.817 -2.98 0.003 

Constant -12.347 8.944 -1.38 0.169 

Number of observations 290 

R Squared 0.1238 

F-Statistic 0.0736 

*P-value < 0.05 
** P-value < 0.01 
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Conclusion and Policy Recommendation 

A. Major Findings  

        The result of provincial fixed effects model shows that without controlling the year 

effects, the urban rate variable has a statistically positive relationship with the coal 

consumption per capita in China. If we remove the characteristics that can’t be directly 

observed in each province, such as the natural resource endowment and political factors, 

in other words, by viewing 29 provinces as similar in terms of the observed and 

unobserved fixed-characteristics, we found that urbanization has a statistically positive 

effect on the coal consumption per capita in China. This conclusion is consistent with the 

finding of Michieka and Fletcher (2012), which verified the positive correlation between 

urbanization and coal consumption in China. 

        However, when I capture the linear time trend by adding the year variable into the 

model, then the urban rate variable has a non-statistically significant effect on the coal 

consumption per capita in China. This is probably because when failing to control the 

year effects, the provincial fixed effects model picks up the influence of the aggregate 

trends, such as economic growth and rising inflation, which has nothing to do with the 

causal influence of urbanization on coal consumption. However, the steel output has a 

statistically significant effect on coal consumption, which indicates that steel output 

might increase the coal consumption in China.  

       According to the provincial fixed effects model, the estimated effect of urbanization 

on coal consumption is substantial — if the urbanization rate increased by 1 percent, the 

per capita coal consumption is expected to increase by 0.388 tons of coal on average. In 

2015, the coal consumption per capita in China is 2.89 tons. If the urban growth rate of 
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2.6% in 2016 holds, the coal consumption per capita in 2020 is estimated to reach 7.9 

tons.  

        In addition, non-linear relationship between the urbanization and coal consumption 

is not supported by the results of the quadratic model shown in the table 7. This means 

that the effect of urbanization on coal consumption in China would probably still be in an 

increasing trend at current levels of urbanization and coal consumption. Moreover, I 

haven’t found any evidence to support the view that coal consumption in China has 

reached its peak along the urban growth. However, if I look at the data over a longer time 

period, for example, if data from the 1990s is included, the non-linear relationship might 

be detected.  

        Finally, the effect of urbanization on coal consumption per capita for the middle 

region and eastern region is less prominent than that of the western region. This finding is 

consistent to my hypothesis that urbanization’s effect on coal consumption might be 

stronger in the western region relative to their eastern and middle counterparts. However, 

I haven’t found strong evidence showing that the effect of urbanization on coal 

consumption per capita for the northeastern is different from the western region.  

        One possible explanation would be that northeastern region is the traditional base 

area for China’s heavy industry since the 1950s. The region is home to many state-owned 

facilities processing fuels, producing steel, and manufacturing equipment, which 

consumes large amount of coal. Since the launch of market-oriented reform in the 1980s, 

the state-owned companies in the region gradually lost their competitiveness. Lots of 

firms in the northeastern region today still rely on the outdated technology and traditional 

fuels including coal. Those firms lack funds to upgrade technology, increase energy 

efficiency, invest in renewable energy, and transform industrial production. Therefore, 
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the urban growth of the northeastern region in China needs to consume large amount of 

coal to support the urban activities. As currently the region is devoting efforts to 

rejuvenating its economy, if we continue to look over the future ten-year time period, the 

regional differences might be more distinct.  

B. Policy Recommendation 

        China is the world’s most populous country with 1.38 billion population (World 

Bank, 2017). If current trends continue, from 2015 to 2030, China’s population and 

urbanization rate will hit 1.4 billion and 70.12%, respectively (Sun et al., 2017). 

Considering the scale and pace of China's urbanization and population, as well as the 

paired-growth of urbanization on coal consumption, the coal consumption in China is 

expected to have a huge impact on China’s environment and public health. As the 

world’s largest carbon emitting country, controlling coal consumption and the GHG 

emissions are imperative for China. 

       While urbanization is expected to increase coal consumption in China, it might not 

be a wise choice to impede the urban growth, as the urbanization can improve the living 

of people and promote the economic and social development. For Chinese government, 

it’s an urgent need to create an enabling policy framework to transform the dynamics 

between urbanization and coal consumption. In conclusion, we hope that the urban 

growth in China will not increase or eventually decrease the coal or other traditional fuel 

consumption. Therefore, it is advisable to advocate a sustainable urban transformation in 

China, which is driven by lower reliance of traditional fuels such as coal, higher demand 

for clean energy consumption, and higher energy efficiency, 

        Three pillars lie in the process of urban transformation. First of all, to reduce the 

demand of traditional coal consumption and to enhance energy conservation, one priority 
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of China’s urban development is to eliminate the excess coal-mining and steel-making 

capacity. This is because currently, the production of most of the coal-consuming 

industries, especially steel-making facilities, exceeds the true demand of urban activities. 

For example, large amount of steel produced in China’s steel mills can’t be consumed by 

the market. Currently, Chinese government has been deepening its efforts to cut capacity 

in the steel sector by shutting down obsolete steel plants and removing outdated capacity 

of existing plants. In addition, China has also issued several rules and standards to cut 

production at energy intensive industries including cement, electrolytic aluminium and 

shipping. 

       The second pillar is to increase adoption of clean and sustainable energy. The 

transformation from traditional fuels to renewable energy should be supported to reduce 

energy intensity. Investment in clean energy, such as solar and wind power should be 

increased. In addition, financial instruments such as subsidy, tax reduction can be applied 

to the clean energy sector, to make the clean energy generation more cost-competitive. 

Currently, China has made significant progress in expending its energy portfolio beyond 

fosil fuels. In 2017, China invested a total of US $126.6 billion in renewable energy, 

accounting for 45 percent of global green energy investment (Frankfurt School –UNEP 

Centre and BNEF, 2018). 

        Finally, China should promote the more inclusive and sustainable urbanization. 

Thereby, fewer resources would be consumed to meet the needs of more people without 

compromising economic development. The local policymakers should integrate the 

environmental and climate change justices into city planning. For example, the promotion 

of green building is a key solution to China’s sustainable urbanization, as buildings 

accounted for 28% of China’s energy consumption in 2011 (World Economic Forum, 
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2017). It is advisable for local government to construct energy efficient schools, hospitals, 

government buildings and other public buildings. Other practices include developing 

smart electricity grids, linking transport infrastructure with satellite cities and urban 

centers, managing of congestion and pollution, adopting taxes and trading systems for 

carbon. 

        Regional difference might exist in terms of the effect of urban growth on coal 

consumption. The effect is less prominent for the eastern and middle regions than the 

western region. This is because the eastern and middle parts of China have more vibrant 

economic growth in recent years and makes more progress in the industrial 

transformation and sustainable development. However, three is no strong evidence 

supporting urban growth’s effect on coal consumption for the northeastern region is 

different from that of the western region. As explained before, this is because the 

northeastern region still relies on heavy industry and outdated technology. Therefore, 

when implementing the national plan to cap the coal consumption, different regions and 

provinces should have discretion to set provincial reduction goal based on their own 

situation. Finally, there is an urgent need to rejuvenate the economy of northeastern 

region, by upgrading its heavy industry and adopting new technology. 
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