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Abstract

This paper focuses on revealing and analyzing energy problem in megacities of China. It starts from a brief review of China energy, and then follows a systematic evaluation on energy of three megacities—Chongqing, Shanghai and Beijing, both with seven referenced Chinese cities, based on an indicator set including four sub-themes: energy scale, energy intensity, energy security and energy sustainability. It is found megacities have not only energy problem as well as other cities but also unique problem such as growth of urban mobility, and are better in improving its energy sustainability. Some policy suggestion is proposed regarding that the fast growing urban mobility will become essentially for the future energy sustainability of megacities.
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1 Introduction

The urbanization process in China, companied with fast industrialization, is in a scale and a speed that never seen before in human history [1]. And it will take more efforts to achieving sustainable development of economy, society, resource and environment of Chinese cities, especially for megacities (cities with a population of over 10 million). And energy problem may be one of the most rigorous difficulties. 

In 2004, there are three megacities among totally 661 cities in China [2]: Chongqing, Beijing and Shanghai. These megacities have not only the common energy problem through the whole country, but also some special energy problems interlaced with special problems of megacities, such as urban land use and urban mobility. In one word, megacities have become the hotspot of energy problems in China. 

This paper tries to describe and analyze energy problems of megacities systematically and quantitatively. It starts with a brief review of China energy status in chapter 2, which gives some background information up to the minute. And then in chapter 3-5, an evaluation of urban energy systems for three megacities and seven referenced cities is introduced, including the methodology, the result and the analysis. Based on that, conclusion and policy suggestion is proposed for solving energy problem of megacities with emphasis on sustainable urban mobility. 

2 Background
2.1 Economic growth has entered a energy intensive era of industrialization
During the 10th five-year period (2001-2005), the averaged growth rate of GDP per year in China is as high as about 9.5%, but at same time, the averaged annually growth rate of energy consumption in China arrives at over 11%. In 2005, the total energy consumption is about 2.22 billion tce, 0.79 billion tce more than that in 2001. In 2001, 2003 and 2004, the elasticity of energy consumption exceeds 1.0, and the elasticity of electricity consumption is continuously exceeding 1.0 in 2001-200 [3]. 

As a result of the fast growth of economy and dramatically increased energy dependency, the supply of coal, electricity and oil is tensed up in the whole country at the end of the 10th five-year period. It makes energy a top-priority issue to Chinese governors, and also regarded by the whole world. 

Apparently, the unexpected and transnormal development of energy intensive industry is the main reason. But the essentially cause is that economic growth of China has entered in a special period of accelerating industrialization, just like industrialized country in the history. The typical character of this period is quick development of heavy industry and centralizing of production and consumption into big cities. [4][5]
2.2 Fast growth of energy consumption of urban mobility
Though industrialization, especially the growth of energy intensive industry, will still be the main driving force of energy demand growth in recent years, the fast growth of energy consumption by urban mobility and building should not be ignored, which all related with the mode of urbanization. Until now, they are still in lack of attention in energy related decision-making and research work. And urban mobility is more essentially for it’s tightly related with oil security problem and air pollution in cities. The energy problem related with urban mobility could be conclude as follows::

(1) Energy demand: In 2005, transportation only consumed 10.9% in total energy consumption and 14.6% in end-use energy demand of China [6] 
. But the vehicle numbers per capita of China is only at the USA 1910’s level and half of Asian average level [7], and the energy demand of transportation sector will possibly increase several even over 10 times in the future. Before 2020, the vehicle number of China will be 3-4 times more than today’s level [8].
(2) Energy security: The oil consumption of China is 325 million tones in 2005, 3 times of in 1990, and the import dependency of oil has risen up to 52%. It can be estimated that transportation sector consumed more than 1/3 of oil, and nearly 97.8% of gasoline and 76.8% of diesel. The quick development of transportation, especially urban mobility, has become essential for energy security problem. 
(3) Air pollution: In big cities of China, based on existing energy and vehicle technology, vehicle exhaust has become the main source of air pollution. As an example, in 2004，86% of CO emission, 96% of HC and 56% of NOx emission is come from vehicle exhaust in Shanghai [9].
(4) CO2 emission: In 2001，only 5% of CO2 emission in China is coming from transportation sector, that is only 1/8 of CO2 emission by coal power plant. But with the fast growth number of private cars, the CO2 emission problem of transportation sector will become more and more important in the future. 
(5) Social equity: Oil tax hasn’t been implemented. Gasoline/diesel is too cheap, only 1.9-2.4 $/gallon in 2006, to drive people saving oil and using public transport which is lack of capital investment [10].
3 Methodology
For energy problem of megacities is always complex and involved with economy, society and environment, separate indicators from single dimension is not enough for a systematic analysis [11]. So an indicator set composed of a series of indictors from different dimensions is developed in former research [12]-[13]. It is established with theme-sub-theme model, covering four themes: 1) Energy scale: reflects the capability of urban energy production and the size of energy demand; 2) Energy intensity: reflects efficiency and level of energy use; 3) Energy security: reflects the ability of responding to crisis from outside and inside; 4) Energy sustainability: reflects how well the energy system satisfies the requirement of sustainable development.
Under these four themes, 12 sub-theme and more than 30 indicators based on more than 60 statistics data are brought out to depict characters such as the general picture and health situation of typical urban energy systems. See Fig.1.
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Fig.1 Indicator set of urban energy for evaluation
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Fig.2 Location of 10 sample cities

4 Sample cities
Except the three megacities - Chongqing (CQ), Shanghai (SH) and Beijing (BJ), seven smaller cities are also chosen for reference: Wuhan (WH), Guangzhou (GZ), Jinan (JN), Dalian (DL), Ningbo (NB), Langfang (LF) and Taiyuan (TY). Their location is shown in figure 2, and general status is listed in table 1. They located widely and mostly are center of region, so they could be taken as typical samples of Chinese cities.
It should be mentioned that Chongqing is a special megacity for it has only 1/3 population in more developed urban center and the rest is distributed in wide rural area of outskirts, while Shanghai and Beijing has much more centralized population (95% and 94% population in urban center).

5 Results introduced by 12 sub theme
For convenience of comparing between cities, the results of each indicator by city are converted into score of 1-5 grades, taking the lowest one as 1 and the highest as 5. The final score is listed in table 2, with primary data of key indicators listed in table 3 as reference.
5.1 Energy production scale & Energy consumption scale by type
Chongqing has large scale of primary energy production because it has relatively abundant resources of natural gas and coal. Beijing has some coal production, but not so far as Taiyuan which is well known as ‘coal city’. Shanghai has little primary energy production as well as other referenced cities except Taiyuan.
Table 1 General status of 10 sample cities (in 2003, listed by population)

	Name
	population (million)
	GDP
(billion Yuan)
	Land use

(Square kilometer)
	Location 
in China
	Advantage on transportation
	Important function
	Energy supply/production

	3 megacities

	Chongqing
	31.3
	225
	82403
	West-

south
	Hinge of inland transportation
	Regional center
	Large natural gas production

	Shanghai
	13.4
	625
	6341
	East
	Seaport
	International financial
 center
	Large energy import and process

	
	
	
	
	
	Hinge of inland transportation
	
	

	Beijing
	11.5
	366
	16800
	North
	Hinge of inland transportation
	Capital
	A few energy import and process

	7 referenced cities

	Wuhan
	7.81
	166
	8494
	Middle
	Hinge of inland transportation
	Regional center
	A few energy import and process

	Guangzhou
	7.25
	350
	7434
	South
	Seaport
	Regional center
	Large energy import and process

	
	
	
	
	
	Hinge of inland transportation
	
	

	Jinan
	5.83
	137
	8177
	East
	Hinge of inland transportation
	Regional center
	A few energy import and process

	Dalian
	5.60
	163
	12574
	East-

north
	Seaport
	Regional center
	Moderate energy import and process

	Ningbo
	5.49
	179
	9365
	East
	Seaport
	-
	Large energy import and process

	Langfang
	3.87
	53
	6429
	North
	-
	-
	-

	Taiyuan
	3.27
	52
	6988
	North
	Hinge of inland transportation
	Regional center
	Large coal production


Table 2 Score card of energy indicator by city (2003)
	Sub theme
	
	Indicator
	CQ
	BJ
	SH
	WH
	GZ
	JN
	DL
	NB
	LF
	TY

	Scale indicator score
	1
	Primary energy production (conversion to coal equivalent)
	5
	2
	1
	1
	1
	1
	1
	1
	1
	5

	
	2
	Secondary energy (electricity) production
	2
	2
	5
	1
	3
	1
	1
	3
	1
	1

	
	3
	Total urban energy consumption and its national share
	2
	4
	5
	2
	2
	2
	3
	2
	1
	2

	
	4
	Average growth rate of total urban Energy consumption per year
	1
	1
	2
	2
	3
	4
	5
	3
	3
	5

	
	5
	Energy consumption(raw coal)
	3
	3
	5
	2
	3
	2
	2
	2
	1
	5

	
	6
	Energy consumption(crude oil )
	1
	3
	5
	1
	2
	1
	5
	4
	1
	1

	
	7
	Energy consumption(natural gas)
	5
	4
	1
	1
	1
	1
	1
	1
	1
	1

	
	8
	Energy consumption(electricity)
	2
	3
	5
	1
	3
	1
	1
	1
	1
	1

	
	9
	Energy consumption in major industrial enterprises
	2
	3
	5
	3
	2
	3
	4
	3
	1
	4

	
	10
	Production of main energy intensity product
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	11
	Number of motor vehicles
	2
	5
	5
	1
	5
	2
	1
	1
	1
	1

	Intensity indicator score
	12
	Energy consumption per GDP
	1
	1
	1
	1
	1
	2
	2
	1
	1
	5

	
	13
	Electricity consumption per ten thousand GDP
	2
	2
	1
	1
	1
	1
	1
	1
	1
	5

	
	14
	Average growth rate of energy consumption per ten thousand GDP (2002~2003year )
	1
	1
	2
	3
	3
	4
	5
	2
	3
	4

	
	15
	Energy intensity in major industrial enterprises
	1
	1
	1
	2
	1
	2
	3
	1
	1
	5

	
	16
	Elasticity of energy consumption
(1998~2003year )
	2
	1
	3
	1
	3
	2
	5
	5
	3
	4

	
	17
	Elasticity of electricity consumption (1998~2003year )
	2
	1
	2
	2
	3
	2
	1
	5
	5
	1

	
	18
	Energy consumption per capita
	1
	2
	3
	2
	3
	3
	4
	3
	1
	5

	
	19
	Percentage of population with access to gas
	1
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Security indicator score
	20
	Dependency
	1
	4
	5
	5
	3
	3
	5
	5
	5
	1

	
	21
	Production consumption ratio
	5
	2
	1
	1
	1
	2
	1
	1
	1
	4

	
	22
	Processing consumption ratio
	1
	2
	5
	2
	3
	2
	3
	4
	1
	2

	
	23
	Commercial storage(coal and coal product)
	2
	1
	2
	4
	1
	5
	2
	3
	1
	2

	
	24
	Commercial storage(oil and oil product)
	5
	1
	1
	1
	2
	2
	1
	2
	1
	2

	
	25
	Investment per energy consumption
	2
	1
	2
	5
	3
	5
	2
	4
	1
	3

	
	26
	Urban disposable income per capita
	1
	4
	5
	1
	4
	1
	2
	4
	1
	1

	
	27
	Energy emergency mechanism
	Y
	Y
	Y
	Y
	N
	N
	Y
	N
	Y
	N

	
	28
	Administrative priority
	5
	5
	5
	3
	3
	3
	3
	1
	1
	1

	
	29
	Regional influence
	3
	5
	5
	3
	3
	3
	3
	3
	1
	3

	Sustainability indicator score
	30
	EI indicator
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	31
	Current air quality (average score)
	4
	4
	3
	4
	4
	3
	2
	2
	3
	3

	
	32
	# SO2
	5
	2
	3
	2
	4
	2
	1
	1
	4
	4

	
	33
	# NO2
	3
	5
	4
	4
	5
	2
	2
	3
	2
	1

	
	34
	#PM10
	5
	5
	2
	5
	3
	5
	3
	1
	3
	5

	
	35
	Alternative fuel use (LNG, CNG and others)
	3
	3
	5
	4
	2
	3
	1
	3
	3
	5

	
	36
	Energy investment intensity(investment on energy industry/total investment)
	1
	1
	1
	3
	1
	2
	2
	1
	1
	5

	
	37
	Important social and economic events

	0
	5
	5
	0
	5
	0
	0
	0
	0
	0

	
	38
	Administration level of cities
	5
	5
	5
	3
	3
	3
	3
	3
	2
	2


	Indicator
	Unit
	CQ
	SH
	BJ
	WH
	GZ
	JN
	DL
	NB
	LF
	TY

	Production of coal
	million ton
	25.7
	0
	9.6
	0
	0
	4.4
	0
	0
	0
	43.1

	Production of oil
	million ton
	0
	0.38
	0
	0
	0
	0
	0
	0
	0
	0

	Production of natural gas
	billion m^3
	6.2
	0.5
	0
	0
	0
	0
	0
	0
	0
	0

	Production of electricity
	billion Kwh
	22.4
	69.4
	18.8
	13.2
	33.5
	7.8
	12.2
	33
	4.3
	14.2

	Total energy consumption
	million tce
	26.9
	67
	47.1
	26.2
	27.7
	23.2
	32.4
	22.4
	5.4
	25.5

	Averaged growth rate of energy consumption per year
	%
	6.1
	9.5
	4.5
	11.0
	14.5
	17.3
	23.2
	14.9
	14.5
	21.0

	Consumption of coal
	million ton
	23.2
	37.4
	21.6
	15.2
	19.6
	9.6
	9
	15.4
	-
	40

	Consumption of oil
	million ton
	0
	17.4
	7.3
	3
	7
	3.3
	16.5
	13.6
	0
	-

	Consumption of natural gas
	billion m^3
	2.9
	0.5
	2.1
	0
	0
	0.1
	0
	0
	0
	0

	Consumption of electricity
	billion Kwh
	29.4
	74.5
	46.1
	17.9
	35.2
	12
	14.2
	19
	5.2
	13.2

	Energy consumption of large enterprises
	million tce
	14.7
	39.5
	25.2
	26.2
	17.8
	20.3
	31.6
	21.6
	3
	25

	Number of motor vehicles
	thousand
	781
	1719
	1991
	271
	1706
	816
	402
	200
	161
	240

	Energy consumption per GDP
	tce/10000yuan
	1.19
	1.07
	1.29
	1.57
	0.79
	1.7
	2.0
	1.25
	1.02
	4.95

	Electricity consumption per GDP
	tce/10000yuan
	0.16
	0.15
	0.15
	0.13
	0.12
	0.11
	0.11
	0.13
	0.12
	0.32

	Energy consumption per capita
	kgce 
	858
	4992
	3232
	3348
	3824
	3974
	5782
	4080
	1395
	7796

	Averaged annual growth rate of energy consumption per 
GDP (2002-2003)
	%
	-7.1
	-5.3
	-8.3
	-0.3
	-1.7
	3.2
	6.2
	-3.6
	-0.4
	1.6

	Averaged elasticity of energy (1998-2003)
	
	0.52 
	0.61 
	0.35 
	0.23 
	0.64 
	0.53 
	1.05 
	1.17 
	0.77 
	0.95 

	Energy intensity of industry
	tce/10000yuan
	3.07 
	1.39 
	2.49 
	6.11 
	1.55 
	4.77 
	7.85 
	3.57 
	3.52 
	14.97 

	Disposal income per capita
	Yuan
	8094
	14867
	13883
	8525
	15003
	8400
	9101
	14277
	8385
	8264


Table 3. Some primary data of energy indicator by city (2003)

Shanghai seems to be the most electrized city with the highest score in production and consumption of electricity. Comparing to referenced cities, Beijing and Chongqing have midterm level scale of electricity production and consumption. But the score of electricity consumption of Beijing is 1 grade higher than electricity production, which means Beijing’s import dependency of electricity is higher.

All megacities use lots of coal. And in natural gas consumption, Chongqing is the highest and Shanghai is the lowest in three megacities. It means Shanghai is in lack of natural gas supply, as referring to Shanghai’s largest consumption scale of oil and coal. 

5.2 Total energy consumption scale

Shanghai is the 1st and Beijing the 2nd in total urban energy consumption and its national share. Chongqing’s place is relatively low for its industry and mobility is not so developed as the former two megacities, referring to ‘Energy consumption in major industrial enterprises’ and ‘Number of motor vehicles’. Beijing’s smaller size of industry may be the reason why it has less energy consumption than Shanghai, while they have the similar size of urban mobility.

The averaged annually growth rates of energy consumption of 10 cities in 2002-2003 show that Shanghai and Beijing have relatively low growth of energy consumption in recent years. Further referring to the average annually growth rate of energy consumption in 1998-2003, only one megacity - Chongqing, together with all referenced cities, have accelerating growth rate of energy consumption. Shanghai and Beijing is more developed and has lower energy dependency of economic growth. But it should be noticed the quick growth of urban mobility has become an important factor to drive energy consumption increasing, as shown by their highest score in ‘Number of motor vehicles’.
5.3 Energy intensity
The three megacities has low energy consumption per GDP, while Taiyuan has the highest energy intensity, and followed by Jinan and Dalian. It is related to energy intensity of industry: Shanghai and Beijing have much lower ‘Energy intensity in major industrial enterprises’, while Taiyuan is the highest, follows by Jinan and Dalian.

Referring to average growth rate of energy/electricity consumption per GDP, all megacities are improving its energy intensity, while the improving rates of energy intensity in Taiyuan, Dalian and Jinan are relatively slow.

5.4 Energy use level

Referring to ‘Elasticity of energy consumption (1998~2003)’ and ‘Elasticity of electricity consumption (1998~2003)’, Beijing is the best in sustainable development of energy and economic. Chongqing and Shanghai are also advanced.

Chongqing has the lowest energy consumption per capita for its large rural area: 2/3 population located in outskirts. Shanghai’s energy consumption per capita is in the 1st place in megacities and Beijing is the 2nd, but Taiyuan has the highest energy consumption per capita in all cities, being 1 grade higher than Shanghai.

The result shows the access to gas of all cities is quite well except Chongqing, which is interesting because Chongqing has the largest scale of natural gas production. It could be explained by its large rural area and distributed population, which means very expensive to build infrastructure for gas supply to cover the whole city.

5.5 Energy supply sources

The energy dependency of Shanghai (92%) and Beijing (71%) are quite high as well as most of referenced cities, and Chongqing is only 16%. Totally 8 cities are depending on outside energy supply up than 50%. Chongqing and Taiyuan has lowest energy dependence, as the former is a production base of natural gas and the latter of coal.

Another important indicator of energy security, ‘Diversification of energy supply channel’, was not included in this indicator set. Based on simple analysis, all cities have limited coal transportation capacity from outside. Shanghai can import oil over sea, and Beijing has long distance oil pipeline. The most serious problem is the singleness of natural gas supply channel. Most of the cities have only one or two natural gas pipeline.
Large scale of energy production and processing inside the city will alleviate the energy security problem. For example, Chongqing has big production consumption ratio, and Shanghai has big process consumption ratio. The production consumption and processing consumption ratio of Beijing and referenced cities is lower than 50%.

The commercial energy storage is relatively low in megacities, and only Chongqing has high score in oil storage. The average commercial storage of coal in 10 cities is only 20 day, and oil only 14 day [10].
5.6 Distribution to energy security 

Energy investment intensity reflects the distribution to improving energy problem, such as building infrastructure, in the whole society of a province or city, and this indicator is also used in sub-theme of energy sustainability (in 5.11). The score of megacities is low, while Taiyuan and Wuhan is the highest. Combined with urban disposable income per capita, Shanghai and Beijing is relatively rich city, and they should increase the investment on energy to improve their infrastructure.

5.7 Energy emergency mechanism
The megacities all have energy emergency mechanism, but by site investigation, only Beijing has relatively well energy emergency mechanism. 

5.8 Control ability of outside resource 

The three megacities have higher administrative priority and regional influence than other cities, and it will benefit them as if energy shortage occurred, they could control more outside resource to secure their energy supply.
5.9 Sustainability of energy and economy 
In the evaluation of sustainable energy and economy development item in the indicator system, each urban energy system could be located in the whole sustainable energy scenario figure of China based on EI indicator [14], which means a city should control its energy intensity per GDP (EPG) as the per capita GDP (GPC) is rising up. As shown in figure 3, referring to the curve of ideal status, only Chongqing meets with the scenario of sustainable energy development, together with Langfang. The gap to sustainable energy development for Beijing and Shanghai is moderate, together with Wuhan, Guangzhou and Jinan. Taiyuan and Ningbo is far from sustainable energy scenario.
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Fig.3 Ten cities location in the figure of China sustainable scenario
5.10 Sustainability of energy and environment 

Referring to average air quality indicator, the environmental situation in megacities is worse, especially Beijing and Chongqing. Shanghai has better air quality, and Dalian and Ningbo is the best. It should be pointed out that these three cities are all seaports, and air quality is benefit from geographical location, as the dilution of polluted air is easies in seaside than inland.

There were a lot of efforts to promote alternative fuel for vehicle in Chinese cities, especially for LPG/ CNG. Megacities all use some CNG and LPG in bus and taxi, and Shanghai is planned to building a demo of DME bus. Dalian, Jinan, and Langfang use some bio-ethanol. Taiyuan use methanol in vehicles, from M15 (15% mixed in gasoline) to M100. All the cities use some CNG in vehicles, and some also use some LPG.

5.11 Sustainability of energy and society

Referring to 5.6, the same indicator is also used in evaluating energy security.

5.12 Sustainability of energy institution

Important social and economic events are important driving force for megacity to improve its energy sustainability. The 2008 Olympic Game in Beijing, 2010 World Exhibition in Shanghai will drive the 2 megacities to greatly improve its energy sustainability while attracting a lot of national and international distributions. 

The administration level of cities reflects the ability of getting outside resource to improve its energy system. Being directly under the jurisdiction of central government, the power of the 3 megacities will make things easier, especially Beijing as the capital, and Shanghai as international financial center.

6 Analysis of the result focus on megacities’ energy problem
6.1 Common energy problem of sample cities 
Urban energy consumption is huge and growing fast. In 2003, the total energy consumption of ten sample cities was about 0.304 billion tce, sharing about 18％ in the total national energy consumption. Growing population and industry, especially energy intensive industry, are important factors driving urban energy consumption increasing. 
Ten cites all have some problems in energy security. Few of them have primary energy resource inside, or large primary energy production and processing. And they have low commercial energy storage and are lack of energy emergency mechanism. It should get more attention as well as national energy security problem.
Few cities meet with the scenario of sustainable development of energy and economy, and sustainability of energy and environment/society also need to be greatly improved. Though there had been a lot of efforts to promote alternative fuel, but the total amount of alternative fuel used is still quite small. 

6.2 Special energy problem of megacities 

Though the energy consumption scale of megacity is much larger than other cities, but with more developed economy and society, and higher administrative priority and regional influence, megacity of China is improving its sustainability faster. But the distribution of megacites’s society to energy security and sustainability is still small. 
Megacity has higher industrialization level and relatively low energy intensity, and urban mobility will become a main factor to drive the rising up of energy consumption, energy dependency and emission of air pollution, which is different with samllerr cities. 

6.3 Advantage and disadvantage of each megacity
Comparing megacities with referenced cities, its advantage and disadvantage in energy security and sustainability could be concluded as follows.
Chongqing 

· Advantage: rich of energy resource, distributed population, less vehicles
· Disadvantage: inland, low income per capita, low administrative priority
Chongqing is the only megacity meets the scenario of sustainable development of energy and economy. It has moderate energy intensity per GDP, but the lowest energy consumption per capita, which is contributed its 2/3 population in outskirts, less number of vehicles and relatively small scale of industry. 
Chongqing has less pressure on energy security due to relatively abundant natural gas and coal resources. But it is locate inland and has serious air pollution, and the lower administrative priority and low income per capita limits the distribution on improving energy sustainability as comparing to Shanghai and Beijing. 

Shanghai 

· Advantage: seaport, highest income per capita, high administrative priority, 2010 World Exposition
· Disadvantage: large amount of vehicles, high energy dependency, centralized population and production

Shanghai has the largest scale of energy consumption. And it has centralized, high energy intensive production and consumption, large amount of vehicles in urban area , which makes it far from the scenario of sustainable development of energy and economy. But it is located in seaside which will benefit its air quality, and has highest income per capita, high administrative priority, coming 2010 World Exposition, which means big potential and driving force of improving its energy sustainability. 

Shanghai’s highest energy dependency brings big pressure on its energy security, but the large scale of energy processing, geographical convenience of import energy from abroad and high administrative priority will alleviate some pressure. Shanghai is very similar to the other three seaports, Guangzhou, Ningbo and Dalian, in many aspects.
Beijing
· Advantage: top administrative priority, high income per capita, 2008 Olympic Game
· Disadvantage: inland, large amount of motor vehicles, high energy dependency, centralized population

Beijing is very similar to Shanghai in energy sustainability, except it has less energy intensive industry which makes it closer to the scenario of sustainable development of energy and economy. But its inland location make it difficult to improve air quality. Another inland city Wuhan, with a population of 7.81people, is very similar to Beijing.
As capital of China, the top administrative priority of Beijing will make it easier to control outside resources to maintain stable energy supply. And Beijing has the best energy emergency mechanism in all the cities. With high income per capita, and the coming 2008 Olympic Game, Beijing will improve its energy sustainability and energy security problem at the fastest speed in megacities.
7 Conclusions and suggestions
As briefly reviewed in this paper, China energy is facing lots of challenges to achieve sustainable development, and megacity has become an epitome and hotspot. Based on the indicator evaluation of three megacities - Chongqing, Shanghai and Beijing, both with seven referenced cities, it is found that megacity has huge energy consumption but low energy production consumption and process consumption ratio, which brings serious energy security problem need to be well regarded. 
Though the megacities are a little far from the scenario of sustainable development of energy and economy as well as other cities (except Chongqing and Langfang), they are improving their energy sustainability much faster than smaller cities due to more developed economy and high administrative level.
Based on the comparison between megacities, now Chongqing is advanced in energy security and sustainability comparing to Shanghai and Beijing. Though Shanghai and Beijing has more pressure and more potential to improve their energy sustainability, they still put too little distribution on improving it. The megacities should put more efforts, such as increasing investment on energy infrastructure and public transport, distributing population from urban center, controlling the development of energy intensity industry and the growth of private cars, building energy emergency mechanism and increasing commercial energy storage.
It should be emphasized than growth of urban mobility will become an important factor in the future for increasing energy consumption, oil dependency and air emission in megacities. Regarding this, some suggestion on how to achieve sustainable energy and urban mobility in the future is given as follows:
(1) Work along both lines from the country level and the urban level to ensure stable and economical energy supply, plan energy supply as a whole. And cooperation well with large national and international energy companies.  
(2) Promote energy-saving vehicles while improve vehicle criterions in energy-saving, and implement oil tax to increase investment on pubic transport.
(3) Strengthen the development of alternative fuel technology and promote alternative fuel according to local conditions for energy security and environmental protection concerning, such as coal -derived fuel and bio-fuel..
(4) Consider to reduce carbon dioxide in the field of transportation in a suitable time. For long-period consideration, the way out will be develop fuel production integrated with CCS (CO2capture and sequestration) technology.
(5) Strengthen the fundamental work in urban energy and transportation energy statistics to enhance decision making, official statistics data should be publicized periodically. 
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