Methodology of measuring carbon emissions in urban transport in China : review of the state-of-art and a research proposal  
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摘要 

随着经济和工业化的发展，中国的城市化和汽车数量正在以前所未有的速度迅猛增长，给公路基础设施建设和城市交通管理（例如如何解决大城市交通挤塞的问题），能源供应安全（中国已经进口2006年以来超过50％的石油消费依赖进口）以及减少二氧化碳排放带来巨大压力。国际能源署最新的报告更新了此前对中国能源需求和污染物以及二氧化碳排放量等方面的预测。据估计，中国交通部门对石油的需求将由2006年的133亿吨标油增加到2030年的465亿吨（国际能源署，2008）. 今后几十年的石油需求和二氧化碳排放的增加的绝大部分将和城市路面交通有关. 在中国，尤其是沿海发达省份，机动车数量正迅速增长。根据国际能源署2007年底的预测，中国沿海省份私人汽车拥有量从在2005年的每千人35车辆增加到2030年的每千人260辆. 中国交通部城市交通科学中心最近的研究结果预测中国城市汽车保有量在2030年将在目前的水平上翻6番。同时，城市居民对西方发达国家的生活方式的不断追求也是推动小汽车能耗增加的一个重要诱因，并且对交通运输部门的二氧化碳排放量将产生重大影响。国际能源署最新的预测结果显示中国交通运输部门的二氧化碳排放量到2025年将超过欧盟总和， 到2030年将比目前增长3.5倍，达到12.61亿吨。尤其重要的是，目前尚没有任何证据表明急剧增加的城市交通不会遭遇未来由交通拥堵和环境恶化等外部性所导致的城市机动性瘫痪或不可能性。同时城市居民的生活方式的逐步转变也将令局面更加复杂，此外交通的发展对城市地区的公共健康问题也是一项挑战。从长远考虑，近期的不作为政策将导致未来由于交通发展所带来的不可逆转的损失和沉重的社会成本。因此尽量提早对负面影响的预期从而设计相应的有效对策才是理性的决策，这样有利于尽量降低未来的发展过程中的社会成本。简而言之，对当前形势的深入了解是制定应对今后数十年挑战的解决办法的先决条件。

然而到目前为止，中国城市的交通管理部门尚没有设计出一个系统性的评价工具来量化与城市交通运输有关的温室气体排放。在国际气候谈判日益复杂的背景下，有必要建立一套科学全面的评价方法用来量化日益增长的交通运输部门的温室气体排放，俾制定能有效削弱未来城市交通排放之增长趋势的相应对策。本文回顾了在当今世界不同地区，尤其是发达国家现有的交通部门温室气体排放的评估工具，并同时建议开展一项旨在回应上述问题的中外专家联合研究项目，并提出了相关的目标以及希望达到的预期结果. 我们认为有必要在现有的中国城市交通管理部门所掌握的数据框架内，建立一个整合交通模拟/二氧化碳排放量评价的系统方法，以便更好地理解减少交通运输部门排放战略的决定因素。此外，文章也对低碳运输新的融资手段(碳金融)进行了简要分析。

Abstract  

The unprecedented speed of urbanisation and increase in numbers of cars would pose a daunting challenge for the Chinese policy makers both in terms of road infrastructure and traffic management (congestion), energy supply security( China already imports 50% of oil consumed since 2006) and the carbon emissions mitigation. Most recently, IEA revised its previous projection of energy demand and CO2 emissions in China given the huge leap in the past years. It is estimated that transport-sector oil consumption in China will increase from 133 mtoe p.a. in 2006 to 465 mtoe in 2030 (IEA, 2008), however, most of incremental oil demand and related carbon emissions in the next decades will come from on-road urban transport, in particular in the developed provinces, where vehicle ownership has been rapidly growing. IEA(2007) projected that car ownership would increase from 35 vehicle per 1000 persons in 2005 to 260 per 1000 in 2030 in the coastal provinces,  more recently, The China Academy of Transportation Sciences (CATS) projects that car ownership in Chinese cities will be six times higher in 2030 than the current level.  The continuous pursuit of western way of life has been the main propelling factor to drive up private car ownership and resultant fuel consumption. This would have significant impact on transport-related carbon emissions. CO2 emissions from transport sector would experience a 3.5-fold increase to reach 1261 Mt in 2030 according the estimates of IEA. China’s transport will exceed EU’s emission by 2025. Importantly, most urban studies show that there is no evidence that this steep increase in traffic will not collide with mobility impossibilities due to the negative externalities such as congestion and environmental degradation. The shift in lifestyle of urban dwellers will render the situation much more complicated. This may also raise the concerns about the public health in urban areas.  Inaction in this area would result in irreversible damages and significant social costs vis à vis the transport policy. In this regard, it is rational to anticipate the perverse effect today in order to design the relevant countermeasures to minimize the social costs incurred over the future trajectories. Thus, a better understanding of the current situation is a key determinant to find alternatives in the coming decades to tackle the challenges.  

However, there exist no systemic evaluation tools in quantifying the transport related emissions.  A robust methodology is necessary in light of controlling the ever-growing transport GHG emissions and putting in place countermeasures to curtail the growth trend in Chinese cities. This paper reviews the state-of-art of assessment tools of GHG emission in the transport sector in different regions in the world and proposes carrying out an EU-China joint research programme with relevant objectives and expected results. Our analysis shows the necessity of building a nexus of transport modelling/emissions measurement for better understanding the determinants of GHG mitigation strategies in the transport sector, based on available urban transport data issued from the traffic regulators and administrative authorities. Also, innovative finance of low-carbon transport is discussed briefly.    

1. Introduction 

Transport will certainly play a critical role in the global climate regime in the next decades. Currently, the transport sector accounts for more than 20% (IEA, 2006) 
 of global carbon dioxide emissions related to fuel combustion and 15% of climate forcing resulted from human activities (Fuglestvedt et al. ,2008). These figures have been growing steadily in the last decades, in particular in the fast-developing economies where people are striving to pursue the western lifestyle as a result of income rise and improved quality of urban infrastructure. IEA (2006; 2007) also indicate that transport will be the largest contributor to carbon emissions increase over the next decades. 

More than 60% of Chinese population will live in urbanised area by 2030, implying a tremendous potential of increase in the demand for urban transport in Chinese cities, in particular road transport is likely to grow dramatically if the current tendency is to be pursued in the next decades. The imperative of reducing significantly GHG emissions
 means necessarily that the modernization of urban transport in China in the next decades will play an overarching role in the evolution of the global climate regime. However, systematic assessment tool of GHG emissions in urban transport will is still wanting, let alone the required policy and institutional framework of transport emissions inventory and metrics. 

This paper attempts to identify the appropriate tools in assessing transport related emissions in Chinese cities in light of climate change mitigation. Robust quantification method will allow designing sound instruments allowing Chinese cities to shift to low carbon transport. Based on a review of the current situation of transport-related emissions metrics development, a Sino French joint research programme on transport emission assessment is proposed with objectives and expected results. Some key indicators of emissions are also expected to be developed.

2. Transport GHG emissiosns Control 

2.1. The challenge of mitigating emissions in urban transport in China  

It is projected that 60% of Chinese population will be living in the cities in 2030, nearly 300 million rural residents will migrate to the cities by 2030, implying a huge potential for increase in demand for urban infrastructures. This will drive up inexorably the demand for transport and mobility. In China, the increase in the private car ownership has been extraordinarily rapid over the past decades. Private car consumption has become common and its population is rising sharply. At the end of 2006, the private car population reached 23.33 million in China while in 1995 it only stood at 2.5 million. The number increased by 8.3 times within 11 years and the annual growth rate was 21.3%. There is no sign that this trend is likely to cease, which means in the years to come, the private car ownership in China will continue to grow. For example, during the 50-year period from 1949, the total vehicle stock in Beijing increased from 2300 to 1 million; while it reached 3 million just in 10 years during 1997-2007, another one-million increase time-span is reduced from 48 years to just 3.5 years, as shown in Tab.1.  

Table 1 . Vehicle stock development in Beijing (1949-2007)

	Year
	Vehicle Stock
	Years

	1949 – 1997
	2300 – 1 million
	48

	1998 – 2003
	1 min – 2 min
	6

	2004 – 2007
	2 min – 3 min
	3.5


Source: Jiang (2009)  

On the other hand, in most Chinese cities, demand of resident travel keeps increasing steadily. Rapid urbanisation and the improvement of citizens’ standard of living will lead to increasing travel distances and time. Such situations may stimulate the use of motor vehicles and travels by other motorised modes. The experience of developed countries indicates that there is a growing trend of trips for leisure purposes; with the improvement of standard of living, average daily trips by urban citizens will be gradually rising, therefore travel distance and reliance on vehicles will rise as well. It is estimated that passenger trips in Chinese urban areas will be 951.7 billion person trips by 2020, including 255.7 billion person trips by public transport and automobiles, with an expected annual growth rate of 9% from 1998 to 2020 (Fig. 1). 

[image: image1.emf]0

200

400

600

800

1000

1200

19982000200520102030

Year

Number of urban trips

(billion person_time)

0%

5%

10%

15%

20%

25%

30%

Share of urban trips in mode of

vehicles

Urban trips

Share of urban trips in mode of vehicles


Figure 1  Future Urban Trips in China (projection of CATS research report) 

2.2. Transport-related GHG emissions metrics and indicator 

Nowadays, more and more buyers of transport services ask their carriers to inform them of the amount of CO2 corresponding to the services they buy. Moreover, public transport organisational authorities want to assess the environmental performance of each single ticket of public transport. Some common tools have been developed to metering the emissions of different transport modes. More specifically, many European countries have conducted carbon emissions inventory in the transport sector. Fig.2 compares the average emission level with different transport modes in the UK. It can be seen that public transport is more efficient in terms of fuel consumption and carbon emission, as shown in the figure, public transport use can save more than two times CO2 emission for the same travel distance.  
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Figure 2. CO2 emission with different transport mode (clean-offset DEFRA) 

In addition, the French Agency of Energy Efficiency and Environment has developed a rigorous carbon emissions assessment methodology including the transport sector- the “bilan carbone”, which allows the policymakers to compare the C-consequence of different transport modes used for mobility purposes in urban area. Fig.3 illustrates the estimated emissions in different modes based on this method, which confirm the fact the mass transit modes are much more efficient than private cars in terms of carbon emissions. 
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Figure 3  Carbon emission of urban transport in different modes based on ‘’bilan carbone’’ method. 

Source: extracted from Carcas and Navizet (2009) 

2.3. existing tools in developed countries  

A systematic approach is required which consists of analysis of transport inter-modality,  scenarios  of policies  implementation relating to  urban public transport or mass transit and energy and environmental impact in terms of carbon emissions.  

In general, there are four main ways in which CO2 emissions from transport can be reduced:

· Operational - reducing energy use and emissions per vehicle km (vkm) driven.

· Strategic - optimisation of the vehicle use, reducing total vehicle km per

passenger km (pkm) or per tonne km (tkm).

· Demand: reducing the overall demand (pkm or tkm) for travel  (through smart organisation of urban planning and transport infrastructure) 

· Fuel switching : using alternative fuel ( biofuels,  electric or hybrid cars, hydrogen…) 

As said above, the last category of solution is still uncommon in current transport infrastructure and technological constraints as well as threat of food supply security
. 

Moreover, fuel consumption in their model only deals with oil products, however, more and more Chinese cities are introducing alternative fuels for public transport such as tramway, metro and electric bus. Calculation of fuel consumption and CO2  emissions must take account of the upstream primary energy supply mix (e.g. coal, hydro or nuclear). However, setting mitigation targets should be based on a reliable, consistent and robust method of emissions evaluations in all the transport modes. Therefore relevant GHG emissions indicators, set by rigorous calculation tools, turn out to be a necessary component in transport emission control policies.

As citizen and city planner are becoming more and more conscious of  the carbon footprint of  transport supply system,  many European cities have put in place the real-time CO2 emissions information by transport modes.  Go-Green has become a stylish way of promotion of public transport in many European cities.  Regarding urban transport,  RATP, the transit operator responsible for public transport in Paris has also developed interactive system of transport CO2 emission information with a user-friendly interface. A transport user or regular commuter can easily query the carbon emission quantity by choosing different modes of transport for the same journey on the RATP’s website,  in which is embedded an emission calculator/simulator software combined with the travel itinerary search system, as shown in Fig.4.

[image: image4.emf]
Figure 4.  An illustrative example of the RATP’s web-based road map with CO2 emission information for a chosen travel itinerary and transport mode  

Similarly, the transport department of the French Energy and Environment Agency (ADEME) has developed DEED (energy, environment and travel diagnostic for a particular population cluster), an energy and environmental evaluation tool for local governments and businesses. Also, the IMPACT software is developed for assessing the energy and environmental impact of a specific fleet of vehicles, and software for assessing the effects of the Company Commuter Plans (CCPs). 

Although different transport-related CO2 calculation tools have been developed, more or less large differences between outcomes exist among different CO2 calculation tools.  Measurement methods are not enough transparent, consistent, and based on actual data (Cottignies, 2009). In fact, standardization of a common methodology (general rules) for the calculation, declaration and reporting on energy consumption and GHG emissions of transport services can contribute to provide coherent measurement rules for energy consumption  and GHG emissions declarations for goods or passengers transport operations carried out by companies on behalf of another (CEN / TC320 / WG10). This principal applies also in the Chinese context.

3. A research proposal 

It is envisioned that the post Kyoto, or post-2012 global climate regime will be much more stringent than the current situation given a number of countries will engage in specific emissions abatement targets. As one of the fastest-growing economies and the biggest GHG emitters, China is likely to face quantitative emissions caps in different sectors; transport is a backbone to realising the low-carbon economy objective. However, no systematic evaluation of transport-related emissions has been undertaken both in academic and industrial sectors until now.  Climate policy-making requires a transparent, scientifically robust, communicable and practical quantification tool to provide rationale in mobilising national and local economic and human resources to take actions. We propose carrying out an EU-China joint research programme with relevant objectives and expected results.

3.1. objective: Building appropriate evaluation tools of transport GHG emissions 

The foremost objective of this research is to provide an informative and replicable transport emissions measurement tool, based on proven and robust evaluation methodology, by constructing a bottom-up technology model with disaggregated variables concerning transport system, motor cycle, fuel type, driving modes, traffic condition (congestion or not) with detailed information on each component. The research will be based on concrete case studies in one of several chosen city (cities), by focusing on BRT, bus and other public transport modes, i.e. mass transit systems.   

Evaluation tools should consist of different contents and indicators in terms of generated transport demand and calculation, based on assumptions on equipment and transport organisation, the carbon/ energy footprint. The method advocated by ADEME under the name of AEU (Environmental Planning Approach) could be developed further in the Chinese contexts by integrating environmental performance in the decision making process itself through the use of appropriate indicators at different levels of actors (public and private) concerned.

3.2. assessment framework  

As said earlier, modelling can play a central role in the process of decision making, both for 1) Understanding the current situation, 2) to make predictions at different scales. The estimation can be decomposed into following fragments

· overall estimate of travel and emissions and their evolution over time from the data obtained from the use of road networks and public transport, identification of parts of the networks on which these emissions are the highest

· based on surveys of individuals and businesses, identification of the types of travel, recovery in traffic

· Estimates based on means of transport developed and calculations of emissions from various actors and their organisation 

· Evaluation of the effects of an investment in one or other transport modes under different traffic assumptions, calculations of operating costs and emissions ... 

· Simulation of different assumptions on distribution of activities in a territory in relation to the structure of transportation and emission estimation for different patterns of urban development.

· For a given neighbourhood, and given its role in the city, analysis of internal transport and external potential, estimate travel according to activities and calculation of emissions

Theoretically, the transport-related emission can be calculated based on the Transport-Data Inventory in Cities (Cf. Lee Schiper 2008). Put formally,  
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Where

G is emissions from fuel use 

[image: image6.emf] is total transport activity 

[image: image7.emf] is transport modal energy intensity

[image: image8.emf] is the emission factor (CO2 per unit of energy or km) 

Ideally, to estimate the emissions in a relatively accurate manner, numerous parameters should be specified and calibrated, consequently, a large number of surveys  of transport activity and fuel consumption will be necessary with a finely structured urban transport inventory, as shown below. 

· transport survey and emissioins evaluation 

· Vehicle Use Survey 

· Number In Use, AGE (vintage)

· Km/Yr By Vehicle Type, Fuel And Use Characteristics

· Information On Traffic Condition, Load Factors 

· Fuel Consumption  

· Real Use By Vehicle Type, Fuel TYPE and Fuel ECONOMY, Drive Type 

· Match To New Vehicle Consumption To Estimate Gap

· Match To Real Time Testing Of Local Emissions 

· Passenger And Freight Flows 

· Local Travel Surveys Or Panels 

· Truck, Bus Utilization SURVEYS, Data From Operators

· Scenario Modelling By Changing Different Variables

· Variation In Socioeconomic Parameters

· TRANSPORT POLICY (PUBLIC TRANSPORT PRIORITY)

· Transport Fuel Switching Policy

· Economic INSTRUMENTS

However, considering the actual feasibility of the transport research in the Chinese cities, 

conducting such a comprehensive survey would imply a significant cost and is thus out of the mobilisable financial and labour resources for this research ( it could be envisioned in the future). We propose carrying out realistic surveys to collect useful data based on the existing infrastructure of urban transport regulation in the cities. As this research will focus on urban public transport, the situation of bus, trams and metro lines in study cities will be evaluated based on this framework in order to calculate respective emissions. In the first lieu, we will focus on collecting following data from the transport networks operation

· vehicle flow 

· speed and road occupation ratio 

· number of passengers 

· vehicle miles travelled

· gasoline consumption of bus

· …

We consider that the above-mentioned data collected will be sufficient to allow us to construct relatively robust emission indicators based on limited surveys and testing within a reasonable cost. The results will further contribute to assessing the transport emission and construct robust model to simulate different scenarios. Another advantage is that these data will be primarily issued from the current transport regulation institutions, our work will enable them to modify slightly the indicators collection and analysis structure without significant change in institutional reorganization. Nonetheless, this process can help better evaluate the effectiveness of their regulatory activities in the future. A close collaboration with the local transport management authorities will be essential to undertake the surveys.  

3.3. Innovation in financing low-carbon transport 

Currently, none of CDM project has been submitted by the Chinese actors due to lack of robust quantification tools of GHG emissions and in absence of institutional capacity and appropriate coordination in this sector.  Due to the fact that emission is characterised by small and disperse in the transport sector, a programmatic or sector crediting approach needs to be adopted in the methodology design and baseline definition based on the city-wide public transport scale instead of a single project (e.g. a bus line) otherwise the cost of transaction would be very high and may not allow scaling up the advanced technological and organisational measures. Alternative financing and public-private partnership need to be studied in the project to empower local authorities in China to implement socially optimal transport development policies. 

In short, this research will contribute to bridge the gaps between the strong potentials and poor exploitation in the urban public transport in developing countries to date from research advancement perspective.  Also, the results will provide meaningful guidance for the Chinese decision makers and local governments as to the implementation of “energy savings and emissions reductions” policies to achieve the objective of sustainable urban transport development in China.  

4. Concluding remarks   

The research proposal is concerned with establishing a commonly recognised transport emissions evaluation tool, which translating the quantitative output of modelling into more communicable policy messages to the decision makers. The outputs of the proposed research proposal will help implement effective evaluation of urban transport-related emissions and formulate relevant recommendations for the Chinese transport policy makers.
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�	 Figures differ in various studies in the literature; however the orders of magnitude remain robust. 


�	 Global emissions need to be halved of the current level in the middle of the century to achieve +2°C objective in order to  avoid the catastrophic consequences (IPCC, 2007) 


�	  Second and third generation of biofuels are still not available at commercial size. 







