The Integrated Assessment of Energy Options and Health Benefits Study

Executive Summary

The Integrated Assessment of Energy Options and Health Benefits Study assesses the potential impact of different energy and environmental policies on pollutant emissions, CO2 reductions, pollutant exposure, and health impacts in the Shanghai metropolitan area. The Study, funded primarily by the USEPA, was carried out from early 1999 to August 2000 by Shanghai Academy of Environmental Academy (SAES) and Shanghai Medical University (SMU), with support from the China Council for International Cooperation on Environment and Development (CCICED), World Resources Institute (WRI), the National Renewable Energy Laboratory (NREL) and Shanghai Environmental Protection Bureau (SEPB). Professor Lu Shuyu, Director of SAES, managed the project.  

1. Background

Energy and health issues are of growing concern worldwide today. These Issues are closely related to energy consumption levels, pollutant emissions and health impacts, as well as the sustainable development of society and the economy, quality of life, etc.

China is a developing country and coal has historically been its primary energy source. With a rapidly growing economy, energy demand will be increasing alongside economic development. As a result of high energy consumption and the use of low energy-efficient technologies, high levels of pollutant emissions exist. Air pollutants and CO2 have caused serious environmental problems in China and have contributed to the accumulation of greenhouse gas emissions in the world.  However, China has made great efforts in energy conservation, energy efficiency and population control in an effort to achieve sustainable development of energy and the environment. In China, the rate of energy consumption is increasing more slowly than the rate of its national economic growth.

With a high rate of economic growth; Shanghai’s citizens’ living standard, per capita gross domestic product (GDP), per capita energy consumption and energy application technology are higher than the national average and among the most advanced in China. For years, Shanghai has made great efforts in energy and environmental protection. Many policies have been implemented, effecting energy savings, controls on coal consumption, fuel content control, smoke and dust control, and air pollutant control through end-of-pipe technologies. The experiences and lessons of Shanghai in economic development, energy consumption and environmental protection will inevitably influence the future of other major cities in China.

Shanghai lacks energy resources and depends on energy delivered from other provinces in China, mainly in the form of coal and crude oil. Total average end-use energy consumption from 1996-1998 was 1813 PJ per year. Total end-use energy consumption is expected to increase to 1907-2744 PJ in 2020. Shanghai strictly controls the sulfur quantity in fuel, and although energy consumption has increased over the past years, SO2 emissions have not; in fact the 1998 emissions were lower than in 1996-7. However, total CO​2 emissions from fossil fuel burning have increased by more than 100 million tons each year since 1994. Coal-burning pollution control measures intended to reduce NOx emissions have not been effective.
2. Objectives of This Project

Objectives of the Integrated Assessment of Energy Options and Health Benefits Study are:

· To estimate the demand for energy under differing social and economic development scenarios for Shanghai;

· To develop a better understanding of the effects of energy policy on pollutant exposure levels and CO2 emissions;

· To estimate the air pollution health benefits under various energy policy scenarios.

3. Report Structure

The project has three components:

(1) The analysis of energy options and corresponding pollutant emissions. In this section, energy supply and consumption is assessed with pollutant and CO2 emissions. Energy options and environmental status for different years is examined along with economic development and energy demand for years 2000 and 2020. Relations are evaluated for future energy and environmental options with emissions and predicted pollutant exposure levels.

(2) The estimates of health effects associated with different energy policies and scenarios in Shanghai. Within the framework of health risk analysis, the past health effects associated with air pollution in urban districts of Shanghai from 1990-1999 is estimated. Then, the future health benefits under different energy scenarios relative to base case (BC) scenarios for the entire city of Shanghai in 2010 and 2020 are analyzed.
(3) Performance of cost-benefit analysis and setting priority for next-step actions. Forecasts of the economic benefits and assignment of monetary values on the health outcomes that were estimated in parts one and two of the report were completed.

4. Project Implementation

4.1 Data Collection

To understand the relations between energy consumption, emissions and health benefits, data and information on energy, environment and health during the 1990’s were collected, including:

(1) Economic development and industrial structure of Shanghai

(2) Energy supply and consumption

(3) Energy and environmental policies in Shanghai

(4) Emissions status and concentration for SO2, NOx and TSP in the ambient air

(5) Population, mortality and morbidity data in Shanghai

(6) Available domestic and international data describing health-based exposure-response relationships for SO2, NOx, TSP, and PM10
(7) Data and information on the willingness to pay (WTP) to avoid air pollution related health impacts, information on the value of a statistical life (VOSL) for China and Shanghai, and information related to the risk of illness in China.  

4.2 Description of Model Scenarios

The MARKAL model (MARKet ALLocation: a professional energy optimization model, and energy technology system analysis program) was used to develop energy and emission scenarios for the study. The model’s assumptions included population, GDP growth, industrial structure, and energy and environmental policies to predict the future energy demand and pollutant emissions.  

4.3 Base case assumptions

The report used 1995 figures as the basis for projecting energy demand per sector and GDP.  The projected GDP growth rate of 9-11% for the short-run was taken from “The Tenth Five-Year Development Plan for Shanghai Social Economic Development.” (March, 2001)

The useful energy demand levels per sector were forecasted by using historical data on the elasticity of final energy consumption; the figures were then translated by applying the energy efficiencies for current energy technologies.  

Assumptions regarding energy and fuel supply availability included the following: 

· Natural gas availability was constrained by existing supplies, that is, natural gas from sources outside East China was not considered

· Availability of coal was assumed to be unlimited, electricity supply would be met by sources from Shanghai

· Additional imports from nuclear and hydro sources outside Shanghai were not considered 

Finally, no changes were assumed in energy and environmental policy such as those being developed in the 10th 5-year plan.

4.4 Energy demand and emission scenarios

The alternative energy and emission scenarios were derived from China’s Agenda 21- Shanghai’s Plan of Action, Shanghai municipality, 1999 and the 10th 5-year Plan of China’s Social and Economic Development (March, 2001).  Three types of scenarios were developed: 

(1) Energy option

(2) Environmental targets

(3) Carbon emission control

The main constraints implemented in the Shanghai MARKAL model and modeling assumptions included in these scenarios are shown in the following table.
Characteristics of Future Energy and Environmental Policies

	Scenario
	Future Energy and Environmental Policies
	Indicators

	Energy Option
	Energy efficiency in coal facilities
	5-10% improvement from 1995-2020

	
	Limit total coal consumption in Shanghai
	Less than 50 Mt, 2000 onward

	
	Limit total capacity of coal fired power generation
	Less than 12 GW, 2000 onward

	
	Import Natural Gas from Western China
	3-4 Billion Cubic Meter per year starting at 2003 (117-156 PJ)

	
	Import Electricity from 3 Gorges Project
	3 GW, 2010 onward

	
	Import Electricity from Qinshan Nuclear Power Station
	0.3 GW 2010

0.65 GW 2015

	
	Import LNG
	5-6 million tons 2010 onward

	
	Built wind turbine
	0.06 GW, 2005

0.30 GW, 2015

0.60 GW, 2035

	
	Substitution of Coal by Natural gas
	35% of end-use coal (2005); 90% (2035)

	Environ. Targets
	Reduce 20% SO2 Emission by 2005 on base year 2000
	Emission limit of 372 kt/yr, 2005 onward

	
	NOx Emission Control Targets for transportation sector
	Emission limits:  61 kt/yr, 2005

                          25 kt/y, 2020 onward

	
	NOx Emission Control Targets for all sectors
	Emission limits:  391 kt/yr, 2005

                        325 kt/yr, 2020 onward

	
	PM10 Emission Control Targets for mobile sources
	Emission limits:  7 kt/yr, 2005

                          3.5 kt/yr, 2020 onward

	
	PM10 Emission Control Targets for non-mobile sources
	Emission limits:  100 kt/yr, 2005

                          70 kt/yr, 2020 onward

	Carbon Control
	CO2 Tax
	200 Yuan/t, 2015 onward


4.5 Definition of MARKAL Scenarios

The energy option scenario consists of three sub-components: energy efficiency improvement (EFF), fuel switching on the supply side (GAS1), and fuel switching on the demand side (GAS2). In the energy efficiency improvement scenario, an average of 5-10% energy efficiency improvement in coal use was assumed from 1995 to 2020. In the GAS1 scenarios, natural gas from Western China was supplied and allocated by the free market. Since gas prices are normally higher than coal, the energy demand sector will not willingly switch from coal to gas. Therefore, the scenario of energy switch at demand side (GAS2) involves the local energy and environment policy, which simulates the emission reductions by substituting gas for coal. In this scenario, it was assumed that 35% of the coal currently consumed by end-use sectors would be substituted by gas in 2005, and 90% in 2035.

The environmental target scenario includes SO2, NOx and PM10 emission control targets. The SO2 emission target reflects the implementation of local environmental policy beginning in 2001. Considering the current NOx and PM10 pollution levels, NOx and PM10 emission control targets were set from a scientific point of view in the NOx and PM10 scenarios in order to evaluate the energy system’s response. Because the emissions levels of the mobile sources are at ground level, their impact on air quality and human health is greater than for the non-mobile sources; the emissions of NOx and PM10 were set individually for mobile and non-mobile sources. 

CO2  emissions taxes of 200 Yuan per ton were added individually to SO2, NOx and PM10 scenarios. The case CO2_1 combined the SO2 emission control target + 200 Yuan per ton CO2 tax, CO2_2 combined SO2+NOx emission control target + 200 Yuan per CO2 tax, and CO2_3 was SO2+NOx+PM10 emission control target + 200 Yuan per CO2 tax.

A summary of the scenarios and their assumptions developed for this study are shown in the following table.



Scenario runs in MARKAL

	Model run
	Acronym
	Economic

Growth
	Energy

Efficiencymp.
	Limitation on

Coal use
	Electricity imports
	Gas

Availability
	SO2
Emission

Constraint
	NOx

Emission Constraint
	PM10 Emission

Constraint
	CO2
Tax

	Base case
	BC
	X
	
	
	
	
	
	
	
	

	Energy Option
	EFF
	X
	X
	
	
	
	
	
	
	

	
	GAS1
	X
	X
	X
	X
	X
	
	
	
	

	
	GAS2
	X
	X
	X
	X
	X
	
	
	
	

	SO2Emission Target
	SO2
	X
	X
	X
	X
	X
	X
	
	
	

	NoxEmission Target
	NOx
	X
	X
	X
	X
	X
	X
	X
	
	

	PM10 Emission Target
	PM10
	X
	X
	X
	X
	X
	X
	X
	X
	

	CO2 Tax 1
	CO2_1
	X
	X
	X
	X
	X
	X
	
	
	X

	CO2 Tax 2
	CO2_2
	X
	X
	X
	X
	X
	X
	X
	
	X

	CO2 Tax 3
	CO2_3
	X
	X
	X
	X
	X
	X
	X
	X
	X


4.6
Analysis of health impacts resulting from changes in the energy structure and the enforcement of environmental policies:

The health-based risk assessment approach (including hazard identification, exposure assessment, dose-response assessment and risk characterization), combined with an increase in health damages per unit increase of air pollutant, was used to estimate the health effects associated with air pollution in Shanghai. 
Studies conducted in China were preferred, when those widely accepted health outcomes associated with air pollution were not available in Chinese literature, the results from international literatures were used.  Quantitative exposure-response relationships between air pollutants and health outcomes had been established.   

The health effects of exposure to major air pollutants (TSP, SO2 and NOx) in urban districts of Shanghai in 1990-1999 were retrospectively estimated based on the health risk assessment approach described above. 

Based on Shanghai Environmental Geography Information System, the human exposure levels to PM10 and SO2 associated with energy consumption were assessed for each 4km×4km grid across the entire city of Shanghai. By combining the change in population exposure levels to PM10, (which was used as an indicator of total air pollution, exposure-response functions, and baseline rates for the health outcomes) the health effects under various energy scenarios relative to BC scenario were estimated for 2010 and 2020, respectively.

The effect of air pollution on mortality was assessed by using the value of a statistical life (VOSL).  The effect of income on the VOSL was also taken into account for the value transfer.  For different endpoints of morbidity, since there are no willingness to pay (WTP) studies so far on these endpoints on China, an alternative approach was taken to infer with WTP value from those used the U.S. EPA.

The unit values for various endpoints are expected to update annually using a constant growth in per capita income of 4%, which was estimated according to Shanghai gross domestic product (GDP) growth scenario described by Chen Changhong et al and the relationship between resident income and GDP growth in China.  The value of a change on the incidence of a given adverse health outcome was calculated as the change in incidence multiplied by the unit monetary value.

4.7 Data Analysis

Based on the data collected, the following parameters were analyzed under different scenarios:

(1) Energy input & output, consumable energy

(2) Energy processing

(3) Amount and type of energy consumed

(4) Major consumers

(5) Amount of energy consumed, and pollutant and CO2 emitted by various sectors

(6) Changes in energy structure, elasticity coefficient of energy consumption, and energy consumption for per GDP in recent years in Shanghai under different energy and environmental policies

(7) Concentrations of TSP, PM10 NOx and SO2 in the ambient air

(8) Analysis of changes of ambient air concentrations of TSP, PM10, SO2 and NOx and their health impacts in Shanghai
(9) Economic valuation of health outcomes under different scenarios with respect to BC Scenario

5.
Major Findings

(1) Energy consumption in Shanghai is increasing annually alongside high economic growth. In 1998, the per capita energy consumption in Shanghai was 110 GJ, 1.17 times the national level.

(2) Coal is the major energy source consumed, accounting for 70% of primary energy consumption.

(3) SO2 emission levels in Shanghai for 1998 were 488.9 kt; smoke and dust were 170 kt; NOx emissions were about 400 kt; and CO2 emissions were 132 million tons.

(4) Due to the effectiveness of current environmental policies, air pollution from coal combustion has been curbed, and pollution exposure levels for SO2 have declined annually. However, current energy and environmental policies are ineffective at controlling NOx emissions.

(5) In 1999, the number of avoidable deaths, COPD cases, and chronic bronchitis cases due to TSP exposure were estimated to be 450-2000, 45300 and 30800 respectively. The number of avoidable respiratory disease cases from NOx exposure was estimated at 94900 in 1999. Since the annual mean level of SO2 in 1999 was below the threshold value in this analysis (WHO/AQG guideline), no extra avoidable health outcomes from SO2 exposure was expected.
(6) It is predicted that with economic growth, Shanghai’s GDP in 2020 will be 6.9~10.4 times 1995 levels. Energy demand in Shanghai will reach 1907-2744 PJ, 2.0~2.9 times the 1995 level.  

(7) Under the base case energy policies, coal consumption will decline from 67% in 1995 to 45% in 2020; raw oil consumption will increase from 31% in 1995 to 32% in 2020; natural gas will account for 21%of total consumption; and 3% of electricity will come from other provinces in 2020.

(8) In order for a reduction in NOx pollution to impact Shanghai’s local air quality, more stringent vehicle emissions standards, and vehicle inspections and maintenance (I/M) programs have to be implemented as soon as possible. This will not only play an important role in reducing NOx emission, but due to the lower sulfur content of the fuel required by the fuel inspection, PM10 emissions will also decrease.

6.   Results of Each Scenario

(1) Base Case Scenario: Total primary energy consumption increased 53% in 2035 from base year 1995; coal will increase 81% and crude oil 103% by 2020.  However, as the city’s conventional industrial activities give way to service and commercial sector activity, the total primary energy consumption per unit of GDP can be expected to decline.  In that case, coal, used for power generation, iron and steel manufacturing, and industrial and commercial boilers for heat, will remain the dominant source of primary energy in Shanghai. 

(2) Energy Efficiency Improvement: If gas imports do not increase, improved energy efficiency in coal-based facilities are expected to produce only 7% of total primary energy consumption. This is because average energy efficiency is already higher in Shanghai than in the rest of China, and without an increase in gas imports higher-efficiency technologies will not expand (i.e., gas-fired boilers).  With 5% improved efficiency, coal-based facilities are expected to reduce their emissions of CO2 by 6 Mt by 2005, and 14 Mt by 2020. SO2 emissions will be reduced to 54 kt (27%) in 2020.

(3) Gas Supply Scenario (GAS1 & GAS2): Natural Gas from Western China will reach Shanghai in 2003 or 2004 in the amount of 3-4 billion cubic meters per year.  When coal is assumed to be limited to 50 million tons (a possible policy) beginning in 2005, and natural gas imports and electricity replace coal as new primary energy carriers, total primary energy consumption will be reduced 10% compared with the EFF case (because of the subsequent adoption of technologies with higher energy efficiency; i.e. gas-fired power generation). SO2 and PM10 emissions will decline to 39 Mt in 2020 (35% and 20% greater reduction than in the EFF case, and 39 Mt less CO2 (18% of the total in EFF). Most reductions would result from the change to gas-fired power generation.  Total NOx emissions would be reduced to 142 kt (being 17% of the total in EFF case). When natural gas imports are increased from the GAS1 scenario to that of GAS2 scenario, there is not a big difference in total coal consumption, but the total liquid fuel is reduced by 20%. CO2 emissions from power plants would increase by 10%, but that would be set-off by a 10% total reduction of CO2 from other industries. SO2 and PM10 emissions would be reduced by 19% and 13% more than in the GAS1 scenario; NOx emissions would increase slightly with higher coal consumption.  

(4) SO2 Emission Target Scenario: Shanghai must reduce its SO2 emissions by 20% of the 2000 totals to 372 kt (according to a requirement of the China EPA) by 2005. Control technologies (e.g., desulfurization) must be installed in power plants, and 1.67 GW of coal-fired power generation must be achieved, according to the regulation.  

(5) NOx Emission Target Scenario: Target for mobile and non-mobile sources is set at 25 kt and 300 kt, respectively, per year beginning in 2000. EURO II for 2005, EURO III for 2010, and EURO IV for 2015 must be implemented in Shanghai’s new vehicles. NOx emissions from transportation would be reduced to 398 kt more in 2020 than in the SO2 target scenario. This option could reduce PM10 emissions by 41% and SO2 emissions by 4% more than in the SO2 target emissions scenario. EURO II implementation in 2003 or 2004 is currently under consideration according to the Ten-fifth plan for Shanghai.  Vehicle inspection and maintenance of in-use vehicles will begin in 2005, and fuel quality is expected to thus improve.  Sulfur content in gasoline will be reduced from 1000 ppm to 200 ppm and in diesel from 3000 ppm to 300 ppm in 2005, then to 30 ppm in 2010.  Select catalytic reactors (SCR) and PM10 removal will be introduced to power generation to achieve the maximum reduction of NOX and PM10.   

(6) PM10 Emission Target Scenario: More ultra-supercritical (USC) steam CHP (Combined Heat-Power, or co-generation) with desulfurization, SCR (Selective Catalytic Reduction, a NOx removal technology) and PM removal technology would be incorporated into power generation. Total CO2 emissions would be reduced to 6kt (3% more than in NOX target scenarios), SO2 by 26%, and PM10 by 21 %.  

(7) SO2 Emission Target + CO2 Tax Scenario: With a tax of 200 Yuan per ton CO2 added to the SO2 emission control target defined earlier, total CO2 emissions would be reduced by 10% in 2020, in addition to the SO2 target scenario; NOX would be reduced by 3%, augmented reduction and PM10 by12%.  There would be no additional reduction of SO2 emissions.  

(8) NOx Emission Target + CO2 Tax Scenario: In 2020, CO2 emissions would be reduced by 9% more with the addition of the tax, SO2 emissions would go down 5%, and PM10 14%. 

(9) PM10 Emission Target + Tax Scenario: Total CO2 emissions would be reduced an additional 5%, and there would be no additional reductions of local air pollutant

7.  Anticipated Health Impacts and Avoided Health Effects

Based on the quantitative risk assessment framework, the final results of this analysis were given as the comparison of health effects under one specific scenario with respect to the BC scenario (year 2000). In most of the epidemiological studies, it is impossible to attribute the health effects to one specific pollutant.  In this study, PM10 was selected as an indicator of “total air pollution” to estimate the relevant health effects. Population in each grid cell (4 km x 4 km) was assumed to grow at the same rate in the near future, and population age distribution in each cell to remain constant. 
Implementation of various energy scenarios in Shanghai could have significant positive impact on the health status of Shanghai residents (mid-range values).  The table below shows the range od potential health benefits from the energy options and environmental scenarios. 

Health Benefits in Different Scenarios with Respect to BC Scenario

	Health Problem Type
	Number of cases prevented by the year 2010 (mid-range values)
	Number of cases prevented by the year 2020 (mid-range values)

	PM10 –related avoidable deaths
	647-5,472 deaths
	1,265-11,130 deaths

	New cases of chronic bronchitis
	1,315-11,100 cases
	2,580-22,620 cases

	Cases of respiratory hospital admission
	377-3,286 cases
	704-6,522 cases

	Cases of cardiovascular hospital admission
	260-2,260 cases
	486-4,485 cases

	Internal-medicine outpatient visits
	27,080-237,900 visits
	49,850-468,600 visits

	Pediatrics outpatient visits
	2,807-24,660 visits
	5,173-48,590 visits

	Cases of acute bronchitis
	49,490-414,200 cases
	98,520-850,000 cases

	Asthma attacks
	1,508-12,790
	2,937-25,960


8. Economic valuation and estimated air pollution health impacts

Estimates for the economic benefits and potential avoided health impacts were calculated for both mortality and morbidity end points.

The present analysis was mainly based on the result of a study on the WTP for a reduction in mortality risk related to air pollution, which was conducted in Chongqin, China.  In the stuffy, Wang Hong et al reported and average WTP for saving a statistical life US$ 34,750 using contingent valuation method (CVM).  The marginal effect of income on WTP value was also reported as: with annual income increase of $145.8, the marginal increase for saving a statistical life in Chingqin was $14,550.  Therefore, taking into account the annual income difference between Chongqin and Shanghai residents into account, which were $495.7 and $1234.4, respectively, a conversion based on Chongqin’s coefficient between marginal WTP and income was completed.  The estimation was for US$ 180,500 for the VOSL in Shanghai.

Air pollution also affects human morbidity and the valuation of illness and disability is important for assessing the total social costs of air pollution.  The literature on WTP to avoid morbidity outcomes is limited in scope and is based mostly on US data.  As alternative that is often used for valuing morbidity is the cost of illness (COI), which used estimates of the economic costs of health care and lost output up to recovery or death.  These comprise the sum of direct costs (hospital treatment, medical care, lost wages) and indirect costs.  The present analysis uses either the WTP approach or the COI approach to value the morbidity outcomes associated with air pollution. 

The table below summarizes the range of potential health benefits (relative to BC) for the energy and environmental scenarios. 

Average Economic Benefits of Different Scenarios with Respect to BC Scenario (in millions of 2000 US$)

	Health Problem Type
	Economic benefits in 2010
	Economic benefits in 2010

	Premature Death
	104.0 – 873.2
	300.4 – 2646.0

	New cases of chronic bronchitis
	7.5 – 60.7
	21.6 – 188.8 

	Cases of respiratory hospital admission
	0.4 – 3.5 
	1.1 – 10.2 

	Cases of cardiovascular hospital admission
	0.4 – 3.5 
	1.1 – 10.3 

	Internal-medicine outpatient visits
	0.6 – 4.9
	1.5 – 14.4

	Pediatrics outpatient visits
	0.1 – 0.5
	0.2 – 1.5

	Cases of acute bronchitis
	0.5 – 4.1
	1.5 – 12.8

	Asthma attacks
	0.0 – 0.1
	0.0 - 0.3


9.
Conclusion

Energy and health policy under high economic growth conditions is one of the biggest challenges facing Shanghai. This study provides an opportunity for Shanghai to look into future environmental tasks. The results illustrate that an effective energy and environmental policy will play an active role in emissions reduction, air quality improvement and health benefits. The project reached its original objectives.

This analysis emphasizes the need to consider air pollution-related health effects as an important impact of energy policy options in Shanghai. In a century moving toward sustainable development and health, close collaboration between public health and energy policy will enhance the success of preventing avoidable health hazards. The approaches recommended in this analysis could be further applied to other regions of China for local and nation-wide air pollution-related health risk assessment. 
A Policy Workshop was held at SAES on Feb. 20, 2002 to review the results of this study, discuss policy implications and identify priorities for further cooperative efforts.  The workshop included representatives from the national level (State Environmental Protection Administration (SEPA), China Council for International Cooperation on Environment and Development (CCICED)) and local level (Shanghai Environmental Protection Bureau (SEPB), Shanghai Public Health Bureau) as well as technical experts from Shanghai and the US.

Study results and actual measurements presented at the workshop indicated that fuel substitution, efficiency improvements for boilers, and a city-wide cap on SO2 emissions provide effective reduction opportunities to improve local air quality with significant health benefits while simultaneously reducing GHG emissions.  The analysis estimated that these measures could result in more than 3000 avoided deaths/year and a range of other health benefits, with a total economic value of over US $500 million per year by 2010.  CO2 emissions would be reduced at the same time by 37 million tons in 2010 (more than a 20% reduction from the reference case). Shanghai city officials have incorporated results of this study into their planning and policies.  During the final stages of the Shanghai IES project, the study team was commissioned by the Shanghai Municipal government to prepare a series of background reports for the air quality portion of the Shanghai 10th five year plan.  

During the Policy Workshop a senior official from the SEPB credited the input of the Shanghai IES team based on preliminary study results, with major contributions to improving the 10th Five-Year Plan for improving air quality in Shanghai.  These included identification of fine particle control as a high priority, influencing levels of five-year goals for SO2, NOx and PM10, and identification of specific technology and fuel mix goals for the Shanghai energy system. SEPB officials also credited the IES work with improving coordination between energy, environment and public health organizations and policies of the municipal government. Officials from the State Environmental Protection Administration (SEPA) and the China Council for International Cooperation on Environment and Development (CCICED) made strong statements about the value of this work, including the groundbreaking efforts to assign monetary values to air pollution related health effects.  They view this work as a powerful model and are discussing ways to promote its replication throughout China.  
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