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Montreal, �TIME \@ "d MMMM yyyy"�15 February 2002�





Mr. Glenn Allard

Environmental Protection Service

Environment Canada

351 St. Joseph Blvd., 15 th Floor

Hull, Québec

K1A 0H3







Dear Mr. Allard,







I am pleased to forward to you under cover of this letter the final report of the Study on Sulphur in Gasoline and Diesel Fuel.  I appreciated the opportunity to act as Chair of Studies for this important fact-finding exercise.

You will find that the attached reports from the two scientific Panels and from the consultants engaged for this project provide a thorough and detailed examination of the key facts and methodologies which apply to the investigation of the impacts of possible reductions in the levels of sulphur in gasoline and diesel fuel.  I believe that these reports represent a solid and significant contribution to the public policy exercise in which the federal and provincial governments are now engaged.





I have included in the final cover report a number of concluding observations which I hope will prove useful to future expert panel fact-finding efforts.  I would like to thank all those who participated in this effort, whether as panel members or as members of the Steering Committee and Secretariat, for their commitment and their input.  We have all benefited from this experience.







I wish you every success in the next important stage of your policy development. 









Yours truly









David Johnston
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The Context

Sulphur has an impact on the formation of atmospheric pollutants during the combustion process of gasoline and diesel fuels.   These pollutants, singly or in combination, have been linked to increases in mortality and the number of respiratory diseases among Canadians, especially the younger and older parts of the population. The American and European Auto Oil Programs have demonstrated that the reduction of sulphur in gasoline reduces emissions of carbon monoxide, sulphur dioxide, ozone and particulate matter from vehicle tailpipes.   The reformulated gasoline programs in the U.S.and  California and the proposed European gasoline program include mandated reductions in sulphur levels.



CCME Mandate



In October of 1995, the Canadian Council of Ministers of the Environment  (CCME) accepted a report from a Task Force on Cleaner Vehicles and Fuels established by the CCME  in November 1994 to develop recommendations on a national approach to new vehicle emission and efficiency standards and fuel formulations for Canada.



Recommendation No.6 of the Task Force was that :



Environment Canada "in consultation with provinces and stakeholders, lead in the development and implementation of a regulated minimum national standard for gasoline". 



 In relation to sulphur as a component of gasoline, Environment Canada was asked to :



 "undertake assessments in consultation with provinces and stakeholders during 1996 to set a cost effective limit for sulphur in gasoline taking into account associated health and environmental benefits."



At the May 31, 1996 meeting of the CCME, Ministers reiterated their interest in obtaining the results of the assessment as expeditiously as possible.  In response, Environment Canada, in collaboration with other governments, industry and NGOs, developed a  process to undertake this assessment. 



The process is described in the following pages.



�

The Process



Three different sequential tasks were identified for the project:



Task A	Development of the detailed mandate, and process for conducting the assessment



Task B	Gathering and analysis of key information on costs and benefits of reducing sulphur levels in gasoline and diesel



Task C	Interpretation of the information and the formulation of recommendations to Ministers



Table 1 illustrates the roles and timing of each task.



Task A



A Steering Commitee was established by Environment Canada in July 1996 to develop a process and organizational structure to carry out the CCME mandate.  This multipartite Committee had a wide membership. A deliberate effort was made to include representatives of most, if not all, the key stakeholders in the decision-making process. The Committee had 11 members including three federal government Departments, four provincial governments, the Canadian Petroleum Products Institute, the Canadian Vehicle Manufacturers Association and two NGOs. Table 2 describes the membership.



In recognition of the mandates and responsibilities of the federal Ministers of Environment and Health, representatives of these two departments co-chaired the Committee.  The Canadian Petroleum Products Institute, which had already envisaged and encouraged the initiation of an independent fact-finding review of the effects of fuel emission  particulates, volunteered to be the largest contributor to the Study budget.  Significant contributions were also made by the four federal departments most involved in the issues examined by the Study : Environment, Health, Natural Resources and Industry.  The four provincial governments directly involved made additional contributions in cash or in kind to the costs of the Study.



A number of stakeholders outside the Steering Committee were identified during the summer, including provincial and municipal governments, various individual oil and automobile industry members,  environment and health NGOs, academics and consultants.  All of these stakeholders were told about the process and mandate of the Study through a mailing in September 1996 which informed them of the people involved in the studies, and the parameters of the research being done.



During July 1996 the Committee proceeded to select a Chair of Studies with the mandate of coordinating the fact-finding studies in Task B. The role of the independent Chair of Studies was to ensure that the studies would be carried out  in a thoroughly  professional manner by an outside expert manager.  The Studies Chair reported to the Steering Committee and was supported by a Secretariat of four people drawn from the co-chairing federal departments and the CPPI as well as an independent consultant.



With the help of the Studies Chair, the Committee established two expert panels to review the available information on a) ambient concentrations in the atmosphere of specific urban areas due to gasoline and diesel fuel emissions and b) the effect of these concentrations on the health of Canadians and on the environment, and the value of avoiding these effects.   The Committee also set up a third panel of government and industry experts to assess the cost and competitiveness impacts on the oil industry of reducing sulphur levels.



The membership of the two scientific panels was determined by the Steering Committee on the basis of peer recommendations as well as recommendations from the members of the Committee.  It was important to select well-balanced panels representing different approaches and knowledge bases in order to ensure a solid professional perspective on very complex issues. The panel members eventually chosen for both panels are acknowledged leaders in their respective fields; a number of the members on each panel are professionals with wide experience in similar US studies.   The two panel chairs, Dr. Robert Bloxam of the Ontario Ministry of Energy and Environment for Atmospheric and Dr. George Thurston of the New York University Medical School for Health, were given autonomy to direct the work of their panels and shape their conclusions.



 In the case of the cost and competitiveness studies, it was agreed that consultants would be the most suitable experts to conduct the needed research and discussions with the oil industry.  The assessment panel of government and industry advisors, chaired by Maureen Monaghan of Natural Resources Canada, conducted a competitive process for selection of the consultants for both studies.   



In August 1996, having defined the panel mandates in general terms,  the Committee focused its efforts on narrowing the parameters of the work to be done by the experts it had chosen.  After extensive discussion, the Committee defined a base case for levels of sulphur in gasoline for the period 1994-95 and an adjusted base case for levels of sulphur in gasoline expected to exist at each Canadian refinery in the year 2000. 

It then chose nine scenarios for possible reductions in sulphur levels in gasoline and in diesel fuel, all effective January 1, 2001. These scenarios are set out in Table 3. 

�

Six of the scenarios involve gasoline; sulphur levels descend from a maximum annual average of 360 ppm in the first scenario to a maximum anual average of 30 ppm in the sixth scenario.  Three more scenarios involve diesel fuel; one scenario covers off-road diesel with sulphur levels at 400 ppm average.  Two scenarios involve on-road diesel with sulphur levels at 300 ppm average and at 50 ppm.  The reason for considering diesel scenarios is the importance of the contribution of off and on-road diesel fuel emissions to overall ambient air concentrations.



The task of the various studies was to assess vehicle emissions, ambient air loadings, health and environmental benefits and capital requirements and operating costs for each scenario against the adjusted base case.  A starting point for all the panels was a critical review and refinement of the information collected on gasoline and diesel powered vehicles for the Cleaner Vehicles and Fuels Task Force.  Given the short time frame, the panels were asked to concentrate on using current widely accepted models rather than breaking new methodological ground. The mandates of the panels are attached in Annexes 1, 2 and 3.



Task B



The panels began work in September 1996.   Consultants were engaged for the cost study in early October and for the competitiveness study in late October.  The Steering Committee met monthly to receive progress reports from the Studies Chair and to respond to questions or concerns raised either by the Committee members or by the panels.  The consultants were given additional guidance by the Assessment Panel which met regularly to review the ongoing work.



The two scientific panels had access to outside expertise to supplement their resources.  In the case of the Atmospheric Panel, a number of consultants were sub-contracted to perform many of the complex modelling tasks involved.

 

The panels and consultants were asked to provide their findings in the form of written reports.  These reports were expected to :



provide the information required by their mandates, 

discuss the reasons for the selection of critical assumptions and methodologies,

present ranges of uncertainty for their analyses

incorporate stakeholders' comments and the panels' responses to the comments, and

state the background material utilized or a bibliography of that material.



The original time frame for the Study provided for reports from the various experts to be available by  December 1996.

�

Due to the complexity of the analysis and the time required to collect new data, it became clear by the end of the year that the overall time frame would need to be extended into the spring of 1997.  The two scientific panels and the cost consultant tabled draft reports with the Steering Committee in March 1997.  The competitiveness consultant required additional time to review findings with individual refiners, and with the Assessment Panel.  It tabled its draft report in two stages with the Committee, in early April and in early May.



A meeting with stakeholder advisors and interested groups was organized by the Steering Committee for mid-April to review the draft findings and brief stakeholders on the process followed by the Study.  At this meeting, attended by about 60 stakeholders, the panel chairs and the consultants presented their draft reports and answered questions.  In the case of the competitiveness study, the consultant noted that the study findings were still under review by the refiners, and that they would be available later.



Stakeholders were asked to send in any detailed comments on the draft reports to the panels before their reports were finalized so that they could be taken into account and responses prepared by the panels.  The last section of the competitiveness report was sent to stakeholders in early May and comments were received in mid-May. 



The final reports were reviewed by the Steering Committee and released to stakeholders in July 1997.



Task C



The purpose of Task C is to interpret the information provided by the reports of Task B , and to draft a report which will analyze the feasibility, the socio-economic and environmental health implications and the cost and competitiveness implications of reducing sulphur levels. The report will recommend appropriate levels of sulphur in gasoline and diesel fuel, and options for implementation.  The report will go to Ministers. 



The work will be carried out by a governmental working group chaired by Environment Canada.  Members will be representatives of five federal departments (Environment, Health, Natural Resources, Transport and Industry) and the provincial governments wishing to participate.  Stakeholders will be asked to review a draft of the report and comment on it before it goes to Ministers.

�	Annex 1



Atmospheric Science Panel Mandate



The task of the expert panel is to estimate the absolute contribution in ambient air:



of the primary and secondary pollutants (particulate matter (PM), sulphur dioxide (SO2), sulphates (SO4), carbon monoxide (CO), nitrogen oxides (NOx) and non-methane hydrocarbons (NMHC) and ground level ozone) 



from the motor vehicle fleets by province and by region of interest (the Windsor-Quebec corridor, large urban centres - (Greater Vancouver Regional District, Edmonton or Calgary, Winnipeg, Metropolitan Toronto, Montreal Urban Community, Moncton and Halifax) 



for the sulphur scenarios defined by the Steering Committee.



Suggested Methodology:



	•	The estimates on the reduction of pollutants are to be made through recognized emission models.  For particulate matter, the U.S. EPA PART5 model or the latest California Resources Board models are suggested.  For other pollutants, the U.S. EPA Mobile5 model is suggested.  The models are to take into account the Canadian vehicle fleet, gasoline and diesel quality scenarios.



	•	A widely recognized method shall be used to estimate the changes to concentration of pollutants in the atmosphere due to the reduction in emissions from gasoline and diesel vehicles.  The source apportionment method is preferred.  If alternative methodologies are used, these will be validated by comparing the methodologies results to measured ambient concentrations



	•	The range of possible results is to be discussed to illustrate the degree of uncertainty associated with the results.



	•	"Weight of evidence" rather than absolute scientific certainty shall be used as a decision criterion.	





�			Annex 2



	Health and Environmental Impacts Assessment Panel Mandate



The Panel will:



		1)	Select suitable pollutants for which reductions are to be expected from controls on sulphur in gasoline and diesel fuels.  These pollutants would include particulate matter, ozone, carbon monoxide, sulphur dioxide and others as deemed appropriate by the Panel.



		2)	Determine the appropriate human health and environmental impacts for the pollutants selected e.g. human health end-points such as mortality, morbidity, activity restrictions, etc.; environmental endpoints such as changes in crop yield, forest growth, structure damage, visibility, ecosystem viability, etc.



		3)	Determine the availability of data by which to quantitatively assess the selected endpoints, and where appropriate, select a suitable expression of the concentration-response relationship.  Additionally, the Panel will select appropriate expressions for the quantification of the uncertainty of the concentration-response relationships.



		4)	Determine the most appropriate valuation methodology for avoided health and environmental impacts.  Expressions of the uncertainty of the valuation estimates will also be incorporated.



		5)	Estimate the number and value to Canadians based on the quantitative endpoints selected and the changes in ambient pollutant concentrations estimated by the Atmospheric Science Panel.



		6)	Provide a qualitative discussion of expected benefits for those endpoints for which quantification is deemed not possible by the Panel.



			The dose-response relationships will be selected from published health and environmental literature. The value to Canadians of the avoided health and environmental impacts will be estimated based on methodologies, techniques and values published in the health and environmental economic valuation literature.



			As a starting point for this work, it is anticipated that the Panel will review and utilize the information compiled for the CCME Task Force on Cleaner Vehicles and Fuels (October 1995), and other relevant or more recent information that the Expert Panel members deem appropriate.  Additionally, the Panel may wish to incorporate portions of recently developed reviews by international agencies (e.g. U.S. EPA, WHO, Health Canada, CCME).

�	Annex 3



			Costs and Competitiveness Assessment Panel Mandate 



The Panel will supervise work conducted to:



1) Estimate the cost for each Canadian refinery of each sulphur reduction scenario.



Capital and operating costs will be reported separately. The cost of building an oxygenate plant or utilizing oxygenate will also be reported separately.



For the purpose of publication and to assure the confidentiality of data supplied by individual companies, declared confidential, and not otherwise available in the public domain, the capital and operating costs will be compiled on a regional basis. 



2) Establish the market recovery potential, as well as the potential profit reduction or improvement, for individual Canadian refineries from the implementation of gasoline and diesel sulphur regulation scenarios in Canada, the United States and Europe.



The United States scenarios will, as a minimum, include the EPA Phase II NOx emission requirements and the OTAG gasoline scenario(s). The European scenarios will, as a minimum, include the near term sulphur in gasoline proposal and the long term sulphur in gasoline proposal to the European Parliament.



For the purpose of publication and to assure the confidentiality of data supplied by individual companies, declared confidential, and not otherwise available in the public domain, the competitiveness data will be compiled on a regional basis.

�����	Table 3

	Sulphur Scenarios

1.	Base Case - That level of sulphur in gasoline (average and range) for the period 1994-95 along with significant feedstock characteristics and refinery configuration factors which result in the levels actually attained.

2.	Adjusted Base Case - The adjusted base case is that level of sulphur that currently exists in gasoline produced at each Canadian refinery or, if significant changes to refinery operations are expected, the level of sulphur in gasoline that is expected  to exist at each Canadian refinery in the year 2000.  

	Changes to sulphur in gasoline from current levels could result from refinery changes that are contemplated to meet fuel formulation or feedstock changes.  These include:

	1.	Removal of MMT from Canadian gasoline.

	2.	Maximum sulphur content in on-road diesel fuel limited to 0.05% effective Oct 1, 1997.

	3.	Maximum benzene composition of gasoline 1.3%;  maximum average benzene composition of gasoline 0.95% effective January 1, 1999.

3.	Scenario 1 - Effective January 1, 2001:  Maximum annual average level of sulphur in gasoline for each refinery - 360 ppm with associated never-to-be-exceeded level (other than in a force majeure situation) of 420 ppm.

4.	Scenarios 2 to 6 - Effective January 1, 2001:   Maximum annual average level of sulphur in gasoline for each refinery with associated never-to-be-exceeded level (other than in a force majeure situation) as follows:

				2		250 ppm average / 300 ppm never-to-be-exceeded		         	3		200 ppm average / 250 ppm never-to-be-exceeded		4		150 ppm average / 200 ppm never-to-be-exceeded		5		100 ppm average / 150 ppm never-to-be-exceeded		6		30 ppm average / 80 ppm never-to-be-exceeded (California Standard)

  

5.	Scenarios 7 to 9 - Effective January 1, 2001: Maximum annual average level of sulphur in diesel fuel for each refinery with associated never-to-be-exceeded level (other than in a force majeure situation) as follows:

				7		400 ppm average / 500 ppm never-to-be-exceeded, for off 			road diesel                                                                               	          8		300 ppm average / 350 ppm never-to-be-exceeded, for all on-			road diesel (proposed European standard for diesel fuel for 			the year 2000)                                                                         9		50 ppm average / 100 ppm never-to-be-exceeded, for all on-			road diesel
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The Final Report of the Sulphur in Fuels Study includes four separate reports,  from each of the scientific panels, and each of the consultants engaged to study the cost and competitiveness impacts of different sulphur level scenarios.  

The conclusions of these studies are summarized in  Executive Summaries.  The text of  each Executive Summary is included in this volume for the benefit of  interested readers:



Executive Summary of Atmospheric Science Panel Report

Executive Summary of Health and Environment Panel Report

Executive Summary of Cost Study conducted by Kilborn

Executive Summary of Competitiveness Study conducted b y Purvin & Gertz
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Executive Summary

Atmospheric Science Expert Panel Report

Joint Industry/Government Study

Sulphur in Gasoline and Diesel Fuel





Scope of Work

The Atmospheric Science Panel of the Sulphur in Gasoline Study evaluated the improvements expected in air concentrations of particulate matter (PM10, PM2.5, sulphate (SO4)), sulphur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), non-methane hydrocarbons (VOCs) and ground level ozone from reductions in the level of sulphur in gasoline and motor diesel fuels in the urban areas of Vancouver, Edmonton, Winnipeg, Toronto, Montreal, Saint John and Halifax. 



Organization and Methodology



To carry out the work, the panel was divided into two working groups: an emission group performed calculations to estimate baseline emission from vehicles and the emission reductions expected from the 6 sulphur in gasoline and the 3 sulphur in diesel scenarios, and an ambient air/modelling group assessed air quality data and estimated the changes expected in directly emitted particles and gases as well as changes expected in secondary aerosol production. The impact of these changes in air concentrations on visibility was also assessed.



The two working groups reviewed available data on emissions, air quality and modelling methodologies from previous studies and updated/added more recent information where possible. Original analyses were only carried where the work was warranted and could be performed within the limited timeframe of this study.



Fuel usage for gasoline, on-road diesel and off-road diesel, along with the concentrations of sulphur in the fuels for each urban area, were used to calculate the SO2 and SO4 emissions. Conventional models for mobile sources, MOBILE 5C and COMPLEX, were used to estimate the baseline emissions and the emission changes for the other directly emitted gaseous species. CO emission reductions, characteristic of current generation vehicles, were estimated based on a review of several gasoline reformulation studies.



To estimate the ambient air concentration changes, expected to occur from the emission reductions discussed above, modelling approaches were utilised. The modelling methodologies treated primary emissions of gases and particles as well as photochemical production of secondary aerosols and ozone. In some cases multiple modelling approaches were used to provide information on uncertainty estimates and to provide a cross-check on the results.  Model sensitivity analyses and variability in observed data were also used in assessing the uncertainty in concentration changes. 



To estimate the changes in particulate concentrations in the urban airsheds, both primary particulate emissions and the secondary formation of particles from vehicular emissions of SO2, NOx and VOCs had to be treated. Sulphate and non-sulphate particulate emissions were considered for the baseline emissions. However, since the non-sulphate emissions are essentially unchanged when sulphur concentrations are reduced in fuels, only primary sulphate particles were considered in the reductions of directly emitted particulate. 



Changes estimated for PM2.5 concentrations included changes in SO4, NO3, NH4 and secondary aerosols resulting from reductions in NOx and VOC emissions as well as the primary and secondary SO4. The secondary aerosol modelling included the impacts of reductions in SO4 concentrations due to SO2 reductions on the concentrations of particulate NO3, NH4 and secondary organic aerosols. The net change in the mass of these secondary particulates combined with the reductions in directly emitted sulphate give the changes in PM2.5.



Conclusions



Sulphates



By 2020, the reductions in combined primary and secondary SO4 concentrations expected to result from the most stringent sulphur in gasoline scenario ranged from 0.02 to 0.38 µg/m3 for the 7 urban areas studied. The largest reduction was predicted for Toronto which had the highest base case sulphur content in gasoline. Calculations for Winnipeg gave the smallest reduction in SO4. The small SO4 reduction for Winnipeg was the result of both a much lower base case sulphur content of gasoline and results from observed data which indicated that very little of the locally emitted SO2 was converted to SO4 over the city. In general, the SO4 concentration reductions due to production of secondary sulphate were larger than the reductions estimated for primary sulphate. 



The off-road diesel scenario resulted in predicted reductions in sulphate ranging from 0.02 to 0.20 µg/m3 by 2020 with the largest reduction estimated for Toronto. For the most stringent on-road diesel scenario, the 2020 reduction ranged from 0.01 to 0.07 µg/m3.









Fine Particles (PM2.5)



For the most stringent gasoline scenario in 2020, the estimated reductions in fine particle mass ranged from 0.02 to 0.32 µg/m3. The largest reduction was predicted for Toronto and the smallest reduction was estimated for Winnipeg. The reductions in PM2.5 were less than the reductions in sulphate because of predicted increases in nitrate concentrations as sulphate decreased.



For the off road diesel scenarios in 2020, PM2.5 reductions ranged from 0.02 to 0.13 µg/m3 for off-road diesel and from 0.012 to 0.04 µg/m3 for the most stringent on-road diesel scenario. Again, the reductions in PM2.5 were predicted to be less than the reductions in sulphate.



Sulphur dioxide



As expected for the directly emitted gaseous species, estimated reductions in SO2 concentrations were the largest compared to current observed air concentrations. For the most stringent gasoline scenario, SO2 concentration reductions were estimated to range from 0.35 to 1.55 ppb by 2020. Similarly the modelled ranges for the off-road diesel scenario and the most stringent on-road diesel scenario were respectively, from 0.11 to 1.09 ppb and from 0.15 to 0.46 ppb. While the largest estimated reductions for the gasoline scenario occurred for Toronto, for both the on- and off-road diesel scenarios the predicted reductions were largest in Vancouver.



Carbon Monoxide, Nitrogen Oxides and Volatile Organic Compounds



Predicted reductions in the concentrations of CO, NOx and VOCs were larger in size than those for SO2 but represent a smaller fraction of current observed air concentrations. Reduction in concentrations for these pollutants only occur for the gasoline scenarios. For NOx, the most stringent gasoline scenario resulted in reductions of between 0.95 and 3.41 ppb by 2020. The predicted reductions in CO concentrations for this scenario ranged from 9.97 ppb in Halifax to 68.3 ppb in Toronto. These CO reductions are a small to moderate fraction (see figure 4.2.5 of the report) of the current air concentrations which range from 500 to 1000 ppb.



Ground Level Ozone



Reductions in the emissions of NOx and VOCs were used to estimate changes in ozone concentrations. The estimated reductions in average daily maximum ozone concentrations which would result from NOx and VOC emission reductions in Canada were in the range from 0.005 to 0.06 ppb. Summed over a year, the reductions in ozone were between 1.9 and 21.9 ppb days. This is a small change compared to currently observed ozone concentrations and cumulative loadings.



Visibility



The changes in air concentrations of the fine particulates and NOx were used to estimate changes in visibility in the urban areas. The impact of these above concentration reductions was expected to produce changes in visibility which would only be perceptible a small fraction of the time.



Uncertainty



Uncertainties in the estimated reductions in air concentrations arise from uncertainties in both the emission estimates and the modelling approaches. For sulphate and PM2.5, the combined effects of the emission and modelling uncertainties were estimated using Monte Carlo techniques.  The 10th and 90th percentiles for the gasoline scenarios were within 30 to 40% of the central estimates.  The uncertainty range was higher for off-road diesel with the 10th and 90th percentiles varying by 40 to 50% from the central estimates.  For most of the factors which contribute significantly to the uncertainty estimates, substantial efforts would be required to reduce those uncertainties.



Despite uncertainties in the predictions of CO, NOx and VOC emissions from gasoline vehicles, it is clear that reducing sulphur in gasoline will reduce emissions of these pollutants. Emissions of SO2 are essentially as accurate as the fuel use predictions and the reductions in SO2 emissions are proportional to the reductions in fuel sulphur content. Direct sulphate emissions will also be reduced in proportion to the reductions in fuel sulphur content but the size of the reductions is very uncertain because the exhaust SO4 fraction depends strongly on the vehicle technology.



The greatest uncertainty in the estimates of the vehicular emission reductions calculated is in predicting the influence of changes in vehicle technology over the next 25 years and the interaction of new technology with fuels.   The possible influences of sulphur in advanced technology gasoline vehicles were examined in this report.  The conclusion was that, given the sparseness of the current LEV database, a more detailed analysis of Low Emission Vehicle sulphur-related emission reduction would not significantly change the estimates in this report.
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This report presents the estimated human health and environmental benefits expected to be achieved by the various proposed sulphur-in-fuel control strategies under consideration by the Canadian government.  As outlined below, health effect estimates were derived by: selecting a suitable index pollutant for the atmospheric reductions that are to be expected; identifying the appropriate human health and environmental effects; selecting suitable concentration-response relationships from the literature; selecting the most appropriate valuation methods for health and environmental impacts; and incorporating uncertainties.  Finally, these were combined to estimate the reductions in effects that will be achieved and the monetary values to ascribe to these avoided effects.  This report was developed by an expert panel comprised of professionals with expertise in evaluating health and environmental effects, and in estimating the economic value of such benefits.





SELECTION OF OVERALL FRAMEWORK OF APPROACH



The first major decision made by the Health and Environmental Effects Panel regarded the overall approach to be used to estimate the potential benefits and economic valuations of the various control strategies under consideration.  It was decided by the panel that the most practical and appropriate approach would to be to employ the already developed framework of the Air Quality Valuation Model (AQVM) developed for Environment Canada and Health Canada, but with refinements and changes to make the model appropriate for this application.  This methodology embodies a Damage Function Approach (DFA), which has been previously used for many types of air pollution policy assessments around the world, and is generally regarded as an appropriate approach for computing benefits where the required literature and data are available.  The basic DFA involves up to a five step process, as displayed in Figure 1.  This report of the Health and Environmental Effects Panel deals with the selection of model parameters for the last three of the DFA steps depicted in Figure 1, and the application of these damage functions to derive benefit and valuation estimates from the atmospheric concentration changes provided by the Atmospheric Panel.  Amongst the many issues which confronted the Panel, the selection of index pollutants, the valuation of premature mortality, and the assessment of the uncertainty of the effect and valuation estimates proved the most important and required the most time and effort to resolve.





ESTIMATING ENVIRONMENTAL AND SOCIAL BENEFITS



The first task in this work (the third step in the DFA shown in Figure 1), was to translate the changes in ambient air pollution concentrations to changes in human health and welfare impacts.



��

	Figure 2-1. The Damage Function Approach

�

$  Selection of Pollutant Index



The panel first evaluated the predicted changes in ambient pollutant concentrations derived by the Atmospheric Panel analyses vis-a-vis the known health and environmental impacts of the various air pollutants in order to select the key pollutant(s) to be considered in this analysis.  The dominant gaseous pollutant affected by this control strategy was sulphur dioxide (SO2), and the dominant particulate matter (PM) component was sulphate.    Sulphate aerosol is emitted directly from catalyst-equipped vehicles and is also formed secondarily in the atmosphere by the oxidation of SO2.  The Atmospheric Panel estimated that CO and NOx would also be reduced as a result of reduced fuel sulphur.  Reductions in VOCs and ambient ozone were estimated to be negligible.  Since the Panel was unable to identify suitable damage functions for each of these pollutants, they selected sulphate as an index of the mixture, primarily because a large body of relevant literature was available associating sulphate with various health endpoints.  For those health endpoints responding independently to CO and/or SO2 or NOx, addition to sulphates, the total health benefit is likely to be underestimated by this procedure, in some cases greatly so.  For those health endpoints for which there is uncertainty as to which of several candidate pollutants is actually responsible for the association (on a single-pollutant basis), this procedure is likely to create uncertainty but (depending on the model chosen) little net bias as long as the Atrue@ agent is either SO4, SO2, NOx or CO.  The panel thus gave special attention to associations that might have been confounded by ozone.



$   Air Concentration Changes



The baseline populations and sulphate air pollution data employed in these estimates, as well as the central estimates of the sulphate decrements associated with each gasoline scenario (for the year 2020), are displayed in Table 1.  It can be seen that in the most restrictive case (Scenario 6: equivalent to the California gasoline sulphur standard), the sulphate reductions achieved can approach 10 percent of the annual average sulphate levels (i.e., in Toronto). It is important to note that we only considered this one index pollutant, which will conservatively estimate many of the health benefits, and we only considered 7 Canadian cities representing only about 40 percent of the nation's population.  Accounting solely for the partial coverage of the population, the Panel estimated that the quantifiable benefits  may be underestimated by between 25-50%.  



The projected improvements in air quality shown in Table 1 should be placed in perspective.  While the decrements appear small in an absolute sense, it must be remembered that they represent a significant portion of the Canadian contribution to sulfate pollution in these cities.  In Toronto, for example, the Year 2020 reduction represents roughly 10% of baseline sulphate levels in that populous metropolitan area.  Moreover, if it is assumed that on the order of one-third of Toronto=s sulphates are due to local sources (based on results from the atmospheric panel), then the 0.38 :g/m3 sulphate reduction associated with fuel scenario 6 (30 ppm sulphur content) represents a reduction of approximately one-third in the local contribution to this air pollutant in the Toronto metro area.  



Table 1. Base Sulphate and 2020 Population Data and Gasoline Scenario Sulphate Changes







City�

Projected 2020

Population�

Average Present

SO4-2

(:g/m3)�

Scenario 1 (360ppm S)

SO4-2

(:g/m3)�

Scenario 2

(250ppm S)

SO4-2

(:g/m3)�

Scenario 3

(200ppm S)

SO4-2

(:g/m3)�

Scenario 4

(150ppm S)

SO4-2

(:g/m3)�

Scenario 5

(100ppm S)

SO4-2

(:g/m3)�

Scenario 6

(30 ppm S)

SO4-2

(:g/m3)��

Toronto�

6,217,414�

4.4�

-0.16�

-0.23�

-0.27�

-0.30�

-0.33�

-0.38��

Montreal�

4,077,093�

4.2�

-0.06�

-0.06�

-0.07�

-0.08�

-0.09�

-0.11��

Vancouver�

2,506,717�

2.1�

-0.02�

-0.02�

-0.04�

-0.05�

-0.08�

-0.11��

Edmonton�

1,255,654�

1.6�

-0.00�

-0.00�

-0.01�

-0.02�

-0.03�

-0.05��

Winnipeg�

727,375�

1.8�

-0.00�

-0.00�

-0.01�

-0.01�

-0.01�

-0.02��

Halifax�

374,201�

4.1�

-0.04�

-0.05�

-0.08�

-0.09�

-0.10�

-0.13��

St. John �

146,248�

3.2�

-0.02�

-0.02�

-0.04�

-0.04�

-0.05�

-0.06��



$  Identification and Quantification of Health and Environmental Effects



Over the last few decades, numerous studies have found statistically significant associations between concentrations of air pollution and adverse health effects among the general population, as well as damages to materials (i.e., welfare impacts).  There are many human health and welfare impacts that have been undeniably associated with air pollution.  However, not all potential impacts can be quantified because of limited literature upon which to develop a defensible damage function assessment, and in some cases because developing such an assessment would require considerable costs.  Also, the separation of each air pollutant=s individual effect can be difficult.  Based on the available literature, we identified potential health and welfare effects, and then selected those to be included based on the likelihood that they would be appreciably affected by the air pollution reductions expected to be associated with lower sulphur fuel scenarios contemplated.  The panel also estimated the ranges of uncertainty in each function, which are not intended to reflect absolute upper and lower bounds but rather ranges of estimates that are reasonably likely to be correct.



Concentration-response functions for health effects related to sulphate were identified and adapted from the available peer-reviewed epidemiologic literature.  These functions allow the estimation of the change in the amount of each effect that would be expected as a result of changes in ambient pollution.  



To be included as a basis for the concentration-response functions used in this assessment, an epidemiologic study had to meet several specific criteria.  First, a proper study design and a proper methodology were required.  Second, studies that recognised and attempted to minimise confounding and omitted variables were included. Third, controls for the effects of seasonality and weather had to be included.  A fourth criterion for inclusion was that the study had to include a reasonably complete analysis of the data.  Fifth, the study had to directly consider sulphates.  Sixth, the study had to involve relevant levels of air pollution.  For example, we have focused on studies available from North America, and especially from Canadian studies, where possible.  Finally, studies that addressed clinical outcomes or changes in behaviour that would best lend themselves to economic valuation were included.



The health benefit coefficients (i.e., the number of adverse health outcomes avoided per unit pollution change) selected by the panel, based on a careful review of the peer-reviewed literature, are presented in Table 2 in terms of number of outcomes avoided per :g/m3 sulphate per million people.  These units are employed here to put the model coefficients (which are considered in varying forms by the model) in terms of consistent units, allowing greater ease of comparison by the reader.  When multiple pollutants were included in a reference study, we have derived the sulphate coefficient from a model in which multiple pollutants were considered, in order to avoid the possibility that the sulphate coefficient might also incorporate a portion of any effects from co-linear pollutants.  Although this process is all that can be done to separate the effects of ozone from sulphates, these two pollutants in the summer are often highly correlated, and some uncertainty must remain as to the quantitative accuracy of ascribing effects to one or the other from multiple regression and modelling procedures. 



While a review of the environmental literature was undertaken, it was felt that the uncertainties in the database for some endpoints precluded quantitative assessment.  For other environmental endpoints, the overall significance in quantitative terms was not felt to warrant the time required to develop the appropriate quantitative functions.  Thus for several of these issues, a qualitative discussion is included, but no quantification is attempted.  These include such endpoints as SO2 materials damage, household materials soiling, visibility and others.



Table 2. Estimates of the Sulphate Human Health Response Coefficients





Health Outcome�

Response Coefficient Estimates:

(# per :g/m3 per million persons per year)��

�

low  �

central �

high ��

Premature Deaths (All Causes)�

11�

25�

57��

Cardio-Pulmonary Hospital Admissions�

*�

29�

*��

Chronic Respiratory Disease Cases: Adult�

46�

88�

130��

Cardio-Pulmonary Emergency Room Visits�

84�

110�

140��

Asthma Symptom Days�

1,500�

7,600�

13,600��

Restricted Activity Days (>18 yrs. old)�

11,200�

19,300�

27,400��

Acute Respiratory Symptom Days�

240,000�

360,000�

480,000��

Lower Respiratory Disease Cases (<18 yrs. old)�

740�

1,200�

1,700��* cardiac and respiratory hospital admissions were assessed separately in the analysis but are presented here together.  See main report for details of high and low estimates for hospital admissions.



$ 	Estimation of Benefits of Air Quality Improvements



Health effect changes and other physical effects were valued in monetary terms.  The values used in this report are presented in table 3.  These estimates cover both mortality and morbidity effects, including estimates of the willingness-to-pay to avoid an effect, such as a case of chronic bronchitis, as well as the medical cost savings from avoiding an effect, such as the hospitalization and emergency room visits avoided when chronic and acute respiratory events are avoided.  Possible double-counting is taken into account in the procedure used to aggregate the individual health benefit estimates into a total health benefit estimate.



Two key economic metrics of the value of health effects used in this study are cost-of-illness (COI) and willingness to pay (WTP).  The appropriate measure of value is the WTP of society to avoid an effect.  This includes the individual=s WTP and any other costs which are not included in this.  These might include medical costs not paid by the household and the WTP of friends and family to have avoided the effect.  



WTP is usually measured by analysing prices that are paid for goods and services. The maximum price that an individual is willing to pay for a good or service is a measure of how much they value that good or service.  There are two general economic approaches for measuring WTP for nonmarket goods such as health risk prevention. The first is to analyse actual situations in which WTP for health risks may be indirectly revealed; the second is to have subjects respond to a hypothetical situation designed to have them reveal their WTP.  Other efforts at monetary valuations of the health outcomes considered here have been estimated by WTP methods that measure the full economic value of reducing health risks.  Thus, while the monetary benefit estimates presented in this report include medical costs, where appropriate, they should not be interpreted as health cost savings.  These monetary valuations of avoided adverse health impacts are dominated not by "out of pocket" costs, but by economic estimates of the value we as a society place on decreases in our risk of death or disease.



COI measures include only medical costs and work loss, and thus do not reflect the total impact of an adverse health effect. Therefore, though COI measures have the practical advantages of being easily understood and often being readily available because they are based on available market and expenditure data, they result in a clear downward bias in the valuation of adverse health effects.  Total social WTP is the summation of (1) the affected individual's WTP to avoid the adverse consequences, (2) the WTP of friends and family who expend time, effort, and monies caring for the affected individual, and (3) the medical and work loss costs paid by society rather than by the affected individual, family, and friends. Because there are few literature values for (2), these contributions to health benefit values are not able to be included, which implies a downward bias (i.e., understatement) of air pollution control benefit valuations employed in this work.  



	Table 3.  Health and Welfare Benefit Valuations Employed by the Panel





Outcome�

Monetary Valuations (1994 C$)��

�

low�

central�

high��

Premature Mortality�

$2,400,000�

 $4,000,000�

$7,900,000��

Chronic Respiratory Disease Cases: Adult�

   $175,000�

    $291,000�

   $466,000��

Respiratory hospital admission�

       $3,300�

        $6,500�

       $9,800��

Cardiac hospital admission�

       $4,200�

        $8,300�

     $12,500��

Emergency room visits �

          $300�

           $600�

          $900��

Lower respiratory disease cases (< 18 yrs old) �

          $180�

           $360�

          $540��

Restricted activity day (> 18 yrs old)�

            $35�

             $75�

          $110��

Asthma symptom day�

            $18�

             $49�

            $81��

Acute respiratory symptom day�

              $7�

             $14�

            $27��

As noted above, the WTP for reducing risk of death was an important issue weighed by the committee.  In this analysis, the Value of a Statistical Life (VSL) was deemed the most appropriate available WTP estimate to use to assess the valuation of premature mortality, but a promising alternative approach employing the Value of Life Expectancy (VLE) was also investigated in detail before being rejected as insufficiently developed at this time.  These two estimates are applied starting with the same mortality risk coefficient, but are utilized differently

to estimate mortality valuation in each case.  The VSL method is based upon the WTP of individuals to reduce their risk of death by a certain amount.  These VSL estimates, after adjustment for the effect of age, are applied to the estimated change in overall population risk of death resulting from the air pollution control measures proposed (expressed as the number of estimated premature deaths avoided.  .  



The VSL approach is problematic when applied to the death risks associated with exposure to air pollution because this approach applies to immediate death in an accidental situation applicable to people of all ages.  Risks from air pollution are thought to be greater for certain susceptible subgroups such as the elderly. The Value of Life Expectancy Approach (VLE) addresses this issue by seeking estimates of the WTP for a small increase in one=s life expectancy from risks to be faced late in life rather than a small decrease in risk of death when one is, on average, 40 years old.  However, VLE may not address issues related to other susceptible subgroups, such as those in compromised cardio-pulmonary health conditions or the young.



Applying VLE involves estimating the change in life expectancy implied by a change in air pollution concentration, multiplying by the population in each age-group, multiplying this change by a WTP for the change in life expectancy for each respective age-group (i.e., their VLE), and then summing over all groups.  Unfortunately, there is at this time only one study that has attempted to value the life expectancy changes in a way consistent with the VLE approach, and it is considered in the economics community to be methodologically unreliable for application to a study such as this one.  Thus, although VLE may be a potentially more appropriate way to value premature mortality, if the underlying literature were more developed,  the committee chose not to use VLE, but instead to employ the traditional VSL estimates as the most practical and appropriate way to value premature mortality in this analysis. 



$  Consideration of Uncertainties



Uncertainty is introduced at each stage of the estimation process and is recognized and included in the benefits estimates where quantifiable. To reflect uncertainties in the literature, based on professional judgment we select low, central, and high values for key model parameters, including concentration-response coefficients and economic values.  Each low, central, and high estimate is also assigned a probability weight (the three weights summing to 100 percent for each quantified health effect).  These statistical uncertainties are carried through the computation of benefits using modified Monte Carlo techniques.  The central estimates for avoided effects and associated benefit estimates, along with their estimates of uncertainty, include the distribution of uncertainty derived for atmospheric reductions of sulphates.  All three of these sources contributed significantly to the final estimate of overall uncertainty.



Not all of the uncertainties identified by the panel could be directly quantified in this analysis.  For this reason, key unquantifiable uncertainties and omissions in the analyses have been summarized in a tabular format and qualitatively evaluated (see Chapter 7).  Most important are those pertaining to the development of effect coefficients for the estimation of health benefits from air pollution reductions (see Table 7-2), and to the development of the valuation estimates for addressing the value of mortality risk reductions.



For example, a potentially important uncertainty in all of the health effect estimates is whether there is a threshold level below which health effects no longer occur, or whether the slope of the concentration-response function diminishes significantly at lower concentrations.  Most of the epidemiologic studies of acute exposure effects considered here have estimated linear or log-linear functions that suggest a continuum of acute effects down to the lowest particulate matter levels observed in the study sample, and have not identified a threshold level. When efforts have been made to identify a threshold for acute studies, no conclusive evidence has been found that one exists.  In contrast, certain studies provide some suggestive evidence that there may be a threshold level for chronic exposure effects associated with particulate matter exposures.  In general, however, it can be said that there is as yet no convincing evidence of the existence of thresholds for the effects considered here.  While sulphate levels may be very low in some parts of Canada, this is not the case for the cities providing the bulk of the estimated health benefits (see Table 2), so the panel concluded overall that the uncertainty about a threshold level was not a likely source of significant additional error in the estimates.



The uncertainties introduced by applying the VSL-based estimates to possibly an inappropriate type of mortality risk could lead to an overestimation of benefits.  The reason is that for a significant portion of the population the risk reductions they enjoy from lower levels of sulfur in their fuels will not affect their mortality risks until they are much older, and this effect is not captured in the VSL estimates.  Unfortunately, the VLE approach, which is designed to capture such an effect, is simply not ready for Aprime time.@



$  Results for Sulphur-in-Fuels Scenarios



Representative summary results are presented here, with breakdowns and other cases being provided in the body of this report (see Chapter 6).  Table 4 summarizes, for each of the sulphur-in-fuels scenarios, the central estimates of the avoided cases of adverse health effects and their associated monetized valuations for all seven cities combined in the year 2020.  Results are presented for both gasoline and diesel sulphur levels.  These are not intended to be combined in any way, and it may be inappropriate to do so (see atmospheric report).  Rather, the diesel scenarios are included mainly to give perspective to the gasoline scenarios, which are the main focus in the regulatory process being considered.  In addition, Figure 2 graphically displays the monetary valuation of all health and welfare impacts considered for each the seven cities in the year 2020 for gasoline scenario 4 (150 ppm sulphur), along with the high and low estimates of uncertainty , as calculated from the uncertainty analysis.  Finally, Table 5 presents the Net Present Value (NPV) of the benefits for each scenario through the year 2020, assuming a zero or three percent discount rate, and bringing all costs back to the year 2001 (the first year of implementation).  



These numbers represent central estimates calculated after combining distributions of values for atmospheric reductions, concentration-response functions and valuation functions.  The central estimates should be regarded as Amost likely@ values, with the range viewed in the manner of a confidence interval.  Lower bounds resulting are typically 40-60% of the central estimate, while upper bounds range from 60-80% higher.  The unequal bounding results from the asymmetrical form of the distribution for mortality, both for concentration-response and valuation (see tables 2 and 3 and the main report for details).  

�

Table 4a: Estimated avoided health effects1 for year 2020, total for seven cities2��AVOIDED EFFECT�Gasoline Scenarios�Diesel Scenarios���1�2�3�4�5�6�1�2�3���360ppm�250 ppm�200 ppm�150 ppm�100 ppm�30 ppm�see footnote 3��Premature Mortality�31�45�54�61�69�82�46�9�19��Chronic Respiratory Disease Cases�110�157�191�215�244�290�161�32�67��Respiratory Hospital Admissions�20�28�34�38�43�52�29�6�12��Cardiac Hospital Admissions�16�23�28�31�35�42�23�5�10��Emergency Room Visits�87�124�151�170�192�229�128�25�53��Asthma Symptom Days�12,000�17,000�20,700�23,300�26,400�31,400�17,500�3,500�7,300��Restricted Activity Days�17,300�24,700�30,000�33,700�38,300�45,500�25,400�5,100�10,600��Acute Respiratory Symptoms�415,000�590,000�717,000�808,000�916,000�1,090,000�607,000�121,000�253,000��Lower Respiratory Ilness (child)�1,500�2,100�2,500�2,800�3,200�3,800�2,100�500�900�������������Table 4b: Estimated monetary value1 of avoided health effects for year 2020, total for seven cities2�� (thousands of CDN$, undiscounted)��AVOIDED EFFECT�Gasoline Scenario�Diesel Scenario���1�2�3�4�5�6�1�2�3���360ppm�250 ppm�200 ppm�150 ppm�100 ppm�30 ppm�see footnote 3��Premature Mortality�125,100�178,200�216,300�243,700�276,400�328,600�183,300�36,400�76,300��Chronic Respiratory Disease Cases�32,100�45,800�55,500�62,500�70,900�84,400�47,000�9,300�19,600��Respiratory Hospital Admissions�200�200�300�300�300�400�200�40�100��Cardiac Hospital Admissions�200�200�300�300�300�400�200�40�100��Emergency Room Visits�60�80�100�110�120�140�80�20�40��Asthma Symptom Days�600�900�1,100�1,200�1,300�1,600�900�200�400��Restricted Activity Days�1,300�1,900�2,300�2,500�2,900�3,400�1,900�400�800��Acute Respiratory Symptoms�5,900�8,300�10,100�11,400�12,900�15,300�8,600�1,700�3,600��Lower Respiratory Ilness (child)�600�800�900�1,000�1,200�1,400�800�200�400��TOTAL�165,700�236,000�286,400�322,700�366,000�435,200�242,700�48,200�101,100��1 values presented are central estimates based on combination of the distribution of atmospheric changes, concentration response functions, and (for table 4b) monetary valuations�������2 the seven cities in the study: Halifax, St. John, Montreal, Toronto, Winnipeg, Edmonton, Vancouver����������3 diesel 1=500 ppm on-road, 400 ppm off-road; diesel 2=300ppm on-road, refiner's anticipated Jan. 1 2001 sulphur level; diesel 3=50 ppm on-road, refiner's anticipated Jan. 1 2001 sulphur level��������Figure 2.  Monetary value of avoided adverse health outcomes (year 2020) for Gasoline scenario 4,

by census metropolitan area; central, low and high estimates
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N.B.  on a log scale, the uncertainty estimates appear quite small, but typically range from 50-80% of the central estimate.�	Table 5.  Benefits through year 2020, all fuel scenarios

	(central estimates)



�

�

Scenario�

Net Present Value

(in billions of $CDN)

(discount rate1)��

�

�

(gasoline)�

(0%)�

(3%)��

Gasoline Scenario�

1�

360 ppm�

2.8�

2.0��

�

�

2�

250 ppm�

3.9�

2.9��

�

�

3�

200 ppm�

4.8�

3.5��

�

�

4�

150 ppm�

5.5�

4.1��

�

�

5�

100 ppm�

6.3�

4.6��

�

�

6�

30 ppm�

7.1�

5.2��

�

�

�

�

��

Diesel Scenario2�

1�

3.9�

2.9��

�

�

2�

0.7�

0.5��

�

�

3�

1.7�

1.3��

1 3% represents a rate referred to as the Asocial time preference rate for money; see  Freeman, 1993.@ 



2 diesel 1=500 ppm on�road, 400 ppm off�road; 

diesel 2=300ppm on�road, refiner's anticipated Jan. 1 2001 sulphur level;

diesel 3=50 ppm on�road, refiner's anticipated Jan. 1 2001 sulphur level��

DISCUSSION



The results presented in this report indicate that the health and monetary benefits of reducing sulphur in fuels can be significant, with the Net Present Value (NPV) of the monetary valuation of health and welfare benefits over the period 2001 to 2020 amounting to as much as $5 billion in the most stringent gasoline scenario, even after discounting at three percent.



The numbers of adverse health effects  avoided by the implementation of the proposed sulphur-in-fuels control scenarios were dominated by the relatively less severe outcomes (e.g., >90% due to acute respiratory symptoms), but the monetary valuations of the effects avoided were dominated by the most severe outcomes (e.g., 75% due to premature death).  This point is graphically indicated in Figure 3, which shows the pyramid of effects estimated to be avoided by the proposed control scenarios, as well as their respective monetary valuations for gasoline control Scenario 6, for the aggregate of the seven study cities.



Of the seven metropolitan areas considered in these analyses, Toronto dominated the health effects and monetary valuation estimates.  This was primarily due to: 1) a relatively large change from baseline sulphur-in-fuel level (Toronto had the highest baseline level of sulphur in gasoline for any of the cities considered); and, 2) a relatively large population to be benefitted by the proposed measures. 

���Effects avoided per ppm sulphur removed increase for stricter control scenarios.  This is primarily due to the fact that the least stringent scenarios will only affect locales with the highest initial baseline sulphur-in-fuels contents, while the most stringent scenarios will lower sulphur levels enough that the required control measures will benefit all areas of the nation.



Quantified uncertainties were  smaller than the estimated effects, but not all uncertainties were  quantifiable.  One of the more important omissions in this analysis was that only approximately 40 percent of the nations= population was considered in the atmospheric modelling module of the study, which, if addressed, could increase health effects and benefits estimates on the order of 25-50%.   Other sources of unquantifiable uncertainty were not as amenable to estimation.   
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1.0	EXECUTIVE SUMMARY



This study has been undertaken on behalf of the Cost and Competitiveness Assessment panel of the Sulphur in Gasoline and Diesel Study to provide an understanding of the changes and associated capital and operating costs that would be required at Canadian refineries in order to produce lower sulphur gasoline and diesel fuels.



The analysis performed in the study was comprised of a series of cases (or Ascenarios@) representing different levels of sulphur in gasoline and diesel fuel.  Fifteen of the seventeen Canadian refiners who produce domestic fuels were active participants in the study.  Kilborn=s primary role was to coordinate the work, help define the methodology to be used for consistency and degree of accuracy expected, review the estimates for consistency and accuracy, consolidate the data from participating companies and prepare this report.  The capital and operating costs accurately reflect the impact of the participating refiners.  Kilborn has made every attempt to protect the confidential information supplied by individual refiners.  Costs of the non-participating refiners were estimated by Kilborn and included in the study.



Figure 1-1 illustrates the capital cost impact of gasoline sulphur reduction for Canadian refiners.  Generally this investment is associated with more hydrotreating and hydrodesulphurization capacity requirements at the FCCU.  Nearly all of the sulphur in gasoline comes from FCC gasoline.
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The regional breakdown generally indicates a fairly even distribution of capital investment although western Canadian refiners are not impacted at the 360 wppm sulphur level.  It should be noted that these costs are over and above those required to reach the Adjusted Base Case (ABC) which is defined in the study methodology as the baseline refinery operation of January 1, 2001.



The overall cost on a unit basis (operating depreciation and return on capital) of reducing sulphur in Canadian gasoline is summarized in Figure 1-2.  This Asmooth-curve@ representation of cost versus sulphur is applicable in aggregates but the actual impact on a particular refiner more accurately resembles a Astair-step@ function, with each refinery having different break points.  The four distinct sulphur control levels generally identified in this study were:



crude slate change

heavy FCC gasoline hydrotreating

full range FCC gasoline hydrotreating and light straight run isomerization

FCC feed hydrotreating
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The curve of Figure 1-2 shows several different slopes, most noticeably increasing slopes from 150 to 100 wppm and 100 to 30 wppm.  Generally, it becomes incrementally more expensive to produce gasoline below the 200 wppm specification, as hydrotreating of the light fraction of FCC gasoline is also required.  The significant cost estimate associated with the low level sulphur specification (30 wppm) generally reflects the need of some refiners (approximately 30%) to invest in the capital intensive FCC feed hydrotreating process at this stage.



It should be noted that this study did not undertake to estimate the potential impact of a proposed freeze in the Benzene Emissions Number (BEN).  The draft Benzene in Gasoline regulation includes a freeze at 1994 levels and this will impact gasoline quality as it affects vehicle tailpipe and evaporative emissions of benzene.  This is a very complex issue.  The BEN freeze is not expected to impose any significant costs to refiners in the sulphur scenarios.  However, industry costs associated with the ABC step, in particular, the MMT removal, are expected to increase as a result  of the BEN freeze.  Individual refinery assessments are required to accurately determine the cost implications for the ABC.  The impact of the BEN freeze is discussed further in Appendix B.



The capital investment costs associated with achieving the three diesel fuel sulphur reduction scenarios examined in this study are shown in Figure 1-3.  Generally, the off-road diesel sulphur reduction required increased distillate hydrotreating capacity and/or revamping of existing hydrotreaters.  With on-road diesel, the first  level reduction (300 wppm) typically required the revamp of existing hydrotreating facilities while the low level (50 wppm) specification would require significant construction of new distillate hydrotreaters at a total estimated cost of 1,153 $M.
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Common to all sulphur reduction scenarios, both gasoline and diesel, were requirements for some new hydrogen plants, sulphur plants, amine treaters and the import of MTBE to offset the gasoline octane loss associated with sulphur reduction.  As a result, the low-sulphur gasoline and diesel refinery will be more complex and will cost more to operate if future clean fuel targets are to be achieved.
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I.  INTRODUCTION

The Canadian Council of Ministers of the Environment (CCME) is looking at options for setting new national standards for gasoline and diesel fuel that would lead to improved air quality. A steering committee of stakeholders has been set up incorporating Environment Canada, Health Canada, Industry Canada, Natural Resources Canada, four provincial governments (Quebec, Ontario, Alberta and British Columbia), the Canadian Petroleum Products Institute (CPPI), the Canadian Vehicle Manufacturers Association (CVMA), and two non-government organizations (Pollution Probe and the Lung Association of Canada).  This stakeholder group has been assigned the overall responsibility to manage the collection, analysis, and interpretation of information regarding the impact on the atmosphere, impact on health and environment, and impact on the petroleum refining industry for different levels of sulphur in gasoline and diesel fuel products. 

The CCME has requested that the issues of competitiveness and viability of the Canadian refining industry be addressed as impacted by possible changes to sulphur levels in gasoline and diesel beyond the existing draft regulations.  The Cost and Competitiveness Assessment Panel (the Panel), consisting of representation from some of the stakeholders, was organized by the steering committee to direct the impact study on the petroleum refining industry.  The cost portion under the responsibility of the Panel was undertaken by a separate contractor, Kilborn Engineering, and it had the responsibility of estimating the additional cost (capital and operating) to each Canadian refinery for each sulphur reduction  scenario on a comparable basis, based on individual refiner input.  The resulting capital and operating costs were then used as inputs to the competitiveness and refinery viability assessment.  Purvin & Gertz, Inc. (Purvin & Gertz) was retained to undertake the impact of specific sulphur reduction scenarios, if they were implemented, on the competitiveness and viability of the Canadian refining industry.  

Competitiveness Assessment Study����Report�Title��Phase I�Canadian Market and Refinery Background��Phase II�Pricing Dynamics of the Canadian and International Product Markets��Phase III�Competitiveness and Viability Impact on Canadian Refining Industry of Investments to Reduce Sulphur in Gasoline and Diesel��As part of its assignment, Purvin & Gertz prepared three reports.  They are as follows:





This report is the Phase I report.  It is directed at the Canadian market environment, and a competitive analysis of the Canadian refining industry prior to considering the impacts of reducing sulphur in gasoline and diesel fuel.  

Based on the pricing structure outlined in the Phase II report “Pricing Dynamics of the Canadian and International Product Market”, we determined the profitability of both current and future operations for each refinery.  The analysis covered the following refineries.  Confidential input received from participating refiners included crude slates, product yields, and refinery configuration.  Chevron and Irving declined to participate.

�EMBED Excel.Sheet.8���

The above refineries represent approximately 95% of Canadian refining capacity.  The North Atlantic Refinery plant at Come-By-Chance, Newfoundland was not included because it is essentially a full export oriented refinery.  Several asphalt refineries in Western Canada were also not included in the analysis.

Economic analyses for each participating refinery were developed for the following cases.  They include two refining margin outlooks, and two U.S. RFG Scenarios.



ECONOMIC CASES ANALYZED IN THIS REPORT���Base Margin Outlook�Current Margin Outlook��Current Base Case (1995/96 Outlook)�x�x��Future Price Regimes������    U.S. RFG Scenarios(1)�A�B�A�B��Future Base Case (2001 Outlook)�x�x�x�x��Note:  RFG Case A - All U.S. RFG at 150 ppm sulphur (except California at 30 ppm).

          RFG Case B -  All U.S. gasoline is RFG at 150 ppm sulphur (except California 

          at 30 ppm).��Much of the pricing data in this report has been presented in U.S. dollars.  Since world petroleum prices are priced in U.S. dollars, we have maintained this representation for consistency purposes.  All prices unless otherwise noted are forecast in constant 1996 dollars.  

ABOUT THIS REPORT

This report has been prepared for the sole benefit of the Client. Any third party in possession of the report may not rely upon its conclusions without the written consent of Purvin & Gertz.  Possession of the report does not carry with it the right of publication.  
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II.  EXECUTIVE SUMMARY

This report provides the competitive and viability outlook for the Canadian refining industry which would likely result from implementation of more stringent sulphur standards for gasoline and diesel products.  A total of nine scenarios of sulphur reduction were examined.



As outlined in Section I, the economic analysis was undertaken for two U.S. reformulated gasoline (RFG) cases and two U.S. refiners margin outlooks by 2001.  These study parameters are outlined as follows:

U.S. RFG Cases (RFG II at 150 ppm sulphur)

RFG Case A	Approximately 75% conventional gasoline, 25% RFG II (excluding California).

RFG Case B	100% RFG II in U.S. (excluding California).

U.S. Refining Margin Outlooks

Base Margin 	Modest recovery from 1995/96 actual levels.

Current Margin	U.S. margins do not recover from 1995/96 levels, remaining flat in real terms.



Assessing the future impact of more stringent sulphur standards for gasoline and diesel fuel on the competitiveness and viability of the Canadian refining industry must take into account the current position of the industry, and how the competitive environment might change over time.  Current returns are significantly below a 10% return on capital employed, which is an industry target, in both the Canadian and U.S. industries.  The economic outlook for the Canadian industry depends to a large extent on how well the U.S. industry performs. Even with the Base Refining Margin Outlook, returns for some refineries will still be less than desired.  Purvin & Gertz believes that the Base Refining Margin/RFG Case A has a 60% relative likelihood of occurrence.  We assign a lower relative likelihood of 25% to the Current Refining Margin/RFG Case A, based on our expectation that North American refining margins will improve over the 15 year study period.  Overall, Purvin & Gertz believes that RFG Case A is a highly probable case given that RFG II is scheduled to be in place for January 1, 2000.



For RFG Case B, the Current Margin Outlook may be more representative than the Base Margin Outlook as a result of excess gasoline capacity in the U.S. if that RFG regime comes to fruition.  Expressed in terms of relative likelihood, we would assign the Current Margin Outlook/RFG Case B a 10% relative likelihood, and the Base Margin Outlook/RFG Case B a 5% relative likelihood. It is our opinion that RFG Case B is not a realistic scenario for 2001;  a radical change in the industry would be required to accommodate it.  Perhaps by 2005, such a scenario might be possible, although it would likely result in a major restructuring in the U.S. refining industry.  For this reason, RFG Case B is considered to be more subjective, and Purvin & Gertz has less confidence in the results for this scenario. Considerations regarding policy initiatives affecting the Canadian refining industry should give more weighting to the RFG Case A results rather than the RFG Case B results.



current economic position of canadian refining industry

The Canadian refining industry faces many challenges in order to survive as a viable industry. The Canadian industry has received rates of return on capital employed ranging between 5 and 6% over the last three years.  This is considerably less than the 10% rate which is commonly used as a target in the industry today.  Ten percent is the minimum return expected by shareholders of this and other major industries.  



The Canadian refining industry must be able to compete with product from both the U.S. and Europe.  Both of these large refining centres are experiencing poor economic performance, and low-priced product from these markets is forcing prices in Canada down.  The Canadian industry, because of its smaller scale and less sophisticated processing capabilities, is at a disadvantage in being able to improve its capabilities to compete with world class refineries.  Most Canadian refineries are comparable to the marginal U.S. cracking refinery, which is experiencing negative margins. There are exceptions in Western Canada, but the industry in Eastern Canada is particularly vulnerable to the poor economic outlook for the North American refining industry.  



Most of the competing refineries in the U.S. and Europe should be able to produce the Canadian grade gasolines with the lower sulphur levels simply by reblending, without any new investments.  Thus, the pricing of Canadian grade gasoline will be directly linked to alternative supplies from the U.S. or Europe.



It is Purvin & Gertz’ opinion that Canadian refiners would have difficulty in passing through all of the costs of new investments to reduce sulphur content in fuels.  This certainly was experienced in the U.S. in 1995 when the refining industry began producing RFG.  As identified in the Phase II report “Pricing Dynamics of the Canadian and International Product Markets”, U.S. refiners overbuilt their capacity to produce RFG, and the marginal U.S. cracking refineries have barely recovered their operating costs.  Such refineries have recovered little or no return on capital for the investments made.  This has weakened gasoline prices throughout the U.S. and Canada, and this pricing pressure will continue to overhang the Canadian market as the Canadian industry considers making changes to reduce sulphur content in fuels.  In the case of the U.S. industry, capital that has been spent to produce RFG and low sulphur diesel is now treated as a sunk cost.  The incremental cost for U.S. refiners to produce RFG Phase II by 2000 is small in comparison to the costs which Canadian refiners will experience to produce gasoline with the same sulphur content.  Because U.S. prices affect Canadian prices, this puts the Canadian market at a disadvantage with little prospect of recovering much of the new capital investments required to meet the various qualities for gasoline and diesel under consideration.  Finally, with the mandatory use of oxygenates in U.S. gasoline to produce RFG, excess gasoline capacity exists with surplus octane available.  This puts the U.S. industry in a strong position to produce the Canadian grades at little or no extra costs relative to conventional gasoline.



European refineries produce excess gasoline while meeting rising diesel demand, and currently export around 150,000 to 200,000 B/D to the Eastern U.S. and Canadian market.  European supplies currently are a dominant factor affecting gasoline prices in Ontario, Quebec, and the Atlantic provinces.  Refineries in Europe would have no difficulty in reblending their gasoline components to meet the new Canadian grades, and at market clearing prices.  This provides a further price ceiling (in addition to the U.S. price impact) on gasoline prices in Ontario, Quebec, and the Atlantic provinces.



INVESTMENT CAPITAL REQUIRED FOR SULPHUR REDUCTION SCENARIOS

Investments will be required in the Canadian refining industry between 1996 and 2001 to accommodate changes in fuel specifications.  These include changes in gasoline to eliminate MMT, reduce benzene to 0.95%, and reduce RVP.  Changes to produce 100% low sulphur diesel for on-road use will also be required.  The total cost to the Canadian industry for these changes is estimated to be $307 million (in 1996 Canadian dollars).  The performance of the industry, taking these investments into account, is discussed in the Phase I report under the Future Base Case.  The table below summarizes regional investment requirements for the Future Base Case.
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Investment requirements to achieve sulphur reduction in fuels are additive to the Future Base Case.  Each of the participating refiners provided detailed information regarding investments for their refineries which they believe will be required to meet the fuel sulphur limits imposed by each scenario. Cost estimates were provided by Kilborn for the two non-participating refiners. The above table summarizes the sulphur reduction scenarios, along with regional investments.  Each scenario represents a stand-alone case relative to the Future Base Case.   

In undertaking this analysis, no allowance was made for implementation of a Benzene Emission Number (BEN) freeze at an industry average level.  A gasoline’s BEN is determined by the concentration of benzene, aromatics, and sulphur in gasoline.  This is now under consideration in Canada, and might increase the costs slightly for U.S. and European suppliers to produce Canadian grade gasoline over the estimates developed in this report.

Other matters also under consideration regarding future fuels quality could affect the results of this analysis if they are implemented.  Limits on olefins in gasoline and diesel cetane number are being discussed.  If introduced, they could have an impact on refinery changes, and may also affect the pricing of these products.

The levels of capital investment required to meet the sulphur reduction scenarios for each of the three regions studied are portrayed graphically in Figure II-1.  These investments represent the aggregate of the lowest cost increments required by each refiner to meet sulphur levels beyond those of the Future Base Case requirement.  Each scenario may only be compared to the Future Base Case;  conclusions from inter-scenario comparisons are not valid.  These investment profiles are considerable, and as expected, increase with more stringent sulphur limits.
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The capital investments are additive if both a gasoline and diesel sulphur reduction scenario is being considered.  Some optimization of the investments would be likely if gasoline and diesel scenarios are combined but this possibility was not considered in the study.



Operating costs would also increase as a result of reducing sulphur content in fuels.  The total industry incremental costs for the gasoline cases over the Future Base Case would increase by $25 million per year (1996 Canadian dollars) for Scenario 1, and by $123 million per year for Scenario 6.  For the diesel scenarios, the incremental operating costs would  increase by $43 million per year for Scenario 7, $32 million per year for Scenario 8, and $82 million per year for Scenario 9.



The profitability of each Canadian refinery in the study group was estimated utilizing Purvin & Gertz’ proprietary cash flow model and applying it to each individual refinery.  A total of 17 refineries were assessed.  Crude oil slates were estimated for future operations, based on 1995/1996 data provided by each refiner.  Purvin & Gertz estimated refinery gate petroleum product prices and operating costs to prepare these cash flow analyses. Our analysis concentrated on the fuels portions of the refining industry, and excluded lube oil and downstream petrochemical operations. 



RETURN ON CAPITAL EMPLOYED

Return on capital employed was estimated for each refinery in 2001 for the Future Base Case and for the nine sulphur scenarios.  The resulting returns on capital employed are used in this analysis as an indicator of the economic health of a refinery.  It should be noted that Canadian refiners typically assess profitability using return on capital employed for all assets in a region (refining, distribution and marketing).  Our analysis focused specifically on the refinery assets.  Based on the current cost of capital, a target return on capital employed is around 10%.  Returns of less than 5% are considered to be unacceptably low.  If returns exceed 10%, they represent a satisfactory level of profitability.  Returns on capital employed for each region are shown in Figures II-2, II-3, and II-4.  Weighted average returns are based on the sum of the return on capital employed of each refinery divided by the total capital employed within the region.

QUEBEC/ATLANTIC REGION

Profitability of the Quebec/Atlantic region was low in 1995 and 1996, but is expected to improve in 2001 if U.S. refining margins improve as outlined in the Base Margin Outlook.  Even with the shown improvement in margins, the region’s returns would still be weak, and that is prior to undertaking any sulphur investments.  Such poor returns would likely impair the willingness of some refiners to make new investments.  Significant capital investments will then be required in this region to allow the sulphur reduction scenarios to be met. The negative impact on the estimated returns is quite dramatic, as shown in Figure II-2.  The pressure of gasoline from Europe would continue, as independent marketers/traders would attempt to import product to maintain competitive prices from the domestic refineries for their supplies of gasoline and diesel
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Adding investments to the Quebec/Atlantic region affects some refineries much more than others, as shown in Figure II-2.  However, the average return for the region drops to the poor 1996 levels by Scenario 1 (360 ppm sulphur average), and the lowest performing refinery is impacted severely by dropping to a negative return by Scenario 2.  The region will also be affected significantly by the diesel scenarios, dropping back to 1996 levels by Scenario 7.   This region would be most affected by fuel sulphur reductions.  Refineries in this region appear to be most threatened if they have to make changes to reduce sulphur, and are most exposed to competing with offshore supplies.



Under the Current Margin Outlook, the Future Base Case average return on capital would be slightly less than the depressed level in 1996.  From this starting point, the industry would be in an extremely difficult position to implement new investments to reduce sulphur content.  The resulting returns deteriorate quickly as shown below for the reduced sulphur scenarios.

AVERAGE QUEBEC/ATLANTIC RETURN ON CAPITAL EMPLOYED - RFG Case A

(Percent)�����Scenario���

1996�Future

Base Case�

1�

2�

3�

4�

5�

6�

7�

8�

9��Base Margin�3.0�5.7�2.4�1.6�1.3�0.9�0.7�(0.2)�2.6�3.3�1.3��Current Margin�3.0�2.4�(1.0)�(1.6)�(1.8)�(2.6)�(2.7)�(3.3)�(0.7)�0.0�(1.6)��

ontario region

As shown in Figure II-3, the profitability of the Ontario refineries in 1995 and 1996 was low, as in the Quebec/Atlantic region.  Returns are expected to rise in 2001 in Ontario based on U.S. refinery margins improving, but the return on capital employed would still be well below the industry target of 10%.  The capital expenditures required for compliance with fuels sulphur limits increase more rapidly in Ontario than in the other regions (Figure II-1).  Strong competition from offshore and U.S. product supplies will continue to keep this market operating under very low margins.  Thus, the return on capital employed in the region diminishes steadily with the capital expenditures required to reduce fuel sulphur content.



The impact of reducing sulphur content in gasoline becomes quite apparent by Scenario 1 (360 ppm sulphur average for gasoline), with returns for some refineries dropping below the depressed 1996 levels.  In Scenario 3, the average return for the region would be around the same as 1996.  Some refineries are impacted quite severely by the diesel scenarios.



Under the Current Margin Outlook, the Future Base Case average return on capital employed would be lower than the Base Margin Outlook.  Reducing the sulphur content has a significant impact,  bringing the average return in the region below the Future Base Case in Scenario 1.  The table below summarizes return on capital employed results for the Ontario refining industry.



AVERAGE ONTARIO RETURN ON CAPITAL EMPLOYED - RFG Case A

(Percent)�����Scenario���

1996�Future

Base Case�

1�

2�

3�

4�

5�

6�

7�

8�

9��Base Margin�2.5�6.4�4.1�3.1�2.8�1.8�0.5�(0.2)�3.3�3.1�1.7��Current Margin�2.5�3.2�1.2�0.4�0.1�(0.9)�(1.9)�(2.4)�0.5�0.3�(0.9)��

PRAIRIES/BRITISH COLUMBIA REGION

The average return on capital employed in the Prairies/British Columbia region is considerably higher than other regions in Canada (Figure II-4).  The modern, efficient refineries continue to provide an advantage over their older counterparts located in Eastern Canada.  This region is helped by stronger margins, reflecting good access to locally produced crude oil and a stronger marketplace than other regions in Canada.

Some refineries in the region would have difficulty in matching the performance of the top performing refineries. These plants would be under pressure to make changes, or possibly even consider shutting down as the level of investments increase.



Under the Base Margin Outlook, the region as a whole should be able to accommodate Scenario 3 (200 ppm sulphur average for gasoline) without experiencing a significant change in return on capital employed.  At Scenario 4 (150 ppm sulphur average for gasoline), some refineries would be significantly impacted, and the average return would drop back to slightly less than 1996 levels.  However, average returns are above the 10% return on capital employed for all gasoline scenarios except Scenario 6.  For the diesel scenarios, Scenarios 7 and 8 would have only a limited impact on the region’s returns.  Scenario 9 (50 ppm sulphur for on-road diesel), though, would affect some of the refineries quite significantly.



Average return on capital employed would be impacted the least in this region if the Current Margin Outlook occurs rather than the Future Margin Outlook, as shown below.  However, some refineries in this region would be affected quite significantly, with returns becoming negative in the Future Base Case, and deteriorating further as the sulphur levels are reduced.







AVERAGE PRAIRIES/BRITISH COLUMBIA  RETURN ON CAPITAL EMPLOYED - RFG CASE A

(Percent)�����Scenario���

1996�Future

Base Case�1�2�3�4�5�6�7�8�9��Base Margin�14.7�18.0�17.2�16.2�14.9�13.7�13.0�9.0�13.9�14.6�11.9��Current Margin�14.7�14.6�13.9�12.9�11.9�10.6�10.0�6.4�10.8�11.4�9.0��

NET PRESENT VALUES OF SULPHUR SCENARIO INVESTMENTS

While return on capital employed is indicative of profitability for a given year, net present value is a better measure of economic performance over a longer term. A positive net present value indicates that the operation being studied shows an increase in value at the discount rate considered.  A negative net present value implies that the value of the asset has deteriorated.  In general, the net present value of an asset represents its market value to a buyer or seller based on the discount rate considered.  



Total net present values of the regional refinery groups were developed for the Future Base Case (prior to considering any investments to reduce sulphur).  A 10% discount rate was utilized, and the present values in 2000 of the future cash flows of each refinery for the period 2000 - 2015 were developed.   The net present value of these cash flows has been expressed in 1996 dollars throughout the report.  The total net present values for each of the margin outlooks and U.S. RFG cases are as follows:
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The Future Base Case net present values of the Ontario and Quebec/Atlantic regions show that the health of this industry is a serious issue, even under the Base Margin Outlook.  Refineries in Ontario have a net present value that is around 15.5% of replacement cost.  Similarly, in the Quebec/Atlantic region, the net present value of the region’s refineries is around 15.2% of their replacement costs. The Prairies/British Columbia industry is much stronger than other regions, with a net present value of about 47.5% of replacement cost. Thus, the Canadian industry has a weak track record of economic performance based on its history of recovering its capital, similar to the experience of the U.S. and European refining industry.

Utilizing the same cash flow models, incremental net present values relative to the Future Base Case were developed for each refinery for the set of sulphur scenarios.  The individual values for each refinery were totaled in each region.  These regional totals are depicted in Figure II-5 for the Base Margin Outlook and U.S. RFG price RFG Case A.  Some refineries are impacted more than others, and Figure II-5 only shows the consolidated results.  A positive NPV indicates that the after-tax return is greater than 10%.  A negative NPV indicates that the after-tax return is less than 10%.
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As a group, the seven refineries in Western Canada have a strong financial position in the Future Base Case, but some are affected much more than others.  The first three sulphur reduction scenarios for gasoline would result in improved net present values for the region over the Future Base Case.  Most of these improvements would occur with little or no increase in capital expenditures for Scenario 1 and 2, and are a result of prior investments made by certain refiners which prepared them to produce lower sulphur fuels.  It is not until Scenario 3 that the required investments become quite substantial, but the uplift in price is still adequate to maintain a positive net present value relative to the Future Base Case.  However, for scenarios 4 through 6, the net present values would decrease as the sulphur reduction levels increase further.  In the diesel scenarios,  Scenario 8 (300 ppm sulphur level for on-road diesel) would have a positive impact relative to the Future Base Case.  This is a result of a significant existing capability in this region to desulphurize distillate products.



For Ontario, a sulphur specification of 250 ppm in gasoline (Scenario 2) would result in a reduction of the incremental net present value of the refinery group.  The marketplace is not forecast to provide a reasonable return on the investment required to comply with Scenario 2.  The negative impact on net present value increases through Scenarios 3 and 4.  For gasoline Scenario 6, the impact on NPV of the Ontario region would be -$668 million (CDN) relative to the Future Base Case.  Diesel fuel changes in Ontario would produce similar results, particularly in Scenario 9, with a significant decrease in NPV relative to the Future Base Case.



In the Quebec/Atlantic region, refiners would be affected more significantly than the Ontario region for the first four gasoline scenarios, but would not be affected as much at the lower gasoline sulphur levels.  As shown in Figure II-5, even Scenario 2 for gasoline would cause the industry to be impacted quite negatively.  The severest gasoline sulphur specification would result in a negative profitability impact of -$620 million (CDN).  Diesel Scenario 9 would also affect Eastern refiners by -$259 million (CDN) net present value relative to the Future Base Case.

For much of the Canadian industry, making investments to reduce sulphur content in fuels erodes the value of the industry.  The estimated impact on net present values for each region is shown in Figure II-6 as a percent of the Future Base  Case NPV.
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CURRENT MARGIN OUTLOOK

Much of the previous discussion was based on the Base Margin Outlook. As a sensitivity case, we analyzed the continuation of 1996 margins through the forecast period. The resulting net present values are much less than for the Base Margin Outlook.  Accordingly, the sulphur reduction scenarios provide much lower net present values as well.



This margin scenario was addressed as a result of concerns that continued pressure from Europe and other exporting refining regions would continue, and that the poor historical performance of the U.S. Gulf Coast refining industry would be paralleled elsewhere throughout North America, including Canada.  It is Purvin & Gertz’ opinion that the Current Margin Outlook is less likely to occur, providing U.S. RFG is limited to the current ozone non-attainment areas, but at still a sufficient probability (25%) to warrant serious attention
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If the U.S. were to move to 100% RFG throughout the country (RFG Case B), the excess refining capacity to produce gasoline created by the addition of oxygenates to the full gasoline market will likely result in depressed gasoline prices for many years.  Purvin & Gertz believes that RFG Case B is very unlikely, in the order of 5 to 10% relative likelihood.  If it did occur, though, refining margins would likely remain flat at best and could deteriorate further.



The returns on capital employed for the Current Margin Outlook would also be much lower than in the Base Margin Outlook, as shown below.  The lower returns are reflected throughout all the sulphur reduction scenarios.















FUTURE BASE CASE AVERAGE RETURN ON CAPITAL EMPLOYED

(Percent)���Quebec/Atlantic�Ontario�Prairies/B.C.��Base Margin	- RFG Case A�5.7�6.4�18.0��	- RFG Case B�5.8�6.4�17.8��Current Margin	- RFG Case A�2.4�3.2�14.6��	- RFG Case B�2.5�3.2�14.4��

The Current Margin Outlook, if it persisted, would likely result in a major rationalization of the refining industry in both the U.S. and Canada.  The depressed margins are not sustainable in the long-term, but could be prolonged for some time based on market factors, and the length of time required for further rationalization of the U.S. industry to occur.  Refining margins in the U.S. have been quite low for the past seven years.



cOMPARISON OF BASE MARGIN VERSUS CURRENT MARGIN 

The outlook for profitability for the Canadian refining industry varies quite significantly depending on the Base Margin Outlook versus the Current Margin Outlook.  The Base Margin Outlook assumes a modest recovery in margins by 2001, and these improvements continue to occur until around 2005. However, there is still a reasonable probability that the Current Margin might prevail for at least a portion of the forecast period being examined. The resulting impacts on total net present value of the regional industries are compared in Figures II-7 to Figure II-9 to the capital employed in each region.  



In the Quebec/Atlantic region, Figure II-7, the present value of the industry for the Future Base Case is substantially lower than the capital employed by the industry.  For the Current Margin Outlook, the net present values are negative for all scenarios, including the Future Base Case.  This indicates that the total value of the refining region, on average, has been completely eroded as a result of the flat margin outlook.  Some refineries will be more affected than others.  Thus, the refiners in this region will critically examine whether they should make additional expenditures if the outlook for operating their refineries is so bleak.  For all of the gasoline cases under either margin outlook, shareholder value would be decreasing as the investments increase to incur the sulphur reduction steps.  



For each margin outlook in Ontario, a significant erosion in shareholder value would occur as the investments increase to implement the sulphur reduction.  Some refineries will not be impacted as much as others.  For the Base Margin Outlook (Figure II-8), a small increase in average NPV would occur in Scenario 1, but then the average NPV results would become less than the Future Base Case NPV for the remaining scenarios.  The Ontario region will have great difficulty in justifying new investments at Scenario 2, as the refining region as a whole does not recover the investments made at a 10% discount rate for either margin outlook.  By Scenario 2 in the Current Base Case, the total consolidated value in the Ontario refining region disappears.



In the Prairies/British Columbia region (Figure II-9) the average Base Margin Outlook NPV would exceed the capital employed for all scenarios except Scenario 6.  Some refineries will be affected more than others because of the wide range in performance levels in this region.  For the Current Margin Outlook, shareholder value would be eroded for Scenarios 4 to 6, and for Scenario 9.









FUTURE REFINERY VIABILITY

Based on its analysis, Purvin & Gertz does not expect any refinery in Canada to have its economic viability critically threatened in the Future Base Case.  However, as increased investments would be required to meet the sulphur reductions, threatened economic viability becomes a much more crucial issue for a number of Canadian refineries.



Whenever refiners must make new investment in their operations with little prospect of recovering a reasonable return on their capital, they are placed in a difficult economic position.  If a refiner must make investments to allow its products to meet Canadian specifications, it will only do so if it has some confidence that it can recover at least part of that investment, or if the investment is necessary to stay in business.  Of course, this assumes the total net present value of the operation is still acceptable even if the net present value of the incremental investment is quite marginal or negative.   If the current return on capital employed is poor and the net present value of the refinery (including the incremental investment) is expected to erode further, the refiners may choose to not make the investment, and to shutdown the refinery instead.  Usually, the industry will attempt to rationalize its operations if a number of refineries are critically threatened.  Rationalization, though, would likely lead to some shutdowns of refineries.



The option of continuing to keep the refinery operating and producing fuels that are not required in Canada, and exporting the non-conforming fuels instead, does not represent a viable long-term alternative.  There may be instances where this could occur for a limited time until alternative arrangements can be made, such as to supply downstream lubricating oil and petrochemical operations. 



In the case of shutting down a refinery, the most likely scenario is that the fuels manufacturing operations of a refinery would be discontinued.  The plant would be shut down and utilized as a terminal.  The required product supply would be imported or obtained from others, assuming that satisfactory arrangements for alternative supplies are feasible.



When fuel qualities change, requiring new investments by the industry to produce these qualities, and there is little prospect of recovering the investments, then the investment must be viewed as a “stay in business” decision.  Such decisions will not only be driven by the economic outlook for that refinery, but will also be considered in the context of the role of that refinery within the overall operation of the company.  If that company has downstream retail and wholesale marketing operations (all refineries in Canada have such operations), and providing the returns on that segment of the business are acceptable, a refiner may choose to continue operating the refining side at a loss if it believes that is the best option of obtaining supply for its marketing business. 



If the total net present value of operating a refinery including the investment to produce the low sulphur fuel was less than the net present value of shutting down the refinery plus an allowance, the economic viability outlook of that refinery would be so poor that the refiner might be convinced that shutting down was a better option.  The shutdown option is realistic, particularly in regions such as Ontario and the Quebec/Atlantic region, where plentiful supplies of products are available from U.S. and offshore refineries, and the infrastructure is already in place to allow imports to be delivered into Canada.  Although refiners in the Prairies are landlocked, obtaining supplies from other refineries or exchanges with others at coastal or other import locations may help the refiner secure long term supplies, allowing a refinery to be shutdown.



In our assessment of the economic impact of fuel specification changes on refinery viability, we took into account the present value of shutting down the refinery, incurring shutdown costs of approximately 2% of replacement cost, and the cost of imported supplies.  By purchasing large volumes of imported product on a sustained basis under term arrangements, we believe that a refiner’s average price of products would be around 0.5¢ per gallon higher at coastal ports and 1.0¢ per gallon for Ontario and Western Canada inland locations as compared to the spot prices utilized in the Phase II report.  An increase of 0.5¢ per gallon was deemed justified to cover the higher costs of term product supplies. These higher prices would likely prevail as a result of relying on significant volumes of external supplies on a continuous basis, likely under term arrangements, which would increase the cost of supplies above the level of spot prices.  Import infrastructure would likely be expanded.  Extra costs would be incurred to obtain winter supplies in some locations. Possibly an incremental expansion of pipelines and terminalling facilities for Ontario and Western Canada may be required.  



Under the Base Margin Outlook and RFG Case A, based on the above criteria, one refinery would have its economic viability threatened by Scenario 5, increasing to two refineries by Scenario 6.  One refinery in Ontario and one in Prairies/British Columbia would be susceptible to being shutdown in Scenario 6.  One refinery in Western Canada may also be at risk of shutting down in Scenario 6.  While it would significantly impair profitability, the most severe diesel scenario would not likely by itself directly result in shutdowns of existing facilities.  If sulphur reductions occurred for both gasoline and diesel, the risk of shutdowns would be increased.  



Under the Current Margin Outlook, the negative impact on the Canadian refining industry would be much more significant.  Based on the above criteria, a number of refineries would have their economic viability seriously threatened, and would be candidates to be shut down. Two refineries, one in Ontario and one in Quebec/Atlantic, would be seriously impacted under Scenario 1.  Scenarios 4 and 5 would add two more refineries.  Five refineries would be susceptible to closure under the most stringent gasoline sulphur specifications of Scenario 6. The impact on refineries in Ontario would be severe, with two refinery closure decisions potentially occurring under Scenario 6.  Quebec/Atlantic would also have two refineries seriously threatened, and the Prairies/British Columbia one candidate under Scenario 6.   Diesel sulphur changes would be expected to threaten one or two refineries, depending on the degree of sulphur reduction.   Again the impact in Ontario and the Quebec/Atlantic region would be more severe than in the West.



This view does not take into account individual company responses to the requirement of making investments in facilities which may already be marginal.  Refineries which have synergistic or auxiliary operations (petrochemicals, lubes, etc.) may be viewed differently than described.  Refiners in all regions are affected by the need to make investments for sulphur reduction, but refineries in Ontario and Quebec/Atlantic Canada are generally more vulnerable.  



If RFG Case B occurs, the excess gasoline capacity in the U.S. would pose a large threat to the Canadian refining industry.  Under such a scenario, a major rationalization would be required to allow the U.S. industry to survive.  Canadian refineries would be affected similarly.  When such rationalization occurs, it is likely that prices would also eventually improve, but it could take many years for this transition to occur.  Obviously, the shutdown refineries would be casualties, but the survivors would benefit at their expense.



It should be noted that the pricing and margin analysis is based on all the Canadian refineries continuing to operate.  If a refinery of significant size shuts down within a region, it might result in some additional margin recovery for the other refineries.  The impact would be less in a region which has strong access to alternative supplies (such as Atlantic Canada), but stronger in inland regions.  Thus, refiners will likely view their responses differently depending on their strategic assessment of the health and expected reaction of their competitors.



Purvin & Gertz believes that there is some resilience in the Canadian refining industry.  Although the sulphur scenarios could have a significant negative impact on the industry, the number of refineries which would actually close may be less than the number identified by our methodology as described above.  There will undoubtedly be refineries whose economic viability is threatened by sulphur reduction initiatives.  However, in such an analysis, there is always a considerable amount of uncertainty.  Providing that the sulphur reductions are not extreme, refiners may find ways to meet the sulphur levels at lower costs than originally expected.  Small reductions in sulphur content may actually help some refineries, while others would still be seriously affected.  Although the industry does not expect refinery margins to recover, the potential for a strong improvement in profitability caused by only a small increase in margins may keep some refiners from acting too hastily.  Further rationalization measures would be given a serious review before any one refiner decided that it could not make the investment to reduce sulphur and instead to shutdown a refinery.



Refineries which have their economic viability seriously threatened by reducing the sulphur content in gasoline and diesel would be candidates for closure.  In the following table, Purvin & Gertz provides its opinion of how it believes the industry would be affected for the various sulphur reduction scenarios.  This opinion reflects our assessment of the most likely outcome for refining margins in Canada.  It is based on an overall industry view, the position and capability of each refinery in Canada, and the likelihood that the industry will take further steps  to improve its profitability.

REFINERIES WITH ECONOMIC VIABILITY THREATENED BY SULPHUR REDUCTION(1)

(Number of Refineries)���Sulphur Scenario���1�2�3�4�5�6�7�8�9��Prairies/British Columbia�0�0�0�0-1�0-1�1�0�0�0��Ontario�0�0�0-1�1�1-2�1-2�0-1�0�0-1��Quebec/Atlantic Region�0�0�0�0-1�0-1�1�0�0�0��Total�0�0�0-1�1-3�1-4�3-4�0-1�0�0-1��Note: 1)	Taking into account the analysis in this report, plus Purvin & Gertz’ opinion of market trends and the position of each refinery in Canada.��





Independent marketer outlook

Independent marketers obtain their products from domestic refiners, but supplement their supplies with occasional deliveries of imports in order to maintain an effective level of competition and keep domestic prices reasonable.  As Canadian gasoline and diesel quality changes from U.S. and European grades, it would be more difficult for a small importer to obtain product which meets Canadian specifications without joining forces with other independents to increase their buying power in order to obtain the occasional cargo of product that has been custom blended for their requirements.  This is already occurring in the market today to some degree.  It would likely limit the independent marketer from purchasing a few truckloads of gasoline as easily as it may have in the past.  The Canadian independent sector would need to be prepared to withstand some increased pressure on the competitiveness of the marketplace as a result of new grades of gasoline being introduced, but should still be able to obtain sufficient supplies from offshore as well as U.S. refiners.  If Canadian sulphur levels become much lower than U.S. RFG, the need to join forces with other independents to increase buying power would become even more significant.  If Canadian refineries shut down as a result of the introduction of lower sulphur specifications, independents would need to purchase a greater portion of their supplies from outside Canada.  This too would increase the competitive pressure on the independent sector.
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CONCLUDING OBSERVATIONS



Summary



  The purpose of Task B, within the larger context of regulatory policy decision-making around the issue of atmospheric pollution, was to produce a balanced, objective and professionally conducted survey and assessment of the                                                available information on the costs and benefits of regulating sulphur in gasoline and diesel fuel.  



	This project was unusual and ambitious in scope for a « fact-finding » study.  In many  respects, it was similar to a recognized  expert panel approach.  However, in one key respect it was different.  The sponsors and supervisors of the study, a diverse group of the key stakeholders, were involved throughout in providing guidance to the work of the experts.  To assist them in managing the study, they appointed a Studies Chair. 



  In the process of conducting the project, the Studies Chair and Steering Committee made a number of observations that could be pertinent to similar projects in future.  These observations are summarized under the following headings :



	panel membership

	mandate

	coordination and oversight

	schedule

	communication

	peer review





Panel Membership



The scientific panels for Task B were made up of acknowledged experts drawn from academic or public institutions, government and the private sector.  Their work was supplemented by the expertise of sub-contracted consultants.  Each panel had 8 to 10 active members, each drawn from a different professional affiliation.  The advantage of this make-up was that different areas of expertise and different points of view were represented, ensuring a broader approach to panel work.  The disadvantage, which was accentuated by the schedule, was that the heterogeneity and/or geographic dispersion of the panels put very heavy burdens on the panel chairs to coordinate and produce the panel reports. 

�For complex issues, there may be no alternative to naming large and heterogeneous panels to ensure proper diversity of perspective.  However, this puts corresponding importance on making  panel chairs and members aware of the potential complexity of managing their work.   And it substantially lengthens the time necessary to coordinate and complete the task.



Two key observations are pertinent to help future panels manage complexity:  a) the need or not for consensus in the report should be clearly understood from the beginning, and b) the size and make-up of the panels should be a determining factor in setting the schedule for conducting the work.  



The selection of the panel chair is a crucial decision.  Given the responsibility and time commitment involved, the chair’s previous experience in such exercises, and his or her availability, are important criteria.  To safeguard the chair’s credibility and objectivity, it is probably better not to involve the chair in the selection of the members.  But the panel chair needs to be thoroughly briefed and involved in the early stages of defining the mandate and deliverables of the panel. The involvement of the chair is essential to successful outcomes.  



Mandate



The mandates for the two scientific panels and the cost and competitiveness panel were set out for them by the Steering Committee before the panels began to work.  The parameters of the study were clearly given as scenarios for sulphur levels in gasoline and diesel fuels.  Within these parameters, it was relatively straightforward for the panels and consultants to produce work plans.  Two points emerged, however, as areas which needed to be defined in more detail by the panels themselves, and which took considerably more time than originally anticipated :  the methodologies and assumptions used in conducting the work, and the uncertainties to be identified and analyzed as part of the eventual outcomes.



Both of these areas required considerable additional discussion within the panels.  Given the complexity of the issues, the unknown or unsettled aspects of some of the relationships being examined, and very real differences over key assumptions, the panels took longer and had more difficulty in resolving their analyses than had been expected originally.  A number of participants or stakeholders raised questions about the scope of the mandate and the nature of key assumptions at various stages of the process, again requiring the panels to respond at greater length.  Some important related issues, such as expected changes in vehicle technology, were noted early but not explicitly addressed in the panel mandates, leading to questions and further work at later stages.  In some cases, assumptions were overtaken by external events, for example the release of the detailed benzene regulations, which forced later analysis.

�The emergence of important issues at later stages posed further difficulty because they had to be addressed by more than one panel.  The two scientific panels of the sulphur in gasoline study were interdependent with respect to certain key assumptions.  The work of all the panels was not only interdependent  but also sequential.  Key findings of the Atmospheric Panel were inputs to the work of the Health and Environment Panel.  Similarly, the findings of the Cost study were key inputs to the work of the Competitiveness study.  



All this suggests that panel mandates must be struck with a pragmatic balance between the need for flexibility and the need for detail. Future panels will get substantial benefit from investing time early on in defining the mandate of their particular study in as much detail as possible. A detailed mandate should identify what is included, and what is excluded from the study at the beginning, and why. The panel mandate should also include a procedure for amendment at later stages if necessary.  The mandate should be defined through joint discussions among the study sponsors, the study managers and the panel chairs before the study gets underway.  In cases where there is interdependence of panels,  mechanisms for rapid communication and reaction should be put into place. 



Coordination and Oversight



The sulphur in gasoline study was coordinated by a Studies Chair with the help of a part-time secretariat, and overseen by a multipartite Steering Committee.  The Studies Chair was an objective professional manager whose mandate was to manage the study logistics, timeline, and budget, to resolve issues on behalf of the panels, to support the Steering Committee, and to keep the process moving forward.  This role and that of the secretariat proved to be essential to getting the job done.  The secretariat was balanced between public and private sector people who divided up the tasks according to areas of expertise.  This proved to be a good model.  Some members of the secretariat supported the panels directly and were responsible for coordinating  the panel reports. Others coordinated arrangements and communication with the Steering Committee and with stakeholders.  The Steering Committee itself met monthly which was very important  for guidance and communication purposes.



The key observation in this area is to avoid underestimating the necessary management resources.  Particularly when both the supervisory responsibility or sponsorship and the work itself are being conducted by groups which are geographically and functionally dispersed, the coordination role is critical to successful completion.  In the case of the sulphur in gasoline study, this coordination was performed by people who were temporarily assigned to the project.  Permanent resources or structures are not required.  But time commitments can be heavy, depending on the need of the panels and stakeholders.  This is an element to be taken into account in allocating budget and personnel resources for future studies.  The possibility of engaging independent report-writing and editing staff should be considered.



Schedule



The original duration of the sulphur in gasoline study was set by its sponsors at about six months.  The managers of the study were soon aware that this might not be feasible, given the nature of the issues and the need to build in time for consultation both within panels and with stakeholders.  The eventual schedule extended the first estimate of six months by another six months.  The substantive work of the panels and consultants took approximately eight months.  In all, about a year was required to select the panels and consultants, complete the work, with a number of uncertainties still untested, and consult the stakeholders. In retrospect, a year would have been a more realistic allocation of time, given the complexity of the issues and the analysis.



Fact-finding and analytical efforts of this nature are inherently lengthy.  In this study, although for the most part panels were not asked to break new ground in research or analysis,  the credibility of their findings depended importantly on testing and verifying their investigations.  Modelling and analytical techniques had to be extensively discussed within each panel.  Cross-checking of models needed to be done.  In the case of the cost and competitiveness analyses, individual refiners were asked to review and verify information at each stage.   All of this took time.  Without taking such steps, credibility would have been compromised, and the value of the study for regulatory policy makers would have been significantly reduced. 



It would be difficult to undertake another such study in any less time, given the geographical dispersion of the experts, the number of people involved, the variety of disciplines and cultures represented, and the fact that almost everyone involved also had other work and time commitments. Nevertheless, the constrained schedule posed time management difficulties for all the participants involved in doing or reviewing the work.  It also made it difficult to plan an adequate time and process for consulting the broader group of interested stakeholders.



The key observation is that study managers need to plan for an appropriate balance between the requirements of  those conducting the work and those for whom the work is intended.   The negotiation of the mandate of the study before it begins should take this into account.  Participants will then find it easier to evaluate the time commitments of the study, and to take the decision to involve themselves in it.  Consideration should also be given to the balance between full-time and part-time participants.  A larger number of the former may reduce the pressures imposed by time constraints.



�

Communication



The Steering Committee agreed early on to communication guidelines which would ensure transparency and openness to the greatest possible extent. It was agreed that the decisions and meeting records of the Steering Committee would be made available to any stakeholder who wished to see them.  The process and mandates of the study were distributed widely. While the panel meetings themselves were limited to the members for greater efficiency,  the panel draft reports were produced and distributed to all interested parties.  Stakeholders were invited to an open meeting on the draft reports, and travel expense money was made available to help stakeholders with constrained resources.  The Studies Chair was available to speak to media representatives whenever they wished.   These guidelines and procedures worked well and should be made part of any future effort of this type.





Peer Review



Many expert panels subject their findings to peer review as an integral part of the fact-finding verification process.  The advantage of the peer review process is that it subjects the findings to review by anonymous expert reviewers with no prior involvement in the particular study.  This step provides a final quality control.  It often helps as a way to clarify presentation of findings, even if substantive changes are rarely made.  As a general observation, given the importance of peer review in establishing the credibility of many scientific and expert studies, this is not a step that should be missed.  



In the case of the sulphur in gasoline studies, no peer reviews were conducted during Task B.  This was due in part to the time constraints which, even when extended somewhat, still required the panels and consultants to table their reports as soon as they were completed.  Another factor explaining why a  peer review was not explicitly built in to the process was that the study followed on a previous exercise on a much broader subject conducted for the Council of Ministers of the Environment.  In a sense, Task B was a review of some elements of the previous CCME work, even though new research and analytical ground was broken by all panels.

                 

























		















		







		












