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1. Introduction and Summary Conclusions

The terms of reference for this review of the Emission Inventory for South Durban report prepared by Ecoserv (‘the Ecoserv Report’) are given in Appendix A. The methodology of this review is in essence to evaluate whether the South Durban (SD) Emission Inventory (EI) conforms with the scope of an ‘emission inventory’ as this term is generally defined, and to evaluate and comment on the methodology used to estimate the emissions reported on. 

The stated objective of the SD EI is “to provide a baseline scientific database to assist the committee [South Durban Sulphur Dioxide Systems Steering Committee] in strategic decision making.” (Ecoserv Report, p1) This review is an assessment of whether or not this objective has been met. Further details of the intended use of the SD EI are not offered, but emission inventories may be used for preliminary health impact assessments, to establish priorities intervention to reduce emissions and to identify sources for intervention and environmental improvement programs.

The main Conclusions and Recommendations of this review are:

· The Ecoserv Report includes data spanning several years. The data from various sources and for different years should be explicitly normalized to a common Base Year, both the enable proper comparison of the relative source contributions to the total emissions and to establish a common baseline.

· Compared with current international practice, the number of pollutant species included in the inventory is inadequate for the designation Emission Inventory. This should perhaps be regarded as the first step towards the goal of establishing an emission inventory in the sub-region.

· The objectives of establishing an emission inventory should be set out explicitly because this ahs a direct bearing on the identification of pollutant species for inclusion in the inventory. For example, an emission estimate of PM10 and PM2.5 particulate species (less than 10 and 2.5 micron diameter respectively) is more directly relevant than total particulates from a health impact perspective. Similarly, although Total Organic Componunds (TOC) (Non- methyl Organic Compounds – NMOC - may be preferable) estimates are relevant for the estimating of ozone formation potential, the individual species (about 46) have widely varying toxicities, and an inventory of the individual species is more relevant when assessing the direct potential health impact of these pollutants.

· Although the Ecoserv report acknowledges that there may be missing TOC sources not included in the study, no systematic attempt was made to identify ‘missing sources’ for any of the pollutants. While this aspect may was apparently excluded from the scope of the agreement between the SO2 Committee and Ecoserv, the inventories for the pollutants included in the study should be regarded as preliminary estimates until this aspect has been corrected.

· In using various emission factors to estimate total emissions, Ecoserv does not justify the use of these factors by demonstrating that the published data are applicable. For example, the vehicle emission factors may have been measured on a fleet of vehicles very different from the current fleet of vehicles in use in the south Durban area. Using the data without qualification may lead to large over or underestimates of emissions. This undermines the confidence in the estimates.

· The Ecoserv report concluded that petrol and diesel vehicle emissions of particulates, carbon monoxide, NOX and TOC dominate (45%, 82%, 61% and 55% respectively) the total emissions of these pollutants. However, these emission estimates are based on a single set of emission factors. Thus the allocation of specific percentages to the contributions of the various sources cannot be justified ubtil the applicability of these factors has been demonstrated, and the question of possible missing sources has been resolved.

· Data for major stationary TOC sources were essentially imported into the rport. These should be audited separately.

· The estimates for SO2 emissions are probably reasonable accurate because they are mainly based on a mass balance rather than emission factors. However, the vehicle source emissions should be reviewed to account for current levels of sulphur in petrol and diesel.

· The estimates for CO, particulates, NOx and TOCs are subject to considerable uncertainty, both because of the uncertainty in the vehicle emission factors and the unknown missing sources.

· In the absence of an accepted methodology for compiling emission inventories this attempt to begin compiling such an inventory is clearly a valuable step. However, the report should be revised both to improve confidence in the data presented and to more clearly identify limitations of the data.

2. Emission Inventories in the International Context

The term ‘Emission Inventory’ should be seen in the international and national context. A few countries, such as the Netherlands and the United States, have well developed emission inventories, with more than 15 years’ experience in the development and implementation of these systems. Chapter 19 of Agenda 21, the action program for sustainable development adopted at the UN Conference on Environment and Development (UNCED) in 1992, calls on governments and industry to establish pollutant emission registers with the co-operation of the public. One of the results of this recommendation is the stimulation of the development of national systems to collect and disseminate data on environmental releases and transfers of toxic chemicals from industrial facilities and other sources. 

The SD EI appears to be an initial and limited attempt at developing an emission inventory at a sub-regional level. An evaluation and comment on the extent to which it measures up to fully developed EI’s is necessary in order to establish the limitations of the SD EI study, and therefore to comment on the limitations of the potential use of the Ecoserv Report for ‘strategic decision making’.

A Pollutant Release and Transfer Registers (PRTR), which include releases to air as well as other environmental media, and transfers from one medium to another, generally has the following  characteristics
: 

   1. reporting on individual chemicals 

   2. by individual industrial facilities 

   3. on all releases and transfers 

   4. to all environmental media (air, water, land) 

   5. periodically 

   6. with consistently structured data 

   7. entered into a computer database, and 

   8. actively disseminated to the public 

   9. with limited data withheld as trade secrets, 

  10. with the aim to improve environmental quality and promote cleaner technology. 

The Toxic Release Inventory (TRI) of the United State Environmental Protection Agency (US EPA) initially focused on emissions to air only, but now includes (non ‘Criteria’) emissions to all media and transfers between. The US TRI until recently included more than 300 chemicals and groups of chemicals. Recently this list was expanded to about 600 chemicals or 28 chemical categories.
 An inventory of emissions to air only, such as the SD Ecoserv Report, is clearly a subset of a complete PRTR. Detailed guidelines for the preparation of PRTRs have been published under the auspices of the Organisation for Economic Co-Operation and Development (OECD).
 A typical emission inventory may be expected to include several hundred chemicals and groups of chemicals2, rather than the five considered in the SD Report.
The US EPA reports emissions of the ‘Criteria pollutants’ – pollutants for which (US) National Ambient Air Quality Standards have been set - to its AIRS Database. The (US) Criteria Pollutants are
:

                  Carbon Monoxide (CO),

Nitrogen Dioxide (NO2),

                  Ozone (O3),



Lead (Pb),

                  Particulate (PM 10)    Particles with diameters of 10 micrometers or less,

                  Particulate (PM 2.5)   Particles with diameters of 2.5 micrometers or less 

                  and Sulfur Dioxide (SO2)

Note that Volatile Organic Compounds (VOCs), a subset of Total Organic Compounds (TOCs) reported on in the Ecoserv Report, are not criteria pollutants but they are precursors of the secondary criteria pollutant ozone (smog).

The Ecoserv study under review estimated and reported on the emissions of five pollutants only. The scope of the study is inadequate by comparison with the concept of an emission inventory as defined in the international context.

3. Completeness of the SD EI with Respect to the Pollutant Species and Sources Identified

The scope of work defined between Ecoserv and the SO2 Management Committee (Appendix B) covered five pollutants only, namely particulate matter, carbon monoxide, total organic compounds, sulphur dioxide and oxides of nitrogen. As already noted in Section 2 above, a typical; Emission Inventory in the international context would cover several hundred chemical species. Even by comparison with the six (i.e. excluding ozone) primary Criteria Pollutants of the US EPA, the Report is unsatisfactory in that it presents estimates for (total) Particulate Matter (PM) rather than the sub species criteria pollutants PM10 and PM2.5, the latter two species being more directly associated with adverse health effects than total PM. Lead emissions (the primary source is leaded petrol) are not included. The methodologies for obtaining estimates of PM10, PM2.5 and lead emissions are similar to those used in the report. PM10, PM2.5, lead and compounds of lead have health impacts even at low concentration levels. Estimating and reporting on these species would have required minimal additional effort, and would have yielded data (subject to the limitations of the methodology) of greater relevance from a potential health impact perspective.

Similarly, reporting on Total Organic Compounds (TOCs) as against the species that comprise the TOCs results in the absence of specific information on the emissions of compounds with a high level of toxicity such as benzene, 1-3 butadiene, both implicitly included under ‘TOCs”. The AP-42 emission factor methods for stationary sources used in the Ecoserv Report, correctly applied to account for the characteristics of local emission sources, could have been used to estimate the emissions of a number of the toxic subspecies included as TOCs, thus giving an inventory more relevant to assessment of potential health impacts. VOCs (rather than TOCs) are reported in the US EPA’s database of criteria air pollutants because these compounds are precursors for the formation of ozone, one of the criteria pollutants. From this perspective (estimating the potential for ozone formation), reporting VOCs as a subset of TOCs would have been more useful. Available data and methods for area and mobile source emissions of these toxic species could have been used to estimate total emissions of VOCs and individual toxic species.

The point source inventory was confined to 39 or 40 companies, later expanded to 54 companies. The Ecoserv Report does not address the question of whether or not the point sources reported on includes all significant sources in the “South Durban’ region, nor does it define this region by way of a map. It would appear therefore that Ecoserv was not required to and did not attempt to report on the completeness of the emission sources included in its survey. In other words, the Report does not address the questions: Have all significant sources been included in the survey, and if not, are the emission contributions of the sources not included significant?

4. Estimate of Mobile Source Emissions

4.1 Ecoserv’s Emission Calculation Procedure

In order to clarify my comment on the mobile source emission estimate, the following paragraphs detail Eccoserv’s basic method of calculating the emissions of gasoline (petrol) and diesel powered vehicles in the SD area.

Ecoserv used the relationship:

	Total Emissions from each type of vehicle fuel (petrol or diesel)  [kg]
	=
	Emission factor for each pollutant [kg emitted per kl]
	x
	Estimate of fuel consumed in the area  [kl].
	….. (1)


(kl = kilolitres of fuel consumed)

The specific mobile source emission factors used in the Ecoserv Report are
:

Table 1: Mobile Source Emission Factors used by Ecoserv:

	Fuel
	Emission factor

	
	kg Particulates/ kl
	kg CO/ kl
	kg Nox/ kl
	kg SO2/ kl
	kg TOC/ kl

	Gasoline
	1.4
	364.3205
	19.69337
	0.940265
	63.78199

	Diesel
	13.2
	  13.2
	46.13558
	6.7333089
	  8.760615


The Ecoserv Report used SAPIA data, for 1996, for total gasoline and diesel sales in the Durban magisterial area, and assumed that 50% of this fuel was consumed in the SD area.

The pollutant emissions were then calculated as: 

Emissions = (Total fuel sales in Durban magisterial district) x 50% x (Emission Factor from Table 1 ) in accordance with the relationship (1).

The results are summarized in the Table 2 below.

Table 2: Mobile Source Emission Estimates as per Ecoserv

	 
	 
	 
	Emission Estimate [tons per year]

	Fuel
	Durban Sales [kl, 1996]
	Estimated SD Sales[kl, 1996]
	Particulates
	CO
	NOx
	SO2
	TOC

	Petrol
	472832
	236416
	331
	86130
	4656
	222
	15080

	Diesel
	297238
	148619
	1962
	  1962
	6857
	1001
	  1302


The figures in the last five columns are essentially as given in the Report, Appendix 1.

4.2 Comment on the Estimate of Mobile Source Emissions

6.1.1 4.2.1 Estimate of Fuel Consumed in the Study Area

The assumption that 50% of the total fuel sold in the Durban Magisterial District is consumed in the South Durban area is not justified or supported (motivated) in the Ecoserv Report except for the note that the South Durban area is about 50% of the total Durban area. A better estimate of actual consumption could have been obtained using traffic density data for the two basic types of vehicle – petrol and diesel powered. The SD area is heavily industrialized, at least by comparison with the remainder of the Durban area. One would expect a significantly higher density of industrial vehicle diesel traffic in SD, at least during week days, by comparison with the rest of Durban. Commuter traffic is similarly heavily influenced by the level of industrialization and mode of transport of commuters to and from work. Traffic count or traffic density data would give more reliable estimates of fuel consumption patterns.

Fuel sales data do not directly reflect fuel consumption in an area because of vehicle movement into and out of the designated area. But, in the absence of traffic data, a better estimate of the percentage of fuel consumed in the area of study may have been obtained from actual sales data in the SD area. Such data could have been used as an indirect method of supporting or refuting the 50% assumption.

The 50% assumption is used as a direct multiplication factor in the emission estimate, and the final estimate is obviously sensitive to this assumption.

Ecoserv used fuel sales data for 1996. The base year of the SD EI is not stated but some of the point source data, at least, appears to apply to 1999. If the contributions of the various emission sources to the total are to be compared (as in Figure 1 of the Ecoserv Report), the data should be estimated for a common year (Base Year) both to compare relative contributions and to establish a ‘baseline’. To minimize estimating errors, the most recent available data (for example, data for 1999 rather than 1996) should be used.

Finally, the EPA does not recommend this method (based on fuel sales) of calculating vehicle emissions.
 Direct comparison of the emission factors use by Ecoserv and EPA emission factors is therefore not possible.

6.1.2 4.2.2 Source, Representivity and Accuracy of the Emission Factors Used

The source and representivity (and therefore accuracy) of the Emission Factors in Table 1 are an even greater potential source of error in the final estimate. 

The actual emissions of particulates, CO, NOx and VOCs (volatile organic compounds) from motor vehicle exhausts depend on a large number of factors. These factors include the vehicle type and basic design of the vehicle (particularly the mass), the driving cycle (stop-start driving as against more or less constant speed driving), vehicle speed, ambient temperature, the vehicle age, the vehicle level of maintenance, driving habits, fuel formulation and emission control equipment fitted (if any). 

For the purposes of measuring emission factors, the fleet of vehicles on the road is typically divided into vehicle categories, with each category containing vehicles with more or less similar characteristics such as petrol driven passenger cars, light and heavy duty diesel trucks etc. The characteristics of the vehicle fleet (models available, average age, control equipment fitted etc.) differ from country. To establish a representative emission factor for a particular vehicle category or class, a representative sample of the vehicle category has to be tested, using standardized procedures that yield estimates of actual emission performance under a variety of driving conditions. Emission data (emissions per mile or kilometer) from a number of data sources, for each vehicle type, are combined with activity data (vehicle kilometers traveled) for each vehicle type, to arrive at an overall estimates of emissions per km for vehicles in that particular category. In the US, for example, vehicles are divided into eight categories or classes
, and a sampling procedure is used to get a representative sample (in terms of age, maintenance condition etc.) of vehicles for emission testing and the calculation of an emission factor the vehicle category, in terms of emissions per mile traveled. This complex and expensive procedure is not in place in South Africa. Studies emissions from of a representative mix of vehicles passing through tunnels have also been used to estimate mobile source emissions.

Ecoserv used a single emission factor for each pollutant, expressed as emissions per kl of fuel consumed. The validity of the vehicle emission estimates is clearly strongly dependent on the emission factor used, particularly because of the wide range of values that are possible due to the many factors influencing vehicle emission rates. In the preparation of this review I attempted to obtain details of the origin of these factors. These factors were apparently extracted from a report published (in 1997?) by the Energy Research Institute  (ERI, University of Cape Town), entitled “1988 Greenhouse Gas Emissions”.
 However these factors were measured and calculated, they should not be used without qualification or adjustment. For example, the overall emission factors should account for differences in the mix of vehicle models between those used in the tests and those on the road in the study area, and for the increasing average vehicle age – older vehicles are significantly more polluting than new vehicles of the same type. The underlying assumption that the South Durban mix of vehicles (makes and sizes of cars, trucks, busses etc.), the age, the driving patterns and the level of maintenance of these vehicles is sufficiently similar to that of the vehicles tested to justify the use of the ERI emission factors cannot be accepted. 

Ecoserv used this single source of data (the ERI data) without comparing these against values that appear to have been reported on by other South African researchers.
 Vehicle emission factors are subject to considerable variability (at least of an order of magnitude, or a ratio of 10:1 or more) because of the many factors (listed earlier) that affect pollutant emission rates. It is therefore particularly important that all available data are reviewed and statistically assessed before making use of a particular set of values.

These factors combined, particularly the large uncertainty in the applicability of the ERI factors, imply that there is a large uncertainty (positive or negative) in the estimate of vehicle emissions of four of the five pollutants included in the Ecoserv Report - NOx, TOC, CO and particulates.

It is not clear if the ERI emission factors used include crankcase and evaporative losses, which may be a significant fraction (20% or more) of total vehicle VOC (TOC) emissions.

In estimating vehicle SO2 emissions, Ecoserv used the ERI emission factors, apparently based on measurements and estimates done in 1988. For comparison. an accurate emission estimate for vehicle SO2 may be based on a ‘mass balance’ approach. The estimate then essentially depends on the sulphur content of the fuel and the estimated amount of fuel consumed, with virtually all the sulphur in the fuel being converted to SO2 in the combustion process. At present the maximum sulphur content of leaded petrol is 0.15%, for unleaded petrol 0.10, and for diesel it is 0,55% (m/m). On this basis, assuming 100% conversion of sulphur to SO2 as a good approximation, the emission factors for gasoline and diesel are calculated as follows:

Table 3: Comparison of Mobile Source SO2 Emission Estimates

	
	Density [kg/kl]
	% S
 in fuel (m/m)
	SO2 Emission Factors, calculated

	Ecoserv SO2 Emission Factors
	Ecoserv / Calculated Factor

	Petrol -leaded

           unleaded
	750a
750
	0.15

0.10
	2.25

1.50
	0.94027

0.94027
	42%
63%

	Diesel
	800
	0.55
	8.80
	6.73331
	77%


a: average density 

The ratio of leaded to unleaded petrol sales is currently about 85%:15%, thus the average Petrol SO2 Emission Factor is 2.14 kg per kl; the average fraction of the Ecoserv factor to the calculated factor is 45%. The sulphur content of fuels (other than Sasol Process fuels) is usually close to the maximum specification values. Ecoserv therefore appear to have used vehicle emission factors that are too low, resulting in an underestimate of SO2 emissions for petrol vehicles of 55%, and for diesel vehicles of 23%. Thus, if the above calculated SO2 emission factors are applied to the fuel consumption data assumed by Ecoserv, the total petrol emissions would be 344 tons per year, and the total diesel emissions would be 1230 tons per year.

It is worth noting that the maximum lead content of leaded petrol is 0.40 g Pb (lead) per litre. Using the 1996 sales data, escalated by 5% to reflect the increase in sales to 1999/2000 and that 85% of petrol sales consist of leaded petrol, lead emissions for the Durban Magisterial District may be estimated. About 170 tons per year (as lead) of lead compounds are emitted from petrol driven vehicles. This is a significant toxic load.

5. Point Source Emission Estimate

5.1 Completeness of the identification of the point sources

The SD point source inventory was confined to the selected five emissions from 39 or 40 industrial sites (companies) in South Durban, later expanded to 54 companies. The Ecoserv Report does not address the question of whether or not the point sources reported on includes all significant sources in the “South Durban’ region, nor does it define this region by way of a map. It would appear therefore that Ecoserv was not required to and did not attempt to report on the completeness of the emission sources included in its survey. In other words, the Ecoserv Report does not address the questions: Have all significant point sources been included in the survey, and if not, are the emission contributions of the sources not included significant? 

The Ecoserv point source inventory is mainly based on input data obtained via a questionnaire mailed to a list of companies that were presumably known or suspected to be contributors or emissions of the five specified pollutants. The originally specified list of 40 companies consisted primarily of “inventoried by the CSIR during the SEA study of the South Durban area.” (SD EI, p3). Ecoserv expanded this list to 54 companies to include additional potential emission sources. However, there is no indication in the report of the method used to ensure that all significant sources have been included, and the geographical area of “South Durban” is not specified.

However it is defined, the South Durban region is an arbitrary choice for the EI. Whilst this is not unusual - the choice of a particular province/ state or country is arbitrary in terms of emission sources, but usually necessary for administrative reasons - an estimate of background sources outside the chosen region is necessary if the SD EI is to be used for “strategic decision making”.

The SD EI does not appear to have systematically addressed the question of the completeness of its point source data, and certainly has not reported on this aspect. It is therefore not possible to evaluate whether or not all significant sources have been included in the inventory of five pollutants. Whilst this was not a requirement of the agreed scope of work between Ecoserv and the Steering Committee, the EI should be regarded as incomplete until this aspect has been addressed.

Total stationary source emissions, mainly due to the combustion of fossil fuels, were estimated on the basis of adding the estimates for the list of sources included in the EI Report. It may be possible to cross-check this estimate against records of total fuel sales (coal, fuel oil and gas) to verify if all significant sources (excluding the oil refineries) have been included.

5.2 The methodology used to estimate the Point Source Emissions

The Introduction to the US EPA’s handbook of emission factors, AP-42 (Appended), provides an overview of the Emission Factor methodology as well as a discussion of the limitations and potential pitfalls of this approach. In summary, a number of methods are available for the estimation of emissions from a stationary facility or plant. For estimating emissions from stacks, these include continuous emission monitoring (CEM), use of stack testing data and emission factors. The use of CEM data is the most reliable and accurate (assuming a good data Quality Assurance Program) but the most expensive. Stack test data (source data) are generally more reliable than estimates based on emission factors, but the applicability of the available data must be carefully evaluated. Stack tests (or other source tests) are conducted at a particular time, and for periods of a few hours only. The measured values may not apply to the average conditions. Plant process conditions may vary with respect to the fuels being used or production rates or other factors that affect the emission rates. There may be also considerable measurement and sampling errors involved in the tests (this is particularly true for in-stack particulate measurements), and two or three tests may not give a statistically reliable result. 

The Emission Factor method of estimating emission from a particular process or facility is the least expensive but the question of the applicability of the emission factor being used must be addressed. In essence, the Emission Factor method uses a factor measured or derived from emissions from plants or activities that are generically similar to the plant or activity for which the estimate is being done. For example, different coal burning boilers may have different emission rates of particulates depending on the quality of coal being used, or the design and quality of operation and maintenance of the boiler.

In some cases, for example for the estimation of SO2 emitted through the combustion of fuels used in both stationary and mobile sources, a ‘mass balance’ approach may provide more accurate and reliable estimates.

The EPA warns that its emission factors were derived from data of different quality, hence it rates the quality of the emission factors on a scale of A to D. The poorest quality data (D) may provide only an ‘order of magnitude’ estimate of emissions, that is the estimate may be 10 x too high or 10 x too low. Finally, even the factors based on the best quality data are average values, implying that the actual facility value may be significantly higher or lower than the estimated value.

In most cases the Ecoserv study used one or other of the methods described by the EPA. However the report does not address the questions related to the applicability of the emission factors or other data used, and does not include an uncertainty assessment of individual estimates or of the overall results. In other words, the use of the methods detailed in AP-42 may be valid, but the use of the specific emission factors contained in AP-42 requires justification or modification by comparing the local combustion appliances, vehicles or processes with those in the EPA database. 

Table 4: Comparison of Emission factors used by Ecoserv against AP-42
 Emission Factors for a range of fuel types and boiler designs (Industrial and Commercial)

	
	Emission factor 

	Fuel
	 Units
	Particulates
	CO
	NOx
	TOC

	
	
	AP-42
	Ecoserv
	AP-42
	Ecoserv
	AP-42
	Ecoserv
	AP-42
	Ecoserv

	Coal, bituminous and sub-bituminous 
	kg/t
	7

to

30
	   8
	2.3 to 5.0
	3
	3.4 to 5.0
	3.75
	0.032
	0.055

	Fuel Oil, Sulphur levels 1.0 to 3.5% (m/m)
	kg/kl
	1.5 to 4.3
	1.2
	0.60
	0.6
	5.6 to 6.6
	6.6
	0.15 to 0.19
	0.2736


The AP-42 emission factors apply to Industrial and Commercial Boilers, and are given for different types of coal, fuel oil grades 5 and 6 and different boiler sizes and designs. A comparison of the Ecoserv values against the above AP-42 values show that:

· For coal particulates, the Ecoserv values is at the low end of the AP-42 range;

· For fuel oil particulates, it is about 25% below the AP-42 value for 1% sulphur oil, and about one third of the value for fuel oils of 3.0 to 3.5% sulphur content;

· For coal CO, it is slightly below the midpoint of the range;

· For fuel oil CO, the values are in agreement;

· For coal NOx, it is near the low end of the range;

· For fuel oil NOx, it is at the high end of the range;

· For coal and fuel oil TOCs, the Ecoserv values are significantly higher (by 70 and 40%) than the AP-42 values.

· The Ecoserv SO2 emission factors for the two fuels are comparable (within 10%) with AP-42 values once differences in sulphur content are accounted for.

It is important to note that the EPA states that CO emissions from coal and fuel oil firing boilers may be 10 to 100 times greater if ‘the unit is improperly operated or not well maintained’. VOCs (and therefore TOCs) from fuel oil combustion may be several orders of magnitude greater if the units are not properly operated or not well maintained. The rate of particulate emissions is strongly affected by operating and maintenance factors as well. 

By comparison, the variation in NOx and SO2 emission rates for different operating and maintenance conditions is comparatively small. 

6. Overall Assessment

6.2 Emission estimate for SO2

Table 5 is excerpted out of the Ecoserv Report, and lists the sources that were estimated to contribute 90% of total SO2 emissions.

Table 5: Major SO2 sources – Ecoserv report 

	
	SOx
	
	

	
	Emissions
	
	Cumulative

	Name
	(tpa)
	% of total
	percentage

	Shell & Bp SA Petroleum Refineries
	14392
	34.70%
	34.70%

	Engen
	13021
	31.40%
	66.10%

	Mondi Paper Co Ltd
	3100
	7.50%
	73.60%

	Tongaat Hulett Refineries Ltd
	2333
	5.60%
	79.20%

	   Diesel vehicles
	1002
	2.40%
	81.60%

	   Ships
	850
	2.00%
	83.70%

	Dunlop SA
	754
	1.80%
	85.50%

	South African Breweries
	574
	1.40%
	86.90%

	Lever Brothers
	521
	1.30%
	88.10%

	Sasol Fibers
	503
	1.20%
	89.30%

	Illovo Sugar (Merebank)
	468
	1.10%
	90.50%


Stationary sources: The two oil refineries together contribute more than 65% of the total emissions. The Ecoserv report is based on refinery data and is thus subject to the accuracy of the refineries’ internal calculating procedures –procedures that were not audited by Ecoserv. The Ecoserv emission estimate for the remaining stationary sources in Table 5 is based on fuel consumption, the sulphur content of the fuels and a mass balance for sulphur, a method that yield an estimate of acceptable accuracy, subject to the accuracy of the input data.

Mobile sources: If the SO2 emission factors calculated on the basis of current fuel specifications are applied to the fuel consumption data assumed by Ecoserv, the estimated total petrol emissions would  increase from 222 to 344 tons per year, and the total diesel emissions would increase from 1001 to 1230 tons per year. These figures would still be subject to considerable uncertainty due to the uncertainty in the estimates of actual fuel consumed in the South Durban area. I don’t have comparable data for emissions from ships in harbour, but the contribution to overall emissions is relatively low (around 2%), and the total emission estimate is therefore not sensitive to the uncertainty in this source estimate.

Background sources: If the emission data are to be used to estimate ambient air quality, background sources and possible missing sources need to be evaluated and factored into the assessment.

Subject to the above reservations and amendments, the SO2 estimate appears to be of acceptable accuracy.

6.3 Emission Estimate for NOx

Table 6 is excerpted out of the Ecoserv Report, and lists the sources that were estimated to contribute 90% of total NOx emissions.

Table 6: Major sources of NOx – Ecoserv Report

	Name
	NOx Emissions [tpa]
	% of total
	Cumulative

Percentage

	Diesel vehicles
	6867
	36.30%
	36.30%

	Gasoline vehicles
	4658
	24.60%
	60.80%

	Ships
	1815
	9.60%
	70.40%

	Shell & Bp SA Petroleum Refineries
	1460
	7.70%
	78.10%

	Engen
	1403
	7.40%
	85.50%

	Mondi Paper Co Ltd
	715
	3.80%
	89.30%

	Tongaat Hulett Refineries Ltd
	365
	1.90%
	91.20%


The overall estimate for total NOx emissions, and the fraction of emissions assigned to mobile sources (diesel and petrol vehicles) is largely dependent on the NOx emission factors used in the estimates. However, in my view, the level of uncertainty with respect to the applicability of the vehicle emission factors used by Ecoserv - they appear to be based on 1988 data, and details of the measurement tests are not available – is not acceptable. The application of these factors, without qualification, to the vehicle fleet in the South Durban results in an estimate with an unacceptable level of uncertainty. 

I therefore recommend a reappraisal of the estimate, including a comparison of the ERI factors used against all available South African emission test data. Due to the scarcity of local data, the average values may not be representative, and should be compared against internationally measured data on similar vehicles, with due regard to any emission control equipment that may have been fitted, and fuel formulation. If sufficient representative data are not available, the presentation of a range of values (emission estimates) may be more appropriate.

The two oil refineries are given as the largest stationary sources of NOx. The main sources of NOx within the refineries are fuel combustion for process heating and steam raising, the FCCUs and the flares. 

Table 7 below gives the AP-42 (Table 5.1-1) emission factors for fuel combustion, flares and the FCCUs, and the calculated emissions from these sources for the two refineries. The fuel oil emission factors for large industrial units if 5.5 to 6.6 kg/ ton (Table 4 above). The midpoint value of 6kg/ ton is equivalent to approximately 914 kg/ 1000bbl of fuel oil burnt.

Table 7: Comparison of  AP-42 based NOx Estimates and Ecoserv Report Values

	 
	 Estimated emissions, tons/ year

	Process
	AP-42 NOx Emission Factors [kg/1000bbl]
	Saprefa
	Engenb

	
	
	Calculated, AP-42
	Ecoserv
	Calculated,

 AP-42
	Ecoserv

	FCC          
	17 – 66
	760 - 2971
	
	512 - 2000
	

	Vap recovery/ flaring
	9
	387
	65
	261
	39

	Fuel oil (@3.5%S)
	914
	989
	
	666
	

	Fuel gas
	 
	 
	
	 
	

	Total refinery
	 
	2136 - 4337
	1460
	1439 - 2927
	1403


a: @85% of 156 000bbl/day

b: @85% of 105000 bbl/day
The above calculations are approximate, for cross reference purposes only. The underlying assumption for the calculations are that the energy consumed in the refining processes is equivalent to about 6% of the feed, and that the fuel oil – fuel gas contributions are about 40:60% on an energy basis. The detailed information on the refinery operations is not available. Sufficient information to estimate the fuel gas contribution using AP-42 factors is not available – but the contribution  for each of the refineries is likely to be several hundred tons per year. The lower value of the calculated totals based on AP-42 factors, without the fuel gas contribution, is higher than the Ecoserv reported values reproduced in Table 6. The refineries’ estimates for flaring NOX emissions are considerably lower than values based on the AP-42 factors. The refinery data should be subjected to closer scrutiny before acceptance.

Overall, the emission estimates for stationary sources (including the two refineries) is subject to a lower level of uncertainty. However, mobile source emissions are (apparently) the largest contributors, the thus current overall NOx estimate is undermined and should therefore be regarded as a preliminary estimate only.

6.4 Emission estimate for Particulates

Table 8 is excerpted out of the Ecoserv Report, and lists the sources that were estimated to contribute 80% of total Particulate Matter (PM) emissions.

Table 8: Major sources of Particulate Matter – Ecoserv Report

	Name
	PM Emissions

[tpa]
	Percentage of Total
	Cumulative

Percentage

	Diesel vehicles
	1965
	38.3%
	38.3%

	Shell & Bp SA Petroleum Refineries (multiple sources, including HFO)
	332
	6.5%
	44.7%

	Gasoline vehicles
	331
	6.4%
	51.2%

	Dunlop SA (coal)
	302
	5.9%
	57.0%

	Engen(multiple sources, including HFO)
	278
	5.4%
	62.4%

	South African Breweries (HFO and coal)
	209
	4.1%
	66.5%

	Lever Brothers
	208
	4.1%
	70.6%

	Sasol Fibers
	187
	3.7%
	74.2%

	Illovo Sugar (Merebank)
	187
	3.6%
	77.8%

	Tongaat Hulett Refineries Ltd
	132
	2.6%
	80.4%


In the above table, diesel vehicles are by far the largest single contributor to PM emissions. The uncertainty with respect to the emission factor used and its applicability to the current fleet of vehicles in South Durban has already been noted in Section 4.2.2 of this review. Although the conclusion that diesel powered vehicles are the largest single source of particulate emissions is not inconsistent with data published elsewhere (for example, The Brown Haze Study, ERI, UCT), the estimates for both diesel and petrol emissions (the third largest in the above table) should be regarded as preliminary estimates pending clarity on the emission factors used.

As already noted (Table 4), Ecoserv used a factor for Fuel Oil PM emissions that is significantly lower than the AP-42 based figures. AP-42 gives the following relationship for calculating filterable PM emissions from Industrial Boilers using Industrial Grade 6 Fuel Oil PM, without emission control equipment: 9.19(S)+3.22, where S = wt. % of sulfur in oil, emissions in Lb/ 1000 (US) Gallons. For fuel oils with sulphur content in the range 1.0 to 3.5%, this is equivalent to factors approximately 1.5 to 4.3 kg/ 1000 liters. The limited data available to me indicates that the majority of fuel oil users use oil with a sulphur content of 3.0 to 3.5%, implying that the emissions from the fuel oil based sources in Table 8 may have been underestimated. This matter should be clarified with a furtheer exchange of the detailed basis of the calculations. The coal based estimates are within the range of AP-42 values, for normal operation of the plants.

6.5 Emission estimate for CO

Table 9 is excerpted out of the Ecoserv Report, and lists the sources that were estimated to contribute 98% of total CO emissions.

Table 9: Major sources of Carbon Monoxide (CO) – Ecoserv Report

	Name
	CO Emissions

(tpa)
	% of Total
	Cumulative

percentage

	Gasoline vehicles
	86164
	79.1%
	79.1%

	Shell & Bp SA Petroleum Refineries
	12266
	11.3%
	90.3%

	NCP Isipingo
	4744
	4.4%
	94.7%

	Diesel vehicles 
	3554
	3.3%
	97.9%

	Mondi Paper Co Ltd
	516
	0.5%
	98.4%


The uncertainty with respect to the emission factors used to estimate mobile source emissions has already been noted. The Ecoserv factors used for stationary sources are within the range of AP-42 values for normal operation of the stationary sources.

Although the conclusion that petrol powered vehicles are the largest single source of CO is not inconsistent with data published elsewhere,
 the estimates for both diesel and petrol emissions (the third largest in the above table) should be regarded as preliminary estimates pending clarity on the emission factors used. 

6.6 Emission estimate for TOCs

Table 10 is excerpted out of the Ecoserv Report, and lists the sources that were estimated to contribute 95% of total TOC emissions.

Table 9: Major sources of Total Organic Compounds (TOC) – Ecoserv Report

	Name
	TOC

emissions

(tpa)
	% of total
	Cumulative

percentage

	Gasoline vehicles
	15085
	48.0%
	48.0%

	Shell & Bp SA Petroleum Refineries
	4441
	14.1%
	62.2%

	Engen
	3291
	10.5%
	72.7%

	Island View Tank Farm (Cutler Complex)
	3284
	10.5%
	83.1%

	NCP Isipingo
	1630
	5.2%
	88.3%

	Diesel vehicles
	1304
	4.2%
	92.5%

	Service stations
	783
	2.5%
	95.0%


The uncertainty with respect to the emission factors used to estimate mobile source emissions has already been noted. The data for two refineries and the Island View Tank Farm (together comprising 35% of the total) were obtained from earlier studies. In view of the large contribution to the overall TOC emissions, these should be subjected to an audit.

I have insufficient data available to comment on the NCP or Service Stations emissions.

7 Estimate of Abnormal emissions

I all cases, an attempt should be made to estimate abnormal and fugitive emissions. This appears to have been done (as reflected in Table 1 and 2 of the Ecoserv report) with respect to Refinery Emissions, but it is not clear if a common and consistent methodology was used to estimate these emissions. (For example, the SAPREF annual fugitive emissions for SO2 are given as 1 ton – this appears to be a nominal figure.) Conclusions and Recommendations

8 General Conclusions and Recommendations

8.1 General Comments

8.1.1 The Base Year of the Report

The base year of the reported emission estimate is not stated. That is, there is no indication that the estimated emissions all refer to a particular year. This is especially important because some of the data incorporated into the Report or used in the emission estimates was drawn from earlier studies originate from earlier reports such as the SEA (Strategic Environment Assessment) Report (1998?) and the Durban Metro Air Quality and Emission Inventory Study (1997).
 The mobile source emissions estimate used fuel consumption data for 1996. At the same time the report used new data obtained through a survey conducted during February-April 2000. Perusal of a few of the questionnaire returns indicates that some of the respondents may have given estimated fuel consumptions and activity rates for year 2000 rather than actual figures for 1999 or the then most recent available data. In other cases (for example the oil refineries) data for 1999 may have been given.

If emission estimates from various sources are to be combined and added together (as is done in the pie chart – Figure 1, and the tables Appendix 1 and 2) for comparative or other purposes they must refer to the same year.

8.1.2 Consideration of background or external sources

The area covered by the report is perhaps of necessity arbitrarily defined (‘South Durban”) but pollution levels within the defined area are influences by pollution sources outside the area.  The use o the emission estimates (for whatever purpose) without accounting for a background of emissions that emanate from outside the area may lead to erroneous results. The potential influence of background sources outside of the study area should be noted in the report, and possibly accounted for as an area source for the whole area if the necessary data are available.

8.1.3 The number of chemical species reported on

The number of pollutant species (5) included in the Report is inadequate for the designation ‘Emission Inventory’, possibly leading to misunderstanding as to the level of detail contained in this report by comparison with Emission Inventories in the international context. Perhaps a designation such as ‘Emission Survey of Five Pollutants in the South Durban Area’ would be a more accurate description of the content of the Report. Even by comparison with a survey of the emissions of ‘Criteria Pollutants’ as defined by the US EPA, the report does not cover all the primary (directly emitted) pollutants. 
8.1.4 Statement of the Limitations of the Report

A report of this nature invariable is limited by factors such as the availability of the data, the restricted scope of work, time and financial constraints and the accuracy of the available methods. The only statement of the limitations of the results presented relate to the TOC emission inventory (Section 4, Conclusions of the Ecoserv report). However a more detailed discussion of the uncertainty inherent in the final data presented is necessary to minimize the possibility of the results being used as definitive accurate estimates. A more accurate estimate of emissions may well result in a change in the ranking of different emission sources.

8.2 The SO2 Emissions Estimate

The two oil refineries are by far the two largest sources, contributing over 65% of the total based on the Ecoserv Report estimates. The overall accuracy of the estimate is therefore strongly influenced by the accuracy of these estimates.

The largest SO2 source, as reported, is the (Shell and BP SA Petroleum Refineries (SAPREF) oil refinery, at 14 400tpa; the second largest source is the Engen Refinery, at 13 000tpa. These two sources clearly dominate the overall emission estimate of SO2, and the basis used in calculating these estimates should be stated.

The estimate for diesel vehicle emissions should be reviewed using the sulphur content of diesel for the Base Reporting year, or, as a close approximation, the specification level of 0.55% (w/w) and the best estimate available for diesel consumption in South Durban.

The question of known and unknown sources should be discussed with the view to estimating a maximum contribution for these missing sources. The estimate for fuel based (coal, fuel oil and diesel) emissions could be cross-checked against sales in the area.

The SO2 emission estimate is mainly based on mass balances rather than emission factors and may be regarded as reasonably accurate once the above reservations have been addressed.

8.3 The NOx

The Ecoserv report estimates that diesel and gasoline emissions of NOx constitute about 60% of the total emissions. However, the emission estimates for these two sources are both based on emission factors that are subject to large uncertainty. 

8.4 Particulates, CO and TOC

The Ecoserv report concluded that petrol and diesel vehicle emissions of particulates, carbon monoxide, NOX and TOC dominate (45%, 82%, 61% and 55% respectively) the total emissions of these pollutants. However, these emission estimates are based on a single set of emission factors. Thus the allocation of specific percentages to the contributions of the various sources cannot be justified until the applicability of these factors has been demonstrated, and the question of possible missing sources has been resolved.

Data for major stationary TOC sources were essentially imported into the rport. These should be audited separately. Data relating to the major sources imported into the report – should be audited separately.

9 Limitations of this Review

This review is largely based on the Ecoserv report. Although some additional data was provided by Ecoserv (P. Bruntland), in most cases insufficient activity data were available to enable an estimate of error margins of the emission estimates.

Appendix A: Term of reference for this Review

Proposed Terms of Reference for a Peer Review of the 

Ecoserv Report: Emission Inventory for South Durban

Prepared by: Ecoserv (Pty) Ltd., April 2000, Ref.: DSEI1_2000
Brief description of the above report:

The report presents an estimate of total annual emissions of pollutants in the "South Durban" region, including stationary (point), mobile and area sources of pollutant emissions. The emission rates of the various sources were estimated using input data obtained from a number of sources, including a questionaire completed by respondents responsible for managing stationary emission sources. Several methods were then used to estimate the emissions from all the identified sources.

Objectives of the Peer Review

1. To review and comment on the methodology, including the calculation methods used in the preparation of the emission inventory, the assumptions made and an overall comparison of the approach used by Ecoserv against international practice as reflected in the available literature.

2. To review and comment on the completeness, accuracy and precision of the data presented.

3. To comment on the report's Conclusions

4. To make recommendations if appropriate, particularly in relation to any limitations or shortcomings in the report that may be identified.

Scope of work of the Peer Review

A perusal of the Ecoserv Report indicates that it is based on several 'layers' of information, for example, data extracted from previous studies and emission tests. It is also noted that sample calculations are not appended. This review will by and large be confined to the information contained in the Report, but additional information related to input to the emission rate calculations used in the preparation of the report will be requested from Ecoserv. The review will not attempt to trace the data through to primary measurements or a primary sources of data, such as stack measurements or data contained in previous reports. Thus additional information required for the purposes of this review will be sort from Ecoserv.

Work excluded:

The review will not involve a comprehensive and detailed audit of all the emission calculations, but will focus on the overall methodology used to compile the emission inventory.

I anticipate that communications with Ecoserv will be done via email, and that additional information can be sent to me electronically or by fax. The review process will therefore not include face to face meetings with Ecoserv or a site visit.

Review Report:

The review will be presented by way of a written report (forwarded electronically) addressing the stated Objectives, in accordance with the scope of work described.

� Emailed communication from Peter Butland, Ecoserv, Appendix C1. 


� Sample calculation: 1 lk petrol= 750 kg; Sulphur Content, leaded = 0.15x750/100 = 1.125 kg Sulphur; SO2 emitted assuming 100% conversion = 2 x 1.125 = 2.25 kg/kl. (mol. mass of SO2 = 2 x mol. mass of S)


� p3 and 4 of the Report





� Background: PRTR Histories, United Nations Environmental Program (UNEP), http://www.chem..unep.ch/prtr/bakgd02.html


� What is the Toxics Release Inventory?, US EPA, http://www.epa.gov/tri/general.htm


� POLLUTANT RELEASE AND TRANSFER REGISTERS (PRTRS) GUIDANCE MANUAL FOR GOVERNMENTS, OECD, Paris 1996, http://www.chem.unep.ch/prtr


� See, for example, http://www.epa.gov/airs/criteria.html


� United States Environmental Protection Agency, EPA420-R-92-009, December 1992: Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources, Section 3.2.1.1


� United States Environmental Protection Agency, EPA420-R-92-009, December 1992: Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources


� Environment Canada, The 1994 [National Pollution Release Inventory] Summary Report, Appendix 12


� P. Butland, Ecoserv, emailed communications (28 Aug. and 11 Sept. 2000)


� For example, the Department of Minerals and Energy website  lists a number of apparently relevant reports.


� Data for sulphur in fuels and densities as per Oil Industry Product Exchange Specifications issued by Engen Petroleum Ltd. Effective date for diesel, December 1995, for petrol, July 1998.


� Compilation of Air Pollutant Emission Factors, AP-42, 5th Edition, US EPA, http://www.epa.gov/ttn/chief/ap42.html


� For example, data quoted in Latest Findings on National Air Quality: 1997 Status and Trends, US EPA,  NC 27711 EPA 454/F-98-009, December 1998, indicates that highway vehicles contribute about 77% of total CO emissions. The data are not directly comparable because the vehicle density data are very different, and the use of CO emission control equipment in the US.
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