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December 18, 2020 
 
Renata Mageste da Silva 

Environmental Assessment Officer 
Department of Environment 
Suite 2085 1903 Barrington Street 
Halifax, NS B3J 2P8 
 
 
 
Re: Sustane Pyrolysis Plant Environmental Approval – Amendment Request Approval 
 
 
Dear Ms. Renata Mageste da Silva; 
 
Sustane is requesting an amendment to the Environmental Assessment (EA) Approval dated August 23, 2018 as 

it relates to: 

• Section 2.2 ‘Feed Stock Description’ - plastics feedstock criteria, subject to conditions 2.5 and 2.6,  

• Sections 5.1 ‘Atmospheric Environment Effects Assessment’ and  

• Pyrolysis plant process modifications 
 

Feed Stock Description 

Using the results of the completed 14-day feedstock characterization study, Sustane has developed a revised 

set of plastic feedstock material criteria as presented in the following table (refer Ramboll report table 1, page 

7). 

Parameter 

Revised EA Registration 
Quantitative Contaminant Criteria 

(% by weight)  

Silicon 0.57% 

Nitrogen 0.41% 

Chlorine 0.20% 

Sulphur 0.036% 

Bromine 0.0066% 

Pesticide/ Herbicides Non-detect 
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These feedstock guidelines are based on elemental concentrations of feedstock material, as opposed to general 

plastic categorizations.  Generally, the proposed feedstock guidelines comprise the mean concentration from 

the completed sample testing plus one standard deviation of the results of the 14-day feedstock 

characterization study.  

 

Atmospheric Environment Effects Assessment 

The non-homogeneous nature of municipal solid waste (MSW) results in the separated plastics feedstock 

having contaminant levels in excess of the contaminant levels as included in our EA Registration document. 

Given the possibility that these increased levels of plastics feedstock contaminants could result in higher 

ground level air contaminant levels than permitted under Nova Scotia Department of Environment (“NSE”) and 

the Ontario air quality standards (AQS), Sustane commissioned Ramboll Canada, Inc., through Strum 

Consulting, to undertake extensive modeling to determine potential air contaminants of concern and identify 

potential mitigation measures to achieve AQS compliance.  

Air dispersion modelling (ADM) was completed by Ramboll to be reflective of the elemental feedstock 

composition based on the 14-day feedstock characterization study.  Air dispersion modelling was carried out 

using the latest regulatory version of the AERMOD modelling system (v. 19191) developed by the US EPA 

following modelling guidance by the US EPA and Ontario MECP.  The detailed modeling report is attached. 

The Ramboll modeling informed Sustane that under the worst-case scenario of plastics feedstock contaminant 

levels, which will be the revised plastics feedstock criteria, there could potentially be AQS exceedances of 

certain air contaminants which could be mitigated through the application of standard air pollution control 

(APC) devices with readily achievable removal efficiencies. The Ramboll investigation demonstrates that the 

Project may be undertaken with the air pollution control (APC) solution without exceeding the relevant AQSs 

and therefore be operated with no significant residual effects to the atmospheric environment. 

Please note that the above revised feed stock criteria were determined to be the worst-case contaminant level 

from feedstock testing and were used in the Ramboll modelling (table 1, page 7) to project worst-case air 

quality outcomes. 

 

Pyrolysis Plant Process Modifications 

In addition to revising the plastics feedstock criteria, as provided above, Sustane will be modifying the pyrolysis 

process to ensure compliance with required AQS from that as originally submitted in the EA Registration 

document by installing an APC solution comprised of the following: 

1. To address Hydrogen Chloride, an absorption scrubber utilizing Sodium hydroxide as the scrubbing 

medium which will remove over 99% of the Hydrogen Chloride from the non-condensable gas and 

therefore the dioxins precursors.  (refer Ramboll report, section 8.4, option #5, page 48).  

2. To address Silica compounds, an activated carbon adsorption vessel for removal of 99% of Silica related 

compounds.  (refer Ramboll report, section 8.1, option #1, page 44). 
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Both these devices were identified by Ramboll as effective air contaminants mitigation solutions that 

specifically address any potential air quality exceedances and are referenced respectively within the Ramboll 

report as noted above.  

In addition to the identified pyrolysis plant process modifications, Sustane will install an adsorption based liquid 

fuel purification system for additional enhancement of the liquid fuels quality such that we can deliver very 

high purity products to the fuel and chemical feedstock markets.  

 

Monitoring Plans  

Sustane intends to finalize monitoring plans based on what has been previously provided to the Inspection 
Compliance and Enforcement Division, as part of its application for Part V Approval under the Environment Act.  
This applies to air quality, plastics feedstock, char and liquid fuels and with sufficient detail and procedures to 
provide the necessary reporting to satisfy Department requirements.  
 
We appreciate your willingness to consider Sustane’s request for an amendment to its EA Approval and we 
trust the provided information is sufficient for the Department to render its decision.  
 
 
Sincerely, 
 

 
Peter Vinall 
 
President 
Sustane Technologies Inc. 
 
 
 
Copy:  

Lorrie Roberts (NSE) 
 Kevin Cameron (Sustane) 

Robert Richardson (Sustane) 
Mark Savory (Sustane) 
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1. EXECUTIVE SUMMARY 

Ramboll Canada Inc. (Ramboll) was retained by Strum Consulting (Strum) to revise air emission 
estimates and dispersion modelling for Sustane Chester Inc.’s (Sustane’s) Pyrolysis Plant (the 
“Project”) in the Municipality of the District of Chester, Nova Scotia.1

Nova Scotia Environment (NSE) requested2 that the revised emissions from the combustion 
sources at the Project within the Advanced Municipal Solid Waste (MSW) Recycling 
Demonstration Facility be reflective of the updated plastics feedstock composition and that the 
emission inventory and dispersion modelling be updated for a comprehensive list of contaminants 
including Schedule A of the Air Quality Regulations, speciated metals, volatile organic compounds 
(VOCs), semi volatile organic compounds (SVOCs), and polycyclic aromatic hydrocarbons (PAHs). 

All contaminants of concern have been assessed and peak off-property concentrations shown to 
meet their air quality standards (AQS) based on one of three emissions refinement scenarios that 
may require control either with gas pretreatment or final air pollution control (APC) systems in 
order to meet these AQS. These are hydrochloric acid (HCl), dioxins and furans, silicon dioxide 
and amorphous silica fume. 

In order to develop a basis of design (BOD) for APC, a basis of process operations needs to be 
further developed such that the various process stream parameters are better defined which will 
allow for the determination of whether APC systems are required, whether pre-treatment or post-
process treatment is more appropriate and which technologies may be best suited if required. 
The BOD will need to include some degree of “over-design” to account for the uncertainty in the 
available data (i.e., the Design Case scenario); although with NSE approval, the BOD could be 
refined with additional test data at the Sustane facility under a set of operating conditions that 
would mitigate off-site impacts to levels that are acceptable to NSE. 

1 The original emission estimates and dispersion modelling prepared by Ramboll and reported in technical 
memorandums dated November 09, 2018 and March 14, 2019.

2 The NSE letter addressed to Sustane dated March 12, 2020. 
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2. GENERAL APPROACH 

The Project will produce synthetic fuel by pyrolysis of waste plastics. Several fuel fractions will be 
produced including fuel oil #1 for internal use and diesel fuel #2 which is considered the primary 
product destined for sale, as well as non-condensable gas (NCG), a byproduct which will be 
consumed on-site as the primary source of fuel at the Project. The total fuel #1 output is 
intended to be fired in a boiler at the Advanced MSW Recycling Demonstration Facility which 
occupies the same building/structure as the Project. A portion of the fuel #2 output 
(approximately 40%) is also expected to be used at the Demonstration Facility in a biomass 
dryer with the reminder destined for sale and use elsewhere off-site. During steady-state 
operation, the NCG fraction will be used at the Project site to fuel process (reformer) burners 
(approximately 40%) with the excess volume destructed in a thermal oxidizer. During start-up 
and shut-down periods, the process would be fueled by propane and the total volume of NCG 
directed to the thermal oxidizer, until a sufficient amount is generated to meet the process 
needs. 

The combustion effluents from the three process stacks and the thermal oxidizer stack at the 
Project, and the boiler and dryer stack exhaust at the Demonstration facility will represent the 
main sources of emissions associated with the Project. The presence of impurities in plastic 
feedstock is expected to impact the composition of different fuel fractions and emissions 
generated during (their) combustion. Ramboll used two different general approaches to estimate 
emissions associated with combustion of different fuel streams. These include a mass balance 
approach and an emission factor-based approach.   

Mass Balance Approach 
The mass balance approach was used to estimate emissions of the contaminants which are 
expected to more strongly correlate to feedstock composition and impurities (e.g. halogens, 
silicon, nitrogen, and sulphur). The constituent concentrations in the plastics feedstock were used 
as a basis for the mass balance calculations. As detailed in Sections 3, three different mass-
balance scenarios were developed to estimate partitioning of feedstock constituents to output 
streams (pyrolysis char, fuel #1 and #2, and NCG streams). These scenarios were also used to 
estimate the expected chemical speciation of the feedstock constituents under the process 
conditions and after liquid fuel/NCG combustion.  

The first mass balance was used as a screening tool to narrow the focus of further 
refinements to certain constituents (i.e., those constituents that did not “screen out”) 
The second and third mass balances were used to refine emission estimates and address 
the uncertainties associated with process conditions and the affect they may have on 
partitioning of contaminants. 

Emission Factor Approach 
The emission factor approach was used to estimate emission of the contaminants such as carbon 
monoxide, VOC, and PAHs which are not expected to depend considerably on feedstock 
impurities but rather fuel properties and combustion conditions. This method was also used for 
the contaminants such as metals and particulate matter (PM), which are related to feedstock 
composition/ constituents, but for which there is no testing data or sufficient information to use a 
mass balance approach. In such cases, surrogate emission factors were used to provide 
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conservative emission estimates and a point of reference of what the associated air quality 
impact would be if the synthetic fuel composition was comparable to other fuels with well 
documented composition information (e.g. high impurity content documented in traditional fuels 
used for emissions estimates; although expected levels in the synthetic fuels produced by the 
Project are expected to be lower).  

The remainder of this technical report is organized as follows: 
Chapter 3 describes the process general mass balance and how it is used to estimate 
emissions using different levels of refinement; 
Chapter 4 contains a general description of the approach and assumptions used to 
developed emissions for individual contaminants associated with feedstock constituents 
using the mass balance approach; 
Chapter 5 presents the emission factor approach, which was used to estimate emissions 
for the remaining contaminants; 
Chapter 6 presents the methodologies and procedures used for the dispersion modelling 
as well as the applicable AQS used in the assessment; 
Chapter 7 summarizes the estimated emissions and presents the results of the air 
dispersion modelling  
Chapter 8 provides a preliminary review of available APC technology options which could 
be used to control contaminant emissions, which could not reliably demonstrate 
compliance with applicable AQS and therefore may require active control; 
Chapter 9 summarizes our recommendations  
Appendix A includes a Technical Memorandum documenting feedstock and char testing 
data from PK Clean (original equipment manufacturer (OEM) supplier) which was 
considered in developing the mass-balance approach for Sustane’s process; 
Appendix B includes figures showing a layout of sources modelled and their location 
within the Project property; modelling domain, receptor grid, terrain elevations, 
meteorological wind rose. 
Appendix C includes concentration plots for the contaminants with predicted impacts of 
more than 1% of their respective AQS. 
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3. EMISSION ESTIMATES - MASS BALANCE APPROACH 

Impurities in the plastic feedstock will eventually leave the process in a) the pyrolysis char, b) #2 
diesel fuel, c) #1 fuel oil, and/or d) NCG streams. The distribution of individual constituents 
among these streams will differ depending on the form of the impurities in the feedstock, their 
chemical properties and is expected to be very sensitive to the process operating conditions 
which, by design, can be adjusted by Sustane to control the characteristics of the product 
streams. The exact distribution among streams for individual constituents has not been measured 
for the Sustane process, to this point, and therefore, must be estimated. As discussed below, 
there are considerable uncertainties in these estimates given the variability of operating 
conditions of the process which will dictate the contaminant distributions. For this reason, 
Ramboll has developed three different mass balance scenarios to address this uncertainty: 

Screening Scenario 
OEM Test Case 
Design Case 

These mass balance scenarios discussed below are based on a combination of process data from 
the Chester facility (e.g. feedstock composition), process data obtained from the OEM supplier for 
the Chester facility, PK Clean, and the design process conditions as described in the following 
sections. 

3.1 Mass Inputs 
Sustane commissioned a study to characterize the chemical composition of the plastic feedstock 
for their facility.3 The study analyzed 14 samples of plastic from the facility. Results of the plastic 
feedstock characterization are summarized below in Table 1. 

Table 1. Characterization of Plastic Feedstock Composition for Sustane’s Chester Facility 

Constituent 
Mean Concentration 

(mg/kg)

Standard Deviation, STD 

 (mg/kg)

Mean + 1 STD Concentration 

 (mg/kg) 

Silicon 3,540 2,188 5,728 

Nitrogen 2,357 1,699.6 4,056.6 

Chlorine 1,170 844.6 2,014.6 

Sulphur 238 120.4 358.4 

Bromine 32.6 33.3 65.9 

Herbicides ND(a) ND(a) ND(a)

Notes: 
(a) ND = Non-detect 

Representative composite feedstock samples of 15 to 20-gram (0.015 to 0.020 kg) in weight of 
feedstock samples were collected for analysis.3,4 There is expected to be considerable variability 
in the plastic composition both within a given batch and over time. Since the purpose of the 
evaluation by Ramboll in this report is to assess potential air quality impacts of the process based 

3 Strum Consulting (2019). Letter to Ms. Renata Mageste da Silva; Re: Pyrolysis Plastic Feedstock Update, Sustane 
Chester Pyrolysis Plant. December 5, 2019. 

4 For context: the design and permitted throughput rate for plastic feedstock at the Sustane facility is 12,000 and 
15,000 kg/day, respectively. 
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on the feedstock analysis relative to applicable AQSs, most of which are evaluated as 24-hour 
averages, these small sample size and temporal uncertainties were addressed by assuming that 
over the course of a 24-hour period, the variation in concentration is expected to approach the 
mean concentration. Therefore, the mean concentration plus one standard deviation was used as 
a reasonable worst-case estimate for mass input rate to the process (refer to the rightmost 
column in Table 1 above).  

3.2 Mass Output Scenarios 

3.2.1 Screening Mass Balance Scenario (100% NCG) 
As described in more detail in Section 6, the worst-case dispersion scenario for off-site 
contaminant concentrations was determined through preliminary modelling to be the scenario 
where 100% of the impurities from plastic feedstock are apportioned to the NCG stream. 
Emissions from the NCG sources (i.e., three process stacks and thermal oxidizer) are subject to 
the least favorable dispersion under worst-case meteorological conditions and, all else being 
equal, lead to the highest predicted off-property concentrations.5 Therefore, as an initial 
screening case using this mass balance approach, it was assumed that all impurities entering 
with the plastic feedstock would leave in the NCG stream as the constituent being evaluated 
(“screening case”). For example, if a certain mass of plastic feedstock contained 100 kg of 
chlorine, it was assumed that 100 kg of chlorine was exhausted as hydrochloric acid (or 102.8 kg 
as hydrochloric acid based on molecular ratios and weights) and 100 kg of chlorine was also 
exhausted as chlorobenzene (317.5 kg as chlorobenzene based on molecular ratios and weights), 
and so on. This is clearly unrealistic but is useful as a screening approach in that if a 
contaminant's off-site concentration can be shown to be well below the AQS under these 
assumptions, it is obvious that the realistic emissions of that contaminant can be expected to be 
well within compliance with the AQS. This reduces the efforts required to characterize the 
emissions profiles of compounds with insignificant risk of exceeding the AQS. 

The overall mass balance for the screening case is presented in Table 2 below, based on a 
permitted plastic feedstock throughput of 15,000 kg/day.  

Table 2. Mass Balance for Screening Case 

Constituent 
Feedstock Char NCG #1 Fuel Oil #2 Diesel 

(kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day)

Silicon 106.2 0 0 100 106.2 0 0 0 0 

Nitrogen 60.8 0 0 100 60.8 0 0 0 0 

Chlorine 30.2 0 0 100 30.2 0 0 0 0 

Sulphur 5.4 0 0 100 5.4 0 0 0 0 

Bromine 0.99 0 0 100 0.99 0 0 0 0 

3.2.2 OEM Test Case Mass Balance Scenario 
The foundation for this mass balance scenario, and the subsequent one presented in section 
3.2.3, is based on chemical analysis data from the OEM supplier; however, the impurities in 
Sustane’s plastic feedstock are present in higher concentrations (mg/kg) than the OEM supplier 
data, which was taken into consideration.  

5 The highest concentration relative to an alternative scenario in which some portion of these emissions is directed 
through the Boiler and/or Dryer at the nearby Demonstration Facility. 
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Specifically, the chemical analysis data for the plastic feedstock and char from the OEM supplier 
was used to calculate the percentages of feedstock impurities that were contained in the 
pyrolysis char. It was assumed that these percentages of impurities reporting to char could be 
applied directly to the higher concentrations of feedstock impurities at the Sustane facility.  A 
memo prepared by Veselin Milosevic6 describes the operating conditions and data interpretation 
for the analysis, which is included in Attachment A. The memo explains that the process 
conditions of the OEM’s pyrolysis system during the manufacturer’s test runs were somewhat 
different from Sustane’s typical process including the reformers’ operating temperatures and 
mixed plastics feed rate. Although the processes are not identical to the Chester facility, this 
analysis provides valuable insight into the amount of impurities that end up in the pyrolysis char 
(i.e., sink for constituents that do not result in air emissions from the facility) and these 
percentages have been used directly for the OEM Test Case scenario.  

The overall mass balance for the OEM Test Case scenario at the Chester facility is presented in 
Table 3(a) and (b) below, based on a 15,000 kg/day plastic feedstock throughput at the Sustane 
facility.  To add a layer of conservatism to this mass balance scenario, the impurities from 
feedstock were partitioned only between the char and the NCG stream, thus maximizing 
emissions from the sources with the worst dispersion parameters (i.e., no impurities in #1 and 
#2 fuels).

However, it must be noted that the contaminant levels in #1 and #2 fuel fractions are not 
insignificant based on fuel quality testing performed by Sustane. As discussed in Chapter 7, APC 
system(s) were found to be required to mitigate contaminant impurities in the NCG stream. So 
while it is conservative to apportion all impurities to the char and NCG stream, trace constituents 
in the #1 and #2 fuels streams may become dominant emission sources after mitigation in the 
NCG stream. As such, the impurity concentrations measured by Sustane in the fuels were used to 
calculate contaminant emission rates for the possible operating condition where Sustane may fire 
the Boiler and Dryer with these fuels. These Boiler and Dryer stack emissions were added to the 
above noted mass balance (i.e., apportioning 100% of impurities to the char and NCG streams) 
and as a result, there is slightly greater mass of impurity in the process outputs than plastic 
feedstock inputs. Additional details for this partitioning are discussed in Section 3.3.  

6 Milosevic (2020). Memo on Sustane Technologies Data used in the Plant Emissions Modeling by Ramboll. July 2020. 
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Table 3. OEM Test Case Mass Balance 

(a) OEM Analysis 

Constituent 

Feedstock Analysis Char Analysis 

Conc. 

(mg/kg) 

Feedstock 

Throughput 

(kg/day)

Constituent 

Throughput 

(kg/day)

Conc. 

(mg/kg) 

Feedstock 

Throughput 

(kg/day)

Constituent 

Throughput 

(kg/day)

Percent 

in Char 

(%) 

Silicon 843.1 

6,000 

5,058.4 20,940 

240 

5,025.6 99.4 

Nitrogen N/A(a) N/A(a) N/A(a) N/A(a) N/A(a)

Chlorine 919.6 5,517.5 20,560 4,934.4 89.4 

Sulphur 121.6 729.8 2,220 532.8 73.0 

Bromine 3.1 18.7 193 46.3 248.1 

(b) OEM Test Case Mass Balance 

Constituent 
Feedstock Char NCG #1 Fuel Oil #2 Diesel 

(kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day)

Silicon 106.2 99.4 105.5 0.6 0.7 0 0 0 0 

Nitrogen 60.8 N/A(a) 0 N/A(a) 60.8 0 0 0 0 

Chlorine 30.2 89.4 27.0 10.6 3.2 0 0 0 0 

Sulphur 5.4 73.0 3.9 27.0 1.5 0 0 0 0 

Bromine 0.99 100(b) 0.99 0 0 0 0 0 0 
Notes: 
(a) N/A = Not tested 
(b) Based on the estimated throughputs during sampling at the PK Clean facility, the resulting bromine mass in the 

char was greater than the mass in the feedstock, possibly attributable to heterogeneity of the plastic. Therefore, the 
absolute maximum of 100% was used for this mass balance. 

3.2.3 Design Case Mass Balance Scenario 
As noted above, the process conditions of the OEM’s pyrolysis system during the manufacturer’s 
test runs were somewhat different from Sustane’s typical process6, which could impact the 
apportionment to char and between the fuel/NCG streams. Further, as shown in Table 3(a) 
above, the OEM’s system testing is characterized by a very high mass partitioning of 
contaminants to the char stream with approximately 99% of Silicon, 89% of Chlorine, 73% of 
Sulphur and all Bromine reporting to char. While the manufacturer’s test conditions may be 
conducive to high partitioning to char, Sustane’s process conditions may differ and can vary over 
time. Some key differences between the manufacturer’s test conditions and the Chester process 
are outlined here including how some of these differences were addressed in developing the OEM 
Test mass balance scenario and the Design Case scenario.  

Feedstock throughput during the analysis was 6,000 kg/day, which is lower than the 
design and permitted throughput rate of 12,000 kg/day and 15,000 kg/day, 
respectively, at the Chester facility. The feedstock throughput may impact different 
process parameters including residence times and ultimately the partitioning of 
feedstock impurities between different process streams. The OEM’s feedstock throughput 
was not used directly in constructing a mass balance for the Chester facility shown in 
Table 3(b). Only the relative partitioning of contaminants in char was applied to the 
Chester process mass balance.  
The concentration of impurities in the plastic feedstock is higher for Sustane’s Chester 
facility compared to the OEM facility6, which may impact their relative partitioning 
between different process streams. In addition, the amount of char generated during the 
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test (240 kg/day) represents about 4% of the feedstock mass. While this is in the range 
expected at the Chester facility, the quantity of char can vary considerably (between 2% 
and 5%) depending on the process conditions. The amount of char generated may also 
affect the apportionment of contaminants adding to the uncertainty.  
The relative breakdown between other process streams including NCG, fuel #1 and fuel 
#2 during the OEM’s test also differs from the target process conditions at the Chester 
facility. According to Sustane, in the OEM’s test, fuel #2, fuel #1 and NCG streams 
accounted for approximately 49%, 33%, and 15% respectively of the total feedstock 
mass while under typical process conditions at Sustane’s facility, it is expected that the 
breakdown will be closer to 49%, 16%, and 33%, respectively.7 This is another source of 
uncertainty which could affect partitioning between different process streams including 
the content of contaminants remaining in char. At present it is not known how this 
varied product distribution may affect partitioning and there was no attempt to adjust 
the Chester facility mass balance to account for this difference. Relative partitioning of 
contaminants to char (i.e., as a percentage of plastic feedstock input) were assumed to 
be the same as the OEM’s test. 

Given the differences between the manufacturer’s test conditions and the operating conditions at 
Sustane’s Chester facility (including variability of conditions over time), the OEM Test Case mass 
balance presented in Section 3.2.2 may not capture closely the conditions at the Chester facility 
and may not represent the reasonable worst-case scenario for Sustane’s Chester process to 
reliably demonstrate that the Chester facility can comply with the AQSs under a range of normal 
operating conditions (i.e., a scenario typically used to design air quality engineering studies and 
explicitly required by NSE).2 These uncertainties and conservatism were addressed in an 
alternative mass balance scenario termed Design Case Scenario described below. 

The Design Case mass balance was developed by modifying certain assumptions and inputs in 
the manufacturer’s mass balance to produce a more conservative scenario which would be 
representative of a range of operating conditions including typical conditions expected at Sustane 
Chester facility. The Design Case mass balance was developed based on following considerations:  

Sustane expects that as much as 5% of the feedstock throughput may end up as char8;
although the OEM’s process can generate as little as 1.875% char. With less char, it is 
possible that more impurities will end up in the fuel or NCG streams. To account for 
variations in char production, the mass balance and relative partitioning of individual 
contaminant was recalculated based on a 1.875% char production rate using the same 
constituent concentrations measured at the OEM’s pyrolysis facility (Table 3). For 
comparison, based on the OEM Test Case scenario (i.e., 4% char), 89.4% of chlorine 
remains in char with 10.6% partitioning to the remaining process streams. Based on the 
Design case scenario (i.e., 1.875% char), 41.9% of chlorine partitions to char and 58.1% 
to the remaining process streams (NCG, #1 and #2 fuel oils).  
The manufacturer’s mass balance (Table 3(a)) implies that more than 100% of bromine 
is partitioned to char. To address this uncertainty, the following adjustments were 
implemented in the Design Case mass balance scenario: i) the reported bromine content 
in feedstock (3.1 mg/kg) was increased to 4.0 mg/kg which represents the mean 
measured value plus measurement error; the reported bromine content in char (193 

7 Email from Mark Savory (Sustane Technologies) to Nic Strum (Strum Consulting), dated May 7, 2020.  
8 Milosevic (2020). Memo on Sustane Technologies Data used in the Plant Emissions Modeling by Ramboll. July 2020. 
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mg/kg) was updated to 188 mg/kg which again, represents the measured value minus 
the measurement error. Using this approach and the conservative 1.875% char 
generation rate assumption, the bromine mass balance was resolved with the content in 
char estimated at 87.6% (instead of 248% in the original OEM Test Case mass balance). 
Therefore, about 12% of bromine is estimated to partition to other streams. 

The overall mass balance for the Design Case scenario at the Chester facility is presented in 
Table 4(a) and (b) below, based on the permitted 15,000 kg/day plastic feedstock throughput.  
It was, again, conservatively assumed that all impurities not apportioned to the char would be 
present in the NCG stream, thus maximizing emissions from the sources with the worst 
dispersion parameters (i.e., no impurities in #1 and #2 fuels).  As discussed in the following 
section, the contaminants in #1 and # 2 fuel fractions are added to the Design Case mass 
balance resulting in the overall balance outputs in excess of 100% of the inputs; the same 
approach taken for the OEM Test Scenario described in Section 3.2.1.

Table 4. Design Case Mass Balance Scenario at Sustane’s Chester Facility 

(a) OEM Analysis 

Constituent 

Feedstock Analysis Char Analysis 

Conc. 

(mg/kg) 

Feedstock 

Throughput 

(kg/day)

Constituent 

Throughput 

(kg/day)

Conc. 

(mg/kg) 

Feedstock 

Throughput 

(kg/day)

Constituent 

Throughput 

(kg/day)

Percent 

in Char 

(%) 

Silicon 843.1 

6,000 

5,058.4 20,940 

112.5 

2,355.8 46.6 

Nitrogen N/A(a) N/A(a) N/A(a) N/A(a) N/A(a)

Chlorine 919.6 5,517.5 20,560 2,313.0 41.9 

Sulphur 121.6 729.8 2,220 249.8 34.2 

Bromine 4.0 24.2 188 21.2 87.6 

(b) Design Case Mass Balance for Sustane’s Chester Facility 

Constituent 
Feedstock Char NCG #1 Fuel Oil #2 Diesel 

(kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day) (%) (kg/day)

Silicon 106.2 46.6 49.5 53.4 56.7 0 0 0 0 

Nitrogen 60.8 N/A(a) 0 N/A(a) 60.8 0 0 0 0 

Chlorine 30.2 41.9 12.7 58.1 17.6 0 0 0 0 

Sulphur 5.4 34.2 1.8 65.8 3.5 0 0 0 0 

Bromine 0.99 87.6(b) 0.87 12.4 0.12 0 0 0 0 
Notes: 
(a) N/A = Not tested 
(b) Even at 1.875% char, the resulting bromine mass in the char was greater than the mass in the feedstock, possibly 

attributable to heterogeneity of the plastic. The percentage was adjusted to 100% for the mass balance.

3.3 Impurities in Fuels 
As noted above, the mass balances assume all contaminants generated by the process are 
apportioned between the char and the NCG stream in order to maximize emissions from the 
sources combusting NCG (i.e., the sources with the worst dispersion parameters). However, it is 
expected that some relatively small amounts of these contaminants will be apportioned to the 
fuel streams under actual operating conditions.  
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Although a portion of these fuels produced by the pyrolysis process are intended to be sold as 
commercial grade fuels to off-site users, other on-site processes such as boilers and biomass 
dryers may use some of the fuels as well.

As shown in subsequent sections, some of the contaminants in the NCG stream (originating from 
the feedstock impurities) may require treatment by APC systems prior to release to atmosphere. 
Therefore, after removal of the constituents in the NCG stream, it is possible that any 
contaminants that are apportioned to the #1 fuel oil and #2 diesel streams could become the 
dominant emission sources at the facility if these fuels are consumed on-site. Therefore, it is 
necessary to evaluate impacts from these emissions to determine if these sources also require 
mitigation to meet applicable AQS. 

Based on fuel quality testing results, Sustane determined that the Chester facility will purify their 
raw fuel products to reduce sulphur content to enhance its market value. According to Sustane, 
some chlorine in the fuels is also removed during the purification process. The complete set of 
fuel quality testing results (i.e., impurity concentrations  in mg per kg fuel) for both raw and 
purified liquid fuel products at the Chester facility are presented in Table 5. 

Table 5. Fuel Quality of Raw and Purified Products from Sustane’s Chester Facility 

Quality Parameter Raw #1 (mg/kg) Purified #1 (mg/kg) Raw #2 (mg/kg) Purified #2 (mg/kg) 

Sulphur 20 < 10 60 <10 

Particulates 1 < 0.5 > 5 < 0.5 

Chlorine ~ 50(a) < 20 ~ 100(a) < 20

Bromine < 1 < 0.5 < 1 < 0.5 

Silicon < 5 < 0.01 < 50 < 0.01 
Notes: 
(a) Chlorine content was not measured in the raw fuels. These values were estimated by Sustane. 

The fuel quality analysis in Table 5 demonstrates that some constituents are present in the raw 
fuel products, which verifies that the assumption for the three mass balances above to allocate 
all impurities not in char to the NCG stream is a conservative approach. 

After purification, the concentrations of all impurities were less than their respective detection 
limits. Still, since a large quantity of fuel is produced in the pyrolysis process, a constituent’s 
concentration near its detection limit could translate to a notable mass in the fuel. For example, a 
chlorine concentration just less than 20 mg/kg in #2 diesel fuel (i.e., the detection limit) 
translates to ~0.15 kg/day at 7,380 kg/day of #2 diesel fuel production for the permitted 15,000 
kg/day feedstock throughput. By contrast, the amount of chlorine in NCG for the OEM Test and 
Design Case scenarios was between 3.2 and 17.6 kg/day (refer to Table 3 and Table 4 above, 
respectively). After mitigation from the NCG stream (assuming 99% removal efficiency), the 
remaining chlorine would be only between 0.032 and 0.176 kg/day. Now, the chlorine in the #2 
diesel fuel could potentially become the dominant source of chlorinated species emissions from 
the combustion equipment at the Chester facility if it is consumed on-site and the concentration 
is near the 20 mg/kg detection limit.9

9 Calculated as the portion of #2 diesel fuel that could be combusted in the dryer based on its burner capacity  
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Therefore, emissions of constituents from the impurities in #2 and #1 fuels were also evaluated 
as part of this assessment by modelling them along with emissions developed from the OEM Test 
and Design Case scenarios above. Including these emissions will “double-count” a proportion of 
the impurities in the mass outputs (i.e., mass outputs will be slightly higher than mass inputs 
from the feedstock) and is thus, conservative. 

To estimate emissions, Ramboll used the fuel quality results for raw fuels instead of purified fuels 
to allow for some operational flexibility (e.g. in the event that Sustane measures a detectable 
concentration in the purified fuels during operation). Specifically, Ramboll used this data to 
calculate the mass as a percentage of total plastic feedstock impurities (rather than the absolute 
raw fuel concentrations in mg/kgfuel) to estimate emissions for both the OEM Test and Design 
Case scenarios. Table 6 and Table 7 present the concentrations (in mg per kg fuel) of 
contaminants measured in raw #1 and #2 fuel streams at the Sustane facility and as a 
percentage of total plastic feedstock impurities for the OEM Test and Design Case scenarios, 
respectively.   

It is noteworthy that when added to the existing mass balance, these liquid fuel concentrations 
can result in a mass balance in excess of 100% for some species (e.g. bromine and sulphur) 
even if no impurities were present in NCG, which is unrealistic. For example, in the case of OEM 
Test Case scenario, 5.4% and 24.0% of total feedstock sulphur is present in #1 and #2 fuels and 
73.0% of total feedstock sulphur is apportioned to the char (refer to Table 3). Therefore, the 
total sulphur mass outputs represent 102.4% of the mass input, even without any sulphur in the 
NCG stream, which is unrealistic. This is important because it further highlights the variability 
and uncertainty in the analysis and thus, the need for the above Design Case mass balance to 
ensure realistic concentrations are used as the basis for this air emissions estimation study. 

Table 6. OEM Test Case: Estimated Raw Fuel Composition and Corresponding Fractions of Plastic Feedstock:  

Quality

Parameter 

 Raw Fuel #1  Raw Fuel #2 

 (mg/kg) (as % of feedstock)  (mg/kg) (as % of feedstock) 

Sulphur 20 5.4 60 24.0 

Particulates 1 - > 5 -

Chlorine ~ 50(a) ~1.8 ~ 100(a) ~5.3 

Bromine < 1 <10.5 < 1 <15.6 

Silicon < 5 <0.2 < 50 <2.9 
Notes: 
(b) Chlorine content was not measured in the raw fuels. These values were estimated by Sustane. 
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Table 7. Design Case: Estimated Raw Fuel Composition and Corresponding Fractions of Plastic Feedstock:  

Quality

Parameter 

 Raw Fuel #1  Raw Fuel #2 

 (mg/kg) (as % of feedstock)  (mg/kg) (as % of feedstock) 

Sulphur 20 2.6 60 24.3 

Particulates 1 - > 5 -

Chlorine ~ 50(a) ~0.8 ~ 100(a) ~5.4 

Bromine < 1 <5.0 < 1 <15.8 

Silicon < 5 <0.1 < 50 <2.9 
Notes: 
(c) Chlorine content was not measured in the raw fuels. These values were estimated by Sustane. 

In the case of dioxins and furans, the conservative use of raw fuel quality data for chlorine would 
result in an exceedance of the AQS, assuming the boiler and dryer consume the maximum 
amount of fuel possible based on their burner’s heat input capacity.10  Therefore, in this case 
only, the purified fuel quality parameters for chlorine were used to calculate emissions. That is, 
20 mg/kg chlorine in purified #1 and #2 fuels (i.e., the detection limit of the analysis since 
chlorine was not detected in liquid fuels after purification) was used for the mass balance and 
ultimately, to calculate the D/F emissions. 

10 The maximum consumption rate of oil fuels is estimated as: 1,872 kg/day of #1 fuel (100% of anticipated #1 fuel 
production rate) and about 2,362 kg/day of #2 fuel (approximately 40% of anticipated #2 fuel production rate)  



Sustane Chester Inc. - Air Dispersion Modelling Report 

16 

4. FEEDSTOCK CONSTITUENTS: INDIVIDUAL SPECIES 
EVALUATIONS

As described in Chapter 3, the process mass balance scenarios and fuel #1 and #2 testing data 
were used to determine the partitioning of feedstock constituents and their loading in each of the 
process streams. The emissions of contaminants related to each impurity (e.g. hydrochloric acid 
from chlorine mass balance) were then estimated based on certain assumptions and 
understanding on how the constituents speciate under combustion conditions. Emission estimates 
were developed using different levels of refinement. Screening level emissions represent those 
that were estimated using the most conservative and simplest approach which relies on well-
established generic assumptions on contaminant partitioning or speciation as recommended by 
regulatory agencies. Where necessary, refined approaches take into consideration additional 
information from scientific literature to account for specific operating conditions that determine 
speciation and partitioning. This section describes the general methodology and assumptions 
used to speciate feedstock constituents into individual contaminants and develop their emission 
estimates for the combustion of NCG, fuel #1 and fuel #2.  

4.1 Chlorine 

4.1.1 Contaminant Loading 
Total chlorine (Cl) content measured in Sustane’s plastic feedstock samples was 0.117% by mass 
on average. The chlorine in the plastic is expected to be predominantly organically bound, that is 
due to traces of PVC and other impurities present in plastics in the feedstock. For all scenarios 
including Screening, OEM Test, and Design Case, the mass balance was developed assuming a 
feedstock chlorine content equal to the average + 1 standard deviation or 0.2015% (see Table 
1).  Based on the OEM Test and Design Case scenario, between 42% and 89% of chlorine from 
the feedstock is estimated to remain in char; the balance being apportioned to the remaining 
process streams. 

The total loading of chlorine expected to be emitted from the process is 3.2 kg/day and 17.6 kg 
day for the OEM Test and Design Case scenario, respectively. 

4.1.2 Speciation and Partitioning 
Partitioning of chlorine between different process streams is driven by the complex chemistry of 
chlorine under high temperatures. Chlorine can take part in a multitude of reactions,11 potentially 
producing dozens of different Cl-containing species12 with different chemical and physical 
properties. While there are no specific data on the speciation of chlorine in Sustane’s process, 
published data on pyrolysis processes involving comingled plastics (feedstocks containing trace 
amounts of chlorine) as well as Cl-rich plastics, such as PVC, suggest that hydrochloric acid (HCl) 
is one of the most abundant Cl species formed during pyrolysis. This is consistent with the 
general chemistry of chlorine in other high-temperature applications with or without the presence 

11 Procaccini C. (1999). The Chemistry of Chlorine in Combustion Systems and the Gas Phase Formation of 
Chlorinated and Oxygenated Pollutants, PhD Thesis, August 12, 1999. 

12 Miranda et al. (2001). Vacuum pyrolysis of commingled plastics containing PVC. II. Product analysis, Polymer 
Degradation and Stability, Vol 73, pp. 47-67. 
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of oxygen.13,14,15,16,17,18 The reported speciation/partitioning of total chlorine to HCl under similar 
high-temperature conditions whether in pyrolysis or combustion could be as high as 90% and 
100%. Data on pyrolysis of both plastics with high Cl content (PVC) and low Cl content (traces of 
Cl in comingled plastics) suggest that de-chlorination or de-hydrochlorination of plastics 
(accompanied by generation of gas-phase HCl) proceeds at temperatures between 300 and 
350°C. 19,20,21  Notably, these HCl formation temperatures are lower than the operating 
temperatures of the plastic extruders, upstream of the pyrolysis reformers.22

The remaining Cl in such systems is expected to be present as chlorine gas (Cl2) and a variety of 
organic chlorine derivatives including aliphatic and aromatic chlorinated VOCs (e.g. ethylene 
chloride, chlorobenzene, benzyl chloride, chlorinated phenol) and semi-volatile chlorinated 
derivatives including chlorinated dioxins (PCDD), furans (PCDF), and polychlorinated biphenyls 
(PCBs).

4.1.3 Processes Generating Air Emissions and Expected Generation Rates 
HCl and Cl2 are expected to be the dominant chlorine-based constituents in the NCG stream and 
will contribute to the formation of other organic chlorinated derivatives during its combustion. 
Minor amounts of volatile Cl derivatives (e.g. SiCl4, EDC) could be also present in NCG. These 
species are expected to be readily destructed at the flame temperatures in the reformers’ 
burners and thermal oxidizer.23  Destruction of these compounds would lead to the formation of 
Cl radicals which, in the presence of hydrocarbons can recombine into HCl (complete 
combustion/thermal destruction product), Cl2, and to a lesser extent, incorporate into other more 
stable chlorinated derivatives including CDD/CDFs (incomplete combustion products).  The same 
applies to the combustion of fuel #1 and #2. The liquid fuels chlorine load would consist of  some 
heavy chlorinated derivatives (heavier than those in NCG), a large portion of which is expected to 
be destructed during combustion, generating predominantly HCl. To a lesser extent these 
compounds can also act as precursors and lead to the formation of other chlorinated derivatives 
including dioxins. 

13 HCl represents the final and one of the most dominant and stable thermal decomposition and combustion products 
of organic chlorine compounds, analogous to CO2 in hydrocarbon combustion. 

14 Yuan et. al. (2020). Synergistic Effect and Chlorine-Release Behaviors During Copyrolysis of LLDPE, PP, and PVC, 
ACS Omega. Vol. 5, pp. 11291 11298. 

15 Lu et. al. (2019). Review on fate of chlorine during thermal processing of solid wastes, J. Env. Sciences. Vol. 78, 
pp. 13 28. 

16 Jafari et. al. (2009). Determination of HCl and VOC Emission from Thermal Degradation of PVC in the Absence and 
Presence of Copper, Copper(II) Oxide and Copper(II) Chloride, E-Journal of Chem. 6/3 pp. 685 692. 

17 AP 42, Fifth Edition, Volume I Chapter 2: Solid Waste Disposal, Section 2.3 Medical Waste Incineration, July 1993. 
18 AP 42, Fifth Edition, Volume I Chapter 2: Solid Waste Disposal, Section 2.1 Refuse Combustion, October 1996. 
19 Huggett et al. (1987). Toxicity of the Pyrolysis and Combustion Products of Poly (Vinyl Chlorides): A Literature 
Assessment, Fire and Materials, 11, pp. 131-142. 

20 Miranda et al. (2001). Vacuum pyrolysis of commingled plastics containing PVC. II. Product analysis, Polymer 
Degradation and Stability, 73, pp. 47-67. 

21 Yuan et. al. (2020). Synergistic Effect and Chlorine-Release Behaviors During Copyrolysis of LLDPE, PP, and PVC, 
ACS Omega. Vol. 5, pp. 11291 11298. 

22 Strum (2018). Industrial Approval Application – Plastic to Fuel Conversion, 25 Ranbow Drive, Sherwood, NS, 
November 9, 2018 (2018). 

23 USEPA. (1984). Environmental Characterization of Disposal of Waste Oils in Small Combustors, Ap-42 Section 
1.11, EPA 600/2084-150, September 1984. 
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HCl and Cl2
Given that HCl is one of the most dominant (abundant) Cl byproducts in fuel combustion (NCG, 
#1 and #2 fuel), its emissions were estimated conservatively assuming the total available 
chlorine which did not remain in char (e.g. 58% of the total chlorine in the Design Case scenario) 
is converted into HCl and emitted as is during NCG combustion. HCl emission estimates are 
based on the mass balance only and the assumption that all available Cl is in form of HCl.    

Chlorine gas is expected to be the second most abundant Cl species after HCl; although it is 
generated at significantly lower yields under typical combustion conditions.24,25 For this 
assessment, Cl2 emissions were refined assuming that as much as 10% of the total Cl load in 
NCG (or 5.8% of total chlorine in the Design Case scenario) will speciate to Cl2, which is a 
conservative assumption.   

Emissions of HCl and Cl2 from burning Fuel #1 and #2 were estimated using the same approach. 
The maximum estimated content of Cl in the Fuel #1 and #2 0.8% and 5.4% of total Cl in the 
plastic feedstock, respectively, for the Design Case scenario (refer to Table 7).  

Chlorinated Volatile Organic Species 
Chlorinated VOCs (CVOCs) such as chlorobenzenes or ethylene dichloride can form during both 
pyrolysis and combustion.26,27 However, assuming they are generated during pyrolysis, they are 
also expected to be destructed to a large extent during combustion. Both phenomena (formation 
and destruction of CVOCs) were considered in estimating their emission rates. For example, 
assuming these species form predominantly during pyrolysis their physical properties (boiling 
points) suggest they will condense and partition predominantly in liquid fractions. Assuming that 
the total amount of species formed (i.e. 58% of the total chlorine for the Design Case) is 
incorporated into NCG stream, they would be destructed fairly efficiently during combustion with 
reported destruction efficiencies (DRE) in excess of 99.9%.  

In this specific case the rate of the formation of these compounds at high temperature was 
estimated based on the total chlorine load. Comparison of emission factors for HCl and CVOCs in 
refuse incineration and waste fuel combustion indicates that CVOCs uncontrolled emission factors 
are at least 3 orders of magnitude lower than those of uncontrolled HCl emissions.28 These 
CVOCs/HCl emission factor ratios were used, in combination with the total estimated HCl 
emissions, to  estimate the maximum potential yields of formation of benzylchloride, 
chlorobenzene, and ethylene dichloride. This second approach resulted in somewhat more 
conservative emission estimates and were subsequently used to estimate modelled emissions.  

Silicon Tetrachloride 
Silicon tetrachloride emissions were estimated assuming that the contaminant was generated in 
pyrolysis and partitioned and speciated throughout the process using following assumptions: i) 

24 Procaccini C. (1999). The Chemistry of Chlorine in Combustion Systems and the Gas Phase Formation of 
Chlorinated and Oxygenated Pollutants, PhD Thesis, Massachusetts Institute of Technology, August 12, 1999. 

25 Sun et. al. (2000). The Effect of Coal Combustion Flue Gas Components on Low-Level Chlorine Speciation Using 
EPA Method 26A, J. Air & Waste Manage. Assoc. Vol 50. pp. 936-940. 

26 USEPA. (1994). Locating and Estimating Air Emission Sources of Chlorobenzenes (Revised), EPA-454/R-93-044, 
March 1994.

27 Miranda et al. (2001). Vacuum pyrolysis of commingled plastics containing PVC. II. Product analysis, Polymer 
Degradation and Stability, Vol 73, pp. 47-67. 

28 Being the dominant Cl species in such systems, HCl emissions can be also considered a measure of the total Cl 
load in those systems. 
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total available chlorine (58% for the Design Scenario) is speciated to SiCl429; ii) 100% of the 
SiCl4 in the reformer gas is to remain in NCG although some considerable fraction is expected to 
condense given its boiling point is 57 C.; iii) final emissions were estimated assuming a DRE of 
98% during combustion of NCG. 

Chlorinated Dioxins/Furans (PCDD/PCDF) 
Chlorinated dioxins and furans and dioxin-like compounds represent a special group of organic 
chlorinated derivatives. Unlike CVOCs, these compounds form only in the presence of oxygen.   
Therefore, the potential for dioxins formation in pyrolysis is negligible; they are expected to be 
generated primarily during combustion in the presence of Cl species including HCl, Cl2 or CVOCs.  

PCDD/PCDF emissions associated with combustion of NCG are estimated based on the reported 
yield and speciation of chlorinated dioxins/furans during combustion of gaseous fuels such as 
propane, acetylene, and natural gas with some Cl load.30,31,32,33 The reported yields (in grams of 
PCDD/PCDF formed per total grams of Cl load) and corresponding PCDD/PCDF speciation profiles 
were used to estimate the total toxicity equivalent (TEQ) emission factors. The overall TEQs 
emission factors ranged between  1x10-11 g TEQ CDD/Fs per g of total Cl load for clean burning 
(without pre-existing particulate load) to 6.6x10-8 g TEQ CDD/Fs per g of total Cl for combustion 
of gaseous fuel in the presence of fly ash and metals which could catalyze the dioxin formation 
reaction. The PCDD/PCDF emissions associated with NCG combustion were estimated using the 
conservative emission factor of 6.6x10-8 g TEQ CDD/Fs per g of total Cl given it is evaluated at 
the conditions more representative of the actual process conditions which will include some pre-
existing particle load and potentially traces of metals.  

A similar approach was used to estimate PCDD/PCDF emissions from liquid fuel burning.34,35 In 
this case the emission factors considered included data on the formation of dioxins/furans during 
combustion of liquid fuels (waste fuels and fuel oils) with some Cl load. 

The reported yields and corresponding speciation profiles were used to estimate overall TEQs 
emission factors which ranged between  3x10-9 g TEQ CDD/Fs per g of total Cl load for cleaner 
fuel oils spiked with Cl-based contaminant to 3x10-7 g TEQ CDD/Fs per g of total Cl for the 
combustion of waste fuels with chlorine load and other impurities such as PAHs, particulate 
matter, and metal. The derived emission factors at the high end of the range are comparable to 
the uncontrolled emission factors for certain solid waste incineration systems which were 
estimated at about 4x10-7 g TEQ CDD/Fs per g of total Cl load.36  The PCDD/PCDF emissions 

29 Note that Cl is the limiting constituent in the feedstock, not silicon. 
30 USEPA. (1996). AP-42 Chapter .2.1 Refuse Combustion, October 1996. 
31 USEPA. (2003). Exposure and Human Health Reassessments of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and 
Related Compounds, Draft, Chapter 2, EPA/600/P-00/001Cb, December 2003.

32 Froese et. a. (1996). Polychlorinated Benzene, Phenol, Dibenzo-p-dioxin, and Dibenzofuran in Heterogeneous 
Combustion Reactions of Acetylene, Environ. Sci. Technol. 30. pp. 998-1008. 

33 De Fre et al. (1989). PCDD and PCDF Formation from Hydrocarbon Combustion in the Presence Hydrogen 
Chloride, Chemosphere, Vol 19, pp. 331-336.

34 USEPA. (1984). Environmental Characterization of Disposal of Waste Oils in Small Combustors, Ap-42 Section 
1.11, EPA 600/2084-150, September 1984. 

35 De Fre et al. (1989). PCDD and PCDF Formation from Hydrocarbon Combustion in the Presence Hydrogen 
Chloride, Chemosphere, Vol 19, pp. 331-336. 

36 AP 42, Fifth Edition, Volume I Chapter 2: Solid Waste Disposal, Section 2.1 Refuse Combustion, October 1996. 
Table 2.1-8 and Table 2.1-9. 
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associated with fuel #1 and #2 combustion were estimated conservatively using the waste 
incineration emission factor of 4x10-7 g TEQ CDD/Fs per g of total Cl load. 

4.1.4 Modelling Results and Comparison to Air Quality Standards  
Chapter 7 presents a more complete discussion of the overall modelling results, however, given 
the importance and complexity of the chlorine emissions, a brief discussion of the results is 
presented here. 

HCl and Cl2
Based on the Screening mass balance scenario, the peak off-property concentration of HCl is 
36.2 µg/m³ or 181% of its applicable AQS of 20 µg/m³. Based on the OEM Test and Design Case 
emission rates, the maximum predicted concentrations are at 21% and 106% of AQS, 
respectively, suggesting that emissions could potentially cause an exceedance of the AQS and an 
APC system may be necessary.  

The maximum impacts of Cl2 are expected to be well below their respective AQS. Based on the 
refined OEM Test Case and Design Case scenarios, the peak off-property concentrations for a 10-
minute averaging period are predicted to be at less than 1% and 4% of their applicable AQS, 
respectively.  For a 24-hour averaging period, concentrations were predicted to be at 4% and 
20% of the applicable AQS, respectively. 

Chlorinated Volatile Organics 
All chlorinated VOCs with the exception of benzylchloride were screened out using the Screening 
mass balance scenario with the predicted peak off-property concentrations in the range from less 
than 1% to 49% of their respective AQS. Using refined emissions, the maximum concentrations 
of benzylchloride were estimated to be well below its AQS of 0.1 µg/m³, that is at 13% and 72% 
of the standard for the OEM Test and Design Case scenarios, respectively. 

Silicon Tetrachloride 
Based on the Screening scenario, the modelled peak off-property concentration of SiCl4 is 126% 
of the applicable AQS of 35 µg/m³. Using refined emissions, the maximum predicted 
concentrations for the OEM Test and Design Case scenario are at 17% and 75% respectively of 
the applicable standard.  

Dioxins and Furans 
Using the refined emission estimates presented in Section 4 in combination with purified fuel #1 
and #2 composition, the maximum modelled CDD/Fs concentration of 1.35E-6 g TEQ/m3 is 
predicted to exceed the Ontario AQS of 0.1 pg TEQ/m3 by 1347%. Compliance with the Ontario 
AQS would require some form of APC depending on the assumption made around the various 
emissions scenarios. 

This standard in Ontario is known to be one of the most stringent amongst several other 
jurisdictions and may represent a regulatory objective that may be difficult to meet. However, 
careful consideration is required to ensure that comparable toxicity information is used so that 
relevant comparisons can be made to other regulatory limits before considering whether active 
control is required. 
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4.2 Bromine
The average value of total bromine (Br) content in Sustane’s feedstock is 0.00326%. For all 
scenarios, the content was assumed to be average plus one standard deviation or 0.00659%. 
The trace amounts of bromine in feedstock are likely associated with the presence of plastics with 
brominated flame retardants. High-temperature chemistry of bromine is similar to that of 
chlorine, with hydrogen bromide (HBr) and brominated organic derivatives expected to be the 
most common products. HBr and some of the lighter/low substitute organic derivatives are gases 
at 25 °C meaning that they could partition in NCG while the majority of other products would 
condense with the two fuel fractions.  

The screening scenario (Table 2) represents the most conservative scenario based on the 
assumption that the total mass of Bromine from feedstock is incorporated in NCG and it speciated  
entirely into any given contaminant (Br2, HBr, or SiBr4). Using this overly conservative approach 
all Br-based contaminants with the exception of SiBr4 would be well below their applicable AQS. 
At 1.28 µg/m3, SiBr4, at is predicted to be only 2% above its AQS of 1.25 µg/m³.  This analysis 
suggests that as long as there is some minimum degree of partitioning of Br between process 
streams (char, liquid fuel and NCG) and/or some degree of chemical speciation (SiBr4 is not the 
only brominated product) brominated contaminants are expected to be below their applicable 
standards. 

4.3 Nitrogen 
An average nitrogen content in the Sustane feedstock is 0.236%. Emissions for all scenarios were 
estimated assuming the average content plus one standard deviation or 0.406%. Nitrogen 
content was not tested in OEM’s feedstock and char, nor in Fuels #1 and #2. Partitioning of 
nitrogen was therefore estimated using data from literature which suggest that under comparable 
condition about 50% of nitrogen remains in char. It has been also documented that nitrogen is 
incorporated into liquid fuels.  Emission estimates for both the OEM Test and Design Case 
scenario are based on the conservative assumption that nitrogen from feedstock partitions only 
between char and NCG (50-50) while recognizing that in practice, the 50% allocated to NCG 
would also partition between liquid fuel streams.37,38

Emissions of nitrogen-based contaminants (NO2, NH3, HCN) in NCG were estimated considering 
mass balance only. No partitioning due to speciation of N to the three different contaminants was 
considered. That is, total N is assumed to convert entirely into each of these three species. NO2

emissions were estimated as the sum of fuel N and thermal N (i.e., NO2 from N generated during 
combustion). The thermal nitrogen is estimated using NOx emission factors for combustion of 
similar fuel, that is propane.39, Given the nitrogen content in Fuel #1 and #2 is not known, and 
that these fuels may undergo purification to bring them to the commercial quality, NO2 emissions 
associated with burning these fuels are based only on thermal nitrogen, that is based on NOx

37 Chen et al. (2012). Fuel-N Evolution during the Pyrolysis of Industrial Biomass Wastes with High Nitrogen Content. 
Energies (5), pp. 5418-5438. 

38 Broer. K.M. (2014). Partitioning of fuel bound nitrogen in biomass gasification, Ph.D. Thesis, Iowa State 
University. 

39 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.5 Liquified Petroleum Gas 
Combustion, July 2008. (Table 1.5-1) 
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emission factors for comparable fuel (i.e. diesel).40  Based on this conservative approach, NO2

concentrations were predicted to be at 64% of the applicable AQS of 400 µg/m³.  

Emissions of NH3 and HCN from NCG burning were estimated using the Screening mass balance 
approach assuming that all nitrogen from feedstock is converted entirely to NH3 or to HCN and it 
apportioned entirely to NCG.  Since these species readily combust in flame, the final emissions 
from the thermal oxidizer and reformer stacks were estimated assuming a DRE of 98%. Using 
this approach, the maximum predicted impacts for NH3 and HCN are well below their respective 
AQS, that is at 2% and 34% of the standard, respectively. 

4.4 Silicon
Total silicon (Si) in feedstock for all scenarios was assumed to equal the average value plus one 
standard deviation or 0.5728% by mass (see Table 1).41 This trace amount of silicon is likely 
present as polymerized siloxanes or silicate impurities. Once heated, some of the silicon-based 
species can form volatile methyl siloxanes (VMS). Many of these VMS have boiling points 
between 99oC and 245oC42, well below the temperature of the extruders at the Sustane plant. In 
this case, some of the gaseous siloxanes will be directed to the thermal oxidizer from the 
extruders via the reformers. Further, only a portion of the siloxanes are expected to be 
condensed in the condenser train. Other silicon-based species, such as trace silica and silicates 
are expected to be removed from the process with the char and perhaps some negligible 
quantities in the fuels.  

In the combustion process, siloxanes readily form submicron silica particles (SiO2), which forms 
deposits on the combustion surfaces.42,43,44 It is worth noting that trace amounts of silanes 
(SinH(2n+2)) may be present in the NCG stream, but these compounds would also be expected to 
readily undergo combustion to form SiO2.

The applicable AQS for SiO2 is 5 µg/m³ over a 24-hour period regardless of its form / structure 
(e.g. cristabolite, tridymite), except for fumed silica which has an AQS of 1 µg/m³ over a 24-hour 
period. SiO2 particulates from the combustion of siloxanes are classified as fibrous dusts44 and 
microcrystalline quartz44 while fumed silica is synonymous with amorphous silicon dioxide. 
Further, fumed silica is typically formed via combustion of silicon tetrachloride, not siloxanes.45

Therefore, the applicable AQS is 5 µg/m³ over a 24-hour period for SiO2.

Based on the OEM Test and Design Case scenarios, uncontrolled emission rates (discussion 
presented previously), peak off-property concentrations of SiO2 may range from 2.4 to 111.4 
µg/m³ over a 24-hour period, respectively. That is, uncontrolled emissions would be above 
applicable AQS without APC. 

40 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. (Table 1.3-1).

41 Conservative estimate since insufficient data was available to give statistics on the measured value. 
42 Yentekakis and Goula (2017). Biogas Management: Advanced Utilization for Production of Renewable Energy and 
Added-Value Chemicals. Frontiers in Environmental Science. Vol. 5, Article 7. 

43 Soreanu et al. (2011). Approaches Concerning Siloxane Removal from Biogas: A Review. Canadian Biosystems 
Engineering. Vol. 53, 8.1 – 8.18. 

44 Shen et al. (2018). A Review on Removal of Siloxanes from Biogas: with a Special Focus on Volatile 
Methylsiloxanes. Environmental Science and Pollution Research. Vol. 25, 30847-30862.

45 Ha et al. (2013). Chapter 4 - Dental and Skeletal Applications of Silica-Based Nanomaterials. Nanobiomaterials in 
Clinical Dentistry. 
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Therefore, based on these results, it is necessary to install an APC system capable of achieving at 
least 96.5% removal efficiency for SiO2 to ensure the Design Case scenario meets the applicable 
AQS. Viable options for such an APC system are discussed in subsequent sections. 

It is possible that Si compounds can also form trace amounts of silicon nitride (Si3N4) and water 
in the combustion process; although the dominant reaction produces SiO2, carbon dioxide and 
water, according to literature.42,43,44 Even if 10% of the silicon in NCG under the Design Case 
scenario were converted to silicon nitride, the resulting concentration would be below its 
applicable AQS of 15 µg/m³ over a 24-hour period.46

4.5 Sulphur
The average value of total sulphur (S) content in Sustane’s feedstock is 0.0238%. Emissions for 
all scenarios are based on the average content plus one standard deviation or 0.0358%. Based 
on the Design Case mass balance, approximately 36% of sulphur from feedstock remains in char 
with the remaining mass partitioning between NCG and Fuel #1 and #2 fractions. Emissions of 
SO2 are based on the screening scenario and the assumption that 100% of feedstock Sulphur 
partitions in NCG and is converted to SO2.    

The NCG emissions of H2S for the screening case were estimated assuming that initially (during 
pyrolysis) all sulphur (64% of feedstock mass) is converted to H2S which is then combusted in 
the thermal oxidizer and reformer burners at DRE of 98%. H2S emissions from Fuel #1 and #2 
were estimated assuming that about 2% of the total fuel sulphur is emitted in this reduced form 
(H2S).  

The screening emissions for sulphuric acid mist for both NCG and Fuels #1 and #2 were 
calculated assuming that 10% of the total estimated SO2 emission would be in form of acid mist. 
This is a conservative estimate based on the USEPA AP-42 emission factor for acid mist according 
to which up to 5% of total SO2 emissions could contribute to the formation of acid mist.47,48

Using the Screening case emission estimates described above the peak off-property 
concentrations for all three sulphur contaminants are predicted to be well below their respective 
AQS. 

46 Siloxanes are to be controlled to mitigate SiO2 emissions, as discussed later in the section so silicon nitride 
formation is expected to be negligible regardless. 

47 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. 

48 USEPA (1998), Guidance for Reporting Sulfuric Acid (acid aerosols including mists, vapor, gas, fog, and other 
airborne forms of any particle size), EPA-745-R-97-007, p. 9, March 1998 
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5. OTHER CONTAMINANTS: EMISSION FACTOR BASED 
APPROACH

Emissions of the contaminants such as non-chlorinated VOCs or PAHs which are not directly 
associated with feedstock impurities were estimated using published emission factors for similar 
processes. In general, emissions were estimated using emission factors and speciation profiles 
for the combustion sources and commercial fuels which most closely correspond to the type of 
sources and fuels associated with the Project. The emission factor-based approach was used also 
in the case when contaminant content in feedstock is not known. To account for the uncertainty 
in feedstock composition, emissions were based on the emission factors for other fuel types 
which are expected to represent conservative surrogates with respect to these contaminants.  

5.1 Particulate Matter 
Particulate matter (PM) including ash content in NCG is expected to be higher than in commercial 
grade gases (propane or natural gas) because some fine particulate matter generated in 
pyrolysis may be entrained in NCG as well as taken up by fuel #1 and #2 fractions.  The 
existence of low velocity zones in the process (prior to reformer gas entering condensation train) 
are expected to help deposit larger particulates and reduce the overall particulate load in the final 
process streams. The preexisting particulate load in NCG cannot be readily estimated. In 
addition, secondary aerosols can form due the presence of organic carbon, sulphur and nitrate-
contaminants. Particulate matter emissions for both NCG and fuel #1 and #2 were therefore 
estimated using an emission factor (based on lbs/MMBTU) assuming an ash content of 0.2 
percent representative of residual and waste fuel oils.49  Residual fuels which are characterized 
by high content of impurities including sulphur and metals are expected to represent a 
conservative surrogate and provide a reference point of what particulate emission emissions and 
impacts would have been if NCG and fuel #1 and #2 fractions had impurity levels comparable to 
those in residual fuels. Using these assumptions, the maximum predicted off-property 
concentration of total suspended particulates (TSP) is about 18 ug/m3 or 15% of the AQS.  

5.2 Speciated VOCs 
Emissions of non-chlorinated VOCs are not expected to be significantly impacted by impurities in 
the feedstock and different fuel fractions. Therefore, VOC emissions from burning NCG were 
based on emission factors for gas fuel (specifically natural gas given that emission factors for 
propane are not available).50  Emissions from fuel #1 and fuel #2 combustion were based on the 
emission factors for light distillate and No. 2 fuel oils.51,52  The maximum predicted 
concentrations for all evaluated speciated VOCs are less than 1% of their respective AQS. 

5.3 Speciated PAHs 
PAHs represent products of incomplete combustion and as such are produced during pyrolysis 
and can be present in NCG and fuel #1 and #2 contributing to the overall PAHs emissions. To 

49 TSP emission as a function of ash content calculated using the methodology from AP-42 Fifth Edition, Volume I 
Chapter 1: External Combustion Sources, Section 1.11 Waste Oil Combustion, October 1996. (Table 1.11-1)

50 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.4 Natural Gas Combustion, July 
1998.

51 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. (Table 1.3-9)

52 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010.
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account for the potential increase in PAHs emissions relative to firing commercial grade fuels, 
PAH emission factors for such fuels were compared to residual fuel oils.53 Residual fuels (No. 5 
and 6) have the highest reported PAHs emissions per MMBTU relative to other fuel types54

(approximately a factor of 25 higher than those for natural gas) and can be considered a 
conservative surrogate for PAH assessment. However, the residual oil PAH emission factors for 
benzo(a)pyrene and naphthalene – the only speciated PAHs with applicable AQS - are not 
reported. For this purpose, the benzo(a)pyrene and naphthalene emission rates for residual oil 
were approximated by assuming they are 25 times the emission factors reported for natural gas. 
By applying these conservative emission factors to both NCG and fuel #1 and #2, the peak off-
property concentrations of benzo(a)pyrene and naphthalene are predicted to be well below, that 
is about 13% and less than 1% of their respective AQSs. 

5.4 Speciated Metals 
The presence of metals in feedstock is expected to have some impact on metal content in 
different fuel streams and their emissions.  Although the content of individual metals in Sustane 
feedstock was not tested, it is expected to be negligible since metal is one of the prohibited 
materials and is expected to be readily rejected during feedstock preparation. While the OEM’s 
feedstock and char were tested for metals,55 they are not representative of Sustane’s feedstock 
given the total metal content in OEM’s feedstock was as high as 0.6% (0.2% heavy metals).  

To allow for operational flexibility in the event metals are found to be in the feedstock in 
measurable quantities, emission of individual metals from burning NCG and fuel #1 and #2 were 
estimated using metal emission factors for residual fuel56 which has the highest overall level of 
metal impurities relative to all other fuel fractions. While the content and speciation profile of 
metals in residual oil may not be representative of those in NCG and Fuel #1 and #2, it is 
expected to provide a conservative estimate of the impurities and emissions expected from these 
synthetic fuel fractions.  

Using this approach, the peak off-site concentrations of all metals are well below their respective 
AQS. The maximum relative contribution is predicted for Nickel (60% of its AQS) while majority 
of other metals are predicted to be less than 1% of their standards.  

5.5 Carbon Monoxide 
Carbon monoxide emissions are not expected to be impacted significantly by feedstock impurities 
and are therefore estimated using emission factors for comparable commercial-grade fuels such 
as propane57 and diesel.58 The maximum concentrations predicted using this approach are less 
than 1% of the applicable AQS. 

53 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. (Table 1.3-9)

54 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.4 Natural Gas Combustion, July 
1998. (Table 1.4-3)

55 Milosevic (2020). Memo on Sustane Technologies Data used in the Plant Emissions Modeling by Ramboll. July 
2020. 

56 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. (Table 1.3-11)

57 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.5 Liquified Petroleum Gas 
Combustion, July 2008. (Table 1.5-1)

58 AP 42, Fifth Edition, Volume I Chapter 1: External Combustion Sources, Section 1.3 Fuel Oil Combustion, May 
2010. (Table 1.3-1)
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5.6 Ozone 
Ozone is a secondary pollutant which is formed in ambient air in the presence of VOC and 
NOx precursors. Ozone emissions cannot be modelled using AERMOD and therefore were not 
estimated. Instead, ozone concentrations were estimated using the U.S. EPA VOC/NOX Pont 
Source Screening Tables.59 Per this approach, the ozone incremental concentration due to the 
project (i.e., increase in ozone concentration above an ambient background value) was estimated 
using a screening approach based on short- and long-term nonmethane organic carbon (NMOC) 
and NOX emissions and their ratios. Using this approach, the maximum off-property 
concentration increment for ozone is predicted to be less than 14% of the applicable AQS. 

59 USEPA (1988). VOC/NOX Pont Source Screening Tables, September 1988
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6. DISPERSION MODELLING APPROACH 

6.1 Model Inputs 
Estimated emissions were modelled to predict the maximum off-property concentrations which 
were compared with applicable Air Quality Standards (AQS). Dispersion modelling was carried out 
using the latest regulatory version of the AERMOD modelling system (v. 19191) developed by the 
US EPA, following modelling guidance by the US EPA and Ontario Ministry of the Environment, 
Conservation and Parks (MECP).60

6.1.1 Source Parameters 
A complete list of sources modelled and their parameters is provided in Table 8. A figure 
displaying the sources modelled and their location within the Project boundary is provided in 
Appendix B. The source parameters in Table 8 are representative of typical operating conditions 
when 40% of the total NCG is used to fire the main system burners (sources S67 to S69) and the 
excess 60% is destructed in the thermal oxidizer (TOx). Preliminary modelling was conducted for 
the start-up and design operating mode to determine which scenario is associated with higher 
modelled impacts. Source parameters and emissions for the design operating mode were 
determined to be representative of worst-case impacts for all contaminants. Therefore, the 
compliance assessment modelling was conducted for the design scenario only.  

Table 8. Modelled Source Parameters 

Point Sources 

Source
ID Description 

UTM Coordinates 
Elevation 

(m) 
Height 

(m) 
Dia.
(m) 

Exit
Vel. 

(m/s) 

Exit
Temp. 

(K) 

Orien-
tationEasting

(m) 
Northing

(m) 

S67 Process 
Stack 67 

402008.00 4952414.08 176.88 11 0.356 4.3 813.15 Vert. 

S68 Process 
Stack 68 

402009.78 4952415.47 176.81 11 0.356 4.3 813.15 Vert. 

S69 Process 
Stack 69 

402011.62 4952421.22 176.69 11 0.356 4.3 853.15 Vert. 

TOx Thermal 
Oxidizer

402014.12 4952433.18 176.42 11 0.838 2.58 923.15 Vert. 

Boiler Boiler Stack 402015.58 4952357.34 177.45 11 0.406 10.0 400.00 Vert. 

Dryer Dryer stack 402011.83 4952392.69 177.03 12 1.6 12.15 317.15 Vert. 

6.1.2 Modelled Domain and Receptors 
The modelling domain is a 20 km x 20 km area centered on the facility. Within the domain, a 
nested grid with increasing receptor spacing was created. Table 9 presents the spatial distribution 
of the receptors used for the assessment: 

60 US EPA (2019). User’s Guide for the AMS/EPA Regulatory Model (AERMOD). August 2019 
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Table 9. Receptor Spacing within the Project Modelling Domain 

Distance from Property Boundary Receptor Spacing 

0 meters (Property Boundary) 10 meters 

0 to 200 meters 20 meters 

200 to 500 meters 50 meters 

500 to 1,000 meters 100 meters 

1,000 to 2,000 meters 200 meters 

2,000 to 5,000 meters 500 meters 

5,000 to 10,000 meters 1,000 meters 

All receptors and source locations were modelled in the Universal Transverse Mercator (UTM) 
North American Datum 1983 (NAD83), Zone 20 coordinate system. The terrain elevations and 
receptor grid are presented in Appendix B.  

6.1.3 Terrain 
Terrain elevations were incorporated into the modelling using version 18081 of AERMAP, 
AERMOD’s terrain pre-processor. Terrain elevation data for the entire modelling domain were 
extracted from Digital Elevation Model (DEM) files with a 1 arc second (approximately 30 meter) 
resolution produced by the United States Geological Survey (USGS). AERMAP provides both the 
base elevation and a hill height scale for each receptor in the modelling analysis.  

6.1.4 Meteorological Data 
Meteorological data were processed for a 5-year period 2013-2017 using surface data from 
Halifax International Airport, NS (WMO ID 713950) and upper air soundings from Yarmouth, NS 
(WMO ID 716030). Halifax International Airport site is approximately 60 km northeast from the 
Project site. While there are other meteorological stations closer to the site these sites are 
located closer to major bodies of water that can impact wind patterns considering the proximity 
to coastal region. The Halifax International Airport is the nearest meteorological surface station 
to the Project site with similar topographical setting (inland) as well as similar elevation as the 
Project site. 

Surface characteristics (albedo, Bowen ratio and surface roughness) were selected assuming a 
mixed forest land use. This corresponds to the land use around the Halifax airport as well as 
around the Project site. The AERMET (Version 19191) pre-processor was used to process the 
upper air and surface meteorological data in accordance with the current AERMOD 
Implementation Guide (EPA-454/B-18-004, April 2018). The wind rose for the Halifax 
International Airport site for the 5-year modelling period is presented in Appendix A.  

6.1.5 Building Downwash 
Building downwash effects can influence the dispersion from point sources. Building wake effects 
were considered in the assessment using the U.S. EPA’s Building Profile Input Program 
(BPIPPRM) Version 04274 to characterize buildings/structures at the Project site. Only structures 
which are expected to affect plume rise and dispersion from the modelled stacks were 
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considered. These include the processing building and the cooling tower structure. A figure 
showing the layout of the buildings considered in the model is included in Appendix A. 

6.1.6 Modelling Options 
Modelling was performed using regularly and default settings. Dry and wet depletion options 
were not employed. Nitrogen oxide (NOX) emissions were modelled using Ozone Limiting Method 
(OLM). In-stack NO2/NOX ratios were modelled assuming a default value of 0.5 for all stacks. 
OLM method requires ambient ozone concentrations to model NO to NO2 conversion. Ambient 
ozone concentrations at Aylesford, NS were selected as the most representative of the project 
setting. For the modelling period (2013-2017) maximum hourly ozone concentration at the 
Aylesford was 34.3 ppb. This value was conservatively modelled as background concentration 
over the entire modelling period.   

For comparison with the Schedule A Maximum Permissible Ground Level Concentrations limit, 
concentrations at all receptors were modelled at ground level (0 m flagpole). Individual 
contaminants were modelled using averaging periods consistent with those stated in the 
Schedule A.  

6.2 Applicable Standards 
Table 10 shows the air quality standards and guidelines considered in the compliance 
assessment. The standards for criteria air contaminants including SO2, NO2, CO, TSP, H2S and O3

are based on the Nova Scotia Air Quality Regulations Schedule A: Maximum Permissible Level 
Concentrations. Given that Nova Scotia does not have its own air quality standards for VOCs, 
PAHs, metals and dioxins/furans, these species were assessed against the Ontario MECP Air 
Contaminant Benchmarks (ACBs). A review of AQS in other jurisdictions in Canada and 
internationally did not identify any alternative source of standards with a similar, comprehensive 
list of contaminants. Notably though, the Newfoundland and Labrador Ministry of Municipal Affairs 
and Environment has AQS for 23 compounds which, among others include an extensive list of 
metals and organics such as dioxins/furans and PCBs. The NL AQS for dioxins/furans differs 
significantly from the ON benchmark (a factor of 20 higher), and thus, NSE may wish to take this 
alternate AQS into consideration when evaluating the results of this study, keeping in mind that 
the two AQS may not be directly comparable. 

Additional details on the limiting effect, source, and category are included along with the 
numerical value and averaging time for the Ontario ACBs. For context, Category “B1” ACBs are 
standards and guidelines, which trigger specific regulatory actions if exceeded including 
notification to the Ministry, an abatement plan, and possible fines. Category “B2” ACBs are 
screening levels, which are used as an assessment tool to guide air quality engineers and 
regulators. If the maximum concentration is below the screening level, the contaminant does not 
pose a risk and no further evaluation is needed. If the concentration exceeds the screening level, 
further evaluation is needed, which could include a toxicological assessment to refine (use a less 
conservative) screening level among other options. 
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Table 10. Air Quality Standards and Guidelines Considered in Analysis 

Contaminant Species CAS 
Value Averaging 

Period Limiting Effect Source Category 
(µg/m³) 

Criteria Pollutants Schedule A  

Carbon Monoxide CO 630-08-0 
34600 1 hr NS Maximum Permissible GLC 

12700 8 hr NS Maximum Permissible GLC 

Hydrogen sulphide H2S 7783-06-4 
42 1 hr NS Maximum Permissible GLC 

8 24 hr NS Maximum Permissible GLC 

Nitrogen dioxide NO2 10102-44-0 
400 1 hr NS Maximum Permissible GLC 

100 Annual NS Maximum Permissible GLC 

Ozone O3 10028-15-6 160 1 hr NS Maximum Permissible GLC 

Sulphur dioxide SO2 7446-09-5 

900 1 hr NS Maximum Permissible GLC 

300 24 hr NS Maximum Permissible GLC 

60 Annual NS Maximum Permissible GLC 

Total Suspended Particulate (TSP) TSP N/A 
120 24 hr NS Maximum Permissible GLC 

70 Annual NS Maximum Permissible GLC 

Other Inorganic Gases and Acid-based Contaminants 

Hydrogen chloride HCl 7647-01-0 20 24 hr Health S B1 

Chlorine gas Cl2 7782-50-5 
230 10 min Odour G B1 

10 24 hr Health S B1 

Sulphuric acid mist H2SO4 7664-93-9 5 24 hr Health S B1 

Ammonia NH3 7664-41-7 100 24 hr Health S B1 

Hydrogen cyanide HCN 74-90-8 8 24 hr Health S B1 

Volatile Organic Compounds 

Benzene C6H6 71-43-2 0.45 Annual Health S B1 

Ethylbenzene C8H10 100-41-4 1900 10 min Odour G B1 
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Contaminant Species CAS 
Value Averaging 

Period Limiting Effect Source Category 
(µg/m³) 

Formaldehyde CH2O 50-00-0 65 24 hr Health S B1 

Hexane C6H14 110-54-3 2500 24 hr Health S B1 

Toluene C7H8 108-88-3 2000 24 hr Odour G B1 

o-Xylene C8H10 95-47-6 
730 24 hr Health G B1 

3000 10 min Odour G B1 

Chlorinated Volatile Organic Compounds 

Benzylchloride C7H7Cl 100-44-7 0.1 24 hr Health SL-JSL B2 

Chlorobenzene C6H5Cl  108-90-7 
3500 1 hr Health G B1 

4500 10 min Odour G B1 

Dichlorobenzene 1,2- C6H4Cl2 95-50-1 30500 1 hr Health G B1 

Dichlorobenzene 1,4- C6H4Cl2 106-46-7 95 24 hr Health S B1 

Ethylene dichloride C2H4Cl2 107-06-2 2 24 hr Health S B1 

1,1,1-Trichloroethane C2H3Cl3 71-55-6 115000 24 hr Health S B1 

Silicon tetrachloride SiCl4 10026-04-7 35 24 hr Health SL-JSL B2 

Semivolatile Chlorinated Contaminants 

Dioxins and Furans Various N/A 
1.00E-07 24 hr Health S B1 

5.00E-06 24 hr NL Ambient AQS 

Polycyclic Aromatic Hydrocarbons 

Benzo(a)pyrenea [as a surrogate of total  
Polycyclic Aromatic Hydrocarbons (PAHs)] C20H12 50-32-8 0.00001 Annual Health S B1 

Naphthalene C10H8 91-20-3 
22.5 24 hr Health G B1 

50 10 min Health G B1 

Bromine-based Contaminants 

Bromine Br2 7726-95-6 20 24 hr Health S B1 

Hydrogen bromide HBr 10035-10-6 668 1 hr Health G B1 
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Contaminant Species CAS 
Value Averaging 

Period Limiting Effect Source Category 
(µg/m³) 

Silicon tetrabromide SiBr4 7789-66-4 1.25 24 hr Health SL-JSL B2 

Silicon-based Contaminants 

Elemental silicon Si 7440-21-3 27 24 hr Health SL-PA B2 

Silicon dioxide SiO2 7631-86-9 5 24 hr Health SL-MD B2 

Amorphous silica fume SiO2 69012-64-2 10 24 hr Health SL-JSL B2 

Siloxanes and silicones  
(silica filled polydimethylsiloxane) 

(C2H6OSi)n 67762-90-7 5 24 hr Health SL-PA B2 

Hydrolyzed tetraethyl orthosilicate C H O Si 68412-37-3 42.5 24 hr Health SL-JSL B2 

Tetraethyl orthosilicate polymer Si(OC2H5)4 9044-80-8 15 24 hr Health & Particulate SL-JSL B2 

Silicon nitride N4Si3 12033-89-5  15 24 hr Health & Particulate SL-JSL B2 

Tetrapropylorthosilicate C12H28O4Si 682-01-9 50 24 hr Health SL-JSL B2 

Methyl silicate (CH3O)4Si 681-84-5 30 24 hr Health SL-JSL B2 

Metals 

Antimony Sb 7440-36-0 25 24 hr Health S B1

Arsenic As 7440-38-2 0.3 24 hr Health G B1

Barium Ba 7440-39-3 10 24 hr Health G B1

Beryllium Be 7440-41-7 0.01 24 hr Health S B1

Cadmium Cd 7440-43-9 0.025 24 hr Health S B1

Chromium Cr 7440-47-3 0.5 24 hr Health G B1

Cobalt Co 7440-48-4 0.1 24 hr Health S B1

Copper Cu 7440-50-8 50 24 hr Health S B1

Lead Pb 7439-92-1 
0.5 24 hr Health S B1 

0.2 30 day Health S B1 

Mercury 
Hg 7439-97-6 

2 24 hr Health S B1 

Mercury (as Hg) - alkyl compounds 0.5 24 hr Health S B1 

Manganese Mn 7439-96-5 0.4 24 hr Health S B1
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Contaminant Species CAS 
Value Averaging 

Period Limiting Effect Source Category 
(µg/m³) 

Molybdenum Mo 7439-98-7 120 24 hr Health G B1

Nickel Ni 7440-02-0 0.04 Annual Health S B1

Selenium Se 7782-49-2 10 24 hr Health G B1

Vanadium Va 7440-62-2 2 24 hr Health S B1

Zinc Zn 7440-66-6 120 24 hr Health S B1

Notes: 
a) Benzo(a)pyrene as a surrogate of total Polycyclic Aromatic Hydrocarbons 
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7. MODELLING RESULTS AND COMPLIANCE 
DETERMINATION 

The following sections present the final (modelled) emission estimates and modelling results for 
all assessed contaminants with applicable AQS. 

7.1 Modelled Emissions 
As discussed in Chapters 3 through 5, a few different approaches were used to estimate 
emissions of individual contaminants to demonstrate compliance with their respective AQS. Some 
contaminants were screened out using the most conservative Screening approach while others 
required emission refinements and in certain cases controls to mitigate the impacts to the levels 
below the applicable AQS.  Table 11 presents the modelled emissions for each individual 
contaminant. For the contaminants which required refinements and/or controls (see Chapter 8 for 
additional details), the reported emissions represent the final emission estimates that result in 
compliance. Modelled emissions for all scenarios (screening, refined, controlled) are based on the 
maximum permitted plastic feedstock throughput of 15,000 kg/day and the assumption that the 
total produced volume of NCG ( 3,625 kg/day) and fuel #1 ( 2,175 kg/day) and approximately 
40% of fuel #2 ( 2,360 kg/day) produced at the facility were burned on the site. While at 
present, there are no specific plans to use fuel #2 at the site, this conservative assumption is 
included to provide some operational flexibility in case fuel #2 is used on-site in future. The 
emission estimates and modelled concentrations predicted using this approach are comparable or 
higher than those that would have been estimated assuming that Dryer at the Demonstration 
Facility is fired using commercial grade diesel. 

Some caution should be exercised in using or comparing emissions derived using different 
methods or levels of refinement. For instance, screening emissions indicate that emissions from 
Boiler and Dryer exhausts are zero (e.g. NO2 emissions for annual averaging period).These 
sources will have some NO2 emissions; however, based on the screening approach total N mass 
and related emissions including NO2 were conservatively allocated to NCG which produces the 
worst-case modelled concentrations, higher than those that would have been predicted if N was 
partitioned between NCG, fuel #1 and fuel #2.  

Similarly, modelled emissions should not be used to infer relative difference in emissions between 
various compounds especially if they were estimated using different methods or level of 
refinement. For example, modelled chlorobenzene emissions in NCG are more than an order of 
magnitude higher than those of benzylchloride. This is solely because chlorobenzene emissions 
were the end result of the conservative screening method while benzylchloride emissions were 
obtained through refinement which, in addition to the mass balance and physical partitioning, 
also considered other factors such as speciation under process conditions.  

The same applies to the emissions estimated using surrogate emission factors such as those for 
speciated metals. The ratio of emissions between individual metals is not related to the metal 
content or partitioning specific to the feedstock and the process. In this case, reported emissions 
are representative of residual fuels which were used as surrogates to develop conservative 
estimates of metal emissions for synthetic fuel burning.  
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Table 11. Modelled Emission Rates  

Contaminant Formula 
Process Stacks 67, 68 and 69a Thermal Oxidizer Boiler Dryer 

Emission Scenario 
(MT/Year) (MT/Year) (MT/Year) (MT/Year) 

Carbon Monoxide CO 1.95E+00 2.12E+00 4.26E-01 5.68E-01 Emission Factor 

Hydrogen sulphide H2S 8.34E-01 1.25E+00 0.00E+00 0.00E+00 Screening 

Nitrogen dioxide NO2

1.80E+01 2.56E+01 1.70E+00 2.27E+00 Refined (1 hr) Design 

1.80E+01 2.56E+01 1.70E+00 2.27E+00 Refined (1 hr) OEM Test 

3.26E+01 4.74E+01 1.70E+00 2.27E+00 Screening (Annual)e

Sulphur dioxide SO2 1.57E+00 2.35E+00 0.00E+00 0.00E+00 Screening 

Total Suspended Particulate (TSP) TSP 2.25E+00 2.44E+00 1.12E+00 1.50E+00 Emission Factor

Hydrogen chloride 
HCl 2.64E-02 3.95E-02 9.62E-02 2.43E-01 Refined Design/Controlled 

HCl 4.80E-01 7.19E-01 2.02E-01 2.40E-01 Refined OEM Test 

Chlorine gas Cl2
2.56E-01 3.84E-01 1.87E-03 4.72E-03 Refined Design 

4.66E-02 6.99E-02 3.93E-03 4.67E-03 Refined OEM Test 

Sulphuric acid mist H2SO4 2.40E-01 3.60E-01 0.00E+00 0.00E+00 Screening 

Ammonia NH3 2.16E-01 3.24E-01 0.00E+00 0.00E+00 Screening 

Hydrogen cyanide HCN 3.43E-01 5.14E-01 0.00E+00 0.00E+00 Screening 

Benzene C6H6 4.91E-05 5.32E-05 1.82E-05 2.43E-05 Emission Factor 

Ethylbenzene C8H10 N/A N/A 5.42E-06 7.22E-06 Emission Factor

Formaldehyde CH2O 1.75E-03 1.90E-03 5.19E-03 6.93E-03 Emission Factor 

Hexane C6H14 4.21E-02 4.56E-02 N/A N/A Emission Factor

Toluene C7H8 7.95E-05 8.61E-05 5.28E-04 7.04E-04 Emission Factor 

o-Xylene C8H10 1.58E-03 1.71E-03 9.28E-06 1.24E-05 Emission Factor 

VOCc Various 2.61E-01 2.82E-01 2.89E-02 3.86E-02 Emission Factor 

Benzylchloride C7H7Cl 
9.15E-03 1.37E-02 6.68E-06 1.69E-05 Refined Design 

1.66E-03 2.50E-03 1.40E-05 1.67E-05 Refined OEM Test 
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Contaminant Formula 
Process Stacks 67, 68 and 69a Thermal Oxidizer Boiler Dryer 

Emission Scenario 
(MT/Year) (MT/Year) (MT/Year) (MT/Year) 

Chlorobenzene C6H5Cl 2.80E-01 4.20E-01 0.00E+00 0.00E+00 Screening 

Dichlorobenzene 1,2- C6H4Cl2 1.83E-01 2.74E-01 0.00E+00 0.00E+00 Screening 

Dichlorobenzene 1,4- C6H4Cl2 1.83E-01 2.74E-01 0.00E+00 0.00E+00 Screening 

Ethylene dichloride C2H4Cl2 1.23E-01 1.85E-01 0.00E+00 0.00E+00 Screening 

1,1,1-Trichloroethane C2H3Cl3 1.11E-01 1.66E-01 0.00E+00 0.00E+00 Screening 

Silicon tetrachloride SiCl4
3.07E+00 4.60E+00 1.12E-01 2.83E-01 Refined Design 

5.59E-01 8.38E-01 2.36E-01 2.80E-01 Refined OEM Test 

Dioxins and Furans Various 1.69E-07 2.54E-07 3.72E-08 9.39E-08 Refined Design/Controlled 

Benzo(a)pyrened C20H12 7.01E-07 7.60E-07 3.51E-07 4.67E-07 Emission Factor 

Naphthalene C10H8 3.56E-04 3.86E-04 1.78E-04 2.38E-04 Emission Factor 

Bromine Br2 1.44E-01 2.16E-01 0.00E+00 0.00E+00 Screening 

Hydrogen bromide HBr 1.46E-01 2.19E-01 0.00E+00 0.00E+00 Screening 

Silicon tetrabromide SiBr4

1.94E-02 2.92E-02 1.97E-02 2.48E-02 Refined Design 

0.00E+00 0.00E+00 4.14E-02 2.45E-02 Refined Test 

Elemental silicon Si 2.51E-01 3.76E-01 0.00E+00 0.00E+00 Screening 

Silicon dioxide SiO2

1.43E-01 2.15E-01 6.21E-02 7.83E-01 Refined Design/Controlled 

1.74E-01 2.61E-01 1.31E-01 7.74E-01 Refined OEM Test 

Amorphous silica fume SiO2

1.43E-01 2.15E-01 6.21E-02 7.83E-01 Refined Design/Controlled 

1.74E-01 2.61E-01 1.31E-01 7.74E-01 Refined OEM Test 

Siloxanes and silicones(silica filled 
polydimethylsiloxane) (C2H6OSi)n

3.54-01 5.30E-01 1.53E-03 1.93E-02 Refined Design 

4.30-03 6.45E-03 3.22E-03 1.91E-02 Refined OEM Test 

Hydrolyzed tetraethyl 
orthosilicate 

C H O Si 1.86E+00 2.79E+00 0.00E+00 0.00E+00 Screening 

Silicon nitride N4Si3
1.12E+00 1.67E+00 4.83E-02 6.09E-01 Refined Design 

1.36E-02 2.03E-02 1.02E-01 6.02E-01 Refined OEM Test 

Tetraethyl orthosilicate polymer Si(OC2H5)4 9.94E-01 1.49E+00 4.30E-03 5.43E-02 Refined Design 
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Contaminant Formula 
Process Stacks 67, 68 and 69a Thermal Oxidizer Boiler Dryer 

Emission Scenario 
(MT/Year) (MT/Year) (MT/Year) (MT/Year) 

1.21E-02 1.81E-02 9.05E-03 5.37E-02 Refined OEM Test 

Tetrapropylorthosilicate C12H28O4Si 2.36E+00 3.54E+00 0.00E+00 0.00E+00 Screening 

Methyl silicate (CH3O)4Si 1.36E+00 2.04E+00 0.00E+00 0.00E+00 Screening 

Antimony Sb 8.34E-04 9.04E-04 4.17E-04 5.56E-04 Emission Factor 

Arsenic As 2.10E-04 2.27E-04 1.05E-04 1.40E-04 Emission Factor 

Barium Ba 4.08E-04 4.43E-04 2.04E-04 2.72E-04 Emission Factor 

Beryllium Be 7.15E-05 7.75E-05 3.58E-05 4.77E-05 Emission Factor 

Cadmium Cd 6.33E-05 6.85E-05 3.16E-05 4.22E-05 Emission Factor 

Chromium Cr 1.34E-04 1.45E-04 6.72E-05 8.95E-05 Emission Factor 

Cobalt Co 9.57E-04 1.04E-03 4.78E-04 6.38E-04 Emission Factor 

Copper Cu 2.80E-04 3.03E-04 1.40E-04 1.86E-04 Emission Factor 

Lead Pb 2.40E-04 2.60E-04 1.20E-04 1.60E-04 Emission Factor 

Mercury Hg 7.15E-05 7.75E-05 3.58E-05 4.77E-05 Emission Factor 

Manganese Mn 4.77E-04 5.17E-04 2.38E-04 3.18E-04 Emission Factor 

Molybdenum Mo 1.25E-04 1.36E-04 6.25E-05 8.34E-05 Emission Factor 

Nickel Ni 1.34E-02 1.45E-02 6.72E-03 8.95E-03 Emission Factor 

Selenium Se 3.58E-04 3.87E-04 1.79E-04 2.38E-04 Emission Factor 

Vanadium Va 5.05E-03 5.48E-03 2.53E-03 3.37E-03 Emission Factor 

Zinc Zn 4.63E-03 5.01E-03 2.31E-03 3.08E-03 Emission Factor 

Notes: 
a) Total for the 3 stacks, where emissions are assumed to be uniformly distributed among 3 stacks. 
b) n/a - Emission factors for these compounds were not available for this fuel type 
c) VOC emissions were not modelled, they were used, along with NOX emissions, to estimate Ozone increment due to the Project 
d) BaP as a surrogate of total Polycyclic Aromatic Hydrocarbons (PAHs) 
e) Screening NO2 emissions from boiler and dryer are associated with thermal NO2 only, not feedstock nitrogen. 100% of feedstock nitrogen is allocated to NCG. 
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7.2 Modelling Results 
The highest modelled off-site concentrations resulting from air emissions for (potential) feedstock 
contaminants are presented in Table 12 through Table 14 and compared to their applicable AQS. 
The presented concentrations account for meteorological anomalies as allowed under the Air 
Dispersion Modelling Guideline for Ontario.61

Table 12 shows the maximum predicted concentrations for the contaminants which were 
screened out using the most conservative, Screening mass balance approach which assumes that 
the total amount of contaminant in feedstock is released in the NCG stream. The predicted 
concentrations for all screened out contaminants are well within the applicable AQS.  

Table 13 presents modelled concentrations for the subset of contaminants which did not screen 
out. As described in Section 4, emissions for these contaminants were refined by considering 
process conditions and contaminant physical and chemical properties to account more realistically 
for physical and chemical partitioning between different process streams. By refining the 
emissions estimates a number of potential contaminants including elemental silicon, silicon 
tetrabromide, silicon tetrachloride, chlorobenzene, benzylchloride, and nitrogen dioxide are now 
predicted to have air emissions that result in off-site concentrations that are below the applicable 
AQS and therefore do not require additional APC measures to control their emissions.  

Based on the Design Case mass balance scenario and refined emissions estimates, four 
contaminants are predicted to have off-site concentrations above the applicable AQS and 
therefore may require treatment by a gas pre-treatment system internal to Sustane’s process or 
a final APC system for treatment of the final exhaust streams. These four contaminants are: 

Amorphous silica fume,
silicon dioxide,
hydrogen chloride, and  
dioxins/furans

The predicted exceedances vary between six percent in the case of HCl to 2300% for silicon-
based contaminants and dioxins.  

Table 14 presents the modelled concentrations for the four contaminants that exceed their AQS 
after APC (i.e., either a gas pre-treatment system internal to Sustane’s process or a final APC 
system for treatment of the final exhaust streams). The assumed control efficiency for this table 
was 99% for all four contaminants. The APC systems described in Chapter 8 are capable of 
achieving much greater than 99% control with careful design considerations, if required (e.g. 
scrubbers can be designed to achieve 99.9% removal of Cl, adsorbent vessels will remove 100% 
Cl (before breakthrough)). Additional details of system design will be required in order to fully 
define the appropriate technologies, configurations and operating conditions for effective control. 
These aspects will be determined in subsequent phases of engineering design that will be 
required to advance this project. 

61 MECP (2017). Air Dispersion Modelling Guideline for Ontario, Version 3.0, p.105, February 2017. 
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Table 15 presents the modelled concentrations for contaminant emissions that were estimated 
using the emission factor-based approach (refer to Chapter 5). All contaminants were below 
applicable AQS.
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Table 12. Modelling Results for Contaminants from Plastic Feedstock Impurities that Screen Out using Screening 
Case Mass Balance  

Impurity
Grouping Contaminant 

AQS Screening Case 

Value 
(µg/m³) 

Averaging 
Period 

Modelled  
Conc.  

(µg/m³) 
% of AQS 

Br
Bromine 20 24 hr 1.1 6%

Hydrogen bromide 668 1 hr 2.9 <1% 

Cl 

Ethylene dichloride 2 24 hr 1.0 49% 

Chlorobenzene 3,500 1 hr 6.4 <1% 

Dichlorobenzene 1,2- 30500 1 hr 3.6 <1% 

Dichlorobenzene 1,4- 95 24 hr 1.4 2%

1,1,1-Trichloroethane 115000 24 hr 0.9 <1% 

N

Nitrogen dioxide 100 Annual 49.8 50% 

Ammonia 100 24 hr 1.7 2%

Hydrogen cyanide 8 24 hr 2.7 34%

S

Sulphur dioxide 

900 1 hr 30.8 3% 

300 24 hr 12.4 4% 

60 Annual 2.4 4% 

Hydrogen sulphide 
42 1 hr 16.4 39% 

8 24 hr 6.6 82% 

Sulphur acid mist 5 24 hr 1.9 38%

Si

Elemental silicon 27 24 hr 2.0 7% 

Hydrolyzed tetraethyl orthosilicate 42.5 24 hr 14.7 35% 

Tetrapropylorthosilicate 50 24 hr 18.7 37% 

Methyl silicate 30 24 hr 10.8 36%
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Table 13. Modelling Results for Contaminants from Plastic Feedstock Impurities for the Design and OEM Test 
Case Scenarios  

Impurity
Grouping 

Contaminant 

AQS Design Case OEM Test Case 

Value
(µg/m³) 

Averaging 
Period 

Modelled  
Conc. 

(µg/m³) 

% of 
AQS 

Modelled  
Conc. 

(µg/m³) 

% of 
AQS 

Br Silicon tetrabromide 1.25 24 hr 0.19 16% 0.150 12% 

Cl 

Hydrogen chloride 20 24 hr 21.2 106% 4.18 21% 

Chlorine gas 
230 10 min 8.33 4% 1.52 <1% 

10 24 hr 2.0 20% 0.38 4% 

Benzylchloride 0.1 24 hr 0.072 72% 0.013 13% 

Silicon tetrachloride 35 24 hr 24.6 70% 4.9 14% 

Dioxins (Purified Fuel) 1.0E-07 24 hr 1.35E-06 1347% 2.54E-07 254%

N Nitrogen dioxide 400 1 hr 256.7 64% 256.7 64% 

Si

Silicon dioxide 5 24 hr 114.4 2284% 2.40 48%

Amorphous silica fume 10 24 hr 114.4 1144% 2.40 24%

Siloxanes and silicones 
(silica filled 
polydimethylsiloxane) 

5 24 hr 2.8 56% 0.06 1%

Silicon nitride 15 24 hr 9.6 64% 1.36 9%

Tetraethyl Orthosilicate 
Polymer

15 24 hr 7.9 53% 0.17 1%

Notes: 

(a) Red, bold text denotes an exceedance of the contaminant’s AQS if emissions are uncontrolled 

Table 14. Modelling Results for Contaminants from Plastic Feedstock Impurities for the Design Case Scenario 
with APC Systems to Mitigate Impacts (99% Control) 

Impurity
Grouping Contaminant 

AQS Design Case (with APC) 

Value
(µg/m³) 

Averaging 
Period 

Modelled  
Conc. 

(µg/m³) 
% of AQS 

Cl 
Hydrogen chloride 20 24 hr 21.15 4% 

Dioxins (Purified Fuel) 1.00E-07 24 hr 3.06E-8 31% 

 Si 
Silicon dioxide 5 24 hr 2.19 44%

Amorphous silica fume 10 24 hr 2.19 22%

Table 15. Modelled Results for Other Contaminants with Emissions Estimated Using Emission Factor-based 
Approach 

Contaminant 

AQS 
Modelled 

Concentration 
(µg/m³) 

% AQS Value
(µg/m³) Averaging Period 

Criteria Pollutants Schedule A 

Carbon Monoxide 
34600 1 hr 34.7 <1% 

12700 8 hr 20.8 <1% 

Ozone 160 1 hr <21.6 <14% 
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Contaminant 

AQS 
Modelled 

Concentration 
(µg/m³) 

% AQS Value
(µg/m³) Averaging Period 

Total Suspended Particulate 

(TSP) 

120 24 hr 17.7 15% 

70 Annual 4.0 6% 

Volatile Organic Compounds 

Benzene 0.45 Annual 8.14E-05 <1% 

Ethylbenzene 1900 10 min 8.61E-05 <1% 

Formaldehyde 65 24 hr 3.00E-02 <1% 

Hexane 2500 24 hr 2.88E-01 <1% 

Toluene 2000 24 hr 2.78E-03 <1% 

o-Xylene 
730 24 hr 1.08E-02 <1% 

3000 10 min 4.53E-02 <1% 

Polycyclic Aromatic Hydrocarbons 

Benzo(a)pyrene 0.00001 Annual 1.26E-06 13% 

Naphthalene 
22.5 24 hr 2.81E-03 <1% 

50 10 min 1.07E-02 <1% 

Metals 

Antimony 25 24 hr 6.58E-03 <1% 

Arsenic 0.3 24 hr 1.65E-03 <1% 

Barium 10 24 hr 3.22E-03 <1% 

Beryllium 0.01 24 hr 5.60E-04 6% 

Cadmium 0.025 24 hr 4.99E-04 2% 

Chromium 0.5 24 hr 1.06E-03 <1% 

Cobalt 0.1 24 hr 7.54E-03 8% 

Copper 50 24 hr 2.21E-03 <1% 

Lead 
0.5 24 hr 1.89E-03 <1% 

0.2 30 day 6.21E-04 <1% 

Mercury /Mercury (as Hg) - 
alkyl compounds 

2 24 hr 5.60E-04 <1% 

0.5 24 hr 5.60E-04 <1% 

Manganese 0.4 24 hr 3.76E-03 <1% 

Molybdenum 120 24 hr 9.87E-04 <1% 

Nickel 0.04 Annual 2.41E-02 60% 

Selenium 10 24 hr 2.82E-03 <1% 

Vanadium 2 24 hr 3.99E-02 2% 

Zinc 120 24 hr 3.65E-02 <1% 
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In summary, all emissions of contaminants considered have been shown to meet their respective 
AQS through one of the three emissions estimation methods or with the application of 
appropriate APC. 

Concentration contours for all modelled contaminants with predicted impacts of more than 1% of 
their respective AQS are presented in Appendix C. Note that the contours do not account for 
meteorological anomalies as allowed under the Air Dispersion Modelling Guideline for Ontario. 
Also, keep in mind that the concentration contours may be based on screening level emission 
estimates or conservative refinements and thus, may not be representative of contours if detailed 
refinements to emissions were made and for this reason, concentration contours of different 
species must not be compared directly. The plots are mostly intended to provide information on 
the approximate reach of the off-site impacts. 
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8. AIR POLLUTION CONTROL SYSTEM REVIEW 

Four contaminant emissions require mitigation to meet their AQSs, namely amorphous silica 
fume, silicon dioxide, hydrochloric acid, and dioxins and furans, based on the above analysis. 
Moreover, it is necessary to control these emissions from all stacks that exhaust NCG combustion 
byproducts. Individual end-of-pipe APC systems for each stack may be a costly solution and do 
not remove dioxin & furan precursors or siloxanes and silanes prior to combustion, which, as 
noted above, will cause deposits to form on combustion surfaces that will accelerate maintenance 
cycles and possibly reduce overall burner life. NCG pre-treatment (prior to combustion) may 
provide a more economical approach if a pre-treatment system can be installed on a single NCG 
header duct (i.e., eliminating the need for multiple pre-treatment systems).62   

For these reasons, and in consultation with Sustane, a pre-treatment system is preferred at this 
stage and is the focus of discussion in this section. If, during subsequent feasibility and design 
stages, we determine that processes would be impacted by a pre-treatment system and 
equipment would require modification or replacement (e.g. replacing burners to handle saturated 
gas streams, replacing the entire thermal oxidizer unit to be sized for larger flow rates), we may 
find that separate end-of-pipe control systems are preferable. 

This section presents a preliminary review of technically feasible gas pre-treatment systems for 
the mitigation of these contaminant emissions. Further investigation is needed to adequately 
assess the technical and economic feasibility of these systems. 

8.1 APC Options #1 and #2: Adsorption Vessels or Injection Systems with Filtration 
Adsorbents, such as activated carbon, silica gel, or activated alumina, have demonstrated 
excellent removal efficiencies for siloxanes, and dioxins & furans.44,63,64 Dry sorbents, such as 
Trona, sodium bicarbonate, or hydrated lime, have demonstrated high removal efficiencies for 
hydrochloric acid.65,66 Vessels in series containing packed beds of these adsorbents can be 
installed to remove these contaminants as the gas flows through the bed. An alternative 
approach is to use adsorbent / sorbent injection systems installed on the NCG duct to adsorb 
these contaminants on the gas-entrained adsorbent as it flows through ductwork system with the 
adsorbents subsequently collected by a dust collection system (see below for additional details on 
dust collection). 

Gas quenching may be required to increase the degree of saturation of vapours and improve the 
adsorption capacity of the adsorbent, which may affect the thermal oxidizer’s performance and 
ultimately trigger a need for redesign and replacement. This aspect of this type of pre-treatment 

62 Ramboll has not evaluated the feasibility of routing the reformer vents and NCG stream to a header duct prior to 
combustion. 

63 Schweigkofler & Niessner (2001). Removal of Siloxanes in Biogases. Journal of Hazardous Materials. Vol. B83, 
183–196. 

64 Cabot (2020). Dioxin & Furan Removal. Website last accessed July 2020: 
https://www.cabotcorp.com/solutions/applications/flue-gas-treatment/dioxin-and-furan-
removal#:~:text=Dioxins%20and%20furans%2C%20formed%20during%20the%20cooling%20of,and%20effective
%20technology%20to%20deal%20with%20this%20problem. 

65 Silva et al. (2012). HCl Control Using Hydrated Lime Dry Sorbent Injection. Technical Paper BR-1879. Power Plant 
Air Pollutant Control “MEGA” Symposium, August 20-23.

66 Solvay (2019). SOLVAir® S150 & SOLVAir®S200, Trona Based Sorbents. Website last accessed July 2020: 
https://www.solvairsolutions.com/en/products/solvair-s150-s200-trona 
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system will need careful consideration, along with other aspects, at the feasibility and design 
stages. 

APC Option #1: Adsorption Vessels with Pre-Filtration System 
An adsorption vessel system offers high removal efficiencies; however, multiple vessel beds are 
needed since different media must be used to control different contaminants. This adds 
considerable pressure drop to the overall NCG system. The vessels need to be sized to allow for 
adequate residence time through the bed to adsorb contaminant even as the most upstream 
sections of the bed become saturated with the contaminants (“spent”). At breakthrough, the 
adsorbent / sorbent needs to be replaced or reactivated, which can lead to unwanted shutdowns 
for change-out. It is possible to install parallel vessels that alternate operation at breakthrough to 
keep the plant operable during change-out. However, this increases the capital costs of the 
overall system since there are redundant beds and added system controls. Adsorption vessels are 
also susceptible to fouling if particulates are present in the NCG stream. Since fine particulates 
may be present in the NCG stream, a pre-filter system to the vessels needs to be installed, which 
eliminates one of the major benefits of the vessel configuration over adsorbent injection systems 
(i.e., typically no dust collection required). 

APC Option #2: Adsorbent Injection Systems with Dust Collection System 
For the reasons stated above, injection systems offer several benefits for Sustane’s NCG stream. 
The injection systems introduce the adsorbent / dry sorbent directly into the NCG stream. The 
adsorbent / dry sorbent remains entrained in the NCG stream assuming the duct and fan systems 
can maintain adequate transport velocity. With sufficient residence time and injection rate, the 
contaminants will be readily adsorbed onto the adsorbent / sorbent surfaces. The adsorbent can 
then be collected by a dust collection system (typically a fabric filter). The adsorbent injection 
rate can be tuned to provide sufficient contaminant removal while not overusing the adsorbent. 
Injection systems overcome the downtime and fouling issues of the vessel system but require 
appropriate ductwork configuration and mechanical systems design to allow for adequate 
residence times and transport velocities. 

As an alternative to adsorbent injection, a fabric filter can use bags that are coated / 
impregnated with the adsorbent or catalyst to convert organics.67 This technology would combine 
the particulate filtration and adsorption into one step. However, this technology cannot adsorb 
both siloxanes and HCl, so a second system (e.g. a hydrated lime or Trona injection system or 
scrubber [discussed below]) is still needed. Further evaluation and design is needed to determine 
if this technology is a technically feasible alternative to other APC technologies discussed here. 

At this stage, both adsorption vessels and injection systems are considered viable APC systems 
capable of achieving 99% control of siloxanes and hydrochloric acid. Further, with HCl removal at 
this gas pre-treatment stage of the process (where it is assumed conditions are such that dioxins 
& furans have not yet been formed in substantial amounts), dioxin & furan formation 
downstream is expected to be extremely limited, such that this system will effectively control 
dioxin and furan emissions whether through direct adsorption or removal of chlorinated 
precursors. 

67 Tri-Mer Corporation (2013). Brochure on: UltraCat Catalytic Filters Remove PM, SO2, HCl, NOx, Dioxins, HAPs.  
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Adsorbents 
Careful consideration of the appropriate adsorbents is required to maximize selective adsorption 
of the contaminants of interest relative to the combustible components of NCG, which are not to 
be adsorbed by the adsorbent (e.g. passed through the vessels). Ramboll performed a cursory 
review of the adsorptive characteristics of activated carbon for the major constituents in the NCG 
stream to assess the viability of this APC option. The results are presented in Table 16 below.68

Table 16. Adsorptive Ability of Activated Carbon for Major Constituents in NCG 

Constituent Composition by Volume (%) Adsorptive Ability Rating(a)

Propene 29.3 3

Ethylene 20.1 4

Methane 18.7 4

Ethane 16.3 4

Propane 6.9 3

Pentane 5.1 2

n-Butane 3.3 3

Isobutane 0.3 No data 

Isopentane 0.1 No data 

Notes: 

(a) 1 = Excellent (High Adsorption);  

2 = Good (Moderately Adsorptive);  

3 = Fair (Not Highly Adsorptive);  

4 = Poor (Not Suitable / Poor Adsorption) 

The major constituents in NCG, representing nearly 95% of the volume, are either rated as poor 
adsorption or not highly adsorptive. Pentane, representing roughly 5% of the NCG volume, is 
moderately adsorptive, which warrants further investigation if activated carbon is the preferred 
adsorbent. Silica gel and activated alumina have demonstrated higher siloxane removal 
efficiencies than activated carbon and are more selective toward siloxanes. Hence, these 
adsorbents are likely the more suitable options for Sustane’s facility; although this finding needs 
to be verified in subsequent feasibility / design stages. 

Any moisture in the NCG stream will also adsorb to these adsorbents, which would reduce their 
capacity for siloxanes. Moisture is not expected to compromise the technical feasibility of this APC 
system but must be taken into consideration. 

For HCl, Trona or sodium bicarbonate sorbents are capable of achieving very high removal 
efficiencies (i.e., > 95%) for HCl as compared to hydrated lime.69 However, hydrated lime is 
more selective to HCl than Trona or sodium bicarbonate69, and based on the dispersion modelling 
results, high HCl removal efficiencies are not required to meet its AQS. This may make hydrated 
lime a more cost-effective option. That said, any HCl remaining in the exhaust stream may lead 
to the downstream formation of dioxins & furans. These considerations require further evaluation 
in subsequent feasibility / design stages. 

68 Vapor Technologies. (2019). Compatibility Chart. 
69 United Conveyor Corporation. (2020). UCC Dry Sorbent Injection HCl Removal. Website last accessed July 2020: 
http://www.mcilvainecompany.com/Universal_Power/Subscriber/PowerDescriptionLinks/Jon%20Norman%20United
%20Conveyor%20-%207-18-13.pdf 
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Dust Collection System 
Fabric filtration for the collection of adsorbents downstream of the injection systems is preferred 
over wet scrubbers or electrostatic precipitators (ESPs). Wet scrubbers will create a liquid waste 
stream, which will make it difficult to reactivate the adsorbents. ESPs are not suited to effectively 
remove hydrated lime.69

Cyclone collectors are a low maintenance option to remove the adsorbent; however, they are not 
effective for fine and submicron particulates. Since the NCG stream may contain fine particulates, 
fabric filtration may be preferred. 

8.2 APC Option #3: Pre-Filtration and Molecular Sieve 
Molecular sieves have been successfully implemented in biogas streams for the highly effective 
removal of siloxanes (e.g. 99%).44 Aluminosilicate-based sieves have demonstrated that they can 
be employed to allow smaller molecules, such as methane, to pass through the sieve while 
capturing larger siloxane molecules. The Sustane NCG contains several other constituents 
though, and further investigation is required to determine if this APC technology is viable for the 
specific composition of the NCG stream. 

In addition, there are no case studies to suggest the molecular sieve will effectively remove HCl 
so this APC option may only serve to replace one adsorbent in the above APC Options #1 and #2.  

Further, pre-filtration would be needed to remove particulates from the NCG stream, which may 
not be an issue if filtration is already used for adsorption and the control of HCl. 

However, the use of a combination of technologies may introduce complex operating conditions 
that could pose significant design and operating challenges. The technical feasibility of this option 
needs to be verified in the design feasibility stages. It is presented here since it offers very high 
removal efficiencies and is more selective to siloxanes than the adsorption media discussed 
previously.

8.3 APC Option #4: Quenching System 
Gas quenching systems have been used to condense and effectively knock out gas-phase 
siloxanes. The effectiveness of this technology will depend on the size and quench temperature of 
the system and the specific siloxane species present in the NCG stream (i.e., vapour pressures of 
siloxanes can range by orders of magnitude from 0.004 to 5.6 kPa at 25oC).70 Extreme cold 
temperatures (e.g. less than -25oC) may be needed to achieve moderately high removal 
efficiencies of 80% to 90%, which is insufficient under the Design Case scenario for the Sustane 
facility.

Therefore, this option does not appear viable at this time and is not discussed further. If 
additional data were available on the concentration of specific siloxane species, this option could 
be revisited. 

70 Gao et al. (2017). Research Progress of Siloxane Removal from Biogas. International Journal of Agricultural and 
Biological Engineering. Vol. 10 (1), 30-39. 
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8.4 APC Option #5: Absorption Using Packed Bed Wet Scrubbers 
Siloxanes can be removed from the NCG by chemical adsorption using an organic solvent (e.g. 
SelexolTM) or a strong acid or base solution in a packed bed or tray-type wet scrubber (herein, 
both referred to as “scrubber”).70

Selexol has demonstrated very high siloxane removal efficiencies (e.g. 99%) in biogas treatment 
applications.70,71 However, pentane, n-butane, and propane represent more than 15% of the NCG 
volume and these compounds have relatively high solubilities in Selexol.72 Water can also be 
readily absorbed in Selexol. The actual removal of these compounds and water will depend on 
their partial pressure, operating temperature, and solvent to gas ratio of the scrubber, among 
other chemical and physical mass transfer parameters.72 This may limit the feasibility of this 
solvent.

Concentrated, heated sulphuric acid (i.e., ~50% solution at 60oC) can reduce siloxane 
concentrations by more than 95%.63,70 At lower sulphuric acid concentrations and/or 
temperature, the removal efficiency of the scrubber drops off rapidly. Phosphoric acids and nitric 
acids are less effective at removing siloxanes(i.e., <75%), and are not feasible in the 
application.70

This type of low pH scrubber will not effectively remove HCl. Therefore a 2-stage scrubber will be 
required with a second stage operating at neutral or high pH for HCl absorption. This added 
complexity is expected to make low pH removal of siloxanes infeasible. 

The effectiveness of alkaline solution scrubbers at removing siloxanes has been studied less 
extensively since these solutions are known to react with carbon dioxide in the gas stream, which 
is present in biogas.70 Pyrolysis does not produce carbon dioxide so this may not be an issue for 
the Sustane plant. Still, there is no literature and practical applications to demonstrate that an 
alkaline solution scrubber can achieve greater than 95% control for siloxanes and if it can, what 
pH / concentration and operating temperature are required. Further investigation is needed to 
determine if an alkaline solution scrubber is a technically feasible APC option for siloxanes. 

If it is found to be viable for siloxane removal, an alkaline scrubber may be an attractive option 
since these systems are capable of effectively removing HCl and chlorine gas, up to 99.9% 
control, with a sodium hydroxide solution and sufficient packing height or multiple stages.73 That 
is, a single scrubber could be used to remove all the constituents of concern. 

Use of these strong acid and/or base solutions in a scrubber system needs to include careful 
design considerations to address the safe handling practices (e.g. transport, transfer, spill 
containment). 

71 Wheless and Pierce (2004). Siloxanes in Landfill and Digester Gas Update. Proceedings of the 27th SWANA Landfill 
Gas Symposium.  San Antonio, TX: Silver Springs, March 22–25. 

72 Rackley (2017). Carbon Capture and Storage (Second Edition): Chapter 6 – Absorption Capture Systems. Pages 
115-149 

73 Monroe Environmental (2020). Packed Bed Scrubbers — Applications & Engineering. Website last accessed July 
2020: https://www.monroeenvironmental.com/air-pollution-control/packed-bed-wet-scrubbers/packed-bed-
scrubbers-applications-and-engineering/ 
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Note that the exhaust from the scrubber system will be saturated with the scrubbing liquor, 
which will affect the performance of the reformer burners and thermal oxidizer. A low 
temperature condenser can be installed downstream of the scrubber to knock out much of the 
saturated vapours; although further investigation is needed to determine the operating 
temperature that would sufficiently limit the impact on the burners’ performance and long-term 
reliability. 

8.5 Summary of APC System Review 
The above review demonstrates that Sustane’s Chester facility can meet applicable AQS for all 
contaminants using a properly-designed and operated adsorption system (i.e., either APC Option 
#1 or #2).  

The molecular sieve and scrubber options (i.e., APC Options #3 and #5) may be suitable 
alternatives to the adsorption system options if confirmed to be technically feasible and found to 
be more cost effective. 

If, during subsequent feasibility and design stages, we determine that primary production 
processes would be impacted by a pre-treatment system and equipment would require 
modification or replacement, or separate pre-treatment systems would be needed for the NCG 
stream and reformer vent stream, Ramboll will revisit end-of-pipe control options to mitigate 
emissions to equivalent levels. 

Some of the technologies identified above, combinations of them or other technologies may be 
considered in an end-of-pipe APC system evaluation if this approach is required. There may also 
be a need for multi-stage treatment to provide rapid exhaust gas quenching and subsequent 
scrubber or filtration stages for effective temperature, SiO2, HCl and dioxins & furan control.  
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9. RECOMMENDATIONS 

All contaminants of concern have been assessed and shown to meet their AQS based on one of 
three emissions refinement scenarios. However, there are four contaminants that require control 
either with gas pretreatment or final APC systems in order to meet these AQS. These are HCl, 
dioxins, silicon dioxide and amorphous silica fume. 

The APC technologies discussed in Chapter 8 can be applied to achieve the required level of 
control and many of them will accomplish control of multiple contaminants. The one that may 
have most promise is a combination of adsorbent injection (e.g. activated carbon and hydrated 
lime) and fabric filtration for final contaminant removal.  

There will need to be further engineering work to define the basis of design (BOD) and 
preliminary technology selection before detailed equipment specifications can be developed.   

In order to develop this work, a basis of process operations needs to be further developed such 
that the various process stream parameters are better defined which will allow for the 
determination of whether APC systems are required, whether pre-treatment or post-process 
treatment is more appropriate and which technologies may be best suited if required. The BOD 
will need to include some degree of “over-design” to account for the uncertainty in the available 
data (i.e., the Design Case scenario); although with NSE approval, the BOD could be refined with 
additional test data at the Sustane facility under a set of operating conditions that would mitigate 
off-site impacts to levels that are acceptable to NSE. 
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Peak 24-hr  Average Silicon Tetrabromide Concentration Countour - OEM Test Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

0.180 ug/m^3

C27



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Silicon Tetrabromide Concentration Countour - Design Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

0.222 ug/m^3

C28



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Elemental Silicon Concentration Contour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

2.03 ug/m^3

C29



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Silicon Dioxide Concentration Countour - OEM Test Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

3.03 ug/m^3

C30



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Silicon Dioxide Concentration Countour - Design Case/Controlled

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

2.75 ug/m^3

C31



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Amorphous Silica Fume Concentration Contour - OEM Test Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

3.03 ug/m^3

C32



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Amorphous Silica Fume Concentration Contour - Design Case/Controlled

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

2.75 ug/m^3

C33



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Siloxanes and silicones Concentration Countour - OEM Test Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

7.5E-02 ug/m^3

C34



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:37,677

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Hydrolyzed Tetraethyl Orthosilicate Concentration Contour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

15.1 ug/m^3

C35



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Siloxanes and silicones Concentration Countour - Design Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

2.91 ug/m^3

C36



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

0.211 ug/m^3

C37



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

8.17 ug/m^3

C38



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Silicon Nitride Concentration Countour - OEM Test Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

1.40 ug/m^3

C39



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Silicon Nitride Concentration Countour - Design Case

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

10.2 ug/m^3

C40



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

19.2 ug/m^3

C41



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Methyl Silicate Concentration Countour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

11.1 ug/m^3

C42



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Beryllium Concentration Countour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

6.2E-04 ug/m^3

C43



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Cadmium Concentration Countour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

5.5E-04 ug/m^3

C44



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak 24-hr  Average Cobalt Concentration Countour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

8.3E-03 ug/m^3

C45



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines
Peak Annual Average Nickel Concentration Countour

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

2.4E-02 ug/m^3

C46



AERMOD View - Lakes Environmental Software

SCALE:

0 1 km

1:30,000

PROJECT TITLE:

Strum Consulting: Sustane Revised Feedstock Guidelines

COMMENTS:

DATE:

2020-08-14

PROJECT NO.:

324000531

SOURCES:

6

RECEPTORS:

3477

OUTPUT TYPE:

Concentration

MAX:

4.4E-02 ug/m^3

C47
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