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Annex E-5: Environmental Analysis

Annex E-5 provides the estimated life cycle implications related to air, water and energy
associated with the four (4) Durham/York Residual Waste Study residuals processing systems.
The estimated life cycle implications were determined using the Integrated Waste Management
(IWM) model, developed by the University of Waterloo with funding from Corporations
Supporting Recycling (CSR) and the Environment and Plastics Industry Council (EPIC) for the
majority of parameters emitted to air and water and the ICF model developed for Environment
Canada to model greenhouse gas emissions in CO; equivalents (eCO,). Portions of this report are
based on information and methodologies developed by the Niagara-Hamilton WastePlan Study.

Modelling the net life cycle impacts to the environment allows for the relative comparison of the
system alternatives. Modelling was not undertaken to determine the actual ‘amount’ of
emissions to air and water from a specific type of facility. A more accurate determination of the
emissions for the potential Durham/York Residual Waste Study residuals processing system
would be determined once a preferred system and site have been selected. The assumed
emissions from all facilities were well within current regulatory limits.

The estimated quantities and composition of the waste going through each module were derived
from the information provided in Annex E-1: Supporting Technical Document on System Mass
Balances and Diversion Estimates. For the life cycle analysis, the maximum quantity estimates
were used, as this would represent the most reasonable worse case for comparative evaluation.

The four (4) Durham/York Residual Waste Study System Alternatives include:

e 1 - Mechanical and Biological Treatment with Biogas Recovery

e 2a-— Thermal Treatment of Mixed Waste with Recovery of Materials from the Ash/Char
e 2b - Thermal Treatment of Solid Recovered Fuel

e 2c — Thermal Treatment of Solid Recovered Fuel with Biogas Recovery

IWM Model

The IWM model allows the user to input material into various modules including recycling,
composting, anaerobic digestion, thermal treatment and landfill. The model does not allow for
the sequential movement of waste through an integrated system. As a result, a number of model
runs were required and summarised for those systems that included the sequential processing of
waste.

In order to use the IWM model and to accurately reflect the 4 disposal systems, a number of
assumptions had to be made:

Energy Grid

The selection of energy grid has significant impacts on the output of the life cycle analysis. For
example, the net environmental impacts for the components of the systems that consume
electricity using the current Ontario energy grid will be higher than if the British Columbia (BC)
energy grid is used. This reflects that Ontario has a significant percentage of coal-fired electrical
generation on the grid, while BC predominately has hydroelectric power. Also, the offsets for
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energy generation and for virgin material displacement credits are a lot higher based on the
Ontario grid versus the BC grid. As a result, using the current Ontario grid would overstate the
potential benefits of the systems that generate electricity and recover recyclable materials.
Therefore, a custom grid was developed and used, reflecting the assumed eventual replacement
of coal-fired power plants with natural gas-fired plants in Ontario.

Materials Recovery Facility (MRF) Module

= Scenarios do not include forest sequestration. If forest sequestration were included, the LCA
model would indicate an additional short term CO, benefit from the recycling of paper. As
little or no paper is recovered for recycling in these disposal systems, this would have no
effect on the comparative analysis.

= Virgin displacement credits and emissions associated with the reprocessing of recycled
materials are calculated by running the model with 0% residual and the input to MRF as
equal to the output recovered; and,

= Emissions (air and water) associated with the MRF operations are calculated based upon the
total amount of waste entering the MRF and being processed.

Anaerobic Digestion (AD) Module
= Production of electricity with 20% (default) energy recovery efficiency;

= |t should be noted that 20% energy recovery is very conservative. Reports show
that the energy recovery efficiency is at least 10% higher than the default value
for the digestion of municipal solid waste.

= Facility Energy Consumption — is set at 50% of the energy produced by the combustion of
biogas generated by the AD, as it is less efficient to digest and produce energy from mixed
waste (50 kWh per tonne of energy consumption).

Energy-From-Waste (EFW) Module
= Production of electricity with 20% (default) energy recovery efficiency;

= |t should be noted that 20% energy recovery is very conservative. Reports show
that the energy recovery efficiency is at least 10% higher than the default value
for combustion of municipal solid waste or refuse derived fuel.

= 70 kwh/tonne energy consumption (default);

= Emission rates for air contaminants are median performance rates provided by technology
vendors and documented in the Air Emission Study undertaken for the Niagara Hamilton
WastePlan in 2003. However, current performance of European facilities with advanced air
pollution control technology indicates that actual emission rates are significantly lower for
newer thermal facilities; and,

= All fly ash values are based on operating data from the Algonquin EFW facility in Brampton.
Landfill (LF) Module:

= 50% (default) gas recovery, captured and flared;
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= (0% energy recovery;
= Landfill liner has 90% (default) leachate collection efficiency;

= Scenarios do not include landfill carbon sequestration. It is not included in the LCA analysis
because the scientific community has yet to agree on whether or not including sequestration
is appropriate in life cycle analysis when the full contaminating lifespan of a landfill facility
is considered. If sequestration were included, the CO, emissions related to the landfilling of
materials would decrease, but in general, the relative comparison of CO, emissions for the
disposal systems would not change.

= Average annual precipitation for Durham-York is 858.6 mm; and,

= Water emissions are based solely on the tonnes being managed by the landfill; there is no
relationship between waste composition and emissions to water.

ICF Model

The IWM model appears to inaccurately calculate greenhouse gas (GHG) equivalents. The
calculated GHG does not accurately reflect the recovery and combustion of landfill gas, nor does
it accurately reflect the true GHG potential for NOx. The model calculates GHG based on total
NOXx (as well as CO; and methane), of which, only a very small portion is N,O, which is the
component of NOx that has GHG potential.

As a result, the following model was used for the calculation of GHG emissions in each scenario:

ICF Consulting., Determination of the Impact of Waste Management Activities on Greenhouse
Gas Emissions: 2005 Update, Final Report, For Environment Canada, October 31, 2005.

This model attempts to quantify, from a life-cycle perspective, emission factors associated with
Canadian residential as well as industrial, commercial, and institutional (IC&I) solid waste
management practices. These life-cycle emission factors are used to estimate the emissions from
each process and to serve as a common basis for comparison between waste management
systems. In review of the model, we noticed apparent discrepancies (e.g. while the amount of
energy available from certain renewable energy sources is equal, there are higher avoided utility
emissions for anaerobic digestion than for combustion). Also, the model is not designed with a
factor for inert material, or material which undergoes a process but is not actually captured (eg.
material that goes into recycling processing, thereby requiring energy input, but is not actually
recycled), as a result a “ride-through” factor was developed to account for those types of
situations.

Some of the assumptions used in the calculation of GHG emissions from each system alternative
were as follows:

e This study’s waste composition was matched to the ICF waste composition as per the list in
Table 1 below.
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Table 1 Summary of Waste Composition Categories

Newsprint Newspaper

Fine paper Magazines / paperbacks

Cardboard Cardboard

Other paper All other remaining paper, textiles

Aluminum Aluminum cans, trays, 10% “other metal”

Steel Steel cans, aerosol cans, paint cans, 90% “other
metal”, 10% bulky goods

Copper wire N/A

Glass bottles Food and beverage containers, LCBO glass,
other glass

HDPE HDPE

PET PETE

Other plastics All other remaining plastics, 33% bulky goods

Food scraps Food waste, animal waste, sanitary products

Yard trimmings Leaf and yard waste, compostable fibres, wood,
50% building renovations, 33% bulky goods

White goods White goods

Personal computers Electronics

INERT?! Other material, miscellaneous goods, 23% bulky

goods, 50% building renovations, all HHW

The INERT category is not a part of the ICF study, and was created by MacViro to account for those
materials which have no value (in terms of energy, recycling, etc).

e A ride-through emission factor was assigned to all materials that went through a process
without being “used up” (ie. Captured/Reduced). This factor was assigned the value for inert
materials proceeding through the anaerobic digestion process, 0.13 tonnes eCO,/tonne
material (as per Exhibit 8-2, Page 89).

e Yard trimmings (a waste category from the ICF study) did not have a recycling factor in the
ICF study. Because yard trimmings were assigned to the category of wood, 50% of building
renovations and 33% of bulky goods, and some of these materials are recycled in this study,
an emissions factor of 0.25 tonnes eCO,/tonne material was assigned to the yard trimmings,
from the *“other paper” factor (this is another ICF waste category which was deemed roughly
equivalent to yard trimmings).

e In some processes, such as bio-drying and preparation of Solid Recovered Fuel (SRF), grid
electricity was used and the associated emissions from production of this electricity needs to
be accounted for. An emission factor was taken from Ontario Power Generation’s
“Sustainable Development Report 2004”, Appendix B, Emission Rates — Total OPG (pg 45).

The calculations for net system CO, equivalents are attached in Appendix A.

Summary of Net Life Cycle Analysis for All Systems

The environmental net life cycle inventory for each Alternative System is summarized in Table
2.
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Table 2 Summary of Net Annual Life Cycle Inventory

System Alternative

2a

2b

2c

Energy Consumed (GJ) -606,357 -1,348,786| -1,428,480 -1,230,067
Greenhouse Gases
- CO2 Equivalents (tonnes) 68,067 168,768 155,286 162,717
Acid Gases
- NOx (tonnes) -90.0 228 334 -25.3
- SOx (tonnes) -211 -203 -267 -267
- HCI (tonnes) -1,982 -1,987 -2,271 -2,275
Smog Precursors
- NOx (tonnes) -90.0 228 334 -25.3
- PM (tonnes) 60.4 9.58 25.2 19.0
- VOCs (tonnes) -48.5 -128 -114 -93.7
Heavy Metals & Organics
- Air
Pb (kg) -8.92 76.7 35.6 19.1
Hg (kg) -0.09 19.3 10.4 6.74
Cd (kg) -0.01 9.62 5.22 3.39
Dioxins (TEQ) (9) 0.012 0.040 0.022 0.024
- Water
Pb (kg) -10.0 -29.8 -33.4 -36.7
Hg (kg) 0.42 0.02 0.06 0.09
Cd (kg) 241 7.90 7.98 8.02
BOD (kg) 192,089 7,054 11,087 11,109
Dioxins (TEQ) (9) 0.0019 0.00064 0.00064 0.00064

The assumptions and basis for these estimates for each of the systems are detailed below.

1. Mechanical and Biological Treatment

1.1  System 1 Mechanical Biological Treatment (MBT) with Biogas Recovery

In this system, incoming post diversion waste is assumed to be received on a tipping floor and
materials that are unacceptable for mechanical processing (e.g., mattresses) are removed. Some
of these unacceptable materials such as large metal parts may be set aside for recycling, but most
of the materials are assumed to be sent directly to landfill disposal.

The balance of the post diversion waste stream is assumed to be processed — mechanically
treated - to remove recyclables, primarily metal and plastic containers. A relatively small
quantity of these recyclable materials remain in the post diversion waste as the vast majority of
these materials are assumed to be recovered through at-source diversion programs (e.g., blue box
recycling). Mechanical treatment separates the waste stream into a number of fractions, from
which some recyclables are removed. A large portion of the material is sent to landfill after
removal of recyclables. A portion of the material is sent to biological treatment.
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The portion of the remaining material stream that contains the highest percentage of organic
materials (heavy, fines) is biologically treated via anaerobic digestion (AD) to breakdown
organic materials. This process converts carbon-containing compounds to biogas (primarily
methane and carbon dioxide), which in turn can be used to produce energy for in-plant
consumption and sold to external users.

The residual materials, including stabilized organic material — digestate from the AD process —
are assumed to be landfilled.

To reflect System 1, 4 model runs were completed. The basis for the assumed material quantities
and composition going through each module is provided in Annex E-1: System Mass Balances
and Diversion Estimates.

The System begins with approximately 400,000 tonnes of incoming post diversion waste. Before
mechanical processing the waste, approximately 94,800 tonnes of unacceptable waste are
removed either at the transfer station or from the tipping floor. The remaining 305,200 tonnes of
waste is mechanically processed and approximately 17,200 tonnes of recyclable materials are
recovered. The first model run determined the emissions associated with mechanically
processing the 305,200 tonnes of waste. The second model run determined the virgin material
displacement credits for recovering 17,200 tonnes of recyclable materials.

Out of the MRF component, 139,100 tonnes of material are sent directly to landfill, as these
materials are largely inorganic leaving 148,800 tonnes of waste entering the AD component.

The input to the third model run, the AD module, should be 148,800 tonnes, which is the actual
amount of waste going through the AD system. However, the model does not accurately
calculate the amount of residual waste that would remain after AD and assumes that more
materials would be digested than would result from the actual residue rate, 49.6%, resulting in
higher than reasonable energy generation rates and emissions. Of the 148,800 tonnes,
approximately 73,900 tonnes of waste (plastics, metals, and glass) would be removed as solid
residue early in the AD process as they are not easily digested. Thus, the input to the AD module
is 75,000 tonnes, which is the quantity of waste estimated to be biologically treated via AD.

The fourth model run involved landfilling 94,800 tonnes of unacceptable waste, 139,100 tonnes
of material removed out of the MRF component, plus 73,900 tonnes of stabilized residual
materials from the AD (totalling 307,800 tonnes of waste).

The estimated environmental implications associated with each module of System 1 are
summarized in Table 3.
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Table 3 Annual Environmental Implications of System 1

1- MBT with Biogas Recovery and LF of Stabilized Residuals
Virgin Material | Reprocessing Net Life
AD MRF LF Displacement | of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 74,974 299,645| 307,784
Energy Consumed (GJ) -60,354 47,122 38,280 -802,577 171,171 -606,357
Greenhouse Gases
- CO2 Equivalents (tonnes) 68,067
Acid Gases
- NOx (tonnes) -5.02 3.83 21.9 -100 -10.9 -90.0|
- SOx (tonnes) -1.15 1.07 4.90 -179 -36.6 -211
- HCI (tonnes) 0.11 0.01 0.26 -1,983 1.35 -1,982
Smog Precursors
- NOx (tonnes) -5.02 3.83 21.9 -100 -10.9 -90.0]
- PM (tonnes) 2.39 1.24 87.6 -39.8 8.96 60.4
- VOCs (tonnes) 0.40 0.48 15.7 -83.7 18.7 -48.5|
Heavy Metals & Organics
- Air
Pb (kg) -0.08 0.06 0.12 -10.1 1.04 -8.92
Hg (kg) -0.01 0.01 0.01 -0.10 0.00 -0.09]
Cd (kg) 0.00 0.00 0.04 -0.05 0.00 -0.01]
Dioxins (TEQ) (g) 0.008 0.000 0.004 n/a 0.000 0.012]
- Water
Pb (kg) -3.99 3.02 17.9 -235 208 -10.0]
Hg (kg) 0.00 0.00 0.40 -0.01 0.02 0.42
Cd (kg) 0.02 0.02 24.3 -0.86 0.70 24.1
BOD (kg) 21.2 0.27( 188,291 -12,375 16,153 192,089
Dioxins (TEQ) (9) 0.000 n/a 0.002 n/a n/a 0.002
Residual Waste (tonnes) 0| 282,403 307,784 -9,172 2,014

Appendix B-1 provides the IWM model inputs and outputs including the summary tables of
emissions for each module. Note: it is the highlighted column(s) on each of the module summary
tables that are used to derive the values in the table above. Appendix A provides the ICF model
inputs and outputs for CO, equivalents.

2. Thermal Treatment

2.1  System 2a) Thermal Treatment of Mixed Waste with Recovery of

Materials from Ash/Char

There are two main types of commercially available thermal treatment technologies: combustion
and gasification. Depending on the technology, incoming waste may be received on either a flat
tipping floor or into a receiving pit. The waste is inspected and any unacceptable items are
removed.
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In combustion technologies, hydrocarbons in the waste stream are converted to thermal energy,
carbon dioxide, and water. Ash is discharged from the bottom of the grate and is quenched.
Exhaust gases from combustion are cleaned prior to being emitted to the atmosphere. The
process is exothermic (i.e., requires little to no external energy once combustion has been
initiated).

Gasification technologies involve the thermal breakdown of solid materials into a synthetic gas
(syngas) and a solid char residue. The process is endothermic (i.e., requires external energy). The
syngas (mainly comprised of hydrogen, carbon monoxide, carbon dioxide, and nitrogen) must
undergo a cleaning process before it is utilized. After cleaning, the syngas may be used as fuel
for reciprocating engines or gas turbines, or it can be combusted in a steam boiler to generate
steam.

After thermal treatment, mechanical treatment is utilized to recover metals (aluminum and
ferrous) from the ash or char.

The residual materials, including materials unacceptable for thermal processing and ash or char,
are assumed to be landfilled. In addition, residue from the flue gas or syngas cleanup process
also requires management.

To reflect System 2a, 2 model runs were completed. The basis for the assumed material
quantities and composition going through each module is provided in Annex E-1: System Mass
Balances and Diversion Estimates.

The System begins with approximately 400,000 tonnes of incoming post diversion waste. Before
thermally treating the waste, approximately 12,000 tonnes of unacceptable waste are removed
either at the transfer station or from the tipping floor. The first model run determined the
emissions associated with thermally treating 388,000 tonnes of material and landfilling 12,000
tonnes of unacceptable waste. The emissions associated with the bottom and fly ash are added to
the emissions from landfilling the 12,000 tonnes of unacceptable waste.

After thermal treatment, 90,300 tonnes of ash remains and is mechanically processed to recover
11,000 tonnes of metals. The second model run determined the emissions and the virgin material
displacement credits resulting from recovering the 11,000 tonnes of metals.

The estimated environmental implications associated with each module of System 2a are
summarized in Table 4.
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Table 4 Annual Environmental Implications of System 2a

2a- TT of MSW with Metals Recovery
Virgin Material | Reprocessing| Net Life
MRF EFW LF Displacement of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 12,420 388,047 11,953
Energy Consumed (GJ) 1,953| -1,019,027 4,040 -445,565 109,813 -1,348,786
Greenhouse Gases
- CO2 Equivalents (tonnes) 168,768
Acid Gases
- NOx (tonnes) 0.16 314 1.31 -52.2 -35.9 228
- SOx (tonnes) 0.04 2.44 0.31 -119 -87.0 -203]
- HCI (tonnes) 0.00 19.7 0.01 -2,008 1.55 -1,987|
Smog Precursors
- NOx (tonnes) 0.16 314 1.31 -52.2 -35.9 228
- PM (tonnes) 0.05 -4.76 28.7 -15.2 0.71 9.58
- VOCs (tonnes) 0.02 -97.0 0.73 -36.3 4.08 -128]
Heavy Metals & Organics
- Air
Pb (kg) 0.00 86.6 0.01 -10.36 0.43 76.7
Hg (kg) 0.00 19.3 0.00 0.00 0.00 19.3
Cd (kg) 0.00 9.62 0.00 0.00 0.00 9.62
Dioxins (TEQ) (9) 0.000 0.040 0.000 n/a 0.000 0.04
- Water
Pb (kg) 0.13 -4.85 6.02 -292 261 -29.8
Hg (kg) 0.00 -0.12 0.14 0.00 0.00 0.02
Cd (kg) 0.00 -0.07 8.29 -0.98 0.65 7.90
BOD (kg) 0.01 -3.23 7,312 -341 85.2 7,054
Dioxins (TEQ) (9) n/a n/a 0.001 n/a| n/a 0.001
Residual Waste (tonnes) 0 93,378 11,953 -7,862 978

Appendix B-2a provides the IWM model inputs and outputs including the summary tables of
emissions for each module. Note: it is the highlighted column(s) on each of the module summary
tables which are used to derive the values in the table above. Appendix A provides the ICF
model inputs and outputs for CO, equivalents.

2.2 System 2b) Thermal Treatment of Solid Recovered Fuel
This system combines mechanical, biological (aerobic), and thermal treatment.

After removal of some unacceptable materials (similar to 2a) the incoming post diversion waste
is processed and a portion of the material is separated into “large, dry, light” streams of plastic
and paper materials. The other portion of the material includes more “small, wet, heavy” material
including food waste residue, which is sent to biological treatment (aerobic composting) for bio-
drying.
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The waste is then processed mechanically to remove non-combustable materials and to recover
some recyclable resources. A solid fuel is recovered and is fed into the thermal process to
produce energy.

As mentioned under System 2a, the main thermal technologies are combustion or gasification.
Combustion is an exothermic reaction in which hydrocarbons in the waste stream are converted
to thermal energy, carbon dioxide, and water. The exhaust gases are cleaned prior to release into
the atmosphere and the ash is discharged and quenched. Gasification is an endothermic reaction
in which solid material is thermally broken down into syngas and a solid char residue. The
syngas is cleaned before it is utilized for the generation of energy.

The materials requiring landfill disposal include the residuals from the recovery of solid fuel, the
unacceptable waste and the ash/char from the thermal treatment. In addition, residue from the
flue gas or syngas cleanup process also requires management.

To reflect System 2b, 5 model runs were completed. The basis for the assumed material
quantities and composition going through each module is provided in Annex E-1: System Mass
Balances and Diversion Estimates.

The System begins with approximately 400,000 tonnes of incoming post diversion waste. Before
mechanically processing the waste, approximately 56,600 tonnes of unacceptable waste are
removed either at the transfer station or from the tipping floor.

The 343,400 tonnes of waste is then mechanically processed to recover 21,100 tonnes of
recyclable material. The first model run determined the emissions associated with mechanically
processing 343,400 tonnes of waste. The second model run determined the virgin material
displacement credits for recovering 21,100 tonnes of recyclable materials.

The remaining 322,400 tonnes of material is separated into light and heavy fractions. The light
fraction goes to solid recovered fuel preparation and the heavy fraction is bio-dried. The third
model run involved biologically treating (bio-drying) 148,800 tonnes of waste resulting in
50,900 tonnes of organic material being reduced through moisture loss and 97,900 tonnes of
residual materials that are used for solid recovered fuel.

Of the light fraction from mechanical treatment and the residue from bio-drying, a solid fuel is
recovered with approximately 59,000 tonnes of non-combustible residual waste sent to landfill.
The fourth model run determined the emissions associated with thermally treating 212,400
tonnes of solid recovered fuel.

The fifth model run involved landfilling 56,600 tonnes of unacceptable waste, plus the 59,000
tonnes of the residual materials from the solid recovered fuel preparation (totalling 115,600
tonnes of waste). The emissions associated with the bottom and fly ash are added to the
emissions from landfilling the 115,600 tonnes of waste.

The water emission values for the landfill component are taken from 2a, as the model doesn’t
calculate emissions to water based on waste composition, but only on the total tonnes managed
by the landfill. All waste sent to landfill in 2b is inert as is the ash sent to landfill for 2a and
should not result in any decomposition and therefore, water emissions from the landfill.

The estimated environmental implications associated with each module of System 2b are
summarized in Table 5.

Mac¥iro 10 %'/



Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

Table 5 Annual Environmental Implications of System 2b

2b - TT of Solid Recovered Fuel
Virgin Material | Reprocessing| Net Life
Bio-drying MRF EFW LF Displacement | of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 148,843| 343,447 212,426 115,579
Energy Consumed (GJ) 17,692 54,010] -830,319 15,214 -888,996 203,919 -1,428,480|
Greenhouse Gases
- CO2 Equivalents (tonnes) 155,286
Acid Gases
- NOx (tonnes) 1.53 4.39 154 7.95 -110 -24.9 33.4
- SOx (tonnes) 0.42 1.23 -4.60 1.89 -197 -69.3 -267
- HCI (tonnes) 0.00 0.01 10.7 0.03 -2,284 1.71 -2,271
Smog Precursors
- NOx (tonnes) 1.53 4.39 154 7.95 -110 -24.9 334
- PM (tonnes) 24.9 1.42 -8.33 38.1 -40.1 9.21 25.2
- VOCs (tonnes) 3.77 0.56 -57.0 4.03 -83.7 18.7 -114
Heavy Metals & Organics
- Air
Pb (kg) 0.02 0.07 47.0 0.04 -12.7 1.17 35.6
Hg (kg) 0.00 0.01 10.5 0.00 -0.10 0.00 10.41
Cd (kg) 0.00 0.00 5.25 0.01 -0.05 0.00 5.22
Dioxins (TEQ) (9) 0.000 0.000 0.022 0.001 n/aj 0.000 0.02
- Water
Pb (kg) 1.25 3.46 -6.28 6.02 -338 300 -33.44
Hg (kg) 0.00 0.00 -0.09 0.14 -0.01 0.02 0.06
Cd (kg) 0.01 0.03 -0.08 8.29 -1.20 0.93 7.98
BOD (kg) 0.11 0.31 -3.23 7,312 -12,375 16,152 11,087
Dioxins (TEQ) (9) n/a n/a n/a 0.001 n/aj n/a 0.001]
Residual Waste (tonnes) 97,939 322,377 19,862 115,579 -9,162 2,320

Appendix B-2b provides the IWM model inputs and outputs including the summary tables of
emissions for each module. Note: it is the highlighted column(s) on each of the module summary
tables which are used to derive the values in the table above. Appendix A provides the ICF
model inputs and outputs for CO, equivalents.

2.3  System 2c) Thermal Treatment of Solid Recovered Fuel with Biogas

Recovery

This system is a variation of System 2b that involves the separation of the organic material (e.g.,
food waste) from the rest of the post diversion waste and the subsequent anaerobic digestion of
this organic fraction of the waste stream to produce biogas. Energy is thus produced from both
the solid recovered fuel and the biogas.

The residuals from anaerobic digestion, ash/char from the thermal treatment process and the
residues from the mechanical treatment process all require landfilling. A small amount of waste
from the air pollution control/gas clean-up system also requires management.

Mac¥iro 1



Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

To reflect System 2c¢, 5 model runs were completed. The basis for the assumed material
quantities and composition going through each module is provided in Annex E-1: System Mass
Balances and Diversion Estimates.

The System begins with approximately 400,000 tonnes of incoming post diversion waste. Before
mechanically processing the waste, approximately 56,600 tonnes of unacceptable waste are
removed either at the transfer station or from the tipping floor.

The 343,400 tonnes of remaining waste is mechanically processed to recover 21,100 tonnes of
recyclable material. The first model run determined the emissions associated with mechanically
processing 343,400 tonnes of waste. The second model run determined the virgin material
displacement credits for recovering 21,100 tonnes of recyclable materials. During mechanical
treatment, additional separation of the organic material occurs. The third model run involved
anaerobically digesting 148,800 tonnes of the organic material to produce biogas. From the AD
process, 73,900 tonnes of residual waste (digestate and other materials) are sent to landfill.

From the remaining 173,500 tonnes of waste, a solid fuel is recovered with approximately
35,000 tonnes of non-combustible residual waste sent to landfill. The fourth model run
determined the emissions associated with thermally treating approximately 138,500 tonnes of
solid recovered fuel.

The fifth model run involved landfilling 56,600 tonnes of unacceptable waste plus the 73,900
tonnes of residuals from the AD and the 35,000 tonnes of residual waste from the solid recovered
fuel preparation (totalling 165,400 tonnes of waste). The emissions associated with the bottom
and fly ash are added to the emissions from landfilling the 165,400 tonnes of waste.

The water emission values are taken from 2a for the landfill component, as the model doesn’t
calculate emissions to water based on waste composition, but only on the total tonnes managed
by the landfill. All waste sent to landfill in 2c is inert as is the ash sent to landfill for 2a and
should not result in any decomposition and therefore, water emissions from the landfill.

The estimated environmental implications associated with each module of System 2c are
summarized in Table 6.
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Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

Table 6 Annual Environmental Implications of System 2c

2c - TT of Solid Recovered Fuel with Biogas Recovery
Virgin Material | Reprocessing| Net Life
AD MRF EFW LF Displacement of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 74,974 343,447 138,534| 165,422
Energy Consumed (GJ) -60,354 54,010 -556,520 17,874 -888,996 203,919] -1,230,067
Greenhouse Gases
- CO2 Equivalents (tonnes) 162,717,
Acid Gases
- NOx (tonnes) -5.02 4.39 100 9.93 -110 -24.9 -25.3
- SOx (tonnes) -1.15 1.23 -3.23 2.18 -197 -69.3 -267
- HCI (tonnes) 0.11 0.01 7.01 0.14 -2,284 1.71 -2,275
Smog Precursors
- NOx (tonnes) -5.02 4.39 100 9.93 -110 -24.9 -25.3
- PM (tonnes) 2.39 1.42 -5.69 51.8 -40.1 9.21 19.0]
- VOCs (tonnes) 0.40 0.56 -37.2 7.63 -83.7 18.7 -93.7
Heavy Metals & Organics
- Air
Pb (kg) -0.08 0.07 30.7 0.06 -12.7 1.17 19.1
Hg (kg) -0.01 0.01 6.84 0.00 -0.10 0.00 6.74]
Cd (kg) 0.00 0.00 3.42 0.02 -0.05 0.00 3.39
Dioxins (TEQ) (9) 0.008 0.000 0.014 0.002 n/a 0.000 0.024
- Water
Pb (kg) -3.99 3.46 -4.30 6.02 -338 300 -36.7
Hg (kg) 0.00 0.00 -0.06 0.14 -0.01 0.02 0.09
Cd (kg) 0.02 0.03 -0.05 8.29 -1.20 0.93 8.02
BOD (kg) 21.2 0.31 -2.12 7,312 -12,375 16,152 11,109
Dioxins (TEQ) (9) 0.000 n/a n/a| 0.001 n/a n/a 0.001
Residual Waste (tonnes) 0| 322,377 18,576 165,422 -9,162 2,320

Appendix B-2c¢ provides the IWM model inputs and outputs including the summary tables of
emissions for each module. Note: it is the highlighted column(s) on each of the module summary
tables which are used to derive the values in the table above. Appendix A provides the ICF
model inputs and outputs for CO, equivalents.

3. Relative Comparisons of Alternative Systems

The comparison of alternative disposal systems for the Durham/York Residual Waste Planning
Study involved the generation of a significant quantity of data to allow for the determination of
advantages and disadvantages regarding the potential impacts to the natural environment. In
order to determine these potential impacts, a Life Cycle Analysis (LCA) was undertaken (as
described in Sections 1 and 2 for a number of environmental parameters (listed in Table 7 below)
that can affect air and water.
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Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

Table 7 LCA Parameters

Category Key Sub-set Parameter
Air Greenhouse Gases CO, equivalents
Air Acid Gases Nitrogen Oxides (NOXx)

Sulphur Oxides (SOx)

Hydrogen Chloride (HCI)

Air Smog Precursors Nitrogen Oxides (NOXx)

Total Particulate Matter (PM)
Volatile Organic Compounds (VOCs)
Air Heavy Metals and Lead (Pb)

Organics Mercury (Hg)

Cadmium (Cd)

Dioxins (TEQ)

Water Heavy Metals and Lead (Pb)

Organics Mercury (Hg)

Cadmium (Cd)

Biological Oxygen Demand (BOD)
Dioxins (TEQ)

Modelling the net life cycle impacts to the environment allows for the systematic comparison of
the systems and the comparative determination of potential advantages and disadvantages of the
systems as it pertains to impacts to air and water from a global perspective. Modelling was not
undertaken to determine the actual ‘amount’ of emissions to air and water. This type of
modelling uses general emission factors and other assumptions to derive potential emissions
from a theoretical facility or system, useful for comparative purposes only.

In order to determine the advantages and disadvantages for each of the four systems for this
spectrum of emissions, it was necessary to present the information in such a fashion that the
relative magnitude of the emissions for each system for each parameter was reflected, as opposed
to the actual values determined by the LCA.

A simple scoring system was derived, whereby on a scale of 1 to 4, with 1 being the best and 4
being the worst, each system was ranked on their LCA emissions of each parameter. For air
emissions, the scores for each key sub-set of parameters were totalled, to provide values
comparing total GHG, acid gases, smog precursors and metals/organics. The values for all air
subsets were totalled to determine the comparative emissions of all parameters to air. The
system with the lowest total rank is the best and the one with the highest total rank is the worst in
terms of LCA emissions. The values for all water parameters were totalled to determine the
comparative emissions of all parameters to water. Tables 8 and 9 provide the results and
rankings for air and water, respectively, below.

Note: this methodology was chosen in order to present the LCA information to the public in a
simple and straightforward fashion, but the evolution of advantages and disadvantages took into
account the values of the parameters emitted to air and to water.
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Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

Table 8 Results of LCA Air Emissions and Rankings

System 1 2a 2b 2c
Acid Gases
NOx (tonnes
emitted annually) -107 246 27.0 -32.3
RANK (out of 4) 1 4 3 2
SOx (tonnes
emitted annually) -215 -148| -269.89| -269.95
RANK (out of 4) 2 3 1 1
HCI (tonnes
emitted annually) -1,982 -954 -2,271 -2,275
RANK (out of 4) 2 3 1 1
System 1 2a 2b 2c
Total Rank 5 10 5 4

0Q Pre 0

NOXx (tonnes
emitted annually) -107 246 27.0 -32.3
RANK (out of 4) 1 4 3 2
PM (tonnes
emitted annually) 57.4 22.6 24.0 17.8
RANK (out of 4) 4 2 3 1
VOCs (tonnes
emitted annually) -55.8 -99.9 -117 -96.7
RANK (out of 4) 4 2 1 3
System 1 2a 2b 2c
Total Rank 9 8 7 6

Lead (Pb) (kg

emitted annually) -9.0 79.1 35.6 19.1
RANK (out of 4) 1 4 3 2
[Mercury (Hg) (kg

emitted annually) -0.10 19.4 10.4 6.7
RANK (out of 4) 1 4 3 2
Cadmium (Cd) (kg

emitted annually) -0.03 9.62 5.21 3.38
RANK (out of 4) 1 4 3 2
Dioxins (TEQ) (g

emitted annually) 0.012 0.040 0.022 0.024
RANK (out of 4) 1 3 2 2
System 1 2a 2b 2c
Total Rank 4 15 11 8
System 1 2a 2b 2c
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Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

Total Air Ranking
(not including GHG) 18 33 23 18

System 1 2a 2b 2c
Net CO2
Equivalents (tonnes
lemitted annually) 68,067 | 168,768 | 155,519 162,723
System 1 2a 2b 2c
RANK (out of 4) 1 4 2 3

1 2a 2b 2C
Total Emissions to
Air incl. GHG 19 37 25 21

Table 9 Results of LCA Water Emissions and Ranking

System 1 \ 2a 2b 2c
Lead (Pb) (kg

emitted annually) -104 -29.8 -33.4 -36.6
RANK (out of 4) 4 3 2 1
[Mercury (Hg) (kg

emitted annually) 0.42 0.02 0.07 0.10
RANK (out of 4) 4 1 2 3
Cadmium (Cd) (kg

emitted annually) 24.1 8.01 8.09 8.13
RANK (out of 4) 4 1 2 3
BOD (kg emitted

annually) 192,087 7,284 | 11,087 11,109
RANK (out of 4) 4 1 2 3
Dioxins (TEQ) (g

emitted annually) 0.0019 0.0007] 0.0007 0.0007
RANK (out of 4) 2 1 1 1
System 1 2a 2b 2C
Total Water

Ranking 18 7 9 11

The scores for air and water parameters were used to generate simple graphs indicating the
relative emissions to air and water for each of the four alternative disposal systems.

For other parameters such as the net life cycle energy, the actual values derived during
investigation of the alternative systems were used to graphically demonstrate how the systems
compared with each other. In this case, the values for these parameters were based on only one
or two numbers that could be presented simply to provide an overview of relative advantages and
disadvantages.
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Durham/York Residual Waste Study
Annex E-5: Environmental Life Cycle Analysis

The following graphs illustrate the relative emissions to air and water as well as the net annual
life cycle energy consumption for each of the four disposal systems. The shorter the bar is on the
graph, the better the relative impact on life cycle emissions to air and water are. For the net life
cycle energy graph, the more negative the number (i.e., lowest on the graph) translates to more
energy generation and therefore, the better system.

Figure 1 Relative Overall Emissions to Air

Comparison of Alternative Residuals Processing Systems
Relative Overall Emissions to Air Including GHG

Relative Emissions

1 2a 2b 2c

Net lifecycle emissions to Air includes Alternative SySte ms

greenhouse gases, acid gases, smog

precursors, heavy metals and organics 1 - MBT (anaerobic)

emitted from all facilities and offsets 2a - TT, recovery of metal fromash
(credits) achieved by generating energy 2b - TT of Solid Recovered Fuel

and recycling of materials. 2c - TT of Solid Recovered Fuel and Biogas
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Figure 2 Relative Emissions: Greenhouse Gases (in CO, Equivalents)

Comparison of Alternative Residuals Processing Systems

@ Net Greenhouse Gases (GHG) to Air
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1 2a 2b 2c
Alternative Systems
1 - MBT (anaerobic)
. o . 2a - TT, recovery of metal from ash

Net Lifecycle Emissions of GHG were derived from ICF 2b - TT of Solid Recovered Euel
Consulting report for Environment Canada "Determination 2¢ - TT of Solid Recovered Fuel and
of the Impact of Waste Management Activities on Biogas
Greenhouse Gas Emissions: 2005 Update, Final Report".

Figure 3 Relative Emissions: Acid Gases

o Comparison of Alternative Residuals Processing Systems
© Relative Emissions: Acid Gases
@
=
w
[ .
=
kS
5 ]
x
1 2a 2b 2c
Alternative Systems
1 - MBT (anaerobic)
2a - TT, recovery of metal from ash
Acid Gases include 2b - TT of Solid Recovered Fuel
NOx, SOx and HCI 2c - TT of Solid Recovered Fuel and Biogas
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Figure 4 Relative Emissions: Smog Precursors

» Comparison of Alternative Residuals Processing Systems
E Relative Emissions: Smog Precursors
@
S
i
© _
2
© ]
[
m 4
1 2a 2b 2C
Alternative Systems
1 - MBT (anaerobic)
2a - TT, recovery of metal from ash
Smog Precursors 2b - TT of Solid Recovered Fuel
include NOx, PM and 2c - TT of Solid Recovered Fuel and
VOCs Biogas

Figure 5 Relative Emissions: Heavy Metals and Organics

Comparison of Alternative Residuals Processing Systems
Relative Air Emissions: Heavy Metals and Organics

Relative Emissions

1 2a 2b 2c
Alternative Systems

1 - MBT (anaerobic)
2a - TT, recovery of metal fromash
2b - TT of Solid Recovered Fuel

Includes Emissions of Lead, ' .
2c - TT of Solid Recovered Fuel and Biogas

Mercury, Cadmium and
Dioxins to Air
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Figure 6 Relative Emissions to Water

Comparison of Alternative Residuals Processing Systems

n Relative Emissions to Water
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1 2a 2b 2c
Alternative Systems

Net Life Cycle emissions to Water includes Lead, 1 - MBT (anaerobic)
Mercury, Cadmium, Biological Oxygen Demand and 2a - TT, recovery of metal from ash
Dioxins emitted from all facilities as well as offsets 2b - TT of Solid Recovered Fuel
(credits) achieved by generating electricity and 2c - TT of Solid Recovered Fuel and
recycling of materials. Biogas

The anaerobic digester (AD) module assumes that wastewater is treated onsite and therefore, the
environmental impacts to water for the AD are minimal. The environmental impacts to water,
from the model, are predominantly based on the volumes of waste going to landfill.
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Figure 7 Net Annual Life Cycle Energy Consumption (Generation)

Comparison of Alternative Residuals Processing Systems
Net Annual Lifecycle Energy Consumption (Generation) (GJ)
T 0
-200,000 -
E 1 2a 2b 2¢C
0 -400,000 -
S 3
O % -600,000 -
> 5 |
) g -800,000
v O i
L|CJ o) -1,000,000
— -1,200,000
o
) -1,400,000
©)
-1,600,000
Alternative Systems 1- MBT (anaerobic)
Assumes: that the energy Net Lifecycle energy includes consumption of heat, 2a- TT, recovery of metal
output from facilities within the fuel and electricity by all facilities_and generation of from ash
systems is in the form of electricity as well as energy saved by recycling 2b - TT of Solid Recovered
electricity ONLY. materials. Fuel _
2c - TT of Solid Recovered

Note: the more negative the number (i.e., lowest on the graph) translates to more energy generation.
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Summary Table for System 1

1 - MBT with Biogas Recovery and LF of Stabilized Residuals

Virgin Material | Reprocessing | Net Life
AD MRF LF Displacement | of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 74,974 299,645| 307,784
Energy Consumed (GJ) -60,354 47,122 38,280 -802,577 171,171 -606,357
Greenhouse Gases
- CO2 Equivalents (tonnes) 68,067
Acid Gases
- NOx (tonnes) -5.02 3.83 21.9 -100 -10.9 -90.0
- SOx (tonnes) -1.15 1.07 4.90 -179 -36.6 -211
- HCI (tonnes) 0.11 0.01 0.26 -1,983 1.35 -1,982
Smog Precursors
- NOx (tonnes) -5.02 3.83 21.9 -100 -10.9 -90.0
- PM (tonnes) 2.39 1.24 87.6 -39.8 8.96 60.4
- VOCs (tonnes) 0.40 0.48 15.7 -83.7 18.7 -48.5
Heavy Metals & Organics
- Air
Pb (kg) -0.08 0.06 0.12 -10.1 1.04 -8.92
Hg (kg) -0.01 0.01 0.01 -0.10 0.00 -0.09
Cd (kg) 0.00 0.00 0.04 -0.05 0.00 -0.01
Dioxins (TEQ) (g) 0.008 0.000 0.004 n/a 0.000 0.012
- Water
Pb (kg) -3.99 3.02 17.9 -235 208 -10.0
Hg (kg) 0.00 0.00 0.40 -0.01 0.02 0.42
Cd (kg) 0.02 0.02 24.3 -0.86 0.70 24 1
BOD (kg) 21.2 0.27( 188,291 -12,375 16,153 192,089
Dioxins (TEQ) (9) 0.000 n/a 0.002 n/a n/a 0.002
Residual Waste (tonnes) 0| 282,403 307,784 -9,172 2,014




:NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

1- MRF only
Total Waste
Management
Recycling System
Tonnes Managed (***) 299,645 400,000
Energy Consumed (GJ) 47,122 60,883
Greenhouse Gases
- CO2 Equivalents (tonnes) 6,876 6,876
Acid Gases
- NOx (tonnes) 3.83 7.65
- SOx (tonnes) 1.07 2.04
- HCI (tonnes) 0.008 0.01
Smog Precursors
- NOx (tonnes) 3.83 7.7
- PM (tonnes) 1.24 106.2
- VOCs (tonnes) 0.48 1.7
Heavy Metals & Organics
- Air
Pb (kg) 0.063 0.1
Hg (kg) 0.009 0.01
Cd (kg) 0.004 0.01
Dioxins (TEQ) (g) 0.0000 0.000
- Water
Pb (kg) 3.017 25.03
Hg (kg) 0.0022 0.508
Cd (kg) 0.022 30.38
BOD (kg) 0.27 235,948
Dioxins (TEQ) (g) n/a 0.0024
Residual Waste (tonnes) 282,403 382,758

*** Tonnes Managed may not display exactly as entered due to rounding errors (+/- 17 tonnes)

EPIC/CSR IWM Model

4/11/2006

Version 1.0



1 - MRF only output.xIsinput data

INPUT DATA

1- MRF only

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

400000 tonnes

17121 tonnes
7083 tonnes

0 tonnes

6337 tonnes
172747 tonnes

15569 tonnes

28766 tonnes

2266 tonnes

3200 tonnes
1929 tonnes
38353 tonnes
1176 tonnes
4941 tonnes
157 tonnes

0 tonnes
0 tonnes
100355 tonnes

299645 tonnes
0 tonnes
0 tonnes
0 tonnes
100355 tonnes
0 tonnes



1 - MRF zero residue output.xIsinput data

WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0%

24 %

45 %



1 - MRF zero residue output.xIsinput data 5

MATERIALS RECOVERY FACILITY
Energy Consumption

Electricity 25 kwh/tonne
Natural Gas 0.264 m3/tonne
Residue 0 %
Residue management landfilled
Distance to markets:
Paper 0 km
Glass 0 km
Ferrous 0 km
Aluminum 0 km
Plastics 0 km

Distance from MRF to landfill/incinerator 0 km



1 - MRF zero residue output.xIsinput data 5

Waste Sent For Recycling

Recovery Rates
Paper

Ferrous Metals
Aluminum
Glass

Plastics

Forest sequestration

17242 tonnes

Newspaper 0 tonnes
OCC 0 tonnes
Telephone Directories 0 tonnes
Boxboard 0 tonnes
Mixed Paper 3173 tonnes

8679 tonnes

1543 tonnes

0 tonnes
PET 2400 tonnes
HDPE 1447 tonnes
LLDPE 0 tonnes
PP 0 tonnes
PS 0 tonnes
PVvC 0 tonnes

No



=NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

1-ADonly
Total Waste
Management
AD System
Tonnes Managed (***) 74,974 74,974
Energy Consumed (GJ) -60,354 -60,354
Greenhouse Gases
- CO2 Equivalents (tonnes) 9,639 9,639
Acid Gases
- NOx (tonnes) -5.02 -5.02
- SOx (tonnes) -1.15 -1.15
- HCI (tonnes) 0.11 0.11
Smog Precursors
- NOx (tonnes) -5.02 -5.0
- PM (tonnes) 2.39 2.4
- VOCs (tonnes) 0.40 0.4
Heavy Metals & Organics
- Air
Pb (kg) -0.08 -0.1
Hg (kg) -0.01 -0.01
Cd (kg) 0.00 0.00
Dioxins (TEQ) (g) 0.008 0.008
- Water
Pb (kg) -3.99 -3.99
Hg (kg) 0.001 0.001
Cd (kg) 0.02 0.02
BOD (kg) 21 21
Dioxins (TEQ) (g) 0.0000 0.0000
Residual Waste (tonnes) 0 0

EPIC/CSR IWM Model

*** Tonnes Managed may not

4/11/2006

Version 1.0



INPUT DATA

1- AD only
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste 74974 tonnes
Composition of waste
Paper
Newspaper 0 tonnes
OocC 0 tonnes
Telephone Directories 0 tonnes
Boxboard 0 tonnes
Mixed Paper 0 tonnes
Glass 0 tonnes
Ferrous Metals 0 tonnes
Aluminum 0 tonnes
Plastics
PET 0 tonnes
HDPE 0 tonnes
LLDPE 0 tonnes
PP 0 tonnes
PS 0 tonnes
PVC 0 tonnes
Organics
Food waste 0 tonnes
Yard waste 0 tonnes
Other waste 0 tonnes
WASTE FLOW
Recycling 0 tonnes
Composting 0 tonnes
Land Application 0 tonnes
Energy from waste 0 tonnes
Landfill 0 tonnes

AD 74974 tonnes



WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - PROVINCIAL GRID SELECTED

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oll
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 km/litre
2.5 km/litre

No

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0%
31 %
0%
0%

24 %

45 %



Anaerobic Digestion
Waste Sent for AD

Sent As

Breakdown

Composition of Paper

Composition of Yard Waste

Paper

Food Waste
Yard Waste
Ferrous Metals
Aluminum
Glass

Plastics

Other Organics

Newspaper
OCC/OBB

Telepone Directories
Office

Mixed Paper

Leaves
Grass
Yard Material/Brush

Anaerobic Digestion Process

AD Process

Amount of Methane produced

Residues from process

Recovery of secondary materials

Energy Production

Energy Consumption

metals
glass
plastics

Production of Electricity
Production of Steam

Production of Steam and Electricity

Utility Electricity

Efficiency of Energy Production

Facility Energy Consumption

Quantity of Compost produced
Quantity of Waste Water Produced

74974 tonnes

Co-mingled MSW

tonnes
20429 tonnes
51112 tonnes
3433 tonnes
0 tonnes

0 tonnes

0 tonnes

0 tonnes

0 tonnes

17926 tonnes
805 tonnes

0 tonnes

0 tonnes
1698 tonnes

3433 tonnes
0 tonnes
0 tonnes

m3/Kg VS

55 %

0 aluminum

0
0 HDPE

Yes

No

No
0GJ
20 %

50 Khr/tonne

%
%

Biogas
Moisture Yield in
Content in m3/kg of

% feed
70 0.11344
40 0.1006
35 0.06073
35 0.12449
35 0.06073
35 0.17762
35 0.11175
40 0.02309
80 0.03421
15 0.06691
0



=NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

1 - Landfill only

Total Waste
Management
Landfill System
Tonnes Managed (***) 307,784 307,784
Energy Consumed (GJ) 38,280 38,280
Greenhouse Gases
- CO2 Equivalents (tonnes) 51,552 51,552
Acid Gases
- NOx (tonnes) 21.9 21.9
- SOx (tonnes) 4.90 4.90
- HCI (tonnes) 0.26 0.26
Smog Precursors
- NOx (tonnes) 21.9 21.9
- PM (tonnes) 87.6 87.6
- VOCs (tonnes) 15.7 15.7
Heavy Metals & Organics
- Air
Pb (kg) 0.125 0.125
Hg (kg) 0.01 0.01
Cd (kg) 0.04 0.04
Dioxins (TEQ) (g) 0.004 0.004
- Water
Pb (kg) 17.9 17.9
Hg (kg) 0.404 0.404
Cd (kg) 24.3 24.3
BOD (kg) 188,291 188,291
Dioxins (TEQ) (g) 0.0019 0.0019
Residual Waste (tonnes) 307,784 307,784

EPIC/CSR IWM Model

*** Tonnes Managed may not

4/11/2006

Version 1.0



INPUT DATA

1 - Landfill only

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting
Land Application

Energy from waste

Landfill
AD

WASTE COLLECTION

Newspaper
OCC

Telephone Directories

Boxboard
Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

307784 tonnes

16094 tonnes
6658 tonnes
0 tonnes
6635 tonnes
25921 tonnes

15569 tonnes

1112 tonnes

725 tonnes

800 tonnes
482 tonnes
38352.5 tonnes
1176.5 tonnes
4941 tonnes
157 tonnes

20852 tonnes
2590 tonnes
165719 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
307784 tonnes
0 tonnes

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 km/litre
2.5 kml/litre

Yes



TRANSFER & TRANSPORTATION

Energy consumed in transfer station operations
Diesel
Electricity

Transfer station:
Recyclable
Yard waste
Garbage to EFW
Garbage to landfill
AD
Transportation Distances
from transfer station to EFW
from transfer station to landfill
from transfer station to MRF
from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - PROVINCIAL GRID SELECTED

ELECTRICITY - CUSTOM GRID SELECTED
Coal

Natural Gas

Diesel & Light Fuel Oil

Heavy Fuel Oil

Hydro

Nuclear

LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

Scenario Description

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
Yes
No

0 km
100 km
0 km
0 km
0 km

Custom

0%
31 %

0 %

24 %

45 %

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



Appendix B-2a



Summary Table for System 2a

2a - TT of MSW with Metals Recovery

Virgin Material | Reprocessing| Net Life
MRF EFW LF Displacement of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 12,420 388,047 11,953
Energy Consumed (GJ) 1,953| -1,019,027 4,040 -445,565 109,813| -1,348,786
Greenhouse Gases
- CO2 Equivalents (tonnes) 168,768
Acid Gases
- NOx (tonnes) 0.16 314 1.31 -52.2 -35.9 228
- SOx (tonnes) 0.04 2.44 0.31 -119 -87.0 -203
- HCI (tonnes) 0.00 19.7 0.01 -2,008 1.55 -1,987
Smog Precursors
- NOx (tonnes) 0.16 314 1.31 -52.2 -35.9 228
- PM (tonnes) 0.05 -4.76 28.7 -15.2 0.71 9.58
- VOCs (tonnes) 0.02 -97.0 0.73 -36.3 4.08 -128
Heavy Metals & Organics
- Air
Pb (kg) 0.00 86.6 0.01 -10.36 0.43 76.7
Hg (kg) 0.00 19.3 0.00 0.00 0.00 19.3
Cd (kg) 0.00 9.62 0.00 0.00 0.00 9.62
Dioxins (TEQ) (9) 0.000 0.040 0.000 n/a 0.000 0.04
- Water
Pb (kg) 0.13 -4.85 6.02 -292 261 -29.8
Hg (kg) 0.00 -0.12 0.14 0.00 0.00 0.02
Cd (kg) 0.00 -0.07 8.29 -0.98 0.65 7.90
BOD (kg) 0.01 -3.23 7,312 -341 85.2 7,054
Dioxins (TEQ) (g) n/a n/a 0.001 n/a n/a 0.001
Residual Waste (tonnes) 0 93,378 11,953 -7,862 978




ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM
2a- EFW and LF

Total Waste
Management
EFW Landfill System
Tonnes Managed (***) 388,047 11,953 400,000
Energy Consumed (GJ) -1,019,027 4,040 -1,014,988
Greenhouse Gases
- CO2 Equivalents (tonnes) 167,384 1,384 168,768
Acid Gases
- NOx (tonnes) 314.3 1.31 315.59
- SOx (tonnes) 2.44 0.31 2.75
- HCI (tonnes) 19.68 0.012 19.69
Smog Precursors
- NOx (tonnes) 314.3 1.31 315.6
- PM (tonnes) -4.76 28.7 24.0
- VOCs (tonnes) -97.02 0.73 -96.3
Heavy Metals & Organics
- Air
Pb (kg) 86.6 0.01 86.6
Hg (kg) 19.35 0.001 19.35
Cd (kg) 9.62 0.002 9.62
Dioxins (TEQ) (g) 0.040 0.000 0.040
- Water
Pb (kg) -4.845 6.02 1.17
Hg (kg) -0.116 0.138 0.022
Cd (kg) -0.066 8.29 8.23
BOD (kg) -3.233 7,312 7,309
Dioxins (TEQ) (g) n/a 0.00064 0.0006
Residual Waste (tonnes) 93,378 11,953 105,331

EPIC/CSR IWM Model

*** Tonnes Managed may not display exac

4/11/2006

Version 1.0



INPUT DATA

2a- EFW and LF

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste
Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

400000 tonnes

17121 tonnes
7083 tonnes
0 tonnes
8141 tonnes
27576 tonnes

15569 tonnes

7412 tonnes

1961 tonnes

3200 tonnes
1929 tonnes
38352.5 tonnes
1176.5 tonnes
4941 tonnes
157 tonnes

48494 tonnes
6023 tonnes
210864 tonnes

0 tonnes

0 tonnes

0 tonnes
388047 tonnes
11953 tonnes
0 tonnes



WASTE COLLECTION
Distance driven by collection trucks annualy

Garbage trucks 0 km
Recycling trucks 0 km
Yard waste trucks 0 km
Source Seperated 0 km
Co-mingled 0 km
Type of fuel Diesel
Fuel efficiency
Collection trucks 1.25 kml/litre
Transport trucks 2.5 kml/litre
Transfer Station Yes

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Diesel 0.124 litres/tonne

Electricity 2.5 kwh/tonne
Transfer station:

Recyclable No

Yard waste No

Garbage to EFW No

Garbage to landfill Yes

AD No
Transportation Distances

from transfer station to EFW 0 km

from transfer station to landfill 100 km

from transfer station to MRF 0 km

from transfer station to composting facility 0 km

from transfer station to AD facility 0 km
ELECTRICITY - PROVINCIAL GRID SELECTED Custom

ELECTRICITY - CUSTOM GRID SELECTED

Coal 0%
Natural Gas 31 %
Diesel & Light Fuel Oil 0%
Heavy Fuel Oil 0 %
Hydro 24 %

Nuclear 45 %



ENERGY FROM WASTE
Quantity of waste to EFW

Production of Electricity
Production of steam

Production of steam and electricity
Energy recovery efficiency

Energy consumption

Bottom Ash
Fly ash

Distance fly ash transported
Distance bottom ash transported

EMISSION RATES FOR AIR CONTAMINANTS FROM EFW

dioxins

lead

mercury
cadmium

NO x

SO x

THC

HCI

particulate matter

LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

388047 tonnes

Yes
No
No
20 %

70 kwh/tonne
Yes
77,856 tonnes
15,522 tonnes

100 km
100 km

0.02 ng/m3
44.5 ug/m3
10 ug/m3
4.9 ug/m3
185.7 mg/m3
10.8 mg/m3
0.72 mg/m3
10 mg/m3
6.9 mg/m3

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM
2a - MRF zero residue

Total Waste || Virgin Material | Reprocessing
Management || Displacement | of Recycled [[Net Life Cycle
Recycling System Credit Materials Inventory
Tonnes Managed (***) 12,420 12,420
Energy Consumed (GJ) 1,953 1,988 -445,565 109,813 -333,763
Greenhouse Gases
- CO2 Equivalents (tonnes)
Acid Gases
- NOx (tonnes) 0.16 0.17 -52.2 -35.9 -88.0
- SOx (tonnes) 0.04 0.05 -119 -87.0 -205.7
- HCI (tonnes) 0.000 0.00 -2008.5 1.55 -2006.9
Smog Precursors
- NOx (tonnes) 0.16 0.2 -52.2 -35.9 -88.0
- PM (tonnes) 0.05 0.3 -15.2 0.7 -14.1
- VOCs (tonnes) 0.02 0.0 -36.3 4.1 -32.2
Heavy Metals & Organics
- Air
Pb (kg) 0.003 0.0 -10.36 0.43 -9.9
Hg (kg) 0.000 0.00 0.00 0.00 0.00
Cd (kg) 0.000 0.00 0.00 0.00 0.00
Dioxins (TEQ) (g) 0.0000 0.000 n/a 0.0000 0.000
- Water
Pb (kg) 0.125 0.18 -292.3 261.1 -30.95
Hg (kg) 0.0001 0.001 0.00 0.00 0.001
Cd (kg) 0.001 0.08 -1.0 0.65 -0.247
BOD (kg) 0.01 599 -341 85 343
Dioxins (TEQ) (g) n/a 0.0000 n/a n/a 0.00001
Residual Waste (tonnes) 0 0 -7,862 978 -6,884

*** Tonnes Managed may not display exactly as entered due to rounding errol

EPIC/CSR IWM Model 4/11/2006 Version 1.0



INPUT DATA
2a - MRF zero residue
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste

Composition of waste

Paper
Newspaper
occC
Telephone Directories
Boxboard
Mixed Paper
Glass
Ferrous Metals
Aluminum
Plastics
PET
HDPE
LLDPE
PP
PS
PVvC
Organics
Food waste
Yard waste
Other waste
WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

12420 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

0 tonnes

10894 tonnes

1526 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

0 tonnes
0 tonnes
0 tonnes

12420 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes



WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal
Natural Gas

Diesel & Light Fuel Oil

Heavy Fuel OIl
Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 km/litre
2.5 km/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0 %

24 %

45 %



MATERIALS RECOVERY FACILITY
Energy Consumption
Electricity
Natural Gas

Residue

Residue management

Distance to markets:
Paper
Glass
Ferrous
Aluminum
Plastics

Distance from MRF to landfill/incinerator

Waste Sent For Recycling

Recovery Rates

Paper
Newspaper
occC
Telephone Directories
Boxboard
Mixed Paper
Ferrous Metals
Aluminum
Glass
Plastics
PET
HDPE
LLDPE
PP
PS
PVC

Forest sequestration

25 kwh/tonne
0.264 m3/tonne

0 %

landfilled

0 km
0 km
0 km
0 km
0 km

0 km

12420 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

10894 tonnes

1526 tonnes

0 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

No



Appendix B-2b



Summary Table for System 2b

2b - TT of Solid Recovered Fuel

Virgin Material | Reprocessing| Net Life
Bio-drying MRF EFW LF Displacement | of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 148,843| 343,447 212,426 115,579
Energy Consumed (GJ) 17,692 54,010 -830,319 15,214 -888,996 203,919 -1,428,480
Greenhouse Gases
- CO2 Equivalents (tonnes) 155,286
Acid Gases
- NOx (tonnes) 1.53 4.39 154 7.95 -110 -24.9 33.4
- SOx (tonnes) 0.42 1.23 -4.60 1.89 -197 -69.3 -267
- HCI (tonnes) 0.00 0.01 10.7 0.03 -2,284 1.71 -2,271
Smog Precursors
- NOx (tonnes) 1.53 4.39 154 7.95 -110 -24.9 33.4
- PM (tonnes) 249 1.42 -8.33 38.1 -40.1 9.21 25.2
- VOCs (tonnes) 3.77 0.56 -57.0 4.03 -83.7 18.7 -114
Heavy Metals & Organics
- Air
Pb (kg) 0.02 0.07 47.0 0.04 -12.7 1.17 35.6
Hg (kg) 0.00 0.01 10.5 0.00 -0.10 0.00 10.41
Cd (kg) 0.00 0.00 5.25 0.01 -0.05 0.00 5.22
Dioxins (TEQ) (g) 0.000 0.000 0.022 0.001 n/a 0.000 0.02
- Water
Pb (kg) 1.25 3.46 -6.28 6.02 -338 300 -33.44
Hg (kg) 0.00 0.00 -0.09 0.14 -0.01 0.02 0.06
Cd (kg) 0.01 0.03 -0.08 8.29 -1.20 0.93 7.98
BOD (kg) 0.11 0.31 -3.23 7,312 -12,375 16,152 11,087
Dioxins (TEQ) (g) n/a n/a n/a 0.001 n/a n/a 0.001
Residual Waste (tonnes) 97,939| 322,377 19,862 115,579 -9,162 2,320




:NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2b - MRF
Total Waste
Management
Recycling System
Tonnes Managed (***) 343,447 343,447
Energy Consumed (GJ) 54,010 65,633
Greenhouse Gases
- CO2 Equivalents (tonnes) 8,404 5,062
Acid Gases
- NOx (tonnes) 4.39 7.62
- SOx (tonnes) 1.23 2.04
- HCI (tonnes) 0.009 0.01
Smog Precursors
- NOx (tonnes) 4.39 7.6
- PM (tonnes) 1.42 90.1
- VOCs (tonnes) 0.56 1.6
Heavy Metals & Organics
- Air
Pb (kg) 0.072 0.1
Hg (kg) 0.011 0.01
Cd (kg) 0.004 0.01
Dioxins (TEQ) (g) 0.0000 0.000
- Water
Pb (kg) 3.458 22.05
Hg (kg) 0.0025 0.430
Cd (kg) 0.025 25.67
BOD (kg) 0.31 199,283
Dioxins (TEQ) (g) n/a 0.0020
Residual Waste (tonnes) 322,377 322,377

EPIC/CSR IWM Model

*** Tonnes Managed may nc

4/11/2006

Version 1.0



2b - MRF output.xIsInput data

INPUT DATA

2b - MRF

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

343447 tonnes

17121 tonnes
7083 tonnes

0 tonnes

6337 tonnes
177286 tonnes

15569 tonnes

67050 tonnes

2266 tonnes

3200 tonnes
2908 tonnes
38353 tonnes
1176 tonnes
4941 tonnes
157 tonnes

0 tonnes
0 tonnes
0 tonnes

343447 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes



2b - MRF output.xIsInput data

WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0%

24 %

45 %



2b - MRF output.xIsInput data

MATERIALS RECOVERY FACILITY
Energy Consumption

Electricity 25 kwh/tonne
Natural Gas 0.264 m3/tonne
Residue 93.865 %
Residue management landfilled
Distance to markets:
Paper 0 km
Glass 0 km
Ferrous 0 km
Aluminum 0 km
Plastics 0 km

Distance from MRF to landfill/incinerator 0 km



2b - MRF output.xIsInput data

LANDFILLING

Carbon Sequestration No
Gas recovery Yes
Gas recovery efficiency 50 %
Energy recovery No
Energy recovery efficiency 0%
Annual Precipitation 858.6 mm
Landfill lined, with leachate collection Yes
Landfill not lined, with leachate collection No
Landfill not lined, leachate not collected No
Leachate collection efficiency 90 %

Energy consumed by landfilling

Diesel 0.22 litres/tonne
Natural Gas 0.028 m3/tonne
Electricity 0.29 kwh/tonne

Scenario Description

NotesAD
Waste Sent For Recycling

Recovery Rates

343447 tonnes

Paper
Newspaper 17121 tonnes
OocCcC 7083 tonnes
Telephone Directories 0 tonnes
Boxboard 6337 tonnes
Mixed Paper 177286 tonnes
Ferrous Metals 67050 tonnes
Aluminum 2266 tonnes
Glass 15569 tonnes
Plastics
PET 3200 tonnes
HDPE 2908 tonnes
LLDPE 38353 tonnes
PP 1176 tonnes
PS 4941 tonnes
PVC 157 tonnes
Forest sequestration No



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM
2b - MRF zero residue

Total Waste || Virgin Material [ Reprocessing
Management || Displacement | of Recycled | Net Life Cycle
Recycling System Credit Materials Inventory
Tonnes Managed (***) 21,070 21,070
Energy Consumed (GJ) 3,313 3,396 -888,996 203,919 -681,681
Greenhouse Gases
- CO2 (tonnes) 123 127 -39,357 8,834 -30,395
- CH4 + NOx (tonnes) 0.6 1 -205.7 -24.9 -230
- CO2 Equivalents (tonnes) 213 225 -75,323 1,123 -73,976
Acid Gases
- NOx (tonnes) 0.27 0.29 -109.5 -24.9 -134.1
- SOx (tonnes) 0.08 0.08 -197 -69.3 -266.2
- HCI (tonnes) 0.001 0.00 -2283.8 171 -2282.1
Smog Precursors
- NOx (tonnes) 0.27 0.3 -109.5 -24.9 -134.1
- PM (tonnes) 0.09 0.7 -40.1 9.2 -30.2
- VOCs (tonnes) 0.03 0.0 -83.7 18.7 -65.0
Heavy Metals & Organics
- Air
Pb (kg) 0.004 0.0 -12.73 1.17 -11.6
Hg (kg) 0.001 0.00 -0.10 0.00 -0.10
Cd (kg) 0.000 0.00 -0.05 0.00 -0.05
Dioxins (TEQ) (g) 0.0000 0.000 n/a 0.0000 0.000
- Water
Pb (kg) 0.212 0.34 -338.1 300.2 -37.55
Hg (kg) 0.0002 0.003 -0.01 0.02 0.017
Cd (kg) 0.002 0.18 -1.2 0.93 -0.085
BOD (kg) 0.02 1,419 -12,375 16,152 5,197
Dioxins (TEQ) (9) n/a 0.0000 n/a n/a 0.00001
Residual Waste (tonnes) 0 0 -9,162 2,320 -6,841

*** Tonnes Managed may not display exactly as entered due to rounding erro

EPIC/CSR IWM Model 4/11/2006 Version 1.0



2b - MRF zero residue output.xIsinput data

INPUT DATA
2b - MRF zero residue
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste

Composition of waste

Paper
Newspaper
OCC
Telephone Directories
Boxboard
Mixed Paper
Glass
Ferrous Metals
Aluminum
Plastics
PET
HDPE
LLDPE
PP
PS
PVC
Organics
Food waste
Yard waste
Other waste
WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

21070 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
3173 tonnes

0 tonnes

12509 tonnes

1541 tonnes

2400 tonnes
1447 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

0 tonnes
0 tonnes
0 tonnes

21070 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes



2b - MRF zero residue output.xIsinput data

WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0%

24 %

45 %



2b - MRF zero residue output.xIsinput data

MATERIALS RECOVERY FACILITY
Energy Consumption

Electricity 25 kwh/tonne
Natural Gas 0.264 m3/tonne
Residue 0 %
Residue management landfilled
Distance to markets:
Paper 0 km
Glass 0 km
Ferrous 0 km
Aluminum 0 km
Plastics 0 km

Distance from MRF to landfill/incinerator 0 km



2b - MRF zero residue output.xIsinput data

Waste Sent For Recycling 21070 tonnes

Recovery Rates

Paper
Newspaper 0 tonnes
OCC 0 tonnes
Telephone Directories 0 tonnes
Boxboard 0 tonnes
Mixed Paper 3173 tonnes
Ferrous Metals 12509 tonnes
Aluminum 1541 tonnes
Glass 0 tonnes
Plastics
PET 2400 tonnes
HDPE 1447 tonnes
LLDPE 0 tonnes
PP 0 tonnes
PS 0 tonnes
PVvC 0 tonnes

Forest sequestration No



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2b - Bio-drying
Total Waste
Management
Composting System
Tonnes Managed (***) 148,843 148,843
Energy Consumed (GJ) 17,692 21,187
Greenhouse Gases
- CO2 Equivalents (tonnes) 970 970
Acid Gases
- NOx (tonnes) 1.53 2.17
- SOx (tonnes) 0.42 0.66
- HCI (tonnes) 0.003 -0.04
Smog Precursors
- NOx (tonnes) 1.527 2.2
- PM (tonnes) 24.9 51.4
- VOCs (tonnes) 3.77 2.9
Heavy Metals & Organics
- Air
Pb (kg) 0.02 0.0
Hg (kg) 0.003 0.00
Cd (kg) 0.001 0.00
Dioxins (TEQ) (g) 0.00000 -0.001
- Water
Pb (kg) 1.251 6.84
Hg (kg) 0.00079 0.129
Cd (kg) 0.009 7.72
BOD (kg) 0.108 59,914
Dioxins (TEQ) (g) n/a 0.0006
Residual Waste (tonnes) 97,939 97,939

EPIC/CSR IWM Model

*** Tonnes Managed may not ¢

4/11/2006

Version 1.0



INPUT DATA

2b - Bio-drying

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

148843 tonnes

1712 tonnes
708 tonnes

0 tonnes

634 tonnes
20547 tonnes

15569 tonnes

1867 tonnes

0 tonnes

0 tonnes
0 tonnes
2729 tonnes
0 tonnes
2471 tonnes
0 tonnes

85186 tonnes
17420 tonnes
0 tonnes

0 tonnes
148843 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes



WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0%
0%

24 %

45 %



COMPOSTING

Composting
Breakdown
Paper
Food waste
Yard waste
Composition of yard waste:
Leaves
Grass

Yard material
Distance residue transported
Residue
Energy consumption
Electricity
Diesel
LANDFILLING
Carbon Sequestration
Gas recovery
Gas recovery efficiency
Energy recovery
Energy recovery efficiency
Annual Precipitation
Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency
Energy consumed by landfilling
Diesel
Natural Gas
Electricity

Scenario Description

NotesAD

148843 tonnes

29770 tonnes
68720 tonnes
50353 tonnes

50353 tonnes
0 tonnes
0 tonnes

0 km

65.8 %

in-vessel

21 kwh/tonne

0 m3/tonne

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2b - EFW
Total Waste
Management
EFW Landfill System
Tonnes Managed (***) 212,426 0 212,426
Energy Consumed (GJ) -830,319 709 -829,611
Greenhouse Gases
- CO2 Equivalents (tonnes) 129,210 129,210
Acid Gases
- NOx (tonnes) 154 0.20 154.09
- SOx (tonnes) -4.60 0.05 -4.55
- HCI (tonnes) 10.75 0.000 10.75
Smog Precursors
- NOx (tonnes) 153.9 0.20 154.1
- PM (tonnes) -8.33 5.41 -2.9
- VOCs (tonnes) -56.99 0.06 -56.9
Heavy Metals & Organics
- Air
Pb (kg) 47.0 0.00 47.0
Hg (kg) 10.5 0.000 10.49
Cd (kg) 5.25 0.000 5.25
Dioxins (TEQ) (g) 0.022 0.000 0.022
- Water
Pb (kg) -6.279 1.13 -5.14
Hg (kg) -0.091 0.026 -0.065
Cd (kg) -0.075 1.56 1.49
BOD (kg) -3.227 0 -3
Dioxins (TEQ) (g) n/a 0.00012 0.0001
Residual Waste (tonnes) 19,862 0 19,862

*** Tonnes Managed may not display exactly as entered due to rounding errors (+/- 17 tonnes)

EPIC/CSR IWM Model

4/11/2006

Version 1.0



2b - EFW output.xlIsinput data

INPUT DATA

2b - EFW

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste

Landfill
AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

212426 tonnes

16265 tonnes
6728 tonnes
0 tonnes
6705 tonnes
90463 tonnes

778 tonnes

1112 tonnes

725 tonnes

760 tonnes
458 tonnes
36435 tonnes
1118 tonnes
4694 tonnes
149 tonnes

0 tonnes
2710 tonnes
43326 tonnes

0 tonnes
0 tonnes
0 tonnes
212426 tonnes
0 tonnes
0 tonnes



2b - EFW output.xlIsinput data

WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

No

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0%

24 %

45 %



2b - EFW output.xlIsinput data

ENERGY FROM WASTE
Quantity of waste to EFW

Production of Electricity
Production of steam

Production of steam and electricity
Energy recovery efficiency

Energy consumption

Bottom Ash
Fly ash

Distance fly ash transported
Distance bottom ash transported

EMISSION RATES FOR AIR CONTAMINANTS FROM EFW

dioxins

lead

mercury
cadmium

NO x

SO x

THC

HCI

particulate matter

LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

Scenario Description

NotesAD

212426 tonnes

Yes
No
No
20 %

70 kwh/tonne
Yes
11,365 tonnes
8,497 tonnes

100 km
100 km

0.02 ng/m3
44.5 ug/m3
10 ug/m3
4.9 ug/m3
185.7 mg/m3
10.8 mg/m3
0.72 mg/m3
10 mg/m3
6.9 mg/m3

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



=NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2b - Landfill
Total Waste
Management
Landfill System
Tonnes Managed (***) 115,579 115,579
Energy Consumed (GJ) 14,506 14,506
Greenhouse Gases
- CO2 Equivalents (tonnes) 16,703 16,703
Acid Gases
- NOx (tonnes) 7.75 7.75
- SOx (tonnes) 1.84 1.84
- HCI (tonnes) 0.033 0.03
Smog Precursors
- NOx (tonnes) 7.75 7.8
- PM (tonnes) 32.7 32.7
- VOCs (tonnes) 3.97 4.0
Heavy Metals & Organics
- Air
Pb (kg) 0.04 0.0
Hg (kg) 0.002 0.00
Cd (kg) 0.011 0.01
Dioxins (TEQ) (g) 0.001 0.001
- Water
Pb (kg) 6.72 6.72
Hg (kg) 0.152 0.152
Cd (kg) 9.11 9.11
BOD (kg) 70,707 70,707
Dioxins (TEQ) (g) 0.00071 0.0007
Residual Waste (tonnes) 115,579 115,579
*** Tonnes Managed may not
EPIC/CSR IWM Model 4/11/2006 Version 1.0



2b - LF output.xlIsinput data4/11/2006

INPUT DATA
2b - Landfill
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste

Composition of waste

Paper
Newspaper
OCC
Telephone Directories
Boxboard
Mixed Paper
Glass
Ferrous Metals
Aluminum
Plastics
PET
HDPE
LLDPE
PP
PS
PVC
Organics
Food waste
Yard waste
Other waste
WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

115579 tonnes

856 tonnes
355 tonnes
0 tonnes
352 tonnes
1379 tonnes

14791 tonnes

0 tonnes

0 tonnes

40 tonnes
24 tonnes
1917 tonnes
59 tonnes
247 tonnes
8 tonnes

3618 tonnes
3824 tonnes
88109 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
115579 tonnes
0 tonnes



2b - LF output.xlIsinput data4/11/2006

WASTE COLLECTION
Distance driven by collection trucks annualy

Garbage trucks 0 km
Recycling trucks 0 km
Yard waste trucks 0 km
Source Seperated 0 km
Co-mingled 0 km
Type of fuel Diesel
Fuel efficiency
Collection trucks 1.25 kml/litre
Transport trucks 2.5 kml/litre
Transfer Station Yes

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Diesel 0.124 litres/tonne

Electricity 2.5 kwh/tonne
Transfer station:

Recyclable No

Yard waste No

Garbage to EFW No

Garbage to landfill Yes

AD No
Transportation Distances

from transfer station to EFW 0 km

from transfer station to landfill 100 km

from transfer station to MRF 0 km

from transfer station to composting facility 0 km

from transfer station to AD facility 0 km
ELECTRICITY - PROVINCIAL GRID SELECTED Custom

ELECTRICITY - CUSTOM GRID SELECTED

Coal 0%
Natural Gas 31 %
Diesel & Light Fuel Oil 0%
Heavy Fuel Oil 0%
Hydro 24 %

Nuclear 45 %



2b - LF output.xlIsinput data4/11/2006

LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

Scenario Description

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



Appendix B-2¢



Summary Table for System 2c

2c - TT of Solid Recovered Fuel with Biogas Recovery

Virgin Material | Reprocessing| Net Life
AD MRF EFW LF Displacement of Recycled Cycle
Credit Materials Inventory
Tonnes Managed 74,974| 343,447 138,534 165,422
Energy Consumed (GJ) -60,354 54,010 -556,520 17,874 -888,996 203,919| -1,230,067|
Greenhouse Gases
- CO2 Equivalents (tonnes) 162,717
Acid Gases
- NOx (tonnes) -5.02 4.39 100 9.93 -110 -24.9 -25.3
- SOx (tonnes) -1.15 1.23 -3.23 2.18 -197 -69.3 -267
- HCI (tonnes) 0.1 0.01 7.01 0.14 -2,284 1.71 -2,275
Smog Precursors
- NOx (tonnes) -5.02 4.39 100 9.93 -110 -24.9 -25.3
- PM (tonnes) 2.39 1.42 -5.69 51.8 -40.1 9.21 19.0
- VOCs (tonnes) 0.40 0.56 -37.2 7.63 -83.7 18.7 -93.7
Heavy Metals & Organics
- Air
Pb (kg) -0.08 0.07 30.7 0.06 -12.7 1.17 19.1
Hg (kg) -0.01 0.01 6.84 0.00 -0.10 0.00 6.74
Cd (kg) 0.00 0.00 3.42 0.02 -0.05 0.00 3.39
Dioxins (TEQ) (g) 0.008 0.000 0.014 0.002 n/a 0.000 0.024
- Water
Pb (kg) -3.99 3.46 -4.30 6.02 -338 300 -36.7
Hg (kg) 0.00 0.00 -0.06 0.14 -0.01 0.02 0.09
Cd (kg) 0.02 0.03 -0.05 8.29 -1.20 0.93 8.02
BOD (kg) 21.2 0.31 -2.12 7,312 -12,375 16,152 11,109
Dioxins (TEQ) (g) 0.000 n/a n/a 0.001 n/a n/a 0.001
Residual Waste (tonnes) 0| 322,377 18,576 165,422 -9,162 2,320




:NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2c - MRF
Total Waste
Management
Recycling System
Tonnes Managed (***) 343,447 343,447
Energy Consumed (GJ) 54,010 65,633
Greenhouse Gases
- CO2 Equivalents (tonnes) 8,404 5,062
Acid Gases
- NOx (tonnes) 4.39 7.62
- SOx (tonnes) 1.23 2.04
- HCI (tonnes) 0.009 0.01
Smog Precursors
- NOx (tonnes) 4.39 7.6
- PM (tonnes) 1.42 90.1
- VOCs (tonnes) 0.56 1.6
Heavy Metals & Organics
- Air
Pb (kg) 0.072 0.1
Hg (kg) 0.011 0.01
Cd (kg) 0.004 0.01
Dioxins (TEQ) (g) 0.0000 0.000
- Water
Pb (kg) 3.458 22.05
Hg (kg) 0.0025 0.430
Cd (kg) 0.025 25.67
BOD (kg) 0.31 199,283
Dioxins (TEQ) (g) n/a 0.0020
Residual Waste (tonnes) 322,377 322,377

EPIC/CSR IWM Model

*** Tonnes Managed may nc

4/11/2006

Version 1.0



INPUT DATA

2c - MRF

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

Newspaper

occC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

343447 tonnes

17121 tonnes
7083 tonnes

0 tonnes

6337 tonnes
177286 tonnes

15569 tonnes

67050 tonnes

2266 tonnes

3200 tonnes
2908 tonnes
38353 tonnes
1176 tonnes
4941 tonnes
157 tonnes

0 tonnes
0 tonnes
0 tonnes

343447 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes



WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0%
0%

24 %

45 %



MATERIALS RECOVERY FACILITY
Energy Consumption

Electricity 25 kwh/tonne
Natural Gas 0.264 m3/tonne
Residue 93.865 %
Residue management landfilled
Distance to markets:
Paper 0 km
Glass 0 km
Ferrous 0 km
Aluminum 0 km
Plastics 0 km

Distance from MRF to landfill/incinerator 0 km



Waste Sent For Recycling

Recovery Rates
Paper

Ferrous Metals
Aluminum
Glass

Plastics

Forest sequestration

Newspaper

OCcC

Telephone Directories
Boxboard

Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

343447 tonnes

17121 tonnes
7083 tonnes

0 tonnes

6337 tonnes
177286 tonnes

67050 tonnes

2266 tonnes

15569 tonnes

3200 tonnes
2908 tonnes
38353 tonnes
1176 tonnes
4941 tonnes
157 tonnes

No



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2c¢ - MRF zero residue

Virgin Material | Reprocessing
Displacement | of Recycled | Net Life Cycle
Recycling Credit Materials Inventory
Tonnes Managed (***) 21,070
Energy Consumed (GJ) 3,313 -888,996 203,919 -681,681
Greenhouse Gases
- CO2 Equivalents (tonnes)
Acid Gases
- NOx (tonnes) 0.27 -109.5 -24.9 -134.1
- SOx (tonnes) 0.08 -197 -69.3 -266.2
- HCI (tonnes) 0.001 -2283.8 1.71 -2282.1
Smog Precursors
- NOx (tonnes) 0.27 -109.5 -24.9 -134.1
- PM (tonnes) 0.09 -40.1 9.2 -30.2
- VOCs (tonnes) 0.03 -83.7 18.7 -65.0
Heavy Metals & Organics
- Air
Pb (kg) 0.004 -12.73 1.17 -11.6
Hg (kg) 0.001 -0.10 0.00 -0.10
Cd (kg) 0.000 -0.05 0.00 -0.05
Dioxins (TEQ) (g) 0.0000 n/a 0.0000 0.000
- Water
Pb (kg) 0.212 -338 300 -37.55
Hg (kg) 0.0002 -0.01 0.02 0.017
Cd (kg) 0.002 -1.20 0.93 -0.085
BOD (kg) 0.02 -12,375 16,152 5,197
Dioxins (TEQ) (g) n/a n/a n/a 0.00001
Residual Waste (tonnes) 0 -9,162 2,320 -6,841

EPIC/CSR IWM Model

*** Tonnes Managed may not display exactly as entered due

4/11/2006

Version 1.0



INPUT DATA
2c - MRF zero residue
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste 21070 tonnes

Composition of waste

Paper
Newspaper 0 tonnes
OoCcC 0 tonnes
Telephone Directories 0 tonnes
Boxboard 0 tonnes
Mixed Paper 3173 tonnes
Glass 0 tonnes
Ferrous Metals 12509 tonnes
Aluminum 1541 tonnes
Plastics
PET 2400 tonnes
HDPE 1447 tonnes
LLDPE 0 tonnes
PP 0 tonnes
PS 0 tonnes
PVC 0 tonnes
Organics
Food waste 0 tonnes
Yard waste 0 tonnes
Other waste 0 tonnes
WASTE FLOW
Recycling 21070 tonnes
Composting 0 tonnes
Land Application 0 tonnes
Energy from waste 0 tonnes
Landfill 0 tonnes

AD 0 tonnes



WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 kml/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0 %
31 %
0%
0%

24 %

45 %



MATERIALS RECOVERY FACILITY
Energy Consumption
Electricity
Natural Gas

Residue

Residue management

Distance to markets:
Paper
Glass
Ferrous
Aluminum
Plastics

Distance from MRF to landfill/incinerator

Waste Sent For Recycling

Recovery Rates

Paper
Newspaper
OCcC
Telephone Directories
Boxboard
Mixed Paper
Ferrous Metals
Aluminum
Glass
Plastics
PET
HDPE
LLDPE
PP
PS
PVC

Forest sequestration

25 kwh/tonne
0.264 m3/tonne

0%

landfilled

0 km
0 km
0 km
0 km
0 km

0 km

21070 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
3173 tonnes

12509 tonnes

1541 tonnes

0 tonnes

2400 tonnes
1447 tonnes
0 tonnes
0 tonnes
0 tonnes
0 tonnes

No



=NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2c - AD only
Total Waste
Management
AD System
Tonnes Managed (***) 74,974 74,974
Energy Consumed (GJ) -60,354 -60,354
Greenhouse Gases
- CO2 Equivalents (tonnes) 9,639 9,639
Acid Gases
- NOx (tonnes) -5.02 -5.02
- SOx (tonnes) -1.15 -1.15
- HCI (tonnes) 0.11 0.11
Smog Precursors
- NOx (tonnes) -5.02 -5.02
- PM (tonnes) 2.39 2.39
- VOCs (tonnes) 0.40 0.40
Heavy Metals & Organics
- Air
Pb (kg) -0.08 -0.1
Hg (kg) -0.01 -0.01
Cd (kg) 0.00 0.00
Dioxins (TEQ) (g) 0.008 0.008
- Water
Pb (kg) -3.99 -3.99
Hg (kg) 0.001 0.001
Cd (kg) 0.02 0.02
BOD (kg) 21.2 21.2
Dioxins (TEQ) (g) 0.0000 0.0000
Residual Waste (tonnes) 0 0

EPIC/CSR IWM Model

*** Tonnes Managed may not

4/11/2006

Version 1.0



2c - AD output.xIsinput data

INPUT DATA
2c - AD only
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste 74974 tonnes
Composition of waste
Paper
Newspaper 0 tonnes
OocC 0 tonnes
Telephone Directories 0 tonnes
Boxboard 0 tonnes
Mixed Paper 0 tonnes
Glass 0 tonnes
Ferrous Metals 0 tonnes
Aluminum 0 tonnes
Plastics
PET 0 tonnes
HDPE 0 tonnes
LLDPE 0 tonnes
PP 0 tonnes
PS 0 tonnes
PVC 0 tonnes
Organics
Food waste 0 tonnes
Yard waste 0 tonnes
Other waste 0 tonnes
WASTE FLOW
Recycling 0 tonnes
Composting 0 tonnes
Land Application 0 tonnes
Energy from waste 0 tonnes
Landfill 0 tonnes

AD 74974 tonnes



2c - AD output.xIsinput data

WASTE COLLECTION

Distance driven by collection trucks annualy
Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Type of fuel

Fuel efficiency
Collection trucks
Transport trucks

Transfer Station

TRANSFER & TRANSPORTATION

Energy consumed in transfer station operations
Diesel
Electricity

Transfer station:
Recyclable
Yard waste
Garbage to EFW
Garbage to landfill
AD
Transportation Distances
from transfer station to EFW
from transfer station to landfill
from transfer station to MRF
from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - PROVINCIAL GRID SELECTED

ELECTRICITY - CUSTOM GRID SELECTED
Coal

Natural Gas

Diesel & Light Fuel Oll

Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 km/litre
2.5 km/litre

No

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0%
31 %
0%
0%

24 %

45 %



2c - AD output.xIsinput data

Anaerobic Digestion
Waste Sent for AD

Sent As

Breakdown
Paper
Food Waste
Yard Waste
Ferrous Metals
Aluminum
Glass
Plastics
Other Organics

Composition of Paper
Newspaper
OCC/OBB
Telepone Directories
Office
Mixed Paper

Composition of Yard Waste
Leaves
Grass
Yard Material/Brush

Anaerobic Digestion Process
AD Process

Amount of Methane produced

Residues from process

Recovery of secondary materials
metals
glass

plastics

Energy Production

Production of Electricity

Production of Steam

Production of Steam and Electricity

Energy Consumption Utility Electricity
Efficiency of Energy Production

Facility Energy Consumption
Quantity of Compost produced
Quantity of Waste Water Produced

74974 tonnes

Co-mingled MSW

tonnes
20429 tonnes
51112 tonnes
3433 tonnes
0 tonnes

0 tonnes

0 tonnes

0 tonnes

0 tonnes

17926 tonnes
805 tonnes

0 tonnes

0 tonnes
1698 tonnes

3433 tonnes
0 tonnes
0 tonnes

m3/Kg VS

55 %

0 aluminum

0
0 HDPE

Yes

No

No
0GJ
20 %

50 Khr/tonne

%
%

Biogas
Moisture Yield in
Content in m3/kg of

% feed
70 0.11344
40 0.1006
35 0.06073
35 0.12449
35 0.06073
35 0.17762
35 0.11175
40 0.02309
80 0.03421
15 0.06691
0



ENVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM
2c - EFW and LF

Total Waste
Management
EFW Landfill System
Tonnes Managed (***) 138,534 0 138,534
Energy Consumed (GJ) -556,520 663 -555,857
Greenhouse Gases
- CO2 Equivalents (tonnes) 115,041 115,041
Acid Gases
- NOx (tonnes) 99.7 0.18 99.92
- SOx (tonnes) -3.2 0.05 -3.19
- HCI (tonnes) 7.01 0.000 7.01
Smog Precursors
- NOx (tonnes) 99.7 0.18 99.9
- PM (tonnes) -5.69 5.1 -0.6
- VOCs (tonnes) -37.21 0.1 -37.1
Heavy Metals & Organics
- Air
Pb (kg) 30.7 0.00 30.7
Hg (kg) 6.84 0.000 6.84
Cd (kg) 3.42 0.000 3.42
Dioxins (TEQ) (g) 0.014 0.000 0.014
- Water
Pb (kg) -4.296 1.06 -3.24
Hg (kg) -0.061 0.024 -0.037
Cd (kg) -0.051 1.46 141
BOD (kg) -2.122 0 -2
Dioxins (TEQ) (g) n/a 0.00011 0.0001
Residual Waste (tonnes) 18,576 0 18,576

EPIC/CSR IWM Model

*** Tonnes Managed may not display exac
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2c - EFW and LF output.xIsinput data

INPUT DATA
2c - EFW and LF
QUANTITY AND COMPOSITION OF WASTE
Quantity of waste

Composition of waste

Paper
Newspaper
OocCcC
Telephone Directories
Boxboard
Mixed Paper
Glass
Ferrous Metals
Aluminum
Plastics
PET
HDPE
LLDPE
PP
PS
PVC
Organics
Food waste
Yard waste
Other waste
WASTE FLOW
Recycling
Composting

Land Application
Energy from waste
Landfill

AD

138534 tonnes

14638 tonnes
6056 tonnes
0 tonnes
6034 tonnes
23578 tonnes

0 tonnes

1112 tonnes

725 tonnes

760 tonnes
458 tonnes
33841.5 tonnes
1117.5 tonnes
2347 tonnes
149 tonnes

2425 tonnes
301 tonnes
44992 tonnes

0 tonnes
0 tonnes
0 tonnes
138534 tonnes
0 tonnes
0 tonnes



2c - EFW and LF output.xIsinput data

WASTE COLLECTION

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

TRANSFER & TRANSPORTATION
Energy consumed in transfer station operations

Transfer station:

Transportation Distances

ELECTRICITY - PROVINCIAL GRID SELECTED

Diesel
Electricity

Recyclable

Yard waste
Garbage to EFW
Garbage to landfill
AD

from transfer station to EFW

from transfer station to landfill

from transfer station to MRF

from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - CUSTOM GRID SELECTED

Coal

Natural Gas

Diesel & Light Fuel Oil
Heavy Fuel Oil

Hydro

Nuclear

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 kml/litre
2.5 km/litre

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
No
No

0 km
0 km
0 km
0 km
0 km

Custom

0%
31 %
0%
0%

24 %

45 %



2c - EFW and LF output.xIsinput data

ENERGY FROM WASTE
Quantity of waste to EFW

Production of Electricity
Production of steam

Production of steam and electricity
Energy recovery efficiency

Energy consumption

Bottom Ash
Fly ash

Distance fly ash transported
Distance bottom ash transported

EMISSION RATES FOR AIR CONTAMINANTS FROM EFW

dioxins

lead

mercury
cadmium

NO x

SO x

THC

HCI

particulate matter

LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

Scenario Description

138534 tonnes

Yes
No
No
20 %

70 kwh/tonne
Yes
13,035 tonnes
5,541 tonnes

100 km
100 km

0.02 ng/m3
44.5 ug/m3
10 ug/m3
4.9 ug/m3
185.7 mg/m3
10.8 mg/m3
0.72 mg/m3
10 mg/m3
6.9 mg/m3

No

Yes
50 %

No
0 %
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



=NVIRONMENTAL INVENTORY - MSW MANAGEMENT SYSTEM

2c - LF only
Total Waste
Management
Landfill System
Tonnes Managed (***) 165,422 165,422
Energy Consumed (GJ) 17,211 17,211
Greenhouse Gases
- CO2 Equivalents (tonnes) 29,633 29,633
Acid Gases
- NOx (tonnes) 9.74 9.74
- SOx (tonnes) 2.14 2.14
- HCI (tonnes) 0.143 0.14
Smog Precursors
- NOx (tonnes) 9.74 9.7
- PM (tonnes) 46.7 46.7
- VOCs (tonnes) 7.6 7.6
Heavy Metals & Organics
- Air
Pb (kg) 0.06 0.1
Hg (kg) 0.003 0.00
Cd (kg) 0.020 0.02
Dioxins (TEQ) (g) 0.002 0.002
- Water
Pb (kg) 9.57 9.57
Hg (kg) 0.217 0.217
Cd (kg) 13.04 13.04
BOD (kg) 101,199 101,199
Dioxins (TEQ) (g) 0.00101 0.0010
Residual Waste (tonnes) 165,422 165,422

*** Tonnes Managed may not display exactly as entered due to rounding errors (+/- 17 tonnes)

EPIC/CSR IWM Model

4/11/2006

Version 1.0
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INPUT DATA

2c - LF only

QUANTITY AND COMPOSITION OF WASTE

Quantity of waste

Composition of waste

Paper

Glass
Ferrous Metals
Aluminum

Plastics

Organics

WASTE FLOW
Recycling
Composting
Land Application

Energy from waste

Landfill
AD

WASTE COLLECTION

Newspaper
occC

Telephone Directories

Boxboard
Mixed Paper

PET
HDPE
LLDPE
PP
PS
PVC

Food waste
Yard waste
Other waste

Distance driven by collection trucks annualy

Type of fuel
Fuel efficiency

Transfer Station

Garbage trucks
Recycling trucks
Yard waste trucks
Source Seperated
Co-mingled

Collection trucks
Transport trucks

165422 tonnes

1455 tonnes
602 tonnes
0 tonnes
600 tonnes
2344 tonnes

15569 tonnes

0 tonnes

0 tonnes

40 tonnes
24 tonnes
4510 tonnes
59 tonnes
2595 tonnes
8 tonnes

27487 tonnes
20142 tonnes
89987 tonnes

0 tonnes
0 tonnes
0 tonnes
0 tonnes
165422 tonnes
0 tonnes

0 km
0 km
0 km
0 km
0 km
Diesel

1.25 km/litre
2.5 km/litre

Yes



4/11/2006

TRANSFER & TRANSPORTATION

Energy consumed in transfer station operations
Diesel
Electricity

Transfer station:
Recyclable
Yard waste
Garbage to EFW
Garbage to landfill
AD

Transportation Distances
from transfer station to EFW
from transfer station to landfill
from transfer station to MRF
from transfer station to composting facility
from transfer station to AD facility

ELECTRICITY - PROVINCIAL GRID SELECTED

ELECTRICITY - CUSTOM GRID SELECTED
Coal

Natural Gas

Diesel & Light Fuel Oil

Heavy Fuel Oil

Hydro
Nuclear
LANDFILLING

Carbon Sequestration

Gas recovery
Gas recovery efficiency

Energy recovery

Energy recovery efficiency

Annual Precipitation

Landfill lined, with leachate collection
Landfill not lined, with leachate collection
Landfill not lined, leachate not collected
Leachate collection efficiency

Energy consumed by landfilling
Diesel
Natural Gas
Electricity

0.124 litres/tonne
2.5 kwh/tonne

No
No
No
Yes
No

0 km
100 km
0 km
0 km
0 km

Custom

0 %
31 %
0 %
0 %

24 %

45 %

No

Yes
50 %

No
0%
858.6 mm
Yes
No
No
90 %

0.22 litres/tonne
0.028 m3/tonne
0.29 kwh/tonne



