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EXECUTIVE SUMMARY

Biosolids management practices are evaluated based on environmental, economic and social
impacts. A consideration of increasing importance is the impact of greenhouse gas (GHG)
emissions from biosolids (treated sludge). The Canadian Council of Ministers of the
Environment (CCME) retained the services of SYLVIS Environmental, and their project team,
composed of Ned Beecher (Northeast Biosolids and Residuals Association), Dr. Sally Brown
(University of Washington, College of Forest Resources), and Andrew Carpenter (Northern
Tilth) who undertook a review of literature and leading GHG accounting and verification
protocols, and developed a model for calculating GHG emissions from biosolids management.
Using the model, GHG emissions estimates were calculated for nine biosolids management
scenarios across Canada.

The literature review was completed to verify potential GHG sources and emission factors for
biosolids and sludge management processes in the model development. Where possible,
values, emission factors and assumptions were corroborated by multiple sources to ensure the
use of the most current and accurate information possible.

A review of existing GHG accounting and verification protocols was completed to ensure the
terminology and reporting methods adopted in the model were consistent with these protocols.
Development of the model was based on leading protocols to facilitate the use of the model as
a tool that is widely accepted as a verifiable method of determining carbon credits which can be
sold or traded to offset the cost of biosolids management.

The model, termed the “Biosolids Emissions Assessment Model”, (BEAM) consists of 12 unit
process calculator modules and an aggregating spreadsheet that calculates net GHG
emissions based on the values determined within each applicable module.

The BEAM was developed to be flexible and user friendly and to facilitate use throughout
Canada. The BEAM accomplishes this by:

e allowing the user to select only the unit process calculator modules that
apply to their management practices;

o clearly highlighting within each calculator module the data required to
generate a GHG emission value for each unit process;

e having the option to use default values that are used in the absence of
user-provided data;

e locked calculator modules that are not input cells, thereby reducing
calculation errors; and
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¢ having the flexibility to be easily revised based on new information gained
through scientific research in the fields of GHG emissions and biosolids
management.

The BEAM returns a net and per dry megagram (Mg) biosolids GHG emissions value based on
user inputs and the use of default values as required. The BEAM, in following conventional
GHG reporting and protocols, delineates emissions by Scope 1, 2 and 3 emissions;
descriptions and examples of these emission scopes are provided within the final report.

A user guide was developed to assist jurisdictions using the BEAM. The user guide provides a
step-by-step description of how to use the BEAM and includes captioned figures that show
specific elements of the model. The user guide provides an explanation of how to review and
interpret results. The appendices within the final report provide further explanation on the
calculations and assumptions used in each BEAM unit process module.

The start and endpoints (boundaries) for the BEAM are from solids thickening at the
wastewater treatment plant through to biosolids end use/disposal. Calculator tools were
developed to determine GHG emissions from commonly used technologies within this segment
of the process train (unit processes). Table 1 provides a summary of factors considered within
each unit process module in the BEAM. The extensive lists of considerations for each unit
process module demonstrate the level of detail involved in the development of the BEAM.

Table 1: Summary of considerations for unit process calculations.

Unit Process Considerations
e mass of BOD in storage (kg/day)
Storage e aeration and electricity use (kWh/day)

e depth of storage lagoon (m)

e volume of sludge thickened (m®day)
o sludge solids content (%)

o thickening process

e polymer use (kg/day)

o electricity use (kWh/day)

¢ volume of sludge to digestion (m3/day)
e sludge solids content (%)

e volatile solids content (%)

o volatile solids destruction (%)

o electricity use (kWh/day)

o fuel use, if needed (m*/day)

Solids Conditioning /
Thickening

Aerobic Digestion
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Anaerobic Digestion

volume of sludge to digestion (m3/day)
sludge solids content (%)

volatile solids content (%)

volatile solids destruction (%)

biogas and methane yield (m*/day)

net electricity use/gain (kWh/day)

net fuel use/gain (m°/day)

flaring and fugitive emissions of methane (%)

Dewatering

volume of sludge thickened (m®day)
sludge solids content (%)

thickening process

polymer use (kg/day)

electricity use (kWh/day)

Thermal Drying

mass of sludge to be dried (Mg/day)

sludge solids content before and after drying (%)
electricity use (kWh/day)

fuel use (m°/day)

Alkaline Stabilization

mass of sludge to be stabilized (Mg/day)
sludge solids content (%)

degree of stabilization

amount of alkaline material added (Mg/day)
lime is a by-product (yes/no)

electricity use (kWh/day)

fuel use (m*/day)

Composting

mass of sludge to be composted (Mg/day)
sludge solids content (%)

sludge density (kg/m°)

processing prior to composting

nutrient content of sludge

fertilizer replacement (yes/no)

amount of amendment used (volumetric ratio)
amendment grinding (yes/no)

density of amendment (kg/m®)

type of composting equipment

biofilter (yes/no)

fuel use (L-diesel/day)

electricity (kWh/day)
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e mass of sludge to be landfilled (Mg/day)

e sludge solids content (%)

e sludge density (kg/m®)

e processing prior to landfilling

o nutrient content of sludge

¢ methane correction factor

Landfill Disposal e quality of daily cover

e methane captured (%)

¢ methane used for generating electricity (%)

o Degradable organic carbon that will decompose in a
landfill (DOCy) (%)

o Degradable organic carbon that will degrade prior to
methane capture (%)

e mass of sludge to be incinerated (Mg/day)

¢ sludge solids content (%)

e processing prior to incineration

¢ nitrogen/nutrient content of sludge

e type of incinerator

e energy recovered as electricity and/or heat (%)
Combustion o disposition/recycling of ash

e urea-based selective noncatalytic reduction emissions
system (yes/no)

e temperature of combustion

e net fuel use/gain, including afterburner fuel requirements
in multiple hearth incineration (m3/day)

e net electricity use/gain (kWh/day)

e mass of biosolids to be land applied (Mg/day)

¢ biosolids solids content (%)

e biosolids density (kg/m°)

e processing prior to land application

¢ nutrient content of biosolids

e calcium carbonate equivalence (%)

o fertilizer replacement (yes/no)

e lime replacement (yes/no)

e lime is a by-product (yes/no)

e biosolids storage time prior to land application (days)
o texture of soils, fine, coarse (%)

o fuel use (L-diesel/day)

o fuel use for transportation of biosolids or sludge
o biodiesel use (% of total fuel)

Land Application

Transportation

The BEAM does not include calculations for emissions from emerging/pilot technologies (e.g.
plasma oxidation); GHG associated with infrastructure construction; and GHG emissions from
upstream wastewater processes (e.g. wastewater conveyance). Emissions from septic tanks
and the pumping and management of septage (including its direct land application or
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transportation to a wastewater treatment facility) are also not within the boundaries of the
BEAM.

The BEAM was developed to be applicable to a wide variety of biosolids management
scenarios. Nine Canadian jurisdictions provided “real-world” technical data from their biosolids
management programs and these data were used in the development and validation of the
BEAM. The nine jurisdictions were selected from an initial list of over forty Canadian cities.
Selection of the participating jurisdictions was based upon a variety of biosolids management
practices, regional representation, leadership in biosolids management, and their commitment
to participate in model development. The scenarios cover land use, composting, incineration
and landfilling, with or without energy recovery, including anaerobic digestion. While biosolids
management from lagoons is not addressed in the nine scenarios, it is still covered by the
model.

Table 2 summarizes the scenarios and the unit processes that were used in the BEAM GHG
determinations. Net and per dry Mg (tonne) biosolids GHG emissions from these scenarios are
provided in Table 3. A summary of net GHG emissions on a per dry Mg (tonne) biosolids basis
is presented graphically in Figure 1.

Table 2: Biosolids management scenario unit process summary.

Scenario Jurisdiction Unit Processes Considered in BEAM Calculations

e primary clarifier thickening

e dissolved air floatation secondary thickening
e anaerobic digestion

1 Thunder Bay" e centrifuge dewatering

e transportation

e biosolids/soil mix to cover on landfill (final cover, see
text)

e primary gravity thickening

) Incinera'tiozn e rotary press dewatering
scenario e incineration (760°C) with heat recovery
e ash recycling
e primary thickening
e anaerobic solids storage of liquid sludge
e rotary press dewatering
3 Laval o landfill a portion (14%) of dewatered cake
e thermal drying and pelletization
e transportation
e cement kiln incineration of most biosolids (1460°C)
4 Windsor e primary solids gravity thickening
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e high speed centrifuge dewatering
e thermal drying and pelletizing

e agricultural land application

e primary clarifier thickening

o centrifuge dewatering / polymer addition
5 Moncton o alkaline stabilization

e composting

e compost use

e primary gravity thickening

o dissolved air floatation secondary thickening
e anaerobic digestion

6 Vancouver e digester gas utilization (electricity production)
¢ centrifuge dewatering

e transportation

e mine site applications

e primary clarifier thickening
e anaerobic digestion
o digester gas utilization (heat production)

e Fournier press dewatering

7 Halifax
o stabilization using recycled alkaline sources (e.g.
cement kiln dust)
e transportation
e agricultural land application
e primary and secondary gravity thickening
e aerobic digestion
8 Nanaimo e centrifuge dewatering
e transportation
o silvicultural land application
o dissolved air floatation thickening and polymer
addition
e anaerobic digestion
¢ liquid biosolids storage
9 Halton

e Dbelt filter press dewatering
e transportation

e liquid and dewatered biosolids agricultural
applications

1. Landfilling of sludge/biosolids is only covered partially in Scenario 3 where Laval landfills a
part (14%) of the primary sludge. In Scenario 1, Thunder Bay sends anaerobically
digested biosolids at a landfill, where it is used as a blended soil product applied on the
surface of the landfill for final cover. Hence it is more related to land application scenarios.
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2. This scenario corresponds to one of the seven Canadian cities that operate sludge
incinerators.
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Table 3: Summary of GHG emissions from the biosolids management scenarios.

Net GHG
Biosolids S Population Wastewater Emissions GHG Emissions
Managemelnt Jurisdiction WWTP Name Served Treated (MLD) (Mg CO, Mg COzeq/ Mg
Scenario equivalents / dry solids
year)
1 Thunder Bay Atlantic Avenue 100,000 70 1,462 0.09
2 Incineration - ; 295 19,608 1,63
Scenario
3 Laval La Piniére 271,633 254 10,277 1.02
4 Windsor Lou Romano 181,348 161 2,427 0.22
5 Moncton GMSC 125,000 79 1,123 0.18
6 Vancouver Annacis Island 980,000 436 -1,868 -0.16
7 Halifax Mill Cove 54,000 27 —875 -0.15
8 Nanaimo French Creek 25,000 10 177 0.1
9 Halton Burlington Skyway 165,000 96 -531 -0.18
1 See Table 2 for scenario description.
& syLvis



A summary of net GHG emissions on a per dry Mg biosolids basis are presented graphically in
Figure 1.

GHG Emissions
(Mg CO.eqfdry Mg biosolidsfyr

Jurisdiction

Figure 1: Summary of net GHG emissions on a per dry Mg (tonne) biosolids basis.
(Refer to Table 2 for descriptions of each scenario.)

The BEAM outputs indicate higher emissions from two jurisdictions, the incineration scenario
and Laval. In the incineration scenario, the burning of dewatered sludge at relatively low
temperature (760°C) produces significant N,O emissions, according to Japanese studies and
the algorithm used in the model. For Laval, N;O emissions remain low, due to high
temperatures of combustion, while CO, emissions from heat drying at the WWTP are entirely
offset by fuel savings at the cement kiln. Laval’s emissions are mainly associated with
anaerobic storage of liquid sludge and landfilling a portion (14%) of the primary sludge cake,
both of which result in significant CH4 emissions.

Conversely it appears that net GHG neutrality or offsets can be obtained through land
application/surface cover. It is due to less methane and N,O emissions and also to carbon
sequestration in soil and reduced use of chemical fertilizers to promote plant growth.

Interestingly, biosolids transportation distances generally have little impact on GHG emissions
from biosolids management. Although Metro Vancouver hauls their biosolids a relatively long
distance to mine application sites, they have one of the lowest GHG emissions totals on a per
dry tonne biosolids basis (negative value). In some jurisdictions, polymer use in thickening /
conditioning is a greater source of GHGs than transportation, due to the GHG intensive nature
of their industrial production.
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The results presented here are best estimates based on the current state of knowledge
regarding GHG emissions from biosolids management. However, accuracy may vary according
to some general factors including the use of default values as opposed to local or regional data,
and assumptions made with respect to the biosolids management scenarios. In general, there
is more known about sources and emissions relating to processes which release carbon
dioxide (CO,), followed be methane (CH,4) and nitrous oxide (N.O). The understanding of these
three GHGs is inversely related to the relative importance of the GHGs; N,O and CH, are 310
and 21 times more potent GHGs than CO, respectively. Thus, as research progresses,
particularly with respect to N,O and CH,, the model is amenable to revising default values and
emission factors to improve overall model accuracy.

Identification of the incineration scenario and Laval management practices as the largest GHG
emission scenarios prompted an investigation into process modifications that could decrease
GHG emissions. The BEAM was used to evaluate the changes in biosolids processing and
management. Modification of the incineration scenario focused on increasing the standard burn
temperature of their fluidized bed incinerators from 760°C to 800°C. Areas for modifying the
Laval scenario included the implementation of aerobic as opposed to anaerobic storage and
composting the portion of dewatered biosolids which is currently landfilled.

Implementation of these modifications to the Laval and the incineration scenarios indicates a
decrease in estimated GHG emissions from each modified management practice (Figure 2).
Greenhouse gas emissions were decreased in the incineration scenario from 1.63 to 1.09 Mg
CO.eq/Mg dry biosolids, due to reduced N,O emission from the incinerators. Increased fuel and
electricity use associated with an increase in standard burn temperature were considered for the
incineration scenario and found to have minimal impact on the net GHG emissions.

Greenhouse gas emissions from the Laval scenario were decreased from 1.01 to 0.22 Mg
CO.eqg/Mg dry biosolids, due largely to net negative (i.e. carbon credit generating) emissions
from compost used as opposed to landfilling the equivalent volume of primary sludge. Compost
use results in increased carbon sequestration and the displacement of chemical fertilizers and
removal of the sludge from landfilling mitigates CH, emissions associated with landfill disposal.
Additionally, the elimination of CH, emissions from anaerobic storage were mitigated by
changing to aerobic storage. Figure 2 illustrates the potential GHG reductions predicted by the
BEAM for these process modifications.
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GHG Emissions
(Mg CO.eqfdry Mg biosolidsfyr
=

Incineration Incineration Laval Laval
(Current]  (Modified) (Current] (Modified)

Jurisdiction

Figure 2: Potential GHG reductions through process modifications.

Results highlight the usefulness of the BEAM as a tool for biosolids generators to estimate the
impacts that process modifications can have on GHG emissions. Opportunities to reduce GHG
emissions from the remaining seven scenarios are discussed qualitatively in the report.
Examples of these opportunities include:

e increasing energy efficiency in processes that require electricity and
fossil fuels;

o digester gas capture and utilization to offset purchased energy
requirements; and

e increasing land application to obtain credits through carbon sequestration
and displacement of chemical fertilizers.

The BEAM will be useful to wastewater treatment plant operators and biosolids managers as it:

e is designed to enable the calculation of GHG emissions from multiple
management scenarios through the use of unit process calculators;

e isolates and summarizes the net emissions from each unit process, so
that the user can clearly see which processes are the largest GHG
contributors;
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o allows the user to evaluate other unit processes they employ or are
considering, so that their impact on overall GHG emissions can be
estimated;

e can be used to calculate existing or potential carbon credits, which will
become marketable as carbon trading systems develop, and facilitate
opportunities for cost recovery or revenue generation from biosolids
management programs.

The BEAM provides estimates of emissions for the solids management train that can be added
to estimates for the wastewater treatment process to establish an overall estimate for the entire
operation. The BEAM could serve as an important tool in the identification of opportunities for
GHG mitigation measures and offset potentials in biosolids management that could serve as a
cost recovery or revenue generation mechanism in emerging carbon markets. As market
incentives for GHG emissions reductions develop further, documentation using BEAM,
combined with an independent verification step, could lead to the generation of marketable
carbon credits.
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1 INTRODUCTION

Biosolids generators evaluate the feasibility of biosolids management practices based on a
number of environmental, economic, logistical and social criteria. These criteria often reflect a
combination of the current understanding of biosolids management and generator-specific core
values and objectives, and can include regulatory compliance; capital, operating and
maintenance costs; interdepartmental synergies and public acceptance. Traditional
environmental criteria include the protection of water resources, plants and animals; and odour
abatement.

Concerns regarding climate change and the likelihood of more stringent greenhouse gas (GHG)
emission regulations has resulted in biosolids generators interested in evaluating biosolids
management projects, in part, based on the potential to minimize GHG emissions. In addition to
being an environmental criterion, there are economic and social implications to considering
GHG emission impacts. As GHG offset markets emerge, projects that sequester carbon and
generate offsets could serve as a cost recovery or revenue generating mechanism. The
potential impacts of GHG emissions on our climate are “top of mind” concerns in contemporary
society; projects that seek to minimize these impacts promote corporate social responsibility
and can increase public acceptance.

Biosolids are a significant organic residual that requires responsible management. Canadian
biosolids generators produce approximately 2.5 million bulk tonnes of biosolids annually —
quantities comparable in magnitude to other residuals including household waste and green
waste (e.g. leaves and yard trimmings). While methodologies exist for determining GHG
emissions from management of other organic residuals, there is a dearth of analogous
information for biosolids management.

The Canadian Council of Ministers of the Environment (CCME) identified this knowledge gap
and has pursued the development of a model for quantifying GHG emissions from biosolids
management practices. The intent of the “Biosolids Emissions Assessment Model”, or “BEAM”,
is to provide Canadian biosolids generators with a model for evaluating GHG emissions from
current and proposed biosolids management practices.

1.1 Project Approach

The project was undertaken in sequential stages. The first stage involved a literature and
background review. The literature review involved a synthesis of GHG emissions from possible
unit processes associated with solids processing and biosolids management. The literature
review also included a review of leading GHG accounting and verification protocols. The
background review involved a summary of biosolids management practices currently
implemented by Canadian jurisdictions.
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The information gathered from the literature formed the basis for the development stage of the
project. The BEAM and data request spreadsheets were developed. The BEAM and data
spreadsheets are delineated by unit process modules, thus providing flexibility in use and
increased applicability. Augmenting the BEAM and data spreadsheets a user guide to assist
biosolids generators in using the BEAM and associated spreadsheets was developed.

The CCME identified ten biosolids management scenarios for GHG emissions calculations.
These scenarios include the majority of biosolids management options currently employed in
Canada. The goal of the background review of biosolids management in Canada was to identify
jurisdictions engaged in these prioritized management practices, and have them assist in
method development by providing information and data from their operations. Ten jurisdictions
were identified and were provided relevant data request spreadsheets. This information was
used to populate the corresponding unit process modules within the BEAM to quantify net GHG
emissions from the specified biosolids management scenario provided by each jurisdiction.

2 REPORT ORGANIZATION

In the development of the BEAM, substantial background and review work was undertaken.
Section 3 provides a summary of the work completed in the literature and background review,
as well as the method development. Reports containing the literature and background reviews
and details on the method development were prepared over the course of the project. The
reader is referred to respective appendices (Sections 8-11) contained in this report, under
continuous pagination, for details related to the literature review, overview of Canadian biosolids
management practices and development of the BEAM.

An important aspect of method development was the application of “real-life” data to the BEAM
corresponding to the biosolids management scenarios. Section 3.3 discusses the selection of
ten Canadian jurisdictions to participate in this stage of the project. This section provides
summaries of the participating jurisdictions’ biosolids management practices and preliminary
results of their GHG emissions from specific biosolids management practices.

Section 5 introduces the user guide that supports the BEAM. The user guide provides a
stepwise explanation of how to use the BEAM. The BEAM will be used by a wide range of
professionals with varying degrees of knowledge related to biosolids and GHG emissions. As
such, sufficient detail is provided in the user guide to enable those with limited knowledge on
these topics to use the BEAM to generate meaningful data on GHG emissions from their
biosolids management practices. This increases the applicability of the BEAM to a greater
number of biosolids generators across Canada.

Conclusions and suggested next steps are provided in Section 6, followed by references in
Section 7.
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3 SUMMARY OF TASKS

3.1 Literature Review

In support of developing the BEAM, the literature review was conducted to synthesize
information discussing GHG emissions (debits) and offsets (credits) from solids (i.e. sludge)
processing and biosolids management. The literature review is delineated by sources of GHG
debits and credits. The GHG debits section introduces general factors contributing to the
production of carbon dioxide, methane and nitrous oxide in solids processing and biosolids
management. This is followed by a detailed review of specific literature pertaining to GHG
emissions from solids processing and biosolids management unit processes. The GHG credits
section identified opportunities to generate GHG offsets through solids processing and biosolids
management.

Solids processing and biosolids management solutions are continuously evolving. As such,
there are limited data and information related to GHGs and new technologies within these fields.
The literature review focused on GHG debits and credits associated with common solids
processing and biosolids management unit processes within the following categories:

e solids thickening;

e stabilization;

o dewatering;

e drying;

¢ additional treatment (e.g. composting);
e utilization and disposal; and

e energy resources / recovery.

The review of literature also provided other information vital to the development of the BEAM,
including emissions factors and default values used in GHG emission calculations.

The literature review is provided in Appendix One.

3.2 Review of Leading GHG Accounting and Verification Protocols

Leading GHG accounting protocols and verification standards were reviewed. The development
of the BEAM was built upon transferable information from the reviewed protocols including
guidance on establishing project boundaries, emission factors and verifiable reporting
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standards. Developing the BEAM in consideration of the leading protocols increases the
likelihood of reporting verifiable emissions commensurate with the requirements of offset trading
markets, and the potential for cost recovery or revenue generation. Details on the review of
these accounting and verification protocols are provided in Appendix Two.

3.3 Background Review of Canadian Biosolids Management Practices

A component of subsequent model development was the application of “real-life” data to further
refine the BEAM. A primary objective in the development of the BEAM is that it is applicable to
a myriad of biosolids management practices across Canada. The BEAM was designed to
calculate GHG emissions from the following biosolids management scenarios:

1. landfilling of sludge with methane capture;

2. incineration of sludge, with or without ash recycling in cement factories;
3. drying and incineration in a cement Kiln;

4. drying and land-applying biosolids granules as fertilizer;

5. composting and land-applying;

6. anaerobic digestion (methanization) and land application on degraded
sites or in silviculture;

7. liming and agricultural land application;
8. land applying aerobic activated sludges;

9. agricultural land application of liquid biosolids from mechanical sewage
treatment plants; and

10. agricultural land application of liquid biosolids from lagoons.

The background review of Canadian jurisdictions was conducted to identify Canadian biosolids
generators currently engaged in these prioritized biosolids management practices. Wastewater
treatment processes and biosolids management practices were reviewed from over forty
jurisdictions across Canada. The selection of these jurisdictions was based on population; the
jurisdictions that were reviewed generally have population greater than 40,000. An initial short-
list of potential participating biosolids generators was completed based solely on their current
biosolids management practice matching those identified above. A final short-list of ten
jurisdictions was prepared using the following additional criteria:
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inclusion would facilitate regional representation across Canada;

e considered leaders in biosolids management (e.g. generator is active in
the Canadian Biosolids Partnership, biosolids certified by the Bureau de
Normalisation du Québec (e.g. Moncton and Laval), etc.);

e biosolids management practices beneficially reuse biosolids as a nutrient
and organic matter source, or produce other reusable products including
biogas and ash; and

¢ through initial discussion and/or past experience, would be willing to
participate and provide information in a timely manner.

Table 4 provides the final list of short-listed jurisdictions and their corresponding management
practices.

Table 4: Short-listed jurisdictions for method development.

Jurisdiction RFP Scenario #
City of Thunder Bay

Incineration scenario

Ville de Laval

City of Windsor

Greater Moncton Sewerage Commission
Metro Vancouver

Halifax Water

Regional District of Nanaimo

Regional Municipality of Halton

City of Edmonton

—_

Qo |N[([O|O|R[WIN

-
o

Details of these jurisdictions’ participation in the method development phase continues in
Section 4. The background review of these jurisdictions is provided in Appendix Three.

3.4 Method Development and the BEAM

The project consulting team used the information obtained through the literature and GHG
protocol review to develop the BEAM for determining GHG emissions from biosolids
management. The BEAM was developed in close consultation with Climate Registry and IPCC
protocols, and uses the most current emission factors. Whenever possible, these factors were
corroborated by cross-referencing multiple information sources. The BEAM is based on unit
process modules within the boundary conditions identified. The sum of the applicable unit
processes is the generator’s biosolids management program. This approach provides more
flexibility and applicability to a wider range of Canadian biosolids generators.

9
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The BEAM incorporates the most current equations for estimating GHG emissions from various
processes. These equations are embedded within the unit process modules. Incorporated into
the modules are default emission factors gleaned from the most current literature and protocols.

3.4.1 BEAM Overview

The BEAM consists of 14 worksheets in one Microsoft Excel™ workbook. Worksheet 1
provides an overview of all the unit processes included and instructions on use. Worksheets 2-
13 contain the modules that calculate GHG emissions from individual unit processes.
Worksheet 14 contains the default emissions factors, conversions, and references. The
calculations for each of the unit processes link to this data table, thus it is simple to update a
default value and have the updated value applied to all appropriate calculations. The default
emissions factors and other default values listed in Worksheet 14 are best estimates obtained
from the current literature; at least two independent sources or calculations were used to
corroborate each default factor or value.

Each individual biosolids management unit process, such as “lagoon storage” or “composting,”
has its own worksheet or discreet module in the BEAM. For each unit process, inputs may
consist of local, site-specific measurements, regional estimates or default values, or more
general default values.

In addition, users of the BEAM are provided the opportunity to use local data inputs. For
example, if an agency has a dewatering system and its electricity use can be isolated, they can
input the annual kilowatt-hour consumption and their province and the BEAM will provide an
estimate of GHG emissions for that unit process. However, if the generator does not have a
particular dewatering system but would like to investigate the outcome of this option, they can
input additional data (e.g. sludge volume and % solids) that allows the BEAM to determine the
emissions from this hypothetical scenario.

User-friendly features of the BEAM include:
» asingle worksheet for summarizing the outputs from all unit processes;
= naming of cells;
» colour-coding to identify default values and data input cells; and

= output totals on each unit process worksheet, so that the impacts of any
changes in input data are apparent for that unit process.

Complete details of the method development, including details on the principles from other
leading protocols, assumptions applied to the BEAM, and a detailed description on how
calculations were developed for the individual unit process are provided in Appendix Four and
Appendix Five.
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4  JURISDICTIONAL B10sSOLIDS MANAGEMENT OPTIONS AND GHG EMISSIONS

Following the short listing of participating jurisdictions, unit processes for each biosolids
management practice were validated. A unit process diagram was sent to each jurisdiction, and
they indicated which unit processes applied to their biosolids management program.
Concurrent with the development of the BEAM, separate data and information request sheets
were prepared that corresponded with each unit process module. Based on the information
provided regarding their unit processes, only the corresponding data and information request
sheets were provided to each jurisdiction specific to their unit processes.

Each jurisdiction completed the data and information request sheets. As required, follow-up
consultation with each jurisdiction was conducted to assist with completing these sheets. The
information and data were used to populate the relevant unit process modules, and determine
net GHG emissions from the selected scenarios.

Section 4.1 provides summaries of the biosolids management scenarios for each jurisdiction,
based on the information received from their completion of the data and information request
spreadsheets. A summary of general information for each jurisdiction is provided in Table 5.

9
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Table 5: Participating jurisdictions — summary of general information.
Industrial Mean Mean
Biosolids WWTP . Contribution Average Design Monthly
s . Service ; . Monthly Annual
Management Jurisdiction Included in : to Wastewater | Daily Flow | Capacity Temperature L
. Population Temperature . Precipitation
Scenario Study Flow (MLD) (MLD) g o Maximum
Minimum (°C) o
(%) (°C)
1 Thunder Bay f\‘“a”t"’ 100,000 3.4 70 109 -14.5 (Jan.) 17.4 (Jul.) 705
venue
2 Incineration - 330,000 ~10 295 330 -10 (Jan.) 21 (July) 1,000
3 Laval La Piniére 272,000 5.77 254 605 -10 (Jan.) 21 (July) 1,000
4 Windsor R Lou 181,000 N/A 161 270 -4.5 (Jan.) 22.7 (Jul.) 918
omano
Greater
5 Moncton SM°“°t°” 125,000 30 79 115 -8.3 (Jan.) 19.4 (Jul.) 1,143
ewerage
Commission
6 Vancouver Alglgi‘;'ls 980,000 N/A 436 580 5.6 (Jan.) 17.9 (Jul.) 1,322
7 Halifax Mill Cove 54,000 2 27 10 -6 (Jan.) 18.6 (Jul.) 1,452
8 Nanaimo French 25,000 0 9.8 16 2.7 (Jan.) 17.9 (Jul.) 1,160
Creek
9 Halton Bgli"”gtm 165,000 40 9 118 -5.3 (Jan.) 24.1 (Jul.) 858
yway

' Scenario description:
anaerobically digested, dewatered biosolids mixed with native topsoil and applied as cover on a landfill;
incineration of dewatered sludge and use of incinerator ash in cement production;
high temperature drying of dewatered, undigested sludge, followed by incineration at a cement kiln and landfilling primary sludge;
high temperature drying / pelletization and land application;
composting of alkaline stabilized, dewatered biosolids;

application of dewatered, anaerobically digested biosolids to disturbed land, and anaerobic digester gas utilization to produce electricity;

COENIORAWN =

agricultural land application of alkaline stabilized, dewatered biosolids and anaerobic digester gas utilization to produce heat;

land application of dewatered, aerobically digested biosolids; and
agricultural land application of liquid and dewatered anaerobically digested biosolids.

)
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4.1 Jurisdiction Summaries and Results

The participating Canadian biosolids generators provided data on wastewater treatment and
biosolids management specific to the identified scenarios. Data was provided using data entry
forms developed by the project team. The completed BEAM and data for each jurisdiction were
used to determine GHG emissions for the biosolids management scenarios specific to each of
the participating agencies. The results for each jurisdiction are discussed below. A summary of
the results is provided in Table 6 and Figure 3 at the end of this section.

4.1.1 Thunder Bay — Scenario 1

Thunder Bay is the largest city on Lake Superior. With a population of 109,140, it is the most
populous municipality in Northwestern Ontario. From 1971-2000, the mean monthly average
temperature in Thunder Bay was 2.6°C. The coldest month of the year is January with an
average temperature of -14.5°C. The warmest month is July with an average temperature of
17.4°C. This region receives an average of 705 mm of precipitation annually.

Greenhouse gas calculations for solids processing and biosolids management were conducted
from the Atlantic Avenue Water Pollution Control Plant (AAWPCP). The AAWPCP services a
population of 100,000, treating approximately 70 megalitres per day (MLD). Primary sludge
thickening is achieved by gravity settling. The AAWPCP has four primary clarifiers which are
used to thicken the primary solids. Aluminum sulphate and polymer are added to the influent to
aid in the settling process. Prior to gravity settling the total solids content is 0.01% and following
the process the total solids content is 4.1%. The plant uses dissolved air flotation (DAF) to
thicken the product from the secondary treatment plant. Aluminum sulphate and polymer are
added to the secondary waste sludge before entering the DAF. For the DAF process, the plant
uses approximately 115,000 kg of Alum and 9,500 kg of polymer annually. The total solids
content following the DAF process is 5%.

The dewatering process at AAWPCP employs three centrifuges on site to dewater the digested
sludge from the digesters. Polymer is added to aid in the dewatering process and only two
centrifuges run at one time. Sludge dewatering operations run for approximately 42 hours per
week.

The AAWPCP has four primary anaerobic digesters, each are operated in the mesophilic
temperature range. Primary sludge and secondary sludge are fed discretely into the digesters.
Approximately 4,900 m®/yr total solids enter the digester annually. The methane gas produced
during the digestion process is pumped back into the digesters to provide mixing. The excess
methane gas is burned in the plant boilers to supply heat for the digestion process and plant
buildings.

9

SYLVIS



THE BIOSOLIDS EMISSIONS ASSESSMENT MODEL (BEAM) JuLy 2009
FINAL REPORT PAGE 10

The end use for the AAWPCP biosolids is a landfill. The dewatered biosolids are transported
18.2 km to the landfill and are co-disposed of with landfill waste. The biosolids are mixed with
native top soil to cover capped areas of the landfill at a depth of approximately 50 cm.

GHG emissions were estimated for the management of biosolids from the City of Thunder Bay’s
Atlantic Avenue Water Pollution Control Plant (AAWPCP). The estimated net emissions from
biosolids generated at this plant are 1,462 Mg CO, equivalents / year, or approximately 0.09 Mg
CO, equivalents / Mg dry biosolids.

The AAWPCP process involves gravity thickening in primary clarifiers. This is a common
process, but it presents a challenge for producing a GHG emissions estimate that is comparable
to other biosolids management programs. Typically for the GHG estimates the biosolids
management program begins at the point where wastewater solids are removed from the
primary and, if applicable, secondary clarifiers. Thus, clarifier operations are not typically
included as part of the biosolids management program. However, conditioning and thickening —
which, at Thunder Bay, occur in the primary clarifiers — are part of the biosolids management
program. To account for the GHG emissions from biosolids management electricity use for the
alum and polymer pumps was included in the calculation while the electricity use for pumping
sludge in the primary clarification process was excluded. The polymer use at this stage was
assumed to be 5 kg/Mg dry solids and any supply chain emissions associated with the alum
used were not included (i.e. a default value for alum production emissions was not included).

Both alum and polymer are used in dewatering the secondary solids in a DAF unit. The alum
use (115,000 kg / year) and its supply chain emissions were not included. The estimate did
account for the secondary polymer use an additional conditioning thickening calculation.

Excluding the GHG emissions from the application at the landfill, Thunder Bay’s biosolids
program produces about 983 Mg CO, equivalents / year, which is relatively high for a program
that includes anaerobic digestion. This is because, despite the fact that digester gas is being
used for mixing and heating the digesters, a large volume of natural gas is required. Typically
an anaerobic digestion unit process will provide a net carbon credit, offsetting GHG emissions
from other parts of the program.

Typically GHG emissions from landfilled biosolids would be relatively high as CH, is produced
which is a much more potent GHG than CO,. However, biosolids from the AAWPCP are mixed
with a topsoil and used in a 50 cm thick capping layer on a landfill. While this represents an
emerging option for biosolids use in a soil to cover a landfill, this is not typical of biosolids
disposal in a landfill. That is, this scenario is more typical of a land application than landfilling.
It is likely that CH, is not generated since the biosolids are placed in an aerobic environment.
This application of biosolids may help to reduce the GHG potential of the landfill if the correct
conditions are present for the growth of methanotrophs, bacteria that oxidize CH,, thereby
reducing its GHG potential. The GHG mitigation aspects of this biosolids application were not
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considered in the emissions calculations but could be further investigated as it may be represent
an opportunity to decrease net GHG emissions from this management scenario.

One consideration for further investigation is the impact of CH, pumped back into the digesters.
For the analysis it was assumed that fugitive methane is not emitted when solids are moved to
the dewatering process, but this may not be the case. Significant fugitive methane could be
emitted from this process, which would significantly increase the estimated emissions.
Additional analysis including on-site measurements would be required to confirm whether
fugitive methane is emitted.

4.1.2 Incineration — Scenario 2

There are 7 cities that operate sludge incinerators in Canada. This incineration scenario
involves one of these city that graciously provided data but wished to remain unidentified. The
City X has a population of approximately 230,000 people. The average annual precipitation in
the area is approximately 1,000 mm. The average daily temperature ranges from a low of -10°C
in January to a high of 21°C in July.

The City operates a waste water treatment plant which handles wastewater from three cities.
The treatment plant services approximately 330,000 people and treats approximately 295
megalitres per day (MLD). After the wastewater completes the pre-treatment process it
undergoes a decantation process that consists of chemical mixing, flocculation and settlement.
The floc is removed from the bottom of the flocculation tanks using skimmers that guide the
sludge to hoppers.

Sludge is then conveyed to the sludge thickening stage of the treatment process. Sludge
thickening consists of two concrete tanks fitted with mechanical scrapers. Sludge at
approximately 5% total solids is continuously drawn off the bottom of the thickening tanks while
liquid from the top is returned to the decantation process.

Sludge from the thickening tanks is conveyed to homogenization tanks where the sludge is
mixed to form a homogeneous product. From there it is dewatered using rotary presses. The
dewatered sludge is collected in hoppers and pumped to a fluidized bed incinerator.
Approximately 12,000 dry tonnes of biosolids are incinerated annually. Heat from the
incinerator is used in the process and to create steam for heating and cooling the building.
Approximately eight tonnes of ash is generated daily and transported to a cement kiln for use in
cement production. The cement kiln is approximately 35 km from the wastewater treatment
plant.

GHG emissions were estimated for management of biosolids from the waste water treatment
plant. The estimated net emissions from biosolids generated at this plant are 19,608 Mg CO,
equivalents / year, or approximately 1.63 Mg CO, equivalents / Mg dry biosolids.
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The estimated emission of N,O is responsible for 99.3% of the total estimated GHG emissions.
Depending on the mean freeboard temperature, biosolids combustion can create significant
quantities of N,O, which has a global warming potential 310 times that of CO,. If this
combustion temperature is above 900 °C, N,O emissions are likely minimal. City X burns its
dewatered solids at an average of 760 °C. This results in N,O emissions of approximately
0.172 Mg/day.

The data provided by City X details the total fuel oil and electricity consumption for the biosolids
incineration process, as well as the extent of heat recovery from the combustion process. In
multiple hearth incineration systems, additional fuel consumption can result from the use of
afterburners to treat volatile organic contaminants. Fuel use in the afterburner can represent
85-90% of the total combustible fuel used in a multiple hearth incinerator. However, City X uses
fluidized bed incineration which does not use afterburners, hence this additional fuel
requirement is avoided. Fuel oil accounts for 111 Mg CO, equivalents / year. Adjustments
were made to the model to account for fuel oil rather than natural gas use.

The incinerator and air emissions systems require 131 Mg CO, equivalents / year from
purchased electricity.

Polymer use is a significant GHG emission debit. It was assumed that polymer is used for both
gravity thickening and the rotary press at a default rate of 5 kg / Mg dry solids processed. This
resulted in indirect emissions of 5,016 Mg CO, equivalents / year.

The ash from the incineration process is used as an ingredient in cement production, replacing
the need for lime. This results in a credit of approximately 15 Mg CO, equivalents / year.

Identification of the City X management practices as one of the largest GHG emission scenarios
prompted an investigation into process modifications that could decrease GHG emissions.
Modification of the City X scenario focused on increasing the standard burn temperature of their
fluidized bed incinerators from 760°C to 800°C. Greenhouse gas emissions were decreased in
the City X scenario from 1.63 to 1.09 Mg CO,eq/Mg dry biosolids, due to reduced N,O emission
from the incinerators. Increased fuel and electricity use associated with an increase in standard
burn temperature were considered for the City X scenario and found to have minimal impact on
the net GHG emissions.

4.1.3 Laval — Scenario 3

The City of Laval is bound by the Riviére des Prairies and Montréal to the south and the Riviére
des Mille Tles to the north. The population of Laval is approximately 377,000 people. The
average annual precipitation in the area is approximately 1,000 mm. The average daily
temperature ranges from a low of -10°C in January to a high of 21°C in July.

The City operates three wastewater treatment plants including La Piniére treatment plant, the
largest of the three which services approximately 272,000 people located on fle Jésus. The
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plant treats approximately 254 megalitres per day (MLD). After the wastewater completes the
pre-treatment process it undergoes clarification and disinfection processes. The clarification
process involves the addition of chemicals to produce floc that settles to form sludge. A rotary
scraper moves the sludge into hoppers and is pumped to holding tanks. The solids content of
the sludge at this stage is approximately 5%.

The sludge treatment process consists of dewatering, drying and pelletizing the wet sludge.
First a cationic polymer is added to enhance the dewatering process. The sludge is then
dewatered using rotary presses to a solids content of approximately 30%. Approximately 5,000
tonnes of dewatered sludge is sent to landfill annually. The remainder is combined with sludge
from all three wastewater treatment plants and stored in transfer hoppers. It is then dried in a
high temperature rotary drum chamber to create biosolids pellets having a total solids content of
95%. The pellets and gas in the drum are separated in a cyclone separator and the final
pelletized product is stored in silos. Approximately 31,000 tonnes of sludge from La Piniére
treatment plant passes through the drying process annually. Of the approximately 9,200 tonnes
of pellets produced from La Piniére treatment plant, between 50 and 60% are transported to
Ciment St-Laurent’s plant in Joliette where they are used as a fuel source in their cement kiln.
The biosolids pellets produced through high temperature drying are certified by the Bureau de
Normalisation du Québec.

GHG emissions were estimated for management of biosolids from the City of Laval’s La Piniére
Treatment Plant. The estimated net emissions from biosolids generated at this plant are 10,277
Mg CO, equivalents / year, or approximately 1.02 Mg CO, equivalents / Mg dry biosolids.

La Piniere treatment plant employs storage tanks for holding the wastewater solids prior to
dewatering. Solids are held for approximately 80 hours. The closed tanks vent to the
atmosphere, and the length of time of storage and the tank depths (~3.5 meters) create
conditions for CH, emissions. Based on this it was assumed that the estimated CH, emissions
from storage are approximately 10 Mg CO, equivalents / day, which equates to 3,659 Mg CO,
equivalents / year.

The largest single source of GHG emissions is the thermal drying process and its associated
natural gas use; the estimated emissions from thermal drying are 4,683 Mg CO, equivalents /
year and are based on actual fuel consumption figures.

The use of polymer creates significant indirect emissions. The estimated emissions from
polymer use are 2,496 Mg CO, equivalents / year and are based on actual data regarding
annual polymer use.

The second largest single source of GHG emissions is from the small proportion (~5,000 wet
Mg) of biosolids disposed of in a landfill. Using default values for landfill disposal, it is estimated
that net GHG emissions from disposal are 4,170 Mg CO, equivalents / year.
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The majority of the biosolids — the heat-dried pellets (95% solids) — are burned as a
replacement fuel at the Ciment St. Laurent cement kiln. This beneficial use of the biosolids
results in a reduction of fossil fuel use at the kiln. It was assumed that natural gas is displaced,
and, based on the estimated energy content of the Laval heat-dried, undigested biosolids, it was
estimated that approximately 11,000 m® of natural gas are offset each day, resulting in an
annual reduction in GHG emissions from the kiln of 4,941 Mg CO, equivalents / year. The kiln
operates at an extremely high temperature (1,460°C) and as such, N,O emissions resulting from
the combustion of biosolids were assumed to be negligible.

Hauling distances were not provided, therefore a one-way haul distance of 50 km (100 km
round-trip) for both destinations was assumed. The resulting emissions from transportation are
125 Mg CO; equivalents / year.

Identification of the Laval management practices as one of the largest GHG emission scenarios
prompted an investigation into process modifications that could decrease GHG emissions.
Areas for modifying the Laval scenario included the implementation of aerobic as opposed to
anaerobic storage and composting the portion of dewatered biosolids which is currently
landfilled.

Greenhouse gas emissions from the Laval scenario were decreased from 1.01 to 0.22 Mg
CO.eq/Mg dry biosolids, due largely to net negative (i.e. carbon credit generating) emissions
from composting as opposed to landfilling the equivalent volume of primary sludge. Composting
results in increased carbon sequestration and the displacement of chemical fertilizers and
removal of the sludge from landfilling mitigates CH, emissions associated with landfill disposal.
Additionally, the elimination of CH, emissions from anaerobic storage were mitigated by
changing to aerobic storage.

4.1.4 Windsor — Scenario 4

The City of Windsor has a population of approximately 216,000 people. From 1971-2000, the
mean monthly average temperature in Windsor was 9.4°C. The coldest month of the year is
January with an average temperature of -4.5°C and the warmest month is July with an average
temperature of 22.7°C. This region receives an average of 918 mm of precipitation annually.

The City of Windsor operates two wastewater treatment plants, the Little River Pollution Control
Plant, and the Lou Romano Water Reclamation Plant (LRWRP). Greenhouse gas calculations
for solids processing and biosolids management were conducted from the LRWRP. The
LRWRP services a population of 181,000, treating approximately 161 megalitres per day (MLD).

Sludge thickening is achieved by gravity thickening in the primary settling tanks, and followed by
dewatering using three high speed centrifuges. The subsequent total solids content is 26%.
Following gravity thickening the sludge is transferred to a holding tank and sent to the three

6 syLvis



THE BIOSOLIDS EMISSIONS ASSESSMENT MODEL (BEAM) JuLy 2009
FINAL REPORT PAGE 15

high-speed centrifuges for dewatering. The dewatered sludge is then relocated to hoppers and
transported using trucks to an off-site drying/pelletizing facility.

At the pelletizing facility the sludge is unloaded into a receiving bin and it is conditioned with
dried recycled product to form a homogeneous material through a series of pumps and a
holding tank. The material is then deposited into a drying drum. The sludge is treated in the
drum by heating. The sludge resides in the drying for approximately 20 minutes. During this
time the sludge is dried and pasteurized. When the residence time has elapsed, the sludge is
removed from the drum and is separated from the air/vapour stream by means of a cyclone-filter
and the sludge is allowed to cool. The dried sludge is then screened and the ideal size fraction
is transported to the finished product storage. The surplus product that does not conform to the
ideal size requirements is recycled to the beginning of the process and is incorporated with the
incoming dewatered sludge. The finished pelletized sludge is then transported by a pneumatic
conveying system to a storage area from where it is distributed for use as a soil conditioner.

All of the sludge from the LRWRP is pelletized and no other end use options are currently taking
place. The final pelletized product is registered as a fertilizer.

GHG emissions were estimated for management of the biosolids produced at the City of
Windsor's Lou Romano Water Reclamation Plant (LRWRP). Biosolids management produces
an estimated net of 1,761 Mg of CO, equivalents / year, or approximately 0.16 Mg CO,
equivalents / Mg dry biosolids.

The most significant emissions are from combustion of natural gas, which is required in the
thermal drying process, and accounts for 5,081 Mg CO, equivalents / year of the total
emissions. Investigating ways to increase drier efficiency could result in reduced energy
consumption and reduce the GHG emissions from this process.

Other direct emissions are caused by the fuel needed to transport the processed biosolids to
land application sites. Data on haul distances was not available, therefore a one-way haul
distance of 150 km was used for the analysis, resulting in an estimated 158 Mg CO, equivalents
/ year — or 3% of total direct and purchased electricity emissions. Purchased electricity is used
predominantly for dewatering and thermal drying and represents approximately 10% of the total
Scope 1 and Scope 2 emissions.

The LRWRP produces about 12,000 Mg of dry biosolids pellet fertilizer each year. As an
organic fertilizer, significant credits are realized for offsetting the need for synthetic fertilizers
and for sequestration of carbon in soil. The credits reduce the net GHG emissions by
approximately 70%.

The plant uses an anionic polymer to condition solids in the primary settling tanks; this polymer
use was not included in the GHG emissions calculations due to insufficient data. If included, it
would increase emissions significantly.
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4.1.5 Moncton — Scenario 5

Greater Moncton is made up of three communities: the City of Moncton, the City of Dieppe and
the Town of Riverview and has a population of approximately 125,000 people. From 1971-
2000, the mean monthly average temperature in Moncton was 5.8°C. The coldest month of the
year is January with an average temperature of -8.3°C and the warmest month is July with an
average temperature of 19.4°C. This region receives an average of 1,143 mm of precipitation
annually.

Prior to the creation of the Greater Moncton Sewerage Commission (GMSC) in 1983, all of the
wastewater in Greater Moncton was discharged untreated into the Petitcodiac River. Today,
Greater Moncton’s wastewater is treated prior to being discharged into the Petitcodiac River and
the sludge generated is processed into biosolids for subsequent recycling and beneficial use.
Greenhouse gas calculations for solids processing and biosolids management were conducted
from the GMSC WWTP. The GMSC WWTP services a population ranging from 100,000 to
125,000 people and treats approximately 80 megalitres per day (MLD).

Sludge thickening is completed by well-type primary clarifiers. The solids are collected and
drawn off the bottom in the form of a thick, wet sludge, while clarified water is decanted off the
top of the tank into a separate channel. The thickening process is completed with centrifugal
dewatering and the mean total solids content of the sludge at the end of the process is 30.3%.
Cationic flocculant is added at 2-3 kg/dry tonne. The amount of electricity used each year in the
dewatering process is 260,000 (kWh/yr). The GMSC WWTP is currently pilot testing an energy
recovery program.

The GMSC WWTP performs a partial alkaline stabilization at the plant. The lime stabilization
process incorporates two 25 tonne lime storage silos, a transfer system, a volumetric feeder and
a pugmill mixer. Lime (CaOH) is added to the sludge in slurry form prior to dewatering. The
addition of the lime increases the pH to 12. The lime is added again following dewatering, in
solid form using the volumetric feeder and pugmill mixer. Approximately 11,275 bulk tonnes of
biosolids are produced and 133,000 kg of lime are used in the alkaline stabilization process
annually.

The GMSC WWTP focuses primarily on composting of the biosolids with the finished compost
being used in landscaping and manufactured topsoil. The compost produced by the GMSC is
certified by the Bureau de Normalisation du Québec. Annually, 7,750 tonnes of biosolids
produced from the GMSC WWTP are composted. 50% biosolids are combined with 50% wood
bark on a weight basis to achieve an optimal blend for composting. The biosolids and wood
bark are mixed together and covered and composted using the GORE™ system which is
covered compost windrows with a positive aeration system. Annually, 20,000 tonnes of
biosolids and wood bark are combined and 10,000 tonnes of finished compost are produced for
a 50% mass reduction.
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GHG emissions were estimated for management of biosolids produced by the Greater Moncton
Sewerage Commission’s Wastewater Treatment Plant. The estimated net emissions generated
by the Moncton biosolids management program are 1,123 Mg CO, equivalents per year, or
approximately 0.18 Mg CO, equivalents / Mg dry biosolids.

The largest single source of emissions is associated with the use of hydrated lime for stabilizing
a portion of Moncton’s wastewater solids. This indirect emission is 479 Mg CO, equivalents /
year, approximately 41% of total debits from all sources. Alkaline stabilization can be achieved
using recycled lime substitutes including cement kiln dust and fly ash. Incorporating recycled
lime substitutes eliminates the indirect emissions associated with the use of hydrated lime, and
would substantially decrease GHG emissions from this unit process.

The second largest single source of emissions is polymer use, which is also an indirect Scope 3
emission. Moncton uses 2.5 kg polymer / Mg dry sludge resulting in 349 Mg CO, equivalents /
year, 30% of total debits from all sources.

The processed biosolids, both alkaline stabilized and composted, must be transported to end.
No data were received pertaining to the fuel use or travel distances transportation. An average
round-trip haul distance of 150 km was used, resulting in a total debit of 208 Mg CO,
equivalents / year.

The use of compost can sequester carbon in soils and offset the use of synthetic fertilizers.
Carbon sequestration credits the Moncton biosolids program -587 Mg CO, equivalents,
assuming that the compost would not offset chemical fertilizer use. If all the compost were used
to displace chemical fertilizers, the net GHG emissions would decline significantly, to 813 Mg
CO; equivalents.

Heat from the composting piles is captured and used around the composting site (e.g. to heat
the compost control structures). The degree to which this offsets the purchase and use of fossil
fuel is uncertain. Fuel used for heating buildings was not considered in the calculations as it is
assumed to be minimal.

4.1.6 Metro Vancouver — Scenario 6

Metro Vancouver has a population of 2.2 million people and is composed of 22 municipalities
and one electoral area. In 2007, mean monthly average temperature in Metro Vancouver
(Vancouver International Airport) ranged from a low of 5.6°C in January to 22.8 °C in July, and
the area received 1,322.4 mm of total precipitation.

Metro Vancouver operates five wastewater treatment plants. Greenhouse gas calculations for
solids processing and biosolids management were conducted for the Annacis Island
Wastewater Treatment plant and the associated land application of biosolids generated at this
plant. The Annacis Island WWTP is Metro Vancouver’s largest WWTP. It services a population
of 980,000 and treating and average of 436 MLD. Primary solids are thickened gravimetrically
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and secondary solids are thickened by dissolved air flotation. The thickened solids are
combined and fed to four primary, thermophilic anaerobic digesters. Digester gas is burned to
produce approximately 61 MJ/yr of heat, or burned to generate approximately 20,000,000
kWh/yr of electricity.

Biosolids are dewatered to approximately 31% total solids using centrifuges. Approximately
40,000 bulk tonnes of biosolids are transferred to land application projects annually. Round-trip
transportation distances to the land application sites range from 520-875 km.

GHG emissions were estimated for land applied biosolids generated at Metro Vancouver’s
largest wastewater treatment plant, the Annacis Island plant. The estimated net emissions from
biosolids generated at this plant are -1,089 Mg CO, equivalents / year, or approximately -0.10
Mg CO, equivalents / Mg dry biosolids.

The land reclamation programs undertaken by Metro Vancouver result in credits of
approximately —3,009 Mg CO, equivalents/year from sequestering carbon in the soil.
Additional credits of approximately —2,848 Mg CO, equivalents / year are achieved by offsetting
the use of chemical fertilizer.

The largest GHG debits are for the use of polymers and fuel used for transporting biosolids to
land application sites. The estimated emissions are 2,783 Mg CO, equivalents / year and 1,556
Mg CO., equivalents / year respectively. The BEAM default value of 5 kg polymer / Mg dry
biosolids was used to estimate polymer consumption. It was also estimated that polymer was
used in the thickening process at the same rate. Emissions from transportation were based on
data provide by Metro Vancouver on the approximate number of truckloads required to transport
the annual supply of biosolids to land reclamation and other end-use sites.

The Annacis plant produces a significant quantity of digester gas, 14,901,282 m®/ year. With a
reported methane content of 64.5%, approximately 26,332 m> of methane is generated each
day. Of this, 62% is used to generate electricity, 17% percent is used to generate heat, and
21% is combusted using a flare. Based on these data, greater than 20 million kWh of electricity
is generated. It was assumed that this serves all electricity requirements for the biosolids
management program. In addition, no ancillary natural gas or other fossil fuel is required to
heat the digesters. Therefore, the GHG emissions due to fossil fuel consumption at the plant
are minimal.

Metro Vancouver has net negative GHG emissions from this scenario. However, conditioning
and dewatering were determined to be the largest net positive emission sources in their solids
management train, largely due to the indirect emissions associated with polymer use.
Investigating options to minimize polymer use would mitigate these indirect emissions and
decrease GHG emissions from these unit process. In comparison to other scenarios, Metro
Vancouver's GHG emissions from biosolids transportation were relatively high. Opportunities to
use biosolids within shorter transportation distances would reduce fuel use and associated GHG
emissions.
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4 1.7 Halifax — Scenario 7

The Halifax Regional Municipality is made up of the Halifax county region of Nova Scotia and
has a population of 372,855. From 1971-2000, the mean monthly average temperature at the
Halifax International Airport was 6.3°C. The coldest month of the year is January with a
average temperature of -6°C. The warmest month is July with an average temperature of
18.6°C. This region receives an average of 1,452 mm of precipitation annually.

The Halifax Regional Municipality operates four wastewater treatment plants and eight small
community plants. Greenhouse gas calculations for solids processing and biosolids
management were conducted from the Mill Cove WPCC, the largest municipal secondary
treatment facility in Atlantic Canada. The Mill Cove WPCC services a population of 54,000,
treating approximately 27 MLD of wastewater. Sludge for the primary clarifiers are sent to a
primary digester, then to further gravity settling in two anaerobic digesters. The tanks of these
digesters are sealed and gas vented as required. The total solids content is 2% before the
gravity thickening process, and 3% upon completion of the process. The dewatering process
occurs at the central Aerotech facility which uses a fornier press to thicken/dewater before the
material before it is transferred to the N-Viro facility for processing and distribution.
Approximately 5,700 dry tonnes per year are transferred to the N-Viro facility for high
temperature drying and alkaline stabilization. The total solids content is 27.7% before high
temperature drying, and 57.5% after.

Annually, approximately 800 bulk tonnes of dewatered biosolids are transferred 15 km, 7,200
bulk tonnes are transferred 40 — 50 kilometres, 1,200 bulk tonnes are transferred 70 km, 3,500
bulk tonnes are transferred 128 — 150 km, and 60 bulk tonnes are transferred 185 km from the
Mill Cove WPCC. All of the material is transferred to various land application sites.
Approximately 86% of the sites are fine textured soils and 14% are coarse textured. Biosolids
are incorporated following application at all the sites.

The methane concentration in the digester gas at the Mill Cove WPCC is 65%. Of this, 61% is
flared and 38% is burned for heat while only 1% of the methane is vented directly into the
atmosphere.

GHG emissions were estimated for biosolids generated at the Mill Cove Wastewater Treatment
Plant. The estimated net emissions from biosolids generated at this plant are -875 Mg CO,
equivalents / year, or approximately -0.15 Mg CO, equivalents / Mg dry biosolids.

As with other agencies, polymer use is a significant contributor to GHG emissions. Estimated
emissions from polymer use are 250 Mg CO, equivalents / year. For the calculations it was
assumed that polymer was consumed at a typical rate for the DAF thickening process and
dewatering using Fournier presses.

There is an estimated credit of -1,718 Mg CO. equivalents / year for carbon sequestration and
offsetting the use of chemical fertilizers through land application of biosolids.
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The N-Viro process generally uses recycled lime sources (e.g. cement kiln dust, lime kiln dust
and fly ash). If the liming agent used by Halifax were not a recycled material, the supply chain
emissions associated with purchasing new lime would be 18 Mg CO, equivalents / day or 6,570
Mg CO, equivalents / year. Using recycled inputs can make a significant difference in net GHG
emissions. The primary sources of GHG debits in this scenario are associated with energy use
in the alkaline stabilization process. Investigating opportunities to reduce energy use could
result in decreased GHG emissions from this process.

Compared to other provinces, Nova Scotia has the third highest CO, emissions rate from
purchased electricity; only Saskatchewan and Alberta have higher rates. The resulting Scope 2
emissions from the Halifax biosolids program are estimated to be 1,436 Mg CO, equivalents /
year.

Transporting biosolids to farm sites requires the use of diesel fuel and accounts for GHG
emissions of 89 Mg CO, equivalents/year. Estimated emissions from transportation include
additional emissions required to transport the liming agent with the biosolids (i.e. there is a
greater quantity of product to transport).

4.1.8 Regional District of Nanaimo — Scenario 8

The Regional District of Nanaimo (RDN) has a population of approximately 140,000 people.
From 1971-2000, the mean monthly average temperature at the Nanaimo Airport was 9.8°C.
The coldest month of the year is January with an average temperature of 2.7°C and the
warmest month is July with an average temperature of 17.9°C. This region receives an average
of 1,160 mm of precipitation annually.

The RDN operates two wastewater treatment plants, the Greater Nanaimo Pollution Control
Center, and French Creek Pollution Control Center (FCPCC). Greenhouse gas calculations for
solids processing and biosolids management were conducted from the FCPCC. The FCPCC
services a population of 25,000, treating approximately 9.8 megalitres per day (MLD) of
wastewater.

The primary solids thickening process is gravity thickening in the three primary settling tanks.
Sludge enters the three large primary tanks where it has a detention time of approximately three
hours. The sludge is collected at sludge sumps, and is then pumped to the Autothermal
Thermophilic Aerobic Digesters (ATAD).

The ATAD consists of four digesters and three cooling storage cells, which treat the sludge from
the primary settling tanks. Each year 2,460 kg of a liquid polymer is added to the digesters.
Each of the four ATAD digesters contains two mixers per tank which are controlled by a
temperature probe. Should the temperature drop, the mixers accelerate until the desired
temperature is reached. The residence time for the sludge in the ATAD tanks is 10 to 12 days
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at a temperature of 40 — 60°C. The biosolids are dewatered through a centrifuge following
ATAD digestion.

Biosolids produced at the FCPCC are utilized in forest fertilization. Annually, approximately
1,560 dry tonnes of FCPCC biosolids are transported 50 — 60 km to the Vancouver Island
University demonstration forest. Here the biosolids are applied to the forest stand as a fertilizer.

GHG emissions were estimated for management of biosolids from the Regional District of
Nanaimo’s French Creek Pollution Control Center (FCPCC). The estimated net emissions from
biosolids generated at this plant are 177 Mg CO, equivalents / year, or approximately 0.11 Mg
CO, equivalents / Mg dry biosolids. In other land application scenarios (e.g. agricultural and
disturbed land applications) substantial credits were gained through the displacement of
chemical fertilizers. In the RDN scenario, where biosolids are applied to a mature forest stand,
it was assumed that the biosolids applications were not displacing the use of chemical fertilizer.
If, in fact, these applications are displacing chemical fertilizers, this will be an important source
of credits for the RDN scenario which would substantially reduce GHG emissions from this
scenario.

While data on the volume of solids processed was incomplete, it was possible to generate a
reasonable estimate of emissions based on the available information for unit processes. For
example, data for calculating electricity use was provided for thickening, aerobic digestion, and
dewatering. In addition, polymer use for the year was provided. This allowed for a reasonable
estimate even though throughput volumes are unknown.

As the dataset was incomplete, the following defaults and assumptions were used:

o The polymer used for centrifuge dewatering is one-half of the total
reported for the year (i.e., the total for the year was split between
thickening and dewatering).

e The bulk density of biosolids is 950 kg/m®.

o Half of the biosolids are applied to fine-textured soil and half to coarse-
textured soil. Changing this soil application breakdown has a very
significant impact on total GHG emissions, due to the impact on N,O
emissions.

o The biosolids are applied for silviculture (i.e. forestry) and, thus, do not
replace synthetic commercial fertilizer use.

4.1.9 Halton — Scenario 9

The Region of Halton is composed of the municipalities of Burlington, Halton Hills, Milton and
Oakville and has a population of 470,000. In 2005, mean monthly average temperature in the
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Region of Halton (Oakville Gerard Station) ranged from a low of -5.3 °C in February to 24.1 °C
in July; and the area received 858 mm of total precipitation.

The Region of Halton operates seven wastewater treatment plants. Greenhouse gas
calculations for solids processing and biosolids management were conducted for the Burlington
Skyway WWTP, the Region of Halton’s largest WWTP. The Skyway WWTP services a
population of 165,000, treating approximately 96 megalitres per day (MLD). Sludge thickening
is achieved via three dissolved air floatation units with polymer addition. Solids are
anaerobically digested. Two of the digesters provide primary digestion and the third digester
provides secondary digestion. Seventy—five percent of the biosolids are fed from the secondary
digester to two belt filter presses that dewater the biosolids to a total solids content of 20-24%.
The remaining liquid biosolids are transferred to a storage facility and subsequently land
applied.

Approximately 20,000 bulk tonnes of dewatered biosolids, referred to as “PowerGro” are
transferred 95 kilometres from the Skyway WWTP to a central storage facility and are then
transferred between 50-190 km to various land application sites. Approximately half of the sites
are fine textured soils and half are coarse textured. Biosolids are incorporated following
application at all the sites.

The liquid biosolids are transferred to a series of nine storage tanks. The depth of the biosolids
stored in each tank is approximately 6 metres. The biosolids are thickened gravimetrically from
2 to 4 % total solids. Supernatant is decanted from the top of each tank and is returned to the
Skyway WWTP for treatment. Approximately 100,000 cubic metres of liquid biosolids (4% total
solids) are applied to agricultural land annually. Seventy-five percent of the biosolids are
applied within 40 km of the Skyway WWTP, and 25% are applied 40-120 km from the plant.
Seventy-five percent of the biosolids are applied to fine-textured soils and 25% to coarse
textured soils. All of the biosolids are incorporated following application.

GHG emissions were estimated for management of biosolids produced by the Region of
Halton’s Burlington Skyway Wastewater Treatment Plant. The estimated net emissions for
management of biosolids from this plant are -531 Mg CO, equivalents / year, or approximately -
0.18 Mg CO, equivalents / Mg dry biosolids.

The estimate of net emissions consists of relatively large debits and credits; debits total 3,772
Mg CO, equivalents / year, and credits total -4,303 Mg CO, equivalents / year.

The largest debit is a direct emission from use of anaerobic storage to store liquid biosolids, this
totals 1,641 Mg CO, equivalents/year. Anaerobic storage results in significant CH4 production;
aerobic storage of the liquid biosolids essentially eliminates CH4 emissions and would result in
a substantial decrease in GHG emission from storage. The next largest debit is from the use of
natural gas to heat the wastewater solids treated in the anaerobic digesters; this totals
approximately 869 Mg CO, equivalents/year. The other significant use of fuel is for
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transportation of biosolids to a storage / staging facility and then to land application sites; the
total estimated debits for transportation are 517 Mg CO equivalents / year.

Data on digester gas utilization was not provided. It was assumed that the gas was combusted
using a flare. If this is incorrect there may be significant CH4 emissions, resulting in a significant
additional debit. For example, if 10% of the digester gas reaches the atmosphere, the
emissions from the digestion process increase from approximately 910 to 1,788 Mg CO,
equivalents / year. Credits would apply for digester gas used for heat and power.

Purchased electricity emissions are a relatively small component of the GHG emissions at
Halton (59 Mg CO, equivalents / year).

As for other biosolids management scenarios, supply chain Scope 3 emissions are significant.
The primary contributor is polymer for biosolids conditioning and dewatering. The estimated
emissions associated with the use of polymer are 685 Mg CO, equivalents/year.

Halton’s GHG credits are from sequestration of carbon in the soil from land application and from
offsetting the use of chemical fertilizer. Carbon sequestration credits are estimated to be -2,100
Mg CO, equivalents / year and credits for displacing chemical fertilizer are -2,308 Mg CO,
equivalents / year.

If all land-applied Halton biosolids, both liquid and dewatered, were not used in place of
synthetic fertilizers, the net GHG emissions would increase from a credit of -531 Mg CO,
equivalents / year to a debit of 5,245 Mg CO, equivalents / year.

4.1.10 Edmonton

Edmonton expressed interest in participating in the model development phase of this project.
Unfortunately, due to the need to allocate time and resources to transitioning their wastewater
treatment plant to private operations management company, they were unable to provide the
required data before the submission of the final report.
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Table 6: Summary of GHG emissions from the biosolids management scenarios.

Net GHG
Biosolids S Population Wastewater Emissions GHG Emissions
Mz;r(\:aegr]]t;rrr:snt Jurisdiction Served Treated (MLD) . (Mg ICOt2 / M% COzelqéI Mg
guivalents ry solids
year)
1 Thunder Bay 100,000 70 1,462 0.09
2 City X 330,000 295 19,608 1.63
3 Laval 271,633 254 10,277 1.02
4 Windsor 181,348 161 2,427 0.22
5 Moncton 125,000 79 1,123 0.18
6 Vancouver 980,000 436 -1,868 -0.16
7 Halifax 54,000 27 -875 -0.15
8 Nanaimo 25,000 10 177 0.11
9 Halton 165,000 96 -531 -0.18

! Scenario description:

1.
2.

anaerobically digested, dewatered biosolids mixed with native topsoil and applied as cover on a landfill;

incineration of dewatered sludge and use of incinerator ash in cement production;

3. high temperature drying of dewatered, undigested sludge, followed by incineration at a cement kiln and landfilling

primary sludge;

4. high temperature drying / pelletization and land application;

5. composting of alkaline stabilized, dewatered biosolids;

6. application of dewatered, anaerobically digested biosolids to disturbed land, and anaerobic digester gas utilization to

produce electricity;

8. land application of dewatered, aerobically digested biosolids; and

9. agricultural land application of liquid and dewatered anaerobically digested biosolids.

. agricultural land application of alkaline stabilized, dewatered biosolids and anaerobic digester gas utilization to
produce heat;

)
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=

GHG Emissions
(Mg CO.eqfdry Mg biosolids/yr

Jurisdiction

Figure 3: Summary of net GHG emissions on a per dry Mg biosolids basis.

! Scenario description:

1.

© o0k~ w D

anaerobically digested, dewatered biosolids mixed with native topsoil and applied as cover on a
landfill;

incineration of dewatered sludge and use of incinerator ash in cement production;

high temperature drying of dewatered, undigested sludge, followed by incineration at a cement kiln;
high temperature drying / pelletization and land application;

composting of alkaline stabilized, dewatered biosolids;

application of dewatered, anaerobically digested biosolids to disturbed land, and anaerobic digester
gas utilization to produce electricity;

agricultural land application of alkaline stabilized, dewatered biosolids and anaerobic digester gas
utilization to produce heat;

land application of dewatered, aerobically digested biosolids; and

agricultural land application of liquid and dewatered anaerobically digested biosolids.
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5 BEAM USER GUIDE

To facilitate use of the BEAM, a user guide was prepared. This separate document provides
general background, rationale, and a terse summary of the steps involved in the BEAM
development. The user guide provides a brief discussion on GHG emissions accounting,
defines key terminology, and discusses biosolids management and GHGs.

The user guide discusses the goals and applicability of the BEAM, provides a general example
of the principles implemented within the BEAM and unit process modules, and describes the
boundaries of the BEAM. Step-by-step instructions for using the BEAM are provided, as well as
a brief discussion on the interpretation of the results. A reference section refers the reader to
additional information regarding GHG reporting and model development.

6 CONCLUSIONS AND RECOMMENDATIONS

Biosolids management practices are evaluated using environmental, social, economic and
logistical criteria. Concerns regarding GHGs and their potential impact on our climate have
precipitated the evaluation of impacts from human activities on GHG emissions and potential
mitigation measures. While other organic residuals streams have methodologies for calculating
GHG emissions associated with their management, there is a shortage of analogous information
for use in biosolids management.

The BEAM was developed for Canadian biosolids generators and managers and will assist in
evaluating environmental impacts of current and future biosolids management options, such as
land application, composting, incineration and landfilling. The BEAM will also assist in
identifying sources of significant GHG emissions within a solids processing and biosolids
management process chain, which will assist in prioritizing potential GHG mitigation measures.

A literature and background review were undertaken to support subsequent development of the
BEAM. The literature review identified GHG sources (debits) and offset (credits) opportunities
associated with solids processing and biosolids management and was used to determine and
corroborate GHG emission factors and calculations. A review of leading GHG accounting and
verification protocols was completed. Developing the BEAM in consideration of the leading
protocols increases the likelihood of reporting verifiable emissions commensurate with the
requirements of offset trading markets, and facilitates future development of the BEAM into an
approved protocol.

An objective of the model development stage was to ensure that the BEAM could be applied to
a wide variety of biosolids management practices so that it can be used across Canada. A
background review of Canadian biosolids management practice was conducted to identify
jurisdictions that are currently undertaking these prioritized management practices.
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Jurisdictions engaged in these management practices agreed to provide “real-world” data for
the model development.

Data and information for the validation phase of the project were solicited from ten Canadian
jurisdictions. These included Metro Vancouver, Regional District of Nanaimo, City of Edmonton,
City of Windsor, City of Thunder Bay, Regional District of Halton, Ville de Laval, Halifax
Regional Municipality, Greater Moncton Sewerage Commission, and the incineration scenario.
Participating jurisdictions were selected based on their current biosolids management practices,
their leadership, the availability of data, and to provide regional representation across Canada.
The data and information received from these ten jurisdictions were used to refine the BEAM
and determine net annual GHG emissions from the participating jurisdictions’ biosolids
management practices.

In general, higher net GHG emissions were associated with jurisdictions that use thermal drying
or incineration in their management practices. Thermal drying requires the use of a substantial
amount of energy; incineration generates substantial N,O emissions. Lower net GHG
emissions were associated with biosolids management programs that conduct land application
due to the potential to offset the use of chemical fertilizers and to sequester carbon.

The literature and background review, model development and user guide accompanies the
BEAM which provides a flexible, user-friendly model that can be applied to biosolids
management scenarios across Canada and assist generators in evaluating biosolids
management options.

6.1 Recommendations

The CCME biosolids committee will ultimately decide on future use of the BEAM.
Recommendations for next steps relating to further development of the BEAM include:

e provide the report, model and support documents to the participating jurisdictions
to allow their review and input as part of the report review process. This will
reduce the uncertainty and increase the accuracy in the jurisdictional
comparisons based upon assumptions employed where the data sets provided
were incomplete. Participating jurisdictional review will also promote the
acceptance and use of the model;

e engage participating jurisdictions to apply the model to other WWTPs within their
region and provide feedback on the BEAM use;

¢ develop a process of addressing user questions, the development of additional
unit processes and periodically updating the BEAM to reflect changes in default
values and calculations;
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o develop and implement a program to “roll-out” the BEAM to biosolids generators
and stakeholders across Canada;

e determine the existence of and synergies with upstream wastewater conveyance
and treatment GHG methodologies; and

e initiate the steps involved in developing the BEAM into a federally or provincially
recognized GHG accounting protocol.

Taking these steps will lead to increased awareness and further refinement of the BEAM, and
facilitate use by biosolids generator across Canada.
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APPENDIX ONE — REVIEW OF LITERATURE

Provided overleaf is a review of literature conducted in support of the development of the
BEAM. Topics covered in this literature review included:

e general factors contributing to GHG emissions in biosolids processing and management,
delineated by GHG;

o specific details on GHG debits and credits associated with biosolids management unit
processes; and

¢ tables summarizing key findings of literature.
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8 REVIEW OF LITERATURE

The project team researched the factors that can affect carbon dioxide (CO,), methane (CHy,),
and nitrous oxide (N,O) emissions from the various biosolids management unit processes.
Research also focused on potential sources of GHG debits and GHG credits through biosolids
management, the latter including offsetting the use of chemical fertilizers and fossil fuels and
soil carbon sequestration. Lastly, research involved exploring GHG accounting protocols in use
around the world and in Canada.

There is abundant technical literature on the operations of a wide variety of biosolids
management technologies and processes. Biosolids management operations — and the
operations of the technologies involved — can have impacts on GHG emissions. Any technology
can be operated in ways to maximize energy efficiency and minimize GHG emissions. Thus, for
example, the GHG emissions from a poorly managed biosolids composting operation could
conceivably be greater than the GHG emissions from a carefully-operated landfilling system.
Another example includes optimizing biogas production in biosolids anaerobic digesters, as this
can significantly affect net GHG emissions (Peck, 2008).

It is important to note that estimating greenhouse gas emissions from wastewater and
wastewater solids management is a relatively new endeavor, and there are gaps in available
information that confound the best efforts to reach reasonably accurate estimates (WSAA,
2007). These gaps are being addressed fairly quickly with research efforts by several
organizations. For example, the Water Environment Research Foundation (WERF) in the
United States is undertaking a project to measure N,O emissions from wastewater treatment
processes and the United Kingdom Water Industry Research (UKWIR) is reviewing energy
efficiency in the water industry.

8.1 Scope of Reviewed Literature

The review of literature, the modelling and calculations for this project, focus on the most
common biosolids management processes. The reviewed literature focuses on GHG emission
sources and sinks specific to these biosolids management processes. As research advances,
emissions factors may diminish in importance while others may become more important. For
example, evaluation of the global warming potential of CH, shows that over a shorter time span
than 100 years, it has a global warming impact significantly greater than 21 times that of CO..
Different greenhouse gases have different potential impacts on the warming of the atmosphere.
Carbon dioxide, the most abundant GHG, is used as the standard and has a global warming
potential (GWP) of 1. The GWP of other gases have to be determined by complex research
and modelling. As the research has advanced, the IPCC has adjusted the GWPs for some
gases. For example, CH, was assigned a GWP of 25 in the IPCC’s most recent 4™ Assessment
report. Earlier IPCC and other protocols set it at 21, which is the value adopted in The Climate
Registry General Reporting Protocol, which is the protocol followed for this project. |IPCC gives
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N,O a GWP of 296 in its 4™ Assessment, whereas The Climate Registry uses 310. These
differences are not significant since the uncertainty inherent in current GHG accounting
estimates can have a much greater impact on the results.

There are developing biosolids management technologies (Kelly, 2006) for which there is limited
experience and literature. Examples include electro-dewatering, Biotech sludge minimization,
pyrolysis and gasification. To illustrate how research and experience is evolving, Stamford,
Connecticut is currently piloting a biosolids gasification system that the city hopes will eventually
lead to the generation of 10 MW of electricity using local wastewater solids. This may be the
first large-scale effort of its kind in North America. The wastewater solids feeding the process
are dewatered to greater than 90% solids. As yet, the net energy gain from this technology is
uncertain. Another illustration is the Enertech carbonization technology that is being used in a
full-scale project in Rialto, California, where wastewater solids from Orange County and other
parts of southern California will be treated to create fuel. The proponents of this technology
state that it produces a renewable fuel, the use of which reduces GHG emissions. To date,
however, there are no publicly available analyses of the total net energy and GHG emissions
impacts of these developing technologies. It is therefore difficult to make fair comparisons of
these technologies to other technologies and systems.

To reiterate, the literature review focuses on potential GHG debits and credits associated with
conventional, biosolids management practices widely used in Canada.

8.2 Potential GHG Debits from Biosolids Management Scenarios

Release of anthropogenic GHG emissions to the atmosphere are considered debits — positive
numbers of metric tonnes given as mega grams (Mg) of CO, equivalents (CO.eq). Activities
that offset GHG emissions, such as sequestering short-term-cycle carbon (C) from biosolids in
soil, are considered credits — negative numbers of Mg of CO,eq. The net emissions consider
both positive emissions and negative offsets.

8.2.1 Carbon dioxide emissions

Combustion of fuel is the greatest source of direct anthropogenic CO, emissions from biosolids
management programs. Fossil fuel combustion is required for generating heat for digesters, for
incineration (including the use of afterburners in multiple hearth systems to destroy volatile
organic compounds), to power biosolids-handling machinery, to power transport vehicles .

Brown (2009, unpublished data) measured fuel use for land application machinery in
Washington State. Resulting emissions factors for applications at two sites were 0.0032 Mg
CO, / dry Mg biosolids and 0.015 Mg CO, / dry Mg biosolids. Based on published fuel use for
mid-sized tractors of 25 L/hour (http://tractortestlab.unl.edu), it is possible to estimate the fuel
used for land application to be 3.2 liters / Mg dry biosolids applied, assuming 3 loads of 12 m®
applied / hour and a biosolids bulk density of 1000 kg/m®. The fuel use required per dry Mg
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biosolids applied will be significantly different for a dry, pelletized material and a wet product.
Using this methodology, a 25% cake biosolids application would emit 0.007 Mg CO, / dry Mg
biosolids applied and a 90% solids biosolids would emit 0.002 Mg CO, / dry Mg biosolids
applied.

Management facilities also purchase electricity, most of which, in Canada, is generated by
combustion of fossil fuels. However, from province to province, there is considerable variation
in the amounts of fossil fuel used for electricity generation (The Climate Registry, 2009; Sahely
et al. 2006, as quoted in Hydromantis, 2006). Fossil-fuel-derived CO, emissions from electricity
generation range from a low of 10 g / kWh in Quebec, where hydropower dominates, to
920 g/ kWh in Alberta (The Climate Registry, 2009).

While carbon dioxide emissions from the combustion of fossil fuels is important for all sectors at
the national and global scale, especially in the electrical-generation sector, it is often dwarfed by
other sources in the carbon accounting of wastewater and biosolids management programs.
This is because CH, and N,O have a far greater GWP than CO,, and there are significant
emissions of these gases from management of wastewater and biosolids.

For this project, CO, emissions from fossil fuel combustion and purchased electricity were
tracked and calculated, even though they have less impact on net GHG emissions than CH,4 and
N.O. Regardless, energy efficiency and minimization of CO, emissions should not be ignored.
These measures can save energy and money. Engineers and operators are currently focusing
considerable attention on upgrades “that keep energy in mind,” such as switching to high-
efficiency variable speed drives in pumps and low-speed screw presses instead of centrifuges
or belt filter presses (Crawford, 2008). There is likely plenty of room for increased efficiency. In
Montréal, the sludge incinerators account for 10% of the City’s total natural gas consumption
(M. Hébert, personal communication).

Additional sources of CO, emissions attributable to wastewater solids management are indirect
emissions associated with materials used in the treatment process. For example, polymers
used to condition solids prior to dewatering generate significant greenhouse gas emissions
during production (Northeast Ohio Regional Sewer District, 2008). Such carbon emissions
associated with purchased materials are included in the GHG emissions accounting for
agencies in other sectors of the economy. Supply chain CO, emissions associated with
purchased dewatering polymers are included in the analysis and in the BEAM, as this one of the
most significant and common inputs to the solids management process.

The on-site use of renewable biomass fuels represents a special form of CO, emissions when it
comes to carbon accounting. When the fuel burned during biosolids management is biomass —
for example biogas from anaerobic digestion or the wastewater solids themselves in an
incinerator — the CO, emitted is not considered to have long-term global warming impacts in the
atmosphere. This is because the carbon in biomass is from the short-term carbon cycle.
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Typically these emissions are not included in net GHG emissions; however, they are tracked
and reported separately (The Climate Registry, 2008).

8.2.2 Methane emissions

Methane is produced under highly anaerobic conditions during the decomposition of organic
matter by methanogenic bacteria. It can be created during the wastewater treatment process
when anaerobic conditions exist over an extended period. Research is underway to examine
components in the wastewater treatment process from which significant methane may be
emitted, such as in the collection system. Analysis of wastewater treatment emissions is outside
the scope of this biosolids-focused carbon accounting methodology.

Methane is oxidized by methanotrophic bacteria in aerated matrices that receive methane-rich
air, such as the surface layer of a landfill, a coarse-textured compost pile or in a biofilter.
Therefore, methane generated in some parts of a biosolids management system may be
oxidized and will not reach the atmosphere. Methane generated in an anaerobic digester is
purposefully burned in flares or used in other ways to take advantage of the energy in this
natural gas.

In wastewater solids management, methane emissions are most likely to occur during storage,
thickening, digestion, landfill disposal, composting, and compost or biosolids curing and storage.
Minimal amounts of methane may also be generated by combustion of organic materials,
including biosolids and digester biogas (e.g. an inefficient combustor may release up to 1%
unburned CH,4 (USEPA, 2007a)). For this project, the relatively minor “leakages” of CH, from a
variety of solids handling processes are not included.

8.2.3 Nitrous oxide emissions

Nitrous oxide emissions can be generated by all potential end-use options for municipal
biosolids, including direct land application at agronomic rates, land application at reclamation
rates, composting, combustion, and landfilling. Nitrous oxide is a very potent GHG with a GWP
310 times that of CO..

Nitrous oxide is a by-product that can be formed during two stages of the nitrogen cycle. As
organic nitrogen is transformed initially into ammonia (NH3) and subsequently to nitrate (NO3)
during mineralization and nitrification, N,O can form as an intermediary. As NOg is converted
into N> gas during denitrification, N>O can also be released. Although both processes can
produce N,O, it is generally thought that denitrification is the dominant source of N,O production
in soils systems (e.g. Calderon et al., 2004; Fine et al., 1989, Scott et al., 2000). Nitrous oxide
can also be formed during combustion, particularly at combustion temperatures ranging from
500-920°C (Guendehou et al., 2006).

8.3 Greenhouse gas emissions from unit processes
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8.3.1 Lagoons

Some wastewater solids management systems — many in small towns — rely on lagoon
treatment and / or storage. An example of larger-scale lagoon storage is biosolids produced by
EPCOR (City of Edmonton) that are stored at its Clover Bar Recycling Facility. Lagoons are
relatively inexpensive to build and operate. They require considerable space, which is often
readily available in rural areas. Most lagoons are partly or mostly anaerobic and CH, emissions
can occur. N,O emissions may also occur, but would be best confirmed via site specific
investigations.

The Unites States Environmental Protection Agency (USEPA) builds on IPCC protocols to
estimate CH, emissions from wastewater lagoons (USEPA, 2007). Lagoons over 2 meters in
depth are expected to have a methane correction factor (MCF) of 0.8; for those under 2 meters
in depth, the value is 0.2, although the range is from 0 to 0.3. Calculations for the Canadian
GHG inventory use the USEPA factors. The National Association of Clean Water Agencies
(NACWA, 2008) argues that the maximum possible generation of methane from organic matter
in wastewater is 2/3 (0.67) and that this is what the MCF should be (replacing USEPA’s 0.8).
The maximum potential for methane generation is considered to be 0.6 kg CH4 / kg BOD5
(IPCC 2006, USEPA 2007). This value multiplied by the NACWA MCF results in a methane
emissions factor of 0.40 for lagoons greater than 2 m in depth. However, as Foley and Lant
(2007) note, it is unclear whether these factors and equations apply to sludge-only lagoons as
well as standard wastewater lagoons; it seems reasonable that they should. Assuming this, and
using the NACWA recommendation, the following factors apply:

e lagoons > 2 meters in depth: 0.40 kg CH, emitted / kg BODs
e lagoons < 2 meters in depth: 0.12 kg CH, emitted / kg BODs

NACWA (2008) also observed, rightly, that BOD5 removal from the solids is not 100%, and
recommends a factor of 90% (0.9).

However, many lagoons, especially facultative lagoons, have an aerated surface layer in which
methanotrophs likely oxidize methane. Foley and Lant (2007) cite a study by Nozhevnikova et
al. that reported higher methane oxidation than methane generation in a 3-4 m deep sludge
storage lagoon throughout a range of temperatures from 5° to 25° C. This resulted in negligible
methane emissions. Based on the sparse literature and conflicting information, Foley and Lant
were unable to recommend a definitive emissions factor for solids storage lagoons. In the
absence of further information, the IPCC default may be utilized, but it should likely only apply to
deeper lagoons (> 2 m) with no active surface aeration (i.e. facultative lagoons can be
considered unlikely to emit significant amounts of methane).

An additional factor in the potential for CH, emissions from lagoons is temperature. Below 15°
C., methane generation is unlikely (IPCC, 2006). Based on climate data (Atlas of Canada,
2009), sustained temperatures above 15° C occur in the populated areas of each province from
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4% to 16% of each year. Thus, methane production will be limited — and negligible in the
northern portion of any of the provinces.

Thus, methane generation from sludge lagoons in Canada can be expressed as:

for lagoons > 2 m depth: kg CH, emissions = 0.48 * kg BODs into lagoon ¢ % time with
temp above 15° C for province

for lagoons < 2 m depth: 0.12 * kg BODs into lagoon * % time with temp above 15° C for
province

The Water Environment Research Foundation (WERF) is undertaking a study to measure actual
methane emissions from various stages in the wastewater collection and treatment process,
including solids management. Specifically, the project is assessing the efficiency of a variety of
biogas utilization processes and the methane emissions from wastewater sludge lagoons.

8.3.2 Conditioning & Thickening

Conditioning is unlikely to generate significant GHG emissions other than those attributable to
electricity generation. Some programs may use fossil fuels to condition solids with heat to
enhance dewatering (Metcalf & Eddy, 2003).

Emissions from gravity thickening are similar to those generated by storage lagoons (see
above) and may be a source of CH; and N,O emissions. Field measurements are needed to
confirm emissions factors. Other forms of thickening, such as gravity belt thickeners or air
flotation, are unlikely to produce CH,4 or N,O, because they are aerobic processes. They will,
however, generate CO, emissions from electricity use (Metcalf & Eddy, 2003).

Polymers used to enhance dewatering are significant and widely used in wastewater treatment
processes. Emissions associated with the manufacturing of an input are considered indirect,
supply-chain emissions.  Producing polymers takes considerable energy and produces
considerable GHG emissions, an estimated 22.9 Mg CO.eq / Mg polymer (S. Harder, pers.
communications, from a German national inventory report). Roughly 5 kg of polymer are used
to condition each Mg of dry solids in thickening and dewatering processes (Metcalf & Eddy,
2003).

8.3.3 Aerobic digestion

Aerobic digestion is currently part of the Regional District of Nanaimo’s French Creek Water
Pollution Control Centre’s solids management train. Aerobic digestion is unlikely to be a source
of significant CH, or N,O emissions. Electricity use for aeration typically ranges from 30 — 150
W / m® wet wastewater solids (Metcalf & Eddy, 2003).
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8.3.4 Anaerobic digestion

Anaerobic digestion (e.g. used by Thunder Bay and Metro Vancouver) is a common sludge
stabilization process in many regions of North America. It results in a sizeable reduction (30 —
60%) in volatile solids and total biosolids volume (Metcalf & Eddy, 2003), thus reducing the
costs of subsequent biosolids management. Anaerobic digestion produces a significant quantity
of biogas, which is up to 65% CH, (Hydromantis, 2006), a useable fuel similar to natural gas.
Therefore, anaerobic digestion has the additional benefit of providing an alternative to fossil fuel
for energy.

Operators of most wastewater treatment facilities that have anaerobic digesters are aware of
the volatile solids reduction attained in these systems. With this information and data on the
volume of sludge entering the digester(s), it is possible to determine a reasonably accurate
estimate of CH, production. Volatile solids (VS) reduction in a typical digester ranges from 50 —
60%, with higher values possible with longer detention times and in multi-stage (mesophilic —
thermophilic) systems (J. Novak, unpublished data, 2008; Metcalf & Eddy, 2003). At East Bay
Municipal Utility District in California, the average is 56%. Biogas yield from VS destruction
averages 0.9 m®/ kg VS destroyed (WEF, 1998).

Well-established default values are available for use in determining the energy value of the CH,
produced and the CO, emitted from burning natural gas or fuel oil, which allows for the
estimation of the amount of fossil fuel combustion and CO, avoided through generation and use
of digester gas. However, more challenging is defining default values for the efficiency of
heating the sludge to maintain the digester temperature (i.e. heat exchanger efficiency),
including taking into consideration the heat loss from the digester. Metcalf & Eddy (2003)
provide an example of a typical digester heat loss scenario and calculate the energy needed to
maintain temperature; this can be used to estimate digester heating requirements of 4.62 m® of
natural gas / m® sludge treated.

8.3.4.1 Combustion of Digester Gas

When the CH, in digester gas (biogas) is burned for heat, electricity generation, or in a flare,
CO, is emitted. For example, Metro Vancouver combusts 62% of the digeter gas produced at
the Annacis Island WWTP to produce electricity. As digester biogas is comprised of biogenic
carbon, these emissions of CO, are not included in total net GHG emissions calculations.
However, reporting protocols (e.g. The Climate Registry General Reporting Protocol, 2008)
require reporting of emissions from the combustion of biomass, including digester gas.

The combustion of CH, is not 100% efficient. A generally accepted standard is that 1% of the
CH,4 remains and is emitted (USEPA, 2007). Foley and Lant (2007) argue that this is likely to be
the case only with highly inefficient combustion processes. Smith et al. (2000) estimated 0.3%;
this may be more typical of modern combustion systems.
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Emissions of N,O from incomplete combustion of digester gas have been reported to be in the
range of 0.0039 (IPCC, 2006) to 1.69 g N,O / kg CH,4 burned (Foley and Lant, 2007). As with
methane release from this source, the efficiency of the combustion process makes a significant
difference. Compared to other sources of N,O from wastewater solids management, this one is
minimal and, until further research shows otherwise, can reasonably be ignored.

8.3.5 Dewatering

Dewatering is generally an active process that includes little time for anaerobic conditions to
develop. The majority of the participating cities in this project dewater their biosolids or
undigested sludge using several technologies. Electricity use will be the only significant source
of GHG emissions. Belt filter presses typically use from 0.0041 to 0.0111 kWh / m® of wet solids
treated, while centrifuges will use from 0.0413 to 0.1888 kWh / m® of wet solids treated
(Hydromantis, 2006). At Merrimack, NH, belt filter presses use 14.3 kWh / Mg dry wastewater
solids (Beecher, 2008).

As noted above, emissions associated with polymer production are estimated to be
22.9 Mg CO,eq / Mg polymer. Roughly 5 kg of polymer are used to condition each Mg of dry
solids in typical dewatering processes (Metcalf & Eddy, 2003).

8.3.6 Thermal drying

Laval and Windsor incorporate high temperature drying into their biosolids management train.
There is little published data regarding GHG emissions from biosolids drying facilities. Rotary
dryers are the most common direct drying systems in North America today (Metcalf & Eddy,
2003).

Peters and Lundie (2002) estimated that the entire biosolids treatment process, from exiting the
clarifiers to delivery to a land application site (excluding land application itself) at the three
largest treatment plants in Sydney, Australia would emit 18,300 Mg CO. equivalents in
managing 178 dry Mg per day. This equates to 103 Mg / Mg dry biosolids; however, the
proportion of this total applicable to the drying unit process is not reported, and whether or not
CH, or N,O emissions were attributed to the drying process is not clear.

In Massachusetts, the Greater Lawrence Sanitary District has a modern rotating drum drying
system that creates pelletized biosolids that are 95% solids. The electricity required for the
entire drying operation, including rotating the drums, conveying the solids within the drying
process, screening, crushing, and air emissions controls is 257 kWh / Mg dry solids.

Direct dryers treat the solids with temperatures in the range of 340 °C — 370 °C, approximately
half of the low end of the range for incineration (Metcalf & Eddy, 2003). These moderate
temperatures produce odorous compounds and may produce N,O emissions. Thus, dryers
require air emissions control systems. Odour control thermal oxidizers, typically operating at
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730 °C, may not destroy N,O. Additional research is required to determine the levels of N,O
emissions from thermal drying systems.

8.3.7 Alkaline stabilization

If biosolids are land applied, and sometimes when they are disposed in a landfill, they may be
treated with lime. Halifax uses a proprietary technology developed by N-Viro which consists of
alkaline stabilization using recycled lime sources and drying. Moncton adds hydrated lime to
dewatered raw sludge. If the lime is mined and processed specifically for biosolids stabilization,
it has significant embedded, supply-chain carbon emissions associated with the mining,
processing, and transportation (Murray et al., 2008). If the liming agent is a residual from
another process, such as lime kiln dust or wood ash, emissions debits would not apply.
Furthermore, when a recycled liming agent in biosolids is applied to soils, it displaces the need
for agricultural lime that requires fossil fuel, and its associated GHG emissions, to mine and
transport and is itself a source of fossil carbon emissions that will enter the short-term carbon
cycle as it is oxidized in the soil (IPCC, 2006; USEPA, 2007). The IPCC (2006) estimated
emissions of 0.12 and 0.13 Mg C / Mg agricultural limestone and dolomite, respectively. West &
McBride (2005) estimated net CO, emissions from the application of agricultural lime to be
0.059 Mg C / Mg limestone and 0.064 Mg C per Mg dolomite — considerably lower. They
argued that C in lime also leaches to groundwater, where it is likely to eventually precipitate as
CaCOg there or in the ocean. USEPA (2007) adopted this reasoning.

In Canada, a common form of alkaline stabilization is the N-Viro™ process, in which used
cement kiln dust is the alkaline material used for stabilization. Therefore, this use for biosolids
treatment does not result in supply-chain emissions. In fact, through use of this kind of recycled
alkaline material, not only are supply chain emissions avoided, but, when put on soils, this
material replaces the use of agricultural lime that would bring with it supply chain emissions.

The emissions associated with lime production are estimated to be 3.6 kg CO,eq / kg lime
(Murray et al., 2008). Assuming lime stabilization requires adding 150 kg of lime to each Mg dry
biosolids, alkaline stabilization includes supply-chain emissions of 0.54 Mg CO, / dry Mg
biosolids processed. If this lime in biosolids is applied in place of equivalent lime being applied
by a farmer, then the biosolids program’s emissions debit for use of lime is equaled by the
farmer’s credit for not using lime. However, if the biosolids are stabilized with a recycled
product and are used to displace the farmer’s use of lime, the biosolids program can claim a
supply-chain credit, similar to the credit for the use of biosolids instead of fertilizer.

8.3.8 Composting

There are several composting technologies used to co-compost biosolids with other organic
feedstock including wood waste, green waste (i.e. yard trimmings), pulp and paper residuals
and food waste. Moncton uses a proprietary cover technology developed by Gore™ to compost
biosolids and carbon sources such as sawdust and hay. The City of Edmonton has a rotating
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drum system which co-composts dewatered biosolids and municipal solids waste. Other
examples of composting technologies include aerated static piles, which the City of Kelowna
uses to compost biosolids, and in-vessel or channel systems.

8.3.8.1 Carbon dioxide emissions from energy consumption for composting

A survey of 16 in-vessel composting plants in NL (Wannholt, 1998 cited by Smith et al., 2001)
found the energy consumption of in-vessel composting (not ABPR) to be 40 kWh
equivalents / tonne of waste, i.e. 18 kg CO,eq / tonne at the EU-average power emission factor.
This average from the 16 plants surveyed includes the use of gas cleaning systems to remove
odours as well as the electricity used for blowing air to aerate the piles and maintain correct
temperature and humidity. The additional requirements of ABPR would likely result in
somewhat greater energy use, because ABPR requires pre-shredding and two stages of
treatment to prevent by-pass.

An analysis of energy use at an in-vessel biosolids composting facility at Merrimack, NH, found
higher energy use for approximately the same functions: 291 kWh of electricity / dry tonne for
aeration, mechanical mixing, other building electrical uses, and biofilter operations (Beecher,
2008). It was noted, however, that this facility was not operating at full capacity, which
increases the per tonne energy costs.

Beecher (2008) reviewed the implications of diverting sawdust typically used for composting to
an alternative fuel, which would lead to reduced fossil fuel consumption. In a competitive wood
waste marketplace, which currently exists in Canada (Hamilton, 2008), diverting wood waste of
combustion quality to composting could be seen as creating more demand for fossil fuel and
associated emissions. While this is an unusual accounting concept, the fact is that use of high
quality wood waste by biosolids composting facilities could reduce biomass energy production.
In the New Hampshire study, assuming 30% of the sawdust was used for energy instead of as a
compost feedstock led to the largest single debit on the compost operation’s accounts.

However, this debit would be accounted for as indirect Scope 3 emissions. This makes for
simpler accounting and allows for this unusual debit to be ignored, if desired. To include this
kind of calculation, the data from Kristen and Raymer (2006) can be used: approximately
0.425 Mg of CO,eq emissions are avoided by burning 1 m* of wood in place of a standard mix
of traditional fossil fuels.

8.3.8.2 Methane emissions from composting

Methane emissions from composting operations follow a predictable pattern. The highest CH,
emissions are observed early in the process, when oxygen is consumed and the compost
settles, forming anaerobic microsites. Methane emissions decline as piles dry out and
decompose (Brown et al., 2008). In a windrow system for example, the highest concentrations
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of CH4 are observed near the bottom of the windrow, with highest release occurring during
turning (Hao et al., 2001).

Methane emissions from different types of compost systems range from below detection to
2.5% of initial carbon (Brown et al., 2008). It should be noted that the highest CH, emissions
were reported in a study where emissions were calculated as the sum of CH, at the compost
windrow surface and at 14, 40, 70, and 100 cm below the surface (Hao et al., 2004).

Other studies have noted that CH, formed within a compost windrow is generally oxidized in the
aerobic upper portion of the pile by methanotrophic bacteria that convert CH, to CO,, mitigating
the release of CH, to the atmosphere. Consequently, compost has been used as landfill cover
material (i.e. biocover) for its ability to effectively oxidize CH, (USEPA, 2006). Storage of
finished compost has been shown to release only trace quantities of CH, and N,O (Hao, 2007).

An argument could be made that biosolids triggers methane emissions from feedstocks (e.g.
sawdust and wood chips). However, this is unlikely, since well run composting operations
maintain an aerobic environment — and this is part of the purpose of the woody feedstock, to
promote aeration. As long as composting is well managed, reaching the time and temperature
requirements, significant anaerobic conditions are unlikely. In addition, the carbon in biosolids
is much more readily available and quickly released by biological activity in comparison to the C
in wood. It is reasonable to assume that even if there was minimal methane generation from
mostly-aerobic composting, it would come mostly from the biosolids, not the wood.

8.3.8.3 Nitrous oxide emissions from composting

Emissions of N,O are possible early in the composting process, as well as during curing,
storage, and end use. Hao et al. (2004) monitored gas production at different depths in manure
compost windrows. Total N released as N,O was 0.08 kg / Mg of feedstock. In another study
using feedstock with a high moisture content (65%), N,O release was significantly greater
totaling 46.5 g N,O / kg N or 4.6% of total N (Fukumoto et al., 2003). However, this was in a
static pile with no aeration. Another study in which biosolids were composted in an aerated
static pile using wood ash as a bulking agent, and a compost moisture content of 75%, showed
even greater emissions of N,O (Czepiel et al., 1996). In this study 1.3% of total N was released
as N,O.

For other studies in which the moisture content of the pile was optimized to reduce the potential
for anaerobic conditions, N,O release was much less significant. For example, Sommer and
Moller (2000) composted pig litter with low straw content (76% moisture) and pig litter with high
straw content (35% moisture). In the pile with lower straw content, 0.8% of initial N was
released as N,O. In the pile with higher straw content, NoO was not detected. These results
suggest that N,O release from composting can be mitigated by maintaining an aerobic
environment through a combination of aeration and moisture control. They also suggest that a
high C:N ratio, such as 30:1 or greater — which is a common target for composting operations —
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should reduce N,O emissions to negligible levels. Although 30:1 is a good target, because of
the cost of amendments (e.g. sawdust), many composting operations work with C:N ratios of
perhaps 20 - 25%, and are still able to meet time and temperature requirements. There is likely
an operational tradeoff between composting amendment costs and N,O emissions.

Table 7 summarizes the literature reviewed pertaining to GHG emissions from composting.
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Table 7: Summary of research reporting N,O and CH, emissions from composting operations.

Reference Feedstock System % Moisture C:N Ratio CHs loss N20O loss
cattle feedlot manure . 8.92 kg C/Mg manure 0.077 kg N/Mg manure
windrow 60% 16.1
+ straw
2.5% of initial C 0.38% of initial N
Hao et al., 2004
cattle feedlot manure . 8.93 kg C Mg 0.084 kg N/Mg manure
) windrow 60% 36.1
+ wood chips o o
1.9% of initial C 0.6% of initial N
o 0.11 kg No.O-N/Mg
static pile 70% 19.3 6.3 kg CH4-C/Mg manure
manure
cattle manure and
Hao et al., 2001
straw bedding
. 0.19 kg N2O—-N/Mg
windrow 70% 19.3 8.1 kg CH4-C/Mg manure
manure
aerated static
He et al., 2001 food waste i 65% - not measured 4 pL/L for60d
pile
Fukumoto et al., swine manure + static pile — no 68% 1.9 kg/Mg OM 46.5 kg N/Mg
2003 sawdust aeration ° o L
(0.5% of initial C) 4.6% of initial N
Beck-Friis et al. aerated static o
food waste . 65% 22 not measured <0.7% of initial N
2001 pile
Hellebrand and cattle, pig manures + . 5 )
windrow - - 1.3 kg/m 12.8 g/m
Kalk, 2001 straw
Sommer and . o 1916gC 58.6gN
pig litter, low straw static pile 76% 12.8-16.3
Moller, 2000 - —
0.2% of initial C 0.8% of initial N
Hellman et al.,
1997 yard waste + MSW windrow 60% 26.1 252 g C-CH4 54 g N-N2O
) 0.5 kg N2O/Mg dry
) ) aerated static o
biosolids + wood ash i 75% - not measured feedstock (1.3% of initial
Czepiel et al., pre N)
1996
manure + seasoned . 0.125 kg NoO/Mg dry
windrows not reported - not measured
hay feedstock
Kuroda et al. swine manure + ) o o
windrow 65% - negligible 0.1% of initial N
1996 cardboard
windrow 75% - Background not measured
aerated static
cattle manure + straw 75% - Background -
Lopez-Real and pile
Baptista, 1996
static pile 75% - 48,675 ppm per volume -
pig litter, high straw - 35% - below detection below detection

9

SYLVIS



THE BIOSOLIDS EMISSIONS ASSESSMENT MODEL (BEAM) JuLy 2009
FINAL REPORT PAGE 49

8.3.8.4 Biofilters

Biofilters that treat malodorous volatile organic compounds in process air — often associated
with composting operations — have been shown to emit N,O (Mark Gould, personal
communication, 2008). If high levels of ammonia (NH3) are not removed prior to bicfiltration,
oxidation of CH, will be reduced and N,O emissions are possible (Amlinger et al., 2008).
Additional research is needed to determine such emissions, taking into account the proportion
of process air attributable to biosolids management as opposed to wastewater treatment. If N,O
is found to be emitted from a biofilter, it may be relatively easy to reduce the emissions by
removing ammonia from the process air before it enters the biofilter.

8.3.9 Landfilling

Participating jurisdictions that use landfilling to manage biosolids included Thunder Bay and
Laval. A discussion of GHG emission associated with biosolids management a landfilling is
provided below.

8.3.9.1 Carbon dioxide emissions

Anthropogenic CO, emissions from landfill operations will be minimal, derived mostly from the
operation of machinery that places and compacts the wastes. Because biosolids would be a
very small proportion of waste entering a landfill, the proportion of CO, emissions attributable to
biosolids disposal is likely negligible and can be ignored.

8.3.9.2 Methane emissions

Methane emissions from biosolids that are landfilled or used as landfill cover can be significant.
Methane is, by far, the most significant greenhouse gas emitted from the management of
municipal solid waste. For example, in 2002, methane emissions from waste disposal on land
(i.e. in landfills) in Canada were estimated at 22,000,000 Mg COgeq, in comparison to
1,000,000 Mg COzeq of N,O from landfill disposal and 400,000 Mg CO.eq from wastewater
management (Environment Canada, 2004).

The Clean Development Mechanism (CDM), a program for reducing GHG emissions in
developing countries at lower cost than would be possible in developed countries, established a
protocol for determining CH,4 avoidance for waste diversion and composting of organics. In the
methodology, k factors (decay rate constants) are provided for different organic residuals,
including biosolids, which, along with food waste, are classified as rapidly degrading waste
(Pipatti et al., 2006). Half lives for biosolids are given and vary based on the temperature and
precipitation at the landfill site. These range from 1 to 14 years.
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8.3.9.3 Methane emissions — landfill climate

The environment within a sanitary landfill is likely to be determined largely by conditions within
the landfill as opposed to the climate at the landfill.

Lefebvre et al. (2000) monitored temperature and gas composition in a 200,000 m? landfill cell
during filling. The waste in the cell was exposed to the atmosphere for two months before
being covered by a membrane and soil layer. A 20 °C temperature increase was observed
during the first 20 days of waste deposition in the cell to between 35 °C and 50 °C which they
attributed to aerobic decomposition. The cell was covered 55 days after waste deposition
began in the cell. After closure the temperature decreased. The temperature remained
between 30-40 °C for the next 100 days of the study. Ambient temperature during the period of
the study varied between 9 - 20° C. Temperature data is shown in Figure 4.
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50 il layer

Temperature (°C)
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10 20 R _ —o— Average refuse temperature
d @'no--" ---0--- Ambient temperature
| _
o+—+—+r——t+—+r -+ttt A |
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3. Temperature variation inside the 4.5-m thick layer in contact with the atmosphere.

Figure 4: Landfill cell and ambient temperature data (Lefebvre et al., 2000).

In another study, waste samples and temperature data were collected from a number of sanitary
landfills in Germany (Baumler and Kégel-Knabner, 2008). Temperatures in two of three landfills
that separated sections by age showed outside influence in the cells closest to the surface. At
depths of 0 - 2 m below the surface temperatures were approximately 20 °C. At lower depths
temperatures in the newest cells ranged from 30-60 °C.

The results from both of these studies suggest that decomposition of biosolids within landfills —
which is expected to happen fairly quickly — will not be slowed by ambient temperature. The
climate within the landfill cell is likely be similar to that within a mesophilic anaerobic digester.
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8.3.9.4 Methane emissions — volatile solids reduction

The amount of CH,; and N,O that biosolids will emit from within a landfill are likely to vary as a
function of the volatile solids (VS) remaining in the material when it is landfilled. In an anaerobic
digester, the readily degradable carbon in the biosolids is quickly broken down into CO, and
CH,4. The data shown in Figure 5 below reflect typical VS destruction in an anaerobic digester
over time (Metcalf & Eddy, 2002). By day 10, 50% of the VS is destroyed with the rate of
destruction slowing significantly after that period.
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Figure 5: Volatile solids destruction versus time in anaerobic digestion (Metcalf & Eddy,
2002).

The data suggests that the methane generation potential of landfilled biosolids will vary based
on the level of treatment that the biosolids has received prior to disposal. For primary solids, the
VS content is high and so the CH4 generation potential would also be high. For materials that
have been digested for periods greater than 20 days prior to landfilling, the VS would be lower,
as would the CH,4 generation.  The rate of CH, generation and total CH, generation potential
can be estimated from the VS content of the biosolids being landfilled. A first order decay
constant can be used to calculate the rate of CH,4 production. The IPCC uses a first order decay
constant for biosolids of 0.4 for landfills located in tropical moist climates. As discussed earlier,
the conditions in a sanitary landfill are likely to be similar to a moist tropical climate. In addition,
the biosolids will have a high moisture content.

Below is the equation for determining methane avoidance provided in the CDM protocol for
composting and other landfill diversion activities (UNFCCC/CCNUC, 2008).
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Equation 1.

BBy swpsy = @+ (1—£1 - 6WPgy, - (1 —0X] % F+ DOC;- MEF- Ef, T, Wy - DO - ™% g — g8y

Where:

Bcpaswnes T Methane emissions avoided during the year y from preventing waste disposal at the solid
waste disposal site (SWDS) during the period from the start of the project activity to the end
of the year y (tCOe)

Model correction factor to account for model uncertainties (0.9)

3

>
I}

Fraction of methane captured a the SWDS and flared, combusted or used in another

manner (zero for the first three years)
Gy b = Global Warming Potential (GWP) of methane, valid for the relevant commitment period (21)

03X = Oxidation factor (reflecting the amount of methane from SWDS that is oxidized in the soil or

other material covering the waste (0.10)

F = Fraction of methane in the SWDS gas (volume fraction) (0.5)

Doc: = Fraction of degradable organic carbon (DOC) that can decompose (from Table 1)

MIF = Methane correction factor (1)

'i"rjlﬂ = Amount of organic waste type j prevented from disposal in the SWDS in the year x (metric

tonnes) (monitored)

nac, = Fraction of degradable organic carbon by weight in the waste type j (from Table 1)

1{]- = Decay rate for the waste type j (from Table 1)

j = Waste type category (index)

X = Year during the crediting period: x runs from the first year of the first crediting period (x = 1)

to the year y for which avoided emissions are calculated (x = y)

y = Year for which methane emissions are calculated

In the case of landfill disposal of biosolids, the decay rate constant k is 0.4 and the VS content
of the material is used for the degradable organic carbon (DOC) value. In this way, the CH,
generation rate from landfilled biosolids can be determined.

Using Equation 1 and assuming a CH,4 content of landfill gas of 50% (USEPA, 1997; USEPA
2005(b)) and a time of three years, one dry Mg of biosolids, assuming a solids content of 18%,
will produce 0.067 Mg of CH,.
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8.3.9.5 Methane emissions — Landfill gas capture

The IPCC provides a default value of 40-50% for landfill gas capture efficiency. The USEPA
value for gas capture efficiency as detailed in the Waste Reduction Model (WARM) is 75%.
Landfill-specific practices, such as time between waste deposition and gas collection
implementation are important in determining the most appropriate value.

Once placed in a landfill, biosolids will become anaerobic within a period of weeks or months,
and methane generation will commence. USEPA (2005(b)) notes that, in general, landfill gas
production rates from mixed municipal solid waste peak “during the first or second year
following waste placement and decline thereafter.” In the United States, most large municipal
solid waste landfills (i.e. >2.3 million Mg) have landfill gas collection and control systems in
place (Thorneloe, 2008). For such large landfills, federal regulations require installation of such
systems within 5 years after waste burial. For smaller and older landfills, there are no landfill
gas control requirements. It is likely that most biosolids will have decomposed considerably —
emitting methane — before gas collection commences.

The only way to rigorously quantify methane collection efficiency is to have a measure of
collected methane and fugitive methane emissions from the same area at the same time. While
measures of collected methane are readily available, measures of fugitive emissions are
considerably more difficult to obtain and have only been reported for a few landfills. Spokas et
al. (2006) summarized intensive field studies of the methane mass balance for nine individual
landfill cells at three French landfills with well-defined waste inputs. The collection efficiency was
calculated as the ratio of recovered gas to empirically modeled gas generation. Specifically,
Spokas et al. used the following equation:

Equation 2.
CH,4 generated = CH, emitted + CH, oxidized + CH, recovered + CH, migrated + DCH, storage

Methane generation was estimated using a gas production model. Emitted methane was
measured by using either static chambers or an atmospheric tracer technique. Methane
oxidation was measured by using a stable isotope technique that provides a conservative
estimate of oxidation. Estimates of recovered methane were based on direct measurements at
each landfill, and methane migration was based on calculations of methane diffusion through
liners. Maximum potential methane storage was calculated from an estimate of waste porosity
and changes in methane concentration and used as an upper limit of the value required to close
a mass balance.

The results are summarized in Table 8. As illustrated, collection efficiencies for final clay covers
were uniformly above 90% while the collection efficiency for the temporary covers was slightly
above 50% in the summer and over 90% in the winter. Collection efficiencies were then
recalculated to be consistent with other literature, which exclude the oxidation and migration
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terms that can introduce more uncertainty. The differences are minor in consideration of the
uncertainty of these types of studies.
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Table 8: Collection efficiency for various cover reported in Spokas et al. (2006).

Collection | Collection

Cover Type Efficiency Efficiency
(%)° (%)
Final clay cover (1 meter) with LFG recovery 91.5 92.6
Final geosynthetic clay with LFG recovery 51.5 53.0
Final clay cover (1 meter) with LFG recovery - summer 90.7 92.9
Final clay cover (1 meter) with LFG recovery - winter 97.8 98.6
Thin clay temporary cover (30 cm) with LFG recovery —summer 53.9 54.7
Thin clay temporary cover (30 cm) with LFG recovery — winter 93.2 95.1
Final clay cover (1 meter) with LFG recovery 99.2 100
Final geomembrane with horizontal gas collection 98.1 99.2

@ Calculated as methane collected/(methane collected + emissions + oxidation + migration).

®  Calculated as methane collected/(methane collected + emissions).

Borjesson et al. (2007) reported on methane oxidation and collection at six Swedish landfills
using Fourier-transformed infrared (FTIR) in combination with a tracer. While the emphasis of
their study was on methane oxidation, sufficient data were published to calculate collection
efficiency as in Equation 2 above. Data from two of the landfills (Hagby and Visby) were
excluded from this review because it was reported that the gas collection systems were not
working properly during the test period. The results for each landfill test are presented in Table
9. All landfills were active and only minimal information was reported on the cover type. These
data are likely applicable for daily covers in the context of U.S. landfills, although U.S. landfills
do not typically use sludge as a cover material.

Table 9: Collection Efficiency for Various Covers Reported in Borjesson et al. (2007)

Collection

Cover Type Efficiency
(%)°
Fiborna (wood chips and sludge) 68.4
Fiborna (wood chips and sludge) 65.0
Fiborna (wood chips and sludge) 70.0
Heljestorp (sewage sludge and soil) 57.8
Hogbytorp (sewage sludge and soil) 33.9
Hogbytorp (sewage sludge and soil) 43.2
Sundsvall (sewage sludge and soil) 63.3

® Calculated as methane collected/(methane collected +

emissions).

Mosher et al., (1999) reported a summary of methane emissions from nine landfills in the
northeastern US. Emissions were measured by both static chambers and a tracer flux
technique. Two of the landfills collected gas, making it possible to compare emissions to gas
amount of gas collected. One of the two landfills was closed and had a geomembrane plus soil
cover. A collection efficiency of 90.5% was calculated. However, the authors indicate that the
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gas collected was not measured accurately, which casts some doubt on this value. This
collection efficiency is nonetheless likely to be reasonable from two perspectives. First, this
landfill had the lowest emissions of the sites studied, and second, the collection efficiency is
consistent with other values in this review. A collection efficiency of 70% was calculated for an
active landfill in which part of the landfill was covered with a geomembrane but other had daily
cover only.

Huitric and Kong (2006) reported collection efficiencies for the Palos Verdes Landfill (PVLF) in
Los Angeles County. The PVLF was closed in 1980, has a 5-foot thick clay cap and an active
gas collection system. The efficiency of the LFG collection system at the PVLF was calculated
to be 94 to 96%. While these results are consistent with Spokas et al. (2006), methane
generation at the PVLF is relatively low given the refuse age. Total gas collection was
equivalent to 36.3 gm CH,; (m? d™"). In Huitric et al (2007), the collection efficiency determined
was supported by the results of a static flux chamber study completed at the PVLF. In fact,
even higher collection efficiencies were reported for the PVLF.

Lohila et al. (2007) reported methane fluxes for a section of a Finnish landfill that included an
active disposal area and a sloped area. The active area was covered daily with soil and
construction and demolition waste rejects, and the sloped area had a cover that included 0.2 to
0.5 meters of compost over 0.5 to 2 meters of diamicton and clay. Three estimates of collection
efficiency were reported. First, it was reported that the mean methane flux over seven days was
reduced by 79% when the gas collection system was turned on. This measurement was made
by using methane concentration data coupled to an eddy covariance method. A second
measure of methane flux with the gas system activated suggested a reduction of only 39%.
However, this second estimate was based on 7 to 10 static chamber measurements and is not
likely representative of the entire landfill. The third estimate was made by comparing the mean
methane emission to the volume of gas collected and assuming that methane production was
the sum of emissions plus collection. This resulted in an estimate of 69% collection efficiency.

In 2008, the USEPA updated its methodology for estimating emissions from municipal solid
waste landfills. Updated emissions factors for inclusion in the AP-42 Section 2.4 landfill
management standards were developed from recent research. This recent work includes
estimates of landfill gas capture efficiency, including the key variable of time between deposition
of waste and installation of gas collection systems.

A typical landfill will not capture gas from the most recent two to five years of waste. The impact
of excluding the most recent portions of the waste mass from the collection system is magnified
by the fact that the LFG emission rate is greatest in the first few years after placement and
drops rapidly with time. Therefore, a system capable of collecting 90% of the gas generated
from the landfill cells in which it is installed is operating at reduced landfill-wide collection
efficiency (i.e., less than 90%) due to the loss of gas from cells that have yet to be capped and
connected to the collection system. All active landfills contain open cells and waste cells that
have yet to be capped and fitted with a gas collection system. Table 10 demonstrates the
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impact of the delay in collecting gas from newer cells. The values in this table were generated
using the first order decay model (Pelt, 1993) and assuming a L, of 100 and a k of 0.04. The
landfill was assumed to be operating (i.e. accepting waste) over a 20 year timeframe.

Table 10: Impact of delays in collecting gas from newer landfill cells.

Time Between Waste Effective Landfill-wide Gas Collection Efficiency
Placement and Initial
Gas Collection for
Indl\/(;/delJ;:IS;:eHS System Collection System Collection
Efficiency 90% Efficiency 85%
1 84 79
2 77 73
3 72 68
4 66 62
5 60 57
6 55 52

Thus, if it is assumed that gas collection becomes effective in 3 years, a reasonable assumed
rate of gas capture is 70%.

8.3.9.6 Methane emissions — using biosolids as cover material

It is likely that, for biosolids-generated CH,, collection efficiency will be low, whether the
biosolids are mixed into solid waste or used as daily cover. If they are used for final cover (i.e.
not mixed to create a ‘soil’), no provision for gas collection would be used and so a higher rate
of CH,4 release would be likely. On the other hand, a biosolids-based cover material that is
properly composted and managed as an aerated final cover soil on a landfill would not emit
methane; on the contrary, it will mitigate methane emissions from the landfill below it through
methane oxidation (Huber-Humer, 2008).

8.3.9.7 Nitrous oxide emissions

There have been few studies on emissions of N,O from landfilled biosolids or biosolids used as
landfill cover. The IPCC guidance document on waste mentions landfills as a source of N,O,
but does not provide specific guidance on sources of N,O within the landfill or means to quantify
N,O release (Pipatti et al., 2006). One study measured N,O emissions from landfills in Sweden,
where soil or biosolids were used as cover soil (Boérjesson and Svensson, 1997). On two of the
four landfills included in the study, biosolids was used as soil at a depth of 0.5-1 m. Nitrous
oxide emissions from the biosolids cover soil sites ranged from -0.011 to 35.7 mg N,O-
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N/ m?/h. For comparison, N,O emissions from sites covered with soil ranged from -0.0017 to
1.07 mg N,O-N / m?/ h.

These results suggest that use of biosolids as landfill cover can be expected to release N,O. It
is likely that landfilled biosolids would release N,O at the same or a similar rate to materials
used as surface cover, as the environment within a landfill will be more oxygen deficient than
the environment at the landfill surface.

In addition, biosolids contain sufficient moisture and high nitrogen. This suggests that for other
components of MSW that may be moisture and N limited, mixing with biosolids will increase the
potential for N,O formation. Limited studies have suggested that this can occur for methane,
and similar results would be expected for N,O (Chan et al., 2002).

8.3.10 Combustion

There is a growing interest in combustion of biosolids as a management option that includes
provisions for energy capture. Approximately 50% of the biosolids produced in Québec is
incinerated, including in Montréal, Longueuil, Québec and Laval). Pyrolysis, combustion under
high pressure and temperature with limited oxygen, or modifications of this process are
receiving attention as potential alternatives to standard combustion technologies. As there are
no operating facilities at this time, actual efficiencies or even the efficacy of these technologies
for biosolids combustion is not known. A single facility that was operating in Perth, Australia,
was shut down due to operational difficulties. As a result, for this project emissions factors for
combustion of biosolids are based only on proven technologies currently in use. The most
prevalent technologies for biosolids combustion are multiple hearth furnaces and fluidized bed
combustion facilities. These are common technologies for co-combustion, as well as mono-
incineration of biosolids (Werth and Ogada, 1999).

8.3.10.1 Carbon dioxide emissions from incineration of biosolids

Mono-incineration of biosolids requires supplemental energy from the combustion of natural gas
or fuel oil, especially if the total solids content of the biosolids is <65%. Biosolids dewatered
using conventional dewatering technologies (e.g. centrifuges, rotary presses, belt filter presses,
etc.) generally achieve total solids contents of 20-30 % total solids. Although City X did not
include their total solids content for their dewatered cake, they use rotary presses for
dewatering, so it can be assumed that the total solids content of their cake is much less than
65%. Energy requirements for dewatering technologies are discussed in another section of this
report. For combustion, a default value of no additional energy required has been included —
which is reasonable for a modern, well-managed fluidized bed incinerator. However, included in
the possible data inputs, is the option to enter external energy required for combustion, such as
natural gas or fuel oil. Even with drier biosolids, bringing the incinerator to operating
temperature requires supplemental fuel, and the fuel required for afterburners in multiple hearth
incinerators can be 85-90% of the total system fuel requirements.
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At the Northeast Ohio Regional Sewer District (Cleveland, OH) approximately 34,500 dry Mg of
biosolids are combusted annually in multiple hearth furnaces (B. Dominak, pers. comm.). Most
of the solids are dewatered with the Zimpro process to approximately 47% dry matter; the
remainder is processed in centrifuges that produce a cake with approximately 31.5% solids. A
total of approximately 4.56 million m® of natural gas are used to burn the solids, resulting in an
average of 132 m® of natural gas use per Mg of solids burned. These fuel requirements are
expected to be reduced by 95% with the installation of new fluidized bed incinerators that
include comprehensive energy recovery.

The power required for the operations of the Westerly incinerators is approximately 186 kW
(250 hp). With two of them running (not simultaneously) for a combined total of 7,000 hours
each year, the result is 285 kWh of energy use per Mg wastewater solids processed. It is
estimated that the power required for operations of new fluidized bed incinerators (i.e. that
include comprehensive energy recovery) will be 70% of the existing power requirements for the
multiple hearth units, or about 200 kWh / Mg solids burned. Less energy is required to operate
a fluidized bed incinerator because and afterburner is not required to treat volatile organic
compounds. Operational electricity requirements include blowers, feed mechanisms, and air
emissions control systems.

The Northeast Ohio Regional Sewer District (Cleveland, OH) has four multiple hearth
incinerators at its Southerly WWTP and two at its Westerly WWTP. The wastewater solids at
Southerly are thermally conditioned and dewatered with high solids centrifuges that produce a
cake containing approximately 47% dry matter. Westerly's wastewater solids are chemically
conditioned and dewatered with high solids centrifuges that produce a cake with approximately
31.5% solids.

During 2007, a total of 2.8 million m* (99,000 mcf) of natural gas were used to burn ~30,020 dry
Mg (70,400 wet U.S. tons) of biosolids. In addition, a total of 1.756 million m® (62,000 mcf) of
natural gas was used to burn 4,570 dry Mg (16,000 wet U.S. tons) of biosolids. These result in
natural gas use figures of 93 m*/ Mg dry biosolids processed and 384 m*®/ Mg dry biosolids
processed, respectively. The difference in fuel use is due to the difference in moisture content
of the biosolids.

The fuel requirements at Southerly are expected to be reduced by 95% with the installation of
new fluidized bed incinerators that include comprehensive heat recovery and the generation of
electricity. This would require natural gas at the rate of 5 m®/ Mg biosolids processed. The new
incinerators are scheduled to be placed into service in 2012.

The power required for the operations of Cleveland's incinerators is about 190 kW / h for each of
the six multiple hearth units. This includes the incinerators and air emissions control systems.
The Southerly facilities processed approximately 30,020 Mg biosolids in 18,700 hours of run
time in 2007, resulting in a rate of about 118 kWh / Mg of dry biosolids processed. The
Westerly facilities, running approximately 7,000 total hours, used approximately 291 kWh / Mg
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biosolids processed. This facility manages biosolids with a higher moisture content. It is
estimated that the power required for operations of new fluidized bed incinerators will be slightly
less. However, each of the new fluidized bed incineration systems will be equipped with boilers
that will utilize the heat in each incinerator’s exhaust gases to produce high pressure steam.
The steam will be used operate a turbine that will produce electricity that will be used to
operated fluidizing air blowers and other equipment in the incineration facility.

8.3.10.2 Methane emissions from incineration

For incinerators that operate fairly continuously, emissions of CH, are minimal. The IPCC
provides a default value of 4.85 x 10”° kg CH,4 emitted / dry kg wastewater solids burned. This is
small enough in comparison to other emissions associated with incineration to be considered
negligible.

8.3.10.3 Nitrous oxide emissions from incineration

Nitrous oxide emissions from biosolids combustion vary primarily as a function of the
combustion temperature. The current best available technology is the fluidized bed incinerator;
these are being installed whenever wastewater solids incinerator upgrades are completed.

Multiple hearth furnaces have long been used for mono-incineration of biosolids. In these
facilities, temperatures vary based on the location in the furnace, suggesting a greater potential
for NoO emissions than from fluidized bed incinerators, where temperature is more uniform
(Werther and Ogada, 1999).

The IPCC provides default values for N,O release from biosolids combustion (Sabin et al.,
2006). These are based on data provided for combustion of different types of biosolids and are
summarized in Table 11. The factors are 900 g of N,O per wet (10% solids) Mg biosolids
combusted and 990 g of N,O per dry Mg biosolids combusted. This is equivalent to 800-1500
g-N.O / Mg dry sludge. The data that formed the basis for these default values were based on
single point observations at combustion facilities (Gutierrez et al., 2006; Svoboda et al., 2006).

Suzuki et al. (2003) conducted a study to refine N,O emission factors from biosolids
incinerators. Continuous monitoring of N,O and freeboard temperature was conducted at six
facilities between 7-14 days. The data showed high N,O concentrations, ranging from 100-300
ppm (approximately 300-900 times the ambient N,O concentration) and it was observed that
N.O emissions decreased with increasing freeboard temperature. Large fluctuations in N,O
concentrations measured over the course of the study indicate that emission factors based on
short-term analysis or grab sampling are not likely accurate.

Nitrous oxide emission factors of 1,520-6,400 g N,O / dry tonne biosolids were calculated.
These emission factors were higher than the emission factors previously used to calculate N,O
emissions in Japanese incinerators; however, the previous numbers were based on short-term
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analysis and grab sampling and were therefore considered unreliable. Furthermore, this
emission factor range is higher than the values of 800-1,500 g N,O / dry tonne published in the
“‘Good Practices Guidance and Uncertainty Management in National Greenhouse Gas
Inventories” published by the IPCC. However the data that formed the basis for these default
values were also based on single point observations at combustion facilities (Gutierrez et al.,
2006; Svoboda et al., 2006) and may not be as reliable as those derived by Suzuki et al. (2003).

Comparing the N,O emission results to freeboard temperature and assuming a linear
relationship yielded the following equation:

n =161.3-0.140T;

Where 1 is the % of total N that is volatilized as N,O and T is the average highest freeboard
temperatures from the fluidized bed facilities. This equation can be used to estimate the N,O
emission factor of a given incinerator from its long-term average freeboard temperature.

Based on the rigor with which the Suzuki et al. (2003) was conducted, and concerns regarding
the reliability of emission factors based on much shorter analysis times, the calculations in the
BEAM are based on the findings of the Suzuki et al. (2003) study.

In other studies, the relative amounts of N,O produced ranged from 200 pg (N2O, dry
basis) / mg m?) for dry biosolids, 325 for semi-dry biosolids, and 600 for wet biosolids. These
relative emissions are not provided for in terms of Mg of biosolids. Svoboda et al. (2006) also
argue that increased oxygen content in the combustion chamber will also increase N,O
concentration, however, the data shown clearly does not follow this pattern (Suzuki et al., 2003).
Co-combustion of biosolids with coal also creates high N,O emissions. From the data given in
Svoboda et al (2006), it is not clear that co-combustion of coal and biosolids or MSW and
biosolids should be treated differently from mono-combustion of biosolids with respect to net
emissions. For this study, mono and co-combustion are treated in the same manner.

Table 11: Rates of N,O emissions from different types of combusted biosolids.

Country Biosolids g N,O/Mg Biosolids Weight basis
Dehydrated 900 Wet weight
Japan Lime sludge 294 Wet weight
Cake 1520 - 6400 Dry weight
Germany Cake 990 Dry weight
Monires) (prefiminary Cake 1-5kg Dry weight
IPCC default - 990 Dry weight
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IPCC default - 900 Wet weight

Additional studies have provided more detail on these emission factors. Sanger et al., (2001)
tested the importance of total solids content on N,O emissions from lab-scale fluidized
combustion in a semi-pilot-scale facility. Emissions were similar for wet (20-40% solids), semi-
dry (30-55% solids), and dry (> 80% solids) biosolids. No decreases were observed for N,O
emissions with staged combustion, although increasing the freeboard temperature to > 900°C
reduced N,O emissions. Another study notes that for co-combustion of biosolids with coal and
wood in a fluidized bed, only a low percentage of the fuel nitrogen is converted to N,O (Leckner
et al., 2004). No specific data is given on actual N release from these systems.

As part of the evaluation of combustion, discussions were held with facility operators in the US
and Canada. North East Ohio recently conducted a greenhouse gas analysis as part of a plan
to upgrade from multiple hearth to fluidized bed incinerators. The N,O emissions they
independently calculated from their current system are roughly predicted by the Suzuki et al.
equation provided above. The same is true for preliminary measurements using FTIR
technology of N,O emissions from the four Montréal incinerators, which are also multiple hearth
units running at approximately 760° C. Montréal expects to have long-term continuous FTIR
monitoring in place by mid-2009.

There is widespread agreement that additional, continuous monitoring of N,O emissions are
needed.

Other factors with smaller influences on N,O emissions from combustion of biosolids include the
following:

e The number of start-ups and shut-downs required for maintenance:
Generally, modern fluidized bed incinerators are shut down only a couple
of times a year (Metcalf & Eddy, 2003; B. Dominak, pers.
communications). However, the Québec City incinerator has greater than
40 shutdowns annually. Multiple hearth furnaces are shut down more
often — 4 to 5 times each year. Each of these cycles requires
supplemental fuel (natural gas) to return the furnace to high temperature.
However, N,O emissions will not necessarily increase dramatically during
start-up, because wastewater solids will not be injected until the high
combustion temperature is reached. However, sometimes an incinerator
that is not in use is kept on standby, burning fuel, in order to be ready to
process solids on short notice.

e Emissions reduction technology can also be a source of N,O emissions
depending on the processes used. Use of selective non-catalytic
reduction (SNCR) using urea as a catalyst can be a significant source of
additional N,O. Use of SCR or SNCR with ammonia is a much less
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significant source of N,O, however no details on emissions increase with
urea based SNCR are provided.

e The Northeast Ohio Regional Sewer District (2008) included in its debit
accounting the small amounts of fossil fuel-derived substances in
biosolids combusted in an incinerator (i.e. traces of oils, fuels, etc.). As
biosolids generally contain minimal concentrations of these constituents
and, if present, would be converted to CO,, they are unlikely to have
much significance in comparison to N,O and CH, emissions, would likely
create equivalent emissions from one biosolids management scenario to
another, and are likely best ignored.

Regarding combustion of wastewater solids, there is one final aspect of note, use of ash in
agriculture or cement or brick manufacturing. Depending on the quality of the wastewater solids
and the resulting ash, this material is sometimes used as a replacement for agricultural lime and
to provide micro-nutrients (i.e. trace elements). Alternatively, ash is used in place of some
portion of the lime needed for manufacturing cement or, less commonly, brick. This is the case
in City X, where approximately eight tonnes per day of ash from their fluidized bed incinerator
are transferred to a cement kiln where it is incorporated into the cement. Conversely, Laval
transfers thermally dried biosolids (95% total solids) to a cement kiln where they are incinerated
as a fuel source in the kiln. In any case, these uses of ash will displace some use of lime
(CaCO03). Given the significant GHG emissions associated with lime production (see section on
alkaline stabilization, above), ash use can provide a credit to the biosolids management
program.

8.3.11 Land application

Land application of biosolids and biosolids compost is commonly practiced in Canadian
jurisdictions, and represents an important utilization option for biosolids nationwide. Several of
the participating jurisdictions engage in some form of biosolids land application. The Regional
District of Nanaimo, applies biosolids in a forest fertilization project; Metro Vancouver biosolids
are applied to disturbed lands including mineral and aggregate mines; the Region of Halton
applies liquid and dewatered biosolids to agricultural land; and Moncton blend their biosolids
compost with topsoil to provide biosolids based products for multiple uses. As with other unit
processes, there are GHG debits associated with biosolids land application. These sources are
described below.

8.3.11.1 Carbon dioxide emissions from land application

As noted above, fuel and electricity consumption are the sources of anthropogenic CO,
emissions from biosolids management programs. For land application, fuel is burned by
transporting biosolids to farm fields and other end-use sites and during the land application

6 syLvis



THE BIOSOLIDS EMISSIONS ASSESSMENT MODEL (BEAM) JuLy 2009
FINAL REPORT PAGE 64

process (e.g. using tractors and spreaders). Discussion of these CO, emissions appears at the
beginning of the literature review section.

8.3.11.2 Methane emissions from land application

When biosolids are land applied in accordance with provincial regulations and / or guidance,
they are generally applied in small, dispersed amounts to aerobic soils. Thus, land applied
biosolids are not likely a significant source of methane emission. Biosolids are not typically
applied to anaerobic soils due to concerns regarding nutrient leaching and run-off. Because of
this, CH, release from land application of biosolids is considered negligible. Previous work has
shown minimal release even in poorly drained soils (Ball et al., 2004; Jones et al., 2006). For
example, in a three year study, CH, emissions from a poorly drained soil in Scotland ranged
from 0.3 to 0.5 kg CH,4-C / ha with an annual biosolids application that provided approximately
3,000 kg total N / ha (Jones et al., 2006).

However, if biosolids are stored onsite in piles prior to being land applied, anaerobic conditions
are likely (Peckenham et al., 2008) and methane generation could occur. One study
documented release of CH4 from stored raw and digested manure with higher releases during
summer months and from raw materials (Clemens et al., 2006). This suggests that storage of
wet material should be minimized during summer months. Conversely, stored biosolids with low
moisture content (e.g. pellets), compost, and alkaline biosolids are not likely to emit significant
quantities of GHGs until they are land applied and carbon mineralization occurs.

8.3.11.3 Nitrous oxide emissions - agronomic rates

Biosolids are generally applied to agricultural land as a substitute for synthetic fertilizers. By
regulation, they are applied at agronomic rates. The agronomic rate is the amount of biosolids
required to provide the amount of nutrients needed by the crop being grown. In most cases,
nitrogen is the plant nutrient by which the agronomic rate is set; however, in Québec,
phosphorus is the limiting factor. Canadian provincial regulations and guidelines for biosolids
land application specify use of agronomic rates or include agronomic rate requirements in case-
by-case permits. Refer to Table 12 for a summary of provincial requirements. Limiting biosolids
applications to the agronomic rate has important implications. Not only does it limit the total
amounts of trace elements of concern (e.g. heavy metals) applied, it also limits the total nitrogen
(N), which reduces the potential for N,O emissions.

A number of studies have quantified N,O release from soil. Refer to Table 13 for a summary.
The IPCC gives direct and indirect default emissions factors for NoO emissions for fertilizer use.
Direct emissions from application of synthetic fertilizer, compost, or municipal biosolids are
estimated to generate N,O from 1% of the total N added. A higher emissions factor is used for
cattle, pig, and chicken manures (2%). Grant et al.,(2006) provide default factors for N,O
emissions from fertilized soils of 1.25 £ 1% of total N applied. Development of country specific
emissions factors are encouraged by the IPCC for more precise estimates. The IPCC also
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encourages use of manures as a means to reduce N,O emissions from agricultural soil (Metz et
al., 2001).

A study of the total GHG emissions using the DAYCENT model, a process-based
biogeochemical model used by scientists to estimate N,O emissions, in combination with data
from several counties in the northern US, determined that soil N,O emissions accounted for 31-
59% (88-284 g CO,/ kg dry grain) of the total GHG emissions from corn production (Kim and
Dale, 2008).

8.3.11.4 Nitrous oxide emissions — climate and soil

A number of studies have documented soil and climate specific factors that control N,O
emissions (Fine et al., 1998; Grant et al., 2006; Peterson, 1999;Rochette et al., 2008). Fine et
al. (1989) conducted a greenhouse study measuring N,O release from two soils that had been
amended with two different rates of activated sludge. Nitrous oxide emissions were detected
only after NO3™ concentrations had increased and were significant only in the high clay content
soil. In a study conducted on a well-drained soil in Denmark, Peterson et al. (2004) observed
N,O release across different fertilizer and manure treatments of 0.14