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Statement of Qualifications and Limitations
The attached Report (the “Report”) has been prepared by AECOM Canada Ltd. (“Consultant”) for the benefit of the client (“Client”) in
accordance with the agreement between Consultant and Client, including the scope of work detailed therein (the “Agreement”).
The information, data, recommendations and conclusions contained in the Report (collectively, the “Information”):









is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications
contained in the Report (the “Limitations”);
represents Consultant’s professional judgement in light of the Limitations and industry standards for the preparation
of similar reports;
may be based on information provided to Consultant which has not been independently verified;
has not been updated since the date of issuance of the Report and its accuracy is limited to the time period and
circumstances in which it was collected, processed, made or issued;
must be read as a whole and sections thereof should not be read out of such context;
was prepared for the specific purposes described in the Report and the Agreement; and
in the case of subsurface, environmental or geotechnical conditions, may be based on limited testing and on the
assumption that such conditions are uniform and not variable either geographically or over time.

Consultant shall be entitled to rely upon the accuracy and completeness of information that was provided to it and has no
obligation to update such information. Consultant accepts no responsibility for any events or circumstances that may have
occurred since the date on which the Report was prepared and, in the case of subsurface, environmental or geotechnical
conditions, is not responsible for any variability in such conditions, geographically or over time.
Consultant agrees that the Report represents its professional judgement as described above and that the Information has been
prepared for the specific purpose and use described in the Report and the Agreement, but Consultant makes no other
representations, or any guarantees or warranties whatsoever, whether express or implied, with respect to the Report, the
Information or any part thereof.
Without in any way limiting the generality of the foregoing, any estimates or opinions regarding probable construction costs or
construction schedule provided by Consultant represent Consultant’s professional judgement in light of its experience and the
knowledge and information available to it at the time of preparation. Since Consultant has no control over market or economic
conditions, prices for construction labour, equipment or materials or bidding procedures, Consultant, its directors, officers and
employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or
implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no
responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or
opinions do so at their own risk.
Except (1) as agreed to in writing by Consultant and Client; (2) as required by-law; or (3) to the extent used by governmental
reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied
upon only by Client.
Consultant accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to
the Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or
decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those
parties have obtained the prior written consent of Consultant to use and rely upon the Report and the Information. Any injury, loss
or damages arising from improper use of the Report shall be borne by the party making such use.
This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject
to the terms hereof.

AECOM: 2012-01-06
© 2009-2012 AECOM Canada Ltd. All Rights Reserved.
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Executive Summary
The City of Lethbridge is preparing a comprehensive landfill master plan that will provide the basis for a new
approval of the City’s landfill. As part of the planning process, AECOM reviewed emerging solid waste technologies
for the purpose of determining whether there are solid waste management technologies that may play a role in the
City’s integrated solid waste management system.
AECOM assessed emerging solid waste management technologies by first evaluating how much solid waste the
City generated, the source of the waste streams and the composition of that waste stream to establish the waste
baseline. These results were used to estimate waste volume projections and estimate how those volumes would
change with planned waste diversion programs such as curb-side recycling and food & yard waste collection
programs.
Based on population growth projections and future waste diversion programs, the future waste flows for the City is
summarized in Figure A below. This waste projection forecast does not include the waste quantities disposed from
other communities.
Figure A: Waste flow projections for the City of Lethbridge
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This is a high level review that describes treatment processes, capital and operating costs, risks, level of maturity,
sustainability and advantages and disadvantages. Technologies that were reviewed include the following:





Thermal treatment
Anaerobic digestion
Bioreactor landfills
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Thermal treatment represents one of the disposal components of an integrated waste management system, which
consists on recycling, composting, energy recovery and final disposal. Thermal treatment reduces the amount of
waste disposed through combustions. The residual is bottom ash and fly ash that can be 20 to 25% (by weight) of
the waste stream processed or less than 10% (by volume). Nevertheless, a small portion of waste still needs to be
disposed.
A thermal treatment plant does not eliminate the need for a landfill. Thermal treatment extends the life of the landfill
and defers the need to expand an existing landfill or establish a new landfill.
Thermal treatment of municipal solid waste is generally divided into two categories; conventional combustion and
advanced thermal treatment.
Conventional combustion technologies include mass burn and controlled air systems. Mass burn is currently the
industry standard for thermal treatment technologies. It is proven and there are hundreds of operating plants
worldwide. The controlled air technology is more appropriate for communities that generate less than 200,000
tonnes per year of waste. There are currently two mass burn facilities in Canada located in Burnaby, British
Columbia and Quebec City, Quebec. Durham/York Region in Ontario is also in the process of building a new mass
burn facility. Controlled air technology is used in the Region of Peel, Ontario, Charlottetown, PEI, and Wainwright,
Alberta.
Advanced thermal processes include pyrolysis, gasification and ultra high temperature gasification using plasma arc.
By adding heat to the waste in the absence of oxygen (without allowing it to burn as in conventional combustion) a
synthetic gas (syngas) is generated. This gas consists of carbon monoxide (CO), carbon dioxide (CO2), some
hydrogen nitrogen and contaminants. Syngas is chemically cleaned before it is burned minimizing the need for
complex post combustion air pollution control. Syngas can be upgraded as feedstock for separate processes or
burned to produce heat and/or power. The City of Edmonton is currently constructing a gasification system at the
Edmonton Waste Management Centre. City of Ottawa also has a contract with Plasco to process municipal solid
waste at a demonstration scale plasma arc facility located next to the City of Ottawa’s landfill.
The cost to thermally treat the City’s waste stream is estimated to be a minimum of $150 per tonne. Capital cost
estimates for a thermal treatment facility is estimated to cost $110 million to build. Generally, thermal treatment
does not become cost competitive compared to landfilling until the waste flows are three times the quantity that the
City currently generates. Thermal treatment processes are also sophisticated and complex and require highly
trained staff and specialized custom fabricated equipment to operate it.
Anaerobic digestion (AD) is the biological conversion of organic materials in the absence of oxygen. The process is
carried out by anaerobic micro-organisms that convert carbon-containing compounds to biogas, which consists
primarily of methane (CH4) and carbon dioxide (CO2).
Anaerobic digestion of sewage sludge is well established in Canada and North America and is slowly gaining more
interest for food waste. The anaerobic digestion technology has developed rapidly in Europe where there are
financial incentives to promote energy from biogas. Germany has over 4,000 digesters in operation. A new full
scale AD plant is currently under construction in Toronto, Ontario.
AD is a technology that targets the organic waste fraction of the waste stream. Waste diversion estimates reveal
that approximately 8,100 tonnes of organic waste can be diverted from the City’s waste stream. AD generates
energy and converts food waste into soil amendments that can be used to supplement the use of fertilizers. 50 to
80% of the organic material can be converted into methane and carbon dioxide gas. The remainder (20-50% of the
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organic material) is the digestate that can be used as a soil amendment or fertilizer but is normally disposed in a
wastewater treatment plant. AD has unique environmental and social benefits.
The disadvantage of AD is its high cost. Processing cost for a facility that could manage the City’s organic waste is
estimated to cost over $200 per tonne minus revenues from the sale of biogas. Capital cost estimates were also
calculated to be in the order of $5.7 million. Furthermore, AD does not replace the need for a landfill. Even though
there have been significant advancements in biogas recover and utilization, capitalizing on this process is currently
not feasible.
Bioreactor landfills are advanced landfills that are operated in a highly controlled fashion to accelerate the
degradation process in the landfill by injecting moisture and/or air into the landfill. Bioreactor landfills are designed
and operated to a higher standard which minimizes the potential for environmental impacts.
A bioreactor landfill is designed and operated to increase the rate of degradation of organic waste in the landfill while
stabilizing the waste and minimizing environmental impacts. This is done by monitoring and controlling the moisture
level in the waste to enhance the microbial processes, very similar to anaerobic digestion. Leachate is collected and
re-circulated throughout the landfill to maintain 50-65% moisture content.
The main benefits of bioreactor landfills are:





Decomposition and waste stabilization occurs faster than in a conventional “dry” landfill;





Improved landfill gas collection and utilization;

Decreased leachate treatment cost;
Increased waste density resulting in 15 to 30% of landfill space being regained which could be used to
accept more waste;
Reduced post-closure cost; and
Extended landfill life.

The lifecycle cost for bioreactor landfills are comparable to traditional or conventional landfills. Retrofitted bioreactor
landfills are approximately 8% higher than traditional landfills, and designated bioreactor landfills cost between 13%
and 20% less than conventional landfills.
The recommended approach for the City is to examine retrofitting their landfill into a bioreactor landfill. Because
bioreactor landfills are designed and operated to a higher standard, the City can expect reduced potential
environmental impacts and extended landfill life. The improved waste management practice could also result in
additional revenue opportunities from the sale of landfill gas, ability to accept more waste, and reduction in the
landfill’s overall carbon footprint.
Thermal treatment and AD are currently not economical for the waste quantities generated by the City. The unit
processing costs of $150 per tonne and $200 per tonne, respectively, are considerably higher than the current
landfill cost. Furthermore, thermal treatment and AD does not eliminate the need for a landfill. These technologies
are sophisticated operations that require a highly trained workforce and customized equipment.
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Introduction

The City of Lethbridge retained AECOM to prepare a comprehensive landfill master plan that will provide the basis
for a new approval of the City’s landfill. As part of the planning process, AECOM evaluated emerging solid waste
management technologies to determine whether there are alternatives that are financially and environmentally
sustainable and should be considered by the City.
Solid waste management practices have changed over the past twenty years. Solid waste management has evolved
from straightforward waste disposal programs that typically consist of landfills to highly complex systems that include
blue box recycling, yard and garden waste composting, food waste processing, product stewardship and energy
recovery from waste. As part of the landfill master plan development process, AECOM reviewed emerging solid
waste technologies for the purpose of determining whether there are alternatives that may play a role in the City’s
integrated solid waste management system.

1.1

Project Approach

AECOM will establish a waste baseline with the most recent quantities, types and waste composition for the City of
Lethbridge. These results will be used to project waste flows in the future taking into account planned waste
diversion programs such as curb-side recycling and food and yard waste collection programs.
Following the waste baseline analysis, AECOM will prepare a compendium of thermal technologies that include both
traditional (mass burn) and advanced technologies (such as gasification, pyrolysis, and plasma-gasification). In
addition, AECOM will look at the role that bio-reactor landfills and anaerobic digestion (AD) might play in an
integrated system.

1.2

Objective

This review is undertaken to examine progressive and emerging solid waste management technologies that may be
implemented in the City of Lethbridge. Technologies that will be reviewed include the following:





Thermal treatment
Anaerobic digestion
Bioreactor landfills

This is a high level assessment that will summarize the following:








Process description
Capital and operating costs
Risks associated with technology
Maturity of technology
Sustainability
Advantages and disadvantages
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Waste Quantities and Composition

The City of Lethbridge generates approximately 110,000 tonnes of municipal waste annually. On average, 25% of
the waste is generated by the residential sector, 55 % by the ICI (Industrial, Commercial and Institutional) sector and
20% by the C&D (Construction and Demolition) sector.

2.1

Residential Waste

Nearly 88,000 people live in the City and most live in single family detached homes. Weekly curb-side collection for
garbage is provided by the City to single family and multi-family households. The City also provides seven recycling
drop off depots for blue box materials (i.e. paper, glass, plastic and metal), and one yard waste drop off depot.
Figure 1 illustrates how garbage is typically collected. The City collects approximately 23,000 tonnes per year of
waste from the residential sector.
Besides curb-side collected waste, many residents also use the drop off facilities at the City’s landfill. This
represents approximately 5,000 tonnes per year of waste. Table 1 summarizes the waste disposed by the residential
sector.

Figure 1. Curb-side Collection of Garbage in the City of Lethbridge

Table 1. Waste Disposed by the Residential Sectors
Waste Disposed (tonnes)
Curb-side collected waste
Residential Drop Off
TOTAL
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ICI and C&D Sector Waste

Waste from the ICI and C&D sectors represents the largest portion of the waste stream. A breakdown of this waste
stream is summarized in Table 2 below.

Table 2. Waste Disposed by the Non-Residential Sectors
Sector

Waste Disposed (tonnes)

ICI
C&D

60,000
22,000
82,000

TOTAL

2.3

Waste Composition

The City of Lethbridge conducted waste audits for the residential and ICI sectors in 2011. Table 3 below summarizes
the results from this study. The waste composition for C&D sector waste is also included in Table 3 and is based on
results from a previous study performed in 2008.

Table 3. Waste Composition for the Residential, ICI and C&D Sectors
Material Categories
Paper (recyclable)
Plastic
Metal
Glass
Organics (food waste, yard waste and soiled paper)
Wood
Roofing
Drywall
Concrete
Brick/Asphalt
Mixed Residual

Residential Sector1

ICI Sector Waste1

13%
3%
1%
2%
47%
1%

19%
4%
1%
1%
28%
5%

1%
1%
31%

42%

1

City of Lethbridge Residential and ICI Sector Waste Audit, 2011

2

City of Lethbridge – Comprehensive Waste Diversions / Waste Prevention Master Plan, Sonnevera International corp., 2008

2.4

Waste Diversion Potential

2.4.1

Residential Sector

C&D Sector Waste2

19%
13%
6%
8%
13%
29%

Waste diversion opportunities for the residential sector would likely focus on organic waste and typical blue box
materials (paper, plastic, metal and glass).
Recyclable materials represent a third of the waste stream. However, not all of these materials are easily recyclable.
The most recyclable materials that are still being disposed include paper (7.2%), cardboard (5.8%), plastics #1-7
(2.9%), ferrous metal (1.2%), e-waste (1.3%) and beverage containers (0.7%). This equates to 19% of the
residential waste stream. Enhancing the recycling program would involve implementing curb-side recycling. Based
on Lethbridge staff recommendations, the likely participation rate and capture rate for its residents would be 60%.
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This was used to calculate the target diversion rate which equate to 36% of the recyclable materials that are being
disposed. This represents a diversion potential of approximately 2,600 tonnes per year for recyclable materials.
Organic waste consists of yard waste, food waste and soiled paper. These materials represent nearly half of the
waste disposed. These materials are compostable and communities across Canada are starting to implement
programs that target these waste streams. A diversion target of 36% is also applied to estimate the amount of
organic waste that could be diverted from the garbage. This is similar to the approach above. Based on these
assumptions, an organic waste diversion program in Lethbridge would divert almost 4,800 tonnes of organic waste
annually.
The total diversion for these two programs is estimated to be 7,400 tonnes per year.

2.4.2

ICI Waste Diversion

The ICI waste stream is more than double the residential waste stream. Materials that can be diverted include
organic waste, blue box materials and wood waste. This represents 57% of the ICI waste stream. Based on
Lethbridge staff recommendations, the overall capture rate and participation rate were estimated to be 20%. This
calculates to be a potential diversion rate of 7,000 tonnes per year.

2.4.3

C&D Waste Diversion

The C&D sector produces a waste stream that can easily be source separated. Materials such as wood, roofing,
concrete, drywall and metal are materials that are diverted in other jurisdictions such as Vancouver, BC and Halifax,
Nova Scotia. This represents 58% of the C&D waste stream. Even though options for diverting C&D waste may be
limited in Lethbridge at this time, C&D waste diversion can represent almost 4,600 tonnes of waste annually, using
an overall capture and participation rate of 36%.

2.5

Waste Projections

Waste projections were estimated based existing waste disposal rates for the City of Lethbridge, population growth
(1.5% per year) and what would happen if the waste diversion programs above were put into place. The scenarios
that were used to assess future waste flows include the following:
1. Status quo – no new waste diversion programs;
2. New residential diversion programs;
3. New residential and ICI sector diversion programs; and
4. New residential, ICI and C&D sector diversion programs.
In addition to the waste flow projections, a ramp up period for waste diversion programs was used as programs
rarely reach their target in the first year that they are implemented. For this analysis, a four year ramp up period
waste used. The ramp up period percentage of the diversion target is summarized below:






Year 1 – 40% of target
Year 2 – 70% of target
Year 3 – 90% of target
Year 4 – 100% of target
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Based on the assumptions noted above, the future waste flows for the City of Lethbridge are summarized in Figure 2
below.

Figure 2. Waste Flow Projections for the City of Lethbridge

Waste Disposal Projections with Diversion Programs
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Thermal Treatment Technologies

Thermal treatment is generally applied as one component of an integrated waste management system, which
consists on recycling, composting, energy recovery and final disposal. The thermal processing component of an
integrated waste management system will treat the fraction of the waste that cannot be practically or cost effectively
recycled or composted. In Figure 3, the interrelationship of the various waste streams is shown. In an ideal system,
only a small portion of waste is still required to be sent to landfill. This includes the residue from the thermal
processing plant, if it cannot be recycled, and other materials that cannot be recycled, composted or burned.

Figure 3. Mass Flow of an Integrated System Using Waste to Energy/Thermal Treatment

Recycling
Organic
Treatment
Thermal
Treatment

Landfill

Landfill

Combining recycling and composting with thermal processing in an integrated system has technical and economic
benefits. Recycling supports thermal processing by removing harmful metals (for example by electrical and
electronic waste recycling) and composting removes organic matter that may contain an excessive amount of water.
This increases the heating value of the waste stream and makes the thermal processing plant more efficient.
Thermal processing plants themselves contribute to recycling. Ferrous and non-ferrous metals are typically left
behind and are recovered and recycled in the bottom ash. Bottom ash can be used as a road base material or as
alternative daily landfill cover.
A thermal processing plant does not eliminate the need for a landfill, but does reduce the amount of the waste that
would need to be land filled. This increases the life of the landfill and provides the community more time before it
needs to expand the existing landfill or establish a new landfill.
Thermal treatment of municipal solid waste is generally divided into two categories; conventional combustion and
advanced thermal treatment (gasification, pyrolysis and plasma/gasification systems). These treatment methods are
described in greater detail below.
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Conventional Combustion

The main components of a conventional waste to energy facility are illustrated in Figure 4. Following some form of
feedstock preparation, the combustion process is used to release the heat, which is then converted to steam or hot
water. The steam in turn can be converted to electricity through turbines or used in industrial processes. The gases,
after the heat has been extracted, are then cleaned before being released to the atmosphere. Two forms of ash
come from the process: bottom ash from the actual burning of the feedstock, and fly ash from the flue gas cleaning
process.

Figure 4. Schematic of Conventional Combustion

Electricity

Steam

Heating

Exhaust

Feedstock
Preparation

Combustion
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Burning of waste under highly controlled conditions, with subsequent flue gas cleaning, is generally referred to as
conventional combustion. There are several technologies that have been developed and are commonly used. The
major
classifications
are:
(60160
Waste
to Energy 14Feb06.vsd)




Mass burn: used in large applications, usually over 200 tonnes per day.




Fluidized bed: for pre-processed waste with capacities up to about 200 tonnes per day.

Controlled air, starved air, or modular systems (sometimes also called “close-coupled” gasification
systems): for applications that are 1 tonne per day to 300 tonnes per day.
Rotary kilns: usually used for specialty waste that requires a high degree of agitation and containment,
such as hazardous waste (these systems are highly specialized, costly, and not normally used for
MSW. They will not be discussed further in this report).

For the purpose of this study, only Mass Burn and Controlled Air systems are reviewed.
Conventional combustion processes generally reduce the volume of the waste to 5-10% of the original feedstock
volume in the form of bottom ash. The bottom ash contains non-combustible materials, such as metal, glass and

RPT-2012-05-04_Final-Emerging-Technologies-Review-Rev0_60153727.Docx

7

AECOM

City of Lethbridge

Emerging Solid Waste Technologies Review

ceramics. Metal is removed through magnets and recycled. The processed bottom ash has been used as daily
landfill cover material and as road construction material as a sub-base.
Fly ash is residual materials from the air pollution control equipment. It contains high levels of heavy metals and
typically requires disposal in a secure landfill. Due to its highly alkaline properties, fly ash is sometimes neutralized
with an acid to stabilize any leaching properties.

3.1.1

Mass Burn Systems

As the name implies, with mass burn technology, waste is generally burned as received and with minimal preprocessing. In most large systems, waste is unloaded into a waste bunker and mixed using grapple cranes.
Shredders are sometimes used to decrease the size of large bulky items such as furniture to make for a more
manageable material. Figure 5 illustrates the various stages in a typical mass burn facility.
Waste is tipped into the waste bunker (1) where a grappling arm is used to pick up waste and drop it into the hopper
(2). Gravity and a mechanical grate system draws waste down to the combustion chamber (3) where air is injected
into the chamber to stimulate the combustion process. The off gases and heat enter the boiler/heat exchanger where
super heated steam is directed to a turbine generator and the cooled down gases are treated in the acid scrubbers
(6). The residual ash from the combustion chamber (3) ends up in the bottom ash catchment area (5) where it is
treated to reduce leaching properties and processed with magnets to remove ferrous and non-ferrous metal.
Emissions are treated with acid scrubbers (6) that pass through a bag-house (7) that removes fine particulates
before it is released through the stack (8).

Figure 5. Mass Burn System Flow Diagram

Mass burn is currently the industry standard for thermal treatment technologies. It is proven and there are hundreds
of operating plants worldwide. In Europe alone, approximately 50 million tonnes of waste is currently thermally
treated each year in over 400 thermal treatment plants.
There are only two mass burn facilities in Canada located in Burnaby, BC and Quebec City, Quebec. Figure 6 is a
photo of the mass burn facility in Burnaby, BC that processes approximately 770 tonnes per day (281,000 tonnes
per year).
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Figure 6. Metro Vancouver’s Waste to Energy Facility in Burnaby, BC

3.1.2

Controlled Air Systems

Controlled air systems are two-stage combustion systems consisting of a primary combustion and a secondary
combustion chamber. In the primary chamber waste is partially oxidized to produce a combustible gas (i.e., carbon
monoxide), which is burned immediately in a subsequent chamber. Pre-sorted MSW is fed into the primary chamber
where it is converted to gas and ash. The ash is removed from the system while the gas is channelled into the
secondary chamber where it is combusted.
This technology is more appropriate for communities with lower waste volumes. In some cases, such as the Region
of Peel, multiple controlled air units are used for the larger volumes generated. In Canada, there are three controlled
air systems in the Region of Peel, Ontario; Charlottetown PEI; and Wainwright, Alberta.
A sketch of a typical controlled air unit is shown in Figure 7. This sketch does not show an air pollution control
system, which is usually located between the boiler and the energy stack.
Figure 7. Typical Controlled Air System
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Conventional Combustion System Costs

Capital and operating cost is a function of the waste flow capacity. A report issued by the Municipal Waste
Integration Council (MWIN) in 2007 provided the following graph (Figure 8) showing how economies of scale affects
thermal treatment processing costs. This graph is based on actual processing costs of conventional waste to energy
facilities and takes into consideration capital and operating cost.

Figure 8. Thermal Treatment Costs as a Function of Annual Capacity (MWIN 2007)
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It is common practice to size waste to energy facilities 10% to 20% less than the community’s annual disposal
capacity. This is to take into consideration seasonal fluctuations in the waste flows and waste reduction measures
from new waste diversion initiatives. For the City, a design processing rate of 100,000 tonnes per year was used.
Based on Figure 8, it suggests that the cost for thermal processing would be slightly above $150 per tonne.
Using another calculation approach, the capital cost for a conventional combustion system ranges from $750 to
$1250 per annual tonne of capacity depending on the size and type of facility. Mass burn technologies typically
represent the lower range and controlled air technologies would represent the higher range. For the City of
Lethbridge, a controlled air system which would be more suitable for a 100,000 tonne per year facility.
The installed cost for a controlled air combustion system that processes approximately costs $1100 per annual
tonne processed. This equates to a capital cost that is $110 million. Permitting and site work should also be taken
into consideration and is typically 3% of the capital cost. The operating cost for a facility of this size is approximately
$65 per tonne. There is also an ash disposal cost for approximately 20,000 tonnes bottom ash and 5,000 tonnes of
fly ash. Ash disposal costs are estimated at $100 per tonne because of pre-treatment requirements to address
metals leaching issues. Taking all these costs into consideration and a 20 year amortization rate at 6% interest, the
unit cost for waste disposal using energy from waste is calculated to be $190 per tonne.
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Energy from waste facilities also generates revenue that can offset the cost of the operation. Revenues can come
from the sale of steam which could be used to generate electricity and/or heat to industrial processes. Metal
recovery from the bottom ash is also another source of revenue. The net financial effect of energy from waste is
summarized in the table below.
Description
Plant capacity
Chute to stack equipment with building
Land costs
Site work
Permits and approvals
Total capital cost
Assumed average cost of capital
Amortization period
Annual capital costs
Annual Operation and Maintenance costs
Residue disposal (25% of feedstock)
Revenue from electrical energy
Revenue from sale of metals
Net annual cost
Cost per tonne

Comments
100,000
$110,759,000
$0
$2,215,180
$1,107,590
$114,081,770
6
20
$10,019,231
$6,500,000
$2,500,000
($4,100,400)
($240,000)
$14,678,831
$146.79

2%
1%

tonnes per year
per tonne of installed capacity
Land already owned by City
of plant cost
of plant cost

6%
20

interest rate
years

$1,108

$65.00
$100
$72
$80

per tonne
per tonne
per MWh (85% availability)
Scrap metal price per tonne

Technology Maturity and Risk – Conventional Combustion

3.1.4

Conventional combustion systems such as mass burn are currently the industry standard for thermal treatment. It is
proven and there are hundreds of operating plants worldwide. In Europe alone, approximately 50 million tonnes of
waste is currently thermally treated each year in over 400 thermal treatment plants.
Conventional combustion systems are typically chosen over other technologies for the following reasons:






ability to handle a varying waste stream with little or no pre-processing;
overall simplicity of the process;
availability of sophisticated air pollution control systems; and
overall thermal efficiency of the process.

The conventional combustion technology that is best suited for the volumes and types of waste identified in this
study is controlled air combustion. Controlled air systems are well suited for waste volumes in the range of 30,000 to
180,000 tonnes per year. There are three controlled air combustion facilities operating in Canada.
Thermal treatment does not eliminate the need to manage any solid residue. Bottom ash is the residual material
following the combustion process and fly ash is the fine particulates collected from the air pollution control
equipment. Bottom ash and fly ash can be 5 to 10% by volume and 20 to 25% by weight of the incoming waste
stream and are normally disposed at landfills.

3.1.5

Advantages and Disadvantages – Conventional Combustion

There is considerable technical and emotional debate about the advantages and disadvantages and risks associated
with conventional combustion systems. In Europe where landfill capacity is limited, thermal treatment in conjunction
with recycling is generally regarded as the most cost-effective and environmentally friendly method of managing
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waste without creating future liabilities and a legacy for future generations. In Europe, thermal treatment is often
employed as a means of reducing GHG emissions compared to landfilling.
Listed below are some advantages of conventional combustion systems:




The volume of waste disposed is reduced by as much as 90%.




The technology for MSW is well established and reliable.



Other wastes, such as biosolids and biomedical materials, can be destroyed by thermal treatment.

Heat is produced that can be used to generate steam, which is used to produce electricity and heat for
industrial processes and district heating systems.
Thermal treatment facilities have no significant impact on the environment and generally have a positive
greenhouse gas balance.

Listed below are some disadvantages of conventional combustion systems:






3.2

Thermal treatment systems have a high capital cost.
The need for landfills (i.e., disposal of bottom ash and fly ash) is not eliminated.
Public perception and opposition can be significant.
Fly ash can be hazardous and require some form of treatment or stabilization before disposal.
Thermal treatment is complex and expensive to operate.

Advanced Thermal Processes

Pyrolysis, gasification and ultra high temperature gasification using plasma torches are called advanced thermal
processes. By adding heat to the waste in the absence of oxygen (without allowing it to burn as in conventional
combustion) a synthetic gas (syngas) is generated. This gas consists of carbon monoxide (CO), carbon dioxide
(CO2), some hydrogen nitrogen and contaminants. Syngas is chemically cleaned before it is burned minimizing the
need for complex post combustion air pollution control. Syngas can be upgraded or processed into a fuel to produce
heat and/or power.
Figure 9 illustrates the main components of a typical advanced thermal process system.
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Figure 9. Main Components of a Gasification or Pyrolysis System
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Advanced thermal treatment systems have a number of complex process stages which makes them different from
the conventional combustion systems. The major differences are as follows:
(60160 Waste to Energy Pyrolysis 14Feb06.vsd)

3.2.1



Feedstock Preparation: For most advanced thermal treatment technologies, municipal solid waste must be
prepared by shredding, drying and classifying. This adds to the cost and complexity of the thermal
treatment process.



Waste Products: The gasification process leaves a waste ash and the pyrolysis process produces a
carbon rich char that requires further processing.



Syngas Cleaning: Syngas generated using advanced thermal treatment technology often contains
contaminants such as tars, metals and particulates. The gas needs to be cleaned and purified before it is
used in internal combustion engines or as a feedstock for other processes. The cleaning process is a
chemical process that results in residues that need to be managed and disposed properly.



Emissions: The cleaned syngas can be used in a reciprocating engine (similar to a landfill gas application)
to make electricity and heat. It can also be converted and upgraded into a liquid fuel or a pipeline quality
gas for external use. The products generated from advanced thermal treatment of waste will ultimately be
burned with some form of energy recovery. However, this will generate GHG emissions and other air
emissions, similar to what can be expected from natural gas combustion.

Pyrolysis System

Pyrolysis is thermal processing of waste in the complete absence of oxygen. Pyrolysis is used to convert MSW into
gaseous, liquid and solid fuels. Pyrolysis systems use external energy sources to heat the waste to derive an
endothermic (heat requiring) pyrolysis reaction. Syngas, liquid fuels (oils) and carbon char are the products of
pyrolysis.
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Pyrolysis is still widely used for industrial purposes. However, the pyrolysis of MSW has not been economically
successful and has presented many technical challenges. The principal causes for the failure of pyrolysis technology
in the past appear to be the inherent complexity of the system, and a lack of appreciation by system designers of the
difficulties and/or cost of producing a consistent feedstock from MSW (i.e., pre-processing of MSW).
There are no known pyrolysis facilities that have been recently built for MSW in Europe or Japan, or planned in
North America.

3.2.2

Gasification System

Gasifiers have been used since the 19th Century for coal and wood. By the early 1900s gasifier technology had
advanced and was used on certain industrial waste streams to produce ‘synthetic’ natural gas fuel for stationary and
portable internal combustion engines. Fuel shortages during World War II stimulated the development of gasifier
technology. However, when relatively cheap and plentiful oil retuned after World War II, gasifier technology was
somewhat abandoned. In recent years, the technology has been developed for MSW as an alternative to
conventional mass burn combustion.
Gasification is a partial combustion process where a fuel is combusted with a limited quantity of air such that
combustion is incomplete. The partial combustion of carbonaceous fuel generates a combustible syngas that can be
burned at a later time (after cleaning) in an internal combustion engine, gas turbine, or boiler under excess-air
conditions. The energy content of the syngas is approximately one third of natural gas if air is used as an oxidant.
Using pure oxygen can yield higher energy content.
Gasifiers have the potential to achieve low air pollution emissions with simplified air pollution control devices. The
emissions can be comparable to or less than those from controlled-air combustion systems (incineration
technologies) employing far more complex emission control systems. Gasification systems typically require a
homogeneous feedstock and therefore require more front-end processing.
The syngas created through gasification of MSW can be used to replace natural gas. Syngas can be burned in a
conventional boiler to produce steam to drive a steam turbine generator to produce electricity. Companies such as
Enerkem and Fulcrum BioEnergy are starting up new plants to produce ethanol from MSW. However, these
processes have not been proven over years of continuous operation. Enerkem claims that approximately 37.8 million
litres (ten million gallons) of ethanol can be produced from 200,000 tonnes of MSW. A commercial size plant is
currently in operation in Westbury, Quebec and another is under construction in Edmonton, Alberta, and is planned
to be in operation during 2012.

3.2.3

Plasma Arc Gasification

Plasma arc gasification uses extremely high temperatures in an oxygen-starved environment to gasify waste into
simple molecules. A thermal plasma field is created by directing an electric current through a low pressure gas
stream, thereby creating a stream of plasma at temperatures from 5,000°C to 15,000°C. The products of the process
are slag and combustible gases. In essence, plasma arc is a gasification system that uses high temperature plasma
fields.
The plasma arc technology is not new. Industrial applications include electric arc furnaces used in the steel industry
and arc welding units used in the construction industry. Plasma technology is also used for treating hazardous
waste. The technology involves relatively high capital and operating costs. However, because of extremely high
operating temperatures and the resultant production of a vitrified inert ash that will not leach metals or other
contaminants into the environment, plasma technology has environmental advantages in certain applications. The
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environmental advantages include the ‘ultimate destruction’ of highly problematic hazardous organic materials such
as PCBs and complex stable volatile organic compounds.
Currently, there are no commercial scale units managing MSW in North America or Europe, and only two plants in
Japan. There are, however, a number of different patented plasma arc systems being proposed for the treatment of
MSW and undergoing pilot tests. Plasco Energy Group has a commercial scale demonstration facility in Ottawa,
Ontario and is also pursuing another facility in Red Deer, Alberta.

3.2.4

Advanced Thermal Treatment Costs

There are no full scale commercial facilities operating in North America. Previous studies and proposals from
advanced thermal treatment vendors provide a high level capital and operating cost estimate for gasification and
plasma arc gasification systems. Capital cost estimates for gasification and plasma arc gasification systems are 30%
to 35%, respectively, more costly than conventional mass burn systems. Comparison of operating costs also show
that gasification and plasma arc gasification systems are 40% to 60%, respectively, higher than mass burn systems.
The conclusion is advanced thermal treatment systems are estimated to cost 35% to 55% more than conventional
mass burn systems.
The capital cost for an advanced thermal treatment system that could service Lethbridge’s waste would cost
between $130 million and $156 million. Operating costs would be as high as $95 per tonne and the unit processing
cost would be approximately $215 per tonne.

3.2.5

Technology Maturity and Risk – Advanced Thermal Treatment

Advanced thermal treatment technologies such as pyrolysis, gasification and plasma arc gasification are not proven
to treat municipal solid waste. Although these technologies are suitable for industrial applications that process
homogeneous materials such as wood waste, coal and plastics, the non-uniformity and variability of municipal solid
waste creates challenges in handling and processing of these materials. Hence, the number of advanced thermal
treatment facilities that process municipal solid waste is very limited.
Two full scale facilities (plasma arc gasification) are operating in Japan. These two facilities process municipal solid
waste and auto body shredder residue (49,500 tonnes per year), and municipal solid waste and sewage sludge
(6,600 tonnes per year). Most other facilities in the world are pilot or demonstration plants. Because advanced
thermal treatment technologies are generally more complex than conventional combustion systems, the costs are
generally higher to build and operate. In addition, syngas cleaning to a level that enables combined cycle gas turbine
applications is also not well proven.

3.2.6

Advantages and Disadvantages – Advanced Thermal Treatment

Advanced thermal treatment systems have similar advantages and disadvantages to conventional combustion
systems. In addition, plasma arc has the added benefit of a much higher heat that destroys all organic contaminants
and vitrifies the slag into a reusable aggregate-like substance. Advance thermal treatment can also produce a fuel
product that can be combusted off site.
The major disadvantages are the high costs, the higher energy requirements, the technical complexity of the system
and the material handling challenges that have not been worked out. Furthermore, these technologies are not
commercially proven and many are still at the developmental stage.

RPT-2012-05-04_Final-Emerging-Technologies-Review-Rev0_60153727.Docx

15

AECOM

3.3

City of Lethbridge

Emerging Solid Waste Technologies Review

Environmental Considerations and Sustainability

Compared to landfill disposal, it is anticipated that thermal treatment will result in a net reduction of greenhouse gas
(GHG) emissions. The reductions are generated by the avoided methane emissions from landfilling (from anaerobic
decomposition of organics), and from avoided carbon dioxide emissions from burning fossil fuels to produce
electricity and heat. The thermal treatment process does generate some GHG emissions from the combustion of
fossil-fuel derived products such as plastic. However, the combustion of biogenic waste (food waste, yard waste,
wood waste etc) does not contribute to anthropogenic emissions of carbon dioxide, since the carbon contained in
those materials is part of the active carbon cycle.
Landfills without landfill gas collection are significant contributors of greenhouse gases. The EU Landfill directive is
strongly driven by climate change concerns and mandates the treatment (i.e., stabilization) of organic waste before
disposal to minimize GHG production. Many EU countries regard thermal treatment as the preferred technology to
meet the landfill directive.
When waste is placed in a landfill, the bio-degradable materials are decomposed and converted to methane, which
has 21 times the greenhouse gas effect of carbon dioxide. Modern landfills with a landfill gas collection and
utilization system can capture 50% to 75% of the methane generated over the life of the site. The balance of the
methane gas is emitted to the atmosphere. In addition to offsetting the methane emitted from landfills, thermal
treatment plants can also offset the generation of electricity and heat using fossil fuels, collecting additional carbon
credits that way.
In a thermal treatment facility, virtually all of the organic materials are converted to carbon dioxide and water. When
considering GHG emissions, only the carbon dioxide from the non-renewable portion of the waste stream is
generally counted. The amount of organic waste is either determined on a case-by-case basis or by a general
countrywide rule.
Figure 10 compares the relative emissions from a remote landfill compared to a local thermal treatment facility. If the
emission from the transportation component was excluded from the graph, it would still show that thermal treatment
has lower net GHG emissions than landfill. The landfill emissions are based on 65% capture rate for landfill gas.
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GHG Emission Comparison between Thermal Treatment and Landfill

Source: The Sheltair Group. 2008. LCA of Two Waste Management Scenarios in the Metro Vancouver Region.

One drawback with thermal treatment of MSW is the destruction of organic material and loss of valuable nutrients
that can be incorporated back into soil. This is a consideration for communities that import fertilizers and soil
amendments for agricultural applications.
The energy efficiency does not only depend upon the technology but also the final use of the generated energy.
Most thermal treatment processes are capable of generating one or a combination of the three types of energy:





High grade steam – used for electricity generation;
High to medium grade steam – used in industrial processes; and
Low grade heat – usually used in district heating loops.

In terms of energy efficiency, generating heat for district heating purposes is the most effective form of energy
recovery.

3.4

Thermal Treatment System Summary

Conventional combustion technologies remain the benchmark for energy recovery with over 800 facilities worldwide.
There are many examples of well-operated waste-to-energy facilities in the developed world. Conventional
combustion systems are relatively simple and cost less to build and operate than most advanced systems, and have
been proven to extract energy from and destroy other wastes, such as biosolids and biomedical materials. Most
importantly, the conventional combustion is reliable, proven, with many qualified firms offering equipment and
services.
Advanced thermal technologies such as gasification and plasma arc gasification offer some advantages over
conventional combustion. They have the ability to create an intermediary product, namely syngas, which can be
used for the manufacturing of fuels and chemicals. If fuels are made, such as synthetic natural gas or ethanol, they
will still be combusted with resulting GHG emissions, but they do not need to be combusted where they are made.
Advanced thermal technologies also offer the promise of higher efficiency in the production of electricity, if syngas
can be cleaned adequately for use in gas engines or in a combined cycle power plant, although the latter has yet to
be proven.
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The gasification technologies that are reasonably proven are generally more expensive than conventional
combustion, and due to their limited application with MSW, carry a higher degree of technical and financial risk. This
must be weighed against the environmental benefits that the technologies offer.
Table 4 provides a summary comparison of the thermal treatment technologies described above.

Table 4. Thermal Treatment Technology Summary
Mass Burn
Vendor Names
(examples only)

Von Roll, Martin,
Keppel-Seghers

Commercially
Yes
Proven with North
American Waste
Proven Processing 90Kt-1Mt/yr
Capacities
Waste Feedstock
Residential MSW
Commercial waste
Bulky waste
Sewage sludge
Process Risk
Low
Carbon Footprint
Moderate
Meets Canadian
Yes
Emission Criteria
Energy Recovery
25% electricity only.
Efficiency
Over 90% with
(combined heat
district heating
and power %)
Additional
Processing

Minimal preprocessing

Controlled Air

Gasification

Pyrolysis

Plasma/Gasification

Consultech
Thermoselect, Enerkem,
Systems, NCE
Nexterra
Crawford Emcoteck
Yes
No

WasteGen UK

Plasco, Alter NRG

No

No

30Kt-180Kt/yr

10Kt/yr-225Kt/yr

50Kt/yr

Residential MSW
Commercial waste
Bulky waste
Sewage sludge
Low
Moderate
Yes

Residential MSW
Commercial waste
Bulky waste
Sewage sludge
Moderate
Small, if fuels made
Yes

Residential MSW
Commercial waste
Bulky waste
Sewage sludge
Moderate
Moderate
Yes

8Kt/yr-60Kt/yr
(Alter NRG)
Residential MSW
Commercial waste
Bulky waste
Sewage sludge
Moderate
Small, if fuels made
Yes

20% electricity only. 25% conventional steam
Over 80% with
cycle. Over 40% with
district heating
combined cycle operations
Over 80% with district
heating
Minimal preHigh degree of preprocessing
processing to size and
moisture specifications and
recovery recyclable material

Residuals (% mass 5% if bottom ash is
of incoming waste) recycled, otherwise
>20%, including fly
ash
Level of Maturity/
Highly mature.
Implementation
Hundreds of plants
in operation in North
America and Europe

5% if bottom ash is
recycled, otherwise
>20%, including fly
ash
Mature with 3
facilities in Canada
(Brampton, Ont.;
Charlottetown, PEI;
and Wainright,
Alberta)

Operating Cost
Operational
Complexity

Moderate
Routine –
Operational
procedures well
understood and
established

Moderate
Simple–
Operational
procedures well
understood and
established

Capital Cost
Capital Cost for a
Lethbridge Facility

Moderate
$100 million

Moderate
$110 million
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<1% if ash is vitrified,
otherwise >20%

Unknown, reference
facility in Germany has
low efficiency but built
for demonstration only

25% conventional steam
cycle. Over 40% with
combined cycle operations
Over 80% with district
heating
High degree of preHigh degree of preprocessing to size and processing to size and
moisture specifications moisture specifications and
and recovery
recovery recyclable
recyclable material
material
Unknown, but >30% if <1% if ash is vitrified,
residue not treated
otherwise >20%

7 Thermoselect plants in
36Kt/yr plant operating
Japan. A 225 Kt/yr
in Burgau, Germany
Thermoselect facility in
since 1987.
Germany closed due to high
operating costs. Edmonton
building a facility.

Two facilities (similar to
Alter NRG) operating in
Japan (Mihama-Mikata and
Utashinai) since 2002 and
2003, respectively. Plasco
has a demonstration facility
in Ottawa.
High
High
High
Complex process – requires Complex process –
Complex process –
additional operational
requires additional
requires additional
experience and maintenance operational experience operational experience and
skills
and maintenance skills maintenance skills. Special
challenges from ultra high
temperatures
High
High
High
$140 million
$140 million
$155 million
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Anaerobic Digestion

Anaerobic digestion (AD) is the biological conversion of organic materials in the absence of oxygen. The process is
carried out by anaerobic micro-organisms that convert carbon-containing compounds to biogas, which consists
primarily of methane (CH4) and carbon dioxide (CO2), with trace amounts of other gases. For the process to take
place efficiently, six key process parameters must be carefully controlled. These are pH, temperature, carbon to
nitrogen ratio (C:N), organic loading ratio, retention time and reaction mixing.
For municipal solid waste applications, AD focuses on the organic or compostable portions of the waste stream.
Communities that produce large quantities of organic waste (such as food processing plants) can benefit from AD.
A wide variety of microorganisms are involved in all stages of the AD process. AD can be performed either under
mesophilic conditions or thermophilic conditions. Mesophilic bacteria operate at an optimum temperature range of
o
35-40°C, while thermophilic bacteria prefer warmer conditions, in the range of 50-55 C. While retention times will
depend on process design specifics and feedstock characteristics, typical retention times range between 12-30
days. Physical mixing of the feedstock is important as it provides improved contact between the organic material and
bacteria and prevents the formation of dead zones and scum layers and promotes effective heat transfer.
Since AD works only on the organic fraction of the waste stream, pre-treatment processes are undertaken to
separate the organic fraction from the inorganic and other materials that are not suitable for treatment in the AD
process. Pre-treatment is also required to achieve:






the removal of non-digestible materials which take up unnecessary space in the digester;
the provision of a uniform small particle size in the feedstock to promote efficient digestion;
the protection of the plant and equipment from waste components that may cause physical damage; and
the removal of materials which may adversely affect the quality of the digestate.

Mechanical pre-treatment can involve the following processes:





trommels/screens for the removal of the oversized fraction;
hammer mill (or similar) for size reduction of the feedstock; and
shredding/mixing of the feedstock (or use of a Hydropulper as a wet pre-treatment process to break
down the organics and separate out the heavy and light non-organic fractions).

Following pre-treatment, the organic fraction is loaded into the reactor where digestion takes place. In the first stage
of digestion, organic material is broken down by microbes called acid formers, to produce fatty acids. In the second
stage of the digestion process, generally referred to as methanogenesis, another group of microbes called methane
producers covert the fatty acids into biogas, which generally contains about 55% methane and 45% carbon dioxide,
along with other traces gases. The material remaining is a partially stabilized organic material that can be used as a
soil amendment or separated into solid and liquid fractions. The liquid fraction can be disposed in a wastewater plant
or used as liquid fertilizer if there are agricultural users nearby. The solid digestate can be dewatered and
composted for full stabilization. The insoluble solids in the digestate are comprised of non-digestible inert material,
non-digestible organic materials and microbial biomass. Figure 11 below illustrates a typical AD process.
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Flow Diagram of a Typical Single Stage Wet AD Process

Anaerobic Digestion Systems

Anaerobic digestion technologies are generally divided into categories based on:




the number of digestion stages – single or two/multiple stage process; and
the total solids content in the process feed – wet process (typically <15% TS) or dry process
(typically >15% TS).

Production of biogas from anaerobic digestion involves a series of biological processes, therefore moisture is
required to sustain biological activity. In single stage AD systems, these two processes take place in the same
reactor while in two stage AD systems, these processes take place in separate reactors.
The two-stage AD systems can be aerobic-anaerobic or anaerobic-anaerobic. The first process in stage one is the
breakdown of proteins, cellulose, lipids and other complex organics into smaller molecules through hydrolysis (the
motivation behind wet versus dry processing). Microorganisms convert the products of the hydrolysis into acids and
acetates. These processes are called acidogenesis and acetogenesis. In the second stage anaerobic
microorganisms consume the previously produced acids and acetates for energy, producing methane and carbon
dioxide as a by-product.
The advantage to a two-stage digestion process is that the microorganisms in each stage require slightly different
environmental conditions (pH levels primarily) to obtain their optimum performances. Optimizing microorganism
performance can lead to faster breakdown of material and/or higher biogas yields.
The majority of AD plants in operation today that process source separated organics (SSOs) utilize single stage
(batch or continuous flow) AD systems. The large number of single-stage AD systems is due primarily to the
systems relatively simple design compared to two-stage systems. Typically, this simplicity leads to lower capital
costs for the equipment and less technical issues and failures leading to lower operating costs. There is generally
very little difference in the biogas production performance of single or two-stage AD systems.
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Typically SSO have a solid content anywhere between 20-30%. In wet AD systems the SSO is diluted to a solid
3
content between 10-15% by adding water on a 1:1 basis (1m of water per tonne of organic material). This diluted
mixture is pulped to obtain a consistency of a thick soup.
Dry AD systems add water to organic feedstock at a rate of approximately 300L per tonne leaving an organic slurry
containing 15-40% solids. The majority of dry AD systems utilize plug flow reactor designs. New material goes in one
end of the reactor while the fully digested material comes out the other end.
Typically, some of the digested residue is re-circulated back to the feeding for inoculation to assure sufficient
biological activity and balance.
An advantage of dry AD systems is that they can handle large amounts of contaminants (e.g., metal, glass, plastics,
woody material, etc). As stated previously, this is a disadvantage at the back end of the process as the end product
needs to be handled and processed. These contaminants affect the marketability of the end product.
There is very little difference in the biogas production performance of wet vs. dry AD systems and very little
difference in the capital and operating costs of the actual AD reactors. One of the largest differences between the
systems is how the contamination in the organic feedstock is dealt with and the costs associated with this.
The produced gas is generally used for three purposes:





Electricity generation
Heat generation
Vehicle fuel

Using biogas to power vehicles has shown to have the lowest carbon footprint, followed by the use of biogas on-site
in a combined heat and power (CHP) plant.

4.2

AD Treatment Costs

Similar to thermal treatment technologies, costs are affected by economies of scale. Three examples of AD costs
include a feasibility study in Sacramento, California (2005), a demonstration facility in Toronto, Ontario (2002) and a
full scale facility in Toronto which is currently under construction. The associated costs available are summarized in
Table 5 below.

Table 5. Summary of AD Facility Costs

Date
Capacity (tonnes/yr)
Capital Cost ($2011)
Unit Processing Cost

Toronto
(Demonstration Plant)

Toronto
(Full Scale)

Sacramento
(Study Estimate)

2002
25,000
$12.5 M
$120 per tonne

2011
90,000
$64.0 M
$97.40 per tonne

2005
100,000
$38.5 M
$72.50 per tonne

The most reliable source of actual costs in North America are the demonstration and under construction facilities in
Toronto, Ontario. The demonstration facility cost $10 million in 2000. In 2011 dollars, that equates to $12.5 million
and corresponds to a capital cost of $500 per annual tonne of capacity. Because this was a demonstration prototype
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that did not include equipment for generating any electricity or compressed natural gas, the capital cost of an AD
plant with energy recovery is likely 40% more. Capital cost for the new full scale AD plant in Toronto is approximately
$710 per annual tonne of capacity.
The amount of organic waste that is available for AD treatment from the City is estimated to be 8,100 tonnes per
year. This is based on the approach calculated in Section 2. This is a third of the processing capacity of Toronto’s
demonstration plant. The unit capital cost would likely be 50% higher that Toronto’s unit capital cost. Based on a 20
year amortization period with 6% interest, an AD plant for the City would cost approximately $8.9 million and have an
operating cost that would be above $120 per tonne. This would result in a processing cost of $230 per tonne minus
any revenue from the sale of the biogas.

4.3

Technology Maturity and Risk – AD Treatment

AD for sewage sludge is well established practice Canada and North America. AD is gaining more interest for
processing food waste. Natural Resources Canada and the Canmet ENERGY program are focusing on finding ways
to accelerate the development and deployment of anaerobic digestion technologies of SSO that can be used alone
or in combination to recover and optimize energy in Canada. The challenge is to ensure that these technologies are
feasible under the economic, climatic, and regulatory conditions unique to Canada. The AD technology has
developed rapidly in Europe and there are financial incentives in place to promote energy from biogas. Germany
alone has 4000 digesters combined in operation.
Several European AD vendors have formed partnerships with U.S. and Canadian companies. The following is a list
of vendors that are currently marketing anaerobic digestion technologies in Europe and/or North America.












4.4

Arrow Ecology Inc. – has patented the Arrow Bio technology for anaerobic digestion.
Organic Waste Systems (OWS) – patented the DRANCO (Dry Anaerobic Composting) process.
Urbaser – agents for Valorga process in North America.
TM

Masada Oxynol – CES OxyNol

Hydrolysis Process.

Linde KCA & Linde BRV.
Canada Composting Inc. – BTA process.
RosRoca (Biostab).
Kompogas.
Bioferm (Vissmann).
Bekon.
Alkane Biogas.

Environmental Considerations and Sustainability

AD targets the organic waste components which generates methane gas in landfills. By reducing this proportion of
the waste stream, the landfill would produce less methane gas and less gas would escape into the environment.
Because landfills are a major contributor of GHG emissions, initiatives that reduce GHG emissions are considered
globally beneficial.
AD generates energy and converts food waste into soil amendments that can be used to supplement the use of
fertilizers. 50 to 80% of the organic material can be diverted into methane and carbon dioxide gas. The remainder
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(20-50% of the organic material) is the digestate that can be used as a soil amendment or fertilizer. AD has strong
environmental and social benefits.
AD has financial constraints. The Toronto facilities reveal the capital and operating costs for municipal AD facilities.
For a facility that would suit Lethbridge’s needs, the unit processing costs would be cost prohibitive for a small target
waste stream.

4.5

Advantages and Disadvantages

Some of the larger industries in Lethbridge are the food processing industry and the agricultural industry. These
industries can generate large amounts of organic waste that could support an AD facility. Currently, it does not
appear that the organic waste from these sectors is being disposed at the City’s landfill. Without large waste
volumes, it is not as economical to process organic waste through AD.
AD has a high capital and operation cost and would only service small faction of the waste stream. Because of high
costs, financial support from senior government is required as is the case for the Toronto facilities.
Advancements in biogas upgrading technologies and the high cost of vehicle fuel have also paved the way for
utilizing biogas in vehicle fuel applications. Several biogas upgrading facilities are being proposed in western
Canada to produce pipeline grade compressed natural gas (CNG). These products are sold as green or GHG
neutral fuels to natural gas utilities or used as a vehicle fuel. Upgraded biogas is considered GHG neutral and offsets
the need for fossil fuels thereby reducing one’s carbon footprint.
Advancements in biogas upgrading to pipeline grade natural gas has also prompted natural gas suppliers to support
biogas initiatives that produce GHG neutral natural gas. These potential opportunities in addition to Gas Tax Funding
for municipal infrastructure projects could make AD economically feasible.
Advantages and disadvantages of AD are summarized below.
Advantages of AD:


Targets organic waste stream;



Reduce GHG emissions from landfills;



Produces green energy;



Can offset GHG by providing an alternative to fossil fuels; and



Produces a soil amendment that can reduce fertilizer use.

Disadvantages of AD:


AD does not eliminate the need for landfills;



Targets a small portion of the waste stream;



High capital and operating cost;



Requires senior government financial support to make it feasible;



Organic waste quantities are not large enough to make this option cost effective;



Waste water from bioreactors need to be managed properly; and



Solids from bioreactor may need to be composted for further stabilization.

RPT-2012-05-04_Final-Emerging-Technologies-Review-Rev0_60153727.Docx

23

AECOM

City of Lethbridge

5.

Emerging Solid Waste Technologies Review

Bioreactor Landfill

An emerging trend in waste management is to operate a municipal waste landfill as a bioreactor landfill. Bioreactor
landfills are advanced landfills that are operated in a highly controlled fashion to accelerate the degradation process
in the landfill by injecting moisture and/or air into the landfill.
Organic materials in the waste stream naturally degrade in a conventional landfill. A bioreactor landfill is designed
and operated in a manner to increase the rate of degradation of organic waste while stabilizing the waste and
minimizing environmental impacts. This is done by monitoring and controlling the moisture level in the waste to
enhance the microbial processes, very similar to anaerobic digestion. Leachate is collected and re-circulated
throughout the landfill to maintain 50-65% moisture content. Additional water sources are sometimes required,
depending on climate, and may include stormwater, wastewater or sludge.
There are three general types of bioreactor landfills, (1) aerobic, (2) anaerobic and (3) a combination of the two. An
aerobic bioreactor landfill is controlled through circulation of leachate and injection of air creating an optimal aerobic
environment for biological degradation. In an anaerobic bioreactor, leachate is collected from the landfill and recirculated creating an environment without oxygen optimal for biogas generation (similar to AD). These two
techniques are sometimes combined in a hybrid bioreactor where the top half of the landfill acts as an aerobic
bioreactor and the bottom half as a anaerobic bioreactor. The combination creates optimal conditions for both
aerobic and anaerobic decomposition resulting in an earlier onset of methanogenesis.
The moisture content in the landfill is most important parameter for biological degradation. Temperature, pH,
nutrients, absence of toxins, particle size and red-ox potential also affect the decomposition rate. By re-circulating
leachate enzymes, nutrients and methanogens are recycled and distributed throughout the landfill. The re-circulation
of leachate also acts as a pH buffer while diluting decomposition inhibiting compounds.
The bioreactor serves many purposes and the main benefits of a bioreactor landfill design are:

5.1





Decomposition and waste stabilization occurs faster than in a conventional “dry” landfill;




Increased yield and generation of landfill gas; and

Decreased leachate treatment cost;
Increased waste density resulting in 15 to 30% of landfill space being regained and being used for
more waste disposal;
Reduced post-closure cost.

Bioreactor Landfill Costs

The lifecycle cost for bioreactor landfills are comparable to traditional or conventional landfills. Figure 12 below
shows how lifecycle costs of various forms of bioreactor landfills compare with traditional landfills. It shows that
retrofitted bioreactor landfills are approximately 8% higher than traditional landfills, while landfills that are designed
and built as bioreactor landfills cost between 13% and 20% less than conventional landfills.
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Lifecycle (or Present Worth) Cost for Bioreactor Landfills

As-Built

Initially, bioreactor landfills have a higher capital and operating cost because it is designed and constructed to a
higher standard than conventional landfills. However, these costs are offset by the following:





Reduced leachate treatment costs;
Increased settlement (15% to 30%) and utilization of new air space after settlement; and
Revenue from biogas collection and utilization.

In addition to various landfill costs, the liability associated with bioreactor landfills are also less compared
conventional landfills. This is due to the additional design parameters and monitoring that occurs for bioreactor
landfills. Figure 13 below illustrates the cost differences in the various landfill functions.
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Cost Comparison of Various Landfill Functions

Technology Maturity and Risk – Bioreactor Landfill

Research on bioreactor landfills has been conducted in North America since the early 1970’s. Demonstration
projects from the late 1970’s to early 1980’s generated essential information for the planning, design and operation
of these new generation facilities. Bioreactor landfills are better designed and operated than conventional landfills.
Implementing bioreactor standards accelerates biodegradation in the landfill, increases landfill gas generation,
reduces resource requirements for leachate treatment and management, and provides additional landfill capacity
that allows the landfill to accept more waste (15% to 30% more).

5.3

Environmental Considerations and Sustainability

Bioreactor landfills become stabilized faster than conventional landfill. This allows more waste to be disposed within
the landfill footprint and extends the life of the landfill. This also provides more revenue to the landfill operation.
Bioreactor landfills also promote better leachate and landfill gas management. Leachate is managed by recirculating
it back into the landfill which can be a cost saving for the landfill operation. Furthermore, more landfill gas is
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generated and captured which creates additional opportunities for energy recovery for the operation which increases
the landfill’s revenue.
The improved landfill design and operation lowers the environmental impacts from landfills. Furthermore, bioreactor
landfills represent more sustainable landfill practices.

5.4

Advantages and Disadvantages

The advantages and disadvantages of bioreactor landfills are summarized below.
Advantages of Bioreactor Landfills:


Better design and operation of a landfill;



Accelerated decomposition in the landfill allows increased settlement and more waste to be accepted;



Extends the life of the landfill;



Less costly for leachate management;



Improved landfill gas collection and capture which provides opportunities for energy generation/utilization;



Lifecycle costs show that designated bioreactor landfills cost less than conventional landfills; and



Less liability in the landfill when it is closed because of the leachate and landfill gas management practices.

Disadvantages of Bioreactor Landfills:

6.



A more sophisticated deign that is initially more costly than a conventional landfill; and



Increased operational requirements and costs compared to conventional landfill.

Recommendations

A review of emerging solid waste management technologies reveal that a bioreactor landfill is worth further
consideration by the City. Bioreactor landfills are designed and operated to a higher standard which reduces the
potential for environmental impacts and extends the life of the landfill. The improved waste management practice
also provides additional revenue opportunities from the sale of landfill gas and ability to accept more waste. This
could also result in reducing the landfill’s overall carbon footprint.
Thermal treatment is not economical for the waste quantities generated by the City. The assessment estimates a
unit processing rate of $150 per tonne. Furthermore, thermal treatment does not eliminate the need for a landfill.
Thermal treatment technologies are sophisticated operations that require a highly trained workforce and customized
equipment. If the City’s landfill was nearing its capacity and siting or expanding the landfill was not possible, then
thermal treatment would be appropriate because it reduces the waste volume by 90%.
AD is not recommended because it only targets a small fraction of the waste stream (less than 10%) and is
considerably more costly than current landfill practices. Furthermore, AD does not eliminate the need for a landfill.
Even though there have been significant advancements in biogas recover and utilization, capitalizing on this process
is currently not feasible.

RPT-2012-05-04_Final-Emerging-Technologies-Review-Rev0_60153727.Docx

27

