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INTRODUCTION 

The management of municipal solid waste in most 
countries has become a complicated task, due mainly 
to the combined pressures of dwindling landfill space 
and the public's desire to conserve resources. Despite 
the apparent availability of landfill space in Canada, 
the waste management situation for major munici- 
palities in Canada does not differ from that in other 
industrialised nations. Canada is the world's second 
largest country in terms of land mass (13 million 
square kilometres), yet it only has a population of 
about 29 million people (1995). Most of the popula- 
tion is concentrated in a narrow band along the 
southern border of the country. Major urban areas 
are found along the St. Lawrence River, the north 
shores of the lower Great Lakes (Erie and Ontario) 
and in the lower mainland area of British Columbia. 
The purpose of this paper is to provide an overview 
of the waste management situation in Canada. It will 
describe the differences in waste regulations between 
regions and provide an overview of waste related 
statistics, including the chemical and physical com- 
position of the waste. 

Waste Regulation 
In Canada, the day-to-day management of municipal 
solid waste (MSW), i.e. collection and disposal, is the 
responsibility of local government. Local govern- 
ments in each of the 10 provinces and two territories 
adhere to regulations on siting, licensing and moni- 
toring waste disposal facilities. Although the federal 
government does maintain some regulatory authority 
over MSW management at federally-owned facilities 
and deals with matters of inter-provincial and inter- 
national transport, it does not act as a centralised 
regulatory authority. Consequently, in the past regu- 
lations have varied from province to province based 
on regional and political differences. 

Recognising the need for unified national action on 
some environmental and resource related issues, the 
Canadian Council of Ministers of the Environment 
(CCME) was established in the 1980s. The council 
has a broad mandate to develop guidelines and stan- 
dards for specific environmental issues. Committees 
consisting of representatives from both levels of gov- 
ernment develop uniform policies that can be drafted 
into provincial legislation. 

With respect to MSW management issues, CCME 
has developed guidelines for MSW incinerators 
(1988)1; set waste diversion targets (1990a); and 
developed a National Packaging Protocol. The 
incineration guidelines were implemented by both 
British Columbia and Ontario shortly after their 
adoption and still form the basis for control strate- 
gies for this technology. The national objective of 
50% diversion of waste from landfill by the year 
2000 was based upon the hierarchical approach 
of reduction, reuse, recycling and recovery 
(CCME, 1990a). 2 This was followed by the imple- 
mentation of the National Packaging Protocol, 
which set a target of 50% reduction in packaging 
sent for disposal by the year 2000, using the 
approach of source reduction and reuse to achieve at 
least half of the diversion and recycling for the 
remainder (CCME, 1990b). 3 The aim of the 
initiatives is to drastically reduce the reliance on 
landfill, which ultimately accepts the overwhelming 
majority (about 74% excluding construction and 
demolition (C&D) waste) of the currently disposed 
MSW. 
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QUANTITIES AND CHARACTERISTICS OF 
THE WASTE GENERATED 

Quantity 
In 1992 it was estimated that it cost Canadians about 
$3 billion to manage the approximately 33.76 million 
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FIGURE 1. Waste quantities by sector, 1992. 
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FIGURE 2. Composition of Canadian versus Vancouver waste 
streams. 

tonnes (Mt) of waste generated annually. This 
volume represents an average waste generation rate 
of 3.38 kilograms per person per day. It should be 
noted that this value includes residential waste (10.54 
Mt or 31.2%), industrial/commercial/institutional 
(ICI) waste (12.66 Mt or 37.5%) and construction 
and demolition (C&D) waste (10.56 Mt or 31.3%) 
(see Fig. 1). Based on just residential and ICI waste, 
the per capita generation rate was 2.3 kg per day. 
While this appears to represent an annual increase of 
approximately 7% in the residential and ICI genera- 
tion rates between 1988 and 1992, the 1988 Environ- 
ment Canada statistics were compiled using different 
accounting methods than the values for 1992 (Waste 
Program, 1993). 7 

Current estimates are that the residential and ICI 
waste streams consist of approximately 8.26 Mt of 
paper, 6.28 Mt of organics, 2.38 Mt of metal, 
1.76 Mt of plastic, 0.97 Mt of glass, 0.2 Mt of inor- 
ganics and 2.05 Mt of other waste. Figure 2 outlines 
the national composition of the MSW stream (resi- 
dential and ICI) as percentages, along with a com- 
parison with the data gleaned from the WASTE 
Program study conducted in 1991 (Waste Program, 
1993). 

Waste Characterisation 
Estimates of the quantity and mix of MSW are based 
upon collection statistics, production data and dis- 
card rate estimates. While these provide a relatively 
accurate picture of the waste stream, little informa- 
tion is available on the chemical nature of this 
material. Some estimates have been developed 
from material flow calculations but results from a 
Canadian study in 1991 suggest such estimates 
may be misleading. 

Environment Canada, the US Environmental Pro- 
tection Agency (EPA) and the International Lead 
and Zinc Research Organization sponsored the 
WASTE Program study in 1991. The initial study, at 
the Vancouver Energy-from-Waste (EFW) facility, 
was the first in a series of projects to identify the 
sources and fate of trace metals in MSW manage- 
ment systems, The main objective was to generate 
data on the trace metal composition of the various 
fractions of the waste (Fig. 3). Since the methodology 
used was based on direct sampling techniques, the 
assessment included a detailed analysis of all major 
portions of the waste stream including the putrescible 
(degradable) fraction. These data indicate that some 
of the putrescible organic fractions can contribute a 
significant portion of the various trace elements in 
the waste stream, probably as a result of a combina- 
tion of natural background levels and anthropogenic 
activities. This finding suggests that targeting specific 
waste materials for diversion may not be an effective 
strategy to reduce potential exposures to trace metals. 

MANAGEMENT ALTERNATIVES 

As noted previously, approximately 74% of all MSW 
in Canada is currently disposed of in landfills. The 
CCME initiatives were aimed at reducing both the 
volume of waste and the dependency on this option. 

Quantities Diverted from Landfill 
Following the recommendations of CCME, progress 
has been made in diverting waste from landfills. In 
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FIGURE 4. Waste diversion stream 1992. 

1992, it was estimated that about  31% of  the total 
waste stream (including C&D waste) was diverted 
from landfill by recycling, although much of this was 
due to the reuse of  asphalt and concrete and the 
recycling of  auto scrap. Based on the residential and 
ICI waste streams only, between 15 and 19% was 
diverted for recycling, about  2% was composted and 
about 5% was incinerated (Environment Canada, 
1995). The diverted stream is estimated to have con- 
sisted of  1.73 Mt of  paper, 0.925 Mt of metal, 

0.413 Mt of  organics, 0.235 Mt of glass, 0.07 Mt of 
plastic, 0.068 Mt of inorganics and 0.081 Mt of  other 
waste. Figure 4 provides an illustrative outline of  the 
composition of  the diverted stream. 

Recycling 
Approximately 4.4 million tons of MSW (residential, 
ICI and C&D) were recycled in 1992. The recycled 
material is estimated to have consisted of  1.78 Mt of  
paper, 1.01 Mt of metal (excluding auto hulks), 
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FIGURE 6. Organics stream 1992. 

0.85 Mt of inorganics (excluding asphalt and con- 
crete), 0.39 Mt of organics, 0.24 Mt of glass, 0.07 Mt 
of plastics and 0.08 Mt of other wastes (Fig. 5). 
These values translate into approximately 0.44 kg/ 
person/day of MSW diverted through recycling 
options. While recycling is becoming an important 
management option, one of the largest concerns is 
that much of the energy consumed by recycling pro- 
cesses is used collecting the material (typically over 
80%). In response to this, major new initiatives are 
being considered to improve the energy efficiency of 
waste collection and recycling. 

Composting 
Composting has the capability of permanently 
removing a substantial portion of material from the 
waste stream. Approximately 5.89 million tons of 
organic residential and ICI waste was produced in 
Canada in 1992, while only an estimated 385,000 
tons (6.56%) were diverted to some type of 
recycling process and approximately 413,000 
tons (7.01%) were diverted to compost. Of the 
amount diverted to compost, 315,000 tons were 
diverted through central composting facilities and 
another 98,000 tons were separated for backyard 
composting (Fig. 6). 

Incineration 
The presence of appropriate landfill sites close to 
major urban centres has limited the development of 
incineration facilities in Canada. In large metropoli- 
tan centres with sprawling residential suburbs, 
increased difficulties in siting landfills has led to the 
consideration of incineration. Some of these com- 
munities have closed older facilities built in the 1950s 
and have yet to open new ones. In Ontario the lack 
of new facilities is due in no small part to local 
opposition to projects and a moratorium introduced 
in 1991 by the provincial government. 

The reasons cited for the ban were that incinera- 
tion: (1) threatened human health and the environ- 
ment; (2) created large quantities of ash; (3) was 
incompatible with the 3 Rs (reduce, reuse, recycle); 
(4) was the most expensive management option; and 
(5) was inconsistent with Ontario's pollution preven- 
tion strategy (David, 1995). 4 

In June of 1995 a new provincial government was 
elected in Ontario. August 1995 saw the fulfilment of 
that government's campaign promise to lift the ban on 
incineration. The draft legislation was accompanied 
by new operating rules - -  Guidefine A-7--"Combus- 
tion and Air Pollution Control Requirements for New 
Municipal Waste Incinerators" and both were posted 
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for public comment. Numerous responses to this 
initiative were received by the agency and a revised 
version of the guideline was issued in late December 
1995. 

While great similarities exist between the new 
guideline and those in force before the ban, the most 
important aspect of the guideline is the use of per- 
formance-based limits on air emissions. These will 
force all new facilities to use the most advanced 
combustion and air pollution control (APC) tech- 
nologies available today. The limits, outlined in 
Table 1, will require the application of acid gas con- 
trol scrubbers, NOx reduction, fabric filters and 
powdered activated carbon addition to control emis- 
sions. The latter is required to meet the stringent 
mercury and PCDD/F limits outlined in the table. 
For comparison purposes, the CCME guideline 
values from 1988, the EC standards and the latest US 
EPA standards are compared in the table. All values 
are reported at 25°C, 1 atmosphereunder dry con- 
ditions and 11% 02. 

While the lifting of the incinerator ban provides 
another waste management option for Ontario com- 
munities, the uncertainty of the approvals climate in 
the province will impede development for the fore- 
seeable future. Even with the draft guidelines in place 
in July, bids received in December to dispose of the 
residual waste in metropolitan Toronto, approxi- 
mately 1.7 Mt annually, did not include a local 
incineration alternative. 

Canadian Incinerator Statistics 
In 1992 approximately 1.2 million tons or 5.48% of the 
MSW (residential, ICI, C&D-no autohulks or asphalt/ 
cement) produced were sent for combustion. Almost 
1.1 Mt (92%) were incinerated at the 10 EFW facilities 
with the remaining 111,000 tons (8%) in the seven 
non-EFW facilities. Figure 7 outlines the breakdown 
of waste incinerated at EFW and non-EFW facilities. 

With regards to energy production at the incinera- 
tor facilities, hourly production of approximately 
2173.4 kilotons of steam was produced at seven EFW 
facilities and about 14.1 Mwatts of electricity was 
produced at the 3 remaining EFW facilities. 

The technology employed in these facilities was 

2 facilities 
non-I 

10 facilitiee 

FIGURE 7. EFW versus non-EFW facilities. 

distributed between five mass burn facilities burning 
64% of the waste incinerated, nine two-stage facilities 
burning 25% of the waste incinerated and one semi- 
suspension facility burning the remaining 11% of the 
waste incinerated (Fig. 8). Seven of the facilities had 
fabric filter air pollution control systems, one facility 
with an electrostatic precipitator system and the 
seven smaller facilities had no APC system in place. 

Table 2 summarises current MSW incinerator 
facilities in Canada, including startup date, capacity, 
type of facility and air pollution control technologies, 
along with the mass of MSW combusted from 1992 
to 1994. 

Landfilling 
Landfilling is by far the most common waste man- 
agement option used by municipalities in Canada. 
Estimates put the total number of landfills in Canada 
at around 10,000 (Government of Canada, 1991). 6 
However another study (Environment Canada, 
1995) 5 identified 113 large Canadian landfills, indi- 
cating that the majority of landfills are small, typi- 
cally rural facilities. 

Approximately 17.52 million tons of (residential 
and ICI) MSW were landfilled in 1992. It is estimated 
to have consisted of approximately 6.1 Mt of paper, 
5.5 Mt of organics, 1.6 Mt of plastics, 1.4 Mt of 
metal, 0.68 Mt of glass, 0.47 Mt of inorganics and 
1.8 Mt of other waste. Figure 9 illustrates the mate- 
rials being disposed of in landfill. These values 
translate into approximately 1.76 kg/person/day of 
MSW which ends up in a landfill. 

Sere 

Two-Stage 

9 facilitiq 
-Mass Burn (64.00%) 

5 facilities 

FIGURE 8. Incinerator types. 
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AN OVERVIEW OF MUNICIPAL SOLID WASTE MANAGEMENT IN CANADA 
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FIGURE 9. Composition of MSW landfilled in 1992. 

Landf i l l  Gas 

Landfills produce landfill gas (typically methane, 
carbon dioxide, nitrogen and oxygen) from the 
anaerobic decomposition of organic matter. There 
were approximately one million tons of methane 
emitted from Canadian landfills in 1990. Of that 
amount  it is estimated that 20% was captured and 
combusted. Emissions are predicted to rise to 
approximately 1.3 million tons by 2020. The tech- 
nical feasible level of emission recovery from 
landfill is about 63% of total emissions (Hickling, 
1994). 8 In Canada, at least 24 landfill sites will have 
either gas control or utilisation systems in place by 
1995. 

C O N C L U S I O N S  

In 1992 Canadians produced an average of  2.2 kilo- 
grams per person per day of  MSW. Approximately 
83.9% of all residential and ICI waste generated in 
Canada is landfilled. Of the 16.1% diverted, 
approximately 1.88% was composted and the 
remaining 14.22% was incinerated or recycled. 

Canadians continue to examine alternatives for 
waste management. However, the size of  the country 
and the relative amount of  available space suggests 
that a large portion of  the country will rely on landfill 
for the foreseeable future. Waste material in a landfill 
can be considered as a future energy resource. Land- 
fill gas recovery and waste mined from the landfill are 

opportunities for energy conservation. Waste which 
is mined can be recovered (incinerated), reused or 
recycled. 
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