!"#

!

$

& !'(()
*

$

%

%

This report was prepared by the Recycling Council of Ontario (RCO)
Recycling Council of Ontario
51 Wolseley, 2nd Floor
Toronto, Ontario
M5T 1A4
(416) 657-2797
www.rco.on.ca
This project was supported through financial contributions from:
•
•
•
•
•
•

Enhanced Recycling Program of the Government of Canada Action Plan 2000 on
Climate Change (managed by the Minerals and Metals Sector of Natural
Resources Canada)
Public Works and Government Services Canada (PWGSC)
New West Gypsum Recycling
Region of Peel
Canada Mortgage and Housing Corporation (CMHC)
Walker Industries

Contributors to the project:
Jo-Anne St. Godard, Executive Director, Recycling Council of Ontario
Jo-Anne was responsible for the overall management and coordination of the Molehill
project.
Bob Sawatsky, Principal, Renova Consultants
Bob was the principle researcher, and managed the 15 case study sites.
Athena Sustainable Materials Institute
Athena Institute was subcontracted to complete the GHG research and conversions.
Jessica Campbell, Researcher
Jessica Campbell was subcontracted to complete a literature review and contributed to
overall project recommendations.
Sarah Mills, Researcher, Recycling Council of Ontario
Sarah contributed to the regulatory review.
Michael Peterson, Chair, Recycling Council of Ontario
Michael contributed to the regulatory review.

EXECUTIVE SUMMARY
Let’s Climb Another Molehill examines the composition, generation and management
practices of construction, renovation and demolition (CRD) wastes and activities as well
as the regulations and markets that affect them. Research was completed in collaboration
with project and site stakeholders from 15 case studies. Objectives included testing the
application of on-site Waste Management Action Plans (WMAPs), to determine their
affects on project management, as it relates to waste diversion. An important outcome of
the project is progress towards the development of an “on-site” tool, targeted at
stakeholders who are involved in managing CRD activities.
As a first step to addressing CRD waste material diversion, a clear definition of such
wastes must be developed and accepted by all stakeholders. Data collection and
comparisons are an integral part of defining the CRD waste problem and have a direct
effect on the development of meaningful diversion programs and regulations. As a first
step, the problem must be defined and then quantified. In order to accomplish this,
consistent and harmonious tracking and reporting mechanisms that facilitate “apples to
apples” comparisons must be implemented.
CRD waste generation rates and diversion activities are greatly affected by the period for
which they are assessed. Diversion data collected during the Molehill project revealed
that 90% of CRD wastes were generated from residential demolition and renovation, and
non-residential demolition type activities. More than 75% of these generated wastes were
predominately comprised of four materials: concrete, steel, wood and gypsum wallboard.
Based on information gathered from fifteen CRD case study sites in the Greater Toronto
Authority (GTA), the Molehill project focused on wastes avoided or diverted as a result
of implementing on-site WMAPs. Results were based on diversion rates, economic
savings and associated Greenhouse Gas (GHG) emission reductions.
Application of waste management action plans at various stages of the participating study
sites resulted in more than 200,000 tonnes (most of which was concrete) of CRD wastes
diverted from disposal, achieved through the avoidance of new materials, reusing existing
structures or materials and recycling residues.
Molehill study site diversion results were also recorded in terms of economic benefits.
In the majority of the site case studies, the application of a WMAP resulted in some form
of financial benefit. It is estimated that more than 2.5 million dollars was saved by
diverting waste from the 15 study sites.
Diversion results were also quantified in terms of avoided GHG emissions to demonstrate
the positive impact of recycling and reuse on climate change. Overall, the recycling and
reuse initiatives assessed in this study saved 1,073,563 kg of carbon dioxide (CO2
equivalent), or 4.8 kg of C02 equivalent per tonne of material diverted. In descending
order, the material contributions to net greenhouse gas savings was as follows: concrete
(69%), vinyl windows (13%), steel (12%), asphalt (4%), with all the remaining materials

amounting to 2%. In terms of diversion streams, reuse accounted for 85% of the
greenhouse gas savings across the seven sites assessed.
In order to affect positive change, stakeholders involved in CRD activities must consider
waste reduction at each phase of their project. Experience at study sites showed that
reduction during the design phase of a CRD activity achieves the greatest diversion
results. Residuals that do occur from CRD activities must be managed properly to ensure
they provide added value. Integral to this, is the methods by which wastes or residuals
are sorted, stored and transported.
Providing information and resources to stakeholders who manage CRD activities will be
the most important step toward positively reducing and diverting CRD wastes. Key to
implementing positive change will be a mechanism that can evaluate management
behaviour and provide feedback.
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INTRODUCTION

Environment Canada estimates that Canada’s Construction, Renovation and Demolition
(CRD) sector generates 11 million tonnes of solid waste each year. Most of this “waste”
is managed as garbage and is landfilled. Various studies have estimated that CRD wastes
contribute approximately 25% of landfill by volume. Although this waste stream is
relatively uncomplicated, very little is known about its composition or impacts on
Greenhouse Gas (GHG) emissions.
The responsibility to manage or track CRD wastes is not specified in regulation by
federal or provincial governments. At present, the Government of Canada lists a number
of statutes that compel federal government departments to utilize sustainable best
practices regarding source separation and diversion of CRD wastes. Provincial and
territorial regulations specific to managing CRD wastes are rare and where they exist,
vary in their approach. For example, in some instances CRD wastes are addressed in
material landfill bans, and in others, CRD project proponents are required, where
feasible, to separate and recycle wastes. CRD wastes are often considered Industrial,
Commercial and Institutional (ICI) waste and as such are not the focus of most municipal
governments. As a result, these types of wastes tend to be handled by private haulers and
landfillers where data becomes proprietary and details are unavailable.
In the absence of clear and consistent characterization of CRD waste or regulations, the
tracking and reporting of CRD waste activities is not clearly assigned. As such,
generation and diversion data collection between jurisdictions and sectors are left to best
estimates.
At present, Statistics Canada provides the only quantified measurement of CRD wastes
generated and diverted on a national level through a bi-annual survey administered to
both business and government sectors. Defined as demolition, land clearing and
construction waste, the survey’s most recent results report only a 16% diversion rate1
nation wide.
There are many sources of information and resource materials available for those who are
interested and engaged in reducing CRD waste. The majority of this information comes
in the form of guidance documents, case studies, best practices models, and model
specifications and contracts. Participation or engagement in any of these programs is
voluntary and although much work is being done to increase awareness of the CRD waste
issue, the extent of progress being made is, at this juncture, difficult to measure.
In 1990, new home construction and renovation wastes were examined through the
Making a Molehill Out of a Mountain study2. Since then, very few Canadian-specific
CRD waste research projects have been undertaken. Let’s Climb Another Molehill
attempts to continue to expand the characterization of CRD wastes through on-site
monitoring activities. On-site activity reports provide information on the types of waste
1
2

Waste Management Industry Survey, Business and Government Sectors, 2002, Statistic Canada, 2004
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materials generated and describes diversion opportunities and the variables that affect
diversion including: contractor knowledge and behaviour, economic factors, and market
demand. Results have been compiled from a number of construction, renovation and
demolition sites, each of which vary with respect to timing of study (i.e., design stage,
initial build and post build). Let’s Climb Another Molehill also pilots the first attempt at
quantifying GHG emission reductions that result from the diversion achievements at each
of the fifteen study sites.
Although, the Let’s Climb Another Molehill project bases its on-site research from fifteen
sites in the Greater Toronto Authority (GTA), it is assumed that its findings and lessons
can be applied throughout all Canadian jurisdictions.

1.1

Project Objectives

In 2002, the Recycling Council of Ontario (RCO) and Renova Consultants collaborated
on the development of a new project called Let'
s Climb Another Molehill. Known as
“Molehill”, the GTA based research study held five main objectives:
1. To examine CRD “wastes” from the perspective of composition, generation and
management;
2. To explore current issues, barriers and opportunities to applying progressive 3Rs
(reduce, reuse, recycle) techniques to CRD wastes;
3. To produce the first-ever benchmarks to measure the climate change implications
of CRD “wastes”;
4. To review current federal, provincial and municipal regulations that could affect
CRD waste activities; and
5. To develop a prototype “Molehill Tool” that will inform and guide all CRD
developers, planners and practitioners to make the best possible environmental
and financial choices when planning and implementing projects.

1.2

Project Partners

Project partners were identified that represent a wide range of stakeholders within the
CRD sector including: federal and municipal government departments, private waste
haulers and landfill owners, building developers, and recyclers. The project was lead by
the Recycling Council of Ontario and managed by Renova Consultants.
The following provides details on each of the partners, their respective roles and
responsibilities and underlining objectives for involvement. The Molehill project team
functioned in an advisory capacity to the study, monitoring site selection and ensuring
that overall project objectives were met.
The Recycling Council of Ontario (RCO) – Project Proponent
The Recycling Council of Ontario is a not-for-profit organization committed to
minimizing society’s impact on the environment by eliminating waste. RCO’s mission is
to inform and educate all members of society about the generation of waste, the
avoidance of waste, the more efficient use of resources and the benefits and/or

consequences of these activities. Since its inception in 1978, RCO has actively assisted
municipalities, corporations, other organizations and individuals in reducing their waste.
Renova Consultants – Principal Bob Sawatsky
Renova Consultants was contracted to manage project research and reporting. Bob
became an active member of the Greater Toronto Home Builders’ Association in 1983
and served as the Chairman of the Toronto’s Renovation and Redevelopment Council in
1987. In 1998, Bob formed Renova Consulting, which focuses on examining the
application of environmentally progressive reduction, reuse and recycling initiatives by
the construction industry.
Enhanced Recycling Program of the Government of Canada Action Plan 2000 on
Climate Change
The Enhanced Recycling program, a component of the Minerals and Metals Program of
the Government of Canada Action Plan 2000 on Climate Change (managed by the
Minerals and Metals Sector of Natural Resources Canada) was the largest funding
contributor of the Molehill project. Enhanced Recycling has considered Molehill as a
pilot program, with the objective of producing current data and guidelines on CRD job
site resource recovery opportunities, and examining GHG reduction opportunities
realized through diversion.
Canada Mortgage and Housing Corporation (CMHC)
CMHC co-funded Molehill and focused on exploring waste reduction and diversion
practices for the multi-unit residential sector.
Public Works and Government Services Canada (PWGSC)
PWGSC co-funded Molehill and was seeking an opportunity to field test its
comprehensive Green Construction Toolbox program on Industrial Commercial and
Industrial (ICI) building projects.
Region of Peel
The Region of Peel co-funded the Molehill project to gain a better understanding of the
availability and consumer acceptance of salvaged building materials through their newly
developed Consumer Recycling Centres (CRCs).
New West Gypsum Recycling Inc.
New Waste Gypsum Recycling co-funded the Molehill project with the desire to promote
gypsum recycling as a relevant and viable alternative to landfilling amongst all CRD
sectors and end-handlers.
Walker Industries
Walker Industries co-funded the Molehill project and wanted to explore diversion
opportunities for CRD resources for its expanding recycling and composting operations.
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BACKGROUND

2.1
Quantification of Construction, Renovation and Demolition
(CRD) Waste
Recording and verifying generation, disposal and diversion of CRD Waste in Canada is
difficult due to many factors including:
•
•
•

seasonality and climate, including natural disasters;
strength of natural economy and urban renewal activity; and
major municipal infrastructure works and catastrophic events.

The data that is collected is often difficult to compare in the absence of an established or
common definition. The most conservative and common definition of CRD waste is
“residential building-related waste”. Some definitions used in past studies include CRD
wastes associated with:
•
•
•

non-residential construction;
road and bridge construction; and
land clearing waste.

CRD waste generation rates are dramatically affected by the period from which the waste
generated is assessed. In some studies, waste is recorded before materials are diverted for
reuse and recycling, while in others, generation includes only that material which is
disposed of in landfills. Further, CRD waste recovery definitions generally include reuse
and remanufacture, but may also consider waste-to-energy as well as inert/clean fill
disposal as recovery. In order to facilitate consistent and accurate tracking and
measurement of CRD wastes, a detailed and widely accepted definition must be adopted.
The statistics and figures reported herein that attempt to quantify CRD wastes are best
estimates and are subject to the inconsistencies in definitions and data collection
methodologies.
Generally accepted rules for estimating CRD waste generation and disposal rates include
the following:
•
•

U.S. studies estimate that 24-50% of solid waste disposed in landfills is CRD
waste3.
Statistics Canada reported that in 2002, 12% of wastes disposed originated from
construction and demolition activities. Assuming 44% of CRD is from
renovation4, it can be estimated that 21% of solid waste disposed in landfills in
Canada is CRD waste.

3
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Franklin Associates, Characterization of Building-Related Construction and Demolition Debris in the
United States. United States Environmental Protection Agency, June 1998
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•
•

US estimates for per capita, per day generation estimates range from 0.65
kg/person/day to 1.55 kg/person/day, but is generally accepted to be 1.27
kg/person/day5.
US study estimates that for every billion dollars spent on construction, 40,000
tonnes of CRD waste are produced6.

In 1992, Environment Canada estimated that Canada generated 11.2 million tonnes of
CRD waste7. Although these estimates are more than 13 years old, they remain the only
generation estimates of CRD waste that exist outside those that are published by Statistics
Canada. Assuming that generation rates are directly related to population size, and the
population of Canada in 1992 was 28.5 million, Canada generates approximately 390
kg/person/annum (equivalent to 1.07 kg/person/day) of CRD waste. In 2005, with a
population of 32 million, it can be estimated that Canadians will generate an estimated
12.5 million tonnes of CRD waste (this estimate includes wastes from residential and
non-residential construction and road and bridge construction).
Figure 1: Estimated US Building-Related CRD Waste Generation by Weight, 1996

Non-Residential
Renovation
21%

Non-Residential
Demolition
32%

Source: USA EPA, 1998

Residential
Construction
5%
Residential
Demolition
15%

Residential
Renovation
24%
Non-Residential
Construction
3%

The relative proportion by weight of CRD wastes generated from residential vs. nonresidential activities is 43% and 57% respectively. By activity, construction generates
8%, renovation 44% and demolition 48% of the CRD waste mix by weight. The relative
proportion of CRD waste generated by sector and activity are presented in Figure 1.8
5

Franklin Associates, Characterization of Building-Related Construction and Demolition Debris in the
United States. United States Environmental Protection Agency, June 1998
6
CG&S CH2M Gore & Storrie Limited. Construction, Renovation and Demolition (CRD) Waste
Characterization Study. For Alberta Construction, Renovation and Demolition CRD Waste Advisory
Committee. December 2000
7
Construction and Demolition Waste in Canada: Quantification of Waste and Identification of
Opportunities for Diversion from Disposal. Environment Canada, 1993
8
Franklin Associates, Characterization of Building-Related Construction and Demolition Debris in the
United States. United States Environmental Protection Agency, June 1998

Although numbers vary between reports, non-residential demolition followed closely by
residential renovation is consistently the highest relative contributor to CRD waste
generation9.

2.2

Composition of CRD Waste and Recycling Rates

The typical components of construction, renovation and demolition waste include:
Wood

Forming and framing lumber, stumps, plywood, laminates

Gypsum wallboard

Sheetrock, drywall, and plaster

Metals

Pipes, rebar flashing, steel, aluminum, copper, brass, and stainless steel

Plastics

Vinyl siding doors windows, floor tile, and pipes

Roofing

Asphalt and wood shingles, slate, tile, and roofing felt

Rubble

Concrete, cinder blocks, rock, and earth

Brick

Bricks and decorative blocks

Glass

Windows mirrors and lights

Miscellaneous

Carpeting, fixtures, insulation and ceramic tile

Construction waste typically consists of single-material streams including trim scraps of
construction materials such as wood, gypsum wallboard, masonry and roofing materials.
Construction waste typically contains much less concrete than demolition debris. Scrap
from residential construction typically represents between 6 and 8 % of the total weight
of the building materials delivered to the site10. A US study of residential construction
waste concluded this waste is comprised of (sample from four locations)11:
Wood

42%

Gypsum Wallboard

27%

Brick

6%

Roofing

2%

Metals

2%

Miscellaneous

15%

Demolition waste is typically multiple-material waste, and includes all the construction
wastes plus concrete and bricks. On a per building basis, demolition waste quantities
may be 20 to 30 times as much as construction waste. Wood, concrete, brick and rubble
make up over 60% of the waste stream in residential demolition. A study of 19 non9

CG&S CH2M Gore & Storrie Limited. Construction, Renovation and Demolition (CRD) Waste
Characterization Study. For Alberta Construction, Renovation and Demolition CRD Waste Advisory
Committee. December 2000
10
Franklin Associates, Characterization of Building-Related Construction and Demolition Debris in the
United States. United States Environmental Protection Agency, June 1998
11
NAHB Research Centre, Construction Waste Management, March 2000
#

residential projects in the US northwest12 provided the following composition
percentages.
Concrete

66%

Wood

16%

Scrap

5%

Brick

1%

Landfill Waste

9%

Miscellaneous

15%

Renovation waste includes wastes from improvement and repairs to existing buildings
and consists of both construction and demolition materials: single-material generation
and multiple-material generation. A US study on residential renovation waste concluded
the waste is comprised of (note this was a study of two sites only, a larger sample size is
required to determine a representative average)13:
Wood

45%

Gypsum Wall board

21%

Roofing

28%

Metals

1%

A large proportion of CRD waste generated in Canada ends up in municipal or private
solid waste landfills. The relative proportions of commodities in CRD building and
road/bridge construction waste including estimates of recovery rates are represented in
Table 1. Several important factors must be considered when viewing these estimates:
•
•
•
•

12

Estimates include CRD waste from road and bridge building where the majority
of the recycling was achieved (see asphalt). If one is to remove the asphalt from
the overall recycling estimate, building related CRD rate falls to 31.6%.
These estimates are from 1992 and therefore it should be assumed that recovery
rates for some commodities will have increased.
Diversion numbers for metal and paper were not recorded. If included; these
estimates would likely increase the overall recovery rate.
The definition of diversion used in the study is not known and may include inert
fill (affecting concrete, rubble diversion) and waste-to-energy (affecting wood
diversion).

Franklin Associates Characterization of Building-Related Construction and Demolition Debris in the
U.S., United States Environmental Protection Agency, June 1998
13
METRO Portland, Oregon
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Table 1: Summary of CRD Building and Road/Bridge Building Waste Diversion
Rates by Commodity14
Material
Gypsum
wallboard
Wood
Asphalt
Concrete &
rubble
Metal
Paper
Bldg material &
other
Total (tonnes)
Excluding
asphalt
Total (tonnes)

Diverted
(tonnes)

Disposed
(tonnes)

Generated
(tonnes)

Recovery rate

117,042

238,076

355,118

32.96%

88,162
2,808,559

1,542,807
1,067,064

1,630,969
3,875,623

5.41%
72.47%

1,702,074

2,347,053

4,049,127

42.04%

Not recorded
Not recorded

330,174
315,232

330,174
315,232

0

630,465

630,465

4,715,837

6,470,871

11,186,708

42.16%

1,907,278

4,127,936

6,035,214

31.60%

14

Construction and Demolition Waste in Canada: Quantification of Waste and Identification of
Opportunities for Diversion from Disposal. Environment Canada, 1993
%
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CASE STUDIES

In order to examine the variety of CRD wastes typically generated, Molehill project
researchers identified fifteen CRD study sites throughout the Greater Toronto Authority
(GTA). Prior to actual project launch, a number of builders, renovation contractors,
waste haulers and project managers were contacted in order to gain an understanding of
the types of CRD activities and their locations. A number of site visits and exploratory
meetings were held in order to assess each site, and determine their availability and
appropriateness for study.
selected sites were based on the following criteria:
1) Opportunity and willingness of on-site management and staff.
2) Opportunity and mechanisms available to record data (i.e., could wastes be
tracked and measured from point of generation to final end use).
3) Size of the contribution the site(s) could individually and collectively make, as a
comprehensive sample of current CRD activities in the GTA to the Molehill
project.
The first study site was selected in October 2003 and the final site selected in August
2004. On-site research, compilation of findings and recordings were completed for sites
1 through 5 as a first step. Initial findings and lessons learned from these five sites were
applied to the balance of the remaining ten study sites, ensuring their appropriateness for
study.
An in-depth report of each case study can be found in Appendix A.

3.1

Case Study Site Management Methodology

A study site management process was developed, ensuring project data collection and
recordings were consistent and reflected an accurate sampling of the CRD activities
planned for the Molehill project. During site selection, an attempt was made to include
equal representation from each of the CRD categories. The timing and scope of Molehill
participation on each site varied, in some cases occurring during the design stage and in
others, after project completion.
Construction and renovation projects often require some form of demolition and many
demolition projects include some form of deconstruction. Key to obtaining comparable
data was application of consistent data collection methodologies.
Once a location was confirmed, a site team, including designers, architects, project
managers, site managers, environmental managers, waste haulers and recyclers, was
assembled. Team members were intimately involved in the development and execution
of Waste Management Action Plans (WMAPs), the collection of data and final reporting.

Figure 2: Molehill Waste Management Action Plan - Sample Template

Project Name and location
Project Objective
Type of planned waste diversion activity.
Project Description
• Typical CRD activities that happen on site.
• Usual method of “waste” management.
Proposed Waste Management Rationale and Practices
• As part of the Molehill study, what specific waste management activities will be
changed?
• How will these changes help to identify barriers and opportunities for waste
diversion?
• Who will participate in these new activities?
• What are the predicted outcomes as a direct result of everyone’s participation?
Project Team
Members of the site team and their contact information.
Detailed Workplan
• What are the specific tasks and who is responsible for each task?
• When do these tasks need to be done?
Planning and Coordination
Task

By whom

When

Date
completed

Study site
Post-site
Follow up

3.2

Waste Management Action Plans (WMAPs)

Using Public Works and Government Services Canada’s Green Construction Toolbox 15,
Molehill researchers developed Waste Management Action Plans. Each WMAP was

designed in cooperation will all site stakeholders. Molehill WMAPs were designed,
incorporating, where possible, the Province of Ontario’s "3Rs" regulations.
WMAPs included:
•
•
•
•

Description of the site’s activities;
Listing of all stakeholders involved in the planning and execution stages of each
site project;
Listing of the contributions each site was expected to make to the Molehill
Project; and
Work plans detailing each participant’s responsibilities.

Effective data collection was dependent on full participation from each member of the
WMAP committee. Members provided information specific to current waste practices,
waste audit and financial information.
The WMAPs were utilized on more complicated study sites, which required numerous
steps to complete. Waste reduction successes were dependent on small behavioral
changes and ‘buy in’ occurred when participants were well informed and understood the
merits of the new approach. Ultimately success was driven by communication and
convenience. A sample of this kind of WMAP is reproduced in Figure 2 on the previous
page.

3.3

Fifteen Selected “Molehill” Case Study Sites

The most challenging aspect of the project research was locating and securing appropriate
case study sites. Study success was determined primarily by the availability and
willingness of project management to participate. Participants were approached based on
the stage at which the CRD activities were occurring and the appropriateness of each site
to achieving the overall project objectives. Where the project was perceived to have been
‘on time’ and experiencing no complications, Molehill research was welcomed.
Over the course of thirteen months (October 2003 – November 2004), fifteen sites were
studied. Details of each are given in Table 2, on the next page.

3.4

Generation and Recovery of Materials

The development of site Waste Management Action Plans compelled stakeholders to
examine the types of wastes that would be created and therefore managed at each
participating CRD site. As is common in many CRD site activities, little attention is
given to understanding the types of wastes typically generated, how they are handled, or
their associated disposal or recycling costs. Implementation of the WMAP caused
constructive discussions regarding forecasting types and volumes of wastes and creating
diversion opportunities.

!

Table 2: Molehill Case Study Sites
Site #

Type

Description

Location

Study focus

Avondale residential
condominium
development

Yonge Street/Highway
401
Toronto, ON

4

Custom home framing

St. David’s , ON

5

Townhouse
development

St. David’s, ON

The Whole Village

Caledon, ON

8

Mattamy Homes

Milton, ON

12

Residential wood
Framing

Lakeside Housing
Development
Ajax, ON

10

Manufactured housing

(proprietary)

Ridgegate residential
renovation
Meridian residential
condominium
development

4 Ridgegate Crescent,
Etobicoke, ON

Gypsum wallboard off
cuts
Material salvage and
wood recycling

Yonge and Finch
North York, ON

Material salvage for
reuse
Materials reuse during
construction

1

6

2

Construction

Construction
(design stage)

Renovation

3

Gypsum wallboard
installation off-cuts
Wood wastes capture
and diversion
Gypsum wallboard offcut diversion and
recycling
Avoided materials
through sustainable
design
Packaging waste
composition
Wood waste diversion
and recycling

7

Adaptive reuse

Canadian Memorial
Chiropractic College,
Leslie St., Toronto, ON

13

Adaptive reuse
(whole building)

Westside Lofts,
King Street, Toronto,
ON

Demolition,
components removed
for reuse

Adaptive conversion
and reuse of a building
(concrete/asphalt
salvage)

Canadian Forces Base
Borden, Angus, ON

Material salvage

9

Demolition

11

Deconstruction vs.
demolition

14

Design for disassembly

15

Concrete recycling:
major demolition

Department of National
Defense; Downsview
Park
Toronto, ON
Mountain Equipment
Coop
Richmond Road
Ottawa, ON
Pearson International
Airport,
Toronto, ON

Materials diverted due
to selective
deconstruction
Reduction of future
renovation/demolition
wastes
Concrete recycling

Implementing WMAPs compelled each team member to ‘walk through’ site activities,
considering the wastes that would likely result at each stage of the CRD activity. This
forecasting exercise generally resulted in the following outcomes:
• Site proponents gained a better understanding of the roles and responsibilities of
each player with respect to waste management (supplier, contractor, site manager
etc.);
• Consideration of wastes as an asset rather than a liability;
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•
•
•
•
•
•
•

Rethinking the design of the site and project deliverables, keeping in mind best
mechanisms for separation and diversion of wastes;
More careful planning, identifying opportunities to avoid wastes;
A better understanding of the available markets for various materials;
A better understanding of regulations as they relate to CRD activities;
Allowing for adjustments in response to changing conditions and unanticipated
developments;
Maximize diversion options by altering onsite staff resources or providing ample
space; and
Examining tendering approaches to encourage suppliers, subcontractors to reduce
wastes.

Table 3, on the next page, details the types and quantities of wastes that were avoided as a
result of case study sites’ participation in the Molehill project. For sites 2 and 14, wastes
were sent to landfill and / or incineration or study proponents were unable to report
diversion results.
Preliminary discussions with site stakeholders revealed a general perception that
improved waste management translated into increased costs due to a greater demand on
human resources with a more complicated site design. Project managers and site owners
were discouraged because of the preconceived notions that implementing a waste
reduction action plan would not provide any real economic gains.
Forecasting and planning for waste reduction activities provided stakeholders with the
motivation to review project waste management sub-budgets. Attempting to estimate
costs avoidance and/or savings resulted in broader discussions regarding stakeholder
relationships. For example, agreements between site managers and sub-contractors
generally require sub-contractors to manage and dispose of all wastes caused by work
they complete. It is expected, and was the case during the Molehill research, that costs
for waste management would be included in the general tendering process. As a result,
any costs savings for minimizing waste disposal would be of direct benefit to the supplier
or contractor, not to project management. This commercial relationship does not present
an incentive to site managers to require that contractors implement site WMAPs, as no
real financial savings are redirected back to them. Project proponents who controlled and
were made aware of costs associated with site wastes through participation in WMAPs
understood the potential cost savings when wastes were minimized. The knowledge
gained through participating in WMAPs provided the incentive to management to
redefine tenders to include details of waste management and associated costs for site
contractors.
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Table 3: Wastes Diverted from Case Study Sites
Site
#.

Site name

1

Avondale Residential
Condominium Development

3

Meridian Residential
Condominium Development

4

St. David’s Custom Home
Framing

5

St. David’s Townhouse
Development

6

7

8
9
10

11

12
13
15

Material

Weight
(tonnes)

Gypsum wallboard

7.47

Melamine and wood
Ceramic toilets
Sinks – steel enameled + 3
faucets
Sinks – stainless steel
Particle board
Dimensional wood
Metals
Plastics
OCC

0.28
0.10

0.03
0.28
1.02
0.10
0.03
0.60

Gypsum

2.11

Mixed (wood, metal, particle
board)
Melamine over particle board
Solid maple wood
Steel cabinet door hinges
The Whole Village
Steel door pulls
Plastic laminate countertops
Dishwashers (mixed metals and
plastics)
Electrical stoves
Range hoods
Metal stalls - steel
Asphalt
Canadian Memorial Chiropractic
Clay brick
College
Concrete
Fluorescent light fixtures
Steel
Mattamy Homes
Vinyl
Glass
Canadian Forces Base Borden
Vinyl
Manufactured Housing
Gypsum wallboard
Concrete
Structural steel
Rebar
Department of National Defence Copper
Wood
Ceramic toilets
Ceramic toilets
Lakeside Housing Development Dimensional / manufactured
wood
Westside Lofts
Concrete
Pearson International Airport
Concrete
Total weight of materials diverted

0.03

Description of waste
diversion activities
Recycled into new gypsum
wallboard

Salvaged for reuse

Composted
Recycled off-site
Recycled into new gypsum
wallboard

2.126
1.04
0.14
0.03
0.01
0.18
0.26
0.37
0.09
1.36
16.36
51.14
3,005
1.42
0.03
0.14
23.83
3.11
42.77
8,965
54.82
97
6.1
257.52
1.25
0.407
675
4,600
205,000

Materials were reduced/avoided
in the construction of the
building as a result of the
sustainable designing process

Reused in place

Recycled
Recycled
Recycled
Recycled off site
Recycled
Composted
Reused
Recycled
Recycled into bedding
Recycled on site
Recycled on site
216,682 tonnes

3.5

Cost Savings
Molehill researchers attempted to quantify cost savings resulting from diversion
activities through recycling, reuse or avoidance in each of the Molehill study sites.
Table 4 summarizes calculated cost savings for each site (see Appendix A for
more details). In Table 4, note the following:

•

•
•

Dollar amounts are best estimates. In some cases assumptions for disposal fees,
resale values and savings resulting from reusing materials were estimated based
on local market conditions but in the absence of comparables from recent armslength contracts
In some cases quantifications were made for part of the project, only that which
was studied under Molehill.
Only those sites where cost savings were quantifiable and significant are listed.

Table 4: Costs Savings Results from Diversion
Site #

1

3
5
6
7
8
9
10
11
12
15

Description of Savings
Reduced tipping and bin drop off
fee as a result of collecting and
diverting gypsum wallboard off
cuts
Tonnes diverted from landfill
Avoided purchasing costs
Gyproc diverted from landfill and
sent to a recycling centre
Sustainable design resulted in
reduced labour costs as well as
avoided wastes
Adaptive reuse of materials,
avoiding demolition
Materials diverted through
recycling
Materials salvaged prior to
demolition (avoided purchasing
and disposal fees)
Recycling vs. disposing gypsum
wallboard
Tonnes were diverted from landfill
through selective deconstruction
versus demolition
Wood wastes sent for
remanufacturing
Reuse of concrete directly into onsite new build
TOTAL SAVINGS

Amounts saved *
$331
Note that this is based on only 3 floors of a 30-storey
building. Total savings are estimated at $3310.45
based on only diverting gyproc from all 30 storeys.
$194
$19,255
$63
Avoided tipping fees $130
Avoided labour costs $21,314
$199,893.20 (assumes that materials are destined for
landfill, not recycling)
$20,480
Avoided purchasing $205,720
Avoided disposal $2042
Avoided disposal costs $1496
Avoided disposal costs $609,778
Avoided disposal costs $67,500
Avoided purchasing costs $1,845,000
$2,619,531 **

* Based on landfill tipping fees of $65/tonne
** 70% of dollars saved occurred as a result of concrete reuse on site 15.

#

4

CRD DIVERSION AND CLIMATE CHANGE

4.1
How does diversion of end-of-life materials from disposal
impact emissions of greenhouse gases?
According to Environment Canada, disposal of solid waste on land is estimated to have
contributed to approximately three percent of Canada’s annual greenhouse gas (GHG)
emissions of 731 million tonnes (Mt) of carbon dioxide equivalent (CO2e) per year in
200215, namely through the production of methane from anaerobic decomposition of
wastes. Based on the estimation that 21% of solid waste disposed in landfills in Canada
is CRD waste (see section 2.1), it can be inferred that landfilling CRD waste could
contribute as much as 4.62 Mt CO2e annually to Canada’s GHG emissions, however this
depends on a large number of factors including waste composition, temperature and
moisture content, to name a few.
The management of end-of-life materials affects greenhouse gas emissions indirectly as
well (i.e., in other ways besides the direct production of methane gas), as explained by the
following excerpt from the Federation of Canadian Municipalities Solid Waste as a
Resource: Guide for Sustainable Communities:
“Trucks used to collect and transport garbage, recyclables and organics use
diesel fuel generating CO2 emissions”.
“Recycling has a significant effect on energy requirements and GHG emission,
since it takes considerably less energy to produce materials from recycled
rather than virgin stock. These energy savings are converted to ‘upstream
benefits’, which are counted when the GHG effects of recycling are estimated.”
Source reduction and recycling also conserve natural resources (e.g., trees), which can act
as reservoirs or storage sinks for atmospheric CO2.

4.2

Calculating Greenhouse Gas Emission Savings

!"
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RCO engaged the Athena Sustainable Materials Institute to estimate the greenhouse gas
savings associated with various materials diverted from landfill from the Molehill project
case studies.
The Institute limited its analysis to the high mass/embodied energy materials diverted. In
some cases the materials were mixed and did not lend themselves to greenhouse gas
estimation, while other materials were relatively minor in their mass contribution (e.g.,
toilets) and some were of minor embodied energy consequence (e.g., wood products and
cellulose insulation). Due to lack of information on transportation details across the case
studies, the Institute disregarded any transportation savings (i.e., consideration of fuel)
15

Canada'
s Greenhouse Gas Inventory - Overview 1990-2002, Environment Canada, 2004
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associated with recycling efforts within the urban area compared with substitute materials
arriving from outside the urban centre.
!!
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The Institute drew on its extensive Canadian regional life cycle inventory (LCI) databases
and reports, as well as its software tool Environmental Impact Estimator (EIE), to
develop the associated greenhouse gas savings estimates for the various modes of
diversion from landfill. Where available, the greenhouse gas savings were developed for
Ontario, taking into consideration resource winning, product manufacturing activities,
and the primary fuel use to generate electricity. The objective of the EIE software is to
assist the building community in making more informed decisions regarding the selection
of design and material options that will minimize a building’s life cycle environmental
impact. References for the Athena study are provided in Appendix D.
Currently, the EIE software (v3.0.1) encompasses steel, wood and concrete structural
products and assemblies, as well as a full range of envelope materials (e.g., cladding,
insulation, glazing. etc.). It covers a building’s life cycle stages from the “cradle”
(resource extraction or winning) through to its “grave” (end-of-life). All energy flows are
regionally specified. Specifically, the model encompasses the following building life
cycle stages.
•
•
•
•

Product manufacturing: includes resource extraction, resource transportation
and manufacturing of specific materials, products or building components.
On-site construction: includes product/component transportation from the point
of manufacture to the building site and on-site construction activities and their
effects.
Maintenance and replacement: includes life cycle maintenance and replacement
activities associated with the structure and envelope components based on
building type, location and a user defined life for the building.
Building “end-of-life”: simulates demolition energy and final disposition of the
materials incorporated in a building at the end of the building’s life.

This study drew primarily on the product manufacturing activity stage supported by the
EIE software, and to a lesser extent on the on-site construction stage (considered in one
building reuse case). In terms of results, the software provides a detailed environmental
life cycle inventory of the embodied effects associated with the building, as well as six
summary measures or impact indicators: primary (embodied) energy use, raw material
use, global warming potential (both fuel and process related), emissions to air, emissions
to water, and solid waste emissions. The EIE and its embedded databases is North
American in scope, representing average or typical manufacturing technologies and
appropriate modes and distances for transportation. The software is currently divided into
eight Canadian geographic regions (represented by Vancouver, Calgary, Winnipeg,
Toronto, Ottawa, Montreal, Quebec City and Halifax) and four US geographic regions
(represented by Minneapolis, Pittsburgh, Atlanta and a US average location). The
Toronto regional location was used to estimate the greenhouse gas savings associated
with material diversions specified in the RCO report and table.

Carbon dioxide is the common reference standard for global warming or greenhouse gas
effects. All other greenhouse gases (primarily methane, CH4, and nitrous oxide, N2O) are
referred to as having a “CO2 equivalence effect”, which is simply a multiple of the
greenhouse potential (heat trapping capability) of carbon dioxide. This effect has a time
horizon due to the atmospheric reactivity or stability of the various contributing gases
over time. The Institute has adopted the International Panel on Climate Change’s 100year time horizon factors as the basis for CO2 equivalence in the EIE, as shown in the
Global Warming Potential Index (GWPI) equation below.
GWPI (kg) = CO2 kg + (CH4 kg x 23) + (N2O kg x 296)
While greenhouse gas emissions are largely a function of energy combustion, some
products also emit greenhouse gases during the processing of raw materials. Process
emissions often go unaccounted for due to the complexity associated with modeling
manufacturing process stages. One example in which process CO2 emissions are
significant is in the production of cement (through the calcination of limestone). All
relevant process emissions of greenhouse gases are included in the EIE’s global warming
potential index since the Institute uses a detailed life cycle modeling approach. Table 5
below illustrates the application of the GWP index for 1 cubic metre (m3) of 20 Mpa
concrete:
Table 5: GWPI Calculation for 1 m3 of 20 Mpa Concrete
Greenhouse gas

Absolute
emission/m3

GWPI multiplier

Total GWPI in kg

CO2

207kg

1

207

CH4

152g

23/1000

3.5

N 20

1g

296/1000

.296

Total

207.253 kg

210.8 kg

!)
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The preliminary Molehill draft report indicated two diversion streams: reuse and
recycling. While both avoid landfilling, they are not equivalent in a consideration of
greenhouse gas emissions savings. Essentially, reuse of a product “as is” avoids or
displaces the use of an actual finished product, while recycling typically avoids the use of
a raw material in the manufacture of a product. For instance, the report included a
considerable amount of concrete recycling in the form of aggregate that would displace
some of the aggregate in the concrete mix – not concrete itself. So the comparative
greenhouse gas savings for this recycled concrete is relative to aggregate production, and
the energy needed to crush the concrete into aggregate must also be considered to make a
fair comparison with quarried aggregate.

The methodological steps undertaken by the Institute to estimate the greenhouse gas
emissions were as follows:
• determine final disposition of diverted material (was it recycled or reused?);
• if reused, apply greenhouse gas estimate equivalent to its manufacture and, if
reused in place in a building, include on-site construction effects;
• if recycled, determine what raw material element the diverted material was; and
• substituting for and estimate the greenhouse gas emissions associated with
displacing the raw material, taking account of the effects associated with recovery
and preparation of the diverted material.
!
Although material diversion information was available for 12 case study sites, five of
these sites were not assessed for a number of reasons:
•

•

limited greenhouse gas data availability and/or small quantities of materials
diverted (applies to sites 3, 6 and 8); diversion to uses other than recycling or
reuse (site 12 – a small quantity of wood was diverted to an energy production
facility); and
organic material composting (site 4 – one tonne of wood was composted, but
methane production data from composting was unavailable so net greenhouse gas
emissions could not be calculated).

The remaining seven sites were assessed fully. Combined, these seven sites accounted for
99% of the total 221,854 tonnes of the material diverted from the 12 case study sites.
Using the Institute’s databases, reports, and software, the following results table was
produced for the seven sites by material type.

Table 6: Greenhouse Gas Savings by Site and Material Type
Case
study #

Material

Quantity
(tonnes)

Diversion
method

Substitutes for
or avoids…

GHG/unit (kg)

Net GHG
savings
(kg)

1

gyproc

7.47

recycled

raw gypsum

24

179

5

gyproc

2.11

recycled

raw gypsum

24

51

steel stall

1.36

reused

hot-rolled sheet

1,862

2,532

asphalt

16.36

reused

asphalt

111

1,816

clay brick

51.14

reused

clay brick

2.48

7,440

concrete

3005

reused

concrete

170

295,800

vinyl
windows

3.11

reused

vinyl windows

122

139,080

concrete

8,965

recycled

aggregate

3.44

26,357

structural
steel

54.82

recycled

virgin steel

820

44,952

rebar

97

recycled

virgin steel

820

79,540

copper

6.1

recycled

virgin copper

1600

9,760

257.52

recycled

animal bedding

11

2,833

7

9

11

wood
concrete

4600

reused

concrete

170

415,820

asphalt

385.5

reused

asphalt

111

42,791

wood

4

reused

wood

68

272

steel
cladding

2

reused

galv. steel

1,965

3,930

concrete

2.1

reused

concrete

195

410

13

14

Total

1,073,563

!
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This section briefly describes the results for the various materials reported above and
raises two issues that could have a bearing on the robustness of the results.
Gyproc Recycling
When recycling gypsum board off-cuts, the material actually displaces raw gypsum (or
stucco, as it is known in the trade). The extraction and beneficiation of natural gypsum is
not particularly energy intensive; however, its transportation to gypsum board
manufacturing sites is – accounting for about 85% of the total energy required to extract,
process and deliver raw stucco to a processing plant. Our database for Ontario production
of gypsum indicates that a typical transportation distance for raw stucco to the board
manufacturing plant is in the order of 230 km (one way) by truck. The study indicates a
one-way transportation distance of only 30 km to a plant willing to take gypsum board
off-cuts. On a round-trip basis (assuming an empty backhaul), the recycled gypsum
enjoys a 400 km advantage over virgin sourced stucco. With diesel truck transportation
requiring about 2Mj/tonne km, each tonne of recycled off-cut gypsum board would entail
about 800 Mj less transportation energy, which is equivalent to avoiding about 60 kg (at
75g of CO2 equivalent emissions/MJ of diesel fuel) of greenhouse gases. However, due
to time and budget constraints, and the fact that the same level of transportation data was
not readily available for the other diverted materials and case study sites, the Institute was
unable to calculate transportation efficiencies for any of the other materials; as a result,
the decision was made not to include them for the gypsum off-cut recycling scenario,
thereby maintaining a consistent treatment of all materials.
In the future, the Institute has recommended following all diverted materials through to
their final point of disposition, as transportation can have a significant impact on the
overall greenhouse gas savings.
Steel reuse and recycling
Two separate cases involved steel reuse: metal washroom stalls and steel exterior wall
cladding. The reuse of these products displaced new hot-rolled sheet, in the case of the
stalls, and galvanized sheet, in the case of the exterior cladding. For the two recycling
cases, the Institute assumed that the recycled steel would displace the need for virgin steel
from integrated plants, and used the difference between this process route and production
from the electric arc furnace route (mini-mills) to estimate the greenhouse gas savings
attributable to recycling steel. However, it should be noted that steel recycling is fairly
routine today, and it could be inferred that the steel would have been recycled
anyway as a “business as usual” practice, rather than be considered a new diversion
initiative.
Asphalt Reuse
In the case of asphalt reuse, one situation involved lifting, reheating, and replacing the
asphalt, while the other involved reuse in place. Because of data limitations, however, the
estimates consider only a ‘reuse in place’ scenario for both situations, and therefore
slightly overstate the greenhouse gas savings to the extent that the energy and emissions
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for lifting and reheating are not included in the one situation. The Institute estimates the
amount of affected material to be only 4% of the total.
Concrete Reuse and Recycling
Three sites reported concrete reuse. In all three cases the reuse of the concrete was
attributed to the reuse of a building. Because the case studies did not routinely categorize
the strength class or type of concrete (precast versus cast-in-place), the Institute was
unable to include construction effects, which would have added between 5% and 15% to
the greenhouse gas estimates provided in the table above.
One site reported concrete recycling. Concrete recycling typically involves crushing
activities; the Institute has included this additional processing requirement to equate the
recycled concrete to the material it is displacing; i.e., coarse aggregates.
Clay Brick Wall Reuse
A 3000 sq. ft. clay brick wall cladding was reused in place. The Institute modeled the
wall in the EIE software as an assembly to capture the greenhouse gases associated with
the mortar and brick-ties, and included the on-site construction effects. No information
was provided on the wall structure; the Institute therefore assumed it to be one of the
concrete reuse situations referred to in the previous section.
Vinyl Window Reuse
A total of 1,140 windows were removed and reused off-site. Again, the Institute modeled
a complete window unit in the EIE software and then multiplied it by the number of units
to arrive at the greenhouse gas savings from avoiding the manufacture of the windows.
Wood Reuse and Recycling
A large quantity of wood was chipped into animal bedding. Typically this product is a
by-product of lumber manufacturing. To equate this quantity of wood recycling to virgin
sources, the Institute included the resource harvesting effects of removing the quantity of
wood from a forest. A small quantity of Douglas fir wood flooring was reused on-site;
this was equated to supplying an equivalent amount of new wood from BC.
Copper Recycling
The Institute’s databases do not cover copper or its recycling. European sources for
recycled and virgin copper were used to estimate the net greenhouse gas savings
attributed to recycling copper. It was not possible, given the time and budget, to adjust
these databases to reflect Canadian conditions (electricity grids, transportation factors,
production technologies, etc.); therefore the estimate provided should be considered in
this context.
!,
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Overall, the recycling and reuse initiatives assessed in this study saved 1,073,563 kg of
carbon dioxide equivalent (CO2e), or 4.8 kg of CO2e per tonne diverted. In descending
order, the material contribution to net greenhouse gas savings was as follows: concrete
(69%), vinyl windows (13%), steel (12%), asphalt (4%), with all the remaining materials
"

amounting to 2%. In terms of diversion streams, reuse accounted for 85% of the
greenhouse gas savings across the seven sites assessed.
What magnitude of impact(s) could proactive source reduction / diversion have on
Canada’s GHG emissions? For the sake of a rough estimation, one could multiply
the average value of 4.8 kg of CO2e savings per tonne of CRD material diverted
times the estimated tonnage of CRD materials that end up in landfills each year
(12.5 million tonnes, see section 2.1, page 6): 60,000 t CO2e per year. Calculated
greenhouse gas savings would have been another order of magnitude higher had
transportation effects across all products been included (see gypsum board
discussion section above). Further, it would have been of interest to distinguish the
contribution of the more novel diversion practices from those that could be
categorized as “business-as usual” (e.g., steel recycling).

5

MARKETS REVIEW

For the purposes of and working within the scope of the Molehill study sites, markets
information is specific to the current diversion activities in Ontario.
Concrete, asphalt, metals and wood and to a lesser degree Gypsum wallboard are all
currently being recovered and processed into recycled content products. Technologies to
recover and process these materials are available but economic barriers to increased
recovery rates at this time include:
•
•
•

cost of collecting, sorting, processing;
low cost of landfill disposal; and
low value of the recycled content material.

Ontario appears to have an excellent infrastructure for the collection and recovery of
scrap metal. All regions of Ontario are well serviced by scrap dealers who sort scrap into
its component parts for delivery to end markets for use in manufacturing.
Likewise, Ontario has an excellent record at reusing asphalt in road construction; it is
almost 100% reused. However, due to processing standards, asphalt from buildingrelated CRD typically has a lower recovery rate and is often rejected as unclean.
Markets for clean wood seem to be fair only in the south and southwest parts of Ontario.
Northern Ontario has few clean wood waste processors, and as a result clean wood is
generally landfilled in the north. Collected clean wood is primarily used in wood
chipping operations and solid waste landfills where the chipped wood is used in
composting operations or landscaping. The wood chipping business in Ontario is
dynamic and responsive to market changes including those imposed by local disposal
bans. There is one Ministry of Environment approved wood-waste combustor in southern
Ontario that receives clean wood for energy generation. Further, there is an exemption
found in s. 28(1) of OReg 347 from requiring MOE approval for some wood-waste
combustor sites. Research within the Molehill project found one known example of an
exempt operation: a farming operation receiving wood-waste for fuel for its drying
operations. It must be noted that painted, treated or laminated wood and “manufactured
wood products” can not be used in chipping operations or wood-waste combustion and
generally is sent for disposal.
Markets for concrete are also generally strong in the south and southwestern areas of
Ontario, while concrete wastes generated in the North are often landfilled. Concrete is
used at inert fill sites as well as received by the construction, cement and aggregate
industry including Lafarge Canada, Strada Construction, ACON and Dufferin
Construction where it is crushed for use as aggregate.
The only known processor of gypsum wallboard in Ontario is New West Gypsum.
Though there are several sites that transfer, process and bulk gypsum, these bulking
stations are in the south. In the south and southwest there is potential for gypsum
#

recycling though New West Gypsum. This facility has the capacity to accept as much as
100,000 tonnes annually but receives an average of only 38,000 tonnes. As there are no
gypsum recyclers in the north, these regions generally dispose of wallboard waste in
landfill.
Southern and southwestern Ontario has several mixed waste processors accepting mixed
CRD for separation including Triwaste and Megacity. Pricing for disposal for CRD
mixed waste is generally a few dollars cheaper than for mixed industrial, commercial and
institutional (ICI) wastes at these sites. Northern Ontario, however, is not well served in
this regard.
Table 7: Cost for Disposal of CRD Waste in Southern and Southwestern Ontario
Source-Separated and Relatively Contaminant-Free Loads
Concrete

Estimated
$/tonne in
Ontario

$

$25

Scrap
dealer
Rebate
of
$80140

Asphalt

$1

Clean
wood
chipper

$30

Wood-waste
combustors
$35 – Farm
information
unavailable–
Ajax Energy

Gypsum
recycler

$44

Mixed loads of CRD
Mixed
CRD
processor
Few
dollars
cheaper
than T&D

Transfer
&
disposal
(T&D)

$55-95
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REGULATION REVIEW

6.1

Division of Responsibilities

Under the current Canadian Environmental Protection Act (CEPA), federal regulations
only affect the transport of hazardous waste between provincial and international borders.
Typically CRD wastes are not characterized as hazardous and are not generally subject to
any federal regulations.
Provincial and territorial governments bear most of the responsibility for solid waste and
have implemented regulations that affect the operation of waste and recycling facilities as
well as residential waste and recycling programs (i.e. curbside collection, deposit return,
landfill bans etc.) As most CRD wastes are generated from the ICI sector, regulations
directed to residential wastes do not typically affect CRD diversion. There are however a
number of provincial laws and guidelines that have encouraged CRD waste diversion
from the ICI sector. Unfortunately, it became apparent during the Let’s Climb Another
Molehill study, that these regulations were not enforced. In fact, the majority of study
site proponents had little or no knowledge that these regulations were in existence.

6.2

Canada - Federal Overview

Although several national initiatives are underway, few pieces of legislation in Canada
directly affect the CRD sector. The Standard Construction Document CCA# 81-2001: A
Best Practices Guide to Solid Waste Reduction, developed by the Canadian Construction
Association includes a list of federal statutes that pertain to the transportation and
disposal of waste, hazardous waste treatment and greater environmental protection.
The following has been excerpted from the Standard Construction Document CCA# 812001: A Best Practices Guide to Solid Waste Reduction.
Auditor Generals Act:
Amendments to the Act (December 15, 1995) require federal government departments to
develop “Sustainable Development Strategies” to improve environmental performance.
Departments are also required to develop and implement Environmental Management
Systems for their operations. Waste management is an important criterion for
accomplishing overall performance objectives.
Canadian Environmental Assessment Act:
The Act requires federal departments, agencies, and crown corporations to conduct
environmental assessments for proposed projects where the federal government is the
proponent. It also requires environmental assessments when the project involves federal
funding, permit or license.
Canadian Environmental Protection Act:
The Act is concerned with the protection of the environment and the health of Canadians
from toxic substances and other pollutants. This includes:
• Pollution prevention.
%
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•

Managing toxic substances.
Controlling pollution and wastes: trans-boundary movement of hazardous wastes
and recyclables and of non-hazardous wastes.

Transportation of Dangerous Goods Act:
The Act applies to the transportation of hazardous wastes. The generator, carrier and
receiver of the hazardous wastes are responsible for manifest requirements in order to
ensure the proper documentation and tracking of hazardous wastes.
3Rs Regulations:
The federal government has also adopted the Ontario 3Rs Regulations 102/94 and 103/94
for use on CRD projects for one or more buildings with a total floor area of at least 2,000
square metres.
6.3
Provincial / Territorial Overview
Despite several current new initiatives under development, legislated acts at the
provincial/territorial level of government directly affecting the CRD sector are rare.
There are however, notable voluntary initiatives and policies from several provinces that
have been recently implemented.
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Special Note: New legislation, regulations and guidelines are introduced on a regular
basis. This review of regulations that affect waste management in the CRD industry
addresses current legislation as of October 7, 2004.
Waste management in the Ontario construction, renovation and demolition industry is
affected by two key pieces of legislation: the Ontario Environmental Protection Act
(EPA) and the Building Code Act (BCA). The EPA identifies what is considered waste
and then specifies how it should be handled, while the BCA permits, under specific
circumstances, the use of used or recycled materials in a building or renovation project.
Environmental Protection Act, R.S.O. 1990 (EPA)
The Environmental Protection Act, and seven of is associated regulations, listed below,
has the greatest impact on how CRD waste is handled in Ontario. This legislation, which
is administered by the Ontario Ministry of Environment, covers:
…all types of pollution, forbidding the discharge of any contaminant to the natural
environment in amounts, concentrations or levels exceeding those prescribed by
regulation. A contaminant is defined as a solid, gas, liquid, odor, heat, sound,
vibration, radiation or combination of any of these, resulting directly, or indirectly
from human activities, which may cause injury to humans, flora or fauna.16
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Ministry of Environmental and Energy, “A Guide to Environmental Legislation Affecting the Ontario
Construction Industry”, February 1995.
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Building Code Act, 1992 S.O. 1992, Chapter 23 (BCA)
The Building Code Act, which is administered by the Ontario Ministry of Municipal
Affairs and Housing, defines how buildings are constructed, renovated and demolished.
Regulation 403/97, Section 2 titled “General Requirement” allows the use of recycled
and used materials, appliances and equipment, and specifies how and when these
materials can be used. (See Appendix B, for excerpt from BCA Reg. 403/97.)
EPA Regulations Impacting CRD Waste
• Regulation 347: General – Waste Management Specific 3Rs Regulations
• Regulation 101/94 - Recycling And Composting Of Municipal Waste
• Regulation 102/94 - Waste Audits And Waste Reduction Work Plans
• Regulation 103/94 - Industrial, Commercial And Institutional Source Separation
Programs
• Regulation 524/98: Certificates of Approval Exemptions - Air
• Regulation 337/98: Ambient Air Quality Criteria
CRD waste is subject to Part V of the EPA, titled “Waste Management”. Part V defines
how a material, once designated as waste, is to be managed, transported and disposed of.
Under Part V, Section 25, “ ‘waste’ includes ashes, garbage, refuse, domestic waste,
industrial waste, or municipal refuse and such other materials as are designated in the
regulations.”17
EPA, Regulation 347: General – Waste Management
Regulation 347, specifically section 2, defines brick, corrugated cardboard, concrete,
drywall, steel, wood (also known as construction, renovation and demolition materials) as
waste therefore making it subject to Part V of the EPA. However, Regulation 347 also
contains certain exemptions – brick, corrugated cardboard, concrete, drywall, steel, wood
are not considered wastes, and are therefore not subject to the EPA, if the materials are
going to be used for resale or reuse. (See Appendix A, lines 1 and 2 for excerpts from
Reg. 347, Section 2.)
More detail on Ontario regulations and Municipal activities can be found in
Appendix B.
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There is no legislation directly impacting the CRD sector in Alberta. Alberta
Environment is currently leading a provincial C&D (Construction and Demolition) Waste
Minimization Advisory Committee which is commissioned to study waste issues in the
CRD industry. This advisory committee has influenced notable shifts in construction bid
projects and contract language to include waste diversion criteria. In addition, green
certification programs like LEED (Leadership in Energy and Environmental Design), and
Build Green Alberta have been embraced. In September 2004, the City of Calgary
passed the Sustainable Building Policy (#CE001) that requires new or significant
renovations over 500m2 to achieve LEED Silver certification or higher. This policy can
17

Ontario Environmental Protection Act, R.S.O. 1990, Chapter E. 19, Part V, Section 25
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be
downloaded
from
the
City
of
Calgary
website
at
http://www.calgary.ca/docgallery/bu/cityclerks/council_policies/sustainable_building_pol
icy_ce001.pdf
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With the exception of a ban on gypsum wallboard from all landfills, there are no direct
provincial regulations requiring the recycling of CRD waste in B.C. This material is
source separated, collected and supplied to one of two recyclers.
The Greater Vancouver Regional District (GRVD), which includes 14 municipalities, has
been quite actively involved in CRD diversion opportunities. Currently, the GVRD has a
Business Services Program that provides free assistance in reducing and recycling waste
generated on CRD sites, including on-site technical assistance, presentations, workshops
and information guides. This program also offers Recycling Directories for local hauling
companies and recycling depots for CRD waste, as well as demolition salvage guides and
salvage depots. More information about this program is available at the GVRD’s website
at http://www.gvrd.bc.ca/recycling-and-garbage/business-services.htm. To support these
initiatives there is a number of reusable building supply companies throughout the
province that buy/sell reusable building materials.
,)
In an effort to promote proper waste management practices and to divert construction and
demolition waste from waste disposal grounds, Manitoba Conservation set up a CRD
waste committee which lead to the creation of Manitoba'
s Construction and Demolition
Waste Guidelines. The Guidelines were established to provide direction and support to
Manitoba Conservation staff, local governments, building owners, landowners, and
demolition and hauling contractors. The guidelines build on broad public consultations,
policies, regulations and programs developed over the past number of years under the
Waste Reduction and Prevention Act.
For more information, check
www.gov.mb.ca/conservation/pollutionprevention/.
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CRD waste is not directly regulated by any legislation in New Brunswick. CRD waste,
considered inert, goes to the 13 privately operated, approved Construction and
Demolition Debris Disposal Sites. These special CRD disposal sites are used only for
materials from building demolition. They were developed as a result of changed
definitions of CRD waste by the Department of Environment and Local Government.
The CRD disposal sites can only operate with a certificate of approval which defines
what is considered CRD waste. This definition of CRD waste is not written within the
legislation but is being considered by the department as the direct cause of increased
recycling and reuse activities. The Department'
s definition18 of C&D debris is:
• concrete, brick and untreated wood,
• siding, ceiling tile, gypsum wallboard, insulation,
• asbestos that is not friable asbestos,
18
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Source: Gould, Kevin. Personal Interview. 15 March 2005
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solid roofing materials such as asphalt shingles,
glass from doors and windows,
metal, wood and durable plastic structural materials from the demolition of a
building,
wiring and incandescent light fixtures that do not contain fluorescent
tubing/lighting,
toilets, bathtubs, wash basins, and plumbing fixtures,
floor coverings attached to a building during demolition,
broken and aged asphalt, or
any mixture of the above that has been obtained during the construction,
renovation or demolition of a building or structure. Materials or waste obtained
from commercial, industrial and manufacturing sources is not acceptable
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There are no regulations for CRD waste in the NWT, with the exception of hazardous
waste. However, the City of Yellowknife is unique in that they still permit salvaging in
certain areas of the landfill. They have a designated wood area where the public can
salvage wood material. They have also recently increased tipping fees for CRD waste
with future increases planned until full cost recovery is attained. Currently, there is an
option being considered that would have a lower tipping fee rate for CRD waste that is
source separated. This approach was piloted in 2004 for a new federal building project.
This prevented all of the separated “useable” material from being land filled. Companies
are also encouraged to divert their waste before taking it to the landfill.
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In Nova Scotia, no CRD waste is permitted in landfills. CRD waste must go to a licensed
CRD yard for recycling and what cannot be recycled must go to a special landfill. The
regulation has been in place for almost a decade but the licensing of facilities actually
began approximately 2 years ago. In October 1997, the Environment & Labour Ministry
released the Construction & Demolition Debris Disposal Site Guidelines under the
Environment Act, S.N.S. 1994-95. The purpose of the guidelines is to provide direction
“for the proper environmental management and disposal of construction and demolition
debris.”19
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The CRD regulations for PEI can be found in the Waste Resource Management
Regulations of the Environmental Protection Act R.S.P.E.I. 1988. These regulations
direct how the construction and operation of all facilities that handle solid waste in PEI
occur. These include landfill sites, compost facilities, construction and demolition
disposal sites, and recycling facilities including bottle depots and scrap metal dealers.
These regulations prohibit the disposal of CRD debris at any facility except at approved
CRD disposal sites. However, these regulations are currently under review and may be

19

Nova Scotia Environment and Labour. Construction and Demolition Debris Disposal Site Guidelines.
Halifax. October, 1997
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modified in the near future. The Waste Resource Management Regulations can be
viewed at http://www.gov.pe.ca/law/regulations/pdf/E&09-13.pdf.
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The Residual Material Management Policy 1998-2008, a policy of the Environment
Quality Act, identifies the CRD sector as one of the three sectors key to Québec’s overall
waste reduction efforts. A recovery goal of 60% of all recoverable construction,
renovation and demolition materials by 2008 has been set for this sector. In addition, in
order to stimulate the recovery of CRD waste materials, the government intends to enact
new regulation that :
“Will prohibit the establishment and expansion of dry materials disposal sites in
Québec. The gradual elimination of these sites will force construction and
demolition waste generators who wish to get rid of these materials to direct them
to a sanitary landfill, at a much higher cost. Existing dry materials disposal sites
will be allowed to continue receiving waste for the authorized term of operation
in order to complete site rehabilitation. However, the standards governing their
operation will be tightened. Projects that have already been submitted for
environmental impact assessment and review will be studied on a case-by-case
basis […] Given that segregated concrete, asphalt and brick do not represent an
environmental risk, their reuse will be encouraged. As long as they meet certain
quality criteria, […] Construction, renovation or demolition debris containing
wood, gypsum, textiles or any other non-inert material, will have to be directed,
with the gradual closure of existing dry materials disposal sites, to either
authorized processing centres or sanitary landfill sites.”20
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Yukon Territory does not have legislation directly regulating the CRD waste sector.
However,
Solid
Waste
Regulations
(available
at
http://www.environmentyukon.gov.yk.ca/epa/enactreg.shtml) state that “untreated brush
and wood products that are not mixed with solid waste shall be stored separately from
solid wastes if they are intended for burning.”21 The Solid Waste Facility stipulates that
the operator must “establish and maintain properly signed, segregated areas for the
deposit of materials including … c) untreated brush and wood products (grubbing and
stripping) materials), d) construction/demolition debris…”. There are also scavenging
permits available for people to salvage such materials through the municipality. Some
CRD waste, such as creosote timbers have special handling requirements, wherein the
timbers must meet a certain criteria prior to going to the landfill site for disposal.

6.4

Municipal Overview

Many municipal by-laws directly and indirectly impact the CRD sector. By-laws, meant
to facilitate municipal waste management practices, often specifically regulate CRD
wastes such as concrete, metals, drywall and cardboard by dictating where and/or how
20
21

Recyc-Québec. “Québec'
s Residual Materials Management Policy, 1998-2008.”
Martin, Johanna Ministry of the Environment .Yukon Territory Personal Interview. 18 March 2005.
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they can be disposed of. For example; the Greater Vancouver Regional District has
banned drywall in the Greater Vancouver Regional District.
For more details on Ontario Municipal by-laws see Appendix C.
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THE MOLEHILL TOOL

The scope of the Let’s Climb Another Molehill project included the development of a
prototype tool for managers and operators involved in CRD activity job sites to help
facilitate the integration of waste reduction planning and execution.
Elements of the tool have been compiled to capture lessons learned from each of the 15
study sties. The tool is meant to enable the user to apply waste reduction theory into
practical use. In its completed form, the tool would include the following:
•
•
•
•
•
•
•
•
•
•
•

7.1

Waste reduction and waste management rationale
Guidelines and a process to implement waste reduction action plans
Sample WMAPs
Methodologies and templates to assist in the reporting of diversion and economic
results
Information on existing markets for typical CRD wastes
Waste volume and commodity value “quick” calculators
Greenhouse Gas savings “quick” calculators
Information on current provincial, municipal and federal regulations that may
affect CRD activities
Best practices
Training modules
Lists and links to helpful resources

Background and Rationale

The most effective mechanism to reduce waste exists during the design phase of
construction activities. Wastes can be avoided when buildings are designed and
constructed with waste reduction in mind, i.e. designs that ensure all materials are utilized
and for future disassembly. Thoughtful “upfront” design and planning is the key to
avoiding producing wastes.
Although participants of the Molehill study were aware of the benefits of improved waste
management practices, many in the CRD sector are not. Firms that do not recognize and
plan to participate in waste reduction activities may miss opportunities to reduce costs.
The findings of the Molehill report demonstrate the waste diversion opportunities and
associated costs savings on case by case basis. The objective of the Molehill tool is to
facilitate this transfer of knowledge to those involved in CRD activities to facilitate
behaviour change.
The benefits of waste reduction practices are demonstrated in 2 important principles:
1. CRD wastes can be assets and may possess positive potential values.
2. Proper planning and execution of a waste reduction action plan can maximize the
value of these assets.
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Effectively, those that are directly managing CRD site activities or have control over site
wastes (site superintendents, project managers, contract managers, and business owners)
will receive the most benefit from this tool.

7.2

The Five Important Elements of the Molehill Tool

Although there are currently a number of CRD waste management tools and resources
available, each of these resources is designed to address a certain target audience or
activity (i.e., government sector or construction sector). The Molehill Tool is an
amalgam of these tools and attempts to provide hands on, geographically specific
information for stakeholders involved in CRD activities. An important aspect to the
Molehill tool will be its ability to provide instant feedback and evaluation results to the
user both in terms of environmental impact and costs savings.
This Molehill Tool is built on the following 5 fundamentals:
1. Good planning can reduce the cost of managing those wastes that have high
negative value. This statement is verified by referring to the example of gypsum
wallboard off-cuts resulting from construction activities. Proper planning and
careful design can minimize the amount of off-cuts generated. Reduced materials
ultimately mean reduced costs.
2. Waste planning tools should be regionally sensitive. Geographic proximity to
reuse and recycling markets is critical to success. Typically, demolition project
managers understand the salvage and recycling value of nearly 90% of the
materials produced on the job site. Profits are maximized by understanding and
practicing the very best methods of removal, separation, transportation, resale,
redistribution and land filling. Successful CRD waste management begins with a
redefinition of wastes as assets. All materials should be managed in a way so as
to minimize cost and maximize return.
3. Communication between and within site staff is paramount to obtaining
results. In many cases, solutions do not have to be complicated or even technical.
Practical solutions to waste management barriers can be provided by any and all
members of the ‘team’.
4. Track your diversion results and net costs and compare them to what was
expected. In many cases, true waste management costs are not tracked or
recorded. More specific information in this area will result in a clearer
understanding of the opportunities both in terms of diversion results and
economic savings.
5. Moving toward meaningful change, direction is the next best thing to speed.
Successful job site asset recovery and value maximization is an investment and
has a clear process, but it must rely upon all those involved. If commitments are
kept, over time, the process will likely accelerate. Team members must be privy
to results in order to ensure efforts will be continued.
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7.3

Using the Tool

The Molehill Tool possesses 5 distinct steps:
1. Planning
2. Commitment
3. Execution
4. Evaluation
5. Repetition
":4
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Considerations prior to project commencement
a) For construction activities; meet with designers, architects, builders and
subcontractors to review building plan and identify areas where wastes could be
avoided.
b) Retrieve and review waste management cost from past projects.
c) Review materials managed by all trades and determine how these materials
should be categorized (for example type, weight, volume and cost).
d) Research, identify, understand and plan to comply with all regulations which
directly affect how you manage your project wastes.
e) Research and identify all available CRD waste material reuse and recycling
opportunities.
f) Understand and estimate the costs of transportation and disposal costs.
g) Anticipate waste materials and plan to organize each by type.
h) Review previous steps and draft a preliminary CRD waste management strategy
including waste diversion targets.
Formulating your Waste Management Action Plan team
a) Recruit the following to participate in the WMAP team:
• major building trades
• material suppliers
• project contracts
• site supervision
• field staff
• project consultants
• waste haulers
b) It will be incumbent upon the project managers to insist that all stakeholders
participate in waste management meetings. Participation is imperative to
ensuring goals and objectives are communicated to all team members. Best
results are achieved if all parties are privy to WMAP objectives.
c) WMAP team meetings are designed to confirm objectives, facilitate idea sharing,
adopt direction, develop and discuss implementation of the WMAP, assign
responsibility, evaluate progress and share results.
d) Necessary to the development of a successful WMAP is group ‘buy in’. It is
important that responsibilities are clear. Effective implementation of the plan will
be better facilitated by assigning one ‘owner’ to the plan.
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e) Rewrite all contract responsibilities and specifications to directly reflect goals and
actions as outlined in the WMAP. If necessary, improve budget tracking to ensure
improved detail and accuracy.
!;
a) “Buy In” to the WMAP will depend on a collective agreement to understand the
benefits of Step 1.
b) Distribute the WMAP, including new contract specifications to all team members
requesting comment and final sign off.
c) Organize a pre-project on site meeting to discuss the launch of the WMAP,
making certain that stakeholders clearly understand the process and individual
responsibilities.
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a) Ensure a copy of the WMAP is on site and clearly visible.
b) Constantly review objectives and evaluate progress (WMAPs may be altered as
site circumstances change and new ideas arise). Updated or changed WMAPs
must be redistributed.
c) Monitor and audit action items, entering data into your revised accounting
process.
d) If site objectives are achieved, immediately communicate these to all involved.
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At this stage, direct comparisons of actual to estimates will be made. The following
actions are required to complete the full evaluation:
a) Collect and record all relevant data.
b) Report findings to WMAP team members
c) Hold a post WMAP meeting to discuss findings
d) Make constructive changes to the WMAP based on comments and prepare for
subsequent projects.
*:
With each field test, the WMAP should be reviewed, evaluated and improved.
Consistently utilizing the WMAP will ultimately ensure a consistent process and build
institutional knowledge between project stakeholders. Consistent WMAP results will
demonstrate to all involved that waste reduction is achievable and transferable.

7.4

The Future of the Molehill Tool

To ensure usability, the Molehill Tool should be developed into an on-site handbook.
Contents should include some background information but should focus on practical
information, incorporating waste management theories into practical use. The tool’s
success will depend on its readability and transferability for any and all CRD projects.
The tool will be successful if the user can quantify diversion and economic savings.
When designing the on site Molehill manual the following considerations must be made:
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As markets are regionally based, geographic versions of the Tool should be
developed.
• As market conditions, regulations and commercial relationship constantly change,
the Molehill tool must be constantly updated.
• With the emergence and success of sustainable building evaluation programs such
as LEED, more tools are now needed to better measure environmental
performance outcomes.
• The Molehill Tool must be adaptable and react to changing methods of data
collection, and continually improve upon analysis and application.
7.5
Other CRD Waste Management Tools
The following is a core source list of CRD waste management planning tools
recommended and currently available for reference:
Public Works & Government Services Canada (PWGSC)
“Green Construction Toolbox”
“Environmentally Responsible Construction & Renovation Handbook”
http://www.pwgsc.gc.ca/realproperty/text/pubs_ercr/toc-e.html
Canada Green Building Council
LEED (Leadership in Energy and Environmental Design)
Section: MR: Materials & Resources
www.cagbc.org
Canadian Construction Association (CCA)
CCA Document #81 (2001)
“A Best Practices Guide To Solid Waste Reduction”
www.cca.com
US Pentagon: Renovation & Construction
“Field Guide To Sustainable Construction”
http://renovation.pentagon.mil/sustainfieldguide.htm
Wastecap Wisconsin
Publications In Construction & Demolition Waste Management
http://www.wastecapwi.org/condemo.htm
USA: State of Hawaii
“A Contractor'
s Waste Management Guide”
“Job Site Action Plan”
http://www.hawaii.gov/dbedt/ert/cwmg/ch01.html
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RECOMMENDATIONS AND CONCLUSIONS

Molehill study site involvement allowed researchers to identify the opportunities where
waste management practices can be integrated into CRD activities.
Key to this
integration, are understanding and convenience. Early observations made clear, that in
order for improvements to occur, several changes may have to happen simultaneously.
These changes will originate with, and must be championed by, the various stakeholders
who are involved in any given project. Key to success will be demonstrated, quantifiable
results, both in terms of waste diversion and economic savings.
Integral to the introduction and implementation of waste diversion programs into CRD
activities, is a change in perception. It is imperative that those managing CRD wastes
participate in forecasting and planning exercises, which include waste avoidance and
diversion prior to project launch. Two factors which will support making these changes
common place are education and regulation.

8.1

Education

It is imperative that those who are managing CRD activities, have a clear understanding
of waste management in terms of minimization. This could be facilitated through
Municipal Planning Departments. During the permitting process, department staff could
provide site proponents with waste reduction resources and training. Information and
tools would be presented before the CRD activity was to begin, providing an opportunity
for site and building managers to consider waste as they plan their CRD activity.
Resources could include; green build design information and resources, a WMAP
template, local and regional recycling markets information, general resource contacts and
listings of associated by-laws and regulations.

8.2

Regulation

Site managers could be compelled to integrate waste management planning and activities
into site management through the municipal permitting process. As an additional
requirement, site proponents could be asked to submit a completed WMAP with their
permit request. This WMAP could be shared between the Municipal Planning
Departments, Municipal Waste Management Departments and the Provincial Ministries,
who in turn could share the responsibilities of compliance and reporting.
The merits of waste reduction and diversion must be translated to and communicated as
economic impacts. The development of a ‘quick calculator’, within the design of the
Molehill tool, will provide proponents the ability to assess cost avoidance or savings,
based on the variety of site management approaches available to them. This tool would
also allow users to compare the costs land-filling to alternative diversion approaches.
The ability to quantify the GHG savings from materials diverted through the Molehill
project provides important information to site proponents and policy developers. In
many cases waste management is perceived in one dimension, that being “waste” created
as a result of an activity. Calculating related GHG savings from alternative waste
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reduction approaches, compels participants to examine environmental impacts of the full
lifecycle of the materials being handled in terms of extraction, production, transport,
application and end use.
GHG savings calculations, in conjunction with available
technologies and markets, will have dramatic impact on determining diversion
opportunities available and those which will provide the greatest returns.
Based on background research of CRD waste generation and composition, focus should
be applied to the following:
• A concise, peer-reviewed, widely accepted definition of CRD wastes must be
developed. This definition must be accepted by members of industry, all three
levels of government, the CRD recycling industry, and the environmental
community.
• Focus must be placed on residential demolition and renovation, as well as nonresidential demolition wastes, as it represents upwards of 90% of the CRD wastes
generated.
• Focus must be placed on 4 key wastes including concrete, steel, wood and
gypsum wallboard, which represent more than 50% of CRD wastes generated.
The following is a list of recommendations that are considered priority items and are
expected, if implemented, to have a positive impact on CRD waste diversion. The
recommendations are prefaced by a brief description of the various stakeholder groups
affected.

8.3

CRD Industry

The CRD industry includes construction and demolition companies, architects, site
designers and managers, suppliers, contractors, recyclers, waste haulers and to some
extent the “do it yourselfers”. These stakeholders are driven predominately by
maximizing financial returns and minimizing time for implementation. In order for the
CRD industry sector to become engaged, it must be satisfied that the time required to
develop and integrate a WMAP will provide sufficient financial returns. As such, the
most important function of the Molehill tool will be to provide a quick and accurate
method of estimating costs savings. When CRD companies begin to take the lead on
waste issues, other stakeholders in this category will follow. For example, tendering
requests from the CRD industry that include specific on-site waste management
specifications by suppliers or contractors will obtain positive diversion results and
support recycling and reuse markets. Conversely, builders who adopt purchasing
procurement practices will encourage recycling and reuse markets.

8.4

Governments

Municipal, Provincial and Federal levels of government have an opportunity to affect
change. Active monitoring or the development of regulation has been minimal in most
cases due to either a lack of resources or a perception that the problem is not substantial
enough. Molehill research revealed an opportunity for partnerships between municipal
departments, and municipal and provincial governments to share information and
resources as well as the monitoring and compliance responsibilities associated with
&&

regulations. By implementing regulation, governments can also have a substantial impact
on CRD markets by way of material bans from landfill or incinerators.

8.5

Reducing Wastes at Source
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Think waste management during the design and construction phase. Careful planning
during the construction phase can result in immediate costs savings through reduced
material usage, waste disposal costs, and issues that result during the removal of waste.
• Design and build with dismantling in mind.
• When renovating, think adaptive reuse. Consider adapting portions of an existing
building into the construction of the new. Track these salvaged parts and
calculate cost savings for reduced materials usage and waste disposal costs.
• Issue tendering contracts that include detailed specifications regarding waste
management and reduction plans. Ensure that any savings that are realized as a
result of efforts is passed back to the contractor or supplier.
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• Provide recognition to those designers and builders that have incorporated waste
planning into the design, construction or renovation projects.

8.6

Having a Plan
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• Waste Reduction Action Plans must be made mandatory for all CRD activities of
a specified size, requiring municipal approvals and/or permits so that waste
management planning and recovery opportunities are addressed before the CRD
activity begins. Requests for such plans can be made mandatory when permits are
requested. Lists of these permits and associated plans could be copied from
various Municipal permit departments to waste management departments. Both
could manage on-site monitoring and compliance.
• WRAPs must be uniform in content and structure and provide local resources for:
pre-demolition and pre-renovation waste audit consultants; and, CRD waste
recovery sites and salvage sites. WRAPs should also include mandatory third
party pre-demolition waste audits for all demolition projects over a specified size.
• Municipal government permitting and waste departments could provide
workshops/seminars, providing ongoing educational opportunities for CRD
stakeholders to learn more about the proper design and effective execution of
WRAPs.
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8.7

Implementing the Plan
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• Bins for recovered commodities must be placed as close as possible to the
location of generation, with bins for general waste enjoying a less convenient
location.
• Bins on all CRD job sites should be labeled as to the contents to be deposited, for
example “wood only”, “wood and metal only”, “mixed waste only” etc. This
ensures continuous training and reminders to workers, project managers and
inspectors.

8.8

Approval and Compliance with the Plan
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• WRAPs must be approved by a body having adequate knowledge and authority.
This could be a municipal, municipal-provincial or a provincial role. The WRAP
would need to be prepared prior to the submission of a municipal building,
development or demolition permit (either submitted with the permit application or
a declaration made to the Municipality that a WRAP has been submitted to the
Ministry of the Environment). A municipal permit application would only be
considered complete with either the submission or declaration.
• Planning Permit approvals should not be tied to WRAP approvals until such time
as acceptable regulated WRAP review-and-approval turnaround times are
developed and reliably achieved.
• WRAPs must be audited by a body having adequate knowledge and authority.
This could be a municipal, municipal-provincial or a provincial role but would
require training of staff and depending on the risk assessment applied to WRAPs
and the site inspection frequency, a significant increase in staff.
• Development of enforceable WRAP guidelines: Standards would need to be
developed for completing WRAPs, approving WRAPs and auditing WRAPs.
• Enforcement authority would need to be addressed.

8.9

Making the Plan Work
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• Though not readily available, waste collection bins can be retrofitted with internal
partitions making it possible to have two- or even three-stream collection at any
residential CRD sites where there is only space for one bin.
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• Material salvage operations take time and often lead to more significant delays
due to winter-restricted construction activities. Deconstruction crews need to be
large to ensure salvage operations are quick and cost-effective. Consider
developing a project that will bring together demolition contractors,

&

deconstruction crews and used building material receivers to network and identify
deconstruction opportunities.

8.10

Strengthening/Developing Markets
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• Support the mixed waste CRD recyclers by recognizing and promoting CRD
recyclers with high recovery rates. This can be achieved through the WRAP
process.
• Support the used building material industry by recognizing and promoting
companies offering deconstruction services, used building material supply stores,
and users of used building materials (e.g. Habitat for Humanity).
• Establish enforceable recovery rates for common CRD activities, beginning with
those activities that have the highest waste generation rates (e.g. residential
renovations and non-residential demolition).
• Develop and promote a standard tool for tendering waste management services
that includes pricing and recovery guarantees.
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Case Study 1: Gypsum wallboard off-cut diversion and recycling
Avondale Residential Condominium Development
Yonge Street and Highway 401, North York, Toronto
Objectives
• capture all gypsum wallboard installation off-cuts
generated during the installation of drywall on three
floors of Phase 2 building
• transport the off-cuts to New West Gypsum for
recycling
• examine the volume of wastes generated
• study comparative cost implications
• examine on-site relationships between project
managers and contractors
Key outcome

Over 16,000 lbs of gypsum wallboard off-cuts were diverted from
landfill and recycled from 3 floors of a high-rise residential condominium development.

Implementation timeline
October 28, 2003 - November 14, 2003

Project description
Tridel Group is one of Canada’s largest and most established condominium developers.
They are a vertically integrated company, directly managing the entire development
process from land acquisition, planning, design, and construction to post-occupancy
building management. The location in question was known as the “former Maclean
Hunter head office”. A number of firms, including Tridel, were building residential units
on this large site. Tridel’s plans included constructing two 30-storey towers. Phase 1 of
the project was complete and occupied. Molehill participation began during Phase 2
building. In this phase of the build, the typical floor plate was just over 13,000 square
feet. Deltera Inc. was Tridel’s construction firm responsible for project management.
As is typical in many of their other Toronto projects, Deltera sub-contracted the supply,
installation and taping of gypsum wallboard to Highrise Drywall. Highrise crews took
approximately one week to complete each floor of the project. Of particular significance
was the nature of how gypsum wallboard work was contracted in this sector of the
construction market. Because this site was being managed under collective bargaining
agreement (CBA) terms, including the supply, installation and finishing of all gypsum
wallboard, Deltera was charged a unit rate common to all projects in this area. Included in
the contract terms was the requirement that the gypsum wallboard trade was responsible
for managing all their site wastes. It is important at this point to mention that the costs of
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waste management for this project were embedded in the overall unit price within the
CBA. As a result of this subcontract arrangement, any cost reductions achieved through
recycling off-cuts, as opposed to landfilling, would directly benefit the contractor, not the
project manager.
The location of the site did not allow for sufficient room for staging of materials or for
project waste management. A temporary lift was installed on the exterior of the structure
that was used to transport crew and materials to all floors. At the base of the building
space was provided for one 40 cubic yard waste bin, supplied by Millennium Waste. The
bin was filled with mixed construction wastes and its contents were then driven to
Millennium’s private transfer station located in Mississauga, 43 km away. At this transfer
station, major pieces of metal and corrugated cardboard were separated for recycling. The
balance of the bin’s contents was reloaded into large transport containers and tipped in
the landfill site in Michigan, U.S.A; a round trip of approximately 800 kilometres.
Highrise Drywall was required to manage its own project wastes on this site; contract
terms typical for all Tridel sites and common to collective bargaining agreements.
Despite this agreement, gypsum wallboard crews were actually dumping drywall off-cuts
into the single mixed waste bin located at the base of the building. Contractors reported to
Molehill researchers that the lack of space prevented waste separation.
With the assistance of Tridel’s environmental coordinator, Jamie James, a gypsum
wallboard capture and recycling test was undertaken. All relevant parties met and agreed
to develop and implement a WMAP (Waste Management Action Plan).
Gypsum wallboard off-cuts from 3 ½ floors were collected by Highrise crew. Space was
made at the base of the building where a 40 cubic yard bin was supplied by Millennium
Waste. Over a period of approximately 3 weeks, the bin was completely filled with
gypsum wallboard off-cuts. The bin was then driven to New West Gypsum Recycling
located in Oakville, 50 km away. Its contents, weighing just over 16,000 lbs, were
dumped and recycled at New West’s facility. New West Gypsum accepts the off-cuts for
a reduced tipping fee (fees depend on the volume of the load).
The comparative costs of this method versus the status quo of landfilling were explored
and discussed with all parties. Ultimately, a cost sharing agreement was made, allowing
all parties to share in the reduced overall cost of recycling versus landfilling.
New West Gypsum Recycling typically sells its recovered gypsum wallboard to a
company called BPB, located 16 km from their recycling plant. BPB uses reclaimed
gypsum to make new gypsum-based products. BPB is the product supplier to the Tridel
project for which New West Gypsum Recycling recovers and recycles the gypsum scrap.
Site research and selection
Molehill researchers had been made aware of the Avondale project by Sandra Marshall, a
Senior Researcher with Canada Mortgage and Housing Corporation (CMHC). Ms.
Marshall knew that Tridel had retained the services of Jamie James as an environmental
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co-coordinator and suggested contact. From that point on, Mr. James’ participation in this
pilot site was key to its success.

Initial research indicated that, as is typical of virtually all development, construction and
project management operations in Toronto, Tridel was not aware of the Province of
Ontario’s “3 R” waste management regulations. A pre-project waste audit was not
completed nor was cost of waste management for the project tracked. Participation in
Molehill facilitated these activities, which clearly demonstrated cost savings to the
project manager and contractor.
A study site planning meeting was held on site. All relevant parties attended, including
Deltera project managers, Jamie James from Tridel Group and Ivan Zelkovic, manager of
Highrise Drywall. A WMAP team was formed and the commitment to capture Gyproc
wallboard off-cuts made. The project was studied for the following reasons:
• from a technical perspective, gypsum wallboard is rather easily recycled
• through New West Gypsum Recycling, there was ample gypsum wallboard
recycling capacity available
• Millennium Waste already hauled gypsum wallboard off-cuts to New West from
other job sites in the GTA
• comparative handling costs could be studied and economies of scale explored
• participation would bring Deltera into direct compliance with existing Ontario 3R
Regulations
• site logistics (studied and modified to demonstrate that additional bins could be
placed to collect gypsum wallboard off-cuts)
• Highrise Drywall was the only sub-trade on site required to manage its own site
wastes
• separation and recycling success could be transferred to other residential and
commercial projects currently underway in the GTA

WMAP team members
•
•
•

Jamie James, Environmental Consultant, Tridel Group
Vince Mararchi, Assistant Project Manager, Deltera
Jim Hall, Site Superintendent, Avondale Site, Deltera
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•
•
•
•

Nick Carello, Site Superintendent, Avondale Site, Deltera
Ivan Zelkovic, Highrise Drywall
Shawn Radvanyi, New West Gypsum Recycling
Bob Sawatsky, Principal research to RCO, Renova Consultants

Issues, barriers and opportunities
Issues
• site logistics and the placement of recycling bin
• labour costs to collect off-cuts
• cost of off-cut transportation to recycling facility
• compliance with Ontario 3R Regulations
• contractual terms between Deltera and Highrise Drywall
Barriers
• tight site access at base of Phase Two building
• drywall crew’s unfamiliarity with collecting off-cuts separately
• Highrise Drywall’s concern over increased labour costs
• convenience of mixed waste bin placement at base of building
Opportunities
• large anticipated volume of off-cuts available
• existence of gypsum recycling capacity at New West Gypsum
• potential for overall cost reduction due to less expensive tipping fee at recycling
facility vs. typical landfill destination
• better understanding of landfill vs. recycling cost implications
• better understanding of contractual arrangements
Recycling rationale
Construction waste composition studies have
consistently indicated that 15% of residential
construction waste is comprised of gypsum
wallboard off-cuts. This is equivalent to 1 lb
of drywall off-cut waste for every square foot
of construction.
Over the past number of years, there
have been over 40,000 annual housing
starts in the GTA. If one assumes each
new housing unit averages 1,600
square feet in area, the GTA’s annual available gypsum wallboard off-cut waste
would be 1600 (sq. ft / lbs) x 40,000 = 64 million lbs.
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Evaluation matrix
Issue

Barrier

Opportunity

Location of
dedicated bin for
gypsum wallboard
off-cuts

Tight overall site
access with no
anticipation of
second bin

Placement of a
dedicated bin
allows for on site
capture

Labour costs to
collect off-cuts
and place in
dedicated bin

Drywall crews not
used to separate
collecting off-cuts

Study crew current
practices and
examine how their
behavior changes

Off-cut bin
contamination

Huge quantities of
mixed project waste
were placed in
mixed waste bin at
building base

Train drywall site
crew to place offcuts into
appropriate bin

Transportation of
dedicated off-cut
bin to New West
Gypsum
Recycling facility
in Oakville

Waste hauler claims
that this trip is much
further than trip to
transfer stations

Comparative cost
of tipping gypsum
wallboard off-cuts
at recycling
facility vs. at
mixed waste
transfer station

Convince waste
hauler of the value
of the study

Action

Outcome

Space for dedicated
bin provided at
opposite end of
platform at base of
building, directly
beside lift doors
Communicate study
goals directly with
on-site drywall
cleanup crew

Waste hauler
places 40 cu. yd.
bin at base of
building, allowing
crew to begin
filling with off-cuts

Weekly site visits to
meet with site crew
Weekly
communication with
site crews
Place clear signage
on dedicated bin
Researchers
discover that typical
trip taken by waste
hauler with mixed
waste bin to their
private transfer
station is only 4 km
away from recycling
facility

Waste haulers are
reluctant to disclose
costs to clients

Explore the
potential for
reduced costs to be
shared amongst
the hauler and his
client

Track actual tipping
fee at New West
Gypsum wallboard
and communicate
this fee to Deltera

Continuation of
recycling process,
post-study

Would source
separation and
recycling practices
continue?

Large volume of
off-cuts could be
recycled from the
balance of the
building
construction,
resulting in cost
reductions

When instructing
waste hauler to
pickup full off-cut bin
from Phase Two
site, researcher
asked hauler to drop
an empty bin in its
place

Compliance with
Ontario 3Rs
Regulations

Tridel and Deltera
were unaware of
existing regulations

Awareness of
regulations leads to
greater compliance

Researchers made
Tridel staff aware of
3Rs regulations and
encouraged them to
follow the process

Site crews
reported no
additional labour
needed to collect
off-cuts

Entire load was
clean

Waste hauler
agrees to deliver
bin to recycler
without additional
mileage charge to
Deltera
Highrise Drywall,
(responsible for
paying tipping fee
as per their
contract with
Deltera) is given a
$70 per bin
reduction by the
waste hauler
Drywall crews
simply continued
to fill bin with
clean off-cuts
Process
maintained for the
entire balance of
Phase Two
Unknown at time
of study
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Issue

Barrier

Unit pricing of
gypsum wallboard
service through
CBA

Material data
Material

Gypsum
wallboard
installation
off-cuts

Opportunity

Developers pay the
same unit rate as
per CBA, which
includes the price of
waste management
Costs are reduced
cost by recycling offcuts, this savings
can be passed on to
prospective clients
as an incentive

Comparative
labour to
capture

No difference
collect
separately and
load into
dedicated
recycling bin

Need a mechanism
to address this
anomaly - drywall
recycling volumes
could be increased

Weight

16,434 lbs
(7.47 tonnes)
0.36 lbs per
sq. ft. floor
area
Drywall
waste factor:
8%

Floor area of
study

Phase Two:
floors 7,8,9
and 50% of
floor 10
Total floor
area studied:
45,587 sq. ft.

Action

See
Recommendations
section of Molehill
report

Comparative tip
fee
Mixed waste
private transfer
station: $65 /
tonne
New West
Gypsum
Recycling facility:
$30 / tonne
Net savings
recycling: $35 /
tonne
Total savings =
$35 x 7.47 tonnes
= $261.45

Outcome

None at the time
of study

Comparative bin
fee
To complete
recycling of
balance of
gypsum wallboard
off-cuts, the waste
hauler reduced
the drop / tip fee
of a 40 cu. yd. bin
to Highrise
Drywall by $70 per
bin
Saved $70 in
tipping fees

Successful recycling requires large and predictable volumes of feedstock. It is clear that
the GTA’s annual potential gypsum wallboard feedstock is significant. At this point in
time, relatively little of this material is being captured and recycled.
The rationale for studying the Avondale project was that by capturing and recycling offcuts from a typical site, valuable and repeatable lessons would be learned. These could
ultimately lead to an increased volume of gypsum wallboard waste recycling in the GTA.
Observations
1. Typical of most residential condominium projects in the GTA, a limited amount
of space is available on the job site to allow for dedicated bin placement.
2. Even though researchers were initially told that no space for an additional bin was
available, once the WMAP team had communicated, space was found.
3. The expected increase in labour to capture gypsum wallboard off-cuts never
materialized.
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4. Good communication of the study goals, combined with encouragement and
positive reinforcement inspired the gypsum wallboard site crew to do the job
correctly.
5. Compliance was a direct result of ensuring dedicated bins for the off-cuts were
conveniently placed.
Conclusions
On a condominium project of this size, logistics and human dynamics are complex. The
builder, operating under high financial risk and narrow profit margins, is keen to finish
the project. In this setting, project managers resist changing practices. They will organize
and build out the project in the same way, and with the same trades and suppliers they
have a relationship with.
Even though condominium builders have an intimate understanding of almost all of their
costs, the financial and logistical implications of waste management are often left to the
sub-trade. Sometimes, as was the case in this study, costs are deeply embedded in unit
pricing. It is not altogether surprising to find that contract and project managers in this
setting do not know the true costs of managing typical project wastes.
Included among the study conclusions are:
1. Complex construction projects succeed, to a great degree, when there is strong
and effective communication, encouragement and teamwork, among all trades and
managers on site. A successful new direction in waste recovery first depends on
plugging in to this dynamic.
2. If a bin, dedicated for one specific waste material, is to be located on site, it must
be placed at a convenient location.
3. When gypsum wallboard off-cuts are captured and recycled locally, costs are
reduced.
4. The waste hauler must participate with all others, as an asset manager.
5. Compliance with Ontario’s 3R Regulations begins with education.
6. CBA unit pricing that includes the cost of waste management needs to be revised
if cost reductions are to be achieved and shared.
7. On this site, the weight of gypsum wallboard off-cuts per square foot, was less
than half of the accepted industry standard (0.36 lbs per sq. ft. vs. 1 lb per sq. ft.).
This is likely due to design parameters i.e.: standardized wall heights and the
minimization of bulkheads. In most other construction projects of this nature the
tonnage would be even greater.
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Case Study 2: Material salvage and wood recycling
Ridgegate Residential Renovation
4 Ridgegate Crescent, Etobicoke, Ontario

Objectives
• capture all demolition wood waste for recycling
• capture all demolition asphalt shingles for
recycling
• deconstruct existing kitchen cabinets for reuse
• salvage all existing bathroom cabinets and
plumbing fixtures for reuse
Key outcome

Significant barriers were experienced on a residential renovation project while attempting to
salvage an existing kitchen and capture demolition and new construction wood waste for
recycling.

Implementation timeline
September 11, 2003 - November 4, 2003
Project description
A 40 year-old side-split 1,700 square foot bungalow was scheduled to receive a new
kitchen, 2 new bathrooms and a new second floor bedroom addition. The homeowners
were well established in the community and had lived in the house for a number of years.
Owners had made the choice to renovate rather than purchase new.
The plan included removing half of the existing roof assembly to make way for the
“bump up” addition. On the main floor, the original kitchen would be replaced, with
minor wall change and both bathrooms were scheduled for replacement. The renovation
contracting firm awarded the project would handle the design, permitting and all
demolition and new construction.
This type of renovation project presented material salvage and recycling opportunities,
including salvaging cabinets and plumbing fixtures. Wood removed from the original
roof assembly might be captured for recycling. Once removed, the shingles would present
a challenge. It was decided to make an attempt to salvage the wood and shingles.
Prior to initiating the project a WMAP team was assembled and study objectives
established.
Unfortunately, the WMAP member meetings did not include the waste hauler who could
not provide the extra time necessary to be part of the planning process.

Another early challenge had to do with the project permitting process. The house was situated
closer to the lot line than was currently allowed in the municipal zoning regulations therefore the
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existing structure was deemed “legal non-conforming”. A minor variance was needed before a
building permit would be issued. Molehill study goals had been established with the WMAP
team just before the building permit was anticipated. Permits were delayed a number of times,
due to minor and unexpected issues. Homeowners had waited to sign the construction agreement
until permits became available. In imminent anticipation of receiving a signed contract and the
project go-ahead, the general contractor had committed crews to a schedule and was very anxious
to get going.

In addition to permitting issues, weather also proved to be a challenge. Delaying the
permit moved the project into the winter months. Tearing off more than half the roof
would expose the house to major weather challenges. Once the demolition actually began
crews would have to focus all efforts on closing the second floor.
Once the building permit was acquired construction began immediately and time
pressures meant little interest in implementing the WMAP.
As the project proceeded, the attention turned to the interior. Arrangements had been
made to have an experienced deconstruction crew carefully remove the kitchen cabinets,
countertops and plumbing fixtures. They were designated for resale at a used building
material facility. Once on site, the removal crew found that the original cabinets had been
site built. This meant they were much more difficult to remove intact. Because of the
accelerated schedule, there was not enough time to remove them in good condition. As a
result the general contractor’s crew removed what they could and the doors were
salvaged for later use. Bathroom cabinets were salvaged and re-installed in the garage for
storage. The two original toilets were not saved for reuse.
One of the stated goals detailed in the original WMAP was to have the demolition wood
from the original roof recycled. The waste hauler had indicated that he typically
“recycled” wood from this type of project. As such, typical practice for this hauler was to
separate wood from mixed waste loads in his yard and transported demolition and new
construction wood to a “waste to energy” facility located in Ajax. This private facility
burns demolition and construction waste and creates electrical power through this
“gasification” process. As is common in the emerging field of sustainable building,
language and definitions are constantly changing. The current consensus among “green
building” practitioners is that this process is not considered recycling.
In the end, all demolition and construction wood from the Ridgegate study site was sent
to the Ajax waste to energy facility for incineration. For the purpose of this study, this
activity has not been considered diversion.
Site research and selection
Over $3 Billion is spent on renovations in the GTA each year. This massive economic
activity has grown each year for some time. A significant percentage of this money is
spent on residential projects. This is being driven by a number of reasons including:
• progressive aging of existing Toronto housing stock
• higher earning potential in homeowners
• progressive changes in municipal zoning controls
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•
•

accelerated availability of new technology in housing products
urbanization and densification of the city core

The average size of a residential renovation project has also increased annually. There is
a growing trend to increase the overall square footage of homes, despite the decreasing
size of families.
It has always been difficult to quantify and qualify waste types and volumes from
residential renovation activity. These waste tend to be created in a wide range of states
and find their way to public and private transfer stations, landfills, recycling and reuse
facilities. Tracking these wastes is particularly difficult.
The general contractor, Dreambuilders, was well known in the Toronto renovation sector.
Owner and manager, Lou Frustaglio, chosen Canada’s “Renovator Of The Year”,
continues to be an activist in the industry, encouraging improved technical and consumer
standards through his membership in the Greater Toronto Home Builders’ Association.
His firm is known as a design-build operation handling all aspects of a project for his
clients. This provided important support to the Molehill project.
Homeowners Pete Pynnenburg and Jill O’Brien were energetic household waste
recyclers. When approached and asked about participation in this study, they were
enthusiastic.
WMAP team members
• Pete Pynnenburg, Jill O’Brien, Ridgegate homeowners
• Lou Frustaglio, Owner, Dreambuilders
• Sean Hancock, Deconstruction Manager, Home Again, Como Waste Hauling
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• timing of re-zoning decisions and building permit
• availability of hauler to participate in research study planning
• placement of bin on site
• availability of appropriate recycler for wood and shingle wastes
• original construction of kitchen cabinets
• water use efficiency of existing plumbing fixtures
• weather conditions / time of year
• project schedule of general contractor
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Barriers
• unpredictable timing of re-zoning decisions
• hectic schedule of waste hauler
• tight site access for bin storage
• variety of interpretations and definitions of recycling
• older cabinets were “stick built” on site, making disassembly difficult
• lack of acceptable water-saving toilet tank retrofit product
• occasionally harsh climate
• high demand and tight availability of renovation trades
•
•
•

Opportunities

influence the speed at which permits are issued
placement of waste bin in a convenient location
encourage of waste hauler to find an appropriate wood waste recycler replacing
EFW options

Recycling rationale
The Ridgegate research study applied two waste management approaches:
• capture and recycling of wood wastes
• salvage and reuse of selected assets
Evaluation matrix
Issue

Barrier

Opportunity

Action

Outcome

Timing of re-zoning
decisions and
building permits

Unpredictable
timing of re-zoning
decisions

Influence the speed
at which permits are
issued

Contractor and
homeowners
request earlier
decision and rapid
release of permit
from Municipality

No change

Availability of waste
hauler to take part
in study planning

Hectic schedule of
waste hauler

Encouragement to
participate by other
WMAP team
members

Numerous phone
calls made by
Molehill researcher

No change

Placement of bin on
site

Bin was placed on
driveway, restricting
access for trades
and suppliers

Placement of bin on
public street

Waste hauler was
asked to move bin
onto street

Waste hauler
refused to move
bin, citing concerns
of neighbours and
municipal staff

Researcher to find
wood recycler on
behalf of waste
hauler

Researcher not able
to find a wood
waste recycler to
take hauler’s wood
waste from site

All demolition wood
waste delivered to
“waste to energy”
facility in Ajax

Seek any
opportunity for
shingle recycling

Researcher made
numerous inquiries
in GTA region

Finding appropriate
recycler for wood
waste

Asphalt shingle
recycler

Waste hauler’s tight
schedule
Definition of
recycling
Little, or no
recycling of this
material in the GTA

No recycling
capacity found
All asphalt shingles
sent to landfill
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Issue

Barrier

Original
construction of
kitchen cabinets

Opportunity

Cabinets had been
“stick-built” on site
by carpenters
Contractor working
under tight timeline

Deconstruction
speed
Influence
contractor’s
schedule

Water use efficiency
of existing toilets

Each toilet used 5
gallons of water per
flush

Water saving retrofit

Weather conditions
and time of year

Cold, wet and
unpredictable
weather patterns in
October and
November

No realistic chance
to delay project

Action

Outcome

Deconstruction
crew asks for more
time to remove
cabinets

Contractor unable
to give more time
and cites pressure
from homeowners

Homeowners
explored local
market for retrofit
item

Even though retrofit
kits were found,
homeowners
ultimately decided
the colour of toilets
did not fit their
design, toilets were
landfilled
Weather was poor
so project timing
was accelerated
Municipal staff does
not expedite permit
release

Delay in contract
signing
Project schedule of
contractor

Large demand for
contractor and
trades from existing
and prospective
clients

Influence timing of
permit release
Procure, train
additional trades

Contractor phones
Municipal staff and
requests faster
decision
Contractor searches
marketplace for
additional trades

No trades found
Project begins
immediately as
permits become
available
Contractor and
homeowners agree
to speed up the
process, rather than
slow it down

Material data
Material

Quantity

Destination

Wood waste from demolition of
partial roof assembly

3500 lbs (1.6 tonnes)

Ajax “waste-to-energy” facility

Asphalt shingles from demolition
of partial roof assembly

2880 lbs (1.31 tonnes)

Landfill

15 linear feet uppers
20 linear feet lowers
18 cabinet doors

Landfill

Bathroom cabinets: melamine
particleboard boxes and doors

6 linear feet of base units

Re-installed in garage for
storage

Bathroom toilets: green and
yellow in colour

2

Landfill

Kitchen cabinets: melamine
particleboard boxes, plywood
painted doors
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Observations
1. Expediting the re-zoning and building permit approvals process was in the mutual
best interests of the contractor, homeowner, trades and the Molehill research
study, and would have likely resulted in increased waste material diversion, the
Municipality was either uninterested or unable to expedite the process.
2. Waste haulers took on more work than they could manage.
3. Because the original WMAP team had come together early, it was able to make
changes to the WMAP and still achieve some of its initial goals.
4. Once the project had begun, time allowances tightened, limiting application of the
WMAP.
Conclusions
5. 1.There is no identifiable system in place, at this point in time, to encourage or
influence the municipal zoning or permitting process when progressive waste
reductions could be achieved as a direct result.
6. 2.There is considerable lack of agreement over how certain sustainable building
terms are defined, (i.e., “recycling”). Clear definitions may result in higher end
uses for diverted materials
7. 3.Difficult to find a waste hauler who has the resources or interest in participating
in waste diversion solutions. The waste hauler is an appropriate stakeholder with
respect to ensuring proper waste management and diversion. An underlying fear
that participating in diversion activities leads to reduced work, can prevent
participation
8. 4.If disassembly and removal for reuse are not anticipated in the original
construction and installation, the result can be increased wastes and a loss of reuse
revenues.
9. 5.Starting with a good WMAP allowed for adjustments in response to changing
site conditions and unanticipated developments.
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Case Study 3: Cabinet and fixture salvage
Meridian Residential Condominium Development
North York, Toronto, Ontario

Objectives
• intercede in the planned demolition timeline so
as to generate the maximum possible material
salvage through selective deconstruction
• demonstrate to the developer the potential for
asset recovery and the financial value when this
process is allowed
Key outcome
Under pressure from a looming demolition deadline, $8,000 worth of salvaged cabinets
and fixtures were removed from 20 houses.
Implementation timeline
November 7, 2003 - November 27, 2003
Project description
Reaching the end of a lengthy and costly process of assembling ownership of over 20
single family houses comprising an entire North Toronto city block, Deltera Inc., the
construction arm of major Toronto development firm Tridel Group, was anxious to
demolish all buildings to begin construction. A major high-rise residential condominium
project was planned. Of additional concern to the developer was the potential for
vandalism in the houses that were now vacant. The average age of these houses was 50
years, however although the developer was unaware of it, many of the houses had new
bathrooms and kitchens.
Molehill research staff collaborated with Tridel’s Environmental Coordinator to convince
project managers to allow a deconstruction crew immediate access to a number of the
houses. A Molehill site survey had indicated a significant quantity of cabinets and
fixtures, in good to excellent condition, were available for salvage. After complex
negotiations, a local used building material firm was given two days to access the houses
and remove as large a quantity of assets as time would permit.
After two full days of interior deconstruction, the two-person crew managed to remove a
quantity of kitchen and bathroom cabinets, plumbing fixtures, interior doors and vintage
hardware. All of these materials were transported to their retail store for resale. Two
weeks later, all salvaged materials had been sold for a total of $8,000. If additional time
had been made available to the removal crew, the overall value of materials removed may
have exceeded $20,000.
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Immediately following deconstruction of these selected assets, all the houses were
demolished and new construction started.
Site research and selection
Tridel Group’s condominium development at
this location is typical of many of Toronto’s
urban renewal projects. Municipal approvals of
residential densification on major city corridors
have been ‘fast tracked’ for a number of years.
While the removal of single-family homes in a
well established neighbourhood has its critics, it
is generally accepted that this is an appropriate
use of land. This is particularly true when, as in
this case, the site is close to major urban mass
transit and other existing high density mixed use commercial / residential developments.
Assembling land for this type of project can be time consuming and costly. Tridel and it’s
financial partner in this project had acquired ownership of all 22 houses covering an
entire city block and demolition permits had been issued. Through suggestion from
Canada Mortgage and Housing Corporation, Tridel’s Environmental Coordinator was
contacted. Jamie James agreed to assist in seeking permission for a pre-demolition waste
audit of all 22 houses. Time was also provided to Molehill researchers to perform a brief
audit.
Audit results revealed that a number of the houses had newer kitchens and bathrooms.
The potential for asset recovery was assessed and a site-specific WMAP (Waste
Management Action Plan) was produced. Home Again, a local used building material
store, was contacted. Their deconstruction team agreed to remove as many of these
materials as time would permit. Home Again does not pay for salvaged materials. They
provide insured deconstruction labour and donate a portion of their gross sales to local
Toronto charities. In exchange for access to sites, Home Again would provide Tridel with
a charitable tax receipt.

Although Tridel had concerns for both time and site liability, they did grant Home Again 2 days
to deconstruct and salvage as much material as possible. Home Again did not charge Deltera for
site access, nor did they pay for any materials removed.
' "

"

WMAP team members
• Robert Tomei, Senior Project Manager, Deltera Inc.
• Giuseppe Bello, Assistant Project Manager, Deltera Inc.
• Jamie James, Environmental Consultant / Coordinator, Tridel Group
• Sean Hancock, Deconstruction Manager, Home Again
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• level of effort timeline required to capture these materials
• potential materials available for recovery
• factors motivating the developer to demolish all houses immediately
• amount of time the developer would give the deconstruction crew
• given the permitted timeline for access to houses, what materials should be
recovered?
• gross and net financial value of these assets
• net diversion by weight of these materials
• avoided disposal cost achieved
• avoided purchasing cost of materials recovered for resale
Barriers
• Deltera’s looming demolition timeline
• lack of familiarity with demolition asset recovery
• concern over vandalism in vacant houses
• concern over liability issues with deconstruction team
Opportunities
• high quality of recoverable cabinets and fixtures
• strong revenue potential of captured assets for Home Again
• extremely high potential for avoided purchasing costs through the resale of
recovered assets
• financial value of charitable receipt issued to Deltera
• chance to demonstrate to Deltera the value of pursuing this process
Recycling rationale
The WMAP’s actions were focused on reuse in this study site. By doing so, high value
assets were recovered, wastes was diverted, reducing disposal costs, and avoidance of
purchasing costs
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Evaluation matrix
Issue

Barrier

Opportunity

It is not common
practice for Tridel
to assess
demolition waste
assets prior to
proceeding with
work

The net value of
potential demolition
waste assets can
be maximized

A pre-demolition
waste audit was
produced: focusing
on deconstruction
potentials

List of potential
materials available for
removal, name of local
firm available to remove
materials, estimated
removal schedule,
estimated value of
materials

Deltera’s tight
demolition
timelines are
necessary to
achieve tax
reductions asap

Deltera chose to
provide a short
period of time for
asset capture

Deltera agreed to allow
Home Again 2 days
access for
deconstruction of
selected materials

Vacant houses
attract vandalism

Deltera was
concerned with
potential
vandalism and
site liability

How is the value
of salvaged
materials
established?

Resale value of
cabinets and
fixtures can vary
geographically

Home Again could
relieve this concern
by demonstrating
their professional
approach to their
deconstruction
service
Home Again is a
well established,
experienced used
building material
facility with an
active
deconstruction
service

Tridel’s
Environmental
Consultant
intervened in an effort
to convince Deltera
project management
to allow for site
access
Home Again sent
Deltera certificates of
site liability insurance
and Workers’ Comp
coverage

What potential
materials were
available for
recovery?
What level of
effort and over
what timeline
would be required
to capture these
materials?
Property tax
reductions are
only granted after
a demolition is
complete

Action

Waste audit and input
from Home Again
established the
potential resale value
of assets. Based on
achieving the highest
value possible, Home
Again decides which
materials to remove
and in what
sequence

Outcomes

Home Again was
granted access to
houses

Home Again’s
deconstruction crew
removes all selected
materials
The salvaged materials
are evaluated in the
”Material data” table

Material data
Material salvaged
4 complete kitchens: 60 linear ft.
uppers and bases, melamine
carcass and doors, 70 metal
hinges, 35 metal door pulls,
plastic laminate countertops, 4
double stainless steel sinks with
faucets
14 miscellaneous cabinets:
melamine carcass and doors
5 toilets (4 low flow): white
ceramic
3 bathroom sinks: steel
enameled, 3 faucets

Resale value

Avoided purchasing
cost

Weight

4 x $900 = $3600

4 x $3500 = $14,000

3000 lbs

14 x $40 = $560

14 x $150 = $2100

550 lbs

5 x $60 = $300

5 x $240 = $1200

200 lbs

3 x $120 = $360

3 x $200 = $600

60 lbs
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42 interior doors: solid wood, c /
w hardware: 2 hinges per door, 1
passage set per door

42 x $75 = $3150

42 x $195 = $8190

1300 lbs

5 x $20 = $100

5 x $75 = $375

65 lbs

5 light fixtures
4 windows: extruded aluminum
frames, insulated glazing
miscellaneous small items

4 x $40 = $160

4 x $210 = $840

20

$270

150

TOTAL

$8,500

$450
$27,755 less $8,500
(resale value) =
$19,255

5345 lbs or 2.43
tonnes x $80 = $194

Observations
Following the removal and resale of all materials from this study site, the following
observations can be stated:
1. Older houses often have newer kitchens and bathrooms, and present a good
opportunity for material salvage.
2. By intervening in the demolition timeline and providing just 2 days access, a
significant quantity of assets was captured for reuse.
3. The Home Again deconstruction crew was experienced and efficient, and their
retail operation had a well-developed clientele, allowing for rapid resale of
salvaged items.
4. Project management needed to see the benefits to waiting for deconstruction
activities. This was demonstrated through a tax receipt as well as becoming
informed as to the value of salvaged goods.
Conclusions
Because Molehill and Home Again staff had considerable prior experience in building
material deconstruction and resale, they expected to find considerable value in the houses
slated for demolition. Developers rarely perform any kind of predemolition waste audit,
preferring to leave asset management to their chosen demolition contractor.
The following conclusions can be made:
1. Because developers need to reduce their tax burden on properties designated for
redevelopment as quickly as possible, they overlook the opportunity to perform a
constructive waste audit. This often means their demolition costs are higher and
reusable materials are lost to landfill.
2. Although significant value was achieved in only 2 days of deconstruction,
$12,000 of additional assets were destroyed because time for total salvage was not
allowed.
3. The fact that Tridel Group has retained a fulltime Environmental Coordinator, and
did allow intervention for material salvage, clearly indicates their positive
movement towards more sustainable building.
4. In this particular study, because of the relatively low weight of items removed,
“avoided disposal costs” were not significant.
5. Even though Home Again sold salvaged items for $8,000, and were able to
provide Tridel with a tax receipt for approximately 20% of this value, the most
significant financial impact from this study was achieved through a $19,000
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“avoided purchasing cost”. There are major social and economic benefits
achieved when low cost used building materials are made available to the buying
public, demonstrating the importance of reuse in the marketplace.
6. Having a well-developed market for used building material was pivotal to the
successes of this site.
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Case Study 4: Wood waste and other waste quantification
St. David’s Custom Home Framing
St. David’s, Ontario

Objectives
• attempt a reduction in the volume of wood
wastes, both dimensional and manufactured
• influence site crews to separate wood wastes
and divert them into a dedicated site bin
• influence site crews to divert and capture
metal strapping wastes
• quantify weight of dimensional lumber
framing wastes
• quantify weight of manufactured wood framing wastes
• quantify weight of captured metal strapping
• recycle as many materials as possible
Key outcome
Dimensional lumber, manufactured wood and other assorted wastes were captured and
quantified from the framing of a large custom home in St. David’s, Ontario.
Implementation timeline
October 27, 2003 - February 9, 2004
Project description
The Maitland Group was constructing a large 4,000 sq. ft. custom home at its subdivision
in Niagara Falls, known as the neighbourhoods of St. David, on the boundary between
Niagara Falls and Niagara on the Lake. This area in general is a popular retirement or
semi-retirement spot for local and Toronto house hunters.
Maitland constructs all the new homes at its own sites in Niagara and carries out
commercial and industrial construction in the Hamilton / Burlington area. It also
provides project management services to other developers and builders.
As with most homebuilders, the majority of the site activities are subcontracted, but
Maitland retains core staff for supervision and basic labouring. In this instance, MJ
Construction was retained to carry out the complex framing for the custom home.
In this part of Ontario, new home construction wastes are typically managed in the
traditional manner. Mixed waste bins are used to gather up all wastes and materials are
landfilled locally. The only typical waste that is separated is wood, which may be burned
on site, a practice allowed by local by-laws.
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Walker Industries owns a landfill site located approximately 5 km from this study area.
As a Molehill Project funder, Walker wanted to experiment with the capture of wood
waste from construction projects. Walker has a composting operation adjacent to their
landfill where clean, untreated wood from this study would be taken.
Research focused on the framing stage of the project. Essentially, 2 types of waste
materials would be diverted: wood, in the form of dimensional lumber and manufactured
“wood”. In addition to wood, an attempt would be made to capture metal strapping from
the lifts of lumber.
Prior to framing startup, the WMAP team was assembled and study goals and actions
organized. Definitions of all materials in question were established. The plan was to place
a dedicated “wood waste only” 40 cubic yard bin on site as framing began. Dimensional
and manufactured wood wastes were to be placed in this bin. Metal strapping from
lumber lifts would be collected separately and bundled. The framing crew would make a
conscious attempt to reduce wood waste volumes.
It was important to keep both types of wood wastes separate. Dimensional lumber such a
“two by fours” etc, was fully organic and could be composted. Because it contains resins,
binders and other non-organic components, manufactured woods such as plywood,
oriented strand board (OSB), parallams and particleboard cannot be composted. These
types of manufactured “woods” have been typically used in new construction and
renovation.
Timing of the project meant working in the fall / winter season. In addition to inclement
weather, a wood waste only bin was delivered 2 weeks after project start-up. Even though
site space was not an issue because the waste company was not notified that the framing
had begun, the second bin, planned for mixed wastes, was never delivered. MJ crews
loaded all site wastes into the single bin.
Once the framing period was over, the “mixed waste” bin was transported to Walker’s
facility. It was dumped and the contents hand sorted. The materials were divided into
seven piles: dimensional lumber, manufactured “wood”, metal strapping, miscellaneous
metal, plastic, corrugated cardboard and “trash”. Each pile was weighed separately.
Materials were then composted, recycled or landfilled.
Site research and selection
The custom home in this Molehill study was a site split bungalow with a full basement
measuring 4,000 square feet. The actual area framed, excluding garage space was
estimated at 3,200 square feet (300 square meters). The site was in a developing area just
outside the town of St. David’s. There were a number of custom homes under
construction on this site. Private owners would buy the land and design their own homes
for building.
Framing this type of private home is challenging due to larger typical room size, prolific
fenestration, varying floor elevations and intricate roof assemblies. Complex design such
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as this requires a wide mixture of dimensional and manufactured woods. There is
virtually no standardization of wall height and walls meet each other at obtuse angles.
These dynamics combine to create increased framing labour and increased off-cut waste.
For these reasons, the project was worthy of study costs.
It is noteworthy to mention that there were two barriers to achieving site objectives. First,
framing contractors are not typically requested to source separate wood off-cuts. The new
practices demanded management. Second, as is typical, project managers order lumber
for construction contractors. This disconnect can lead to the creation of more wastes.
For Walker Industries, participation in this study was to encourage waste diversion within
their home building operations and to take advantage of an opportunity to apply best
management practices at one of their build sites. Walker Industries also found value in
developing a tool that could be used to improve the environmental performance of their
homebuilding operations.

WMAP team members
• Alison Braithwaite, Director Environmental Performance, Walker Industries
Holdings Limited
• Joe Lyng, Sales & Marketing Manager, Environmental Services, Walker
Industries Holdings Limited
• Dennis Lefebvre, Construction Supervisor, The Maitland Group
• Jake Verbeek, Owner & Lead Carpenter, MJ Construction
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• comparative quantification of diverted wood wastes to industry norms
• poor weather due to time of year
• framing crew’s behaviour relative to waste reduction practices
• appropriate supply and placement of dedicated bins on site
• security and potential contamination of dedicated bin on site
• establishing an accurate weight of selected wastes
Barriers
• lack of industry-wide data on typical residential construction wood waste volumes
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inexperience and built-in reluctance to reduce material wastes created when
framing with lumber ordered by someone else
tight site labour costs which tend to discourage “extra” effort to divert
selected wastes to a dedicated bin
communication disconnect between construction management and site crew
finding an appropriate location to dump, sort and weigh diverted wastes
bin contamination

•
•
•
•
•
•

Opportunities
• additional research and data production on residential wood waste volumes
• attempt to improve communication and encouragement among site crew, project
management and suppliers towards waste reduction and diversion
• maximize waste reduction activities by having project management also be the
hauler / landfiller
Recycling rationale
The goals and actions on this Molehill study site were driven by waste management
practices including: reduction, and recycling.
Evaluation matrix
Issue

Comparative
quantification of
diverted wood
wastes to industry
norms

Framing crew’s
behaviour relative
to waste reduction
practices

Weather

Barrier

Lack of industrywide data on typical
residential wood
waste volumes
Lumber takeoffs
are performed by
someone other
than actual framing
crew using lumber
MJ Construction is
working under a
fixed price contract,
leaving no apparent
“extra” time to
reduce wastes

Poor weather due
to time of year

Opportunity

Additional research
and data production
on residential wood
wastes

Promote closer
communication
amongst all parties

Continuing
encouragement to
site crew

Action
Search existing
data available
elsewhere on this
subject
Attempt to compare
Molehill data with
others
MJ Construction
talks directly to
supplier to clarify
what lumber
needed and when it
should be delivered
to site

Researcher
repeatedly reminds
site crew of WMAP
goals
Crews are praised
when they continue
to try and achieve
the objective

Outcome
Some additional
relevant data is
found that can
be applied to study
site for comparative
purposes
Lumber supplier
adjusts and
reduces quantities
of materials,
thereby reducing
site wastes
Framing crew
makes conscious
effort to reduce offcut waste on site

Site crew achieved
all their WMAP
obligations
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Issue

Appropriate supply
and placement of
dedicated bins on
site

Barrier

Opportunity

Lack of
communication
between the waste
service provider
and the contractor
as to the timing of
the framing stage of
the build

Security and
potential
contamination of
dedicated bin on
site

Numerous other
projects underway
in close proximity to
study site

Establishing an
accurate weight of
selected wastes

Finding a suitable
location to dump,
sort and weigh
materials

Action

Outcome
Framing crew
initially had to place
wood off-cuts on
ground

Plenty of site
access for two bins

Only one bin was
delivered to site

If one bin was
being utilized for
mixed waste it is
imperative that the
bin be placed in a
secured area

As loading a
covered bin was
too awkward, the
waste service
provider decided to
sort mixed waste
rather than supply a
second bin

Use Walker
Industry’s facility

Walker provided
heated, enclosed
location, plus
labour, to dump,
sort and weigh
diverted materials

With only one bin
on site, all framing
site wastes had to
be placed in bin,
co-mingling wood
wastes with
packaging wastes
and others
It was not possible
to rule out the
potential that
wastes from other
sources had been
placed in study site
bin
Walker agreed to
try and provide this
type of bin in the
immediate future
Bin was picked up,
dumped, sorted
when requested
Accurate data of all
materials diverted

Material data
Material Diverted
Dimensional lumber:
(SPF) spruce, pine, fir
Manufactured “wood”:
plywood, OSB
Metal strapping from
lumber lifts

Weight
930 kg / 2046 lbs
570 kg / 1254 lbs

Destination
Recycled in Walker
composting facility
Could not be composted,
sent to landfill

6.8 kg / 15 lbs

Recycled

Miscellaneous metals

81 kg / 178 lbs

Recycled

Plastic: assorted

22.6 kg / 50 lbs

Recycled

Corrugated cardboard
(OCC)

54 kg / 119 lbs

Recycled

Trash

410 kg / 902 lbs

Land filled

Diversion Rate

Cost savings
2.06 x $65 / tonne to
landfill = $132.99

$82.16 avoided landfill
costs

80%

Observations
Canada Mortgage and Housing Corporation (CMHC) has produced a number of
residential construction wood waste composition studies. These studies recognize a
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number of typical variables when waste reductions are attempted and the results
tabulated. These variables include:
• building design
• material costs
• availability of landfill site
• waste disposal costs at landfill
• waste material restrictions / bans
• on site builders’ practices
CMHC states that regional variations must also be considered when evaluating wood
waste volumes. However, both CMHC and the National Association of Home Builders
(NAHB / USA) studies have independently concluded that when waste minimization
efforts are made, 50% reductions in wood wastes volumes can be achieved.
The following table compares typical and reduced wood waste volumes achieved through
other CMHC studies to the St. David’s Molehill study site:
Comparative wood waste reductions
NOTE: For comparative purposes, all wood waste weights have been adjusted to reflect
the 300 sq. metres of building area in the St. David’s study house.

Material studied

Typical pre-reduction
effort wood waste as
predicted by CMHC
study data

Less 50% following
waste reduction effort
as predicted by CMHC /
NAHB

St. David’s study site
wood waste weight

Dimensional lumber

1800 kg

900 kg

930 kg

Manufactured wood

1080 kg

540 kg

570 kg

The previous table suggests that MJ Construction achieved dimensional and
manufactured wood waste reductions consistent with those predicted by CMHC and
NAHB studies. These results are significant since the only directions given to MJ
Construction were to “try and reduce the volume of your off-cuts”.
In the end, only having one bin for mixed wastes likely worked to the study’s favour. By
having only one bin on site meant that not just wood wastes, but all site wastes, were
placed in this bin. Ultimately, when the dump and sort was done, researchers were able to
quantify seven categories of wastes.
Conclusions
1. MJ Construction achieved reductions to normally expected wood waste volumes
without any extraordinary effort. They managed to reduce their wood wastes by
approximately 50% by taking simple care with ordering and handling materials on
site.
2. Effective and timely communication among construction trades and managers is
critical when waste reductions are required.
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3. Locking top lids on large waste containers on site would likely reduce overall site
waste volumes.
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Case Study 5: Gypsum wallboard off-cut diversion and
recycling
St. David’s Townhouse Development
St. David’s, Ontario
Objectives
• minimize the amount of off-cuts produced
• maximize the recycling of those that were
produced
• quantify costs reduction (savings) to recycling
vs. disposal of gypsum wallboard off-cut
Key outcome
Gypsum wallboard installation off-cut wastes were
diverted and recycled from a small new home subdivision project located in St. David’s,
Ontario.
Implementation timeline
September 16, 2003 - February 5, 2004
Project description
Walker Industries Holdings Limited owns and operates a large private landfill facility in
the Niagara region. Because of this activity, they also have experience in land
development and road building. Recently, Walker expanded their business activities by
creating The Maitland Group. Maitland is a project management company that builds
custom homes and single-family homes. Maitland developed a small housing community
on the outskirts of St. David’s, Ontario. This area has a moderate climate, ample
infrastructure and attracts a growing number of “baby-boomers” looking for pre / postretirement housing.
In 2003, Maitland proceeded to build an additional eight homes in this development. The
design called for four duplexed bungalows. Each bungalow had a double garage attached
and a fully finished lower level with a walkout to a landscaped rear yard. Exteriors were
all-brick and interiors were well-appointed with custom kitchens and bathrooms, each
built to the homebuyers’ requirements. On average, each of the eight bungalows was
2,000 square feet in size.
As is typical for a project management company, Maitland sub-contracted all site work,
including the supply, installation and taping of gypsum wallboard. Maitland provided
one construction supervisor to manage the daily work on site. This supervisor worked
under the direct supervision of Maitland’s General Manager.
F & B Construction was hired to do all project gypsum wallboard. This was a full-service
contract which included the supply, installation and taping of drywall. The double
' #

"

garages were also finished in gypsum wallboard as required by Building Code. In turn, F
& B sub-contracted this work out to two different private crews. Each crew was expected
to install 2,000 square feet of board each day. For this full service, F & B was paid
approximately 14 to 16 cents per square foot.
As part of their contract scope of work, F & B crews were directly responsible for
removing all pertinent site wastes. Prior to this study, Maitland staff typically did not
know how the gypsum wallboard off-cuts and other related site wastes were being
disposed. A mixed waste bin was always placed on site by Maitland staff. Wastes created
by all other trades were placed in this bin. However, as is common throughout the home
building sector, gypsum wallboard installers were required to handle their own
“garbage”. Unlike many large subdivision projects, no trades were working on this site
under any collective bargaining agreements (CBA).
In early September, a WMAP team was established. The Molehill researcher and
Maitland staff met on site and planned the site research objectives. Gypsum wallboard
installation was about to begin. Although F & B Construction staff was not able to attend
this initial planning meeting, they did take part in a subsequent conference call with the
other WMAP team members. The overall goal of this study was to capture, weigh and
recycle all gypsum wallboard installation off-cuts from these townhouses.
The study began with the site placement of a 40 cubic yard bin with a solid top and
locking rear doors. Walker Industries provided the bin from their own stock and handled
all transportation of the bin from this point forward. The bin was located on private land,
within 50 feet of the last bungalow in the row. F & B crews were instructed to place all
gypsum wallboard off-cuts into this bin on a daily basis. In addition, five “totes” (small
rolling waste containers) were also distributed throughout the site. Crews were instructed
to place all gypsum wallboard edgetape and other smaller wastes into these totes.
Gypsum wallboard crews were also asked to collect cardboard boxes, metal off-cuts from
trim pieces and all other installation and taping wastes. These were to be placed in or
beside the totes. The intention was to try and quantify the contents of these totes as part
of the Molehill study.
As the gypsum wallboard installation had been sub-contracted out by two levels and offcut collection instructions for the study had been passed down to the crews on site by
their supervisors. Problems occurred when different crew personnel came to the site on
different days. Many times, crew members were not clear as to their collection and
diversion instructions.
Although all eight houses had been framed and completed on the exterior, the finishing
on each interior was different. Each homebuyer had provided different specifications for
certain rooms. This meant that from a scheduling basis, gypsum wallboard was installed
somewhat intermittently, as buyer’s decisions were communicated to field staff. Again,
this meant that different crews were on site at different times.

' $

"

About one-third through the study period a second 40 yard bin was placed on site. This
was for mixed waste and it was located within 30 feet of the dedicated study bin for
gypsum off-cuts. As a result, gypsum wallboard installers became confused as to which
bin they were to use. Unfortunately there was no signage clearly detailing which bin was
meant for which each material.
Weather also created some challenges. Gypsum wallboard crews had become used to
placing their daily off-cuts at the rear of each house, on the ground. Sometimes they
would leave them overnight before carrying them to the dedicated bin. Overnight rains
soaked the gypsum wallboard off-cuts. As a result gypsum wallboard crews considered
the off-cuts unrecycleable and placed them in waste bins.
After approximately four months of intermittent gypsum wallboard installation, our
WMAP team decided that enough activity had taken place for the purposes of the study.
At that point, 9,300 square feet of residential space had been “boarded”.
The dedicated off-cut bin was driven 80 km to New West Gypsum Recycling in Oakville.
There it was weighed and its contents recycled.
This study yielded 4642 lbs / 2.11 tonne of off-cuts. When applied against the 9,300
square feet of construction space, the result was 0.499 lbs of captured off-cuts per square
foot. This result is approximately one half the industry average. The difference can be
attributed to the variety of challenges experienced during the collection phase. These
challenges are not unusual for this type of building project. Overall, under the
circumstances, the capture rate and lessons learned were acceptable and instructive.

Background

Site research and selection
The St. Davids site was brought to the attention of Molehill researchers by Walker
Industries Holding Ltd., one of Molehill’s project funders. Through their ownership and
management of one of the largest landfill sites in the Niagara region, Walker accepts
construction and demolition solid waste. Walker wanted to examine the typical gypsum
wallboard off-cut volumes, handling methods and disposal options available when the
Maitland Group built homes.
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WMAP team members
• Alison Braithwaite, Director Environmental Performance, Walker Industries
Holdings Limited
• Joe Lyng, Sales & Marketing Manager, Environmental Services, Walker
Industries Holdings Limited
• Dennis Lefebvre, Construction Supervisor, The Maitland Group
• Rick Basic, F & B Construction
• Shawn Radvanyi, Recycling Services Manager, New West Gypsum Recycling
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• alterations to common practices must be communicated constantly to all parties
• timing of gypsum wallboard installation was not consistent
• location and signage of dedicated bin and proximity to others on site
• weather: will poor weather disrupt the collection process?
• distance from job site to recycling facilities
Barriers
• multi-layered trades on site, creating a “broken telephone” effect with critical
instructions
• sporadic gypsum wallboard installation schedule due to a variety of build plans
• placement of mixed waste bin directly beside dedicated off-cut bin
• wet weather damage / degraded off-cuts dedicated for capture
• considerable round trip distance of 160 km to the recycling facility
Opportunities
• improved communications can lead to job site efficiency gains
• streamlining of home buyer decision-making can, in turn, smooth out job site
logistics
• clear signage on dedicated bins reduces contamination and increases volume of
capture
• with plenty of job site space, locating mixed waste bin far away from dedicated
off-cut bin, cuts down on confusion and load contamination
• possibility of Walker Industries establishing a gypsum wallboard off-cut
collection area at their landfill facility location, staging large volumes of specific
wastes for sub-sequent transportation to New West Gypsum Recycling
Recycling rationale
Gypsum is traditionally dug from the ground and is the major ingredient used in the
manufacture of gypsum wallboard. Up to 20% recycled gypsum wallboard content can
be used in making new product. Capturing and recycling installation off-cuts from new
construction has proven to be beneficial to the builder in terms of disposal costs and
supply of new product.
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Evaluation matrix
Issue

Site communication

Gypsum wallboard
installation timing

Location and
signage of
dedicated bin and
proximity to others
on site

Poor weather

Distance from job
site to recycling
facilities

Barrier

Opportunity

Although
instructions for
capturing off-cuts
and tote contents
were initially clear,
site staff continually
changing

Clear and repetitive
instructions to
trades can often
produce improved
results

Sporadic gypsum
wallboard
installation schedule
due to homebuyer’s
specific needs

Maitland did not
want homebuyers to
feel rushed and
therefore were
hesitant to push
clients for decisions

Dedicated bin was
not properly
managed
Mixed waste bin
was placed very
near to dedicated
bin

Heavy rain splashed
mud onto the
separated off-cuts
waiting to be placed
in the dedicated bin
Like all waste
haulers, Walker
does not see benefit
in transporting
wastes long
distances –
especially critical
when the bin is not
fully loaded, as in
this case

Action

Outcome

Trades were
constantly reminded
by Maitland staff
about how to
capture and store
gypsum wallboard
off -cuts and tote
contents
Maitland staff
decided to continue
with their
homebuyer
communication
process already in
place

Unknown quantity of
potential off-cuts
were not captured

Bin signage is a
positive factor which
can reduce
contamination,
confusion and
increase asset
capture

Due to logistical site
issues, Maitland
was not able to relocate the mixed
waste bin further
from the study bin

Communicate to
trades that mud on
off-cuts does not
mean they can’t be
recycled

This information was
not passed on to the
trades

Transport the
dedicated bin,
partially full of offcuts, to New West
Gypsum Recycling
in Oakville

Walker drove this
bin to New West
Gypsum Recycling

Tote contents were
unreliable and
judged not worthy of
study
Gypsum wallboard
installation
continued to be
sporadic by
necessity – made
off-cut capture more
challenging
Different sub-trades
were unsure about
which bin was for
what material so offcuts ended up in
mixed waste bin
Contents of the
dedicated off-cut bin
were not
contaminated,
however, overall offcut volume was
reduced
The muddy off-cuts
were placed in the
mixed waste bin,
rather than the
dedicated capture
bin
Round trip was 160
km
Captured off-cuts
weighed 4,642 lbs /
2.11 tonnes
Tipping fee paid by
Walker was $105.50
All off-cuts in the bin
were recycled
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Material data
Material

Gypsum
wallboard
installation offcuts: 1 / 2”
thickness

Capture area

Weight
captured /
recycled
1. 4,642 lbs /
2.11 tonnes

9,300 square
feet

2. 4,642 lbs
divided by 9,300
sq. ft. = .499 lbs
per sq. ft.
capture rate

Cost to recycle

2.11 tonnes x
$50 per tonne
at New West
Gypsum
Recycling
$105.50

Distance to
recycling
facility

160 km round
trip

Avoided
disposal cost
Typical disposal
fee: $80 tonnes
less fee charged
at New West
Gypsum: $50
tonne = $30
tonne
2.11 tonnes x
$30 / tonne =
$63.30

Conclusions
When provided with clear instructions and the appropriately placed dedicated bin,
gypsum wallboard installation crews did capture meaningful off-cuts for recycling. Bin
signage is a crucial factor in the success of specific waste material capture. Because of
the large amount of residential construction occurring in the Niagara region, and the
resulting quantities of gypsum wallboard off-cuts available, Walker Industries would do
well to consider the establishment of an off-cut collection program designed to recycle
gypsum wallboard in an economically sustainable manner.
This study presented significant challenges with respect to communications. As such it
demonstrated the importance of ensuring all those involved in the construction activities
are well-informed and engaged.
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Case Study 6: The Whole Village
20725 Shaw’s Creek Road
Caledon, Ontario

Objective
• measure material reductions by type,
quantity, weight and cost savings
Key outcomes
Through thoughtful sustainable design, an
emerging co-housing community in rural Ontario
eliminated two tonnes, and over $21,000, in
kitchen materials and appliances.
Implementation timeline
April 28, 2004 - July 31, 2004
Project description
The Whole Village co-housing community (mhttp://www.wholevillage.org/home.htm)
was established by a mix of young and old, families and singles whom wish to live
collectively in the most ecologically, economically, spiritually and socially sustainable
manner possible. A co-housing community is defined as “a living arrangement that
combines private living quarters with common dining and activity areas in a community
whose residents share in tasks.”
In concept, the housing project was a simple design to build a single housing structure
which would incorporate the most modern techniques of green construction and live
“unplugged”. Contemporary sustainable design and the careful application of technology
can produce a building that can operate entirely “off-grid”. These were the objectives the
Whole Village investors sought to achieve.
The initial challenge was to acquire a development and building permit from the Town of
Caledon. The property was zoned single-family only and took many months of
negotiations and educating municipal staff to convince the municipality to accept the
planned building.
The Town of Caledon agreed to grant the permit to the Whole Village in the summer of
2004. Construction began shortly thereafter.
Emerging sustainable design reduces construction wastes. For example, “design for
disassembly” reduces future renovation wastes by anticipating changing occupancy use
(see Case Study 14). The specification of green building materials reduces waste in the
process of production of floor and wall finishes and pre-fabricated wall and roof
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assemblies. These techniques, and many others, were used in the design and construction
of The Whole Village.
The Molehill Project studied the types and quantities of materials that were reduced or
eliminated through the design and installation of communal meal preparation and dining
facilities, in terms of reduction in weight and material costs. Since actual construction
had not yet begun when the Molehill Whole Village WMAP team came together, it was
decided that the project plans dated July 24, 2003 would form the basis for our analysis.
Site plans divided space in the large, single storey building into 4 distinct types:
• public: entrances and interpretive centre
• semi-public: corridors, library and central terrace
• semi-private: (communal shared space) mechanical, greenhouse, recreation,
kitchen, dining room and living room
• private: 10 suites, each containing a study, 2
bedrooms, 3 piece bathroom and a small
kitchenette
Each suite had a small “kitchenette“ with no major
appliances. Major daily meals would be cooked in a
large communal kitchen and eating would occur in a
shared dining room.
An analysis of The Whole Village plans determined
that by specifying “kitchenettes” in the 10 private
units and a communal kitchen for group use, 2 tonnes of materials were saved. The
associated cost savings were $21,434.
Recent housing studies have indicated that as the average Canadian family size shrinks,
the average size of a new single family home has actually grown. This has meant that the
overall environmental footprint of housing has increased. The Whole Village co-housing
project offers a thought-provoking alternative to this dynamic.
Site research and selection
Molehill researchers were made aware of the Whole Village project by Greg Allen,
P.Eng. Mr. Allen’s firm, Allen Kani Associates, had been retained by the group to
provide energy consulting for the project. Greg is considered one of Canada’s finest
sustainable building experts.
During construction, eco-village projects such as the Whole Village, achieve energy and
waste reductions through natural economies of scale. The overall value of this type of
sustainable building is significant. After meeting with Jeff Gold, a member of the Whole
Village community, it was determined that the material and cost reduction impacts
achieved through choosing smaller kitchens would be worthy of Molehill study. Jeff’s
input to this research would be of particular value since he was also functioning as The
Whole Village’s construction manager.
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The concept of the Whole Village challenges both the definition and practices of
sustainable living.
WMAP team members
• Jeff Gold, Whole Village member, Construction Manager
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• Town of Caledon: municipal zoning interpretation of “single family dwelling”
• development of design concept and how this related to achieving material
reductions
• establishment of appropriate average kitchen size to ensure realistic comparisons
Barriers
• zoning interpretation inflexibility
• establishing a final size of kitchen within private and communal spaces
• time required to make collective decisions
Opportunities
• work with municipal staff and surrounding neighbours in an effort to
communicate the value of common communal goals and demonstrate how this
new community would enhance the region
• use the design phase as a group building exercise
• establish an appropriate size of kitchen that would not only meet the lifestyle
needs of members but also achieve material and cost reductions.
Waste management rationale
Applying waste reduction principles to the design phase of a project allows for the
greatest overall waste reduction results.
Evaluation matrix
Issue

Barrier

Opportunity

Town of Caledon
municipal zoning
interpretation of
“single family
dwelling”

Historical
inflexibility fails to
account for
“environmental
footprint” reduction
achieved through
communal living

Education of
municipal staff,
elected officials,
surrounding
neighbours

How can the
developing design
reduce material
volume and cost?

Whole Village
members have
only a short history
of working together
to achieve mutual
decisions
regarding design

By working through
the process, the
group can learn
how to work
towards collective
goals

Action
Whole Village
members and
their project
consultants made
numerous
presentations to
Council
Whole Village
members met
many times to
discuss design
and to plan
private and
communal
spaces

Outcome
Caledon expanded
their definition of
“single family
dwelling” to include
The Whole Village
project and project
moved forward
A collective decision
was reached that
reduced materials
and costs
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Issue

Finding the best
size of kitchen

Barrier

Each group
member has a
different idea of
how much space is
required

Opportunity

By working through
the process, the
group can learn
how to work
towards collective
goals

Action

For overall benefit
of the group,
members
ultimately
compromised on
their individual
needs

Outcome
Each private unit
was provided with
the same size of
“kitchenette”
Materials were
reduced by 2 tonnes
Material costs were
reduced by $21,314

Material data
The following methodology was used to determine material reduction data:
• Whole Village design drawings dated July, 2003 formed the basis for material
takeoffs.
• Canadian housing data was examined in an effort to determine the average size of
kitchen currently being installed in a single family home – decision was that average
kitchen would be 18 feet in length, and that within this length it was assumed that
both base and upper cabinets would be present.
• Specific material quantity takeoffs were calculated using the following criteria:
• one cabinet box and door located every 18”
• each cabinet door would be 18” wide x 24” high
• a split wall receptacle would be located every 6 feet
• an under cabinet light fixture would be located every 7 feet
• each Whole Village private unit kitchen would not be equipped with a
dishwasher, stove or range hood
Whole Village kitchen material reductions achieved through sustainable design
Item

Cabinet boxes
Cabinet doors:
base and upper
units
Cabinet door
hinges
Cabinet door pulls
Duplex wall
receptacles
Wiring
Valance light
fixtures
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Material
description
5 / 8” thick
melamine over
particleboard
Solid maple, flat
panel: 18” wide x
24” high
Metal, 3 way
adjustable: 2 per
door
Metal “D” pulls: 1
per door
Split receptacle,
shallow electrical
box, plastic cover
plate: 1 unit per 6
ft.
14 gauge, 3 wire
Fluorescent

Quantity

Weight

Financial cost:
(no installation
labour allowance)

70 lin. ft. base and
upper: 1 unit per
18” average = 47
units

x 44 lbs each =
2068 lbs

47 x $120 = $5640

94

x 3 lbs each = 282
lbs

94 x $40 = $3760

188

x 5 oz. each = 940
oz / 59 lbs

188 x $5 = $940

94

x 2 oz. each = 188
oz / 12 lbs

94 x $4 = $376

12

x 10 oz. each =
120 oz / 7.5 lbs

12 x $7 = $84

200 ft.
7

20 lbs
x 2 lbs. each = 14
lbs

$40
7 x $22 = $144
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Item

Material
description

Countertops

Plastic laminate

70 lin. ft. / 140 sq.
ft.

Dishwashers

24“ wide

10

Electrical stoves

30” wide

10

Range hoods

30” wide

10

TOTAL

Quantity

Weight
x 5 lbs. per lin. ft. =
350 lbs
x 52 lbs each =
520 lbs
x 74 lbs each =
740 lbs

Financial cost:
(no installation
labour allowance)
70 lin. ft. x $19 =
$1330
10 x $325 = $3250
10 x $450 = $4500

x 18 lbs each =
180 lbs

10 x $125 = $1250

4252 lbs / 2
tonnes

$21,314

Observations
1. Municipal zoning by-law definitions tend to be restrictive and unimaginative
when challenged by unconventional proposed co-housing projects. By ultimately
allowing the project to proceed under a relaxed definition of “single family
home”, the Town of Caledon will ultimately benefit from the addition of a caring
and low impact community such as The Whole Village.
2. The Whole Village group succeeded in coming to design decisions by placing the
benefit of the whole ahead of the individual. This mirrors the collective decisionmaking dynamic, which drives ahead the broader environmental movement.
3. The fact that the average Canadian home is growing in size while the average
family is not, seems counterintuitive at a time when building materials, property
taxes, energy and transportation costs are continuously rising. This reality does
not factor in benefits of a reduced environmental impact.
Conclusions
When sustainable planning and design finds a collective voice in a co-housing project
such as The Whole Village, ecological success comes not only through social, spiritual
and economic teamwork, but is also achieved through thoughtful material and costs
reductions.
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Case Study 7: Adaptive reuse – Portions of an existing structure
Canadian Memorial Chiropractic College
6100 Leslie Street, Toronto, Ontario

Objectives
• examine the design of the new building and select those materials that could be
reused
• select materials that could be quantified for study
• quantify those selected materials by weight
Key outcomes
Due to zoning and budget restrictions, 3,075 metric tonnes of building materials were
reused, in place, during the construction of the new location for the Canadian Memorial
Chiropractic College in Toronto.
Implementation timeline
Summer 2004
Project description
For over 30 years, the Canadian Memorial Chiropractic College was located on Bayview
Avenue, north of Eglinton Avenue, in Toronto. Due to significant growth in the
Chiropractic Industry, a larger space was required. After much research, a new location
was chosen.
The new property, purchased for $10M, was located on the west side of Leslie Street,
north of Finch Avenue, just east of the banks of the Don River. On the property was a
large, 3-storey Hebrew School. This building, constructed in the 1980s, was
approximately 115,000 square feet. The structure was comprised of a structural steel
skeleton, poured in place concrete over steel web floor pans with a brick and steel siding
exterior. The major interior walls were made of 8-inch concrete block. Overall, the
structure was in excellent condition but the interior finishes were poor.
The Toronto architectural firm of Young & Wright was awarded the design contract. Young &
Wright are considered one of Toronto’s leading sustainable development firms.

The College’s major challenge was the location of the existing building. Issues included:
proximity to the flood plain of the Don River; zoning set back by-laws on the north side
of the parking lot; and, poor perimeter soil conditions that could not support a new
structure. These conditions, plus an overall tight budget, meant that a portion of the
existing building would have to be retained. Young & Wright design staff would need to
apply their skills to adaptively reuse portions of the building.
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Tom Kolbasenko, of Young & Wright, was the Architect given control of the design.
Tom has considerable experience with sustainable design and development. His skills
allowed large portions of the existing structure and many fittings and fixtures to be kept
in place.
For the purposes of the Molehill Project, Tom Kolbasenko and Bob Sawatsky
collaborated to form the research team. Tom identified those materials that had been
chosen for reuse in place. He also aided in completing the necessary quantity takeoffs
required for the study. It was decided that this research project would focus on
quantifying five materials that remained intact during the renovation. They were:
concrete, clay brick, asphalt, metal washroom stalls and fluorescent light fixtures.
Once the calculations had been completed, it was determined that just these five materials
that had been adaptively reused in place on this project had saved 3,075 tonnes of waste
from being generated.
Site research and selection
The adaptive reuse of all, or part, of an existing building is not a new concept.
Historically, this type of construction and reconstruction came out of practicality.
Building materials were hard to find but they were also very durable. In some cases, the
historical and architectural values of a building are attributes that preserve it. However,
emerging sustainable building practices are the driving motivator to save building
components.
The Canadian Memorial Chiropractic College project, and the materials it saved for reuse
in place, was worthy of Molehill study because it achieved notable waste reduction
results but was not motivated by economics.
WMAP team members
• Tom Kolbasenko, Architect, Young & Wright Architects
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• proximity to the flood plain of the Don River
• restrictive zoning on the north side of the existing building
• poor perimeter soil conditions
• tight construction budget
• identification of materials kept for reuse
• selection of which of these materials to quantify
Barriers
• Toronto Region Conservation Authority (TRCA) imposes building approval
control and conditions when a property is located on, or close to the flood plain of
a major waterflow such as the Don River
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•
•

the College needed to double the existing parking space, which meant
constructing a two storey parking garage, bringing it into conflict with current
zoning set-backs
engineering indicated that the soil around the existing building could not support
the weight of a new structure
the College relied on donations and grants for its building funds
when materials are saved in place, it can be difficult to determine what affect they
may have had on the new construction

Opportunities
• College and planning staff needed to work directly with the TRCA and mutually
design a solution, the College could apply to the Committee of Adjustment for a
minor variance to allow for the placement of the parking garage
• poor soil conditions meant the design was forced to reuse more of the existing
building than had been planned
• tight funds have created strict and efficient budget controls
Recycling rationale
Leaving materials in place for adaptive reuse is one of the purist forms of waste reduction
possible. In the case of the College project, by design or by necessity, over 3,075 tonne of
materials were saved.
Evaluation matrix
Issue

Barrier

Proximity to the
Don River flood
plain

TRCA imposes
zoning restrictions

Restrictive zoning
on the north side of
the existing
building

City of North York
zoning set back did
not allow for a 2storey parking lot

Poor perimeter soil
conditions

'&

Engineering tests
indicated the soil
could not support a
new structure

Opportunity

Action

Outcome

To work
collaboratively to
find a solution

The College,
architects and
TRCA took the
opportunity to work
on a mutual design
solution

A mutually
beneficial design
was agreed upon
which allowed the
College to build on
the 100 year flood
plain

Application for a
minor variance to
the by-law

Architects
designed a visually
sensitive parking
mezzanine and
requested the bylaw variance

The by-law
variance was
granted and the
mezzanine
constructed

The design would
have to be
executed within the
existing footprint of
the building

Architects carefully
examined the
existing building
and sought design
solutions within it

A major portion of
the existing
building was
incorporated into
the new design
A significant
portion of building
mass and materials
would be reused in
place
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Issue

Barrier

Opportunity

Action

Construction
budget

The College had
accumulated
funding which did
not allow for any
extras

Find a practical
design which
allowed for tight
cost control

The concept
design reused
portions of the
building to save
money

Identification and
selection of reused
building elements
for study purposes

It was difficult to
ascertain what
effect retaining
existing building
materials would
have on new
construction

A material
identification
collaboration
between site
designer and
Molehill researcher

Review design
drawings

Outcome
Construction
budget was not
exceeded
Notable elements
of the existing
building were kept
5 materials kept for
reuse were
identified for the
Molehill study

Material data
Material
reused in
place

Detailed material description

Fluorescent
light fixtures

2 ft. x 4 ft. metal housing, electrical
ballast (fixtures were re-lamped with
energy saving bulbs)

260 ballasts

Washroom
stalls

3 sided metal walls with metal door

40 stalls

3,000 lbs / 1.36 tonnes

Asphalt

Asphalt parking lot paving, average 3”
thickness

9,000 sq. ft

36,000 lbs. / 16.36 tonnes

Clay brick

Standard clay brick (excluding mortar)

3,000 sq. ft /
22,500 bricks

22,500 bricks x 5 lbs. =
112,500 lbs / 51.14 tonnes

Concrete

Material
quantity
260 fixtures

Weight of reused materials
1,820 lbs
1,300 lbs
= 3120 lbs / 1.42 tonnes

Interior / exterior walls: 8” thick concrete
block
1,740 x 3,800 lbs. =
1,740 cu. yds.
6,612,000 lbs / 3005 tonnes
Floor assembly: 2.5” thick poured-inplace concrete over steel floor joists
Total weight of materials saved:6,765,616 lbs / 3075.28 tonnes
$65 per tonne = $199,893.20

Observations
1. With a construction project such as this College, it can be difficult to determine
where the old ends and the new begins. This is not only the case when trying to
establish quantities of materials reused in place, but also when net financial costs
are considered. For this reason this study did not attempt to establish net financial
cost implications arising from the reuse of materials.
2. Existing problematic site conditions and zoning requirements when viewed as
positive motivators can drive ahead material reuse when skill and experience are
used by design professionals.
Conclusions
When approached with skill and sensitivity by designers, working with motivated clients
looking for innovation within tight budgets constraints, extraordinary buildings can
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result. Through a blending of necessity and circumstance, notable quantities of useful
building materials can be left in place, thus extending their lifespan considerably.
In this particular instance, over 6½ million lbs of building materials were reused in place,
re-investing their usefulness and embodied energy for many decades to come.
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Case Study 8: Packaging waste composition
Mattamy Homes, Hawthorne Village South, Phase 2
Milton, Ontario

Objectives
• clearly define “packaging waste” for the
purposes of identification and capture
• further audit these wastes into appropriate subcategories, so as to allow for quantification
• determine the most efficient site method to
capture and store this packaging waste
• quantify the weight of each category of
packaging waste and further divert as much of
this waste from landfill as possible
• apply data from this investigative process to a larger volume of Mattamy Homes
so as to define larger waste diversion opportunities
Key outcome
All packaging wastes generated from the construction of one typical single-family home
on a major residential subdivision were diverted for quantification.
Implementation timeline
May 14, 2004 - July 16, 2004
Project description
Mattamy Homes Limited is one of Canada’s
largest builders of single=family homes. From
their head office, located in Oakville, Ontario,
Mattamy has numerous residential subdivisions
under construction. Operating as a vertically
integrated company, Mattamy handles the entire
process from land acquisition and development,
through to the construction and delivery of the final product. In 2004, Mattamy created a
number of building divisions that, to some degree, reflect the different geographical areas
within which they operate.
Mattamy has a progressive Building Science Division. For example, they have researched
and implemented an “optimum value engineering” approach to framing with wood.
Results of this effort have included a measurable reduction in the volume, and cost, of
dimensional and manufactured wood in a typical house. Interesting to note is that on sites
where allowed, Mattamy field staff still burn wood waste.
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Annette Gilgan, this Molehill study site’s principal contact, works in the Building
Science Division and her efforts are to focus on introducing additional sustainable
policies and procedures into the daily building operations of Mattamy Homes.
Developing and building single-family homes in the Ontario region can be a high
financial risk proposition. Among the factors contributing to this risk are:
• Municipal Approvals process that is both complex and time consuming
• shrinking inventory of available land for redevelopment
• ever-rising developmental charges levied by numerous levels of government
• major building trade collective bargaining agreements (CBA) that are
complicated, at times contentious, and, among them, have a non-synchronous
renewal pattern
• overall chronic shortage of skilled labour in all trades
• unexpected material shortages caused by cross-border trade disputes
• harshness of the Canadian winter climate
Despite these issues, the southern Ontario housing sector has experienced higher than
predicted growth over the past few years. This strong consumer demand for single-family
housing has been driven primarily a reasonably stable inventory and historically low
interest rates.
Mattamy Homes follows a rigorous construction management protocol. Each
geographical division is structured in the following manner:
• Vice President, Construction
• Construction Manager
• Senior Builder (more typically known in building circles as a Site Super)
• Builder (more typically known as an Assistant Site Super)
The actual construction of each house in divided into four “quadrants” as follows:
• excavation, foundation, backfill
• framing, exterior sheathing
• interior HVAC, mechanical, electrical rough-ins, insulation
• all final interior / exterior finishes
By adhering to this construction protocol, Mattamy is able to forecast, within one day, the
completion schedule for each house. By managing their build outs in this highly
organized manner, Mattamy creates the ability to change procedures rapidly. As a result,
if a decision is made to implement new sustainable building practices, it can be achieved
with minimum disruption and maximum effectiveness.
Molehill research took place in Phase 2 of the “Hawthorne Village South” project. This
development of single-family homes averaged 1,900 square feet in area each. The typical
house exterior was a combination of brick and vinyl siding.
The focus of this Molehill research site would be “packaging waste”. Is has been
recorded that packaging wastes typically represent 4% of the total solid waste from the
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construction of a typical single family home. This 4% did not include cardboard or
plastics, which were clustered independently.
For the purposes of this study site, packaging wastes were defined as plastic, steel,
cardboard and garbage. Mattamy staff agreed to collect these materials and place them in
a separate bin. This took place over the construction period of one complete house in the
subdivision. Because each house typically takes 4 months to build, Mattamy Senior
Builder Randy McGuire selected 4 different houses for study. The lot numbers were:
• Lot # 235: excavation, foundation, backfill
• Lot # 141: framing, exterior sheathing
• Lot # 155: interior HVAC, mechanical, electrical rough-ins, insulation
• Lot # 193: all final interior / exterior finishes
Packaging wastes from each of these 4 houses were collected and placed in the study bin,
located in a locked compound. This approach allowed the study period to be compressed
into one month.
Mattamy labourers circulated through the site on a daily basis. Along their route they
collected packaging wastes that had been generated from the day before. All wastes were
collected in a commingled, locked bin. After one month, construction was completed on
all four houses.
The bin was then tipped onto the sorting floor at the private transfer station in
Mississauga, operated by Millennium Waste. The WMAP team sorted the collected
wastes into four piles: plastic, steel, cardboard and garbage. Once sorted, each of the four
material piles was separately weighed. Finally, as is the practice at this transfer station,
the garbage and plastic items were reloaded into transports and driven to their final
landfill destination in Michigan. The collected cardboard and steel was baled and sent for
recycling.
Mattamy staff members were cooperative and efficient in collecting packaging wastes for this
study. They reported that little, or no, additional effort had been required to perform this specific
task.
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Site research and selection
Packaging waste generated on construction sites has always been viewed as nothing more
than a nuisance. One of the reasons for this perspective is due to the fact that packaging
waste is mixed and defies categorization. This waste also compresses well when loaded
into bins and does not appear to amount to much. As a result, these materials have been
treated as wastes and associated landfill costs are not quantified.
Arriving at the best definition of “packaging waste” for this study was a challenge. The
WMAP team finally agreed to the following; “if the material enclosed, wrapped or held
together any material used in the construction of a home, then it was packaging waste”.
As is well-known, residential subdivision home builders traditionally hire private waste
hauling firms to supply large 40 cubic yard open bins to their job sites. Two waste
materials are typically excluded from being placed in these bins: wood and masonry.
Wood wastes may be recycled or even burned on site if allowed by local by-laws.
Masonry wastes are typically used as backfill. The balance of wastes are piled into bins
and landfilled. Waste haulers often separate some wastes from these loads by dumping
and sorting methods at their transfer stations. Cardboard and metal is often captured,
baled and recycled. The waste hauler benefits financially from this practice.
The Hawthorne site was of particular interest because of its overall size. Mattamy Homes
plans to build thousands of homes in this area over the next number of years. Recent
related studies have indicated that the typical 2,000 square foot single family home
constructed in Ontario produces 8,000 lbs of waste, or 4 lbs per square foot. If this data
were applied to the next 800 houses built by Mattamy in the Milton area, the projected
waste volume of this activity would be 1900 sq. ft (typical size) x 4 lbs x 800 =
6,080,000 lbs / 2,763 tonnes. If Mattamy were to simply landfill this projected waste
their costs would be 2763 tonnes x $80 per tonne = $221,040.
Finally, if through participation in this study, Mattamy was able to identify wastes that
could be diverted for recycling, the cost savings could be significant.
WMAP team members
• Dave Eastman, Vice-President, Construction, Halton Division, Mattamy Homes
• Randy McGuire, Senior Builder, Hawthorne Village South, Mattamy Homes
• Kevin Hahn, Builder, Hawthorne Village South, Mattamy Homes
• Annette Gilgan, Research Assistant, Building Science Division, Mattamy Homes
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues / barriers
• determining and agreeing upon a mutual definition of packaging waste
• determining the best method to apply study site capture data to the larger volume
of Mattamy home building activities, thus encouraging further packaging waste
diversion in the future
• communicating packaging waste definition to Mattamy field staff
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•
•
•

integrating packaging waste pickup into the daily schedule of labourers
transporting captured wastes to dedicated bin
maintaining dedicated bin security to avoid contamination
accurately weighing relatively small loads on transfer station weigh-scale

Opportunities
• allow for further study in the residential construction sector by establishing a
broadly acceptable definition of the composition of “packaging waste”
• prove that capturing and diverting packaging waste is cost effective and impactful
• by applying this waste management data to a larger segment of Mattamy Homes
building operations, encourage further Waste diversion research and activity
Recycling rationale
In many cases, packaging wastes are considered an insignificant part of CRD activities.
This study site provided an opportunity to complete a cost-benefit analysis of identifying
and diverting such wastes
Evaluation matrix
Issue

Barrier

Opportunity

Action
WMAP team
decided on
definition

Determination of
appropriate
definition of
“packaging waste”

There was no
traditional definition
from which to draw
Communication of
this definition to
field staff

To design an
efficient capture
system to collect
and store
packaging waste

The daily schedule
of site labourers
was busy and
complex

Hauler to provide
lockable bin of
sufficient size

Most haulers have
a shortage of this
type of bin

Find a secure
location for the
study bin

Sub-division job
site space can be
tight

Determine this
definition within the
WMAP team
Include field staff in
the WMAP team

To prove to the
builder that
targeted capture of
wastes would not
add to labour costs
on site
With a locking bin,
unwanted materials
are much less
likely to
contaminate the
study load
A secure location
minimizes
opportunities for
bin contamination

Kevin Hahn from
the field staff on
the WMAP team
passed the
selected definition
directly on to
labourers and
worked daily with
them on capture
activities
Site labourers
created a way to
organize their
schedule to include
sorting of
packaging wastes

Outcome

A clear, simple
definition was
established
Clear directions
were
communicated
Very little
contamination
occurred

The proper wastes
were captured in a
way that did not
increase site costs

Developer insisted
that their waste
hauler provide a
lockable 20 cu. yd.
bin

Lockable bin were
delivered to site,
with a locking rear
set of doors

Developer had the
bin dropped inside
the locked, fenced
compound

The bin was
unlocked only
when packaging
waste were being
placed in it
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Issue
Find a location
where the
packaging waste
load could be
dumped and sorted
by 4 selected
categories

How to accurately
weigh packaging
waste in each of 4
categories

Barrier

Without a secure
and controlled
location, data could
be lost

Millennium’s weigh
scale was not
accurate enough
for very small loads

Opportunity

Millennium Waste
operates a private
waste transfer
station in
Mississauga

Find another way
to accurately
capture wastes

Action
Millennium hauled
the study bin to
their transfer
station where its
contents were
dumped onto their
concrete sorting
floor
Packaging wastes
from each category
pile was placed
into a rolling plastic
tote container
Each tote load was
walked onto the
scale
Combined weight
was sufficient to
accurately register
on the scale

Outcome

The load was
sorted into 4 piles:
steel, cardboard,
plastic and
garbage

An accurate weight
was determined for
all 4 categories of
captured
packaging wastes

Wastes and totes
were sorted
weighted in order
to obtain a reading
How to apply study
site data to future
Mattamy activity

Mattamy did not
have historical
packaging waste
volume or cost
data

Mattamy could take
further steps to
divert packaging
wastes

Study site data was
applied to the
projected

To be determined

Material data
The following table contains the final results from the capture, separation and weighing
of packaging wastes from the Hawthorne study site. It also describes where each of the 4
wastes eventually were disposed / recycled. Projected potential diversion rates were
extrapolated for the entire 800 home development.

Material

Plastic wrapping
from insulation,
roof shingles and
paint pails
Steel strapping
from lifts of bricks
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Weight

20 kg / 44 lbs

30 kg / 66 lbs

Final disposal
method

Projected weight:
x 800 houses

Projected
disposal costs
and diversion
quantity: x 800
houses

landfilled

16 tonnes / 35,200
lbs

16 tonnes
landfilled x $80 /
tonne = $1,280

Recycled

24 tonnes / 52,800
lbs

Avoided disposal
cost:
24 tonnes x $80 /
tonne = $1,920
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Material

OCC: cardboard
boxes from
plumbing and light
fixtures, cabinets
and appliances
Garbage / trash:
plastic-lined paper
bags from cement
mix

Weight

Final disposal
method

Projected weight:
x 800 houses

130 kg / 286 lbs

Recycled

104 tonnes /
228,800 lbs

100 kg / 220 lbs

Landfilled

80 tonnes /
176,000 lbs

Projected
disposal costs
and diversion
quantity: x 800
houses
Avoided disposal
cost:
104 tonnes x $80 /
tonne= $8,320
80 tonnes
landfilled x $80 /
tonne = $6400
Net reduced costs:
recycling vs landfill
= $2,560

TOTAL

280 kg / 616 lbs

224 tonnes /
492,800 lbs

Net material
diversion: recycling
vs landfill = 32
tonnes or a 14.3%
diversion rate
Total cost savings
= $20,480

Observations
At first glance, 616 lbs of diverted packaging waste per house might seem rather
inconsequential. However, when this volume of wastes is projected over an additional
800 homes, the amounts are substantial.
Mattamy Homes has developed high residential subdivision site building productivity.
Their logistical organization proved useful when their staff committed themselves to
participating in the Molehill Project. Staff were able to capture packaging waste with a
minimum of additional effort.
Conclusions
1. The Hawthorne Village South Molehill study site generated 616 lbs of packaging
waste from 4 houses. This represented 8.1% of the total expected volume of solid
waste from the construction of one single-family home. If one considered the
construction of 800 houses in this subdivision, packaging wastes would weigh:
800 x 616 lbs = 492,800 lbs / 224 tonnes.
2. Costs to landfill packaging wastes from this site would total: 224 tonnes x $80 /
tonne tip fee = $17,920.
3. Should Mattamy manage their packaging wastes in the manner used in this study,
they would achieve a 14.3% material diversion rate.
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Case Study 9: Base Borden - Vinyl windows
Canadian Forces Base Borden
Angus, Ontario

Objectives
• examine how DCC’s demolition contract tendering procedures affect material
diversion
• study how a demolition contractor prepares to bid under this system
• observe how the demolition field team plans their logistics in order to best salvage
vinyl windows for resale
• examine the removal techniques required to salvage windows in an undamaged
condition
• study how the salvaged windows were resold
• quantify the results of this salvage effort by recording the weight, avoided
disposal and purchasing cost metrics
Key outcomes
Under contract to Defence Construction Canada
(DCC), through a deconstruction project, a
demolition contractor salvaged 1,140 windows
resulting in the saving of 27 tonnes of waste and an
avoided purchasing cost of $205,000.
Implementation timeline
March 2004 - June 2004

Project description
Early in 2004, Cannington Excavating Inc., a firm that provides demolition services, was
awarded the DCC contract to remove 149 houses at Base Borden. At this location, the
Department of National Defence is in the process of replacing most single-family and
duplex staff houses with low rise apartments. Although the 149 houses designated for
removal had been built over 30 years ago, they had been retrofitted with exterior
insulation, vinyl siding and vinyl windows.
DCC has developed a uniquely prescriptive demolition contract tendering procedure
through a “Best Value” demolition tendering process. Minimum diversion percentages
are required in all material categories. Points are awarded for diversion rates proposed by
each bidder. A bidder’s tender is not accepted unless it achieves at least the minimum
diversion score required. Finally, if the bidder does achieve this score, or higher, its price
proposal is opened and evaluated. This progressive tendering procedure has consistently
achieved 90% waste diversions and has, on the whole, resulted in lower demolition costs.
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Like a number of demolition firms, Cannington has developed a familiarity with this
tendering process. They spend considerable resources in preparing and responding to
each contract tender when issued. As a result, they have become highly proficient in
demolition waste diversion. This proficiency comes from their direct connections to
material reuse and recycling markets.
The Base Borden demolition project achieved over 92% waste diversion. Part of this
success was achieved through the removal and resale of vinyl windows from all 149
houses. It was this component that became the basis for study within the Molehill
project.
Each of the 1,200 windows were double hung in style with an exterior insect screen. They
were constructed of hollow extruded white vinyl, with double-insulated glazing. There
were six sizes with the average window measuring 30” wide by 40” high, or 8.33 square
feet in area. Their average weight was 52 lbs.
The windows were removed in the following manner:
• identified as the first item removed from the exterior of each building
• on the exterior, the bead of caulking between the window and vinyl trim was cut
with a utility knife, this freed the window on the outside
• on the inside, wood window casings were removed and recycled
• fiberglass or foam insulation between the window jam and framing was removed
• all screws that attached each window to the rough-stud-opening were removed
• the window was pushed into the interior and removed fully intact including
screens
For windows located on the second floor of
each house, access was achieved either by
using an exterior hydraulic hoist or from the
inside. On average, each window took 15
minutes to be removed intact.
In the process, 60 windows were damaged and
had to be landfilled. The balance of 1,140
windows was sold directly to the public, for an
average selling price of $80.
Overall, this method of material salvage for reuse produced notable waste diversion and
economic benefits.
Site research and selection
The demolition of Base Borden housing had been studied in 2002 during which time
eleven houses were slated for removal. This studied, funded by the Vinyl Council of
Canada, examined how the vinyl siding from these structures could be removed for
recycling. The demolition of these houses had also been tendered under DCC’s “Best
Value” system.
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It was determined that, among many other material diversion initiatives to take place, all
the vinyl windows were slated for removal and resale. Because the number of windows
was so large, this project presented a unique chance to study the removal techniques and
the associated financial and environmental values.
WMAP team members
• Gerry Garner, DCC, Base Borden
• Roy Craig, Demolition Site Manager, Cannington Excavating Inc.
• Phil Craig, Window Removal Manager, Cannington Excavating Inc.
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• How did the DCC demolition contract specification promote significant material
diversion?
• How did Cannington Excavating prepare their winning bid and how did this
process influence the volume of materials diverted?
• What was the best logistical sequence on site to achieve the highest volume of
salvaged windows?
• What were the financial and weight diversion results and how should they be
presented in this study?
Barriers
• complexity of DCC’s demolition tender specification
• unfamiliarity with DCC’s process within the demolition community
• organizing labour to remove materials intact presents unique logistical challenges
• advertising the resale of the salvaged windows
• salvaging the window in an efficient and effective manner
Opportunities
• through the DCC demolition specifications, educate the demolition sector in more
appropriate material diversion techniques
• create new efficiencies to ensure high material diversion goals
• generate notable avoided purchasing costs through the resale of salvaged vinyl
windows and avoidance of landfill
Recycling rationale
The Base Borden study focused on how selective deconstruction and reuse produces high
levels of material diversion and positive economic activity.
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Evaluation matrix
Issue

How did DCC’s
demolition
specifications &
requirements
promote material
diversion?

How did
Cannington
prepare for and bid
the Base Borden
Project?

How to plan for the
most effective
logistical
management of the
deconstruction

How to develop an
appropriate window
removal technique
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Barrier

The material
diversion portion of
DCC spec’s are more
complicated than
most demolition firms
are used to, requiring
detailed analysis and
diversion planning for
all potential assets
contained within the
buildings identified
for removal
Like many demolition
firms, Cannington
was busy on many
existing projects,
leaving them with
little time to research
new methods to
satisfy DCC spec’s
The sequencing of
actions on a regular
demolition project is
very different than on
a project that is
focused on material
diversion through
deconstruction
Windows may have
been originally
installed in a manner
which made removal
difficult

Opportunity

Action

Outcome
This has led to the
emergence of a
core group of
demolition firms
with increased
reuse, recycling
and deconstruction
capacity

By bidding DCC
projects in this
way, demolition
firms can
become more
familiar with
material
diversion options

Demolition firms
research local and
regional reuse /
recycling markets,
they also make the
transition from
demolition to
deconstruction,
thus increasing
their ability to
successfully bid on
DCC projects

Enlist outside
assistance,
through others
who are familiar
with DCC’s
requirements

Cannington
retained a waste
planning consultant
who helped them
research markets
and plan their bid
accordingly

Cannington’s bid
was successful and
they were awarded
the Base Borden
project

Learning new
ways to plan a
project can lead
to improved
efficiencies and
reduced costs,
overall

Cannington staff
focused their
planning on how to
achieve the best
value of material
recovery and
diversion

Cannington was
not only able to
meet DCC’s waste
diversion goals,
they were also able
to maximize their
revenues from
salvaged materials

Removing
windows in the
most efficient
manner
maximizes resale
revenues

Cannington field
staff developed a
sequence that
allowed for
effective removal

Of a potential
1,200 window
units, 1,140 were
saved for resale

By study, DCC and
PWGSC has
determined that
this method of
demolition has
reduced their
overall costs
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Material data
Salvaged item

Material
components

Component
weight

Total weight
of windows
salvaged

Avoided
purchase cost

Cost of unit if
new: $260
Vinyl window
average size:
30” w x 40” h
average
weight: 52 lbs
Number of
windows
salvaged for
resale: 1,140

Clear insulated
glass: 8 sq. ft.
each
Hollow white
extruded vinyl

Glass : 46 lbs
x 1,140 units
= 52,440 lbs /
23.83 tonnes
Vinyl : 2. 6
lbs x 1140
units = 6,840
lbs / 3.11
tonnes

Price charged
of salvaged
unit: $80
52 lbs each x
1140 units =
59,280 lbs /
26.94 tonnes

Net avoided
purchase cost
per unit: $260 $80 = $180
Total avoided
purchase
costs: $180 x
1,140 units =
$205,200

Avoided
disposal cost
Total weight of
units salvaged:
52 lbs x 1,140
units = 59,280
lbs
Total weight of
units disposed:
52 lbs x 60
units = 3,120
lbs
Net weight of
salvaged units:
59,280 lbs –
3,120 lbs =
56,160 lbs /
25.52 tonnes
Total avoided
disposal costs:
25.52 tonnes x
$80 / tonne
landfill fee =
$2042

Observations
1. A tendering process that includes specific waste diversion practices and targets
yields significant diversion and cost savings.
2. Demolition and deconstruction proponents can find efficient ways to divert wastes
if contracts depend on it.
Conclusions
1. When required, the demolition sector can, and will, respond to new material
diversion initiatives.
2. By applying the practical site skills developed over many years of demolition
work, field staff can make the transition to deconstruction.
3. DCC’s demolition contract tendering process creates significant material
diversions and noteworthy economic benefits, both in landfill costs savings but in
this case in the sale of used goods.
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Case Study 10: Manufactured housing - Gypsum wallboard
recycling
Due to proprietary considerations, the name and location of the
manufactured housing firm that kindly participated in this case study has
been protected.
Key outcome
Gypsum wallboard off-cuts were reduced by 25% when single-family houses were
produced in a high-tech factory setting.
Implementation timeline
Summer 2004
Project description
Over 45,000 new housing units are produced in the Greater Toronto Area (GTA)
annually. Almost all of these units are “stick built”: framed by hand, stud by stud. Other
than fixtures such as cabinets and appliances, and pre-assembled elements such as
windows and furnaces, the only major pre-fabricated portion of a stick built house usually
comes in the form of roof trusses.
“Pre-fabricated houses” have been manufactured in Ontario for many years. The primary
destination for these products has been offshore. This manufacturing process has
traditionally produced major house components that are shipped separately and then
assembled on site. Although this process produces financial and logistical benefits,
according to the Manufactured Housing Association of Canada, wastes produced by
factory housing have not yet been quantified or evaluated on a sectoral basis.
The specific firm that participated in this study pursued factory house building for a
number of reasons, including:
• Location: In their particular region they have good access to a skilled building
trades, material suppliers and a strong purchasing base for their finished product.
• Cost control: Working indoors in a climate controlled setting means not having
to deal with the vagaries of weather, productivity is much higher, absenteeism is
reduced. This company directly employs staff rather than hiring through outside
collective bargaining agreements.
The typical style of house built has a combination brick and vinyl siding exterior. An
average size of house is just over 2000 square feet. This company also developed and
implemented a number of design and production innovations that tended to standardize
room and component sizes, thus reducing production costs.
This approach also reduces production wastes in four significant ways:
• standardized components means less off-cut waste
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•
•
•

building indoors reduces the chance for lumber and other materials to degrade
prior to actual use
waste collection areas can be set up to efficiently capture materials
certain wastes can actually be reintroduced to the production line as the house
progresses through its building cycle

Production wastes such as corrugated cardboard, metals, wood and gypsum wallboard are
separated in house. Gypsum wallboard, cardboard and metals are recycled. Wood waste
is intercepted as the house is built and reinstalled as the house is built out.
Molehill researchers were provided generous access to this company’s operations. As a
result, gypsum wallboard capture and recycling data was provided and is detailed in this
case study. Typical single-family new home building generates one pound of gypsum offcuts per square foot of space constructed. This company’s data indicated that their factory
production reduced gypsum wallboard waste volume by 24.5%.
Site research and selection
As site proponents consider their operation proprietary in nature, we are not able to
disclose in any detail the nature of how this specific company was contacted for the
purpose of Molehill study participation.
Material data
Production staff kindly furnished Molehill consultant Bob Sawatsky with gypsum
wallboard recovery data for the period January - June 2004.
Material

Disposal Method

Quantity
Timeline: January - June 2004

Gypsum wallboard installation
off-cuts

Off-cuts are loaded by hand into
a 40 cu. yd. bin stored directly
outside factory

Quantity of gypsum wallboard
off-cuts produced: 94,094 lbs /
42.77 tonne

This bin, supplied by the recycler,
is periodically transported to New
West Gypsum Recycling in
Oakville for processing

Gypsum wallboard off-cuts
produced per sq. ft.:
0.755 lbs
Represents a 24.5% reduction
from industry standards

Observations and conclusions
Our study company recognized that building outside in the elements can add cost, risk
and increase production wastes whereas building inside manages these factors to a much
higher degree.
In this specific case study, it was clear that gypsum wallboard wastes can be reduced by a
sizable margin when houses are produced indoors.
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Case Study 11: Waste diversion - Deconstruction vs demolition
Department of National Defence
Downsview Park, Toronto, Ontario
Objective
• examine and review material diversion data
arising from the deconstruction of four buildings
at Downsview Park
Key outcome
Over 12,000 tonnes of building materials were diverted
from landfill through the selective deconstruction of four
buildings owned by Canada’s Department of National
Defence, Toronto.
Implementation timeline
January 2003 - August 2003
Project description
This case study examined selected results of a deconstruction pilot project that occurred
in 2003. Public Works & Government Services Canada (PWGSC) commissioned a study
titled: “Advantages of Building Deconstruction As Compared To Building Demolition:
Buildings 101, 111, 122 and 141, Downsview Park”. This pilot study was designed to
identify, quantify and divert large volumes of building materials from the removal of four
buildings owned by the Department of National Defence. Located at Downsview Park,
Toronto, the buildings had been originally constructed between 1953 and 1971 and were
no longer needed.
PWGSC has developed a groundbreaking sustainable development strategy and guideline
that includes a CRD Waste Management Protocol. This comprehensive system has been
rolled out to a number of selected projects. The goal of the Protocol is to divert waste
from landfill, maximize financial value through recycling and reuse and lower costs
compared to a traditional demolition approach. As is often the case, when buildings
owned by Department of National Defence are involved, Defence Construction Canada
(DCC) managed the work.
DCC has developed a uniquely prescriptive demolition contract tendering procedure. This
“Best Value” demolition tendering process promotes material diversion in a significant
manner. Minimum diversion percentages are required by bidders in all material
categories. Points are awarded for diversion rates proposed. A bidder’s tender is not
accepted unless it achieves a minimum diversion score. Finally, if the bidder achieves this
score, or higher, its price proposal is opened and evaluated. This progressive tendering
procedure has consistently achieved 90% waste diversions and has, on the whole, also
resulted in lower demolition costs.
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PWGSC retained a company called Envirobuild Exchange to perform a pre-demolition
audit and develop a material diversion plan that maximized the potentials for reduction.
Once completed, this plan was incorporated into the “demolition” tender. In January
2003, the building removal contract was awarded to Cannington Excavating Inc., a firm
that performs demolition, deconstruction and material salvage.
Over eight months all four buildings were carefully dismantled. Materials that had been
identified in the pre-demolition audit were removed, sold and recycled to the extent
possible. Concrete, steel and other metals, wood, mechanicals and fixtures were salvaged
and redistributed to a wide variety of end users including several regional First Nation
communities.
The entire process was carefully monitored by Envirobuild Exchange staff. At the end of
the deconstruction, all material disposal data were compiled. The results were notable,
with over 12,000 tonne diverted from landfill and hundreds of thousands of dollars saved
through the process.
This Downsview pilot project was brought to Molehill’s attention by Jimi Arey, an
Environmental Engineer with PWGSC in Toronto. He had also been directly involved in
the Downsview project and was thoroughly familiar with its scope and results.
Jimi Arey and Molehill Consultant Bob Sawatsky formed a mini-WMAP team. Their
goal was to examine the Downsview waste diversion results and selectively quantify
materials diverted. Although the Downsview Pilot Project made mention of GHG
implications of the diverted materials, specific calculations had not been recorded. The
Downsview Pilot Project provided valuable data from which to draw.
Site research and selection
The Downsview pilot project generated significant material diversions in a wide range of
categories and presented a unique opportunity for further study. DCC had conducted
similar deconstruction projects across Canada and waste reduction results were
consistently notable. More recently, PWGSC has conducted a comparison between what
their sustainable deconstruction projects had cost vs. that of a more traditional demolition
approach. The results of this comparison indicated that deconstruction saves money.
With the results from the Downsview project being so fresh and noteworthy, this site was
considered well worthy of Molehill study.
WMAP team members
• Jimi Arey, Environmental Engineer, Public Works & Government Services
Canada, Toronto
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
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Issues, barriers and opportunities
Since this case study was an examination of an existing pilot project that had been
completed one year prior, Molehill researchers did not face any noteworthy issues,
barriers or opportunities in the research process. However, within the pilot project itself,
Envirobuild encountered some issues which are outlined in the following section.
Evaluation matrix
Issues

Barriers

Opportunities

Action

Demolition
contractor
familiarity with
deconstruction
methodology

Cannington
Excavating’s
relative lack of
experience with
sustainable
tendering
procedures and
deconstruction site
practices

To provide
information and
managerial support
to Cannington

Since this was a
pilot project,
Envirobuild
assisted
Cannington, and
others, in the
process

Availability of local
and regional reuse
and recycling
markets

As compared to
many other
Canadian and US
cities, there were
relatively few
building material
reuse and recycling
markets in
existence

Energetic and
creative outreach
to markets that did
exist

Cannington and
Envirobuild
expanded their
market research for
reuse and recycling

Outcome
Cannington was
able to add to their
existing
deconstruction
skills
The overall volume
of diverted
materials increased
as a result of this
support
Some additional
markets were
found, resulting in
noteworthy
volumes of reuse
and recycling

Material data
During and following the deconstruction process, actual material diversion and disposal
data on the Downsview site was collected by Cannington Excavating. Data was organized
by volume, weight and units and expressed within the 16 categories of Canada’s National
Master Specification and included in Envirobuild’s final report to PWGSC in November
2003.
Through examination of this data, Molehill researchers decided to select certain
noteworthy materials and present them in this case study.
Material type
Concrete block / brick
Structural steel
Rebar
Copper
Wood
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Reasons for inclusion in Molehill study
Concrete contains large quantities of embodied energy, and it relatively
simple technically to recycle in large volumes.
Same reason as above.
Being embedded in concrete, considerable pulverization is needed to
separate rebar. Because of the recycling value of crushed concrete, this
process is common in the demolition sector. This results in large quantities
of steel rebar available as recyclable by-products.
Copper is relatively easy to separate during a deconstruction and has
extremely high recycling value.
Wood can be difficult to separate during the deconstruction process.
However, recycling markets are growing for waste wood in the GTA.
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Material type

Reasons for inclusion in Molehill study
Toilets were either salvaged for reuse or the ceramic content recycled.
Ceramic material contains high embodied energy.

toilets

Molehill material study data selected from Downsview pilot project
Material
Concrete block
/ brick
Structural steel
Rebar
Copper
Wood
Toilets:
ceramic:
reused
Toilets:
ceramic:
recycled
TOTAL

Building 101

Building 111

Building 122

Building 141

Total weight

1,586 tonnes

1,551 tonnes

2,638 tonnes

3,190 tonnes

8,965 tonnes

10.26 tonnes
20 tonnes
2 tonnes
29.45 tonnes

24.5 tonnes
19 tonnes
1 tonnes
50.74 tonnes

7.05 tonnes
24 tonnes
1.65
52.33 tonnes

13.01 tonnes
34 tonnes
1.45 tonnes
125 tonnes

10 units
370 kg

1 unit
37 kg

17 units
629 kg

6 units
222 kg

3 units
111 kg

1 unit
37 kg

nil

7 units
259 kg

1,647.93
tonnes

1,646.27
tonnes

2,723.32
tonnes

3,363.68
tonnes

54.82 tonnes
97 tonnes
6.1 tonnes
257.52 tonnes
34 x 37 kg =
1,258 kg / 1.25
tonnes
11 x 37 kg =
407 kg / .407
tonnes
9,381.20
tonnes
x 65$ / tonne =
$609,778

Observations and conclusions
Because a comprehensive predemolition audit had been prepared, and thorough planning
developed on the Downsview site, Cannington was able to respond to waste reduction
requirements and improve their deconstruction capabilities. This experience prepared and
encouraged them to pursue additional projects through DCC. The diversion and disposal
data Cannington generated and the manner with which this data was expressed created a
unique opportunity for study within the context of the Molehill Project.
The Downsview pilot project that compared the effectiveness of demolition to
deconstruction set a notable precedent for sustainable development within PWGSC and
the Department of National Defence. In total, over 12,000 tonnes of materials were
diverted from landfill and overall costs were reduced in the balance. Since this pilot
project in 2003, PWGSC and DCC have expanded this approach to many other projects
across Canada.
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Case Study 12: Residential framing wood waste recycling
Lakeside Housing Development
Ajax, Ontario

Objective
• examine the quantity, composition and ultimate
disposal methods of wood wastes generated by
the framing of a quantity of single-family homes
in the Lakeside subdivision
Key outcome
Wood wastes from the framing of 450 single-family
homes in Ajax, Ontario were quantified and recycled.
Implementation timeline
Fall 2004
Project description
Tribute Homes is one of Ontario’s most active home builders. They routinely develop
and construct hundreds of single-family houses across the GTA. One of Tribute’s most
popular subdivisions is their Lakeside Community, located on the shore of Lake Ontario
in the town of Ajax.
More recently, because of its relative proximity to Toronto, Ajax has seen a major
increase in residential housing density. It has released hundreds of acres of land,
previously used primarily for agricultural purposes, for new subdivision housing. Almost
all of this new housing is of the single-family type.
Tribute Homes designs and constructs houses which average 2,000 square feet in size.
Their streetscape and house designs have some traditional elements and exterior finish is
often a combination of brick, vinyl siding and cedar shingles. As is the case with almost
all home builders in this region, Tribute’s typical wall section is framed with 2” x 6” SPF
(Spruce / Pine / Fir) non-kiln dried dimensional lumber.
Tribute Homes typically collected its dimensional and manufactured wood wastes
separately. Mixed wastes were commingled in 40 cu. yd. open bins and landfilled.
Captured wood wastes were loaded into separate bins and delivered to the Ajax Waste to
Energy facility. This private facility incinerated / gasified mixed solid construction
wastes. This process generated turbine power which was then sold back to the power
grid.
Tribute’s new waste hauler handled wood wastes differently. All Star Wood Waste &
Recycling managed this material as an asset and preferred to sell it to regional recycling
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operations. This meant that the wood wastes were being used to produce items such as
animal bedding, landscape mulch, and even high quality furniture. In making this change,
Tribute saved an average of $150 per 40 cu. yd. bin.
As is the case in virtually all major subdivision framing in the GTA, Tribute hired
unionized framing contractors. The framers were paid on a square foot basis. Tribute
purchased the framing materials and had them delivered to the framers on site on a daily
basis. The framers had the authority to reject material loads if they felt the wood was
below standard.
Unlike a number of subdivision builders in this market, Tribute had not yet instituted any
form of optimum value engineering when it came to reducing wood volumes. Their
opinion was that this would involve retraining costs and decelerate the process of
building.
In this Molehill study, the focus was to observe how site procedures affected the volume
of dimensional and manufactured wood wastes. An attempt was made to quantify and
track wastes through to its end destination. A WMAP team included representation from
Tribute Homes Lakeside site and All Star Wood Waste.
Once the Molehill study work began, the first task was to determine accurate wood waste
generation volume and management costs, on a per house basis. Although Tribute tracks
many ongoing site costs on a daily basis, it was unable to produce specific costs in this
area. Like most subdivision builders, waste hauling costs were tracked on a bulk basis.
The builder did not typically require, nor did the waste hauler provide, any breakdown by
material type.
Molehill researchers decided that the projected weight of dimensional and manufactured
wood wastes on the Lakeside study site would be calculated based on an amalgam of
existing study data. This weight was then projected over the framing activity of 450
houses.
This case study lays out how a definition of “wood waste recycling” was determined for
this specific study site. Through the participation on the WMAP team of All Star Wood
Waste, it was ultimately determined that, under this stated definition, virtually all
Lakeside’s wood waste was being recycled.
Site research and selection
For the construction and renovation industry, wood is easy to obtain and relatively simple
to cut, shape and fasten. Traditionally, inexpensive and plentiful, it has been around
forever. Canadian “stick building” production housing technology is the envy of much of
the world. CMHC, among other organizations, exports this technology around the globe.
Traditional wood products used for home building has more recently become mixed with
many hybrids. These include finger-jointed wall studs, parallam and LVL (laminated
veneer lumber) structural materials. Wood sheathing has also changed. Plywood
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continues to be widely used but has been joined by OSB (oriented strand board) and
many varieties of particleboard. All of these newer materials contain some percentage of
post-consumer products. One of the newest manufactured wood sheathing comes directly
from Canada’s farms in the form of “straw board”, made from leftover field stubble.
Over the years, there have been many studies that examined the composition of
residential construction wood waste. The original “Making A Molehill Out Of A
Mountain” study, commissioned by the Greater Toronto Home Builders’ Association in
1990, determined that the average single family subdivision house generated 35% of its
solid waste in the form of dimensional lumber and manufactured wood. More recent
studies by CMHC and NAHB (National Association of Home Builders: USA) have
suggested this figure ranges from 40% to 67%. The mixture of dimensional to
manufactured wood waste has changed but the overall weight appears to have risen.
A CMHC study in 1995, carried out in Edmonton, demonstrated that when a typical
single family home was re-engineered and built for the express purpose of reducing wood
volumes, the result was a 50% drop in materials used.
The volume of wood waste, from new residential construction and waste has now become
a commodity asset with positive financial value. Wood waste has also increased in value
because of a general rise in softwood lumber prices and a specific cost uncertainty due to
cross-border trade disputes with the USA. Waste haulers have responded by cultivating
recycling market connections and diverting more and more post-consumer wood wastes
for remanufacturing.
Tribute is a high volume subdivision builder that
constructs wood framed homes as fast as they
were sold. They had made some efforts to reduce
wood waste volumes due to cost but had, so far,
resisted the move to re-engineer their framing
design so as to dramatically reduce wood volumes.
The overall volume and disposal methods used by
Tribute are ideal to illuminate some of the current
barriers and opportunities that subdivision builders
face.
WMAP team members
• Frank Salemi, Construction Site Superintendent, Lakeside subdivision, Tribute
Homes
• Ed Duchesne, Co-owner, All Star Wood Waste & Recycling Ltd.
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Issues, barriers and opportunities
Issues
• definition of “wood waste recycling” for the purposes of this study
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•

•
•
•

in the absence of cost and volume data, determine an acceptable formula with
which to accurately predict wood waste volumes from the framing of Lakeside
houses
determine with unionized labour affect onsite diversion opportunities
Ontario Building Code (OBC) minimum framing standards
wood waste hauling fees, site space logistics

Barriers
• there are a number of ways “wood waste recycling” is defined
• different wood waste studies have produced dissimilar volume results
• Tribute cost accounting did not track specific wood waste handling results
• CBAs can mandate material handling methods which restrict the reuse of wood
materials
• minimum framing code does not require kiln dried lumber for wall studs
• wood waste hauling fees vary from location to location
• space is limited
• disconnect between site supervision and framer
Opportunities
• try to establish a “wood waste recycling” definition that meets the needs of all
parties
• combine a number of waste volume study results to create a blended formula
• promote discussion between site super and framers before materials are ordered
• observe material delivery and handling logistics and produce recommendations
for improvements
• look for site space to locate empty bins for wood waste collection
Recycling rationale
This study was focused on the auditing of waste production, collection and disposal
methodology.
Definitions and formulas
Prior to gathering data, it was necessary to establish some definitions and formulas.
Definitions
Wood:
• Dimensional lumber: 2 by 4’s, 2 by 6’s and all other solid wood milled from
standing timber. This includes any finger-jointed lumber that may be found in use
on site.
• Manufactured wood: Plywood, OSB, particleboard, parallam, LVL (laminated
veneer lumber) and any other composite wood product used on site.
•

Waste: “Extra material that has reached the end of its useful life in its intended
use.”
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•

Recycling: “To remove a waste material from a project site and transport that
material to another site for remanufacture into a new product for reuse.” Note: For
this study this definition excluded the incineration of wood wastes in a “waste to
energy” facility.

•

Wood-waste recycling: “The process of removing extra dimensional lumber and
manufactured wood that has reached the end of its useful life in its original form
and remanufacturing these materials into a new product for reuse”.

Formula
Formula to predict the percentage of all solid wastes that was comprised of dimensional
and manufactured wood wastes produced in the construction of 450 homes in the lakeside
subdivision:
Step 1
Since Lakeside staff did not separate dimensional and manufactured wood wastes from
each other, it was determined that for the purposes of this study, we would combine the
two.
Step 2
To establish a percentage of all solid waste that was comprised of wood, an average was
derived from data among three study site sources.
1990 “Molehill”:
1998 CMHC:
1995 NAHB:

35 %

40 %
(42% to 67%) = 54.5 % (av.)

(35 + 40 + 54.5) = 129.5 divided by 3 = 43.16%
It was decided that 43.16% of projected wastes generated from the construction of one
house would be prescribed to wood.
Step 3
How much overall waste was produced when 450 Lakeside houses were constructed?
The most recent data available to Molehill researchers came from a 2004 study performed
by an environmental technology firm. From recent waste composition field work, it was
predicted that the typical 2,000 square foot single family home generated 4 lbs of waste
per square foot. This data was applied to a typical Lakeside home in the following
manner:
• typical Lakeside house: 1900 sq. ft. x 4 lbs = 7,600 lbs
• 7,600 lbs x 43.16% = 3280 lbs of wood wastes per house
• 3,280 lbs wood waste x 450 houses = 1,476,000 lbs
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Evaluation matrix
Issue

Barrier

Definition of
“wood waste
recycling” for this
study

Establishing a
formula to predict
wood waste
volumes over the
construction of
450 houses in the
Lakeside
subdivision

The CBA and its
effect on the
production of
wood wastes

Lumber material
ordering practices

Lumber handling
practices on site

Opportunity
To search
various
definitions in
research data

Tribute cost
accounting did not
track specific wood
waste hauling data
There were a number
of studies which
produced different
waste volumes
Carpenters who used
1 x 8 lumber to build
wood forms for
concrete footings are
only allowed, under
their CBA, to take
lumber from unopened
lifts of new lumber,
and are only allowed
to use the forming
wood once
Lakeside staff order
materials and have
them delivered to the
site for use by
carpenters. This
disconnect leads to
disputes on quantities
required, the quality of
lumber delivered
Some lifts of lumber
are offloaded by slidedropping off a truck
deck
New lifts are set down
on uneven ground
causing warping and
twisting before it can
be used up

Action
“wood”, “waste”
and “recycling”
definitions were
combined to create
a comprehensive
definition

Outcome
Developed a
definition “wood
waste recycling”

Could these
different studies
be combined to
create an
acceptable
formula?

Data from four
studies were
averaged to create
a study formula

Final formula
decided was:
43.16% of single
family house
construction waste
was comprised of
wood (dimensional
and manufactured)

Carry this
concern into the
next round of
CBA negotiations
with the
carpenter’s union

None to date

None to date

Increase the
dialogue
between the site
super who orders
the material and
the lead
carpenters

None to date

None to date

Use different
techniques to
offload and store
lifts of lumber

Use a “zoom
boom” high
capacity forklift to
offload lifts of
lumber
Place new lifts on
even ground to
avoid damage

These techniques
reduced overall
damage to lumber
lifts, thus reducing
wood waste

' #

"

Issue

Barrier

Opportunity

Action

Outcome

OBS only requires kiln
dried lumber for floor
joists, not wall studs.

OBC minimum
framing standards

Framing walls with
damp lumber
increased the
likelihood of wall twist
and mold generation
Non kiln-dried lumber
is much more prone to
developing mold in
humid weather

Tribute could
take advantage
of many field
studies which
prove that the
use of kiln-dried
lumber for all
aspects of house
framing reduces
net costs and
wood wastes

Unknown

Unknown

Kiln dried lumber costs
more than damp
lumber
Wood waste
hauling fees

Hauling wood wastes
co-mingled with other
wastes cost more

Site space
logistics

Although a large
subdivision is a big
space, once framing is
complete there was
little space between or
behind houses within
which to collect large
quantities of wood
wastes

Contract with a
waste hauler that
recycles, thus
lowering costs to
Tribute

Find a number of
spaces on site to
collect smaller
piles of wood
waste

Tribute hired All
Star Waste to
handle all their
wood waste on the
Lakeside site
Lakeside staff piled
wood wastes in
smaller stacks in
the linked rear
yards of framed
houses then
mechanically
loaded these piles
into 40 yd. bins as
required

The average price
of a 40 cu. yd. bin
was reduced by
$150
Lakeside staff
captured virtually
all wood wastes
created. In turn, all
the wood wastes
were hauled and
recycled by All Star
Waste & Recycling

Material data
Using the definitions and formula developed for this case study, the following material
table presents a comparison of wood waste volumes and costs.
Material

Wood waste:
dimensional and
manufactured wood

Weight
1,900 sq. ft. x 4 lbs x
43.16% = 3,280 lbs / 1.5
tonnes wood waste per
house
3,280 lbs / 1.5 tonnes x
450 houses = 1,476,000
lbs / 675 tonnes of wood
waste

Disposal method
Using Lakeside former
hauler: disposal at
“waste-to-energy” facility
Using All Star Waste &
Recycling: wood wastes
were being
remanufactured into
animal and landscape
bedding and furniture

Comparative cost

Using All Star saved
Tribute an average of
$150 per bin
Projected savings for
450 houses:
450 x $150 = $67,500

Observations and conclusions
Continuing consumer demand for single family housing in a subdivision setting places a
good deal of pressure on home builders to produce in high volumes and at a fast pace.
' $

"

Canadian builders have responded by generating productivity gains which are envied by
many. However, this rapidity of production has meant little notice is given to issues of
waste management and associated costs.
Tribute Homes was motivated by tight profit margins, to work with a wood waste hauler
who reduced costs by managing wood wastes as an asset.
As a result of this study, the following observations and conclusions can be made:
1. For a subdivision builder, lower hauling costs also meant reduced environmental
impacts.
2. CBA’s (Collective Bargaining Agreements) required carpenters to handle lumber
in a way which increased wood waste volumes.
3. Relatively simple improvements in wood handling practices on site reduced
lumber damage and wood wastes.
4. Adhering to the OBC (Ontario Building Code) minimum framing standards can
lead to increased wood wastes.
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Case Study 13: Adaptive reuse of an entire building
Westside Lofts
700 King Street, Toronto, Ontario

Objectives
• examine the issues faced by the developer and designer that led to their adaptive
reuse of the structure
• quantify the reuse in place of two major building materials
Key outcome
Over 4,600 tonnes of concrete and asphalt were reused
in place through the adaptive conversion of an existing
industrial building in downtown Toronto.
Implementation timeline
The actual reconstruction of the existing building was
completed in 2000. Molehill study took place in
Summer 2004.
Project description
The City of Toronto has many older buildings facing uncertain futures. The best example
might be Maple Leaf Gardens. Built in 1921, this arena has significant national historical
and social value. Yet it has now sat empty for over five years.
In 2002, the City of Toronto adopted a new Official Growth Plan. Selected phrases from
this plan that characterize how Urban Planners see Toronto’s future include:
• “making the right choices and shaping Toronto’s collective future”
• “getting the fundamentals right”
• “making sustainable choices about how we grow”
• “integrating environmental, social and economic perspectives”
• “future development will be built on infill and redevelopment sites”
• “the majority of new growth will take place in the downtown area of the City
where intensification is appropriate”
Toronto’s new Official Plan strongly identifies the value of, and encourages, the
regeneration of downtown areas. A big part of this intensification effort is to create more
housing. In recent years the City of Toronto has relaxed planning and zoning
requirements in certain areas. For example, the “Kings Regeneration Initiative”
deregulated land use in an area bounded by Parliament to Spadina, south of King Street.
A cornerstone of this plan was to encourage the adaptive reuse of existing buildings in
exchange for zoning concessions in other elements such as parking requirements. As a
result, over 7000 new housing units will have been created.
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Other examples of adaptive reuse of Toronto buildings include The Candy Factory on
Queen Street West, the Tip Top Tailor Building located on the shore of Lake Ontario at
the foot of Bathurst Street and in sub-urban Toronto, the numerous conversion of unused
low rise industrial factories into places of worship.
This particular Molehill case study focuses on a 13 story building located at 700 King
Street West. Sited on the northwest corner of King and Bathurst, this industrial building
was constructed between 1982 and 1987. Originally, this concrete and pre-cast structure
with a 5,000 square foot floor plate had been zoned Industrial / Commercial. Once
complete, it had never been fully occupied. It was purchased by a developer for
conversion into residential condominiums. Close by to downtown financial, commercial
and entertainment amenities and close to public transit, the location suited conversion.
The firm of Young & Wright Architects was awarded the contract to re-design the building. Their
plans were to:
•
•
•
•

create 210 living units
retain and revamp 173 existing parking spaces underground
bring on board major ground floor retail tenants including MacDonald’s and The
Second Cup
replace all exterior glazing as part of an overall effort to improve building
envelope efficiency

Most significantly, the entire structural floor system, support columns, elevator and utility
shafts, stairwells and dividing walls were retained. So were the exterior precast concrete
wall panels.
The building reconstruction effort was completed in 2000. Condo units were sold and the
building became so successful that a neighboring building was also converted.
This Molehill study examined the conversion of 700 King Street in two ways. First the
process by which to determine elements of the building would be retailed. This study also
examined the overall existing building mass and the quantity of concrete asphalt that had
been left in place. Calculations indicated that 4,225 tonnes of concrete and 385.5 tonnes
of asphalt were saved in this adaptive reuse of the entire building.
Site research and selection
Sheena Sharpe was the architect selected from Young & Wright to manage the project
design at 700 King Street. It was her colleague, Tom Kolsbasenko who brought the site
to Molehill researchers.
This site was chosen for study for the following reasons:
• 700 King represented one of the larger examples to date of adaptive reuse of a
building in the core of Toronto
• the examination of this site would allow researchers to explore the core reasons
that tend to motivate developers to reuse an entire building
• by selecting concrete and asphalt for reuse quantification, two of the materials
containing the highest embodied energy would be examined
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WMAP team members
• Tom Kolbasenko, Architect, Young & Wright Architects
• Sheena Sharpe, Architect, Sharpe Architects
• Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Evaluation matrix
The developer and designers faced a number of challenges as they assessed and
proceeded with their pre-construction work including:
Issue

Barrier

Opportunity

Major
redevelopment
along the King
Street corridor had
not yet reached as
far west as this
location

Could this new
development lead
the way present
the opportunity for
the same reuse
construction in
other buildings in
the area

Developers
researched the
potential of the site
and decided to
proceed with
redeveloping the
building

Industrial /
commercial

Request a rezoning from City of
Toronto

City of Toronto
planning
department
allowed the
property to be rezoned from
industrial /
commercial to
multi-residential

Developers
proceeded with
final plans to
reconstruct

Condition of core
building elements

Few barriers

Exterior pre-cast,
concrete floor
slabs, underground
parking and overall
flow of existing
building were
considered
appropriate for
reuse

The overall existing
building mass and
major elements
were saved for
reuse and
incorporated into
the new design

Overall
construction costs
were reduced

Existing interior
layout

Although interior
flow was fine in
public spaces,
individual units
were long and
narrow

Creative suite
design might
overcome this
obstacle

Designers created
a residential unit
floor plan which
retained narrow
existing walls

Interesting and
pleasing units
some designated
for live-work

Exterior finish,
aesthetics v / s
replacement cost

The existing precast exterior
panels had an
exposed aggregate
finish, considered
unattractive in
contemporary
design

Could they be
retained for cost
purposes?

The negative visual
impact of the precast panels was
offset by the
replacement of all
exterior glazing.
Pre-cast panels
were retrofitted
with upgraded
insulation

The buildings’
exterior, overall,
was attractive,
highly functional
and the energy
performance of the
building envelope
was improved

Building location

Existing building
zoning

'#

Action

Outcome
700 King Street
was redeveloped
for multi-unit
residential
An adjacent
building, 720 King,
was later
redeveloped in a
similar manner

"

Material data

Molehill researchers performed a physical examination of the completed building and reviewed
architectural drawings supplied to them by Young & Wright Architects. It was determined that
virtually all of the buildings’ concrete and asphalt had been left in place and reused. Quantity
takeoffs for each of these materials was done and the following data produced:
Material reused in place
Concrete: pre-cast walls, floor slabs, columns,
elevator and stairwell shafts
Asphalt: 3 levels of underground parking

Quantity of material
2,446 cubic yards x 3,800 lbs per cu. yd. =
9,294,800 lbs / 4225 tonnes
2120 sq. yds x 4” thick x 100 lbs per inch of
thickness = 848,000 lbs / 385.5 tonnes

Observations and conclusions
1. Once the City of Toronto began to implement a policy of downtown regeneration
and intensification that included residential housing, numerous existing
underutilized buildings became candidates for adaptive reuse.
2. The successful redevelopment of 700 King Street led directly to other similar
projects in the area. This domino effect is common when core regeneration of a
city occurs.
3. The appropriate adaptive reuse of the entire building mass was assured through
the choice of an architectural firm that had solid sustainable experience and skills.
4. Major portions of an existing building can be retained and reused when the ability
to compromise in the design phase is demonstrated.
5. Overall, with the retention of the entire building mass found at 700 King Street,
almost 10 million lbs of high-embodied energy materials were reinvested.
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Case Study 14:

Design for disassembly

Mountain Equipment Co-operative retail store
366 Richmond Road, Ottawa, Ontario

Objectives
• examine selected issues, barriers and opportunities
faced by designers when planning the MEC Ottawa
store
• compile a list of major materials and building
assemblies which were used with design for
disassembly (DFD) in mind
• select three of these materials and evaluate their
effectiveness when theoretically subjected to
anticipated future renovations
Key outcome
While designing a new retail store for Mountain Equipment
Co-operative in Ottawa, architects were able to reduce potential future renovation wastes
through the careful application of design for disassembly principles.
Implementation timeline
Retail store construction completed 2000, Molehill research Fall 2004.
Project description
The most profound way to eliminate CRD waste can yield best results when a building is
Designed For Disassembly (DFD). Within the context of commercial and residential
building, the definition of this process is:
When planning new construction or a renovation, future potential change to a
building’s overall use or occupancy is anticipated. Design and construction
specifications are developed to promote the use of materials and assemblies that
can be deconstructed and reused at a later date. This process can result in
reduced construction costs and the avoidance of demolition and construction
waste in the future.
The cornerstone principles of DFD are: versatility, durability, simplicity of design,
independence of material assemblies, reusable and exposed fasteners. This process
produces environmental benefits that include: reduction in resource extraction for new
materials, reinvestment of embodied energy and reduction in atmospheric emissions.
By integrating DFD into the construction phase, CRD wastes are not only reduced, but
effectively eliminated.
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One of Canada’s most notable examples of sustainable design and construction which
included numerous elements of design for disassembly can be found in the Ottawa retail
location of Mountain Equipment Co-op (MEC). MEC is a retail consumer co-operative
store that sells outdoor equipment and clothing. Completed in 2000, this 2200 square
meter building was the first commercial building to comply with Canada 2000 Green
Building Standards. The design and construction of this ultra-sustainable store resulted in
an overall energy consumption reduction of 56%. 80% of all building materials used,
came from within a 500 km radius. Many of the materials used were salvaged from local
and regional sources. Although it cost 13% more to construct than a typical retail store,
this was quickly recaptured through lower overall operational costs.
This member-owned and operated co-operative they had embraced a corporate-wide
environmental sustainable policy to construct a ‘one of a kind’ retail outlet.
Some of the specific DFD features designed and incorporated in the store included:
• exposed salvaged timber framed structure, connected with reusable fasteners
• electrical fixtures and wiring that could be relocated to meet future needs
• hardwood floors mechanically fastened with screws and nails, rather than glued to
the substrate
• rockwool and cellulose insulation that could be removed and re-installed
• exterior cladding of cement and steel panels, bolted to allow for easy removal
should renovations be found necessary at a later date
• a comprehensive disassembly manual that provided detailed instructions on how
to dissemble
The Ottawa MEC store is durable, efficient, and versatile and provides a pleasant
environment for staff and shoppers.
This Molehill Project examined the design and construction of the MEC Ottawa building
and determined what DFD related materials and assemblies had been incorporated. Three
of these materials were subjected to theoretical renovations that could possibly occur in
the building’s future. By testing these materials in this way, potential waste reductions
were then calculated.
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Site research and selection
DFD specifications and methodologies are currently being embedded in Canadian and
international building standards. For the first time, building professionals will have a firm
technical basis upon which to reduce future CRD wastes with the design phase of a
project. The emergence of an Integrated Design Team (IDT) approach in sustainable
building allows these DFD principles to be consistently applied to maximum effect.
For the purposes of this study, a number of MEC Ottawa case studies were reviewed. In
addition, MEC project architect, Linda Chapman provided additional details and
descriptions.
WMAP team members
Linda Chapman, Architect, Ottawa
Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Evaluation matrix
Issue

Design and
construction
industry tradition

Barrier

The most common
approach to design
and construction is
still to build,
renovate and
demolish in the
fastest, easiest and
cheapest manner
possible.
Prescriptive yet
outdated Building
Codes.

Opportunity

An Integrated
Design Team
Approach was
selected by the
client.
If traditional
approaches can be
overcome, CRD
wastes can be
reduced /
eliminated through
DFD practices

Gaining access to
architects skilled in
sustainable design.
Consumer demand
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Many retailers
perceive that there
is demand for
stores which
clearly
communicate
environmental as
well as retailing
goals.

Action

Opportunity to
reveal this
perception and
educate the public.

The National
Building Code is
currently being
modified to better
identify
performance-based
requirements which
would promote
DFD.
Architects skilled in
sustainable design
were awarded
MEC contract.
MEC is a memberowned and
directed cooperative
corporation with a
clearly articulated
environmental
mission. Through
MEC’s ongoing
contact with clients
/ members they
were fully aware of
the marketplaces’
enthusiasm for
sustainable design
before the project
began.

Outcome

DFD principles
remained
paramount.
A comprehensive
yet sustainable
design was
selected by the
client, MEC
Ottawa.

MEC and their
design and
construction team
designed and built
a store which not
only identified and
achieved
environmental
goals.
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Issue
Design aesthetics
created by DFD
practice

Barrier

Opportunity

Action

Outcome

Are aesthetics
compromised when
DFD elements are
present?

Look for the
opportunity in the
design to clearly
identify DFD
elements to all
building occupants.

The integrated
design team
decided that DFD
elements should be
highly visual.

Store customers
and staff found the
environment
pleasant and
harmonious with
the overall MEC
corporate mission.

Recycling rationale
The MEC Ottawa store construction was studied for the following reasons:
• it is a successful example of DFD
• some of the materials used in its construction were, salvaged from local and
regional sources
• when selected materials were subjected to anticipated future renovations through
this study, waste reduction data would be highly repeatable in other settings
Materials and assemblies that demonstrated DFD
Material / assembly used
Hardwood flooring
Interior “uni-strut” partitions with
veneered plywood and fabric panels
Exterior cladding: pre-fabricated
cement and corrugated steel panels
Structural timber framing
Electrical components: exposed wiring
in suspended raceways and movable
light fixtures
Mechanical fasteners

Rockwool and cellulose insulation

Relevance to DFD
Instead of gluing hardwood to substrate, it was fastened by
using screws and nails. In future it could then be easily
salvaged and reused.
These partitions were fully reusable, unlike more typical wall
partitions of metal studs and taped gypsum wallboard that must
be destroyed when removed.
Should any exterior wall need to be removed for building
expansion, or even total demolition, all wall panels could be
unbolted and reused?
Timber frames and second story structural beams were sawn
from sunken logs in the nearby St. Lawrence River. They were
assembled with bolts to allow for disassembly in the future.
If the floor plan needed to change, wiring and lighting fixtures
were easily accessible. This minimized damage and maximized
reuse.
Wherever possible, materials were assembled together and
installed using bolts and other mechanical fasteners. These
fasteners were then left exposed. This allowed for ease of
disassembly and visually communicated DFD efforts to building
users.
These two types of insulation are 100% reusable. If insulated
walls were ever removed, the insulation would simply be
removed and installed in the new wall.
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Material data
The following DFD materials were subjected to theoretical renovations as described. The
quantity of material saved is expressed by weight
Material

Douglas Fir wood
plank flooring

Exterior panels:
pre-formed cement
and corrugated
steel
Rockwool and
cellulose insulation

Theoretical nature of renovation
Following a major winter snow and ice storm, a major
section of the roof leaks. Because this happens over the
Christmas holiday when the store was empty, the leak is not
discovered for 2 days. Water damage to the wood floor is
extensive. Approximately 800 square feet of plank floor is
affected.
Since the plank floor had not been glued to the beams
below, but rather screwed and nailed in place, 800 sq. ft. of
planking is disassembled. It is then flipped over and
reinstalled mechanically as before.
It is decided that the sales floor is to be expanded to allow
for the installation of a “living wall” feature. An entire end
wall of the existing building is removed. The building is
bumped out and this salvaged wall is rebuilt, with the
exterior panels reinstalled. The affected wall area of 1000
sq. ft. is clad in equal quantities of cement and steel panels.
The relocated wall, as described above, had been insulated
with an equal amount of rockwool and cellulose. Once the
exterior panels are removed, the insulation is carefully
bagged and saved for reuse once the wall is re-built.

Total weight of salvaged materials

Quantity of
materials
salvaged for reuse

800 sq. ft. Douglas
Fir x 11 lbs per sq.
ft. = 8,800 lbs / 4
tonnes

1,000 sq. ft. wall
panels x 9 lbs per
sq. ft. = 9,000 lbs /
4.1 tonnes
1,000 sq. ft.
insulation x 1 lb per
sq. ft. = 1,000 lbs /
0.45 tonnes
18,800 lbs / 8.55
tonnes

Observations and conclusions
1. The success of this study site was dependent on an overall broad and aggressive
environmental vision of using and Integrated Design Team (IDT) approach, which
includes elements of Design for Disassembly (DFD).
2. Modifications to the National Building Code that identify established
performance-based requirements that promote DFD will likely cause acceleration
in the practice.
3. Increased upfront costs to achieve sustainability in a building’s design and
construction are offset by preventing costs of future renovations
4. MEC chose to expose their DRD elements of their outlet which advocates and
educates sustainability.
5. To achieve DFD success, one must be forward thinking, practical and comfortable
with change.
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Case Study 15: Concrete recycling - Major demolition
Pearson International Airport
Toronto, Ontario

Objectives
• to examine the logistics and material separation techniques utilized on site
• to quantify the capture, recycling and on site reuse of concrete
Key outcome
Over 200,000 tonnes of concrete was salvaged, crushed and reused on site, as a result of
the demolition of the original Terminal One at Toronto’s Pearson International Airport.
Implementation timeline
Summer 2004
Project description
Toronto’s earliest commercial airport was located north of the City in Malton, Ontario.
Built in 1939, Malton Airport was renamed Toronto International Airport in 1960. In
1984 it was again, renamed, this time to Pearson International Airport. Pearson has
become one of the world’s top 30 busiest airports, with over 1200 arrivals and departures
daily and servicing over 25 million passengers each year.
In 1996, a private not-for-profit organization called the Greater Toronto Airport
Authority (GTAA) assumed managerial, operation and control responsibility for Pearson.
ISO 14001 certification was achieved by Pearson in 1999, making it the first airport in
North America to reach this level of managerial status.
More recently, GTAA launched its ADP (Airport Development Program). This is a 10
year, $4.4B redevelopment of Pearson which includes major projects for terminal, airside,
infield and air support. Now well underway, the ADP has created one of North America’s
largest construction projects. The first major portion of this work involved the demolition
of the original Terminal One building. Following an intense competitive bidding process,
the demolition contract was awarded to Priestly Demolition.
Priestly Demolition was formed in 1971. Prior to that, they had been solely in the new
construction business. Over the past 3 decades, Priestly has provided demolition,
designated substance abatement and site remediation services to a commercial, industrial
and government client base.
At Terminal One, Priestly was given from May to November 2004 to completely remove
the building and surrounding flight deck paving. The demolition specifications included
the requirement to divert from landfill a minimum 90% of materials. This figure rose
from 60% on earlier GTAA demolitions. This increase resulted from an attempt to reduce
'#%
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costs. . Typical demolition agreements transfer ownership of all related materials to the
demo firm awarded the job. The demo firm then unilaterally decides how to manage these
materials in most financially appropriate manner: In this case, the GTAA retained
ownership of the material. They then reused the crushed concrete in the new construction
directly adjacent to the demolition site. Transportation and disposal costs were virtually
eliminated.
The original Terminal One building itself was somewhat unusual in it’s’ design. The
public and staff activities were sited in a central core. This building core was then
enclosed almost entirely by a 10 storey high parking garage. The structure was a
combination of steel columns and poured in place steel reinforced floor plates.
Demolition crews worked from the top down. The top two floors were removed by small
mechanical equipment. Rubble was either lifted to the ground or shoved off the sides and
fell to the asphalt deck below. Once the first two stories had been removed, the heavy
equipment was brought in. A high reach crane was used to ‘chew off’ small pieces of the
building. All concrete was crushed on-site and reused in the construction of the new
airport flight decks.
Nearly all other demolition wastes were also reused and recycled, including asphalt and
brick rubble. All metals were separated for individual recycling including copper from
electrical wiring.
In total, according to Priestly Demolition, over 95% of all demolition wastes from this
project were diverted from landfill. The standard demolition contract transfers ownership
of the entire building materials to the demolition firm. To be financially competitive with
other firms, the successful demolition bidder must be intimately familiar with local and
regional recycling and reuse markets. Many diverted materials are brokered as
commodities and their financial value is well established.
The terminal 1 project presented a unique situation in that it was managing a demolition
and a construction of a terminal simultaneously. This scenario presented unique on-site
markets for reuse and other forms of diversion.
To examine the barriers, opportunities
and dynamics of waste diversion on the
Terminal One demolition site, Molehill
researchers worked with Priestly and
formed a WMAP study team. The period
of study took place during the middle
potion of the overall demolition. At this
point, final diversion data was not yet
available. However our team was able to
clearly define how Priestly identified,
separated and disposed of all demolition
wastes on this project. Of particular
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interest was how all demolition concrete was recycled and retained on site for reintroduction into the new construction of flight decks.
Site research and selection
For many years Priestly Demolition has
operated a building material salvage
yard north of Toronto. Located in
Brown’s Hill, Ontario, National
Building Supplies has been Priestlys’
retail outlet for materials saved from
their many projects. National’s
manager, Dan Sedore, was the person
who suggested the Terminal One site
for study. This demolition site was of
particular relevance for Molehill study
for three reasons:
• it achieved an overall diversion rate in excess of 95%
• over 200,000 tonnes of concrete was reused on site
• through the study process, additional insight was gained into how GTAA initiated
an extremely high level of waste diversion in the construction of its new terminal
WMAP team members
Ryan Priestly, Priestly Demolition
Joe Dias, Priestly Demolition
Bob Sawatsky, Principal Advisor to RCO, Renova Consultants
Recycling rationale
1. Being provided access to study such a large and significant demolition such as
Terminal 1, was a unique opportunity to examine waste diversion on an enormous
scale.
2. The massive volume of concrete recycled and reused on site reinvested huge
quantities of embodied energy and generated noteworthy avoided purchasing
costs.
Evaluation matrix
Issue

Barrier

For Priestly Demolition:
Some typical
demolition wastes,
such as metals, are
Access to reuse /
commodity priced,
recycling markets
with value
fluctuating on a daily
/ monthly basis

Opportunity

Action

Outcome

To maximize the
commodity value
of selected
captured
materials

Priestly had a fulltime material
market manager
on Pearson site

Priestly maximized
the net value of all
major captured
material
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Issue

Working with a 10storey high parking
deck demolition

Barrier

Opportunity

Structure was too
high to reach with
conventional
equipment

Action

Outcome

Procurement of
new equipment
to facilitate
demolition

Priestly brought a
high-reach crane
to chew away at
reinforced
concrete

The crane allowed
staff to reach
concrete deck,
chew off small
sections, separate
rebar and devolumize concrete
before it hit the
ground

Seek data from
Priestly and the
GTAA

Priestly and GTAA
provided data as
requested

Molehill was able
to establish
concrete volume
and net cost
values

For Molehill WMAP Team:
Quantify the
weight and
avoided
purchasing costs
of crushed
concrete

Gaining access to
capture data and net
costs

Material data
Material
Concrete: poured-in-place and
block

Disposal method
On site crushing by Priestly and reused by GTAA on site

Metals:
Rebar
“Baling”: ductwork, light gauge
steel, exterior siding, roof panels
Structural steel: beams:
embedded in concrete
“Shredding”: non-ferrous metals
i.e., copper, aluminum, nonstainless steel
Electrical wire: copper encased in
vinyl sheathing
Asphalt
Brick rubble
“Garbage”: insulation, wood,
drywall, rubber, vinyl flooring,
carpeting
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Recycled: larger rebar diameter has higher value
Baled on site, sold to metal recycling broker for off-site recycling
No reuse value as structural beams once extracted from concrete by
pulverization: cut up on site, sold through broker for off-site recycling
Sold through broker for off-site recycling
Sold to recycler who strips and recycles vinyl sheathing and copper
wire
Transported by Priestly to local crusher for nominal tipping fee: $30
per load
Crushed on site by Priestly and reused as temporary road bedding on
site
Transported by Priestly to Rancor Recycling, Belleville for further
multi-material shredding and recovery: glass, fine metals, paper,
plastic, wood with balance landfilled
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Demolition concrete data:
Material

Weight

Avoided purchasing cost
Price to purchase recycled aggregate from off-site source:
$14 per tonne

Concrete: poured-inplace and block

Price to crush and reuse on site: $5 per tonne
205,000 tonnes

Net avoided purchasing costs: $14 - $5 =
$9 per tonne
Total avoided purchasing cost: 205,000 tonnes x $9 =
$1,845,000

Observations and conclusions
The sustainable demolition of Pearson International Airport’s original Terminal 1 was
one of Canada’s largest demolitions. For Priestly Demolition, it presented an opportunity
to maximize material asset value and demonstrate strong logistical and technical skills.
For the GTAA it was the chance to capture and reuse crushed concrete and save
significant costs.
These successes were partially possible because of abundant site space and Priestly’s
acquisition and deployment of equipment best suited to the unique demands of this
project. The significant diversion rate achieved was also due to the demolition
contractor’s highly developed skill to manage access to commodity markets.
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Appendix B
ONTARIO PROVINCIAL REGULATIONS AND MUNICIPAL
ACTIVITIES

"

3Rs Regulations

The 3Rs Regulations require that certain Reduction, Reuse and Recycling activities are
undertaken by designated municipalities and industrial, commercial and institutional
(IC&I) sectors. Ontario businesses, industries and most municipalities are required to
implement waste reduction programs. “There are six guides to the regulations which
explain the requirements for source separation (recycling) programs, waste audits and
work plans, packaging audits and work plans and streamlined approvals for recycling
sites,”22 and three of them specifically relate to CRD waste:
EPA, Regulation 101 / 94 – Recycling and Composting of Municipal Waste
CRD waste, specifically brick and Portland cement concrete, drywall and untreated,
unpainted wood can be accepted under specific conditions, defined in schedule 3 of this
regulation, at a municipal waste recycling depot.
EPA, Regulation 102 / 94 – Waste Audits and Waste Reduction Work Plans
According to Regulation 102 / 94, for Waste Audits and Waste Reduction Work plans, a
waste audit and waste reduction work plan must be prepared for “Large Construction
Projects” and Large Demolition Projects”, as defined by the regulation, following the
guidelines set out in Part’s IV and V of the regulation titled “A Guide to Waste Audits
and Reduction Work Plans for Construction & Demolition Projects.” A large
construction of demolition project is one consisting of the construction of demolition of
one or more buildings with a total floor area of at least 2,000 square metres.
EPA, Regulation 103 / 94 – Industrial, Commercial and Institutional Source
Separation
Regulation 103 / 94, requires that a source separation program for “Large Construction
Projects” and “Large Demolition Projects” be implemented. The regulation, in Parts III
and IV also specifies what materials must be included in these programs. The Ministry of
Environment has also prepared “A Guide to Source Separation of Recyclable Materials
for Industrial, Commercial and Institutional Sectors and Multi-Unit Residential
Buildings.”

Other EPA Regulations that Impact CRD Waste

The following are additional regulations that may be of interest to CRD operators:
EPA, Regulation 524 / 98: Certificates of Approval Exemptions - Air
Regulation 524 / 98 exempts CRD sites from section 9 of the EPA, titled “Approval of
Director, Plant or Production Process”. Section 9 says that without a CofA no one can
construct, or renovate a structure that may discharge a contaminant. According to this
regulation Section 9 of the EPA does not apply to “Any equipment, apparatus,
mechanism or thing that is used, at the site of a building or structure, for the construction,

22

Ministry of Environmental and Energy, “A Guide to Environmental Legislation Affecting the Ontario
Construction Industry”, February 1995.
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alteration, demolition, drilling or blasting of the building or structure.”23 (Also see
Appendix A, line 10 for excerpt from Section 9 of the EPA and Section 1 of Reg. 524 /
98.)
EPA, Regulation 337 / 98: Ambient Air Quality Criteria
Regulation 337 / 90 may affect CRD sites because it sets out desirable ambient air quality
for specific contaminates including dust fall, soiling and suspended particulate matter.
(See Appendix A, line 11 for excerpt of Reg. 337 / 98.)

Future Initiatives

In June of 2004 the Ontario Ministry of Environment (MOE) released a white paper titled
“Ontario’s 60% Waste Diversion Goal – A Discussion Paper”. It contains a discussion
on the feasibility of phasing in a ban on disposal of recyclable materials would could
affect the CRD industry as many CRD materials are recyclable. A copy of the paper can
be obtained by contacting the MOE at 1-800-565-4923 or 416-325-4000 or by viewing it
at http: / / www.ene.gov.on.ca / programs / 4651e.htm.

Part V of the Environmental Protection Act – Waste Management

One of the principle impediments to recycling of any kind, including recycling of
construction and demolition materials, is found in Ontario’s environmental legislation,
principally Part V of the Environmental Protection Act dealing with “waste
management”. First of all, the definition of “waste” is severely deficient, as we have
mentioned above. The definition in Part V is as follows:
“Waste includes ashes, garbage, refuse, domestic waste,
industrial waste or municipal refuse and such other
materials as are designated in the regulations.”
This definition is circular and unhelpful. No distinction is made between “waste” and
“recyclable materials”.
Given the deficiencies in the legal definition, one has to ask how Part V is administered
in practice. Insofar as the reuse and recycling of CRD residuals, the administration of
the legislation by the Ministry of the Environment is at least as great and impediment as
the legislation itself. The MOE has an unyielding view that the definition of “waste”
should receive the widest possible interpretation. A member of the RCO Board has even
dealt with a situation where it was suggested that a company involved in the recycling of
dental amalgams, i.e. mercury, gold and silver, was “waste disposal” and required the
appropriate approvals under Part V of the Environmental Protection Act. This,
notwithstanding that the likely contents of a dental amalgam recycling operation would
be materials whose value would be in the hundred if not thousands of dollars per pound.
The view of the Ministry of the Environment has been challenged from time to time. In
one case (Philip Enterprises Inc. v Ontario (Ministry of the Environment), 25
23

Environmental Protection Act, Ontario Regulation 524 / 98 - Certificates of Approval Exemptions - Air
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C.E.L.R.(n.s. 12), a case involving “chop line residue”, the residue from the recycling of
copper wire, the Ministry of the Environment took the view that certain residues were
“waste” and could only be handled with Certificates of Approval under Part V of the
EPA. The Court found that the residues still had value because of their copper content,
and that they did not constitute “waste” for the purposes of Part V. This case has not been
reversed by any higher court and is good legal authority for the proposition that a “waste”
is something with little or no value. Notwithstanding that case, the Ministry still insists
on a position that will not accept a “value” characterization for recyclables. Recycling
industries find themselves continuously in a struggle with the Ministry of the
Environment on an item-by-item basis to persuade the Ministry that “recyclables” are not
necessarily the equivalent of “waste” and are not to be regulated under Part V.
This has unfortunate consequences for attempts to recycle construction and demolition
residues. In one case, a large multinational corporation that makes ceiling products has
adopted a strategy throughout the US and in other parts of Canada, where they will
recover old ceiling covering products in exchange for new products. They will take the
old products back to several recycling centers where they are reground and used again in
a ceiling tile. This is admittedly more of marketing than a value-recovery proposal but it
does, nevertheless, result in a significantly higher amount of recycling in those
jurisdictions that accept it. The process was not acceptable to Ontario environmental
regulators (unless it could be called “waste disposal”) and the result is that the hundreds
of tones of used ceiling products that would otherwise be recycled in many other
jurisdictions in North America end up going to landfill in Ontario. The purity of the Part
V principle is preserved but it hardly represents a victory for the environment.
There are several exemptions in the general waste management regulation, Regulation
347, that permit recycling of certain products. Under subsection 3(2) of Regulation 347,
there are exemptions for certain wastes transferred “for direct transportation” to a site
where they are “wholly used” in some manufacturing or industrial process. Another
category is certain blue box wastes, which go to a manufacturing establishment “that uses
all the output, other than residues, of the site.” In the first case, the requirement that
transportation be “direct transportation” means that there is no ability to transfer loads or
to consolidate different recyclable shipments. In the case of the ceiling tile-recycling
operation cited above, that meant that it was impossible to take anything less than a full
truckload, which effectively made the activity untenable.
That is not to say that these recycling activities are impossible but the consequences of
the MOE interpretation is that any recycling requires “Certificates of Approval” or
“Provisional Certificates of Approval” from the Ministry of the Environment. This
requirement has three immediate consequences, each of them undesirable:
1.
To obtain his Part V Certificate, the applicant for the Certificate of Approval
must notify all of his neighbours of his application. The notification says that he is
applying to have his facility become a “waste disposal site” (the term used in the
legislation under Part V). This immediately alarms the neighbours who believe that a
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landfill is about to be established next door and a hysterical backlash is typically
generated24;
2.
The characterization of the Property as part of a “waste disposal site” or “waste
management system” will typically have negative connotations under municipal zoning
by-laws. The commercial activity of “recycling” may be acceptable but “waste disposal”
will frequently not be acceptable under many commercial or industrial zoning rules. The
applicant for the Part V Certificate finds himself being challenged by municipal
inspectors who point out that there is a conflict with the zoning by-laws, or by a landlord
who is concerned that his premises are now going to become a garbage dump;
3.
The application process for the Part V Certificate is lengthy and time
consuming. At the very least it will require some form of financial assurances, frequently
a security bond or Letter of Credit, to provide assurances to the Ministry of the
Environment that the “waste” will be dealt with if the applicant somehow becomes
insolvent. This adds an additional expense that further impedes recycling.
There are precedents in Canada for a distinct treatment of recyclables versus “waste”.
Under the federal Export and Import of Hazardous Waste Regulations enacted under the
Canadian Environmental Protection Act, 1999, there are two separate regimes, one
applicable to “hazardous waste” and the second applicable to “hazardous recyclables”.
This is a clear recognition that there are two distinct categories and that a less rigorous
regime for recyclable materials is desirable. The federal regime has been adopted despite
a lack of enthusiasm from other parties to the Basel Convention on the Trans-Boundary
Movement of Hazardous Wastes and contains a recognition that some extremely valuable
materials are recycled in Canada. Our major nickel refineries, for instance, frequently
have the occasion to recover spent nickel catalysts from various refining operations. At
$5.00 / lb, nickel catalysts can hardly be considered garbage and yet in the absence of the
federal Export and Import of Hazardous Waste Regulations, Ontario would consider
these to be “waste” and subject to all of the normal Part V requirements. Fortunately, the
matters are dealt with on a site-specific basis at the Inco or Falconbridge Smelters and the
normal rules are not applied.

Recommendations

The solution in Ontario requires the adoption of either a regulation or even better, a
change in the legislation to distinguish between “wastes” and “recyclable materials”. The
regime for recyclable materials should be rendered less onerous than that applicable to
“waste”. Some recognition must be given to the fact that recycling is actually desirable
as opposed to being perceived as a quasi-criminal activity requiring the strictest possible
controls and surveillance. As discussed, there is already a precedent for this in the federal
Export and Import of Hazardous Waste Regulations. If Environment Canada is able to
live with a waste / recyclable distinction, there does not appear to be any reason why the
same should not be possible in the Province of Ontario. We do not, however,
underestimate the difficulties associated with this change. RCO has made similar
24

The reader can appreciate that there would be a much more reasoned reaction if the notice said that the
applicant was seeking to establish a recycling facility.
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proposals in the past, including during legislative hearings into Bill 90, the Waste
Diversion Act. The request has fallen on completely deaf ears and there is no indication
that Ontario’s Ministry of the Environment is prepared to modify its view and to accept
that recyclable materials, no matter what their value, are still “waste” and are still to be
treated as “waste”.
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Appendix C
Ontario Municipalities / Corporations Polled for CRD
Waste Policies
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The following information was provided through telephone interviews. Municipalities were asked
to describe what by-laws, programs or other initiatives they are involved in that affect CRD
activities in their jurisdictions.
Municipality / Corp.
City of Toronto

Population*
2,481,494

Reply
Transfer stations do not accept wood waste greater than 4 ft
in length, asphalt, concrete, brick, rubble, gravel, stones,
aggregates, clean fill, waste logs, and sawdust. Scrap metal
& drywall goes for recycling and shingles are disposed of.
Considering the development of Demolition Standards and to
break landfill bans into categories of organics, wood,
corrugated, etc. and ban toxic materials and materials that
can be recycled or marketed.

Regional Municipality of
Peel

988,940

They accept C&D waste at landfill but not for curbside
collection

City of Ottawa

774,072

Plaster, wood, drywall, concrete, asphalt or other waste
resulting from building alterations, construction, renovation or
demolition are not collected with regular garbage. This
material must be brought to an area landfill.

Region of York

729,254

Basically residential operation but CRD waste not banned.

Regional Municipality of
Durham

506,901

No landfill ban but they do not accept any IC&I waste, CRD
or otherwise.

City of Hamilton

490,268

CRD Waste not accepted at transfer station. However, we
do accept small amounts of CRD waste from homeowners
who are doing small “do-it-yourself” home renovation
projects. In addition, they list environmentally preferable
CRD waste disposal / reuse options on their building permits
however this is not enforced as there is no by-law.

Regional Municipality of
Waterloo
Regional Municipality of
Niagara

438,515

Try to divert waste but not banned. But wood pallets are
banned from the landfill.
Niagara has very little IC&I waste or CRD waste that enters
our landfills from the Private sector. In regards to public
sector materials, the Region charges the tipping fee that
normally applies to all MSW for mixed CRD, but does not
charge at all or charges a lot less for separated CRD
materials. Concrete and asphalt – stockpiled at the landfill
site and crushed. The crushed material is then used to
construct landfill roads. Wood – Placed in a separate pile at
the landfill site. Grinding the wood. Woodchips used as
alternate cover material for covering waste. Drywall –
separated at residential waste drop –off depot and shipped
to recycling facility.

Regional Municipality of
Halton

375,229

410,574

No policy at this time. However, there is a drywall recycling
bin and foam bin. at the Halton Region landfill and there has
been some discussion around the use of glass as a form of
aggregate in paving.
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Municipality / Corp.

Population*

Reply

Essex-Windsor Solid
Waste Authority

374,975

No policy. However, pallets and old corrugated cardboard
are restricted at their Regional Landfill. The Authority is
currently reviewing its Solid Waste Management Master Plan
and one of the recommendations is to restrict materials listed
under O.Reg. 103 / 94. If approved it would restrict the
disposal of drywall and wood from large construction and
demolition projects, the problem is there are not many 2,000
square metre (21,500 square foot) construction or demolition
projects that take place in Essex-Windsor on an annual
basis, and, as we are so close to the Michigan border, it
really means that the material will just get exported and
landfilled somewhere else.

City of London

336,539

C&D is banned at the landfill and C&D (renovation materials)
is banned at the curb for homeowner.

County of Simcoe
City of Greater Sudbury

377,050
155,219

No curbside collection of CRD materials.
No formal policy on CRD waste but they do try to recycle it.

City of Kingston

114,195

City of Thunder Bay

109,016

Municipality of ChathamKent

107,341

No formal policy on CRD Waste but it is not accepted at the
municipal landfill.
No curbside collection of CRD waste. But they do list
environmentally preferable CRD waste disposal / reuse
options on their building permits however this is not enforced
as there is no by-law.
Chatham-Kent is host to 2 privately owned landfills both of
which accept CRD waste. We have no jurisdiction on how
contractors handle private or non-municipal waste.
Generally speaking we do not collect CRD waste at the curb
via our municipal contracts. As a result, we expect that all
such waste should be managed by the private sector waste
companies in our municipality. The municipality does
operate one user pay transfer station which is far removed
from the private landfills in our community. We charge for
CRD on a per tonne basis ($97.00 / tonne). This allows
contractors the convenience of a local disposal facility rather
then having to haul their waste to the private landfills directly.

City of Barrie

103,710

'

We have no bans in terms of CRD waste really except for
clean fill (if you want to consider that construction and demo
waste) we will not accept it here. Our tipping fee for all
sectors is $105.00 per tonne. Hard to handle materials such
as asbestos, concrete with rebar and contaminated soil are
charged at double the rate ($210.00 per tonne). Now that our
rates have increased we are getting less of the CRD waste.
There are a few new transfer stations that have opened in
the area and they are taking it at a lower rate ($88.00 per
tonne I believe) - don’t know where it goes though.....
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Municipality / Corp.
City of Guelph

Municipality of Central
Hastings

Town of Markham

Population*
106,170

4226 (from the
municipal
office)

208,615

Town of Orangeville

25,248

Owen Sound

21,431

Municipality of Callandar

County of Dufferin
Shelburne

3184 (from
callandar.ca,
the official
website of the
Municipality of
Callandar)
51,013
4122

Reply
All waste goes to St. Thomas. Asbestos and material from
their classified termite area is banned. All policies would be
subject to that landfill as well as what we can take in our
Transfer Station. We don’t have a landfill any longer since it
closed October 10th, 2003. We do have a transfer station
limited to 299 tonnes per day. Currently we do not accept
dedicated loads of wood but redirect them to SEL in
Kitchener. Tires are accepted for recycling but we charge
$247 per tonne which has driven away the tire jockeys. OCC
is accepted at $0 fee and metals are accepted at $67 per
tonne. On the books we have landfill bans on drywall,
wood, metals, cardboard and tires but do not have the dropoff facilities built at the Transfer Station.
Do not have a policy for the handling of building materials
recycling. All such material is landfilled. They are in the
process of reviewing this matter with the intent to remove it
from the waste stream. No in-place policy for this is expected
for 2-3 months to allow sufficient time the complete a full
review.
The Town of Markham does not currently have a building
material recycling policy however; they are in the process of
developing a green procurement policy that will include these
kinds of policies for future construction projects.
The Town has no specific recycling policies with respect to
regulations for construction renovation or demolition. That
waste is not collected as part of the municipal program.
They grind up dimensional lumber & plywood etc for use as
cover, mixed with soil. We also have a drywall ban and ship
to New West Gypsum in Oakville. As off June 2005 they will
stop grinding lumber but will continue with the drywall
recycling and shingle recycling has been added. We
currently have a landfill ban on all wood (which includes
construction material) metal and drywall. The only CRD
material not banned is pane glass. I should point out that our
landfill will be closed in the spring of 2005 and then we will
begin using a transfer station that ships to Michigan. Our
contract with the transfer station people states that all current
landfill bans including the above mentioned items, yard
waste, cardboard, electronics, HHW, refrigerants, and all
curbside recyclables will still be enforced and not allowed at
the transfer station. We encourage the use of the Re-Store
who use used doors, windows etc. in the Habitat for
Humanity projects and also sell them to the general public.
This reduces the amount of waste going to our landfill. We
also give a reduced tipping rate to non-profit organizations
such as this and the Salvation Army.

No policy.

No bans on CRD waste.
Shelburne has no such policy.
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Municipality / Corp.

Population*

Reply

Southwest Middlesex
Municipality of Bluewater
City of Orillia

6,144
6919
29,121

CRD waste accepted at landfill.
Concrete banned from landfill.
We do not have any landfill bans in place for C&D material.
We require that material come in separated: concrete,
demolition wood, steel, etc. Our regular tipping fee for this
material is $70 per tonne but if it comes in mixed together we
charge $200 per tonne. Also, we only accept C& D materials
from companies based in Orillia.

Separated Town of Smith
Falls
City of Brockville

9140
21,375

City of Kawartha Lakes
Northumberland County

69,179
77,497

We do not collect CRD waste and all CRD waste is taken to
a private transfer station
The City’s landfill site closed in Dec 2001 - we export all
corporation generated waste to the private Lafleche Landfill
Site north of Cornwall. As such all C&D waste disposal is in
the hands of the private sector
At this point our C&D waste is landfilled.
Northumberland County has no Landfill bans on C&D waste.
There are also no policies / regulations in place for
contractors.

9,509,266
12,238,300
78%

Total Population represented by polled communities
Total Ontario Population
Percentage of population represented by communities
that responded

*Population numbers from Statistics Canada 2001 Community Profile (unless otherwise

specified)
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Appendix D
ATHENA SUSTAINABLE MATERIALS INSTITUTE – REFERENCES
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References
Software

Athena Environmental Impact Estimator v3.0.1 (April 2004), Athena Sustainable Materials
Institute, Merrickville, On.
SimaPro v6.0 (December 2005) Pre Consultants, Netherlands – copper ghg estimate.

Institute Reports/Databases

Life Cycle Inventory Analyses of Building Envelope Materials: Update and Expansion Jun./99
Prepared by Dr. Gregory A. Norris, Sylvatica.
An Exploratory Life Cycle Study of Selected Building Envelope Materials. Jul./98
Prepared by Dr. Gregory A. Norris, Sylvatica.
Life Cycle Analysis of Brick and Mortar Products. Sep./98
Prepared by George J. Venta, Venta, Glaser & Associates.
A Life Cycle Analysis of Solid Wood and Steel Cladding. Sep./98
Prepared by Jamie K. Meil, Athena Sustainable Materials Institute.
Life Cycle Analysis of Gypsum Wallboard and Associated Finishing Products. Mar./97
Prepared by George J. Venta, Venta, Glaser and Associates.
Raw Material Balances, Energy Profiles and Environmental Unit Factor Estimates for Mini-Mill
Steel Materials. Aug./94
Prepared by Steltech.
Raw Material Balances, Energy Profiles and Environmental Unit Factor Estimates for Structural
Wood Products. Mar./93
Prepared by Forintek Canada Corp.
Summary Report: A Life Cycle Analysis of Canadian Softwood Lumber Production. Updated
Apr./00
Prepared by Jamie K. Meil, Athena Sustainable Materials Institute.
Raw Material Balances, Energy Profiles and Environmental Unit Factor Estimates for Structural
Steel Products. Aug./93
Prepared by Stelco Technical Services Limited.
Raw Material Balances, Energy Profiles and Environmental Unit Factor Estimates for Cement
and Structural Concrete Products. Aug./93
Prepared by CANMET & Radian Canada Inc.
Cement and Structural Concrete Products: Life Cycle Inventory Update. Updated Oct./99.
Prepared by Venta, Glaser & Associates.
Building Assemblies: Construction Energy & Emissions. Aug./93
Prepared by the Environmental Research Group, School of Architecture, University of British
Columbia.
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Demolition Energy Analysis of Office Building Structural Systems. Mar./97
Prepared by M. Gordon Engineering.
Life Cycle Embodied Energy and Global Warming Emissions for Concrete and Asphalt Roads:
Summary Report. May/99
Prepared for Canadian Portland Cement Association by the Athena Sustainable Materials Institute
in association with John Emery Geotechnical Engineering, Venta, Glaser & Associates and JAN
Consultants.
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