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Abstract

This study develops waste production indicators for the Irish construction industry.
Construction and demolition waste (C&D W) was conservatively estimated to account
for approximately 13.1 per centofall waste produced in Ireland in 2004 (EPA, 2005a).
This was equal to 11.2 million tonnes making it the second-highest waste producing
sector behind agriculture. This estimate was based on construction and demolition waste
collected and managed at licensed and permitted facilities throughout the country. There
was no data available on construction and demolition waste production from Irish

construction projects sites.

An original audit tool was designed and tested on 58 construction projects throughout
the country generating waste production indicators (kg/m 0) for new construction i*n
2005. These factors were applied to estimated construction output to benchmark

national waste production in 2005. Two detailed surveys were also carried out to assess

the management and collection ofC&D W in 2005.

A set ofwaste production indicators for new construction was produced:
O 70.27 kg/m2for new residential construction.
O 86.82 kg/m9 for new pri'vate non-residenttlal constructi#on.
O 138.94 kg/m for new social infrastructure construction.
O

48.48 kg/m2 for new productive infrastructure construction.

A compositional analysis identified inert waste (excluding excavated materials); wood;
paper, plastics and packaging; and metals as the major contributors to the construction

waste stream.

The indicators were applied to construction output to produce atotal national
construction and demolition waste estimate 0f20.8 million tonnes for 2005.
Construction and demolition waste accounted for 12.3 million tonnes with soil and
stones accounting for 8.5 million tonnes (EPA, 2005a). The licensed and permitted
facilities survey identified a significant lack ofdata available on tonnages sent for

processing and/or deposited to permitted sites within local authority functional areas.



It is recommended that the new audittool and generated indicators be incorporated into
avoluntary waste information system to facilitate the benchmarking ofwaste

production on construction and demolition projects in Ireland.
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Organisation of the Thesis

Chapter 1: Introduction and Methodology
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The methodology is described to illustrate the logic behind the research strategies

adopted.

Chapter 2: Waste Definitions, Legislation and Policy Actions
This chapter examines the legal responsibilities involved in the management of the
construction and demolition waste stream by investigating relevant definitions,

legislation and policy actions.

Chapter 3: Characteristics of Construction and Demolition Waste
This chapter identifies the main characteristics ofthe construction and demolition waste

stream focusing on the origin, composition and quantities produced.

Chapter 4: Examination of Methodologies used to Generate Construction and
Demolition Waste Production Estimates in Ireland

This chapter examines the methodologies used by the Environmental Protection Agency

to generate national construction and demolition waste production estimates over the

past decade.

Chapter 5: Assessment of UK Construction and Demolition Waste Audit Tools
This chapter examines the use offour audit tools used on construction projects in the
UK to establish guidelines for the development of a new audit model on Irish

construction projects.

Chapter 6: The Development and Testing of an Original Waste Audit Tool on
Selected ‘Snapshot’ Construction Projects in Ireland

This chapter outlines the considerations taken in the development of anew audit tool for
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including the design guidelines and auditing procedures.
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Chapter 7: The Generation of Construction Waste Production Indicators from

‘Snapshot’ Point Source Assessments on Irish Construction Projects
This chapter presents the results from the audited projects. Fifty-four sites provided data
for the generation ofwaste production indicators (kg/m2) for the Irish construction

industry. A compositional analysis is also outlined.

Chapter 8: The Application of Waste Production Indicators to Benchmark
Construction and Demolition Waste Management in 2005

This chapter details the application ofthe generated waste production indicators to

construction output to produce national estimates for 2005. This is compared to

construction and demolition waste collected and managed at licensed and permitted

facilities during this period.

Chapter 9: Conclusions and Recommendations
This chapter outlines the main conclusions ofthe study and provides some

recommendations for continued research in this area.



Chapter 1: Introduction and Methodology

1.1 Introduction

1.2 Scope of Study

The study is concerned with the generation o fwaste production indicators (also referred
to as unit waste skip factors) for the Irish construction industry. These factors will be
used to benchmark waste production for new construction in 2005. A systematic
acquisition of data measuring waste production on sites throughout the country is
carried out using an original audit tool to create unit waste factors. This process includes
the following steps:

O Identify the legal obligations ofthe Irish construction industry by examining
relevant legislation, regulations and policy actions.

O Investigate the characteristics ofthe construction and demolition waste (C&D
W) stream.

0O Examine the audit methodologies used by the Environmental Protection Agency
(EPA) to generate national estimates for C&D W production in Ireland over the
past decade.

O Assess audit formats used in the UK to measure waste production on
construction projects.

O Design and test an audit methodology to measure C&D W production on Irish
sites.

O Generate waste production indicators from point source assessments on
construction projects throughout the country.

O Apply the generated indicators to construction output to estimate national C&D

W production.

1.3 Main Aims and Objectives
The main aims ofthis thesis are to:
1. Design and test an original waste audit methodology on Irish construction

projects.

2. Generate waste production indicators (kg/ma) for new construction projects in

Ireland.



To achieve these aims, a number ofobjectives must be met:

O Define C&D W and determine the legal responsibilities associated with its
management.

O Characterise the waste stream by its origin, composition and quantities
produced.

O Investigate the methodologies previously used to estimate C&D W production in
Ireland.

O Explore the use ofdifferent audit tools, which have been used in the UK
construction industry.

O Identify a design framework to develop a new audit tool for use on Irish
construction projects.

O Develop atesting structure to examine the application ofanew audittool on
Irish construction projects.

O Demonstrate the use of generated indicators in estimating national C&D W
(excluding excavated materials) production.

O Assess the licensed and permitted capacity available to estimate the amount of

excavated material collected and managed in 2005.

1.4 Methodology

A number ofdifferent research methods were considered during the course o fthis study.
The initial chapters (chapters 2 and 3) involve an extensive literature review to establish
the legal obligations associated with the managementofC&D W and to define the
characteristics o fthe waste stream. This preliminary qualitative analysis helps to
develop more insightful questions about the topic. A significant gap is discovered in the
characterisation o fthe waste stream, specifically the lack ofreliable and accurate
statistics for annual C&D W production. The next logical step is to examine the

development ofthe methodologies used to generate annual C&D W statistics in Ireland.

Chapter 4 examines the development ofmethodologies used by the EPA to generate
annual C&D W estimates in their National Waste Database Reports (EPA, 1996a, 2000,
2003, 2005a). It is revealed that one o fthe main limitations in the production o f annual

estimates is the lack ofwaste production indicators from construction sites in Ireland.



Itis concluded that a national survey should be undertaken to develop unit waste factors
for new construction. The next step is to identify the best methodology to carry out this

survey.

Chapter 5 examines waste audits developed by Skoyles (1978), the Construction
Industry Research and Information Association (CIRLA) (Coventry etal, 2001) and the
Building Research Establishment (BRE, undated). A comparative analysis using general
design guidelines (Patterson, 1999) is undertaken concentrating on methodologies used;
results and limitations. Each aspect is assessed to determine their applicability within

the scope ofthe study.

Following this, the most appropriate strategy considered is to design an original audit
methodology for use on Irish construction projects. Chapter 6 outlines the development
and testing ofthe audit tool using general design guidelines (Patterson, 1999). The logic
ofthe audit design includes clear protocols and procedures for data collection and
analysis. The original audit format is tested on 54 ‘snapshot’ projects and four case
studies over a two-year period (2004 to 2005). These multiple ‘snapshot’ case studies

provide arepresentative sample ofnew construction in Ireland.

The results ofthe audited projects are presented in Chapter 7. Each of the waste
production indicators utilise easily understandable units o fanalysis (kg/m ). The
combination ofthe individual unit waste skip factors provides an embedded analysis of
different categories ofnew construction. The criteria for interpreting the data is outlined
as each ‘snapshot’ case study is selective focusing on the type and quantity ofwaste
produced on site. Each project is considered individually before a sample mean is
calculated for the relevant new construction category. The use ofmultiple ‘snapshot’
case studies allows the investigator to provide statistical generalisations. The mean,

standard deviation and 95 per cent confidence interval is calculated for each category.

The study continues in Chapter 8 using the generated waste production indicators to
establish national estimates for 2005. The equivalent construction output o fthe new
construction categories is estimated based on data produced by the Central Statistics
Office (CSO, 2005a, b, c and 20064, b) and the Department ofthe Environment,

Heritage and Local Government (DOEHLG, 2005¢c).
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This is applied to the respective unit waste skip factors to establish a national estimate
for new construction in 2005. Based on previous research (EPA, 2003, 2005a), this
estimate is expressed as a percentage ofthe overall C&D W production thereby

producing a national estimate for the total C&D W production in Ireland in 2005.

This estimate is then used for comparative purposes when assessing the amount of
excavated materials i.e. soil and stones, collected and managed in 2005. A combination
ofqualitative and quantitative analysis is used to carry outtwo surveys oflicensed
facilities and permitted sites. A total licensed and permitted capacity expressed in
tonnages is determined, which does not represent the amount of excavated materials
collected and managed in 2005. A significant lack ofdata is identified in the reporting

submissions ofthe licensed and permitted facilities.

Conclusions

This study employs a combination ofresearch methods to identify a strategy to develop
waste production indicators for the Irish construction industry. A qualitative approach is
used to design an original audit format for use on Irish construction projects. The audit

methodology is tested on 58 case studies providing new measurable results. This

guantitative approach is reinforced by the active participation o f the author.

The resulting unit waste skip factors provide the construction industry with a setof
indicators for different categories ofnew construction. This enables the construction
industry to benchmark their waste performance on site. In addition, national estimates
are derived when the generated unit waste skip factors are applied to equivalent

construction output allowing the industry to measure their total waste production.

The next chapter begins the study by examining the legal responsibilities involved in the

managementofC&D W in Ireland.



Chapter 2 Waste Definitions, Legislation and Policy Actions

2.1 Introduction
The generation of C&D W unit waste factors will reflect current waste management
practices on construction sites throughout the country. The first step in establishing
current practice is to define the waste fraction and outline the legal obligations ofthe
industry involved. The main aims ofthis chapter are to:

O Provide a definition for C&D W.

O Describe the implementation of legislation, regulations and policy actions over

the past decade to determine the current legal obligations being imposed on the

Irish construction industry with respectto C&D W management.

2.2 Definitions

Waste is a human concept defining a material with no intrinsic worth or value, ora
material discarded despite its inherent worth or value. The Waste Framework Directive
(91/156/EEC) (Council of European Communities, 1991) provides a standard definition

ofwaste:

“Waste shall mean any substance or object in the categories set out in Annex 1, which
the holder discards or intends or is required to discard

(Council ofEuropean Communities, 1991)

The Directive also provides a definition for C&D W as follows:

“Any substance or object which the holder disposes or is required to dispose, which
arisesfrom construction, renovation and demolition activities.”

(Council ofEuropean Communities, 1991)

This definition was general in nature and was recognised by the European Commission
in 1991 as an inappropriate form of classification. This led to the establishment ofa list
ofwastes known as the European Waste Catalogue (EW C) (Council ofEuropean

Communities, 1993). The aim ofthe EW C was to provide a common terminology



to improve the collection and management o fdata on waste in Europe. Each type of
process, industry or sector was assigned a six-digit code made up offour digit sub-
codes, e.g. C&D W was assigned 17 00 00 with 17 01 02 representing bricks, 17 02 01

representing wood.

The EWC was published in Ireland as the Waste Catalogue and Hazardous Waste List
(EPA, 1996b). Only one waste type from 25 materials in the C&D W section

(17 06 01 - insulation material containing asbestos) was identified as being hazardous
(Appendix A). This was reviewed with the publication o fEuropean Waste Catalogue
and Hazardous Waste List, 2002 (EPA, 2002) where C&D W is again listed in Chapter
17 but contains 38 waste types, 16 ofwhich are deemed hazardous (Appendix B). In

Ireland, the Waste ManagementAct 1996 (DoEHLG, 1996) defines waste as:

“Any substance or object belonging to a category ofwaste specified in the First
Schedule ofthe Waste Management Act, 1996 and included in the European Waste
Catalogue, which the holder discards or intends or is required to discard and anything
which is discarded or otherwise dealt with as ifit were waste shall be presumed to be
waste until the contrary isproven. ”

(DOEHLG, 1996)

The main difficulty with the legal interpretation o fwaste is the fact that the holder may
have a beneficial use for the material but that does not mean it is not a waste or that it
ceases to be waste when put to that use. This applies even when the object or substance
may be fully functional; have no adverse impact on human health or the environment;
and have a monetary value. The consequence ofthis is that potentially reusable or
recyclable materials such as soils, used bricks/blocks and fragmented concrete fall
within the definition if they are removed from a construction site and taken elsewhere
for recovery and/or recycling. The European Court o f Justice reinforces this view by

expressly stating that:

“It is immaterial to the legal definition ofwaste whether a substance or object may have
a commercial value or is capable ofeconomic re-utilisation”

(European Court o f Justice Case C-359/88 (1990) ECR 1-1509)



The Organisation for Economic Co-operation and Development (OECD) presented a
different interpretation o fthe definition ofwaste in its publication ‘Final guidance

documentfor distinguishing wastefrom non-waste’ (OECD, 1998) stating that:

“A waste ceases to be a waste when a recovery or another comparable process
eliminates or sufficiently diminishes the threatposed to the environment by the original
material (waste) andyields a material ofsufficient beneficial use”

(OECD, 1998)

This interpretation observed that the destination ofa material is the decisive factor not
the fact that it has to be discarded. Symonds el al. (1999) supported this, recommending

that:

“The European Commission should review the definition ofwaste...with the objective of
developing aproposal wherebyproducts and materials destinedfor reuse and recycling
are not identified as waste.”

Symonds et al. (1999)

This approach merely transfers the focus from defining the key terms, ‘holder’ and
‘discard’, under the legal definition to defining the ‘recovery or comparable process’
and ‘a material ofsufficient beneficial use’, which are equally difficult to define. It does
highlight however an opportunity to identify special cases within the legal definition
where the waste management controls may not apply e.g. recovery processes oflow

environmental impact.

Symonds etal. (1999) also defined C&D W into a ‘core’ element, which excluded road
planings, excavated soil (whether clean or contaminated), external utility and service

connections (drainage pipes, water, gas and electricity) and surface vegetation.



In Ireland, a definition was provided in the National Waste Database Report 1998

(EPA, 2000), which defined C&D W:

“..to include all waste that arisesfrom construction, renovation, and demolition
activities and all waste mentioned in Chapter 17 ofthe European Waste Catalogue.
This includes surplus and damagedproducts and materials arising at construction

works or used temporarily during on-site activities and dredge spoill

For the purposes ofthis study the above definition is to be used excluding dredge spoil
and excavated materials as they do notresult directly from the construction and
demolition sites audited. The definition of ‘inert waste’ will be divided into two
categories throughout the study; inert waste including excavated materials (17 05 04)
and inert waste excluding excavated materials identified by the EW C code category
1701. This includes: concrete (17 01 01); brick (17 01 02); tiles and ceramics

(17 01 03); mixture ofconcrete, bricks, tiles and ceramics other than those mentioned in

17 01 06 (170107).

1Dredge spoil was described as being made up of two primary types of dredging materials. maintenance
and capital dredging. Maintenance dredging is conducted regularly in Irish ports for navigation purposes
and this activity gives rise to predominantly erodible materials such as silt and sand. Capital dredging
occurs when significant removal of seabed material is required during major engineering operations.
Capital dredgings are generally bulky non-erodible materials such as rock and gravel.
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2.3 Legislation and Policy Actions

2.3.1 Waste management framework in Europe

The European Community Strategyfor Waste Management 0 f1989 (SEC (89) 934
Final 1989) (Commission ofthe European Communities, 1989) set out the European
Commission community-wide waste policy. The strategy contained the following
points:

O The establishment ofa hierarchy ofwaste management (Figure 2.1) prioritising
the prevention and minimisation ofwaste followed by its reuse and recycling
and lastly the optimisation ofits final disposal through, for example energy
recovery.

O Confirmed the ‘proximity principle’ requiring waste to be dealt with as near as
possible to its source.

O Emphasised the goal ofwaste disposal self-sufficiency.

Prevention Most fayoured
option
Re-use
Recycling
Energy Recovery
Disposal \r
|
sposa Least favoured
option

Figure 2.1 Waste management hierarchy

This strategy was complemented by the objectives set out in Council Directive
91/156/EEC (Council ofEuropean Communities, 1991) promoting:
O The development ofclean technologies to increase prevention and reduction of
waste.
Recovery and recycling ofwaste as a secondary raw material.

Drawing up ofwaste management plans by competent authorities.



|

The establishment ofan integrated network ofdisposal installations, taking into
account best available technology (BAT) and enabling the Community as a

whole to become self-sufficient.

In 1992, the European Commission setup the Priority Waste Streams Programme to

develop Community policy to address the following priority waste types:

1.

o o A w N

Used tyres.

End-of-life vehicles.

Chlorinated solvents.

Health care wastes.

Construction and demolition waste (C&D W).

Waste from electric and electronic equipment.

As aresult, the Construction and Demolition Waste Project Group was established in

1992. This group included representatives from all sectors ofthe industry and produced

areport (Symonds Travers Morgan/ARGUS, 1995), which outlined anumber of

recommendations embracing waste prevention, clean technologies, market creation, cost

effectiveness and protection ofthe environment.

In July 1996, a review ofthe European Community Strategyfor Waste Management

(Commission of European Communities, 1996) was carried out, adding the following

relevant points:

O

O

The introduction oftargets to substantially reduce the amount o fwaste generated
and to achieve high waste recovery objectives.

The principle ofproducer responsibility (where waste producers are actively
involved in the waste management o ftheir products) was to be incorporated in
all future measures.

Suggestions for guidelines on the use ofeconomic instruments for waste
managementincluding the harmonisation o fwaste statistics and a common

methodology for life-cycle analysis (LCA).

The review reported that the Priority Waste Streams initiative had been abandoned due

to slow progress, although some follow up work on the original five waste streams was

to continue in the short term.
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On the 31sofMay 1999, representatives ofthe construction industry, European
Commission and the Member States drew up a list ofpriority actions for improving the
competitiveness o fthe construction industry. One ofthese actions was to develop a
strategy for the use and promotion of:

O Environmentally friendly construction materials.

O Energy efficiency in buildings.

O Construction and demolition waste management.

A task group (TG 3) was established for C&D W producing areportin September 2000
containing the following recommendations (EU Sustainable Working Group for
Sustainable Construction, 2001):

O Member States were encouraged to draw up national waste management plans to
enable reliable statistics on C&D W to be collected and examined.

O The European Community should aim to provide a common methodology for
C&D W statistics. This would involve the use ofthe EW C classification, data
collection and accounting methods.

O All parties involved in the construction process should encourage the use of
recyclable primary materials. Environmental assessments, codes o f practice,
specifications and product standards would all aid the promotion in the use of

secondary materials.

In May 2001, the European Construction Industry Federation (FIEC) adopted its
‘Charterfor the Environment’. One ofthe objectives ofthis charter was to encourage

construction firms and their clients to use recyclable and/or reusable materials.

There has been no significant development in policy in recent years. This is reflected in
the factthat only a few ofEU Member States have reliable data on quantities and
treatmentofC&D W (Jacobsen et al., 2004). To combat this, the EU produced the
Waste Statistics Regulation (EC No 2150/2002) (Council of European Communities,
2002), which established a framework for the production of Community statistics on

waste management.

The regulation requires the Member States to produce statistics on: waste production;

recovery and disposal o f waste and the import and export o fwaste. Five years after the
11



regulation comes into force, and every three years thereafter, the Commission aims to
present a report to the European Council and the European Parliament on the quality of

the statistics prepared.

2.3.2 Waste management framework in Ireland

Prior to 1990, landfill was the predominant waste management option due to the
traditionally low cost, favourable geological conditions and settlement patterns.
Unfortunately, these landfills were generally small in size and scale and very badly
operated and managed. Waste was the last significant area of environmental
management to be subject to legislative action. Principal legislation for solid waste

related primarily to the public health functions ofthe local authorities.

A modem waste management framework was urgently needed and development during
a six-year period (1990 - 1996) enabled the establishment o fa comprehensive
legislative structure. The establishment ofthe Environmental Protection Agency (EPA)
under the Environmental Protection Agency Act, 1992 (DoEHLG, 1992) was a
significant step with the following effects:
O Enabled the establishment by the EPA ofa national waste database.
O Required the specification and publication o f criteria and procedures for the
selection, management, operation and termination ofuse oflandfill sites.
O Provided for a system ofintegrated pollution control (IPC), which addressed
generation, recovery and disposal o fwastes by relevant activities (including
hazardous and non-hazardous waste incineration) and emphasised progressive

waste minimisation.

In 1994, a national recycling strategy entitled ‘Recyclingfor Ireland’was published
(DoEHLG, 1994). This document focused on packaging waste, newsprint and organic

waste, setting a target ofdiverting 20 per cent of municipal waste from landfill by 1999.
The ‘polluter pays’ principle was introduced to encourage producers to take

responsibility for the waste produced by their products. The C&D W stream was not

addressed in this strategy document.
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The Waste Management Act, 1996 (DoEHLG, 1996) was apivotal milestone in the
reformation oflreland’s waste legislation. The principle objective o fthe Act was to
provide alegal framework that ensured that the holding, transportation, recovery and
disposal o fwaste does not cause environmental pollution. To date, its primary focus has
been to:
O Improve waste management practice and infrastructure by developing and
improving the waste management planning system.
O Improve waste recovery performance by developing producer responsibility
initiatives.
O Ensure a high standard ofenvironmental protection by implementing a
comprehensive and effective waste licensing and permitting system.
O Introduce secondary legislation in response to EU legislation and national

requirements.

The Act also recognised and further expanded the role assigned to the EPA under the
Environmental Protection Agency Act, 1992 (DoEHLG, 1992). This new regulatory
regime imposed an obligation on local authorities to prepare and implement detailed
waste management plans. The content and structure ofthe plans was outlined in the

Waste Management (Planning) Regulations 1997 (DoEHLG, 1997a).

This work has been underpinned by clear policy direction in particular, the National
Sustainable Development Strategy (DoEHLG, 1997b) and the 1998 policy statement
Waste Management: Changing Our Ways (DoEHLG, 1998a). This document provided
a national policy framework for the adoption and implementation by local authorities of
strategic waste management plans. It was in response to the findings in the State ofthe
Environment in Ireland report (EPA, 1996¢) and Europe’s Environment: a Second
Assessment (EEA, 1998), which highlighted the annual growth in waste production and
a heavy reliance on landfill. The policy statement set specific targets over a fifteen-year

timetable to address the unsustainable trend in waste production (Box 2.1)

13



Box 2:1 Targets set out in Changing Our Ways (DoEHLG, 1998a)

O Diversion of50 per cent ofoverall household waste away from landfill.

O A minimum 65 per centreduction in biodegradable waste going to landfill.

O The development ofwaste recovery facilities employing environmentally
sound technologies.
Recycling of35 per cent ofmunicipal waste.
Recycling of at least 50 per cent o f construction and demolition waste within a
five-year period with a progressive increase to at least 85 per cent by 2013.
Reduction in the number oflandfills.

O An 80 per centreduction in emissions from landfill.

The policy document specifically addressed the construction and demolition waste

stream stating that:

“Local authorities have an opportunity in the relatively short term; to divert significant
volumes ofconstruction and demolition wastefrom landfill.... Very large quantities of
this waste are being landfilled, despite its potential resource value. The technologyfor
the segregation and recovery ofstone and concrete is well established, readily
accessible and inexpensive, and there is a ready use marketfor aggregates, forfill in
roads, drainage and other construction projects. ”

(DOEHLG, 1998a)

It also highlighted the need for accurate data gathering on the origin, quantity and

composition ofwaste stating:

“Ireland must address significant deficiencies in the quality and scope ofdata on
waste. ”

(DOEHLG, 1998a)

The deficiencies in the quality of data required improved regulation ofthe waste

management practices o f the construction industry.
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The Waste Management (Movement ofHazardous Waste) Regulations, 1998 (DoEHLG,
1998b) initiated better regulation by stating that the producers ofhazardous waste
should retain records relating to the quantity, nature and origin ofwaste, treatment and

transferral.

The Waste Management (Permit) Regulations, 1998 (DoEHLG, 1998c) addressed the
lack of C&D W processing infrastructure available at the time by providing the
following options:
O All persons wishing to recover or dispose o fwaste under a certain quantity
(5 000 tonnes per annum) needed to obtain a permit from the relevant local
authority (no upper tonnage lim it provided 100 per cent recovery is achieved).
O Individuals wishing to recover/dispose oflarger quantities ofwaste were to

apply to the EPA for a waste licence.

The specification o fwaste permits provided an alternative outlet (other than landfill) for
the inert waste fraction and was widely adopted by the construction industry. Applying
for awaste license would be a far rarer occurrence due to the cost and time involved in

the process.

The Waste Management (Licensing) Regulations, 2000 (DoEHLG, 2000a) introduced
further options by:
O Providing for the licensing ofmobile plant used for the recovery and disposal of
waste at more than one site.
O Identifying that all persons involved in waste recovery and disposal activities
under PartV ofthe Waste Management Act 1996 needed to obtain a licence

from the EPA.

Waste management planning was encouraged in the Planning and Development Act,
2000 (DoEHLG, 2000b). Section 34 (4) (1) ofthe Act permitted the attachment of
conditions relating to C&D W management by presenting thresholds for the application
ofwaste management plans during the planning phase as follows:

O New residential developments of 10 houses or more.

O New developments, other than above, including institutional, educational, health

and other public facilities, with an aggregate floor area exceeding 1250 m .
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O Demolition/renovation/refurbiShment projects generatfng in excess of 100m? in
volume ofC&D W.
O Civil engineer?ng projects producihg in excess of 500m* o f waste (equivalent to

1 000 tonnes) excluding waste materials used for development works on the site.

To date, only a few local authorities have exercised these conditions on a limited

number o f projects.

The Waste Management (Collection Permits) Regulations 2001 (DoEHLG, 2001a)
outlined controls for the operation ofa permitting system for waste collection activities.
A building contractor must apply to the nominated local authority (Table 2.1) for a
collection permit to transport waste for disposal or recovery unless:

O The activity involves gathering/sorting/mixing on site.

O The waste quantity is such that it is transported in a small, non-skip vehicle of

less than one tonne gross axle weight.
O If the contractor does nothold a permit then a licensed waste collector must be

employed to remove any waste from site.

Table 2.1 Waste collection permits - nominated local authorities

South East (Carlow, Wexford, Kilkenny, Waterford City & County, Kilkenny

Tipperary SR)

Cork (Cork City & County) Cork
North East (Cavan, Louth, Monaghan, Meath) Meath
South West (Clare, Limerick City & County, Kerry) Limerick
Connaught (Galway City & County, Mayo, Roscommon, Sligo, Mayo
Leitrim)

Midlands (Offaly, Tipperary NR, Laois, Longford, Westmeath) Offaly

Dublin Region (Dublin City, Fingal, South Dublin, Dun-Laoghaire  Dublin
Rathdown)

Wicklow Wicklow 1
Donegal Donegal

Kildare Kildare
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In 2002, a comprehensive policy statement specifically focused on waste prevention and
recycling entitled Preventing and Recycling Waste: Delivering Change (DoEHLG,
2002a) was published. Initiatives such as the introduction ofalandfill levy and producer

responsibility were encouraged.

The Waste Management (Landfill Levy) Regulations 2002 (DoEHLG, 2002b)
introduced an additional charge on materials brought to landfills after June 1s2002. The
levy is currently set at €15 per tonne with provision for it to be increased by amaximum
of €5 perannum. There is some disposal activities that are exempt from the landfill levy
charge provided the material is used for landfill site engineering, restoration or
remediation purposes, for example:

O Non-hazardous wastes from construction and demolition activities comprising

concrete, bricks, tiles, road planings etc, with a particle size of 150mm or less.
O Excavation spoils comprising clay, sand, gravel or stone.

O Dredge spoils from inland waterways and harbours.

A local authority gate fee will still apply to these waste types.

The Protection ofthe EnvironmentAct 2003 (DoEHLG, 2003a) updated the regulatory
regime in relation to waste management planning and waste licensing/permitting. The
Waste Management (Packaging) Regulations (DoEHLG, 2003b) came into operation on
the 1ofMarch 2003, imposing obligations on persons who supply packaging e.g.

retailers, packers/fillers and manufacturers.

This was followed by another government strategy, Waste Management: Taking Stock
and Moving Forward (DoEHLG, 2004a). This policy document examined the growth of
the private sector’'s role in waste activities while encouraging a more intensified and
consistent application ofthe law in relation to waste. Two initiatives, the National
Waste Prevention Programme and the Market Development Group were introduced. It
also promoted the development o flocal authority waste-related performance indicators
as outlined in Delivering Valuefor People - Services Indicators in Local Authorities’

(DOEHLG, 2004b).
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The Waste Management (Licensing) (Amendment) Regulations 2004 (DoEHLG, 2004c)
followed allowing waste licenses to be issued on the basis of best available techniques
(BAT). This aimed to further improve the environmental performance of future waste

facilities.

Currently, two draft statutory instruments are available for consultation; the Waste
Management (Facility Permit and Registration) Regulations 2005 (DoEHLG, 2005a)
and the Waste Management (Collection Permits) Regulations 2005 (DoEHLG, 2005b).
When approved, they will revoke the Waste Management (Permit) Regulations 1998
(DOEHLG, 1998c); the Waste Management (Collection Permit) Regulations
2001(DoEHLG, 2001a) and the Waste Management (Collection Permit) (Amendment)
Regulations 2001 (DoEHLG, 2001b) respectively.

Under the draft Waste Management (Facility Permit and Registration) Regulations
2005 (DoEHLG, 2005a), the following activities are subject to a waste facility permit
application to the relevant local authority:

O Recovery ofinert waste, for the purpose of land reclamation, where the total
capacity of waste recovered at the site shall not exceed 100 000 tonnes over the
period for which the permit is granted.

O Recovery of inert waste arising from construction and demolition activity,
including concrete, bricks, tiles, road planings or other such similar material, at a
facility (excluding land reclamation) where the annual intake shall not exceed
100 000 tonnes per annum.

O Recovery of excavation or dredge spoil, comprising natural materials of clay,
sand, gravel, or stone and which comes within the meaning of inert waste. The
total capacity of waste recovered at the site shall not exceed 100 000 tonnes over

the period for which the permit is granted.

Again under the draft Waste Management (Facility Permit and Registration)
Regulations 2005 (DoEHLG, 2005a), the following construction-related activities are
subject to registration with a relevant local authority or the EPA:
O Recovery of inert waste, for the purpose of land reclamation where the total
capacity of waste recovery at the site shall not exceed 25 000 tonnes over the

period for which the certificate has been granted.
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O Recovery of inert waste arising from construction and demolition activity,
including concrete, bricks, tiles, road planings or other such material, at a
facility (excluding land reclamation) where the annual intake shall not exceed
20 000 tonnes per annum.

O Recovery of excavation or dredge spoil, comprising natural materials of clay,
sand, gravel, or stone and which comes within the meaning of inert waste. The
total capacity ofwaste recovered at the site shall not exceed 25 000 tonnes over

the period for which the permit is granted.

The provision of facility permits and local authority registrations will simplify the
permitting process and reduce the time period required for the determination of

applications.

In both regulations the provision of accurate records will be essential to regulate the
activities:

O The draft Waste Management (Collection Permits) Regulations 2005 (DOEHLG,
2005b), requires the compilation and maintenance of records containing the
types and quantities of waste dealt with in the course of business detailing: the
origin and destination of such waste; the treatment, recovery or disposal
activities to which the waste is subject and, where appropriate, the persons by

whom such waste is collected.

O The draft Waste Management (Facility Permit and Registration) Regulations
2005 (DoEHLG, 2005a) requires that a summary report is sent to relevant local
authority not later that the 28thof February of each year relating to activities to

which the waste facility permit relates.

The publication of the ‘Best Practice Guidelines on the Preparation o f Waste
Management Plansfor Construction and Demolition Projects' (DoEHLG, 2006)
provides the construction industry with an agreed basis on the format of C&D W
management plans (Appendix C). While the guidelines will operate generally on a
voluntary basis, planning authorities are empowered under Section 34 (4) (1) of the
Planning and Development Act 2000 (DoEHLG, 2000b) to attach conditions relating to

C&D W management.
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The Best Practice Guidelines on the Preparation of Waste Management Plansfor
Construction and Demolition Projects (DOEHLG, 2006) recommends the following

wording:

“Prior to the commencement ofdevelopment, the developer shall submit aformal
Project Construction and Demolition Waste Management Plan to the Local Authority
for agreementprior to Commencement Notice stage

(DOEHLG, 2006)

The implementation of legislation, regulation and policy direction over the past decade
has compelled the Irish construction industry to consider and accept their role in the
overall management of waste in the country. The response of industry to date has been

encouraging.

2.4 Response of the Irish Construction Industry

The Irish Construction Industry responded to the recommendations of the Priority
Waste Streams Programme Report (Symonds, Travers Morgan/ARGUS, 1995) by
applying for funding to the Department of Trade, Enterprise and Employment under the
ADAPT Programme2. The application was successful and the Construction Aims 2000
Project aimed to assist construction enterprises, especially small-to-medium sized
companies to adapt successfully to the challenges of industrial change. The project
contained four strands:

Strand 1- Registration of Construction Companies.

O Strand 2 - Information Technology in Business Administration.
0O Strand 3 - Enterprise Development and Marketing.
O Strand 4 - Construction Waste Management.

In response to the targets set out in the Changing Our Ways policy document
(DoEHLG, 1998a), the Forum for the Construction Industry set up a Task Force, in

October 1999, with the following terms of reference:

2The ADAPT Programme was a European social policy instrument that was aimed at increasing
competitiveness by helping companies and employees adapt to and cope with the challenges and
opportunities posed by global industrial change.
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“To co-ordinate the development and implementation o fa voluntary construction
industry programme to meet the Government’ objectivesfor the recovery of
construction and demolition waste as set out in the Policy Statement on Waste
Management ‘Changing Our Ways and to present thisprogramme with an
implementation timetable to the Ministerfor the Environment and Local Government by

1stJuly 2000”
(DOEHLG, 1998a)

The Task Force missed the deadline of July 1st2000 but did submit their report to the
Minister for consideration in February 2001. Two of the more important
recommendations were:

O The formation of a National Construction and Demolition Waste Council
(NCDWC) for the construction industry. This Council would fully implement
the recommendations set out in the Task Force Report.

O The implementation of a voluntary documented waste management system by
industry to effectively manage and control the flow of materials arising from

each construction project.

The Minister approved the recommendations of the Task Force in December 2001 and
the NCDWC was established on June 20th2002. The NCDWC was set up as a voluntary
construction industry initiative to provide a framework to achieve compliance with
government targets. Sub-committees were established to research the change options

available to the industry as follows:

O Infrastructure and Facilities. 10£8! J \-
O Markets for Recycled Products.

O Project Practice and Waste Management Plans.

O The Regulatory Framework.

0O Information and Public Awareness.

Following on from this, the Construction Industry Federation (CIF) and FAS organised
anumber of seminars during 2002 complementing the publication o fiConstruction and
Demolition Waste Management- A Handbookfor Constructors and Site Managers’

(CIF/ FAS, 2002) to raise awareness of this issue in the industry.
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During 2004, a road show was organised by the NCDW(C to raise awareness of C&D W
management in the industry. Guest speakers (including the author) addressed
approximately 250 industry members at workshops in Kilkenny, Limerick, Athlone,
Galway, Sligo and Dublin. The NCDWC also collaborated with the DoEHLG, CIF

and RPS MCOS Consultants to publish ‘MBCA Guide to Construction and Demolition
Waste Legislation *(MCOS/NCDWC/CIF, 2003), a useful reference for the construction
industry with regard to their legal obligations. The DoEHLG subsequently published
‘DraftBest Practice Guidelinesfor the Preparation of Waste Management Plansfor
Construction and Demolition Projects ”in 2004 (DoEHLG, 2004d) for consultation with
the final document published in 2006 (DoEHLG, 2006).

In April 2006, a C&D W management module was included as an approved module
under the Chartered Institute of Building (CIOB) Certificate/Diploma in Site
Management organised by the Construction Industry Federation (CIF) in co-operation

with FAS (Appendix D).
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Conclusions
The main aims of this chapter were to:

O Provide a definition for C&D W.

O Describe the implementation of legislation, regulations and policy actions over
the past decade to determine the current legal obligations being imposed on the

Irish construction industry with respect to C&D W management.

The main conclusions are as follows:
O The following definition for C&D W is to be used in the study as adapted from
the National Waste Database Report 2001 (EPA, 2003):

to include all waste that arisesfrom construction, renovation, and demolition
activities and all waste mentioned in Chapter 17 o fthe European Waste
Catalogue. This includes surplus and damaged products and materials arising
at construction works or used temporarily during on-site activities
(EPA, 2003)
This excluded excavated materials (17 05 04) as they did not result directly from

the construction and demolition sites audited.

O The approach provided by the OECD (1998) transfers the focus from defining
the key terms of ‘holder’ and ‘discard’ under the legal definition to the equally
difficult task of defining the ‘recoveryprocess' and ‘a material o fsufficient
beneficial use'. This does not facilitate an improvement in understanding but
may identify special cases within the legal definition where the waste
management controls may not apply e.g. recovery processes of low
environmental impact. It does, indirectly raise an interesting question as to how
the classification of a waste stream can contribute to its marketability.

The potentially reusable and recyclable materials arising from construction
activities are labelled as waste even if they are a resource with a beneficial use.
This may potentially discourage the use of ‘secondary materials’ as the term

waste symbolises unwanted or substandard objects.
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O The implementation of the various legislation and regulation has recognised the
needs of the industry by providing alternative options for C&D W processing
while the infrastructure is still deficient. This is especially true in the provision

o f waste permits although this process is unsustainable in the long term.

O Current draft legislation has recognised the need for accurate reporting of waste

activities while providing further processing alternatives for the industry.

O The Irish government has set out ambitious targets in the Changing Our Ways
document (DoEHLG, 1998a) but has allowed the industry to establish a

voluntary framework to meet these targets.

O The response ofthe Irish construction industry has been positive. The
establishment of the NCDWC and the publication of the various documents have

raised awareness of the responsibilities of the industry.

This chapter has clearly outlined the legal obligations of the construction industry in
regard to C&D W management. The next chapter will examine the characteristics of the
waste stream focusing on its nature and source while presenting some waste production

and composition studies.
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Chapter 3  Characteristics of Construction and Demolition Waste

3.1 Introduction
This chapter will explore the main characteristics that constitute the C&D W stream by

focusing on the source, composition and quantity.

The main aims of this chapter are to:
O Classify the C&D W stream in terms of its origin.
O Establish an overview of the composition ofthe C&D W stream in different
countries.

O Identify international, European and Irish C&D W production estimates.

3.2 Classification of Construction and Demolition Waste
Accurate classification of C&D W can be a difficult task due to the lack of reliable and
accurate statistical data available (Gavilan and Bemold, 1994). The categorisation of the
waste stream needs to consider three aspects:

1. The nature and source of C&D W.

2. The composition of C&D W.

3. The quantification of C&D W.

3.2.1 Nature and source of construction and demolition waste
The nature and source can be defined from the causes of C&D W arising from the wide
range of construction and demolition activities, site types and management approaches.
The most comprehensive analysis of the principal causes of waste was carried out by
E.R. Skoyles over a twenty-year period (1963 to 1983) in the U.K. This research was
based on measurements taken at 280 building sites of varying size. Skolyes (1976a, b, ¢)
attempted to determine the source of C&D W by defining the exact nature of the waste
stream as follows:
O Direct waste: represented the complete loss of a material (waste that can be
prevented and involves the actual loss or necessary removal and replacement of
a material).
O Indirect waste: represented a loss of the material’s value, usually to the

contractor. It was divided into three broad classes:
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0 Substitution waste was when materials were used for purposes other than
those for which they were intended in the specification,

0 Production waste represented materials used in excess of those indicated
in the bill of quantities, due to the production process,

0 Negligence waste was when some materials were used extra to the

amount required by the contract due to the contractor’s own negligence.

Gavilan and Bemold (1994) identified the following main causes of waste from a

management perspective by examining the general flow pattern of construction

materials on site:

O

|
O
O

Design including design errors and design changes.

Procurement including transport and ordering errors.

Handling of materials including improper storage and handling on and off-site.
Operation including human error, equipment malfunctions and Acts of God
(catastrophes and weather).

Residual such as leftover scrap and irreclaimable non-consumables.

In Europe, Symonds Travers Morgan/ARGUS (1995) indicated that C&D W originated

from awide range of activities:

|

Civil engineering infrastructure works including: power generation stations;
substations; electricity distribution networks; gas production works; dams;
reservoirs; water supply treatment works and sewage treatment works.

Building and development works including: residential, commercial and
industrial development.

Transport infrastructure works including: road construction and ancillary
structures; rail construction and ancillary structures; airports and associated
developments; and waterways, canal construction with ancillary structures.
Renovation, rehabilitation and maintenance aimed at prolonging the lifespan of
above works.

Demolition.
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This is in comparison with the U.S. EPA who adopted a simple classification system
(Franklin Associates, 1998):
O Residential construction.
Residential demolition.
Residential renovation.
Non-residential construction.

Non-residential demolition.

o 0O o o o

Non-residential renovation.

Subsequently, Symonds et al. (1999) recognised that the type of construction and/or
demolition activity will affect the origin and nature of C&D W (Table 3.1).

Table 3.1: The different types of site that generate C&D W in Europe
(Symonds et al., 1999)
Site Type Definition

‘Demolish and clear’ sites Site with structures or infrastructure to be demolished,
but on which no new construction is planned in the

short term.

‘Demolish, clear and build’ sites Site with structures or infrastructure to be demolished

prior to the erection of new ones.

‘Renovation’ sites Site where the interior fittings (and possibly some
structural elements as well) are to be removed and

replaced.

‘Greenfield’ building sites Undeveloped sites on which new structures or

infrastructure are to be erected.

‘Road build’ sites Sites where a new road (or similar) is to be

constructed on a green field or rubble free base.

‘Road refurbishment’ sites Sites where an existing road (or similar) is to be

resurfaced or substantially rebuilt.

Ekanayake and Ofori (2000) examined the management processes outlined by Gavilan
and Bemold (1994) and prioritised design, operation, material handling and

procurement as the main causes of construction waste (Table 3.2).
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Table 3.2 Sources and causes of construction waste (Ekanayake and Ofori, 2000)

Process

Design

Operational

Material Handling

Procurement

OO0 oo0oooooo0ooooaoo o

o oo o0 oo ooo oo

Description of Waste
Lack of dimensional coordination of products.
Changes made to the design during construction process.
Designer’s inexperience in method and sequence of construction.
Lack of standard sizes available on the market.
Designer’s unfamiliarity with alternative products.
Complexity of detailing in the drawings.
Lack of information in the drawings.
Error in the contract documents.
Incomplete contract documents at commencement of project.
Selection of low quality products.
Errors by tradespersons or labourers.
Accidents due to negligence.
Damage to work done by subsequent trades.
Use of incorrect material thus requiring replacement.
Required quantity unclear due to improper planning.
Delays in passing information to the contractor on types and sizes
of products to be used.
Equipment malfunctioning.
Inclement weather.
Damaged during transportation.
Inappropriate storage leading to damage or deterioration.
Materials supplied in loose form.
Use of whatever material is close to working place.
Unfriendly attitudes of project team and labourers.
Theft.
Ordering errors e.g. ordering significantly more or less.
Lack of possibilities to order small quantities.

Purchased products that do not comply with specification.

The EPA in Ireland introduced the following categories of building construction, repair

and maintenance in the National Waste Database Report 2001 (EPA, 2003):

O Residential (new private and public housing).

O Private non-residential (private and semi-state industry, commercial,

agricultural, tourism and worship).
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O Productive infrastructure (water and sanitary services, airports, harbours, energy
and telecommunications).
O Social infrastructure (education, health, public buildings, local authority services

and the Gaeltacht).

Dividing the waste stream into categories only determines the general
characteristics. It was essential to examine the composition to identify the priority

materials of the C&D W stream.

3.2.2 Composition of C&D W

International composition studies

Spivey (1974a) documented one of the earliest efforts to categorise construction waste.
He classified the most common components of work-site waste as follows: demolition
materials including concrete, brick, wallboard, plaster and used timber; packaging
materials including paper, cardboard, plastic and metal retaining bands; wood including
trees; waste concrete and asphalt; garbage and sanitary waste; scrap metal products;

rubber, plastic and glass; and pesticides including pesticide containers.

Wilson et al. (1976) followed this by attempting to identify the components of C&D W
by comparing:
O The quantities of various materials that have gone into the construction of
buildings presently standing i.e. potential candidates for demolition.
O The total number of buildings (when new) represented by these quantities of
materials.

O The characteristics of the buildings that have been or will be demolished.

Nine significant materials were identified including ferrous metals, copper, aluminium,

lead, concrete, wood, brick, glass and plastics.

Apotheker (1990) identified that the composition of C&D W was highly variable
depending on the type of construction/demolition activity. C&D W was generally
considered to be a single waste stream for management purposes, but was typically
generated in two distinct categories: construction waste and demolition waste

(Schlauder and Brickner, 1993).
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Franklin Associates (1998) carried out a number of sampling studies for their report,
Characterisation o fBuilding-related Construction and Demolition Debris in the United
States, but did not attempt to average all the composition due to the high variability in
building types and construction practices sampled. The data collection was done under
many different conditions to different levels of detail. Figure 3.1 illustrates a sample
composition of residential new construction taken from an average of four assessments,

which was based on timber-frame construction.

+Miscellaneous includes refuse, dirt, sweepings and aggregates.

Figure 3.1 Sample composition of US new residential construction debris

(Franklin Associates, 1998)

A comparison can be made with analysis of C&D W composition from concrete-frame

buildings accepted at Florida landfill and recycling facilities (Figure 3.2) (Reinhart et

al., 2002).
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+Miscellaneous includes refuse, dirt, sweepings and aggregates.

Figure 3.2 Composition of C&D W in Florida (Reinhartetal., 2002)

Although two different assessment methods were used, it is evident that in both
compositional studies wood, plasterboard and miscellaneous waste were the major
components. The difference in the construction methods used was highlighted by the

absence of concrete waste in the timber frame construction composition analysis.

In Australia, a composition survey carried out at ten landfills in the State of Victoria

(Golder Associates Pty Ltd., 1999) produced the following results (Figure 3.3):
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H Concrete/Bricks
m Other Waste

O Paper/Cardboard
O Green Waste

m Wood/Timber

m Other Organic

m Metals

O Clean Excavated
Material

Figure 3.3: Australian EPA waste profile study of Victorian landfills - C&D W
percentage by tonnage (Golder Associates Pty Ltd., 1999)

In this study, the major contributors were concrete and timber waste but over halfof the
waste assessed was clean excavated material. This was due to the fact that this waste

fraction was primarily used for remediation purposes in the landfills surveyed.

The most recent data from the United States produced by Sandler (2003) estimated that
concrete and mixed rubble, wood and drywall accounted for between 65 and 95 per cent
of the material composition of total building related C&D W generated annually

(Table 3.3). The estimates were based on a number of US EPA and industry reports

(Franklin Associates, 1998; McKeever, 1999; Barnes, 2002; and Reinhart et al., 2002).
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Table 3.3 US building related C&D W generation: estimated material
percentages by tonnage (Sandler, 2003)

Material Estimated % Generated Annually
Concrete and mixed rubble 40 - 50

Wood 20-30

Drywall 5-15

Asphalt roofing 1-10

Metals 1-5

Bricks 1-5

Plastics 1-5

European composition studies

Symonds et al. (1999) provided an overview of the composition of C&D W in Europe,
dividing it into three types of waste originating from: new construction; renovation and
demolition (Figure 3.4). Renovation waste and demolition waste were found to be very

similar in composition.

Figure 3.4 Division of the European C&D W stream (adapted from Symonds et

al., 1999).



The most important fraction of the C&D W stream is the inert fraction (including
excavated materials) due to its quantity and potential for reuse and/or recycling.
Hendricks (1987) estimated that 80 per cent of C&D W consisted of stony materials like
concrete and masonry while the rest consisted of glass, rubber, plastics, timber, metals
and asphalt. This figure has been estimated as even higher, accounting for 90 per cent of

the waste stream in some EU Member States (Symonds et al., 1999).

It has to be taken into account that different construction methods and building
techniques will lead to varying components of the C&D W stream e.g. wood is much
more widely used in Scandinavia than elsewhere in the EU, resulting in a higher
percentage of wood waste. In the last 35 years, an increasing number of non-inert
materials, such as plastics and metals have been used. This has led to an increase in the
percentage of non-inert fractions in the C&D W stream. Due to this variety, it is
difficult to provide a definite list of each component. It is possible however, to identify
anumber of key components, which can be expected to occur to some extent in the
waste arisings (Symonds Travers Morgan/ARGUS, 1995). These are:

0O Soils and subsoil.

O Excavated fill and made ground.

O Concrete.

a Asphalt and bituminous materials.
Bricks and tiles.
Timber (treated and untreated).
Plaster, plasterboard and other internal finishes.
Plastics.
Metals.
Architectural features.
Mixed debris.

o 0O o o o o o™

Inthe UK, APT Environmental (2002) carried out a study over a two-year period

(1999 - 2001) of C&D W accepted at landfill sites and waste transfer stations in the
Greater Nottingham area to investigate the potential of using recycled resources in
construction. The analysis was divided up into ‘small load’ surveys (skips with less than

4 tonnes of waste) and ‘large load’ surveys (skips greater than 4 tonnes of waste).
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The ‘small load’ surveys consisted ofa hand picked analysis with each component
individually weighed, while the ‘large load’ survey was based on weighbridge receipts

(Table 3.4).

Table 3.4 Summary of hand picked and bulk survey results (1999-2001) for the
Greater Nottingham area, UK (adapted from APT Environmental, 2002)

Concrete and concrete blocks 13.92
Bricks - commons, facing and engineering 8.84
Cement 0.06
Ceramic tiles 1.28
Plaster 0.07
Rooftiles 1.69
Rubble/hardcore 30.06
Sand and stone 1.97
Inert sub total 57.89
Brick banding 0.02
Cabling 0.31
Carpet 0.55
Fibreglass 0.27
Glass 0.53
Metals - ferrous and non-ferrous 5.83
Miscellaneous 9.42
Paper/cardboard 1.42
Plasterboard 1.80
Plastic and Polystyrene 1.33
PVC piping 0.57
Roofing felt 0.81
Tarmac/asphalt 1.35
Timber 12.64
Vegetation 5.26
Non-inert sub-total 42.11



The inert fraction accounted for 58 per cent of the waste stream composition with
timber waste and metals (ferrous and non-ferrous) being the largest non-inert

contributors representing 13 and 6 per cent respectively.

Irish composition studies

There was no single body responsible for the generation of waste statistics in Ireland,
until the formation of the EPA under the Environment Protection Act 1992 (DoEHLG,
1992). A number of studies (O’Boyle, 1987; Environmental Resources Ltd. (ERL),
1993; Environmental Research Unit (ERU), 1993 and M.C. O’Sullivan Consulting
Engineers (MCOS), 1994) examined the production of household, commercial and
industrial waste. It was not until the publication of the National Waste Database Report,
1995 (EPA, 1996a) that any statistics on the C&D W stream were available. The
composition of C&D W was not addressed fully but the report did state that it estimated
that approximately 36 per cent of the total estimated C&D W stream comprised of soil
and stones. This fraction was estimated to account for 97 per cent of the total material

recovered in 1995.

The National Waste Database Report, 1998 (EPA, 2000) estimated the composition
based on a single survey conducted in 1996 (Figure 3.5) with the inert fraction
accounting for 90 per cent of the waste stream The report stressed the need for further
compositional surveys to provide amore comprehensive analysis of the components of

the C&D W stream.
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m Soil & Stones - 51%

m Concrete, bricks, tiles, ceramics and gypsum-based materials - 39%
Others* - 6%
Asphalt, tar and tar products - 2%

m Metals - 2%

Figure 3.5 Estimated composition of C&D W in Ireland in 1998 (EPA, 2000)

The National Waste Database Report 2001 (EPA, 2003) and the National Waste Report
2004 (EPA, 2005a) do not provide any further compositional studies of the C&D W
stream. The latter report did state that the soil and stone fraction comprised 76 per cent
of the total C&D W collected at licensed and permitted facilities and had a recovery rate
of 90 per cent while the other fractions i.e. concrete and rubble, wood, glass, metal and

plastics had a recovery rate of 69 per cent.

In all the compositional surveys outlined, it can be seen that the inert (including
excavated materials) and wood fractions were the primary contributors to waste
production from construction and demolition activities. Clear compositional analysis is
critical to provide a more reliable and accurate quantification of the C&D W stream and

is one of the main aims of this study.
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3.2.3 Quantification of C&D W
A lack of reliable statistics for C&D W production has limited the accuracy of national
estimates generated throughout the world. For example, attempts at estimating

production in the USA, led Donovan (1990) to state that:

“The more we looked into it, the more we concluded that there are, in our opinion, no
dependablefigures or accurate information regarding generation rates or disposal
practices at a national level.”

(Donovan, 1990)

C&D W production will vary considerably from country to country due to: economic
and cultural differences; different reporting procedures (if any) and different building
practices and technologies. Research carried out has tended to express C&D W
production in overall estimates or as a percentage of the municipal waste stream going

to landfill or as a percentage of materials purchased/delivered to site.

International waste production estimates

It is estimated based on a ‘best wild guess’, that 2 to 3 billion tonnes of building waste
is produced each year throughout the world (Lauritzen, 1994). The production of C&D
W is directly proportional to the level of building activity, which means the largest
economies are contributing the largest volumes of C&D W. For example, the most
definitive study carried out in the U.S. on C&D W production (Franklin Associates,
1998) estimated that the annual production for building related activities (excluding
wastes from roadways, bridges, land clearing and excavation) was 136 million tons in
1996. This represented 24 per cent of the municipal waste stream (MSW) and compared
to other US estimates of 23 per cent (Apotheker, 1990), 29 per cent (Rogoff and
Williams, 1994) and 25 per cent (Mincks, 1996).

The US estimates correlates to research carried out in Australia, where various studies
estimated C&D W to account for between 20 and 33 per cent of all waste entering
Australia’s landfills (Craven et al., 1994). This is in comparison to a best estimate of 19

per cent for New Zealand (Patterson, 1997).



Recent research carried out in Asia and the Middle East has also highlighted the vast
guantities of C&D W being produced. Poon et al. (2004a, b) estimated that 37 690
tonnes of C&D W was generated daily in Hong Kong. Of this amount, 80 per cent was
inert materials reused/disposed of at public filling areas and 20 per cent was mixed
materials sent to landfill. The latter figure represented 44 per cent of all solid waste
going to landfills. In Kuwait the estimated annual production was 3 million tonnes,
representing 15 to 30 per cent of all solid waste by weight (Kartam et al., 2004) with 90
per cent of this waste being landfilled. Enhassi (1996) studied waste production in
Palestine and found that 5 to 11 per cent of purchased materials ended up as waste. This
is in comparison with findings in Brazil that 20 per cent of all materials delivered to site

by weight ends up as waste (Formoso et al., 1993).

European waste production estimates

In a report to the European Commission, Symonds et al. (1999) estimated that ‘core’
C&D W production was in the region of 180 million tonnes per annum. This equated to
approximately 480 kg per person per year. Only 28 per cent of this estimate was reused
or recycled across the EU. The addition of the ‘non-core’ construction waste fractions
i.e. road planings, excavated soil and rock, more than doubled the estimate for the total

weight and volume of C& D W produced.

A report from the European Environment Agency (EEA) (Broderson et al., 2002)
reviewed selected waste streams in the EU. Seventeen countries were asked to submit
information on five waste types including C&D W. There were seven replies for C&D
W, where additional information was available (national reports, extracts or corrections
to previously submitted information) which was not previously submitted to the
OECD/Eurostat or Environment DG. Data availability was limited for some waste
fractions especially glass, plastics, insulation and mixed waste. As a consequence, data
for these fractions were excluded from the report’s findings. The total estimated waste

production was 385 million tonnes.

The inclusion of more recent estimates for Greece (Fatta et al., 2003) Ireland (EPA,
2005a), Italy (Saraetal.,c. 1999), and UK (Smith et al., 2002) increased the estimate
for total waste production to 495 million tonnes (Table 3.5). This increase in waste

production would correlate with estimates of C&D W accounting for between 40 to 50
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per cent of the total waste production in the EU (EU Sustainable Working Group,
2001).

Table 3.5 Total C&D W production per country based on most recent estimates

available (adapted from Brodersen etal, 2002)

Country Year Quantity
(tonnes)
Austria 1999 7500 000
Denmark 1997 3427 000
France 1992 25 000 000
Germany 1996 219 921 000
Greece* 2003 3900 000
Ireland** 2004 11 200 000
Italy*** c. 1999 40 000 000
Netherlands 1996 13 650 000
Spain 1999 20 628 000
UK 2002 150 000 000

*Fatta et al. (2003) estimated C&D Wproduction in Greece to be 3.9 million tonnesper annum.
*EPA (2005a) estimated that C&D Wproduction in Ireland in 2004 was 11.2 million tonnes.

Sara et al. (c. 1999) estimated that construction and demolition activities produce over 40 million
tonnes ofwaste ayear in Italy.
***Smith et al. (2002) estimated that the total mass ofall solid wastefrom the U.K. construction industry
in 1998 was 150 million tonnes.

Brodersen et al. (2002) identified that the waste amounts per capita varied considerably
from one country to another. This was partly attributed to the cultural and economic

diversity as well as the differences in the definitions used:

“There are also differences in definitions used, for instance, the reasonfor the high
level in Austria and Germany can be explained by thefact that these countries include
excavated soil and stones in the waste data. ”’

(Brodersen et al., 2002)
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Jacobsen et al. (2004) followed with an inventory of existing information on recycling
of selected waste materials including plastic, paper, aluminium, steel, glass, rubber,

textiles and inert waste. The report stated that:

“Inert waste in theform ofconstruction and demolition waste isprobably the largest
waste stream among the eight materials in kgper capita. However, due to lack of

harmonised data it is notpossible toprepare good indicators on the EU waste

generation.

(Jacobsen et al., 2004)

The report did provide data on C&D W production in eight Western European countries

and seven Eastern European Countries (Figures 3.6 and 3.7).
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Figure 3.6 C&D W production in eight* Western European countries in 1985-
1990 and 1996-1999 (Jacobsen et al., 2004)

*Austria, Denmark, Germany, Finland, the Netherlands, Spain, Switzerland, and the UK
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Figure 3.7 C&D W production in seven* Eastern European countries in 1995-1996
and 1998-2000 (Jacobsen et al., 2004)

*Croatia, Hungary, Malta, Poland, Romania, Slovakia and Slovenia

The interpretation of this data was limited due to the fact that definitions were not
harmonised throughout Europe preventing direct comparison between Members. The
differences in the quantities produced in Western Europe and Eastern Europe were
attributed to the fact that more regulatory reporting mechanisms existed in Western

Europe providing more reliable statistics.

Irish waste production estimates

The EPA has the responsibility under the Environmental Protection Act, 1992
(DoEHLG, 1992) for collating data to determine accurate and reliable figures for waste
production in Ireland. The EPA is committed to publishing national surveys every two
years under the Waste Statistics Regulations 2002 (Council of European Communities,
2002), to establish key trends on waste flows. The National Waste Database Reports
(EPA, 1996a, 2000, 2003,2005a) have attempted to provide estimates for C&D W
production in Ireland (Table 3.6).
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Table 3.6 National waste database C&D W estimates 1995,1998,2001 and 2004
(adapted from EPA, 2003)

Report Published Quantity % of Total
(tonnes) Waste
National Waste Database Report, 1995 EPA, 1996 *] 318 908 31
National Waste Database Report, 1998 EPA, 2000 2 704 958 34
National Waste Database Report, 2001 EPA, 2003 3651 411 49
National Waste Report, 2004 EPA, 2005 11 167 599 131

* In the National Waste Database Report 1995 (EPA, 1996a), the estimatedfigurefor C&D W
production was 1 520 000 tomes. Table 3.6 was adaptedfrom the National Waste Database Report 2001
(EPA, 2003) where the 1995 estimate was recorded as 1 318 908 tonnes.

The national estimates indicate nearly a ten-fold increase in C&D W production over a
nine-year period from 1995 to 2004 and more recently over a 200 per cent increase in a
three-year period from 2001 to 2004. The improvement of regulatory control with the
implementation of the Waste ManagementAct 1996 (DoEHLG, 1996) demanding
improved reporting procedures coupled with the phenomenal economic activity in the
country over the past decade can go some way to accounting for this massive increase in
waste production. The EPA has also employed different audit methodologies in each
report and this inconsistency has contributed to the significant difference in the

estimated quantities.



Conclusions

The main aims of this chapter were to:

O

O

Reveal the nature and source of the C&D W stream.
Establish an overview of the composition of the C&D W stream in different
countries.

Identify international, European and Irish waste production estimates.

The main conclusions are as follows:

|

The nature and source of C&D W is highly dependent on the
construction/demolition activity.

The inert and wood fractions contribute the largest percentage of all the
compositional studies examined.

There is alack of reliable composition studies from construction and demolition
activity in Ireland. The National Waste Database Report 1998 (EPA, 2000)
identifies the need for compositional surveys to provide more comprehensive
information.

The National Waste Report 2004 (EPA, 2005a) estimated that the soil and stones
accounted for 76 per cent of the waste stream with a recovery rate of 90 per cent.
Other fractions of C&D W were reported to have a recovery rate of 69 per cent.
These compositional estimates are based on data from waste collection permits.
There is a lack of reliable and accurate data on C&D W production throughout
the world. One of the main reasons for this is the lack of a harmonised reporting
framework that would provide consistent data (Jacobsen et al., 2004).

In Ireland, there has been a dramatic increase in C&D W production over the
past decade, from 1.52 million tonnes in 1995 to 11.2 million tonnes in 2004

based on estimates produced by the EPA.

This dramatic increase in C&D W production in Ireland has been estimated using a

number of assessment techniques. The next chapter will examine the methodologies

used by the EPA to produce C&D W estimates to establish a comparative benchmark

from which to work.



Chapter 4 Examination of Methodologies used to Generate Construction

and Demolition Waste Production Estimates in Ireland

4.1 Introduction

This chapter will examine the methodologies used in Ireland to generate C&D W
production estimates. Prior to the implementation of the Environmental Protection
Agency Act, 1992 (DoEHLG, 1992), there were no national estimates for construction
and demolition waste production in Ireland. The National Waste Database Report 1995
(EPA, 1996a) was the first attempt to establish national figures for C&D W production
in Ireland. The EPA has produced reports every three years since using a combination

of methodologies.

The main aim of this chapter is to:
O Examine each of EPA national waste database reports to identify methodologies

used, the results and any limitations associated with them.

4.2 C&D W production estimate methodologies used in Ireland
The methodologies employed by the EPA over the past decade to estimate C&D W
production have consisted of:
O Questionnaires, either paper-based and/or electronically-based, sent out to
relevant parties in the construction, demolition, waste management industries

and local authorities.

O Data collected from all facilities or sites licensed or permitted to accept C&D W

through questionnaires and environmental reports.

O Conversion of US unit waste factors (Franklin Associates, 1998) applied to

construction output to produce national estimates.
Each of these methodologies has been used in the production of the National Waste

Database Reports (EPA, 1996a, 2000, 2003, 2005a), which are the definitive resource

for waste statistics in Ireland.
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4.2.1 National waste database report 1995 (EPA, 1996a)

Methodology

A paper-based questionnaire survey of the construction and demolition industry was
undertaken to establish statistics for C&D W production. The response rate to the
questionnaire was 11 per cent. This moderate response rate was only achieved after
subsequent telephone calls were made to contractors who employed more than 40
people. Numerical and statistical methods were employed to extrapolate the data
obtained from the questionnaires to project national waste quantities. This involved
calculating waste per employee figures for the construction and demolition sector based
on returned questionnaires. A scale-up factor was then calculated to enable the

projection of the total C&D W generation (Box 4.1)

Box 4.1 Scale up factors used to project total C&D W generation (EPA, 1996a)

Total number of employees in the construction/demolition industry

Total number of employees in the construction/demolition industry
who completed questionnaires

Questionnaires were also sent out to waste contractors. The response rate from this
sector of the industry was so low as to be not representative ofwhat was being handled

by such operators at that time.

Results

The National Waste Database Report 1995 (EPA, 1996a) estimated that 1.52 million
tonnes of C&D W was produced in Ireland in 1995. The actual reported quantity was
0.56 million tonnes per annum, which when projected using a scale-up methodology
resulted in the estimated figure of 1.52 million tonnes. Ofthis, 0.87 million tonnes per
annum was estimated to have been disposed to landfill, with soil and stones accounting
for 36 per cent (0.31 million tonnes). The estimated recovery rate was 0.53 million

tonnes (35 per cent of total) with 97 per cent of this comprising soil and stones.
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Limitations
There were a number of limitations in the generation of the 1995 estimates as follows:
O In general, the operators dealing with C&D W kept no records of quantities and
types arising.
O The majority of local authority-run landfill sites allowed the disposal of C&D W
without a record being kept.
O Most construction and demolition contractors removed the waste to the cheapest
available location.
O The general response to questionnaires was that waste quantity records were not
available, as they were not kept.
O Construction and demolition contractors using skips indicated a general lack of
knowledge as to the composition of the contents.
O The waste contractors that responded to the survey mainly classified the waste
as mixed C&D W.

O None of the estimates were based on site waste measurements.

4.2.2 National waste database report 1998 (EPA, 2000)

Methodology

Considerable modifications were made in the reporting procedures with each local

authority issued with its own digital national waste database module, which contained:
O The information reported by the local authority in 1995.

O A digital questionnaire for completion in 1998.

The local authorities were required to submit information on waste arisings and flow
under three headings:

O Form A: Summary of wastes arising in functional area.

O Form B: Summary of waste disposal/recovery route in functional area.

O Form C: Summary of hazardous waste management in functional area.
Digital questionnaires were also made available to industries, waste contractors and

recycling organisations although the majority of the responses from those surveyed,

other than the local authorities, were in paper form.
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Results

The National Waste Database Report 1998 (EPA, 2000) estimated that 2.71 million
tonnes of C&D W was produced in 1998. This represented 3.4% of the total waste and
17.5 per cent of all non-agricultural waste produced in Ireland in 1998. Ofthis, it was
estimated that 1.53 million tonnes (56.7 per cent) was disposed of with 1.17 million

tonnes (43.3 per cent) recovered.

Limitations
A number of limitations were identified as follows:

O The report recognised that the amount of C&D W arising in 1998 was likely to
be significantly higher that the 2.7 million tonnes reported. However, it stated
that waste flow data did not permit a comprehensive analysis of C&D W flows
in Ireland.

O Itwas identified that considerable movement of C&D W was taking place
between local authority areas and that there were significant gaps in information
at local level.

O The recovery estimate of 1.17 million tonnes was based on only two sources,
Dunsink Landfill in Dublin (0.93 million tonnes) and Kinsale Landfill in Cork
(0.24 million tonnes).

O None of the estimates were based on site waste measurements.

The report did recommend that a national study should take place to establish accurate
and reliable statistics to bring about a significant improvement in the quality of

information on C&DW production.



4.2.3 National waste database report 2001 (EPA, 2003)
Methodology
The National Waste Database Report 2001 (EPA, 2003) used two methodologies to
calculate construction and demolition waste production in 2001:
O Methodology 1- the application of US EPA waste factors to construction
industry outputs for 2001.
O Methodology 2 - based on records of C&D W accepted for recovery and

disposal at all EPA-licensed and local authority-permitted facilities.

Methodology 1
The construction, repair and maintenance industry was divided into the following
categories:
O Residential (new private and public housing).
O Private non-residential (private and semi-state industry, commercial,
agricultural, tourism and worship).
O Productive infrastructure (water and sanitary services, airports, ports, harbours,
energy and telecommunications).
O Social infrastructure (education, health, public buildings, local authority services

and the Gaeltacht).

Information on the value ofoutput in 2001 for each category was applied to unit waste
generation factors taken from the USA (Franklin Associates, 1998) to estimate the
guantity of waste arising from each activity. The methodology used to estimate the
amount of building-related C&D debris produced nationally combined:

O National Census data on construction industry activities.

O Point source assessment (PSA) data i.e. sampling and weighing at avariety of

construction and demolition sites.

It is important to establish the origins of the unit waste factors based on US construction

and demolition activities to outline the methodology used.
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USA waste generationfactors (Franklin Associates, 1998)

This methodology3was development from previous research (USA Public Health
Service, 1969; Wilson, 1975; Franklin Associates, 1994), which attempted to quantify
C&D W production in the US. The waste stream was divided into the following
categories:

New residential.

Residential demolition.

Residential renovation.

Non-residential build.

Non-residential demolition.

O O o o o

Non-residential renovation.

The US National Census data required varied according to the category e.g. to estimate
the new residential construction the following was required:

O Value of new residential construction output.

O Total square feet of new residential construction.

O Average cost of new residential construction.

To estimate residential demolition, the following data was required:
O The number of residential demolitions per year.

O The average size of residential units demolished.

Empirical data for new residential construction was identified from five sources (Table
4.1):
1. The National Association of Homebuilders (NAHB) Research Centre assessed
four single-family residential units and a 36-unit condominium project.
2. The Metropolitan Service District in Portland, Oregon (METRO) conducted a
series of sampling projects at a large number of residential construction sites in
the period 1990 to 1998.
3. Wake County, North Carolina and the North Carolina Division of Pollution
Prevention and Environmental Assistance conducted five residential waste

assessments.

3The original units of measurement i.e. Ibs/ft2and tons are used to explain the methodologies used.
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Table 4.1 Estimated generation of US residential construction debris in 1996

(Franklin Associates, 1998)

Date

1992
1994
1994
1995

1993

1994
1994

1996/97
1996/97
1996/97
1996/97
1996/97

1993

1993

1996

1993

Research

Group

NAHB
NAHB
NAHB
NAHB

METRO
METRO
METRO

Woodbin
Woodbin
Woodbin
Woodbin
Woodbin
McHenry
Cornell

NAHB

County

No. of Units

1 Single-family
1 Single-family
1 Single-family
1 Single-family

1 Single-family
1 Single-family
1 Single-family

1 Single-family
1 Single-family
1 Single-family
1 Single-family
1 Single-family

1 Single-family

1 Single-family

36-unit

condominium

6-unit apartment

Building
size
(sg. ft.)
3000
2 600
2200
2450

2 800
1290
1290

3250
3250
3250
3250
3250

50 400

9000

ol

Total

waste

Obs)
13 684
12 182
10210
9436

13 800
8 600
10 600

19 382
36 722
25 296
28 805
23 122

204 000

33 580

Generation
rate
(Ib/sq. ft.)
4.56
4.69
4.64
3.85

4.93
6.67
8.22

5.96
11.30
7.78
8.86
7.11

7.44

241

4.05

3.73

Average
generation
(Ib/sq. ft.)



4. McHenry, lllinois conducted audits at a single-family unit and a 6-unit
apartment building.

5. Cornell University conducted a waste audit at a single-family unit in New York

Empirical data for non-residential construction (Table 4.2) was identified from five
projects including:

O A retail store.

O A restaurant.

O An institutional building.

O Two office buildings.

Table 4.2 Estimated generation of US non-residential construction debris in 1996

(Franklin Associates, 1998)

Date Research Project Description Building Total Generation
Group Size Waste Rate
(sq. ft.) (Ibs) (Ib/sq. ft.)
1995  Turner Retail Store 37 000 148 000 4.00

Construction

1995 METRO County Justice Centre 41 850 176 000 421
1992 METRO Restaurant 5000 10 940 2.19
1994 METRO Two office buildings 7452 12 000 161
1997  Sellen Const.  Office building 297115 1 163 560 3.92
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Empirical data for residential demolition debris (Table 4.3) was identified from four

projects including:
O Three single-family (SF) units.
O One 4-unit multi-family (MF) unit.

Table 4.3 Estimated generation of US residential demolition debris in 1996

(Franklin Associates, 1998)

Date Research Project Description
Group
1992 METRO SF Demolition
1994 METRO SF Demolition
1994 METRO SF Demolition
Sub total

Adjustment for concrete
Sub total
1997 NAHB 4-unit MF

Deconstruction

Building
Size
(sq.ft.)
1280
1200
750
3230

3230
2 000

Total
Waste
(Ibs)
66 000
63 000
31 000
160 000
197 000
357 000
254 400

Generation
Rate (Ib/sq.
ft.)
51.56
52.50
41.33
49.54

110.53
127.00

Empirical data for non-residential demolition debris (Table 4.4) was identified from

seven surveys including:

A prison shop.

A warehouse.

A department store.

An institutional building.
An office building.

A cold storage building.

o O o o o O

Seventeen industrial buildings.



Table 4.4 Estimated generation of US non-residential demolition debris in 1996
(Franklin Associates, 1998)

Date Research Project Description Building Total Generation
Group Size Waste Rate
(sqg. ft.) (tons) (Ib/sq. ft.)
1991 NAHB Prison shop 12 000 1301 216.83
1994-1995 METRO Warehouse 86 400 1566 36.25
1992 METRO Department store 44 000 3639 165.41
1994 METRO Institutional building 60 000 5454 181.80
1997 Argonne Office building 5700 289 101.40
1997 W. County Cold storage building 73 600 13 163 357.69
1995-1996 R. Rhine 17 Industrial buildings 2204 000 167 200 151.72
Totals 23 projects 2 485 700 192 612

Franklin Associates (1998) provided an average generation rate of 15.56 Ib/ft (based on
five assessments) for residential renovation and 17.67 Ib/ft2 (based on three
assessments) for non-residential renovation. It was concluded that these unit waste
factors were not useful for estimating total generation due to the variability of the

projects.

The figure for residential renovation was calculated instead by reviewing the number of
major home improvements e.g. kitchen additions, bathroom remodelling, roof
replacement, and estimating the amount of material produced by each type of
improvement. This data produced an estimate for total residential renovation generation,
from the improvement or replacement projects listed above to be 31.9 million tons per
year. A comparison of total dollars spent on non-residential and residential renovation
was carried out and based on the assumption that the amount of waste generated is
proportional to dollars spent in these two sectors, produced an estimate of 28.04 million

tons per year for non-residential renovation.

In each category, data was collated from different sources providing the total waste (Ibs)
and the total floor area (ft2) for each project. The total figures were produced by
combining one-off projects and averages from a number of sites i.e. in new residential
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construction, there was an average figure for 37 sites. It was assumed from these data
that each project was audited from commencement to completion as there was no
mention of project phase in the report (Franklin, 1998). In each category the total waste
produced on the audited projects was divided by the total completed floor area

(Table 4.1 - 4.4) producing a unit waste factor (lbs/ft2).

This data was utilised in the National Waste Database Report 2001 (EPA, 2003) by
converting the waste factor in Ibs/ft2 used in the USA directly to kg/m2 to be used in an
Irish context4 (Table 4.5). The following categories were converted:

O The US residential construction unit waste factor was used in the Irish

residential construction category.

0O The US non residential construction unit waste factor was used in the Irish new
private non residential construction, new productive infrastructure and new

social infrastructure categories.

O The unit waste factors from the US residential demolition and residential
renovation categories were combined to provide the unit waste factor for the

Irish residential repair and maintenance category.

O The unit waste factors from the US non residential demolition and non
residential renovation categories were combined to provide the unit waste factor

for the Irish non residential repair and maintenance category.

4The average US waste factors in lbs/ft2were converted directly into kg/m2for use in the National Waste
Database Report 2001 (EPA, 2003). The primary data of US floor areas in ft2and waste production in lbs
was not converted.
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Table 4.5 Conversion of US EPA unit waste factors by category (EPA, 2003)

U.S. C&D W Category Waste Irish C&D W Category Waste
(Franklin Associates, 1998) Factors (EPA, 2001) Factors
(Ibs/ft2 (kg/m2
Residential Construction 4.38 Residential construction 21.34
Non-Residential Construction 3.89 New private non residential 19.00

construction

New productive infrastructure 19.00
New social infrastructure 19.00
Residential Demolition *115.00 Residential repair & 322.00

maintenance

Non-Residential Demolition 155.00 Private non residential repair 422.00

& maintenance

Residential Renovation **15.56 Productive infrastructure 422.00

repair & maintenance

Non-Residential Renovation **17.67 Social infrastructure repair & 422.00
maintenance

* There were slight inaccuracies in the conversion as the US residential demolitionfactor should be 117
Ibs/ft2
**Thesefactors were used even though they were recognised as unreliable in the US report (Franklin

Associates, 1998).

Methodology 2
This methodology produced an estimate based on records of C&D W accepted for
recovery and disposal at EPA-licensed and local authority-permitted facilities
considering the following assumptions:

O Soil and C&D W accepted at local authority permitted sites were recovered.

O A deposit of 500 000 tonnes of soil at in one local authority area (as reported by

that local authority) was classified as disposal.

This model was also used to estimate general waste from excavation, road building and
land clearing works by examining the acceptance of soil at local authority authorised

sites in 2001.



Demolition waste was quantified by distributing questionnaires (Appendix E) to eleven
members of the Demolition Contractors Association of Ireland. Four responses were
received. Itwas assumed that the relative market share of the companies correlated with
the quantity of demolition waste generated. From this, a scale-up for the remaining
companies was carried out based on their relative market share as compared to the

largest reporting company.

Results

The National Waste Database Report 2001 (EPA, 2003) estimated that 3 651 412
tonnes of C&D W was produced in 2001. This represented 4.9% of the total waste
produced and 21 per cent of all non-agricultural waste produced. It marked a 35 per cent

increase in the production of C&D W from 1998.

The figure of 3 651 412 tonnes used a combination of methodologies with the addition
of three categories:
O Total new construction, repair and maintenance waste (2 051 950 tonnes)

(Table 4.6).

O General excavations waste (1 396 516 tonnes) (Table 4.7)

0 Inthis case the estimates for C&D W accepted at local authority
permitted facilities (661 317 tonnes) and cover material accepted at EPA-
licensed landfills were excluded to avoid double-counting of wastes that
may have been included in the estimate for the new construction, repair

and maintenance category.

O Demolition Waste (202 946 tonnes) (Table 4.8).
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Table 4.6 Total new construction, repair and maintenance waste generated in

Ireland in 2001 (EPA, 2003)

Category Construction
Output in
Floor area
(m2
Residential construction 7 306 418
New private non-residential construction 3610 557
New productive infrastructure 2 163 864
New social infrastructure 1276 278
Residential repair and maintenance 3458 670
Private non residential repair and 696 327
maintenance
Productive infrastructure repair and 373 832
maintenance
Social infrastructure repair and maintenance 466 277

Unit Waste Waste
Arisings Arisings

(kg/m2 (tonnes)

21.34 155 919
19.00 68 601
19.00 41 113
19.00 24 249
322.00 1113692
422.00 293 850

422.00 157 757

422.00 196 769

Table 4.7 General excavations waste production in Ireland in 2001 (EPA, 2003)

Soil accepted at local Construction and

authority permitted demolition waste accepted

facilities and estimated to  at local authority’ permitted

have been accepted at
unauthorised sites

1396 516 tonnes

facilities

661 317 tonnes

Cover material accepted at
EPA-licensed landfills

459 692 tonnes



Table 4.8 Demolition waste production in Ireland in 2001 (EPA, 2003)

Demolition Re-used on Recycled Disposed of  Recovered

waste site (tonnes) off-site to landfill at landfill
(tonnes) (tonnes) (tonnes) (tonnes)
Reported 77 038 8 264 8408 13 750 46 616
Quantity
Projected 125 908 13 506 13742 22 472 76 187
Quantity
Total 202 946 21770 22 150 36 222 122 803

A second estimate based specifically on methodology 2 gave a figure of 3 615 163
tonnes produced in 2001 with 2 364 163 tonnes (65.4 per cent) recovered and 1 250 297
tonnes (34.6 per cent) disposed (Table 4.9)

Table 4.9 Recovery and disposal of C&D W in Ireland in 2001 (EPA, 2003)

Category of C&D W Disposal Recovery
(tonnes) (tonnes)

Cover material accepted at EPA-licensed landfills 459 692
C&D W accepted for recovery at EPA-licensed landfills 347 341
C&D W accepted for disposal at EPA-licensed landfills 750 297
C&D W accepted at local authority-permitted facilities 661 317
Soil accepted at local authority-permitted facilities 896 516
Soil estimated to have been accepted at unauthorised sites 500 000
Total 1250 297 2 364 866
Total recovery and disposal 3 615 163 tonnes
Recovery rate 65.4%
Disposal rate 34.6%

The two adopted methodologies produced estimates of 3 651 412 and 3 615 163 tonnes

respectively, demonstrating no significant difference but limitations did apply.
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Limitations

A number of limitations were identified as follows:

|

The unit waste generation factors used in methodology 1 were derived in the
USA and the report identifies that their applicability to Ireland needs to be tested
through waste characterisation studies on Irish construction sites. For example,
the US EPA waste factors developed for residential construction were based on

timber-frame construction.
The estimate for total new construction, repair and maintenance waste (Table
4.1) does notinclude an estimate for DIY waste or waste that is re-used or

buried on construction or demolition sites.

A significant amount of the total for repair and maintenance waste could be

more correctly classified as demolition waste if reliable data was available.

The estimate for demolition waste (Table 4.8) was based on four responses to a

guestionnaire survey.

There were no unit waste factors generated from Irish construction sites.



4.2.4 National waste report 2004 (EPA, 2005a)

Methodology

The C&D W estimate for 2004 was based on information provided by the local
authorities, based on reports from waste collection permit holders. The EPA carried out
six audits of the data, as compiled by the local authorities. The top six local authorities
in terms of collected C&D W reported were audited by visiting each one and checking
the annual environmental report (AER) returns from waste permit and collection permit
holders. In total the audits covered 42 per cent of the total C&D W reported to be
collected. It was found that the information management systems used by the local

authorities were, though varied, mostly satisfactory.

Results

The total quantity of C&D W collected in 2004, as reported by local authorities was
estimated at 11 167 599 tonnes (Table 4.10) or 13.1 per cent of all waste produced in
Ireland. The provisional recovery rate was 85.2 per cent (9 513 962 tonnes) with 13 262
tonnes sent for disposal. The resulting discrepancy of 1640 375 tonnes highlighted the
need for further auditing. Soil and stones accounted for 76 per cent (8 491 994 tonnes)
of C&D W collected and managed with other fractions (rubble/concrete, stone and

brick, wood, plastic, glass and metals) accounting for 24 per cent (2 675 605 tonnes).

Table 4.10 Collection and management of C&D W in Ireland for 2004
(EPA, 2005a)

Collection (tonnes) 11167 599
Management (tonnes) Recovery Disposal
Recovery at EPA licensed landfills (cover landscaping 1839 990

and engineering purposes)

Recovery at local authority-permitted sites 7673972

Disposal at EPA licensed landfills 13 262
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The increased quantities reported (in comparison with the 2001 estimates) may be a

result of the ongoing improvements in compliance and reporting under the Waste

Management (Collection Permit) Regulations (DoEHLG, 2001a), which came into

effect in November 2001.

Limitations

The limitations of the 2004 report were:

|

There was a significant lack of data received by the local authorities from the
permitted facility operators.

Many of the local authorities used collector figures for the tonnages recovered
when they should have been using facility permit data.

A percentage of the compiled collection permit data was on a paper-based
system, making it difficult to audit and more likely that errors would occur.
Some local authorities used the maximum permitted amount specified in
collection permits and facility permits in their compilations, as no reports were
available from the operators.

The methodology used gives a broad indication of waste accepted at permitted
facilities, which is not a reliable dataset.

Local authorities carried out limited verification checks on the data reported by
authorised collectors.

There were no unit waste factors generated from Irish construction projects.

The report did outline some recommendations to address these limitations as follows:

O

Local authorities should utilise collection permit reports both as an enforcement
and statistical tool to accurately monitor and track the movement of C&D W.
The C&D industry should maintain accurate records so that progress towards the

national targets can be assessed.

In early 2006, the EPA carried out a study at permit holder level (O. Bolloch, email to

author, June 14, 2006). Twenty-three permit holders were audited from within the

previously audited local authority areas: 12 were collection permit holders; 9 were

facility permit holders and 2 were both facility and collection permit holders.
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This represented 13 per cent of the total national tonnage reported to be collected and 19

per cent of the total reported to be recovered (EPA, 2005a).

In addition, a desk review of submitted annual environmental reports (AER’s) from 13
local authorities (all were contacted but only 13 responded) was carried out. A number
of discrepancies were discovered especially in the ‘recovered’ figure. This study further
highlighted the uncertainty associated with local authority data and did not produce the

revised figures the EPA had hoped for.



Conclusions
The main aim of this chapter was to:
0O Examine the national waste database reports produced by the EPA to chart the
development of the methodologies used for generating C&D W national

estimates.

The main conclusions are:

O There has been a clear attempt at improving the reporting procedures used to
collect waste production data since the 1995 report (EPA, 1996). This is one of
the reasons for the dramatic increase in the estimates produced e.g. from 1.52
million tonnes in 1995 to 11.2 million tonnes in 2004.

O The use of different methodologies by the EPA during this period has led to
inconsistent waste production estimates.

O It can be assumed that the estimates for 1995, 1998 and 2001 underestimated the
production of C&D W in Ireland.

O The limitations found in the 1995 report are repeated in the 2004 report. The
data collected from the local authorities still does not provide a reliable dataset
for C&D W production in Ireland.

O The use of the US EPA unit waste factors provided a novel methodology which
attempted to utilise actual waste production measurements on construction
projects to estimates national production. However, the accuracy of the US
factors in an Irish context is questionable.

O There were no unit waste factors based on Irish construction projects available to

generate C&D W production estimates.

The absence of Irish unit waste factors is a significant limitation in the production of
national estimates. An audit methodology is required to generate unit waste factors for

the Irish construction industry.

The next chapter will examine four site-based methodologies that have being used on
construction and demolition projects in the U.K to assess their suitability for use on

Irish construction projects.



Chapter 5 Assessment of UK Construction and Demolition Waste
Audit Tools

5.1 Introduction
This chapter will focus on work carried out by E.R. Skoyles and J.R. Skoyles; the
Building Research Establishment (BRE) and the Construction Industry Research and

Information Association (CIRIA) who developed different waste audit tools in the UK.

The main aim of this chapter is to:
O Examine the use of the UK audit tools to develop guidelines for the production
of a new audit model for use on Irish construction projects within the scope of

this study.

5.2 C&D W Audit Methodologies used in the UK

A waste audit can be defined as:

“A toolfor measuring the composition and quantity o fwastes arisingfrom construction
activities.”

(Patterson, 1999)

The development of an audit methodology for use on Irish projects required an
investigation into similar formats that have already been tested in a comparative
industry. Three systems were developed in the U.K:

O Waste accounting system developed by Skoyles (1978).

O SMARTWaste system developed by the BRE (undated).

O Skip volume analysis form developed by CIRIA (Coventry et al., 2001).

Each of these systems was examined in detail outlining the methodology, any results

and the limitations.
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5.2.1 Waste accounting system (Skoyles, 1978)

Methodology

E.R. Skoyles’ study of waste production on site was carried out over a 20-year period

from 1963 to 1983 on approximately 280 sites. During this period (1978), he developed

a system of waste accounting that required three inputs of data, which are to be found

when using all conventional forms of building contract. The three types of data required

are:

O

O

O

A statement of the total delivery of materials to site at a given point in the
progress of work, less any materials transferred or credited.

A statement of the stock of the material, which is held on the site (or elsewhere
for the site if it has been recorded in the deliveries), together with any
adjustments for materials stored on site pending their use later in the contract.
A measure of the work completed giving the materials, which have been placed

in position, suitably adjusted for any materials classified as indirect waste.

The process (Figure 5.1) involved the site observer monitoring wastes for the full

duration of some projects, and at particular times on other sites to monitor specific

materials or operations (Skoyles and Skoyles, 1987). During the course of the studies a

number of key observations were made:

|

The statement of the total delivery of materials to site must provide a complete
listing of all items delivered categorised by quantity, size, specification, return
ofunspecified or damaged materials and transfer of materials to other sites.
Itis essential that the statement of the stock included quantities accurate to
approximately 1% of the likely error. One of the difficulties in this assessment
was the definition of stock and measured work. Generally the materials at the
workplace not being used (operations not in progress) were regarded as stock.
Materials at the workplace that were being used were considered as measured
work.

The introduction of the term ‘frozen stock’ was used to classify materials that
were bought early in the work but not used for some time.

The guiding rule for the measurement of work in progress was that if there was
no possibility of substitution on the site and there was an absence of a ‘pick-up

policy’, all dropped materials, which were damaged, were regarded as waste.
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Figure 5.1 Procedures for measuring direct waste (Skoyles, 1978)
The use of the paper-based system developed by Skoyles (1978) (Figure 5.2) provided a

comprehensive examination of waste production on site but required an auditor to be

present for the full duration of the construction process.
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DIRECT WASTE CALCULATION RECORD
SITE: DATE:
MATERIAL: RECONCILIATION NO:
No./m2m3
A Total delivered

B Total transferred (from site)
C Total available

D Total measured (as specified)
E Allowances for Indirect Waste

% No/m2 No/m2'«"
i. Substitution
ii. Negligence Waste

iii. Production usage

Adjustment of Indirect waste

F Total in stock on site
i less frozen stock (if any)

ii. stock available for use

G Materials accountable for on site

H % Waste (H)=C- G as % of C

Figure 5.2 Direct waste calculation record (Skoyles, 1978)
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Testing

The direct waste calculation record was developed from initial studies that focused on
residential developments but later expanded to examining projects of varying types and
sizes. Bricks, blocks, timber and plumbing materials were identified as the materials
that produced the most consistent waste volumes and subsequent financial losses. The
studies established that the production of C&D W was primarily a direct consequence of
poor site management systems accounting for approximately 10 per cent of all material

delivered to site in a typical year (1985) (Skoyles and Skoyles, 1987).

Limitations
Some of the limitations of this methodology were:
O A full time auditor was required on site with access to all material
documentation.
O Itwas difficult to calculate what percentage of the total volume of wasted
materials was attributed to a particular cause.
O It consisted of a number of different records, which led to errors in calculations
and excessive paper work.
O One of the difficulties in the assessment was the definition of stock and
measured work.
O The methodology focused on the comparison of materials delivered (less stock)
and measured work rather than a skip analysis. This measured C&D W

(including excavated materials) as part of a materials management system.
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5.2.2 Building research establishment (BRE) SMARTWaste system
The SMARTWaste system was developed by the BRE in the UK denoting ‘Site
Methodology to Audit, Reduce and Target Waste’. The system provided a step-by-step
evaluation of waste generation on a specific project or over a range of projects. It
consists of four core tools (BRE, 2005a, b):
1. SMARTAudIt is a detailed software tool that enables the user to benchmark and
accurately categorise waste by source, type, amount, cause and cost. It provides
the facility to analyse the data providing instant reports, setting targets, and

creating action plans.

2. SMARTStart is a simple software tool that enables the user to define their
environmental performance using indicators for waste generation on a site-by-

site and/or organisational basis.

3. SMARTStart LG is specifically developed to provide data that could be used to
maximise the reuse and recycling of C&D W leaving Local Government

controlled contracts and entering landfill sites.

4. BREMAP is a geographical information system (GIS) that allows companies to
reduce their transport output by locating the nearest and most suitable waste
management site. It details recycled products, landfill sites, transfer stations,
incinerators, recycling sites, reclamation companies, composting facilities and
manufacturer take-bake schemes in a consistent and accessible format freely

available at www.smartwaste.co.uk

SMARTAudit and SMARTStart are essentially skip analysis tools and were assessed
and tested on aresidential development in the Galway region to determine their
applicability within the scope of this study (Grimes, 2005)5. The audit procedures are

outlined and limitations discussed.

5As part of the ERDTI project, David Grimes carried out point source assessments on four selected case
studies in the Galway region as the basis of his M.Sc. (Research) in Construction Management.
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SMARTAudit methodology

Testing

The data was collected on site electronically with the use of a suitable pocket PC
(Photograph 5.1) and the information was downloaded onto the web-based
SMARTAudit database via the company homepage. Figures 5.3 to 5.13 illustrate
general examples of the SMARTAudit inferface.

Photograph 5.1 Pocket PC

The site observer monitored the skips/containers at least daily depending on the waste
generation rate and the number of containers on site. It was estimated that the collection
ofwaste data on site took three hours per day for a development of 80 houses (BRE,
2005a). The SMARTWaste system was downloaded to the pocket PC from the web-
based database. This system was then be used on site requiring the following data:
O Location and container/skip number. The skips were numbered numerically i.e.
1, 2, 3 etc. and the location numbered alphabetically i.e. A, B, C etc.

O Product group and sub-group from the scroll down lists (Appendix F).
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O Product dimension in terms of height, width, depth (in cm) and the number of
units. Dimensions were estimated through visualisation of the waste product in
compacted form to exclude air voids.

O Feedback code to identify which operation(s) was creating the waste from the
scroll down list (Appendix G).

Work packages selected from scroll down list (Appendix H).

A save window would then pop up, and ok was tapped to save the data.

This whole process was repeated with every new item found in the skip.

This data was then transferred from the pocket PC to the web-based database.
SMARTAudit was accessed through the SMARTWaste System, which was found at

www.smartwaste.co.uk (Figure 5.3).
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Figure 5.3 SMARTWaste system homepage

The auditor had a company homepage (Figure 5.4), which required a username and
password to access it. The homepage contained the following information:
0O Company details including the address, telephone, fax number and website.

O User details listing the current users of the tool in the company.
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O Project section listing all the projects the company has registered to use

SMARTAudit.

Each of these sections could have been edited at any time to add or change company

details, user details and project lists.

rif

Wn Nrnrfin TWi Uia
Hu iVww, «rrf* W » -1 /A)Hi» Ir* (tttk  *rrteu. i
A U* twwwib 9 Hiviuna * iTvd & nmc t O tlftol .

m» i* ea

¥ BWwW

£

wlitai Hi»lusil
rsl:ul«i Miitoj

Fik A .
Eil- I i«iWjStirtlla jtirf

brp ro i>

¢ iflr3
* 2 twnj - I? t « {£ mo*tl r ESOjH**

siinui’iuui MV

. | Gl .
i. nutcm Pnantl fr'n

[eiM
-J

Figure 5.4 SMARTAudit company homepage

The SMARTAudit database required the following data for each project (Figure 5.5):

a

o 0o =

[<})

Project reference.

Project name.

Project start and end dates.
Project value.

Floor area (m2).

Location.
Classification/construction type.
Client type.

Contractual agreement.
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Figure 5.5 SMARTAudit project details
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Once the data was transferred to the database, the following was produced:
O ‘Waste to date by product group’ graph outlining the composition and volume of
the waste that had left the site to date broken down into ten key waste products.
O Project environmental performance indicators (EPI) were displayed along with
the company EPI to benchmark the site’s waste performance against the rest of
the company.
O Reports on the following were all be produced by the click of a button:
0 Wastage rates (Figure 5.6).
o Key waste products (Figure 5.7).
o Causes (Figure 5.8).
0 Quantities (Figure 5.9).
0 Trends (Figure 5.10).
0 Waste skips/containers (Figure 5.11).
0 Actions plans (Figure 5.12).

Figure 5.6 SMARTAudit wastage rates graph

The wastage rates section illustrated the 10 key waste products in graphical format.
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Product Quantity Amount Wastage Cost

wasted delivered rate
Solid block 150.0 m3 280.0 m3 53.6% £23.00
Plasterboard 101.6 m3 32854.0 m3 0.3% £28286.00
Timber pallet 98.9 m3 567.0 m3 17.4% £12.00
Cardboard 754 m3 1275.0 m3 5.9% £75.00 r
Cardboard 75.4 m3 0.0 m3 0.0% £0.00 1 r~
Miscellaneous 65.4 m3 33333.0 m3 0.2% £0.00
waste
Timber 62.1 m3 450.0 m3 13.8% £0.00 | r
(general)
Timber 62.1 m3 0.0 m3 0.0% £0.00 |
(general)
Canteen waste 58.1 m3 0.0 m3 0.0% £0.00
Mineral wool 57.8 m3 3200 m3  18.1% £0.00 [

Figure 5.7 SMARTAudit ‘key waste products’ table

This report identified the 10 key waste products based on the collected data. By entering
the amount delivered and the costs of the products delivered, it calculated how much of

the delivered product was wasted and the cost to the company.
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Figure 5.8 SMARTAudit cause reports
The cause report identified the causes of the waste produced in a pie chart format. The

report was viewed in volumes or percentages and was filtered by waste group, work

package, location, specific causes and work periods.
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Figure 5.10 SMARTAudit trend report

The trend report produced the trends associated with the different product groups in

accordance with the number of weeks of inputting data. Again this report was viewed in
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percentages or volumes and filtered by waste group, work package, location and work

period.
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Figure 5.11 SMARTAudit waste skip/container report

The waste skip/container report included: the number of containers to date; percentage

of segregated containers; volume ofwaste recorded and the amount of waste per skip.

The action plans (Figure 5.12) allowed a log to be kept of the planned and achieved

actions to improve waste management practices on site.

Another feature was that a digital camera was used to demonstrate good and bad
practices on site. The photographs were integrated when generating reports (Figure
5.13).
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Figure 5,12 SMART Audit action plans
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Figure 5.13 Site photographs integrated into SMARTAudit
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Limitations

Grimes (2005) identified the following limitations:

O

The use of SMARTAudit required an internet connection, which was not
available at the site office. The collected data had to be transferred from the
pocket PC onto the SMARTAudit database back in the office at the Centre for
Natural Resources and the Built Environment in the Galway-Mayo Institute of
Technology. This prolonged the audit time. It must also be noted that not all site
offices will have an internet connection or a hand-held computer.

The audit tool was designed to enter all waste quantities in centimetres with
accurate length, width and height measurements. This was not feasible on the
case study selected due to the lack of facilities to segregate and sort the waste on
site and the health and safety concerns with handling mixed C&D W. Instead the
waste fractions were visually assessed.

When a mistake was made during the audit and data was not to be saved, the
auditor had to go back to the original page where the process started again.

The data collected was not saved unless the auditor had been through the whole
process i.e. it was not possible to save data mid-process.

The whole process had to be repeated with every new item found in the skip.
This would require a full-time auditor in most cases depending on the project
size and type.

The methodology was a waste skip analysis tool, which did not measure any
waste that did not go into a waste container on site.

The software was expensive (Appendix J) and once registered, training was

mandatory, which had an additional cost.

The BRE SMARTAudit system was used on the Greenwich Millennium Village project

in the UK over a three-year period (2000 - 2003). The key theme of the development

was the promotion of sustainable urban development and was completed in two main

phases:

|

|

Phase la consisted oftwo buildings of 100 apartments constructed of a concrete
structural frame with lightweight dry lined timber studding and wet applied
render cladding. The overall area was 10 226m .

Phase 2a consisted of a mixture of low and high-rise building forms. The 88

high-rise units are in situ concrete frame with rainscreen cladding. The 98 low-
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rise units are two to four storey timber framed buildings with rainscreen

cladding and timber windows. The total floor area was 15 256m .

The results for the study (Hobbs et al., undated) were as follows:

0O Phase la had a unit waste factor of 23.4m3ofwaste per unit excluding
segregated waste. This equated to an average of 6 skips of4.5m capacity per
building.

O Phase 2a had a unit waste factor of 20.5m3of waste per unit excluding
segregated waste. This equated to an average of 5 skips of4.5m capacity per

building.

The key waste products identified in both phases were packaging, plasterboard,

insulation, timber and concrete.

SMARTStart System

Methodology

SMARTStart is a simplified version of SMARTAudit and can be applied across a
number of sites, allowing easy evaluation of waste management practices. The data
collected is based on waste transfer notes of containers leaving site. This records the
date, reference, number of containers, container size and brief description of contents.
SMARTStart also requires an estimate of key product groups within the container. The
information is used to generate an environmental performance indicator (EPI) and key

performance indicator (KPI) for waste on individual sites and on a company-wide basis.

Testing

The SMARTStart audit tool is part paper-based and part electronically based. The
paper-based section (Figure 5.14) was based on a site assessment of waste. The auditor
visually assessed the percentage of fourteen key product groups within the container

(Table 5.1).
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Date: Container size:

Has waste compacted? (circle oriel
Reference No: Uncompacted S actjon Machine
compactor
Container segregated for reuse, recycling or recovery (tick here)
Enter percentage composition of wastes below:
Ceramics Concrete
Electrical Equipment Furniture
Inert Insulation
Metals Miscellaneous
Packaging Plaster/Cement
Plastics Timber
Liquids and Oils Hazardous Materials
Figure 5.14 SMARStart paper-based data collection form
Ceramics Bricks, ceramic tiies, clay root tiles, ceramic toilets and
sinks
Electrical equipment  TVs, fridges, air conditioning units, lamps
Inert Soils, clays, sand, gravel, natural stone
Metals Radiators, metal formwork, acroSs, metal sinks, cables
and wires, metal bar
Packaging Paint pots, pallets, cardboard, bubble wrap, cable
drums, wrapping bands
Plastic Gutters & downpipes, DPC, upvc windows and doors,
socket boxes
Concrete Concrete pipes, kerb stones, paving slabs, concrete,
rubble, solid blocks
Furniture Tables, chairs, desks, sofas, blinds, carpets
Insulation Glass fibre, mineral wool, purlboard, breather paper
Miscellaneous Office and canteen waste, vegetation, ad-hoc materials
Plaster/cement Plasterboard, render, plaster, cement, fibre cement
sheets, mortar
Timber Plywood, chipboard, noggins, battens, doors and
windows, mdf
Liquids and Oils Hydraulic oil, engine oil, lubricating oil, transmission oil,

liquid fuel, cleaning agents, mould oil

Hazardous Materials Creosoted timber, asbestos, radioactive waste,
bituminous mixtures with coal tar, tarred products, PCB
or Mercury coated products

Table 5.1 SMARTStart waste categories
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The required information for each skip included the:
O Date.

Container reference.

Container size (Table 5.2).

Degree of compaction.

O 0O o o

Container compaction (Table 5.3).

Container size

24u litre wheel!* bin

760 litre wheelle bin

| cu metre bag

1100 litre wheelle bin

3 cu metre skip (4 cu vth
3000 litre tanker (3 cu metrei
4.6 cu metre skip (6 cu vd>

9.17 cu metre $klij (12 cu yd)

10 cu metre truck

10.7 cu metre compactor (14 cu yd)
11.5 cu metre skip (15 cu yd)

15 cu metre skip (¢0 cu yd)

23 cu metre skip (30 cu yd)

30.5 cu metre skip (40 cu yd)

Table 5.2 SMARTStart container sizes

Compaction Definition

Normal Uncompacted waste
Slightly compacted  Crushed with a forklift or heavy object
Machine compactor Waste compacted with a dedicated compactor

Table 5.3 SMARTStart definitions of different types of compaction

O Ifthe container had been segregated for reuse, recycling or recovery, the
appropriate box was ticked.

O The percentage estimates of the fourteen key product groups were in 10 per cent
increments, ensuring the total did not exceed 100 per cent. The total percentage
was sometimes less than 100 per cent as partially full containers were removed

from site.

The data was then logged into the SMARTStart electronic database
(www.smartwaste.co.uk). The internet-based information processing software

generated:
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O Environmental performance indicators (EPI) ofm?® of waste per 100m? floor
area.

O Key performance indicators (KPI) ofm3ofwaste per £100 000 worth of project

(this was converted to €).

These indicators can be compared against BRE national averages to allow individual
companies to benchmark their performance against the rest of the construction industry.

It must be noted that there are currently no national indicator averages for Ireland.

The following procedures were then carried out:
O The auditor logged on to the SMARTWaste System Homepage and clicked on
the ‘SMARTStart’ symbol (Figure 5.15).

O The auditor’s username and password was entered to log on.

O This directed the auditor to the company’s homepage with a ‘summary
information section’ (Figure 5.16) for a particular project, which detailed the
current waste information for the project including:

0 Total volume ofwaste generated to  date,

0 The number of containers to date on all projects,
0 Percentage segregated (containers),

0 Percentage segregated (volume),

0o Company EPI (m3100m?2).

o National average EPI (m3100m2).

0o Company KPI (m3£100 000 worth of project).

Figures 5.15 to 5.21 illustrate general examples of the SMARTStart interface.
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Figure 5.16 SMARTStart company homepage ‘summary information’ tab

O The project’shomepage ‘summary chart’ produced a ‘waste to date by product
group’ graph (Figure 5.17). This automatically updated as new information was
submitted into the system. The chart showed the composition and amount
(volume) that had left the site to date, categorised into the fourteen key product
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groups. An important feature of this graph was that the quantities shown were
not container space but material volume. The programme removed the void

space inherent in the containers based on the compaction level entered6.

Waste to date by product group
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Figure 5.17 SMARTStart ‘waste to date by product group’ graph

O The ‘detailed information’ tab pages showed the overall performance of the
project in detail (Figure 5.18), listing the:
0 Total waste (m3).
0 Tonnages (upper and lower ranges),
0 Percentage landfilled,
0 Percentage segregated on site,

o EPI and KPI for the fourteen key product groups.

6The compaction level entered is based on the original visual assessment.
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Figure 5.18 SMARTStart ‘detailed information’ tab

SMARTStart calculated the waste generated in volume (m3) and converted it to tonnes

with using upper and lower conversion factors depending on material type.

The summary report (Figure 5.19) summarised the information for the project, by
detailing:
O The total volume of waste generated to date.
Number of containers that have left the site to date.
Percentage segregated (containers).
Percentage segregated (volume).
Project EPI (m3100m2).
Company EPI (m3100m2).
National average EPI (m3100m?2).
Project KPI (m3£100 000 worth of project).

o O o o o 0o 0

The summary report was broken down and presented as a ‘waste to date by product

group’ report (Figure 5.17) and a project ‘trend chart’ (Figure 5.20).
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Figure 5.19 SMARTStart summary report
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Figure 5.20 SMARTStart trend report
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O The ‘log’ record (Figure 5.21) showed the following information for containers
that had left the individual project site:

o Date.

0 Reference Number,

0 Size ofthe container,

0 Number of containers.

0 Whether the material was segregated (green tick) or not (red cross). Any
container holding 100 per cent of a key product group was displayed as
segregated and indicated with a tick,

0 The key product groups present in the container,

0 The percentage of those key product groups.
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Figure 5.21 SMARTStart ‘log’ record

This information was filtered for a particular container size, an individual key product

group or both.
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Limitations

The following limitations were identified by Grimes (2005):

O

O

It did not identify the cause(s) ofthe waste production.

The paper-based form allowed waste information to be recorded for one date
only. This meant that a separate sheet was required for each day ofthe skip
analysis. This substantially increased the volume of paperwork.

The use of SMARTStart required an internet connection, which was not
available at the particular site office. Without this connection, the various
reports, graphs and charts would have to be produced independently. It must
also be noted that not all site offices will have an internet connection or a
computer.

The methodology was a waste skip analysis tool, which did not measure any
waste that did not go into a waste container on site.

The software was expensive (Appendix M) and once registered, training was

mandatory, which incurred an additional cost.
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5.2.4 Construction Industry Research and Information Association (CIRIA)
skip volume analysis form (Coventry et a 12001)
Methodology
Coventry et al. (2001) reported on the use of a skip volume analysis form (Figure 5.22)
to audit C&D W on ten demonstration projects highlighting the benefits of waste
minimisation. It was recommended that this form should be part of an overall auditing
procedure requiring the following data:
O Delivery recording arrangements.
Materials storage.
Materials handling on site.
Use of materials.
Use of surplus materials or offcuts.

Management of waste.

o o o o o O

Site staff awareness of materials and waste management.

The categories used in the skip volume analysis form followed the classifications set out
in the UK’s Environment Agency waste classification. Interestingly, on one ofthe case
studies, a comparison was carried out comparing visual assessment ofthe skip contents
and the weighing ofthe actual contents. A close correlation was found, demonstrating

that an experienced auditor can make accurate measurements of contents.

Testing
The skip waste volume analysis form was used on ten case studies (Coventry et al.,

2001) in the UK over a two-year period (1999 - 2000). The audited projects consisted

Two housing developments.

Four predominantly office developments.

One waste waster treatment works refurbishment.
One highway maintenance contract.

An experimental highway pavement using recycled materials.

o o o 0o o g

The design stages of an office refurbishment.
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CIRIA Skip Volume Analysis Form

Date Skip on site
Date

Time Time

Skip no. Skip off site
Date

Size (m3)1 Time

Skip assigned to which trade(s)
Proportion of skip full (% of volume of skip)2 |

A UK Waste Materials Proportion
Classification3 of skip
(% of filled
volume)
21.01.01/02 Rock and soil
21.02.02/03 Blocks, bricks etc.
22.04.07/08 Reusable timber
22.04.07/08 Damaged scrap timber
23.01.01 Metal including metallic packaging waste
22.04.02 Plastic packaging
22.03.04 Dry lining/plasterboard/partitioning
22.04.01 Cardboard packaging
22.07.03 Food and welfare waste
22.04.01 Office (paper and card) waste
23.04.05 Cabling and wire
22.02.01 Architectural and interior fittings
22.02.01 Suspended ceiling and trunking waste
24/25/26/27/28/29/30 Special or hazardous waste e.g. oils, paints,
/31/32.00.00 chemicals
22.02.01 Other construction waste
Air content4 Air trapped between skip contents

Total % compared to level skip

Notes for use: Fill in the proportion of each material type as a percentage of the volume of the level skip.
For example, of the skip is half full and contains only “scrap timber”, then you should enter 50% in the
“Scrap timber” box.

Notes:
‘it is important to get the skip size correct.

2This should be the same as the total at the bottom of the table.

JFor amore detailed list of Environment Agency Waste Classifications, refer to the latest version of the
EA Waste Classification.

ZEstimate the proportion of the skip that is filled with air and not waste.

Figure 5.22 CIRIA skip volume analysis form (Coventry et al., 2001)
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Limitations
The main limitations identified on the ten case studies were:

O Itwas a paper-based system, which involved a lot of documentation depending
on the number of skips e.g. a sheet had to be filled out each day for a skip
resulting in having a number of sheets for each skip.

O Production of graphs and charts to illustrate results was time-consuming, as it
was not done automatically.

O The audits were based on visual assessments whose accuracy was dependent on

the diligence and expertise of the auditor.

5.3 Comparison of Selected Audit Methodologies
A waste audit needs to be planned (Patterson, 1999) in order to generate reliable
estimates ofwaste production on site. A comparative analysis of the four types of audit
methodologies was carried out (Table 5.4) taking the following general guidelines into
consideration:
O Determine aproject framework. The options were:
0 Waste audit from inception to completion of a project to examine the
waste production over the whole construction life cycle.
0 A ‘snapshot’ audit of a timeframe or phase of a project. Where possible,
audit a complete phase or representative section e.g. one floor ofa high
rise development or the construction of one apartment out of a block of

apartments.

O Identify the working definition of C&D W. This may include:
o0 AIll C&D W including all excavated materials arsing from site activities.
0 C&D W excluding excavated materials but including waste materials left
around the site.

o C&D W fractions that were disposed of in waste containers on site.

0O Select the method for measuring the waste. The options were:
o Sort and weigh the entire components of each skip. This time consuming
option provides a very accurate breakdown of the contents both by

volume and weight.
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0 Sortand weigh a sample from the skip. This method reduces the
workload but the sample needs to be representative ofthe skip total to
establish the total weight of the contents.

0 Visual assessment of the composition ofthe contents. Reduces the
workload even further but the auditor must estimate the contents as a
percentage of the skip size and assign conversion factors to each one to

produce material weights.

O Select the audit format. The options were:

0 Paper based system, where the auditor entered the measurements into an
audit sheet/book.

o Electronically based system, where the auditor used an electronic hand-
held device with appropriate software to enter waste measurements. This
can be downloaded onto a computer to produce reports, charts and
graphs.

o Combination of paper and electronically based, where the initial audit is
entered in a paper based audit sheet then transferred into an ‘intelligent’

electronic format to produce reports, charts and graphs.

O ldentify the waste streams to be audited.
0 Select appropriate codes or categories for individual waste streams.
o0 Priorities should be given to: major waste streams by weight or volume;
waste streams with potential for waste reduction and waste streams

where the cost of disposal is high e.g. hazardous waste.

O On-site arrangements for audit
0 The project size and type will dictate whether the auditor needs to be
present on site full time or part time. The audit format must be selected

based on the auditing time constraints.

0 The sorting and weighing of construction waste, if undertaken, is a
significant logistical exercise that needs careful planning. The basic

requirements are: a sorting area large enough to accommodate the skip
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being sorted, containers for the sorted waste, a tipping area for the waste

and a space for weighing and recording.

O Audit Cost

0 This included the cost of the audit methodology and the auditor on site.

For the purposes of this study the cost was to include only the cost ofthe

audit and not the cost of a full-time or part-time auditor.

Table 5.4 Comparison of selected on-site audit methodologies using general

guidelines adapted from Patterson (1999)

Guidelines

Project

Framework

W aste
Measurement

Audit Format

Waste
Categories

On-Site
Arrangements
Data Analysis

Audit Cost

Working
Definition of
C&D W

Skoyles Waste
Accounting
System

Inception to
completion /
‘snapshot’
Visual
assessment/sort
and weigh
/sample sort
and weigh

Paper based

Material
description

Full time
auditor

No intelligent
reporting
system

No cost

All C&D W
including
excavated
materials

BRE
SMARTAudit

Inception to
completion /
‘snapshot’
Electronically
based visual
assessment/sort
and weigh
/sample sort
and weigh
Electronically
based

11 main
categories with
400 sub-
categories

Full time
auditor
Intelligent
reporting
system
provides

Rates
dependent on
project size and
number*

Skip specific
C&D W

BRE
SMARTStart

Inception to
completion /
‘snapshot’
Visual
assessment/sort
and weigh
/sample sort
and weigh

Paper and
electronically
based

14 main
categories with
76 sub-
categories

Part time
auditor
Intelligent
reporting
system
provides

Rates
dependent on
project size and
number*

Skip specific
C&D W

*Cost for SMARTAudit and SMART Start are detailed in Appendix J,
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CIRIA Skip
Volume
Analysis

Inception to
completion /
‘snapshot’
Visual
assessment/sort
and weigh
/sample sort
and weigh

Paper based

15 categories

Part time
auditor

No intelligent
reporting
system

No cost

Skip specific
C&D W



As can be seen in Table 5.4, each methodology had its advantages and disadvantages
depending on project type and size. As each guideline was so interdependent on each
other, it was difficult to provide a best practice or rating system for each audit
methodology e.g. having 400 sub-categories as in the BRE SMARTAudit methodology

may not be suitable for a project that produces only four or five waste materials on site.

It was decided that the best strategy was to develop and test an original audit tool using

the design guidelines discussed.
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Conclusions

The main aim of this chapter was to:

O Examine the use of U.K C&D W audits to develop guidelines for the production

of an audit for use on Irish construction projects within the scope of this study.

The main conclusions were:
O To provide the most complete audit of a construction/demolition project the
following conditions must apply:
0 The project framework is from inception to completion,
0 The sort and weigh measurement method is used to provide the most
accurate quantification and compositional data,
o AIll C&D W arising from site activities to be audited,
o An electronically or paper based audit format is used incorporating an
intelligent reporting interface,
0 A materials description is provided with associated EWC codes,
0 The auditor is on site full time with the sole responsibility for waste
measurement,

0 The use ofthe audit methodology is free.

The conditions outlined are for the best case scenario. This was not feasible

within the scope ofthe study so a new audit tool needed to be developed.

O The general guidelines as outlined in Table 5.4 are used to develop an audit

format for use on Irish construction projects.

The next chapter will consider these guidelines to develop an audit methodology for use

on Irish construction projects.
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Chapter 6 The Development and Testing of an Original Waste Audit Tool

on Selected ‘Snapshot’ Construction Projects in Ireland

6.1 Introduction

This chapter will outline the considerations taken in the development of an original site-
based waste audit methodology for use within the scope ofthe study. The audit
guidelines adapted from Patterson (1999) are used to detail the design ofthe audit. The
on-site procedures used to collect the data are summarised to demonstrate the testing of

the audit.

The main aims of this chapter are to:
O Discuss the design guidelines considered in the development of the site-based
C&D W audit.

O Outline the auditing procedures used as testing parameters.

6.2 Considerations in the Development of a Site-Based Waste Audit Methodology
for use on Irish construction projects

The first step in the development of a site-based waste audit methodology was to apply

the guidelines adapted from Patterson (1999) to determine the scope of the proposed

study. Each guideline was considered individually first before being integrated into an

overall design.

6.2.1 Project framework

It was decided that the primary resource of the study would be the students of the
Department of Building and Civil Engineering at the Galway-Mayo Institute of
Technology. The B.Sc. (Honours) Degree in Construction Management consists of a
mandatory module ofwork placement during the third year. The placement ran from
February to August each year and formed the basis of the data collection providing a
‘snapshot’ of each project. Each student was responsible for obtaining his or her own
site placements. This meant that there was a wide range of project types, at different
stages, throughout the country displaying a wide variety of waste management
practices. Four case studies were also examined, where a more in-depth analysis was

produced over a longer time period (Grimes, 2005).
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6.2.2 Waste measurement
The three methods of measurement considered for use were as follows:

O Visual assessment or characterisation where the skip contents were visually
observed and assigned an estimated percentage volume distribution.

0O Mass or physical sorting where the composition ofthe C&D W was measured
by physically sorting each component ofthe total skip contents or by sorting and
measuring a representative sample.

O Photogrammetry, which is the art, science and technology of obtaining reliable
information about physical objects and the environment through a process of
recording, measuring and interpreting photographic images (Slama et al., 1980).
This involved a combination of metrical photogrammetry (quantitative
measurements obtained from a photograph) and photo interpretation (qualitative

analysis focusing on interpretation and identification of images).

Each of these options was considered within the scope of the project. Every student on
placement had a number of duties dictated by the supervising foreman. The
measurement of waste formed only one of these responsibilities, which meant that time
was a limiting factor. 1fthe project incorporated a number ofphases or building types,
then the student was advised to audit a phase or a selected building. Reinhart et al.
(2002) compared these options and concluded that the:
O Visual characterisation method required approximately 0.5 man-hours per waste
load and can be done by one person.
O The physical sort method required approximately 25 man-hours per waste load
and usually involved 5 to 6 people.
O The photogrammetric method required approximately 5 man-hours per waste

load and can be done by one person.

The physical sort method provided the most accurate and reliable results but was not
applicable due to the number of auditors required, the time needed and health and safety

concerns in relation to the handling of waste.

The photogrammetric method allowed a permanent record ofthe waste skip analysis to

be kept and had the least worker exposure to the waste material but was a time
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consuming process. Each auditor would also require a digital camera with appropriate

t 1
software resulting in extra training and expense .

The visual characterisation method was selected as it was the most cost effective and
efficient process with minimal exposure to the waste materials. Studies have shown that
experienced auditor can produce estimates comparable with physical sorting on site
(Coventry et al., 2001). Reinhart et al. (2002) also concluded that the visual
characterisation method will analyse approximately ten and fifty times as many waste
loads compared to photogrammetric and mass sort techniques respectively for the same

analysis cost.

The use of visual characterisation highlighted three important considerations:
O The classification of the skips contents.
O The bulking of wastes.
O The use of conversion factors to convert estimated volumes (m3) to estimated

weights (kg).

Classification
The identification of the components of the waste stream required a general material

description and appropriate EWC code for each one.

Bulking ofwastes
Waste bulking is where the consistency of a skip’s total contents varied due to:

The degree of compaction the waste has undergone (if any).

O

The poor placement of waste materials creating air voids.

d

The irregular consistency of some waste types.

O

The irregular shape of some waste containers.

The estimation of the percentage air voids contained in a waste skip using the visual
characterisation method was a limiting factor in the accuracy ofthe measurement

especially where the skip’s contents were not compacted.

TThe use of a photogrammetry to visually assess C&D W production is currently the subject of a M.Sc.
Research Thesis in the Department of Building and Civil Engineering at the Galway-Mayo Institute of
Technology.
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Conversionfactors

The conversion factors outlined in the Waste Management (Landfill Levy) Regulations
2002 (DoEHLG, 2002b) were used in the study to convert volumes of waste (m3) to
weights (tonnes). The factors were originally used to calculate the amount of landfill
levy payable for certain materials. They are not specific to the C&D W stream, although
they do provide factors for ten potential C&D W fractions. A comparison was made
with two studies (Nolan ITU Pty., 1998 and Golder Associates Pty. Ltd., 1999) carried
out in Australia (Table 6.1).

Nolan ITU Pty (1998) carried out a C&D W landfill traffic and compositional study
surveying ten landfills in Melbourne, Australia and derived conversion factors from
weighbridge data for truck loads and references such as Wilbertz (1985),
Tchobanoglous et al. (1993) and Steiner (1998). The aggregated weights of all surveyed
vehicles, based on the derived densities were compared with weighbridge measurements
at six landfills. The density based estimates were found to be within 20 per cent of the

weighbridge figures.

Golder Associates Pty. Ltd. (1999) produced a waste profile study of Victoria’s landfills
in Australia. Physical sorting of incoming waste was undertaken at seven landfills,
resulting in a total of 37 vehicles being sampled and sorted to establish the
characteristics of the various waste streams. In addition, visual assessments were
undertaken at 35 landfills, resulting in a total of 1 665 audited vehicles. This established

the proportion of selected waste categories.

Table 6.1 illustrates that the inert fractions ofthe C&D W stream had similar conversion
factors e.g. approximately between 1.43 and 1.50 in all cases. The wood fraction varied
from 0.30 to 0.60 while the metal fraction also varied from 0.23 to 1.00. These

variations are an important consideration when converting volumes to weights.
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Table 6.1 Comparison of waste conversion factors to convert m3to tonnes

Golder Pty.
Ltd. (1999)

Material Tchobanoglous
et al. (1993)*

Paper/cardboard 0.07
Food waste n/a
Green waste 0.15
Other organic 0.16
Wood/timber 0.50
Textiles 0.18
Rubber 0.13
Glass 0.20
Plastic 0.07
Other plastic 0.07
Ferrous metals 0.91
Non ferrous 0.91
Ceramics n/a
Hazardous n/a
Clean soil 143
Concrete/bricks 1.54
Plasterboard n/a
Asphalt/bitumen n/a
Insulation n/a
B&C Waste** n/a
Others n/a

*cited in Golder Pty Ltd., 1999
**Building and construction waste

Nolan ITU
Pty. (1998)
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0.10

n/a
0.15

n/a
0.30
0.30
0.30
0.70
0.20

n/a
0.90
0.90
1.00
0.20
1.43
1.50
0.20
0.80
0.05

n/a

n/a

0.09
0.28
0.24
0.26
0.30
0.12
0.26
0.42
0.07
0.07
0.32
0.23
0.57
0.58
1.50
1.49
0.30

n/a

n/a

n/a

1.00

Landfill Levy
Regs. (2002)

0.15
0.40
n/a
n/a
0.60
0.40
n/a
n/a
0.15
n/a
n/a
n/a
n/a
n/a
1.50
1.50
0.40
n/a
n/a
0.60
1.00



6.2.3 Working definition of C&D W

The C&D W definition used was all waste fractions deposited in waste skips on the

audited sites. This did not included excavated materials or materials left around site.

6.2.4 Audit format

The audit format developed for use on site had to provide basic criteria for interpreting

the data collected and be user-friendly. A paper-based audit sheet (Figure 6.1) was

developed to include the following information:

O

O

O

O o o oo oo oo

Site location including exact postal address.

Job description including the project category and method of construction.

Skip size reference. This was used to track the skips on site. Each skip was given
a unique reference number consisting of the skip number i.e. 03; the suppliers
initials i.e. Kelly Waste would be KW, and skip size i.e. 12 yd3giving a
reference number of 03KW12. The skip number correlated with the audit sheet
number.

Area code. The site layout was divided into areas code e.g. Al, A2, B3 etc. to
determine the exact location of the skips.

Compaction or non-compaction of skip contents.

Auditor name.

Date.

Material description as accurately as possible.

Appropriate EWC code (if available).

Percentage full by visual assessment in 5% intervals.

Conversion to volume (m ).

Conversion to weights (tonnes).

Notes/comments identifying any waste management practices.
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I’leue uimplete Fully as per infraction»
SITE LOCATION:

JOB DESCRIPTION:

SKIP SIZE REFERENCE: AREA LOOK; COMPACIXIMJON-COMPACTEB

AUDITOR: Q041

1bU Material EWC Code %nil Qoantit} Wdehl Noies/tomnwnU
<01M (tamaes)

Figure 6.1 Audit sheet example
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The audit sheets were individually numbered and provided in triplicate format, each one
a different colour (Appendix K) e.g. the white audit sheet was sent to the author, the
pink audit sheet was given to the participating contractor (ifrequested) and the blue
audit sheet was retained by the student until the placement was completed. A set of fifty
audit sheets in triplicate format were integrated into a waterproof covered hardback A4

auditbook (Photograph 6.1).

Photograph 6.1 Hardback A4 audit book

The audit book provided the student with all the information required to carry out the
point source assessments on site and simplified the data collection process. Each audit
book contained the following information:
O Useful contact numbers ofthe research team, EPA, waste contractors and local
authorities.
0O The EWC and hazardous waste list for C&D W.
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O Project categories as used in the National Waste Database Report 2001 (EPA,
2003).

O A setofconversion factors for the different skip/container sizes i.e. volume
percentages to m3 (Appendix L).

O A setofconversion factors based from the Waste Management (Landfill Levy)
Regulations 2002 (DoEHLG, 2002b) to convert volumes (m3) to weights
(tonnes) (Table 6.1).

O Procedures for carrying out an audit on site and the submission of the collected

data.

6.2.5 Waste categories
The auditor on site provided a detailed description of the components of the skip and

their appropriate EWC code (if applicable).

6.2.6 On-site arrangements

Prior to the commencement of the students’ site placements, a letter was sent out to the
relevant companies to inform them that all data collected on site was confidential. Each
student was advised to carry out the point source assessments at an appropriate time so
as not to interfere with their general duties. Most students collected the audit data either
early in the morning, at lunchtime or late in the evening. The average time taken to

carry out the audit depending on project type and size was 30 to 45 minutes.

6.2.7 Data analysis

There was no intelligent reporting system providing easy transfer of data. Instead the
student collated the data to prepare a monthly audit report. A simple pie chartdrawn in
Microsoft Word, expressing the composition of the monthly waste production in
percentages was also included. The building contractor was provided with a copy of this

report each month to raise awareness on site (Figure 6.2).
6.2.8 Audit cost

There was no cost associated with carrying out the point source assessments on site

except for the time it took to carry out the audit.
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Project Description:

Completed Floor Area:
Total Waste (m3)

Unit Waste Factor (m3m2

Date:
Materials

Inactive or inert waste
Paper and Plastics
Plasterboard

Canteen Waste
Timber/Wood
Building & Const.Waste
Glass

Bituminous mixtures
Metals

Insulation materials
Total

O Paper & Plastics

= Wood

0 Plasterboard
O Insulation

Residential development of 125 units

2 850
109.656
0.039

01/04/05

EWC

Code
170100
170203
170802

170201
170904
170202
170302
170400
170604

3%

Project Stage:
Total Waste (tonnes):
Unit Waste Factor

(kg/m2):
Auditor:
Volume Conversion
(m3) Factor
0 1.50
68.200 0.15
7.164 0.40
5.500 0.40
4.100 0.60
19.458 0.60
0 0.60
0 1.00
1.800 1.00
3.434 0.40
109.656

O Canteen Waste
m Metals
O Building & Construction Waste

35%
32.605
11.44

Weight
(tonnes)
0
10.230
2.866
2.200
2.460
11.675
0
0
1.800
1.374
32.605

Figure 6.2 Example of monthly report submitted to participating contractors
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Table 6.2 summaries the development of the new audit tool using the guidelines adapted

from Patterson (1999).

Table 6.2 GMIT audit guideline development (adapted from Patterson, 1999).

Guidelines
Project
Framework
Waste
Measurement
Audit Format
Waste
Categories
On-Site
Arrangements
Data Analysis
Audit Cost

Definition

GMIT Audit

All the point source assessments were ‘snapshot’ audits over a 6-

month period.

Visual assessment in intervals of 5% using Landfill Levy conversion

factors and a general material description.
Paper based audit book

Detailed material description with relevant EWC code if applicable.

Part-time auditor.

Simple monthly report format produced from Microsoft Word.

No cost.

C&D W defined as all materials deposited to waste skips on site.
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6.3 Methodology to Test the Audit Tool
The methodology was a basic waste skip analysis (Figure 6.3) having two main
objectives:

O To identify the composition of the C&D W stream on site.

O Quantify all the materials being taken off site in containers/skips.

Each numbered audit sheet represented one skip i.e. there was never to be more than
one skip entered on any one audit sheet. This enabled the accurate recording ofthe

number of skips used throughout the project.

Identification of Skip Size (m3)

.l I
]
Description of material ldentification of Completed
TEWC code) Floor Area (m2)

Visual Assessment (%

% converted to Volume (m3) Volumetric Waste Factor

(M2

Volume (m3) converted to Weight Waste Factor
Weights (kg) (kg/m2)

Figure 6.3 Site skip analysis procedure
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There were three phases in carrying out the point source assessments on site:
1. Pre-audit information.
2. Audit data collection.

3. Post audit data analysis.

6.3.1 Pre-audit information
The data collection preparation began with a systematic organisation of the site
placements consisting of:
O An accurate description of the site location i.e. full postal address to facilitate
site visits.
O A detailed job description including project category and method of
construction. The category options were:
0 Residential (new private and public housing),
0 Private non-residential (private and semi-state industry, commercial,
agricultural, tourism and worship),
0 Productive infrastructure (water and sanitary services, airports, ports,
harbours, energy and telecommunications),
o Social infrastructure (education, health, public buildings, local authority

services and the Gaeltacht).

The method of construction was especially important in residential construction to
identify any differences in waste production from concrete and timber frame

construction.

O Identification of skip size and reference. Each skip size was obtained from the
delivery docket (usually in yd ) and converted to m . Random checks were
carried out on the skips by physically measuring the skip volume when delivered
to ensure correlation with the documentation. Each skip was referenced as
outlined previously to ensure accurate tracking of the skips on site or
alternatively the site layout was divided into area codes to identify the position
ofthe skips on site. This was suitable when there was no movement of skips

around the site i.e. central skip area arrangement.



Photograph 6.3 Mixed waste skip audit - photographic record of day 1

Photograph 6.4 Mixed waste skip audit- photographic record of day 2
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Photograph 6.5 Mixed waste skip audit - photographic record of day 3

Photograph 6.6 Mixed waste skip audit - photographic record of day 4
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The following steps could have been completed during the audit but were usually
carried out in the site office:

O A EWC code was applied to the material description. If a suitable code was
included in the EWC list, then it was entered e.g. concrete would have a EWC
code of 17 01 01. Alternatively, if no obvious suitable EWC code was
applicable, then the auditor provided an accurate material description.

O The percentage volume estimates were converted into m3using the skip size
conversion factors provided (Appendix L).

O The volume estimate (m3) was converted into a weight estimate (tonnes) using
the Waste Management (Landfill Levy) Regulations 2002 (DoEHLG, 2002b)
conversion factors provided.

O Notes/comments on the causes of the waste were identified by the work

package.

After the first monthly submissions in 2004, the author notified the auditors that he
would apply the EWC codes and convert the volume estimates to weight estimates to
the data collected and submitted. This continued for the reminder of the auditing period

in 2004 and for the complete auditing period in 2005.

The percentage estimates were expressed individually on a daily basis not cumulatively.
For example in Figure 6.4, for each material entry, a percentage foil estimation was
based on the visual assessment on that date so the total estimate forpackaging was 25

per cent and not 10 per cent.
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6.3.3 Post-audit analysis

At the end of each month, the auditor produced a monthly report based on the skip
analysis. The data collected for each skip was analysed to produce monthly totals for
each material identified. The monthly report consisted of the following:

O Project description included the project category and method of construction as
described previously.

Total floor area expressed in m2ofthe overall project.

O The project stage expressed in percentages i.e. 0% denoted the commencement
with 100 per cent implying completion.

O The completed floor area expressed in m2 for relevant month. This was
extrapolated from the percentage work done in any month multiplied by the
overall project floor area e.g. if 10 per cent ofthe work was completed in the
month of April and the total floor area was 15 000 m2, then the completed floor
area for the month of April is 1500 m .

O The monthly skip analysis totals consisted of: material description; EWC codes;
volume (m ) and weight (tonnes).

O Total number of skips identifying skip volumes. This was easily calculated by
counting the number of aud'it sheets that were used in the month.

O Total waste expressed inm 1and tonnes.

Unit waste factors calculated by:

WFV=V/FAC
©.1)
where: WF" = Volume waste skip factor expressed in m*/m’
V = Volume of waste in m-7and

FA® = Completed floor area in m’

Eq. (6.1) shows the calculation of volume unit waste skip factors (m3/m2)
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WFm =M/FAc
and

(6.2)
where: WF = mass unit waste skip factor expressed in kg/m
M = mass ofwaste in kg and

FAC= Completed floor area in m2
Eq. (6.2) shows the calculation of mass unit waste skip factors (kg/m2)

6.4 Data Validation
The quality of data collected and analysed was paramount in providing reliable and
accurate benchmarks for the construction industry. The audit methodology included
three levels of data validation as follows:

O Pre audit preparation.

O On site audit quality control.

0O Data analysis validation.

6.4.1 Data collection preparation

To ensure reliable data collection on site, a C&D W module was developed and
integrated into the third-year syllabus of the B.Sc. (Honours) in Construction
Management. This consisted of:

O A series of lectures on C&D W management discussing areas such as:
legislation and policy actions; characteristics of C&D W, waste prevention and
minimisation; recycling and reuse of secondary materials and the benchmarking
of waste production on site.

O Site visits to different projects to provide the potential auditors with an
opportunity to carry out ‘trial audits’ to familiarise themselves with the audit
format and procedures.

O A workshop immediately prior to the commencement of the site placement to
discuss the objectives of the project and reiterate the student’s responsibilities on

site.
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To provide a further incentive for the students, the submission of the waste audit
monthly reports accounted for a percentage of the overall project placement mark. If
any of the site placements were not suitable for auditing i.e. no skips on site, the student

was given an alternative project to complete by the end ofthe placement.

6.4.2 On-site audit quality control

By the time the student commenced their site placements, they already had a number of
trial waste audits carried out in the preparation phase and this needed to be applied to
their specific project placement. The author acted as the data quality controller by:

O Being in constant communication with the students by phone, fax and email.

O Visiting each student at least twice on site (the first visits were within four
weeks of the students commencing their site placement) to discuss any problems
and identify waste management practices. During these visits the author carried
out a waste audit with the student to compare the results. This provided a
checking mechanism (quality assurance) for the visual assessment process to

maximise consistency and extend the auditors understanding.

6.4.3 Data analysis validation
The data collected on site was submitted to the author on a monthly basis and the
following checks were carried out to validate the figures:

O Atthe end of each month every student had to submit a monthly report with the
relevant audit sheets. The author would analyse the data submitted and
compared the data from the audit sheets and the monthly report to ensure the
figures correlated. Ifany mistakes or discrepancies were identified then the
student was immediately contacted. Each report was stored in an easily
referenced format for future analysis.

O Atthe end of the auditing period, the student had to submit a final report and

again this was compared to the data previously submitted in the monthly reports.

During the auditing period the research design was continuously being revised

following feedback from the students and participating contractors.
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6.5 Limitations
During the analysis ofthe submitted data from the 2004 audits, some limitations were
identified in the auditing procedures as follows:

O The use ofthe area code option on the audit sheet was unreliable due to the
movement of skips around the site. The students/auditors were instructed to
mark the skips with a permanent marker to enable them to track the skips around
the site.

O The use of appropriate EWC codes was proving difficult (as expected) as a
number of on-site wastes was categorised as ‘mixed waste’, which did not
provide an accurate reflection ofwaste composition. The students/auditors were
instructed to concentrate on the material description and were not to apply
EWC codes if they were uncertain ofthe accuracy. This reduced the tendency of
auditors to quantity the fractions as ‘mixed waste’. The author then applied the
EWC codes to each ofthe material descriptions.

O The incorrect application ofthe conversion factors provided in the Waste
Management (Landfill Levy) Regulations 2002 (DoEHLG, 2002b). The
students/auditors were instructed not to convert the volumes to weights and to
submit their data in m . The author converted the data from m to tonnages to
develop the comparable waste factors from the submitted monthly reports.

O Students were originally instructed to submit their reports on a weekly basis.

This was changed to monthly reports following feedback from auditors on site.

Each of these limitations was addressed prior to the commencement of the 2005 audits.
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Conclusions
The aims ofthis chapter were to:
O Discuss the design framework used in the development of an original audit
methodology for use on Irish construction projects.
O Summarise the on site procedures and protocols for the collection and

submission ofthe audit data.

The main conclusions were that:

O The design guidelines recommended by Patterson (1999) provided a basic
standard from which to develop a novel audit methodology for use on Irish
construction sites.

O The use ofthe visual characterisation method highlighted some limitations in
the process especially the difficulty in assessing air voids and the total reliance
on the auditor’s skill and diligence in collecting reliable data.

O The use ofthe Landfill Levy conversion factors (DoEHLG, 2002b) was also an
area for concern as they were not specific to the C&D W stream.

O The audit format provided a practical tool for use on Irish construction sites.
The students/auditors had no difficulty using the audit tool and submitted data
from 54 construction projects throughout the country.

Clear procedures were a prerequisite to reliable data collection on site.
The analysis ofthe collected data entailed the use of simple equations to
generate the unit waste skip factors.

0O Data validation was of paramount importance and the development of a training
module on C&D W management for the potential auditors was a key factor in
preparing them for the data collection phase. The active participation of the
author was essential in this phase to ensure the quality ofthe data submitted.

O The development ofthe audit methodology was a dynamic process involving

constant revision following feedback from the users on site.

The next chapter will outline the results from the 54 audited ‘snapshot’ project and four

case studies.
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Chapter 7 The Generation of Waste Production Indicators from
‘Snapshot’ Point Source Assessments on Irish Construction

Projects

7.1 Introduction

This chapter will outline the waste factors generated from 54 point source assessments
carried out throughout the country over a two-year period (2004 - 2005). The results of
four case study assessments undertaken in 2003 and 2004 (Grimes, 2005) will also be

presented.

The main aims ofthe chapter are to:
O Outline the unit waste factors generated for each category combining 2004 and
2005 data.
O Outline the material composition for each category combining 2004 and 2005

data.

7.2 Project Categories
Each project audited in 2004 and 2005 was divided into project categories as used by
the EPA in the National Waste Database Report 2001 (EPA, 2003):
O Residential (new private and public housing).
O Private non-residential (private and semi-state industry, commercial,
agricultural, tourism and worship).
O Productive infrastructure (water and sanitary services, airports, harbours, energy
and telecommunications).
O Social infrastructure (education, health, public buildings, local authority services

and the Gaeltacht).

A number of developments audited consisted of residential units and commercial units
e.g. housing schemes with retail units, supermarkets etc. They were originally
categorised as new mixed residential construction (2004 audits), but were re-categorised
as new residential construction as in each case the primary construction was residential

development. The number of projects per category is outlined in Table 7.1.
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Table 7.1 Number of audited projects per category

Residential construction 1 8 19
Productive infrastructure construction 0 3 3
Social infrastructure construction 5 4 9
Private non-residential construction 12 10 22
Residential demolition 0 1 1
Total 54

It must be noted that due to the confidential nature ofthe collected data (as requested by
participating companies); no specific geographical distribution of projects is provided.
The study did provide a wide geographical spread with sites in Carlow, Dublin,
Donegal, Galway, Longford, Louth, Mayo, Roscommon, Meath, Westmeath, Offaly,
Monaghan, Cork, Sligo, Leitrim, Limerick, Laois, Tipperary and Kerry

7.3 Generation of Waste Factors
Each project ‘snapshot’ audited was termed a point source assessment (PSA). The waste
factors were derived from the following data (Appendix M):
O Project reference.
Total skip waste (m )
Total skip waste (kg).
Completed floor areas (m%.

Waste skip factor (m3m?2).

O 0O o o o

Waste skip factor (kg/m2).

The unit waste factors were calculated by applying equations 7.1 and 7.2.

WFV=V/FAC

(7.1)
Where, WF = Volume unit waste skip factor expressed in m /m
V = Volume ofwaste in m3and
FA = Completed floor areain m

Eqg. (7.1) shows the calculation of volume unit waste skip factors (m3/m2)
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and

WFm=M/FAc
(7.2)

Where, WFm= mass unit waste skip factor expressed in kg/m2
M - mass of waste in kg and
FAC= Completed floor area in m2

Eq. (7.2) shows the calculation of mass unit waste factors (kg/m )
The sample mean was calculated for each category by adding up the individual unit
waste skip factors and dividing by the number of projects. The sample mean unit waste

factor is displayed both in volumetric (nr/m ) and mass (kg/m") terms.

All the results exclude excavated materials and represent the auditing of waste fractions

deposited in waste skips/containers on site.
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7.4 Results of Audited ‘Snapshot’ Projects

7.4.1 New residential construction

The residential construction category consisted of all forms of residential construction

e.g. detached units, semi-detached units, apartments, townhouses, duplexes and mixed

facilities. Residential construction waste factors were generated from nineteen

‘snapshot’ projects (Table 7.2) producing sample mean indicators.

Table 7.2 New residential construction results (2004 and 2005)

Reference

PSA'1
PSA 2
PSA 3
PSA 4
PSA 5
PSA6
PSA 7
PSA 8
PSA9
PSA 10
PSA 11
PSA 12
PSA 13
PSA 14
PSA 15
PSA 16
PSA 17
PSA 18
PSA 19

Totals

Total Waste

(m3

109.656
390.920
200.164
86.290
21.910
281.010
197.977
98.426
376.850
210.270
755.270
102.542
164.267
37.612
297.569
89.799
504.467
117.630
736.530
4 799.159

Total Waste
(tonnes)

32.605
140.703
135.197

55.572

9.155
143.720

81.848

83.114
312.570
144.281
577.124

63.276

63.369

25.515
210.958

65.240
435.579

59.335
832.588

3471.749

Completed

Floor Areas

126

(m2)

2 850
13 104
9 000
2 800
234

4 158
2 295
5 400
7290
454

2 000
960
1375
1375
2 057
486

6 942
1688
21 400
85 868

Waste
Factor
(m3Im?2

0.039
0.030
0.022
0.031
0.094
0.068
0.086
0.018
0.052
0.463
0.378
0.107
0.119
0.027
0.145
0.185
0.073
0.070
0.034
2.041

Waste
Factor

(kg/m2)

11.440
10.737
15.022
19.847
39.124
34.565
35.664
15.301
42.877
317.800
288.562
65.913
46.087
18.556
102.556
134.239
62.745
35.151
38.906
1335.182



7.4.2 New private non-residential construction
Private non-residential construction waste factors were generated from twenty-two

‘snapshot’ projects (Table 7.3) producing sample mean indicators.

Table 7.3 New private non-residential construction results (2004 and 2005)

Reference  Total Waste  Total Waste ~ Completed Waste Waste

(m3 (tonnes) Floor Areas Factor Factor

(m2 (m3Im32 (kg/m2)
PSA 1 221.000 86.060 4 391 0.050 19.599
PSA 2 663.500 442.065 14 300 0.046 30.914
PSA 3 1163.040 689.597 16 920 0.069 40.756
PSA 4 415.600 272.820 5227 0.080 52.194
PSA S 80.650 45.453 576 0.140 78.911
PSA 6 137.800 87.665 880 0.157 99.619
PSA 7 320.000 218.190 2 000 0.160 109.095
PSA 8 351.800 239.720 1814 0.194 132.145
PSA9 980.300 837.595 5670 0.173 147.724
PSA 10 276.300 369.505 2 200 0.126 167.957
PSA 11 455.150 266.206 900 0.506 295.784
PSA 12 282.910 201.362 700 0.404 287.660
PSA 13 480.015 230.383 7 820 0.061 29.461
PSA 14 59.346 48.730 1725 0.034 28.249
PSA 15 71.223 37.301 400 0.178 93.253
PSA 16 414.758 233.749 5090 0.082 45.923
PSA 17 139.560 132.490 5456 0.026 24.283
PSA 18 20.873 11.237 900 0.023 12.486
PSA 19 34.563 18.959 867 0.040 21.867
PSA 20 344.276 239.842 2 256 0.153 106.313
PSA 21 26.618 9.270 285 0.093 32.526
PSA 22 300.856 182.430 3425 0.088 53.264
Totals 7 240.138 4 900.629 83 802 2.883 1 909.983
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7.4.3 New social infrastructure construction
Social infrastructure construction waste factors were generated from nine ‘snapshot’

projects (Table 7.4) producing sample mean indicators.

Table 7.4 New social infrastructure construction results (2004 and 2005)

Reference  Total Waste  Total Waste ~ Completed Waste Waste

(m3 (tonnes) Floor Areas Factor Factor

(m3J (m3m2 (kg/m2)
PSA 1 53.500 34.650 2 080 0.026 16.659
PSA 2 120.169 97.965 5780 0.021 16.949
PSA 3 356.750 271.415 6 853 0.052 39.605
PSA 4 289.620 119.538 1817 0.159 65.789
PSA 5 164.000 144.640 404 0.406 358.020
PSAG6 124.413 86.947 328 0.379 265.082
PSA 7 150.531 88.543 2584 0.058 34.266
PSA 8 468.500 351.216 1344 0.349 261.321
PSA9 613.080 399.288 2071 0.296 192.800
Totals 2 340.563 1594.202 23 261 1.746 1250.491
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7.4.4 New Productive infrastructure construction
Productive infrastructure construction waste factors were produced from three

‘snapshot’ projects (Table 7.5) producing sample mean indicators.

Table 7.5 New productive infrastructure construction results (2004 and 2005)

Reference  Total Waste Total Waste  Completed Waste Waste

(m3 (tonnes) Floor Areas Factor Factor

(m2 (m3m?2) (kg/m2
PSA 1 54.133 23.222 295 0.184 78.719
PSA 2 84.413 54.387 975 0.087 55.782
PSA 3 51.768 25.673 2 349 0.022 10.929
Totals 190.314 103.282 3619 0.293 145.430

7.4.5 New residential demolition
Only one ofthe point source assessments was categorised as new residential demolition

(Table 7.6).

Table 7.6 New residential demolition results 2004 and 2005

Reference  Total Waste  Total Waste Completed Waste Waste
(m3 (tonnes) Floor Areas Factor Factor
(m2 (ni'Vm2 (kg/m2

PSA 1 i 686.903 2 278.605 2 800 0.603 813.788
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7.5 Statistical Confidence of the *‘Snapshot’ Projects Results

These data are reported as sample means for each category incorporating a standard
deviation (Appendix N). The standard deviation about the mean is more sensitive to a
few extreme observations than is the mean and may produce a skewed distribution with
a large standard deviation. The 95 per cent confidence limits also indicate the statistical
accuracy of the values but without skew. These limits will express confidence that the

actual values are within the ranges provided.

7.5.1 New residential construction

The sample size for this category was 19 ‘snapshot’ projects. The sample mean was
70.27 kg/m2with a standard deviation of 88.01 kg/m2and a 95 per cent confidence
interval of between 27.86 kg/m2and 112.69 kg/m2 (Appendix N, Table N.I)

7.5.2 New private non residential construction

The sample size for this category was 22 ‘snapshot’ projects. The sample mean was
86.82 kg/m2with a standard deviation of 80.05 kg/m2and a 95 per cent confidence
interval of between 51.32 kg/m2and 122.31 kg/m2 (Appendix N, Table N.2).

7.5.3 New productive infrastructure construction

The sample size for this category was 3 ‘snapshot’ projects. The sample mean was
48.48 kg/m2with a standard deviation of 34.48 kg/m2and a 95 per cent confidence
interval ofbetween -37.18skg/m2and 134.13 kg/m2 (Appendix N, Table N.3).

7.5.4 New social infrastructure construction

The sample size for this category was 9 ‘snapshot’ projects. The sample mean was
138.94 kg/m2with a standard deviation of 131.24 kg/m2and a 95 per cent confidence
interval ofbetween 38.064 kg/m2and 239.83 kg/m2 (Appendix N, Table N.4).

7.5.5 Total project categories

The sample size for this category was 54 ‘snapshot’ projects. The sample mean was
87.57 kg/m2with a standard deviation 0of 92.84 kg/m2and a 95 per cent confidence
interval ofbetween 62.58 kg/m2and 112.55 kg/m2 (Appendix N, Table N.5).

8The minus figure for productive infrastructure indicated an insufficient sample size.
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As can be seen there is a wide confidence interval for each of the categories with new
productive infrastructure having an insufficient number of samples. Statistically, there
were a number of limitations in the collected data as follows:

O Each audited project represented only a 6-month “‘snapshot’.

O The different stages of each audited project were not accurately identified.

O None ofthe projects were classified as small, medium or large scale by cost
and/or floor area, which would enable comparison with data collected by the
Central Statistics Office (CSQ) on construction output.

O The presence of extreme values in some categories affected the sample mean
produced. It was decided to include these ‘outliers’ as the audit methodology
aimed to provide a true reflection ofboth good and poor waste management
practices on site. The exclusion ofthese ‘outliers’ would have considerably
reduced the calculated average means for each category but would not have
provided a complete picture of what was audited. This limitation will be
addressed by the continued collection of data providing a more robust statistical

foundation.

7.6 Comparison with Other Generated Unit Waste Factors

A direct comparison cannot be made with the unit waste factors produced in the US
(Franklin Associates, 1998). The methodologies used to collect the data, although
similar are not directly comparable. The US unit waste factors used a combination of
one-offprojects and averages from a number of projects to produce total waste
production and floor area figures. These totals were divided into each other to produce a

unit waste factor.

This study produced unit waste skip factors from 6-month ‘snapshot’ projects. Each
individual site provided a waste factor and these were all added up and divided by the

number of sites in each category to produce a sample mean unit waste skip factor.

Other C&D W indicators generated by Peng et al. (1997), Fatta et al. (2003), Poon et al.
(20044, b) and most notably Reinhart et al. (2002) (Appendix O, Table O.I) are also not
directly comparable with the study’s results due to the lack of source data i.e. total floor

areas and total waste produced and information on the methodologies used.
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7.7 Demolition Survey

Only one project involved major demolition work generating a unit waste skip factor of
813.79 kg/m2. This limitation was identified in March 2005, when the students had
submitted their first monthly report from the 2005 placements. Contact was made with
the NCDWC and a meeting was arranged with the Demolition Contractors Association
in May 2005. The author gave a presentation at this meeting outlining the main
objectives of the study and highlighted the lack of data available on demolition waste.
The demolition contractors present recommended that the author source data submitted
by them to their relevant local authorities. Preliminary enquiries were made to a
selection of the local authorities and it was identified that there was a significant lack of

data available.

It was decided to apply the methodology used by the EPA in the National Waste
Database Report 2001 (EPA, 2003) by sending out questionnaires (Appendix P) to the
members ofthe Demolition Contractors Association. With the co-operation of Stephen
Molloy of the Construction Industry Federation (CIF), questionnaires were circulated to
the members in March 2006. Unfortunately, no replies were received by the end of
April 2006. The author then sent the questionnaires out to the members again, this time
to their individual office headquarters. A follow up telephone call was put through to
each office but again unfortunately no replies were received. During the follow-up
telephone calls, the author was advised informally to again contact the local authorities

to seek the data required9.

Although only generated from one project, the unit waste factor of 813.79 kg/m2does
reflect findings from other research around the world. Lauritzen (1994) estimated that
the demolition of a building produces 1 000 to 2 000 kg/m2. Fatta et al. (2003) agreed
with this estimate concluding that the demolition ofa 60m2building resulted in 114 m3
of C&D W producing an average waste factor of 1 500 kg/m2. Research carried out by
the Artie Technology Centre at the University of Oulu in Finland (2001) found that on
average that demolition work produced 200 to 500 kg/m2.

9This is one of the main aims of a collaborative project involving the GMIT, Galway County Council and
Galway Corporation funded by the EPA under the LAPD Programme, which is due to commence in
September 2006.
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7.8 Case Studies

Grimes (2005) examined four case studies in the Galway region focusing on the
management of waste on site. Each project selected was in the early stages of
construction allowing a more complete audit of the waste production than the ‘snapshot’
point source assessments. In each case the unit mass skip waste factor was compared

with the results from the ‘snapshot’ point source assessments.

7.8.1 Case study 1
Case study 1 was aresidential development consisting of 225 units. The project
duration was thirty months. The audit duration lasted nineteen months. Table 7.7

outlines the audit results.

The following waste management practices were recorded on case study 1:

O The volume of excavated materials reused on or offsite was 1 760 m .

O The volume of C&D W segregated for recycling was 611 m3(19.5 per cent of
total waste) consisting of 598 m3oftimber waste and 13 m3ofmetal waste. This
resulted in a total saving of €7 234.

O The volume of C&D W disposed of by waste skip was 2 529 m3(80.5 per
cent).The number of skips used during the audit period was 394, resulting in a

total skip cost of €78 083 (including the total saved from the segregated skips).

There was no formalised waste management strategy implemented on case study 1. As
the work progressed, a waste manager was appointed but the implementation of the

segregation policy provided difficult.
The unit mass waste skip factor 0f 66.07 kg/m2 calculated for case study 1is

comparable to the ‘snapshot’ sample mean of 70.27 kg/m2for new residential

construction.
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Table 7.7 Audit results for case study 1

Site Location: 1 Galway City 1Building Contractor: 1n/a

Project Description: The development consisted of the construction of a total of 225
units including 4-bed semi-detached houses, 3 and 4-bed
terraced houses, 2-bed apartments, a creche and a shop. The
main structure of the houses and apartments consisted of raft
foundations, concrete block and brick external and party walls,
internal timber stud partition walls, trussed rafters, concrete roof
tiles, PVC double glazed windows, hardwood front and rear

doors, and all site landscaping and services.
Total Floor Area: 24 679 m2
Estimated Completed

Floor Area: 24 060 m2
Project Commencement Date:  Jan. 03 Project Completion Date: July 05
udit Commencement Date: Aug 03 udjt Cogppletion Date: Mar 05

[ ]

1 1zz
Building and Constniction Waste 170904 1405 843.00
Timber/Wood 170201 598 358.80
Insulation 170604 259 103.60
Plasterboard 170802 203 81.20
Paper, Plastics and Packaging 170904 438 65.70
Canteen waste 170904 113 45.20
Miscellaneous waste 170904 97 58.20
Inert waste 170103 14 21.00
Metals (including their alloys) 170405 13 13.00
Totals 3 140 1589.70
Waste Factor (Volume): 0.131m3mz2
Waste Factor (Weight): 0.066 tonnes/m2or 66.07 kg/m2
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7.8.2 Case study 2
Case study 2 was a residential development consisting of 148 units. The project
duration was twenty-four months. The audit duration lasted fifteen months. Table 7.8

outlines the audit results.

The following waste management practices were recorded on case study 2:

O The volume of excavated materials reused on or off site was 6 101 m .

O The volume of C&D W segregated for recycling was 640 m3(37 per cent of
total waste) consisting of 423 m oftimber waste, 196 m’ of insulation waste
and 13 m3ofmetal waste. This resulted in a total saving of €11 255.

O Thevolume of C&D W disposed ofby waste skip was 1 087 m
(63 per cent).The number of skips used during the audit period was 211,
resulting in a total skip cost of €41 290 (including the total saved from the
segregated skips).

A waste management strategy was adopted on case study 2 with the appointment ofa
waste manager and the implementation of a source segregation policy. A waste
management operative was employed to collect and segregate all ofthe site wastes. This
involved the use ofa 6 tonne dumper to transport the waste from various parts ofthe
site to the central skip area. This incurred a cost of €55 895 for plant and labour over the

audit period.

The mass unit waste skip factor of 64.35 kg/m2 calculated for case study 2 is
comparable to the ‘snapshot’ sample mean of 70.27 kg/m2 for new residential
construction. Interestingly, the new residential case studies have very similar volume

and mass waste factors.
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Table 7.8 Audit results for case study 2
Site Location: Galway City | Building Contractor: n/a

Project Description: The development consisted of the construction of a total of 148
units including detached houses, terraced houses, apartments,
retail units and creche facilities. The main structure of the
various houses and apartments consisted of raft foundations,
concrete block external and party walls, internal timber stud
partitions, trussed rafters including cut timber roofs, natural roof
slates, PVC double glazed windows and hardwood front and rear
doors. Some steel columns and beams were also used in the
construction of the retail units towards the front ofthe site. The

work included all landscaping and services.
Total Floor Area: 1951817”
Estimated Completed

Floor Area: 13 663 m2

Project Commencement Date: ~ Oct 03 Project Completion Date: Oct 05
Audit Commencement Date: Dec 03 Audit Completion Date: Mar 05
Building and Construction Waste 170904 682 409.20
TimberAVood 170201 423 253.80
Insulation 170604 196 78.40
Plasterboard 170802 100 40.00
Paper, Plastics and Packaging 170904 199 29.85
Canteen waste 170904 70 28.00
Miscellaneous waste 170904 19 11.40
Inert waste 170103 5 7.50
Metals (including their alloys) 170405 21 21.00
Totals 1715 879.15
Waste Factor (Volume): 0.126 mVvVm2

Waste Factor (Weight): 0.064 tonnes/m2or 6435 kg/m2
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7.8.3 Case study 3
Case study 3 was a private non-residential development consisting of a petrol filling
station, retail units, offices and a hotel. The project duration was twenty-one months.

The audit duration lasted fifteen months. Table 7.9 outlines the audit results.

The following waste management practices were recorded on case study 3:
O The volume of excavated materials reused on or off site was 25 950 me.
O The volume of C&D W segregated for recycling was 510 m3 (37 per cent of
total waste) consisting of 396 m50ftimber waste and 114 m of metal waste.
This resulted in a total saving of€5 257.
O The volume of C&D W disposed ofby waste skip was 865 m3(63 per cent).The
number of skips used during the audit period was 137, resulting in a total skip

cost 0f€31 250 (including the total saved from the segregated skips).

There was no formal C&D W strategy employed on case study 3. It was, however, the
policy of the company to position smaller skips (2 yd3 around the site, the contents of
which would be disposed of in the larger skips (12 yd3) positioned centrally. In addition,
the main subcontractors provided their own skips to collect any wastes arising from

their work packages. This resulted in some source segregation.
The unit mass waste skip factor of 38.04 kg/m2 calculated for case study 3 contrasts

with the ‘snapshot’ sample mean of 86.82 kg/m2 for new private non residential

construction.
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Table 7.9 Audit results for case study 3

Site Location:

Project Description:

| Galway City

I Building Contractor: n/a

The project was constructed on a site previously used as a petrol
station and car sales dealership. The development consisted of
the demolition/deconstruction of all existing buildings on site,
the construction of a double basement car park, a petrol filling
station, retail units, office and a hotel. The main building
structure was a combination of cast in-situ concrete and
prefabricated steel. The basement construction consisted of
bored pile retaining walls with an internal basement wall. The
structure above ground level consisted of a steel frame,
incorporating cast in-situ concrete floors, external glazing and
stone cladding. The installation of all services were included as

part ofthe construction works.

Total Floor Area: 24 000 m2
Estimated Completed
Floor Area: 21 600 m2
Project Commencement Date: ~ Oct 03 Project Completion Date: July 05
Audit Commencement Date: Dec 03 Audit Completion Date: Mar 05

1 Waste Material | KWC | , | «
Building and Construction Waste 170904 634 380.40
TimberAVood 170201 396 237.60
Insulation 170604 34 13.60
Plasterboard 170802 130 52.00
Paper, Plastics and Packaging 170904 22 3.30
Canteen waste 170904 40 16.00
Miscellaneous waste 170904 3 1.80
Inert waste 170103 2 3.00
Metals (including their alloys) 170405 114 114.00
Totals 1375 821.70
Waste Factor (Volume): 0.064 nr/m2

Waste Factor (Weight):
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7.8.4 Case study 4
Case study 4 was a social infrastructure development consisting of an educational
building. The project duration was twenty-two months. The audit duration lasted

nineteen months. Table 7.10 outlines the audit results.

The following waste management practices were recorded on case study 4:

O The volume of excavated materials reused on or off site was 694 ma.

O The volume of C&D W segregated for recycling was 111 m3(28 per cent of
total waste) consisting of 100 m oftimber waste and 11 m of metal waste. This
resulted in a total saving of€250.

O The volume of C&D W disposed of by waste skip was 289 m3(72 per cent).The
number of skips used during the audit period was 46, resulting in a total skip

costof€11 273 (including the total saved from the segregated skips).

There was no formal waste management strategy employed on case study 4. One major
difference from the other three case studies is that the contractor was charged for waste
disposal by weight and not by skip size (volume). There was some segregation ofwaste

timber and metals resulting in minimal cost savings.
The unit mass waste skip factor of204.76 kg/m2 calculated for case study 4 contrasts

with the ‘snapshot’ sample mean of 138.94 kg/m2 for new social infrastructure

construction.
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Table 7.10 Audit results for case study 4
Site Location: | Galway City Building Contractor: | n/a

Project Description: The construction of an educational development consisting of an
office building and all associated facilities e.g. canteen, reception
area, toilets etc. The main structure of the building was cast in-
situ concrete with concrete block internal and external walls. The
exterior of the building was rendered and has a painted finish.
The construction also included all service installations,

groundwork and landscaping.
Total Floor Area: 1125 m2
Estimated Completed

Floor Area: 1125 m2

Project Commencement Date:  Sept 03 Project Completion Date: July 04
Audit Commencement Date: Dec 03 Audit Completion Date: July 04
Building and construction waste 170904 240 144.00
Timber/Wood 170201 100 60.00
Insulation 170604 8 3.20
Plasterboard 170802 6 2.40
Paper, Plastics and Packaging 170904 21 3.15
Canteen waste 170904 9 3.60
Miscellaneous waste 170904 5 3.00
Inert waste 170103 — —
Metals (including their alloys) 170405 n 11.00
Totals 400 230.35
Waste Factor (Volume): 0.356 m3Im?2

Waste Factor (Weight): 0.205 tonnes/m”™ or 204.76 kg/m2

There is a correlation between the social infrastructure results for case study 4 and the
‘snapshot’ sample mean in that they are higher than the residential and private non-

residential case studies and ‘snapshots’ factors.
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7.9 Composition
7.9.1 Classification of ‘snapshot’ projects
The composition ofthe C&D W stream does vary according to project type/activity.
The identification of the individual components is essential in establishing waste
prevention and minimisation targets. The methodology developed aimed to identify the
composition by utilising a general material description and the appropriate EWC code
for each material. In 2004, the point source assessment data provided the following
categories:

O Inactive or inert waste.

a Mixed C&D W.

a Wood/Timber.

a Plastics & Packaging.

a Plasterboard.

O Canteen/Office Waste.

O Metals.

O Insulation.

a Miscellaneous waste10.

O Off-site wastell

a Hazardous waste.

Following analysis ofthe 2004 data, it was decided to further breakdown the listed
categories with addition of the following new categories:

a Cardboard.

a Timber Pallets.

a Building & Construction Waste]9

a Sweepings.

O Glass.

a Bituminous mixtures.

Contaminated packaging.

Electrical waste.

1 Miscellaneous waste consists of materials such as carpet, drainage piping and waste that was not
directly audited e.g. if a skip was removed from site before it was final audited, the remained percentage
was categorised as miscellaneous waste.

11 Off-site waste is waste that was deposited into skips that did not arise from site activities e.g. members
of the public dumping domestic waste.

2Building & Construction Waste replaced the category Mixed Waste used in 2004.
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O Drainage piping.

However in the presentation of the results in the following sections, a number of
categories were integrated to provide consistent results for 2004 and 2005 as follows:

O Cardboard, contaminated packaging and plastics and packaging were integrated
into the Paper, Plastics and Packaging category.
Timber pallets were integrated into the Timber/Wood category.
Electrical waste was integrated into the Metals (including their alloys) category.

Drainage piping was integrated into the Miscellaneous Waste category.

o o o o

Building and construction waste reverted back to the Mixed C&D W category.

This means that the composition results ofthe 54 audited sites was divided into the
following nine categories:
a Inert waste (excluding excavated materials).
Paper, plastics and packaging.
Timber/wood.
Plasterboard.
Canteen/office waste.
Mixed C&D W.
Metals (including their alloys).

Insulation materials.

O o O @ 9 O O 9o

Miscellaneous waste.
It must be noted that no excavated material was included in the audits as none was

deposited in the waste skips. All ofthe excavated material was either reused on site or

sent to permitted sites.
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7.9.2 All project category composition
The overall composition of all the audited new construction projects in 2004 and 2005

is illustrated in percentages by volume (Figure 7.1) and by weight (Figure 7.2)
(Appendix Q, Table Q.I).

Inert Waste

11% O Paper, Plastics &
Packaging

O Plasterboard

O Canteen/Office
Waste

IWood/Timber

13%

17%

IMetals

IMiscellaneous
Waste

O Insulation
28%

O Mixed C&D W

2
Figure 7.1 Total project category composition by volume (m )

Inert Waste

10% 0O Paper, Plastics &
Packaging

O Plasterboard

O Canteen/Office
18% Waste

m \Wood/Timber
m Metals

m Miscellaneous
Waste

O Insulation
24%

O Mixed C&D W

Figure 7.2 Total project category composition by weight (tonnes)
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The following sections illustrate the composition per project category (Appendix Q,
Tables Q.2 - Q.5).

7.9.3 New residential construction composition
B Inert Waste
10% O] Paper, Plastics &
Packaging
O Plasterboard
O Canteen/Office Waste
m \Wood/Timber
m Metals
17%

O Insulation

O Mixed C&DW

2% 10%

Figure 7.3 Residential construction waste composition by volume (m3)

lInert Waste

O Paper, Plastics &
Packaging

O Plasterboard

0O Canteen/Office Waste

49°/j>| Wood/Timber

IMetals

O Insulation

O Mixed C&DW

Figure 7.4 Residential construction waste composition by weight (tonnes)
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7.9.4 New private non-residential construction compaosition

B Inert Waste
O Paper, Plastics &
Packaging
O Plasterboard
O Canteen/Office Waste
16%
18°/M Wood/Timber
B Metals
B Miscellaneous Waste

O Insulation

1% 0 Mixed C&DW

Figure 7.5 Private non-residential construction composition by volume (m )

IInert Waste
O Paper, Plastics &
Packaging
O Plasterboard
O Canteen/Office Waste
24% IWood/Timber
IMetals
IMiscellaneous Waste

O Insulation

O Mixed C&DW
26%

Figure 7.6 Private non-residential construction composition by weight (tonnes)
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7.9.5 New social infrastructure construction composition

H Inert Waste
O Paper, Plastics &
Packaging
O Plasterboard
O Canteen/Office Waste
m Timber/Wood
O Mixed C&DW
26%

m Metals

O Insulation

Figure 7.7 Social infrastructure construction composition by volume (m )

m Inert Waste

0O Paper, Plastics &
Packaging

O Canteen/Office Waste

m Timber/Wood

O Mixed C&DW

m Metals

23% O Insulation

25%

Figure 7.8 Social infrastructure construction composition by weight (tonnes)
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7.9.6 New productive infrastructure construction composition

1026
O Paper, Plastics &
Packaging
O Canteen/Office Waste
m Wood/Timber
m Metals

m Miscellaneous Waste

O Mixed C&DW

Figure 7.9 Productive infrastructure construction composition by volume (m3)

O Paper, Plastics &
Packaging

O Canteen/Office Waste

m \Wood/Timber

m Metals

m Miscellaneous Waste

O Mixed C&DW

Figure 7.10 Productive infrastructure construction composition by weight (tonnes)
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The total project category composition results identified that the main waste fractions in
volume terms were:

Wood/timber (28 per cent).

Paper, plastics and packaging (17 per cent).

Inert waste (16 per cent).

Metals (13 per cent).

o o o o o

Mixed C&D W (11 per cent).

The main fractions by weight were:
Inert waste (35 per cent).
Wood/timber (24 per cent).
Metals (18 per cent).

Mixed C&D W (10 per cent).

o o o o

In the new residential construction category the main waste fractions were:
O Inert waste (24 per cent by volume and 49 per cent by weight).
O Wood/timber (25 per cent by volume and 20 per cent by weight).

O Paper, plastics and packaging (17 per cent by volume and 4 per cent by weight).

In the new private non residential construction category the main waste fractions were:

Timber/wood (31 per cent by volume and 26 per cent by weight).

|

Paper, plastics and packaging (18 per cent by volume and 4 per cent by weight).

O

Metals (16 per cent by volume and 24 per cent by weight).

O

Inert waste (13 per cent by volume and 31 per cent by weight).

In the new social infrastructure construction category the main waste fractions were:

Timber/wood (29 per cent by volume and 25 per cent by weight).

d

Mixed C&D W (26 per cent by volume and 23 per cent by weight).

O

Metals (13 per cent by volume and 19 per cent by weight).

d

Inert waste (11 per centby volume and 25 per cent by weight).

In the newproductive infrastructure construction category the main waste fractions
were:

O Timber/wood (34 per cent by volume and 39 per cent by weight).
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O Canteen waste (21 per cent by volume and 16 per cent by weight).
O Paper, plastics and packaging (18 per cent by volume and 5 per cent by weight).

O Metals (13 per cent by volume and 25 per cent by weight).

7.9.7 Composition of selected case studies
The same classification was used for the four selected case studies producing the

following results.

O Paper, Plastics &
Packaging
m Timber/Wood

O Plasterboard

O Canteen Waste

19°/» .
O Mixed C&DW

O Insulation Materials

m Miscellaneous Waste

Figure 7.11 Case study 1 - composition by volume (m )
Blinert Waste
O Paper, Plastics &
Packaging

m Timber/Wood

23% O Plasterboard
O Canteen Waste
O Mixed C&DW
m Metals

O Insulation Materials

m Miscellaneous Waste

Figure 7.12 Case study 1 - composition by weight (tonnes)
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O Paper, Plastics &
Packaging

m Timber/Wood

O Plasterboard

O Canteen Waste

O Mixed C&DW
25%

m Metals

O Insulation Materials

m Miscellaneous Waste

Figure 7.13 Case study 2 - composition by volume (m )

IS Inert Waste
O Paper, Plastics &
Packaging

m Timber/Wood

O Plasterboard
29%

O Canteen Waste

O Mixed C&DW

m Metals

47% O Insulation Materials

m Miscellaneous Waste

Figure 7.14 Case study 2 - composition by weight (tonnes)
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O Paper, Plastics &
Packaging

m Timber/Wood

O Plasterboard

O Canteen Waste

O Mixed C&DW

m Metals

O Insulation Materials

Figure 7.15 Case study 3 - composition by volume (m3)

m Timber/Wood

O Plasterboard

O Canteen Waste

O Mixed C&DW

m Metals

O Insulation Materials

Figure 7.16 Case study 3 - composition by weight (tonnes)
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O Paper, Plastics &
Packaging

m Timber/Wood

3% 1loe --59%

O Plasterboard

O Canteen Waste

0 Mixed C&DW

m Metals

O Insulation Materials

m Miscellaneous Waste

Figure 7.17 Case study 4 - composition by volume (m )

O Paper, Plastics &
5% 1%rl1% Packaging

m Timber/Wood

O Plasterboard

O Canteen Waste

O Mixed C&DW

m Metals

O Insulation Materials

m Miscellaneous Waste

Figure 7.18 Case study 4 - composition by weight (tonnes)
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The case studies composition contrasts with the ‘snapshot’ projects in that there is a

high degree of mixed C&D W in each one. This category was used when it was

impossible to separate the waste into separate fractions by visual assessment. A

common practice on site was to ‘store’ the waste in a pile or collect the waste around

the site at the end of the week and then dispose of it into the skips. In this case the

auditor found it impossible to identify the separate fractions as the waste was placed in

the skip in one go.

7.10 Limitations of Results

The following are some limitations associated with the results outlined:

O

Each of the audited projects provided ‘snapshots’ of the overall project waste
production and composition over a 6-month period producing a variety ofunit
waste skip factors dependent on the project parameters.

The skip analysis did not include any materials left around the site. Only
materials disposed of in the skips were audited.

The audits did not include any data on excavated soil/stones as none of this
waste fraction was found to be deposited in skips. Nearly 100 per cent of this
fraction was reused on/off site or sent to permitted sites.

There was a lack of data on demolition waste production.

The sample mean unit waste skip factor forproductive infrastructure
construction was based on a sampling size of only three projects.

The accuracy of the conversion factors from the Waste Management (Landfill
Levy) Regulations 2002 (DoEHLG, 2002b) was an area of concern. Table 7.11
provides a comparison of the Landfill Levy conversion factors (CF 1) and factors
(CF 2) obtained from Golder Pty Ltd. (1999) applied to the total composition

figures for the audited projects.
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Table 7.11 Comparison in the use of conversion factors from the Waste
Management (Landfill Levy) Regulations 2002 (CF 1) (DoEHLG, 2002b) and from
Golder Pty. Ltd. (1999) (CF 2) applied to total composition volumes

Materials Volume CF1 Weight CF2 Weight

(m3 (tonnes) (tonnes)
Inactive or inert waste 2396.430 150  3594.645 150 3594.645
Paper, plastics & packaging 2462211 0.15 369.332 *0.08 196.977
Plasterboard 745325 0.40 298.130 0.30 223.598
Canteen/office waste 748.990 0.40 299.596 *0.26 194.737
Timber/wood 4124525  0.60 2474.715 0.30 1237.358
Mixed C&D W 1637.675 0.60 982.605 1.00 1637.675
Metals (including their alloys) 1887.458 1.00 1 887.458 0.28 528.488
Insulation materials 564.555 0.40 225.822  **1.00 564.555
Miscellaneous Waste 122.820 0.60 73.692 **1.00 122.820
Totals 10 205.995 8 300.853

*These conversion factors were averaged.
** There was no factors available for these categories so the factor for ‘others’ was used.

The application of the different sets of conversion factors produces a difference of
1905.142 tonnes. This highlights the need for an accurate set of conversion factors

specifically for the C&D W stream.

154



Conclusions

Th