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INTRODUCTION

A Performance and Economic Waste Assessment (PEW A) methodology was developed part of the
government and industry funded “Built Environment Action on Waste Awareness and Resource
Efficiency” (BEAWARE) project. The PEWA methodology is a waste mapping and decision
support tool to explore waste recycling potential opportunities. It addresses several issues such as:
gathering lifecycle data on waste types and quantities; examining disposal and current recycling
costs; identifying and addressing reuse and recycling limiting factors (i.e. economic, technical and
environmental); ranking waste materials in terms of their recycling potential; and assessing the
feasibility of reprocessing routes. The PEWA methodology comprises ten stages, which are
summarised below.

THE PEWA METHODOLOGY STAGES

Stage 1: Waste T argeting

Waste materials produced within a process or AR TR
sector are listed, and their lifecycle occurrence |
(i.e. manufacture, distribution, point of use and O Manuacure | |

end of life) isidentified.

O Distribution ‘ ‘

O Point of use ‘ ‘

O Endofife | |

Stage 2: Waste composition _ Waste composition < waste sent
Information regarding physical and chemical Waste material  Waste compositon o landfil?

to landfill?

composition of the identified wastes from Stage | || | Ove O
1 isthen collected. Theaim isto identify which | | | Ove O
materials may be currently classified as | || | Cv Ow
hazardous. If hazardous waste materials are

identified and are currently disposed of to | | | Or= O
landfill, it is recommended to focus on the non | || | O O
hazardous waste materialsin Stage 3. | || | 0w Owm
Stage 3: Waste prioritising ——

W aste prioritising comprises an initial screening oot e usereeycling - Rewselrecycling - fanking
process, wher(_eby the _main rec_ycling drivers and 1| || | ]
barriers associated with the listed wastes from

Stage 2 are identified and analysed. Based on | | 0
the findings of recycling benefits and 11 | | | [
constraints, waste materials are then ranked in | | 0]

terms of their recycling potential and the top
waste materials with high recycling attributes | | | ]
are examined and assessed further in Stage 4.
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Stage 4: W aste causes, quantities and value
Stage 4 requires further examination of the waste material quantities (including percentages of the
total arisings occurring during each lifecycle stage). For each selected waste from Stage 3, mapping
information of waste causes and descriptions, quantities and market value, and whether or not waste
is segregated at source is collected. Waste is also identified as either a “wet” or “dry”. At the end of
Stage 4, the decision process is based on waste materials which are segregated, occur in medium to
high quantities, and have a high market value. The use of the terms “high”, “medium” or “low” are
subjective and will vary depending on the market val ue of waste materials.

Waste descriptions and causes Waste quantities and market value
Wastematerial [ ] Wastematerial [ ]
“wetwaste' O *Dry waste' O Quantity Market value I;g’ra:;:ted?
Descriptions Causes ( Ranlkt ) Rating * % Rating * Eltonne
RIS O Manufacture O ves O no
O Manufacture | | \ | ‘ L] | I ]
£ltonne
O Distibution | ‘ ‘ | ] O Distribution | 1] | 1L ] Oves Ono
£ltonne
O storage | [ ]| [T ] Oves Ono
O  Storage [ | [ | ] o
O Pointofuse | ‘ ‘ | ] O Point of use | 1] \M [T ] Oves Ono
omne
O Endoflife ‘ ‘ ‘ ‘ l:l O End of life ‘ ‘ l:l ‘ ‘ l:l O ves O no

* High (over 50%), medium (25% - 509%), low (<25%)

Stage 5: Waste costs and current recycling status

Quantities of waste currently sent to landfill, re-used or/and recycled are quantified in Stage 5. For
wastes which are being disposed of, their landfill locations and potential recovery and recycling
routes are examined. For waste materials currently re-used or recycled, information gathering
includes whether the recovery process is conducted on-site or off-site, the current reuse or/and
recycling locations and applications, and an indication as to whether the application is low-grade or
high-grade. Additionally, disposal costs and reuse or/and recycling costs are also studied. These are
further divided into categories, including waste handling, transport, landfill tax and reprocessing
From the above information, waste materials which are entirely recovered and used in high-grade
applications are not considered further in Stage 6.

Cost of waste disposal and recovery Current waste status and destinations
waste material | WSO mERHE |8
Disposal cost Quantltysen!lola.\ndflll . ‘ ‘
Recyclin
% total cost Collection/handling Transport Landfill tax % total pmeymiaF Characteristics ‘ ‘
[ Rating | | raing?] | Raing| \ I ftdftm'v:ﬂt } }
Z % Z % Z ] Ruaniiylsnobecoieicd
Recovery cost o eRser l;l_
% total cost Collection/handling Transport Reprocessing l:l ol RS l:l
|:| Rat\ng*‘ ‘ Ratmg*‘ ‘ Ratmg"‘ ‘ % total l%:mlsne
« OO - O+ O ] ] ]
£ltonne |:| Eltonne |:| £ltonne |:| %’I%l':'ed % off-site
* High (must be reduced immediately), medium, low (minor costs) l:l Destinations l:l
Stage 6: Re-use/r ecycling limiting factor s
Factors which may restrict or even prevent re- At L
use or recycling of the selected waste materials Wastematerial L]
. . . Description Rating *
are investigated in Stage 6. These are generally Himngactor | | Otow O wetm O crte
classified under four categories: economic, Limitingfactor | | Otow O wetm O crte
technical, environmental and others (i.e Limiting factor | | Oton O Mesim O e
logistical). The weighting of limiting factors are Limitingfactor | | Ot O Metim O G
low (easily addressed); medium (restricts re- Limiting factor | | Otow O Mesum O Gl
use/recycling); and critical (prevents re-use or Liniting factar | | Oton Omeam O cia
recyC“ng) Wages Wh|Ch are not affectaj by * Low = tolerable; Medium = restrits re-use or recycling; Critcal = prevents re-use of recycling
critical limiting factors are then selected to
proceed to Stage 7.
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Stage 7: Addressing the limiting factor s
In Stage 7, potential recommendations for

addressing the limiting factors and associated Addressing the limiting factors

timeframes are explored. The limiting factors wastematerial L 1 gy mimerane

are classified as E (economic), T (technical), | ™ot Feemmewdien e qoeoo e

Env (environmental), or O (other); the | I | es®e wee

timeframe may be ST (shortterm), MT | | | /| 0000 000

(medium-terms), or LT (longterm). Waste | . | /| 0000 000

materials, for which limiting factors could be | | | 0000 000

addressed over a suitable timeframe related to | | | |/ 0000 1000

the company’ s priorities and resources, through | @ netere - 0 o

optimisation (i.e. testing programme), are then

selected for further investigation in Stage 8.

Stage 8: re-use/r ecycling opportunities

The re-use and/or reCyC”ng routes  are Re-use/recycling opportunities

investigated in Stage 8, including those currently Wasemateial [

being pursued. Reprocessing methods are | reuse betaile = Environmental impact

constantly being developed and there may be |cwwwe 000 O O O

more profitable, higher-grade applications for | Aemaverower [~ 1O OO O O O
Altemative route 2 |:| O O O O O O

waste materials currently reprocessed for low-
grade applications. The current and potential re-
use and recycling routes for the selected waste
material are identified. These may involve onsite

Recycling Details

OP Ss CS

curme [ ]0 OO
Altemative route 1 l:l O O O
Altemative route 2 l:l (ONONO)

Sector Envi
I

ironmental impact

(0S)= material recovere d on-site; (SS) = material recovered within same sector;
(CS) = material recovered in different sector (cross-sector)

recycling waste, same sector, cross sector or
pan-industry recycling.

In addition, reprocessing routes which lead to an overall reduction in CQ emissions emanating
from the product lifecycle should be identified. Any re-use or recycling routes known to have a
negative impact on the environment (i.e. increase of CQ emissions) should be discarded.
Stage 9: re-use/recycling requirements
Information regarding waste material or
recycled product properties is collected.
Standards (e.g. impurities content, mechanical
strength) may be imposed by waste recycling |

Essential material properties

Re-use/recycling requirements
Waste material |:| Re-use/
recycling route

Description of re-use/recycling processes

>
=
o
S
)
S
®

contractors, or will be detailed in codes and hysical | 155 ¢
standards such as British Standards and other

relevant documents (i.e. Highways Agency | chemca | foNe
specifications for recycled aggregate). Waste i ‘ folo

materials which comply with the relevant codes
and specifications and standards are selected for
thefinal PEW A stage.

Stage 10: Re-use/recycling costs and markets
For reprocessing the waste material, a detailed investigation needs to be conducted in the last
PEW A Stage on the capital and operational costs, the payback period, as well as current market
prices and their variations. Capital costs include purchasing machinery and equipment, fees (e.g
consultants’ fees during design and development), buildings (e.g. new, or alterations), overheads
(e.g. administrative, licensing), and possibly land being purchased. Operational costs include
labour, equipment operations (including fuel consumption), equipment maintenance (e.g. repairs)
overheads (e.g. inspections), and possibly rent paid for use of the land. The influence of future
environmental legislation on the viability of reprocessing should also be considered. The market for
primary and recycled materials should also be investigated, including current market prices, how
these have altered during the past few years, and what changes may occur in the near future.
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Capital costs of a potential onsite reprocessing route Operational costs of a potential onsite reprocessing route
Waste material [ | Rewuse/recycling route l:l Waste material || Reuselrecycling [ ]
Type Ranking Value (£) Details Type Ranking Va\tzzl:g Details

Land purchase gA e e \—1 Land lease hg s %gh \—1

Equipment O O O O L 1 Operation O O O O L 1

Fees o O O O L 1 Maintenance O O O O L 1

Buldngg O o O o [ ] Labour o o o o L[]

Overheads O O O O L 1 Overheads O O O O L 1

Other o o o o L[] Other o o o o L[]

. . . Market prices for primary and recycled materials
Payback period and effects of future legislation

Waste material [ rewsseoingrove ]

Payback on capital costs
Short-term (<3 years)

(@] ©) @)
Payback on operating costs

Medium-term (3-10 years)  Long-term (over 10 years)

Short-term (<3 years)
(0] (@) (@)

Effects of future legislation on financial viability (provide details)

Medium-term (3-10 years)  Long-term (over 10 years)

Waste material
Primary (virgin) materials

Current value (£/ tonne)

I

Recycled waste materials

Current value (£/ tonne)

I

T L —

e |
past 3 years
kD

changes in the
next 3 years

Price changes during
past 3 years

L ]
L ]

Anticipated price
changes in the
next 3 years

SUMMARY

The PEWA methodology was validated within the BEW ARE context following a series of
workshops and surveys, during which information was collected directly from construction product|
manufacturers. More than 45 waste materials were identified during the initial waste targeting datq
collection (PEWA Stage 1). Through a filtering and selecting process across the PEWA
methodology stages, 10 waste materials with high recycling potential were selected for the final twa
stages. re-use and recycling requirements (Stage 9) and re-use and recycling costs and market value
(Stage 10). Within the timeframe of the BEA W ARE project, focus has been directed towards waste
materials that: occur in sufficient abundance; are chemically stable; are sorted at source; do not
incur excessive collection, transportation and processing costs, and can be easily be linked with
markets for recycled products. As aresult, Glass Reinforced Plastic (GRP) was selected for waste
optimisation leading to new applications. Hence, a laboratory testing programme has been directed
towards assessing the potential of recycling GRP waste in rubber composites and concrete
composites. Although the validation of the PEW A methodology led to new products within the
construction sector, this could be customised and used for awide range of construction cross-sector
applications or in other industries.

FURTHER INFORMATION AND CONTACT

The full PEW A methodology report and the testing results are available in the BeA ware website:
www .beaware.org.uk. For further information please contact:

Mohamed Osmani (Loughborough University)

Tel: 01509 228155;

Email: m.osmani @I boro.ac.uk
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