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Project context: Built Environment Action
on Waste Awareness and Resource
Efficiency (BEAWARE)

Performance , Economic and
Environmental Recycling Assessment
(PEERA) Methodology

PEERA Validation

Recycling optimisation testing
orogramme
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1. Background

<1%

W Agriculture {inc Fishing)
29%

a32%
Mining and Quarrying ’

W Sewage sludge

W Credged materials

Househald

B Commercial <1%

n,
Industrial 2%

Construction and Demalition
13%
Defra, QOPM, Environment Agency, Water LIIK

12%
Total = 335 million tonnes

Annual waste arisings by sector in the UK
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1. Background: waste streams

bricks and blocks

3%
.timber
.puckuging
.dry lining

18%

metal

.other
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1. Background: waste destinations

100. . reused (largely aggregates)
|| sent to landfill
80 . recycled
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2. Project Context I]
B
dWdare

Buillt Environment Action
on \Waste Awareness and
Resource Efficiency
(BEAWARE)
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Founding body: Technology Strategy Board
(TSB), Department for Business, Innovation
& Skills UK

Proiact wvaliie: £1 7 millinn
1 |UJ\IUL CAl s dda THHIN\Y

Duration: 30 months

Consortium: 14 industrial partners and 2
research institutions: Loughborough University
& Building Research Establishment (BRE)
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2. Project Context
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2. Project Context

INPUTS

ENERGY MATERIALS

MINIMISE

Waste Waste
Targeting Mapping

Performance, Economic & Environmental DISPOSAL

Recycling Assessment (PEERA)

2. CROSS SECTOR RECYCLING OPPORTUNITIES .

(Loughborough University) :

1. SUPPLY CHAIN
RESOURCE EFFICIENCY
(BRE)
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3. Performance, Economic &
Environmental Recycling Assessment

(PEERA) Methodology
M1. Waste targeting

M2. Waste composition and hazards

M3. Waste prioritising

M4. Waste sources, quantities and value

M5. Waste costs and current recycling status
M6. Re-use/recycling limiting factors

M7. Addressing the limiting factors

M8. Re-use/recycling options

M9. Re-use/recycling requirements
Re-use/recycling costs and market value
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3. PEERA Methodology Stage 1

Waste Targeting

Sector/process |

(O Manufacture

(O Distribution

(O Point of use

End of life
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3. PEERA Methodology Stage 2

Waste composition
Is waste sent

Waste material Waste composition to landfill?

O ves O no
O ves O no
O ves O no
O ves O no
O ves O no
O ves O no
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3. PEERA Methodology Stage 3

Waste Prioritising Ranki
Re-use/recycling Re-use/recycling anking

Waste material Drivers Barriers
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3. PEERA Methodology Stage 4a

Waste descriptions and causes

Waste material
“Wet waste” O “Dry waste” O

o Rank
Descriptions Causes (quantity)

O  Manufacture

Distribution

Storage

Point of use

End of life
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3. PEERA Methodology Stage 4b

Waste quantities and market value
Waste material
Quantity Market value 19 izl
segregated?
Rating * % Rating * £/tonne
O Manufacture O ves O No
£/tonne
O Distribution O ves O No
£/tonne
O Storage O ves O nNo
£/tonne
O Point of use O ves O No
£/tonne
O End of life O ves O No
* High (over 50%), medium (25% - 50%), low (<25%)
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3. PEERA Methodology Stage 5a

Cost of waste disposal and recovery

Waste material

Disposal cost

% total cost Collection/handling Transport Landfill tax
Rating * Rating * Rating *
% % %
£/tonne £/tonne £/tonne

Recovery cost

% total cost Collection/handling Transport Reprocessing
Rating * Rating * Rating *
% % %
£/tonne £/tonne £/tonne

* High (must be reduced immediately), medium, low (minor costs)
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3. PEERA Methodology Stage 5b

% total

Waste material
Quantity sent to landfill

Current waste status and destinations

Reasons

Recycling

potential

Landfill locations

Characteristics

Potential applications

% total

Quantity being recovered

% on-site
% re-used Applications
% off-site
Destinations
% on-site
% recycled 7% offsite Applications
Destinations
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3. PEERA Methodology Stage 6

Re-use /recycling limiting factors
Waste material
Description Rating *

Limiting factor O Low QO Medium O Critical
Limiting factor O Low QO Medium O Critical
Limiting factor O Low QO Medium (O Critical
Limiting factor O Low QO Medium (O Critical
Limiting factor O Low QO Medium O Critical
Limiting factor O Low O Medium O Critical
* Low = tolerable; Medium = restricts re-use or recycling; Critical = prevents re-use or recycling
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3. PEERA Methodology Stage 7

Addressing the limiting factors

Waste material

Category Timeframe

Limiting factor Recommendation E T Ew O s T T

OO0 OO0
OO0 0O
OO0 0O
OO0 0O
OO0 0O

o O O O O
o O O O O
o O O O O

(E) = economic; (T) = technical; (Env)= environmental; (O) = other

(ST) = short-term; (MT) = medium-term ; (LT) = long-term
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3. PEERA Methodology Stage 8

Re-use/recycling opportunities

Waste material

Sector Environmental impact

Re-use Details
OS SS Cs Increase Neutral Decrease

Current route O O O O O O
Alternative route 1 O O O O O O
Alternative route 2 O O O O O O

Recycling Details Sector Environmental impact

OP SS CsS Increase Neutral Decrease

Current route O O O O O O
Alternative route 1 O O O O O O
Alternative route 2 O O O O O O

(OS) = material recovered on-site; (SS) = material recovered within same sector;
(CS) = material recovered in different sector (cross-sector)
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3. PEERA Methodology Stage 9

Re-use/recycling requirements

Waste material Re-use/
recycling route

Description of re-use/recycling processes

Essential material properties Attainable

] Yes No

Physical O O
Yes

Chemical

Ok
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Recycling costs and market value

o Capital costs: land, facility, machinery, etc.

e Operational costs: labour, running costs,
etc.

 Payback period
o Markets

- Prices: recycled products vs equivalent
non-recycled materials

- Price variations
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4. PEERA Validation: Waste Targeting &
Prioritising

Recycling Cluster 1
Potential PLASTICS
Ranking

Cluster 3 Cluster 4 Cluster & Cluster 6 — i Cluster 6 — B
BRICKS CEMENT ‘catch all’ ‘catch all’ ‘catch all’' CONSULTANTS
& & MANUFACTURING | CONSULTANT
BLOCHKS CONCRTE ]

packaging
1 GRP Spoilt Unzaleable Timber (packaging) Pac:kaging (pallets, shrink wrap, bubble wrap,
(Glass- product= on product boxes, pohestyrans, plastic containers
reinfomed Site (contaminaed), asnsols,
plastic)

plasticinatal wrapping bands, skids,
sheeats.

Composies matends mmed
Diemoktion Pac:kaging Glas= Subs=oil extraction together, maenak joined -Bminaed,
wastes waste Spail (17 product composed of > 1 mater@l)
Pohyrmer compo=stes ladding, door,
dechking, [ & roof tiles |
strengthening plaes)

Laminaed composites

(worksurfaces, fumiture, doors, SIPS,

PC (Pahos
Chlaride)

e
] Fadory waste
PE Scrubber £ (PPE. kichen Stone washing fines Timber (Tregtad} Plastehoard
[ Pahrethylane) exhaust waste, oihy
wastes waste, fabric
waste sl
PIa=tcs (plaEhc pipes . Urndom
PLl Pachkaging Expired Plastic (padkaging) Plastetoard frames, doors, soffits & fascias,
(pohrursthane) cement ducting —corduit, rooflights. flooring,
tempo@ny matenaks: plastic coverng
for floors])
5 PES (Pohrether Unusable Bwpass dust Plastehboard . . Glas= (windows
I ! product=s Sub=ail estraction
H ffactany’) Spail (2

EF OhA
[Bthoslene
Propylans

In=ulaion Timber (untreated)

Diene
hanomer

PET Air fikerfines Hard Core
[Pohrethylans
T,

PR MDOF
[Pohypropylens)

Rubber
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4. PEERA Validation: Waste Mapping
(data collection)

Reasons
* Wolume Walght of waste In r21alion to 1he overall wasks production
e — ** Value of wasie In ralalion bo tha overall wasta value,
-
3 Frocassing | Manulacture | Storage | Transpert | Pointof U= | End of Lile
RANKING | GRADING | ORIGINS | MAIN CAUSES | WASTE TYPE SEG Valome: |A & JL [H @ JC R W e M Jc e [P JtIr @ [T
AT e REGATED |WEIGHT —) T ) ) ) Y
z VALLE®™ | H [M L [H] M Ju JHJu ] JHm]cum]o]nm L
GE I
z B S e B . Y -
Gl S e —  JFL o s s e Jeu. oo
GE IS ﬁﬁ
=
A [ # | T | Fomtef use ma
H [ WM [ L[| Endof e H

Deqgrea of Confidenca
H M L
s =
WASTE QUANTITY & /.
VALUE

CAUSES OF WASTE

Hmwoil:ln mhimLu-l . CURR oF
Polantial appbations { [....36) ] RECYCLING STATUS WASTE

|s

e W e [ - Degree of Confilence
Dearea of Confidence H M L
H M L
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4. PEERA Validation: Waste Mapping
(data results)

PLASTICS

BRICKS &
BLOCKS

INSULATION

Trimmings from

sRP Demolition Insulation
(slass- Wastes:
reinforced _oncrete
plastic) bricks

Demolition Plasterboard off-
P C roofing Wastes: cuts

Clay bricks

P C profile Scrubber f
exhaust

wastes

Folyethylens Damaged
(FE) packaging clay bricks
(factory

Waste)
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4. PEERA Validation (data collection)

A. Material Performance Assessment

o Composition

 Required properties and material for re-use and/or
recycling

« Alternative re-use or recycling methods (if any)

B. Economic Assessment

o Capital and operational costs for re-use and/or
recycling

e Pay-back period for recycling or re-use investment

* Environmental regulations

 Market value of re-used and/or recycled material,

and comparison with the market value of equivalent
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4. PEERA Validation (material

performance & economic assessment

results)

PLASTICS

GRP
(Glass-
reinforced

plastic)

PVC profile

BRICKS &
BLOCKS

Concrete
blocks from
demolition

INSULATION

Clay bricks
from
demolition

Trimmings from
insulation

Damaged
Clay bricks
(factory)

Flasterboard off-
cuts
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4. PEERA Validation

Selection criteria of resulting waste materials
through the validation of PEWA methodology:

chemically stable & occur in sufficient abundance;
sorted at source & high landfilling rate;

do not incur excessive collection; transportation and
processing costs;

can be easily linked with markets for the recycled
products; and

produce results within the BEAWARE project
timeframe

Selected waste: Glass Reinforced Plastic (GRP)
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5. GRP Recycling Testing Programme

GRP Waste Processing

EXPERIMENTAL
PROGRAMME

A. GRP waste B. GRP waste applications in|  [EREIR LR L EUD R
characterisation the polymer sector the construction
sector

{

(Physical, morphological Mixing with virgin rubber Initial Experiments & optimisation
and chemical Properties) and sample preparation casting & curing concrete specimens
‘ 1 (cubes, cylinders, prisms)

Performance tests Performance tests Performing tests
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5. GRP Recycling Testing Programme

GRP waste processing

Sieving GRP waste Fibre content < 5% Powder content about 95%
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5. GRP Recycling Testing Programme

PRatideSzeDistribuion’

GRP waste characterisation

Volume (%)

e T I S -

Physical Characterisation
1. Particle size analysis and O S

particle distribution profile
2. Morphological studies Gy

Chemical Characterisation

1. Glass transition temperature
2. Thermal properties

3. Elemental composition

4. Chemical composition and

polymer types
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5. GRP Recycling Testing Programme

GRP-waste filled rubber composites
| Prototype: Anti-vibration
pad using 50 % GRP
powder

Other application:

¢ Carpet underlay

¢ Bearing pads

¢ Paving drainage pads

¢ Bridge & concrete expansion
joints

¢ Rubber water stops

Rubber
sample for
hardness test
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5. GRP Recycling Testing Programme

GRP waste filled concrete & cement composites

GRP waste fibre filled cement composites
Produced panels: (30x30 cm) 8 &12 mm thick

190 GRP waste powder filled concrete
composite specimens
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5. GRP Recycling Testing Programme

Applications: GRP waste filled concrete &
cement composites

» Architectural cladding panels
* Precast paving slabs

* Roof tiles

* Precast wall elements

e Light weight concrete

e Concrete blocks

Full compliance tests such as durability and fire
properties for specific applications are recommended.
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