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G 360ECO - Areas of expertise

s Effluent treatment plant optimisation studies (aeration efficiency, chemical fate, microbiological status
and toxicity assessment, evaluation of new monitoring techniques)

s*»Technology scouting — clean technologies, emerging effluent treatment and recycling technologies,
monitoring and control, new packaging concepts (barrier, shelf life extension, light weighting, recycled
content, thermoforming, bioplastics etc)

+*Assessment of UK magazine recycling rates
**EU Ecolabel - tissue, printed paper and copying and graphic paper
s*Training — sustainable packaging, new technologies, BAT

++20 years experience in industrial microbiology, recycling research, and supply chain investigations (eg
damage, shelf life extension)

*»Collaborative research with universities including gasification and pyrolysis, advanced light weight
materials, food shelf-life extending anti-microbials

+»Strategic WRAP projects to reduce food waste; recover food grade PP
s Carbon foot-printing, Environmental Product Declarations
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0 360 ECO paper, packaging and print

s*Filamentous bulking control in the P&B industry **EU Ecolabel tissue, printed paper and copier and
2002 to 2005 i ef

s Advanced process control for liner and flute-
2004 to 2006

*1‘2I\él)87R treatments of P&B waste waters 2005 to

s*Environmental solutions - benchmarking ETP
performance and water quality, 2000 to 2009 #Global packaging w SAETioS < 2013

*Bioplastics roadmap — 2008 to 2010 “*Machine readable inks for food grade PP
*¢*Print and packaging strategy —T&T - 2010 recycling -2014

*»*Sustainable food packaging training programme, +»*Optimising aeration energy for ASP’s- present

DARD NI, 2009 to 2011 **Thermochromic inks for food waste reduction -
*»*Shelf life extension-meeting the unmet needs of present

the food industry -2011 +*Developing commercial routes for a novel anti-
**UK magazine recycling rate survey — 2006 to microbial within paperboard packaging-present
present

+*AD of papermill sludge - 2012 to present

s»Paper ash for advanced building materials —
012 to 2015 (PhD Case award)
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Waste to power
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very day, the world consumes vast quemntities of

energy from fossil fucks, This is now placing immense
pressure on our planet’s natural resources, and the ©O,
produced rom he combustion of Fossl Tucls 15 widdy
bedicved @0 be the principal cause of climate change.
Furihermore, there are increasing concerns over the
price and security of supply of petrodeum and natral gas.
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form of electricity and heat 1o power machinery and o dry
paper sheets. According 1o (e UK Depariment of Enerpy and
Climate Change [ 2], in 2008 the pulpand paper industry with-
i the UK was ranked ﬂhmdw%t@mﬂmm
g fors, ruce ol eqquitvalent of
L8 milion s, Fur the total enengy inpul
ai UK-based paper mills accounds for approximaiely 13% of
operational costs [3]. As the cost for produocing this energy
Increases year upon year, many UK-hased paper mills are find-
ing it wwhy difficull 1o remain and this has
led 10 the chosure of lower lonnage operations that mamfac-
ture commodity grade paper and board products. 1t is ex-
tresiedy difficull 1o redince the bigh enengy demand (fom this
industry without compromising (he raie of production and
qualiny of the: papermaiing process isell. There is therefore
Increasing inferest in aliernative lower cost methods of pro-
widing the energy.
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Landiilling of biogenic waste in (the UK is fast becoming
an unacoepiable method of disposal and in some countoes,
st as Germany and the Netherkands, the disposal of certain
typesof paper mill weay has already heen banned
I5]. Furthermore, landfilling costs are increasing year over
mmmmmmmm
by landspread-
lm:pwmdlll*ﬂdm 1571, o by supplying deinking
shudge for further processing o hecome cattle bedding.
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aletniking sludge @ypically 47 M)Ak, autonomous combos-
Do systems cannot be sustained on this foeel alone; therefore,
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The European pulp and paper industry generates -~ 1.7 million
tonnes per year of paper shadge | 1| Dewatered paper sdge is often
combsted to reduce the amonnt of material requiring dispasal and
this prodoces paper shadge ash (P54, Currently ~12% ktonnes of
PSA are produced each year in the UK and this (s a fine, highly
alicaline (pH = 12) pavder with malstre consent less than 005 w/
w231 Approximately T0% of UK FSA s need in low-valoe
applications such as land spreading where it neuiralises ackd solls
1L Other wses indude a5 a cattle bedding material and as an
addittee in waste effient newtralisation processes. FSA has also
been imvestigated a5 a potential absilic oondrete admixiire, abth-
wigh the porous PSA particles inorease water demsnd and excess
free lime cases durability proldems [35,6). There are increxsing
legichitive, economic and sodal drivers for the development of

Building
algal growth and groeral soding woald have sgnificant advantages

mm'ﬁ.‘i— |uxm
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10, Other important uses for hydrophobic ooastings indude bic-
liomling-resistant. ship bulls and marine infrastnacture, anti-icing
surfaces and cormosion-resistance applications.

P54 has been dry milled in the presence of stearic acid in
experiments designed io investigate the use of PSA as a bloating
agent in sintered g 111 This a
pewder thar coubd nint be foomed into pellets when subsequently
mlwed with water, The optimisation of this effect is repored, with
iydrophobicity assessed by measuring the water contact angle
(WA and the interaction between FEA and stearic acid studied
using Fourier transform infrared spectmscopy (FTTR,

2. Experimental

Faper shidge ash was oheained from a major newsprint moc-
yehing company operating in Southern England {Aylesford News-
peini Lid). This facility produces 400,000 t per year of recycled
newspeint from 500,000 ¢ of waste paper fibre and produces ~70
letonnes of PSA. The chemical composition of PSA was determined
Ty X-ray Fuaresoence spectroscopy (RF, Spectrn 2000 Analyser )
and e mineralogical eomposition of PSA was determined by X-
wary diffracrion (XRD, Mhilips PW 1330 diflractometer system) wsing
A0 mA and 40 kY, Cu radiation.

The surface fanctionaising agents (SHs) wsed o prodoce Bydeo-
phabicity were the saturated fay acids capric ackd [CHo{OH, pOD0R),
weryvistic acid (CH{CH,)pC0O0H), Searic acid (CH{CH, ) COOH) and
Iehenic arid {0 CHy by CO0H). Labaratory prodaction of bydropho-
e powdlers invahverd dry ball milling 500 g batches: of PSA in the



Fibre quality and sources of rejects

Fibre quality is changing:

* Growth of co-mingled collection ~ 96%
of UK households now have kerbside
collection (single source or co-
mingled)

e Growth in use of mixed paper grades
(hard and soft mix)

* MRF’s unable to remove contaminants
* Rejects carried forward to mills

* Papers may comprise ~45% fillers,
coatings and non fibrous substances




Contamination is not unique to the paper sector

Where is the food
grade PP?




Sources of paper mill residues

Secondary
(wasted)
Recovered paper grade Total losses % Course heavy Fine/light Deinking Primary settlement sludge
Graphic grades Newspaper, magazine 15to0 20 1to2 3to5 8to 13 2to5 ~1
Test Liner and flute OCC/mixed papers 4109 1to2 3to6 NA Oto1l ~1
Tissue Mixed office waste 281040 1to?2 3to5 8to 13 15t0 25 ~1

Secondary
Example Production Total losses Course heavy Fine/light Deinking (wasted)
(t/y) (t/y) (t/y) (t/y) (t/y) Primary settlement (t/y) sludge (t/y)
Graphic grades 400,000 60,000-80,000| 4,000-8,000 [12,000-20,000(32,000-52,000 8,000 4,000
Test Liner and flute 500,000 20,000-45,000 | 5,000-10,000 | 15,000-30,000 NA 0-5,000 5,000

Tissue 40,000 11,200-16,000 400-800 1,200-2,000 | 3,200-5,200 6,000-10,000 400




Composition of ‘typical’

-

Primary sludge

Secondary
sludge

Deinking
sludge

Coarse rejects

Screen rejects

40-50

56

55

55

solids
%
50

Organic
matter %

50

92

90

60

50

50

10

Fibres, filler,
coating clay,
calcium carbonate

Calcium carbonate,
microorganisms,
fibres

Fibres, calcium
carbonate, ink,
kaolin

Fibres, wet
strength paper,
plastics

Fibres, plastics,
stickies

sludge and rejects

Energy
MJ/t(wet)

2,690

4,000-5,000

3,000

12,000

8,000

Energy
MJ/t (dry)

7,000*

22,9001 /23,8007

1 Waste to power — Quadi et al 2012. Tappi Journal, Feb, Vol 11, No2

2 BREF 2014



BAT Conclusion 12 — waste management

‘In order to reduce the quantities of wastes sent to landfill, BAT is to implement a
waste assessment (including waste inventories) and management system so as to
facilitate: waste reuse (or failing that), waste recycling (or failing that), other
recovery, including a combination techniques given below’

A

Separate collection of different waste fractions
(including separation and classification of
hazardous waste

Merging suitable fractions of residues to
obtain mixtures that can be better utilised

Pre-treatment of process residues before reuse
or recycling

Material recovery and recycling of process
residues on site

Energy recovery on — or — off site from wastes
with high organic content

External material utilisation

Pre-treatment of waste before disposal

Generally applicable

Generally applicable

Generally applicable

Generally applicable

For off site utilisation the
applicability depends on the
availability of a third party

Depending on the availability of a
third party

Generally application

~  FEEDSTOCK STRATEGY

— END USE




BAT Conclusion 12 is a feedstock strategy to meet end
use (r) needs

Calorific value

Fine rejects Large, heavy
ﬂrlmrm& rejects rejects
LA A Plastic, folls, etc. Wires, ropes, ragger
\ 4 Y Y
Transportation Transportation Transportation Transportation
Conditioning Conditioning Size detection Rope shredding
Cantrifuge Pre-dewatering Metal detection 1  Magnetic separation

;p Pressing Mstal separation! = T
: ; —>| Mixing & conditioning |
Transportation Pre-shredding

| Loglstics, transportation ‘
Metal detection 2 Fi h‘ ddi
s ne shredding
Metal separation 2
; Metal separation
Compacting, —
pressing Non-Fe separation
Secondary .
shredding | Transportation
Conditiening
v * l
S o | Sl Incineration

#

Example shown is from RCF-based test liner and fluting mill



‘Wet Fuel Feedstock’ — Mayr-Melnhof Cartonboard — Austria?

Parameter Effluent ﬁconomics: \
sludge *Investment = €5-
6 million

Fuel ratio 7,500 5,000 2,500 15,000 persi e
cV (ki/k 5,898 15,700 340 Sl

/ke) ' ’ 0.6million/y
Dry Solids % 45 85 15 53 *Savings

estimated at €1.3

&nillion/y J

1 BREF 2014

November 23, 2015 Advanced technologies for paper sludge and rejects 12



Reduce

Recycle

Recovery

Dispose

Technologies Feedstock Products
Not applicable
Not applicable
No commercial technologies
Near closed loop Rejects identified
Near closed loop Paper sludge Calcitech
Open closed loop Rejects Mixed plastics compounding

Open closed loop
Gasification

Papermill ash
Rejects/paper sludge

(pipes, rainwater goods, pallets, planks)
New materials/building products
Syngas for new chemical products/ash

Gasification
Pyrolysis

Incineration
Anaerobic digestion

Rejects/paper sludge
Rejects/paper sludge

Rejects/paper sludge
Paper sludge

Syngas for energy recovery/ash
Pyrolysis oil for energy recovery/ash

Heat and power/alkaline ash
Methane for energy recovery/digestate

RDF/SDF Rejects Fuel (solid)

Composting Paper sludge Soil improver/organic cover

Landspread Paper sludge Soil improver/organic cover
Rejects/paper sludge None (GHG emissions)

Landfill

[ N N



Emerging techniques for treatment of mill residues



1 Paper sludge AD and potential for gas
displacement

Mill 1 Mill 2

60

50

40

30

20

10

0

M Specific methane yield (Nm3/T) B % replacement of purchased methane

NB: 1 tonne ‘green waste’ generates 115Nm3 biogas containing 75 Nm3 methane



Constraints to scale up ?

1. Behaviour of paper sludge in
larger volumes (concretion?)

2. Gas evolution (biogas and
methane content) at larger
volumes -

= 4

3. Behaviour of other paper sludges? =

4. Process robustness with time (mill 5= R
shuts/start ups)

5. Digestate ‘quality’ and recovery of
inorganic fraction for further use

6. Installation cost/ROI- incentives?




2 Wet oxidation - Genesyst

* Gravity Pressure Vessel —a 700m deep
shaft into which are inserted a ‘feed-in
pipe’ allowing cellulose feedstock to
be delivered to a reaction chamber

* Conversion of cellulose to sugars takes
place in a weak acid environment at
high temperature and pressure

* ‘collection pipe’ returns ‘converted
sugars’ for fermentation to ethanol or
methane

* Target - 425,000 wet tonnes of
biomass annually and generate 88,000
m3/y of ethanol by 2016

Oxygen

ﬁ Effluent
Input Sludge
" EHeat
_[Exchanger
Super

Heated
Water

Operating
Gravity
Pressure

‘Outline planning’ permission for first UK facility at The Maltings Organic Treatment Plant, N Yorkshire



Rejects — what can you do?

* Landfill “£80 per tonne Consider:

« Centralised ‘fuel carrier’ ~100,000tpa  ® Conversion to value add products

* Rofire ~ 35,000 tpa of rejects * Pallets, rainwater goods, fruit
pelletised (production 530,000 tpa) boxes

* Incineration with energy recovery — * Advanced thermal technologies
largest manufacturers only e Gasification

*What can | do if | make * Pyrolysis

40,000 to 200,000 tpa and * Refuse derived fuel ?
generate 2,500 to 12,000

tpa rejects?



3 Recycling ‘conditioned’ mixed plastic rejects
into value-add products?

Better for Building Projects, Better for the Environment

dusign Ry ulises the lalest

Eee, S
CTR/c Capyg fﬂON- 1

Conditioned rejects may still qualify as a waste rather than ‘feedstock’




4 Gasification - INTERVATE

‘Gasification requires disciplined
processing of feedstock for

successful operations’

* Intervate’s experience in waste
management and deﬁloyment of
pellet production technology should
widen the feedstock envelope

* EA Permit allows wide range of waste-
sewage sludge, paper rejects

 Co-location with waste wood
companies, process sites and ability
to process lower grade materials are
key goals

Cradley Heath 3.6MWe Biomass Facility
Gasification facility processing waste wood



Recycling Q

5 Pyrolysis -

Technologies

RT has developed an innovative
modular solution which converts Mixed

Plastic Waste into PlaxQil™. S
i —
‘ RT7000: 7,000 tpa MPW => 5,200 tpa PlaxOil
A RT2300: 2,300 tpa MPW => 1,700 tpa PlaxQil
Fusl Sterage for rentspoit

MODULE 1 Unsorted Mixed Plastic Waste (MPW) is
shredded and dried .

MODULE 2 The MPW undergoes Advanced Thermal
Treatment, producing a hot hydrocarbon gas from which all
contamination is removed.

MODULE 3 The clean gas is condensed to form a clean low
sulphur hydrocarbon we call Plaxx™. This commodity can
be used as slack wax, industrial heating oil, diesel engine
for marine transport or CHP.




6 Off-site fuel carrier for incineration - Qlyte

T \‘||i| i,
7 -

| ‘;M I ‘
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* Large scale facility fully owned and operated
by Qlyte in Delfzijl (NL)

* Input 100,000 tpa of paper-plastic waste
fractions from NL, Belgium, Germany and UK

— i

* Output approximately 75,000 ton per annum
of Subcoal® pellets

* Fuel pellets marketed in Netherlands,
Scandinavia and Germany for co-combustion
in:

e Lime kilns
e Cement kilns
* Power stations




7 Off site fuel carrier for incineration - Fibre
Fuel Ltd

* Feed stocks: non recyclable packaging,
poly-coated board, adhesive labels,
photographic paper, waxed paper,
short fibre paper sludge etc

* 6 X Warren Baerg Model 250 ‘cubers’
* 1-8 tonnes/hour/’cuber’

* Each cuber delivers 24 to 192
tonnes of ‘Cubed Energy’ per
day~7,000 to 56,000 tpa




Around 2.4 million tonnes of RDF was exported
to Europe in 2014 - a short term solution?

7,140

15,931\%43

48074 ‘

000000

R S S S S T S < SR S R < S G S R SN <. I R~ SR R S\

= Netherlands = Germany = Sweden Denmark = Norway = France = Belgium

RDF — abundant and production expected to reach 9 million tonnes by 2020



8 Sustainable solutions for PSA

Imperial College
London
e EPSRC Industrial Case PhD Award at Imperial College London

¢ Industry demand for low density, lightweight filler (LWFs) particles

e Manufactured from PSA (20%) and waste glass (80%) Aylesford Newsprint

e LWFs produced with diameters from 1 to 7mm with densities <1g cm3

e Novel high-value, re-use application %
RN |
?}‘? / :
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BAT Conclusion 12 ‘Feedstock strategy meeting end use(r)
need’

Shift in environmental burden
to another media eg

increased GHG or energy use BAT optimum

Current technologies

BAT Conclusions applied

Emerging BAT technologies

Environmental impact

= Negative cross media effects e Feedstock optimisation / reducing landfill
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