New market niches for the Pulp and Paper Industry waste based
on circular economy approaches

This project has received funding from the European Union’s Horizon 2020 research and innovation Programme under grant agreement N° 730305



Circular Case 4, Chemical Sector PaperECham

» Overview of the paperChain project

» Overview of CC4 project activities

* Involved companies

Ethanol production from fiber rejects

Wood based cellulose for cellulose ether production

Ethyl chloride from ethanol

Evaluation of wood based cellulose in Bermocoll® production
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THE PAPERCHAIN PROJECT. DEMONSTRATIVE NATURE
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THE PAPERCHAIN PROJECT. THE VALUE CHAIN. PARTNERS AND STAKEHOLDERS

ADITYA BIRLA

h‘
)
/

ARARLRLLLLAR L
AT,
i |
b ’@
e #

-
4dad

W) ahil
GAIKER Illlllﬁ_ree,mze |

|
|

%acciona J  BOLIDEN

Construction ﬁkIOINOh'El " Domsjp_ |

Tererrrceecereeeert

&
]

. \  ——————————————— A -
LG Megavaa N anf g Slovenske Zeleznice
sustainable l L”“L NANIGATOR SEKAB SZ-Infrastruktura

UNIVERSITY Consinigies o Obas Pibboss, 5.4
OF TECHNOLOGY

processum  ZSPRAL  tecnalio) == @ ESHIT M
VIPAP ZAG i Een

VIPAP VIDEMKRSKO 00000 A=ERAE smme oo .
Proizvednja papirja in vieknin d.d.

-;‘i';’-
H BILLERUDKORSHNAS
%accmna ~ RAGN.A, SELLS
Service E—
SAICAPAPER Endel v hrstaloppet
GOBIERNO |/ srcoseuno —
DE ARAGON i ™ Iiﬁi i | FEroreno

This project has received funding from the European Union's Horizon 2020 research and innovation Programme under grant agreement N° 730305




THE PAPERCHAIN PROJECT. FIVE WASTE STREAMS, FIVE MODELS

CC1. Aveiro. Portugal

Valorisation of Paper Industry’s causticizing
- residuals (i.e. lime mud, slaker grits and
green quu?o—r dregs) as secondary raw
materials for concrete and asphalt
manufacturing
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THE PAPERCHAIN PROJECT. FIVE WASTE STREAMS, FIVE MODELS

CC2. Zaragoza, Valencia (Spain).

Valorisation of ash produced in the energy

recovery from paper waste produced by Recycling
Pulp mills as alternative binder for soil stabilization
works in road projects.

This project has received funding from the European Union's Horizon 2020 research and innovation Programme under grant agreement N° 730305



THE PAPERCHAIN PROJECT. FIVE WASTE STREAMS, FIVE MODELS

CC3. Eslovenia

Valorisation of deinking paper sludge and waste
paper ash produced by Recycling Pulp mills for
the rehabilitation and slope stabilization of
landslides in Railway lines.
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THE PAPERCHAIN PROJECT. FIVE WASTE STREAMS, FIVE MODELS
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THE PAPERCHAIN PROJECT. FIVE WASTE STREAMS, FIVE MODELS
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Valorisation of green liquor dregs produced by
the Pulp industry as reactive sealing layers for
acid rock drainage mitigation in mine waste
deposits.
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Circular Case 4, Chemical Sector
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Ethanol Fermentation, PFD PaperECham
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Hydrolysis/Fermentation of Fiber Rejects P®oecham
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Pulp for cellulose ethers

First stage — Pilot scale investigation

* Pilot scale test run at MoRe Research

 Investigate suitability of Domsjd pulp in
cellulose ether trials
- pilot testing at Nouryon

 Full scale trials at Domsjd Falbriker, 7 cooks in
total

« Different conditions used in the consecutive Voo T A O
cooks Photo 1. Wood Chips from pilot cooking trial

Pulp viscosity is important for cellulose ethers. Other variables that are also
important to follow are brightness, kappa number, and hemicelluloses.
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Ethyl Chloride production paperEChain
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Synthesis of ethyl chloride, PFD PaperEChain

Simplified process diagram

Distillation Product:
column Ethyl chloride

Reactor

HCI {gas)

4 )

T MaOH Ethanol mixture

Water
(Waste treatment)

Ethanol
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paper@Cham
Ethyl Chloride Pilot Plant

* Construction is finished

Programming of control system is finished

Risk assessment completed

Successful trials for production of ethyl
chloride

Final work with fine tuning the process

* Flow rate

Ratio of HCI:Ethanol

Temperature

Distillation frials

Catalyst evaluation 19
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Summary of trial runs

HCl + Ethanol

Catalyst+heat

> Ethyl chloride + Diethyl ether + Water

Diethyl ether is undesirable but small amounts acceptable

Product vessle 73%  22.0% 1% 0% 4.5% 325 100 0.4
reflux 83% 11.2% 2% 0% 4.4% 314 100 0.6
reactor 24% 2.4% 30% 34% 8.7% 314 100 0.6
reflux 65% 1.9% 6% 25% 2.6% 314 100 0.8
reactor 48% 1.8% 17% 22% 11.2% 314 100 0.8
reactor 53% 1.7% 13% 21% 11.2% 317 100 0.8
reflux 39%  0.8% 2% 57% 1.7% 317 100 0.8
reflux 58% 1.1% 6% 33% 1.9% 313 80 0.98
reactor 33% 1.3% 20% 36% 9.1% 313 80 0.98
Mesdbeantiil %  27% 1% 1% 1.3% 310-320 100-80 0.8

paper@Chain
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Cellulose Ether Production
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Evaluation of Aditya Birla cellulose at caperEChain
Nouryon pilot plant

« Trials has been done with Aditya Birla cellulose at Nouryon pilot plant
* Product is evaluated dissolved in a water solution at 1% concentration of the cellulose ether

Results:

Parameter Pilot hatch Specification limits

Viscosity (cP) 515 500 — 800

NaCl (%) 29 0-6

Moisture (%) 15 0—4

Gel content (%) 5.5 0-3

Transparency (%) 82 Min 80%

S60 (%) 95 Min 85%
Conclusion:

Aditya Birla cellulose need to be improved further, with regards to gel content f(insolubles). Viscosity
(DP) and transparency are borderline properties that needs to monitored carefully.
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« Ethanol production

+ Knot rejects and fines (fiber rejects) successfully hydrolysed to a monomeric sugar stream
» Sugar stream fermented to ethanol

« Cellulose for cellulose ether production
» Pilot scale trials to evaluate conditions to be used in scaling up
« Seven full scale trials performed to evaluate new cooking conditions
« Samples for analysis and production tests from full scale tests

. E’rhyl Chloride production

Demonstration rig constructed

Safety assessment performed

Multiple test runs at different feed rates and molar ratios of HCI/EtOH
Different catalysts evaluated

One test run for 25 h to test stability of process

« Bermocoll pilot production

*  Wood based cellulose used for Bermocoll production
« Evaluation of the produced Bermcoll
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