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Sodahuskonferensen 2017

8:e november 2017

Stockholm Waterfront Congress Centre, Nils Ericsons Plan 4, Stockholm

08:30

Registrering och kaffe

Vdlkomsthaélsning

Kaffe serveras i leverantorsutstédllningen

Kristian Rosenqvist, AF

09:15 Smelt spouts- Extending operating life with

increased safety

Thorsten Lapstich, GE Power

Paus med fika i utstdllningen

10:40 - Mesaugnar med < 1 mg/Nm?3 NOx och
< 1 mg/Nm?3 stoft - hur &r det méojligt?
- Erfarenheter av vat filterteknik fér rening av
rokgaser frdn mesaugnen
11:00 SCR-installation for NOx-reduktion i
sodapannor
11:20 Sodahuskommitténs verksamhet under aret
11:40 Oft6rstérande provning av komposit

Lunch i utstdliningen

Mikael Myrén, Clean Combustion

Agneta Funke, BillerudKorsnas Froévi

Rickard Perman, Andritz

Kajsa Fougner, AF / Sodahuskommittén

Lisa Ydrefors, DEKRA

13:20 Ny teknik for rening av metanol
13:40 Skador pa sodapannor och

indunstningsanlaggningar 2016/2017
14:00 L3gtemperaturkorrosion i sodapannor
14:20 Kolfiber frén lignin

Paus med fika i utstdllningen

Fredrik Vedin, Valmet

David Good, DEKRA / Sodahuskommittén

Patrik Yrjas, Abo Akademi

Sverker Danielsson, RISE Bioeconomy

15:20 Hur man brénner mesa pa en sekund
15:40 Finska Sodahuskommitténs verksamhet under
dret
16:00 Tekniska nyheter
- Optimering av reduktionsgrad
- Molten splash garment development
16:35 Avslut och sammanfattning av dagen

Par Erik Martinsson, FindIT

Markus Nieminen, FRBC

Timo Laurila, Valmet
Jim Ellis, Gore

Kristian Rosenqvist, AF

.'\—————-‘
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konferensen



Smelt spouts- Extending operating
life with increased safety

Thorsten Lapstich, GE Power
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Smelt spouts
-Extending operating life with increased safety

Thorsten Lapstich thorsten.lapstich@ge.com
Product Sales Manager Boiler-Industry/Amstar

Mats Helgesson GE Power Sweden. mats.helgesson@ge.com
Edward Ramsten GE Power Sweden. edward.ramsten@ge.com

November 7 & 8, 2017

Imagination at work
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GE Power - Global technology provider with strong roots in Sweden

GE Power:

* Alstom Power is GE Power since 2015, a part of General Electric
group with of over 300,000 employees in 150 countries

Our vision

» To develop, deliver and maintain plant systems that meet the market
demands for environmental performance, availability and low Electricity
& heat production costs.

Some facts

o 125 years as plant & service provider for many of the Swedish power
plants

» Large focus on Boiler, Environmental, Steam turbine, Gas turbine and
Generators

* A global network of Research & Development and engineering
resources

(%6) z

N . ) .
© 2015 General Electric Company. Proprietary. All Rights Reserved.



POWER SERVICES EUROPE
Building the bridge to the future of energy

Our 2304years

- of collective
Business ind
5,100 P
installed

assetsin
£6 countries

90 OEM
brands
19 Ml e

Cross fleet
solutions

XN

Our
Fleet360*

Our
Installed

generators

heat recovery

steam

generators
boilers

Our
Solutions

» Clean air: reducing
NOx (Nitrogen) by
92% and SOx (Sulfur)
at99,5%

» Steam turbine
efficiency gains up to
10% with retrofits

» Power output increase
by 10% with gas
turbine upgrades

» Flexibility: power
plant start-up in 15
mins, minimum load
at 10%

» Digital solutions:
potential €1.2 million
cost avoidance

» The world’s largest 3D
printed gas turbine
component

« World's first battery
storage and gas
turbine hybrid




Where is the purpose of the smelt Spouts?
Chemical Recovery Units (CRU)

Chemical Recovery Units

[A__

”[ ) s o I ;
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the industrial processes
used to efficiently convert
wood chips into paper.

are an important part of ’ ﬂ%} j
il

o
.

Recovery Boilers produce | 1 |

. |
steam that is used to Smelt Spout  Discharge =
generote electricity ond Molten Smelt from boiler.

for heating purposes in
the kraft processes; as

well as recovers the
valuable cooking
chemicals used in the x| B | &

&

© 2015 General Electric Company. Proprietary. All Rights Reserved.




Where is the purpose of the smelt Spouts?
Chemical Recovery Units (CRU)

The Smelt Spout product
is only used within the
Pulp & Paper Industry and
only on Chemical
Recovery Units.

CRU

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Where is the purpose of the Smelt Spouts?

Chemical Recovery Units (CRU)

Molten Smelt Flow Through Spout Opening

© 2015 General Electric Company. Proprietary. All Rights Reserved.



What is the task of the smelt Spouts?

Chemical Recovery Units (CRU)

Smelt Run-Off Flow

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Safety problems Smelt Spouts

Chemical Recovery Units (CRU)

Steam Shattering of
Smelt Stream before
entering MDT

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Safety problems Smelt Spouts

Chemical Recovery Units (CRU)

WATER & SMELT DO
NOT MIX!

Damage incurred from one
Smelt Spout Failure

Safety

One of the main hazards in operation of recovery
boilers is the smelt-water explosion. This can
happen if even a small amount of water is mixed
with the solids in high temperature. Smelt-water
explosion is purely a physical phenomenon.

The liquid - liquid type explosion mechanism has
been established as one of the main causes of
recovery boiler explosions.

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Safety problems Smelt Spouts

Chemical Recovery Units (CRU)

WATER & SMELT DO NOT MIX!

Competitor Design
Water Jacket
Failure

Initial Point of
Failure

%)f 10

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Safety problems Smelt Spouts

Chemical Recovery Units (CRU)

Smelt Spouts Normal Conditions :

https://video.search.yahoo.com/yhs/search?fr=yhs-mozilla-
003&hsimp=yhs-
003&hspart=mozilla&p=smelt+spout+explosion&vm=r#id=2&vid=

c6066adda878feaeda47035e497e269c&action=view

Abnormal Conditions - Plugged Spout- Safety

www.voutube.com/watch?v=opvwBU20QP7s

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Safety problems Smelt Spouts

Chemical Recovery Units (CRU)

Just remember ...
for

Chemical
Recovery Boilers
(CRU’s)

WATER & SMELT DO

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Product Variation (OEM) Water Cooled Spouts

Water Cooled
Smelt Spout Flow
Pattern

Welded
Construction

Chemical Recovery Units (CRU)

20 GPM per Spout

150 -180F Inlet
Condensate

Quality

TS ) SR
Standard Water
Cooled Smelt Spout

P/N 421751 Cross Section

13

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Product Variation (OEM) Water Cooled Spouts

Chemical Recovery Units (CRU)

Chromized Smelt Spout

ChromeXL™ Water Cooled Smelt Spout
(P/N 421751-C2)

Required Inspections

Recommended Life - 6 to 12 Months

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Product Variation (OEM) Water Cooled Spouts

Chemical Recovery Units (CRU)

Water Cooled Arrangement

Water Cooled Smelt Spouts

Steam Shattering Spray System

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Installation area of the Water cooled Smelt Spouts

16

© General Electric Company. Proprietary. All Rights Reserved.



Product Variation (OEM) DrySpouts

Chemical Recovery Units (CRU)

DrySpoutsTM Eight Degree Sixteen Degree

Commercial: Since Fall 1997
with Refinements in Spring 2000

- Lower Maintenance / Inspections

- Recommended Life — 3+ Years

Thickness: About 7,5 cm (3 Inches) thick at the
wear point

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Installed (OEM) DrySpouts

Chemical Recovery Units (CRU)

 Thickness: About 7,6 cm
thickness at the wear point

 Material Nickle Chrome Alloy

18

© 2015 General Electric Company. Proprietary. All Rights Reserved.



Inspection of DrySpouts

Chemical Recovery Units (CRU)

e Daily viewing inspection interval

» Outage inspection with cleaning
and measurement at the wear
point

e Thickness wear point under 2cm,
the spout must change

© 2015 General Electric Company. Proprietary. All Rights Reserved.
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Summary DrySpout™ vs Water Cooled

Value Proposition

DrySpout™ vs Water Cooled

e Elimination of the need for a cooling water circulation and associated
equipment.

* Lower Maintenance on peripheral Equipment
» Fewer Required Inspections

» Improved life is longer

* Elimination of Potential Steam Explosions

e Improved Operational Safety

» More than 15 years experience with water cooled spout

© 2015 General Electric Company. Proprietary. All Rights Reserved.

20



Smelt Spouts Part Numbers

Chemical Recovery Units (CRU)

Smelt Spouts by Part Numbers:

Two (2) Configurations of Water-Cooled Smelt Spout
421751 & 802327

Two (2) Configurations of CHROMIZED Water - Cooled Smelt Spout
421751-CZ2 & 802327-CZ

Three (3) Configurations of B&W Water - Cooled Smelt Spout
2148737,4616671 & 7002050

Three (3) Configurations of the DrySpout™
DS-SS08-03-LONGFIBRE-SPEC, DS-SB16-04 & DS-SB16-04-CAMPTI-SPEC

@ 21

iy . . .
© 2015 General Electric Company. Proprietary. All Rights Reserved.






Mesaugnar med <1 mg/Nm3 och <1
mg/Nm3 Stoft. Hur ar det mojligt?

Mikael Myrén, Clean Combustion

Erfarenheter av vat filterteknik for
rening av rokgaser fran mesaugnen

Agneta Funke, BillerudKorsnas Frovi



o : i S
(bLeAN COMBUSTION' o ViBAT  sicerucsorsis

MESAUGNAR MED <1 mg/Nm3 NOx OCH <1 mg/Nm3 STOFT

HUR AR DET MOJLIGT?
2017-11-08

Mikael Myrén
Projektledare
Clean Combustion

www.cleancombustion.se




(b.e2N covBusTION

DYNAMIC PERFORMANCE

« Grundat 1999 ifran problemldsning inom forbrannings processer
» Levererar forbranningssystem anpassade och integrer ade mot kundens anlaggning
* Arbetar mot effektivare energihantering och minskad miljopaverkan

www.cleancombustion.se -
2



(b.en comBusTION PROBLEMFORMULERING

DYNAMIC PERFORMANCE

MESAUGNAR MED <1 mg/Nm3 NOx OCH <1 mg/Nm3 STOFT
HUR AR DET MOJLIGT?

ZERO EMISSION VISION

Hur kan man reducera energikonsumtion och oonskade utslappsgaser
ifran forbranningsprocesser utan att paverka produk tionsbehov?

www.cleancombustion.se -
3



(b.eAn covBusTION OMRADESUPPDELNING

DYNAMIC PERFORMANCE

ENERGI- EMISSIONS-
EFFEKTIVISERING REDUCERING

RESULTAT &
UPPFOLJNING

MATPRINCIPER

ZERO
Mission
VIS,'ON

www.cleancombustion.se -
4



(ALEAN COMBUSTION MESAUGNSANLAGGNINGE

DYNAMIC PERFORMANCE N

ROKGA
S
FILTER

BRANSL
=

ZmMmd0naoTOXNWM

BRANNARE

www.cleancombustion.se -
5)



(b.eAn covBusTION ENERGIEFFEKTIVISERING

DYNAMIC PERFORMANCE

ENERGIFORDELNING PAVERKANDE FAKTORER
* Energiforluster genom kalcinering » Branslehantering och mediastyrning
» Energiforluster genom utdrivning av * Brannarens utformning och
vatten branslehantering
» Energiforluster genom rékgaser « Ugnens isoleringsférmaga
e Energiférluster genom mantel « Gasfloden och uppehallstider

ROKGA
S
FILTER

BRANSL

E

ZmMmMd0naoTDORXWM

BRANNARE

www.cleancombustion.se



(b.en comBusTION MATPRINCIPER

DYNAMIC PERFORMANCE

ENERGIEFFEKTIVISERING

e Matprincip: Tillférd Energi per Producerat Ton CaO
« Kampanjer: Baseline, Prestanda Prov
« Utférande: Att vid tva tillfallen med godtagbart lik a process inom

ramen for anlaggningens bevisade kapacitet genomfor a
jamforelsebara datainhamtningar i enlighet med 6ver enskommet

ramverk.

www.cleancombustion.se -
7



(oL comusTION ENERGIEFFEKTIVISERING
West Coast Paper Mill, Dandeli;
Indien

_ BASELINE PRESTANDA PROV | ENHET DIFFERENS

Torrsolider Mesa 73,63 73,68 +0,05
Mesainmatning: 18,41 18,33 TPH -0,08
Tillford Olja: 1341 1248 LPH -93
Produktion: 8,52 8,74 TPH CaO +0,24
Energiférbrukning: 157,34 142,82 L/T CaO - 14,52

www.cleancombustion.se n



(oL comusTION ENERGIEFFEKTIVISERING
SAPPI, Ngodwana, Syd Afrika

_ BASELINE PRESTANDA PROV ENHET DIFFERENS

Torrsolider Mesa 66,79 66,83 +0,04
Mesainmatning: 46,49 44,83 TPH -1,66
Tillférd Energi 179,83 163,15 GJH -16,68
Produktion: 15,37 14,82 TPH CaO -0,89
Energiférbrukning: 11,7 10,94 GJ/T CaO -0,76

www.cleancombustion.se n



(oL comusTION ENERGIEFFEKTIVISERING
SODRA CELL, M6rrum , Sverige

NO,
< 30 mg/Nm3

www.cleancombustion.se -
10



(QLEAN COMBUSTION

DYNAMIC PERFORMANCE

ENERGIEFFEKTIVISERING
ILIM, Bratsk, Ryssland

33 MW 2017

RESULTAT:
9,58%

NO,
72 mg/Nm3

_ BASELINE PRESTANDA PROV ENHET DIFFERENS

Energiférbrukning:

www.cleancombustion.se

6,46 GJ/T CaO



(b.en comBusTION MATPRINCIPER

DYNAMIC PERFORMANCE

EMISSIONSREDUCERING

e Matprincip: Matning i enlighet med gallande regelver Kk

« Kampanjer: Prestanda Prov

« Utférande: Att under en tidsperiod genomfdra matning for att sakerstalla
enighet

med gallande regelverk och givna garantier.

www.cleancombustion.se -
12



(b.en comBusTION EMISSIONSHANTERING

DYNAMIC PERFORMANCE

NOy SOy STOFT

» Bransle NO 4 » Bransle e Process
e Termisk NO
 Prompt NO

1

BRANSL
E

BRANNARE

www.cleancombustion.se




(b.en comBusTION HANTERING AV NOX

DYNAMIC PERFORMANCE

FORHALLANDEN | FORBRANNING SCR (Ej applicerbar)
e Termisk NO , bildas éver 1250°C « Kraver temperatur pa 350 — 400
« Bréansle NO ,bildas alltid °C

* Upp till 90% reduktionsgrad

NOx Skrubber
* Injicering av reduktionsmedel SNCR (Ej applicerbar) S
* Reaktivt vid mattad temperatur « Kraver temperatur pa 850 — 1000 K
(56-70°C) °C o
* 98-99% reduktionsgrad * 45 —-60% redultionsg R
« Injicering av WESE =
BRANSL (G T
E Skrubber E
\

BRANNARE

www.cleancombustion.se -
14



enviéz}l' WESP - VATA ELFILTER

BRANSL
=

BRANNARE

www.cleancombustion.se -
15
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enviBAT

Laddning

De uppfuktade partiklarna ges en stark negativ laddning
genom att joniseras. Joniseringen sker genom att en hdg
spanning byggs upp mellan elektroden och
mottagarelektroden.

Mottagarelektrod

Det elektriska faltet leder partiklarna mot mottagarelektroden,

dar de samlas.

Avskiljning

Vattenfilmen pa mottagarelektroder transporterar bort stoftet
som avskilts bort fran filtret.

www.envibat.se

Water Film {(WESP)

FUKNTIONSPRINCIP




o’
enviBAT

TEKNISK DATA PER KASSETT

Matt:
Vikt:

Renad gasvolym:

Spolvattenflode:

Elférbrukning:

Installerad effekt:

Partikelrening

Vattenrening:

www.envibat.se

29x1,5x14m

6 ton i 4 paket

15 000 Nm3/h

0,5 m3/(4-12h)
spolar i 90 sekunder
4 kKW

7 kW

< 1 mg/Nm?
Susp <1 mg/l

Envibat 2016-04-04



enviéz}l' STOFT OCH STOFTAVSKILJINING

[ PARTICAL SIZES \
lente Dust Mmmm——
Oil i oke ‘I
1l e =r— .
L i i -IIIII---IIIII_ Metalurgical
Y ||| onium Chl =::::::—--l""— Dust & Fumes
Carbone| E Iack iy
Eﬁil" L Human IHair—%

AIR POLLUTION CONTROL (APC) TECNOLOGY

Bagfiltdrs (ibted lebbj 1
Dry Esp
ENVIBAT
WET ELECTRO STATIC
PRECPITATOR

0.001 0.01 0.1 1 10 100 1000 J

www.envibat.se




envi'B'X}r PARTIKELNS STORLEK OCH BETYDELSE

» PM 10 - Partiklar stérre &n 10 um fastnar i nasan HOW SMALL IS PM?

och kommer inte in i lungorna

Hair cross section (60 pm)
= PM 2,5 - Partiklar mellan 2,5 och 10 um sétter sig e 1
mestadels i de ovre luftvagarna
Kan forvarra astma, lunginflammation och kronisk
luftrérsinflammation (Bronkit)
» PM 1 - Partiklar mindre &n 1 pm kan tranga in i { \
lungblasorna och skapa (beroende pa kemisk D— g - —
sammanséattning) lungcancer. 100 Gametors (10 pm) (2.5 um)

www.envibat.se



ﬁ KOMMISSIONENS GENOMFORANDEBESLUT

en vi B AT av den 26 september 2014 B AT K R AV

om faststillande av BAT-slutsatser for produktion av massa, papper och kartong, i enlighet med
Europaparlamentets och ridets direktiv 2010/75/EU

BAT-AEL for stoftutslipp frin en sodapanna

Parameter Stoftreningssystem Arsmedelvarde Arsmedelvarde
Ched mg/Nm’ vid 6 % O, kg stoft/ADt
Nytt eller omfattande ombyggnad 10-25 0,02-0,20
Stoft
Befintligt 10-40 (1) 0,02-0,3 (')

(') For en befintlig sodapanna med ett elfilter som narmar sig slutet av sin livslingd kan utslippsnivderna med tiden oka
upp till 50 mg/Nm’ (vilket motsvarar 0,4 kg/ADt).

BAT-AEL for stoftutslipp frin en mesaugn

. . Arsmedelvirde Arsmedelvirde
Parameter Stoftreningssystem mg/Nm’® vid 6 % O kg stoft/ADt
Nytt eller omfattande ombyggnad 10-25 0,005-0,02
Stoft
Beﬁntligt 10-30 (1) 0,005-0,03 (1)

(') For en befintlig mesaugn med ett elfilter som narmar sig slutet av sin livslingd kan utslappsnivderna med tiden oka upp
till 50 mg/Nm® (vilket motsvarar 0,05 kg/ADt).

Stoftutslapp

BAT 23. For att minska stoftutslippen fran en sodapanna dr BAT att anvinda ett elfilter (ESP) eller en kombi-
nation av elfilter och vatskrubber.

www.envibat.se
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enviBAT

Kund:
Installation:
Gasflode:

Driftlage:

Stoftkrav:

Uppmatt resultat:

www.envibat.se

BillerudKorsnas, Frovi

2017
40 000 m3/h
Kontinuerligt 24 timmar per dygn

< 10 mg/Nm?3 torr gas

<5 mg/Nm?3

REFERENS - MESAUGN

.........



BILLERUDKORSNAS

ERFARENHETER AV VAT ELFILTERTEKNIK FOR
RENING AV ROKGASER FRAN MESAUGNEN
BillerudKorsnas Frovi

2017-11-08 Agneta Funke



BILLERUDKORSNAS

VI UTMANAR KONVENTIONELLA
FORPACKNINGAR FOR EN HALLBAR FRAMTID

© Ledande leverantor av fornybart férpackningsmaterial

© Skapar smartare forpackningslosningar som forbattrar Ionsamheten

© Bidrar till en hallbar framtid for kommande generationer
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BILLERUDKORSNAS

BILLERUDKORSNAS — FAKTA OCH SIFFROR
"PURE PLAY” FORPACKNINGSFORETAG

NETTOOMSATTNING

Europa 73%
I 0,
Asien 17% AVRIGT PACKAGING PAPER
2 1 7 Afrika 4% Kraftpapper
" Syd Amerika 3% gackpapper
. ) appersmassa
MiljarderSEK Mellersta Ostern 2%
L ANDEL AV
Ovrigt 1% ORSALINING
EBITDA
CONSUMER BOARD
Vatskekartong CORRUGATED SOLUTIONS
3 6 Kaniong Fluting
= EBITDA- MARGINAL Liner
MiljarderSEK Managed Packaging
PRODUKTIONSENHETER PRODUKTIONSKAPACITET TOTALT ANTAL ANTAL MEDARBETARE
(SE, FI, UK) (MILJONER TON) MEDARBETARE FROVI

Full year 2016



BILLERUDKORSNAS

FORSTKLASSIGT MATERIAL GOR SKILLNAD

SACKPAPPER CARTONBOARD LIQUID PACKAGINGBOARD

3D-PAPPER FLUTING LINERS
/ Wi |
pell \BR
y | \ . ’«
KRAFTPAPPER KRAFTPAPPER KRAFTPAPPER

(MEDICAL) (SPECIALITY) (BAGS)



BILLERUD-KORSNAS

KAPACITET, PRODUKTION FROVI 2017

Vedhantering

© Totalt 1 200 000 m3 fub/ar varav:
> Barrved 550 000 m3 fub/ar
> Lo6vved 400 000 m3 fub/ar
> Extern flis 250 000 m3 fub/ar

CTMP, Rockhammar Kartongtillverkning

© CTMP-massa 150 kton/ar © Kartong 470 kton/ar varav:
> Arkning 90 kton/ar

¢ g [T HE OSE S B T
"o SJ..” A _| ‘ ;LI l """“""'--HHHEHH
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BILLERUDKORSNAS

SULFATPROCESSEN

Soda-

Grén- |6sare

lutsfilter

Kalk-
slackare

Indunst-
ning

Ang-

Kausti- turbin Tallolje- . :
cering GG Ratallolja
Clarifil Tvatteri

¥ Vitluts-

: Kokeri
cistern

Bark-
panna

=&
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BILLERUDKORSNAS

ANLAGGNINGEN
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BILLERUDKORSNAS

BAKGRUND

PROJEKT FOR INSTALLATION AV NYTT ELFILTER

Sulfatfabriken i Frovi tillverkar oblekt och blekt sulfatmassa for integrerad
produktion av vatske- och férpackningskartong

Stoftutslappen fran mesaugnen i Frovi var tidigare 100-150 mg/Nm3

Fabrikens utslappsvillkor for stoft ar < 150 mg/Nms3. Anvandningen av biogen
beckolja fick begransas for att fa ner nivaerna.

Detta ledde bade till 6kade branslekostnader samt en oonskad anvandning av
fossila branslen

Kommande granser enligt BAT kraver stoftutslapp max 10-30 mg/Nm3

Darmed beslutades att installera ny rokgasrening for att sakra BAT-nivan samt
minska miljobelastningen. Valet foll pa "vat” elfilterteknik fran EnviBAT.
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BILLERUDKORSNAS

BAKGRUND, VAL AV PROCESSUTRUSTNING

PROJEKT FOR INSTALLATION AV NYTT ELFILTER

Vat elfilterteknik valdes p.g.a. att ett storleksmassigt mindre filter kravs jamfort med

konventionell teknik. Rokgasflodet som ska hanteras ar lagre p.g.a. lagre
drifttemperatur.

Processldsningen passade bra in i fabrikens layout samt var darfor
kostnadseffektiv i detta fall.

Specifikationer for vald processldosning, WESP, med integrerade KEBI-bottnar:
Kapacitet 40 000 m3/h (58 °C)

Stoftkrav <10 mg/Nm3
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BILLERU[;KORSNAS

ROKGASRENING, TIDIGARE PROCESS

ki
1
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BILLERU[;KORSNAS

ROKGASRENING, NUVARANDE PROCESS
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Vatt Elfilter
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BILLERUDKORSNAS

FORE OCH EFTER
PROJEKT FOR INSTALLATION AV NYTT ELFILTER

— <11 L

-1

© Bilden till vanster visar hur det sag ut fore installationen av ny utrustning.

© Nulaget syns pa bilden till hoger.

12



BILLERUDKORSNAS

INSTALLATION OCH DRIFTTAGNING
PROJEKT FOR INSTALLATION AV NYTT ELFILTER

©

©

—— P

—~IA k&

Det nya elfiltret, WESP med integrerade
KEBI-bottnar, installerades i juni 2017

Forberedelserna skedde utan att stora
pagaende produktionsprocess

Filtret levererades till Frovi i 3 delar i maj.
Det sattes sedan ihop pa plats och
kopplades in pa ett forlangt dagstopp.

Uppstarten skedde den 30/6. Datumet fick
flyttas fram 1 v jAmfort med ursprunglig
plan p.g.a. problem med inpassning av
KEBI-bottnarna.

Det utrustningsproblem som varit hittills ar
att en trasig isolator upptacktes och byttes
under revisionsstoppet v 40.

13



BILLERUDKORSNAS

UTFALL STOFTANALYSER

PROJEKT FOR INSTALLATION AV NYTT ELFILTER

Stofthalt [mg/Nm3]

150

140

130

120

110

100

90

80

70

60

50

40

30

2 BAT

10

1 8,5 5

0o+ I —

© Vid de 3 manuella mattilifallen som hittills genomforts sedan uppstarten har
stofthalten legat under gransen pa 10 mg/Nm3



BILLERUDKORSNAS

ERFARENHETER HITTILLS, SUMMERING
PROJEKT FOR INSTALLATION AV NYTT ELFILTER

© Det nya elfiltret med integrerade KEBI-
bottnar installerades i juni 2017

© Uppstarten gick mycket bra och
utrustningen kordes igang enligt tidsplan

© Utfallet vid stoftmatningar efter
uppstarten har varit mycket positivt och
hittills har projektkraven uppfylits!

e P

—~IA k&
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SCR-installation for NOx-reduktion i
Sodapannor

Rickard Perman, Andritz



ANDRITL

SCR-Installation for NOx-reduktion
Sodapannor

Rickard Perman

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor MIL



SCR for Sodapannor — forsta erfarenheter

¥

= |ntroduktion

= Oversikt av tekniska I6sningar
» SCR for sodapannor
» Fullskaleanvandning SCR i sodapanna

= Slutsatser

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



SCR for Sodapannor — forsta erfarenheter
Introduktion

= QOver 90 SCR referenser i europa och USA
= Over 40 SCR referenser i kolpannor
= Manga sopforbranningspannor

= Bade priméara och sekundara atgarder finns

= Mer an 30 ars erfarenheter om Nox-reduktion

3 Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



SCR for Sodapannor — forsta erfarenheter

= Oversikt av tekniska I6sningar

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



Oversikt av tekniska ldsningar
Mojligheter till NO, — reduktion i sodapannor

NO, Reduktion
Primar atgard NOx
= Lufttillférsel | korrekta steg 10-30 %

Sekundara atgarder NOx

= Selective Non-Catalytic Reduction (SNCR) 30-50%
- Ammoniak (NH,) tillsats i 6vre ugn
- Lastberoende atgard

= NO, - skrubber 40 — 60 %
- Oxidation av NO till NO,
- Reduktion av NO, till N, och Na,SO,

= Selective Catalytic Reduction (SCR) 70 -95 %
- Katalyt (reaktorkammare)
- Ammoniak (NH,) injektion

5 Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



SCR f6r sodapannor
Mest effektiva metoden (upp till 95% reduktion)

@ Steam generator @ Ammonia storage tank
€ 2 Electrostatic precipitator @ Vaporizer .
@ SCR - Reactor Ammonia / Air - Mixer

@ Flue gas cooler

(5) 10 fan

Recovery Boiler

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



Oversikt av SCR
FOorenklad SCR reaktion

1. NH, fastnar pa ytan av katalyt NOx \ N2
2. NOy fastnar pd NH, och /A 5
reagerar —
\ / / ; — H20
| 3. Utslapp av N,, H,O
Adsorption Desorption 4. Atergaér till gasfas i rokgasern:

Catalyst surface

Source: VGB (2012)

7 Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



Oversikt av SCR
Huvudreaktioner pa ytan av katalyten

katalyt
160 — 450°C B

% e Injection (AIG)

katalyt
4ANO + 4NH; + O, -> 4N, + 6H,0
160 — 450°C

katalyt /%t
2NO, + ANH; + O, -> 3N, + 6H,0 s

/
160 — 450°C 2SS S

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



Oversikt av teknik
Tappad funktion av katalyt

» Kemisk destruktion av katalyt
(SO, maste hallas lagt) Irreversibelt

= Mikroskopiska igenséattningar av ytan
= Storre igensattningar av ytan
» Mekanisk skada Irreversible

= Minst 2 ars funktion av katalyt innan utbyte vid normal dr ift

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



SCR f6r sodapannor
ROkgasrening

= Bildande av SO,
» Laga torrhalter
= HOg sulfiditet
» Lag last

= Bildande av NO, (ca 95% &ar NO)
= HOg antal kvave (N) i svartlut

= Kan skapa mer om luften tillfors felaktigt/strakbildning

= Dammpartiklar
= Elfilter funktion

10 Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor
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*Fullskaleanvandning SCR | sodapanna

Leveransen omfattade design,
engineering och viss utrustning

Sammanfattning

Tider
- Basic Engineering 30/03 2015
- Detail Eng., Tillverkning och Transport

30/10 2015
- Installerat

31/01 2016
- Start 10/09 2016
Leverans

2 X SCR for sodapanna samt fér mesaugn

Bransle Svartlut(80%)
Kapacitet 2500 tTs/d

Flue Gas Volume: 2 x 270,000 m3n/h (vat)

NO, in 335 mg/men (torr, 3% O,)
NO, ut < 100 mg/men (torr, 6% O,)
NH;- slip < 2 mg/ms3n (torr, 6% O,)
Reducermedia Amoniak

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor
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SCR for RBs — First Experiences
Outline

= Slutsatser

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor
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SCR | sodapannor
Slutsatser

» Behovs specifik design for att passa till sodapannor
= ROkgaser (forstora katalyten)
= Funktion (temperatur, oljebrannare mm) helst 200-220 grader rokgas och lag
SO,-halt.

= Viktiga omraden att hantera
= Layout
= Utrustningens design
= SCR anvandning
» Katalyt anvandning och aterstallning (minst 2 ars hallbarhet)

Nar kommer forsta svenska installationen?

Sodahuskonferensen 2017 Rickard Perman SCR i sodapannor



Legal Disclaimer

All data, information, statements, photographs, and graphic illustrations contained in this presentation are
without any obligation to the publisher and raise no liabilities to ANDRITZ AG or any affiliated companies, nor
shall the contents in this presentation form part of any sales contracts, which June be concluded between
ANDRITZ GROUP companies and purchasers of equipment and/or systems referred to herein.

© ANDRITZ AG 2015. All rights reserved. No part of this copyrighted work may be reproduced, modified or
distributed in any form or by any means, or stored in any database or retrieval system, without the prior written
permission of ANDRITZ AG or its affiliates. Any such unauthorized use for any purpose is a violation of the
relevant copyright laws.
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Sodahuskommittén

Innehall

Varfor finns Sodahuskommittén?
Syfte
Medlemmar
Sodapannor

Vad gér Sodahuskommittén?

Rekommendationer
Skador

Utbildning
ERFAtraffen
Sodapannetraffen
Informerar
Samverkar

Studier



Sodahuskommittén

Sodahuskommitténs syfte

Forbattrar personsdkerheten och
driftsédkerheten for sodahusprocessen




Sodahuskommittén

Sodahuskommittens syfte

Att verka for 6kad kunskap om sodapanneprocessen med sarskilt
beaktande av kravet pa person- och driftsakerhet

Att verka for att rimliga krav pa god yttre och inre miljo beaktas for
sodahuset

Att vara foreningens beredskapsorgan i remissarenden pa sodahusomradet
Att folja forekomsten av skador pa sodapannor och fora statistik

Att utge rekommendationer angaende konstruktion av sodapanne-
anlaggningar med tillhérande hjalputrustning och byggnader bl.a. pa
basis av skadestatistik i befintliga sodahus inom och utom landet

Att bevaka och bidra till utvecklingen av sodapannetekniken genom att
folja FoU nationellt och internationellt

Att verka for att kompetens i koncessionsarenden och liknande finns
tillganglig for sektionens medlemmar



Sodahuskommittén

Medlemmar

Samtliga bruk som tillverkar sulfatmassa samt Domsjo i Sverige (22 st),
samt Borregaard i Norge

Panntillverkare (Andritz och Valmet)
Kontrollorgan (Dekra, Force och Inspecta)

Svenska Pappersindustriarbetareférbundet
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Organisation




Kapacitet t DS/24h

Sodahuskommittén

Sodapannor inom Sodahuskommittén

4500
4000
3500
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2500
2000
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500

"Medelsodapannan”
Startup 1983 (34 ar)

Kapacitet 1,741 t DS/24h
/
/
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Sodahuskommittén

Rekommendationer

Sodahuskommittén har 40 rekommendationer, uppdelade pa olika omraden.

B: Konstruktion och utrustning

Nr. Titel Utgava Ar
B1 Sodapannors konstruktion och utrustning 3 2013
B2 Sakerhet i sodahusbyggnader 1 2001
C: Drift och driftstorningar

Nr. Titel Utgava Ar
C1l Information om kritiska tillstand och handelser i sodahuset. 2 2003
c2 Information om sodapannedrift samt férebyggande och atgardande

av driftstérningar. 2 2001



Sodahuskommittén

Rekommendationer

Nr B 6- April 1898
(Enitermedd or i7)

Rekommendationer angiende katastrofskydd och nivivakter
for sodapannor

Enlizt Angparmenammer 1987 (APN £7) dafl kansmofkydd finnas pd all dngpanmor
i elsiemisks parmor av lskirodnp.

Sodaimskomrnicen rekommendersr at sodaparmorm.a - foroom: ambefillds katsmoSirdd
- fven umsts med lig- och hignivinakter. Bi snmdval av gjorda erfwerhecsr har
Sodatrskommiren m Smnit det nodvindisr att revider tidisare meddelande | deona sk,
Det 3 st hoemivivakiens fimktion vid exrenst big nivi som emarbetis, bla
rekpmmenders At fnmom matnartertl el fven eliningen dkall sioppas vid rdmnds
nivit. Vidare har bla. den frin mhviakeermn skilds Smkrioren hos katsmofydds tedlis-
o,

1. Allmint

Installersd uimasining bestr £ da festa fall av off fypgoedkan: kasrofkyid, som amvands
vid penodisk avervakning av vissa fyper av img- och betvaiterpammer Dessa skydd har en
rdodjréne il brvming pa 10 sebunder hide vid sinkning o dommivan ach vid
swimavtron. Vid msallation § sodparear kan tden ol bryming 7.2 2 nivisinkeing
Tochova forlangas for att mévika enddim drifmvbror vid dEfliza och kortvariza
mvsankningar. En sidan oll@fis kortvars nivisankning kan belysas med ffands
praktictall

T e anliepning med motirpcks-aviapprines-urbin gar nommals rvaddelen av inefiadet

g@mmlrﬂmwlmmmmnﬂmmmmmdﬂrm
Ernvucdinvers slir igen. Tonan dirsktraducermesvenslen himmer Sppne sizer oycket i

5 Deren vckstezring medfar en bonmression av ingbifsoma § nbsystemet

u(hmmnjm&m’my\:ketmabm\s.t voidkedlaps). Efersom en sodapanra har st stom
racsystem | farhillande ] angprodukitionsn, i den foials insbiisvalymen vid nomal dif

”.Rel-(ommendéﬁbn fran
Sodahuskommltten

iralves vilkar B Frampir e

NrB1
Utziva 3, septemher 2013

Sodapannans konstruktion och utrustning

Farelizzande rekommendaton B 1 bygzer pd och kompletterar 1 vissa delar den
harmaniserade standarden 55-EN 12851 Rekommendation B 1 behandlar konstruktions- och
nrrusminzsdetalier som i praktken visas siz frdmia personsikerhet och driftsdkerhet
Eeekommendationema ar frimst avsedda aft tllampas vid projekierme av myva sodapannor,
men kan dven fana som nktinjer vid embyesmad av dldre sodapasnor.

Aven de rekommendationar beraffandes hieldning 1 sodapannor som tidigare publicaras 1
rekonmmendation B 17 och B 19 har reviderats varvid vissa delar av immeballet i B 17 och B 19
hn:mm‘muld.mrekmmmﬂmu& L

Fekommenderade umismingar, samdemalppalpimﬁmﬁemg!sidma
rekommendation, anses av Sodabuzkemmitten kunna ge sodmzbar sakerhat.

Hinvisningar
Fareshrjfter
Eurnpapariamentats och Ridets direktiv 07/22EG, Pressurs Eguipment Directive (PED)
AFS 196%:4, "Tryckbirande apordningar”
AFS 100012, “Srallmingar™
AFS 190510, "Manhil pa vissa behallare™
BEFR. Bowerkers konsmuktionsrasier

Stemdard
Europastandardserian EN 13832 {svensk smndard med beteckning 35-EN 12052)

Rekommendarioner

Sodahussts wnistring finns kortfastar beckriven dven i rekommendarion 4 1

Sodapannans mwyckdelar it pamneivia ech beskrivia i rekormendation A 1
Sodahuskonmitténs rekommendationer anziende ]muzmlmnmorhulrustnmzm spdapannans
viktigaste hjalpsysten. samt rekopmendationss angiende sikerhatssystem aterfinns ander
smnesomride B och F pd Sodalmskomnrirténs hentsida

Sodetus ko, 140 (0 Bootern
Tel: +i-mae S04 DO S = KU SRAT-IAN




Sodahuskommittén

Rekommendationer 2016/2017

B1 Sodapannans konstruktion och utrustning

B9 Riktlinjer angaende utrustning for angsotningssystem och sotblasare till
sodapannor

B15 Forebyggande av inlackage av jonbytesmassa till pannvatten

C1 Saker eldning av sodapannan, hantering av risker och kritiska tillstand
C4 Kvalitet pa spadvatten, kondensat, matarvatten, pannvatten och anga

D4 Reparations- och underhallssvetsning i sodapannor



Sodahuskommittén

Skador

Sodahuskommittén behandlar alla inrapporterade skador i
skadegruppsmote

”Skadebanken”
Information till medlemmarna

Skadestatistik
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Skadebanken

Skaderubrik: | | Teknisk klassning: |— inget - il
Skadenr.: | | Intresseklaszning: |— inget - il
Skaderesumé: | | Personskador: |— inget - il
Sodapanna: | | - SOK
Tréfflista YLE
Skadenr Sodapanna Skaderubrik Skaderesumeé Skadedatum Avbrott Skadeklassifiering
Slagskador pa
végatuber under
2017-09 VARSPZ Twvattningsincident hogtryckstvattning 2017-05-059 O E. H.
I bérjan pa stoppet
genomférdes...
Lackande
chockbldsningsledning
2017-08 HUSTPG Chnck_blé‘sningsledningsincident vid svetsskarv 2017-03-10 | 14 o, P2

Under dnft upptickie en
ronderande operatar...

Madnedeldning pa
grund av befarad
2017-07 ALFSPS Modnedeldning pannlicka 2017-02-06 | 108 E.
Far att lattare
genomfira sotning av...
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Rapporterade skador - Antal skador
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Rapporterade skador — Stillestandstid

[h] Ovriga
4000
El, instrument,
3500 automation
3000 Indunstning
2500 W Smaltalackage
2000 m Overhettare
1500 M Loprannor
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Sodahuskommittén

Utbildning och certifiering

e Uppdaterad certifieringsutbildning
e Ett certifikat ar giltigt i sju ar

e Webbaserad recertifiering
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Utbildning och certifiering

e Uppdaterad certifieringsutbildning
e Ett certifikat ar giltigt i sju ar

e Webbaserad recertifiering

Utbildning och certifiering kommer att andras p g a ny AFS 2017:3
Anvdndning och kontroll av trycksatta anordningar som trader i kraft 1

december 2017.
AFS 2017:3 innehaller krav pa certifiering av pannskotare.




Sodahuskommittén

Utbildning och certifiering — plan

Certifieringsutbildningen av sodapanneoperatorer ska fortsatta och
omfatta de moment som Sodahuskommittén sedan tidigare inkluderat i
certifieringsutbildningen for att uppna en hog sakerhet i sodapannan

Certifieringsutbildningen av sodapanneoperatorer ska darutover
omfatta alla moment som kravs enligt AFS 2017:3 Anvandning och
kontroll av trycksatta anordningar

Sodahuskommitténs certifikat utgor da kvittensen pa att operatéren
har de kunskaper som behovs for att kunna hantera en sodapanna
sakert

En certifiering ytterligare kommer att kravas. Detta certifikat utgor da
kvittensen pa att operatoren har de kunskaper som kravs enligt AFS
2017:3 Anvandning och kontroll av trycksatta anordningar



Sodahuskommittén

ERFAtraff 2017

Operatorer och andra personer fran medlemsféretagen mots och diskuterar
angelagna teman.

2017 var temat
"Agerande vid kritisk situation”

Aktuella exempel pa handelser vid medlemsbruken, presentation om regelverk
och rekommendationer, ssmmanstallning av data fran PIA kring I16sarplan,

diskussioner och grupparbeten.
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Sodapannetraffen 2017 Varo

- Presentationer - Utdelning certifikat!
- Besok Varo - Utdelning pris basta sakerhetsatgard!
- Besok Grimeton radio station
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Sodahuskommittén

Sarskilda studier 2017

Riskanalys av en sodapanna —inkl lagsta SIL (2017 — 2018)

Analys av data ur PIA for att identifiera omraden for sakerhetsforbattringar
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Tack!

Anmal skador och incidenter via Sodahuskommittens hemsida, under
Skadegruppen/anmal incident.

http://www.sodahuskommitten.se/




Oforstorande provning av komposit
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Oforstorande provning av komposit

D DEKRA
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Agenda

Vad ar komposit?

Varfor ska man prova?

Provningsmetoder
Ultraljud
Shearografi
Termografi

Vad kan man forvanta sig att upptacka?

D DEKRA

Slide 2 © 2015 DEKRA



Fordelar:

Vad ar komposit?

Tva material med var for sig helt egna
fysikaliska egenskaper som genom
samarbete och med bibehallna
egenskaper
TILLSAMMANS
bildar ett material med helt andra
fysikaliska egenskaper.

Bra korrosionsegenskaper
Hog specifik styrka

Ratt styrka pa ratt plats

DEKRA

Kélla: justcfrp.com, ae01.alicdn.com, compositesmanufacturingmajazine.com, ebay.com

Slide 3 © 2015 DEKRA



Varfor ska man prova?

« Skador som ligger under ytan, inte alltid visuellt synliga och hittas inte

sakert vid en besiktning.
-Kan vara mer "forradiskt” an metall.

«  Haveri medfor risk for stora skador och/eller stora kostnader. e mwg

X o
Kalla:www.dolphitech.com/> DEKRA

Slide 4 © 2015 DEKRA



Provningsmetoder
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Ultraljud — fiska med ekolod

D DEKRA




Ultraljud

« Ljudvag skickas in i materialet och den
reflekterade vagen mats.

» Ger information om tjocklek, defektstorlek
och defektplacering. Ger aven information
om generell materialkvalité.

Kalla: www.namicon.com

« Phased Array — flera ultraljudvagor samtidigt effektiviserar provning av storre
ytor och kan aven anvandas for att styra ljudet i olika riktningar.

D DEKRA
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Shearografi

D DEKRA

Slide 8 © 2015 DEKRA



Shearografi

Laser anvands for att avbilda en yta |
vila och belastad.

Belastning kan gdras genom t.ex.
mekanisk paverkan eller uppvarmning.

Skillnaden mellan belastad och
obelastad artikel avsl6jar var
defekterna finns.

Bra for stora ytor.

Berdringsfri metod.

1. UNLOADED

EXCITATION METHODS
. THERMAL

. VACUUM (PARTIAL)

. VACUUM (AMBIENT)

+ VIBRATION (MECHANICAL)
+ACOUSTIC
+ MECHANICAL

ABSOLUTE OUT-OF-PLANE DEFORMATION

3. GRADIENT OF OUT-OF-PLANE DEFORMATION

<1+
—cadiaa,
dx

Kélla: www.dantecdynamics.com

D DEKRA
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Termografi

e Mater temperaturférandringar i omrade
med defekter.

* Varmefloden skapas genom
uppvarmning alt nedkylning.

« Defekterna paverkar varmeflodena och
kan pa sa vis detekteras med
varmekamera.

» Bra for stora ytor.

* Beroringsfri metod.

~Kalla: www.infratec-infrared.com

D DEKRA
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Vad kan man forvanta sig att upptacka?

* Delamineringar
e Blasor

» Sprickor

» Slagskador

* Godsfortunning

Slide 11 © 2015 DEKRA



Tack!

m

MISSION

SAFETY

D DEKRA

Slide 12 © 2015 DEKRA



Ny teknik for rening av metanol

Fredik Vedin, Valmet



Ny teknik for rening av
metanol

Valmet PuriMeth

Fredrik Vedin, Valmet
Sodahuskonferensen 2017

Valmet >




Starkt intresse for gron metanol

Det finns redan kunder som vill kdpa skogsmetanol

* Metanol framstalls idag primart ur
naturgas (fossilt)

¢ Metanol anvands idag i manga @ PerSI.orp

olika branscher
WINNING FORMULAS

* Transportbransle
— Biodiesel (RME/FAME)
— Fartygsbransle

— Motorsport (Speedway, Formel 1, — ———
Gocart) “
* Baskemikalie i kemisk industri St L -
— Formaldehyd, plast, lim, etc. ena ’ne
¢ Manga visioner
— bransleceller
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METANOL - FRAMTIDENS BRANSLE

Stena Germanica ar en av varldens storsta farjor, 240 meter lang, med en kapacitet for 300 bilar och 1 300 passagerare.
Det ar dock inte det mest anmarkningsvarda med fartyget. Det unika och helt nya med Stena Germanica ar nagot som
du férmodligen dnnu inte har markt - det drive pa metanol.

Not: | oktober 2017 var Stena Germanica en enda farjan som drivs pa metanol. Waterfront shipping, som transporterar
metanol, hade vid samma tidpunkt 7 nybyggda tankfartyg med metanoldrift. Tack till Stena Line f6r bild och information:
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Metanolen koncentreras i strippergaserna

Kondensatsegregering Kondensat-
| indunstning strippersystem

Strippergaser
(Branns direkt som gas
eller omvandlas forst till
brannbar vatska i ett
metanolsystem)

Orent kondensat

fran andra
kallor _1

Orent kondensat

¢ \

Rent Mellanrent Strippat
kondensat kondensat kondensat



Strippergaserna leds till brukets metanolsystem

Gaserna omvandlas till flytande metanolbransle,
som ar lattare att lagra/hantera

. ,- Brannbar
Strippergas —P» L& .
PPETS — 19 vatska
/) ’
7

= T‘urpentlne A
decanter

Metanolsystemet
e Tar bort vatten
« Kondenserar metanol



Metanolsystem ar en standardteknik
4 l
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g ———
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'h.

|
* Valmet har byggt ca 60
metanolsystem till

massabruk

* Bilden ar fran 2014
och visar ett system i
Kina. Systemet ar
designat for 3800 kg
MeOH/h

-



Varfor kan vi inte
anvanda metanolen
som den ar idag?
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Ny teknik for rening av
metanol



PuriMeth systemet

Reningssystem som passar till existerande metanolanlaggningar

Purimeth

* Tar bort kvave (N) Stripper-
gas

—» Kvave

* Tar bort svavel (lukt)
—» Svavel

Den renare metanolen:

 Kan anvandas industriellt

* Avger vid forbranning lagre

emissioner av svavel och NOx —» Renare

MeOH

* Luktar inte

Metanolsystem



PuriMeth systemet — rening av metanol

Strippergas —» —» Terpentin (till férbranning)

H,O, —> —» Kondensat med (NH,),SO,
S

(Mat till kusarna i
vattenreningsverket)

—»> Renare MeOH

Metanolsystem



PuriMeth metanol moter kraven!

* Svavel: <50 mg/l
* Kvave: <50 mg/l
* Terpentin: 0,4 g/l
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Skogsmetanol - inte langre en drom
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METANOL - FRAMTIDENS BRANSLE

Stena Germanica ar en av varldens storsta farjor, 240 meter lang, med en kapacitet for 300 bilar och 1 300 passagerare.
Det ar dock inte det mest anmarkningsvarda med fartyget. Det unika och helt nya med Stena Germanica ar nagot som
du férmodligen dnnu inte har markt - det drive pa metanol.







Skador pa sodapannor och
indunstningsanldaggningar under aret

David Good, DEKRA / Sodahuskommittén
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Rapport fran Skadegruppen sedan forra
sodahuskonferensen

David Good, DEKRA
Sekreterare i Sodahuskommitténs skadegrupp

Férbéttrar personsdkerheten och

driftsdkerheten for sodahusprocessen




Sodahuskommittén

Innehall

1. Information om medlemmar i Skadegruppen
2. Kort info om skador for 2016/2017
3. Nagra utvalda incidenter:

2017-09 Varo SP2, Skadade vaggtuber pa grund av spolrobot
(E+H) O h

2016-36 Korsnas SP5, Havererad Lutsprutevagga (E+H+P2), O h

2016-21 Korsnas SP5, Rengoringsvatten in i eldstaden (E+H), O
h

2016-22 Korsnas SP4, Smutsplugg i snabbtomningsledning
(E+H), O h

Monsteras och Husum har haft extern korrosion pa
snabbtomningsledningar

2017-07 Domsjo P9, Nodnedeldning pa grund av misstankt
pannlacka (E) 108 h



Sodahuskommittén

1. Info om Skadegruppen

Skadegruppen bestar av 14 personer
Atta bruksrepresentanter, de tre kontrollorganen samt Valmet och Andritz
Fyra moten per ar, men alla kan inte deltaga varje gang
| skadegruppen har vi fatt tva nya medlemmar:
— Robert Gebing, (bytt med Urban Lundmark) Smurfit Kappa Pited NY!
— Jonas Piscator, (bytt med Stefan Magnusson) Gruvon NY!

Fran Rekommendationsgruppen deltar antingen Donald Grahn (tidigare Munksund),
Fredrik Bruno (tidigare AF) eller Curt Johansson (tidigare Skarblacka)

Representant fran de bruk som rapporterat in skador deltar pa motet

Pa hemsidan finns:
— Cirka 100 skadegruppsprotokoll
— Kontaktuppgifter till skadegruppsmedlemmarna
— Cirka 600 skador i Skadebanken
— Incidentanmalningsblankett (aven for EIA)



Sodahuskommittén

2. Kort info om skador 2016/2017

Sedan forra Sodahuskonferensen har 28 skador (ar 2016 klassades 57
skador) skador blivit klassade av Skadegruppen.

Ytterligare tre EIA-handelser inom EIA-gruppen

Stillestandstid sedan forra konferensen inklusive EIA har varit 1200 h
(ar 2016 var stopptiden 1400 h)

Aven mindre hindelser tas girna emot
Glom inte bort att rapportera in hdandelser/upptackter fran stoppen!

Skadegruppen kommer halla vissa skador “under bevakning” for att
folja upp atgarder och resultat sa processens inverkan kan tas med

Ta garna kontakt med mig om 6nskemal och idéer!
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2017-09 Varo SP2, Slagskador pa vaggtuber under hogtryckstvattning

(E+H) O h

Vanan trogen tvattar Varo cirka 1/4 av pannbotten varje ar for inspektion
Detta innebar att hela pannbotten blir inspekterad omkring vart 4:e ar.

| normalfallet hittas inga konstigheter.




Sodahuskommittén
2017-09 Varo SP2, Slagskador pa vaggtuber under hogtryckstvattning

(E+H) O h

Under vattentvatt med spolrobot inhdngd via eldstadsluckan pa hogervaggen kom roboten i kontakt med
pannvaggen pa i primarluftsniva och gjorde slagmarken i ett flertal tuber.

Materialet i nedre pannsidovaggar ar normal compound, SANDVIK 3R12/4L7

Marken slipades och beslut togs tillsammans med Inspecta att pannan kors vidare till nasta langre underhallsstopp
om tva ar.

Vid stoppet 2019 kommer 45 tuber att bytas.
Det borde ha horts nar dessa slagmarken bildades
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2017-09 Varo SP2, Slagskador pa vaggtuber under hogtryckstvattning

(E+H) O h

Rekommendation D1 Vattentvattning av sodapannans gassida uppdateras for att lyfta farorena med
hogtrycksspolning

3.10 Vattentviitt med hogtrycksaggregat eller s k. tvittrobot kan ge upphov till tubskador.
Forsok tyder pa att redan ett fatal minuters spolning 1 samma punkt pa en tubyta med ca 1000
bars tryck kan ge allvarliga skador.

Spolrobot som lossnar eller kommer 1 sviingning kan orsaka mekamiska skador pa tuber.
Snolrobot ska dérfoir vara vil forankrad nunder pagaende arbete

Kontinuerlig 6vervakning av varje tvittrobot ska anordnas sa att roboten omedelbart stéings
av om den fastnar 1 nagon position eller om den lossnar eller kommer 1 sviingning. Spoltrycket
begrinsas med beaktande av skaderisken.

Efter utford hogtryckstvitt skall det berdrda omradet besiktigas.

© Sodahuskommittén Rekommendation Nr D 1
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2016-36 Korsnas SP5, Havererad lutsprutevagga (E+P2+H) O h

e Lutsprutevaggorna installerades ar 2010 vid en ombyggnation av pannan.

e Under ett planerat linjetopp drogs sladen som haller lutsprutan tillbaka till servicelaget.
* |samband med denna rorelse ramlar lutspruta och slade ner pa gretingen.

e  Det visade sig att det var nagra svetsar som hade brustit efter bara sex ars drift.

* Det finns spettningsfunktion i vaggan
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2016-36 Korsnas SP5, Havererad lutsprutevagga (E+P2+H) O h

Pannas oOvriga sju lutsprutevaggor (finns totalt atta) kontrollerades och tva av dessa hade liknande sprickor.
Den automatiska spettningen sker kanske var 5:e minut vilket innebar manga cykler per ar.

Konstruktionen forandrades under ar 2012.

Om ni har nyare lutsprutevaggor bor de alltsa vara sdakrare, men om ni har likande lutsprutevaggor fran fore
2012 rekommenderar vi att ni undersdker dem.




Sodahuskommittén
2016-21 Korsnas SP5, Tvattvatten in i eldstaden (E+H) O h

| borjan av det arliga hoststoppet pumpade bruket ut den kvarvarande smaltan fran botten.
Nar detta var gjort lamnades eldstaden for svalning i 15 timmar innan vattentvatten skulle starta.

Under tiden kunde tvattning av primar- och sekundarluftférvarmarna boérja eftersom det fanns en
vattenavskiljare fore ugnen.

Vattenavskiljaren har en draneringsledning om 150 mm.

Hur som helst sa fanns det pluggning i draneringsledningen.

Detta resulterade i att vattnet inte kunde rinna undan utan anda kunde ta sig dnda in i ugnen via
sekundarluftportarna.
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2016-21 Korsnas SP5, Tvattvatten in i eldstaden (E+H) O h

e Atminstone till viss del tack vare den genomforda smaltapumpningen intriffade ingen explosion.
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Sodahuskommittén
2016-21 Korsnas SP5, Tvattvatten in i eldstaden (E+H) O h

*  ROr med flansar monterades.
*  Kommer spola rent roret varje ar i fortsattningen
«  Atminstone till viss del tack vare den genomférda smaltapumpningen intraffade ingen explosion
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2016-22 Korsnas SP4, Smutsplugg i snabbtomningsledning (E+H) O h

*  Forsakringsbolaget ville att Korsnds skulle genomféra prov av snabbtémningssystemet

* Under nedeldning infor det arliga revisionsstoppet genomférdes prov av snabbtomningssystemet.
e  Bruket startade vid 30 bar

*  Redan fore provet hade bruket kontrollerat utblasningsledningarna med avseende pa stod upphangningar och
korrosion.
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2016-22 Korsnas SP4, Smutsplugg i snabbtomningsledning (E+H) Oh

Nar sa det var dags att aktivera den forcerade nedeldningen visade det sig att det endast rok ur tva av de tre
tomningsledningarna.

Bruket kom snabbt pa att den tredje ledningen innehall en smutsplugg.
Det var ledningen fran bottenladorna som var pluggad
Bruket kommer efter denna handelse att oftare att blasa ledningarna rena.

Nytt forsok med snabbtomning kommer genomférdes hdsten 2017 med gott resultat
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2016-32 Monsteras SP6, Lackande utblasningsledning (E+P2+H) O h

Bruket upptackte att en utblasningsledning efter en
sakerhetsventil var sprucken.

Sakerhetsventilen hade 6ppnat ett antal ganger
vilket kanske orsakade att ledningen brast.

Den ursprungliga godstjockleken var 6,5 mm
Pannan ar fran 1996

Det har inte funnits ndgon dranering pa
ljuddamparna vilket har snabbat pa
korrosionstakten

Bruket kontrollerar liknande stéllen.

Finns en stor risk att sadana har ”icke kritiska
komponenter” gldms bort nar manfokuserar pa
tryckkarlet

Flera bruka har haft stor nytta av digitalrontgen for
att inspektera liknande ror.
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2017-12 Husum TP6, Fortunnade snabbtomningsledningar (E+H) O h

Pannans snabbtomningsledningar ar utforda i kolstal.
Dimesioner 60,3 x 4,5 respektive 88,9 x 6,3 mm

Den del av ledningarna som har varit utanfér pannhuset har varit utsatt fér vader och vind och
darmed korrosion.

Ledningarna ar troligtvis fran pannas uppstart 1989.

Det fanns ingen lacka pa ledningarna, men som mest hade uppemot halva godstjockleken
korroderat bort.

De fortunnade delarna av ledningarna byttes hosten 2017.

Husum valde originalutforandet dvs kolstal, men med kineshatt pa att inte det ska regna in i
isoleringen
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2017-07 Domsjo P9, Nodnedeldning pa grund av misstankt pannlacka (E)

108 h

Pannan har tva l6prannor.
e FoOr att lattare genomféra sotning av ekonomisern gick pannan for olja.
*  Oljeeldningen medforde att badden eldades ner.

e Nar badden var nedbrand upptackte operatorerna att det fanns ett omrade mitt emellan de bada I6prannorna som
var mork.

e Operatorerna kunde inte se att det fanns ndgon annan anledning an vattenlacka som gav denna effekt varpa pannan
nddnedeldades.

e Narval personal kunde komma in i pannan efter rengéringen kunde dock ingen lacka hittas.

e Trots omfattande undersokningar har ingen trolig orsak till fenomenet hittats.

e Stopptiden inkluderar ett tubbyte som genomfoérdes pa grund av att en bottentub skadades under rengoringen.
. Det spOkar dven i pannor®




Lagtemperaturkorrosion i
Sodapannor

Patrik Yrjas, Abo Akademi
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Background

= Industrial interest in extracting more energy
from flue gases

= 10 °C drop In flue gas temperature — ~ 0.5 %
efficiency improvement of the boiler

= Some historical industrial observations of low
temperature corrosion

= H,S0O, thought to exist in flue gases of
recovery boilers

-------------------------------------------------------------------------------------------------------------------------------------------



FRB Committee projects

Understanding Low Temperature Corrosion In
Black Liguor Combustion

= Measurements in RB boilers (dew point,
SO,/H,S0O,, corrosion)

= Laboratory study with pure salts (Na,SO,,
Na,CO,, NaHSO,, KCI, NaCl) and some
ashes using ST45.8

= Laboratory study with boiler ashes, short
and long term tests with two metals

-------------------------------------------------------------------------------------------------------------------------------------------



Previously

= Recent measurements; H,S0O, doesn’t exist in RB
flue gases

= Hygroscopic compounds may cause corrosion

= In a recovery boiler SO, and H,S0O, will react
with ash forming compounds:

= Na,CO4(s) + H,SO,(g) — Na,SO,(s) + CO,(g) + H,0(g)
= Na,CO,(s) + SO5(g) — Na,SO,(s) + CO,(g)
= 2NaOH(g) + SO3(g) — Na,SO,(s) + H,O(g)

= Bisulfate may also be formed:
= Na,SO,(s) + H,SO,(g) — 2NaHSO,(s,I)

-------------------------------------------------------------------------------------------------------------------------------------------



Hygroscopic compounds and
deliquescence temperature

The temperature at which a salt or salt
mixture absorbs enough water to fully
dissolve at a fixed vol% H,O




Deliquescence of CaCl,

CacCl,, 25 vol% H,O
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Dew points and deliguescence
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Data from: Wolery, T., “Environment on the Surfaces of the Drip Shield and Waste Package Outer Barrier” 2004



Deliquescence and
recrystallization

NaCl mildly hygroscopic
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Data from: Tang I.N. J. Geophys. Res., 102 (1997)



Adsorption of water by salts

= Recrystallisation at T > Tejiquescence
= Different salts absorb water at different T

= Salt mixtures can behave differently than
their pure salts

= At least mild corrosion can be expected
when water is absorbed

-------------------------------------------------------------------------------------------------------------------------------------------



Example: Na,SO,

H,0

70 °C

80 °C

90 °C

110 °C

120 °C

27 %
Before
Wash

After
Wash

60 %
Before
Wash

After
Wash

------------------------




Comparison of two salts
(60 vol-% H,0)

NaHSO, Na,SO,
4 h 24 h

90 °C

100 °C

110 °C

120 °C
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Objectives

= Understand the role of RB deposits on low
temperature corrosion

= Can short, 22 h runs be used to determine
when corrosion occurs?

= Choice of metal on corrosion

= Build a setup for long exposures and do
tests under controlled conditions for 1000 h

-------------------------------------------------------------------------------------------------------------------------------------------



Experimental

Gas flow in

(Air) = 25vol% H,O in air

Steam = Gradient oven to test
S several temperatures

Vent

@ @ Gases
: (dry)

@ Preheater A
I Salt Salt ]
p Sample2
Temperature ° é Y
Regulator Tube Furnace

Condenser
Unit

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo




Experimental

= Samples:

= 2X2 cm carbon steel coupons
= St45.8 and 16Mo3

= ~ 0.1 g of ash on the coupon

= Sample holder 22 h runs:




Metal compositions

C Si Mn P ) Mo
wt% | wt% | wt% | wt% | wt% | w W wt%

0.12- 0.40- 0.25-
< < < < <

St45.8 <0.21 8}1}, 0.4-1.2 0.04 0.04
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SEM-EDX analyses of the
ESP ashes

Na SO, CO, S/(Na2+K2)
wt% Wt% Wt% Wt% wt% mol frac

Modernkraft 332 37 446 07 17.8 11.4

Kraft RB with
low solids BL

Sulfite boiler 31.5 2.9 59.3 0.0 6.3 6.2 0.85

32.1 1.8 60.8 0.4 5.0 9.5 0.88

CO, determined by balance in SEM-EDX analyses

-------------------------------------------------------------------------------------------------------------------------------------------



Tests with 16Mo03/5

90 °C 75 °C 60 °C

Modern kraft
RB

e omaz.

Sulfite boller

Kraft RB with
low solids BL
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No corrosion seen at 90 °C



Comparison of the materials

Kraft recovery boiler ash (low solids BL)
110 °C 95 °C

16Mo3/5

ST45.8

------------------------------------------------------------------------------------------------------------------------------------------- /

Corrosion



1000 h runs

= Three temperatures and two metals tested
simultaneously

= Tests were made to confirm the 22 h results
with no corrosion at T > 100 °C

= 25vo0l% H,O In air
= Sample holder for 1000 h:

120°C 105°C 101°C
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Results - 1000 h run

Temp (°C)

16Mo3/5

ST45.8

Unwashed Washed Unwashed Washed

120

105

101
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Conclusions

= 16Mo03/5 is less susceptible to corrosion
caused hygroscopic salts than ST45.8

= Neither material corroded at temperatures
above 100 °C in the 1000 h run

= 22 h tests are valid for screening materials
and conditions
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= Vainio, E., DeMartini, N., Laurén, Orang, N., Tran, H., Hupa, M.,: Understanding
low-temperature corrosion in recovery boilers — Measurements at four mills,
International Chemical Recovery Conference (ICRC), Halifax, NS, Canada, 2017

= DeMartini, N., Vainio, E., Lauren, T., Hupa, L., Bisulfate Formation and Impact on
Low Temperature Corrosion in Kraft Recovery Boilers, International Chemical
Recovery Conference (ICRC), Halifax, NS, Canada, 2017

= DeMartini, N., Vainio, E., Holmblad, H., Hupa, M.: Understanding low
temperature corrosion in Kraft Recovery Boilers — Implications for Increased
Energy Recovery, TAPPI Peers, September 25-28, 2016, Jacksonville, FL

= Vainio, E., Laurén, T., DeMartini, N., Brink, A., Hupa, M.,: Understanding Low-
Temperature Corrosion in Recovery Boilers: Risk of Sulphuric Acid Dew Point
Corrosion? Journal of Science & Technology for Forest Products and Processes,
4(6), pp 14-22, 2015.
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Experimental setup

Steam Generator

Gases in

Gas temperature
regulator

Water in

-
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Experimental setup
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with corrosion
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Raw materials and
processes

Raw materials
= Wood raw materials incl. residues

= Chips, bark, pulp and pulp mill side streams

= Sawmill residues

= Agricultural residues, bagasse, energy crops
= Bio-based recovery

Main process

= Fully developed biorefinery




Lignin value chains

Diesel and petrol

Aviation fuel

Carbon fibres

Chemicals, such as phenols and aromatics

Advanced materials




Test and demo news

LignoCity

Open test bed for companies who want to
evaluate and validate new refining concepts in
the lignin area

Initiative by RISE (Innventia), Nordic Paper
and Paper Province.

Involves a large number of industrial and
public players, including Karlstad University,
the municipality of Kristinehamn and Casco
Adhesives.
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A complete kraft pulp mill

Oxygen
delignification

,Wood handling Bleaching
e

" Screening

Washing S < = Baling

Lignin
Extraction

Generator

oo

El.precp

Ash Cleaning

Recovery
Boiler

Power Boiler Electrostatic

Green liquor | precipitator

filter
Slaker /

e



Lignin separation - LignoBoost

Screening Design data | Production scle
~10 g kratft lignin ~1-30 kg kraft lignin ~1-1.5 ton kraft lignin/hour

= Screening of process conditions and collection of design data for the LignoBoost process
= Collection of important numbers for your Business Case, such as production cost & product quality

= Production of larger volumes of your specific lignin, different qualities, for your R&D work.
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The GreenLight project covers the whole value chain

Renewable raw material Kraft pulp mill Lignin recovery

End use | CF reinforced polymer Li‘gnin-based CF

f_lnl'.U



Carbon fibre production

Mainly based on petrochemicals such as PAN or pitch

Process steps are tailor-made depending on raw material & target properties
Raw material accounts for 45-60% of the producing cost of CF composites
Tows of CF containing 1K — 60K (K=1000 filaments) mainly from PAN fibers

Fibres Stabilisation Carbonisation  Graphitisation Surface
treatment
® r. 2
o _/
200-300°C 1000-2000°C 2000-3000°C

(several filaments makes a fibre; a bundle of fibores makes a tow/yarn)

Carbon fibre

>94 % C

N
m—
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CF applications

Structural carbon fibres

In composites to reach desired strength properties

Functional carbon fibres

Electrical storage (e.g. batteries or supercaps)
Gas storage
Gas cleaning

Water cleaning
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Combined appliction of CF properties - structural & energy

Sa fungerar batterikarossen

Om matenalet | karossen kan fungera aven som batter
Kan elbilens vikt sankas radikalt Da kan elektncitet bliett
reglstiskt aliternativ till dagers bilbransile
Foet o B wafe Yirt s Rt Baﬂel’i — /

=

Tak, dbtrat, golv, motorhuy
och Daklucka 3¢ dedar p3 Bilen som

A PASLAr Uk 31t kOonsStruera av
7 hoifberbasecade Datterer.

Materialet fungerar som vanligt batteri

Kolfibevplasten ar indrdnkt med litiumjoner, De rix sig mellan
kolfibrerma som fungerar som battenets elektroder. E1t tunt siokt
av glashber fungerar som battenets separator, Kolhberplasten ar
bade latt och stark och Latt att forma, forutom att den kan lagra
energl, Eftersom hela karossdelen utgdr ett batten behovs inga
extra kablar, vilket sparar ytterligare vikt

Andra anvandningsomraden

Aven datorer, mobiltelefoner och
minga ancdra elektroniska produkcter
kan bl Lattare och 13 mer prestanda
med framtidens aolhberbaserade
batterier. Xolfibrerna behdver inte
komima fran fossila killoe, som i dag,
utan kan hamtas frin skogens Irad
elier alger

Saladdas batteriet

De framticla batterier som forskare sbetar
med kan laddas upp pd nigoa minut. 1 dag .
& den Ungs Laddningsticen e1t av hindren Utryttia den kraft som

for elbilarnas genomslag. uppstie nar bilen bromsas,




Hur man branner mesa pa en sekund

Par Erik Martinsson, FindIT



Hur man branner mesa pa en sekund!
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Lime Arc

Plasma Processing of Lime with CO, Capturing

Roland Lundqyvist Par Erik Martinsson
Carnot AB FindIT
070 - 631 8529 070 - 2077 114



Introduction

vV vV v v v v v Y

Patented Heat Treatment process for pulverous material (powders)
Based on a Gas-Plasma Generator Technology

Driven Electrically Making Fossil Fuels Redundant

Compact Process Design (compared to conventional kilns)

Enables Separation and Capturing of Carbon Dioxide

Eliminates need for process control due to variation in fuel quality
Heating based on Electricity is Efficient at High Temperatures (>80%)

Fast, Clean and Compact!




Conventional Lime Kiln

Torkning  Uppvarmning Kalcinering Sintring

0 10 20 30 40 50 80 70 m




Lime Mud Processing in P&P

» Large Amounts of Quicklime is used in Chemical Pulp
Manufacturing

» Quicklime is used for producing White Liquor in which wood
chips are digested and separated into Cellulose (Fibers) and
Lignin (Black Liquor)

» During the process Quicklime (CaO) is transformed into Lime
Mud (CaCoO;); ‘picking up CO,’

» Quicklime is Regenerated and Re-Used by ‘burning’ Lime Mud in
rotating Lime Kilns typically powered by Fossil-Fuels but Bio-
Fueled kilns exists

» Annual Chemical Pulp Production in Sweden is 8.8 Mt (2013)
which generates ca 4 Mt of Lime Mud

» Processing it requires 4.6 TWh and emits 2,85 Mt CO,
» 1.75 Mt of Biological Origin
» 1.1 Mt of ‘Fossil’ Origin (estimated)

» Equivalent to 17.2 % of industrial CO, Emissions in Sweden

Quicklime
220-250 kg

Pulping

Lime Mud
400-450 kg

Exhaust

Sintering

Calcination



Process Principle

Calcination Process that is Executed in a Carbon Dioxide Rich Environment
Utilized a Recirculated Flow of Carbon Dioxide for Material Transportation
Closed Process Enables Full Control of the Constituents

Material is processed instantaneously (milliseconds)

High Controllability of Solid-Gas Concentration, Flow, and Added Heat

vV vV v v v Y

No Exhaust Gases

Highly Concentrated
Carbon Dioxide

Recirculation of Flow Medium (CO,)

Processed

: Material
Raw Reactor Separation

Material >> 1000 C Process

Electricity




Electrifying Lime Mud Processing using
Lime Arc

With Lime Arc Instantaneous Calcination and Sintering of Lime Mud is possible

Verified by Comprehensive Theoretically Study (Vinnova project)

Combining Lime Arc with Dry Hydration can Increase Energy Recovery further (Varmeforsk project)
Eliminates dependency of fossil fuels and terminates CO2 emissions
Enables Capturing of Carbon Dioxide with Biological Origin

Completely new Possibility for on-line Control of Calcination and Sintering Degree

vV v v v v v Y

Collectively, the P&P Industry can Become a Carbon Dioxide Sink Capturing about 10% of Sweden's
Industrial Carbon Dioxide Emissions or 3.3% of total emissions

»  With current price of electricity Lime Arc would reduce production cost for energy with 40% (aug 2017)
» Energy cost per ton CaO using Lime Arc: 383 kr
» Energy cost per ton CaO using Conventional Kilns: 707 kr

» Currently there are 20 Chemical Pulp Plants in Sweden




Gas Plasma Generator Attack

“Free Burning” Gas Plasma Generator with Visual Blaze



Gas-Plasma Generator

» Plasma-Gas Power varies from 0.1 to 8 MW
» Efficiency is about 85% Calcination
Chamber
» Water cooled ~1200 °C
» Non-Transferred Plasma Generation (cmp Arc Furnace)
gas Upstream Spalcers Downstream
electrode \]/ electrode
p P
Tuyere:
e Lime is added
3000-5000 K
+ starter -
System
Plasma
Gas
Arc DC Power Gen.
System




Calcination of Lime Mud Particles

Uppvarmning och kalcinering
av mesapartikel diameter 10 um
i omgivningstemperatur 1 200 °C

1400
1200
1000
800
600
400
200

temp°C

-—Temp °C, partikeldiam 10 um

0,00 0,05 0,10 0,15 0,20 0,25 0,30
tid sekunder

Principiellt forlopp med uppvarmning, kalcinering och efterfoljande
upphettning till omgivningens temperatur.
(Forenklad svartkroppsmodell enligt Stefan-Boltzmann).




Slide 10

c1 . Partikel 10 pm varms och kalcineras pa 0,11 s i omgivningstemp 1 200 °C.
Carnot; 2017-10-22

C8 Svartkroppsmodell Stefan-Boltzmann
Carnot; 2017-10-22



Lime Arc Pilot Process Design

90 Nm3/h CO,

200Nm3/h 400Nm3h CO,
-
: 600C
QUENCH _W
Caco, FLAKT
7 N ~N
< ~ REAKTOR FILTER
AN 1200C
Yo, VATTEN
\ / KYLARE
\ /
350kg/h
INJEKTOR [ PG
200kg/h
EL
MESA 400KW 200€ BRAND KALK
110 Nm3/h C02 ‘Q\
E/
(TRYCKLUFT KOMPRESSOR
o, TANK

3 bar




Other Lime Arc Applications

» Electrically Powered Pre-Calcination in Cement
Manufacturing

» Regeneration of Carbon Dioxide Sorbents (C02-
loops) that are used for Removal of C02 in
Syngas

» Regeneration of Salts used for Heat Storage
Applications

» Manufacturing of Quicklime from Limestone in
Mineral industry




Summary

Lime Arc is a Patented Process that can Electrify the Process Industry
Based on a Gas-Plasma Generator
Switching from Oil to Electricity can Reduce Operating Cost with 40%

vV v v Yy

Several applications has been identified, the largest being
» Lime Mud Calcination in Pulp & Paper Industry
» Precalicnation in Cement Industry
» Lime Arc enables CO2 capturing schemes
» CCS, Carbon Capturing and Storage
» CCU, Carbon Capturing and Usage
» Lime Arc in combination with Sabatier can produce a competitive Bio-Gas
» APilot Plant is planned for testing and verification
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1) Overviewto Finnishrecovery
boiler committee




SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Introduction

The Finnish Recovery Boiler Committee (FRBC) has

promoted safe, economic and environmentally friendly

operation of recovery boilers and closely related processes
since 1964.

The Committee

— collects information about incidents involving ogery boilers and
provides details of these to its members

— publishes guidelines, recommends practices aanges
conferences and meetings

— conducts and supports research projects relatsafeécoperation
and improved economy of recovery boilers
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Organisation

Annual Meeting
26 voting members

Board
Chairman: Toni Orava, UPM
10 members + secretary

Durability sub-committee
12 members + secretary

Environmental sub-committee
9 members + secretary

Automation sub-committee
8 members + secretary

Black Liquor sub-committee
9 members + secretary

Program sub-committee
5 members + secretary
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Members

The members of the Committee include pulp mills,
recovery boiler manufacturers, a number of insurance
engineering and inspection companies and research
organisations in Finland.

Total 30 members, including 15 pulp mills
— 26 voting members, 4 universities

There is a yearly member fee




2) Overviewto Finnishrecovery
boilers
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Finnishrecoverybollers

Average boiler (28 a, 2720 tds/f)
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Finnishrecoveryboilers

No. of recovery bollers 17
— Oldest started up in 1959, CE boiler (700 tDS/d) irikadMills
— Newest (2017) and biggest (7200 tDS/d, Valmet boiierMetsa Fibre

Aanekoski mill
— Smallest is in Stora Enso Heinola mill, Tampellddo®50 tDS/d

Number of mills 15
— 2 mills operate more than one RB

Average boiler age 28 yrs
Average boiler capacity 2720 tDS/d
Combined capacity 46 260 tDS/d
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Finnishrecoveryboilers - updates

LignoBoost lignin separation plant (50 000 t/a) has been in
operation at Stora Enso’s Sunila mill since 2015

— Lignin is dried to >95% with lime kiln flue gases

— Lignin is used as fuel in lime kiln but also sold oubig bags

Construction of the new Aanekoski mill has been ongoing si
summer 2015 (replaced the existing mill)

— The mill started up in mid-August 2017 — on scheduld on budget

— Aerial view video of the mill
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The new Aanekoski pulmill

e Investment value of EUR 1.2 billion (SEK 11.8 billion)
— Largest investment in history of Finnish pulp&paipelustry

e The annual pulp production 1.3 million tonnes (existing 0.5)
— 800,000 tonnes softwood and 500,000 tonnes hardiyolp

* Yearly wood consumption 6.5 million cubic metres (existing 2.
— ~10% increase in the consumption of pulpwood méFd
 No fossil fuels

» Electricity production 1.8 TWh
— 2.4 times more electricity than it is consumes

* Recovery boiler capacity 7 200 tDS/d (biggest in Finland)




3) Incidents statistics
1997 - 2017
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INCIDENTS 1997-2017

& Smelt spout
O Other

O Floor

@ Economizer
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@ Boiler bank
B Superheater
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DOWNTIME IN FINLAND 1997-2017

= Smelt spout
0 Other

O Floor
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B Superheater

O Screen

O Furnace
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Venting/discharg@iping relatedto
recoveryboiler

One of venting pipes (this was connected to superheater
collection chamber) ruptured during water pressure test at
85 bar

Only 15 minutes before there was people at location

These pipes are not included to normal inspection, but
sometimes it could be good to check the condition
(espicially in old boilers)
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4) Activities
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Recent Activities

« FRBC history book project
— Completed summer 2017 (after three years of work)
— Was started in 2014 to celebrate Committees &€s)jabilee

— Based on archive material but also interviewseafgte who have had
close involvement with Committee

« QOperators day -seminar was arranged second time in spring 2

e Projects:
— Smelt spout study / recommendation
— Review of recovery boiler leak detection systems

— Study on overlay welded tubes
— Study on NCG formation, safe collection and efiitidestruction
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Projects

 Review of recovery boller leak detection systems

— Aim is to collected experiences from different leak dét systems
used in recovery boilers. New technologies (if any)ase reviewed

e Smelt spout study / recommendation
— In recent years several incidents related to smelt spg@mwe been
reported to FRBC database

« one of main challengies when pursuing longer running times between
annual shutdowns (over 12 months)

— Process data related to smelts spouts has bdeated|
— Recommendation work is still ongoing

* There is no simple solution since every mill has different prablem
« Study on smelt properties in under consideration
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Projects

e Study on overlay welded tubes

— The objective is to perform thermal and mecharacalyses on tubes
made by weld overlay process

— This type of tubes are typically used in wasténa@tion plants.
Also, recovery boilers in South / North Americat bot in Finland.

« Mill audit study on NCG formation, safe collection and
efficient destruction

— Incidents have happened mostly in NCG collection/ferrs/stems, not
In the incineration i.e. recovery boiler

— FRBC recommendation covers only inceneration, notttlection or
transfer

— Aim is to expand the recommendation to cover also thass
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NCG study- remarks

Chip silo and the use of flash steam
Deposit accumulation to the NCG ducts
DNCG dilution air and more closed collection systems

Condensate draining systems: size, amount and location of
drains and slope of piping should be paid attention to

Concentration measurements and a hazard and operability
(HAZOP) shall always be made when NCG system is modif
— Together with the supplier of the NCG system

Better communication between departments for example
Information about disturbacies
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Recovery Boiler Optimizer

Timo Laurila, Valmet



Contact information

Timo Laurila
Business Manager,
Recovery Analyzers and APC

Valmet Automation Inc.
Lentokentankatu 12
33101 Tampere

Finland

Mobile phone: +358 400 922442
Tel: +358 400 922442

Fax: -

E-mail: timo.laurila@valmet.com

Timo Laurila

Valmet >



Recovery Boller
Optimizer
Reduction Rate

Green Liquor TTA

Valmet >

6 November, 2017 © Valmet | Author / Title




Valmet

Unigue process performance supplier

* 300 complete fiber lines and 350
recovery islands delivered

* Majority of world’s pulp is produced with
Valmet process solutions

* Customers safety and performance is

our primary focus in product
development and offering

* Our offering is fully integrated to
Industrial Internet

3 6.11.2017

Very wide global process
and benchmarking
knowledge

Over 330 Advanced Process
Controls & over 40 000
Analyzers and
Measurements delivered

Valmet >



Objectives of Recovery Boiler Optimization
Power Plant and Chemical Reactor

®* Power Plant

— Flue gas losses, efficient sootblowing, cleanability,
carryover, emissions, superheated steam
temperature

® Chemical recovery

— High reduction efficiency and steady smelt flow
— High TTA from the dissolving tank

A
4 6 November, 2017 © Valmet | Author/ Title valmelt ,



Valmet Recovery Boiler Optimizer

Combustion optimization

Sootblowing optimization

Air distribution

Boiler load Fouling indicators

Liquor droplet size Sootblowing efficiency indexing
; P Adaptive intervals

Reduction Efficiency g

Bed size management

Superheated steam temperature Performance Service

Leak detector

§ !' System enhancement and process cons: |
Dissolving tank optimization ;
Valmet Recovery [t
Liquor Analyzer for onasores Time =
g . d h |
Na,CO, solubility calculation green andwhite auor
TTA-control

Dissolving tank mass balance stabilization

Valmet >



Recovery Boller Performance Optimization
Benefits & interactions for the entire pulp mill and liquor cycle

<O
& N o
[ ) o Xy
Cooking | N \QQ\Q s & (\\(9 < 0&\ &
Stronger and stable quality &° & & 4&{-’ 0_‘5 & 66

white liquor enables
production of even and
high pulp quality WOOD

PULP

Evaporation

evaporation O Stronger white liquor ->
Q causticizing less black liquor to evaporate ->

. . lime

II:cI)rvUeer eKr:Ierr]gy need Q kiln recovery Increased evaporation capacity
if lime kiln is the bottleneck boiler

-> increased pulp production Q

Higher\é,nd even reduction efficiency and
green liquor TTA
Impact to whole liquor circle

Causticizing
stronger green and white liquor
-> increased pulp production

Valmet >



Reduction rate and TTA increase example

250

240

230

7

6.11.2017

Total energy savings 1500 Adt/d: 96 169
343 GJ/d, 6 €/GJ, 355 days/a = 731 k€la 94 165
Cooking Evaporation Boiler 92 161
35 GJ/d less 232 GJ/d less 5 GJ/d more 90 157
steam 4. steam steam :
4 Higher heat = 88 153
value of BL and 86 I 149
3.4% less water to Less heat loss 84 145
evaporate from the smelt
m RE [%]. = ETTA [o/]]
Sampling g
point

8.7% more

Example:
before and
after 80% CE

2.1% less lime
> Or more
capacity

71 GJ/d less
energy

Valmet >






Protective Apparel for the

Pulp and Paper Industry

Jim Ellis, Gore



Protective Apparel for the Pulp
and Paper Industry

Presented by:
Jim EllisWhen: November 8, 2017
Where: Stockholm, Sweden

GOREPD

Worldwitteidwide

W.W GoreBatesogigigsociates



Gore investigating several areas within P&P that might have
gaps Iin protection or unmet needs in comfort

Started

- D

0 N

Boiler |
Ash

Confidential Gore Technology




Initial Mill Splash Testing
oppml .

Creative Technologies
Worldwide

Confidential Gore Technology



Mill Splash Results

650gsm Aluminized 290gsm O-Pan
Description Aramid Blend (Carbon Fiber)

g 'r.'- \Q-i-" > 3

&
_:-.I' . &

——

SIS -

SAMPLE

T-SHIRT

Creative Technologies
Worldwide

Confidential Gore Technology



10.00

Tests performed with 500g (1.1Ib)
of Smelt at 843C (1550F) over new
cotton T shirt GORE,

Figure 1. Molten Smelt Impact Apparatus Illustrating Ladle and Calorimeter Orientation.

Creative Technologies
Worldwide

Confidential Gore Technology



What we discovered

Confidential Gore Technology

Creative Technologies
Worldwide



O-Pan (Carbon) Fiber — Back Coated with Silicone

Tests performed with 5009 (1.11b)
of Smelt at 843C (1550F) over wet

cotton T shirt EURE

Creative Technologies
Worldwide

Confidential Gore Technology



Stoll Curve Explained

Stoll Curve Example
20
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o
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C
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/ Burn Area
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Time (sec)
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Aramid Blend — 145g/m? (4.30z/yd?)

Total Heat Energy {Jfcm2)

Total Heat Energy Through | Aramid with T-Shirt Backing After Impact
with 0.5 kg Molten Smelt

2% Degree Burn

No 2"d Degree Burn

] 10 15 n 75 &1 35 Al
Time (sec)

R T Tap Cal m— Fni 1 Boftom C3 = fun F Top Cal  =——Run & Baftom Cal =il Curye

45

Confidential Gore Technology
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“Greens” - FR Cotton — 405gsm (120z/yd:

Total Heat Energy (J/cm2)

Total Heat Energy Through Greens with T-Shirt Backing After Impact

with 0.5 kg Molten Smelt

/[

// 2"d Degree Burn

- —

// _—

I/ _—

’/ / No 2" Degree Burn

v

5 10 15 20 25 30 35

Time (sec)
e=—=Run 1 Top Cal ====Run 1 Bottom Cal ====Stoll Curve

45
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O-Pan Fiber — Silicone Coated 290g/m?

20

18

16

[
=

[y
M

Total Heat Energy (J/cm2)

Total Heat Energy Through CarbonX with T-S
with 0.5 kg Used Molten Smelt

‘king After Impact

/ /
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Wool — Double Layer — 505g/m? (150z/yd?)

Total Heat Energy [Jicm2)

0

Total Heat Energy Through . with T-5hirt Backing After

Impact with 0.5 kg Used Molten Smelt

Pl S

2"d Degree Bur

No 2" Degree Burn

15 i) £ E}] 35 4L 45

Time {sec)

==lun 1Top Cal =—RunriBottom{al e——=inlooee

Confidential Gore Technology
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Aluminized Aramid — 650g/m?

Total Heat Energy (Jicm?)

14

12

1Q

Total Heat Energy Through Al with T-Shirt Backing After Impact with 0.5
kg New Molten Smelt

5 10 15 20 25 30 35 40
Time (sec)

m——=Run 1Top Cal ====Run1Bottom Cal ====Run 2Top Cal Run ? Bottom Cal  ====Stoll Curve

45
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Molten Splash in ASTM F955 — Slow Motion
Gore Vulcan Molten Splash Protection

Tests performed with 5009 (1.11b)

. . of Smelt at 843C (1550F)
Confidential Gore Technology
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Wall #1 — Quick Shedding,

Worfdwide
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Wall #2 Char Formation

Confidential Gore Technology



Wall #3 Barrier Integrity

Creative Technologies
Worldwide

Confidential Gore Technology



GORE® Vulcan — 145g/m? - 4,30z/yd?

Total Heat Energy Through | Gore Vulcan  with T-Shirt Backing After
Impact with 0.5 kg New Molten Smelt

]
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Time to 2"d Degree Burn and Material Weight

Average Time to 2nd Degree Burn and Material Weight

No Burn
45

40
35
30
25
20
15

10

145gsm

Single Wool O-Pan Neoprene Coated Double Wool Gore Vulcan

B Average Time to 2nd Degree Burn M Average Material Weight (oz/yd2) EDRE

Creative Technologies
Worldwide
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Overview of “gaps” in molten protective

apparel

Gap in current PPE

Body Point

PPE Used

\ Gap in current PPE

Confidential Gore Technology

1

2
3&4
5&6
7&8
9&10

protective

11 & 12
13& 14
15 & 16
17 & 18
19 & 20

Face Shield
Hard hat
Long sleeves
Long sleeves

PPE upgrade

None

Lower neck protection
Molten splash protective
Molten splash protective

Q \1 Boiler Worker Burn Prediction Map

Welder Gloves Molten splash protective
FR Jacket Molten splash

FR Jacket
Some jackets
Not protected
Not protected
Inconsistent

Molten splash protective
Molten jacket (40" min.)
Molten jacket (Trench)
Molten splash pants

Dip tested to 1700°F
w/metatarsal guard
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Review of GORE® FR APPAREL designed for boiler
workers

hood attachment snaps

covejﬁd‘by\outer collar

Slit lower back
freedom of movemetn
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Review of GORE® FR APPAREL designed for boiler workers
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Review of GORE® FR APPAREL designed for boiler workers

Labeling
Between middle and 1st snap on right side
#2- content - edge on middle of seam #4- Assmebled in US- next to #2

Snaps
facing to outside

Cutand knot cord

Attachment snaps

. Date: August 01.17
jm ‘ GORETEX  \/ulcan - Hood Campany Cortaensal | S0 Augsto1
Pattern:

Model no:
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Next Investigation: Gore Multi-hazard PPE for P&P, protection
from hot liquids and steam

Continued
investigating
(~ O\ | GAPS What we found so far:
. 1. Gaps in protection of hot liquids
Boiler and steam
Ash 2. Some PPE may be inadequate
' » S ) for chemical splash protection
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Industry Want for Multi-Hazard Garment

« Garments with maximum versatility
 Chemical Protection
e Steam and Hot Liquid Protection
e Flash Fire and Arc Flash
* Hi-Visibility

* While maintaining maximum comfort
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Next steps...

 GORE interested in visiting mills to perform comparative
molten splash testing

 TO participate in molten splash testing and garment wear
trials of GORE® FR Apparel, please contact:

Jim Ellis
lellis@wlgore.com
USA: 1443 907 5751, cell
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