wolf heilmann @&

Opportunities and Future Challenges in
Green Low-Carbon Transformation for European
Papermaking Enterprises

NS R0\ 2x 0 (AR FE Y th R A0 S oA S Bk A

Wolf Heilmann, wolf heilmann GmbH, Augsburg

International Paper Technology Conference
Shanghai, 14. August 2025




Content

NA

* EU regulations
o« RRER,EH

* Application cases

« N FAZED

* Summary

- TE

wolf heilmann &




Political Regulations to cut CO2 emissions e —
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e Europe created the EU-ETS Emission Trade System, starting 2005
o« FRINT2005F 25 T EREBBFSE 2 48R (EU-ETS)

* For each ton of CO2, an emission certificate must be bought at the end of the year

« XWTFEMEF Lk, D TEFEWLAENRBERECE,




Political Regulations to cut CO2 emissions T —
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* Presently, a limited quantity of certificates are distributed free of charge by the
member states of the EU.

- HEy, BRBRRGREIETE R R AWM —TEHERVIUED,

* Additional certificates are sold by the member states with a fixed price

» FAMIE B RS E L E NS HH S,




Political Regulations to cut CO2 emissions T —
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* The number of certificates free of charge are reduced regularly.

RIE BN ESEHRD,

Big emitters must buy certificates at auction.

T EBERUR 0 U8 I Ha S W SK BB AL,

Low emitters can sell their certificates at auction.

{EBEME R LU A BF I ECEE AR = EHE




Political Regulations to cut CO2 emissions T —
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* Present cost of certificate: roughly 70€ per ton of CO2.
H BIBKBEBOEBRIAA @ B Z S LK Z970FTT,

Expected cost range 2027 — 2035: 200€ to 300€/to CO?2.
TRt A ASE FE 2027-2035 & 200€ = 300€/ME — E LAk,
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Political Regulations to cut CO2 emissions T —

BUEERLURD — SR

* Average sale price per ton of paper in Germany 790 €/t.

» [RE A AR IIHE B9 790RTT/ M,

* Average generation of CO2 per ton of paper in Germany: 0.6t/t.
c BESMAKEFTERFHATERN —S(LHKE @ 0.6M4/M,

* Keeping the CO2 generation lesser than number of certificates will prevent pgig
increase.

« RIF ZBULMEENEETHIRPUE B E, RPN £k,




Political Regulations to cut CO2 emissions T —
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* So lot of challenges

- HIIEEZ Pk E

* But also some opportunities

- BRINBEFE L&,
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* The cost of production will increase

 AEFERARHE

* Competition will be stronger

» LT EINHZN,

* You have to transform faster than your competitor!

« IRHILL R R I FERIMSCINFEE |
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Opportunities
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* Many small steps will lead to the green low-carbon transformation.

I % /N5 BN H R s e (B Fe

Let us concentrate on saving drying energy, as this is 70% of the total energy
need.

RN ET AT ERERE, EHAXSSEERT KAI70%,

European mills have started doing the first steps.

ROMHDIE ] B 2T 48 K ERW) 1760,
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Opportunities
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* Reduce specific energy consumption.

» [EEBRAIRERE,

* Reduce requirement for energy.

¢ BIF'T—E% ﬁb/

* Substitute fossil fuels by electricity.
- B HELE L
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eNIR dryers for coat drying
eNIR T/ERNLAH T RET ke

eNIR dryers for profiling
eNIR TERA A T #1 RIZ=AE

eNIR dryers for impingement pre heating

eNIR ;A5 T P iR 1],
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e Steam reduction with digital twins

c FABESBFEERA

e Steam reduction with improved on-line felt washing

« FAUBE S SUANTE LB FIL

e Steam reduction with specialized bentonite for improved dewatering

« XHTREELBITZTURELERTT AR AR




Substitute fossil fuels by electricity W LW T—
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 electric enhanced near infra red eNIR dryer instead of gas fired infrared or
standard NIR near infrared dryers.

o XABEMMAIERALTLI/ (eNIR) FIENL, BRBEINML AN T IEN AR AE
T (NIR) FUEM.,

* eNIR dryer emits with peak wavelength of 1.45 um.
* eNIR TIEN KHRVIEEIK KA 1.45 0K,

* eNIR dryer evaporate twice as much per kW as NIR or gas fired infrared emj

- eNRFIENETFENZEEAEENIREES LI N INFRIZHIFHEE,
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 electric enhanced near infra red eNIR dryer instead of gas fired infrared for coat
drying.

o XAEMPIFZAN (eNIR) FIENBRRSAANATIEVNH T RETIE,

Improved coating hold out reduces energy requirement.

SURRVREME DIE T EER T Ko

Binder and pigment saving due to improved coating hold out.

AT RENE DR, RIHEMSRMER,
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* Profiling with eNIR dryer instead of overdrying and remoistening with spray bar
to reduce steam consumption.

@ﬂ%eé\l%%?ksﬁfrftﬁﬁz'% MeEEN KT E T REBEEMNINE, LURD
2\

* Speed increase between 6% and 18%.
« RERARBENN6%EL8% [,
e Reduction of specific steam consumption by 6% to 18%.
« KR BREERD6%E18%,
e Reduction of required steam pressure up to 8%.

o TR ) KA B T 3A8%,




Substitute fossil fuels by electricity
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* Moisture profile without remoisturing.
s THREFNINEALEE 7%,

wolt heillmann

* Moisture profile without remoisturing.
« THEEMNIEFNEE D,




Substitute fossil fuels by electricity
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* Moisture profile with profiling by eNIR.
« IKDEEDH, EHAeNIREAHEITIIE DT,
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e Steam pressure reduction of 5%.
o« ZAETEIES5%,
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* Pre heating heavy grades with eNIR between press and pre dryer to reduce steam
consumption.

o EEMEN S INTIEVL 2 BEFHeNIRY EFIREHDHITIINEY, LU Z5BFE,
e Capacity increase 8% to 18% with same steam consumption.
« HEABFEERNTRIERT, FEERE8%E18%.
e Reduction of specific steam consumption by 8% to 18%.
- KA BFREE R 8%E18%,




Substitute fossil fuels by electricity wolf heillmann

BB abRet

* Warming up to 65° C, electric consumption in this specific case: 24 kWh/t
« INFZESS” CH, REAIFIBEEEFEEN @ 24T LAY/ME,

Paper run

!
O

| Durchschn. 62,8 °C

Max. 65,4 °C

Mine. Reverse side emitter under first bottom drying cylindg

REAFERAT R —DERTERE T
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* Pre heating heavy grades with eNIR between press and pre dryer to reduce steam
consumption.

o« TEEENL G T /R 2 BE FHeNIRXI EFUREHEITIINRY, LUBD Z07E #E.

* In given case, the total steam consumption is reduced by 3% and substituted by
electricity.

« FIZFEDIFR, ZKABBFEERD T3%, FHHEBIENR,
* Warming up to 85C with 72 kWh/t we substituted 7.8% of the steam.
- FREFAESSC, SHUBFR72TERN, BN T7.8%097% 5,

* We achieved evaporation rates up to 840g water per kWh
through improved energy transfer between cylinder and paper.

- B ML REL S RKZBIRREEE %,
BALH T B =5k84052 K T EATAVER &K




Reduce requirement for energy PO T —

fHEBE R TR K

* Optimizing the drying by using a very special digital twin reduces the steam
consumption by up to 8%.

y if_gﬁﬁﬁ—ﬂﬂﬁlE%#%5%5’9%&—?@%&7&%1|::i57'%?ﬁ%, AN EIUEREE R
% 388%

* Smurfit WestRock Townsend Hook published end of 2022 that the total CO2
footprint of their paper mill was reduced by 5% through steam reduction of 8%

» BSER-FATR S e RS- E e T2022F [EE T, BT A 8%HIZ 48
g, Baf & SHERED 5%,




Reduce requirement for energy .1 (T—

fHEBE R TR K

* With optimum online felt washing we achieved with our customers an increase of
dry content after press by 0.5% to 1%.

c BUXHARMNELELEEALZ, BMSEFFaFEIl TEHETEER
FH0.5% ZE 1%H) E & 3R

* This reduces the required steam consumption by 1% to 3%.
o XTEFTFRRIZ VBFEE R 1%E3%,




Reduce requirement for energy PO T —

fHEBE R TR K

* With optimum sticky scavenging using specialty bentonite we clarified circuit
water.

- BRI DHITRERMEBR, TR TIEMK,

* Through improved dewatering on containerboard machines we achieved
increased dry content after press by 0.5% to 1%.

« B SUH BB AWK TZ, FAISEM T ERETEERIT0.5%E 1%,
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* This reduces the required steam consumption by 1% to 3%.
o X EFERIZABFEE R 1%ZE 3%,




Reduce reqwrement for energy PR WL ——

BIIZ{EEEB/

* Pre heating and profiling with eNIR emitters reduces the steam requirement between 8%
and 15%.

o fEFHeNIRAST 25 1T IFRALE B HE G AR 20K E FEE8% ZE 15%.

* Improved drying algorithm reduce steam requirement by another 3% to 8%.

s WA T RE RN ZAT KEBEIE3%E8%,

* Optimized felt washing and sticky scavenging by special bentonite increase dry co
after press by 1% to 2% - red ucing steam req uirement by 3% to 6%.

1%i2%, Mﬁﬁmd\%ﬁ%?g?,%is%o




Reduce requirement for energy PR WL (——

fHEBE R TR K

* Required steam pressure drops by 14% to 32% - allowing the use of very energy
efficient heat pumps with high COP.

» TR AR NBEEL14% E 32% —— X RIGREBEFAERF et (cop) AT

RELFR

* For coated paper and board additional savings of fossile fuels are feasible.

XIFRm gL, BE—2 TR REHER1TH,




Reduce requirement for energy
[ EBE R K

e Coating colours with ultra high application solids (72+%)

- RIEEE, BEREBESHE

HmaesE (72%L 1)

Reduces the requirement for infrared drying

B LA TR 9T

Strongly reduces the most expensive energy.

T & R B SRAYBER)
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Reduce requirement for energy wolf heilmann @

fHEBE R TR K

* Produce barrier paper for food wrap

c AR mPEHERA

Substitutes plastic food packaging
EREREmEE

Produces thus less CO2 than manufacturing plastic packaging.

Kb, HrrAm—sehikbd SRt azxd,
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fHEBE R TR K

* Many small steps are feasible today and are done today
SRAJLREFZ/ N8R, mHEXLEZ RS XL r] LASK T,

All together many small steps lead to the total decarbonisation of the paper
production.

BIREE=S=erp (NS S-S NEA 1P b /i Sl Nbvie i) 0 /8

In the future even at same manufacturing cost.

 REBAMEEMRBRIGIS A T
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You find details to all projects on our website

TR A BA 1R s _E 3R Ar A I E R 4H(E B

www.wolfheilmann.eu




Our Partners
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WE SIMPLIFY YOUR WAY
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Bentonite improves our lives! &y
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Thank you for your attention
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