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ABSTRACT

Recently, there are growing interests on carbon emissions related in climate change which is worldwide
emerging important issue. Some research works are now carrying out in order to reduce the carbon emis-
sion in pulp and paper industries by the synthesis of precipitated calcium carbonate using the exhaust car-
bon dioxide from combustion furnace or incinerator. However, for solving the original problems on car-
bon emission, we need to consider the analysis of basic methodology on CO, through the process
efficiencies. There are two general tools for carbon emissions; one is the greenhouse gas inventory and
the other is LCCO, method which is applied to particular items of raw materials and utilities in unit
process.

In this study, the carbon emissions in wood-containing printing paper production line were calculated
by using LCCO, method. The general materials and utilities for paper production, such as fibrous materi-
als, chemical additives, electric power, steam, and industrial water were analyzed. As the results,
Na,Si0; showed the highest loads in carbon emissions, and the total amount of carbon emissions was
the highest in electricity. In the production line of printing paper using de-inked pulp and BTMP, as the
mixing ratio of DIP was higher, the carbon emissions were decreased because of high use of electric pow-
er in TMP process.
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Fig. 1. De-inked pulp manufacturing process.
wood ™~
chipping heating refining bleaching Press
Fig. 2. Bleached TMP(thermomechanical pulp) manufacturing process.
>,
' . Stock Paper . i
Mixing preparation making Drying o
BTMP

Fig. 3. Wood-containing printing paper process.
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Table 1. Dosage of raw materials and utilities.

Ao A E = AA BEFE VS0 R shglor,
DIP % BTMP 1 ton A4 A| - 52442 & f-E 2] g &

&S Table 19 e T}
222 E= Y REZIEIH HAHWEH A
DIP ¥ BTMP 44 A] EQ &= ¢- 544 4 ¢
e 8T REEFIGOH, 4 Ed ELE e a
A}4- 5 DBE Table 29] U}

i &5 AP o] $i5to]
it DBR R E A

L EFS T SR EA 2

I\)Zzsetre Wood, H,0,, NaOH, Na,Si0;3, ];Zji)eviter;c Steam, In\il;fglal
ton ton kg kg kg KWh ton ton
1" DIP 1.63 - 40.50 32.40 33.75 254 .48 0.09 0.20
2" pIp - - 130.0 30.00 35.00 281.26 0.14 -
BTMP - 1.04 188.0 81.50 72.50 3,788.0 0.30 -
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Carbonemissions, kgCO, eq./t = (CO, emissions of rawmaterial X GWP of CO,)
+ (CH, emissions of rawmaterial X GWP of CH,)
+ (V,0 emissions of rawmaterial X GWP of N,O)
+ (HFCs emissions of rawmaterial X GWP of HFCs )
+ (PFCs emissions of rawmaterial X GWP of PFCs)
+ (SF; emissions of rawmaterial X GWP of SF)
Equation 1. Calculation of Carbon emissions.
Table 2. The database of raw materials and utilities."”®
Classification Data base Source
. Waste paper Waste paper, mixed, from public collection, for further
Fibrous treatment
materials Round wood, Scandinavian softwood, under bark, Ecoinvent
Wood .
u=70% at forest road
. H,0, Hydrogen peroxide, 50% in H,O, at plant
Chemical :
.. NaOH Caustic soda, NaOH
additives : : o :
Na,Si0O; Sodium Silicate, Na,SiO3
Electric power  Electricity Korea LCI DB
Utilities Steam Steam

Industrial water

Industrial water Jeonbuk

Table 3. Global Warning Potential.”

Designation Chemical formula GWP(Global Warning Potential)
Carbon dioxide(CO,) CO, 1
Methane CH4 21
Nitrous oxide(N»O) N,O 310
HFC-23 CHF; 11,700
HFC-32 CH,F, 650
HFC-41 CHsF 150
HFC-43-10mee C5H2F10 1,300
HFC-125 C,HFs 2,800
HFC-134 C,HyFy 1,000
HFC-134a CH2FCF; 1,300
HFC-152a C2H4F2 140
HFC-143 C,H;F; 300
HFC-143a C,H;F; 3,800
HFC-227¢a C;HF, 2,900
HFC—236fa C3H2F6 6,300
HFC-245ca C;HsFs 560
Sulphur hexafluoride(SFs) SFs 23,900
Perfluoromethane(CF4) CF4 6,500
Perfluoroethane(C>Fs) C2Fs 9,200
Perfluoropropane(C;Fys) C3Fs 7,000
Perfluorobutane(C4F10) C4Fio 7,000
Perfluorocyclobutane(c-CsFs) c-Cy4Fs 8,700
Perfluoropentane(CsF ;) CsFiz 7,500
Perﬂuorohexane(C6F14) C6F14 7,400
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Table 4. Dosage of raw materials and utilities by mixed ratio of DIP and TMP.

Mixed ratio Classification
DIP ™ | VB \wood  H,0,  NaOH  NaSio; DS gy  [Industria
paper power 1 water
0 10 0.00 1.04 188.00 81.50 72.50 3788.00 0.30 0.00
1 9 0.16 0.94 186.25 79.59 72.13 3462.77 0.29 0.02
2 8 0.33 0.83 184.50 77.68 71.75 3137.55 0.29 0.04
3 7 0.49 0.73 182.75 75.77 71.38 2812.32 0.28 0.06
4 6 0.65 0.62 181.00 73.86 71.00 2487.10 0.27 0.08
5 5 0.82 0.52 179.25 71.95 70.63 2161.87 0.27 0.10
6 4 0.98 0.42 177.50 70.04 70.25 1836.64 0.26 0.12
7 3 1.14 0.31 175.75 68.13 69.88 1511.42 0.25 0.14
8 2 1.30 0.21 174.00 66.22 69.50 1186.19 0.24 0.16
9 1 1.47 0.10 172.25 64.31 69.13 860.97 0.24 0.18
10 0 1.63 0.00 170.50 62.40 68.75 535.74 0.23 0.20
3} 2|5 0|83t CO, FF o= A shgl om 4H th. DIP A AF Al AFG-E] = oF 7 2 fE 2 E o FAE
3o BAS B 2 BUB UG HawE S B of BIMP AL A AL&E & ool vl 3] o] u)ak 220l
SFTE A Al AFSE A F2d 3 2 4= 1996 9 v uhebA A A Al o 9 fE 2] E o w2 DIP
IPCC(Intergovernmental Panel on Climate Change) Eolgko| Z7}gto| = EL35 1 BTMP £ & 740
BI A ATLUH AL Z 4T AOT Tble O3 GFO R B AFL epic
3o rebych Bhau| 2 A2 S 02 4 19] et A
3. Zut & uF
2.2.3 DIP £YHIE Z7I0f M2 ErAHIEE 24
23 Dp FENIZ Flol S EAES 31 Eelele W SEAE B EHANED B4
DIP W BTMPS] £¢) 54 ehanf& 24 23 )
= B2 7 B2 | tonS AJAFSH A0 MG B4 3.1 drd BH=ol EIAHIEE EA
o) &3 248 AA]519 o, B3t DIPS} BTMPO] & DIP¢} BTMP O & 24 AHE-5| = 7 2] & Z A4 of
H]gof ok A AbE] = Q1482 o gauf &= W3}

3 o & et & e 248 len, Sy DB 44
E 543} ¢lc}. DIPZ BTMPO] £ 91| &0 w2 ¢ Aol EAsHA o B2 39 DBSI ecoinvent®]
FAN 2 feeE £ WSHS Table 40 Uebyl  DBS A0 ARSSHITE ol A ARG E = w2 2] 7

Table 5. Carbon emissions of waste paper.4’6)

Greenhouse gas DB value(ton) GWP(;}(I)ct):;li;;\;ammg Caliz(élloirer;ji;?lns’
CO; 6.50.E-02 1.00.E+00 6.50.E-02
CH,4 8.24.E-05 2.10.E+01 1.73.E-03
N.O 2.48.E-06 3.10.E+02 7.68.E-04
CoFs 6.80.E-10 9.20.E+03 6.26.E-06
SFs 4.44.E-10 2.39.E+04 1.06.E-05
CoHoF, 6.22.E-08 1.00.E+03 6.22.E-05
CH4F, 3.23.E-12 1.40.E+02 4.52.E-10
CF, 5.76.E-09 6.50.E+03 3.75.E-05
CHF; 1.22.E-12 1.17.E+04 1.43.E-08

Total 6.76.E-02




DIP 3! BIMP &3HH]&of o2

Table 6. Carbon emissions of round wood.*®

Q1447 9] LoCo, B4 51

GWP(Global Warning

Carbon emissions,

Greenhouse gas DB value(ton) Potential) keCOseq./ton
CO, 1.59.E+01 1.00.E+00 1.59.E+01
CH4 7.01.E-04 3.10.E+02 2.17.E-01
N,O 2.21.E-07 9.20.E+03 2.04.E-03
CoFs 3.79.E-07 2.39.E+04 9.05.E-03
SFs 1.65.E-05 1.00.E+03 1.65.E-02
C,HyF, 2.01.E-02 2.10.E+01 4.22.E-01
C,H4F, 1.85.E-06 6.50.E+03 1.20.E-02
CF4 4.82.E-10 1.17.E+04 5.64.E-06
CHF; 2.23.E-09 1.40.E+02 3.12.E-07
Total 1.66.E+01
AL A A, B2 5o S]] A sHA kot 7t Hoith A A2 BRHE AR 2 AT F - HA
Hohee g A EFE ey on 6o L4k F

H A 2 JLEo] o] T2 2 ecoinvent DB U of] $-A}k
£ 9] ‘waste paper, mixed, from public collection, for
further treatment’ 8} 22 A} &35} %t

BTMPO] & & AFE 5] 27 o] 70 U4k 7h
A7t S o] F 11 9o, o] ecoinvent?] round
wood 55 5 3 70% O] YE5-S FAIT g0 7}
2 Agtsiohal #ekE o ‘round wood, Scandinavian
softwood, under bark, u=70% at forest road’ 3} &2 &
2 & Bal o] ALt H Ao B BT 6T
LA 5959 £47HA7E DB el 3o 9)
Qou], gaufETF AE A 1S Table 5 9 60 LEHY
=

CO,FFoz A4 A3}, # A 1 kg HAF A] gh2xul
220 6.76E-02 kgCOseq. 2 U EFF O, AL |
m’ QA A BE A8 &L 1.66E+01 kgCOseq. & AFS

Table 7. Carbon emissions of hydrogen peroxide.4’5’7

£3] CO, Rao A 2 Ao 2 Lhehyh,

3.1.2 7t 4=2
DIPS} BTMP 44 A] 7}5] = ok o] e 2%
= AEehaA sl e
Aba 5ol g
74 £ ecoinvent?) ‘hydrogen per0x1de paper’ DB
o) 43Tt B TR AL 6 1) LATIA F9FE &
A7h27F DB Y Z3HE o Qllom eAaufEa &4
A3}E Table 70 LeFth 2HAFSE 4 Tkg AYAE Al &
2] 232 1.19E+00 kgCOseq. 2 AF2 ] 9l ot
FABEES W FAATHE B 5o 4 B sha
3)\% =W LCIDB] *7} 22 t(NaOH)’, ‘TFAIHE &
(Na:Si0;)’ # ¢ DBE o] &3t glem 6 of 247t 5

5)E

:g

Greenhouse gas DB value(kg) GWP(I?é(t):I?tli:l\;ammg Caibg(gloezrgi/sli(gms’
CO, 1.12.E+00 1.00.E+00 1.12E+00
CH4 1.86.E-05 3.10.E+02 5.76E-03
N>O 1.62.E-08 9.20.E+03 1.49E-04
CyFe 5.14.E-08 2.39.E+04 1.23E-03

SFe 1.16.E-08 1.00.E+03 1.16E-05
CyH,F4 2.98.E-03 2.10.E+01 6.25E-02
C,H4F> 1.28.E-07 6.50.E+03 8.29E-04

CF,4 6.13.E-11 1.17.E+04 7.17E-07

CHF3 2.97.E-10 1.40.E+02 4.16E-08
Total 1.19.E+00
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Table 8. Carbon emissions of sodium hydroxide.

A - urE H . 2o]7]4& 45(2) 2013

Greenhouse gas DB value(ton) GWP(S;?:Iili;\;aming Calzlig)(érz)ezg:li.s/i(i)(r)lns,
CO, 6.16.E+02 1.00.E+00 6.16E+02
CH4 5.79.E-01 2.10.E+01 1.22E+01
N.O 2.28.E-03 3.10.E+02 7.07E-01
Total 6.29.E+02

Table 9. Carbon emissions of sodium silicate."”

GWP(Global Warning Carbon emissions,

Greenhouse gas DB value(ton) Potential) keCOseq./ton
CO, 1.32.E+03 1.00.E+00 1.32E+03
CH4 8.73.E+00 2.10.E+01 1.83E+02
N2o 5.50.E-03 3.10.E+02 1.70E+00
Total 1.51.E+03

3% &A7t A7 DBol| 3 o gl SatsiuE
£ 9 jHAbATHY] DB 3 U3 A 45 o] g3}o]
CO, GO 2 A5t A5 Table 8 % 99] Lhet o
H FABFUIE S | ton A A EFA &S 6.29E+
02 kgCOseq., TFAFATE 1 ton AJAF A] BEAH|Z ke
1.51E+03 kgCOzeq 2 et SASJEE ] A

$ AR DRAA L G o] o] 7MY e Ea

Yo A Telsta Qs Mg AYA =7} LCI DB7F
gom, of F AFAFAA AR A Tt Y= A
4457 LCIDBE o] 8515l oH 6 of 24 7FA &

3%9] &A7kA7E DB Y| 235 o} 9tk CO e
2 A4 A, AE | kWh A A BavjSee
4.95E-01 kgCOseq. 2 YEFG O, 7 A1E Table 10

o Lheh et

Hj&7S et oy A A0 A S 1 o & =W &4 DB g4 A A& &4+ 34
2 EFFol et FFHS Ao ot FFHt Y &4 DB&} 44~ DB7} £ A8k 1, =7} LCI DBl = #]
S AoR A B 7 FF O AL EY 9 FY&2 44 DB Qlth & Aol A= T A
A gadEsF AL ARE VA -+ U2 AL 7k AR A5 ¥ Y-8 DB(EE ) E ol &5t
2 gadr ou], 6t 47k~ %359 247k27 DB ol E

S5 o] k) CO, GeFo & AHA AT, 24 1 ton A

3.1.3 HI MAL Al AH|E[= |E|2] ErAHH AL A| B A 20 1 23E-01 kgCOzeq. 2 54 5 90

£ 24 v 2k 2 A 7hA of ek &9 A 3HE Table 119] We}
Pug s AL g B3l Wk

o) 2 34 Golt AY, §4, 28 Fol 2nd 2g HEASE 28 A A EYRY, 58
oA A9 A AN L hEASE AATA H Avlo] G2 ST Fol ALY Fof Ak E AT
Table 10. Carbon emissions of electric power.]"')

GWP(Global Warning Carbon emissions,
Greenhouse gas DB value, kWh Potential) keCOseq./kWh
CO, 4.87.E-01 1.00.E+00 4.87E-01
CH4 3.53.E-04 2.10.E+01 7.41E-03
N>O 1.53.E-06 3.10.E+02 4.74E-04
Total 4.95E-01
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Table 11. Carbon emissions of industrial water.""

1-8-%] 9] LCCO, £-4] 53

GWP(Global Warning Carbon emissions,

Greenhouse gas DB value(ton) Potential) keCOseq./ton
CO; 1.21.E-01 1.00.E+00 1.21E-01
CH4 8.40.E-05 2.10.E+01 1.76E-03
N>O 3.64.E-07 3.10.E+02 1.13E-04
Total 1.23.E-01
Table 12. Carbon emissions of steam.""
Greenhouse gas DB value(ton) GWP(Sé?:;li;?;ammg Calztg)(érz)iretg.s/i;c])qns,
CO; 4.10.E-02 1.00.E+00 4.10E-02
CH4 1.92.E-05 2.10.E+01 4.03E-04
N.O 2.28.E-06 3.10.E+02 7.08E-04
Total 4.21.E-02

o A AHg-et A¥ DBE AF SR Kol A e 5f
11 Q)&= steam =7} LCIDBo| 1, 6 T £ A7} A 23 2
o] & A7A7} DB Y 2385 0] 9tt.) co, gEo g
ALA Ab A€ 1 MI AAF A] BF A S 2 4.21E-01
kgCO2eq. 2 L}EFSFTE.

=

F

-

3.2 DIP 2! BTMP 1 ton A4At A| EtAHHS 2
24
DIP ¥ BTMP2] &3}H4|L-9] ol
o) Btau| &L A&et ) ZH2he W | 1o
A B A E e al - E A2 7L A 8= B &S
Gtk DIP 1 ton A} A] Ehauj & 9 9.5
£ Fig. 3 9 40 ettt
DIP 1 ton A A A] B4 Hj 222 6.11E+02 tCOseq.

tCOzeq.2 HA| BHAu) &5 5 43.38%5 2| 514 7}
ﬂlﬁﬂl UebstTh. E 3 TpAksae Aol o9t Bha &
2 2.03E+02 tCOzeq. 2 A A v &5 5 2 33%2] =
2> HI%Q A= A S 2 et AR #H A
of o3t etauf & 82 1.10E-01 tCOseq. 2 HA] B4
&% 5 oF0.02%E Ao A8 &5 A 9
Sl Y- RN 5 A E 2 HES Ad AR 24
=Sl
BTMP 1 ton A AF A] -5z A of w}h 2 et 4 uf & 3F
AP A3HE Fig 5o et on 2 A7t A4 v &
ol o off 22 8h+= B & &4 510 Fig. 69 UHEF

s

o

BTMP 1 ton A4k A T
tCOxq.2 YEOH, Ao ﬂ?f %iﬂﬂﬁ%ol
S

ul
B>
=
ﬂHN'
lo
l\)
)
[e]
tr
+
S
w

- = -
2 yepton] o og gt EaFo] 2.65E+02 1.88E+03 tCOzq.2 A4 G2 &5 5 824%5 2
- 7.00E+02
E 6.00E+02
8 5006402 0.02%
8 4.00E+02 W Waste paper
+
E 3.00E+02 43.38% " Hydrogen peroxide
LOOE+ .
8 2.00E402 11 Sodium hydroxide
E I W Sodium silicate
e 1.00E402
E 0.00E+00 = . Electric power
8 R .
'qu( di\b@ & & \\65& & &,56‘ r & .&o@ -
'@Q Qé & & \‘f? ° & W Industrial water
4;'3" @o = n z&* s}‘ 16.98%
R &

Fig. 4. Carbon emissions of de-inked pulp(1ton).

Fig. 5. Proportion of carbon emissions of raw
materials and utilities in DIP.
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.. 2.50E+03
s
3
= 2.00E403 0.76%  o.s3%
g‘ [ 2.25%
¥ 1.50E+03 4.81% = Wood
§ 1L00E403 ’w u Hydrogen peroxide
Y
§ Il Sodium hydroxide
g 5.00E+02 = Sodium silicate
=
5 0.00E+00 - — —-— Electric power
@ > s
-5:‘00b “’_‘}6 b«a&b@ &"‘?& le‘ ¢ :.;@’Ib<° '\°@ team
5 & &
b‘o“’ = n,es’ <
&S
Fig. 6. Carbon emissions of thermomechanical Fig. 7. Proportion of carbon emissions of raw
pulp(1ton). materials and utilities in TMP.

—+—Waste paper, ton ~=-Wood, ton

Dosage of raw materials, unit

—i—Hydrogen peroxide, kg ——Sodium hydroxide, kg

——Sodium silicate, ke Electric power, kWh

500 ——steam, ton Industrial water, ton

o & i _ * %
0:10 1:9 2:8 3:7 a:6 5:5 6:4

Mixed ratio, DIP : TMP

Fig. 8. Dosage of raw materials and utilities by

mixed ratio(DIP:TMP).
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Fig. 9. Carbon emissions of printing paper by
mixed ratio(DIP:TMP).
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