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ABSTRACT

Life Cycle Assessment for the pulp, which is mainly used as the raw material of fine
paper, base paper for food packaging and paper cup, has been carried out in this study
to consider environmental aspects by quantifying the environmental emission and to eval-
uate its environmental impact potential. The system boundary was selected from cradle
to gate stage(raw material acquisition, transportation of raw material and product manu-
facturing) of the product. Environmental impact was divided into 8 categories considering
Korean situation: abiotic resource depletion, global warming, ozone depletion, acidification,
eutrophication, photochemical oxidant creation, ecotoxicity and human toxicity. In Life
Cycle Impact Assessment(LCIA) methodology phase, Ecopoint, Eco-indicator 95 and
Korean eco-indicator were used and the results carried out by each methodology were
compared. The results from this study were also compared with those of foreign study
to verify the reliability of the results. The results of the study could be utilized as the
basic data for Environmental Management System(EMS), Design for Environment(DfE)
and Type III eco-labeling in the paper and paper-related industry.
Keywords & Iife cycle assessment, pulp, environmental Impact potential, impact
category, environmental management system, design for environment
type Il eco-labeling
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Fig. 1. Framework of LCA.
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Table 1. Goals of LCA
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Goals

Details

Comparatlve valuation of products

Valuatron of product 1mprovement effect T
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Table 2. Energy consumption in afforestation and felling

Section Energy consumption Used equipment
Afforestation 1.4 g diesel/kg wood Tractor, Building machinrew
Logging 17 g diesel/kg wood Tractor, Building machine, Chain saw

0.4 g gasoline/kg wood

(Data :

Life Cycle Inventories for Packagings, The Swiss Agency for the Environment, 1998)

Table 3. Energy Consumption in transportation stage

Distance Fuel - Total Fuel  Energy Consumption by Transportation of
(Round trip)  Consumption Utilized truck Consumption raw material 1 ton
Unit km km/L EA/yr L/yr L kg
40 25 2711864 433898.31 054 0.45
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Fig. 3. Flow diagram of pulp manufacture.

Table 4. Input and output materials in manufacturing stage of pulp

{fu. ; pulp 1 ton)

Section Components Quantity Unit
Raw material Wood (chip) 1,985 kg
B e e g T

Liquid chlorine 15 kg

Sodium chlorate 13 kg

Subsidiary material Oxygen 12 kg
Sulfuric acid 11 kg

Alum 3 kg

Limestone 39 kg

Water 47 m’

Utility Bunker-C 38 L
Electricity 10 kwh

. . NO, 110.38 kg
Air Emissions S0, 91.98 ke
BOD 0.15 kg

Water Emissions COD 212 kg
SS 0.60 kg

n-Hexane 0.10 kg

Sludges 50 kg

Ash (Combustion) 0.01 kg

Waste oil 0.10 kg

Wastes Waste metal 0.58 kg
Waste wood 0.05 kg

Waste paper 0.02 kg
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Table 5. Results of inventory analysis for pulp
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(f.u. ; pulp 1 ton)

Raw material

Flow name Unit acquisition Transportation Manufacture
I (r) Oil (in ground) kg 2.23E+03 4.89E-01 1.75E+01
I (r) Natural Gas (in ground) kg 1.67E+02 1.13E-02 2.35E+00
I (1) Coal (in ground) kg 2.00E+00 5.33E-05 9.20E+01
I (r) Limestone (CaCQs;, in ground) kg 6.64E-01 1.08E-04 1.55E+01
I (r) Sodium Chloride (NaCl) kg 573E-01 6.27E-05 8.47E-02
I () Lignite (in ground) kg 3.04E+00 2.34E-05 1.04E-03
I  (r) Gravel (unspecified) kg 1.55E+00 3.54E-04 0.00E+00
I  (r) Potassium Chloride (KCI) kg 7.54E-01 0.00E+00 0.00E+00
O (a) Carbon Dioxide (CO,, fossil) g 1.23E+06 1.35E+02 3.96E+05
O (a) Hydrocarbons (except methane) g 1.44E+04 3.27E+00 1.49E+02
O (a) Methane (CHy) g 1.26E+04 2.35E+00 1.10E+03
O (a) Sulphur Oxides (SO, as SO,) g 6.84E+03 6.70E-01 1.65E+03
O (a) Particulates (unspecified) g 6.17E+02 6.92E-02 1.21E+03
O (a) Nitrogen Oxides (NO, as NO») g 2.95E+03 3.28E-01 5.39E+02
O (a) Hydrocarbons (unspecified) g 6.51E+02 291E-04 9.72E-01
O (a) Carbon Monoxide (Cgp) g 4.35E+02 8.56E-02 2.14E+02
O (a) Ethane (C,Hy) g 6.23E+02 1.22E-01 2.51E+01
O (a) Pentane (CsH,y) g 2.08E+02 4.28E-02 1.54E+00
O (a) Propane (CqHy) g 1.95E+02 3.65E-02 7.32E+00
O  (w) Chlorides (Cl-) g 1.09E+05 2.48E+01 1.68E+03
O (w) Sodium (Na+) g 6.60E+04 1.50E+01 5.82E+02
O (w) Calcium (Ca++) g 6.82E+03 1.54E+00 5.42E+01
O  (w) Sulphates (SO;~-) g 1.87E+03 3.87E-01 2.98E+02
O (w) TOC (Total Organic Carbon) g 1.58E+03 3.51E-01 1.11E+01
O (w) Strontium (Sr II) g 1.27E+03 2.89E-01 1.04E+01
O (w) Water: Chemically Polluted liter 1.12E+03 1.91E+00 7.12E+01
O  (w) Saponifiable Oils and Fats g 1.03E+03 2.356E-01 8.17E+00
O (w) Potassium (K+) g 9.38E+02 2.12E-01 7.40E+00
O (w) Dissolved Matter (unspecified) g 4.65E+01 1.67E-03 6.20E+01
O (w) Barium (Ba++) g 5.29E+02 1.20E-01 4 20E+00
O (w) COD g 3.32E+02 6.98E-02 8.26E-01

1: Input, O : Output, (r): Resource, (a): Air emission,

(w) : Water emission
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esu Factor mpaci
BOD 15g || Eutrophication co 100 1 100
COD 52g 2
TSS 71g Photochemical Cco 0 1 0
AOX 3g Oxidant Creation CF, 0 4,200 0
_ . CH 100 11 1,100
¥—II:I gg Human Toxicity N O; 100 24 2,400
Pb 02g Eco Toxicity 3,600
aste i
Waste100g Abl](:))té?; Iég%or:lrce =

< Classification >

< Characteriz% >

Normalized | Weightin, /mighted
Impact M Impact
GW 49,30 E -12 4] 8.80 43384 E-12
AC 44.07 E -12 6.82 300.56 E -12
EU 1913 E-12 6.16 117.87 E -12
HT 4355 E -12 9.11 396.74 E ~12
ARD 1.10E-12 6.44 7.08 E-12

< Weighting >
Fig. 4. The procedure of LCIA.

Characterized W Normalized
Impact Refere Impact
GW 3600 ¥ |  466E+14 | 4930E-12
AC 107.53 2.44 E+12 44.07 E -12
EU 6877 359 E+11 1913 E-12
HT 125.86 2.89 E+12 43.55E -12
ARD 181.33 1.65 E+14 110E -124‘

< Normalization >
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Table 6. Environmental impact of pulp by each LCIA methodology

LCIA Eco-indicator 95 Ecopoint Korean Eco-indicator

Impact category (Person - year/f.u.) (Ecopoint/f.u.) (Person - year/f.u.)
Abiotic Resource Depletion - - 4.90E+00
Global Warming 1.18E+03 2.69E+05 8.34E-02
Ozone Layer Depletion 7.62E+02 1.33E-02
Photochemical Oxidant Creation 1.32E+02 2.09E+05 5.60E-02
Acidification 1.62E+03 3.77E+05 2.50E-02
Eutrophication 3.12E+02 1.63E+05 3.60E-03
Eco-toxicity 1.07E+02 - 4.33E-01
Human Toxicity 6.16E+03 5.86E+05 3.88E-02

100%
90%

80%
70%
60%
50%
40%
30%
20%
10%

0%

Contribution to Environmental Category (%)

Eco-indicator 95 Ecopoint

Korean

eco-indicator

Fig. 5. Contribution of environmental impact to environmental categories.

. Eco-toxicity
. Eutrophication

Acidification

. Human Toxicity

. Photochemical Oxidant Creation
B O:zone Layer Depletion
. Global Warming

E] Abiotic Resources Depletion
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Table 7. Key factor of pulp in each LCIA method

= AEA] 8%, A T-LUEt 2% 8 A5t
L Aoz ehdeh

(e}
L st AES= @A 15} B o= g
AT HrEE gaFo] F BHUES A48 key
Rk A —TL’E‘E key factor
%% RAA DS M-S EH LAz A At
Z_l

7] key factor— Oﬂﬁt’*z‘ﬂi Aejste] LERHICE

AHudE s A= WY Korean
eco-indicatorol A= Qil(94.67%), Natural gas
(4.88%)7} key factor2 WeElGow A t2utst
9] key factor+= B 9o A CO, CHy 2 0]
Aoz deEhydth AH5/4L Korean eco-
indicator®} Eco-indicator 959414t &3}t ¢}
o), Axe} A PAH's(86.70%)2F Toluene

Impact category Eco-indicator 95 Ecopoint Korean eco-indicator

Abiotic Resource Depletion* -

0il(94.67%),
Natural gas(4.889

'élé)bal Wamiﬁ'g" Halon-1301 (64.60%) CH(73.22%)  CO(80.82%)
CO,(27.23%) CO,(22.48%) CH.(16.57%)

Ozone layer Depletion B Halon 1301 (100‘%) - " Halon-1301 (100%)

. . . HC(40.30%) CH.(94.46%) HC(98.39%)

Photochemical Oxidant Creation CHL(32.17%) HC(5.54%) CH,(1.55%)
SOx(80.23%), SO,(55.83%),  SO(7450%)

Acidification NOx(18.48%) NO, (42.26%) NO,(21.46%)
HCH(0.60%) HCI(1.39%) NH(2.91%)

Butrophication NO,(96.05%) NO,(84.45%) NOL(66.59%)
NH;(3.37%) COD(0.78%) TOC(18.27%)
S LODW. R

Eco-toxicity Ni(23.38%) - (86.70%)
Ph(16.36%) Toluene(4.20%)
Ni(31.04%) S04(35.95%)

Human Toxicity S$0,(21.12%) CH4(33.63%) 1%](()))(((?[;1122//2))
Cd(19.26%) NOL(27.21%) i

* 1 ARD is not considered in Eco-indicator 95 method,

-~ ARD, OD and ET are not considered in Ecopoint method.
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Table 8. Comparison of inventory analysis results
(fu. ; pulp 1 ton)
flow name Unit Canada Korea
I Wood kg 2.44E+03 1.99E+03
I (r) Coal (in ground) kg 1.67E+02 1.01E+02
I (r) Sodium Chloride (NaCl,) kg 6.44E+01 4.93E+01
I (r) Limestone (CaCQs, in ground) kg 4.20E+01 5.59E+01
I (r) Oil (in ground) kg 4.14E+01 2.25E+03
I (r) Natural Gas (in ground) kg 1.22E+01 1.74E+02
I (r) Lignite (in ground) kg 8.13E+00 3.05E+00
0] (a) Carbon Dioxide (CO.) g 2.70E+06 1.68E+06
O (a) Particulates (unspecified) g 5.87E+03 5.49E+03
0 (a) Nitrogen Oxides (NO, as NO») g 4.44FE+03 3.77E+03
0 (a) Sulphur Oxides (SO, as SO,) g 3.97E+03 9.16E+03
0] (a) Aldehyde (unspecified) g 3.40E+03 1.28E-01
0] (a) Methane (CH,) g 1.26E+03 1.38E+04
(6] (a) Hydrocarbons (except methane) g 8.76E+02 1.46E+04
0] (w) COD (Chemical Oxygen Demand) g 5.50E+04 3.33E+02
0] (w) Suspended Matter (unspecified) g 8.23E+03 2.78E+02
0 {w) Chlorides (Cl-) g 5.03E+03 1.14E+05
0 (w) Salts (unspecified) g 3.22E+03 2.17E+00
0] (w) BOD5 (Biochemical Oxygen Demand) g 3.00E+03 1.62E+01
6] (w) Sulphates (SO,—-) g 2.03E+03 2.42E+03
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Table 9. Comparison of LCIA results
Eco-indicator 95 . . Korean eco-indicator
(Person - year/f.u) Ecopoint (Ecopoint/f.u) (Person - year/f.u)
Korea Canada Korea Canada Korea Canada
Abiotic Resource Depletion - - - - 490E+00  1.37E-04
Global Warming 1.18E+03  450E+02 269E+05 343E+04 834E-02 196E-02
Ozone layer Depletion 762E+02  157E+01 - - 1.33E-02 2.75E-04
Photochemical Oxidant 1.32E+02  103E+01 209E+05 180E+04 560E-02 168E-02
Creation
Acidification 162E+03 9.24E+02 3.77E+05 283E+05 250E-02 1.46E-02
Eutrophication 3.12E+02  5.15E+02 163E+05 399E+05 360E-03 9.16E-03
Eco-toxicity 1O07E+02  2.36E+02 - - 433E-01  1.16E-01
Human Toxicity 6.16E+03  1.31E+03 5.86E+05 3.0lE+05 3.88E-02 191E-02
kel nvironmenta 103B+04 346E+03 160B+06 103E+06 555E+00 332E-01
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