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1 A¥g @7 An AAIA Ak A9 #Eel
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e BEstn Bear) 98 A2 ZAFHAG] 1
E3e F3a lon, o)y HAAFH7IHWTO !
World Trading Organization) M A slil A 1k
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Zolel-=(UR) 9] E}AE Al7]12 HIK-ogy o] K1ix
3 AFEAAA 7 29 Al A, 1R M7E
Hop 3730188 A 29 S Adud g AU
LA FE 4FL ol &, YL T F U=E
Aolth o] #ZHIT 9 Aol MZE FAYHoR
484 71sdo] vig Ak weld, 3 Bishe ¢
H, -IGERE giHjEjol shs $-2le QM
ZAE ¥y opyet 11 g} A2 P AT H7
N AR S L= A3 (Life-Cycle) o] #7o v] X+
qgre A7kskA ko <tEA) =Hich 2

dutA o g D8RRz Ao A ¥ FF= Hr}
Ha gk ¥rks thE HARAAME 98 5 gie
S53 BE4ER QlE g4, BA, AIMF T dAE
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2 FHe 4 AP el=L, JEss] oA 7}
% FUEFAMTE AL E ol277HA] 1§27t vl
$ st Ceju, Hilolw 1L & R} AR A
A=A o o ool #7249 FE 810 X
A3 Qe dFolg, 2¥ Z2Edel HEE HY,

#, W, 78 R AL AR 8olA, B A=
i e A B4 pgto g Q) AFY FEAAE

5 WA E Aol Mt BA2E Eolt Bl 9
o}, 2¥ Zsedo] o) v GHE HA3o|n
ZAF o8 #7137 gl #H7) A A B ohe}
ARG, Az, M 2 4%, /5 S dEME
#8AQl Hrivt o] FolZol jich, F, #FH JT2 9
w9 FHS5oAMRE H7lo olzw HAH HHAM LAH
vz, g AFolut F3e A dAHE 2 $HIY
(Environmental Impact) & Hr7}8h= 7]®o] ARg-slojot
stk T v 71 A R ol A 2Hd Helojde ks
vt Al FEHAQL A3l A o] Fo] Ao} Firt,

HFoly T4 A2 Fto) HAs = $EIEE I
Holn, FFHo 2 Hrlstee HANA diFE Ho
A3 7HLCA : Life-Cycle Assessment) 71 2] 7ldo]
oh HEEE7E ofd AlFolu a3, #Fe Mo
AAMN AREHD wjESe oA @ A5 38 A
glsle] o]Eo] f7o) v]A= YL HrsliL o) & 3o
N9 HREE BAE LAl e AR HEHT ¥
P71EE L. weiA, ot A3 BAEIES Bt

8 o=
1981 A-guigha F< shatak(F 8D
1983 Ak Fdakstel g
1988 o] Lehighth(-&3hetAh
1988~ ©}= Lehight) Post-Doc.
1990
1990~ #AAdistn Fgsieta, Rus
Haj

Life-Cycle Assessment of Polymers
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Korea)
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Fe o AESIE oA £ 9o, I mste] whe) uja}
HAE FE QS Ro|tHE 1).* A Aol glojris
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E 1. Relationship Between Genernal Areas for Impact Categories

Specific impact categories
(Examples)

Resource depletion

- depletion of abiotic

General areas for protection
Resources Human health Ecol. health

resources +
—depletion of biotic

resources +
Pollution
— global warming (+) +
—ozone depletion (+) (+)
—human toxicity +
— ecotoxicity (+) +
- photochemical oxidant

formation + F
— acidification (+) +
—eutrophication +

Degradation of ecosystems
and landscape

—land use

+ means a direct potential impact
(+) means an indirect potential impact
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B 4. Examples of Life Cycle Inventory of the Production of kg of

E 5. Examples of Life Cycle Inventory of the Production of 1kg of

Polyethylene Polyethylene
Unit Average Unit Average
Fuels Coal M] 275 Fuels Coal M]J 1.66
Oil MJ 3.07 Oil M] 5.88
Gas M) 11.53 Gas MJ 9.06
Hydro M] 0.46 Hydro M] 0.81
Nuclear M] 153 Nuclear MJ 1.00
Other MJ 014 Other MJ 0.06
Total fuels M] 19.48 Total fuels M) 1847
Feedstock gzal ;g Z(:gé Feedstock Coal M] <0.01
i 2. .
Gas M] 33.59 g:s ﬁ ‘:22
Wood M] <0.01 -_— ——
Total feedstock MJV‘-— 5635 Total feedstock M] 61.56
Total fuel plus feedstock M]J 85.35 Total fuel plus feedstock M 80.03
Raw materials Iron ore mg 200 Raw materials Iron are mg 300
Limestone mg 150 Limestone mg 200
Water mg 18,000,000 Water mg 3,100,000
Bauxite mg 300 Bauxite mg 400
Sodium chloride mg 7,000 Sodium chloride mg 5,000
Clay mg 20 Clay mg 30
Ferromanganese mg <1 Ferromanganese mg <1
Air emissions Dust mg 2,000 Air emissions Dust mg 2,000
Carbon monoxide mg 800 Carbon monoxide mg 700
Carbon dioxide mg 1,100,000 Carbon dioxide mg 1,100,000
Sulphur oxides mg 7,000 Sulphur oxides mg 11,000
Nitrogen oxides,‘ mg 11,000 Hydrogen sulphide mg 10
Hydrogen chlor.lde M8 60 Nitrogen oxides mg 10,000
Hydrogen fluoride & ! Hydrogen chloride mg 40
Hydrocarbons mg 21,000 X
Aldehydes mg 5 Hydrogen fluoride mg 1
Other organics mg 5 Hydrocarbons mg 13.000
Metals mg 1 Metals mg 5
Hydrogen mg 1 Water emissions COD mg 400
Water emissions COD mg 1,000 BOD mg 60
BOD mg 150 Acid as H+ mg 90
Acid as H+ mg 70 Nitrates mg 20
Nitrates mg 5 Metals mg 300
Metals mg 300 Ammonjum ions mg 10
Ammonium ions mg 5 Chloride ions mg 800
Chloride ions mg 120 Dissolved organics mg 30
Dissolved organics mg 20 Suspended solids mg 200
Suspended solids mg 400 oil mg 40
oil mg 100 Hydrocarbons mg 300
Hydrocarbons mg 160 Dissolved solids mg 200
Phenol , mé 1 Phosphate mg 20
Dissolved solids mg 400 .
Phosphate mg 5 Other mtrog.en mg 10
Other nitrogen mg 10 Other organics mg 250
Sulphate ions mg 10 Solid waste Industrial waste mg 4,000
Solid waste Industrial waste mg 3,100 Mineral waste mg 14,000
Mineral waste mg 22,000 Slags & ash mg 5,000
Slags & ash mg 7,000 Toxic chemicals mg 30
Toxic chemicals mg 70 Non-toxic chemicals mg 8,000
Non-toxic chemicals mg 2,000

nEXnen Js A6 1% 199513 29




X 6. Examples of Life Cycle Inventory of the Production of 1kg of
Emulsion PVC

Unit Average

Fuels Coal M] 12.26
Qil M] 5.80
Gas M} 20.56
Hydro MJ] 0.65
Nuclear M] 7.77
Other MJ 0.08
Total fuels M 47.11
Feedstock 0il M] 18.14
Gas M] 9.63
Total feedstock M] 27.77
Total fuel plus feedstock M} 74.88
Raw materials Iron ore - mg 580
Limestone mg 24,000
Water mg 15,000,000
Bauxite mg 200
Sodium chloride mg 720,000
Sand mg 1,600
Air emissions Dust mg 5,400
Carbon monoxide mg 1,600
Carbon dioxide mg 2,741,000
Sulphur oxides mg 18,000
Nitrogen oxides mg 19,000
Chlorine mg 4
Hydrogen chloride mg 300
Hydrocarbons mg 26,000
Metals mg 3
Chlorinated organics mg 1389
Water emissions COD ‘mg MT,Z@
BOD mg 60
Acid as H+ o omg 130
Metals mg 220
Chloride ions mg 39,000
Dissolved organics mg 1,000
Suspended solids mg 4,200
Oil mg 50
Dissolved solids mg 760
Other nitrogen mg 2
Chlorinated organics mg 4
Sulphate ions mg 4,000
Sodium ions mg 2,000
Solid waste Industrial waste mg 1,300
Mineral waste mg 110,000
Slags & ash mg 210,000
Inert chemicals mg 11,000
Regulated chemicals mg 3,500
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of a polymer product identifying the different type of system that
can be described.
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228 3. (a) Simple linear production sequence with no recycling.
(b) The same production sequence when a recycling loop is incor-
porated.
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21 4. Three different types of recycling process associated with
the same production and use system.
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& 5. Energy saving as a function of recycled fraction if energy

terms are constant and Ei+E;~E>0.

System
energy

1

0% f, 1, 100%

Recvcied fraction

33 6. Energy saving as a function of recycled fraction if energy
terms are not constant.

Ux) dek 73, AEs, = 9] 48 g4oldh. E7F YA
o ZbgEhE, olux Mok vk AVLES ZVHAY
ouM Ngxo g Z7bEch( g 5). ek AAR E,
B AHRERE 7188 35, Aty FHow 5
F3lz, 7S Fo HEdRAle 53 &2 o] FA
A oAl BEAQ golng dekA| }u}. dE ol
olu] F4go] 0% W x| 10%E 3|5317] sl
Z7t2 B oUAr}t Bed slolth, =, wie e @JT
S0l NE Eg7 o o4 AAskA] @1 343 f‘:mfm
Ax} F Ala" olux) AREge] A4 BAE a
63} 22 ok, 1 Asg Hej A 2ol u}a} H3}2)
O Yurdo R 288 5 7hx Al AAY 4 Aok A
A AL FHe] BHol Uz 2 ¥ AV il
AL ABEE A s FHEG B ox)F AR
ggom drhd, ALLLL ;8 Ya) od "ok Ty
e ABRe] 8 Exo] oixe) Moo rid, WG
282 f,7} Fojo} g},

glol A w23 1) xn%% NEEDRESERE R
d2 4uEz, 33 7. 8, 9. 10& A8¥ HDPEWS
s)5sted ABE, W, %%iz}. MRS Blgshs &
7} 29| H7)% AHe| WS B4 n)xE FFL ol
2, CO, NOx, ¥lZ59] oA 248 Rolch 2 &)

IEXMEn 2l M6 13 19959 2¥

14000
12000
10000 \-
System 8000 -
totat
energy Incinerate + £ Recover
+
M%) r Recycle + Incinerate + Energy
ey LN
O Winerate
L -y INCinerate + Energy
4000 Recover
~—x— Recycie + Landfill
—— Recycle + Incinevate
2000 —+@— Recycie + incinerate +
Energy Recover
. © Dow Europe SA., 1993
0 50 100

Quantity of botties recovered from waste stream (%)
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| Incineration, Incineration, Incineration, Incineration.
Landfill, no energy with energy Landfill, no energy with energy
no recycling recovery, recovery, with recycling recovery, recovery,
no recycling no recycling with recycling | with recycling
Total energy requirements(MJ/kg) 194 193 168 158 158 147

Total feedstock requirements(MJ/kg) 59 59 59 32 32 32
Total fossil fuel requirements(MJ/kg) 121 120 103 109 ‘ 109 102
Total CO; emissions(kg/kg) 8 1 10 8 ‘ 9 8
Total Nox emissions(g/kg) 1 59 96 88 58 | 74 71
Total water usage(l/kg) 57 57 56 64 64 64
Mineral waste generated(g/kg) i 241 239 118 261 260 210
Mass of plastic bottles to landflll(g/kg) 1087 97 97 513 98 98
Relative cost ‘ 100 105 104 119 124 123
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223 11, Schematic diagram showing open loop recycling.
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