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Abstract : A life cycle assessment (LCA) methodology was employed to evaluate environmental impact of recycled polyol from
polyurethane in an R&D stage and to suggest future direction for improvement of environmental performance of the recycling
technology. The comparison result shows between recycled polyol in the developing stage and in the anticipated mass production
with virgin polyol production that environmental impact of recycled polyol of the developing stage and the anticipated mass
production level correspond to 93%, 60% of that of virgin polyol, respectively. The LCA result identifies improvement areas of
reducing environmental impact in recycling polyols, that is, use of alkylene oxide and steam. In the future research, this must be
taken into consideration for better performance of recycling technology.
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Table 1. Function, functional unit and reference flow of recycled

polyol
Product Recyled polyol
Function Recycled polyol used as insulation material in

construction

Amount of recycled polyol replacing 1 kg of

Functional unit | .
virgin polyol

Reference flow | 1 kg of recycled polyol
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Figure 1. Process flow diagram for recycled polyol.



@ dole 44

dlolel $4e AeE 714 A 7o) Aol
A 4857 I AEAS B3te] A o]
dlole] 45o] BT A9 AN @ 24E E3}
44 9 mekshert.

LCI dlo] o] 0] A1g-& s, Ragd, oy

ARG A AA ) ANA FESE glo]gHo] A8 H-83)31[5]
&9] LCI dlo|gjHjo] A= Ecoinventol| A -3 $F do| g o]
A5 A3 TH6].

24 Hud gt

AA FgFH 7= B2 3K classification), £ 4 SHcharacter-
ization), 43K normalization) THA| 2 =83 o, EAJS} g
I Gqtsh S QA EAA =G A DO FRES A8

r
2is
1o
ot
N
e
>
o
i_g
ridt
o
of
O
1o
o
rﬂ:
o
ox
tlo

L3K1.71E+00 kg CO,), AHLAK(1.34E-02 kg Antimony)
oA 8 2 FFY dler Ytk dogdlEdEs
HLoJ OFBH3.71E-04 kg PO, )2} A7 8K(1.13E-01 kg CO)
ol o e dddor YEpton, A9 ARES ¢
o I FeeitehEA 4(1.99E-03 kg CoHa) 3t 4HJ o)
(1.65E-03 kg SO)ollA =2 3HA Yetuteh 2o o3t
2 Table 2%} Figure 20f Yel it

SF

i WA el S S4B An
& LS SR BN b 2
2AL A Aol Ee oA AHGE

o] =&sot ~H o2 e
Table 2. Characterization result of recycled polyol at current status
Impact category dR:;l(; ltllrgi Acidification | Eutrophication Wiﬁig deopzlzgf)n thzgl;g;ilcal
Unit kg Antimony kg SO, kg PO~ kg CO, kg CFC11 kg CH,4
Input Alkylene oxide 1.34E-02 5.60E-03 9.18E-04 1.71E+00 8.42E-08 2.20E-03
Diethylene glycol 1.74E-03 2.88E-04 3.71E-04 1.13E-01 1.32E-10 1.33E-04
Steam 3.54E-04 1.65E-03 8.71E-08 4.82E-02 5.56E-10 1.99E-03
Energy Diesel 7.95E-04 2.59E-06 9.49E-10 1.18E-03 1.35E-13 1.60E-07
Electricity 3.06E-04 3.24E-04 9.55E-08 8.33E-02 1.42E-13 1.00E-06
Sludge 7.60E-04 3.50E-04 6.27E-07 9.12E-02 4.71E-10 1.32E-04
Output Air emission 0.00E+00 0.00E+00 0.00E+00 5.49E-02 0.00E+00 6.27E-04
Total 1.74E-02 8.21E-03 1.29E-03 2.10E+00 8.54E-08 5.09E-03
S

(I

Resource Acidification

N

Eutrophication

Global warming

T
Photochemical
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Ozone Depletion
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Figure 2. Environmental Impact of materials in recycled polyol at current status.
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Table 3. Characterization result of recycled polyol at anticipated mass production

Impact category dReeSIOe 1t11r(<):rel Acidification | Eutrophication wi::iillg dg)zl(e)gzn Phg‘;gz};zr(r)lrilcal
Unit kg Antimony kgSO; kgPO43' kgCO, kg CFC11 kgCyHq4
Input Alkylene oxide 7.45E-03 2.89E-03 5.31E-04 7.89E-01 3.89E-08 1.02E-03
Diethylene glycol 1.11E-03 2.97E-04 4.29E-04 1.52E-01 1.86E-09 1.23E-04
Steam 2.25E-04 1.70E-03 1.01E-07 6.46E-02 7.83E-09 1.84E-03
Energy Diesel 5.04E-04 2.68E-06 1.10E-09 1.60E-03 1.90E-12 1.48E-07
Electricity 1.95E-04 3.34E-04 1.10E-07 1.12E-01 2.01E-12 9.30E-07
Sludge 4.83E-04 3.62E-04 7.25E-07 1.23E-01 6.66E-09 1.22E-04
Output Air emission 0.00E+00 0.00E+00 0.00E+00 7.40E-02 0.00E+00 5.80E-04
Total 9.97E-03 5.59E-03 9.60E-04 1.32E+00 5.53E-08 3.69E-03

AN N
= \\

T T T
Resource Acidification Eutrophication Global warming ~ Ozone Depletion Photochemical

Oxidation

@ Alkylene Oxide [ DiethyleneGlycol ESteam M Diesel [ Electricity ESludge S Air emission

Figure 3. Environmental Impact of materials used in recycled polyol at anticipated mass production.
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Table 5. Normalization result of recycled polyol at current status in
terms of impact categories

Category Impact Ratio
Resource depletion 7.00E-04 37.2%
Acidification 2.06E-04 10.9%
Eutrophication 9.84E-05 5.2%
Global warming 3.81E-04 20.2%
Ozone depletion 2.10E-06 0.1%
Photochemical oxidation 4.94E-04 26.3%
Total 1.88E-03 100%

Table 6. Normalization result of recycled polyol at anticipated mass
production in terms of materials used

Materials Impact Ratio
Alkylene oxide 6.59E-04 54.3%
Input ;
Diethylene glycol 8.86E-05 7.3%
Steam 2.78E-04 22.9%
Energy Diesel 2.06E-05 1.7%
Electricity 3.42E-05 2.8%
Sludge 6.87E-05 5.7%
Output - —
Air emission 6.42E-05 5.3%
Total 1.21E-03 100.0%

Table 7. Normalization result of recycled polyol at anticipated mass
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Table 8. Characterization result of virgin polyol in terms of impact

production in terms of impact categories categories
Category Impact Ratio Category Polyol, at Unit
Resource depletion 4.01E-04 33.1% plant/kg/RER
Acidification 1.41E-04 11.6% Resource depletion 1.65E-02 kg Antimony eq/kg
Eutrophication 7.32E-05 6.0% Acidification 9.16E-03 kg SO eq/kg
Global warming 2.38E-04 19.6% Eutrophication 3.32E-03 kg POs” eq/kg
Ozone depletion 1.36E-06 0.1% Global warming 3.64E+00 kg CO;, eq/kg
Photochemical oxidation 3.58E-04 29.5% Ozone depletion 7.89E-09 kg CFC11 eq/kg
Total 1.21E-03 100.0% Photochemical oxidation 2.21E-03 kg CoH4 eq/kg

250.0%

1082.4%

700.9% l_

£ Virgin Polyol
200.0% 1 EdRecycled Polyol (Current status)
B Recycled Polyol (Mass production)
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100.0%
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Ph h
Oxidation

Ozone Depleti

p

Global Warming

Figure 4. Comparison chart of characterization result between virgin polyon and recycled polyol in terms of impact categories.
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Table 9. Comparison of characterization result between virgin polyon and recycled polyol in terms of impact categories

g | Reoipbal T Syl
Resource depletion 1.65E-02 1.74E-02 9.97E-03 kgAntimony eq/kg
Acidification 9.16E-03 8.21E-03 5.59E-03 kgSO” eq/kg
Eutrophication 3.32E-03 1.29E-03 9.60E-04 kgPO4” eq/kg
Global warming 3.64E+00 2.10E+00 1.32E+00 kgCOs eq/kg
Ozone depletion 7.89E-09 8.54E-08 5.53E-08 kgCFCl11 eq/kg
Photochemical oxidation 2.21E-03 5.09E-03 3.69E-03 kgCoHy eq/kg

Table 10. Normalization result of virgin polyol at current status in
terms of impact categories

Table 11. Comparison of normalization result of virgin and recycled
polyol in terms of impact category

Polyol, at plant/kg/RER
Category -

Impact Ratio

Resource depletion 6.62E-04 32.8%
Acidification 2.30E-04 11.4%
Eutrophication 2.54E-04 12.6%
Global warming 6.58E-04 32.6%

Ozone depletion 1.94E-07 0.0%
Photochemical oxidation 2.15E-04 10.6%
Total 2.02E-03 100.0%
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Virgin | Recycled polyol | Recycled polyol
Category polyol | (Current status) |(Mass production)
Resource | 6 )k 04 | 7.00E-04 4.01E-04
depletion
Acidification | 2.30E-04 2.06E-04 1.41E-04
Eutrophication | 2.54E-04 9.84E-05 7.32E-05
Global warming | 6.58E-04 3.81E-04 2.38E-04
Ozone depletion | 1.94E-07 2.10E-06 1.36E-06
Photochemical | \sp 04 | 4.94E-04 3.58E-04
oxidation
Total 2.02E-03 1.88E-03 1.21E-03
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Figure 5. Comparison chart of normalization result of virgin and recycled polyol.
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