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Abstract

In this study, life cycle assessment(LCA) for production technology of environmental-friendly liquid
de-icing agents was performed according to the change in input materials. Furthermore,
environmental impact of the recycling technology was calculated and the direction for the
improvement of environmental performance was suggested. When recycling by-produced hydrochloric
acid per 1 kg of the product was used, the overall environmental impact on the six categories of
environmental declaration of the products(EDP 2013) decreased by 55.37% from 3.22E-01 kg to
1.44E-01 kg, as compared with the use of genuine hydrochloric acid. The greenhouse gases emissions
with the highest environmental impacts were reduced by 54.93% from 3.19E-01 kg to 1.44E-01 kg. In
addition, it is desirable that the disused sludge should be reused and the energy consumption should
be decreased through process improvement in order to reduce environmental impact in the
manufacturing process of environmental-friendly liquid de-icing agents.
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Fig. 1. Process flow diagram for genuine
hydrochloric acid(g-HCD.
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Fig. 2. Process flow diagram for by-produced
hydrochloric acid(b-HC).
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Table 2. Characterization result of g-HCl

Resource o s Global Ozone |Photochemical
Impact category Depletion Acidification |Eutrophication warming | depletion | oxidation Total
Unit kg antimony | kg SO» kg POF | kg CO, |kg CFC11| kg GoHy
mqggm 239E-03 | 6.88E-04 | 8.77E-05 |1.68E-01 | 6.76E-09 | 8.61E-05 | 1.72E-01
Calcium
nput | SRR | 123E-05 | 140E-05 | 233E-06 | 454E-03| 305E-10 | 229E-06 | 457E-03
Calcium
Hydroxide | 242605 | 127E-05 | 234E-06 | 183E-03 328E-11 | 238E-07 | L87E-03
Water %ﬁgﬂ 254E-09 | 2.81E-10 | 4.83E-11 |148E-07 | 4.02E-18 | 2.37E-12 | 1.50E-07
Transport] Transport | 3.91E-05 | 5.60E-05 | 9.96E-06 |5.70E-03 | 2.15E-09 | 146E-05 | 5.82E-03
Erer Diesel 929E-07 | 6.05E-09 | 344E-10 |2.95E-06 | 544E-15 | 2.55E-10 | 3.89E-06
& Blectricity | 148E-05 | 397E-06 | 7.39E-07 |2.356-03 | 6.49E-14 | 167E-08 | 2.37E-03
Outpyt /A emission 0.00E+00 | 0.00E+00 | 0.00E+00 [ L31E-01 [ 0.00E+00 | 0.00E+00 | 131E-O1
P Sludge 191E-05 | 3.90E-05 | 5.30E-06 |5.32E-03| 4.45E-10 | 1.01E-05 | 5.40E-03
Total 250E-03 | 813E-04 | 108E-04 |3.19E-01 | 9.69E-09 | 1.13E-04 | 3.22E-01
100%
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Fig. 3. Environmental Impact of materials in g-HCL
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Table 3. Characterization result of b-HCl

Resource o s Global Ozone |Photochemical
Impact category Depletion Acidification |Eutrophication warming | depletion | oxidation Total
Unit kg antimony | kg SO» kg POF | kg CO, |kg CFC11| kg GoHy
Hydgoccigﬂsonc 1.69E-06 | 5.73E-07 | 7.31E-08 | 140E-04 | 563E-12 | 7.18E-08 | 1.43E-04
Calcium
put | SN LO4E-05 | L19E-05 | 198E-06 |386E-03| 259E-10 | 195E-06 | 3.89E-03
Calcium
Hydroxide | 242605 | 127E-05 | 234E-06 | 183E-03| 3.28E-11 | 238E-07 | L87E-03
Water m%stgal 6.84E-10 | 181E-10 | 3.31E-11 |1.05E-07 | 2.89E-18 | 8.50E-13 | 1.06E-07
Transport] Transport | 3.33E-05 | 4.77E-05 | 848E-06 |4.86E-03| 1.83E-09 | 125E-05 | 4.96E-03
Erer Diesel 929E-07 | 6.05E-09 | 344E-10 |2.95E-06 | 544E-15 | 2.55E-10 | 3.89E-06
& Blectricity | 146E-05 | 391E-06 | 7.285-07 |2.31E-03 | 6.39E-14 | 165E-08 | 2.33E-03
Output Air emission| 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.31E-01| 0.00E+00 | 0.00E+00 | 1.31E-01
Total 852E-05 | 7.69E-05 | 136E-05 |1.44E-01| 2.13E-09 | 147E-05 | 144E-01
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Fig. 4. Environmental Impact of materials in b-HCI.
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Table 4. Normalization result of g-HCI

Table 6. Normalization result of b-HCI

Material [mpact Ratio Material [mpact Ratio
Hydrochloric _ o Hydrochloric _ o
Acids 1.59E-04 | 80.46% Acids 1.28E-07 | 0.38%
Calcium o Calcium ~ o
Input carbonate 2.15E-06 1.09% Input carbonate 1.83E-06 5.46%
Calcium 0 Calcium ~ o
Hydroxide 1.91E-06 | 0.97% Hydroxide 1.91E-06 | 5.68%
Industrial o Industrial _
water water 1.15E-10 | 0.00% water water 5.08E-11 | 0.00%
transport | Transport | 5.91E-06 3.00% transport | Transport | 5.03E-06 | 14.97%
Ener Diesel 4.66E-08 | 0.02% Ener Diesel 4.66E-08 | 0.14%
8 | Blectricity | LO7E-06 | 0.54% 8 | Blectricity | LOSE-06 | 3.13%
Output Air emission | 2.36E-05 | 11.98% Output | Air emission | 2.36E-05 | 70.24%
Sludge 3.80E-06 1.93% ~ )
Total 1L98E-04 | 100% Total 33605 ) 100%

Table 5. Normalization result of g-HCl in terms
of impact categories

Table 7. Normalization result of b-HCI in terms
of impact categories

Category [mpact Ratio

Category [mpact Ratio

Resource depletion 9.50E-05 | 48.23%

Resource depletion 3.56E-06 | 10.59%

Acidification 2.04E-05 | 10.37%

Acidification 1.93E-06 | 5.75%

Eutrophication 8.26E-06 | 4.19%

Eutrophication 1.04E-06 | 3.08%

Global warming 5.76E-05 | 29.24%

Global warming 2.60E-05 | 77.25%

Ozone depletion 2.04E-07 | 0.10%

Ozone depletion 4.43E-08 | 0.13%

Photochemical oxidation | 1.55E-05 | 7.86%

Photochemical oxidation | 1.08E-06 | 3.20%

Total 197E-04 | 100%
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Table 8. Comparison of characterization result of impact categories

i genane ‘ by—productgd reduction rate Unit
hydrochloric acid (a) | hydrochloric acid (b) (a/b)
Resource depletion 2.50E-03 8.52E-05 96.59% kgantimony eq/kg
Acidification 8.13E-04 7.69E-05 90.55% keSO, eq/kg
Eutrophication 1.08E-04 1.36E-05 87.45% kgPO; eqg/kg
Global warming 3.19E-01 1.44E-01 54.93% kgCO, eqlkg
Ozone depletion 9.69E-09 2.13E-09 78.01% kgCFC11 eq/kg
Phgggzgggcal 1.13E-04 1.47E-05 86.99% keCoH, eqlkg
100.00
§0.00
§0.00
40,00 %
0.00 L / / %
Resource depletion Acidification Eutrophication Global warming  Ozone depletion Photochemical

= genuine hydrochloric acid

 by-producted hydrochloric acid

Fig. 5. Comparison of characterization result of impact categories.
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Table 9. Comparison of normalization result of impact categories

Cateoo genuine by-producted reduction rate Uit
gory hydrochloric acid (a) | hydrochloric acid (b) (a/b)
Resource depletion 9.50E-05 3.56E-06 96.25% kgantimony eq/kg
Acidification 2.04E-05 1.93E-06 90.54% kgSO, eq/kg
Eutrophication 8.26E-06 1.04E-06 87.45% kgPO:® eq/kg
Global warming 5.76E-05 2.60E-05 54.93% kgCO;, eq/kg
Ozone depletion 2.04E-07 4.43E-08 78.30% kgCFC11 eq/kg
Photochemical ~ ~ o
oxidation 1.55E-05 1.08E-06 93.06% kgCH, eq/kg
100.00
B0.00
60.00
2000 %
20.00 % %
- v / % 7
Resource depletion Acidification Eutrophication Global warming  Ozone depletion Photochemical
oxidation

® genuine hydrochloric acid /. by-producted hydrochloric acid

Fig. 6. Comparison of normalization result of impact categories.
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