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Abstract : In this research, life cycle inventory database (LCI DB) was developed for liquid CO, employing life cycle
assessment (LCA) methodology. As are result of characterization and normalization process, production of liquid CO, puts on
environmental impact in the order of resource depletion, global warming, acidification, eutrophication and photochemical
oxidation, and among a wide variety of input, electricity contributes in most of the impact categories. Air emission plays a key
role in the acidification and eutrophication while ammonia affects most on the ozone depletion. It is anticipated that development
of liquid CO, LCI DB makes it possible for national environmental strategies to be more activated including environmental
labeling scheme.

Keywords : Liquid CO», Life cycle inventory database, Life cycle assessment
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Table 1. Scope definition

For food and beverage, Industrial, Raw material

Function and of medical supplies

Functional unit | Liquid CO; 1 kg Production

Reference flow | Liquid CO- 1 kg

Table 2. Data category and input and output of the system

Group Material

Raw material Gas CO,

Energy Electricity

Input

water -

Utility Water, NH3, Lubricating oil

Product Liquid CO,

Co-product Solid CO,

Air emission H>0, O,. Total hydro carbon, NH3

Output

Water emission Waste water
Waste oil, Solid waste

Waste . e .
(impurities in raw material gas)

Table 3. Data quality requirements

Group Up/Down Transport Production stage
stream stage

Temporal Most 2012 2012
scope recent data | Annual data Annual data

Regional Local data Inland . Local data
scope transportation

Technological ) ) Technologies of the

scope target company
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. Data source LCI Data Base
Group Material - —
Survey | Calculation | Estimation Database Source Year
Transport \% 3.51-5 ton Truck Ministry of environment 2003
Raw material CO; \Y% - - -
. NH; A% NH; Ministry of environment 2003
Sub-material — - — - — -
Lubricating oil | V Lubricating oil Ministry of environment 2003
water Industrial water| V Industrial water Ministry of environment 2003
Energy Electricity A% Electricity Ministry of trade, Industry and energy | 2000
Waste oil \'% - - -
Waste 5 5 - — -
Solid waste v Incineration Ministry of environment 2003
Water emission| Waste water v Wastewater treatment Ministry of environment 2012

Figure 1. Liquid CO; production process.
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Table 5. Significant LCI parameters for impact categories

Parameter Resﬁ(tg\)/alue Main cause | Level of contribution
Raw material ..

Coal 4.21E-02 . Electricity (99.6%)
vaulSlthIl

Oil, crude | 547E-03 | Rawmaterial | g, dcity (95.0%)
acqu1s1t10n

Gas, natural 5.4E-03 Raw n.la}t‘.srlal Electricity (99.7%)
acqu1s1t10n

Sox 3.91E-4 | REWmaterial | icity (99.6%)
vaulSlthIl

NOx 287E-04 | Rawmaterial |y ity (99.4%)
acqu1s1t10n

vVOC 4.198-06 | Rawmaterial | gy ity (99.7%)
acquisition

Dust | 2.61E-05 | Rawmaterial | gy o icity (99.2%)
acqu1s1t10n

BOD 1.03E-04 | Rawmaterial |y g5 o/

vaulSlthIl

O, 117E-01 | Rawmaterial | gy ooty (99.6%)
acquisition

[

ke 71202 AxsIgon AugEL AxEgelel TOTAL
& AMgate] Haly BERAS St HA| ojikste
4 A4Ye] LCI DB 74 Aol 38 %2352 Table 59
pebu gtk

4. Maby Frm )
(Life Cycle Inventory Analysis)

oA ol AkEEka: 1 kg A A AZTAAGNA o] Bo]
A GFE VAR 8 ol wE FYalr] s TE
LCI DBE o|g3to] Axby 9§57+ +-asheleh. TOTAL
A Egojo} EDP 2013WH B8 AHg sl om, Hateta 4t

sHEAA, Adan, AHds) Fodofs), Ads) =250
N2 F 67le] JFHFE 15 THS]. E4J SH(characteri-
zation), 772K normalization) <cA| 2 s} o A3} 2l

A= Table 60 AAI3keieh Biteh /| 2GS w557 915
A= 25 oA AP Zholm[9] NifTis FraAl4(re-
duction factor), Fis= At & Q%= A <(relative significance
factor) o] c}.

NA olikatehas 1 kg A4t A] LCIA 5433} A3} 45 Figure
29} Table 70 Uebch. AgpEF 8 o BAelAE Al
Hid, e 2305 A Qe U] T 2 7oe
= Ageg yeyton, idstel £ GGt A 2o of

Table 6. Normalization references for impact categories

Impact categories Ni Ni/Ti Fi
POCP 1.19E+04 1.09 0.06
ADP 2.94E+04 1.06 0.218
AP 3.98E+04 1.05 0.034
EP 1.31E+04 1.46 0.026
GWP 5.53E+06 1.05 0.274
ODP 4.06E+01 1.71 0.171

Figure 2. Results of characterization for liquid CO, production process.
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Table 7. Results of characterization

Impagt Result value | Level of contribution Unit
categories
Electricity (85.4%)
POCP 9.87E-07kg | Waste water treatment | C2Haeq.
(6.7%)
ADP 7.56E-04 kg | Electricity (98.9%) Antimony
Electricity (56.7%)
AP 3.53E-04 kg - — SO:eq.
Air emission (42.8%)
Electricity (54%
EP | 690E-05 kg | ecmieity O4%) PO eq.
Air emission (40.7%)
GWP 1.19E-01 kg | Electricity (99.6%) CO»eq.
Waste water treatment
ODP | 3.58E-11kg | (58.8%) CFC11 eq.
NH3 (23.9%)

Table 8. Normalization results and key inventory parameters for
each impact categories

Impact categories | Result value Level of contribution
Electricity (85.4%)
POCP 8.29E-11 Waste water treatment
(6.7%)
ADP 2.57E-08 Electricity (98.9%)
Electricity (56.7%)
AP 8.87E-09
Air emission(42.8)
Electricity (54%)
EP 5.27E-09
Air emission (40.7%)
GWP 2.15E-08 Electricity (99.6%)
Waste water treatment
ODP 8.82E-13 | (58.8%)
NHj3 (23.9%)

photochemical oxidant

creation
3E-08
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Figure 3. Results of normalization for liquid CO, production process.
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