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Abstract : This study evaluated the environmental impacts for landfill treatment of the wastewater treatment sludge (WTS) from
petrochemical firms by life cycle assessment (LCA) and reviewed the impact reduction by landfill gas (LFG) utilization. The
functional unit was ‘landfill of 1 ton of WTS’, and the system boundary included the process of input and treatment for WTS
in landfill site. The impacts were high at landfill process (LP) and leachate treatment process (LTP). Global warming (GWP) and
photochemical oxidants creation (POCP) were high at LP, while abiotic depletion (ADP), acidification (AP), eutrophication (EP),
ozone depletion (ODP) were high at LTP. The major substances of various impact categories were crude oil (ADP), NOx (AP,
EP), CHs (GWP, POCP), Cl, (ODP), respectively. The major factor of ADP, AP, EP was attributed from the generation of electricity
used in LTP, and the methane within uncollected LFG was main factor of GWP and POCP. Therefore, electricity consumption
reduction is identified to be an impact improvement option, and the flaring system installation or enhanced LFG recovery could
be an alternative to reduce impacts. Among the various categories, GWP accounted the highest impact (= 90%) followed by ADP,
POCP. In the avoidance impact resulted from the utilization of LFG, to substitute B-C oil or LNG showed the impact reduction
of 32.7% and 12.0%, respectively.
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Fig. 1. Process diagram and system boundary corresponding to the landfilling system.
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Table 1. Applied databases for upstream and downstream
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Table 2. Inventory of ‘gate to gate’ system for landfill treatment
of sludges (/functional unit)

Module Source Year
Iron sulfate Ecoinvent 2008
Sodium hydroxide MoE* 2003
Sulfuric acid, 98% MoE* 2003
Hydrogen peroxide Ecoinvent 2008
Active carbon MoE* 2003
Antifoaming agent Not DB -
Poly aluminum chloride MoE* 2003
Poly acryl amide MoE* 2003
Electricity MKE** 2000
Diesel MKE** 2003
Industrial water MoE* 2003

* MoE: Ministry of Environment
** MoKE: Ministry of Knowledge and Economy

Inputs Outputs
Group Name  Unit Amount Group Name Unit Amount
Raw Co-
v Waste kg 100E43 L " LFG kg 2.19E+1
Energy  Diesel kg 518E-1 ' CH, kg 846E+0
emission
Energy Electricity Kvh 230E+1 ' CO, kg 7.39E+0
emission
utiy  "OUSTR o aseer AT o, kg 876E-2
water emission
) Sodium Air
Chemical hydroxide kg 1.72E+0 emission N> kg 3.07E-1
) Hydrogen Air
Chemical N kg 2.70E-1 o NO kg 6.32E-4
peroxide emission
Chemical "€ g 1s0E1 AT NO« kg 4.98E-3
carbon emission
Chemical PACH kg 31982 ' S0, kg 3.58E-3
emission
Chemical PACH) kg 14962 ' NH, kg 1.72E-4
emission
Chemical M0aM g ggE AT s kg 17563
ing agent emission
Chemical A kg 286E3 T VOC kg 5.02E-5
(Liquid) emission
Chemical  UM1C o aaser WA Bop kg 613E3
acid emission
Chemical ™" kg 692640 VT 0op kg 1.74E-2
sulfate emission
Water oo g 5.98E-3
emission
Water o\ kg 1.55E-2
emission
Water 5 g 1.80E-4
emission
Water - - o - 1.08E+0
emission
Waste sludge kg 1.33E+3
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Table 4. Weighted environmental impacts under different impact

categories (unit: person-yr)
Impact Weighting Weighted .
categories factor impact value Ratio
ADP 0.231 5.08E-04 4 .50%
AP 0.036 4 00E-05 0.35%
EP 0.038 1.78E-05 0.16%
GWP 0.288 1.04E-02 91.94%
ODP 0,292 1.84E-05 0.16%
POCP 0.065 3.25E-04 2.88%
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Table 5. Major cause substances of environmental impacts with
respect to various impact categories

Impact Major Contri-  Pro-
: . Cause
categories  substances bution cesses
Coal 30.7 L.T. Electricity generation
I(AV?/S Crude oil 261 L.F. Diesel production
Crudeoil 205 L.T. Electricity generation
NOx 392 L.T. Electricity generation
AP
SO 100 L.T. Ferric sulfate production
(kg SO» eq) 2 . b p
NOx 74 LF. Diesel utilization
NOx 524 L.T. Electricity generation
EP . -
(kg PO - NOx 99 L.F. Diesel utilization
NOx 80 LT NaOH production
CHa 891 LF. LFG leakage
Gwe CO 51 L.T. Electricity generation
(kg CO eq) ? o i
CO, 29 LF. LFG leakage
ODP Cl, 575 L.T. Ferric sulfate production
(kg CFC-  Halon-1301 216 L.F. Diesel production
11€d)  Halon-1301 54  LT. NaOH production
POCP
CH 984 LF. LFG leakage
(kg CaHs eq) ‘ : E 9

*LT.: Leachate treatment, L F.: Landfill
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|

1

P e

Stabilized sludge Heat Heat

Fig. 2. Application method of avoided impact,

Table 6. Avoided Impact under different categories by B-C oil

or LNG substitution from landfill gas

Avoided impact

Impact categories ~ Process impact

B-C oil LNG
ADP (I/yr) 5 48E-02 205E-01 844E-03
AP (kg SO2 eq.) 4 42E-02 784E-02  3.10E-02
EP (kg PO4° eq) 6.15E-03 844F-03 308E-03
GWP (kg CO, eq.) 199E+02  321FE+01 236 E+01
ODP (kg CFC-11eq)  2.56E-06 116E-07 225FE-08
POCP (kg CoHseq)  5.15E-02 286E-03 7.83E-04
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Table 7. Cost reduction by B-C oil or LNG substitution from

landfill gas

Categories B-C ol LNG

Density (kg/L or kg/Nm®)'™® 0.9487 0811

Gross calorific Value(MJ/L or MJ/Nm®)'™® 416 436
Substitution amount for LFG (L or MJ) 844 347 29

Price (KRW/L'® or KRW/MJ)*® 60423 191593

Cost reduction (KRW/ton) 5,102 6,654

Total cost reduction (100 million KRW) 933 1217

*on agency price in 2015
** on average price for industry in 2015 (Kyung Dong City Gas)
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