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Comprehensive environmental impact of wastewater treatment plant (WWTP) was evaluated with life

cycle assessment (LCA) methodology based on ISO 140

40. As environmental impact assessment method,

Eco-indicator 95 and Eco-ndicator 99 were used. The studied WWTP had a capacity of 100,000 m3/d, and
its life span of civil structure and main machinery was designed to 40 years and 20 years, respectively. As

the results, more than 95% of environmental impact was produced by using electricity and chemical use in

operation stage. In construction stage, temporary shori

ng facility was the major reason of environmental

load, however, its impact was much less than those by operation utilities.
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Table 1. Construction Materials Requirement for Construction Stage of A WWTP
Process Materials Quantity II‘)%I Process Materials Quantity II‘)%I
PVC pipe($150mm) 30.00 m Binding wire 38.64 kg | SimaPro
PVC pipe($30mm) 3850 m | MOCIE STS plate 571 ke
Welding rod(PVC,$3.2) 9.45 kg Mixed hardware setting (.11 ton MOE
Ready mixed concrete 69257 m' | MOCIE STS pipe ($31.8%1.2t) 50.65 m
Mixed hardware setting 384.00 kg Sharing tank [STS pipe (950.8%1.5) 3268 m
STS angle 148.28 kg of final Ready-mixed 3497 m | MOCIE
Water  [STS rounded bar (913.1725.4) 1408 ke | o | sedimentation [Oxygen 1658 ¢ | MOE
e‘::;‘(‘zj:g” STS rounded bar (§7.0713) 6.72 ke tank  |Acetylene 561 kg | SimaPro
flux STS plate 398.19 kg Steel pipe 21322 m | SimaPro
regulation STS pipe 108 m Concrete paste 22.38 kg { SimaPro
tank Banding wire 884.07 kg Reinforcement work 5.95 ton| MOCIE
Iron nai! 3.38 kg | SimaPro Plywood form 191.23 m' | SimaPro
Iron wire 52.15 kg Binding wire 425.84 kg | SimaPro
Square lumber 064 m' SimaPro Iron wire 1.61 kg
Plywood 1743 o' Welding rod(PVC,$3.2) 0.28 kg | MOCIE
Copper plate 103.62 kg | SimaPro Ready-mixed 302.73 w'
Steel pipe 660.37 m | SimaPro . Ready-mixed (reinforcement) 690 m | MOCIE
Welding rod 945 ke | MOCEE | . ™! [Ready-mixed (plain) 049 w
Influent Iron wire 0.27 kg | SimaPro sedimentation Acetylene 2145 kg | .
manhole - - S tank SimaPro
repair work Ready~mfxed (relr'lforcement) 120 m MOCIE Concrete paste 414.24 kg
of grit Ready-mixed (plain) 024 m' Oxygen 81.14 ¢ MOE
chamber Plywood form 793 m' | SimaPro Reinforcement 1.17 ton MOCIE
Reinforcement work 0.20 ton{ MOCIE Reinforcement work 51.46 ton
Binding wire 17.90 kg | SimaPro Steel pipe 77487 m | SimaPro
Ready-mixed 13.16 m' | MOCIE Binding wire 3.75 kg | SimaPro
Cement B2 kg | MOE Oxygen 250 ¢ MOE
Shaﬁng tank |Acetylene 256 kg | SimaPro Effluent Ready*mixed . 2096 m VOCLE
of primary |[Oxygen 755 ¢ MOE channel BOX Ready-mixed (reinforcement) 276 m
sedimentation {Concrete paste 892 kg | SimaPro Acetylene 0.62 kg | SimaPro
tank Steel pipe 6358 m | SimaPro Concrete paste 362.21 kg | SimaPro
Plywood form 4112 m' | SimaPro Reinforcement work 047 ton| MOCIE
Reinforcement work 224 ton| MOCIE | SN Isieet pipe 6318 m | SimaPro
thickener
Mixed hardware setting 259.00 kg Digester Steel pipe 42551 m | SimaPro
STS reinforcement 10.28 ke Binding wire 1,903.46 kg SimaPro
STS plate 261.69 ke MOE Iron wire 160.97 kg
STS rounded bar (913.17254) 12.04 kg STS plate 487.96 kg MOE
Primary  |Set up of mixed hardware 0.80 ton Copper plate 31840 kg | SimaPro
sedimentation |STS plate 0.05 ton Utility-pipe |Ready-mixed 161993 m' | MOCIE
tank Acetylene 12.43 kg | SimaPro conduit  {Welding rod 32.15 kg MOCIE
Concrete paste 31.43 kg | SimaPro PVC pipe 12530 m
Re-mi-con 12565 kg | MOCIE Steel pipe 915.15 m | SimaPro
Oxygen 36.75 ¢ MOE Reinforcement work 23793 ton| MOCIE
Steel pipe 38044 m | SimaPro Plywood form 1,247.86 m' | SimaPro
Primary  |Plywood form 32.16 m' | SimaPro Drai Reinforcement work 15.48 ton| MOCIE
. . rainage - : ;
sedimentation Reinforcement work 21.36 ton| MOCIE work of Ready mfxed(plzjnn) 38.33 m, MOCIE
tank rainfall Ready-mixed(reinforcement) 11820 m
Binding wire 43804 kg | SimaPro Plywood form 1,108.15 w' | SimaPro
Ready -mixed 336.87 m | MOCIE Reinforcement work 43.09 ton{ MOCIE
Welding rod 282.78 ke Drainage  |Ready - mixed(plain) 746 o MOCIE
Mixed hardware setting 6.71 ton work Ready-mixed(reinforcement) 117.30 m'
STS reinforcement 318.24 ke Plywood form 82.14 m' | SimaPro
Reactor {STS plate 648792 kg | MOE Temporary |Plate 64,416.72 kg | SimaPro
STS rounded bar($13.1725.4) 29760 kg shoring .
STS rounded bar@7.0-13) 038 ke facility work Circular bar steel 118721 kg | MOCIE
STS plate 17,035.88 kg Steel pipe 246455 m | SimaPro
Oxygen 3059 ¢ MOE Reactor Concrete paste 46050 kg | SimaPro
Acetylene 10.35 kg | SimaPro Reinforcement work 54.76 ton| MOCIE

MOE : Ministry of Environment, Korea
MOCIE : Ministry of Commerce, Industry and Energy, Korea
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Table 2. Construction Machinery and Energy Consumption for Construction Stage of A WWTP

Process Constrpction Qr (m®) Q Energy Co::::r;gp};ion
Machinery (m*hr) | (L/hr) L
Digging the earth Dozer(19ton) 10,284 55 238 4,450.17
Earth work Pit excavation : sediment Backhoe 1?12'1733 2’ 5(?4186 18; 522653113;2
. Backhoe , 87.54 105 802.07
Removal of surplus soil P Taom | L4 ™ o026 | 2id 2.807.74
W N Pump Car Placing (25-160-12) 42.52m 80 18 9.57
ater equalization tank -
R Pump Car Placing (25-240-15) | Concrete pump car | 288.18 m’ 80 18 65.07
and flux regulation tank [ 1 "Car Placing (25-300-15) BLET w | 80 18 8165
Sharmg tank AOf primary Pump Car Placing (25-300-15) | Concrete pump car 13.16 m’ 80 18 3.19
sedimentation tank
Primary sedimentation . .
tank Pump Car Placing (25-300-15) | Concrete pump car | 125.65 m’ 80 18 28.50
Reactor Pump Car Placing (25-180-12) Concrete pump car 1478 m 80 18 355
Pump Car Placing (25-300-15) 32209 80 18 72.70
Sharing tank of . . p
. . . Pump Car Placing (25-300-15) | Concrete pump car 3497 o 80 18 8.09
final sedimentation tank
Final sedimentation tank | Pump Car Placing (25-300-15) | Concrete pump car | 302.73 m' 80 18 68.34
Effluent channel BOX | Pump Car Placing (25-180-12) | Concrete pump car 8096 m’ 80 18 18.44
Pump Car Placing (25-160-12) 132.88 w' 80 18 30.12
Utility -pipe conduit Pump Car Placing (25-180-12) | Concrete pump car 8663 m 80 18 19.72
Pump Car Placing (25-300-15) 1,400.42 m’ 80 18 315.32
Crane truck(20ton) 5.13 6.8 112.67
Sheet pile driving and Extraction | Generator(150kw) 8 EA 513 349 585.07
(400x150%13, H=5.3) Crane truck(20ton) 735 6.8 81.41
Generator{150kw 735 49 42260
Crane truck(20ton) 3.83 6.8 276.97
Sheet pile driving and Extraction | Generator(150kw) 155 EA 383 34.9 1,430.63
(400x150=13, H=8.1} Crane truck(20ton) - 5.71 6.8 189.35
Generator(150kw) 5.71 34.9 977.93
H-PILE Sand) Engine(35HP) 638 m 313 338 7867
Crane truck(25ton) 1.46 7.7 42,08
H-PILE setting, pile driving Crane truck(35ton) 8 EA 392 13.8 35.204
Generator{100kw) 392 264 74.08
H-PILE Extraction Crane truck(35ton) 5 EA 5.76 138 14.38
(300x200, H=7.6m) Generator(100kw) 5.76 264 32.08
Wale setting, remove Crane truck(25ton) 980 m 1.36 77 1,580.65
’ Crane truck(25ton) 18 7.7 1,202.06
. . . . _ Crane truck(25ton) 1.36 71 440.32
Temporary jgfl?ng facility Strut setting, remove(L=9711) Erane tmctziwn; 78 EA ) 42 ;” 33324
. - “rane truck{25ton 1. 7 10.52
Strut setting, remove(l.=678) Crane truck(25ton) 2 EA 1.9% 71 1181
Wale joint Crane truck{25ton) 58 EA 1.36 71 32742
Channel setting, remove Crane truck(25ton) 228 m 0.58 77 3,026.90
Angle setting, remove Crane truck(25ton) 538 m 0.58 77 7,142.41
.. . Crane truck(10ton) 0.04 48 43,120.46
Stiffener carriage Trailer(20ton) S14a2on 00 | 208 7.280.71
Backhoe 18 105 226.80
Simple sheeting Crane truck(10ton) 1848 EA 15 48 124.42
Crane truck{10ton) 291 48 641.32
Strut setting, remove Crane_truck(25ton) 66 EA 1.71 7.7 920.95
Radial joint Crane truck(25ton) 205 EA 213 1.7 1,482.02
. Crane truck(25ton) 1.36 77 461774
Wale setting, remove Crane truck(Z5ton) 818 EA 18 77 350350
Wale joint Crane truck{(26ton) 54 EA 1.8 71 231.00
. . Crane_truck{(25ton) 0.04 48 151,153.65
Stiffener carmiage Trailer(20ton) LI0216 ton ™0 T 208 | 167061673
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Table 3. Materials and Energy Requirement for Operation stage in gk 4l o= p12kg QIgk ko7 AT AE
AP Al A5 A SHBUE A 4F, e L ¥
Section Material Quantity ojorzlz ©let o ~aok 1= :ruég o oA Ete B Z]——%J_
Energy Electricity 405,959.48 MW o] AL BEAY Az A Jggy MY 1
Chemicals Polymer(powder) 693,600 kg 22 gt o gko] 2EHETL
Polymer(liquid) 120,000 ton FHo A S BERA ARES wlgo 3
Sedum ypocniorte ;:ggggokfg A3 7 GAME MidPoint LCIASH End-Point
LCIAZ 338ttt Mid-Point LCIAZ o] &3 3}
Melge] AdAY 2 FAE d¥HEI 2HE
£ % A AeBE Ux) £9% GaeAeRe  Fig 20] USAT) Fig 26] e vksh o] B}
AT RGN B AABAAE 2A] of Rl ANABNN AR e BRFTe] 77.0%
3Tt 2 7H 2 vetsed, g Re WheE 4o
121%% Aoz dewrt. 1ejn 7pEFe 87
3.3 4887} dEe] F YRle R Wgx 59 Fa FERE AT
A e 9 SANES Hrs] AalA Al sheetpiled] FEF B dhdel] AMREHE A AR
el LCA Eopoll Al 874 by & (Life Cycle ARSI Z\ © 2 et
Impact Assessment, LCIA) 2. 2 7}3 BHA o7 AlE gk d e = AE B0l AA 9 56.7%= 71
¥ 1 9= Eco-indicator 95(EI 95) ¥ 3} Eco- ZA Jehtoen, tgo=w Aduze tha o gk
indicator 99(EI1 99) W& o] &35t} o] & WHE  17.0%% Ao eyt
& e g JFS ol FEA sttt st FIEAY A FAH L HE JF
gebdl A, ks SAE G el AFAe H7F Z2HE Fig 3o vehigly. " Fig. 3
2 o g didel] GFE v eAE FdFged Ao o JeRd vk Zo] AHAE ] o3 &G o
# End-Point LCIAZ, A& Mid-Point LCIAZ & 672%% 714 A4 yehgeon tdgoze 48 Al
HZth AA= EI19 SL 2284 Ay} 8712 87 £o] 32.2%¢] HoE vyt d3dEedHzZE &
d & T 1 T 9%E 7 g 543 A Anzed oig Fgo] AAY H.0%E 7 =ZA U
2b, Aatst QA D bEAAE A et FEsid  Bwon, thgog PRl it JaFe] 19.4%
th. ®rlets 8714 A T 4D (Abiode 91 Ao eyttt
Resources Depletion; ARD), 2] F+&73}(Global AA sl Foll thdt life cycle™ Mid-Point %
Warming: GW), @ #2393 (Ozone Depletioin;  FH7} T 275 Table 40 Jeh G, #7123
OD), #3823 2 A A (Photochemical Oxidant & G &A| 9 Hl3o] 95 7% 2 AAWA 9] AxHc}
(,reatlon POC), 243} (Acidification; AC), ¥4 €53 AL vepgey, J3FEEe A9
ﬂ(Eutrophlcatlon EU), A EA (Eco-Toxicity: g GgFo| 43 8% % 71 & v5S Yeldon,
ET), 97+5A (Human Tox101ty HT)olt}, EI99E oo Q7Ft=EAld] thal ko] 18.9% A3l
vaadoos M dHEez SAeHE oyl A& vERT.
A7l HEEAZTEH FEARIL, FE5, AHA e 2 2 End-Point LCIAS| m& &7t
57 B 34 S A JAAAIE, w4, AL, Adel e R3idE 1Y
Adg Adrlgdao 2 irol ¥AEa, o] E 3} ’8]—2}9_011, life cycle® End-Point LCIA Z3E Table
who] 374242 (Pt: Eco-Point) 2 E&3ted Uehlle 5ol eI /A A Fig 49 vERd Hls) 2
Wielth ZF e MY JI¥UFR ARl o] dFEY T2 AADAG.6%) Btk E9EA
lom QlzbAZ el Ay wdEASYE TFoR (94.4%)cA Wol VEtgeH, EIWEHEE AY
Ak Jgk TSR A G, WAkl gk o g JF(52.4%) 3 A G FA dI FF
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Table 4. Results of Impact Assessment for Life Cycle of A WWTP using Mid-Point LCIA
Unit: person - yr/m?

Impact Category Construction stage Operation stage Total
ARD 2.92E+05 1.73E+07 1.76E+07
GW 2.97E+04 4.35E+06 4.38E+06
oD 2.02E+05 5.44E+03 2.07E+05
POC 1.59E+03 2.88E+04 3.04E+04
AC 4.15E+04 2.96E+06 3.00E+06
EU 4.35E+04 6.24E+06 6.28E+06
ET 9.77E+05 6.24E+04 1.04E+06
HT 1.37E+05 7.44E+06 7.58E+06
Total 1.72E+06 3.84E+07 4.01E+07

Table 5. Results of Impact Assessment for Life Cycle of A WWTP Using End-Point LCIA

Category Construction Stage Operation Stage Total
Human Heaith (DALY/km) 2.05E-09 2.28E-07 2.30E-07
Ecosystem Quality (PDF - m? - yr/km) 5.36E-05 8.64E-02 8.65E-02
Resources (MJ/km) 1.02E-02 8.50E-02 9.52E-02
B Human Heaith B Ecosystem Quality OResource
4 A =2
1.00E-01 - - S— .= iy

22} &% 100,000m’/d AstA 2] 4-E o2 life
cycleol A LA BAGTF HriFH, SdHA
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o2 Jepigen, g9 ° =2

o
e Construction Stage Operalion Stage Total C\)_]_ ‘5—}‘0:1 I:H l?_% e %]’ [e] Og fg:o] E“Ag 8]'% 7)—1 —gi L]'E}
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Table 6. Key Issue and Process of Environmental Impact in A WWTP Using Mid-Point LCIA

Stage and process Key Issue
Construction  Earth work (0.51%) - Machinery (0.51%)
stage Water equalization tank and flux regulation tank (2.22%) - Ready mixed concrete (1.65%)

Sharing tank of primary sedimentation tank (0.04%)
Primary sedimentation tank (0.88%)

Reactor (12.36%})

Sharing tank of final sedimentation tank (0.20%)

Final sedimentation tank (0.94%)

Effluent channel BOX (0.21%)

Digester (0.02%)

Utility-pipe conduit (5.23%)

Drainage work of rainfall (0.48%)

Drainage work of domestic wastewater (0.41%)
Temporary shoring facility work (76.50%)

- Ready mixed concrete (0.03%)

- Ready mixed concrete (0.31%)

- Mixed hardware making and setting (2.28%)
- STS plate (6.05%)

- Mixed hardware making and setting (2.39%)
- Mixed hardware making and setting (0.04%)
- Ready mixed concrete (0.08%)

- Ready mixed concrete (0.74%)

- Reinforcement (0.13%)

- Ready mixed concrete (0.21%)

- Steel pipe (0.02%)

- Ready mixed concrete (3.87%)

- Ready mixed concrete (0.37%)

- Ready mixed concrete (0.30%)

- Machinery (71.75%)

Operation stage

- Waste sludge (94.28%)
- Electricity (4.87%)

Table 7. Key Issue and Process of Environmental Impact in A WWTP Using End-Point LCIA

Stage and process

Key Issue

Construction

stage

Earth work (0.06%)

Water equalization tank and flux regulation tank (2.06%)
Sharing tank of primary sedimentation tank (0.03%)
Primary sedimentation tank (1.06%)

Reactor (18.10%)

Sharing tank of final sedimentation tank (0.21%)

Final sedimentation tank (0.84%)

Effluent channel BOX (0.29%)

Utility-pipe conduit (4.34%)

Drainage work of rainfall (0.33%)
Drainage work of domestic wastewater(0.31%})

- Machinery (0.50%)

- Ready mixed concrete (1.31%)

- Ready mixed concrete (0.02%)

- Mixed hardware making and setting (0.43%)
- Ready mixed concrete (0.24%)

- STS PLATE(9.22%)

- Mixed hardware making and setting (3.63%)
- Ready mixed concrete (0.07%)

- Mixed hardware making and setting (0.06%)
- Ready mixed concrete (0.59%)

- Concrete paste (0.14%)

- Ready mixed concrete (0.16%)

- Concrete paste (0.13%)

- Ready mixed concrete (3.06%)

- Ready mixed concrete (0.30%)

- Ready mixed concrete (0.24%)

Temporary shoring facility work (72.37%) - Electricity (84.46%)
Operation stage - Waste sludge (84.43%)
- Alum (7.05%)
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