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Environmental Impact Evaluation for the Power Generation System
Using the LCA Methodology
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ABSTRACT : In this study, life cycle assessment(LCA) for the nuclear power generation system and the thermal power generation
system, which make a great distribution of the electric power supply in Korea, has been carried out to compare the environmental impact
between two power generation systems. In system boundary of this study, the stage of construction, operation and demolition & disposal
were included. For life cycle impact assessment(LCIA), three cases were considered; the single environmental impact for the CO, emi-
ssions, the 8 major global environmental impact, and the major global environmental impact categories including radioactive impact. As
the results, it was found that the nuclear power generation system is environmentally superior to the thermal power generation system as
10,000 times in the evaluation for the CO, emissions, 90 times in the evaluation for the 8 major environmental impact categories, and 40
times in the evaluation for the environmental impact categories including radioactive impact.
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Table 1. Construction machinery list and amount of fuel con-
sumption in the construction stage of the power gene-
ration systems
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Table 2. Amount of construction materials in two power
generation systems

Amount (ton)

Construction materials
Nuclear | Thermal

Nuclear Thermat

Machinery Type  |Working Fuel Working Fuel
time(hr) |consumption(L )| time(hr) |consumption(L)
Bull Dozer 32 ton ]35192 ) 1,393,603 |17728 702,029
Wheel Loader | 1.72 m’ | 29344 | 528,192 16,776 | 301,968
Back Hoe 2w’ 156,688 | 4669302 76,064 | 2,266,707
Dump Truck. | 32 ton |283,680| 9,588,384 | 86,704 | 2,930,595

Crane 150 ton |127,432| 6,408,997 | 58,120 900,860

Diesel Hammer| 4 ton | 744 16,368 672 14,784
Roller 10 ton | 22,984 | 268913 | 5,024 73,350
Grader 36m | 18176 | 279910 m 4,189

Water Track | 5500 L [33440 | 341,088 | 6760 | 68,952
Fork Lift | 7.5 ton | 95344 | 791,355 | 47,655 | 395,545
Trailer 60 ton |195264| 6482,765 | 6,528 43738

80 m’hr | 43328 | 779904 | 13,536 | 243,648

Titan 105 ton |141336] 2,657,117 | 7,104 | 133,555

700 kW | 50,016 | 8,142,605 [ 12,520 | 2,038,256

Mixer Truck | 6 L ]225504| 4,758,134 | 32,616 127,202

Uniloader Ston | 7376 | 267,011 | 10064 | 107,685

Crawler Drill | 120 mm | 19,568 [ 450,064 {11,096 | 255208

Batch Plant | 120 m’fhr ] 27,624 | 538,668

Pump Car

Generator

Compressor |7.1 m’/min 108,768 | 1,065,926
Hammer 1.5 ton 160 1,280 11,696 44,445
Total 49,429,586 10,652,716
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Cement 44,029 9,390
Gravel 213,338 | 58,024
o Sand 543,134 | 3,948
Civil work Concrete mixing compound | 811,536 | 184,652
Steel 72,807 | 21,136

Steel frame 15,327 66

Steel pipe products 530 96

Screw products 1.0 0.3

Piping work

Valve products 755 11

Pipe metal products 48 4.7

Heat insulation products 24 4.9
Electric wires & cables 420,318 | 169,302

Electricity work
Y Metal support products 1,497 20

Ilymination devices 11 2.5
Atomic reactor 698 -
Boiler - 204

Containment Liner Plate 3,352 -
Stainless Steel Liner Plate 714 -

Machinery Air conditioner facility 2,096 0.3
& Steam condenser 2,400 800
Instrument work Turbine generator 36,079 | 32,471
Pump products 15,900 5,100
Tank products 18,700 6,188
Condenser products 159,692 | 52,910
Heat exchanger products 189 54




Table 3. Amount of fuel requirement in the operation stage

Type INuclear| Thermal Remark
Nuclear - Annual amount of spent fuel :
Fuel | 170 - 4.25 ton/yr
(ton) - Life span : 40 years
- Annual amount of spent fuel :
. 760 tonfyr
Diesel
Fuel (tlzrsl(; 30,382 - - Spent fuel in operating attached
building
- Life span : 40 years
Natural - Annual amount of spent fuel :
Gas | - |276E+12| 9.20E+10 m’
(m”) - Life span : 30 years
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Table 4. Amount of radioactive wastes in the operation stage
of Nuclear power generation system
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Table 5. Amount of fuel consumption and wastes in the
demolition & disposal stage

Radioactive wastes of
Amount

(m’)

the Nuclear power Remark

generation system

Type Nuclear | Thermal

- Spent nuclear fuels

- Annual amount of spent fuel :
27.5 miyr

- Life span : 40 years

High level wastes 1,100

Gloves, Shoes, Repair tools
6678 | Annual ?moum of spent fuel :
wastes 170.0 m’/yr

Life span : 40 years

Medium - Low level

- Nuclear area : 171,037.2 m’

Demolition - Thermal area : 42,123.5 m’

855,185.8210,627.5

Fuel L) - Demolition machinery : Breaker
consumption| - Fuel consumption : 5 L/m’
D‘S(‘Ssal 299475 | 7375.4 |- Transportation distance : 10 km
- A t of tes : 2.541
General 263.534.1]64.903.9 mot;n of wastes
Amount of [waste (ton) ton/m
wastes ioacti
S Radloactnge 25037
waste (m”)
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Table 6. Results of inventory analysis in each stage of the power generation systems

. Construction Operation Demolition & Disposal
Inventory Parameter Unit

Nuclear Thermal Nuclear Thermal Nuclear Thermal

1 {r) Bauxite g 6.80E+04 3.16E+04 5.79E+08 3.51E+10 5.88E+07 6.17E-02
I (r) Chromium(in ore) g 1.57E+07 4.54E+06 1.37E+08 4.00E+09 2.26E+06 3.15E-03
I (r) Copper(in ore) g 5.82E+04 2.68E+04 6.83E+07 3.97E+10 1.12E+07 6.71E-04
I (r) Crude oil g 7.29E+11 1.79E+11 298E+10 1.43E+13 8.24E+09 1.40E+01
I (r) Iron(in ore) g 7.91E+08 2.45E+08 5.84E+09 2.76E+10 4.73E+09 1.84E+01
I (r) Manganese(in ore) g 4.24E+06 1.25E+06 1.87E+07 9.49E+08 8.97E+05 3.30E-03
I (r) Natural gas g 8.38E+07 247E+07 4 .66E+07 3.39E+12 4 41E+05 1.14E+03
I (r) Nickel(in ore) g 6.04E+04 3.48E+04 1.13E+08 2.63E+09 1.26E+0 5.54E-04
I (r) Tin(in ore) g 9.61E+05 2.30E+05 5.18E+04 2.45E+07 1.42E+10 6.96E-07
(0] (a) Benzene g 1.01E+05 2.55E+04 9.92E+05 4.75E+08 2.05E+05 1.35E-01
(o} (a) Carbon dioxide g 2.33E+11 6.29E+10 2.21E+11 1.26E+15 433E+10 1.70E+05
o] (a) Fluoranthene j g 8.75E+13 1.52E+13 0.00E+00 0.00E+00 0.00E+00 0.00E+00
0 (a) Methane g 2.57E+08 9.60E+07 5.25E+08 4.11E+13 3.24E+08 8.57E+01
0 (a) NMVOC | g 1.90E+04 6.82E+03 4.89E+08 3.62E+12 8.52E+07 1.88E-01
0] (a) NOx | g 9.26E+07 4.55E+07 9.22E+08 4.66E+12 1.84E+08 1.67E+00
0 (a) SOx g 1.31E+08 3.68E+07 1.02E+09 3.73E+12 1.18E+08 7.97E+01
0] (w) Arsenic g 9.72E+04 3.56E+04 3.66E+05 L.13E+08 2.85E+04 3.15E-02
0] (w) Chromium g 1.62E+05 4,54E+01 2.98E+01 2.37E+04 5.55E+00 1.61E-04
0 (w) Copper g 9.24E+04 3.79E+04 1.45E+03 2.75E+08 7.40E+04 1.03E-02
0 (w) Nickel g 7.80E+04 3.39E+04 6.92E+05 2.98E+08 7.6TE+04 1.35E-02
0 (w) Lead g 9.95E+04 4.03E+04 2.57E+07 7.78E+08 1.75E+05 1.34E-01
0 (w) Zinc g 1.14E+05 3.23E+04 3.36E+06 1.89E+09 2.08B+05 9.64E-04
0 (s) Arsenic(ind.) g 1.19E+05 8.27E+03 3.11E+03 3.75E+07 2.49E+02 1.36E+01
0 (s) Mercury(ind.) g 1.67E+05 6.61E+04 4.10E+03 3.59E+03 1.03E+02 2.73E+01
0] (ra) C-14 Bq 7.38E-02 2.47E-02 2.78E+10 3.31E+05 8.61E+08 1.21E-04
0O (ra) H-3 Bq 1.85E+05 7.45E+04 4.01E+11 3.42E+00 2.71E+09 6.83E-01
0 (ra) 1-129 Bq 1.37E+11 5.50E+10 1.93E+08 [.1RE+06 3.99E+06 5.08E+05
0 (ra) U-234 Bq 3.27E+04 9.14E+03 4.19E+09 1.57E+06 2.75E+06 1.35E+00
0 (ra) Pu-238 Bq 3.94E+04 1.58E+04 2.03E+02 4.91E+02 5.08E+00 9.81E+01

(r) : Raw matetial, (a) : Air emissions, (w) : Water emissions, (s) : Soil emissions, (ra) : Radioactive substances
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Table 7. CO; emissions from each life cycle stage of two
power generation systems

CO; Nuclear

Amount |Contribution
{g-CO./F.U.) (%)

3.68E+02 84.2
1.68E-05 0.1

Thermal

Amount |Contribution
(g-COFUY| (%)

2.91E+02 0.0
4.99E+06 99.9

Life cycle

Construction

Operation

Demolition &
Disposal

Total 4.37E+02 100

6.85E+01 15.7 6.71E-04 0.0

4.99E+06 100

2 a7 ARE AFAA0% vz Table 8o 1
Bl kg o), UyahdE Aol e a7Hst Barl
o) A Bl T HolE HolAT STl FEA
o2 BE COo, MEg Y & TERE Holx ok



Table 8. Comparison of CO, emissions with results of other
studies(Unit : g-CO,/F.U.)

CO; | Central Research Institute

issi . University of .
ission
1
. of Electric Power Industry, Wisconsin Madison This study
Life cycle Japan
Nuclear 2.20E+04 1.70E+07 4.37E+02
Thermal 6.53E+08 6.22E+08 4.99E+06

* CRIEP and UWM considered the fuel cycle only.

2.3.2. Case 2 : 8CH X|PEIF QSO S Yot
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POC), 2Hd 3K Acidification; AC), F<9 %3HEutrophication;
EU), AE}=A(Eco-Toxicity; ET), ¢17F=%3(Human Toxicity;
HT)e]t}.
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Table 9. Results of Life cycle environmental impact for each
power generation system

Nuclear Thermal
Type :
Environmental o Environmental o
Tmpact Contribution Impact Contribution
Life cy¢ % 9
Y (person - yr/F.U.) () (person - yt/F.U.) %)
Construction 6.99E-03 96.4 5.80E-03 0.8
Operation 2.37E-04 33 6.34E-01 99.1
Demolition
.98E- 0. T4E- .
& Disposal 1.98E-05 3 5.74E-11 0.1
Total 7.25E-03 100 6.40E-01 100
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Fig. 3. Distribution of the 8 major environmental categories in life cycle of each power generation system.
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Table 10. Results of the Life cycle damage impact for each
power generation systems

Nuclear Thermal
Type [— X
Environmental .. .. |Environmental T
I Contribution I Contribution
Life cyo mpact %) mpact %)
(PH/F.U.) (Pt/F.U.)
Construction |  6.59E+02 16.8 3.43E+02
Operation 2.17E+01 0.6 1.57E+05 99.9
Demolition | )cp 03 | 527 2.79E-04
& Disposal
Total 3.93E+03 100 1.57E+05 100

Table 102 A&s SZ254 A g 497 2%
2A, A 373 9FL 4xgddo]l 3.93E+03 PYF.U,
sEyE e 1.57E+05 PYF.U.Yl AFAE Yegich oS
DSANAEY Life cycle 82 AWB®, 9ABuA 2
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v & HEE A eH, YAs 9% 13 A, 39
THol AR LA w3 40uf A= 2 FAIEEL 1K
= AL2 Yenith
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Table 11. Summary of the results of this study

Type Nuclear | Thermal

Evalvation of CO,
emission

Comparison
Thermal Power 10,000
times > Nuclear Power

Thermal Power 90
times > Nuclear Power

4.37E+02 4. 99E+06)

Evaluation of 8 major

. .| 7.25E-03 |6.40E-01
environmental categories

Evaluation of
environmental categories |3.93E+03 [1.57E+05
including radioactive impact

Thermal Power 40
times > Nuclear Power
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Fig. 4. Distribution of the environmental damage categories in life cycle of each power generation system.
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