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Estimation of Ocean Thermal Energy Conversion System by using LCA Methodology

Kiyotaka TAHARA, Toshinori KOJIMA and Atsushi INABA

Abstract

CO; emissions from construction of an ocean thermal energy conversion (OTEC) and various power plants were
calculated by the LCA (Life Cycle Asscssment) methodology. The LCI (Life Cycle Inventory) was calculated by
“NIRE-LCA”, LCA software developed at the National Institute for Resources and Environment using a bottom-up
approach. In addition, two evaluation functions for comparable between each power plant were proposed. CO,
payback times of renewable energy electric power plants (hydroelectric, OTEC and PV) were calculated with
reference to conventional fossil fuel-fired power plants (coal, oil and LNG). The calculated payback times were
much shorter than the typical operational lifetimes of the respective renewable energy electric power plants.
Characteristic technology map for CO2 problem was presented for CO2 reduction capacity per unit area, and ratio of

reduced CO2 to CO2 input. The effects of technologies against CO2 problem were quantitatively evaluated.
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Nomenclature
O = CO2 emissions from utility
[kg-CO2/year]
E = Annual electric supply
[kWh/year]
C = CO2 emissions from material
product and construction [kg-CO2]
T = year[year]
y = Total CO2 emissions [kg-CO2]
Y = CO2 emissions per annual electric
supply [kg-CO2/(kWh/year)]
Em = CO2 emission per kWh
[kg-CO2/kWh]
Te = Life time [year]
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Table 1 Amount of material weight for OTEC system [(]
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Cement Iron and steel SUS  Titanjum steel  Chrome steel ~ Copper FRP Ammonia  Sub-total
For construction 37,500 2,100 39,600
Pipes 37,500 2,882 14,216 54,598
Turbines 567 19 i3 599
Generators 158 68 226
'Vaporizer 5,390 2,618 8,008
Condenser 2,704 1,526 4,230
Ammonia tank 110 10
Warm-water pump 1,310 80 80 1,470
Cold-water pump 1,400 80 120 1,600
Ammonia pump 26 2 28
“Pancls 170 170
Ammonia 2,000 2,000
Total 75,000 16,817 179 4,144 13 270 14,216 2,000 112,639

Table 2 CO; emission of material and utility

manufacture
CO; emission

Ttems [kgz-CO /kg]
Cement 0.72
Iron and steel 1.18
SUS 333
Titanium steel 10.06
Chrome steel 779
Copper 1.30
FRP 1.66
Ammonia 1.11
Electricity[kWh] 0.44
Coal 2.38*
Heavy oil 3.22**
LNG 3.20%**

*  CO, from furnace and transportation

**  CO, from furnace, transportation and refinery

*** CO;, from furnace, transportation and liquefaction
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Table 3 Annual electric supply, size and CO; emissions from construction of power plants

Plant size Net electricity supply CO; emissions

MW] [kWh/y] [kg-CO/(kWh/y)]

Coal 1000 6.08X10° 0.022
oil 1000 6.17 X 10° 0.016
LNG 1000 6.34X10° 0.016
Hydro 10 3.93X10’ 0.395
PVU 25 8.76X10° 2.231
PVI 100 5.70X10° 0.255
PV] 1 1.25X10° 3.540
OTEC(2.5MW) 10 1.18X107 3.414
OTEC(100MW) 10 8.64X10° 4.307
Biomass 197 1.04X10° 0.042
Table 5 CO; pays back time [y]

Plant type coal 0il LNG

Hydro 0.41 0.50 0.68

OTEC(2.5MW) 2.54 3.12 4.28

OTEC(100MW) 0.25 0.31 0.42

PVU 3.80 4.65 6.34

PV1 3.85 471 6.43

PVJ 491 6.03 8.26

Biomass 0.02 0.04 0.05

Table 6 Power plants CO; emissions per kWh generated

Plant type CO; emissions per kWh
[kg-CO2/kWh] [kg-C/kWh]

coal . 0.916 0.250
oil 0.756 0.206
LNG 0.563 0.154
hydro 0.017 0.005
OTEC(2.5MW) 0.119 0.032
OTEC(100MW) -0.002 -0.0005
PVU 0.153 0.042
PVI 0.148 0.040
PVI] 0.187 0.051

Biomass 0.081 0.022
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Table 7 Data of CO; reduction pre area and CO; input

Area  COzemission of input ~ Net CO, reduction to Coal fired

[kmz] [kg-CO2/30y] power plant  [kg-CO»/30y]
PV(Uchiyama) 4.33X10 3.13%107 2.09%10°
PV(Indonesia) 133X 10° 2.32X 108 1.54X10"
PV(Japan) 2.00X10 5.47%10° 2.85X10’
OTEC(2.5MW) 8.46 %10 5.25X107 2.73%10’
OTEC(100MW) 8.46 X107 4.84%107 1.89x10?
Biomass 9.00X10? 2.58%10° 2.60X 10"
Forestry(tropical) 1.00X10° 1.23X10° 7.33X10°
Forestry(temperate) 1.00X10° 1.23X10° 5.50%X10°
Forestry(scrub thicket)  1.00X10° 1.23X10° 3.67X10°
Forestry(savanna) 1.00X10° 1.23X10° 1.83X10°

Table 8 CO; reduction pre area and CO; input

CO; reduction per CO; input CO; reduction per area

[t-CO/t-CO,) [t-COx/km?]
PV(Uchiyama) 5.22X10° 1.43X10°
PV(Indonesia) 5.19X10° 3.22X10°
PV(Japan) 3.91X10° 2.23X10°
OTEC(2.5MW) 6.69X10° 4.84X%10°
OTEC(100MW) 6.63X10" 1.16 X107
Biomass 1.01X10" 2.89X 107
Forestry(tropical) 5.98X10% 7.33X10°
Forestry(temperate) 4.49X10? 5.50X10°
Forestry(scrub thicket) 2.99%10? 3.67X10°

Forestry(savanna) 1.50X 10° 1.83X10°
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CO, emissions [kg-CO,/(kWh/y)}

CO2 emissions {kg-CO2/(kWh/y)]
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