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Simulation of power generation performance of MW-class open- and closed-cycle OTEC systems

based on seawater temperature change
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Abstract: In this study, the performance of the developmental characteristics of a 1-MW ocean thermal energy conversion (OTEC) sys-
tem was investigated using infinite clean ocean energy in order to solve sustainable environmental problems and replacement of re-
newable energy. Simulations of open and closed OTEC systems under development were compared based on power generation and
fresh water production. The application characteristics of the OTEC cycle according to seawater temperature distribution were com-
pared by applying various seawater temperature conditions. Results showed that the power used in the open type was higher than that
in the closed type. Under conditions of a heat source at 26 °C, open and closed power differences were found to be approximately
24 kW. In areas with high-temperature heat-source conditions of 30 °C, the application of closed OTEC cycles was shown to be up
to 92-kW total power. For net power, the generation of the open-type OTEC cycle was as low as 217.5 kW and 291.8 kW in the 1%
and 2™ evaporation methods, respectively. Despite the increase in fresh water up to 45400 kg/h through dual desalination of
two-stage evaporation, as the power consumption increased, the power generation output decreased by 74.4 kW. The open-type OTEC
was 123.8 kW higher at a 30 °C heat-source condition. The open-type OTEC cycle can produce up to 128,420 kg/h of fresh water
depending on the heat-source conditions and is applicable to locations having the dual demands of power and fresh water.
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Figure 1: Distribution of world surface sea temperature [3]
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Figure 4: schematics of Closed cycle OTEC
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Figure 2: schematics of 1% stage Open cycle OTEC
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Table 1: Specifications for OC/CC OTEC Cycle

Design Conditions

Warm water temperature 26, 27’3 028’ 2, T
Cold water temperature 5 T
Warm water flow rate 1,948 kg/s
Warm water head loss 5.5 m
Cold water head loss 8.2 m
Warm water pump efficiency 75 %
Cold water pump efficiency 75 %
Turbine efficiency 80 %
Temperature change in o
5 C
condenser
OC OTEC
Vacuum chamber pressure 2.62 kPa
2" stage vacuum chamber 202 \Pa
pressure
Turbine out pressure 1.38 kPa
Vacuum pump efficiency 90 %
Condenser out vapor fraction 0.01
CC OTEC
Heat exchanger pinch 15 ©
temperature
Super heat 0 T
Working fluid R32
Working fluid pump efficiency 75 %
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Figure 5: Volume flow rate of Vacuum chamber according to

the vacuum pressure
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Table 2} o] YERITE Temperature
Table 2: Power Consumptions of OC/CC OTEC Cycle
Surface sea Temp'(C) ‘ 26 27 28 29 30
Ist OC-OTEC Power Consumption
Warm water pump 142.8 142.8 142.9 142.9 143
Cold water pump 147.6 188.8 230.1 271 312.5
Fresh water pump 1.58 2.02 2.462 2.9 3.34
Vacuum pump 75.96 97.2 118.4 139.6 160.8
Total (kW) 367.94 430.82 493.862 556.4 619.64
2nd OC-OTEC Power Consumption
Warm water pump 142.8 142.8 142.9 142.9 143
Cold water pump 147.6 188.8 230 271.3 312.5
Fresh water pump 1 1.58 2.02 2.46 2.9 3.34
Fresh water pump 2 1.83 1.83 1.83 1.82 1.82
Vacuum pump 1 75.92 97.19 118.4 139.6 160.8
Vacuum pump 2 73.02 72.9 72.77 72.65 72.53
Total (kW) 442.75 505.54 568.36 631.17 693.99
CC-OTEC Power Consumption
Warm water pump 143.3 143.3 143.4 143.4 143.4
Cold water pump 147.6 188.8 230.1 271 312.5
Working fluid pump 42.52 54.43 66.34 78.24 90.15
Total (kW) 333.42 386.53 439.84 492.64 546.05
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Figure 8: Fresh water product rates according to Surface sea
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