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Although OTEC has good characteristics as a base load power supply, from view point of stability and resource
amount, it has not been put to practical use because of its high power generation cost. In our previous paper",
the OTEC generation cost was shown to be reduced to 43.4 ¥/kWh, with 1 MW output capacity facility by optimizing
the system with water intake and generation equipment. However, it is still much higher than the value, 5 - 10
¥/kWh, of the coal fired power generation cost. It causes the difficulty of commercial application of OTEC system.
The major factor of the high generation cost is low temperature of high—temperature side heat source.

In this study, we conducted a conceptual design on the non—concentrating type solar heat collecting system as
a low cost auxiliary equipment of the high—temperature side heat source in OTEC. And we also optimized the total
system by optimizing of the power generation equipment to fit to the temperature range. And we also estimated
its power generation cost for larger scale system. The present results were also compared with those of OTEC alone,
OTECs with other auxiliary high—temperature source and solar power generation systems. By the calculated results
with Kume island conditions, optimum high-temperature side temperature was 95 °C, and generation costs were 11.3
¥/kWh for 10 MW, 7.0 ¥/kWh for 100 MW and 4.6 ¥/kWh for 1 GW output for each. These figures are comparable or
even cheaper than the cost of other systems, and it suggests the competitivity of OTEC to coal fired plant.

Although this power generation system is a combination of the past technologies, enjoying advanced technology
in each field, the contribution of cost engineering and optimization to the cost reduction is great. And selecting
the site blessed with solar radiation dramatically reduces the generation cost. Worldwide there are many sites
suitable for this power generation method, suggesting that it will lead to full — commercialization of renewable

energy as a base load power supply
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Non—Concentrating type Solar Heat collecting system
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Fig. 2 Optimization procedure

STEP1 Optimization of the form of heat collector
@ 1t has a simple shape, few parts, makes it easy to manufacture and
transport, and reduces production cost
@ Shape to receive the merit of scale
) Less movable parts, easier to control, lower maintenance costs
(@) Reduce the stroke and lower the operation cost

STEP2 Optimization of structural details (material, dimensions)
(D Reflector plate (material, width, length, thickness) — energy loss
(power generation cost) minimized
@ Minimize receiver shape (width, length, thickness) — energy loss
(power generation cost)
(@ Pedestal, control device (safety — optimization of production cost)
@ Placement plan (efficient utilization of land — minimization of energy
loss by arrangement)
(® Water supply pipe arrangement, pipe diameter — power optimization
(® Reservoir shape, capacity — Operating rate (power generation cost)
optimization

Fig. 3 Optimization procedure of heat collection
system (sub flow)
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Fig. b Cross-sectional view of reservoir
Table 1 Heat efficiency
Calculati
Item Details Standard™ @ Cliza 0
n

(D Reflector Dirt influence 95%~100% 97.50%
2 (See Fig. 4) Reflectance 90%~95% 92.50%
& § Flatness errors ~100%  99.90%
& 8 |@Ruler Size errors ~100%  99.90%
= ®Pedestal Strain ~100%  99.90%
@sShifter Sift error ~100% 99.90%
(DReceiving rate |Solar parallax ~100% 99.90%
E;J @Glass surfacel |Transmittance 96%~98% 97.20%
'g Glass surface2 |Transmittance 96%~98% 97.20%
& (@Heating body |Conversion rate ~100% 100%
& | @Insulator 1-heat loss 97%~99% 97.30%
(®External Size errors ~100% 99.90%
(3) Water way Conduction 99.4%~ 99.40%
(See Fig. 1) Radiation ~100% 99.90%
(4) Reservoir Conduction 99.4%~ 99.40%
(See Fig. 5) Radiation ~100% 99.90%
(5) Heat efficiency 81.20%

*1 Distribution or theoretical value of past data
*2 Value used for power generation cost calculation
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Table 2 Specification and construction cost of the
heat collection system

. . . | Quanti| Unit Amount
Classification Item Unit . of Remarks
ty price
money
Reflector - Receiver - Control - Management System
Steel weight ton 0.74]7.0~10 6.98|5m X 2.7m
Reflective agent m> 7.27] 0.100 0.73} 1
Plate glass U 1.90{ 0.294 0.56] 1
Permeating agent U 0.00] 0.100 0.00] 1
Reflective agent U 1.00{ 0.100 0.10] 1
Insulation
Insulation m® 0.28| 0.400 0.11}”7
Heating element m? 1.25] 0.030 0.04} 1
concrete m® 0.84] 1.500 1.26{ 1
Earthwork " 0.78] 0.300 0.24} 1
Control device set 1.00f 2.500 2.50( 7
Crockery U 1.00{ 1.120 1.12{»
Overhead expenses U 1.0 6.82150%
Unit construction cost 10"Y/(5m X 2.7m) 20.45( 7

. 2
Construction cost per m

10°¥/m l

1.51

Direct solar radiation

kWh (heat) /i * day

1.78|Kumejima Island

Scattered solar radiation |/ l 2.05] 1
Heat collector area ha (output 10*kW) 44,911
Subtotal construction fee |10% (output 10"kW) 68.0] 1
Heat transfer water passage
Site area ha 98 Separately lease fee
Trunk extension m 2,000 1.8 0.36|Installation
Branch extension U 11,000 1.5 1.65{
Pump (trunk line) pieces 2 100 0.02| 1
Pump (branch line 1) I 22 50 0.11} 1
Pump (branch line 2) N 1,666 21 3.50{»
Overhead expenses set 1 2.82150%
Subtotal construction fee [10% (output 10'kW) 8.46
Reservoir(Heat storage)
Capacity 10'm® 15.2 Hot water - Warm water
Area ha 1.2 102m X 102m
Depth m 15.0
Earthwork 10%m*® 31.2 0.18 5.46]/Cut and Embankment
Concrete U 1.3 3.27 4.28|Reinforcing bar included
Gauges set 1.0 0.85 0.85]Installation included
Overhead expenses set 1.0 5.29150%
Subtotal construction fee |10% (output 10*kW) 15.87
Total construction cost 10%¥ (output 10'kW) 92.29
Per heat collecting plate area 10'¥/m [ 2.06

Tube protection:

Jet buryjng (sand ground

HDD method exjension 1 km

—_—> to the generator

Slea surf%ce A\V4
4

Depth of

Drilling

As long as there is a

water level difference,
sea water invades the
pit

P

in the rock mass by HDD method

Jet burial protection (up to about 60 m deep)

Under natural flow, the irregularities of the pipe do
not matter.

Fig. 6 Outline of water intake facilities

Table 3 Specification and construction cost of water
intake facility

Item Unit | Quantity Remarks

., |Flow rate m®/d 9.05{From thermal cycle
§ Water temperature C 7.0{Optimized from condition of Kumejima
§ Depth of water m 7001 1
% Extension of intake pipe km 3,700} 7
[;18_ Pipe diameter mm 1,000{By optimization

Water head difference [m iy
g PE pipe 10% 3.43/HSPE pipe, SD 21
- |Laying cost U 3.75(Using GPS platform
% Tube protector ) 4.51/HDD method (Use DD 330)
; Pit " 0.68|PC well ¢ 5,000
g Overhead expenses n 4.24130%
O |Total " 16.60
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Table 4 Power plant construction cost

Item Unit quantity Remarks
Main Billion ¥ 26. 95
equlpment
Inc%dental " 7 19
equlpment
Total N 34. 14
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Table 5 Comparative study of various OTECs with solar heat and PV power generation systems

Annual power generation 10MWh/y 77,400 79, 200 79, 200 77, 500 77, 500
Max. power output kW 177, 000 100, 000 100, 000 100, 000 670, 000
Entrance C 400 25.7 25.7 95 -
2 | Temperature
o Exit 1 250 18.3 18.3 55 -
;5: Intake amount 10'm¥d - 1, 280 1, 890 27.8 -
Station use rate (D % - 5. 0% 1. 0% 0. 6% -
© Entrance T - (20-30) 7.0 7.0 7.0 -
< | Temperature 3
@ Exit N - (30-50) 11.9 11.9 17.0 -
%' Intake amount 10'm*/d = 1, 890 2, 270 90.5 =
U Station use rate @ % - 19. 2% 1. 0% 1. 5% -
Generator type - Rankine cycle | High perf. ORC | Common ORC High perf. Caring -
& | Carnot efficiency n - 4. 0% 4. 0% 20. % -
g Generation efficiency N 26. 4% 2. 2% 1. 3% 18. 6% 11. 0%
:‘?D Heat exchanger area ratio ratio - 15,100(H), 6,700(L) |  26,800(t1), 11,400(L) 465(H), 225(L) =
E Station use rate 3 % - 3. 9% - 1. 2% -
= Station use (Z(D~®) ) 8. 0% 28. 1% 40. 9% 3. 4% 18. 0%
Amount of transmitted power 10MWh/y 71, 200 56, 900 46, 800 74, 900 63, 600
Global Horizontal Irradiation(GHI) * | kWh/ni/d 3.83 - - 3.83 3.83
5 | Direct Normal Irradiation(DNI) n 1.78 - - 1.78 1.78
:% Scattering amount of solar radiation U 2. 05 - - 2.05 2.05
?‘é DNI of annual optimum angle fixed* @ | » - - - - 1.99
8 | DNI of movable optimum angle *@ I 2. 80 - - 2.63 -
B2 Collected scattered radiation® B ) - - - 0.50 2.05
Collected heat/energy (@H®) I 2. 80 = = 3.14 4.04
- Reflection/ control % 80. 0% - - 89. % 95. 0%
é +| Receiver u 90. 0% - - 91 7% -
- 8| Transportation I 80. 0% - - 99. 3% -
8;% Heat storage U 90. 0% - - 99. 3% -
5 °| Total u 51. 8% - = 81. 2% 95. 0%
effective heat/energy kWh/nd/d 1. 45 - - 2.55 3.83
.§ Per area generation kWh/ni/d 0. 384 - - 0. 473 0. 422
E g| Heat collection area ha 552 - - 449 504
Tg?@ Site placement efficiency % 50. 0% - - 45. % 56. 3%
= | Site area ha 1,100 - - 977 895
Heat collection etc. 10% 837 176 10.6 610 857
- Their amortization expense (life time) | 10%/y(y) 41.8 (20) 5.9 (30) 0.4 (30) 23.0 (26.5) 45.6 (20)
§ Deep seawater 10% - 639 40.4 41.2 -
E Their amortization expense (1ife time) | 10%/y(y) - 21.3 (30) 1.4 (30) 1.4 (30) -
E Generator etc. 10% 344 1,477 371 259 55
a Their amortization expense (life time) | 10%/y(y) 17.2 (20) 49.2 (30) |35.7 (7.5% 30) 8.6 (30) 2.7 (20)
Total Tnitial cost 10% 1, 180 2,290 422 910 911
= Total amortization expense 10%/y 59.0 76. 4 37.4 33.0 45.6
: é Operation and maintenance expense U 22.7 14.8 14.8 7.9 5.3
%.5 Lease land fee expense ) 7.3 - - 6.5 5.9
%E Taxes and dues expense ) 6.7 13.0 2.4 5.1 5.1
§ % Total expense Ui 95.7 104. 2 54.6 52.5 61.9
s Generation cost ¥/kWh 13.4 18.3 11.7 7.0 9.7
Sales (unit price 10 ¥/kWh) 10%/y 71.2 56. 9 46. 8 74.9 63.6
Operating (ordinary) Profit n -24. 4 -47.3 -7.8 22.4 1.6
ROA % -2.1% -2.1% -1. 8% 2. 5% 0. 2%

Notes) *1: SEGS LS—4, Mojave Desert, *2: Horizontal area basis, *3: Optimum angle in Kume island, *4: Annual fixed optimum angle 26.35° ,
*5: Quoted from schematic design of NC-SH, *6: Life time of aluminum used for heat exchanger only, *7: Module conversion efficiency,
*8: Assumed to be improved from NEDO report (2011)'
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