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Abstract

We used the thermal effluent discharged from the Jeju Power Headquarters
of KOMIPO as a cooling and heating system to analyze the energy savings
of the greenhouse facilities and conduct a study on the growth environment
of blood orange using the power plant thermal effluent cooling and heating
system.

Through the demonstration operation from 2018 to 2020, the cumulative
renewable energy production of the power plant’s thermal effluent system
was 75.7TOE, and the energy savings were calculated as 22.89TOE, assuming
only heating and 85% of the boiler efficiency. In addition, the amount of
greenhouse gas reduction is calculated as 114.24tCO2. When this system is
operated for 8 hours for 100 days for heating and 11 hours for 150 days for
cooling, the expected new and renewable energy production, energy savings
and greenhouse gas reduction are calculated as 203.1TOE, 53.3TOE, and
265.8tC0O2 respectively. Therefore, it was confirmed that this system can
reduce energy by 30% and greenhouse gas by 50% or more compared to
conventional kerosene boilers.

In addition, the number of fruits in 2020 was 4.75 times more than in 2019,
and the fruit diameter were 10.6% smaller and the fruit length was 5.1%
smaller. The average leaf area in 2020 i1s 11.796 larger than in 2019, and the
average fresh weight is 3.5% smaller, but the average dry weight is 26.6%
larger, which is judged to contain a large amount of nutrients.

Through this study, when applied to the cooling anf heating system of a
greenhouse facilities using the power plant’s thermal effluent, it can
contribute to the competitiveness and income of farmers by reducing

operating costs and increasing productivity by reducing heating costs. Also

_iV_



reduction of carbon dioxide emissions 1s expected to contribute to national

greenhouse gas reduction targets.
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Table 2 Design data

Design code ASME Section VIII Div.1
Type Plate heat exchanger(Plate & Frame type)
Fluid used Hot water side @ Sea water Cold water side : Clear water
Supply temperature | 22.00 °C 13.00 °C
Design pressure 5.0 kgf/cniG 5.0kgf/ciG
Calorie 450,000 kcal/hr (523 kW) ~ 630,000 kcal/hr(732 kW)
Pipe diameter 150A-10K
Installation area Within 3.5m
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(a) H pattern (b) V pattern (c¢) H&V pattern

Fig. 4 Heat plate pattern
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Fig. 6 Pressure loss in water piping (Hazen-Williams)

Table 3 Calculation of pipe diameter of thermal effluent pipe considering

pressure loss

Diameter Sectional | Velocity Discharge Allowa‘ble Allowable
area of flow capacity area
A m s m/s m/h ¢ /min RT ha
200 0.031416 0.11 407 6,786 595.25 1.97
250 0.049087 0.18 636 10,603 930.08 3.07
300 0.070686 0.25 916 15,268 1,339.31 4.43
350 0.096211 0.35 1,247 20,782 1,822.95 6.03
400 0.125664 3.6 0.45 1,629 27,143 2,381.00 7.87
450 0.159043 0.57 2,061 34,353 3,013.45 9.96
500 0.19635 0.71 2,545 42,412 3,720.31 12.30
550 0.237583 0.86 3,079 51,318 4,501.57 14.88
600 0.282743 1.02 3,664 61,073 5,357.24 17.71
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gas reduction

Table 4 Annual renewable energy production, energy

savings, greenhouse

Renewable energy

Energy savings

Greenhouse gas

Year .
production (TOE) (TOE) reduction (tCOy)
2018 17.7 3.9 16.23
2019 12.2 3.72 20.53
2020 45.8 15.28 77.49

Table 5 Daily production of cooling energy - Measurement period 2018.07.21.
- 2018.08.31.

Date production of cooling HP + Pump
energy (kWhth) Power consumption (kWhp)

2018-07-21 4,582 1,029
2018-07-22 9,493 2,130
2018-07-23 11,544 2,866
2018-07-24 10,426 2,465
2018-07-25 10,273 2,620
2018-07-26 5,516 1143.48
2018-07-27 2,388 677
2018-07-28 5,998 1,240
2018-07-29 8,398 1,488
2018-07-30 5,191 1,057
2018-07-31 5,885 1126.68
2018-08-01 1,660 320.6
2018-08-07 929 0
2018-08-09 666 0
2018-08-12 300 0
2018-08-13 833 579.89
2018-08-14 5,005 1102.08
2018-08-15 4,431 998.38
2018-08-16 1,653 448.9
2018-08-17 1,197 261.99
2018-08-18 1,323 285.2
2018-08-19 1,861 550.2
2018-08-20 1,452 339.6
2018-08-21 1,485 485.8
2018-08-22 1,447 346.8
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2018-08-24 35 0
2018-08-27 1,150 2007.6
2018-08-28 419 396.2
2018-08-29 4,250 1001.39
2018-08-30 2,364 609.3
2018-08-31 5,147 1221.18
Total 117,301 kWh 28,797.27 kWh

Table 6 Daily production
- 2019.08.31.

of cooling energy — Measurement period 2019.08.01.

production of cooling HP + Pump
Date
energy (kWhth) Power consumption (kWhp)

2019-08-02 134 0.09
2019-08-07 274 409.39
2019-08-22 1,007 67.18
2019-08-23 498 0

Total 1,913 kWh 476.66 kWh

Table 7 Daily production of cooling energy - Measurement period 2020.08.11.

- 2020.08.31.
Date production of cooling HP + Pump
energy (kWhth) Power consumption (kWhp)
2020-08-11 1,045 881
2020-08-12 1,930 631
2020-08-13 1,650 555
2020-08-14 2,205 720
2020-08-15 2,381 791
2020-08-16 2,300 750
2020-08-17 2,163 651
2020-08-18 2,465 925
2020-08-19 2,187 644
2020-08-20 2,103 739
2020-08-21 1,936 704
2020-08-22 1,883 578
2020-08-23 1,505 571
2020-08-24 1,598 511
2020-08-25 1,058 417
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2020-08-28 1,689 573
2020-08-29 1,675 573
2020-08-30 1,502 506
2020-08-31 273 129.2

Total 33,548 kWh 11,849.2 kWh

Table 8 Daily production of heating energy - Measurement period 2018.12.06.

- 2018.12.31.
Date production of heating HP + Pump
energy (kWhth) Power consumption (kWhp)

2018-12-06 452 693.1
2018-12-07 4,994 1,315
2018-12-08 7,353 1,963
2018-12-09 5,667 1,376
2018-12-10 2,668 742.9
2018-12-11 1,493 509.68
2018-12-12 3,403 973.7
2018-12-13 2,551 761.8
2018-12-14 4,670 1,229
2018-12-15 5,999 1,494
2018-12-16 2,551 713.2
2018-12-17 864 376.48
2018-12-18 2,776 769.5
2018-12-19 1,974 509.68
2018-12-20 339 165.69
2018-12-22 430 209.48
2018-12-23 1,566 586

2018-12-24 5,715 1,342
2018-12-25 4,237 1051.9
2018-12-26 2,391 674

2018-12-27 5,896 1,433
2018-12-28 8,206 1971.6
2018-12-29 6,233 962.4
2018-12-30 3,898 896.2
2018-12-31 2,537 982.1

Total 88,863 kWh 23,701.41 kWh
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Table 9 Daily production of heating energy - Measurement period 2019.01.01.
- 2019.02.16., 2019.11.01. - 2019.12.31.

Date production of heating HP + Pump
energy (kWhth) Power consumption (kWhp)

2019-01-01 2,548 776.2
2019-01-02 4,937 1333.8
2019-01-03 4,106 893.6
2019-01-04 1,612 674.8
2019-01-05 1,809 400.28
2019-01-06 1,905 529.08
2019-01-07 368 290.98
2019-01-08 408 0

2019-01-09 922 385.68
2019-01-10 386 301.78
2019-01-11 352 0

2019-01-12 125 359.58
2019-01-13 518 20.69
2019-01-14 704 350.08
2019-01-15 591 319.28
2019-01-16 1,534 625.4
2019-01-17 3,230 1094
2019-01-18 3,935 997.6
2019-01-19 2,745 779.8
2019-01-20 2,974 1041.1
2019-01-21 4,185 1155.6
2019-01-22 1,825 312.08
2019-01-23 1,122 567.59
2019-01-24 1,933 522.29
2019-01-25 3,024 995.6
2019-01-26 1,795 513.89
2019-01-27 1,275 474.89
2019-01-28 1,158 544.69
2019-01-29 1,486 441.79
2019-01-30 280 0

2019-01-31 1,958 833.2
2019-02-01 1,462 552.89
2019-02-02 567 227.98
2019-02-04 1,056 341.18
2019-02-05 932 507.59
2019-02-06 338 0

2019-02-07 1,039 669.29
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2019-02-08 2,408 706.19
2019-02-09 1,876 549.09
2019-02-10 1,631 547.69
2019-02-11 1,702 811.4
2019-02-12 1,613 473.59
2019-02-13 1,018 296.38
2019-02-14 1,038 645.39
2019-02-15 559 0
2019-02-16 324 329.98
2019-11-29 323 189.28
2019-11-30 1,551 1069.5
2019-12-02 1,255 412.6
2019-12-03 1,812 629.8
2019-12-04 1,672 560.2
2019-12-05 3,203 861.4
2019-12-06 3,729 1221.6
2019-12-07 3,029 1046.68
2019-12-08 2,985 848.79
2019-12-09 2,424 791.98
2019-12-10 1,520 633.18
2019-12-11 1,171 542.28
2019-12-12 2,753 831.09
2019-12-13 2,976 1051.08
2019-12-14 1,590 723.78
2019-12-15 1,499 585.09
2019-12-16 282 265.19
2019-12-17 96 0
2019-12-18 1,190 829.88
2019-12-19 3,248 921.19
2019-12-20 2,384 905.28
2019-12-21 2,378 773.68
2019-12-22 1,362 775.88
2019-12-23 1,838 612.18
2019-12-24 2,376 725.68
2019-12-25 1,346 525.68
2019-12-26 1,794 734.68
2019-12-27 2,712 974.18
2019-12-28 2,206 761
2019-12-29 752 472.68
2019-12-30 1,443 704.68
2019-12-31 7,345 2186.1
Total 139,557 kWh 48,360.28 kWh
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Table 10 Daily production of heating energy - Measurement period

2020.01.01. - 2020.06.09.

Date production of heating HP + Pump
energy (kWhth) Power consumption (kWhp)

2020-01-01 5,848 1603.38
2020-01-02 5,383 1,478

2020-01-03 3,847 1,097

2020-01-04 4,889 1,542

2020-01-05 4,964 1485.98
2020-01-06 397 223.19
2020-01-08 5,874 1952.78
2020-01-09 5,834 1,597

2020-01-10 6,925 2,001

2020-01-11 8,147 2236.78
2020-01-12 7,813 2126.28
2020-01-13 6,891 1951.98
2020-01-14 10,248 2964.5
2020-01-15 6,527 1978.18
2020-01-16 5,630 1754.48
2020-01-17 5,993 1822.78
2020-01-18 6,038 1,850

2020-01-19 6,324 1,897

2020-01-20 5,775 1754.39
2020-01-21 6,357 1,864

2020-01-22 4,252 1,259

2020-01-23 3,647 1177.09
2020-01-24 3,475 1079.69
2020-01-25 3,731 1096.49
2020-01-26 4,356 1316.09
2020-01-27 6,938 2,010

2020-01-28 4,529 1434.58
2020-01-29 5,443 1793.18
2020-01-30 6,695 2117.49
2020-01-31 6,974 2170.58
2020-02-01 5,934 1884.38
2020-02-02 6,012 1974.19
2020-02-03 6,527 2221.78
2020-02-04 7,764 2365.78
2020-02-05 8,172 2630.59
2020-02-06 8,223 2419.79
2020-02-07 4,806 1501.28
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2020-02-08 5,102 1669.38
2020-02-09 6,229 1970.48
2020-02-10 4,479 1331.98
2020-02-11 3,720 1217.68
2020-02-12 1,505 581.8
2020-02-13 1,972 684.98
2020-02-14 1,884 655
2020-02-15 738 393.2
2020-02-16 7,379 2291.48
2020-02-17 11,765 3493.4
2020-02-18 8,814 2677.6
2020-02-19 7,121 2192.89
2020-02-20 4,266 1482.09
2020-02-21 3,619 1182.88
2020-02-22 3,584 1201.88
2020-02-23 4,986 1555.09
2020-02-24 3,533 1236.78
2020-02-25 749 391.9
2020-02-26 1,677 632.5
2020-02-27 4,108 1368.88
2020-02-28 2,916 958.39
2020-02-29 2,583 898.09
2020-03-01 3,194 1077.39
2020-03-02 3,849 1250.38
2020-03-03 2,690 813.29
2020-03-04 2,551 916.99
2020-03-05 4,166 1363.48
2020-03-06 4,668 1456.18
2020-03-07 4,118 1284.98
2020-03-08 4,300 1329.88
2020-03-09 2,652 889.4
2020-03-10 6,037 1815.48
2020-03-11 5,157 1630.28
2020-03-12 4,469 1497.18
2020-03-13 1,617 577.9
2020-03-14 4,999 1605.98
2020-03-15 3,117 1020.99
2020-03-16 2,736 856.48
2020-03-17 328 0
2020-03-18 1,323 1239.19
2020-03-19 3,111 1110.89
2020-03-20 3,578 1151.39
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2020-03-21 2,322 853.19
2020-03-22 1,161 410.3
2020-03-23 2,589 678.09
2020-03-24 2,128 801.08
2020-03-25 1,316 461.59
2020-03-26 201 157.18
2020-03-27 1,165 567.7
2020-03-28 1,066 361.49
2020-03-29 1,089 493.6
2020-03-30 999 428.4
2020-03-31 1,091 427.6
2020-04-01 1,016 380.8
2020-04-02 790 349.6
2020-04-03 1,401 504.1
2020-04-04 2,944 958.99
2020-04-05 3,797 1231.48
2020-04-06 3,532 1075.69
2020-04-07 2,735 920.19
2020-04-08 3,802 1086.68
2020-04-09 3,592 1078.09
2020-04-10 1,950 670.8
2020-04-11 2,157 745.38
2020-04-12 4,220 1423.98
2020-04-13 1,983 732.79
2020-04-14 3,440 1103.39
2020-04-15 2,145 777.89
2020-04-16 1,746 626.4
2020-04-17 1,158 474.9
2020-04-18 2,470 818.4
2020-04-19 3,052 1007.8
2020-04-20 1,601 563.9
2020-04-21 2,466 832.09
2020-04-22 3,564 1149.09
2020-04-23 3,421 1136.4
2020-04-24 3,515 1176.99
2020-04-25 1,820 534.28
2020-04-28 856 2726
2020-04-29 2,860 954.58
2020-04-30 2,070 711.29
2020-05-01 1,177 434.4
2020-05-02 702 254
2020-05-03 353 255.49
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2020-05-04 665 318.1
2020-05-05 972 316.59
2020-05-06 928 495
2020-05-07 1,759 673.8
2020-05-08 916 309.8
2020-05-09 525 276.3
2020-05-10 1,181 481.8
2020-05-11 1,362 505.8
2020-05-12 1,087 414.5
2020-05-13 1,799 539.7
2020-05-14 1,260 441.1
2020-05-16 349 236.6
2020-05-17 891 357.6
2020-05-18 1,013 429.79
2020-05-19 1,815 658.3
2020-05-20 1,959 641.39
2020-05-21 1,821 567.9
2020-05-22 1,373 533.2
2020-05-23 1,128 387.8
2020-05-24 703 313.3
2020-05-25 324 184.28
2020-05-26 896 349.8
2020-05-27 941 384.5
2020-05-28 1,557 568.8
2020-05-29 873 257.08
2020-05-30 383 0
2020-05-31 191 0
2020-06-01 707 698.09
2020-06-02 1,597 565.39
2020-06-03 481 115.1
2020-06-04 312 332.09
2020-06-05 193 0
2020-06-06 104 195.49
2020-06-07 488 158.79
2020-06-08 497 230.79
2020-06-09 102 0
Total 499,185 kWh 163,863.41 kWh
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Table 11 Annual renewable energy production, energy savings, greenhouse

gas reduction

Greenhouse gas

Renewable energy Energy savings
it production (TOE) (TOE) reduction (tCOy)
2018-2020
Demonstration 75.7 22.89 114.24
results

Driving schedule
Cooling: 8 hours a

day for 100 days 203.1 53.3
Heating: 11 hours a

day for 150 days

265.8
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Fig. 11 Operating state of the heat pump according to the set temperature
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Table 12 Average leaf size for A, B and C trees

Leaf size

Date Classification Leaf Leaf Leaf Fresh Dry
width(cm) length(cm) area(cm?) weight(g) weight(g)
A 4.78 8.36 25.32 0.62 0.2278
B 4.85 8.67 26.77 0.63 0.2333
24Jul.2019 C 5.2 8.84 30.35 0.67 0.2551
ABC_Avg 4.95 8.62 27.48 0.64 0.2387
A 5.68 9.71 34.67 0.81 0.3071
B 4.93 8.66 27.24 0.68 0.2459
25:Sep 019 C 5.40 9.46 32.49 0.82 0.2948
ABC_Avg 5.33 9.27 31.47 0.77 0.2826
A 4.43 8.44 25.15 0.60 0.2704
B 5.01 9.76 32.49 0.76 0.3444
18 Jun. 2000 C 5.29 9.78 34.45 0.78 0.3263
ABC_Avg 491 9.32 30.70 0.71 0.3137
A 5.12 9.98 30.83 0.56 0.3224
B 5.15 11.38 36.84 0.74 0.3717
19.Aug 2000 C 5.48 11.18 37.83 0.63 0.3454
ABC_Avg 5.25 10.85 35.17 0.64 0.3465
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