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Abstract.

This study is about an analysis of surplus solar energy by important greenhouse type using Typ-

ical Meteorological Year (TMY) data which was secured in order to provide basic data for designing an
optimum thermal storage system o accumulate surplus solar energy generated in greenhouses during the
daytime. The 07-auto-1 and 08-auto-1 types showed similar heat budget tendencies regardless of green-
house types. In other words, the ratios of surplus solar energy were about 20.0~29.0% regardless of green-
house type. About 54.0~225.0% and 53.0~218.0% of required heating energy will be able to be
supplemented respectively according to the greenhouse types. The 07-mono-1 and 07-mono-3 types also
showed similar heat budget tendencies regardless of greenhouse types. In other words, the ratios of surplus
solar energy were about 20.0~26.0% and 21.0~27.0% respectively by greenhouse type. About 57.0~211.0%
and 62.0~228.0% of required heating energy will be able to be supplemented by greenhouse type. Except for
Daegwallyeong and Suwon area, other regions can cover heating energy only by surplus solar energy,

according to the study.

Key words : heat budget, heating energy, KSU greenhouse model, solar energy, typical meteorological

year, ventilation
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Table 1. Types of greenhouse selected for analysis of surplus solar energy.

Types B % L x H(m) Floor areas (m%) Setting temperatures (°C) Remarks
07-auto-1 21 x50 x 4.7 1,050 - daytime: 15 Multispan
08-auto-1 24 x 96 x 5.7 2,304 - nighttime: 10

07-mono-1 5%x97x26 485 - low speed ventilation: 25 o]
07-mono-3 7 %97 %33 679 - high speed ventilation: 27 Singlespan

(a) O7~auto~] type

{¢) 07-mono-1 type

Fig. 1. Cross section of greenhouse (unit: mm).
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Table 2. Meteorological elements for greenhouse simulation (KSU-greenhouse model).
Classification Time Dry Wind Solar  Dewpoint Amount Station Precivitation Snowfall of
& ! temperature velocity radiation temperature of clouds pressure p three hours
Unit Hour °C m/s Mi/m? °C 1-10 hPa mm em
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Table 3. Heat budget of 07-auto-1 type greenhouse by region of typical meteorological year.

. Energy inputs (MJ) Energy losses (MT)
Regions
Solar Heater Total Radiation Convection Ventilation  Others Total
Gwangju 2,326,536 480,472 2.807,008 1,321,461 111,973 690,112 683,462 2,807,008
Jeju 1,991,146 298,842 2,289,988 970,125 62,725 670,958 585,780 2,289,588
Jeonju 2,159,453 568,748 2,728,201 1,398,236 108,642 579,970 641,353 2,728,201
Jinju 2,508,487 543250 3,051,737 1,421,302 133,359 717,015 780,061 3,051,737
Busan 2,300,748 439,138 2,739,886 1,228,840 100,363 733256 677427 2,739,886
Suwon 2,226,502 656,860 2,883,362 1,513,210 138,149 625,892 606,111 2,883,362
Dagjeon 2,332,246 625,601 2957,847 1,490,169 123,581 652,705 691,392 2,957,847
Daegu 2,152,098 589,281 2,741,379 1,328,171 114,027 611,769 687412 2,741,379
Daegwanryong 2,157,720 1,264,384 3,422,104 1,791,847 307,209 687,503 635,545 3,422,104
Table 4. Heat budget of 08-auto-1 type greenhouse by region of typical meteorological year.
) Energy inputs (M) Energy losses (M)
Regions
Solar Heater Total Radiation Convection Ventilation  Others Total

Gwangju 5,252,549 1,122,258 6,374,807 3,023,663 242,654 1,557,016 1,551,474 6,374,807
Jeju 4,479,225 691,484 5,170,709 2,197,969 129,436 1,505,002 1,338,302 5,170,709
Jeonju 4,874,400 1,343,456 6,217,856 3217292 235,269 1,328,187 1,437,108 6,217,856
Jinju 5,678,111 1,267,431 6,945,542 3239613 292,369 1,646,810 1,766,750 6,945,542
Busan 5,201,254 1,014,136 6,215,390 2,789,782 214,813 1,674,334 1,536,461 6,215,390
Suwon 5,032,855 1,545320 6,578,175 3473456 298,963 1,443,038 1,362,718 6,578,175
Daejeon 5,271,491 1,474,086 6,745,577 3,419,404 269,088 1,518,513 1,538,572 6,745,577
Daegu 4,852,518 1,367,035 6,219,553 3,023,000 242,179 1,417,450 1,536,924 6,219,553
Daegwanryong 4,878,210 2,955,686 7,833,896 4,146,408 671,995 1,569,681 1441812 782989
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Fig. 2. Heating and surplus solar energy (Heater and Ventilation) of 07-auto-1 type greenhouse.
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Fig. 3. Heating and surplus solar energy (Heater and Ventilation) of 08-auto-1 type greenhouse.
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Fig. 4. Heating and surplus solar energy (Heater and Ventilation) per area of 07-auto-1 (1,050 m?) type greenhouse.
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Fig. 5. Heating and surplus solar energy (Heater and Ventilation) per area of 08-auto-1 (2,304 m?) type greenhouse.
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Table 5. Heat budget of 07-mono-1 type greenhouse by region of typical meteorological year.

. Energy inputs (MJ) Energy losses (MJ)
Regions
Solar Heater Total Radiation Convection Ventilation  Others Total
Gwangju 1,206,161.7 226,489.7 1,432,651.4 653,628.8 65,8387 330,803.4 382,380.5 1,432,651.4
Jeju 1,010,719.7 141,193.9 1,151,913.6 485,142.1 37,7019 299,072.4 3299972 1,151,913.6
Jeonju 1,121,042.7 265,876.9 1,386,919.6 682,032.6 63,3702 283,504.8 358,012.0 1,386,919.6
Jinju 1,318,990.1 259,449.0 1,578439.1 706,640.0 74,736.6  354,657.0 4424055 1,578,439.1
Busan 1,199,261.8 207,323.8 1,406,585.6 613,862.1 57,9049 344410.0 390,408.6 1,406,585.6
Suwon 1,170,306.9 309,248.9 1,479,555.8 742,579.5 78,176.0 2958493 362,951.0 1,479,555.8
Daejeon 1,215,5684 293,014.7 1,508,583.1 728.642.1 72,3694  316,348.6 391,223.0 1,508,583.1
Daegu 1,121,652.8 280,938.8 1,402,591.6 655,864.6 66,0402 2984948 382192.0 1,402,591.6
Daegwanryong 1,138,959 5958954 1,734,811.3 868,718.8 168331.0 340,155.9 357,605.6 1,734,811.3
Table 6. Heat budget of 07-mono-3 type greenhouse by region of typical meteorological year.
. Energy inputs (MJ) Energy losses (MJ)
Regions
Solar Heater Total Radiation Convection Ventilation  Others Total

Gwangju 1,651,132.8 302,694.0 1,953,826.8 877,5479 84386.8 4843304 507,561.7 1,953,826.8
Jeju 1,389,847.7 189,255.9 1,579,103.6 652,284.7 489339 432,625.1 4452599 1,579,103.6
Jeonju 1,534,4453 353,989.4 1,888,434.7 916,329.5 81,7579 4054119 4849354 1,888,434.7
Jinju 1,800,445.9 346,171.2 2,146,617.1 948.613.7 96,1964 504,613.6 597,193.4 2,146,617.1
Busan 1,640,207.9 279,001.7 1,919,209.6 824,280.9  74,680.0 4984627 521,786.0 1,919,209.6
Suwon 1,597,610.5 411,678.1 2,009,288.6 995,927.7 100,938.9 420,804.3 491,617.7 2,009,288.6
Daejeon 1,662,571.7 390,889.2 2,053,460.9 976,457.0  92,733.1 456,117.6 528,153.2 2,053,460.9
Daegu 1,533,513.6 377,199.8 1,910,713.4 882,732.3  85,653.6 442213.6 500,113.9 1,910,7134
Daegwanryong 1,553,337.6 799,822.8 2,353,160.4 1,165353.8 2200382 496,1583 471,610.1 2,353,160.4
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