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Feasibility study of the energy supply system for horticulture facility using dynamic energy simulation
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ABSTRACT

KEYW ORD

Recently, the usage of renewable energy system has been recommended because of the energy saving and depletion

Al A0
Aol LA K|

of fossil fuel. Especially, ground source heat pump system(GSHP) has a high efficiency by using annual stable ground YR
temperature. Also, wood pellet is low cost and a high calorific value compared to fossil fuel. However, only small x| A
number of farms have applied renewable energy system to horticultural facility because of a high initial costs and

uncertainty of its cost efficiency. In this study, in order to analyze the feasibility for the horticulture, TRNSYS
simulation based on the standard horticultural facility was conducted in different weather and covering material

Horticulture
Renewable energy
Simulation

conditions. Then, comparative feasibility analysis of each energy supplying system was conducted. As aresult, we have  Feasibility
found out that a high initial cost of renewable energy system was recovered by the economics of the energy cost. Due
to the energy cost reduction, the payback periods were 10-11 years in the case of GSHP and 4-6 years in the caseof ACCEPTANCE INFO

wood pellet boiler.
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Table. 1-> =] ALl AN} 72 A4S Yehf=
Ao AdYd| Al 22 2000 52,189 haoll A 20054 52,022
ha® 7H45F%L.2 1 20084 53,053 ha, 2012'8 56,328 ha= Z7}sH=
FA|olek. ofofl met Al Y| o] A2 20004 12,398 haollA]
2012 21,731 ha7bA] S7151.0™, 20121 9] A]/d Qe o] 1tH]
&2 38.6%2 2000 °f| B3} 15% S7HeE A& ghelatsict.

Table 1. The area of agricultural facility houses (Unit : ha)
Sorting Facility area Heating area Heating ratio
2000 52,189 12,398 23.8 %
2005 52,022 12,731 245 %
2008 53,053 13,081 247 %
2012 56,328 21,731 38.6 %
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Table 2. The heating area of agricultural facility houses by fuel
(Unit : ha)

Sorting | Heating Solid fuel 0il

by fuel | area | Briquet | Pellet | Etc. | Diesel | Etc.
2010 | 15,585 | 649 123 | 469 | 9,957 | 3,688 | 16 562 121
2011 | 16,044 | 581 175 | 313 [10,754| 3,554 | 16 602 49
2012 | 21,731 | 485 | 5,862 | 401 (10,106 3,977 | 42 739 119
* GHP : Geothermal Heat pump

Gas (Electricity.| GHP
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Fig 1. Standard greenhouse model(type 3-1G)

Table 3. Properties of covering material

Densntzy Thermal conductivity U-Value

(g/enr’) (WmK) (WnrK)

Glass 2.7 0.76 5.29
Polyethylene 091 0.33 2.83
Polycarbonate 1.2 0.19 2.3
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Fig 2. Local weather condition
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Table 4. Simulation condition g
Weather data Seoul, Gangneung, Ulsan EU: 40 | ‘
Facility area 375 m? X I I I
: - : - o I Inona  Hala
Set temperature Heating : 18°C Cooling : 25°C L 2 3 4 s 6 7 8 o 10 11 12
Operating schedule All time (365 days, 8760 hours) Fig 5. Annual heating load in Gangneung
6,7, 8 9 10 times/hour
Monthly ventilation
10, 11, 12, 1, 2, 3, 4, 5 1 time/hour
160
Covering material Glass, Polyethylene, Polycarbonate m Glass = PE m PC
-
S 10
3.2. 3fA Axt E
@]
Table. 5& 3 £ RE| A Bao| 4 o4 A3} AHEE A7+ % =
_ [
R EAT eRAY NaRd2 47 370 AERd 5
5} 512 7)of ufat 97he] Case A4 3 | I l I |
Hgol Mol Az % el WA §2)(Glass)olAE 567 o I TR,
GJ, Z2]o| 2 (PE)ol A= 326 GI, Z2]7FE | o] E(PC)ol| A= 356 . 1 2 3 4 5 6 7 8 9 1L 1
_ B B Fig 6. Annual heating load in Ulsan
GIZ A= et 5ol 41 9] Azt & - F-ots o 54 Glassoll Al
=497 GJ, PEAI A= 276 GI, PCOl A= 311 GI2 AXEE et &4t ; ot g .
- _ - ig. 4~6= 7| ZFHA = 4 FHE SIS Zy 715 %
A 9] Azt F H S DB A Glassol A& 462 GJ, PESI A& 236 Fig. 4~6= 7] 5244 Eﬂr_ e yoTo}E U;rE‘rlﬂﬂi, 7} lT_
61, PCSIAL 265 G AFEIct AA0] HEA she Basten 71 F2 st
BT 7 Bt 2% Apolo] SJsh Aol el et S
7 L Ao Hl H 5] OF ~1 48] =2 7F-& Holx= AL slolstY
Table 5. Total heating load and peak load by weather data and TEAe et of Li~148) 2 ghs Hole Als falotgl
covering maerial o, G, T EA ek A A, B2 R 4
Cose | Wethr | Covcrng [ Toal heaing Lond ek Lot por ololl 913} Glass®] YH3517} PES PCS] Wi iatih of 1.6-79)
data material year, ) - e
=7 =2 %7—13%}?_5 ot
1 Glass 567 215 =7 5= A2 P
2 Seoul PE 326 148
| 5 =
3 PC 356 141 4. Zt ol x| SeA2He FEdEFE FHE =4
4 Glass 497 196
5 |Gangnewng| PE 276 134 4.1, AA E4E& $9 Case AA
6 pC 311 128 U1 3 A 2T A L, B4 L 91 Case 4L 24
! Class 1 19 mee] H 24 PCE 7120 2 Case 474 STt wetA] Ao
8 | Usan | PE 236 2 A 3404 7 Case 33} 6,99] Hol 14 AiE 7z 0w 713
9 PC 265 113 _
7HA 9] 718270 wE oflvA] S5 AlAE O] §F tieE A

stol 2492 Ao,

©Copyright Korea Institute of Ecological Architecture and Environment 105



SH 04X Al22f0]dE 0|8t A

(e

2308 X SEA~Ho FHd

1x

AT

Table 6. Case setting by weather data and energy supply system

Table 9. Price comparison of the same calories by fuel

Weather (November 2014)
Case data Covering material Energy Supply System
Wood pellet Duty-free diesel Diesel
Diesel boiler Price 400 Wonvkg 807 Won/L 1,585 Won/L
3 Seoul PC Ground Source Heat Pum 5
(Polycarbonate) p Calorific value 4.5 Mcal/kg 9 Mcal/L 9 Mcal/L
Pellet boiler Price/Mcal 89 Won 90 Won 176 Won
Diesel boiler Price/Mcal
PC (boiler efficiency 105 Won 109 Won 215 Won
6 | Gangneung (Polycarbonate) Ground Source Heat Pump applied)
Pellet boiler
Diesel boiler o ] o a0 3119 19] PP
A H = o= A 0 3 Aol & = 2 ViE= A
9 Ulsan (Polyczrcl:)onate) Ground Source Heat Pump 7t oi‘j ‘L_%—rrr sAelA 20149 11 19l _]_": © H_% s l
Pellet boiler A7HAE st on, B4 W3l 1532 E gt Wil 5]
Beo7hE skt B, 948 coPE £ A A5
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] o 2k T o] & H /\4 A7 i 7}
Hof &= vetdiH, Algelold L4zl 2715t 2t oy Table 10. Comparison of annual energy consumption
SEAILH Yt A S AAISH L, ZF A\ AR A A SEA 4 Diesel boiler GSHP Pellet boiler
€ ol-83t oy A] av|FS AFESHAH. Seoul 208,619 L 1375 kW 576,159 kg
Gangneung 260,873 L 1,248 kW 503,331 ke
Table 7. Comparison of initial costs (Unit : Won) Ulsan 222287 L 1,102 kW 428,884 kg
Diesel boiler GSHP Pellet boiler
Seoul 22,565,000 1,732,185,000 75,943,000 Table 11. Comparison of annual energy costs (Unit : Won)
Gangneung 22,565,000 1,572,480,000 50,629,000 Diesel boiler GSHP Pellet boiler
Ulsan 22,565,000 1,388,206,000 50,629,000 Seoul 240,986,000 21,543,140 230,463,790
Gangneung 210,524,000 19,157,420 201,332,290
Table 8. Condition of energy supplying systems Ulsan 179,386,000 16,712,860 171,553,460
Diesel boiler Pellet boiler
Rated output 70,000 kcal/h 180,000 kcal/h 280,000
Fuel consumption 9.5 Lh 48 kg/h g ' W Diese] MPellet WGSHP
Boiler efficiency 82% 85% % 10000
he]
c
st
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Seoul Gangneung Ulsan

Fig 7. Comparison of energy costs by fuel
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Table 12. Economic analysis of using diesel boiler facility

(Unit : Won)
Diesel boiler

Seoul Gangneung Ulsan

Initial cost 22,565,000 22,565,000 22,565,000
W“(‘ge“;:;s) cost 451,000 451,000 451,000

Annual Energy cost| 240,986,000 | 210,524,000 | 179,386,000
Waste disposal cost| 312,000 312,000 312,000

Total cost (15 years)| 3,638,569,000 | 3,181,639,000 | 2,714,569,000

71E ARELY AAHE AFSE S 27] FAH8-2 1541t
o] v]-& thH] AL 4] 0.62%, 735l 0.71%, 24t A 0.83%2]
22 kS e & v, A=H]8-2 153740 H]-§ thH] Al-&of A
99.3%, 720 A 99.2%, &Atell A 99.1%<] 2

Table 13. Economic analysis of using GSHP (Unit : Won)
Ground Source Heat Pump

Seoul Gangneung Ulsan
Initial cost 1,732,185,000 | 1,572,480,000 | 1,388,205,000
Maintenance cost
(year) 2,000,000 2,000,000 2,000,000
Annual Energy cost 21,543,140 19,157,420 16,712,860
‘Waste disposal cost - - -
Total cost (15 years) | 2,059,332,100 | 1,863,841,300 | 1,642,897,900
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7] Expu]gollA 1517e] H]G ofH] A&ollA] 84.1%, 75Ol Al
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Zho] H]-&- o H] Ao A1 15.7%, 5ol A 15.4%, 24tell A 15.3%<
LRt

Table 14. Economic analysis of using pellet boiler facility

(Unit : Won)
Pellet boiler
Seoul Gangneung Ulsan
Initial cost 75,943,000 | 50,629,000 | 50,629,000
Maintenance cost 1,518,000 1,012,000 1,012,000
(5 years)
Annual Energy cost | 230,463,790 | 201332290 | 171,553,460
Waste disposal cost 108,000 72,000 72,000
Total cost (15 years) | 3,536,043,850 | 3,072,709,350 | 2,626,026,900
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A, Z27] F2pH]E-2 1537F9] v v A&l A 2.15%, 7350l A1
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o] & g Vet

5. 7| &XHH| 2[57|7 4P

A2 AP g iR FFAIAR] A EA0 2 =
7] B2 84717 2 AR R A=A 8- BA st £2t e
gL =&tz orglet

A7 KA B AF R o Ao B £ 57] [sdo R
7HgstgoH, uefr]g-S dAquE o= ghitsto] 4517 5]
AATEE #g5to] NPV 242 AAeHgh. eh=-2ef HA T
AX 2E A 191(1995~2013) 5 <] 3 §H7] =t 2] 4=<] 52 3
T 6.5%5 FEEAET, H L 109 5] BV ASE B E
A 3.0%E E7IHEER Hgoto] AATNES AHEstaTt. 12
I AARNEL 34% 2 AHEE Gl oW, A4AlL ofEet At

ARG = (1+)/(1+)-1

= {(1+0.065)/(1+0.030)} -1

Table. 15~17-2 7]& WAEFE 2|t A AA A6 9l A5l
29 NPV 24 ekl 20|15, Fig. 8~102 ]2 EA4J 313t Zio]h,
BA7I7H 5 AR AR5 EE Bajslo] 27] £4§ 514 7]
Zbol = A0l A AL & westirt

A&ollA 271F2H] 2|77t A AT A QA A S AR
A% 10970 271 £AH§ 815 Hseie, Welw el S A4
785 613 2kol| 27| F 2] & 9] 7he ottt A2 A o o | 2] Al AH
15397 FAZY, AGALE S AEE A AR B
813,555 Aol AAH ololg Won, WAu s A4 4¢
67,130 0] B A4 o] o} Wit

4,000,000 -
= —8—Dijesel ——Pellet GSHP
o
,3 3,000,000
]

c

< /

5 2,000,000 =

o H

= i
= 1,000,000 ' :
0 ' \
@] ) \
() ; H
D [} 1

o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Year

Fig 8. Feasibility study in Seoul
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Table 15. Payback period of the initial cost in Se{)ul = 4,000,000 o Dissl ——Ppellet prve
(Unit : Thousand-won) o
Diesel boiler GSHP Pellet boiler = 3,000,000
Years Cost NPV Cost NPV Cost NPV 'E
0 | 22565 | 22,565 |1,732,185]1,732,185| 75943 | 75944 g 2,000,000
1| 240,986 | 255,627 | 23,543 | 1,754,953 ] 230464 | 298,829 fS!
2 | 240986 | 481,025 | 23,543 | 1,776,974 | 230464 | 514,386 L 000000
3 240,986 | 699,012 | 23,543 |1,798,270 | 230,464 | 722,855 ‘g R
4 | 240,986 | 909,830 | 23,543 | 1,818,866 | 230,464 | 924,469 O . : .
s | 241437 [1,114,009| 23,543 [1,838,785| 231,983 | 1,120,738 S 1 5 5 4 5 6 9 5 6 10111013 14 15
6 | 240,986 | 1311281 23,543 | 1,858,049 | 230464 |1,300,311 Year
7 | 240986 | 1,501,980 | 23,543 | 1,876,679 | 230,464 | 1,491,684
8 | 240,986 | 1,686,408 | 23,543 | 1,894,697 | 230464 | 1,668,059 Fig 10. Feasibility study in Ulsan
9 | 240986 | 1,864,772 23,543 [1,912,122] 230,464 | 1,838,635
10 | 241,437 2,037,593 | 23,543 [1,028074| 231,983 |2,004,690
11 240,986 |2,204.420 | 23,543 |1,945272 | 230464 |2,164,232 Table 17. Payback period of the initial cost in Ulsan
12 | 240986 |2,365761 | 23,543 |1,961,035| 230,464 |2,318,529 (Unit : Thousand-won)
13 | 240986 |2,521,797| 23,543 |1,976,279 | 230,464 |2,467,752 Diesel boiler GSHP Pellet boiler
14 | 240,986 |2,672,702| 23,543 | 1,991,021 | 230464 |2,612,068 Years | Cost NPV Cost NPV Cost NPV
15 | 241298 | 2,818,834 | 23543 |2,005279 | 230,572 |2,751,704 0 22,565 | 22,565 |1,388,205]1,388,205] 50,629 | 50,629
1 | 179386 | 196,053 | 18,713 [1,406918] 171,553 | 16,542
* 000,000 2 | 179386 | 363,835 | 18,713 1,425,631 171,553 | 376,999
= —a—Diesel ——Pellet GSHP 3 179,386 | 526,101 18,713 | 1,444,344 | 171,553 | 532,179
9 4 | 179386 | 683,031 | 18,713 |1,463,056| 171,553 | 682,257
-, 000000 5 | 179.837 | 835,183 | 18,713 [1481,769 | 172,566 | 828257
= / 6 | 179386 | 981,962 | 18,713 |1,500,482| 171,533 | 968,628
§2f°°°-°°° : 7 179,386 |1,123,915| 18,713 [1,519,195| 171,533 | 1,104,383
£ 3 8 | 179386 |1,261200] 18,713 [1,537,908] 171,533 1,235,674
%3 1000000 | 9 179,386 |1,393,971| 18,713 | 1,556,621 | 171,533 |1,362,648
S i i 10 | 179,837 [1,522,699] 18,713 [1,575,334| 172,566 | 1,486,172
0 ‘ “ 11 | 179386 | 1,646,882 18,713 [1,504,047| 171,553 | 1,604,932
c 123456 ;e;; § 1011 1213 14 15 12 | 179386 | 1,766,982] 18,713 | 1,612,759 | 171,553 | 1,719,788
13 | 179386 | 1,883,133 | 18,713 | 1,631,472] 171,553 | 1,830,867
Fig 9. Feasibility study in Gangneung 14 | 179,386 |1,995464 | 18,713 |1,650,185| 171,553 |1,938,297
15 | 179,698 2,104,290 18,713 [1,668,898 | 171,625 |2,042,232
Table 16. Payback period of the initial cost in Gangneung
(Unit : Thousand-won) St 27| 82| g7)7t A AT, A A ARS AFES
~ CDi‘t’se' b"g;rv a tGSHPNPV CP":'“ b"li:erfv A% 11dx}e] 271 FA4H]§ 34 7ottt U E AR
ears 0S| OSI OS!
0 22565 | 22565 |1,572,4801,572.480] 50,629 | 50,629 735 4dapel]| 271 FARG: 8 7Hs ot @At o o U] Al AE]
1 210,524 | 226,167 | 21,157 [1,592,941] 201,332 | 245341 9 5E7 BAAT 2 DA AEL AFLS Ao Asrady B}
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3 210,524 | 613,506 | 21,157 |1,631,868| 201,332 | 615,768 435,392 A ele] AAA o] 2 wlor, AslEd#S A48T Ay
4 210,524 | 797,677 | 21,157 |1,650,377| 201,332 [[791,898 62,058 A 9] HA A o] ]S Wit
5 210,976 | 976,173 | 21,157 |1,668,278] 202,345 | 963,092
6 210,524 [1,148431] 21,157 |1,685,589] 201,332 [1,127,829
7 210,524 |1,315024| 21,157 |1,702,332| 201,332 |1,287,148 6. 42
8 210,524 | 1,476,140| 21,157 |1,718,524] 201,332 | 1,441,229
9 210,524 | 1,631,958] 21,157 |1,734,183] 201,332 [1,590,244
10 | 210976 |1,782,975| 21,157 1,749,328 202,345 |1,735,083 £ A= A Yo A *JXH o 2| A| 2l 9] o] & B}
[0 i ST O [0S o ek 2] 9 o2 i A 2 2de
13 2102524 2:205:974 21:157 1:791:838 201:332 2:139:613 fgoz g4 dsjd Aol 55 ol8ste] 71F24d ) e
14 | 210,524 [2,337,804] 21,157 |1,805,087] 201,332 [2,265,687 HIEAS AxGgon 4 Ans B2 7|E AAA¢RY
15 210,836 |2,465488| 21,157 |1,817,000| 201,404 2,387,659 oo} malu ol o] AA AL H] T H AT
AT 2715 712 g, A DA ~RE A (1) /124 T2 A, 45, S419] A2 4] Azrd
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