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Economic Analysis of High-tech Glass Greenhouse through the
Convergence of New Renewable Energy
-Focusing on the Convergence of Geothermal and Solar Power-

Chung, Jong-Hwa - Yoon, Sung-Yi

The whole world concentrates on the reduction of greenhouse gas to effectively cope
with policy toward global climate change. To effectively react to climate change, even
the agricultural sector requires construction of new farming systems that utilizes new
and renewable energy because of rising oil prices and regulations for greenhouse gas
emissions. For this reason, we need to fuse the new and renewable energy with the
horticulture sector of which the light and heat energy cost accounts for great part,
moreover, efforts and researches should me done which can increase income of
farmers through reducing carbon dioxide and energy cost in agricultural production
expenses. Therefore, this study analyzes economic feasibility and applicability of
fusing geotherma heat pump and solar power facilities with high-tech glass green-
house. As a reault, it is concluded that there surely are an applicability and economic
feasibility if we apply new development system that can be an dternative for problems
of securing premises of existing geothermal heat pump and the RPS system as a
power generation company in case of solar power. Therefore, using this andysis data,
if new empirica studies fusng and implementing agriculture sector with new and
renewable energy fields proliferate and be applied to actua rural and agricultura field,
it will incresse actual income and will become a new advanced agriculturd system
that effectively deds with world-wide environmental problems.

Key words : convergence of new renewable energy, geothermal system, glass
greenhouse, new renewable energy, solar power
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Table 1. Support policies of the new renewable energy

Tax credit
i Energy Deed C\J/c;_Jntner- Loans |Auction
AT | RPS |Subsidy |nve§xment Tax | production ransaction chagi
tax
Gemany | O O O O O
France O O O O O O O
England O O O O O O
Italy O | O O O O O O O O
Spain O A O O O
Netherlands O O O O O
Denmark | O O O O O O O O
Sweden O O O O O O
Finland O O O O O
USA A A O O O O O A O O
Canada A A O O O O O O
Japan O | O O O O O
Korea O O O O O O

Source: REN21(Renewables global status report). 2011
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Table 2. The current introduction of wood-pellet and geothermal in Korea

(Unit : ha)
Years Gas Wood-pellet Geothermal
2013 11,891 403 116
2012 12,116 2887) 105
2011 12,389 175 38
2010 11,418 123 112

Source: Ministry of agriculture, food and rura affairs. 2010~2013. Green house status of facility vegetable
and vegetable production performance.
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Table 3. Support project of the new renewable energy which is applicable to the agricul-
ture sector

Name Assignment organization Content
* Trail supply business: supporting within 80% in case of
Suool using installing tria supply facilities for commercidization
susggy The ministry of (government support r&d usable condition)
business knowledge economy » General supply business: supporting maximum 60% in
case of using installing the commercialized genera supply
facilities
* Intending the new renewable energy facilities and
including the positive study business, the support for
i i . communization items and the business support in case of
Financing and The ministry of . . - .
installing the new renewable energy facilities payment in
tax support knowledge economy , . . -
ten years with a five-year grace period with in 90% of
necessary funds (but, in five years with in a three-year
grace period in the bio and industrial waste areg)
» Within 50% of necessary funds according to lication
Digtrict supply The ministry of installed ° it g 1o &P
business knowledge economy ) y o
(in case of a share of expense in district funds)
* Support business of the air conditioning and hesting
) _ facility using therma heat : national funds 60%, district
Agricultura The ministry of .
energy efficien riculture, food and funds 20%, private cost 20%
& ) Y| & o » Support business of wood pellet heating facility: national
business rura affairs i o )
funds 30%, loaning 20%, district funds 30%, private cost
20%

Source: Ministry of agriculture food and rura affairs. www.mafra.go.kr
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Table 4. Renewable energy certificate weight

oy @ifi (.:ate Target and criteria
weighting Type of installation Subcriteria
12 Less than 100kw
1.0 In case of ingdling in generd site From 100kw
Solar 0.7 More than 3,000kw
nerwy 15 | |n case of using existing fadilities like buildings | BElOW 3,000kw
1.0 In case of ingtalling on surface of water More than 3,000kw
15 In case of ingtdling on surface of water
0.25 IGCC, Saprophagous gas
0.5 Industrial waste, land Fill Gas
10 Water power, wind power, bio energy, RDF thermal power, waste gas
power, tida power(using sea dike)
15 Power generation of lignocdlulosic, offshore wind energy(connecting
Other new distance below 5km)
renewable 2.0 Fuel cell, tidal current
energy
20 Offshore wind energy(connecting distance more than Fixed type
1.0~25 | 5km) geothermal hest, tidal power(without sea dike) Fluctuation type
55 "15years
50 ESS facility(connecting wind power facility) "16years
45 '17years

Note: 2015 years march 13 criteria
Source: Korea new & renewable energy center, http://www.knrec.or.k
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Table 5. Cost estimation of high-tech glass greenhouse

Category Area Price per o Initial investment cost
High-tech glass
0.5ha 300,000Won 1,500,000,000Won
greenhouse

Note: Land lease and purchase costs that have not been taken into account
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Table 6. The comparison in operating costs of the geothermal heat pump installation

. Geotherma heat New geothermal
Category Diesel heaters pump of vertical heat pump system
Installation costs(Won) 35,000,000 819,000,000 450,000,000
Water tank etc.: 25
. Heat exchanger:30 .
Service life(Years) 6 Heat pump, incidental
Heat pump:12 )
equipment: 12
Operating time(Time/Y ears) 1,800 1,800 1,800
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. Geothermal heat New geothermal
Category Diesel heaters pump of vertical heat pump system
Fixed cost(Won/Y ears) 8,460,000 82,480,000 51,330,000
Diesel(¢) 178,812 - -
. Power consumption
Varisble cost o P 6,790 270,000 270,000
(Won/Y ears) (kwh)
Heating costs
197,010,000 12,690,000 12,690,000
(Won/Years)
The totd cost(Won/Y ears)
. . 205,470,000 95,170,000 64,020,000
(fixed cost+variable cost)

Note: 1) 6 months, standard of 10 hours per day running
2) Unit cost: dectricity = 47won/kwh, diesel= 1,100/¢
3) Fixed cost includes the depreciation, maintenance and repairing cost, service life = 10years

Source: Trexergy co., Itd.
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Note: 1) Greenhouse area=width 15m x length 330m = 4950nt
2) Area of ingtalation of solar power =5m x 330m = 1,650
3) 1650m+2ni = 825Pieces x 300w = 247.5kWh

Fig 1. Placement of the solar cell module that takes into account the light

interference rate (draft)
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Table 7. The operating costs of solar power generation equipment installation
Item Contents Explanation
Totdl codt 440,938,750 | Indtdllation charge of 247.5kWh
(Wor/kWh) ha g '
SMP(Won/kwh) 128.6 | 2014 Augusta average 128.6Won
2014 Average of REC 122,591Won/REC
REC(Wor/kwh) 1695 age o
113Wonx1.5(Weighting)=169.5Won
The average time of power 361 The average amount of national solar radiation for
generation(Hour) ’ 20years(the meteorological administration)
Maintenance cost®) ) . .
1 | Including maintenance and repairing cost
(%Y ears)
Rental (Won) 0 | Indgtallation for the top of the glass greenhouse
The decreasing of efficiency 05 Every year Decreased by 0.5% of the previous year
(WYears) "~ | amount of power generation
Depreciation(\Won) 22,046,938 | Service life 20Years
Solar power amount
326,118 | 247.5kWhx3.61Hourx365Days
(KWh/Y ears)
Power generation revenue 97 215.888 326,118kWh(247.5kWhx3.61Hourx365Days)
(WorvYears) T %298.1Won(SMP+REC)
Source : JisungeNC co., Ltd.
24 Az Aehfel e ARl 2475Whe] Bl BHAN S =08 A9 Az 2y
e 326,118kWho] 1L, ©o] & RPSAIEE &8st iAoz AF Amd 45 d&
e TH 25 A% 97,2158889 0.2 HA 5 Q)

8) ArAAE, Al A A AE AAAG B2 SAAA ARG 57, 2004,
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Table 8. Comparison of renewable energy effect in high-tech glass greenhouse

Paprika farming
Category facility using an New Sriothagzlrnhea Sogeg:i%rgy
exiging BC ol pump- sy g
Qil consumption(¢) 165,000 - -
Amount of used eectricity(kwh) 84,703 270,000 -
Amount of electricity generaion
- - 326,118
(kwh)
Use of ail
Ermiss 495.495 - -
CO, Savings (Emissions)
jissi Use of electrici
and emissions gectridty 39.853 127.035 -
(tCOy) (Emissions)
Saving CO; - Total 408.313 Saving(76.27%)
Qil(Won) 132,000,000 - -
Use of dectricity
3,981,041 12,690,000 -
Energy cost (Won)
Sdling eectrici
9 k4 - - 97,215,888
(Won)
Reduction of annual energy Cost Standard 123,291,041Won
Substitution effect of Standard Sold generation power : 84,525,888Won
annual energy cost Use generation power : 56,118kWh
o Sold generation power : 207,816,929Won
Total substitution effect of )
Standard Use generation power : 56,118kWh and
annual energy cost
123,291,041Won

Note: 1) B/C Qil =800Won/¢, Electricity = 47Won/kWh
2) SMP: 128.6Won, REC:113Wonx1.5=169.5Won
Source: Korea rural economic ingtitute?), Trexergy co., Ltd., JisungENC co., Ltd.,
Korea energy management corporation.
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Table 9. Income trends of paprika
(Unit : Won/0.5ha)

Category 2013 2012 2011 Average
Gross income 205,524,900 213,115,715 215,325,120 211,336,910
Operating cost 127,172,365 143,849,625 142,192,085 137,738,025
Light and heat energy cost 41,615,800 54,837,590 54,654,905 50,369,430
Light and heat energy costs rate(%) 32.72 38.12 38.44 36.43
Earnings 78,352,535 69,311,090 73,133,035 73,598,885

Operating costs when light and

. 85,556,565 89,012,035 87,537,180 87,368,595
heat energy cost is zero

Income when light and

. 119,968,335 124,148,680 127,787,940 123,968,320
heat energy cost is zero

Income growth rate(%) 53.11 79.12 74.73 68.99

Source: Rura development administration. 2012~2013. Revenue instruction manua of agricultura and
livestock products

xR FEd Al 2 FF A5 gxZ7tE gdoz A% A3 2 3dit
10a3 743 2 36.43%°]1L, FEHIE Al AQAolvR] =US Tl A

S B 68.99% =713 4 Y= Ao Z el

%]: T v/;:
HseS AR A3 20119714 = FET S7HES Holtr) 20123 o= A
2N S7HES 0.745%E 2838t E43H3T
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Table 10. Change volume of paprika annual production
(Unit : Ton, %/10q)

Paprika
Category
Production Increasing rate

2008 11029

2009 11307 252

2010 11605 2.63

2011 11712 0.92

2012 11350 -3.09
Average 0.745

Source: Rural development administration. 2009~2013. Revenue instruction manua of agricultural and
livestock products

2. A - AR A QS F7 APl e AF

A BAF e EUE dofEedd g, Ade B8 45 2719 Auee

-1
2 AR 5 9ok

]

Table 11. Calculation of initial investment cost per scenario

) Ingtalation costs
Category Size (Won) Remarks
High-tech glass
0.5ha 1,500,000,000 -
greenhouse
Solar power generation | 247.5kWh 440,938,750 -
Scenario 1
New geothermal hest « 450,000,000Won+Subvention
0.5ha 90,000,000
pump system 80% = 90,000,000Won
Tota 2,030,938,750 -
High-tech glass
0.5ha 1,500,000,000 -
greenhouse
. * 440,938, 750Won+Subvention
Solar power generation | 247.5kWh 176,375,500
Scenario 2 60% = 176,375,500Won
New geotherma heat * 450,000,000Won+Subvention
0.5ha 90,000,000
pump system 80% = 90,000,000Won
Tota 1,766,375,500 -
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Table 12. Economic analysis result!0)

Scenario 1 Scenario 2
Amount of Amount of
Category Contents money(Won) Category Contents money

Installation costs 2,030,938,750 Installation costs 1,766,375,500

Fixed cost 46,739,388 Fixed cost 46,739,388

Costs Energy cost 12,690,000 Costs Energy cost 0

Operating costs 137,738,025 Operating costs 137,738,025

Depreciation 31,046,938 Depreciation 17,818,775
10) £ AAE E4 AFRFoE HATE VIHSIACBR o4& ALetAl ik, ATHE A=
B TS 20d, AGe 1048 H8stgon], 24t Y TS ol F BETIAE 0% Al
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Scenario 1 Scenario 2
Category Contents n/;\ng;/J(nvtvgrz) Category Contents A?%::gy()f
Gross income 211,336,910 Gross income 211,336,910
Income as increasing of Income as increasing of
amount of production 1615533 amount of production 1615533
Saving oil costs 132,000,000 Saving ail costs 132,000,000
Profit Saving CO, 4,083,130 | Profit Saving CO, 4,083,130
Sold generation power 97,215,888 Sold generation power 0
RHI 14,955,840 RHI 14,955,840
Light and hgat 50,360,430 Light and hgat 50,369,430
energy profit energy profit
Profit 511,576,731 Profit 414,360,843
Tota Cost 228,214,351 | Totd Cost 202,296,188
Net profit 283,362,380 Net profit 212,064,655

The payback period on the investment (Years) 7.17

The payback period on the investment (Years) 8.33

2,000,000,000

1,500,000,000

1,000,000,000

500,000,000

o

0

-500,000,000

-1,000,000,000

-1,500,000,000

-2,000,000,000

8

9

10 11 12 13 14 15 YEARS

Fig 2. Cash flow chart

—Scenario 1
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