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SUMMARY

I. Title

Development of high-efficiency soil warming system in greenhouse by

latent heat storage of solar energy

II. Objectives and Necessity

The country imports more than 90% of our energy source and as a
result, is affected by oil price fluctuations. Moreover, approximately 40% of
the budget for agriculture is spent on heating up farming facilities, making
it very difficult for the farming sector to be competitive. Therefore, there
1S a necessity to develop a heating method which uses a new and
renewable energy.

The purpose of this study was to develop an energy supply system that
will be able to attain the optimum condition of root zone by soil warming
and design the apposite inflow of calories per the unit area by comparison

of temperature in the warmed and non-warmed soil.

III. Results and conclusion of the research

The results of the research project are summarized as follow;

1. The greenhouse’s inner temperature has an effect on the temperature

of surface until 15cm, it rises about 1 hour after warming. Underground

soil heating compared to no heating affects temperature more significantly.



2. In case of the temperature fluctuation, soil temperature was about 12T
up to a depth of 15~25cm and the temperature rises to 13.4°C the deeper
the soil. This results showed that the position of root zone was

significantly different after 3 weeks growth.

3. The energy needed to warm the soil depends on the pipe length
showing the change of temperature on inflow and outflow as 2C~3T
(average 25T). Therefore, the inflow per unit hour was 3,450 kcal/hr and

the inflow per unit area was 57.5 kcal/hr + m’ on soil warming.

4. At 575 kcal/hr - m* of the amount of inlet heat per unit area, the
soil temperature increases by 1.5C, 2.0C, and 3.0C at 0~15cm, 20~25cm,
and 30~35cm depth, respectively. Therefore, to increase effect of soil
warming, since we have to increase soil temperature at least 5C than
non-heated soil, we recommend supplying 100kcal/hr -+ m* of the amount of

inlet heat per unit area.

5. The amount of heat generated by one unit of solar collector per day
was 9,796kcal/day. The test field of (60m’) needs four sets of solar
collectors. The amount of heat needed for effective soil warming calls for

six—sets of solar collectors.
6. As a result of CGR(Crop growth rate) investigation, the method of

soil warming increased the quantity of the harvest by more 26% in

comparison to the non-warming method.

IV. Methods of studies
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The research has been performed for 3 years in cooperation with
Kyungpook National University and executed as following steps;

1) In order to estimate the design capacity of the heat storage system,
test equipment for measuring temperature of soil is developed.

2) As a model system, a testing heat storage system which consists of
@D tank, @ heater, @ PCM253 and test of each part and system carried on
is manufactured.

3) We examined the effects of soil warming by (Dtemperature variation

of soil depth @Energy variation per unit area @test of growing crops.
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FYEtd M BFEL AAAE o] & BT 7le2 1990d % o Fd &
7o 77t FRAALY FhA = AAAAAA ] A A F&71=9] A
o] Ml @3] FPHI e AdFoT AeE AAAN Ao ZdEF

ol B ohnt %S AVl LR FT 9FL WAW, EF
LET e APolE GRe F4U B, EGHARS FFo] WoiA
gol oAHY FNF He| BHo| AAHY EFFRY F47

dutH o7 A dALE HN A o] 18~22TE &8A Y, A
deole Ag HAAFAA 0] 13C~15ToH HIFAAN 2L 25T LA
A th(ol, 1994; EABAE, 1983; 2, 1993). 25T oAM= ¥a e T Fd ¢
o ARV F3=0] ASo] BFsA ATCGEESE, 1995). ALH AlAdY 9
DA H A EYY FIHA] AT HAREE AF 15 cmoA ¢ 15T=E
Ve AJd Q0] A9 HHAZ| vstE oF 3T~ 7C7F oA BZ(H,
1998; 7, 1998, 7. 1999). B9 &3 $X 7 AFENE 93] A9 Aol
dAstka B 4 ok
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7} 05T vo 2 vy 2x¢ W3y} wfs E7stth 3 239 @A 2
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oz 2¥A Yol, AFHee A% AR} WEUA] DH g BT
1 udd 5L A8 AFHe e FbIA Axstn gk

St Qe Ege B, S8 243 Adtesd Fu), T59 I, 7}
S, HBel A, AUA FFPE S w2 geAm e Bgs
5 a7t gek AEWe AL

AF 40 cmoll A= dd T 2% W37 05T ARt ZE

o]

1= T
el 2%9 W3t w9 £ 9HKim and Kim 2001; kim et al., 2009).
w3 2389 A Zolx Yty o 10~30 cmeE B u, dulzow AF

40 cmE A Zol2 7 AAIH(Kim et al,, 1998a; kim et al., 1998b; kim
et al., 1999; kim et al., 2001; kim et al., 2009).

o) A% AFte exe AAF ouA e md dT AL B
A mapA AFALe] BERLE S4d @ A%E 72 ARE BEH A
Holth, g2 AFelA 40T~50CE FEHA FFL ALY, we ses
2 3FFoTA A £ARY ofUe} BB Reldw He FHE F
A 2. 538 A2e) Rt AAF A% A%ay] WEel =he AF o

Ao WE AF7HLo] oFoiA} SRR A% Fity] oFelt AFB5
97 Ao YEA for ol Azd st H7E @ohkim et al,
1999; kim et al., 2001).

Mebd B ATAE Ede $95E oUAS §2HE U, B

242 54, WL wstel §%, 9 @uAH do] SonREH 2o
AU #AE FHeE ZAY X WE HH FFAUAE &8
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g ool o, Eddd <o HH 2=FxAE 25TE EAH(Lee,
1994: Takahashi, 1983; Terada et al, 1980)3}7] 93] A EH Zojd 2%
stol gk 712 Ame A7 AT AAEE dSFH o2 x4ds7] 93
swollvdAlY HAAE A o]FolAok 3. FrHHoR AL"E FFAA
ejAste] AAl FAF=AMAE S A8t 2 AE FEetLA skt
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e MesteTe TALTE 77 3E, 2MEIHFES AASG TF R
o AFWBe TG Vi) FRoE BE 1) FRom AAstdth 19
29} 30] AT v 49T AFLE ASAA A4 AR G,

Solar Collector <Unit : M>
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a9 173 o] A&

g 5 = 4 A 4
;Sgﬂ ;g%ﬂ?ix—? 1’1’12 2.62
A7) mm, LxWxH 2,000x1,817x170
QA= = -
T kg 35.20
18 39 52 A 20
£ 2 (24/PCM/ <€ o A7) s 200/40/40
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HIE JdHE c8EH HP 04
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TFoll AHgE EYS AZAZEFHA Silty sandol] sdst, ES
EAL ¥ 99 2ot a8n AF7E AEA Ho ESTFHE 129 %(Z o]
5cm 71E)E AA @739 JHS HxEA vy =& FgeuE AA Y

Agatdrt o] W EFFEFHEL 9~20 Kpad HYE Yeytth

—

¥ 11 ANEEF EY EA

Depth(cm) |Soil Classification| Wn(%) | WL(%) Ip Gs Cu USCS

15 Silty sand 1.32 42.2 5.95 2.63 70.9 SM




7t HYEE JE719 45AE

T 13HF HEE L7 ASAEE A dHT oF &8
UEE 3Pgoem, 2004 839 FE2E HAA}L ¢F8 ZHE o|§3td F
719 FEx Alo)¥t dWFE THIJEE 3o FEXY 2EHE RS
ANFAL 25 4L 92 Ui Add 22404 2 9 48§
LEAE olgEFeH, AFEY FHE Holy EA(Agilent 34970A)S o] &3}
At AL sHABYE F), TANYE F) T HS o, ¥, Hes g2
Hlo] FAsger 27 st FEdx 257t FEHE 7| AY3A

Conditions

Measurement of Temperature
on warming by depth

Depth 5, 10, 15, 20, 25, 30, 35cm, 3 repetitions

Measurement of Temperature
on non-warming by depth

Depth 5, 10, 15, 20, 25, 30, 35cm, 2 repetitions

Loss of energy by Length

Total piping length 75m, at 7m intervals

Extra warming equipment

Water heater (400¢)

Heater for air

HANA Industry Seba-120A, 12kW

Image, Chart monitoring

realtime measurement & monitoring

SCADA system

Wizcon 7.02. SCADA

Industrial Computer

32 Bits Industrial Computer Set, 12 Slots

Interface Card

AX5232x4sheets
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EAEE 98 AR E A2de 2eASFE AEH o] 2(AX5232, AXIOM)
47¢E& 12-Slot-§ 48 ZAFE(AX6150A, AXIOM)o| A x]star, RS232CE &
FH dEHEE st AX5232+ F 128 Points®] %9}

ALE ASE 7 doy, & 23X = 75 PointsE A5 ™. Board’dell
A 9 H B AHCold junction compansation)® 12 bite] £3l%s, Sampled] 100
MHz9 A%& 7HAx ok 283 ASE 9% 22382 29 63 2o

SCADAM 2 9] Wizcon 7.02(PCSOFT AhHE AR&stath Hdk A8/ A 9

T-type @ANE 2AHHE A2E AXS232 AHEHE E3t9 gL AFH
(MODICON)ol| A A 7]199%F RS-232C AE EANAOES Edto] Al2~d A

EE 2HoAd AAZto® VEFHEE Y}

5]
2 Zo] 5, 10, 15, 20,
o
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J

14 points AlZsIAtt. EGel EAdE &4
371 s AA wide ZHo|H=E 11 points=

24}

) I

E 13 22A4A=2H AA
Meas.u.nng Collector Temp.(Air) PCM Regenerative Tank
position
The Number 2x2=4 3x2=6 2x2=4 2x2=4
Soil Temp. .
Temp by Total

Fluctuation No fluctuation pipe length

7x3=21 7x2=14 11x2=22 75
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1293 1€0] 714 22 AL & F Atk B dFAAE 47 ALANE
71Eo2 & o, 108 sERE 29 3EtA Y dAEe] FLesER 109 3t

HH 29 steztA 9 HaAE &8taA Ak dAEY] FEAE 109
13.36 MJ/m, 11€ 1022 MJ/m, 12€ 9.0 MJ/m, 1€ 13.0 MJ/m, 2¥ 162
MJ/mEX AldQelg 7|22 & uf, AT F47] A8/ oF /€
o] A}kl FHFXE 1236 MJ/m'Z eSO

| O{N

r{r © o Ho
o T



Solar radiation (M3/m?)

30

25

20

15

10

| —e— Chupungyoung

—#— Mungyung
| —&—Andong

| =¥=Average

i 2 3 4 5 6 7 8 9 i0 11 12
month
a9Y 19 45 Q129 YA BX
X 14 BE AFA9 Hdr| 2
1€ | 29 | 3¢ [ 4¢¥¢ | 5¥€ | 6¢€ | 7€ | 8¥ | 9¢ |10€ |11€ | 12¢¥
2002 | 04 2.3 84 | 137 | 176 | 21.8 | 253 | 241 | 198 | 12.1 | 4.0 1.7
2003 |-21] 20 | 62 |129 179|216 | 222 | 237|205 |128 | 87 | 21
2004 | -10| 25 | 66 | 142 | 182|224 | 258 | 246 | 200 | 131 | 80 | 1.8
2006 -15|-13| 53 | 139|180 | 232 | 252 | 246 | 207 | 133 | 76 | -26
2006 02 | 08 | 62 | 119|184 | 226 | 228 | 263|182 | 158 | 76 | 05
2007 | 05 | 34 | 62 | 120 | 181 | 21.7 | 22.7 | 25.7
Mean|-058| 1.62 | 6.48 |13.10|18.03 | 22.22 | 24.00 | 24.8319.84|13.42| 7.18 | 0.70
T3 AFEAe HE2sE 1297 1€ 7B ¥a, 11€39 392 H[&3%
LS55 YEZ ok AJAdRele Fd7] AlEl 717k 11€eA o3 3¢
S 7IEeR T d, A2 AT G 1197 ofks FASE
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o LU S 37lol UA FTHY AFZEAHE E o
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D AAze AFAsel @ UA F3

Zf_;ﬂo ﬂ R =)
) 28 2-240 FolHE AMHSA 2805m® oA LT 5mY AL, AL
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Mgy | o2 eut 7O
1 = =
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a7 358 #Zo] AJdQeol AHAolX 119REH 1997tA 3€3te] L8y
A Y ks AASEY 39 £85HE T4 FY F dUuAE
470 [kcal/m’ - day] x 309 x 392 = 42,300 [kcal/m’] ©|H,
A7 289 AR B2 ¥ dUR FYFS
106 [kcal/m’ - day] x 15¢ = 1,590 [kcal/m’]
83 [kcal/m’ - day] x 159 = 1,245 [kcal/m’]
59 [kcal/mr « day] x 15¥ = 885 [kcal/m’]
36 [kcal/mr « day] x 159 = 540 [kcal/m’]

02 F 2897 YR E B Aoz AA 3.

mEtA F oduA FYFL 4260 [keal/m'] EA FHY odUA FYZFY
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AR AFRNor dAse BEHE wolTA At

A A 140 m*e FEH AA
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£9 43849 34w 34 Be 4LP
o | FTE 493 94 a4 |z
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1800-20R 27h

T258/1800-20R & &2 <4
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H AR JAw A6l e Fd duix 29E
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5,507 295 177 118
(7124 30¢)
27
O — — —
(1€ 159)
27
O — — —
(1€ 304)

,67,



E 19 Al N7 Ao B4

=7 A QXA 6,500 [kcal/day] Ziigi{—q
(kcal/day ] (27 AAA (%) [keal/day ]
297 (~11€ 159) 16,520 39 10,020
23 (~11¢ 30d) 12,849 51 6,349
27 (~12€ 159) 9,178 71 2,678
259-(~12€¢ 304) 5,607 118 -
257 (~14¢ 159) 0 - -
25 (~14 309) 0 - -

v @A E B8 Y Y EFkcal/hr - ')l WE ¥R 2 & W)

do] 70 mol 9/ ASHE AATE & 7T mTF 2= AST

Atk TET 2EE 25TE AT A 3% 2= 27 3673¢
el 7k AEA 129 79 24 E J|Fe2 & o), uj@e] Zoid
Toldon 7t248d 128 64 2F 2Ad& 19~225T=2 =4
e exe vz Agstden, dojd &
~3C(HT 25TC) #ol7k Wt mEkA] AF7t
(kcal/hr)& A1) o] vepty uw 7}
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>
~
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o
3 m Y -1°l'
of

Q= cXgXAT 1)

Where, ¢ : Quantity of inlet heat per unit (kcal/min)
¢ : Specific heat (1 cal/gTC)
q : Discharge of inlet (£ /min)

AT : Temperature difference of inlet and outlet position (C)
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,68,



250

——T
oy
f"m,% AT
,‘%\"*—4’-3
200 o ﬂ\
e
Jl L
L e
7 / E I ‘&‘“‘E‘ -
- L i = . '?1;."_"*—*“4.._._ Ay |
2| s S2cr s = e PN NONDETE b R bl
O m e = =] -EE-E. N
= s *‘i—ﬁ——¥':wf3:+$;§__,, s S e i
T e = e
+
50
8oll Warming
o L1
= @ o b o i b o g o 2 2 = W o b @ s b
= = e = et = e [ i S i i & o = i = & o
3 < 5 3 5 i [ 5 i 5 5 5 i
Time, min

a9 36 AF7E29 B9 v wE A2 ¥34(2008.12.6~7)

o WesteTe BrreTe] Zold LEwsl (0~15cm)

rE
rfo

sbegst Brhegel AW 0~15 cm AN LEMsbE 19 373 2
ATk TN Zo] SR AT FALFE 575 kcalhr - m'=

o
>
A
"

d9e o, AEWe ste BT o 15C2 e mekd A Ewel Ae
BAHE A4 ¥ ¢ 5 ANem ANEAE 27 %710 2ol 15
om MR ol BPRAY FALFS AR 2 o ¥ Eolof T A

o
it
)
av)
)
47
)

,69,



16.0

—#*— Snil Warming
—8— Ran-Yarming
14.0 > /.\\
120 [
] M h\ [0 e \\
o = A Y
E o n N o EX
o ) i / ' 7‘\.\
8 y Tt Nl |,
LARY )'/ o i
. “tahsd
AR o
el //-
6.0 = -E‘:'4 -
Saoll warming -
Wi
Tirne. min
a9 37 AF7te 2 Frhe79 AFLER3H0~15cm)

HE7beT ¢ 57279 AFH 20~25 cm 7HA] &%

2=93s} (20~25cm)

WHal= 73 387

2ol AZIA. aPlHsh 2ol BAVAT FYLFE 575 kealhr - w2
}9e W, AXAY e EAE AED 0~15 cm®] SALEARTG o} o
Frhes mae 299 Zolrt

G
3
0%,

Ft Aom vead. meb

Al

AR

9. 22 AF7ee) ol

22 ANEdRES] 7] 2 F7] ASd 2

,70,



13.0

—* Soil Warming
/;--4\‘\
L*¥ e —®—Non-‘Warming
120 / «.\
() / P o I S
11.0 .
B
% * | | .
i) X 4 [e]
~ ] N /0’
» oo 1 gl ol
10.0 w = 3 =
- e
/ . . LN ] * -
al [ L+
i - B et | il
a0 P4 R S =
o=
| warming
so LL ||
= = = = = s ra = w @ ﬂ @ = = = o £ 3 ra
= 1) m =) @ =5 ey s - ) = = = oy o - i = @
= = = = = = = = S & & & = = = = = = =
= = = = < = = < = = = = =
Time, min

o}

a3 38 A F7t 2 Frh7e A FE=H3(20~25cm)
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ANE 2Ce AolE UEART 25 em F2IME 1T 3
F3 9tk e AQ Lo RH E
AFFFHoR A4 doAE A & & QA

10

3]

20 Zol® JpeTo} FIbRTE] 2E5

Depth Soil Warming Non-Warming

(cm) | SW-A | SW-B | SW-C |Average| NW-A | NW-B | NW-C |Average

5 10.2 8.9 9.3 9.5 10.6 9.9 101 10.2

10 111 122 111 115 11.0 121 11.0 114

15 114 118 12.0 11.7 11.0 11.7 11.3 11.3

20 116 118 12.3 119 109 11.8 11.3 11.3

25 119 119 126 121 109 114 11.0 11.1

30 12.0 12.2 13.2 12.5 10.7 111 10.9 109

35 12.3 13.0 135 129 10.7 11.3 10.8 109

* SW : Soil Warming, NW : Non-Warming
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Ald Qoo el A mE ZAF AAZE X
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FEE &F ZH ol met 2ERY 2aFY Heek B HHE
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Fale Aom FANEIL Y. Iy FHoE Byt AFsr|ids 73
oA 30~45C9 Zt==2 AAstnz AA 7 Zol+ 10 mm/day 1419*]&
AR Aoz BAFTH A2 ErlepE PJF 11T 9o,
b2 BF ZHoldE 15~30T 7HA Asstdvh. wEhA HAH 2=E 18T

|=]
7, =

2
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= A7 8% 9 5~65T T ok ¥ Ao wuHAY.
o HA FFIUAL AMole FHo] Aol 10~20 cm
X2 AFer $A2 A8l o 1,150 kealhr,mvh BFHoIok 3k5], o] 20

¥ 21 Aol AFI7r9 HA oA A
Supplied optimum
Temp. of soil Insufficiented
Depth(cm) ) . energy
warming(C) Temp.(C)
(kcal/hr,m’)
5710 105 75 -
10720 11.7 -6.3 1,150
20730 12.1 -59 460
30740 129 -5.3 230
oh BYWAY HID AR TF S 27

9 #YTF(T-Solar-IN) Z +ZT(T-Solar-OUT)<]
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= 2 7
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At E3 JER FET F FYTY 2=AE dAFol M 2 124
ol A 154 Atele]l H 1 10~12C=E ebth
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Temp.
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B¥d Aane) TReFe o

57.5(kcal/hr - m')* 60(m’)=3,450(kcal/hr)
3,450(kcal/hr)*4hr=13,800(kcal)
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23] 200kg, A& 24kg, A4}, 165kg ZE] 24.0kgS A& en AL o
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A F7t9 FF5F €58 2BCTE s, AT 40 cmoll XS o] A
1208 H 2% 4474 1380 L/h(E 5500 L) 315 T39S u, NEx
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3 z27ldE dEAR] AFHoE Jojudm 1 olFel: ANAR AFH
B ols g AFFHE AT W 2719 AL AT A% #%t
Base 1 JEst FA7) G FHlE 9L HAGL Ak 2o AR
WA Jhee 279 Moo Gue Fol A4 F BHe TE 1 oF9 A
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29 47 AAF AeT BALT YSEA
(@-@:AF71L, O-0:F7F2)

7heTsk BAAETO] A BN £Fe ® 2% 2or F¥E T
7b F7hE&Tel wlste] o 26% A& %—7}% ALR2 ddHH 7h2TlA 27
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Table 4 Yield of cucumber plant by the different irrigation water

temperature
£ 2 7he T e Adoole] B4 v
No. of friuts  Fruits weight Yield” index
Treatment
(no/plant) (g/each) (kg/10a) (%)
Soil warming 13 140.84+8.31 5460a" 126
Non—warming 10 134.43+£7.21 4020b 100

* Harvesting period: December 17 2009~ January 16th 2010

*xMean separation within column by Duncan’s multiple range test at P=0.05
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