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Study for the Design of Greenhouses which use Residual Heat
from a Waste Disposal Plant in the Suburb of Sapporo
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(Laboratory of Agricultural Physics, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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Table 1.
disposal plant

Designs of greenhouse used residual heat from the waste

Size and area

10.0 m X 75.0 m =750 m?

Number of greenhouses 43 houses

Covered materials roof polyester (sixlite) 0.175 mm
wall  pvc 0.15mm
roof 822.5 m?

Surface areas
wall 379.5 m?

Top ventilator

Side ventilator

automatic system

manual system

Table 2. Experimented greenhouses
A-house B-house

Floor areas 10.0x 18.0=180.0 m? 10.0 X 18.0=180.0 m?
Covered materials

roof polyester 0.175 mm glass 3.0 mm

wall pve 0.1 mm glass 3.0 mm
Surface areas

roof 194.4 m? 208.8 m?

wall 158.0 m? ! 138.0 m?

L
Top ventilator manual automatic
Side ventilaor manual window
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Table 3. Comparisons of monthly mean temperature between
Shinoro and Sapporo

1979 { 1980 1981 Mean
Month | gpin | Sapp. ( Diff. | Shin. | Sapp. | Difi. | Shin. | Sapp. | Diff. | Shin. | Sapp. | Diff.
() C) <) ) 0 C) (°C) C) (9 cC) | O Q)
Jan. - = | 51| —40| —11| —80 | —52 | —28 |*—66 [*—40 | —20
Feb. —34 —25 —0.9 —-79 —55 —2.4 —6.1 —3.4 —2.7 —5.8 3.8 —2.0
Mar. —1.5 —0.7 —0.8 -1.7 —0.1 —1.6 —2.6 —0.6 —2.0 —1.9 —0.5 —14
Apr. 39| 46| —07 | 31| 46| -15| —| 63| —| *5| %46 | —11
May. 10.0 10.5 —0.5 10.9 12.0 —1.1 — 10.1 —_ *¥10.4 | *11.3 —0.9
Jun. 16.8 17.5 —0.8 16.0 171 —1.1 — 145 — | *16.4 | *174 —1.0
Jul. 190 | 198 | —08 | 184 | 189 | —05| — | 202 — | ¥187 | *196 | —0.9
Aug. | 205 | 215 —10 | 179 | 186 | —07 | 198 | 203 | —05 | 194 | 201 | —07
Sep. 15.4 16.4 —1.0 15.1 16.3 —-1.2 — 15.3 — *15,2 | *16.4 —1.2
Oct. 14| 121 | 07| 94| 103! —09| —| 102| — | *104 %12 —08
Nov. 3.5 45 —0.9 3.9 4.7 —0.8 0.6 1.6 -1.6 27 3.6 —0.9
Dec. —0.5 0.9 —14 —2.2 —0.3 —19 —1.2 —0.3 —0.9 —1.3 0.1 —14

* Mean for two years.

Shin.; Shinoro, Sapp.; Diff.; Difference.

Table 4. Comparisons of monthly mean minimum temperature
between Shinoro and Sapporo

1979 1980 1981 Mean

Month | go0 I sapn. | Diff. | Shin. | Sapp. | Diff. | Shin. | Sapp. | Diff. | Shin. | Sapp. | Diff.

' ¢C) | Q) | (G KOG C) (°C) °C) ey | oy | o ! O
Jan. = | 97| —73]| —24|-134 |—101 | —33 [*-116 *-87 | —29
Feb. —87 —6.1 —26 | —14.0 | —-10.3 —37 1 —13.3 —8.2 —5.1 | —12.0 —8.2 —3.8
Mar. —6.1 —4.0 —2.1 —6.2 —4.2 —2.0 — — — |*—6.2 |*—41 —2.1
Apr. —0.7 0.9 —1.6 -0.8 1.6 —24 — — — [*—0.8 *1.3 —2.1
May. 4.2 55 —1.3 5.6 73 —1.7 4.3 6.2 —19 47 6.3 —1.6
Jun. 12.0 13.0 -1.0 12.1 13.1 —1.0 10.4 11.1 —0.7 115 124 —0.9
Jul. 144 155 —1.1 — — — 16.5 16.6 —0.1 | *1565 | *16.1 —0.6
Aug. 15.7 16.4 —0.7 — — — 16.5 17.2 —0.7 *16.1 | *16.8 —0.7
Sep. 99 10.8 —0.9 10.2 11.0 —0.8 94 9.7 —0.3 9.8 105 —0.7
Oct. 59 6.6 —0.7 4.3 5.6 —1.3 3.8 4.2 —04 4.7 55 —0.8
Nov. —1.0 —0.3 —0.7 —16 —1.0 —0.6 —2.8 —1.9 —0.9 —1.8 —1.1 —0.7
Dec. | —43 —21 —2.2 —70 —3.8 —3.2 —6.2 —4.2 —20 —58 —34 —24

Shin. ; Shinoro, Sapp.; Sapporo, Diff.; Difference.
* Mean for two years.
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Table 5. Comparisons of monthly mean maximum temperature
between Shinoro and Sapporo
’ 1979 1980 1981 Mean

Month |"gpin | Sapp. | Diff. | Shin. | Sapp. | Diff. | Shin. | Sapp. | Difi. | Shin. | Sapp. | Diff

C) { COJ O ey gl €| e g | o | et Q| Q)
Jan, ! — — — | =14 i =07 —-07 | —-34 —10 | —24 |*—24 {*—09 | —15
Feb. 0.6 07} —-0.1 —-34 | —19 —15 —1.8 02| —20| —-15 | =03 | —12
Mar. | 2.2 25 -0.3 1.6 35 —-19 1.3 25 —1.2 1.7 28 | —1.1
Apr. . 88| 86. 02| 66| 85| ~19| -— | —| —| *7| *86 | —09
May, i 154 159 | —05 16.0 177 —1.7 145 14.8 —0.3 15.3 16.1 —0.8
Jun. I 223 23.1 —0.8 21.3 222 | —09 19.3 198 | —05 21.0 217 | =09
Jul. ! 23.5 ! 24.6 —-1.1 — — — 247 251 [ —04 | *241 | *249 | —08
Aug. | 256 { 27.1 ' —15 ; — — — 24.1 242 | —0.1 | *24.9 | *257 | —0.8
Sep. | 208 o218 0 —1.0 21.0 21.6 —06 20.8 20.8 0.0 20.9 214 | —05
Oct. | 165 | 17.1 —0.6 14.9 15.3 -0.4 157 15.8 -0.1 15.7 16.1 —04
Nov. 7.7 79 ) —0.2 8.9 95 —-0.6 45 47 | —0.2 7.0 74 | —04
Dec. 3.0 3.7 ‘ —0.7 1.5 3.2 —-1.7 24 3.5 —1.1 2.3 3.5 —1.2
Shin.; Shinoro, Sapp.; Diff.; Difference.
* Mean for two years.
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Table 6. Comparisons of most frequent wind direction between

Shinoro and Sapporo

1979 1980 1981

Month

Shin. Sapp. Shin. Sapp. Shin. Sapp.
Jan. — — NwW NW — NNW
Feb. — — WNW NW — NNW
Mar. — — NW NW — N
Apr. — — NW NNwW — N
May. NwW NW SSE SE — N
Jun. SSE SE SSE SE — N
Jul. SE | SE SSE SE - N
Aug. SSE SE SSE N SSE —
Sep. SSE SE,SSE,NEW — N, S — SSE
Oct. SSE SSE — N — SSE
Nov. \'% NW — N, NNW — —
Dec. E ,NW NW — NNW N, NW —

Shin.; Shinoro, Sapp.; Sapporo.

Table 7a. Comparisons of monthly mean wind speed between
Shinoro and Sapporo

1979 1980 } 1981 Mean

Month | shin. | Sapp. | Diff. | Shin. | Sapp. | Diff. ’ Shin. | Sapp. | Diff. | Shin. | Sapp. | Diff.

(m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (m/s) | (mJs)
Jan. Y \ 27" 00l 20! 19 o1 24 x2s| o1
Feb. 25| 217 o4l 25| 22 03, 23, 21 i 02 24’ 211 03
Mar. 19| 24 —05 \ 35 | 32 ' 03| 31| s0l o1] 28] 290/ 01
Apr. — | 25 ! - &2‘ 35| —03| —| 31| —, —| *m0| —
May. 51| 84 —03| 38| 330 o5 —| 39| —| w5 |34 01
Jun. 33 | 29 l 04 33l 29, o4l —| 30| —| "33 29| o4
Jul. 28| 28] 00 25, —| — | —' 24| —| %27 *=26)| o1
Aug. 24| 25 01 20| 23. 03| 22| 26| 04| 22 25| —03
Sep. 18| 21 ’ —03| 23 22| o0l ~— | 23| — %21, *22| 01
Oct. 25 | 22 03] 21| 22| -oal —| 27 —| w3 =2| o
Nov. 27| 261 o1i 26! 23 } 03| 28! 23| 05 27| 24 03
Dec. 21| 22 01| 22| 22 Looo| zs | | | 2z 22 o0

* Mean for two years.
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Table 7b. Comparisons of monthly maximum wind speed between
Shinoro and Sapporo .
- 1979 1980 1981
Month J Shin. Sapp. Diff. Shin, Sapp. Diff. Shin. Sapp. Diff.
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
Jan. | — — — — ~ — 8.0 6* 20
Feb. | — — — 10.1 119 -18 8.7 6* 2.7
Mar z -— — — 13.6 15.7 —2.1 12.7 10* 24
Apr — — — 15.4 13.3 1.9 10.6 8* 26
May 14.9 12.6 2.3 114 11.3 0.1 17.9 12* 59
Jun 10.9 9.5 14 115 9.6 0.7 114 11* 04
Jul. 94 9.3 0.1 — — — 10.3 8* 2.3
Aug 10.1 9.9 0.2 - — — 12.3 10% 2.3
Sep. 9.1 8.4 0.7 9.6 — 0.6 8.6 7* 1.6
Oct. 10.9 185 —76 10.7 10.2 0.5 10.6 o* 1.6
Nov — — — 91 95 —0.4 — 8* —
Dec — — — 12.2 — 2.2 — — —
* Data from Sapporo Meteorological Station.
Table 8. Comparisons of solar radiation between Shinoro and Sapporo
1979 1980 1981
Month Shin. | Sapp. | paio | Shin. ‘ Sapp. ‘ Ratio | Shin. | Sapp. | g
(ly) {y) {ly) (iy) {(y) {ly)
Jan. | — i - — 157 | 128 | 123 160 46 | 110
Feb. — — — 246 180 1.37 243 193 1.26
Mar — — — 369 286 1.29 364 272 1.34
Apr — — — 347 284 1.22 — 342 —
May 437 412 1.06 420 405 1.04 421 382 1.10
Jun 433 425 1.02 458 464 0.99 — 426 —
Jul. 485 468 1.04 444 437 1.02 — 448 —
Aug 431 426 1.01 340 358 0.95 327 332 0.98
Sep. 331 299 1.11 — 320 — — 339 —
Oct. 220 197 1.12 211 206 1.02 — 235 —
Nov 140 121 1.15 161 132 1.22 151 138 1.09
Dec 126 93 1.35 119 113 1.05 126 107 1.18
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Tii A3 34,000~57,000 kcal/hour D # i CHEF AT HREUT
33~51 DEPTH 5,

Table 9. Monthly maximum heatihg load
Day and time glrlr'ltzl.de o Wind speed 2(;1;& ar lk\l/ii}:ilr?:guﬁad Heef%ing load
(°C) (m/s) (°C) (kcal/hr) coet

Feb. 24,1979 |  —107 13 184 48800 48
2:00am 19.5 34400 3.3
Mar. 19, 979 —82 0.9 227 57700 5.3
4:00 am 21.7 38000 37
Dec. 24, 1979 —13.1 // 0.3 16.6 60400 5.8
3:00am (5.3) (43800) (6.9)
Jan. 26, 1980 |  —135 0.3 16.5 62400 5.9
12:00 pm 19.0 56900 5.1
Feb. 10, 1980 ~19.2 0.4 14.1 71000 6.0
5:00 pm 15.9 41000 34

*  First value is for A-house; 2nd value is for B-house.
* Heater of B-house in Dec. 24, 19879 was not operated.
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B 3oL F - OWEE R BB &, #955,000~65,000 keal/
hour T, 4.6~5.6 DEFEATREEZRL T % (Table
11),
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~70,000 kcal/hour TH % & LDHEEHK S,

Table 10. Heat consumption in Feb. 10, 1980

Outside air A-house B-house
Time temp. g(r);l;e air Heating load HLC 2?{;1;.6 air Heating load HLC
°C) (°C) {(kcal/hr) (*C) (kcal/hr)
1:00 —14.7 15.5 66600 6.3 14.7 29300 2.9
2:00 —15.0 15.3 65800 6.2 16.9 36000 3.3
3:00 —16.0 14.7 68800 6.4 16.8 37400 3.3
4:00 —16.0 14.8 68100 6.3 16.6 35000 3.1
5:00 —16.0 14.3 69600 6.5 16.1 37200 3.3
6:00 —18.0 13.9 69700 6.2 15.9 36100 3.1
7:00 —19.2 14.1 | 71000 6.0 159 41000 34
* HLC is heating load coefficient.
Table 11. Heat consumption in Feb. 22, 1930
Outside A-house B-house
Hime ) air temp. ai}“{(t):rsnep. Heating load|  pp; ¢ ail;h)tgifp. Heating load| 7 ¢
(°C) ) (°C) (kcal/hr) (°C) (kcal/hr)
2:00 —14.0 16.8 52600 4.8 19.1 — —
3:00 —16.8 155 52600 4.6 177 — —
4:00 —19.2 15.1 59700 4.9 17.1 — —
5:00 —19.2 14.2 63400 5.3 16.4 — —
6:00 —21.2 13.9 63500 5.1 15.7 — —
7:00 ~195 153 | 64500 5.3 174 — —

* HLC is heating load coefficient.
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2ARZh X D EEESBRT S S 50 MLk
bdhh, WIHEE L T ¥FREBHTov, 70,000

keal/hour T30 A B TR K TH D e, 65,000
kecal/hour iw3% &, 10 iAo bl o= 20 & —
MEBELYRL, FHEL L TRZLEE2 RS, LK
5Ty A~y ADOKEK L m2 47 ) OWHECHEE T
% &, 1844 keal/m2-hour & 705, HMEMMMDOERDE
HRE, 1,202m2 ThHBnG 1M ) DR =44 F
— Dl E T 222,000 kcal/hour &7 5,

i) BRNTECLIBERIRILE -HEBOKTE

BINTHEC X AR ¥ —BHBBOHEIR, K
RTELEhBY,

H = {Ag(HL+Huen)+ASOHSO} ............... (4)
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fetil, H3BEEAWE, A, BEREE, Aso BEFE

W, i BRBE, Hyen MEEEE, Hso Hih{EE

B, £, Hi Heen 2R TEDTC KL,
Hi = hy (Tin—="Toup) cerveerereerreaererenecennnn (5)
Hayen = hven (Tia—Tout) roveveemmrrmsssencnns (6)

2L, h RBETER, fven SRIEEGREL Tin BEN
KB, Tous X,

ZheDEBRDWCHlEY LR ZT - 7,

a) BEIKE Ton
BRI, BB L s TExDERFEHL TV
B0, —BEOER & L TREEZERT % A OFEERES
RAERT5587% . FMEE L CERT R,
KRR O PHRESREYERL 5, LasL, T2
B B AT BREADEROKIRORBRERE, L,

CIBM D 2.5% OFAHEOSM A KDL OMEREH L
Thb, CORDIVEETH B 2o, kit
5196845 19704E % Co 1 A RO SIS 25%
DELEFEOKBL RSB L —115°C ThH ot T

b, T T 5 REA OPHRESE (-95°C)

X 20°CERTH -7,

THRE R RTT 5 odiit, 6B &HLREH D
KWEEHZZ BT e b o, IVIRER OO
BRNADOLSEMCET T &L, B LR KEE
IHERFRCK & SRR B EICH b, BIURESERS
EDRREVSAE2ANG6F 12 ETOXM 1 A-
2R <12 A) DR L ALRORARKIEEL, Table 12 12
RTTELFEEB0CCTHD, LT, BBk
BEEMS G, —115°C i —3.0°C & in% 7o —14.5°C
it b,

Table 12. Comparisons of mean minimum temperature between
Shinoro and Sapporo
1979 1980 1981 . Mean

7Shi.n. Sapp. | Diff. | Shin. | Sapp.
o) 1 O | €O | G | (G

Diff. | Shin. | Sapp. | Diff. | Shin. | Sapp. | Diff.
fC) 1 G | £C) | G | ¢ | g | (g

Jan. — — — ' —97 | —73

—~24 1—134 ; —10.1 —33 | —116 —87 —2.9
Feb. —87 —6.1 —26 | —14.0 | —10.3 —37 | —133 —8.2 —-51 | —12.0 —8.2 —3.8
Dec. —4.3 “ -21 | —22, =70 I —-38 | =32 | —62 { —42 7 =20 | —58 | —34 | —24
*  Shin.: Shinoro, Sapp.: Sapporo, Diff : Difference.

b) BRERKE (Tn)
BEAKEOBRET, B CRE Sh b ETK
HELTWD, Lirl, ZOMEBETNEERLLT,
a) WMEOZHEM, b BREOKEE, o BEFMHOR
il X OB, 4 AR, e HEEHOREMM L
W, I EDBBB,
EEoOSEEC oW, [EED IWIRERIRES
TS —Ch BT, HFHEE % fF) O ERIYIR
TR WEE TFIFS 2 EDHESL D, GEHOEGE
BIIELMED I DEDITRETNETH D,
HEOKZIPPEVES, BDICHEETETHS,
RERS SOV TIE, BEOBEWL DIEDIERE
BEYHRETHLENH L, B TIREREROR
B £1~22°C Th B, T, HBEHT OV,
Wi B R ORENEBRTRETH B, —HRICiE 1.00
~150 m O X BB L T35 e, RERESOIER
B3 1°C BB ER ThH 5B,
ARG, LEERAMN L v ERTH DT

BENOBELLAKREVZ EXRFHEHE, LiznisT

HEHEEYARM L WV EDCRETRETH D,

BIEFZ DOEMH v~ e 0T, SRR R
SERTVWBATHERD, HABEERZENMETL
Th, ThicaTaxLE &5 ERHEEDN, 5T
VA REHRE Y B TRETH D,

Doz bxZET5 L, BRORBEMMOZHEE
BAMTHCTOAEL VEFEDCTNETHLH LR
b, Bz, P FOBERHEE S B = c A F —
D M BT 6~8°C i T AHABARIMNTH B2, b
HHEDHED < &b 10°CBERTRETH S,

c) HidhiR#E (Hso)

m¢ﬁ&§u,§ﬁﬁﬁmgié%@m~%MK¢

o WL AP, Pz ShicBNRERNT T
6L®,;D%%%ﬁbf%ﬁﬁﬁﬁDﬁﬁB@ﬁéﬁ
DEFETIH, Lnl, ELSH LY CHIEREE I EE

BE X DIEVIEE R, BENOBDHithir B LB A,

ZOHRFEFATAKRE L v fEbRADOBEL 715,
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Z O DRBARE (A ~vA) THHEHREYHIE
L7z,

BIEDFER, 554 1 i Ll LSRR E S RER
E X g, REVCEE» e Bhiih 2 BREN 4
bRt 8T, HRRAHEADIRL, 1 ARBRERIEE
LT3 &5 HORELBH T T, 0B
Abhil, e, HFRHE DT, T 7~8KH
iss &, WHENOBNHPARRDRES, 1 Anb
2 Rt ¥ TR O ke, Table 13 i ERIMF O B0

AR ERE REAOBED MR ATI SR &R
Lz,

¥, 1 A 25 0~28 | ¥ CORHEDEH P mEE L
#9 =100 kcal/hour m2 Th ofc, LichoT, iz
BT, —10.0kcal/hour-m2 P TFizTRE Tov, Bl
EFER 1B —30kcal/hourm2 D L 5l REMefliz & 5
Z EirEN T, ~10keal/hour m2~ —20 kcal/hours m?
OFEC T RET, Biro~s Z & { —10kcal/hour:
m? & LT b BEM v b o L Bbhua,

Table 13. Maximum heat flux into the soil during the night
Day and time Heat flux Heat flux desity | outside temp. House temp.
{(kcal/hr) (kcal/hremb?) °C) °C)

Jan. 4, 1980 —2200 —115 44 20.8
9:00 pm

Jan. 8, 1980 —1100 ~5.7 —9.7 19.0
6:00am

Jan. 26, 1980 —3700 —19.3 —38 14.2
7:00am

Jan. 27, 1980 —6500 —33.9 —8.8 18.9
7:00 am .

Jan. 28, 1980 — 4800 —25.0 19 23.1
7:00 am

d) BREHE (Huen)

BREEREET VTS, SRIOHE TR Thionr
Sietcd, —MEERETEREE DV TER T 5,

BEEEEE, 6) R TELINAKGERFRE At
BELEIVCREBRERL RO, BAEHEE
i3, BELRBOTEMBRL TS, TERIEDRK
¥ELT REREFS L IOESCHREY LY, —i
HC B OB & L TSGR A Fb T, RRAE
2 (A ~TR) OERIT, §664m3, HMEIL 3524 m?
THBHIL I,

Vol Ag=1.8

1oL, Vo liREOSKE, A RRBOXREH,

Liehio G, 5B X 5 L BKEIHA 0.5 O, Avens
0.3, REIH LY 1 [E DB fven =06, 2 [BIDEEL Aven=
11 &/ %, BIUBMBL, —HEiz 0.5~5 6 Tz 05~
10E L HEEZNDBDT, hoen=03~06 1R & #E X
na,

e) BR{ER (H)

BWl#ER, O)RTEDLIWS, &, BREREEY
ERD06 L{EFEL, Table 9 /R LBER AT OHK
DONWTBEMRLHET AL, Table 14 Oficin 5,

e Inl, —HEHEED 35~40 2 EEE)
BT 2L, Al hEBWEYRELTH2, ZOFERYHE
ETHID, BAava (FFR) EOHBET 1,

MEMSAE 12 HRanre 5421 ATH ¥ Tk, AF
D ASEIERCA L, AFTLEENEEL Tk
I, M) b OEEEIID L, TENLEEROB
PR A BE LI LB S hic B Th s, ¥
fo, COROHNIREZEDEWCAEL, LIELEX
°CL LT B, ZDLY DA YA (S
GAF 9 2) EBAYA(FITA) DEBEEH=RLF—
MEREOIT, 313 110 PT c—iRRstgE ol s —
LT3, Linl, HEDHEERHSDY, Lrd
NI KRZELKE VL, BSHRA AT RIZB Y
ARHE L TR RBEFATREERL, Zohiz i
Li¥ 140 ) kw7 (Table 15 £18),

PEDERNL, FI9RAFy 79 AOBBERROH
FHE—BRARETERE (3.5) o L4 5§+ & T
BB EEZLRE GO,

iii) BERHBTRILF—LHRBROKE

4, REMMCERTE REXHEL, REXENE
1,202 m2, [ 750 m2, KR —15.0°C & LCfE4 D
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Table 14. Calculations of overall heat coefficient in the time
of the maximum heating load

Maximum heating] Heat flux into
Day and time load soil HLC gz:ix;‘fall heat
(kcal/hr) (kcal/hr)
Feb. 24, 1979 48800 -— 4.8 —
2:00 am
‘Mar. 19, 1979 57700 — 53 —
4:00am
Dec. 24, 1980 60400 6000 5.8 4.6
3:00am
Jan. 26, 1980 62400 —2300 ) 5.9 5.5
12:00 pm
Feb. 10, 1980 71000 4100 6.0 5.1
7:00 am

HLC is Heating load coefficient.

Table 15. Comparisons of heat consumption between A-house
and B-house

T A-houre ‘} B-house
Day and time Maximum heat Maximum heat ‘—Mg_-}}:ouse
load HLC load HLC ouse
(kcal/hr) (kcal/hr)
Feb. 24, 1979 48800 4.8 34400 3.3 1.45
2:00am
Mar. 19, 1979 57700 5.3 38800 3.7 1.43
4.00 am
Dec. 24, 1979 60400 5.8 43800 6.9 (0.84)
3:00am
Jan. 26, 1980 62400 5.9 56900 51 1.16
12:00 pm
Feb. 10, 1980 71000 6.0 41000 34 1.76
5:00 pm
Mean 1.45
(1.32)
* Heater of B-house in Dec. 24, 1979 was not operated.
HLC is Heating load coefficient.
B NWTEESr 3 F —BREOREXT -1 BHEFHAE 10°C)
a) BEEBFEF{LSELBE .
(oL, BKURBGRI 0S5, Hrp{REkE —200, #4 R OW R 4 45 5.0 55
iR 5.0) ——
‘%{’fﬂ lﬁlﬁ 5| 150000 | 165000 | 180000 | 195000
iﬁ%;?ggfn%@f 6.0 8.0 10.0 12.0
c) HhhEHMBER(LTELIHEE
BEEFHEBEER . - - .
(kz l/hﬁ & | 153000 | 167000 | 180000 | 193000 (oL, BN 05, RSB 10°C, #

Hift® 5.0)
b) REREEELIELES
(2EL, BEEERKO0S, HpL#EE —200, &
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m¢ﬁ%%{—&0;—w ~ao(—% ~30
(Eiii?ﬁfff% 173000,177000 180000| 184000, 188000
d) BKREHREEERLEEELEE

(ferL, SrbiEsd: —200, METHRSO, WE
FHREE 10°C)

i
PRI 03 | Q4' 05 | 06
B R |
kcal/hour) 174000 ' 177000 ‘ 180000 | 183000

D EDHBEGTIHL L X 5w, BEMR, RHE%
FHEE SRR R L ¥ —HEBBICK S iayliv 5.2,
BRBBRBOFE I T2 bbb,

FZHF LI &L, BEWREL5.0kcal/hour- m-°C
Wi+ X & L E 2 b h, ¥ crpEeE —10.0 keal/
hour'm? & LT LBV EE 2 BRI 5
o, KA H DRBHIRES 10.0°C LKET 5
&, REBOEES =X L ¥ —EER 3 170,000~180,000

keal/hour o+ & L8 % bh b, 180,000 kcal/hour 1z
Fb EPEREE I b EHE LA 222,000 keal/hour 0 819
TH 5o

BIEEDENT 2T » 1ok R, BETER L EEdE
SF TORGHERE L h R EEdm U, JLiEEDORKE
B B oL ¥~ BB OWEA Mz A5 ity
T, il OB T X e, AMNOFHEEY O
¥ IO CRIRERE OREFEAHSE 7o W ATREHE 28
55,

VL. BEMt@dretot®iT 5%
HRDRE

1) REMthERFEHOMBETRORME
BEMEETERL, RBRE W5mE) Lk
= s RH60mHERL, B 1I0m D)4 & 05m
DFELEBLLEHTHB, Lo T, HACWTFL
TH L Z EMRTFRIh, BEORFR OB END
56 4R Y T 2 [Ei TR ARE LT,

i) #1@AE

i Fig. L R X 57X 60 cm O TELIE
B, KicimdfrBess Ui, BaREEe, 50 mHEiE

Column for ground sunkage

100
e
S

©

@ Measurement points fer
ground sunkage

D Measurement points for

60cm ~—‘

1] injurious gases
)
j} i & F T —F AN
6
Al %_T.§ H 5 . : 8 ? 19
L4 | \
50m "?i
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[ ] (] . . . . . L] (]
[ 2] El (4] (5] -
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C 3 [ L4 Y Y [ ] [ L] [ 3 [ N
4
P
T T T o ¥ -+
Fig. 1. Measurement points for ground Sunkage and injurious gases

(Jun. 4, 1980).
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&L, FAkHmT 37, £ 10 & & Lic, #lERK BM

DEEH10000m & UC, FHHFHEEOERS L OS5

PIE Ltc, PERIZKRDE > h TH B,
PERIS4GFE12F 8 7 KEEgoHE
IS5 FE6 F4 R TFEOBE

6 7 Ao O T &% Table 16 iiRd,

HiE S EOFEW TR 232em TH D, BAWLTE
3. C-10 © 46 cm, B/ ML TEIZC-3D 6cm TH o7z,
¥, —HBycdtflloig ot FTE DL, BEillok
TESE%, A-B-CoFITC, HREO BIIHHT
EA% <, FRO A - CHlizdisv, LiL, A-C3l

BT 5L, COFBRTEID RT3,

i) FE2EME o

55 I 1 EE T o B b S b Bt %
fTof-fc®, Fig. 2 WoRTHECH e 554 10 A 27
Hii FEEAHEE LT, W12 A%D 11 29 BeiF
BOMERIT otc, WEFHERE Table 17 iR,
SO TFTREOESIL3.2cm T, H LERIED X 5 7
Ve XA KERETEROEB v, 52 mElE,
B 1 ENEOREE O /3 T, 5 1 mESHT O RisH
RIPALE L, MBI TEY D E DI THB,

Table 16. Measurements of ground sunkage (Jun. 4, 1980)
No. Sunkage No. Sunkage No. Sunkage Mean

(cm) (cm) (cm) (cm)
A-1 14 | B-1 14 C-1 9 12.3
A-2 19 B-2 21 C-2 10 16.7
A-3 19 B-3 24 C-3 6 16.3
A-4 28 B-4 30 C-4 13 23.7
A-5 12 B-5 25 C-5 11 16.0
A-6 32 B-6 33 C-6 16 27.0
A-7 30 B-7 31 Cc-7 13 247
A-8 35 B-8 37 C-8 8 26.7
A-9 31 B-9 33 C-9 26 30.0
A-10 24 B-10 45 C-10 46 38.3
Mean 244 Mean I 29.3 Mean 15.8 232

(Nov. 29, 1980).

Measurement points for ground sunkage and injurious gases
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Table 17, Measurements of ground sunkage (Nov. 29, 1980)
No. Sunkage No. } Sunkage ‘ " No. Sunkage
(cm) (cm) (cm)
1 2.0 3.3 43
2 v+ 35 39 35
35 2.3 2.4 Mean 3.2cm

?9) AEMHBRTEMNSOFEHRORERE

BEFMERTEmL, 7 R bR LT
Holcw, TI0PEEETRBFEHOMBC L T,
HEFAOBEITFHEIN, ThAREHSCEREY
BLETZ ENBLLRD, Licdi- T, BiRTEME

W RIT -7, DAEETER SHOMH =~y
ARBHRTEMTERL, ~TAROZESY 11 A 24H
ER2ASHIRBELTHI LI, SHEFE, v=—n
FUFAEROSED, AEWEREILFOHL12H10
BeddE L TomeTot, MEEES Table 18 i@

B OBFEN ADRERT - 7. ¥ N
FAEI 54 - S5 AEED 2EMC AT TV, HAIRT
Table 18. Air analysis in houses or tunnels
Nov. 24, 1979 Dec 08, 1979
No. CH, 0, Na CO, CH, 0, N, COy
(%) (%) (%) (%) (%) (%) (%) (%)
1 0.0009 21.05 78.75 0.074 0.0001 20.84 7891 0.105
2 0.0026 21.09 78.10 0.054 0.0033 20.93 78.01 0.059
3 0.0032 21.14 78.60 0.076 0.0069 20.94 77.95 0.261
4 0.0048 2075 78.04 0.061 0.0319 20.78 77.35 0.179
5 0.0870 20.56 77.98 0.244 0.1280 20.77 78.45 0.434
Nov. 19, 1980 Dec 10, 1980
No. CH, 0, Ns CO, CH, 0, N, CO,
(%) - (%) (%) (%) (%) (%) (%) (%)
1 - 2193 77.90 0.161 — 21.80 79.09 0.104
2 - 21.93 78,01 0.060 - 21.83 78.11 0.060
3 — 21.94 78.00 0.052 - 21.97 77.99 0.040
4 - 21.87 78.06 0.062 — 21.89 78.08 0.029
5 - 21.89 78,03 0.066 — 21,87 78.07 0.058
6 — 21.96 78.00 0.031 — 21.83 78.13 0.038
7 — 21.85 78.03 0112 - 21.80 78.11 0.082
8 — 21.84 7807 0.085 — 21.76 78.18 0.056
9 — 21.93 78.01 0.054 — 21.84 78.09 0.062

544512 8 | No. 4, No. 5 DRI A1 354+ C, CO,
L CHy BB EER R LTS, i CHy 3, K
KD LOOHEL b d b, (EICH S B AL &
M5B, 55EEMER O & No iz A& ORI &
K& RIS, COp 30 L4 f5DIETH - 7o,

e, CHiRBETHF A7 el E hixdols, ¥
fo, SEORERHES O 20 7 AQEHBHR SRl

S, 12 [ 10 BIERIR L TOHTR 1T - 1E R, 80 CO,

(1532%) & CH, (2433%) #IH S ke,
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Summary

A new waste disposal plant was built in the
suburb of Sapporo (Shinoro), and it was made a
plan to use its residual heat for heating of the
greenhouses. The study was performed for deter-
mining the design values of greenhouses which use
the residual heat, and for solving the problem
of greenhouse construction. The main items of

measurements are: 1) to measure the meteoro-

logical factors for the greenhouse design, 2) to
confirm the heat consumption for heating in win-
ter, 3) to measure the injurious gases and ground
sunkage of dump ground for greenhouse construc-
tion. These measurements were preformed in the
experimental greenhouses which was made near
the waste disposal plant except the measurements
of injurious gases and ground sunkage.

The comparisons of meteorological factors be-
tween Shinoro and Sapporo (University Campus)
are shown in Tables 3 to 8 The results for the
meteorological factors are summarized as follows:

1) monthly mean temperature, mean minimum
temperature and mean maximum temperature in
Shinoro were lower than those in Sapporo and its
tendancy was serious in winter,

2) the large difference of mean minimum tem-
parature between Shinoro and Sapporo appeared
while temparature dropped down severely in win-
ter,

3) the most frequent wind directions were NE
and SE and there were no difference between
Shinoro and Sapporo,

4) the solar radiation in Shinoro was larger
than that in Sapporo and its tendancy was larger
in September to April than in May to August.

The large amounts of heat consumption were
measured about the experimental greenhouse in
midwinter. It was comfirmed that the maximum
heating load was 60,000-70,000 kcal/hour by using
the value in Tables 9 to 11. The calculated heat
consumption for greenhousese using residual heat

. ~{the house size and area are shown in Table 1)

was 170,000-180,000 kcal/hour.

The ground for greenhouses construction is peat
land and waste disposal dump ground, and the
ground sunkage is problem. The measurements
of ground sunkage were performed in Jun. 4, 1980
and Nov. 29, 1980. The results are shown in
Tables 16 and 17. .

The injurious gases is also problem because of
dump ground. The result of measurement is shown
in Table 18. CO; and CH, were abnormal high
density at No. 4 and No. 5 points in Dec. 8, 1979.



