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SUMMARY

I . Title

Low-cost, sustainable Green Wall System development for Urban Heat

island phenomenon mitigation

II. Achievements compared to the research goals

Intellectual Paper Conf Adver
S Tech . .
property publication | erenc nolo Com | Polic | tisem
Item e merci y ent | Oth
Patent Applic e Non- | Prese T?;/d alizati | Utiliz & ers
ation SCI | ntati o on ation | Exhibi
on tion
Final goal 6 6 7 3 3 1 7
First AGE.al 2 1 _ !
year | ANV, 1 2 2
ement
Second AGEél 3 2 3 1 1 5
year | ACMEV 1 2 1 1 5
ement
Third G(;&\I 1 4 3 1 2 3 1
year Achiev 1 12
ement
Goal 6 6 7 3 3 1 7
| -
Subtotal | Achiev 3 ’ 1 5 1 19
ement

. Purpose and the need of the study

This study proposes a wall greenery system prototype that is supplied with
a low cost and applicable to various building types and clear four-season
climate pattern in Korea as well as providing automation technology of
maintenance and its manual and plant production technology to secure

sustainable greenery walls as per greenery system type.



V.

Contents and scope of the research and development

O Development of wall greenery system prototype applicable to various

building types and quantification of the effect

O System design that utilizes 3D modeling technology

O Application of the developed prototype to sites and monitoring

O Development of automation system for artificial ground rhizosphere

moisture automatic control and supply of nutrients

O Establishment of production system of succulent plants for wall greenery

materials and development of installation and maintenance manuals

V. Result of research and development

1.

Development of wall greenning system prototype applicable to

various building types

Economic feasibility analysis for system wusability and providing

foundation to use the system at sites

- Technologies developed at Korea and Japan are divided into two
greenery types: one using wires or meshes as climbing supplement
materials and the other installing planter or panel at walls.

- Wall greenning market size is estimated up to KRW 25 billion. The
total price of wall greenning system 1is as follows considering
successful bid price including design price surveyed previously: for
panel type, KRW 414,392 - 720,000, for mat type, KRW 202,704 -
432,000, and for plant type, KRW 528,000 - 752,000.

- Through wall greenning case studies and related technology analysis,
market price to be applied is estimated and design price of the
system is proposed as KRW 440,000 - 520,000 in accordance with the
market goal price.

Analysis and quantification of the effect of wall greenning system on

reduction in urban heat island

- By utilizing wall greenning systems as a means to reduce urban heat
island, carbon dioxide absorption, protection from solar radiation via
shades of vegetation, insulation due to vegetation and support layer,

evapotranspiration cooling action due to plants and support layer,



and wind blocking effect are obtained.

- Database about surface temperature patterns as per building envelope
type through literature review and site investigation for analysis on
plant functionality is developed and the effect of temperature
reduction through greenery is verified.

- Simulation result showed that surface temperature of the vegetation
plate can reduce building temperature up to 4.2TC and air
temperature in the system application part can be reduced up to 1.
2T and the effective range is calculated to have the surrounding air
cooling effect up to 1.2 meter from the system wall approximately.

C. Proposal of the wall greenning system prototype to reduce urban heat

island

- Based on the quantified performance finding about the urban heat
island reduction effect, the prototype not only supply water required
for vegetation via irrigation water connected from the above but also
improve urban micro climates through increases in evapotranspiration
thereby achieving building-integrated cool wall system concepts.

- For patent features and prior art search according to the prototype
proposal, main technical points are set to three keywords: integrated
wall greenery, soil bag, and moisture evaporation and using these
keywords, existing patents are compared.

- Patent application and standard design documents for the prototype

are provided.

2. Development automatic controled system with low cost and

sustainable module for maintenance green—-wall system.

Experiments were conducted for the purposes of identification of
appropriate moisture conditions for artificial ground rhizosphere as per wall
greenery type to maintain the wall greenery system and development of

automatic control system of nutrients and water.

A . Identification of appropriate moisture conditions in artificial grounds as

per wall type

- Actinidia arguta grown at a wire type wall had a good growth rate at
45% of moisture rate and better growth found at east and west

bound walls in terms of direction.



- Pachysandra terminalis grown at a panel type wall and Fortunes
creeping spindle grown at a planter had no difference in growth rate
in terms of moisture and direction so that watering with 25%
moisture condition is the most economical.

B. Identification of nutrient supply concentration at artificial ground of
planter type walls

- EC contents around rhizosphere as per nutrient concentration had no
specific changes regardless of processing. Moisture contents around
rhizosphere as per nutrient concentration were decreased or increased
periodically according to nutrient supply time regardless of EC
processing.

- The growth of Actinidia arguta had no significant difference due to
nutrient concentration and the growth of stem length and the
number of leaves were relatively good at EC 1.5. The growth of
Pachysandra terminalis was good at plant height and the number of
leaves at EC 2.0. The growth of Fortunes creeping spindle was good
at the number of stems and stem length at EC 2.0 and good at stem
diameter and the number of leaves at EC 1.0.

C. Identification of nutrient concentration at artificial ground of walls and

development of nutrient and water automatic control system

- Development of control program manual for the wall greenery system
using Microsoft Basic Programming Visual Basic

- The menu consisted of soil moisture per wall type, soil EC, and soil
temperature and water is prioritized in the control point setup during
control to supply water but when planter EC is below the goal value,
nutrient is supplied up to the EC stop point and nutrient supply is
controlled within a range of soil moisture (35%-40%). When EC
value reaches at the goal value, nutrient supply is stopped and water
is supplied.

- Each system can control 5-8 electronic values during control point
setup as a feature of two-way mobile automatic moisture control
system for wall greenery. Using this feature, controllable points can

be set up.

3. Succulents green wall process for the wall material production



establishment and maintenance manual installation development

Experiments were conducted to develop technologies of processing
production of succulent plants as medium for vegetation plate to manage
vegetation plates of wall greenery is developed and growth of plants is

identified in terms of vegetation direction and planting time.
A. Development of medium for vegetation plate of wall greenery

- Appropriate medium selection showed that mostly growth tended to
be mediocre such as leaf length in coconut fruit husk chips
regardless of plant type.

- Growth was good at coco peat (compressive bed soil) and peat moss
+ pearlite medium.

B. Identification of growth characteristics according to vegetation direction

- The growth characteristics of succulent plants was not related to
vegetation direction mostly but Portulaca grandiflora Hooker had
more number of stems at the north-bound direction while Sedum
album had wider leaf width at the west-bound direction and
Orostachys japonica had longer leaf length at the south-bound
direction.

- Sempervivum had longer leaf length at the north-bound direction
while Sedum aizoon L. had narrower leaf width at the north-bound
direction.

Portulaca grandiflora Hooker was the highest mortality followed by
Sedum album, Orostachys japonica, and Sempervivum at the
north-bound direction.

C. Comparison of growth characteristics according to planting time

- Lotus rock pine had no dead plant regardless of planting time while
Sedum aizoon L. and Sulack Sedum middendorffianum had no dead
plant when they were planted at May.

- The faster the planting time, the better the growth such as leaf
length and the number of stems.

D. Development of processing production technology for succulent plants

- The number of production days taken for seedlings had the following
results: plug tray 128 cells ) 105 cells ) 72 cells in the tray in an

descending order and stem cutting takes shorter day than leaf



cutting.
- Survival rate of plants using stem cutting was more than 90%
whereas survival rate of plants using leaf cutting was very low.
E. Development of optimized environment management technology for wall
greenery
- Monthly moisture retention of media under non-irrigation according
to the vegetation plate direction showed that east-bound direction
was the highest followed by north, west, and south-bound directions.
- Changes in soil moisture in the media under no-irrigation over time
showed that July had the highest moisture retention followed by
reduced gradually after August.
- In particular, April to June, and October were the lowest moisture
retention monthes.
F. Economic feasibility analysis on production technologies of wall greenery

of succulent plants

- The economic feasibility on the basis of efforts given for seedling
management according to plug trays showed that 128 cells had effort
cost reduction by KRW 750 than that of 72 cells and reduction in
plug tray purchase cost by KRW 2,250 when a unit of five cells is
purchased.

- Bed soil purchase cost upon 128 cells was reduced by KRW 3,465
compared to that of 72-cell tray and productivity increase due to the
reduction in the number of seedling days was 14.3% thereby having
an estimated benefit up to KRW 49,365.

VI. Study achievements and plan of the achievement

utilization

1. Main study achievements

O Building-integrated wall greenery system utilizing curved panels (Patent
registration: 10-1517498)

O Automatic supply apparatus of nutrient and moisture for wall greenery
(Patent application: 10-2013-0158289)

O Vegetation panel for vertical greenery (Patent application 10-1353937)



Technology transfer of automatic supply apparatus of nutrient and

moisture for wall greenery to industry (planned at Sep 2015)

Non-exclusive License (Licensee: Cactus Society Farming Association
Corporation at 14 October 2013)

. Planning of research deliverable utilization

Application for patent technology about package utilizing and combining
functions of building-integrated wall greenery system and functions of

maintenance system of soil moisture and nutrients.

Technology development to improve existing general products of
technology patent that have single function and implement each single
function into a single system: [Establishment of technology
differentiation and planning strategies to ensure economic feasibility for

commercialization.

Through modularization of package products of developed technologies
and function integration, differentiation strategies are implemented to

make products to have more high compatibility.

Commercialization planning of the developed systems through corporation
utilization on the research result and market route development as well

as marketing planning.
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W oHstE #Ee 35CHFE FAEEA F 15T/ 2= A7F e ddE &
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il

30%(21~42%)9]
() A F351 7] 7271 (2009) Dol A& "gotop &

wexsle) &3 3y, AY, A, A2 9 Belitd B Ads e A
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3
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o915} (2010) 10 A BAIHE Fo S % uxste FrUA AU ®

I
sttt 54 B duE3A FxduA ARELS BAU(EAAGHYEES
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%S| 2 Wk 3k 7]
TAUE] 2 © Busineess As Usual) W¥H] 2~21% Folgta &4t 3¢
TZAUAE guxzts & AS 17~18W/mE UElgoen, dFHREIE
137~160W/m2 ¥A5 o] BAU vl 25 B Yebde o
AFE(2009)12)2 SguAdEA Y G =3I AL e AuA] Fs H7tol
#H3 AFolA dely ASgu < dAU (K-type) & ©| &3] AEH ] TH2E9)

8) A3l (2005), AHE uissl frEdl whE ARt (AhAEANHI] A33] edF73E3] A2, pp. 83~98.

9) (EAIESF7|E/HE7]- (2009), dotol & HuEsle] Q&A, 7%
10) F=z1d71ad74 (2007), 5@71%% AHA A9y 24714 A

11) of<lefl (2010), AFE=AA G mhe mA)7]2 B gz S4usl, didad5e3] =27, 26(2):225~256.
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Papadakis et al.(2001)149)9] Ao <oJsld g e T4 gle T
d 7% (heat flow rate)e] ¥XE 2~4 F=2 YelY o™, Hoyano(1988)15)¢]
Ao ol AAE Yol ZAYEY (concrete wallg)S dgo] F743] Yotz
=9, gL (living walls)2 olHA dEs 0.24kWh/m" FAEAZIThal SFA T

FEHS EX3 Akbari et al.(1997)16)2] Ao olgtH 25 A
o og WHdiuvA Az EFHe 30% ==, €9 Fd A4 3.6kh/det 4.8kW

AHE Fole R UrET ol Al o3 gl dAEE
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Stec et al.,(2004)17& o]F <3 #HH=3}(double-skin green facade) ol A
7—} ﬂﬂg 22w AV EgClE d&o = ol &HUS AFET dutdog e
2 Ueidt. $d3 dArzAdA EgQE tiil HHEstE ol &5is 7
7be F ol 9 3w yeyt. Eel=rt 55CE de o Ao 39
35T olat= Uyttt EF o|F9ly #Hnst fid AAE X592
dqojzdel AqUA] 2HE 20% AisH, 7] EHEL Ao 4= w2 g
AF3stATt

9= Brighton ™&¢ "Bioshader” A7 (Miller et al., 200718): Ip et al.,

ol o rlo rfo >\‘
uls OlN
| 1
—|o

to Ho K1

13) Di H., Wang D. (1999), Cooling effect of ivy on a wall. Exp Heat Transfer, 12, 235~-245.
14) Papadakis G, Tsamis P, Kyritsis S. (2001), An experimental investigation of the effect of shading with plants for solar

control of buildings. Energy and Building, 33(8), 831~836.

15) Hoyano A. (1988), Climatological uses of plants for solar control and the effects on the thermal environment of a

building. Energy and Building, 11 (1-3), 181-199.

16) Akbari H., Kurn D. M., Bretz S. E., Hanford J. (1997), Peak power and cooling energy savings of shade trees. Energy

and Building, 25(2), 139-48.

17) Stec W. J., Van Paassen A. H. C. , Maziarz A. (2004), Modelling the Double skin facade with plants. Energy and

Building, 37(5), 419-427.
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YA FZE(solar transmittance) =% A do] 17 ZF(one layer)d W=
0.430]3 ZFo] &7t wvitt FHE&L oA 7H 29 A% 0.142 Yyttt
ALY =3t Aast=d 1 59 BF 37%, 5/ Y AF 86%7HAl AT,
K6hler(2007)20 AFAQ @& Hgle] ©dd ax3&5 3=, S
5CY @da¥el 22 Wzaasr dota st d83Q d=2537F 4 559
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F 2REEG 93 Hde B vehd gre] S99 ot d s qAlste 237t 9
= SRt
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£ & A7ttt OSU-1D PBLEY S o] §31
2 AAG AT HAWAe] 10% /M55 FFHT 71£L 0.9
2 t o2 vegor mAAge =AY 22
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98¢ ave A4S FHAaT

2RI A (2009)29 2 AEAE AR AAF EA T Eo|] EAI7] & H|
e dFS dFsded 7S fo MeEs 2t FEd GFIAR
oA AAAAT ABAAH] oF WEs EAMoR A A wdS AN
ot o] gFIARd w2 APAA ] 10% F7te 7122 F 0.14% HaAT]

18) Miller A., Shaw K., Lam M. (2007), Vegetation on building facades: “Bioshader”. Case Study Report.

19) Ip K., Lam M., Miller A. (2010), Shading performance of a vertical deciduous climbing plant canopy. Building and
Environment, 45(1), 81-88.

20) Kéhler M. (2007), Rain water management with green roofs and living walls.

21) Kéhler M. (2008), Green facades — a view back and some visions. Urban Ecosyst, 11, pp. 423~426.

22) 375 (2008), EAIRIEARE] AANHAEL S $gt 7)o

23) HHUER (2006), EEMiRkL 74 F 7 A4 >, HORUEP, HAT, 9-14.

24) 23t M3l § (2000), HAY 227 BA] A9 ATl wR= G, @ 3ets| A A9¢ A23%, pp.101~108.

25) 2374, <Y (2009), EA7]2el Agete YAA EXIE] J, s=rz7eE]#] 37(3): 54~60.
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26) W3], sl (2011), WWEsE BA7] Astel mixe &gl #st A54 A, A e= 15(1) pl14-129.

27)EHHE3l7Fo| =gkl - @ A E #lokhttp://www.wien.gv.at/umweltschutz/raum/pdf/fassadenbegruenung-leitfaden.pdf)s B3}
TR 8 48 EE .

28) McPherson G. E., Herrington L. P., Heisler G. M. (1988), Impacts of vegetation on residential heating and cooling.
Energy and Building, 12(1), 41-51.

29) Dinsdale S., Pearen B., Wilson C. (2008), Feasibility study for green roof application on Queen’s University campus.
Queen’s Physical Plant Services.
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HEH FEE tgtor = 59 ouRA] Ao Al tgstes HHss Ad+E
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o d= Fu 1me WA, 40em Zol i xof 2zlE 20F9] FUF

(Wisteria climber)d] 93t QF 74+ S5%

th(Kéhler, 200833); Schmidt, 200634)).

tdo] Yt HEt ©d oA 73517 wiEol, 53] sHA Al HH S Alx
ge 271x]19] a3E JIRY. AA, 252 st 1E YWHEZE EojE HIAY
AE FaA7 4, 4 W34S 58 245 WE29 97 #J S FaA A, o
T A AJR] 2v]7}F AZAETH(Wong et al., 200935 : 201036)) .,

Ct. 22| 7|sd &M

1) ME9| 7|58 EMURE 2 fE=M U I 24

AEE A/ Zder dd DB 75 9 538 3 2EAH 89 AL
TENZAHAA FPFQA AT (=A=F3 T3] =AISAFELA 7HxH V) s i)
oto] V|EnFE Bl EAA

Hdd, oadd, $¥E 5 359 A%5E Jua3dd 1E ZTH: W3PS =3
st A e U3 2o

32) Papadakis G, Tsamis P, Kyritsis S. (2001), An experimental investigation of the effect of shading with plants for solar

control of buildings. Energy and Building, 33(8), 831-836.

33) Kohler M. (2008), Green facades — a view back and some visions. Urban Ecosyst, 11, 423-426.
34) Schmidt M. (2006), Energy and water, a descentralized approach to an integrated sustainable urban development. RIO6

World Climate and Energy Event, Rio de Janeiro, Brazil.

35) Wong N. H., Tan A. Y. K., Tan P. Y., Wong N. C. (2009), Energy simulation of greenery systems. Energy and Building,

41(12), 1401-1408.

36) Wong N. H., Tan A. Y. K,, Chen Y., Sekar K., Tan P. Y., Chan D., et al. (2010), Thermal evaluation of vertical greenery

systems for building walls. Building and Environment, 45(3), 663-672.

_24_



- 2% A4 10point ¢ B, A, W, B, ¥, BB EW, 22 UEE, S £,
<4 UEd, Ay
- Weather Station @ W7| 2%, dUHFE, A, 2%
- 34712 1 T9~9¥€ (3min. 1+34)
- AldAE 2y, 719X, Control
H00 Jowest™ 30T 59 2717
400 345
311
3.00
= Control 200 § a6 1Fs | Control
= Sedum e 3 o Sedum
m Grass 100 4 o Grass
\ 0.00 ! )
e FHE
1.00 -
-2.00 -
500 4 500 4
400 - 25C 400 - 2901
300 - 270 250 300 - ....‘..--, arsaneTaEsaay,,, q...-.'.*
® Control B 2 .."-. u Control
200 200 4 11 e
e e 1p0 158 = Sedum | & g2 % ®Sedum
T 1 1031 ® Grass T P mGrass

0.00 0.00

-1.00 -1.00

= UW9E AdEo EHH0, A2 AFE AAF
7)o &% FA(F -2C)7F 7Tt

HZSIAME OMHX| S%7|5 5H
2 Marc Ottelé(2009)372] AT
oA d 7HA] H5E8 A 891 vl s Th

o

Y ugo AGHATt F A %

NEo FR(AY U W, FA4F BE FS5) 0 DYl A
- 99 33 ol
SOEEEERE L

37) Marc Ottel¢, Hein D. van Bohemen, Alex L.A. Fraaij(2009) Quantifying the deposition of particulate matter on climber
vegetation on living walls
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E 14. CFD 3jM =

CFD | =H

* Incompressible
* Trasnsient analysis

¢« VF method (RAD)

* Turbulent flow, Standard k-EPS
* Log-law heat transfer

e Buoyancy (ref 25.6°C / 32.5°C)

Analysis type
FLOW

HEAT

HUMIDITY

(dew condensation
SOLAR RADIATION

/evaporation)

« RADIATION
B 15. Mot X7|Z=A
%Hl'ﬁ—' _7.(_7 A = I AS
gaet| gt |52 37| aviee esvie) we | dmm smuns
CASE 1 6/21 HE 55 6oC 60 RH 1478 | 1.159 | 238.33 | 2.51e-005
CASE 2 n|pSg= ' (0.01234kg/kg’)| mmHg | kg/m* | J/kg m’/s
CASE 3 8/3 k=] 305°C 49 RH 17.99 | 1.128 |297.18 | 2.61e-005
CASE 4 n]pSK=3 ' (0.01508kg/kg’)| mmHg | kg/m" | J/kg m’/s
H 16. }=2o| M
T = 2 & (kg/m) H|E (J/kgK) grks
238 E 2400 kg/m’ 950 J/kgK 1.5 W/mK
2 5y 300 kg/m’ 1300 J/kgK 0.069 W/mK
M= (Sh2A) 2600 kg/m' 1100 J/kgK 43 W/mK
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£ 17. 8Riss} SEAAHO| A7) [E BH 282

D11 |x7|xY| gAo| ST a4 Athe = 2S5
ST T ZI | 124] | 1441 | 16A] | 18A] | (EEAIZ)
, \ . \ 33.5°C
62 |CASE 1| M8 | 324°C | 33.3°C | 31.9°C | 30.7°C .
(25?%: (12:50)
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60RH a[ESE=]
) |CASE 2|D1X8 (A3.1) | (A43)| (A5.0)| (A4.8) | (13:40)
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49RH a[ESE=)
) |CASE 4|01%8 (044) | (A5.9) | (A49)| (A5.7)| (13:35)

0511 213} —= CASE1MAX. —— CASE 1 MIN.
—as— CASE 2 MAX, —=— CASE 2 NMIN.
1 |
x e T A i
G E .;df"'wﬂm o e
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3
e I e e
- “?‘.“
i o
24 o
2
114 124] 134 144 15A] 164 17A] 184
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O0=112CH
=1-1Z&dst . CASE3MAX.  —— CASE 3 MIN.
5
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E -
0
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8l Fog=3 3211 |32.21|32.18|32.22|32.23|32.23

(32.5°C - 32.63 3291 |32.66|3258|32.62|32.62
nIESES

49RH) (A0.52)|(A0.70)|(A0.48)|(A0.35)[(A0.39)|(A0.52)

258

Air Temp G

EEE]

_42_



5. 71«9 ALY s Wet w4
7l. 71222 E SISt IHIHA &I}t
1) MA7

2 AAE A2 39 39 @-eA MFHE UK-Korea Green Building Forum
I Bt FEaddgAbdd Zrage] dfew FAHAT. 2015 Ecobuild
AA = AA HA R 54439 HAZE FauiAEY Ad 2 FHU|H
(KICT)# didd A T2 F 749 AF 2 7lss AA] SEAH.

© A9 A= "HELAE HHssA 2", B ol T2Edd F3 A
2, % Tde)7] EEN*&% AR P AE 2ARRA, T a4 Ry #d Ve

3 il
AlE B3 A3E T EFY I, Ecobuild AAE] Hzoe d=atial#e] xjdozg
KICTS thatdEAtg 3] F#Ho 2 44 SDS, @LAAe, FEdageld 59 =
AMAZ AAAZFES A AAE T

2) MA| &7LEH]

AAEFES 357 A A2 WisdAE ot dxoz2 TFsta A3 oF d A
Al EES BAPE AR A l ExCeL AIH W A2 F& 79 3

Th gl
=5 TR FEHd den, FAVIR(KICT) 8 F2e
22 3,000 X 6,000 Tt22 F 97k 2L AP F A ol AA S
ATt

12l 17. 2015 Ecobuild HA| E7tZEH|

3) 2015 Ecobuild FA|

2015Ecobuild FAIHA 5= 39 3LFE 3€ 547HA] W@ ExCeL AlEIA] 7
Ao AAHNTFE] HA%Y AR FHZ|FH(KICT) MM AL A74



of M R 5 AT RN
Wm:uﬂuiﬂﬂ oo o T
o = < o= o o _:T o Eo oy
W= S B RS
M ood BN Ay
ﬂu i ]L\mvl =0
— Mn ~ K| Ay X o oji o A
ﬂWiVuTW ! 7O ol
Pl BT T A~ O
TEI®x . Emonw
o ._lr,ﬂ X - ) D;A E._o DT_ Z._u
S X o= Moo W
S I XA © =
y1r<zw|,m_.c‘_lrLJl E ﬂ_Tm,wAD
5,0‘_ for J._|,| ,mlvn._.l,ﬂ
5m_.1__/uﬂJEﬂn,| mﬁﬂawﬁ
DH ™ TR
_zfi%ﬂo%%.%ﬂ%kﬂu
LuLO#ﬂ_H AL‘UI]ﬂuJZIX‘w
_Uaur_xmumﬁ%u 2y A
oo PO KM gy o W R
BB TR e e e N
A FN o= AT oE = =) X =K X K
S K o R o X AN om
oW m B oy A & o
TR o, BT TR g
e T NrlEP T ERX
) o o 1.|
TR mo - 2 3o
FRrsgw I T ¥ Iyl
o o rL.LJIoE S o 5 R
—_— s D B .= )
SE ST aRmm%g
. — Ne T
T eRBEL T 4T w
B oo | o Sl S P
o oﬂﬁVﬂn - 0 < N
= P AT 59 T 5T ok
.MQ T ojy ~*° m = A O o X ~o
R G- HTELdr.u
G N S N S - e
;Q.E ﬂAIL ~ .AI — 0 1L|L ﬂAIL HE — _50
ﬂAILﬂAILXﬁ;OQ ,ﬂ_/_”;O,JM
o TR Jo W om W Gy
FOETSTRANT ORI N R

2 Tule R gete] T of

3|

“8

7EHH Q%

=, 8
— 44 —

13 18. 2015 Ecobuild #4% A7 X

s
a

2 w7k ohde

KICT HAl F29 A AF 5 & AFHA
A

4) 2015 Ecobuild HA|



oAt A4 7% F 409 Aol AF o) B 7]
w7} ol oA AEe e FAT & 9
g By At YAE A% grage 19 F
2 ANGN KICT P2t A7 dd 47 9Ee 440z Foja
AF 4T % ol wE AL AF) NF $54 Wkt A 2L BAS
a0 APREe] AALE =+ AYD FL
ANHE B AZE FAGA 37 BB A
@ A9 /A E A% A A9 A7

RE: Cool Greening System in KICT
SHAE :  dph@biophilicdesigngroup.com
SUER: 2015/09/01 15:52
WEAR:  "EIE" <zzan1113@kKict.re.kr>

Yes very interested

Please forward website and more details.
Thank You.

David

David P. Hill
Operations Director
Biophilic Design Limited.

Mobile +44(0) 792 662 2281
Telephone +44(0) 1621 776 729
Email dph@biophilicdesigngroup.com

Website www.biophilicdesigngroup.com

Registered Address : 1 Craftsman Square, Temple Farm Ind Estate, Southend on S
ea, Essex SS2 5RH, United Kingdom

Biophilic Design Ltd. Company Number 9387193

This Email and any attachments to it are Confidential, protected by Copyright and may be legally privi
ledged. This email is for the addressee only. If you are not the intended recipient,you are notified that
any reading, disseminating or copying of this email is prohibited and that no privilege has been waive
d. If you have received this email in error, please notify the sender by replying to the email or by telep
honing the number given, Please then delete the email from your system. Please note we do not, to t
he extent permitted by the law, accept any virus liability (whether in contract, negligence or otherwis
e).
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Re: Re: Re: Cool Greening Systern in KICT
2EHAE:  "MAX'<piedaterreconstruction@gmail.com>
PR 2015/08/01 15:54
HE=AE . "BO8" <zzan1113@Kkict.re k>

Dear Dr. Jang,

1 am just following up on any further information you may have available regarding Cool Greening System? If so, ple
ase forward.

We are working with various City municipalities whose mandates are to introduce living-walls and green-space into
urban areas.

Would it be possible to purchase samples of your system, with specifications, to introduce it to various City planner
s, architects, engineers and property management. As you may be aware, the Canadlan and USA area of the Paclfi

¢ Northwest and Coast are preparing to 'green’ cities and urban areas and we see a great deal of opportunity in this
area. We would be pleased to look at working with you, to explore these opportunities.

Best regards,

Maxwell J. Maxey - Projects Manager

PIED- A -TERRE Construction Ltd.
323 - 1834C Oak Bay Avenue,

Victoria, British Columbia, Canada

VBR 0A4

8
PIED-A-TERRE

—— construction ltd, —
On Wed, Apr 1, 2015 at 6:43 PM, BCHE| <zzan1113@kict.re.kr> wrote:
Dear.
Attach a brief English documents.
Content is not enough, but it is determined that it can grasp the whole contents.
Thank you.

Jang.

__________ E o N —

S AR "MAX'<piedaterreconstruction@gmail.com>
Q= AFE C "HOI8" <zzan1113@kict.re.kr>

Hi% X< : Re: Re: Cool Greening System in KICT

2 WH : Sun, 22 Mar 2015 18:52:52 -0700

Dear Dr. Jang,
Please forward information in English as it becomes available and we can further our discussions at that point.
Best regards,

Maxwell J. Maxey - Projects Manager
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7. HH =l AT HYX| 74
AAATRE o] &3 S E TR WE FFY A AL A% wMATHFE AEE
dE F 287 o] AEFTFHA BAGe AR IV HAHAAAN =2F F A
Fo] Azx3 Z4gge|on IIIE(UYFHE)S JERA+HEOlE A A = A
o] E4Tt
35. CteAlE GOl HIXISRE dsE54
S i X| 5 & =% (em = (m) EE )
IIAAGOYAHE X 0.8b’ 5.9b 16.0b
hk £ S} IEZA1+EHAI0|EL 8.9a 19.2a 58.7a
IIAOE 5.4a 16.5a 49.0a
AL AR A 1.9b 4.5b 6.0b
HH B 7 = OIERA1I+EHA0|E]L 2.1b 8.2a 6.0b
AI[OE 4.8a 7.9b 16.0a
AIFAOfH A 5.3ns 11.6ns 11.7b
ety OIERA1+EHA0|E]L 8.4 17.3 25.3a
IIAOE 6.5 14.8 27.3a
i et KRS EN 6.6b 7.4b 5.3b
CHE M & OERA1I+EHAO0|E]L 12.2a 19.4a 19.7a
[IAOE 13.4a 17.5a 19.7a
IIFIO|H A=A 4.3b 6.2b 6.7b
VIEES OIERA1+EHAO0|E] 9.2ab 6.0b 6.7b
AI[OE 18.3a 11.5a 14.7a
AIFAO|E A 4.8b 5.1b 47b
Jh=9l7|alx OIERA1+EHAO|E] 11.0a 5.0b 5.7b
IIAOE 13.2a 10.7a 15.3a
AAREOEEA 2.4b 10.4b 14.7b
Moty|al = OERAI+EHA0|E]L 6.0a 13.3a 29.3ab
FAOE 8.2a 13.9a 51.3a
AL AR R 1.8b 8.3b 3.0ns
SIS ES OERA1+IHA0|E]L 2.8a 7.9b 2.0
FAOE 3.3a 13.4a 3.0
AL AR A 1.8b 5.2b 13.7b
b =& IERA1I+EHAO|E]L 3.4a 7.0a 19.7a
AL E 3.5a 7.2a 19.0a
AL AOAHE A 1.6ns 7.6b 3.7b
M zZHE OIERA1+EHA0|EL 1.7 8.8ab 21.0b
IIAOE 2.1 11.4a 58.0a

'DMRT 0.05 level, ns: not significant

_64_



= AN BiXE

ofd

HE

U4
ex

- QA=

.]I |

Q7184

12/10/19
0472457

12/08/00
083487

S

om

o 25k g}

gl 33. 27|

_65_



N |

2710
044070

i2feiiz
18140100

8 A9l sl

2]

3691 <} Zo] A=

ol

=5

pe

o A et

B
N

ol 4]

_66_



B 36 AMuEE MSEY Y NS
MET AT 2= (cm) == (cm) E7|1=00) 2AE(%)
=3t 6.6ns’ 10.7ns 25.9b 6.3
ISES 5.3 9.6 18.3b 6.3
LS 2t
et 6.5 9.5 17.4b 12.5
23 8.5 11.2 41.1a 125
3 3.1ns 5.9b 8.2ns 6.3
Ak 38 7.9a 10.9 0
CEE-ES
=tk 3.6 6.2b 9.8 0
gt 2.8 5.9b 7.1 12.5
el 2.6b 6.3ns 12.1ns 0
o = ISEL 3.0b 6.0 13.0 12.5
° b} 3.8a 5.9 10.1 125
23t 1.9¢ 5.5 93 25.0
s 2.1a 14.6ns 16.2ns 0
ISEL; 2.0a 10.1 15.7 0
A‘IIIL-”EI:”_E_
okl 2.0a 10.6 14.6 0
23 1.7b 10.5 143 12.5
3 6.3ns 5.9ab 6.2ns 0
ISES 6.9 8.0a 6.3 0
S TR ES
chsk 7.0 5.2b 6.1 12.5
gt 7.9 7.1ab 5.7 12.5
Sz 6.6ab 11.6ns 24.6ns 0
ISE 5.9b 113 332 125
oo 7| 7|2l
chsk 7.4ab 10.8 215 0
23t 8.2a 11.9 26.3 25.0

JDMRT 0.05 level, ns: not significant
¥ mgAY SEAY, Z9x, AsheES fo4 gle

YA/ AEEHe E 373 2h AsutgEe FAA B
7 ggem hegRz, Aotdr)az 2

= 5
% 5 AKe AN mESS e ATl AT
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H 37. GAA7|E d=EY
A FY SESPNM =% (cm) ZEZ(cm) 7101  2AE(%)
49 209 9.3a’ 11.7a 35.0a 0
52 209 5.1bc 9.1b 30.7a 25.0
EEFXH%§}
9gl 209 3.0c 9.6ab 18.0b 8.3
102 209 7.8ab 10.0ab 15.0b 0
42 20¢ 3.7a 6.7ns 9.1ns 16.7
52 209 3.5ab 6.1 9.6 0
HH B 74 X
i B e B
9gl 209 2.6b 7.2 10.1 0
102 209 3.9a 6.5 8.2 0
49 209 12.1ab 8.8ab 9.3a 0
52 209 18.5a 10.0a 10.4a 0
EES
9¢l 209 7.0ab 8.4ab 8.2a 16.7
102 2092 3.2b 5.3b 2.1b 0.0
49 209 12.5a 6.0ns 7.2a 8.3
52 20¢ 7.0b 7.7 7.3a 0
e
9¢l 209 4.3bc 7.0 6.7a 8.3
102 209 3.7¢c 6.1 3.3b 8.3
421 209 9.5a 12.6a 42 .6a 0
52 209 6.8b 12.3a 29.6b 0
Aotof7| 7|2l =
9gl 209 5.0b 11.0ab 20.1bc 8.3
102 209 5.1b 9.2b 15.2¢ 25.0
44 20¢ 2.5ab 9.1a 3.0ns 0
52 209 1.9b 7.3b 3.0 0
A otH &
9¢l 209 43a 7.5b 29 0
10¢ 209 1.7b 6.6b 29 0
42 209 3.0ns 6.5a 13.4a 0
o = 52 209 3.0 6.7a 18.8a 0
° 99l 20Y 31 4.8b 7.7b 417
109 20¢ 24 5.6ab 5.1b 0
42 209 2.1a 10.7ns 23.8a 0
52 209 1.9ab 7.7 18.7ab 8.3
M 2H| &
9gl 209 1.8b 9.0 7.2¢ 0
102 209 2.0ab 89 9.1bc 0

JDMRT 0.05 level, ns: not significant
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e

aAl A% 1M

Ze2EY o] A7|d WE o5 E AMN(E7IAE) Y ASS5AH4E & 388 2
BAY 28d5E FYIEH] 1283)1053)72%8 wor dokAe ZAFolAdn
AR (S ZZol)oll Hla] A4 (E7130)Y L8dF7F #HSo. AL dFE EY
olAH 10/F ¥HelEd 3 = (dig around the roots)”’} &L HE A3t H|3
o] £28UFE FHSAUT3S). AAH(E7]1E0])S BE FAEA 90%°ld AE
HhH | GAH (Y 2o]) = AEEe] wl§ Yolx]= Z kol I o' Ai(E7
o)l Hl3l PAar(ddzel)e vt Aau EEEETE w8 AFo] AtE A7 o
o2 FAHIT.

H 38. GAA| E2{OEY 0] A7(0f [}E HAMHE CIAF9| HEEY
A AEE S| (cm)
SR B3 foﬂg ES = - o
LIS _7._¢ (% = s t=
it (o]
Ellg wugs @ S = A
% s 80 92.0 0.8a 13.6a 41a - 4.0a 15.8a
72
a4 40 99.3 190a 10.30a 8.07a 12.2a 4.15a 7.86a
7|8l% ook 70 95.3 1.0a 10.5a 4.6a - 4.2a 13.9a
105
kam-?_ggg;}cum a4 35 993 210a 740a 7.58a 12.0a 4.49a 7.50a
%Py 70 97.3 0.6a 9.4a 3.6a - 3.8a 13.1a
128
A 35 100 190a 10.50a 6.63a 11.1a 3.57a 7.56a
% s 85 86.7 0.8b 10.7a 24a 13.0a 2.3ab 13.0a
72
a4 40 98.7 240b 1130a 10.59a 11.10a 339 10.78a
ySYIEES % s 75 90.0 0.5a 9.3b 2.6a 10.4a 2.3a 94a
- 105
Sedum aizoon A 35 100 210a 10.00a 9.34a 9.96a 343a 10.78a
oAk 75 953 0.4c 84b 2.8a 11.7a 1.7b 12.2a

128
a4 35 100 1.20c 9.90a 9.30a 9.88a 271a 9.62a
% s 80 58.0 0.2a 4.5b 3.1b 9.6a 2.1b 11.8a

72
a4 45 97.7 0.90a 7.20c 6.52a 7.14c 3.15b 7.40b

Holo7 (7|2l

Secum % s 85 83.3 0.3a 2.2c 3.7ab 11.6a 2.5a 11.1a

middendorffianu 105
m A 40 98.1 1.00a 10.60a 6.88a 10.38a 397a 10.28a
128 oAk 80 713 0.2a 6.0a 37a 14.7a 2.3ab 12.5a
VLR 40 927 0.70a 8.40b 5.60a 8.22b 2.68¢ 8.94a

=

38) OAlSHE A9 RS £7| 9I310f APHO| Ha|E Tt A

mujn

ZYATIE SH(EETSY)
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BAEMHE HEH MKH W (cm)
Xe|LHE A =
AR 28 = s
Zoa AlHFEH (Ellj o) PN Xt K Xb aXE KKt axt
Eaﬂol I:Il_-|—|o|:| =] (o] +c o Y] Lo
oAt 85 65.0 0.2a 5.8¢c 3.0a 15.0a 1.6a 11.1a
72
A 60 100 090a 1030a 590a 938 367a 954a
1T o
é%i‘ B) o5 oA 80 530 05a 107a  3.5a 17.6a 17a 139
Sedum sprium A 45 100 120a 950a 685a 974a 4052 7.76a
o1 Ak 80 753 03a 7.0b 28a 123a 15a 9.9a
128
A 45 987 120a 930a 377b  990a 3462 964a
- o1 Ak 75 633 - - 1.6a 120b 13a  110a
. Hat 60 993 250a 850a 2l4a 8483  653a  7.94a
2 L0 A 80 580 - - 132 162a 12a  92a
Saréi%ltfgum A 45 100 230a 910a 236a 888a 587a 844a
128 oA 75 673 13a 133 10a 14lab 14a 1l4a
A 40 100 160a 920a 191a  910a 628 7.70a
79 o ut 85 364 - - - - 0.6a 6.7a
or 44 40 833 150a 120a 227a 11.78a 3.67b 892a
EHAx) 105 o4 75 324 - - - - 05a  82a
Secum album Ha 35 953 150a 96a 27la  948b  7.82a 10.44a
18 oAk 75 22.1 - - - - 0.7a 6.5a
A 35 100 100a  93a  264a  928b  324b 10.02a
7 & 4t 90 164 16a 1léa - - 03a 41b
2 A 40 100 19a  103a 625b 1016a 777a  7.90a
SHSet 105 o ut 80 207 15a 7.5b 04 52 0.2a 9.2a
o 55/.‘]{5’/’/?2/ m A 35 100  2.2a 88a 9152 884a 777a 8.l6a
/y 128 o ut 80 187 09a 7.1b - - 0.2a 93a
A 35 100 14a 102a 907b  944a 5452 982a
- oA 100< 536 - - 14a 41b 1.2a 7.8a
e PEpS) 70 100 170a 830a 492a 8l4a 29la 7.l4a
T 105 o1 A 100< 426 - - 1.5a 5.9a 1.0a 6.1a
P?g%fﬁg,i’f AN 55 100 150a 7.30a 45ab 762ab  303a  652a
18 oA 100< 561 03 5.0 19 53ab  12a 7.8a
44 50 993 1.10a 640a 3.63b 614b  26la 6.12a
79 ot 80 480 1lla  130a  24c 134b  33a  175a
20132 A 55 100 110a 153a 8252 1532a 355a 1434a
(AR Z3h 105 o1 Ak 70 657 1la  100c  34b 226a  32a 155ab
Lampranthus A 45 100 120a 137ab 992a 1240ab 386a 1378a
spectabilis 8 ou 70 564 07a 114b  48a  192a 352  128b
44 40 100 0.7a 9.9b 6.77a 974b  3.16a 13.34a
[o] ¥ 2 A 100< 617 - - 17a - 2.1a 6.0a
44 100< 100 2.0a 55a  15lab 5.28a 12la  5.28a
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H 39. 8BA| Z21EH0| FHo| M2 ALY MES

=841 ey HEHEMEE(%)
N =ao) BUEIES) & A EO]
e = e
722 1000 980 1000 800 960 1000
IEES 1052 1000 980 1000 860 1000 1000
Sedum kamtschaticum 1282 1000 1000 1000 920 1000 1000
Ha 1000 987 1000 860 987 1000
722 1000 960 1000 760 840 1000
Jhey)alE 1052 1000 1000 1000 820 880 1000
Sedum aizoon 1282 1000 1000 1000  90.0 960 1000
oD 1000 987 1000 827 893 1000
723 1000 931 1000 440 440 86.0
solop7|7 |2l 1052 1000 943 1000 640 96.0 90.0
Sedum micterobafiaum 1282 1000 781 1000 340 90.0 90.0
R 1000 885 1000 473 76.7 88.7
722 1000 1000 1000 440 - 86.0
ééi'é) 1052 1000 1000 1000 220 ; 84.0
Sectim sprum 1282 1000 980 98.0 36.0 96.0 94.0
oD 1000 993 99.3 340 96.0 88.0
723 1000 980 1000 20 92,0 96.0
=2 1052 1000 1000  100.0 6.0 92,0 76.0
Sedum sarmentosum 1283 1000 1000  100.0 8.0 940 1000
o2 1000 993 1000 53 927 90.7
723 1000 500 1000 20 : 70.8
(.f% 75%5) 1052 1000 860 1000 0.0 . 64.8
o tbum 1282 1000 740 1000 20 . 422
! 1000 700 1000 13 . 59.3
722 1000 1000 1000 310 42 139
A 2 3} 1052 1000 1000 1000 260 133 229
Sedum oryzifolium 1282 100.0 100.0 100.0 21.0 13.3 21.9
R 1000 1000 1000 260 103 196
723 1000 1000 1000 40 69.4 875
A% 1052 1000 1000  100.0 40 40.0 838
Pachysandra terminalis 1282 100.0 98.0 100.0 16.0 59.4 93.0
R 1000 993 1000 8.0 56.3 88.1
722 1000 1000 1000 320 26.0 86.1
B 1052 1000 1000 1000 200 1000 771
Ligég%gs 1283 1000 1000 1000 520 46.0 711
oD 1000 1000 1000 347 573 78.1
723 1000 1000 1000 6.0 86.0 931
ol 1052 1000 962 1000 240 78.0 933
Orostachys japonica 1282 100.0 100.0 100.0 26.0 96.0 90.6
Ha 1000 987 1000 187 86.7 923
| MESS MBS Cju] MEAHO| ]S
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B 40, AT gl M2 g fat HiX[o| +=2H3t
Qs 7|5 & T BiX|L 2 (%)
%) 5 A o g
i 59.2 46.7 46 41 131
4~6Y 515 7.7 5.9 5.7 6.1
74 69.3 88.9 8.9 7.2 21.0
8g 66.9 74.5 34 2.7 20.2
g 57.5 54.8 41 49 13.5
10¥ 50.8 7.5 0.5 0.1 46
oetA =) 0.9722* 0.5576 0.4252 0.9872*
) TR alnnel AREAA, 53 Bl woFw 19904 BAKCE felvig

71250 Hlef Aoz ¥
A 2.1

o} | A T, EC 0.5 dSm-1
M 2.1C, EC 1.0 dSm-1°14 2.3C=& ZZ #Lsd
H 41 AT gigkof 2 28 EC Y 23}
oy 7| Do EC 0.5 dSm™ EC 1.0 dSm™
TE R
o 5 M g =2 5 HN & 2 5 AN 4 =

MW 256 242 246 246 235 245 240 247 235 236 241 241 233
4~63 221 264 266 263 261 264 258 262 257 262 259 259 255
78 280 276 280 274 275 280 275 279 274 277 277 274 276
8& 306 291 297 295 279 295 287 294 283 276 290 287 278
9¢ 260 225 229 231 216 228 222 231 214 217 223 225 215
10 213 156 158 168 143 159 155 169 145 150 157 163 143
25 Ha -14 -10 -10 -21 -11 -16 -09 -21 -20 -15 -15 -23

AEA 0772 0778 0785 0753 0746 0.742 0.763 0.720 0677 0748 0.743 0.717
F 1 ) ewaste Blewgus ECs el wsl Jold
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Zzel TR BAglel FHgol W 20~30%2] WiAFES FASHEA FE
"ol He Aol Afol &3 AFolAT. EC 0.5 ~ EC 1.0 dSm-12.2 F&

o
ML o
N
>
o

7
A F24 604 T+ Z7Fo] Z7teltirl 1 o] TRE BA| S
717t oA AEFE BATh o9k B2 AAIH Wsle] S0 B $ 9
2 FAH e wiA A #este HU 53 AARE BUE)FASIHE
)=) =

erdx sog

B 42 B4 9 QOK2l0) 112 Heiss) A2 480 BAIY Hl

AL ( CsEri-l) _ gl 30 gAl 60 = gAl 0=
2@ Na v @ RO @M N
. 23 103b 06b 180b 13 1650 54b
Sectim 05 131a 08a 21a 37b 27a 97a
fkamischaticum 10 133a 09 236 58a 2564 98a
RPN 85b 08a 121b 09 1400 420

The7|RiE

Pt 05 106a 07a 166a 22 173a 115
10 1164 08a 182a 52a 199 112a
sooppps T 460 24a 720 460 7% 50a
 Sedum 05 56a 26a 81a 480 84b 57a
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Ak DA 5.2a 41a 7.0a 9.2b 71a 7.2a
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SOITAPEAAS) D 59 13b 179 67b 181b 68b

_74_



- i B 022 B0 2 B 02
HesE Em)  xay  ERKO) Aay  SKROl ZEan S0
Lampranthus 05 100a 57a 223a 7.8b 24.a 81la
spectabills 10 98b 50a 257a 93a 308a 88a
o = =P 30a - 28a - 32a -
Orostachys 05 36a - 30a - 37a -
Japonica 10 35 i 40a i 41a .

F o) AR A BEAEd, b AT WA FE2 207 30%% FAAE

i A o 5
&F% (dSml) —jlq—él' T'_‘XIT —DF—JSD'. T'_‘Xl‘l‘ _;F_Jél' T'_‘Xl‘l‘ —jlq—g. T'_'Xl‘l‘
(cm) H) (cm) o) (cm) o) (cm) o)
7|21z Baps | 2.85b 2.27b 759 | 4.31b 315b | 1.58b 437b 1.75b
5elo_lum 05 9.93a 492a 430a | 2.31la 9.25a | 447a 1462a | 4.17a
kamtschaticum

1 723ab | 228b | 637ab | 228b | 531b | 315ab | 1291b | 347ab

i | 3170 3.40a 8.67b | 3.38a 258p | 167a 4.01b 2.63b

IR EIES

Sodlum 2000 0.5 12.63a 453a 7.54a 3.67a 10.85a | 5.53a 15.77a | 6.00a
1 5950 | 287a | 986b | 300a | 668b | 400a | 1599a | 2.44b
siig apa | D45h 147b | 592a | 427b |433b | 6070 | 349c | 4.80b
= =
Sedum 0.5 947a 17.07a | 559a |913ab | 14.19a | 3153a | 13.17a | 19.93a
sarmertosum 1 816a | 2007a | 590a | 1373a | 975a | 2460a | 10.07b | 2093a
- oapA | 450b | 447b | 1187ab | 927ab | 796c | 793b | 463b | 673b
o o
Sedum 0.5 1397a | 1633a |825b | 660b | 1643a | 21.67a | 1674a | 15.60a
oryzifolium 1 1341a | 2013a | 14.14a | 11.83a | 11.83b | 1733a | 16.17a | 17.53a

F 1) HaFAALSD)AEA AN e B 5% FEAA FALGDE 1S v E

ZAEER2E 7|dx, Jterldzx, BUE, 9538 5ol AN B QiAo dSs
404 olat® v ZAEd Blaf & A AFE AEE] B4 vEd 2HE
= HHAy T AFAPS AT 7dx § 475 BT F#HS] B
Mg A Al Fol Ao Etow EC 0.5, EC 19 AFAH =7} SAHL
Z Aol & Holx] &Esith FAH e wE AAAGS nestd EC 0.5 F= &
FE7t ZHgo] Agted FH FEHE=E FEEH AT

_75_



ME

Ct. Cte A2 HEset 2xdi|s A8 24

0] 2=H 2-4(B)

S S =HlE | - SR S8y 2 728 Ed01(108) CHY| 750
- ZROEY|0| RUY| 2 722 S 0|50 =) CHH]| 2,250%
- AFEROIH| B2 728 EY0/(16.5L =) CHH| 3,465%

- O_
& Sotel= 014
- SRAUACLEY| 2|5 MAMIZT]: 1,0002=x 14.3%% 3002 =42,900%
Hla) 0 HIB) 49,3652

FA 2 0l0H(B-A) = 493659

_76_



4. 3% A 54 E AArd Mwd) A
QuBIE T £4 BEAES 8 %s& Hue e 5 oE

wEe AgAAT. e Fo ee ATARE FHetd quAe] A
4% SAA=AIE o8 3H 40 w &g ANFID Auwe =
FEZN G S Tt Je HuAA HB 45E A v A4S B
& AAR o Asel aulArt 47 ol $ES A

NeEd71Ed &9 oA (www.nongup.gg.go.kr)ol 20154

e
o)
ot
ot
o
i
AU
o, u:E ml

_77_



OFf| 9] 7|H =

[

[iiN

A

(=

F

D_

<0
Ll

Hr

A

F

N4

5 R N R < X *
0 o o o o o
2 S S S Q o S
i — — — o — —
Bl - %0 L a0
= ] Tl
1l _ - .. 2 T - -
< ) ~N N w_ ol 10 *0 = ~ :_|__._ =0 =
oK . wow do = Ko B B RToF RO 5 B wirl ook -
KH | o I A4 = oF o ®gy A _ TTH olmy H M <
= = S o " 1l oK ol HH RS H RO
o <o . nn <ral o o % Klo 1+ aio . & 5 ﬁo
K| w N U SR IR oMW LR 55 &8 & = Ro
0l o7 1+ =% K Bl = m_.E 1o Ohu K B0 Ml =~ =K = = = o Joi
K ) Juou = OTH ERE N R ) ow_ w1 IpIN IH S o
ol W= o I I &M < o O oW ek EE 2 m 3T o]
R|oor = 000 do R BgxBE T > < oo
— K wow 010 = = R ool oF oz oUW mﬁ mﬁ w_a RT w_ﬁ I Tof
gl = or NSO - B0 w0 —= £ N iixois s o
Sl 2 Tam E g B W< S%m. L grow o RO
o X & BOPO o j0 T IR0 IF 1o ol ¢ YK I oIl o Tof 0 Tof IF iof
8l 0 § BOWS T 70 T B OF B A KMk 4r STHX8 ArArHArst  Arar iAo
Mm__mm &S m_uu. Lo Z0 <| < fof mI BJ nfF 60 & ml Du_.goMO BIEI T OIKFI B R0, Bl K ©
H~N & FHoT OO omzr TKHA BRI DO R KT TEHNTTTEIR FT
x| 1 N EE - - Tho _
n_rx uﬁ ol zr o o7 B mTH S o
wm o E3 Ar o Jo Mg B op — X0 = w
Bl R0 S o & 0. 0 o Worge W I
< XN & = = fof RO 1 PIT K &M Tl
gjo > of < = NP B THK _ o q~
=| HH 3 Wo_ B0 g0 BOZ HO| L W oF o< oy, R < RO
| s Or o ™ W Sty omode K == S M uf ujo X il
= o' .2 Al o | B By SO g oa® oy .
<| orm° B I IR B 0| o BT w wwe g o wr! o < 7
Hrol@d o EE IR U G0 oFof Ar Arxd swl” Ar o1 <M 20 4r
BIRO<I 30 BIRO™ MR 00| < WImOBIRCKOBIZURO _cozu B ofr %0 &
FRIET B8 TFROIII0 T Hrg0S &K UECKOK ol = [ LT Mo &
O O O O 0O O O O O O O O O
Y — gl Bl Al — Pl I
< <
o S = ) o S = ]
I = = = ~ = =
is N N
g m
K K
— N

_78_



100%

=

1L

S

[e]
a

2 SEHO
H| O] &I (Visual Basic)

=OHYN 80% O

- A|AE M8 XF 80%O0|A
SR 22 A])

4 7}

LI
o

=x

A H
(=}

Yo orES
DLUEY g
O Mg Al~8
D

X &7Hsd

of

O =AIEd Mg
O Mg Al2”el =35t

=1
o=

/1M &

M1

EPNIT

Eo oA' ﬂD ‘_Hyv .m_x
o W T &
ﬂ_EH I-
o o = X B =y
3 o o MY
© HOx< % M
I ol —
> ) x M < om
- X ok o
3 - . Wo U
@) —_—
= N N wonD
S - BRI
T R rE N
< A 0 "
= T o
‘_dﬂ ﬂr_wL __MVIL ﬂU _E ﬂ.ﬂ
L B
B ,r/ ol X ]
T m o T = K
w T o dw, T on
Fwom P Eow
S o =
e ~ o WX = o
™ &o =0 g m_.#w L.:l = nM._._
R oD T ow T
T i = i %O
G No Ho il ™ m o
T e S wl p w
TR N R 4 ®
w3 ® W o

E

2. AR ZokA 9 7oA %
A
3}

_79_



ol

00
ol
BT
0

D_

=
<0

il

ALY

XN o5&

AT

1.

7|1E72 (0] )

na
Wy |3
NBl| o
=3 —
10
10
_ | = KO
I K ! =y
MWl | S o
W0l o A
~ ol o —
[@\] o
x
od Jof
TR R X
W | 5618 =l
<M <0 | K{ KO Gij
~ T | Ho ol [=)
80 %I
&0 w
or “u._% o | PO
= >3
B iz W™ %
= | ®z0 | ol
W R A < o
At JF gl o0
N Gl
0
kil o=
il .Ar=._ ..M_._._
=) <0 <0
< 1Ho 1Ho
~
o]
m; — (@V]

R| AL R A

L}.

2N
L CH

o
71=¢

3

~Now
o | 3 N
Tl — I~ ,_H_J 0
| o> - o
o | 2 S
Wr| an | - ? w
< wn N ~
o mr| S5 4 —
(@] (@\]
_ T
ol | W | Tz _
uo | ®o oA
ol N
o o
of on N -
Tl e g=A — X
o o
orl o0 [ole]
Ok N~ N
o —
Kh S S
ol | o Q& =
K | om 3 o X
K SO IS
5l e |
ofl N X0
K ol XN B K
i rr i
&0 ol ol =i
i B! o o
T T o
uo X | o ou @
N R T B I
Proar | rF | FOIEX | ap M gy
X mor 0lo oMl o7 ai_.z
= N gl Z0 | @0 il Ofu Hr i 20 0
T o | RI|A mim | a W
K | <k i | @ N
IH a0y a0y SOy
| Emur | sl 3 U

o

C}l.

=E=Hel MESEX]) Al

1+ S
&3 &
O = s}
” 3
__Z0 O oI
w0 TS Nl |
wEP_._._J%xIJg
ol N =—= +—
ol o7
go =
i |
33/1
iof mm
>
= R
il O
_A_l_A o
<O
B0 | Hotl fof g
K E._Oﬂ_n__m
Jor |_._..._|._h._
ol
7l
[P
fo & 7
>l o
S RO
0| T T
ob | — 0
H1 L_Au.,.xr__
_Ln_.AOO_H
ol Kl <
K- K of
o Hr
Ho
10
gl -

_80_



ol

ol

Jo!

4
KO

~

or /&
™ 1o
<

ol

~

or 7
= ol
<

ol

~

or &
™ 1o
<

ol

oll

fol0

ol
I
gl

2013.05.10

2013.05.10.

2014.05.30

2015.05.08

|I

s, Brjs
%, Hojof

ol
<0

=

3

ol
-
()

-

KO0

go

ol

1ol

T 100

@%M%

o1l < <
Mo

E=—

o fol

— — N

0™ o]
fir kb 77
ol 4Ar

Bl

il

T

om =
go o

for o <7 K
R = o <F
T 4o RO
RO il
o < o = g

o bl

rir ¢ 0 Em

| 2014

2

!

3
2!

K

oK
fol

Ko 14
N g
KO0 Ju AT K

<hu
~
ol To

w7 T oF <|

o <
NI 11

ol — 4r

=

I =
=0 jor <0 B
= o,

o
Ofu

|

SEUE

Of H &

SE/HA

af.

Gl

LH -
ml
|
v Q
oo o
o N
_ ol 71
o | o0 %105
| T RE X <H
—_ == _ L —_—
K =0 > % ~
T Mﬂ <1 oK 10!
= | o
M_u Hr of <r S
ar | B0k 50
= | I o mo <
Ho <
_ R0
® )
I+ =
KF-
Ho
o7 -~ 00 <
b RO L
mw jolo ﬂw S
o K B0 i
=" ki 3 =
- Ho
KO Kio
10
gl -

of
il

- 81




5 LN
= s " .
2 = ~ — = = i
] 1 o o . ) o LN
™M ™ . — o o o O ©
s g 3 ™ — = 5 ™~ NG S 8 ©
~ I o — sl < e (=} ™~ I~ < S o | ©
N o = — L L Q o ™~ g o | o S ~ | o
~N N o pm — N o ~ |~ ) oo 0 R
N ~ I o = N o 2 o | o 5 ~ |~ N o | o
< N < o = o w | w| W 2|2 5N 9@
< = N & g 12/8 8 |8 bW | w 3
R | oo | B S8l & |8|g| & |8 2
— Ty | O <do | D ~~ ~ I S |9
o 2 = —_ n fill _ N
T | HU ﬂ_ = Joi o I _uuﬁ " Ofu o 2 ol oy | =
=, o < anit = I N
| Kolu Ly Ly A= o K- i A | =| = £ S o=
0 Bl oo . or oF | T | O o = < = | < | <l oo 3 | Tof ol
KV & = OFD | 2ol | K T H ] = | O Kk | OF= | R |~ | O of | gp| B S
SIRM | O =l | KO B! | o ! KO T 30 == | - ®r [I I g = NN TN g H = | Au
TI<F | W of gy | Oy | O o0 =z M 3 T Y. |l | = e T |
x| o z K uE D = Wi | =3 oz | wE | B S |3 | x| RO T|°
@ | T - © © =) | oH o wro | & 2R o8 o | =< | =2 ir| 4| ool R|OR <%
Ao |z BT AR B B B0 F | 5 Wi R o | B
hE| WX | e 2R ~oo | B s N e e T or| =
Bl D= | o H0 — =) Ho 0 K& z oo | ™ N R
R A fo |y NE B | NN VIR JoR ool N ob| M |@| K
© 5| | W RO 7 o Bl = ~ HEB | N[~ N o~ K
_._._ R0 N | B RE N | H0oF | 2 & oM
" il O Y N Ho | Ho o |z gu| © |®T|IU
- —= RO | RO | RO or | = | B
zZ = ] _n_l_u H o _ T il
M ~ = .Al; ofl Sl = |_A__H = =} =1 e
70 Jol ~ I ¢ = o o
= RO xﬁ Mﬁ ke | R - %___ oy (<=| |z RO | of "
- o |k 2| |G| |
Th < I h ﬂ_ = || T O |oF| T — | 0
° IR TR |54
= || IT|E& N |
25 L)
1o
_HMJ oH o 0 °
< i I
A =]z o ok
<< < o | OB oo LH
< | =l <l {| H H K o
PARU o=
J K
N ;
LN
O
M~ o) o o
— — (e\]
— (g8]
(@]

- 82 -




Ljo

Ho

LA | 1
Ty S S 3 it R
RO o O o o o o o
i ._U N| N N N N N
ol
2 K| ol B2 onl
4| < |soFlsoro] X |8 wls0n0
RO| <I |Hgo| M- g |23
| & e |9 of
™
e
(]
Ho il ° —
< A |7
orl < | ono| T 2 o | *
x| BB of £ | U
= = ad A o =
| I 7 B = o | =
<] o | o
Gl _ | <
|
A S
(9]
R
M o Tlm oo 2 m
jod M HK | AP Ko = K
|..AI o .“_.u_.ﬂ _uu._u _.ﬂ | ~ = M _.ﬂ
= 0 |rO = H_| - 5 S
b P o R xsowl_e o | T
& 7 | o |Hog g | o
=< H |od& B
go| o | P | dof ) of | o
O_n i < < [=) b <
r & K < r K
._W.._L — (@\] (ep] <t LN O

2. 43843

wr
o
o
-

o)
L

O 7]

—9o
o =

| ) A 25l 9] 7]

e
_zT
Yo

K

o

A

ol

_?;I

gns

EEE TR

70

<
=

A== 7

¢+

=

-
o

3

X

ey
)

gl
X

A

B!
_Z__l
®

A

NAL 7<= AT

Fod

3|

AlAA @S 7HE S iy

o
o

ol¥ 2471 NE

oy

Gl

_83_



faul
_z__l
"
olo

oy
e
;OT

)

G

K

B
_z_ﬁl

A

<

. A

O AAA

=Y

AE AL B AE EoF,

=g ~de Aegonn B

EE

_q]

(€]

AUzl Az g AAA 6§ A4

J

e dA &9 £of,

okel a1

1 %

o

1%

Zal

- A&7besta

R

g7} ol

olo

i)

s
~H
i

K

‘mmo

A

H7} o

3

1

b

10
oo
Jofll

ol

3

F

A7Zate| 7|

C}.

JQb= 1

Pz

(7h) ¢

&

A9 =

Hip

ARE & AA Al

ol

K

Jjo

B

;OT

o4

]
oy

Fe 7Rk R AF

s

$5e BUHZT FAne

o

3L

Aol A Aozl Al

R
70
NI
Ll
JE

o1 3
k=

A EZ 2 A 220 AA

=
=

o]

_84_



17gZ2AL GAA A 7]

3k A

2 9

o

- AQA AlFEAL SAA 2

B
s
&+

oj
B

Ho
™

™
)

—_—
fils)

ol

ol

)

K

3}
=

2%

=
=

sted ket

S

)

FAM = &3 =3}

- A,

Hr

—
o

of

3]
— 85 —

3

E]_]_.o

44 AAZAE Ag

T

AL AAE

#e wHA" Jhe

- a2 e
HEA,



Hey #&A=d®

5eH(2003) AEAS qUnE A L 454 YR HSAT. N LAY
o et A Aee e,
S, GBE. 2014, JAVAE AEE T2 4 ek 49K 23
5121 42(5):88-100.

v}

|

g 8], Aol E(2011) HU=3IE =AZIR Aot nAle o @
A, $AHT=Y 15(1) pl14-129.

HEZ1(1997) dH=sE deEded BX 54, A" A 11(3):
p.270-276

¥3h5(2003) M EAY A5E
@ O AR

FeF, o438, A (2011) FEFY YA=o] I o] Aserd APEAI,

r ol
Ay

o

1o,
1
g
i
oty
11
fuj
M
4
)
:\IA:
N
i
(o]
>
i
£
D
fu)
ol

o Zolupo] 9 F(2008) Z=AIQIFAHEe] AAA A B-L S 13 7=,
o] 23], H&o(2000) HEA FAE A& HH=Eg o gk o= 2 He| %
AL AEEEAE AR AR 7T7TH pp.181-190.

AEd, &A1, o], 7714 (1999) Wed H3tE 3 g4 E &84 o
T. A A EA =3I =E3]A].

A(2012) =A=3 3o =AREELH 7IXH7E 7le AAE, wEEA

lr

St53, 2009, E=AF3
pp.24-27.

HWHAN(2006) EEEAMEAL 774 F 74 >, BEHKR, HAI, 9-14.

Akbari H., Kurn D. M., Bretz S. E., Hanford J.(1997) Peak power

and cooling energy savings of shade trees. Energy and Building,
25(2), 139 - 48.

il

A AEHASRIA 2R, =AEA 44(485):

Di H., Wang D. (1999) Cooling effect of ivy on a wall. Exp Heat

_86_



Transfer, 12, 235 -245.
Dinsdale S., Pearen B., Wilson C. (2008) Feasibility study for green

roof application on Queen’s University campus. Queen's Physical

Plant Services

Hoyano A. (1988) Climatological uses of plants for solar control and
the effects on the thermal environment of a building. Energy and
Building, 11 (1-3), 181 -199.

Ip K., Lam M., Miller A. (2010) Shading performance of a vertical
deciduous climbing plant canopy. Building and Environment, 45(1),
81 - 88.

Kéhler M. (2007) Rain water management with green roofs and living

walls

Kéhler M. (2008) Green facades - a view back and some visions.
Urban Ecosyst, 11, 423-426.

Marc Ottelé, Hein D. van Bohemen, Alex L.A. Fraaij(2009)
Quantifying the deposition of particulate matter on climber

vegetation on living walls

McPherson G. E., Herrington L. P., Heisler G. M. (1988) Impacts of
vegetation on residential heating and cooling. Energy and Building,
12(1), 41-51.

Miller A., Shaw K., Lam M. (2007) Vegetation on building facades:
“Bioshader”. Case Study Report

Papadakis G, Tsamis P, Kyritsis S. (2001) An experimental
investigation of the effect of shading with plants for solar control of
buildings. Energy and Building, 33(8), 831-836.

Perez G., Rincon L., Vila A., Gonzalez J. M., Cabeza L. F. (2011)
Green vertical systems for buildings as passive systems for energy
savings. Applied Energy, 88(12), 4854-4859.

Schmidt M. (2006) Energy and water, a descentralized approach to
an integrated sustainable urban development. RIO6 World Climate

and Energy Event, Rio de Janeiro, Brazil.

Stec W. J., Van Paassen A. H. C. , Maziarz A. (2004) Modelling the
Double skin facade with plants. Energy and Building, 37(5), 419 -

_87_



427.

- Wong N. H., Tan A. Y. K., Tan P. Y., Wong N. C. (2009) Energy

simulation of greenery systems. Energy and Building, 41(12), 1401 -
1408.

- Wong N. H., Tan A. Y. K., Chen Y., Sekar K., Tan P. Y., Chan D.,
et al. (2010) Thermal evaluation of vertical greenery systems for
building walls. Building and Environment, 45(3), 663 -672.

_88_



HEH E= = =
HEHE> &5, = ¥ AZEEZ4A 2N

AE k| E EAEY MYES flet MHE X&7tsd HEHSS A|LH Y

F oA XL o3| FE7| Stnddrlsd

Y E Y B a4n JlETE ENE | o
- Ha282 | eauz | epuyy | SERE
EAEd MEE2 f
MU & X[&7tsH oz 30% 65% 100%
Sl A AT
2. 535 #4
7t 532 W9
ChAr2 7} En
£73| DB www kipris.or.kr
ZM|1Zk 2007/10/23

W =318 AA(fEE) A (planter apparatus for wall afforestation)

N
ri JFN
Vv

g2 HE(RET) F3H(fk(b)] AR BFE Aot
S AL, ME xokg AgelN, A= B(K) FF

zalgon, B¢ 8 4718 5 HE 4uo fie] Asdy, &

B Wl wetow, tFd FRe 4B 4ol shsstA ohl@

Mo L ok
B

e 2
i o

oY
1=
12
do
=
E
x e

I g XN, ol H A
Bl of O e

1t o Ty

FUREA BONTFE TUHI PUIED, o B(NFFE
87} o]o]
=

.

=2
rlr
¥
>
-
=
o

™
o
N
=
Va

1 s I
)EFE TR} oo oA = FER(KK)E TH
A7) Y8 BA 27 AxE AL ERO

SO~

<
It o
11‘.101'

e
2
o

ol o

& Aol A, AZol B(Kel BFol
Qo) frale] WAH I, AnA
Al
X

Bo| Aol FHAES Bt

o ox
(g o
~ (
& 2, ol

ol folt
2 dpo
o > o

e J

ﬂﬁmﬂ
ft
o2
Jo
N
i
ojf
T o\ e
X0 T gk

fo 4y s
e
N

4o o
P~
ot
L)
B
v
o2
o
ofN
=il
1o




&= 7t

e

£5{ DB

www kipris.or.kr

HM7| 2t

2008,/02/11

oY
1t=
oE
d0

i

<@g 97 >
A4 A% D 3 AE P

(VEGETATION SUBSTRATE AND METHOD OF USING THE SAME)

A
B
Ju

>

3 A o7 AL AgIel MW %HE AN S, 5
5 gojo] x9A, ARHoR 1Mo o7z} Hu A

FslE o] mad 247 Ao

171 AlZo] 14 W weke] wakA

04

o o fo
X

(=N
e o g i
2 o

OO

rlo
(o]

=)
2,

e i
N od
A
B
i
o
N,
N
i)

f
ki
o
i
©
pocd
rlr
P
ftlo
[eZaN
l
tt

N ok gr

i e rlo
>

A 7]

9 =
AZs, olzle] o8} s AFRRE Y Az ol
Moz FFSe AORM, 3719 FAE

r
>
N
> ¢ o
o M
N
ft
>
4
A
ftlo
e
A
5

CHAF 27}

£5{ DB

www kipris.or.kr

oY
1t=

7|2+

2008,/05/30

oY
1=
oE
d0

<@gl 9% >

HE w58 RS BE o] 4% WM k8 Fx 9 1 Huxs 3 (the

greening wall structure using greening-block for greening of wall and
the greening wall construction method)
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(Multipurpose block for plants to express variety wall)
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(an vegetation board structure for planting)
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(Vertical garden for greening wall and air cleaning)
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WALL SURFACE GREENING SYSTEM

< ZRE >

PROBLEM TO BE SOLVED: To provide a wall surface greening
system enabling greening of any desired place of a building, excellent
in flexibility in design, and flexibly corresponding to maintenance.

SOLUTION: The wall surface greening system (A) is structured as
follows: greening units 2 each provided with a culture soil base 5 in
which plants are to be raised, and frame members 6 each holding the
culture soil base 5 are set along the wall surface T1 of a construction
T, a plurality of tub members 1 each having an almost recessed cross
section and extending to an almost horizontal direction are supported
by the wall surface T1 of the construction T with their opening parts
la facing upward; and the greening units 2 are placed between the pair
of tub members 1 longitudinally placed in parallel.
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SYSTEM AND METHOD FOR GREENING WALL SURFACE

< ZRE >

PROBLEM TO BE SOLVED: To provide a wall surface greening
system for widely greening the external wall of a building with natural
trees.

SOLUTION: This wall surface greening system (1) for greening the
external wall of a building has a steel structure framework made of
perpendicular supports (2), beam members (3), and horizontal members
(4 and 5). The beam member extends to a direction parallel with the
external wall (W), and connects the perpendicular supports adjacent to
each other. A planting pot (6) holding soil to plant a tree (T) is
supported by the horizontal members. The first horizontal member (4)
is horizontally constructed between a support row and the external
wall, and the second horizontal member (5) horizontally extends to the
outside of the support row. The planting pots are alternatively arranged
in the same layer level before and after the supports, and in the
vertical direction of the same support before and after the supports.

=9)(Q )

www kipris.or.kr

2009/02/26

<=3 974 >
WALL SURFACE GREENING UNIT

< ZRE >

PROBLEM TO BE SOLVED: To provide a wall surface greening unit
capable of improving handling properties of a culture soil base, preventing
damage, and attempting cost lowering.

SOLUTION: This wall surface greening unit 10 is supported with a
support member which is fixed on a wall surface of a structure and set in
a hanging condition along the wall surface so as to apply greening to the
structure. The greening unit has a culture soil base 12 to be given with
planting, and a fixing tool 13 for holding the culture soil base 12 to make
the support member support in a hanging condition. The culture soil base
12 is made by unitedly forming heat fusion culture soil 14 which contains
heat fusion fiber and is solidified by heat treatment, and a tray 15 which
holds the heat fusion culture soil 14. The fixing tool 13 has a pair of
vertical parts 13a and 13b, and a horizontal part which connects the lower
edges of a pair of the vertical parts 13a and 13b, and is formed in an
almost U shape and belt-like shape, and is inserted into between a pair of
the vertical parts 13a and 13b so as to hold the culture soil base 12.
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WALL SURFACE GREENING PANEL AND WALL SURFACE
GREENING STRUCTURE USING THE SAME

< ZRE >

PROBLEM TO BE SOLVED: To provide a wall surface greening panel
facilitating vegetation of various plants by simple water supply, freely
detachably mounted on the wall surface of a building to form a greened
wall surface having a variety of designs in a timely manner, and to
provide a wall surface greening structure using the panel.

SOLUTION: The wall surface greening panel includes: a front face panel
having openings and pockets projecting to the periphery of an opening
and charged with a plant root; a rear face panel engaged with the front
face panel and mounted on the wall surface; and a plant root-holding part
installed between the front face panel and the rear face panel and engaged
with the plant roots in the pocket parts via the openings. The wall surface
greening structure is formed by setting up the panels on the wall surface.

CHAr =27} =9 (U
£35| DB www.kipris.or.kr
M 7|7¢ 2011/06/30
AMEe]  [< 299 97 >

WALL SURFACE-GREENING PANEL

< ZRE >

PROBLEM TO BE SOLVED: To provide a wall surface-greening panel to
which plants are readily and easily planted while having an extremely
light and compact structure, so as to perform watering in an ideal
environment.

SOLUTION: The wall surface-greening panel includes a perpendicular
plantation layer 1 having continuous numerous minute air spaces attaining
water permeability and water retention, and having holding strength
enough to sufficiently hold a to-be-planted plant S at a prescribed position.
The perpendicular plantation layer 1 is formed by laminating conducted
water-dispersing sheets 7 each of which is open at the front surface, has a
plurality of plantation-holding holes 2 in each of which the plant S is
planted and held, and disperses the water to the whole surface due to
capillary phenomenon. Each of the conducted water-dispersing sheets 7 has
a projecting piece 7A drawn out to the outside part of the perpendicular
plantation layer 1, disperses the water supplied to the projecting piece 7A,
to the perpendicular plantation layer 1, and supplies the water to the root
of the plant S planted into each of the plantation retaining holes 2 of the

perpendicular plantation layer 1.
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