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. Terminology

* Greenhouse NOT “Green House”

* Net house NOT Nethouse

* Glass Greenhouse = Glasshouse

* Plastic Greenhouse - Plastic house

* Protected Horticulture/Agriculture

* Facility = Horticulture/Agriculture

-Functions of net house/greenhouse

* Net house * Greenhouse
—Prevent from — All features of net
* strong wind house
* Heavy rain — Capability to
—Reduced damage control the
from environment
* |[nsects
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T —wa
"Function of a Greenhouse

Wind breaker
Insect Net

Rain shelter

Shade to the Sun reducing excess heat

Energy/water conserved

Environmental controlled

— Aero-environment and root zone

lllllllll

Greenhouse is very good for the
production of ...

e Tomato * Eustoma (lisianthus)
¢ Cucumber * Orchids
* Pepper * Rose
* Mum
* Sweet pepper
* Melon
* Non-short-term
* Eggplant vegetables

“Larger in size, longer in tinre, strong in light intensity

lllllllll
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al production per unit area
kg/m?/year

Natural ventilated plastic GH

Plastic GH with no roof vent At high altitude with high light
Forced ventilated glass GH
Natural ventilated plastic GH With CO2 enriched and
with roof vent supplemental light

Lea Bell
59 melon Tomato melon
Greens pepper

Bell
pepper

Tomato Tomato

Plastic greenhouse with no roof vent

* Annual Production per unit land
0.9 kg/m?/year

2017/9/14
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I O

pen field production of lettuce
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' Greenhouse

69 kg/m?/year < 30 kg/m?/year
Forced ventilation
Evaporative cooling

Natural Ventilation only

o Huge number of

greenhouses In
suburban area
forms another
9., world
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Almeria, Spain

Almeria, Spain
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meria, Spain — 29000 ha, 2013

B

Netherlands
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Nestland, The Netherland

gy 1
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~ Y resh company, Arizona, USA
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Greenhouses help Mother Nature.

OPTION 1

PASSIVE CLIMATE CONTROL

LIMITED YIELDS
GOOD QUALITY IN LIMITED PERIODS
IRREGULAR PRODUCTION
LOW COSTS

GREENHOUSE AGROSYSTEMS EXTREME OPTIONS

OPTION 2
SOPHISTICATED ACTIVE
CLIMATE CONTROL

HIGH YIELDS
GOOD QUALITY ALMOST YEAR-ROUND
REGULAR PRODUCTION
HIGH COSTS

FIoraI GH M:
TAIWAN

Y\ o

¢
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er use eff|C|ency _goes up with. .

|

kg fresh product per m 3water

70
60 41— B tomato

W sweet pepper
50

40

30

20

T
:

growing system
Israel & Spain, Israel, Spain, Holland,

Holland, as

Spain, field  unheated unheated improved climate- at left, with
plastic glass unheated  controlled re-use of
(1990) plastic glass with  drain water
b (2000) carbon
r enrichment
ue >

mcreasmg control of production factors

P

- LCA (Life Cycle Assessment)

Comparison of environmental impact — fresh water

Use of water to produce 1 kg of tomato
1. GREENHOUSE 24.2 L/kg tomato
2. OPEN-FIELD SYSTEMS  42.8 L/kg tomato

RATIO 1:1.77

(Mufioz et al, 2008

2017/9/14
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ENVIRONM. ISSUES

Greenhouse energy consumption

=™ Per year and m?
Netherlands

%, Sophisticated glasshouse

43 m?3 natural gas/m?
> 12 euros/m? (2005)

Main use: Heating and CO2
( ]| Spain

& Unheated plastichouse
0.10 euros/m? (2005)

Considering the location of two
Nations, this is not a fair comparison.

[ ~ T ——

ASYMMETRIC MULTISPAN PARRAL

N\

Not suitable for locations with strong wind

2017/9/14
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Similar structures in Sicily (Italy) and Crete (Greece)
A SHAPE- PLASTIC PANEL OR FILM

—2
' GH for Tropical and subtropical regions

L
heavy rain

Strong wind V V V

Shading V V V V

Ventilation V V V V

Cooling V

Heating V

Insect V V V V

2017/9/14
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w!ATEGORIZATION OF CROP i
PROTECTION STRUCTURES

Closed Walk-in Structures

Closed Building

Walk-in Structures, ~. Low Technology Greenhouse

Walk-in Tunnel
" Shade House
" High Plastic Shelfer

IHialy Niet Sihexfies

Greenhouse effect
Shading effect
Windbreak effect
i Oasis effect

: 'i\q! Umbrella effect

2017/9/14
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ypes of Structure for Agriculture

* PFAL/PF inside Greenhouse

» Greenhouse/Greenhouse with solar cell

* Net house

» High tunnel

* Rain shelter

* Tunnel

» Floating mulch/ floating row cover/ floating cover
* Mulch

» Frost umbrella

18


http://www.ntu.edu.tw/
http://www.ntu.edu.tw/
http://www.ntu.edu.tw/
http://www.ntu.edu.tw/

olar cell on top of GH in Taiwan

Perpendicular

eflected

THE INCIDENT DIRECT RADIATION THAT IS
TRANSMITED BY A GREENHOUSE
CLADDING MATERIAL IS DEPENDENT ON
THE ANGLE OF INCIDENCE (a)

2017/9/14
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DIRECT SOLAR RADIATION

DIFFUSE RADIATION

GREENHOUSE COVERING MATERIALS
CAN SCATTER SOLAR RAYS, TRANSFORMING
DIRECT SOLAR RADIATION INTO DIFFUSE RADIATION

LIGHT DIFFUSING PLASTIC FILMS ARE WIDELY USED TO IMPROVE THE QUALITY OF
THE PRODUCE AND INCREASE LIGHT USE EFFICIENCY

Clear glass
Haze glass
* expensive

2017/9/14
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-
'Glass GH for orchid production in Taiwan

7 BT Vs W Ve i W

El BEE EEE ENI LI
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omato glass GH in Taiwan

VA RIE AR sinsr  TABRERARLEE - RANSRN  TERHE
- o AR TR L S PR W SR e

£

","/IA

EENHOUSES COMPARED

| gGothic arch multi-tunnel | | ¢ \Venlo

‘@ PEP film, diffuse thickness200 ym | ] u Standard glass 4 mm thickness \

s Average roof angle of 27° \ s Roof angle 22° \

] = Ventilator/greehouse areas ratio 37.3% \ ] =i Ventilator/greenhouse areas ratio of 13.4%

2017/9/14

23


http://www.ntu.edu.tw/
http://www.ntu.edu.tw/
http://www.ntu.edu.tw/
http://www.ntu.edu.tw/

"astic greenhouse w/o roof vent
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¢ greenhouse with roof vent in Taiwan

Adequate roof opening
for natural ventilation

Poor selection of nets
for roof vent opening

sreenhouse with roof vent in Taiwan
Natural Ventilation

SN L
-

S
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!etter nets for roof vent opening
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!H w/ natural and forced ventilation
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THE USE OF SCREENS (NETS) AS

' CLADDING MATERIALS FOR
PROTECTED CULTIVATION

IS SPREADING AROUND THE WORLD

29
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Net house in Taiwan

——_—
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Net mesh
size
Double
door
design

Net house in Malaysia
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Double entries forail greenhouse and net-house

—arme=-High Tunnel System
' Easy to build, maintain, and move, they provide

an energy-efficient way to extend the growing
season and improve plant health and vigor.
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oating row cover in Taiwan

Lo
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Tunnel in Taiwan
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olored mulch in Israel - tomatoes

ers on colored plastic in Israel -
potatoes
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. Frost umbrella in US

.I GH for different purposes

z_5% Floral

“2_[f] Seedling

v Leafy greens What else?
Zz_ ) Fruit

T
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S
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S o v
Also for tree

[
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-

ironmental controlled
equipment in this GH

* Air conditioning

e Artificial light

* Shading from outside

* Fan and Pad (not shown)
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. Thank you for your attention

2017/9/14

47


http://www.ntu.edu.tw/
http://www.ntu.edu.tw/

