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1. SusMedHouse Project Overview

SusMedHouse Project is driven by the aim of boosting greenhouse efficiency and enabling
yearround production while preserving energy, soil and water with novel approaches. These

approaches will be tailored and optimized for the Mediterranean based on§iiia Q Yy SSRa

and environmental conditions of the region.
The project will be realized by the following means:

1. Artificial intelligence (Al), as the core of the SusMedHouse, includisgclmi
greenhouse specialised optimization mechanisms and sensory network to reach ideal
plant growth with limited resources independent from the season and location.

2. Decision supporsystem (DSS), to increase the efficiency by providing real time data
and showing expected outcomes for actions; owing to pest and pathogen monitoring,
early warning system, condition optimiser algorithms, grid and market connected cost
calculator.

3. Integraed pest and pathogen management (IPPM), to increase efficiency and food
safety while reducing used chemicals.

4. Biodegradable growth media development from circular waste streams, which will be
ecofriendly and reduce the harmful effect of pest and pathogen

5. Sunlight and Lighting optimisation, that will contain the solar control coatings, low
emission (LowE) coatings and PV panels as agro photovoltaics (Agro PV) to increase
the efficiency in the greenhouse.

6. Real time biosensor development, to diminish tb@ensumption of water resources
and quality and to boost the efficiency

7. Life-cycle assessment
8. Sustainability evaluation

Four cultivation methods, namely, conventional, aquaponic, hydroponic, and agro
photovoltaic will be implemented on separate benches of SusMedHouse demonstration
greenhouse to examine the effect of cultivation methods on the greenhouse efficiency and
preseavation of resources applying above mentioned developed methods and technologies
and optimal conditions obtained from Al studies.

In summary, the SusMedHouse will provide sustainable, competitivefrecwlly and high
tech greenhouse production also promtmy yearround safe food production in the
Mediterranean region.
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2. Executive Summary

In order to compare different greenhouse cultivation methods and employ the developed
subsystems, SusMedHousever 2000 m2 - demonstration greenhouse comprising a
hydroponic, an aquaponic, a conventional and an APV se@nds a tunnel greenhouse
requirement from Task 9.1 was designed and built by AR&TeCS at its facilities.

AR&TECS conducted a study on various existing technological greenhouses under the project
"Task 9.1 Design of the Overall SusMedHouse System Design for the Coherence of All
Subsystems (M24120)". The greenhouses were assessed through site visits to identify their
weaknesses and determine the optimal design. AR&TECS aimed to establish the
SusMedHouse deamstration greenhouse at the Ankara University Technopark campus.
However, due to limitations, a nearby land (approximately 7 km from AR&TECS) with suitable
infrastructure was acquired for the installation. The land, covering an area of 12,678.82 m2,
was dtained in August 2020.

To expedite optimization tests, optimization cabinets were designed and installed. These
cabinets facilitated preliminary trials and subsequent optimization tests for lettuce, tomato,
and pepper crops. The results obtained from these tests were used t@neehthe
greenhouse's efficiency. The design of the greenhouse was finalized based on extensive
research, consultations with partners, and adherence to the greenhouse requirements
document. Negotiations with contractors were conducted, and constructionntented,
considering budget constraints and efficient resource utilization.

The PRIMA SusMedHouse demonstration greenhouse design was developed by integrating
advanced technologies and modern greenhouse practices. Sequential steps were followed for
the greenhouse installation, including steel construction, coverings, heating and cooling
systems, PV panels, irrigation and misting systems, and large water tanks. Furthermore,
separate structures were designed for the fertilization system, office, and boiben.r&ivil
engineers oversaw the construction process, ensuring compliance with architectural plans
and conducting necessary checks at each stage. Electrical switchgear materials were
determined based on power requirements, and electrical projects werewggd@ccordingly.
Additionally, the aquaponic system design was completed, catering to optimal conditions for
both plants and fish. The electrical wiring diagram was devised for the ASIB biosensor in the
demonstration greenhouse, considering power outaged incorporating an uninterruptible
power supply (UPS). Wired internet connections were established, facilitating data
connectivity. To test the effects of coatings developed by Fraunhofer, a tunnel greenhouse
(40mx6m)was designed and constructed in tlersections: winter, summer, and reference,
corresponding to the specific coatings used. These efforts culminated in the successful
implementation of the SusMedHouse greenhouse project, showcasing cttigg
technologies and demonstrating the coherenceabfsubsystera
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3. Design and Simulation
Agro-PV SectionGreenhouse Orientation and PV panel Placement Simulation

The core work of Agrivoltaics group of Fraunhofer(ISEwas designing the PV Greenhouse.
ISEdefined theparametershat affects the sunlight conditions in greenhouse and investigated
those for SusMedHouse.

The main parametera/ere studied aregiven inFigurel:

PV installation pattern; Cover ratio of the PV modules on the roof ; Orientation of the
greenhouse: Shape of the greenhouse

Over 20 scenarios were simulated and optimum share of the $urdefween energy and crop
production was investigated.

Greenhouse design related Agrivoltaic system related
parameters parameters

Orientation of the [
greenhouse Cover ratio of the PVPs «

the roof

Gultter height of

the greenhouse [

PV system/
L technology

Shape/ span number ¢
the greenhouse PV installation

pattern
Greenhouse material]

Figurel.Design parameter considered during #imulations.

C2NJ L{ 9Qa bifsSial k@idRé frag @agirly simulations have been used and shading
levels were analysed.

Structural components neglected. Materials selected include glass roofpagdarbonate
side walls.

Regarding the weather data, Typical Meteorological Year was used and 1 day was selected
from each month which is representative of average irradiation of respective months.

Light simulations
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Bifacial_radiance rairacing software
Structural components were neglected
Glass roofs, polycarbonate side walls
G '-I. ‘ .

Weather Data

Typical Meteorological Year Figure2 Possible configurations of Agr
PV structure on the roof

Average day approach

= =_ =2 =/ =2 4

12 days in total

After ray tracing simulation results from Fraunhofer ISE, PAR and DLI integral values were
calculated. Thanks to the Antalya Tarim that shared the DLI requirements of the example crops
with us. The sunlight requirements of the crops wergoritized for analysing the light
availability and homogeneity in the greenhouse.

Of course, not only the light levels but also the light homogeneity plays an important role for
crop growth. Homogeneity measures calculated by coefficient of variation (CV) and used for
the decision making.

Lettuce >12 mol/m 2.d

01 | 508 | 1006 | 1504 | 2002 | 25 | 29.98 | 34.96 | 39.94 | 44.92 | 499 |
34 34 34 33 33 33 33 33 34 34 34

-2.59
3.8 29 22 26 25 18 22 19 25 23 19 31

318 29 26 23 26 19 24 26 15 21 27 31 Pepper >20 mol/m 2,d
247 28 23 21 23 20 23 22 21 18 28 26

177 27 27, 18 20 24 19 23 23 22 20 29

-1.06 31 21 19 23 13 15 26 23 17 18 29

-0.35 30 25 24 20 27 21 19 26 23 26 30 Tomato > 30 mol/m 2 .d
035 28 24 20 22 25 20 24 21 19 24 30

1.06 30 21 17 20 22N 18 26 14 19 28

25 26

S| ammsmE 0 % o o 2 a0 s DLI< 12 = RED
3.18 33 31 31 31 31 31 31 31 31 32 33
3.88 33 32 31 31 31 31 31 32 32 32 33 12< DL| <20 =
4.59 33 32 32 32 32 32 32 32 32 32 33
Figure3 a. Day Light Integral values and b.DLI requirements

Possible configurations of AgRV structure on the rocére illustratedin the Figure2. As a

final design north south oriented Greenhouse with checkerboard PV pattern was chosen
because it provided the best balance between energy production and ligttitcmms inside

the greenhouse.

Total 120 modules were used. 405 Watts Bifacial etsss frameless modules were used.
Bifacial modules increase power output by the help of the albedo from the ground.

Cover ratio of the greenhouse roof by PV panels was 33 which resdB8 26 shading ratio
depending on the season. 48.6 kWp installed capacity and greenhouses in operations since
July 2022.

SusMedHouse Greenhous&equirements:
Based on the simulatiorand design studies, the following construction requirements are
described see Annex. A summary of the requirements for construction of both Venlo and Gothic
types greenhouses given below

o Structures: Greenhouses constructed with polycarbonate.
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o Differentiated areas for conventional (Verdgro PV) and hydroponic (Gothic)
methodologies.

o0 Greenhouses oriented NoriBouth.

0 Specific areas include a cold storage room, equipment storage, heaimtgrg office,
kitchen, changing room, restroom, etc.

o Technical Specifications:

o Gothic Structures: Total area 0132 m? with three tunnelsseparated each other40m
length. Specific technical details for ventilation and construction materigbareided.

o Venlo Structure: Total area 680 m?with a single tunnel of@m length. Certain parts will
be without glass and will be covered with PV pamslexplained abovd 20 PV panels will
be used.

o Office and Control Units will be adjusted to fit withime dedicated area. Resilience to
various external factors like wind speed, plant load, snow load, etc., is specified.

o Construction: The greenhouse will be constructed using galvanized St37+ pwofiles
detailed specifications.

o Cladding: Different materials including polyethylene, polycarbonate, and ETFE will be used
based on the greenhouse sections.

o Shading System: The covering area is defined, and specific features of the system are given.
o GroundCover: Specifications for the ground cover in different areas are provided.

o0 Automation System: The automation system will control various features including
meteorological station, circulation fans, misting system, ventilation, heating, cooling,
artificial lighting, and thermal curtain system. It should support remote monitoring and
management.

o lIrrigation/Fertilization System: Different options for fertilizer systems are provided.
0 Reverse Osmosis Syste@ptional.The system will be compatible with otherstallations.

o Plant Cultivation System: Details for the suspended gutter syatehtonventional section
are provided.

0 Misting System: Specifications for the misting systemprovided
o Circulation Fans: Fans' specifications are detailed.
0 Heating System: &ails about the heating system, including fuel choice, are given.

o0 Agquaponic System: Specifications for the special heating system, as well as filtration and
circulation, are provided.

0 Cooling System: Details about cooling pads and fangiaea
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0 Bug Net: Specifications for insect netting are provided.
o Generator: A soft transition generator of 100 KW.

0 Miscellaneous: Various additional requirements, including an alarm system, external
meteorology system, cold storage, internet connectivity, and lighting system, are detailed.

Agro PV Venlo SectioBtructural Design
The Agro PV Venlo design is an advanced greenhouse model tailored to optimize both cultivation
conditions and structural integy. Orientation of the greenhouse and roof structure were applied
in accordance with the output of the simulation and design studid® key specifications and
features are summarized as follows:

Dimensions and Layout:

Tunnel Width: 8.00m with twéunnels.
Greenhouse Width: 16.00m.
Greenhouse Length: 40.00m.
Pillarto-Pillar Distance: 2.50m.
Beamto-Beam Distance: 2.50m.
Height Below Gutter: 4.50m.

Peak Height: 6.60m.

Total Area of One Block: 640 m2.

gegeegeeeee

4
l -F . \ ¥
=
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< ! '
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’ 8,00 m N

Figure4. Roof and widow structure for Agré’V section

Construction Features:

Paged/ 59



SusMedHouse D9¢lHi-Tech Al Supported Demonstration Greenhol

Subject to EN13031 Greenhouse standardshich describe principles, requirementand
procedures for the design of greenhouses and gives recommendaBtmsture arrier columns

will be from galvanized box profile, with pillars at 150x100x4mm and crossbeams at
150x100x4mm. Rainwater will be drained using a galvanized gutter madelffsdmm sheet
metal.

Ventilation:

Duatsided top ventilation powered by motors. Positioned directly above the walking path,
controlled by reduceequipped motors.

Figure5 Roof and carrying structure of the greenhouse

Cladding:

The entirety of thegreenhouse will be clad using solid polycarbonate on the roof, and 8mm
transparent doublewalled polycarbonate sheets on the front, back, and sides.

Entrance:

Two sliding doors with 8mm polycarbonate cladding and galvanized frames. Dimensions: 3.00m x
2.40m.

Equipment:

Exhaust Fans: Two per tunnel (EM50 model), totaling four fans. These fans have automatic
opening flaps powered by motor initiation.
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Figure6. Exhaust fans replacement sample

Cooling Pads:

Dimensions: 150cm height and 15cthickness, spanning a total length of 18m. Separate
installation for each section, with individual controls for each cooling pad per tunnel.

Water culiet

Figure7. Cooling Pad structure Figure8. Cooling mechanism illustration
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Figure9. Cooling pads ancurtains (laytimefor shadow, night time to keep heat over the plants

Two options to place theooling pads

and exhaust fans were considered as
— G2 SBGAGE |y R daii IKE K K S
S e optimum distance between fan and pad
@ ElE. BE 0 ¢ for cooling was calculated as 45 meters
for Ankara region. Since size of the
SusMedHouse greenhouse is small and
North is goodor cooling, NorthSouth
placement were selected for padas
shown in Figure 10

FigurelO. Cooling Pad layout for Gothic and Venlo type greenhou

Heat Curtains:

Controlled by a geareduced motor and designed for automation compatibility. IP55 Aluminum
Striped PP cover. Positioned below the crossbars and operatadsimgle motor.
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Heating Plan:

Heating system requirement were determined considering the weather condi{esmsaximum
valuep ¢ I' o pfer /Ankéara and important parameters are given in the Annex. According coldest
whether scenario$or location of the SusMedHouse greenhousé@ikaraheatrequirementwas
calculated about Each Boiler should have a Capacity of 500,000 k¢BMtails see Annex)Yo
produce this heat efficiently, surface and placement of heating pipelines, and numbet airs
blowing systemsvere calculated. The type of the greenhouse had to be considered pipéénes

can not be placed on the soil for conventional and aquapproduction sections, it is a necessity
for hydroponic production systems.

To provide thehomogeneous heat distributioand reach average temperature in all greenhouse,
Tichelmann systerwas elected. Its atwo-string pipe system, where each radiafpipe line (for

our casepn the same floor has the same total distribution pipe length (supply + retoreasured
from the pump through thall greenhousend back to the pump) is called a Tichelmann system.
It is also commonly referred to as a reverse return system.

Sectionswith a short length of supply pipe measured from theating pump point have a
correspondingly longer return pipe. The opposite applies se@ionlocated furthest away. This
ensures uiform resistance and hence more or less eghat water flow-rate in the heating
surfaces. Consequently, the water flow for each heating source does not need to be individually
adjusted during commissioning. However, this generally leads to longer and coorglicated

pipe runs and therefore higher system cogtpart from this system each section had a separately
controlled pump which give the capability to carry out separate tests in each greenhouse type at
different temperatures simultaneously.

Heatinginstallation diagram of Venlo type greenhouseshown is Figure 11.
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Figurell. Heating installation diagramf Venlo type greenhouse
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Design of the irrigation system inside the greenhouse

The design of the irrigation systemthre different sections of Venlo (Agi®V) and Gothic types respectively from top to down 1. Gothic Hydroponic
2. Gothic Aquaponic &othic Conventional (with soil) 4. Venlo (Adhd panel to be installed) Hydroponic 5. Venlo (Agvopanel to be instakf

Conventional (with soil). These sections were designed to carry out separate tests under different EC,PH and waterirny fieepeéore each
should have separation walls and doors.

=

IOOD999 25 B0 8 wwenee

Figurel2. Design of the irrigation systeimside thegreenhouse
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Irrigation equipment installation in the irrigation room

To have more sections controlled separately for more test, each section was designed to have two sepasatgicnd in the SusMedHouse

greenhouse. Using this capability SusMedHouse will be alllave 10 subsections in totals which can give the opportunity to carry out plant
grow tests with different formulas of the irrigation mixtures.

Severabesigns were considerdd use the space efficientlyand wo drawings which show control units, tankpumps, and pipelineare given
below. Second one was decided for tt@nstruction free space is planned to be used for temporary product storage.

Figurel3. Firstversion of irrigation replacement in the irrigation facility
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kapi

Figurel4. Final version of the irrigation system components layout
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Gothic SectiorStructural Design
Greenhouse Dimensions:

The Gothiestyledgreenhouse spans 9.60m in width. The tunnel width, the distance between the
columns, and the distance between the arches is 2.50m. The height at the eaves is 4.50m, while
the peak height reaches 7.00m. There are three tunnels, making the greenhouse'witital
28.80m and length 40.0m. The entire block covers an area of 1,152 m2.

Figurel5. Gothicstyled greenhouses

Greenhouse Model:

The greenhouse features a Gothic type with double ventilation from the top. It will have three
tunnels. Entry to the graghouse will be through two sliding doors of dimensions 2.40m x 3.00m,
ensuring hygiene to be installed on the facades of the greenhouse. The doors will be covered with
transparent polycarbonate, installed in the greenhouse with a bolted system, weldihgowvthe
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used.

Figurel6. Offered entrance model

Structure and Cladding:

The greenhouse's construction employs Jagd galvanized pipes and profiles. All bolts and nuts
will be galvanized. The assembly will avoid welding; instead, the construction will use bolted
elements. The greenhouse columns are made from galvanized 90890x2 square profiles.
Other critical components are made from galvanized pipes of various dimensions. The roof of the
greenhouse will be covered with polyethylene nylon 180 microns thick with 36 months (UV, IR, AF
additive) life. The upper ventilation gapvill be covered with a 50 mesh insect net. On the front
and side facades, 8mm doubkelled transparent Polycarbonate will be used. The greenhouse's

3 tunnels will be separated from each other by arb8sh insect net and doors.
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Figurel?. Structure andCladding

Ventilation:

Each tunnel in the greenhouse is equipped with dotble ventilation. Ventilation dimensions

are 1.80m, with a maximum opening distance of 1.20m. Ventilation will be controlled by motors
with limit switches. Entry to the greenhousell be made from 2 sliding doors, each 2.40m x
3.00m, to be installed on the facades of the greenhouse. The doors will be covered with
transparent polycarbonate, installed in the greenhouse with a bolted system, welding will not be
used.

CirculationFans:

These fans are designed to break stratified heat, humidity, and stagnant air. There will be a total
of 6 fans, two for each tunnel.

D

B

Figurel8. Circulation Fans
Page20/ 59



SusMedHouse D9¢lHi-Tech Al Supported Demonstration Greenhol

Heat Curtains:

A rolling/reeling system capable of automation will control the systeme. durtain will be an IP55
Bonar brand with aluminum strips and will be mounted below the trusses.

Figurel9. Heat Curtains

Exhaust Fans:

Each section of the greenhouse will have two EM50 exhaust fans, totaling four fans for the entire
greenhouse. Theahs will feature automatiopening covers when the motor starts.
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Figure21. EM50 exhaust fanBiagram

Cooling Panels:

The cooling panels will be 150cm in height and 15cm in thickness. They will be installed on the
side facades of the greenhouse. Each section will have a separate system for the cooling panel.
The back of the cooling panels will be fitted with arB8sh insect net.
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Figure22. Cooling Paneldiagram

Greenhouse heating systems researchoaased out. As a result of these research, calculations
were made, and the heating system was designed. Boiler room installation completed. Heating
installation work in the greenhouse continuggure24 shows the heating system setup. Heating
calculation was made as Annex B

Figure23. Heating System Installation
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Figure24. Heating installation diagrantp provide homogeneous heat distribution and proddene temperature in each tunnel
of Gothic type greenhouse
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Figure25. Layout plan
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1 1 . ON CEPHE
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Figure26. Frontal layout plan

Tunnel Type Greenhoudeesign and construction
Since the coated material sizes produced by Fraunhofer ISE is smaller size thatittieesbfflf
products and limited length, a special design of tunnel type greenhouse with three sections which
will have three types of roof material named summer, refarerand winter suitable for this size
was designed, and produce@ihe Tunnel Greenhouse initiative showcases a sophisticated design
prioritizing precisaneasurements and optimal growth conditions.

2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000

el N

Figure27. Tunnel GreenhoudRiagram
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=

Figure28. Tunnel Greenhoud@iagram side angular view
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Figure29. Tunnel Greenhoussesign details

Here's a distilled summary of the project's salient features:

w Measurement Strategy: Temperature and humidity will be recorded thrice daily (morning,
noon, andevening) for internal, external, and nylkdrased environments.

w Sensors and Equipment: Temperature and Humidity: Utilizing two types of devices, one
automated RC4HC Min) and another manual, to ensure accuracy and comprehensive
data capture.
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Figure30. Sensors anBquipment

Figure31. Tunnel Greenhouse Internal Temperature and Humidity Measurement
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Figure32. Tunnel Greenhouse On Nylon Temperature and Humidity Measurement

() Optical Spectrometer: For measuring wavelength spectra, especially in the PAR region
(400-700 nm). Device utilize@&ILVERIova

Figure33. Optical Spectromete8ILVERIova

w RH Measurements: Both air and soil relative humidity (RH) will be manually assessed.
Moisture will be gauged before each irrigation cycle.

TEMPERATURE DISPLAY PH DISPLAY

Figure34. RH Measurementsquipment
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Figure35. Tunnel Greenhouse Internal Soil RH Measurement

w PAR Measurements: Using tApogee M@00 Quantum meterthe project will
measure thephotosynthetically active radiation reaching the plants.

Figure36. Apogee MG00 Quantum meter

Figure37. Par measurements on each tunnel

1 Thermal Imaging: With thELIR TG168 Thermal Camefaurface temperatures of both
plants and nylon will be recorded weekly.
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Figure38. FLIR TG168 Thermal Camera

1 PlantingStrategy: Focusing on curly lettuce cultivation in a 40x640r() tunnel.
Approximately 2,500 lettuce plants will be grown, aligned in 14 rows, ensuring adequate
spacing for optimal growth.

40m

TUNNEL GREENHOUSE

Figure39. Planting Strategyrunnel Greenhouse
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Figure40. Planting Strategynter Row Tunnel Greenhouse

Figure4l. Construction site Tunnel Greenhouse
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Figure42. Tunnel Greenhousd#/inter Sectiorplanting
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Figure43. Tunnel Greenhouseummer Sectioplanting 2

Page33/ 59



SusMedHouse D9¢lHi-Tech Al Supported Demonstration Greenhol

Figure44. Tunnel Greenhouse planting 3

1 Irrigation Protocol: A smart approach, correlating irrigation frequency with PAR
measurements, will be used. The drip irrigation method will optimize water usage.

1 Growth Analysis: The project will monitor lettuce gt by measuring diameter, height,
and weight. Depending on outcomes, the study might extend to tomatoes and peppers
or refocus on lettuce growth patterns.

1 Documentation: Photographic records will be maintained throughout the lettuce growth
stages, ensuripa comprehensive visual dataset illustrating the effects of the tunnel

greenhouse coatings.

A )
/ \/‘,k“
¥ '-'(%, P

Figure 4. Coating Material Snow Load Test the roof of winter section

In essence, the Tunnel Greenhouse project amalgansitgs-of-the-art technology with
meticulous planning, promising valuable insights into optimized agricultural practices.
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4. Construction of the Greenhouses

After critical review of the designs and simulation results, the Technical Requirements Document
for the SusMedHouse greenhouse construction was prepared and attached to this doci@gnt.
metrics of construction is as below;

- Venlo Greenhousé:ength 4« Width 8mx Tunnel Number 2640 m?
- Gothic Greenhousd:ength 40 x Width 9,6mx Tunnel Number 3= 1.482
-Tunnel GreenhouseLength 40 x Width 6mx Tunnel Number 1= 240

- Auxiliary facilitieslrrigation, heating, water harvesting, office ete400 n¥

In line with these requirements, the construction work of the SusMedHouse greenhouse has
started, and some changes have been made to the document in question durisgeon
applications due to reevaluation of cost effectiveness and/or technical reasons.

First of all ground leveling was done as stated in the Annex, in order to provide the necessary
slopes for the greenhouse floor.

() In the soil part: % 0.8
() In the nonsoil norrconcrete part (ground cover): % 0.5
w In the concrete part % 0.3

Then, concretéoundations were built where the slabs and lebdaring columns would come. All
carrier columns in the structure of the Venlo type greenhouse are mounted on a connected
concrete foundation, ensuring that the greenhouse completely absorbs the movementcchyse
temperature differences and wind. Thus, the glass roof is more resistant to wind or other impacts.

In theFigure, the designs and the initialages of construction can be seen.
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Agro Py Section
Venlo Type
Soil-Based Agricultural

Gothic Type
Soil-Based Agricultural

i

Agro P Section
Venlo Type
Soil-Based Agricultural

Gothic Type
Soil-Based Agricultural

Gothic Type
Aquaponic Section

Gothic Type

Figure46. The completed designs and the initial stages of construction

Figure47. Arial picture of the construction site
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Figure48. Construction sitéoundation worksl

Figure49. Construction sitéoundation works2

Page37/ 59



SusMedHouse D9¢lHi-Tech Al Supported Demonstration Greenhol

Figure50. Construction sitéoundation works3

Venlo Greenhouse (Agro Pv)

Venlo Type greenhouse was constructed for the installment of the PV pamgtlemaining glass
as explained in the design part and requirement given in the Annex: Technical Requirement
Document. It has 2 main sections for hydroponic and conventional, which each hasiflitm

40 m length
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Gothic Greenhouse

Gothic Type greenhouse with conventional roof coating material was constructed as explained
in the design part and requirement given in the Annex: Technical Requirement Document. It has
3 main sections for hydroponic, aguaponic and conventional sectiamish each has 9,6 m

width, 40 m length.

Figure54. Construction sit&othic Greenhouse

Figure55. Construction sité&othic Greenhouse

Irrigation system design was made. A higbh irrigation system was installed with different-EC
PH valueadjustments for each section.

Greenhouse Functional Test Documentation:

Each subcomponenvere tested to verify correct functionality. Then section and whole sytem
level functional tests

Within the greenhouse environment:
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