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1. SusMedHouse Project Overview
SusMedHouse Project is driven by the aim of boosting greenhouse efficiency and enabling year-round
production while preserving energy, soil and water with novel approaches. These approaches will be
tailored and optimized for the Mediterranean based on growers’ needs and environmental conditions
of the region.

The project will be realized by the following means:

The systems and subsystems produced in the project will work compatible with in the following
environments and the systems:

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

In the modern greenhouse using artificial intelligence, production will be made for the Mediterranean
region, regardless of the seasons, by optimizing with the network system and sensors.

(2) Decision support system (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) Integrated 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 eco-friendly
and reduce the harmful effect of pest and pathogens.

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

(6) Real time biosensor development, to diminish the consumption of water resources and quality and
to boost the efficiency,

(7) life-cycle assessment and (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 preservation of resources applying
above mentioned developed methods and technologies and optimal conditions obtained from Al
studies.

In summary, the SusMedHouse will provide sustainable, competitive, eco-friendly and high-tech
greenhouse production also promoting year-round safe food production in the Mediterranean region.

2. Executive Summary
The harmonious operation and interoperability of the  technologies developed within the scope
of SusMedHouse will lead to efficient, eco-friendly and sustainable results in the SusMedHouse
Demonstration Greenhouse.
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At the early stages of the project, a design process for the overall coherence was started; and this
process was sustained in an interactive manner through the execution of technical WPs, in
coordination with WP leaders. Necessary infrastructure to enable the interoperability of systems
developed in WP3, WP4, WP5, WP6, and WP7 were constituted to every subsection. Overall
coherence, necessary interface equipment and input/output relations, especially related with the Al
and automation network were conceived; and organised under AR&TeCS leadership.

3. Literature Review

Interoperability is about information that has a consistent meaning and how we move it between
people, organisations and systems. This can be a big challenge in an agricultural system that has
evolved over decades. Different companies, professions and jurisdictions have developed their own
ways of working and different technology solutions to support them. The term interoperability, which
was used for the first time in the military field, was defined as "the ability of a unit or power unit to
produce service and to understand the capabilities of other systems, to use the capabilities of other
systems and to work together effectively" in the study of the US Department of Defense in 1977.

The interoperability discipline has many interrelated fields of study that correspond to different levels
of sophistication:

- Data interoperability: Data presentation and exchange, data integration, data mapping, aggregation
, schema mapping,

- Process interoperability: Process modelling, mapping, mapping reconfiguration,
- Rules interoperability: Harmony of internal and external legal and administrative rules,

- Object interoperability: Integration of computer hardware and other devices with network and
internet connection,

- Software interoperability: Web service, gateways, XML applications, software architecture,

- Cultural interoperability: Harmony, matching, creation of common values and goals between
geographical regions and structures,

- Information interoperability: Sharing intellectual assets, arranging assets taking into account the
needs of stakeholders, improving utilization skills,

- Cloud interoperability: Cloud computing, unified cloud interfaces, cloud connectivity, cloud-to-cloud,

- Ecosystem interoperability: virtual organization, digital ecosystems, ecosystem collaboration, virtual
enterprise integration (ENSEMBLE CSA, 2011:84-98).
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Interoperability studies to ensure the interaction of technical infrastructure based on information
systems turn into a discipline that includes sharing data, information, documents, processes, values
and goals of different structures over time.?

4. Solar Panels and Roof Construction Study

Fraunhofer shared the determined PV panels with AR&TeCS. Many online meetings were held on the
subject. Venlo greenhouse roof construction design studies were carried out in accordance with the
PV panel dimensions. Previous studies were investigated. Meetings were held with private sector
executives who are experts on the subject. Roof construction has been started and production of PV
panels will start in accordance with the determined roof design.

Figure 2: Mounting Method

L Al SH, Keil R. Contagious Cities. Geography Compass. (September 2007). 1(5)

2 Ayabakan S, Bardhan |, Zheng Z, Kirksey K. The impact of health information sharing on duplicate testing. MIS Quarterly. 2017. Vol. 41 No.
4, pp. 1083-1103
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Figure 3: Identified PV Panel

Two options were determined in the meetings held on the installation of the panel on the
greenhouse roof. The first way is to install with condensate channel profiles and the second way is to
stick with suitable adhesives i.e. polyurethane. Safety and strength calculations were made for two
roads. The standards were checked. As a result, it was decided to bond with polyurethane.

Polyurethane Thermal expansion Joint width
Thermal heat coefficient;

For glass =6 x 10*-6 m/(m K)

For steel = 12.5 x 10”*-6 m/(m K)

Let's take the longest side of the PV Panel 2m;

Let's assume that the temperature of the panel rises to 80C in summer, and let it drop to -20C on
cold nights in winter. Thus, let's predict that the temperature difference will be 100C.

The elongation in the glass will be = 1.2mm for 2m,
We see that the elongation in steel = 2.5mm.
Difference = 1.3mm

This is the difference in elongation for one panel, the neighbouring panel will also extend that much;
Although this elongation will be on both sides, let's say the panel is stuck somewhere and the
elongation is in one direction. There should be a minimum gap of 2.6mm between the two panels.
Assuming that the filler material in between shows 30% elasticity, a 7.8mm joint is required between
the glasses in order not to be damaged by thermal expansion. Accordingly, it is appropriate to design
a joint gap of 10 mm between the glasses to stay on the safe side.

Strength;

7/13
¥ |susmepHouse



SusMedHouse D9.2 — Interoperability Report

Roof slope is 27 degrees

Snow load = 105kg/m”2 x 2m~2 =210kg

Glass load (14.7 kg/m”"2 x 2mA2=29.4kg for 6mm) = 30kg

We can get a total of 245kg.

Tensile strength > 7.5N/mm”2 is given for the recommended sealant.
Shear strength is taken as 60% of the tensile strength in steel as a general principle.
Shear strength = 7.5N/mm*2 x 60% = 4.5N/mmA2

Let's take factor of safety = 100%,

Accordingly, the shear strength we can use = 2.25N/mm?2= 0.225kg/mm?"2.
If we apply 8mm wide mastic all around the panel (4000mm);

4000mm x 8mm= 32000mm*2 cutting area;

It has a shear strength of 32000mm2 x 0.225kg/mmA2 =7200kg.

Accordingly, in the application of 8mm sealant all around, we are safely loading even with a side load
of 7200kg. That is, we hang 7200kg of glass perpendicular to the ground and this sealant can stand
without being cut.

Determined glass + snow weights are less than 300kg.

The elastic safe extensibility capacity is given as 500%.

In other words, you can safely extend a 5mm thick sealant by 25mm.
Thermal expansion values are far below this.

Accordingly, it is safe to use this type of Polyurethane sealant.
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Technical data

Appearance Thixotropic paste
Colour Black

Chemical nature Polyurethane
Curing Mechanism Moisture-curing
Curing through volume [mm] 3

(1 day at 23°C and 50% r.h.)

Shore A

(23°Cand 50% r.h.; DIN 53505) e

Density [g/cc] 1,31+0,02
Tack-free time [min]

(23°C and 50% r.h.) €

Tensile strength [N/mm?] 575

(1SO 37 DIN 53504) =

Elongation [%]

(IS0 37 DIN 53504) =0
Application temperature [°C] from +5to +40
Temperature Resistance [°C] -40/+100, for short period up 140

Figure 4: Polyurethane Adhesive Material Properties

In the research conducted on condensate channel profiles, it was determined that the market is very
narrow, and the lead time is very long. Since it is aluminium material, the cost is also very high. Since
the condensate channel solution also requires a special production roof construction, it was decided
to use polyurethane bonding material in PV panel assembly.
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Figure 5: Condensate Channel Design Study

9/13

§l§” SUSMEDHGQC



SusMedHouse D9.2 — Interoperability Report

Polyurethane material adhesion test was performed. Glass and bonding surface were cleaned with
acetone. Chemicals specified for solid adhesion were applied to the surface. The specified time was
waited. The polyurethane material gave a very good result between the glass and the adhesion
surface.

Figure 6: Polyurethane Material Test Process

5. Biosensors Greenhouse Installation Work

As a result of the meetings held between WOLA and AR&TeCS , it was decided to place the automated
system for integrated biosensors (ASIB), in the automation room. WOLA shared the electrical power,
size and height information of the ASIB and gave information about  assembly.

Specifications of ASIB:

Alternating Current 750W - 220V
Temperature 4°C - 50°C
Dimensions 177 x70x 70 cm
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Figure 7: Schematic Design
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Figure 8: Wiring diagram

AR&TeCS irrigation system will work in harmony with the WOLA  biosensor. The irrigation
system can send different amounts of irrigation with  different EC-p  H values to different parts
of greenhouse cultivation. Irrigation amount and EC-p  H value will be determined according to the
information coming from the Wola ASIB system. Thanks to this system, the amount of drainage to be
given to nature  will be reduced and too much fertilizer usage  will be prevented.

6. Solar Control and Low-E Coatings

Tunnel greenhouse design work was carried out for the coating materials developed by Fraunhofer.
Coating materials dimensions and features;

e Uncoated ETFE at a width of 1.55 m x 100m
e Coated ETFE ("summer" coating - high solar blocking layer) 1.2 m x 100 m

e Coated ETFE ("winter" coating - low-e, high PAR) 1.2 m x 100 m

Meetings were held on these features. Offers were received from companies. Greenhouse and
covering material installation experts were interviewed. A design specific to greenhouse coating
materials was made.
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Figure 9: Tunnel Greenhouse Design Study

7. Decision Support System & Software

In the current stage, AR&TeCS have developed image processing and Al integrated harvest prediction
and pest and pathogen detection algorithms integrated to DSS. Dataset to train Al models has been
created by Antalya Tarim in their greenhouses which ensures that the trained models will be successful
in greenhouse environment

DSS has been developed in two versions, desktop and web-based. Both versions use Google Drive to
store, read, and write data. For this purpose, the values read by the temperature and humidity sensors
are uploaded directly to the desired drive and are accessed by desktop DSS and web-based DSS.

The user will be able to access and monitor the greenhouse remotely by DSS, and with the help of
DSS, make the best decision for better operation and more profit.

Wireless communication system:

Wireless communication based on TCP protocol was selected for communication between servers,
robots, sensors, and cameras. The most important advantage of a wireless system is the cost reduction
because it does not require cabling and minimises the use of physical switches. A high-range access
point out-door will be used, which can provide stable signal to the greenhouse and can serve a
significant number of devices.

8. Growth Media

Preliminary agronomic trials on tomato under standard greenhouse cultivation for selection of the
best performing peat-free growth media have been carried out. Due to the reduced amount of
compost available, resulted from lab-scale trials, CNR-ISAFOM decided to carry out preliminary
agronomic tests on a single species (tomato) instead of three, in order to have more reliable results
based on a greater number of plants and using a standard greenhouse cultivation technique. In
compensation of the reduced number of examined species, CNR-ISAFOM decided to make an in-depth
characterization of the resident microbiome in all five compost made in the lab through metagenomics
techniques. This characterization, not planned in the project, will be the subject of a further extra-
report that integrates Deliverable 6.4, submitted on November 3rd, 2021 as first version. Deliverable
6.4 will be updated as soon as metagenomic data are available from Microbion, Verona (ltaly), the
laboratory selected for carrying out the next-generation sequencing, and bioinformatic analysis
completed. The genetic identification of the microbial species in the experimental compost, combined
with the in vivo biocontrol assay done and reported in first version of Deliverable 6.4, would highlight
possible species involved in the suppressive activities against specific phyto-pathogens, with possible
implications for a more sustainable crop protection. Instead of net photosynthesis (NP) and stomatal
conductance (SC), biometric and physiological parameter assessments included: the evaluation of
plant height, number of leaves, root, stem and leaves fresh and dry weights, leaf area, colorimetric
measurements by atLEAF+ and SPAD which provides a rapid and non-destructive approach that
enables users to measure chlorophyll content in the field, determining the in situ nitrogen (N) status
of plants.
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9. Conclusion

Information was exchanged among all partners in the SusMedHouse project in line with their expertise
through the design & construction of SusMedHouse Demonstration Greenhouse. Interoperability of
subsystems developed within the SusMedHouse project scope were ensured from the early stages of
the project by starting a design process for the overall coherence through the execution of technical
WPs. The interoperability of subsystems developed in WP3, WP4, WP5, WP6, and WP7 was enabled
by constituting necessary infrastructure to every subsection. All partners have contributed to ensure
the harmonious operation of relevant subsystems in the SusMedHouse Demonstration Greenhouse.
After the greenhouse installation finished, all technologies will be tested for interoperability and this
deliverable will be updated.
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