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BACKROUND
World population is expected to exceed 9 billion in 2050 and food requirement will 
be increased proportionally. Wheat production must be increased by 60-100% to 
meet the demand in 2050. However, in the Mediterranean (MED) region the 
arable lands decreased from 0.38 ha per person to 0.23 between 1970 and 2000 
with a projected decline to 0.15 ha per person by 2050. At the same time, agricul-
ture is a major economic sector in terms of its capacity to generate employment 
and income for a large fraction of the MED population. In most southern MED 
countries (Morocco, Egypt, Turkey, and Tunisia), it is providing employment for 20 
to 30% of the population. With appropriate improvement practices, this potential 
can be exploited with substantial economic effects. However, food production of 
MED region is not enough to sustain its domestic population, despite having suit-
able climate and land. Most countries in MED region import agricultural crops. 
MED countries share serious challenges related to geographical, physical and 
climate changes issues that decrease the overall agricultural productivity. The 
challenges can be listed as the following:

Climate change causing an 
adverse effect on the arable land.

Sustainability in the region is limited due to 
several reasons such as rudimentary greenhouse 
technologies and cultivation techniques.

Circular recovery is insufficient and almost zero 
in the MED region.

Pest and pathogen control methods are 
environmentally hazardous, not efficient 
enough and non-precise.

Growers unconsciously use and exploit the 
resources.

Challenges



Hi-tech, greenhouse

Sunlight and Lighting

Decision support system

Real time biosensors

Pest and pathogen detection

Biodegradable substrates

Solution SusMedHouse project will provide 
significant contributions to overcom-
ing the above mentioned problems 
by combining hi-tech artificial intelli-
gence with innovative greenhouse 
applications. 



Vision Increase greenhouse production 
quantity and quality by boosting 
overall efficiency by at least 20%.

Develop new safer methods for pest 
and pathogen management.

Efficient resource usage by optimising 
especially energy, soil and water 
resources.

Prevent eutrophication.

Contribute to circular economy in 
agriculture, providing sustainability.

Create fully automated eco-friendly 
greenhouses with less intensive 
hand-labour.

SusMedHouse concept is mainly 
driven by the aim of boosting green-
house efficiency while preserving soil, 
water, and energy with novel ap-
proaches. These approaches will be 
tailored and optimized for SusMed-
House i.e. mainly for the Mediterra-
nean region based on growers’ 
needs and environmental conditions 
of the region. Four cultivation meth-
ods, namely, conventional, aqua-
ponic, hydroponic, and Agro PV will 
be implemented on separate bench-
es of SusMedHouse in order to exam-
ine the effect of cultivation method 
on the greenhouse efficiency and 
preservation of resources.
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The role of the Coatings Group from the Fraunhofer ISE is to investigate
and evaluate optically functional materials and coatings for a
Mediterranean greenhouse. These include: solar control coatings which
reduce the amount of solar radiation whilst maintaining optimal PAR
radiation (photosynthetic active radiation) exposure to the plants;
thermal control coatings (or “low-E”) which exhibit low emission in
the infra-red (high reflectance) to minimize the radiative heat-transfer
and primarily to maintain a warmer interior-environment with cool,
winter temperatures.

In the second 6 month phase of the SusMedHouse project the Fraunhofer ISE 
tested their coating system on different types of potential greenhouse materi-
als and plastic films. They looked at various low density polyethylene films 
(LDPE) films, Ethylene tetrafluoroethylene (ETFE) films and polyethylene tere-
phthalate (PET) films as well as rigid polycarbonate (PC) greenhouse wall ma-
terial. Over 40 different permutations of coatings and substrate material were 
combined and inspected. This included a variation in lacquer-type, lacquer 
thickness and whether just the physical vapour deposition (PVD) coated side 
was lacquered or both sides of the film. 

Fraunhofer ISE

Solar and thermal control 
coatings for the mediterranean 
greenhouse

Dr. Sophie Gledhill



One clear outcome of this investigation was that the lacquer processing tem-
perature was too high for the LDPE films. The lacquered LDPE post-heat treat-
ment appeared to be more brittle although it’s elastic-plastic tensile strain did 
not alter to the untreated LDPE. In the light microscope cracking in the lac-
quering was observable which led to insufficient sealing of the PVD coating 
and thus subsequent corrosion of the silver-functional layer in the damp-heat 
chamber. For the LDPE the lacquering processing would need to be adjusted 
to lower temperatures. 

In contrast the coated ETFE and the PET films both performed well. This meant 
little or no degradation could be seen in the light microscope and no degra-
dation in the solar and infra-red (IR) spectra taken from the films after 30 days 
exposure in a damp-heat chamber at 85 ˚C : 85 % relative humidity.
For the prototype greenhouses it was decided that two types of coating on 
ETFE would be trialed: one exhibiting 70 % PAR transmittance and a second 
exhibiting 45 % PAR transmittance. Both films will have a low emittance in the 
IR. ETFE was chosen as the substrate as it is known already as a suitable struc-
tural material and it is well tested in combination with the coating. The coated 
ETFE will be delivered by October 2021 for construction of the greenhouses. We 
are excited to find out how it will perform in a real greenhouse and not just in a 
simulated environment.

Fraunhofer ISE

Solar and thermal control 
coatings for the mediterranean 
greenhouse

Dr. Sophie Gledhill



The choice of ingredients for high quality compost production was directed 
towards matrices easily available in the Mediterranean area. Particular atten-
tion was devoted towards tomato and pepper plant residues which represent 
the main target of the project. 

Up to 16 different organic waste, including 
bulking agents with hygroscopic and structur-
ing properties, have been characterized for 
their chemical features. 

Up to 5 mixtures with appropriate Carbon to 
Nitrogen ratios have been composted using a 
lab-scale system showed in figure.

It includes two adiabatic and aerated 30L- 
bioreactors able to simulate and control the 
composting process which show typical 
sequence of mesophilic-thermophilic-mesophil-
ic phases.  

Compost will be characterized for the parameters more relevant for their po-
tential use in nursery (pH, electrical conductivity, water retention, cation 
exchange capacity, plant nutrient content, phyto-toxicity, etc.).

The most promising compost will be tested for the realization of peat-free 
growth substrates, mixing them with a selection of different zeolites.

Compatibility will be evaluated by means of growth tests, using the target 
species of the SusMedHouse project.

CNR-ISAFOM

Selection and Analyses 
of Organic Waste for 
High Quality Compost

Roberto Altieri and Alessandro Esposito



Water Online Analysis Europe (WOLA) has been progressing in the develop-
ment of the Automated System of Integrated Biosenors (ASIB) from September 
to February. The software, developed in C# programming language, will con-
trol the functional protocols of the 3 biosensor devices that WOLA is develop-
ing (BOD, Politox, Biocounter) plus the Multiparametric.

These parameters are analysed to bring important improvements in water 
quality and optimize the agricultural crops.

BOD biosensor measures the amount of the organic matter biodegradable by 
microorganisms present in water (mg/litre or ppm). 
POLITOX-RES biosensor measures the total reduction of metabolic activity of 
sensor microorganisms due to the presence in the water of total toxicity.
BIOCOUNTER biosensor measures the total number of aerobic living microor-
ganisms in water.
MULTIPARAMETRIC device measures parameters of interest for the water quali-
ty used for irrigation. 

Artificial Intelligence plays an important role in the biosensors running perfor-
mance which allows early warnings to prevent negative effects to the differ-
ent types of crops. 

The continuous knowledge of BOD in the irrigation water, allows users to opti-
mize the contribution of new nutrient organic matter. Also, it controls the eutro-
phication, in the case of aquaponic crops, it is of utmost importance for the 
animal species.

During this second stage, the ASIB software development level is satisfactory  
(mainly the BOD software, which is the first deliverable that WOLA must have 
completed).

WOLA

Automated System of 
Integrated Biosensors 
(ASIB)

Teofilo Diez-Caballero



Data storage and online communication between AR&TeCS and WOLA have 
been also developed, offering multiple data communication solutions.

The online software developed -interface- will allow the USER to obtain data 
from each biosensor device and the multiparametric individually or in an inte-
grated way, as well as their graphic representation.

The transfer of Data from ASIB and all the Data gathered from the other part-
ners technologies to AR&TeCS will allow the integrated control of the green-
house.

The next step to carry out in the project SusMedHouse is to develop the POLI-
TOX-RES Biosensor while working the software implementation and its connec-
tion.

WOLA

Automated System of 
Integrated Biosensors 
(ASIB)

Teofilo Diez-Caballero



Artecs

Deep Learning (Lettuce)

 SEDANUR TORAMAN

Optimization on lettuce growth conditions has been completed successfully. 
Temperature, humidity, pH, and EC values for maximum growth conditions 
have been analysed with the aid of AI and images processing software devel-
oped. Currently, optimization study on tomato is continuing in the cabinets, to 
optimize the growth conditions with respect to the parameters, temperature, 
humidity, pH and EC. Few exam-
ples of AI & image processing 
software segmentation can be 
seen below for lettuce and 
tomato that is being used  to cal-
culate and assign a growth score 
for individual plants during the 
optimization study.



For the Optimisation Cabins, a total of 11 cabins were determined to be used, 
including 10 plant growing cabins and 1 cabin for automation and control, to 
be used in PSO trials. In 10 growing cabins different temperature, different hu-
midity, different fertilization EC and pH values will be provided to the respec-
tive plants and the growth of plants will be examined via daily plant segmen-
tation from photographs. Artificial LED lighting is used to provide equal lighting 
for all plants.

Lettuce, tomato, pepper, 
strawberry, etc. plant breed-
ing investigation will be done. 
Plant growing cabins are 
designed and built in Width: 
150 x Depth: 200x Height: 200 
cm. The control room was 
designed and built in Width: 
180 x Depth: 580x Height: 200 
cm. The walls between the 
rooms are made of single 
wall separator material. All 
interior walls are designed 
and built-in shiny chrome.

Artecs

PSO Cabins 

 SEDANUR TORAMAN
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PSO Cabins 
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PSO Cabins 

 SEDANUR TORAMAN



Artecs

PSO Cabins 

 SEDANUR TORAMAN

To tailor the environmental parameters affecting the plant growth with high 
sensitivity, 10 Optimisation The according growth of plants have been exam-
ined via daily plant segmentation from photographs, utilising the developed 
ARTECS image processing AI technology. Artificial lighting via LEDs have been 
used to provide equal light-
ing for all plants. An optimisa-
tion cabin investigating let-
tuce growth can be seen 
from below figure. To date, 
experiments lasting for 45 
days have been conducted 
to find the best possible envi-
ronmental conditions to 
achieve highest lettuce yield. 
And currently, experiments 
for tomatoes are being con-
tinued. With the ARTECS opti-
misation cabins, finding any 
optimum environmental con-
ditions for any different plant 
is now possible. 



Proteus

Why AI (Artificial Intelligence) 
will transform the greenhouse 
industry

 AVRAAM MAVRIDIS

Big data and related services is something that everybody is talking about 
nowadays in several scientific and operating sectors. However, how often do 
you see that in the field, than a phrase in a sentence?
Following an article provided at Hortibiz Daily by Gursel Karacor, Senior Data 
Scientist at Grodan, we can get a closer look at this topic: 
As Smart Cities and new advancements like IoT (Internet of Things) are gaining 
more and more pace into the scientific arena, AI can contribute significantly 
in the future scene. But what is AI?
“Artificial intelligence (AI) is the ability of a computer program or a machine to 
think and learn. It involves using computers to do things that traditionally 
require human intelligence. This means creating algorithms to classify, analyse, 
and draw predictions from data. It also involves acting on data, learning from 
new data, and improving over time”.

Source: maximuyield.com
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5 top reasons why AI will change the way you work (for the better):

1. The demand for food will continue to increase. The need for fresh and sus-
tainable food will continue to grow supporting additional technologies on the 
topic. Towards that point greenhouses and other indoor growing facilities will 
play an increasingly important role in the future. Efficiency and sustainability of 
greenhouse production will become mainstream. Smart sensors and support-
ing technology with AI will become necessary for new greenhouse infrastruc-
tures.

2. The maturity level of technology is ready. Machine Learning (ML) is a subset 
of AI and makes software learn from data, so it is purely data driven. Big data 
and services in greenhouse promote further such approaches. Some of them 
are: 

Imaging Technology, or Deep Image Recognition, enables machines to 
“see” through the use of photographs. 

Autonomous robots or semi-autonomous devices for certain tasks in the 
greenhouse that are often tedious, repetitive, time consuming or dan-
gerous.

Edge-AI: While general AI calculations and modelling is executed on a 
main server/cloud (which is time consuming), in Edge-AI all calculations 
are done ‘on-the-go’ (on the ‘edge’) on the device or robot making 
much faster and efficient decisions possible.
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3. Growers are following the advances in technologies closely and they are 
ready to deploy these activities of new technologies. But how could the deal 
by having lots of data but without knowing how to use them? How will they 
confront competition and ‘big players’ in the market? How will they be sure for 
the efficiency of their strategy in advance? AI and latest supporting technolo-
gies can provide a help on all these issues.

4. Big data analysis creates great potential for personal and local solutions. 
The quality and quantity of data is so important, but very tedious for growers to 
collect. By using only a few photographs, AI technologies can help growers to 
register crops. This data can be used in many applications, including forecast-
ing, yield predictions, customized solutions and data-driven recommendations 
in the greenhouse. 

5. Automation for maximum efficiency. There is still a lot of manual labor in the 
greenhouse for tasks such as planting, crop registration, plants' monitoring, 
harvesting, transfer of plants/yield tot tracks, etc. These are tedious, repetitive 
and time-consuming tasks. Just ask a grower!
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Automation of these processes, exploitation of robots and data through smart 
sensors, support further efficiency of greenhouse facilities by providing health 
and security issues to the infrastructure, such as avoiding transmission of virus, 
bacteria and diseases (reducing human to human, human to plant contact), 
something that is more clear today than ever before through the COVID-19 
pandemic.

All these solutions are user-friendly. Working with the right people, promoting 
efficiency through exploitation of research advancements can provide some 
really, surprisingly easy and very fruitful results in the future. Autonomous green-
houses through the use Big Data and Services with state-of-the-art ML and AI 
methodologies are already here, in the brain and plans of some unlighted 
scientists and pioneering organizations. 

The future may be 
closer than you 
think!

Source: therobotreport.com



Events

ICAAMA 2021: 15. International
Conference on Advances in
Agriculture Mechanization and
Agronomy

ICIAESEPEIOA 2021: 15. International
Conference on Intelligent Agricultural
Engineering Solutions in
Environmental Protection and Energy
Input Output Analysis

AgriVoltaics2021:Connecting
Agrivoltaics Worldwide

GreenTech Amsterdam

BALKAN AGRICULTURAL CONGRESS

International Conference on
Greenhouse Technology and
Horticulture

Agricultural Film

13th EFITA (European Federation for
Information Technology in
Agriculture, Food and the
Environment ) International online
Conference

VIRTUAL SUMMIT ON AGTECH

April  08-09 2021
Athens Greece

April  15-16 2021
Lisbon Portugal

May 4-6 2021

June 14-16 2021

June 15-17 2021
RAI Amsterdam
Netherlands 

August 29- Sep-
tember 1 2021
Edirne Turkey

August  2021
Moscow Russia
 

November 8-10
2021 Barcelona
Spain

May 25-26
2021 
Web Conference

https://waset.org/advances-in-agricul-
ture-mechaniza-
tion-and-agronomy-conference-in-april-2
021-in-athens

https://waset.org/intelligent-agricul-
tural-engineering-solu-
tions-in-environmental-protection-an
d-energy-input-output-analysis-confer
ence-in-april-2021-in-lisbon

https://www.agrivoltaics-confer-
ence.org/home

https://www.greentech.nl/amsterdam/

https://agribalkan.net/

https://waset.org/greenhouse-technolo-
gy-and-horticulture-conference

https://www.ami.internation-
al/events/event?Code=C1106

https://efita2021.com/

https://www.agtechsummit.org/
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More info:
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info@susmedhouse.eu

Social media:

Project Info:

This Project has received funding from the European Union’s 
Partnership for Research and Innovation in the Mediterranean 
Area (PRIMA) Programme under Agreement number: [1917] 
[SUSMEDHOUSE] [Call 2019 Section 1 Farming IA]

This project is part of the PRIMA 
programme supported by the 
European Union’s Horizon 2020 
research and innovation programme

Dr. T.Yaşar KATIRCIOĞLU
AR&TeCS, CEO&General Director
Ankara University Teknokent D-7
Bahçelievler Mah., Gölbaşı 06830 Ankara/ Turkey
Tel:+90 (312) 484 55 15
Fax:+90 (312) 484 55 16
E-mail: info@ar-tecs.com
www.ar-tecs.com

Efficient, Eco-Friendly, Sustainable Mediterra-
nean Greenhouse Integrated with Artificial 
Intelligence, Hi-Tech Automation and Control 
System.

Coordinator:


