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The Problem
Urgent need for technological updating of greenhouse industry.

Considerable environmental impacts reported by intensive horticulture (discharge of nutrients
and growing eutrophication trends, intensive water use, excessive pesticide use…). Additionally,
greenhouse vegetable production is the most energy-intensive agricultural sector, with energy
cost in greenhouses representing between 20-40% of the total cost (Salazar et al. 2014).
Food products, crop and fish yields are projected to decline in many Mediterranean areas (by
2050 yield reductions by 40% for legume production in Egypt have been estimated) due to
climatic and other stress factors (Cramer et al, 2018).
Irrigation demands in the Mediterranean region are projected to increase between 4 and 18% by
the end of the century due to climate change alone; while population growth, and increased
demand, may escalate these numbers to between 22 and 74%.

The Solution
Optimal greenhouse management is required to ensure unrestricted growth at a yield close to
the maximum potential, while minimizing unsustainable exploitation of resources, especially
energy, soil & water.

HortiMED DSS represents an innovative tool to enable resource efficient year round greenhouse
cultivation by harnessing the potential of both simple and advanced technologies for smart
nutrient, irrigation & climate control and integrated pest management taking into account their
feasibility and cost-effectiveness at individual greenhouse level.

-

Greenhouse data sources
Digital data sources (Climate, crop, water and/or soil sensors; Weather stations; Registers of the control systems).
Non-digital data sources (Visual inspection data; Historic records of previous crop seasons; Results of previous experimental campaigns and/or

-

External data sources
Meteorological agencies
Local respositories of governmental agencies (pest related information, weather data, etc.)

The Innovation
HortiMED DSS comprises:
Smart Greenhouse Management



Hybrid models that combine dynamic modelling with Artificial Intelligence (AI) techniques for
the intelligent determination of set points,



Multilayer hierarchical control architecture to deal with the different time scales of
greenhouse dynamics, and



IoT (Internet of Things) to integrate information from different sources.

Biological agro-ecological technologies to increase circularity in greenhouses


Bio-based pest management: natural enemies, microbial pesticides, biochemical pesticides;



Integrated MultiTrophic Aquaponics (IMTA): analysis of nutrient balance, plat-fish ratios, pH
stabilization, energy requirements, etc.

The Impact
Innovations
developed
enabling sustainable and
efficient agriculture and food
systems

Automatic control system for the management of aquaponics and hydroponics
AI-based software platform for smart monitoring of greenhouses
IMTA aquaponics for water and nutrient efficient fish and crop production
Hybrid modelling for smart greenhouse control

Access to novel tools

User friendly and easy to integrate DSS for greenhouse production

Water Use Efficiency (WUE) (m3/m2/kg) improved by 15%
Nutrient Use Efficiency (NUE) (kg of fertilizer/m2/kg) improved by 10%
Improved resource efficiency Energy Use Efficiency (EUE) (Kwh/m2/kg) improved by 10%
and increased circularity
Reduction of chemical pesticides use by 5%
Feed Conversion Ratio (FCR) improved by 10% in IMTA system
Net aquatic species biomass production in IMTA increased by 15%
Reduced pollution from nitrate and phosphorus leaching thanks to precise fertiliser applications
Reduction of environmental
Minimized greenhouse gas emissions (GHG) thanks to optimized fertiliser applications and
impacts
minimised energy use
Reduction of chemical pesticides residues in food, soil & water
Increased competitiveness

Reduction of production costs by 5% thanks to improved WUE, NUE and EUE

The People
INKOA SISTEMAS S.L. (INKOA)
www.inkoa.com
National Institute of Oceanography and Fisheries (NIOF)
http://www.niof.sci.eg
University of Mohamed Khider Biskra (UMKB)
http://univ-biskra.dz

Universidad de Deusto (UDEUSTO)
http://consumerupdate.org
Multidisciplinary approach; International approach (Mediterranan region)

PRIMA Recognition (HortiMED Project, GA N 1915)
The contents of this presentation are the sole responsibility
of the consortium and the PRIMA Foundation is not
responsible for any use that may be made of the
information it contains.

The Methodology
LTG: Low Technology Greenhouse
MTG: Medium Technology Greenhouse
HTG: High Technology Greenhouse
CS1-Egypt LTG

CS2-Algeria MTG

CS3-Spain HTG

Objective

Test HortiMED DSS under IMTANFT and IMTA-FRS systems

Test HortiMED DSS with bio-based
pest management strategies

Test HortiMED DSS with a focus
on AI for enhanced automation

Crops

Broccoli, tomato, pepper, lettuce

Tomato and pepper

Tomato

Aquatic species

Tilapia, mullet spp., freshwater
prawn and freshwater clams
(IMTA)

Tilapia

NA

Conditions

Desert area

Oasis climate

Atlantic climate

The Interested Parties
Agricultural and
Aquaculture producers
(farmers) & Intermediate
organizations

Greenhouse technology
providers and
environmental service
providers

Public administration and Customers, distributors or
regulators
retailers

General society

Increase in the
competitiveness of the
aquaculture and
horticulture industries
Optimization of
production systems and
resources used
New efficient and costeffective applications for
better and actionable
insights

Improvement of
professional skills and
competencies within the
blue economy embraced
by new sectors

Value-added service
provisioning
infrastructure
New business
opportunities

Support in the
environmental
assessment of
IMTA/greenhouse setups

Nutritious high-quality
and safe freshwater fish,
seafood and
horticultural products

Minimization of
environmental impacts
(water scarcity)

Access to new highvalue niche markets

Long-term food security
and public health

Security of EU markets
and reduction of import
dependency

Towards a circular
economy business model

The way forward
Multi-Level Hierarchical Control
1-Upper level (tactical control layer)- Solves the optimization problem defined by
the different objectives (e.g. maximizing WUE, EUE & NUE, and minimizing pests
risks) and obtains the crop growth trajectories to maximize resource efficiency.
2-Middle layer (crop growth layer) - Calculates the low-level set points (climate
& fertigation trajectories).
2.1- Slow crop development level-considers long term objectives
(harvesting dates and desired yields) and yield predictions obtained
through AI to calculate the set point trajectories of the inside greenhouse
conditions.
2.2-Fast crop dynamics level-modifies 2.1 set points on the basis of shortterm weather predictions, the current state of the crop and the AI-based
short-term predictions of the greenhouse internal conditions.
3-Lower layer (greenhouse control layer) - The controllers compute the
adequate control signals for the actuators on the basis of different control
algorithms or the DSS sends the corresponding notifications to greenhouse
growers depending on the DSS implementation option chosen.

HortiMED DSS has been conceived as a
flexible and easy-to-integrate solution to be
implemented as (i) Integral greenhouse
control solution –full automation-;
(ii) Complementary control solution –
recommended set points for -;
(iii) Advisory service, providing greenhouse
growers with customised recommendations
for resource efficient greenhouse
management.
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