Autonomous Robotic Greenhouse Workgroup III

Nutrient and Water Management Discussion on Infrastructure Needs
Introductions
Jamie Aalbers – Flowers Canada (ON) research program – INDUSTRY
Joep vandenBosch - Priva – energy, water, automation control systems - INDUSTRY
Mary Elle - Walkerton clean water, training operators, research to support drinking water field, UV, ozone, filtration - INDUSTRY
Brian Butters - design build systems for environmental applications - clean air, water to surface discharge standards, closed loop plants (pollution free) - INDUSTRY
Basu - SRED - support industry research and development, $1 investment gives 35cents back - GOVERNMENT
Johnathan Schmidt - researcher natural decomposition and composting to soluble C,N, greenhouse compost is large – could be a nutrient if reprocessed (lignin)

use biological processes to bring 10tonnes to half tonne instead of 4 
compost tea that can be used in production systems - ACADEMIA
Youbin-advanced life support, low pressure chambers but mainly plant production research - environmental control, fertigation, when to water and how much is an art not science – wants to make it a science (automation)

Oxygenation of water

Water quality – recycling water brings disease problems, copper, ozone, chlorine, UV possible solutions

Nutrient balances and imbalances in recirculating systems - ACADEMIA
Cole Caccicivillani – chairman TOGA, deal with common issues (flowers and vegetables)
3000 acres of greenhouses in Ontario

10 acre potted plant grower – CF greenhouses

greenhouse industry has changed – technology necessary because we have had to lower costs of production against rising inputs (energy)
because of the size of the industry it is being looked at more seriously now

any nutrient technology has to be easily used in the greenhouse – keep it simple

commercializing research is tough (solutions proposed are difficult to make work in a commercial setting) - INDUSTRY
Water and nutrient management - Discussion
Infrastructure needs to manage a nutrient system in an ARG:
1 closed greenhouses with multiple compartments that can be controlled

2 infrastructure to deliver water
3. sensors for plant (individual plants or groups of plants) and lab to analyse data

4 infrastructure to treat and recycle water so it can be used for plants again

5 capture and analyse humidity

6 process and sample air quality in each compartment and lab facility
7 automated irrigation system that fits with all other robotics in greenhouse 
Issues to be considered with each need:
1. closed greenhouses with multiple compartments that can be controlled

Demonstration greenhouse as well as research greenhouse

Energy balance – excess solar energy sometimes and not enough solar energy other times – infrastructure need of geothermal storage

Want it to be a greenhouse of the future – this is where the industry will be in 10 years

Hardware if 12 zones – need 12x the hardware

2 infrastructure to deliver water
Challenge


flow of water to plant and back – are today’s systems good enough

Solution


Feedback loops,

Challenge


Plant movement in the greenhouse will affect water movement

Solution


Bring plants to robot versus robot to plant 
There is an infrastructure need to access the plant

3. sensors for plant (individual plants or groups of plants) and lab to analyse data

Challenge


When and how to water plants

Solution


Sensors that can measure in the root systems


Sensors that can measure sap flow rate in plant stems


Growing algorithms for when to water, crop modelling (number of varieties an issue)



Integrate sensors and control systems (water, oxygen, nutrients)

Challenge


Are there biological nutrients as opposed to chemical fertilizers

Solution

From waste plant material - infrastructure need for composting that can break down waste plant material to the nutritional elements　

4 infrastructure to treat and recycle water so it can be used for plants again

Challenges


Nutrient management

Greenhouse can be used as a model for agricultural nutrient management


some are recirculating with success, but tanks still have to be dumped at times


to get more people on board new research solutions have to be financially driven

Challenge:


on-line monitoring of nutrients a challenge (only pH and EC)
Solution


ion specific monitoring, sensors that are as reliable as pH and EC sensors

Challenge


Disease treatments leave residues in water

Solution

Photocatalysis – disinfects and sterilizes, decomposes organics, pesticides (2,4-D, )

Hardware can be tested no charge (Purifics) 

Is now being used to clean ground water

its a technology that is not being utilized – better than UV,

lower energy

Challenge

photocatalysis may kill all organic matter – want some om in the water in greenhouses 
(biologicals etc) to combat diseases
Solution


Research thesis

Challenge


sodium build up in nutrient solutions – how do you get them out

Solution


Machine development to do this (sodium remover)


Research is being done by US navy, homeland security

Water purification system to remove pesticides, diseases etc


Research therefore you need more than one system


Look at 1-5 options

Removes pathogens, enriches with oxygen, unit to inject nutrients, water mixing
5 capture and analyse humidity

Challenge


Water usage by plants over time

Solution



Take humidity out of air can provide a lot of the water needed for irrigation


Need infrastructure for dehumidification (heat exchanger, molecular sieves)

Dehumidification may not be pure water

6 process and sample air quality in each compartment and lab facility
Air quality control – e.g. ethylene, CO, CO2

7 automated irrigation system that fits with all other robotics in greenhouse 
Miscellaneous:
Challenge


industry and university collaborations have some problems – bureaucracy at universities 
slow, industry needs quicker turn around

Solution


infrastructure has to have a business timelines and staff to meet timelines

infrastructure has to have offices etc to house staff

Fundamental CFI requirement is a closed greenhouse
What are the benefits of this to the terrestrial greenhouse industry?
Media management

Hardware, sensors, feed

In a nutshell:
demonstration component

balancing energy

automation technology

water flow ~ current technology works but more feed back control is required

plant to robot or/vs. robot to plant

sensor issues:  when/how to water plant when non personnel (root zone measurements, crop algorithms/models

recycle water (needs) in-line nutrient measurements are challenging .  need reliable sensors for ion specifics

disease treatment, what about  left over residues (photocatalysis)

sodium build-up,  how do you get sodium out and as plants grow how do you replace water

capture/analysis of humidity (condensate may not be pure water)

sample air and processing to remove voc’s (ethylene, co2 etc)

irrigation system must be compatible with automation technologies for greenhouse
