* % 3%
* *
* *

.'—) ol . o
TIMEGCALE i

Technology and Innovation for Development of Modular Equipment
in Scalable Advanced Life Support Systems for Space Exploration

MELiISSA Workshop, Lausanne 2016

Closed loop hydroponics ha )
for a novel crop cultivation system *t ¥,
on the EMCS rotor

Sander van Delden, Wageningen Univeristy
Silie A. Wolff, NTNU Social Research
TIME SCALE consortium

_ sutart @ NTNU i
3 Universityo tuttgart WAGENINGEN UNIVERSITY
: Germany oty WAGENINGEN NN
Social Research UNIVERSITEIT
A GENT

C!eanGrowg CMIIr Prototech DTWE(HNOLOG!ES Interscience



o : -
TIMEGSCALE Topics and structure of presentation

e Motivation and objectives
e Project tasks and consortium members
e Closed loop hydroponics for ISS
- Plant cultivation chamber
- Water and nutrient management (W&NM)
- Substrate system
- Sensors for monitoring and control
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TIMEGLALE Consortium members
NTNU Social Research (NO) DTM (IT)
 Project coordinator. Crop cultivation e Design and realization of ground support
system testing, scenario development, equipment and control software

water and nutrient supply,

dissemination and exploitation Interscience (BE' NL)

e Plant health monitoring

ProtoTech (NO)

e Crop cultivation system

CleanGrow (IR)

* Autonomous sensing through automation

Wageningen University (NL)
e  Water, nutrient and oxygen supply

Ghent University (BE)

 Plant health monitoring

University of Stuttgart (DE) and microfluidic platforms
e Algae cultivation chamber concept for
the EMCS
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TIMEGCALE Overall concept

Based on EMCS on ISS, TIME SCALE will develop an
advanced life support system concept to allow
life science research and technology demonstrations
under fractional gravity conditions

Future 1SS Utilisation Scenario
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& "; e . Crop Health Space
e . 1 . Controlled Monitoring . Advanced Test-Bed Closed Life
|t Omdy | Agriculture Life Support Support
Water & Space Systems
ir .; Nutrient SVStem Life Science .

LN C""m’"' ' Breadboard 4 j

Food Production Solutions for
Human Space Flight Exploration and Earth Application
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TIMEGCALE Motivation

e |SS is a fully operational platform
for life science research and
technology demonstration

e European Modular Cultivation
System (EMCS) on ISS allows
exposures to microgravity and
fractional gravity (Lunar and
Martian g)

The EMCS modular design allows
exchanging and improving
subsystems

Camera Water reservoir

CleanGrow
SENSOrs

Mixing tank
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Experiment Container Rotor Based Life Support System
(EC) Interface (RBLSS)



TIMEGCALE Objectives and overview

Crop cultivation concept Cultivation system breadboard

e Plant cultivation chamber (PCC) or Algae  Modular test-bed for ground testing,
cultivation chamber (ACC) validation and demonstration of ISS

Water and nutrient management system operational capability

(W&NM) Emphasis on PCC and W&NM
Plant health monitoring system

Light system

Knowledge and innovation for Space and Earth

e Mechanistic model simulation of water and nutrient uptake and distribution, transpiration and
oxygen consumptions of roots

* Proof of principal for analysis of volatile organic components: SIFT-MS and compact GC-MS
* Early warning system for suboptimal plant conditions

* |on selective electrode sensors for monitoring of nutrient solutions in cultivation systems
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Closed loop hydroponics cultivation

system concept and design
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TIMEGCALE Plant cultivation chamber

Plant cultivation chamber: Breadboard concept
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Optical Interface

PCC Cover \ 2

Root Growth Volume  Bottom Box
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TIMEGCALE W&N management system P&ID
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TIMEGCALE Single nutrient solution P&ID
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TIMEGCALE Substrate system Deepflow

Seed fixing
& system

« Air composition
— can be adjusted

Substrate
Roots emerged in Circulation and
water adjustment of

composition
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TIMEGCALE Substrate system: substrate

Heinse R, Jones SB, Tuller M, Bingham GE, Podolski IG, Or D. 2009. Providing Optimal Root-Zone Fluid Fluxes: Effects of Hysteresis
on Capillary-Dominated Water Distributions in Reduced Gravity. SAE Technical Paper 2009-01-2360 4970.
Seed fixing
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<« Air?

i 1 ,
Circulation and---iﬂ‘x . q
Substrate adjustment of |
Roots emerged in composition
substrate

Active drain?

WAGENINGEN[[EE g : 12
For quality of life



@ ° ° °
TIMEGCALE Nutrient solution requirements

® Nutrient solution should fit the plants need (species
specific)

* A customised commercial nutrient recipe will be used (and
tested) for lettuce

e Several nutrients solutions from literature will be tested/
developed for Arabidopsis

WAGENINGEN
For quality of life




T'mE(S?HLE Sensors for monitoring and control

Sensors
°* pH, DO, EC

® Specificions
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TIMESCALE Inline ion specific sensor BOX

Inline sensor BOX
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TIMEGCALE Outlook: TIME SCALE and beyond

TIME SCALE
project

e N\ P ' 2 e N

Current EMCS on ISS Improved EMCS on ISS

Future food production
solutions for human space
flight exploration and
earth applications

C Current landbased : Improved landbased
industry industry
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Plant cultivation chamber and W&NM system

TIMEGCALE setup and testing at WU
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Thanks for your attention!
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