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    How to feed the world in the Future? 

 

 

 

 
 

 



Challanges of  21st century 
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• Sustainable Agriculture and land use (1,45 Mrd. ha) 
– Water shortage worldwide 

• Save food (quality, quantity, pesticides and, price!) 

• Feed the world  

• Global warming 

• Environmental pollution (CO2, water, soil)  

• Food crisis (1,4 Mrd. are hungry) 

• Economic and political crisis 

• International agriculture research and 
education-shut down up to 30-40 % 
worldwide! 
 



Population density 

             2005                      2030 

      population/sq. km - 48          population/sq. km - 61 

Source: Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects:  

The 2006 Revision and World Urbanization Prospects: The 2005 Revision, http://esa.un.org/unpp 



  1975              2000             2025 

53,3% 59,9% 46,7% 35,9 % 40,1% 64,1% 

Source: Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects:  

The 2006 Revision and World Urbanization Prospects: The 2005 Revision, http://esa.un.org/unpp 

Urbanisation 



Inhabitants [Mio.] 
Tokio       

New York       

Shanghai  

Mexico City 

São Paulo 

19,8 

15,9 

11,4 

11,2 

10,0 

Map: http://www.ratinho-arts.com/grafik-landkarte-welt.htm 

Source: Deutsche Stiftung Weltbevölkerung (2001): Weltbevölkerungsbericht 2001, Bevölkerung und Umwelt. Stuttgart. 

Worlds Mega Cities 1975 



Inhabitants [Mio.] 
Tokio  

Mexico City 

Bombay  

São Paulo  

Shanghai  

New York  

Lagos       

Los Angeles 

Kalkutta  

Buenos Aires 

Dhaka   

Karatschi  

Dehli  

Jakarta  

Osaka  

Manila      

Peking       

Rio de Janeiro 

Kairo 

 

 

26,4 

18,1 

18,1 

17,8 

17,0 

16,6 

13,4 

13,1 

12,9 

12,6 

12,3 

11,8 

11,7 

11,0 

11,0 

10,9 

10,8 

10,6 

10,6 

Map: http://www.ratinho-arts.com/grafik-landkarte-welt.htm 

Source: Deutsche Stiftung Weltbevölkerung (2001): Weltbevölkerungsbericht 2001, Bevölkerung und Umwelt. Stuttgart. 

Worlds Mega Cities 2000 



Inhabitants [Mio.] 
Tokio 

Bombay   

Lagos 

Dhaka  

São Paulo 

Karatschi 

Mexico City 

New York   

Jakarta   

Kalkutta 

Dehli 

Manila 

Shanghai  

Los Angeles   

Buenos Aires  

Kairo        

Istanbul  

Peking 

Rio de Janeiro 

Osaka      

Tianjin 

Hyderabad 

Bangkok       

 

 

26,4 

26,1 

23,2 

21,1 

20,4 

19,2 

19,2 

17,4 

17,3 

17,3 

16,8 

14,8 

14,6 

14,1 

14,1 

13,8 

12,5 

12,3 

11,9 

11,0 

10,7 

10,5 

10,1 

 

Map: http://www.ratinho-arts.com/grafik-landkarte-welt.htm 

Source: Deutsche Stiftung Weltbevölkerung (2001): Weltbevölkerungsbericht 2001, Bevölkerung und Umwelt. Stuttgart. 

Worlds Mega Cities 2025 



Losses of Farmland 

14.10.2018 10 

 
 
 
 
 
 

 
 
 
 
 
 

Total farmland worldwide 1,45 – 1,6 Mrd. ha 

 

 

Availability of farmland 

1970 = 3800 m² p.p. 

2013 = 2500 m² p.p. 

2050 = 2000 m² p.p. 

 

Losses:  

Germany: 100 ha every day 

    - last 25 years ca. 1 Mio ha 

  

Worldwide: 30 ha/min for desserts, erosion, salt 
 

 

  



Water crises 
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Food  crisis 
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Food prices in Germany raise up to 43 % 
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Advanced Greenhouse Modules and 
Research for use within Planetary Habitat 

 

F.-G. Schroeder1, D. Brohm1, N. Domurath1  and D. Schubert2 

1 University of Applied Sciences Dresden, Faculty for Agriculture/Landscape Management,  

Dresden, Germany 

2 Institute of Space Systems (DLR), Bremen, Germany 
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DLR - Institute of Aerospace 

Bremen, founded 2007 

CEF 



Folie 15 

Thermal 
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Configuration 
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Concurrent Engineering Facility (CEF) 
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CEF Design Labor 
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Mission Analysis 
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Concordia Station Antarctic Kunlun Station 

Neu Mayer Station III 

 

Isolation Tests 

Analogue Test Sites 

Research 

Stations 

Bios-3, Russia 

Biosphere II, USA 
Mini Earth Project, Japan 

“Closed” Habitats 

MARS 500 Study 

ISS/ Human Space 

Flight 

Habitat research   

HMP Research Station 

Aquarius Lab; NASA 

NASA Test Site MDRS Test Site 

ISS & 

Astronaut 
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ESA: Mars 500 days 

3rd June 2010  -   Nov. 4th 2011 



           
  The Martian 
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Food in space 
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Former investigation with plants 
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Greenhouse module 

Preliminary Design 
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• Fresh Food 

• Raw Material 

• H2O Recycling 

• O2  Recycling 

• Psychological Benefits 

Why 'higher' plants at all? 

Greenhouse-Module as a Subsystem of Habitates 
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 Greenhouse-Modules 

Biomass Production Chamber, 

KSC (NASA) 

Controlled Environment Agriculture 

Center, USA 

Plant grow experiments at the 

MARS 500 Study, Russia 

Higher Plant Production 

Chamber, Melissa (ESA) 
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Modules and Interaction 
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Grow Channel Unit (GCU) Grow pallets 

Light  

system 

Conveyor  

system  

β 

Adjustable 

aperture angle 

 

Grow Channel 

Grow Channel 

Grow Channel α 

Grow Channel 

Grow Channel 

Grow Channel 

Grow Channel 
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Different GCU configurations 

Salad-configuration Carrot-configuration Potato-configuration 
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Water tank Germination Unit  

Single Grow Chambers 

Harvest Unit & 

Cleaning Unit 

Nutrient Delivery System  

Grow Channel 

Unit 

Air Mgmt. System 

CO2 Tank 

Shell 

Preliminary Greenhouse Module Design 
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Air Management  
 

• Water recovery 

• Temp. & humidity control 

• Trace gas separation 

Controlled Environmental Agriculture (CEA) Technologies:  

Light Systems  
 

• High performance LEDs 

• PAR specific lighting 

  

Stress and Health 

Monitoring 
 

•Temp.-, trace gas-, humidity sensors 

• Optical sensors  

  

 Nutrient Delivery System 
 

• H2O delivery 

• Fertilizer mix computers, 

• Aeroponic/ hydroponic diffusers  
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Spin-off 1:   Automated Greenhouse Modules 

• food container for harsh climate conditions 

 Desert 

 Research station:  Neumayer Station South pole 

 Ship 

Neumayer Station des AWI 

Langzeitforschungsschiff Humboldt 

Desert 
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Spin-off 2: Research 
 

•Biotechnology (Rapid Grow Chambers)  

 

HDVG Methoden innerhalb der Biotechnologie 

(z.B. Rapid Grow Chambers)  
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Innovative technology 
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        Materials and Methods 

Detection of UV Induced Plant Stress by 

CO2/H2O Gas Analysis and Online Ethylene Measurement 
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Microalgae: Chlorella 
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Algae bioreactor 

14.10.2018 36 

 
 
 
 
 
 
 



Folie 37 14.10.2018 37 



Folie 38 

Alge-house - IBA Hamburg 2013 



Folie 39 

Food and dietary supplements 
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Spin-off 3: Vertical Farming  

•Controlled Environmental  Agriculture (CEA) Technology    

• Production in  Megacities ….. Tokio, New York, Beijing 

• Vertical farming in high-rise building    (High Density Vertical Growth - HDVG)  

 

Vertical Farming Beispiele (Source: Columbiua University & 

Wiki) & High Density Vertical Growth – HDVG Technologien  

 



Expo 2000 Germany –  
Potential of buildings 
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Pavillon of 
Netherlands 



EXPO 2015 
Milano, Italy 

 



 



 



        Vertical Farming 

Vertical Hydroponics For Urban Areas 

Design by Gordan Graff: http://www.verticalfarm.com/designs.php 

lettuce 

peppers 

soy beans 

spinach 

green beans 

carrots 

cucumbers + tomatoes 

potatoes 

wheat 

eggplant 

strawberries 

water holding 

service core 

chicken 

eggs 





Potential of cities 
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• Industrial facilities 

• Processing facilities 

• Store houses 

• Military facilities 

• High rise buildings 



Objectives 
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• Sustainable and most innovative food production 

• Save food production for local city market 

• Stability of prices for food  = political stability 

• Resources use efficiency 

• CO-2 food print 

• Cycle of materials and energy 

• Create jobs and income within the cities 

• Psychological effects for humans 



Sustainable Plant factories in Japan 

 

 

 

 

 
 

 

 

 

           (Marcelis & Dueck 

        2010) 

 



Food Marketing? 
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• What’s next after eco, bio, local und seasonal food? 

 

• Clean? 

• Clean food 

• Clean products 

 

• Clean…pure…without any other supplements 

 

• ….for a pure life 
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Smart City – Kashiwa-na-ho, Japan (Population 3 mio.) 



Chiba University 











Plant Factories 









Infarm Berlin 
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INFARM’s Berlin headquarters is a hybrid research lab, vertical farm and culinary 

event space. It is our field test area for new models of food consumption. 



Production facility of Infarm 
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Show case in Berlin 
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FAO Micro garden 
Low-Tec !!! 
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Vertical hydroponics 

Low-Tec Hydroponic:  FAO-Micro gardens 

 



         

Vertical hydroponics 

Conclusion 

The diversity of hydroponic systems are increasing greatly. 
 
- High and low-tec systems are availabe 
 

- most innovative crop production can be used for Planetary Habitats 
 
The basic question is: 

What is the most suitable hydroponic system for a given situation? 
 

 - sustainable production of food and energy 
 - safe food  
 - saving resources 
 

  It’s a long way to go to the Mars! 
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Network 

Projektleitung, 

Systemanalyse, 

Konzeption 

Prozessoptimierung, 

Verfahrenstechnik, 

IMVT 

Product- & Cooperate 

Design 

tbd 

PFP, MMS, Ergonomie 

Biologischen Aspekte, 

Bemannte Raumfahrt, Mars 

500 Erfahrung, Testanlagen 

(Sensortechnik)  

ITT-Vergabe, 

Europäisches 

Forschungsnetzwerk, 

Expertise in PGC  

Testkunden, Anforderungs-

Mgmt. 

Produktionstechnik, 

Concurrent Engineering, 

Produktentwicklung, 

Marktanalysen 

Spezial-LEDs für die 

Pflanzenzucht 
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Conclusion 

The diversity of hydroponics and hydroponic area are increasing greatly. 
 
- inexpensive low-tec systems are availabe, using naturally available materials  
 
- expensive and - highly sophisticated systems are developted,  

using either inert substrates or advanced culture systems 
 
- most innovative crop production  

 
The basic question is: 

What is the most suitable hydroponic system for a given situation? 
 

 - sustainalbe production of food and energy 
 - economy and ecology 
 - safe food  
 - saving resources 
 
  

 


