1

“Laboratory Biosphere” Experimental Chamber

Research and Development Goals
Overall goals: 

1. To further the science and engineering of biospherics and closed ecological systems by creating a materially-closed chamber.

2. To experiment with a sustainable soil based agriculture system. 

3. To study biogeochemical cycles (e.g. C,N,P trace elements).

4. To test candidate food crop varieties and evaluate what are optimal lighting and environmental growing conditions, 

Food Crop Research:
· Evaluate candidate cultivars of important grain (e.g. wheat, rice), legume (e.g. soybean),

             oil seed (e.g. chufa, peanut) and tuber (e.g. sweet and white potato) crops for 

a. Response to high intensity lighting regimes

b. Impact on soil and fertility

c. Optimal conditions to increase harvest index and overall productivity, and 

d. Ability of Integrated Pest Management (IPM) methods to control disease and insect pests

· Develop a test-bed for integration of a variety of crops with their varying lighting, fertility and/or irrigation needs. 

· Advance the automation of sensor and control systems to minimize human labor and attention requirements.

Soils Research:

· Selection and/or creation of a sandy clay loam soil as the plant growth medium with around 2% organic matter and adequate nutrients to support high-yield food crops.

· Determination of short and long-term exchanges between soil, plants and atmosphere, especially for carbon dioxide, oxygen, nitrogen, NOX, and methane.

· Impact of cultivation (tillage) on soil/atmospheric exchanges.

· Investigation and development of strategies to return nutrients to the soil to maintain fertility, e.g. shredding biomass vs. composting, impact on soil chemistry of returning leachate water to the soil as irrigation water.

· Microbiological status of soils prior to experiments and over time: will microbial diversity be maintained. Determination of role of soil microbes in biogeochemical cycles.

Soil Bed Reactor Research:

· Test capacity of a soil bed reactor to metabolize trace gases of concern in space life support systems and in the global environment such as NOX, sulfur oxides, methane, and technogenic gases.

· Evaluate impact of operation of soil bed reactor on short and longer-term atmospheric carbon dioxide levels.

Modeling Program:

· Develop user-friendly and realistic models to understand and predict dynamics in the laboratory biosphere. 

· Integration of automated sensor and control in the system with real-time modeling for operation, research and educational outreach programs.

Cybersphere Development:

· Use of the Laboratory Biosphere to test and develop a “cybersphere” (network of shared intelligence) that may be scaled up for natural ecosystems and the global environment.

Biogeochemical Cycles:

· Research on the sources, sinks and dynamics over time of biogeochemical cycles of critical life vectors such as Carbon, Nitrogen, Phosphorus, Oxygen, and Water. 

· Investigation of the cycling of trace elements and minerals and methods of avoiding their becoming limiting factors in the soil or building up to toxic levels in water or air.

Engineering Research and Development:

· R&D in structural sealing and leak-detection methodology.

· Development of Laboratory Biospheres as a commercial modular research facility for application in industrial, academic and bioengineering studies where a tightly sealed and internal environments that can be monitored.

· Further development of variable volume chambers (“lung”) for limiting pressure differentials of closed ecological system facilities.

· Development of methods to optimize energy systems for the operation of closed ecological systems.
