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Dimensions of a

BE RESPONSIVE
BE [ONG TERM RESPONSIELE

BE CREDIELE
BE RELVBLE
BE PROFITABLE
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SINCE 1946

May 10, 1946 - first space research flight (cosmic radiation experin
February 20, 1947 —first animals into space (fruit flies)
November 3, 1957 —first animal in orbit (the dog Laika)

August 19, 1960 first plants and animals to return ali
April 12, 1961 —first human spaceflight f t :
1969 —first Welding experiment in space - *Sby'l]zlqé 4 iuh
1971 — composite casting — Apollo 14 g P,

1973-1979 — Skylab Materials Process
i

1980-2000 — Spacelab, etc - Sh 15T$ 3"through 87)
L3 ‘I. 4

April 23, 1971 — first space s oy TUSS‘R, Salyut 1
February 19, 1986 —firs long-term reseagchys
November 20, 19¢ - first mulpinati

Largest man- object buiI'I; irT; aceto

e
Canada)



WHY SPACE?

» Challenge fc
Innovative

> Severe mass limitations
" miniaturization

A ; 4
b AN 1

> Extreme environment:
Infinite cold
Vacuum

» “Infinite” solar power

> Radiation

» Long term exposure to reduced microgravity
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AN OPEN LABORATORY




MICROGRAVITY

When the force of gravity is removed other forces (su

tension, capillary forces) become predominant and drive
different system dynamics

Gravity I1s a physical parameter that together with pressure
and temperature define the state of a system

Historically, major breakthrough and innovations were achieved
when systems were studied, for example, at low temperatures.

Many of our intuitive expectations do not hold up in microgravity!
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BENEFITS FOR MATERIAL'SY.SIHEMS

No solute buildup
No sedimentation
No convection

Defect free
Homogeneous Containerless processing
Controlled, symmetric growth Free suspensions

Avoidance of nucleation or Perfect spherical shape
single nucleation No wetting

Higher resolution




BENEFITS FOR'EIEEFSCIENCE

Microgravity
enables new u
that can be used fo

Commercial biosciences &
companies have flown expe
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1G in space to micrograwi bty

Response to gravity is complex.

All levels of biological organization, cells, tissues, organs,
organisms, are affected by gravity/microgravity, often in novel and
useful ways, sometimes in ways that allow medical problems on
Earth to be better studied.

As biotech companies have found, novel environments offer novel
biological responses useful for industry, medicine, and agriculture.




MICROGRAVITY PER DISCIPLIN

Fundamental Fluid Physics Material Science Combustion
Physics science

Test basic scientific Perfect shape Relationship: structure, Ignition

theories (surface tension) properties, processing

Thermodynamics Surface tension Production of alloys and Flame spreading
driven flow composites

Atomic physics Welding Dendrites Flame extinction

Relativistic physics Dynamics of liquid Ceramics and glass Role of soot
drops experiments formation

Low-temperature Microfluidics Optical engineering Air flow, heat

physics transfer

Heat energy Dynamics of gases Containerless processing

New forms of matter



SUCCESSES: HIGHSIRE EXAMPEES

Despite relatively low funding, relatively few
investigators, and great difficulties accessing
space (compared with laboratory research on
Earth), the success rate from microgravity R&D
Into applications is remarkably significant.
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SUCCESSES: HIGHSIRE EXAMPEES
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SUCCESSES: HIGHSIRE EXAMPEES
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SUCCESSES: HIGHSIRE EXAMPEES
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NEAR TERM POTENTIAEINTERMEDIATENHIRIE:
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NEXT GENERATION TECHNOILEOGIES:

Potential

machines with
S, tribology
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Growth Rate
{Patents Per Year)
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THE ECONOMIC DIMENSI




COMMERCIAL MICROGRAVIY

MICROGRAVITY
FINDINGS

INDUSTRY SPECIFIC
GRAVITY LIMITED
PHENOMENA




Future

Velsticals of Microgravity

15t Vertical

2nd Vertical

Medical Medical Consumer
Devices Applications products

SHI/EIDO

.\‘M

3rd Vertical 4th Vertical 5th \/ertical 6th Vertical




Financial Investment vstlechnology Risk

Research Prototype Pilot Line Market Entry
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COMMERCIAL MICROGRAVITY.
& INVESTMENT OPPORTUNITIES

% Top 100 early stage investments in 2014

Silicon
Valley

NASA (inactive) Commercial Space Centers (2005)
NASA active Commercial Space Centers (2014)

NASA Exploration budget (2014) ~ ;z)gheNré: |S|_OCTA>Z VI;AC,

I | Top 100 early stage investments in the US (2014)




ECONOMIC READINESSTASSESSME

3D concept through combining: technology readiness, market
investment risk

Bridges between supply, demand and capital in a systematic,
standardized manner.

To advance on a Economic Readiness Level the technology itself may not
necessarily need to mature but the understanding of its economic
potential does.

The ultimate goal of the TRL Is to mature a technology from a
fundamentally new idea (research) to incorporation and efficient use
Into a system by optimizing a program’s performance, schedule and
budget at key points of its life cycle.

Commercializing a technology or “taking a technology to market™ builds
upon the alignment of the technological push with the business
development and the market and economic pull




ECONOMIC READINESSILEVEIL

Primarily Government

Internal IRAD
Angel Investors
Philanthropists

3-D
Tissues

ERL 1 ERL 2 ERL 3 ERL 4

IP, Identified for ~ Microgravity  Validated
economic prototyping. prototype. technical
and Private sector Business passport.
market partners plan draft. Evaluation of
value established. business
assessed. plan.

BASIC and APPLIED RESEARCH

Primarily Government

Some Private Investors

ERL 5 ERL 6

Develop Proven
scalable hardware
process for prototype and
manufacturing process in
operational
environment

Transition to Application

Primarily Private Invest

S

ERL 7 ERL 8 ERL 9

Scale up Demonstrate Product
hardware.  positive ROI.  manufactured f¢
Demonstrati Complete commercial
on of original utilization by
complete business industrial partng
technology plan. w private sectg
capital
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ECONOMIC' READINESSTEEVEILES UMMARY

ldentify market and economic potential by constructing a
scanning across current private sector verticals to identify
potential demand
Define dependencies and risks by creating a list of requirements
through engaging with potential adopters for each vertical from
the private sector and the investment community
Define vertical specific infusion points and paths for each
application
Review of dependencies by industry experts, investors and NASA
Evaluation of use case and market to prioritize investments that
address dependencies
Demonstrate that selected dependencies have been solved
Product successfully licensed or spin-off to the private sector
Product manufactured for commercial utilization by an industry
partner and available in the market place

Technology Is or contributes to a profitable product. ROI
evaluation.




THE MACHINERY OF COMME

Translate
Microgravity
Findings to
Industry Needs

CURRENT
NEED

Proofs of ug
Commercial
Concepts




ZBLAN OPTICAL EIBER -

Visible light Silica . LM et Stab
Infrared
= / excellent host fc
/ / large reflectivity
/ /< transmission

/ / \Theoretical best broad optical transmi
extending into the IR with

// up to x100-1000 better than
LGS
T T
: gl | | | | ISSUE:
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Wavelength (microns) Different density materials with differe
crystallization temperatures

10,000.00

1,000.00

100.00

10.00

1.00

0.10

Attentuation (dB/km)

0.01

0.001

Gravity induced convection during pulling

Limited monolithic length (max 700m)

Microgravity suppresses nucleation and
crystallization

No limit of the fiber length produced in space
Estimated ROI:

rhies: (a) experimental sefup.

1lb of preform would produce 8 km ZBLAN
fiber with a nominal selling price range on

Earth: $175k/km to $1,000k/km ~ROI: 90-300x



SiC wafer g re-processing

SIC:
High thermal conductivity
High electric field breakdown strength
High maximum current density
ACME pg re- Very low coefficient of thermal expansion
processing Inherently Rad-hard

ISSUE: defects limiting performance, reliability, fab of
large scale devices

W—g& ; Microgravity “heals™ defects important to the

electrical performance of these wafers

Power Dissipation - Baseline vs. Processed .
Baseline Versus Processed Wafers




COMMERCIAL MICROGRAVITY LEGIBASEDRPRODUCIRCY/CISES

Identify and invest in new
commercially relevant discoveries-
topics that address industry needs
where microgravity provides a
better solution than Earth-based
options.

Create new lines of investigations.

ransfer and scale advanced microgravity
sed technologies to LEO manufacturing

- ldentify and start new lines of R&D
nvestigations

ERL 7, 9 Private Orbital

INNOVATION Laboratory

VORTEX

Attract, build trust, sell,

New Computers Biotech Medical Medical Consumer eve I 0 p micro g ravi ty b ran d
Materials Devices Research Products ) y a | ty, an d b u | | d a r | Cc h
| : elation so that customers

Existing

1% Vertical 27 Vertical 3" Vertical 4" Vertical 5 Vertical 6" Vertical
20 Companies 15 Companies 15 Companies 12 Companies 10 Companies 17 Companieg

VERTICALS OF MICROGRAVITY




Technology Ethics

"Modern technology propelled by the forces of market and politics, has
enhanced human power beyond anything known or even dreamed of before.
It is a power over matter, over life on earth, and over man himself...and it
keeps growing at an accelerating pace.

But lately, the other side of the triumphal advance has begun to show its
face with palpable threats that seem hard to counter.

The net total of these threats is the overtaxing of nature, environmental
and perhaps human as well. Thresholds of processes initiated by us may be
reached in one direction or another with points of no return.”

-Hans Jonas, “Ethics of Technology”




Technology Impacts

Examples of human needs and wants, responsive technology and long-term
impacts (T Graedel, B. R. Allenby, Industrial Ecology, Prentice Hall, 1995)

Problem / Need Technalogy as Consequences
Solution

Food preservation, temperature Stratospheric

control: nontoxic, nonflammable Chlorofluorocarbons|Ozone Depletion
refrigerant

Adverse effects
on birds and
mammals
Energy for consumer and industry Deforestation,
use: cheap and readily available Wood, coal global climate
source change
Nitrogen and
phosphorus
fertilizers

Destruction of crops, illness due to |Synthetic
"pests”: agent to kill insects insecticides

Increased food supply: agent to aid
crop growth

Lake
eutrophication




Great 8 macro trenc

Bain Macro Trends, 201134




Space

People who say i
should not interrupt
already doing it. (Unclea

o

-
N

If we choose to support the explorers, the
innovators, the dreamers
We might find the stars are closer than we

think
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