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Overview
Over the next five years, NASA’s challenge is to deliver an ISS that enables
exploration and returns benefits to humanity, while divesting itself of a
significant portion of its financial burden from ISS.  The exit strategy must
meet commitments to a nation and to its international partners.

An Entrepreneurial Paradigm for ISS is proposed to provide a faster, lower
cost and more politically acceptable exit for NASA from the ISS.  It would
provide the catalyst to create the kind of robust space industry
recommended in the Aldridge Commission Report by inspiring new
advances in biotech and delivering new launch products and services that
benefit the nation as well as NASA – not by reducing the ISS capabilities,
but by increasing them.

Successfully implementing this new paradigm requires that three mutually
dependent major new elements are developed correctly:  the Biotech
Industry as a paying customer on the ISS, a Customer-Centric Space
Station that delivers the space laboratories and crew that the biotech
industry needs, and an Entrepreneurial Space Industry that delivers the
throughput required for progress in contemporary biotech.

Critical to making this work is a customer focus.  Before biotech will pay for
ISS services, the ISS system – from launch through delivery of a properly
prepared sample back to Earth – must be user friendly and must
demonstrate that it can implement investigations fast enough to meet the
learning cycle and throughput requirements that enable success in
contemporary biotech.  This means launches of live specimens and
research equipment at least monthly; experiments iterated within weeks;
and 4-5 kilogram samples returned to Earth monthly.

This document is a summary of the group’s work.  For additional information
please see  http://www.aeroi.org/iss_epp/workshops/biotech1/

The triangle consists of the Biotech Industry,
the Entrepreneurial Space Industry, and the
Commercial Customer-centric Space Station.
Mike Griffin said that he never imagined the
words "customer-centric" associated with the
space station, but it is needed for revolutionary
utilization. This means that if you're going to use
the station commercially you need rapid
turnaround and a friendly front-door for
customers.  Data and samples have to come
back quickly to the customers. In the world of
the entrepreneur it's critical that things happen
rapidly. The front-door gives access to the
enormous engineering feats that have been
conducted so far, the leaders of the JSC have
constructed an engineering marvel and we want
to maximize its utilization.

Commercial
Customer-Centric
Space Station

Entrepreneurial
Space Industry

Biotech Industry

Entrepreneurial Paradigm for ISS
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Workshop Goals

The goals of this workshop were to explore and find the best ways to  develop new business models for the ISS, with a
focus on bitoech. In the new paradigm, there would be a partnership or relationship with the various stakeholders,
including NASA and it’s sister companies, the research community,  the commercial sector, Congress, and the American
people.

The targeted outcome of the workshop is a credible case for this new paradigm.  Achieving the result required open
dialogue, setting aside our preconceived notions and past history so we can move into a successful collaborative future.
This is not just about yet another discussion or empty promises - this workshop was designed to provide data and
options that will work for both NASA and the commercial sector moving forward.

The results of this workshop provide the documentation necessary to apply for funding and begin implementing the
entrepreneurial model for the ISS. This workshop data will be summarized in a report to be presented to Mike Griffin on
July 5th.
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Executive Summary
Our Focus

Welcoming & CaringBudget Wise: Quality of Performance,
Cost, Schedule

Success DrivenSimple - Use the Customer’s Language

Can-Do AttitudeCustomer-Driven

EncouragingResponsive to Customer’s Needs

FriendlyCustomer-Centric

Create independent organization to
advocate commercial priorities

Form industry-academic-government
consortia

Start NowEducation Outreach

User-friendly organization

Orbital infrastructure

Reliable transport up & down

High throughput capability for rapid product
development for biotech industry

NASA Funds the “home-runs” in the biotech
field for the target identified creates great
demand for the ISS

Proof of Concept for
Space Biotech
Investigations

How Do We Accomplish The Vision

Vision StatementVision Statement

The International Space Station

(ISS) is a unique laboratory that

the biotech industry utilizes to

develop innovative commercial

products which significantly

enhance human health and quality

of life on earth.

The Business Case for Biotech on the ISS
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Communicating the Vision

Town meetings

Regional conferencesFeedback
(webcast for
feedback)

Refresh story & messages monthly

Sustained communication campaign
- 5 - 10 media events per week

Implement in less than 3 months
media blitz

Frequency

Traditional print media campaign

Websites, webcasts from ISS

NASA TV,broadcast TV (PSA)

30 second promotional videoMedia
Types

Media: Getting The Story Out Effectively

Reliable, improved and frequent access to in-space
laboratory (ISS)

New opportunities

Potential for a big return on investment, the home-run

Accelerate discovery & new product developmentPrivate
Sector
Including
Biotech,
Venture
Capitalists,
Aerospace &
Academia

National leadership

ROI from ISS

Create jobsCongress

Gives the US the competitive edge in Biotech

Stimulate the economy

Relevancy  to human health & longevityThe Public

Strengthens alignment with partner regarding research
objectives and goals

NASA intends to meet our commitmentsInternation
al Partners

Potential for long-term cost savings

Opens door for space commercialization in LEO

Repair credibility with public and CongressNASA -
Griffin

MessageAudience
ISS Accelerates Health and Wealth!ISS Accelerates Health and Wealth!

Private Sector Embraces ISS forPrivate Sector Embraces ISS for
Wealth and 21st Century Benefits!Wealth and 21st Century Benefits!

The Business Case for Biotech on the ISS
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The Business Case for Biotech on the ISS

Changes at NASA

Only one with access
to ISS

Facilitator or
Landlord

Owns monopolyMinimal Role

Peer review
obsessed

No peer reviews
unless asked for
by commercial
customers

Customer #2Customer is #1

FAR 15 constrainedFAR 12 oriented

Process driven
Flexible &
streamlined

Program centricCustomer centric

Old NASANew NASANew NASA

Validate the case

Create plan for a future minimal role for NASA

NASA must decide what ISS they are building &
when it will be done

Next StepsNext Steps

Adequate IPAD allocations

B-TO-B relationships

JV’sOtherOther
OrganizationalOrganizational

Changes RequiredChanges Required

“Unconstrained” RPC operations

Individual P & L success criteria definition

Requirements integration

Research requirements definition

Profit & loss definition

Other RolesOther Roles

Mission control

ISS maintenance

Provide research facilities as made available

Provide career astronauts

Resource allocations

Facility host

Safety assurance

NASA RolesNASA Roles
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Who Will Be The Members

Non-profit Facilitator

NASA

Research Technicians

Community Groups

Advocacy

INTNL NASA

Internationa
l Space
Station BOD

DOE

Vendors

DOD
NIH NSF

For Profit

Publi
c

Industry
of All
Sizes

Consortia

Individuals
Academics

Non Profit

Industry Partners & Interns

Technical Society’s

University Research Technicians,

PHD Launch Industry

Research Entrepreneurs

On-Orbit Equipment Developers

NIH, NSF, HS, DOD, BOD

International Users

The “User Group”

The Business Case for Biotech on the ISS
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Risk Analysis

Loss of long-term
opportunities

Damage to
reputation

Right to change
course every 4
years

Investment
flexibility

How do we
balance
fundamental and
commercial
science

How does
fundamental science
interact with the
commercial world

What amount of
financing will it
take to reach the
tipping point

What risk level
is the tipping
point for
private
investment

Questions that
need to be
answered

Improved quality
of life

Major BreakthroughsExit Strategy
Huge  cash
payoff

What are the
opportunities?

Some public
access to
research

Reduction of flight
opportunities for
fundamental science

Control
Other
opportunitiesWhat do you

give up to
make it

happen?

If another country
does it, the US
loses jobs and
money

Delay in
breakthroughs

Loss of control
Opportunity
cost

Risk of not
doing it?

Competing with
commercial entities
for research time

Loss of control

Loss of faith in
the government

Delay in
breakthroughs

Damage to
reputation

Loss of cash
invested

Waste taxpayer
dollars

Wasted resources
Loss of cash
invested

Opportunity
cost

Risk of doing it
and it doesn’t

pay off?

SocietyScienceNASAInvestor

Risk

Investment

Investor
Threshold

ISS
Risk vs. Investment

Increasing
investor
belief in

profit

The Business Case for Biotech on the ISS
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Business Model

We will need several

business models to

address the goals and

concerns of various

customers.

Gain complete understanding of the market

What’s the unanswered question

Determine price customers are willing to pay

Identify and resolve legal and regulatory barriers

Assess the risk aspects

Work out the numbers

Determine Intermediary

Create customer friendly infrastructure

Quantify value to Biotech customers

Next

Steps

Profitable for customer

Provide routine &
consistent access to ISS

Provide lab and crew time
for interested customers

Provide one stop shop.
The turnkey solution

How to
Meet
Customer
Needs

User friendly ISS interface

Provide knowledgeable
NASA contact

Proven & reliable results

International entities

Government agencies

R & D

Universities

Agriculture

Pharmaceutical

Primary
Customers

Supporting Players

Intermediary

Biotech
The Business Case for Biotech on the ISS
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Space Infrastructure

Cyclone31015M

Airlaunch1

Space Dev2

Microcosm2

Kistler230M

Falcon 1Space X3365M

Falcon 5Space X2216M

Ariane5110M

India PSLU3615M

H-IIJapan35Low cost avail?

Long MarchGreat Wall535M

Soyuz510M

Dnepr3100M

DeltaBoeing510100M

AtlasLockheed510100M

STS412$7B

LaunchCompanyMaturity

 1-5

5 = deliver now

1000
lb.

Cost

Launch Services

JSC

Orbitec

Teledyne Brown

MSFE

ARC

Bioserve

USA

Boeing

SHOT

Space Hub

Ground

Ops

Shuttle

Soyuz

RADUGA

SPEED

Return

Hubble Servicing Robot

ATV

CEV - Crew

CEV - Cargo

Soyuz

Progress

Constellation Services, Inc. (CSI)

Shuttle

Cargo

Delivery

The Business Case for Biotech on the ISS
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Implementation

20072006 2008 201020092005

July 5, 2005

 Report to
Mr. Griffin

Oct. 2005

ATP

Sept. 2005

Implementation
Process

March 2006

Customer
Input
Requirements

Jan.  2006

 Board
Formation

March 2007

Mission Formation
Complete & Budget
Commitment

Sept. 2006

Flexibility
Study
Complete

Sept. 2007

Demonstration
Ops, Lab
Facilities &
Processes

Dec. 2007

Independent
Commercial
Launch

2008 - 2009

Increase Flight Frequency

2010

Infrastructure
Home Run

March 2009

 12 Flights/Wk

Oct. 2007

Down
Capability
Demonstration

The Business Case for Biotech on the ISS
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Scott Hubbard

Workshop Introduction

The Future?

10 or 12 years ago astrobiology started with a seminal
workshop.  We at Ames thought we could facilitate this and
brought together a diverse group of people.  Many people and
resources have been utilized in this field because it is strong,
vibrant, robust, and answers many of the fundamental
questions about life.  Today there are many things intersecting
in the sciences that can help us move forward.

When we look back five or ten years from now this will have a
significant place in history. We want to bring about a new era
in space utilization and commercialization.

The Entrepreneurial Space Industry is all about access --
access to service the needs of the space station. The
Shuttle’s service will end around 2010.  We need to reduce
cargo from $10,000 per pound down to $1,000 per pound.
That's a huge challenge. The mail-route of the 21st century is
what I'm calling this, and coincidentally, Mike Griffin is calling
it this too. The idea is to do for space what was done for
railroads and the aviation industry.  We want to make space a
place to go and do business.  The government gave the
railroads the right-of-way that became the foundation of a
great industry in the 19th century. In the 20th century part of
the reason aviation grew was because the government gave
support to commercial mail routes. We want to create a
logistics service that will engage the emerging space industry.

We need the right front-door for entrepreneurs; we need to get
samples up and down quickly and in a cost effective manner; and
finally the biotechnology industry itself has to produce discoveries.
Then we can see the building of something truly brand new.

Let's find a permanent reason to explore space. If we're going to
establish exploration as an ongoing effort there must be a trailing
edge of commercial development. We don't just want a high water
mark like the pyramids, we want a foundation built. We have the
ability to do this and capitalize on this opportunity for an
extraordinary future.



A New Entrepreneurial Paradigm For The International Space Station
Santa Clara, CA  •  June 21-22, 2005

15
Lynn Harper

Back Story
This began in the late 90s when we were putting together the
astrobiology program. The program director asked for a fair
assessment of biotech on the ISS, and we saw surprising potential.
But not all of the pieces were there at the time.  Recently a lot of the
pieces have come together, so it’s time to take  another look.

Many groups become cautiously excited by the potential.  Nobel
laureates looked at it and became cautiously excited, and our
internal people were also cautiously excited.  Over time we brought
in a wide range of people from Ames and JSC and many folks
outside of NASA, and after talking with Alan Marty from JP Morgan
we decided we'd bring together people to see how good the case is.

There are two ways of going wrong during research studies: 1)
overstate your case and 2) understate your case.  We could have
built the biotech case on just the work done at the NASA Ames
Research Center based on the history that Ames has in this area.
Our work on the rotating wall vessel research tool and other things
have been great, but we elected for this workshop to bring in folks
from outside of NASA.

We've come a long way in our thinking.  In the 1970s it was thought
that microgravity didn't affect the biology of cells. The biotech
industry brought to NASA clues that could be exploited for other
values. The three biotech cases being presented here today: cells,
tissues, and plants, which combined together comprise a $100
billion market.
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Cheryl Nickerson

Case Study: Infectivity
Biotech space research has enormous national and global social,
economic, political, and security impact. The ISS holds tremendous
potential for novel therapeutics and the treatment and control of
human infectious diseases.

Infectious disease is the leading cause of death worldwide, especially
in children. In  the US alone the cost exceeds $120B annually due to
medical cost and lost revenue.  There are new diseases and
reemerging diseases that have become more potent than before, and
we need a new way of treating them.

So why space flight? Space offers very important answers to reduce
time to market and make more efficacious drugs.  Space influences
key changes in human cells and microbial cells, and we know that
changes occur in flight and we have tried to model them on the
ground, but we cannot model all of them.

We have to know at the gene level what products are being made.
Microgravity allows for experiments to occur on a 3-D level where
cells express themselves more like cells actually act in the human
body and living organisms. To develop a drug and therapeutic
remedies, you have to know the target -- then you can develop the
product. We want to identify the target mechanisms in space then
bring that knowledge back to earth for study. That will lead to
commercial product development.

Space research provides the key at the genetic level. It speeds up the
rate at which experiments are conducted, results are integrated into
future testing which then reduces the time to bring drugs to market.

There is a new global paradigm that we live in - there is a
terror threat in microbiology. We invest a lot in research
money to look for cures, but it costs close to $1B to bring a
new drug to market. The time to bring drugs to market is
about 10 to 15 years.  We need to cut cost and time any
way we can. Even incremental decreases in this cost and
time are of tremendous importance, potentially saving
millions of dollars annually and saving countless lives.
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Tim Hammond

Case Study: Space and 3-D Tissue Cultures
Renal dialysis is a multi billion dollar industry that we can
capitalize on if we take advantage of the opportunities
available. Our commercial partners want to produce
hormones. We need to understand cublin and megalin
and that requires testing in vitro. The problem is that
metabolic enzymes are lost at 16 hours and that the FDA
now requires in vitro testing in hepatocytes from slow
metabolizers and Hepatocyte difficult to cryopreserve.

Another part of the equation is that we needed a simple
equation on how gravity affects what's going on. The
velocity and the sheer of the fall is affected by gravity. So
we came up with an equation. The problem is that this
equation assumes that density and viscosity are
independent parameters, but they are not and you can
never study them independently. So you have to get rid of
gravity completely and do the research in space to
actually model what happens in reality. Space flight and
its ground based simulations can be used to optimize
commercial products

The Rotating Wall Vessel (RWV) is the ground-based model. There's the question of, "if this is so great why aren't
more people doing it?" Is it a case of people not knowing, or being prejudiced against NASA? I think that it is not
simple to bring a commercial partner willing to spend six figures, a flight opportunity, and academia together. The
challenge now is that NASA is in flux. You have to show the parties that what you're doing is really worthwhile.
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Gerard Heyenga

Wood ‘Lignin’ and the Link to Space and Money
Millions of dollars are spent each year to rid paper mills of
lignin. If we can reduce lignin production by 5% then it can
have huge benefits for society both environmentally and in
cost savings.  We could also increase the production of
lignin in the tree to make harder woods for building which
would be of major interest to the lumber industry.

Additionally, we could make other compounds for
pharmaceutical uses. So if you down-regulate the lignin
production, you increase the production of your drug and
that's a major market.

The compound lignin is the second largest amount of plant
product that exists. But lignin cannot be broken down
quickly. It's made up of three polymers. In space, lignin
production is significantly reduced. Our interest is in
removing the gravity to see how lignin reacts. The next
step is to see how we can control the lignin production in
plants.

By knowing the genomic choreography of lignin, new
strains can be engineered on Earth to save millions in
environmental remediation costs providing a huge benefits
for society both environmentally and in reduction in dollars
spent. There is a huge commercial opportunity.
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Alan Marty

A Customer/Investor Perspective
NASA needs to look at this from the customer perspective. Investors
or customers need to believe that an investment in space and the ISS
is a good investment or bet. There are an infinite amount of
opportunities for investors in today's marketplace. The challenge here
is to create a business case and convince investors that this
investment will yield returns for them. To create the home run
investment opportunity. The investors are most likely not interested in
space travel or in the benefits to humankind. They are interested in
the bottom line -- Profit.

An obstacle to overcome here is the current lack of credibility that
NASA has. If our own government isn’t willing to invest additional
money into the ISS, why would an independent investor?
With the current paradigm, the ISS will be left out of the ongoing
commercialization of space.

But NASA has great incentive to do their part, both organizationally
and monetarily, to make the ISS an attractive place for business
partners.

The entrepreneurial space industry would love to have additional
space customers with regular transport needs to a consistent location
in low earth orbit.

From the investor’s viewpoint, what is necessary to draw biotech (or
any potential ISS customer) investments into space development?

Key Focus Areas

• Bring down cost and increase frequency of ISS
transport.

• Support ongoing low gravity research (earth and ISS)
in areas with high commercial potential.

• Distance the government decision making process
from ISS operations.

• Assure that intellectual property developed on the ISS
is protected.

• Assurance that the Government will not change their
mind and kill the business opportunity after the next
election or the next NASA administrator or next
international treaty.

Summary Points

• ISS will not participate in space commercialization
with the current paradigm.

• With the right “customer-centric” modifications, the
ISS may participate in space commercialization by
appealing to the early mover customers and investors
that are interested in high return opportunities.

• Even with careful implementation of the focus areas
described, this will remain a high risk-high return type
of investment.

. 
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Bruce Pittman

Over the years there have been a lot of raised expectations that have not been met.  But
biotech is different.  We’re talking about learning in space and bringing the knowledge back
to the ground to produce on earth.  The Russians could provide the infrastructure to do this
today, but that solution might not be attractive to the public and the American congress.  So
what's the American solution?

The key thing is reliable throughput.  Biotech runs on short learning cycles.  The value of
your service is proportional to how quickly you can do this. If you can do this quickly it's
worth much more.  We're proposing that Ames could be the friendly front-door for this new
way of doing things. We have to be able to get new experiments developed and get them
into space.  We need to send live cargo, be able to accommodate the whole cycle, and
accommodate late access. There are rules and regulations for docking to the station.  You
have to get it in and store it, then you need a place to do the experiment. And you need time
and the proper crew. All of this has to be as customer-centric as possible. There are new
players in the game and the thing is to lead, follow, or get run over. China is an emerging
player. There are many entrepreneurs getting involved and bringing their own money.

Industry wants things to be simple and needs standardization. There needs to be an
outreach program, partly for fence mending.  Taxpayers expect a return in the form of
positive benefits from their taxes.  I suspect a bifurcated model of government research and
the private sector. The question we need to resolve is doing this without the history of
competition between the government and the entrepreneurs.

Due to the challenge of crew time on the ISS, the easiest thing to do is to bring the samples
back to earth. In addition that's where the best labs are. We will have to look at new
strategies to bring the cost down while adding more value.There's a vacancy that the
commercial sector can fill now and that is the NIH-like side of NASA seems to be
decreasing.

Entrepreneurial Paradigm For ISS:Biotech Case Study

• How can we provide the needed
services?

• When would these services be
available?

• How much would this cost?

• Who are all the customers?

• What are appropriate
Government and private roles?

• What is the proper business
model?

• Legislative and policy enablers
and impediments?

• Who should be involved in
further development?

Key Questions 
Moving Forward




