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Introduction 

At  the  end  of  the  first  decade  of  the  21
st
  century,  the  American  space 

program  is  going  through  particularly  turbulent  times.  Many  believe  that 
America  has  lost  its  vision  and  focus,  and  that  we  will  consequently 

abdicate  our  leadership  role  in  space  exploration  and  innovation  to  other 
international  space  faring  nations. There  are  many  indicators  that  if  we 

continue  on  our  present  path  this  will  certainly  happen. 
As  a  participant  in  and  as  an  observer  of  the  American  space  program 

for  over  forty  years,  my  intent  here  is  to  provide  personal  insights  on  the 

evolution  of  the  U.S.  space  ‘culture’  from  its  Apollo  era  to  the  present,  with 

the  thought  that  many  positive  aspects  of  this  evolution  could  provide  a 

path  to  enable  the  space  commerce  enterprise  to  rapidly  emerge  and  thrive. 
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Likewise  there  are  a  number  of  deeply  rooted  political,  financial,  and  social 

issues  that  could  impede  progress  in  development  of  the  U.S.  as  a  leader  in 

space  commerce,  and  these  also  bear  examination. 

While  you  might  question  whether  a  life-long  space  scientist  and 

educator  can  adequately  address  these  cultural  issues,  I  believe  that  a 

professional  scientist,  trained  as  I  am  to  observe  nature  and  model  its 

actions,  should  be  able  to  accurately  document  observations  about  culture, 
as  indeed  social  scientists  do  as  a  matter  of  course. 

Hence,  I  will  attempt  to  identify  some  of  the  major  drivers  that  have 

influenced  and  indeed  shaped  the  culture  of  the  American  space  effort  in 

the  past,  and  others  that  will  do  so  in  the  future. Hopefully  this  will 
provide  clues  as  to  the  direction  the  space  commerce  enterprise  should  take 

to  be  successful,  and  it  also  may  point  us  in  the  direction  that  the  U.S.  must 

take  to  retain  its  leadership. 
The  background  for  all  of  these  observations  consists  of  two  critical 

points  that  should  be  kept  in  mind  as  you  read  this  chapter. 
The  foundational  concept  relates  to  the  significance  of  space 

commerce. Along  with  many  others,  I  believe  that  leadership  in  space 

commerce  will  be  a  critically  important  goal  for  America  to  achieve.  There 

are  two  major  reasons  why.  First,  the  sheer  magnitude  of  the  commercial 

opportunity  is  so  enormous  that  leadership  in  space  commerce  will 
inevitably  mean  some  significant  degree  of  leadership  in  Earth  commerce. 

And  second,  the  technical  capacity  to  engage  in  space  commerce  will 
enable  leadership  in  technologies  that  will  likewise  be  critical  to  the 

success  of  any  nation. 
To  put  it  bluntly,  to  forego  leadership  in  space  commerce  is  to  forego 

leadership  among  nations. 
The  second  foundational  concept  is  that  the  endeavor  to  go  to  space 

and  to  accomplish  some  mission,  program,  and  now  commercial  objective 

is  absolutely  filled  with  new  challenges,  with  problems  in  engineering, 
science,  and  management  that  require  dedicated  and  talented  individuals  to 

solve. Preparing  to  travel  to  and  in  space,  to  live  in  space,  and  to 

accomplish  any  sort  of  meaningful  work  in  space  is  an  intellectual 
challenge  of  the  highest  order. Further,  there  is  no  single  organization 

anywhere  in  the  world  that  has  the  necessary  talent  to  solve  all  these 

challenges,  or  indeed  to  solve  nearly  any  of  them. 

Consequently,  in  the  process  of  accomplishing  its  greatest  feats  and 

even  many  of  its  seemingly  more  mundane  ones,  NASA  has  always  relied 

on  the  deep  and  profound  expertise  of  a  huge  ecosystem  of  individuals  and 

organizations. Identifying  that  talent,  engaging  it  through  contract  and 

partnership,  and  managing  the  process  for  maximum  effectiveness  should 

be  and  is  indeed  a  core  competence  of  the  organization,  and  it  is  a  skill  of 
the  highest  order  that  should  and  must  be  cultivated  and  harnessed  in 

support  of  the  emerging  commercial  movement.
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Let  me  again  put  it  bluntly.  All  the  engineering  talent  in  the  world 

will  not  get  you  there  if  you  don’t  have  the  complementary  skill  set  to 

manage  the  optimal  deployment  of  that  talent. The  Organizational 
Framework  referred  to  in  the  title  of  this  chapter  is  therefore  every  bit  as 

requisite  to  successful  space  commerce  as  the  knowledge  of  rocketry, 
guidance,  control,  life  support,  or  indeed  the  principles  of  business. 

What  follows,  then,  is  a  discussion  of  some  organizational  principles 

that  I  feel  will  be  particularly  important  to  success  in  space  commerce,  and 

in  which  I  have  more  than  a  little  experience  that  I  would  like  to  share. 
 
 

A   Theory   of   Bureaucracy 

Early  in  my  career  at  NASA,  when  I  was  young,  brash,  and  determined  to 

make  the  space  enterprise  absolutely  perfect,  one  of  my  high  level  bosses 

explained  to  me  his  theory  of  the  natural  aging  of  a  government  agency  (or 
bureaucracy). His  theory  was  that  a  newly  formed  agency  could 

accomplish  great  things  and  progress  rapidly  for  a  decade  or  two,  at  which 

point  the  accumulation  of  bureaucratic  rules  and  regulations  would 

converge  to  inhibit  almost  every  action.  He  noted  that  this  organizational 
process  naturally  happens  because  a  ‘critical  mass’  of  key  agency 

personnel  would  inevitably  recognize  an  immediate  problem,  and  just  as 

quickly  arrive  at  consensus  on  a  rule  or  regulation  to  address  the  problem. 

The  difficulty  with  this  process,  of  course,  is  that  long  after  the 

immediate  problem  is  solved  and  the  rule  or  regulation  is  not  needed,  you 

will  again  never  coalesce  the  ‘critical  mass’  consensus  necessary  to 

eliminate  the  rule  or  regulation,  and  the  resulting  accumulation  of  rules 

would  serve  to  stifle  future  progress. 
He  went  on  to  state  that  the  two  ‘bellwether’  areas  of  the  agency  to 

watch  were  procurement  and  personnel,  as  you  arrive  at  the  point  where  so 

many  rules  and  regulations  are  permanently  in  place  that  you  can’t  hire  or 
fire  anyone,  nor  you  can’t  procure  anything  efficiently.  He  concluded  by 

noting  that  this  continues  until  the  agency  either  ceases  to  be  functional  and 

is  terminated,  or  reaches  such  a  crisis  level  that  it  is  reborn. 
After  all  these  years  and  lots  of  confirming  evidence,  I  tend  to 

subscribe  to  this  theory. Now  that  NASA  has  just  reached  its  fiftieth 

birthday,  where  do  you  think  we  are  in  this  process?  Indeed. 
 

The  key  questions,  then,  are 

1. What  are  other  factors  do  we  need  to  consider? 

2. And  given  a  relentless  process  of  bureaucratization,  what  is  the 

best  path  forward?
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The  space  commerce  enterprise  is  so  new  and  there  are  so  few 

successful  examples  that  it  is  hard  to  establish  an  adequate  set  of  ‘DOs’  and 

‘DON’Ts’  for  success. It  is  clear  that  successful  space  commerce 

businesses  will  involve  public  –  private  partnerships  of  some  sort,  and  will 
necessarily  be  international  in  scope.  National  leadership  will  come  from 

nations  that  develop  innovative  organizational  and  management  models  for 
the international  enterprise and are on the forefront  of  harnessing 

worldwide  information  and  networking  technologies. 
These  are  the  issues  that  I  will  discuss  in  the  remainder  of  this 

chapter. 
 
 

Historical   Perspective 

 

What  can  we  learn  from  the  Apollo  and  Shuttle  eras? 

As a starting point let’s examine some key similarities and 

differences  between  the  Apollo  and  Shuttle  programs  as  to  their  impacts  on 

the  space  culture  (i.e.  the  people,  their  attitudes,  and  organizations). 
In  both  cases,  it  is  important  to  look  at  the  political  and  economic 

climate  that  existed  prior  to  their  beginning,  as  well  as  the  mood  of  the 

general  population. 
Throughout  the  late  1940s  and  the  1950s,  the  intense  Cold  War 

rivalry  with  the  Soviet  Union  had  a  huge  impact  on  American  culture.  Not 
long  after  the  Second  World  War,  the  Defense  Department  launched  a 

serious  research  push  into  the  fields  of  rocketry  and  upper  atmosphere 

sciences  to  ensure  American  leadership  in  technology,  and  in  1950  fear  of 
Soviet  domination  led  to  the  creation  of  the  National  Science  Foundation 

(NSF). Through  the  NSF,  the  federal  government  sponsored  research, 
primarily  at  American  universities. 

NSF  struggled  constantly  with  Congressional  concerns  about  its 

usefulness  since  it  was  focused  on  funding  basic  science  rather  than 

national  defense  directed  R&D. 

When  the  Soviet  Union  shocked  and  awakened  the  world  with  the 

launch  of  Sputnik  1  on  4  October  1957  they  had,  in  military  terms,  taken 

the  dominant  ‘high  ground,’  and  the  launch  shook  the  widespread 

American  belief  that  the  U.S.  was  superior  to  all  other  others  in  math  and 

science. Americans  suddenly  feared  that  Soviet  schools  were  superior  to 

American  ones,  and  Congress  reacted  by  passing  the  National  Defense 

Education  Act  (NDEA). 
As  a  high  school  student  in  the  late  1950’s,  I  well  remember  how 

average  citizens  were  deeply  worried  about  nuclear  attack,  how  we  had 

bomb  shelters  and  practice  drills.  The  NDEA,  signed  into  law  less  than  a 

year  after  Sputnik,  on  September  2,  1958,  provided  funding  to  United 

States  education  institutions  at  all  levels.



The  Inside  Story 129 

The  NDEA  authorized  funding  for  four  years  on  eight  program  titles, 

with  the  funding  increased  each  year. Key  features  of  the  legislation 

included  a  student  loan  program  intended  to  increase  the  flow  of  talent  into 

science,  mathematics,  and  foreign  language  careers,  a  ‘National  Defense 

Fellowship’  for  graduate  study  toward  a  college  teaching  career,  and  a  wide 

array  of  programs  to  enhance  pre-college  teacher  training  and  public 

understanding  of  science  and  technology.  I,  and  many  of  my  future  NASA 

colleagues,  benefited  significantly  from  the  NDEA  Program. 

President  Dwight  D.  Eisenhower  had  approved  a  plan  to  orbit  a 

scientific  satellite  as  part  of  the  International  Geophysical  Year  (IGY)  for 
the  period  from  July  1  1957  to  December  31  1958,  a  cooperative  effort  to 

collect  scientific  data  about  the  Earth,  and  then  on  1  October  1958, 
Congress  and  the  President  created  the  National  Aeronautics  and  Space 

Administration  (NASA),  with  the  intent  to  pursue  both  scientific  and  direct 
military  goals. 

During  this  period  the  number  of  American  students  attending 

college  increased  significantly.  In  1940  about  one-half  million  Americans 

attended  college,  about  15  percent  of  their  age  group.  By  1960,  however, 
college  enrollments  had  grown  to  3.6  million  students,  and  by  1970,  7.5 

million  students  attended  colleges  in  the  U.S.,  or  40  percent  of  college-age 

youths. 

Between  1958  and  1968,  Congressional  support  for  NDEA,  NASA, 
the  Department  of  Defense  (DoD),  and  NSF  R&D  budgets  grew  steadily. 
As  an  expression  of  Cold  War  fears,  NASA’s  Apollo  Program  accounted 

for  a  considerable  proportion  of  federal  expenditures  and  peaked  in  1968. 
Over  its  life,  Apollo  investments  totaled  $25.4B,  a  huge  sum  for  that  era. 

The amount of money involved provoked both concern and 

opposition. In  the  mid  to  late  sixties  the  DoD  initiated  several  studies 

(including  Project  Hindsight  in  1969)  that  questioned  the  funding  of  pure 

science  versus  very  targeted  applied  research  based  on  national  interests 

and  priorities.  The  Vietnam  Conflict  also  created  a  climate  where  defense 

research  and  procurements  directed  the  flow  of  money  to  the  defense 

industry  and  its  targeted  R&D. 

As  Apollo  moved  closer  to  achieving  its  ultimate  goals,  NASA  began 

to  consider  its  subsequent  endeavors. In  October  1968,  and  thus  even 

before  the  first  Apollo  moon  landing  in  1969,  NASA  began  early  studies  of 
space  shuttle  designs. The  Shuttle  program  was  formally  launched  on 

January  5,  1972,  when  President  Nixon  announced  that  NASA  would 

proceed  with  the  development  of  a  reusable  Space  Shuttle  system. 

As  with  the  Apollo  program,  the  Shuttle  program  had  many 

constituencies,  including  NASA,  DoD,  White  House,  Congress,  and 

aerospace  industry,  and  they  had  varied  ideas  of  what  it  should  do  and  how 

much  it  should  cost. NASA  wanted  a  cost-effective  reusable  launch 

vehicle  that  could  service  Low  Earth  Orbit  (LEO)  missions  (i.e.,  large
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space  station  and  free-flyer  missions)  for  science  and  exploration. The 

DoD,  particularly  the  Air  Force,  wanted  a  space  transport  vehicle  to  carry 

and  service  both  military  astronauts  and  large  military  satellites  into 

equatorial  and  polar  orbits.  The  White  House  and  Congress  wanted  a  cost- 

effected  space  capability  as  a  follow  on  to  Apollo  to  keep  the  U.S.  in  a 

Cold  War  space  leadership  position.  The  public,  however,  was  effectively 

disengaged. 

During the post Apollo period, budgetary constraints and 

compromises  between  federal  agencies  were  the  dominant  drivers  of  the 

system  design. Design  changes,  budget  issues,  waffling  support,  and 

contractor  in-fighting  plagued  the  Shuttle  program  from  the  start.  Although 

the  Cold  War  influence  was  still  in  play  in  the  70’s,  the  Vietnam  conflict 
received  most  of  the  attention  of  politicians  and  the  public. 

Hence,  budgetary  constraints  and  organizational  compromises  greatly 

influenced  the  design  philosophy  that  had  been  applied  so  successfully 

during  Apollo.  During  Apollo  the  design  methodology,  aided  by  adequate 

annual  funding,  revolved  around  identifying  a  set  of  technologies  for  each 

subsystem  and  testing  and  evaluating  each  before  that  technology  was 

incorporated  into  the  final  design. 
Unlike  Apollo,  where  the  singular  focus  was  putting  a  man  on  the 

moon,  the  wide  spectrum  of  goals  expressed  by  the  military  and  NASA  led 

to  a  design  that  was  not  optimal  for  any  of  them. The  annual  budget 
constraints  forced  a  departure  from  the  proven  Apollo  systems  engineering 

design  methodology,  so  instead  of  extended  design  and  test  cycles, 
subsystem  technology  options  were  selected  based  primarily  on  the 

perceived  costs  at  a  very  early  stage  of  design  and  test.  The  Shuttle  thermal 

protection  system  –  the  infamous  tiles  -  was  a  prime  example  of  a  decision 

taken  although  the  options  had  not  been  properly  examined.  Consequently, 
the  technology  risks  and  the  long-term  operational  cost  issues  were  not 
fully  understood,  and  the  system  plagues  the  Shuttle  program  to  this  day. 

In  the  transition  from  Apollo  to  Shuttle,  the  overall  mission  was 

therefore  diverted  from  building  a  world-class  space  infrastructure  for 
science,  space  exploration,  and  military  purposes,  to  one  focused  primarily 

keeping  Congressional  appropriations  at  a  consistent  and  manageable  level. 
In  this  political  arena,  you  enter  a  never-ending  cycle  in  which  mission 

budgets  and  plans  are  up  for  discussion,  and  for  politically  motivated 

changes,  on  an  annual  basis.  I  believe  that  this  scenario,  which  emerged  in 

early  1980s,  was  the  start  of  the  Congressional  ‘earmark’  problem  that 
continues  to  plague  NASA. 

As  a  result,  NASA’s  earmark  problem  has  grown  to  3%  of  its  annual 
budget. 

Why  does  it  matter? Because  major  NASA  decisions  are  made 

according  to  how  many  jobs  will  be  created  or  lost  in  a  particular 

geographic  area,  making  NASA  a  pawn  in  a  political  battle  between  the
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White  House  and  the  political  parties  in  Congress. Alas,  you  cannot 

effectively  manage  a  highly  technical  program  with  3%  of  your  annual 
budget  being  manipulated  by  the  winds  of  political  whim. 

The  evolution  of  the  space  program  workforce  is  also  an  important 

topic. As  I  noted  above,  the  implementation  of  the  NDEA  and  NSF 

programs  had  a  large  impact  by  expanding  the  available  science  and 

engineering  workforce  that  was  then  tapped  by  the  Apollo  program. 
Apollo  was  a  new,  stimulating,  and  exciting  area  for  young,  bright,  and 

eager technically-trained people to participate in, and the NASA 

organization  they  came  to  work  in  was  a  new  agency  without  any 

bureaucratic  personnel  issues.  Hence,  it  was  not  unusual  to  see  25  to  30 

year  old  engineers  leading  engineering,  science,  technology,  and  operations 

aspects  of  Apollo. In  fact,  this  was  occurring  throughout  industry, 
government,  and  academia. 

Universities received federal support to establish major R&D 

laboratories  on  their  campuses,  and  NASA’s  Space  Act  Agreement  (SAA) 
authority  allowed  for  a  unique  environment  of  shared  resources,  both 

personnel  and  facilities,  between  the  government,  industry,  and  academic 

institutions. 

My  own  career  was  shaped  by  that  capability.  I  received  my  Ph.D. 
(Space  Physics)  in  the  early  70s,  but  I  and  had  a  difficult  time  landing  a  job 

in  the  space  program. Luck  and  persistence  eventually  led  to  an 

outstanding  opportunity  to  work  at  a  NASA-sponsored  laboratory  at  the 

University  of  Arizona,  and  in  1978  I  was  offered  the  opportunity  to  join 

NASA  Headquarters  in  the  Office  of  Space  Science. 
I  am  relating  this  part  of  my  career  since  it  is  important  to  how  things 

have  changed  since  the  late  70’s. 
On  my  arrival  at  HQ,  my  boss  told  me  that  it  was  considered 

important  to  recruit  young  engineering  and  science  professionals  from 

organizations  outside  the  government  into  NASA  since  they  brought  new 

ideas  and  a  sense  of  what  the  outside  science  and  technical  community  was 

thinking. During  that  period  about  30  percent  of  the  NASA  HQ  science 

professionals  rotated  in  and  out  of  the  agency,  serving  2  to  4  years  and  then 

returning  to  their  respective  universities  or  private  organizations. 
He  explicitly  told  me  that  I  should  not  spend  more  than  five  years  in 

my  new  government  position,  because  changing  positions  was  essential  to 

remaining  in  touch  with  the  real  world  outside  the  government,  and  this 

would  prevent  me  from  becoming  ‘bureaucratic’  in  my  decision-making. 

At  the  time  I  didn’t  fully  understand  what  he  was  trying  to  convey,  but  on 

reflection  now  I  know  it  to  be  true. 
Today  the  cadre  of  science  professionals  who  rotate  in  and  out  of 

NASA  is  a  very  small  percentage  of  the  personnel. It  could  be  argued, 
however,  and  a  few  of  my  long  time  NASA  colleagues  do  make  this  point, 
that  NASA  is  so  engaged  today  in  the  annual  political  budget  struggle  that
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bringing  in  ‘political  novices’  from  the  science  and  technical  communities 

would  cause  NASA  to  ultimately  lose  most  of  its  budget  battles.  On  the 

other  hand,  I  contend  that  if  you  lose  contact  with  the  key  outside 

communities  you  have  trouble  knowing  when  you  need  to  stand  your 
ground  on  a  program  decision,  or  when  you  should  compromise. Too 

often,  compromises  are  made  that  are  eventually  detrimental  to  program 

goals. 

Our  quick  review  of  history  would  not  be  complete  without  a 

discussion  of  the  International  Space  Station  (ISS)  and  its  turbulent  birth. 
NASA's  dreams  of  developing  the  space  station,  stalled  for  years  by  the 

difficult  birth  of  the  Space  Shuttle,  finally  came  true  in  January  1984. 
President  Reagan  gave  the  official  green  light  to  the  ambitious  project, 
which  envisioned  a  permanently  manned  facility  in  orbit  by  1991  with  a 

diverse  set  of  allies,  including  Europe,  Canada,  and  Japan  as  partners. I 

became  intimately  involved  in  1985  when  I  served  on  the  International 
Task  Force  for  the  Scientific  Uses  of  Space  Station  (TFSUSS),  and  the 

following  year  I  was  also  hired  as  a  consultant  on  the  NASA  Space  Station 

Operations  Team. 

After  three  years  of  intense  discussions  and  design  meetings  that 
were  held  in  various  parts  of  the  world,  the  Space  Station  design  was 

coming  together  as  a  very  functional  space  laboratory  when  political  and 

budgetary realities appeared. Neither the budgetary support from 

Washington  nor  the  interest  of  the  general  public  were  evident,  which 

forced  NASA  to  begin  a  cost-cutting  redesign  which  eliminated  many 

features  that  had  been  deemed  essential  just  a  couple  of  years  before. 
Since  the  TFSUSS  team  had  been  disbanded,  NASA  never  bothered 

to  ask  potential  user  communities  about  the  impacts  of  these  design 

changes,  and  yet  even  with  this  cost-cutting  effort  behind  it,  it  turned  out 
that  the  Space  Station  was  still  not  viable  in  terms  of  cost  and  political 
support. 

Meanwhile,  in  1992  Russia  entered  the  scene  to  address  the  issue  of 
the  quick  and  cost-effective  emergency  return  from  the  station  by 

incorporating  the  veteran  Soyuz  vehicle,  and  in  1993  the  U.S.  and  Russia 

agreed  to  a  joint  program  between  the  Space  Station  and  the  Mir-2  projects. 
If  anyone  had  told  us  in  the  mid  70s  or  early  80s  that  we  would  be 

partnering  with  the  Russians  on  a  major  space  venture  it  would  have  been 

deemed  ludicrous,  and  yet  there  we  were.  Today  it  is  good  to  keep  these 

lessons  in  mind  as  we  discuss  international  space  commerce  partnerships 

with  countries  such  as  China  and  India. 
The  International  Space  Station  is  now  nearing  completion  and  will 

soon  be  open  to  commercial  business.  Will  ISS  be  able  to  transform  itself 
from  a  NASA-managed  engineering  project  to  a  viable  multi-discipline 

application  environment  that  engages  with  international  space  commerce 

partners?  What  elements  of  our  space  program  history  will  be  beneficial  to
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this  transition,  what  barriers  must  be  overcome,  and  what  are  the  needed 

elements  to  stimulate  a  thriving  space  commerce  environment? 
 
 

Dramatic   Changes   in   the   Wind   for   Space   Commerce 

In  parallel  to  the  background  of  Apollo,  Shuttle,  and  the  Space  Station  is 

the  history  of  space  commerce  in  the  US.  From  the  80s  until  today  space 

commerce  has  been  a  small  adjunct  activity  under  the  management  of  the 

federal  government.  It  was,  and  remains,  a  very  difficult  environment  in 

which  to  carry  out  commercial  activity. 
In  the  early  days  of  SkyLab,  Shuttle,  and  the  Russian  Mir,  results 

from  research  in  life-sciences,  pharmaceutical,  and  material  science 

research  strongly  indicated  the  value  of  a  microgravity  environment  from  a 

research  perspective.  But  space  transportation  costs  and  therefore  access  to 

and  from  space,  interference  from  government  managers,  and  the  lack  of 
adequate  investment  capital  were  the  major  barriers. The  government 
controlled  the  transportation  to  and  from  space,  they  controlled  the  use  of 
the  space  laboratory,  and  they  controlled  and  managed  the  flight  schedule 

and  most  of  the  operations. 
Hence,  it  is  not  surprising  that  most  business  entities  simply  could 

not  participate  under  these  circumstances,  and  commercial  use  of  the  ISS  or 
other  earlier  space  laboratories  has  languished. 

However,  since  the  mid-90s  a  new  era  of  space  commerce  has  begun 

to  emerge.  On  the  government  side,  the  ISS  was  being  completed  and  was 

gradually  opened  for  ‘business’  as  the  largest  international  scientific  project 
in  history.  The  ISS  draws  upon  scientific  and  technological  resources  of  16 

nations,  including  the  United  States,  Canada,  Japan,  Russia,  Brazil  and  the 

11-member  European  Space  Agency,  and  is  the  world’s  only  continuously 

inhabited  outpost  and  laboratory  in  space. 
In  December  2005,  the  U.S.  Congress  designated  the  ISS  as  a 

National  Laboratory  (ISSNL),  providing  new  opportunities  for  government 

and  private  supported  R&D  in  space. The  ISSNL  designation  opens  the 

door  for  utilization  of  the  ISSNL  by  other  Federal  entities  and  by  the 

private  sector  through  partnerships,  cost-sharing  agreements,  and  other 
arrangements  as  well. It  supports  the  development  of  a  Commercial 
Orbital Transportation System (COTS); and develops a science, 

technology,  engineering,  and  mathematics  (STEM)  workforce  development 

environment. 

Going  forward,  the  ISS  provides  an  unprecedented  opportunity  to 

achieve  advances  in  research  knowledge,  commercial  development,  and 

education  in  the  United  States. But  this  depends  on  whether  the  federal 
government,  and  particularly  NASA,  can  loosen  its  ultra  tight  grip  on  the 

management  and  operations  of  both  the  enabling  space  transportation
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systems  and  the  ISS  laboratory  itself.  Both  factors  will  determine  whether 

the  ISS  capability  flourishes  as  a  scientific  and  commercial  venture. 
Also  at  the  end  of  the  1990s,  Mircorp,  a  private  Russian  venture  in 

charge  of  the  Mir  Space  Station,  began  soliciting  potential  space  tourists  to 

visit  Mir  in  order  to  offset  some  of  its  maintenance  costs.  Dennis  Tito,  an 

American  businessman  and  former  JPL  scientist,  became  their  first 
customer,  but  when  the  decision  to  de-orbit  Mir  was  made,  Tito  managed 

to  switch  his  trip  to  the  International  Space  Station  through  a  deal  between 

MirCorp  and  U.S.-based  Space  Adventures,  Ltd.,  despite  strong  opposition 

from  senior  figures  at  NASA. 
Space  Adventures  subsequently  facilitated  flights  for  the  world's  first 

private  space  explorers,  who  paid  in  excess  of  $20M  each  for  a  10-day  visit 
to  the  ISS.  Although  space  tourism  has  been  discussed  for  decades,  these 

private  space  flights  have  exited  the  worldwide  community  and  have 

created  a  viable  customer  base  for  future  suborbital  and  orbital  flights. 
Dissatisfaction  with  all  of  the  many  obstacles  associated  with 

government  managed  and  dominated  space  transportation  and  space 

laboratory  capabilities  have  stimulated  a  push  by  the  private  sector  to  enter 
the  space  transportation  and  space  laboratory  marketplace.  These  private 

sector  enterprises  are  characterized  by  their  insistence  on  being  primarily 

privately  financed,  and  their  view  of  the  government  as  only  one  segment 

of  their  potential  customer  base. 
Over  the  past  five  years  the  number  of  companies  that  have  entered 

this  market  has  been  growing  rapidly.  They  span  the  orbital  and  suborbital 
marketplace  with  products  that  include  vehicles,  human  and  payload  rated 

capsules,  and  orbital  laboratories. These  private  capabilities  are  either  in 

the  proposal,  development,  or  test  stages. Without  a  doubt  they  have 

caught  the  attention  of  both  the  public  and  governments  around  the  world. 
 
 

Maintaining   a   US   Leadership   in   the   Emerging   Space 

Commerce   Marketplace 

Throughout  the  history  of  the  space  program  it  has  always  been  a  balancing 

act  to  define  the  appropriate  roles  and  responsibilities  of  the  government, 

the  private  sector,  and  academic  institutions.  Invariably,  imbalances  cause 

inefficiencies  that  lead  to  a  diminished  leadership  role  in  the  world.  In  this 

era  of  globalized  markets,  access  to  space  and  space  commerce  are  not 
limited  only  for  the  former  super  powers,  as  many  nations  aspire  to  a  space 

faring  presence,  among  them  China,  India,  and  Brazil. 
The  key  to  U.S.  leadership  is  going  to  be  linked  to  innovation.  This 

is  innovation  in  the  broadest  sense,  for  the  U.S.  must  develop  innovative 

organizational  structures  that  not  only  harness  the  extensive  capabilities  of 
both  private  and  public  entities,  but  also  must  equally  embrace  partnership 

opportunities  with  international  resources,  public  and  private  as  well.
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Innovation  in  education  and  workforce  development  at  all  levels  is 

essential  to  success,  just  as  innovation  in  technology  development  and 

technology  transfer  to  applications  is  utterly  necessary  to  sustained 

leadership. 

This is particularly true in the area of worldwide network 

communications and information technology as it  applies to space 

operations,  management  and  customer  services.  In  the  1985  to  1987  time 

frame,  while  chairing  the  international  TFSUSS  committee  on  ISS  payload 

operations,  I  coined  a  term  that  I  called,  “Telescience.” Simply  put, 
Telescience  is  the  ability  of  a  geographically  distributed  (worldwide) 
research  team  to  design,  build,  test,  integrate  into  a  launch  vehicle  and 

space  laboratory,  operate  in  space,  analyze  the  research  results,  and  publish 

those  results  without  ever  having  to  leave  their  own  research  institutions. 
In  the  mid  80s  and  early  90s,  this  was  only  a  dream,  but  shortly  after  it 
would  be  realized  with  advances  in  worldwide  high  bandwidth  networks 

and  information  technology. Space  commerce  needs  to  employ  these 

technologies  as  other  Earth  bound  industries  have  done. 
 
 

Essential   Elements   for   a   Successful   Business 

Model   for   Space   Commerce 
 

Who  is  the  customer? 

Although  I  wouldn’t  classify  myself  as  a  skilled  businessperson  I 
have  had  the  opportunity  to  observe  and  work  with  many  people  who  are, 
who  have  created  successful  businesses  involved  with  space. The 

successful  ones  have  all  focused  on  a  four  set  of  questions: 

1. Defining  the  customer, 

2. Obtaining  investment  capital, 
3. Putting  strong  management  in  place,  and 

4. Resolving  the  myriad  of  operational  questions  that  inevitably 

must  be  addressed  in  any  activity  as  complex  as  space-related 

business. 
 

Among  the  key  customer-related  questions  are  these: 

1. Who  is  the  customer  for  the  product  or  service  that  my  space 

commerce  business  provides? 

2. Does  the  customer  have  a  recognized  need  and  the  resources  to 

purchase  my  products  or  services? 

3. Is  there  a  near-term  customer  base  that  will  provide  near-term 

cash  flow? 

4. Is  there  a  developed  path  to  grow  the  customer  base  with  new 

and  innovative  products?
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Most  new  space  commerce  businesses  have  a  lot  of  difficulty  coming 

up  with  sound  answers  to  these  questions,  largely  because  the  government 

has  been  the  predominant  customer,  and  it  has  been  a  marketplace  that  was 

simply  too  costly  for  a  non-government  customer  to  afford;  only  the  very 

wealthy  have  been  non-government  players,  as  we  saw  with  the  initial 
space  tourism  customers,  multimillionaires  all. 

The  commercial  space  transportation  industry,  for  both  suborbital  and 

orbital  applications,  is  also  struggling  with  the  customer  questions.  I  have 

had  discussions  with  many  of  them,  and  they  all  look  at  the  growing 

backlog (possibly several thousand worldwide) of university R&D 

payloads  as  a  good  initial  customer  base. These  are  science  and 

engineering  payloads  that  have  been  developed  by  university  personnel 
over  the  past  ten  years  that  require  a  space  environment  to  complete  the 

research  effort.  Either  the  cost  or  launch  vehicle  availability  has  halted  the 

completion  of  the  research.  I  point  out  to  them  that  universities  do  have  a 

need  for  such  services,  but  unless  the  government  funds  them  they  have  no 

funds  to  build,  integrate,  or  operate  payloads. In  other  words,  the 

universities  are  ‘NOT’  direct  customers;  we  are  back  to  the  government 
being  the  true  customer. 

There  is  also  a  backlog  of  industry-financed  R&D  payloads  waiting 

to  fly,  and  if  the  cost  of  services  can  be  brought  down  to  an  appropriate 

(cost-effective)  level,  then  they  may  become  a  real  customer. The 

microgravity  environment  of  suborbital  and  orbital  space  is  required  by  an 

array  of  industrial  users  including  those  interested  in  biotechnology, 
material  processing,  microelectronics,  nanotechnology,  and  space  physics. 
Since  the  availability  of  such  a  cost-effective  capability  has  not  been  there, 
a  quantitative  analysis  of  the  size  of  this  industrial  customer  base  is  not 
known. 

But  cost  is  not  the  only  issue  for  industry  customers.  Timely  delivery 

of  services  is  often  more  critical.  An  example  of  this  is  the  biotechnology 

industry,  which  has  a  clearly  defined  need  for  suborbital  and  orbital 
microgravity  research  platforms.  There  is  compelling  evidence  that  the 

unique  microgravity  environment  of  spaceflight  provides  important  insight 
into  a  variety  of  fundamental  human  health  issues,  with  tremendous 

potential  for  the  commercial  development  of  novel  enabling  technologies  to 

enhance  human  health  here  on  Earth. These  research  areas  include: 
Infectivity  &  Infectious  Diseases;  Cell  Tissue  Engineering;  Biological 
Processes  in  Aging;  Biophysical  Reactions  to  Weightlessness;  and  Macro- 

molecular  Crystallization. If  commercial  space  services  can  shorten  the 

time  required  to  conduct  research  or  the  development  products  for  delivery 

to  their  world  market,  then  the  biotech  industry  will  be  a  highly  motivated 

customer,  and  there  are  many  examples  waiting  in  the  wings  (see 

http://alliancespace.net - ISS Entrepreneurial Paradigm - Biotech 

Workshop)
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Who  provides  the  start  up  investment  capital? 

Many  small,  space-related  startup  companies  begin  their  enterprise 

with  funding  from  3F  and  CC  resources.  3F  equals  ‘Family,  Friends,  and 

Fools,’  while  CC  means  ‘Credit  Card’  investment. These  are  obviously 

high-risk approaches motivated by tremendous entrepreneurial 

commitment  in  the  face  of  great  unknowns.  Many  of  the  small  suborbital 
rocket  companies  and  payload  integration  companies  got  their  start  in  this 

manner. 

Some  startups  rely  on  independently  wealthy  family  and/or  friends, 
such  as  Elon  Musk’s  SpaceX  organization,  which  draws  capital  from 

Musk’s  prior  life  as  a  highly  successful  technology  entrepreneur. Also 

angel  investors,  who  are  space  enthusiasts,  have  financed  some  startup 

businesses. Others  are  enticed  by  government  agency  sponsored  Small 
Business  Innovation  Research  (SBIR),  and  Small  Business  Technology 

Transfer  (STTR)  programs. As  examples  of  such  projects  funded  by 

NASA  can  be  seen  on  the  website: 
http://sbir.gsfc.nasa.gov/SBIR/SBIR.html. 

And  for  some  with  a  well-developed  business  plan  and  a  willingness 

to  turn  over  a  considerable  portion  of  their  company,  then  venture  capital  is 

a  viable  path. These  are  rather  rare,  in  that  venture  capital  considers 

commercial  space  to  be  too  high  of  a  risk  in  terms  of  short-term  return  on 

investment. 

Over  the  past  10  years  another  investment  strategy  has  been 

employed  by  a  number  of  technology  companies  which  could  also  become 

a  viable  path  for  the  space  commerce  industry.  This  indirect  approach  is 

based  on  an  R&D  partnership  with  a  research  university. Although  the 

amount of federal and state government R&D dollars flowing to 

universities  has  fluctuated  over  the  past  several  decades,  the  total  amount 

allocated  to  space-related  R&D  areas  is  still  sizeable. 
Initially  there  were  some  problems  with  these  partnerships,  since 

issues  of  Intellectual  Property  (IP)  sharing  and  ownership  could  not  be 

easily  resolved,  but  solutions  to  those  problems  have  now  been  devised  and 

are  in  place  at  most  research  institutions. A  good  industry–university 

partnership  will  provide  a  viable  means  to  utilize  government  sponsored 

research  facilities,  access  to  world  class  researchers,  and  an  inside  view  of 
multiple  emerging  technologies  with  the  potential  for  IP  licensing. This 

does  come  at  a  cost,  but  frequently  that  can  be  negotiated  in  terms  of 
providing  scholarships/fellowships  to  university  research  students.  If  done 

right,  as  I  will  discuss  that  in  the  next  section,  this  is  a  tax  deductable 

process  for  industry  and  a  highly  valued  resource  for  the  research 

institution. The  University  of  California,  in  its  partnerships  with  the 

biotechnology, microelectronics, nanotechnology, and information 

technology  industries  has  seen  and  worked  with  these  issues  (see  California 

Institutes  for  Science  and  Innovation  in  next  section).
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This  is  only  an  initial  set  of  issues  to  be  addressed  by  the  emerging 

space  commerce  business  sector. 
 
 

Emerging   Trends   in   Public   -   Private   Partnerships 

Leadership  among  nations  and  in  business  today  is  often  linked  to  the 

capacity  to  stimulate  and  manage  innovation,  and  this  will  certainly  also  be 

true  for  the  emerging space  commerce  enterprises. Public–private 

partnerships  can  play  a  significant  role,  and  indeed  they  have  a  history  in 

this  endeavor.  Most  of  the  approaches  that  we  are  familiar  with  today  were 

initially  targeted  as  economic  or  innovation  drivers  by  either  state  or 
federal  government  agencies.  Some  were  primarily  directed  at  non-space 

related  technology  innovation  while  others  were  initiated  directly  for  the 

space  program. During  the  past  ten  years  several  new  public–private 

partnership  models  have  also  been  developed  that  could  have  direct 
implications  for  space  commerce  enterprises. 
 

California’s  Institutes  of  Science  and  Innovations 

In  2000  the  California  Institutes  for  Science  and  Innovations  (Cal 
ISIs)  were  established  as  an  ambitious  statewide  initiative  to  support 
research  in  fields  that  were  recognized  as  critical  to  the  economic  growth  of 
the state, including biomedicine, bioengineering, nanosystems, 

telecommunications  and  information  technology. The  Cal  ISIs  were 

conceived  as  a  catalytic  partnership  between  university  research  interests, 
private  industry,  and  state  and  federal  support  to  expand  the  state  economy 

into  new  industries  and  markets,  and  “speed  the  movement  of  innovation 

from  the  laboratory  into  peoples'  daily  lives.” 

Today,  four  research  centers  operate  as  partnerships  among  the 

University  of  California  system,  state  government,  industry,  and  federal 
sponsored  research,  and  each  involves  structured  collaborations  among 

campuses,  disciplines,  academics,  researchers,  research  professionals,  and 

students. 

Each  institute  is  hosted  by  at  least  two  University  of  California  (UC) 
campuses,  with  one  campus  usually  taking  a  lead  role: 

1. California  Institute  for  Quantitative  Biological  Research  (QB3)  is 

hosted  by  UC  San  Francisco,  UC  Berkeley,  and  UC  Santa  Cruz; 
2. California  Nanosystems  Institute  (CNSI)  is  hosted  by  UCLA  and 

UC  Santa  Barbara; 
3. California  Institute  for  Telecommunications  and  Information 

Technology  (CalIT2)  hosted  by  UC  San  Diego  and  UC  Irvine; 
and
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4. Center  for  Information  Technology  Research  in  the  Interest  of 

Society  (CITRIS)  is  hosted  by  UC  Berkeley,  in  collaboration 

with  UC  Davis,  UC  Merced,  and  UC  Santa  Cruz. 
 

Collectively,  the  partner  companies  and  organizations  involved  in 

these  institutes  number  in  the  hundreds,  and  they  are  now  pursuing  a  wide 

range  of  research  initiatives  ranging  from  the  design  of  energy  efficient 
‘smart  buildings,’  to  developing  medical  breakthroughs  in  STEM  cell 
research  that  promotes  advances  in  the  prevention  and  cure  of  a  number  of 
diseases,  to  next  generation  information  technologies  for  memory  and 

computation, or developing and implementing worldwide computer 

network  architectures  and  visualization  environments  that  are  having  broad 

applications  in  distance  learning,  collaborative  work  environments,  and  the 

understanding  of  large,  complex  data  sets. In  addition,  all  four  Institutes 

have  developed  educational  and  training  programs  that  are  impacting  the 

preparation  of  the  next  generation  of  scientists  and  engineers  in  the  United 

States. 

As  world-class  centers  using  multi-disciplinary  strategies  and  state  of 
the  art  facilities  to  focus  on  the  development  of  cutting  edge  technologies, 
the  Cal  ISIs  are  clearly  an  important  new  model  that  could  play  a 

significant  role  in  the  emerging  space  commerce  enterprise. 
 

Each  ISI  has  had  to  address  significant  questions  and 

concerns  across  a  wide  range  of  issues  including: 

1. How  to  sustain  an  adequate  level  of  ongoing  funding? 

2. How to become integral to industry’s internal R&D and 

workforce  development  efforts? 

3. How  Intellectual  Property  (IP)  is  managed  and  shared? 

4. How  they  are  integrated  into  the  universities  in  terms  of  budget, 
administration  and  academic  programs?  and 

5. How  to  interact  and  partner  with  international  entities? 
 

Two  successful  Institutes  that  have  addressed  these  questions  are 

QB3  and  CalIT2.  QB3  has  developed  significant  partnerships  with  the  two 

large  California  biotechnology  industry  associations  (BayBio  –  San 

Francisco  area  and  BioCom  –  San  Diego  area). The  two  biotechnology 

industry associations represent over 500 companies - many are 

multinational  corporations.  This  same  partnership  orchestrated  the  passing 

of  a  California  bond  initiative  ($3B)  that  created  the  California  Institute  for 
Regenerative  Medicine  (a  world-class  STEM  cell  research  capability). 

CalIT2 has also made significant progress in convincing the 

communication  networking  and  information  technology  industry  to  utilize 

the  university  facilities  as  a  home  for  their  internal  R&D.  Also  they  have 

been  very  successful  in  establishing  relationships  with  a  number  of  other
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countries  (Japan,  Australia,  and  several  European  Countries,  to  name  a 

few). 

One  of  the  founding  intentions  of  the  institutes  was  that  they  would 

be  funded  equally  by  private,  federal,  and  state  sources,  and  this  has  been  a 

success,  with  more  than  $75M  raised  in  nearly  equal  proportions  from  all 
three  sources. 

Although  the  Cal  ISI  model  has  been  fairly  successful  in  developing 

and  transferring  R&D  from  the  laboratory  to  products,  I  believe  that  the 

model  has  yet  to  reach  its  full  potential.  It  appears  that  neither  industry  nor 
government  have  fully  embraced  the  model,  and  the  reason  seems  to  be  that 
it  requires  a  culture  shift  from  the  way  they  operate  now. And  while 

culture  shifts  are  slow  processes  particularly  for  government  organizations, 
we  have  nevertheless  seen  some  significant  progress. 

Being  a  member  of  the  UC  San  Diego  Jacobs  School  of  Engineering 

that  houses  CalIT2,  I  have  been  able  to  see,  day  to  day,  dynamic  progress 

of  CalIT2  programs.  The  telescience  that  I  dreamed  about  and  planned  for 
ISS  in  the  mid  80s  has  become  reality  with  CalIT2  research. High 

bandwidth  networks  capable  of  spanning  the  world,  ultra-high  resolution 

display  environments  (Highly  Interactive  Parallelized  Display  Space  - 

HIPerSpace)  to  explore,  fuse,  and  visualize  complex  scientific  data  sets, 
and  virtual  reality  environments  where  complex  systems  can  be  simulated, 

bring  telescience  to  life. I  am  thrilled  at  the  prospect  of  applying  these 

technologies  to  the  ISS  National  Laboratory. 
Recently,  the  thought  occurred  to  me  that  this  same  data  fusion  and 

visualization  technology,  along  with  the  simulation  environment,  could  be 

an  innovative  way  to  address  many  of  the  issues  facing  space  commerce 

today. In  particular,  collecting  worldwide  market  data  and  building  a 

decision  support  system  that  the  commercial  space  industry  could  use  to 

establish  functional  business  plans  and  strategies  would  be  especially 

valuable. The  investment  capital  community  could  also  utilize  these 

technologies  to  realistically  simulate  a  commercial  space  scenario  to 

predict  success  or  their  return  on  investment.  Simply  put,  these  knowledge 

support  technologies  could  revolutionize  the  way  business  decisions  are 

made.  It  may  be  a  dream  today,  but  how  long  before  it  becomes  reality? 

In  applying  this  model  to  the  space  program  and  space  commerce 

there  will  also  be  cultural  and  operational  issues  to  address. NASA’s 

dominance and management of the existing space infrastructure is 

obviously  one  of  the  largest  barriers  to  employing  the  model  for  space 

commerce. The  agency’s  heavily  politicized  environment  is  filled  with 

regional  parochialism  (i.e.,  creating  and  saving  jobs  as  the  primary  motive 

for  implementing  programs)  and,  as  noted,  has  promoted  the  excessive 

earmarking  of  federal  monies  to  garner  regional  political  clout. On  an 

international  scale  this  political  barrier  has  the  potential  to  push  the  U.S.  to
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a  second  tier  level  in  space  commerce  as  compared  to  other  emerging  space 

nations. 
 
 

NASA   Instigated   and   Managed   Public   –   Private 

Partnerships 
 

Reinvigorating  NASA  Space  Act  Agreements 

In  the  National  Aeronautics  and  Space  Act  of  1958  under  which 

NASA  was  formed,  Congress  uniquely  authorized  NASA  to  enter  into  and 

perform  contracts,  leases,  cooperative  agreements,  or  other  transactions  as 

may  be  necessary  in  the  conduct  of  its  work,  and  on  such  terms  as  it  may 

deem  appropriate,  with  any  agency  or  instrumentality  of  the  United  States, 
or  with  any  state,  territory,  or  possession,  or  with  any  political  subdivision 

thereof,  or  with  any  person,  firm,  association,  corporation,  or  educational 
institution. No  other  federal  agency  has  such  a  flexible  partnership 

authority. 

Hence,  we  see  that  here  from  the  very  beginning  there  is  a  profound 

awareness,  actually  written  into  law,  which  recognizes  that  the  talent 
needed  to  get  America  into  space  would  come  from  many  different 
organizations,  and  would  require  unique  organizational  approaches  to 

gathering  and  deploying  that  talent  effectively.  This  does  give  you  some 

appreciation  for  the  insight  of  both  those  who  prepared  the  Space  Act,  and 

those  who  voted  it  into  law. 
In  NASA  terminology,  such  agreements  are  known  as  Space  Act 

Agreements,  or  SAAs.  Under  its  Space  Act  authority,  NASA  has  entered 

into  a  great  number  of  SAAs  with  diverse  groups  of  people  and 

organizations,  both  in  the  private  and  public  sectors,  in  order  to  meet  wide- 

ranging  NASA  mission  and  program  requirements  and  objectives.  These 

agreements constitute Agency commitments of resources, including 

personnel, funding, services, equipment, expertise, information, or 

facilities,  to  accomplish  the  objectives  of  joint  undertakings  with  an 

Agreement  Partner. The  Agreement  Partner  can  be  a  U.S.  or  foreign 

person  or  entity,  an  educational  institution,  a  Federal,  state,  or  local 
governmental  unit,  a  foreign  government,  or  an  international  organization. 
The Space Act further provides authority for Reimbursable, Non- 

reimbursable,  and  Funded  Agreements,  and  to  engage  in  international 
cooperative  programs  pursuant  to  the  Agency's  missions. 

For  many  years  I  have  personally  studied,  implemented,  and  utilized 

SAAs,  and  I  have  found  them  to  be  the  singular  federal  procurement 

mechanism  that  allows  the  government  to  actually  be  an  effective  working 

partner  with  profit  and  non-profit  entities  in  the  sharing  of  personnel, 
facilities,  and  funds. A  recent  example  of  an  effective  use  of  the  SAA 

involved  a  partnership  between  NASA  Ames  Research  Center  (ARC),
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SpaceX,  and  the  Space  Grant  Education  and  Enterprise  Institute  (SGEEI  - 

non-profit  facilitator  organization). SpaceX,  one  of  the  rapidly  emerging 

commercial  space  transportation  companies,  needed  (for  their  Dragon 

capsule)  the  heat  shield  expertise  and  technology  that  NASA  ARC 

possessed.  Negotiating  a  SAA  directly  between  NASA  ARC  and  SpaceX 

became  entangled  with  a  number  of  time  consuming  legal  and  procurement 

issues  until  SGEEI  offered  a  solution.  SGEEI  already  had  a  SAA  in  place 

with  NASA  ARC  to  support  the  commercial  space  and  educational 
activities  at  the  NASA  Ames  Research  Park.  The  SpaceX  project  certainly 

involved  commercial  space  and  it  was  not  difficult  to  engage  the 

educational  aspects  into  the  project.  Under  the  reimbursable  SAA,  NASA 

personnel  were  assigned  to  SGEEI,  graduate  fellowships  were  provided  for 
students  from  several  California  Space  Grant  affiliate  campuses,  and 

SGEEI  provided  the  overall  project  management. Within  a  year  of  our 
initial  discussions,  the  SpaceX  Dragon  Capsule  implemented  a  heat  shield 

that  was  derived  through  this  SAA  mechanism. In  addition,  the  students 

that  were  involved  have  become  familiar  with  both  NASA  Ames  and 

SpaceX  as  future  employers. This  is  a  win-win  situation  for  all  of  the 

partners. 

As  discussed  above,  SAA  authority  includes  a  government  personnel 
provision  called  the  Intergovernmental  Personnel  Act  (IPA)  that  allows 

agency  employees  to  be  assigned  to  and  work  for  non-profit  and/or  profit 
organizations while remaining civil servants. Depending on the 

circumstances,  these  agency  employees  can  be  funded  by  the  agency  or  the 

outside  entity. The  IPA  provision  also  enables  employees  from  outside 

organizations  to  serve  for  2-4  years  within  a  federal  government  agency, 
and  it  was  this  provision  of  the  Act  that  first  enabled  me  to  work  at  NASA 

HQ  while  I  was  still  an  employee  of  the  University  of  Arizona  in  the  late 

70s  and  early  80s. 
I  have  found  that  the  IPA  process  is  an  excellent  way  to  transfer 

operational  and  organizational  knowledge  and  technology  both  into  and  out 
of  the  agency. 

It  is  also  an  important  and  effective  tool  in  shifting  the  cultural 
thinking  inside  the  government  by  bringing  talented  individuals  from 

diverse  organizations  to  work  together,  sharing  their  various  viewpoints 

and experiences, and blending these together to discover how to 

accomplish  their  shared  goals. 
During  the  first  thirty  years  of  NASA  existence  SAAs  were  widely 

used,  but  unfortunately  as  the  Agency  has  become  more  bureaucratic  in  its 

approach  to  both  procurement  and  personnel,  the  use  of  SAAs  has  been 

considerably  reduced  as  the  process  for  approval  of  SAAs  became  very 

legalistic  and  cumbersome. 

SAAs  should  be  employed  extensively  to  promote  public–private 

partnerships  among  academic  institutions,  industry  and  government,  and  I
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believe  they  will  become  increasingly  necessary  as  NASA  seeks  to  share  its 

expertise with the private sector through the process of space 

commercialization. 
 
 

Other   Ongoing   NASA   Managed   Partnership 

Programs 
 

NASA  Innovative  Partnership  Programs 

From  its  early  Apollo  years  to  the  present,  NASA  has  found  that  it 
needed  to  stimulate  directed  R&D  to  generate  the  new  knowledge  needed 

to  satisfy  its  mission  goals. Similar  to  the  Department  of  Defense’s 

DARPA  program,  directed  agency  personnel  at  agency  facilities  can  do 

R&D  internally  and  it  can  support  academic/industry  R&D,  as  well  as  a 

combination  of  both.  In  recent  years  many  of  these  partnership  have  been 

managed  through  the  NASA  Innovative  Partnerships  Program  (IPP).  The 

IPP  provides  the  organizational  structure  for  acquiring,  maturing,  infusing 

and  commercializing  technology  and  capabilities  for  NASA's  Mission 

Directorates,  Programs  and  Projects  through  investments  and  partnerships 

with  Industry,  Academia,  Government  Agencies  and  National  Laboratories. 
 

IPP  consists  of  three  major  program  elements: 

1. The  IPP  Technology  Infusion  includes  the  Small  Business 

Innovative Research (SBIR)/Small Business Technology 

Transfer  (STTR)  Programs  and  the  IPP  Seed  Fund. 
2. The IPP Innovation Incubator includes activities such as 

Centennial  Challenges  and  new  efforts  to  facilitate  the  purchase 

of  services  from  the  emerging  commercial  space  sector; 
3. IPP  Partnership  Development  includes  Intellectual  Property 

management, technology transfer, and new innovative 

partnerships. 
 

As  NASA  has  become  more  bureaucratic  it  has  turned  more  inward, 
and  funding  for  the  IPP  program  has  become  very  limited,  making  it  nearly 

impossible  for  the  program  to  make  a  significant  difference  for  the 

emerging  space  commerce  enterprise.  I  believe  that  the  IPP  effort  is  too 

small  to  make  the  impact  it  could  and  should,  and  that  it  should  be 

significantly  expanded  in  order  to  make  NASA’s  accumulated  knowledge 

more  readily  available  to  the  private  sector. 
In  addition  to  the  lack  of  adequate  annual  and  sustained  funding,  a 

key  missing  organizational  element  becomes  apparent.  To  make  IPP  work 

well,  it  is  best  to  have  a  neutral,  unbiased  facilitator  or  manager  to  oversee 

public–private  partnerships. This  entity  cannot  be  a  ‘card  carrying’ 
member  of  the  government,  industry,  or  academic  organizations. They
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must  be  viewed  instead  as  a  neutral  ‘friendly  facilitator’  working  for  the 

shared  interests  of  the  government,  and  industry,  and  academia  with  respect 
to  broader  mission  goals,  not  narrower  institutional  goals. 

Why  is  such  an  organizational  element  so  important?  First,  its  sole 

purpose  is  to  form  and  manage  public–private  partnerships  to  accomplish  a 

defined  set  of  goals  with  clearly  defined  metrics  for  success. The 

partnership  triad  must  fully  trust  the  organizational  element  and  place  their 
partnership resources in the management hands of the facilitator 

organization  to  ensure  that  institutional  agendas  do  not  compromise  the 

broader  goals. 
 

This  independent  organizational  entity  would  provide 

the  following: 

1. Clear  understanding  as  to  the  needs  of  the  public–private  partners 

and  what  their  risk/reward  conditions  are; 
2. Knowledge of the resources (personnel, facilities funds) 

available  to  the  partnerships; 
3. A  reliable  and  trusted  facilitator/manager  of  Intellectual  Property 

(IP)  and  resources  that  the  partnership  will  share; 
4. And  an  excellent  conduit  for  developing  the  workforce  needed 

by  the  partners. 
 

In  the  present  IPP  situation  no  organization  is  adequately  fulfilling 

this  function,  and  this  should  be  remedied  as  the  commercial  space 

movement grows and NASA is asked to provide its expertise to 

commercial  ventures. 
 
 

Commercial   Space   Transportation   and 

International   Space   Station   Partnerships 

In  2005  I  helped  to  organize  a  dynamic  group  of  commercial  space 

advocates  to  meet  together  and  explore  the  many  aspects  of  the  budding 

commercial  space  industry.  The  diverse  group  included  individuals  from 

the  supply  side  (aerospace  industry),  the  demand  side  (current  and  potential 
users  of  ‘space’  for  scientific  and  commercial  purposes),  researchers,  space 

entrepreneurs,  NASA,  the  venture  capital  community,  and  a  variety  of 
related  commercial  space  stakeholders. 

This  group  developed  shared  insights  concerning  the  demand  and 

supply  aspects  for  commercial  space  ventures,  the  venture  capital  point  of 
view  on  investing  in  commercial  space  enterprises,  and  the  research 

community's  interest  in  employing  commercial  space  as  a  research  venue. 
This  meeting  enabled  the  commercial  space  community  to  explore  various 

business  models,  to  initiate  plans  for  developing  the  market,  to  create 

standards  for  commercializing  space,  to  identify  the  core  issues  for  making
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space  accessible  on  a  more  consistent  basis,  and  led  to  the  formation  of  a 

public–private  alliance  organization  called  the  Alliance  of  Commercial 

Enterprises  and  Education  for  Space  (ACES).  An  organization  I  am  part 
of,  the  Space  Grant  Education  and  Enterprise  Institute,  played  the  role  of 
the  ‘friendly  facilitator’  organization. 

The  general  purpose  of  the  ACES  team  was  and  remains  to  engage  in 

a  new  business  model  for  accomplishing  research  and  development  in  low- 

earth  orbit  consistent  with  the  present  and  future  goals  of  the  U.S.  space 

program.  The  performance  based  public–private  partnership  was  structured 

to  aggressively  pursue  science,  technology  and  commercial  development 
programs with clearly defined roles for government, industry, and 

academic  partners. 
Out  of  this  initial  workshop  and  four  years  of  subsequent  efforts  (see 

http://alliancespace.net),  two  significant  constraints  have  been  identified 

that  continue  inhibit  the  commercial  space  venture  from  thriving. These 

are  accessible  and  cost  effective  suborbital  and  orbital  transportation,  and  a 

fully  functional  and  cost  appropriate  suborbital  or  orbital  microgravity 

laboratory  facilities. The  operational  infrastructure  is  also  lacking  a 

modern  ‘Telescience’  capability. 
This  effort  set  into  motion  many  of  NASA’s  partnership  efforts  for 

commercial  space  transportation,  both  suborbital  and  orbital,  and  for  the 

commercial utilization of the International Space Station National 

Laboratory.  In  2008,  as  a  result  of  this  activity,  I  had  the  opportunity  to 

lead  a  team  of  public  and  private  biotechnology  organizations  in  creating 

the  Biotechnology  Space  Research  Alliance  (BSRA),  a  San  Diego-based 

collaborative, intended to stimulate participation in the ISSNL by 

validating its capabilities as a unique and cost effective research 

environment  for  breakthrough  biomedical  and  biotechnology  discoveries. 
The  BSRA  intends  to  advance  the  development  of  the  low  Earth  orbit 

environment  for  all  users,  scientific,  technological,  and  commercial,  in 

order  to  engender  scientific  knowledge,  technological  capability,  and 

commerce  on  Earth  as  a  gateway  to  21st  Century  exploration  and 

development  of  space. 
The BSRA was structured to increase collaboration between 

scientific  and  commercial  researchers  at  the  National  Institutes  of  Health 

(NIH),  National  Science  Foundation  (NSF),  Department  of  Energy  (DoE), 
and  Veterans  Administration  (VA),  and  life  science  companies  located  in 

the  greater  San  Diego  area  (where  there  is  a  rapidly  maturing  cluster  of 
these  firms),  and  to  advance  biotechnology  research  and  commercial 

development  on  the  ground  and  in  space. 
During  this  period  NASA  showed  considerable  reluctance  to  fully 

embrace  these  partnerships  with  adequate  funding  or  attention. This 

reluctance  was  driven  by  the  perceived  need  to  focus  most  resources  on 

NASA’s Exploration (Constellation) Program, then in development.
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Although  the  ISS  had,  by  this  time,  been  designated  as  a  national  lab,  and 

funding  for  commercial  space  transportation  had  been  set  aside,  these 

initiatives  did  not  receive  consistent  NASA  support,  and  were  clearly  seen 

as  the  intent  of  Congress  rather  than  the  intent  of  NASA  management.  In 

fact,  many  NASA  personnel  viewed  being  assigned  to  these  commercially 

related  programs  as  a  career–limiting  move,  and  they  avoided  them 

diligently. 

With  the  Obama  Administration  in  the  White  House  in  2009,  the 

many  questions  pertinent  to  continuation  of  the  Shuttle  program  beyond 

2010,  extension  of  ISS  operations  beyond  2015,  the  expansion  of  the 

commercial  space  transportation  capabilities,  and  a  rethinking  of  NASA’s 

long-range  mission  for  space  exploration  were  all  being  considered.  This 

began  to  coalesce  when  Obama  established  a  Commission  to  review  the 

human  spaceflight  program. The  Augustine  Commission  issued  its  final 
report  in  October  2009,  and  firmly  sets  commercial  space  on  a  new  path 

beside  a  new  vision  for  American  space  exploration  efforts. 
At  time  of  this  writing  in  the  spring  of  2010,  an  intense  ‘discussion’ 

is  raging  between  the  White  House,  Congress,  the  aerospace  industry,  and 

various  segments  of  NASA  on  implementing  the  Augustine  Commission 

and  White  House  recommendations. 

Many  have  questioned  whether  the  new  Obama  Space  Plan  lays  out  a 

clear  strategy  for  human  spaceflight  with  concrete  timelines  and  goals  such 

as  NASA  benefitted  from  during  Apollo.  Some  feel  that  a  lack  of  urgency 

and  specificity  will  not  sustain  a  new  vision,  and  without  a  sustained  vision 

the  programs  (including  the  commercial  space  aspects)  and  the  skills,  and 

workforce  that  go  with  them,  will  wither. 
At  the  same  time,  many  segments  of  the  space  community  and  many 

in Congress adamantly oppose strengthening commercial space 

transportation  capabilities,  an  objection  that  seems  to  be  driven  primarily, 

and  sadly,  by  the  fear  of  job  loss  in  a  given  Congressional  district,  or  loss 

of  lucrative  contracts  by  various  aerospace  contractors. 
On  15  April  2010,  President  Obama,  in  response  to  these  expressed 

concerns,  enunciated  a  new  vision  for  NASA  space  exploration  that: 

1. Initiates  a  set  of  stepping-stone  achievements  in  space  that  will 

take  us  further  and  faster  into  space,  allowing  us  to  reach  a  range 

of  destinations  including  lunar  orbit,  Lagrange  points,  near-Earth 

asteroids,  and  the  moons  of  Mars,  and  eventually  Mars  itself. 
This  sequence  of  missions  will  begin  with  a  set  of  crewed  flights 

to  prove  the  capabilities  required  for  exploration  beyond  low 

Earth  orbit. After  these  initial  missions,  our  long-duration 

human  spaceflight  technologies  will  enable  human  explorers  to 

conduct  the  first-ever  crewed  mission  into  deep  space  to  an 

asteroid,  thereby  achieving  an  historical  first;  venture  into  deep 

space  locations  such  as  the  Lagrange  points  (potential  sites  of
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fuel  depots  that  would  enable  more  capable  future  missions  to 

the  Moon,  Mars,  and  other  destinations);  and  then  send  humans 

to  orbit  Mars  and  return  them  safely  to  Earth. 
2. Increases  investments  in  ground-breaking  technologies  that  will 

allow  astronauts  to  reach  space  faster  and  more  often,  to  travel 
further  distances  for  less  cost,  and  to  stay  in  space  for  longer 
periods  of  time. 

3. Systematically  tackles  the  hard  problems  of  space  exploration  – 

from  protecting  our  astronauts  from  radiation  to  developing 

advanced  in-space  propulsion  –  so  that  we  can  push  the 

boundaries  not  only  of  where  we  can  go  in  space  but  also  what 
we  can  do  there  to  improve  our  lives  here  on  Earth. 

4. Extends  the  life  of  the  International  Space  Station,  likely  beyond 

2020,  and 

5. Jumpstarts  a  new  commercial  space  transportation  industry  to 

provide  safe  and  efficient  crew  and  cargo  transportation  to  the 

Space  Station,  projected  to  create  over  10,000  jobs  nationally 

over  the  next  five  years. 
 

While  this  Space  Plan  identifies  space  commercialization  as  a  key 

element, it does not provide clear milestones through which this 

commercialization should be achieved. As such, emerging space 

commercialization  can  be  at  the  mercy  of  annual  political  winds  and 

consequently  will  garner  fluctuating  general  public  support.  This  is  not  the 

best  position  from  which  to  obtain  or  organize  steady  support  to  advance 

the  commercial  space  enterprise. 
 
 

Space   Commerce   and   What   Lies   Ahead 

Over  the  past  50  years  I  have  had  the  unique  privilege  of  participating  in 

and  observing  the  evolution  of  the  space  program  both  in  the  United  States 

as  well  as  other  parts  of  the  world.  I  have  witnessed  successes  and  failures, 
and  I  have  tried  to  understand  and  learn  from  both.  A  fascinating  aspect  of 
this  is  to  observe  how  humans  and  their  organizations  develop  and  maintain 

risk/reward  systems  as  part  of  their  ‘cultures.’ Recently  I  was  having  a 

discussion  about  my  thoughts  on  culture  change  within  the  space  program 

with  a  university  colleague,  a  highly  regarded  sociologist,  and  his  comment 

to  me  was,  “You  are  not  a  plasma  physicist  but  an  amateur  sociologist.” 

As  I  had  not  seen  myself  in  that  image,  amusingly,  I  at  first  thought  it 
was  a  terrible  thing  for  him  to  say,  but  I  have  come  to  see  that  there  is  more 

than  a  little  truth  in  it.  Now  let  me  take  the  role  of  amateur  organizational 
and  cultural  sociologist  for  the  commercial  space  program.
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Positive  Indicators 

Here  are  some  key  elements  that  will  propel  the  space  commerce 

enterprise forward. Recent actions of Congress to designate the 

International  Space  Station  (ISS)  as  a  national  laboratory  and  the  extension 

of  its  operations  past  2015  are  positive  signs  for  commercial  space. The 

new White House Space Plan also promotes the commercial ISS 

applications  and  emphasizes  the  development  of  a  vibrant  commercial 

space  transportation  capability. 
In addition, NASA is gradually relinquishing its absolute 

management  control  of  the  launch  operations  and  space  operations  to 

commercial  entities. 
The  emergence  of  a  number  of  public–private  partnership  models  for 

engaging  universities,  state  and  federal  government,  and  industry  in 

interdisciplinary R&D will benefit the commercial space enterprise 

considerably.  This  could  be  particularly  true  for  the  orbital  and  suborbital 
commercial  transportation  programs,  as  well  as  in  the  microgravity 

research  payload  area. 
These  partnerships  would  also  create  an  effective  mechanism  for 

training  the  next  generation  workforce  for  the  commercial  space  sector. 
The  development  of  a  ‘friendly  facilitator’  organization  will  be  critical  to 

forming  such  partnerships  and  as  noted,  that  is  being  modeled  and  tested  in 

several  areas  already. 
Investments  in  commercial  space  are  also  starting  to  progress  past  the 

3F  funding  stage,  although  the  importance  of  self-financing  by  wealthy 

entrepreneurs  and  Angel  investors  remains  critical. 
Adequate  and  sustained  funding  by  the  federal  government  for 

delivery  of  payloads  to  either  orbital  and/or  suborbital  commercial  space  is 

not  a  reality  as  of  yet,  nor  is  there  sufficient  infrastructure  in  space  to 

support  commercial  operations,  but  there  is  notable  progress. And  while 

investment  or  venture  capital  funding  is  only  on  the  horizon  for  many  space 

commerce  ventures,  as  the  customer  base  becomes  established,  the 

perceived  risk  will  decrease  and  a  reliable  return  on  investment  can  be 

determined.  From  my  viewpoint,  private  investments  will  probably  begin 

to  accelerate  in  approximately  three  to  five  years. 
 

Negative  Indicators 

One  of  the  fundamental  concerns  for  the  present  and  future  U.S. 
space  program  is  whether  we  have  lost  our  political  and  public  will  to 

adequately  support  a  world-leading  space  program. We  presently  have 

nothing  like  the  Cold  War  threats  to  stimulate  sustained  efforts. Our 

primary  Cold  War  adversary  is  now  our  strategic  partner  in  space,  and 

although  China  may  be  viewed  as  a  political  and  ideological  adversary,  it  is 

also  viewed  as  a  key  economic  partner,  as  it  holds  a  large  and  growing
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potion  of  our  national  debt  and  produces  a  huge  percentage  of  the  products 

sold  in  the  U.S. 
Without  a  serious  rival,  local  and  regional  political  and  economic 

interests  will  negatively  impact  any  national  program. In  my  years  of 
studying  organizational  dynamics,  I  refer  to  this  as  “Tribal  Localitis,”  a 

cultural  disease  that  causes  local  or  regional  organizations  to  refuse  to 

cooperate  or  support  anything  outside  their  immediate  tribal  region  or 
culture.  The  high  level  of  ‘earmarking’  on  federal  and  state  budgets  is  a 

prime  example  of  this,  and  it  is  a  critical  problem  to  overcome  if  the  U.S.  is 

to  take  a  leadership  position  on  commercial  space. 
Although  we  have  been  producing  report  after  report  about  the 

decline  in  the  U.S.  education  system,  particularly  as  regarding  Science, 
Technology,  Engineering,  and  Mathematics  (STEM)  education,  little 

decisive budgetary actions have been taken. Compared to other 

industrialized  nations,  the  educational  STEM  pipeline  in  the  U.S.  is  in  total 
disarray,  and  the  negative  impact  to  our  national  and  economic  security, 
although  very  real,  is  not  perceived  by  the  general  public  as  an  imminent 

threat. 

Therefore  it  has  not  been  a  high  priority  topic  during  local,  state,  or 
federal  elections. It  should  be. The  U.S.  needs  a  new  National  Defense 

Education  Act  to  address  the  same  issues  that  were  addressed  in  1958. 
Without  such  an  initiative,  our  leadership  role  in  space  and  world-class 

innovation  will  be  lost. 
Unfortunately,  I  do  not  see  a  solution  to  this  particular  problem. 

Corporate  and  ‘Wall  Street’  culture  look  at  recognizable  impacts  on  a 

quarterly  basis,  while  the  government  looks  at  impacts  in  a  two  or  four-year 
election  cycle. But  benefits  from  STEM  education  reforms  will  only  be 

fully  evident  as  making  a  difference  in  a  time  frame  of  several  decades,  and 

disturbingly,  this  disjoint  of  time  frames  threatens  to  keep  this  issue  off  of 
the  corporate  and  government  radar  screens. 
 
 

Conclusion 

Lets  review  some  of  the  key  ideas  presented  in  this  chapter  that  might 

impact  the  future  of  space  commerce. We  have  examined  the  evolving 

organizational  structure  of  both  public  and  private  entities  along  with  the 

possible  impacts  from  emerging  technologies  and  the  growing  international 
commercial  space  marketplace.  We  have  also  discussed  how  the  political 
and  subsequent  budgetary  shifts  have  fluctuated  from  the  time  of  Apollo  to 

the  present. 
 

Key  Drivers 

Here  a  some  of  the  key  drivers  that  I  think  will  aid  or  hinder  the  full 
emergence  of  the  commercial  space  enterprise:
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1. The  space  commerce  market  is  growing  rapidly  in  areas,  ranging 

from  suborbital  and  orbital  transportation  systems  to  multi- 

disciplinary  science  and  technical  payloads  and  their  operations 

to  space  tourism. 

2. New  public–private  partnership  models  are  emerging  that  will 
address  investment  resources  and  sharing  of  resources,  IP 

management  and  licensing,  shared  R&D  environments,  and 

workforce  development. 
3. NASA  and  the  Federal  Government  are  showing  a  willingness  to 

turn  over  space-related  operations  and  space  transportation  to  the 

private  sector  –  a  serious  demand  from  the  emerging  space 

commerce  sector. 
4. Innovative  networking  and  information  systems  technologies 

have  emerged  that  will  enable  a  worldwide  space  commerce 

enterprise  to  thrive  and  grow,  and 

5. The  most  serious  threat  to  an  American  commercial  space 

enterprise  is  whether  the  political  and  public  will  is  sufficient  to 

provide  sustaining  support  over  a  number  of  years. 
 

I  believe  all  of  the  organizational  models  and  changes  that  are 

necessary  to  stimulate  a  vibrant  and  growing  U.S.  commercial  space 

enterprise  are  already  available  to  us. 
Whether  our  government  and  corporate  leaders  are  ready  to  actively 

embrace  the  necessary  culture  changes  is  an  open  question,  but  like  many 

others  it  is  very  disturbing  to  me  to  think  that  we  will  discard  these 

opportunities  and  let  other  countries  take  the  leadership  role  in  space 

commerce  simply  due  to  the  lack  of  understanding,  or  the  lack  of  the  will 
needed  to  take  the  right  steps  forward. 
 
 
 

•••
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