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	Executive	 	Summary:	  As  the  space  sector  rapidly  evolves,  the  International  Space  Station 
 (ISS)  is  approaching  its  retirement  date.  Since  decommissioning  of  the  ISS  is  scheduled  for 
 2030,  the  United  States  (US)  must  identify  paths  forward  for  space  station  operations  in 
 low-earth  orbit  (LEO).  Having  a  manned  LEO  space  station  after  the  conclusion  of  the  ISS 
 program  will  allow  the  US  to  continue  possessing  a  platform  to  conduct  scienti�ic  research, 
 advance  technology,  and  investigate  the  effects  of  microgravity  on  physiology.  Options  to 
 continue  LEO  operations  include  having  private  entities  construct  and  operate  commercial 
 space  stations,  reusing  components  of  the  ISS,  directing  NASA  to  spearhead  efforts  in  building 
 a  new  space  station,  or  abandoning  US-led  space  stations  in  LEO  altogether.  We  recommend 
 that  commercial  �irms  build  and  operate  space  stations,  permitting  multiple  platforms  to  be 
 created  while  maintaining  the  legacy  of  the  ISS.  The  US  will  have  facilities  in  LEO  for  research 
 and  development,  thus  advancing  technological  and  scienti�ic  knowledge  for  Earth-based 
 applications and future space missions. 

	I.	Background	and	policy	concern	
 On  November  2  nd  ,  2000,  the  ISS  welcomed  its  �irst 
 inhabitants.  Since  then,  the  ISS  has  hosted  over  260 
 individuals  (Howell  2022).  Signi�icantly,  the  ISS  is  a 
 hub  for  manned  activities  in  LEO,  which  is  de�ined  as 
 Earth-centered  orbit  at  an  altitude  of  up  to  2,000 
 kilometers.  The  frequency  of  activities  in  space  has 
 been  increasing  as  countries  and  companies  express 
 further  interest.  Being  a  �lagship  effort  of  NASA, 
 Roscosmos,  and  other  international  partners,  the  ISS 
 has  been  a  cornerstone  of  space  policy,  a  platform 
 for  science,  and  a  pervasive  symbol  of  global 
 cooperation. 

 However,  the  ISS  is  scheduled  for  decommissioning 
 and  deorbiting  into  the  Paci�ic  Ocean  over 
 2030-2031  (Hunt  2022).  The  Japan  Aerospace 
 Exploration  Agency  (JAXA),  Canadian  Space  Agency 

 (CSA)  and  European  Space  Agency  (ESA)  are  some  of 
 the  current  collaborators  on  the  ISS.  However,  no 
 countries  have  committed  to  the  ISS  past  2030. 
 Being  manned,  the  ISS  enables  the  scienti�ic 
 community  to  assess  the  physiological  effects  of 
 space  and  have  human-controlled  experiments 
 (Prysyazhnyuk  and  McGregor  2022).  This  allows  for 
 a  differing  capacity  compared  to  unmanned 
 operations,  which  lacks  the  capability  to  accumulate 
 human  data  and  perform  human-operated 
 experiments. 

 The  ISS  is  designed  to  be  operated  internationally. 
 For  example,  the  US  provides  solar  arrays  and 
 gyroscopes.  Meanwhile,  Russia  supplies  the 
 propulsion  for  station  reboost,  debris  avoidance 
 maneuvers,  and  other  necessary  actions  (Hoffman  et 
 al.  2022).  The  US  is  a  leader  within  the  international 

 www.sciencepolicyjournal.org  JSPG, Vol. 23, Issue 1, October 2023 

https://orcid.org/0009-0008-7764-1427
https://orcid.org/0009-0002-0274-3900
https://orcid.org/0000-0003-2611-3858
https://doi.org/10.38126/JSPG230110


	Journal	of	Science	Policy	&	Governance	 	POLICY	MEMO:		POST-ISS	PATH	FOR	US	LEO	ACTIVITIES	

 space  industry  because  of  its  key  role  in  the  ISS 
 program.  Maintaining  the  ISS  has  allowed  the  US  to 
 advance  scienti�ic  knowledge  and  the  prestige  it 
 holds  in  space.  Some  examples  where  the  ISS  has 
 improved  the  US  scienti�ic  enterprise  include 
 hosting  protein  crystal  growth  onboard  the  ISS  to 
 better  understand  cancers,  improving  X-ray  devices, 
 and  measuring  climate  data  via  payloads  such  as  the 
 ECOsystem  Spaceborne  Thermal  Radiometer 
 Experiment  on  Space  Station  (ECOSTRESS)  (NASA 
 2022).  Although  Artemis  and  returning  to  the  moon 
 has  recently  been  a  focus  of  the  US  space  community, 
 LEO  offers  a  unique  opportunity  to  execute  different 
 research  in  an  environment  more  readily  accessible 
 to  Earth.  US  commercial  launches  to  LEO  must 
 secure  approval  from  government  agencies  such  as 
 the  Federal  Aviation  Administration  (FAA),  which 
 considers  rocket  launch  emissions  and  orbital  debris 
 during  the  launch  licensing  process  (Satellite 
 Licensing  2022).  As  the  ISS  nears  its 
 decommissioning  date,  the  US  faces  a  quandary  on 
 how it should proceed with manned LEO operations. 

 While  the  space  industry  accelerates,  the  US  must 
 prepare  alternatives  to  the  ISS  and  decide  whether 
 to maintain manned LEO space station operations. 

	II.	Factors	to	consider	
 Several  partners  can  be  involved  in  the  next 
 generation  of  space  stations,  such  as  organizations 
 from  other  countries.  Other  space-faring  nations  are 
 interested  in  building  stations  as  well.  For  example, 
 China  has  rapidly  advanced  its  human  space�light 
 program  since  the  �irst  taikonaut  launch  in  2003. 
 China  has  constructed  its  own  Tiangong  space 
 station  independently  from  the  ISS  (Samson  2022). 
 Tiangong  offers  other  nations  outside  of  the  ISS 
 program  a  platform  for  their  experiments.  For  the 
 US,  a  risk  may  involve  the  loss  of  prestige,  as 
 potential  partners  in  space  may  opt  to  collaborate 
 with  China.  The  US  must  also  factor  in  how  rising 
 levels  of  orbital  space  debris  will  affect  space 
 stations.  Over  25,000  space  debris  objects  are  of 
 suf�icient  size  to  be  tracked  and  cataloged.  In 
 addition,  even  more  numerous  minute  pieces  such  as 
 paint  or  remnants  of  collided  satellites  pose  hazards 
 to  future  space  stations  (Ledkov  and  Aslanov  2022). 
 This  will  challenge  the  ability  of  space  stations  to 
 safely  remain  in  LEO.  Likewise,  the 
 commercialization  of  space  exploration  may  affect 
 the  path  forward.  The  US  may  have  to  decide  which 

 areas  are  priorities  for  research  and  development 
 with the resources available. 

 Likewise,  the  National  Space  Society,  Space 
 Foundation,  and  other  non-pro�its  can  positively 
 publicize  efforts  in  space  and  educate  the  public.  In 
 the  future,  commercial  companies  from  many 
 countries  can  manufacture  or  supply  new  parts.  For 
 example,  the  European  joint  venture  organization 
 Thales  Alenia  Space  has  already  constructed  ISS 
 modules  such  as 	Harmony	  and 	Tranquility	  (Foust 
 2022).  Nanoracks’  and  Voyager  Space’s  Starlab 
 station  has  announced  plans  to  partner  with  the 
 European-based  Airbus  (Jewett  2023).  This 
 cooperative  is  aimed  at  providing  additional  access 
 to  the  ESA.  Thus,  other  companies  could  supply 
 equipment  or  components  of  commercial  space 
 stations to US-based �irms. 

	III.	Policy	options	

	i.	Option	I:	Having	US	commercial	space	companies	
	construct	private	space	stations	
 Having  a  manned  LEO  space  station  post-ISS  will 
 allow  the  US  to  continue  conducting  scienti�ic 
 research,  advancing  space  technology,  and 
 investigating  the  physiological  effects  of 
 microgravity.  Thus  far,  a  total  of  $415.6  million  in 
 funded  Space  Act  Agreements  has  been  awarded  to 
 several  corporations:  Blue  Origin  for  $130  million, 
 Nanoracks  for  $160  million,  and  Northrup  Grumman 
 for  $125.6  million  (Chang  2020).  These  �irms  strive 
 to  assemble  private  space  stations,  also  known  as 
 commercial  LEO  destinations.  All  of  these  companies 
 have  prior  experience  in  the  space  economy.  Seeking 
 to  expand  their  capabilities  in  space  �light,  Blue 
 Origin  has  debuted  a  team  alongside  Sierra  Space  to 
 build  a  commercial  space  station  by  2027  (Orbital 
 Reef  2022).  Nanoracks  and  Northrup  Grumman  also 
 work  with  the  ISS  program  (Manber  2014).  These 
 �irms  anticipate  deriving  their  revenues  from 
 commercial  LEOs  destinations  via  space  tourism  and 
 charging  external  parties  in  industry,  academia  and 
 government  which  send  payloads  or  have 
 experiments  onboard  these  space  stations  for 
 research  purposes.  Space  tourism  is  expensive  and 
 currently  aimed  toward  wealthy  individuals,  which 
 may  make  it  dif�icult  for  �irms  to  depend  on  tourism 
 as  a  sustainable  source  of  revenue.  For  example, 
 Axiom  Space  currently  charges  $55  million  for  a 
 10-day  trip  to  the  ISS  (Cao  2022).  This  limits  the 
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 potential  pool  of  customers.  Likewise,  onboard 
 research  would  have  to  be  commercially  viable  to 
 attract  interest  and  support  for  the  space  station. 
 These  companies  have  yet  to  successfully  complete 
 and  launch  any  stations.  This  means  they  must  debut 
 new  technologies  and  equipment  which  may  take 
 years  and  considerable  cost  to  develop.  Private  or 
 commercial  space  companies  could  thus  play  major 
 roles  in  ensuring  that  the  US  has  a  viable  successor 
 to  the  ISS.  Risks  must  be  considered,  such  as  a 
 potential  lack  of  accountability  and  relative 
 inexperience  in  construction  by  private  companies 
 compared to NASA-led projects (Hill 2022). 

	ii.	 	Option		II:		Repurpose		ISS		components		for		new		space	
	station	
 NASA  could  attempt  to  retain  and  repurpose 
 components  from  the  current  structure  of  the  ISS.  In 
 theory,  this  would  save  expenses  of  potentially  up  to 
 $300  million  per  module  which  would  otherwise  be 
 needed  to  design,  construct,  and  launch  into  orbit 
 (Crane  et  al.  2017).  It  would  also  prevent  sections  of 
 the  ISS  from  becoming  space  debris  or  destroyed  in 
 deorbiting  procedures.  As  an  extension  of  this  idea, 
 Axiom  Space  envisions  building  modules  connecting 
 to  the  current  ISS,  which  will  be  detachable  (Axiom 
 2023).  These  modules  would  allow  Axiom  to 
 establish  its  own  station  after  the  ISS  program 
 concludes.  However,  reuse  of  components  on  a  large 
 scale  poses  several  issues.  Many  elements  of  the  ISS 
 are  sourced  from  other  international  entities.  This 
 hinders  or  blocks  NASA  or  US-based  companies  from 
 using  them  after  the  ISS  is  decommissioned.  Thus, 
 NASA  would  not  be  able  to  accomplish  this 
 unilaterally.  If  any  ISS  components  were  to  be 
 reused,  they  would  have  to  be  detached  from  the 
 current structure  and  held  in  orbit  prior  to 
 integration  on  another  LEO  station,  possibly  at 
 considerable  expense  or  effort.  In  addition,  the  ISS’ 
 structure  has  already  suffered  signi�icant 
 wear-and-tear  due  to  thermal  �luctuations  and 
 exposure  to  the  harsh  space  environment.  This 
 would  make  any  repurposed  part  of  the  space 
 station  potentially  more  prone  to  breakdown 
 compared  to  new  components  (International  Space 
 Station Transition Report 2022). 

	iii.	Option	III:	Creating	a	new	NASA-led	space	station	
 A  third  option  is  for  NASA  to  spearhead  a 
 government-driven  successor  to  the  ISS.  Until  the 
 present  day,  most  space  station  projects  outside  of 

 the  ISS  have  been  directed  by  the  space  agency  of  a 
 single  nation.  For  example,  NASA  had  Skylab  prior  to 
 the  ISS,  while  Roscosmos  oversaw  Mir.  As  NASA 
 already  invested  heavily  in  the  ISS,  its  expertise 
 could  help  lead  efforts  to  create  a  replacement.  NASA 
 could  leverage  the  experience  gained  from  the  ISS 
 and  Skylab  in  creating  a  new  government-managed 
 space  station.  NASA  would  also  have  to  decide 
 whether  to  proceed  in  partnership  with  another 
 international  coalition.  Space  agencies  in  Europe, 
 Japan,  Canada  and  other  nations  currently 
 collaborate  with  the  US  and  Russia  for  the  current 
 ISS.  If  NASA  proceeds  forward  with  building  its  next 
 space  station  with  other  allied  governments, 
 advantages  include  strengthening  international 
 research  and  scienti�ic  cooperation,  diversifying  risk 
 and  pooling  manufacturing  and  operational  costs. 
 However,  a  disadvantage  of  a  government-led  space 
 station  is  that  it  would  be  expensive  for  NASA  to 
 maintain.  NASA’s  contribution  to  operations  of  the 
 ISS  are  costly,  as  it  spends  over  $3  billion  annually 
 for  the  ISS.  Approximately  $1.3  billion  is  focused  on 
 operations  and  research,  and  $1.8  billion  is  for  space 
 station  activities  related  to  cargo  and  crew 
 transportation  (Foust  2022).  If  NASA  leads  the 
 construction  of  another  space  station,  NASA’s  budget 
 would  have  to  account  for  construction  and 
 operation  of  the  new  platform.  Building  another 
 space  station  could  divert  funds  from  other 
 objectives and missions. 

	iv.	 	Option	 	IV:	 	Abandoning	 	manned	 	LEO	 	station	
	operations	
 Alternatively,  the  US  could  abandon  manned  LEO 
 operations,  as  there  have  been  periods  in  which  no 
 American  space  stations  have  been  orbiting.  Instead, 
 focus  could  be  shifted  solely  to  unmanned  missions 
 or  to  other  missions  beyond  LEO  such  as  the  Artemis 
 and  Gateway  programs.  For  example,  the  Artemis 
 program  is  envisioned  to  return  Americans  to  the 
 moon  and  would  allow  the  US  to  strengthen  its 
 capabilities  for  lunar  space�light.  Gateway  is  a 
 proposed  small  space  station  at  the  moon  (Creech  et 
 al 	.	  2022).  However,  transitioning  out  of  manned  LEO 
 space  stations  would  affect  research  in  microgravity. 
 Onboard  the  ISS,  a  variety  of  experiments  occurs  to 
 understand  the  effects  of  outer  space  (Haruki  et  al. 
 2015).  These  rely  on  human  operators  to  conduct 
 the  investigations,  and  an  unmanned  station  would 
 lack  a  human  presence.  The  proposed  Gateway  lunar 
 space  station  will  have  less  space,  as  it  will  only  be 
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 one-sixth  of  the  size  of  the  ISS  (Pultarova  2023).  Not 
 constructing  manned  LEO  space  stations  would 
 hinder the ability to conduct research. 

	IV.	Policy	recommendations	
 Our  recommendations  are  that  even  as  the  ISS  orbits, 
 the  US  space  program  should  allow  multiple 
 commercial  companies  to  lead  the  creation  of  new 
 space  stations  (Option  I).  This  enables  the  US  to 
 continue  maintaining  a  manned  presence  in  LEO 
 orbit  after  ISS  decommissioning,  thus  providing  a 
 platform  for  scienti�ic  and  technology  activities. 
 Likewise,  these  companies  should  capitalize  on  the 
 expanding  space  economy  by  ensuring  these 
 commercial  LEO  destinations  are  physically 
 adaptable.  If  the  space  stations  can  add  modules  and 
 be  easily  adaptable  for  future  modi�ications,  this  will 
 allow  their  mission  pro�iles  to  change  and  evolve. 
 Having  multiple  �irms  build  stations  diversi�ies  risks. 
 However,  this  could  potentially  lead  to  larger 
 corporations  monopolizing  efforts  and  pushing  out 
 smaller  �irms,  as  they  may  have  a  stronger  �inancial 
 base  and  capability  to  absorb  initial  losses.  NASA  can 
 lend  technical  experience  and  advice  to  these 
 commercial companies (Harrison 2021). 

 One  way  to  evaluate  the  outcome  of  building  private 
 space  stations  is  to  measure  when  their  �irst 
 components  successfully  launch  into  orbit.  This  will 
 require  a  considerable  amount  of  time,  so  another 
 strategy  will  be  evaluating  when  the  new  space 
 stations  are  ready  for  use.  The  ideal  timeline  would 
 be  by  2030  so  that  any  activities  onboard  the  ISS  can 
 be  �inished  or  transferred  to  the  private  stations  if 
 required.  A  third  way  to  evaluate  outcomes  is  to 
 measure  how  much  research  and  scienti�ic 
 innovation  occurs  in  these  new  space  stations. 
 Though  space  tourism  could  generate  some  revenue, 
 evaluating  national  science  interests  will  be 
 important.  An  example  would  be  calculating  the 
 number  of  publications  derived  from  this  research, 
 publicizing  the  inventions  and  innovations  from 
 these  commercial  space  stations  and  how  they 
 impact  life  on  Earth,  and  strengthening  relationships 
 between  the  operators  of  these  commercial  space 
 stations,  industry  partners,  academia,  government, 
 and other interested parties. 

 Space  has  been  a  source  of  innovation  and 
 opportunity  to  the  US  (White  House  2021).  To 
 encourage  commercial  entities  to  assemble  these 
 stations,  the  government  can  provide  �inancial 
 incentives  and  support.  The  US  government  already 
 provides  subsidies  to  companies  like  SpaceX 
 (Zarkadakis  2021).  For  these  private  space  stations 
 and  allocating  funds  to  their  companies,  the 
 government  could  attach  conditions  such  as 
 providing  a  minimal  amount  of  space  for  US  research 
 activities  or  ensuring  that  these  �irms  follow  space 
 law  such  as  the  US  Commercial  Space  Launch 
 Competitiveness  Act  and  UN  Outer  Space  Treaty.  For 
 instance,  companies  which  minimize  or  remove 
 space  orbital  debris  could  receive  more  funding. 
 Likewise,  leadership  in  space  has  been  a  national 
 point  of  pride.  Ever  since  the  start  of  the  space  race, 
 the  US  has  been  a  key  player  in  the  space  industry. 
 Nearly  70%  of  Americans  believe  the  US  should  be  a 
 leader in space exploration (Atske 2023). 

 In  2021,  the  space  economy  was  valued  at  $469 
 billion  (McKinsey  2022).  If  the  US  fails  to  create  an 
 alternative  for  the  ISS,  the  US  will  lack  a  platform  for 
 conducting  LEO  research  once  the  ISS  is 
 decommissioned.  Throughout  the  ISS’  history,  over 
 3,000  experiments  have  been  performed  onboard 
 (Witze  2020).  Without  an  orbital  laboratory,  the  US 
 would  be  unable  to  perform  these  experiments. 
 Future  space  stations  can  also  host  in-orbit 
 manufacturing,  research  and  development, 
 expanding  its  capabilities  (Carrie  2023).  In  addition, 
 the  US  will  lose  a  key  point  of  its  leadership  in  space 
 and  LEO-related  activities.  Traditionally,  the  US  has 
 been  viewed  as  a  preeminent  leader  in  building  LEO 
 space  stations,  inspiring  students  to  enter  this  �ield. 
 Exiting  this  sphere  would  mean  decreased  national 
 prestige and pride. 

 Having  LEO  stations  in  space  built  by  American 
 companies  can  allow  the  US  to  innovate  without 
 having  to  rely  on  foreign  entities.  In  addition,  other 
 countries  should  also  be  allowed  to  access  or  use 
 these  commercial  stations.  This  will  facilitate  and 
 nurture  their  space  economies  and  aid  the  US  in 
 cultivating  allies  in  space,  ensuring  humanity  can 
 continue exploring the mysteries of space. 
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