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Approaching a 
quarter century 
in orbit, the 
International 
Space Station is 
nearer its end than 
its beginning. What 
comes next? Sean 

Blair finds out

A
ll through the 21st century  

it has been above us, 

growing larger with the 

passing years. As the 

sunlight catches it, the 

sprawling structure becomes the 

brightest star of dusk or dawn.

The International Space Station’s 

ƅUVW�VHJPHQW�ZDV�ODXQFKHG����\HDUV�

ago, on 20 November 1998. Since then, 

���IXUWKHU�PRGXOHV�KDYH�EHHQ�DGGHG�WR�

the initial foundation of Russia’s Zarya 

FGB block and the ISS has grown into 

a 400-tonne behemoth. At 109 metres 

across, it is longer than a football pitch. 

Continuously occupied since 2 November 

2000, more than 260 people from 21 

countries have lived and worked on 

the Space Station. But it was originally 

GHVLJQHG�IRU�MXVW����\HDUV�LQ�RUELW��,W�FDQŝW�

last forever. So what happens next? X
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The beginning of the end:  

after 25 years, the race is  

on to replace the ageing 

International Space Station
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The ageing station has generated negative 

headlines in recent years – micro-fractures triggering 

DLU�OHDNV��D�WKUXVWHU�PLVƅULQJ�WKDW�VSXQ�WKH�,66�RXW�

RI�FRQWURO��D�JUHDWHU�QXPEHU�RI�VSDFH�GHEULV�QHDU�

PLVVHV��FRRODQW�OHDNV�IURP�6R\X]�DQG�3URJUHVV�FUDIW��

DQG�D�FRPPXQLFDWLRQV�GURSRXW�WKLV�-XO\�Ś�DPLG�

RQJRLQJ�GLSORPDWLF�VWULIH�EHWZHHQ�5XVVLD�DQG�RWKHU�

,66�SDUWQHUV�WKH�86��WKH�(XURSHDQ�6SDFH�$JHQF\�

�(6$���&DQDGD�DQG�-DSDQ�VLQFH�0RVFRZŝV�LQYDVLRQ�

RI�8NUDLQH��

%XW�WKH�VHYHULW\�RI�UHSRUWHG�PDOIXQFWLRQV�LV�RIWHQ�

RYHUVWDWHG��$V�KDV�EHHQ�WKH�FDVH�WKURXJKRXW�WKH�

VWDWLRQŝV�OLIH��LWV�LQWHUQDWLRQDO�QDWXUH�LV�D�VRXUFH�RI�

UHVLOLHQFH��)RU�LQVWDQFH��ZKHQ�1$6$�FRPPXQLFDWLRQV�

VXIIHUHG�D�SRZHU�FXW�LQ�-XO\��0RVFRZ�PLVVLRQ�FRQWURO�

VWHSSHG�LQ��:KHQ�5XVVLDQ�VXSSO\�VKLSV�H[SHULHQFHG�

FRRODQW�OHDNV�Ś�D�6R\X]�FDSVXOH�LQ�'HFHPEHU�������

WKHQ�D�3URJUHVV�IUHLJKWHU�LQ�)HEUXDU\�Ś�WKH�86�'UDJRQ�

DQG�&\JQXV�VSDFHFUDIW�UHPDLQHG�DYDLODEOH�

Countdown to a fiery finish
$OO�EXW�RQH�RI�WKH�LQWHUQDWLRQDO�SDUWQHUV�KDYH�VLJQHG�

RQ�WR�NHHS�WKH�,66�Ɔ\LQJ�XQWLO�HDUO\�������ZLWK�5XVVLDŝV�

5RVFRVPRV�FRPPLWWLQJ�WR������VR�IDU��GHVSLWH�

SUHYLRXV�SURWHVWLQJ���,Q�SUDFWLFH��5RVFRVPRV�ZLOO�EH�

QHHGHG�XQWLO�WKH�,66ŝV�GLVSRVDO��ZKLFK�LV�SODQQHG�WR�

WDNH�WKH�IRUP�RI�D�FRQWUROOHG�GHRUELW��'HSHQGLQJ�RQ�

WKH�VRODU�F\FOH�LQƆXHQFHG�GHQVLW\�RI�WKH�DWPRVSKHUH��

WKH�,66ŝV�DOWLWXGH�ZLOO�EH�DOORZHG�WR�GHFD\�IURP�WKH�

HQG�RI������RQZDUGV�VR�WKDW��DV�VHHQ�IURP�(DUWK��WKH�

,66�ŜVWDUŝ�ZLOO�JURZ�EULJKWHU�VWLOO��

2QFH�LW�UHDFKHV�DV�ORZ�DV����NP��IURP�LWV�FXUUHQW�

���NP�DOWLWXGH��DURXQG�WKH�HQG�RI�WKLV�GHFDGH��WKH�

,66�FDQ�QR�ORQJHU�UHPDLQ�RFFXSLHG��,QWR�HDUO\�������

WKUXVWHU�ƅULQJV�IURP�WKH�0RVFRZ�FRQWUROOHG�=YH]GD�

VHUYLFH�PRGXOH�ZLOO�VWHHU�WKH�VWDWLRQ�LQWR�DWPRVSKHULF�

UH�HQWU\�RYHU�3RLQW�1HPR�LQ�WKH�6RXWK�3DFLƅF��7KLV�

LV�(DUWKŝV�UHPRWHVW�SRLQW��ORQJ�HPSOR\HG�DV�D�ZDWHU\�

VSDFHFUDIW�JUDYH\DUG��7KH�RSWLRQ�RI�ŜUHRUELWLQJŝ�

WKH�,66�LQ�KLJKHU�RUELW�ZDV�UHMHFWHG�EHFDXVH�WKH�

uncontrolled station is bound to be struck by debris 

DW�VRPH�SRLQW�

ş6LPSO\�SXW��LWŝV�JHWWLQJ�ROG�Š�H[SODLQV�7KRPDV�1HLO�

6KHDVE\��OHDGLQJ�WKH�HQJLQHHULQJ�WHDP�RI�(6$ŝV�/RZ�

(DUWK�2UELW�([SORUDWLRQ�*URXS�

ş7KH�,66�PRGXOHV�DUH�EHLQJ�KHDWHG�DQG�FRROHG�

���WLPHV�SHU�GD\��7KHUH�DUH�PLFUR�YLEUDWLRQV�IURP�

GRFNLQJV��UHERRVWV�DQG�WKH�FUHZ�PRYLQJ�DURXQG�Ś�DOO�

RI�WKLV�OHDGV�WR�IDWLJXH��2Q�WKH�LQVLGH�WKHUHŝV�FXVWRP�

PDGH�HTXLSPHQW�WKDW�LV�EHFRPLQJ�REVROHWH��PDNLQJ�

LW�KDUGHU�WR�VHFXUH�UHSODFHPHQW�SDUWV�

ş,Q�VSDFH�HYHU\WKLQJ�DJHV�PRUH�UDSLGO\��WKHUHŝV�

UDGLDWLRQ�GDPDJH��VR�LWHPV�OLNH�VROLG�VWDWH�GULYHV�LQ�

ODSWRSV�JHW�FRUUXSWHG��$GG�WR�WKDW�WKH�QRUPDO�ZHDU�

DQG�WHDU�RI�HYHU\WKLQJ�IURP�DLU�IDQV�WR�ZDWHU�SXPSV��

:KDW�ZHŝUH�GRLQJ�QRZ�LV�SHUIRUPLQJ�DQ�H[HUFLVH�WR�

VHH�ZKHUH�ZH�FDQ�PDNH�GR��ZKHUH�ZH�VWLOO�KDYH�VSDUH�

SDUWV��WKHQ�FRPLQJ�XS�ZLWK�D�VKRSSLQJ�OLVW�RI�ZKDW�

ZLOO�QHHG�XSGDWLQJ�EHWZHHQ�QRZ�DQG������Š

(6$ŝV�RZQ�,66�PRGXOH�Ś�WKH�&ROXPEXV�ODERUDWRU\�

Ś�LV�KROGLQJ�XS�ZHOO��DGGV�5LFKDUG�%UDHNHQ��OHDGLQJ�

WKH�DJHQF\ŝV�6XVWDLQLQJ�(QJLQHHULQJ�,QWHJUDWLRQ�DQG�

S Coolant leaks 

from Soyuz MS-22  

docked to the ISS, 

after a suspected 

meteoroid hit in 

December 2022

Where it all started: 

Russia’s foundation 

module Zarya, launched  

on 20 November 1998 
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X

Unsurprisingly, it’s tricky to keep a continuously occupied space station smelling sweet

The ISS, equivalent in volume to a Boeing 

747, has been occupied continuously 

for more than 22 years. So what does 

it smell like? American astronaut Scott 

Kelly told Wired magazine: “I was touring 

the Harris County Jail [in Texas], and 

there’s this room that smells like space 

station – combination of antiseptic, 

garbage, and body odour.” He added 

that in the absence of gravity, bodily 

smells – such as farts – tend to linger. UK 

astronaut Tim Peake said it smells “like 

a barbecue that’s gone wrong”, while 

Italian astronaut Samantha Cristoforetti 

mentioned a “peculiar odour” she had to 

adjust to. 

Any odour can’t be too bad, because 

of the ISS’s atmospheric quality control: 

module air is circulated by fans through a 

ƅOWUDWLRQ�V\VWHP�WKDW�LQFOXGHV�DFWLYDWHG�

charcoal beds (like Odor-Eaters in 

shoes) to remove unwanted chemicals 

and noxious smells. The ISS interior has 

weathered better than Russia’s Mir space 

station. That reportedly mildew-scented 

station became notorious for mould 

and fungi in the latter part of its 15-year 

lifetime. Water-repelling coatings were 

added to ISS interiors to help stave off 

this problem.

What does the ISS smell like?

S With its occupants similarly cooped up, a crowded jail smells much like the ISS, according to veteran astronaut Scott Kelly 

0DLQWHQDQFH�WHDP��ş&ROXPEXV�LV�VLWXDWHG�RQ�WKH�

IRUZDUG�ŜUDPŝ�VLGH�RI�WKH�,66�DV�LW�RUELWV��PDNLQJ�LW�

HVSHFLDOO\�YXOQHUDEOH�WR�GHEULV��,WV�SULPDU\�VWUXFWXUH�

LV�VXSSOHPHQWHG�E\�D�VHFRQGDU\�SURWHFWLYH�VWUXFWXUH��

WKH�0LFURPHWHRURLG�6SDFH�'HEULV�3URWHFWLRQ�6\VWHP��

FRQVLVWLQJ�RI�VLQJOH��DQG�GRXEOH�EXPSHU�SDQHOV��,Q�

SUDFWLFH��KRZHYHU��ZH�KDYH�HQFRXQWHUHG�QR�VWUXFWXUDO�

LVVXHV�ZKDWVRHYHU�Š�

7KH�VDPH�LV�WUXH�RI�WKH�RWKHU�86�DQG�-DSDQHVH�

PRGXOHV��EXW�LQ�6HSWHPEHU������5XVVLDŝV�=YH]GD�

VHUYLFH�PRGXOH�VWDUWHG�OHDNLQJ��6RPH�,66�DLU�ORVV�LV�

QRUPDO�WKURXJK�GRFNLQJV��VSDFHZDONV�DQG�RQJRLQJ�

SXUJLQJ�RI�ZDVWH�JDVHV��7KH�VWDWLVWLFDO�VWDQGDUG�

LV�����NJ�RI�ORVW�DLU�SHU�GD\��EXW�VXGGHQO\�WKLV�ORVV�

GRXEOHG��DQG�D�\HDU�ODWHU�LQFUHDVHG�WR����NJ�GDLO\��

%\�V\VWHPDWLFDOO\�VHDOLQJ�KDWFKHV�EHWZHHQ�

VHFWLRQV��WKH�ORVV�ZDV�WUDFHG�WR�WKH�=YH]GD�PRGXOH��

/RRVH�WHD�OHDYHV�ZHUH�VHW�ƆRDWLQJ�WR�SLQSRLQW�WKH�

OHDN��7KHVH�GULIWHG�WRZDUGV�WKH�WUDQVIHU�WXQQHO�

FRQQHFWLQJ�WR�WKH�UHDU�GRFNLQJ�SRUW��7KUHH�KDLUOLQH�

FUDFNV�ZHUH�LGHQWLƅHG�KHUH�Ś�WKH�ODUJHVW�EHLQJ�

��PP�DFURVV�Ś�WKHQ�VHDOHG��6RPH�HOHYDWHG�DLU�ORVV�

FRQWLQXHG�KRZHYHU��VR�WKDW�WKH�WUDQVIHU�WXQQHO�LV�

QRZ�VHDOHG�GXULQJ�QRUPDO�RSHUDWLRQV��$FFRUGLQJ�

WR�D�1$6$�,QVSHFWRU�*HQHUDO�UHSRUW��WKH�OHDNV�DUH�

less likely to have been created by micrometeorite 

GDPDJH�WKDQ�HYHU\GD\�PHWDO�IDWLJXH��ƅUVW�

HQFRXQWHUHG�LQ�WHUUHVWULDO�DLU�WUDYHO��ZKHUH�VWUXFWXUDO�

VWUHVVHV�WULJJHU�PLFUR�IUDFWXUHV��

Showing its age
1$6$ŝV�VWUXFWXUDO�OLIH�DVVHVVPHQW�PRGHOV�IDLOHG�WR�

IRUHFDVW�WKLV�ORFDWLRQ�DV�ULVN\��UDLVLQJ�FRQFHUQV�DERXW�

RWKHU�PRGXOHV�Ś�DOWKRXJK�1$6$�PRGXOHV�KDYH�EHHQ�

VDIHW\�FHUWLƅHG�XQWLO������DQG�5RVFRVPRVŝV�XQWLO�

������6LQFH�WKHQ��5XVVLDQ�DHURVSDFH�ƅUP�(QHUJLD�KDV�

LGHQWLƅHG�ŜVXSHUƅFLDO�ƅVVXUHVŝ�LQ�WKH�QHDUO\����\HDU�

ROG�=DU\D�PRGXOH�DV�ZHOO��DOWKRXJK�LW�LV�XQFOHDU�

ZKHWKHU�WKHVH�DUH�DVVRFLDWHG�ZLWK�DQ\�DLU�ORVV�

,Q�DQRWKHU�DJH�UHODWHG�HIIHFW��WKH�VWDWLRQŝV�RULJLQDO�

VRODU�DUUD\V�DUH�GHJUDGLQJ��UHGXFLQJ�WKHLU�SRZHU�

RXWSXW��,Q�UHVSRQVH��D�QHZ�JHQHUDWLRQ�RI�UROOHU�EOLQG�

OLNH�VRODU�DUUD\V�DUH�EHLQJ�GHSOR\HG�RQ�WRS�RI�WKH�

SUHYLRXV�DUUD\V��VL[�RXW�RI�HLJKW�KDYH�EHHQ�LQVWDOOHG�

VR�IDU��7KHVH�RSHUDWH�DORQJ�ZLWK�WKH�XQVKDGHG�

elements of the old arrays to generate more electric 

SRZHU�WKDQ�HYHU�Ś�XS�WR�D�PD[LPXP�����NLORZDWWV��

S Cosmonaut 

Sergey Prokopyev 

exercises inside 

the Zvezda 

module. Fitness 

became especially 

important after the 

leak in the Soyuz 

module meant crew 

were stuck on the 

ISS for over a year
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Tiangong space station (China)
The three-module permanently crewed 
Tiangong is set to outlive the ISS. A space 
telescope module will join it next year.
FEASIBILITY: In orbit since April 2021 and 
planned to last at least a decade, China 
hopes the station will be a new hub for 
international cooperation post-ISS.

Axiom space station (USA)
This four-module commercial station 
will be used for in-space manufacturing, 
experimentation and tourism.
FEASIBILITY: Backed by a NASA Space 
Act Agreement (SAA), it’s due to be built 
ZKLOH�GRFNHG�WR�WKH�,66��7KH�ƅUVW�WZR�

modules have been manufactured.

Orbital Reef (USA)
Led by Blue Origin and Sierra Space, this 
‘business park in space’ is based on an 
expandable primary module. 
FEASIBILITY: Backed by a NASA SAA, 
to be launched by Blue Origin’s New 
Glenn and served by Sierra Space’s 
'UHDPFKDVHU�VSDFHSODQH��ERWK�XQƆRZQ��

Starlab (USA)
Led by Nanoracks, Voyager Space and 
Lockheed Martin, a commercial station 
EDVHG�DURXQG�DQ�LQƆDWDEOH�PDLQ�PRGXOH�

and attached ‘science park’.
FEASIBILITY: Backed by a NASA SAA. 
1DQRUDFNVŝ�%LVKRS�DLUORFN�ZDV�WKH�ƅUVW�

commercial addition to the ISS. Due 2028.

Northrup Grumman station (USA)
A three-module commercial station 
serving multiple sectors including 
microgravity research, in-space 
manufacturing and space tourism.
FEASIBILITY: Backed by a NASA SAA, 
modules are to be based on the successful 
Cygnus craft. Stage 1 to launch late 2028.

ISRO Space Station (India)
Intended for 15–20-day stays, this single-
module station at 400km will be serviced 
by crewed Gaganyaan spacecraft.
FEASIBILITY: Russia is providing 
technical assistance, but Gaganyaan has 
\HW�WR�Ɔ\��7KH�VSDFH�VWDWLRQ�LV�SODQQHG�IRU�

the mid 2030s.

Airbus LOOP (Europe)
An 8m-diameter commercial single-
module station with a spacious three-
level design for long stays. Suitable for 
launch by Elon Musk’s Starship.
FEASIBILITY: Based on strong European 
technical heritage, but the project has no 
customer announced as yet.

Vast space station (USA)
$UWLƅFLDO�JUDYLW\�KDELWDWV�IRU�VSDFH�

tourism and manufacturing, to be 
launched and serviced using SpaceX’s 
Falcon 9 and Crew Dragon. From late 2025.
FEASIBILITY:�%DFNHG�E\�ƅQDQFLHU�-HG�
0F&DOHE��$UWLƅFLDO�JUDYLW\�ZLOO�PDNH�IRU�

a less desirable test environment.

Gateway (USA/Europe/Japan/Canada)
,Q�OXQDU�RUELW��WKLV�ƅYH�PRGXOH�VWDWLRQ�ZLOO�

serve as a base camp on the way to the 
Moon’s surface.
FEASIBILITY: Needs SLS or Falcon Heavy 
launches. First module launches late 2025. 
NASA’s Capstone CubeSat is currently 
trialling Gateway’s elliptical orbit. 

Space stations of the future
Once the ISS is deorbited, human access to low Earth orbit should go on uninterrupted.  

Various space stations are in development, starting with one already in flight
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Sean Blair is Senior 

Editor for European 

Space Agency 

Technology and 

Navigation at 
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a 30 per cent increase. This is stored in upgraded 

lithium-ion batteries for use whenever the station 

passes out of sunlight.

The ISS’s next addition will actually outlive it: the 

US-based Axiom Space company is due to dock four 

new modules to the station, starting in 2026 with the 

launch of Hab One. These combined modules will 

be tested out during the ISS’s remaining years, then 

VHSDUDWHG�WR�EHFRPH�DQ�LQGHSHQGHQW�IUHH�ƆRDWLQJ�

commercial station. Axiom’s is one of several private-

sector stations supported through NASA Space Act 

Agreements (see Space stations of the future, left). 

Just as the US agency has pivoted to private sector 

crewed launches, the aim is to commercialise low 

Earth orbit as a destination, with NASA one customer 

among many.

Next-generation stations
If all goes to plan, continuous human occupation in 

space will extend well beyond the life of the ISS (and 

China’s Tiangong station). Staffed by NASA veterans, 

$[LRP�KDV�DOUHDG\�XQGHUWDNHQ�WKH�ƅUVW�HQWLUHO\�

private ISS mission, while two station modules are 

completing construction at Thales Alenia Space 

in Turin – a world leader, having built multiple ISS 

modules, as well as the pressure shell of the ISS-

supplying Cygnus transporter.

The company is also building Europe’s 

contributions to the lunar Gateway, spiritual 

successor to the ISS, involving all ISS partners apart 

from Russia. Just one-sixth the size of the ISS, made 

up of compact modules, this station will operate in 

elliptical orbit around the Moon’s south pole. Four 

astronauts will stay there for up to 30 days per visit,  

a limit imposed by the necessity to bring their own air 

and water aboard their Orion spacecraft.

Gateway might be smaller, but it will also be 

stronger, says ESA’s Materials and Processes Engineer 

João Gandra: “The Gateway pressure shells, along 

with those of Axiom and the latest Cygnus versions, 

are much the same as their ISS predecessors, made 

from a standard aluminium–copper alloy. The big 

difference is that they are now welded using ‘friction 

stir welding’, a UK-devised technique which softens 

rather than melts metals, applying friction to join 

them. This results in stronger welds with improved 

performance.” 

Gateway will also be smarter. Unoccupied for much 

of any given year, it will operate more like a satellite 

than the current ISS, with a high level of onboard 

autonomy. The kind of maintenance performed on 

ISS spacewalks will be undertaken by the Gateway’s 

RZQ�URERWLF�DUP��7KH�ƅUVW�WZR�PRGXOHV�DUH�GXH�WR�

launch in late 2025, but the station won’t even have 

an airlock until this decade’s end.

The future will see not one space station but many. 

Commercialisation means that various stations may 

evolve their own specialist niches. The comparatively 

spacious, luxurious ISS may well be imparted with 

retrospective glamour. It will symbolise a vanished 

era when a large part of the world managed to work 

together as one. We’ll miss the ISS when it’s gone.

S Opportunities 

are booming for 

companies like 

Deployable Space 

Systems, who 

upgraded the  

ISS’s solar array,  

to develop tech for 

its successors

S The Philippe Starck-designed crew quarters planned 

for Axiom, the world’s first commercial space station

S Future space-dwellers may look back nostalgically 

on the spirit of international cooperation behind the ISS 

X




