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Time-mass problem

• Time-mass map: Crewed interstellar travel concepts can be located
in this map:
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Generation ships
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Sleeper ships
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Embryo / Emulation ships
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Light, fast, but significant technical feasibility issues

(Hein & Baxter, 2019)

(Crowl et al., 2012)



World ships
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World ship characteristics

World ship characteristics (Martin, 1984; 

Bond & Martin, 1984; Hein et al., 2012):

• Self-sufficiency: thousands of years

• Population size: > 100,000

• Cruise velocity: < 1%c
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World ship designs

• Existing world ship designs from the literature:
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(Hein et al., 2019) – Acta Futura paper

[12] (Bond & Martin, 1984)

[17] (Crowl et al., 2012)

[32] (Hein et al., 2012)



World ship designs

• Existing world ship designs from the literature:
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World ship designs

• Existing world ship designs from the literature:
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(Hein et al., 2012)



World ship designs

• Existing world ship designs from the literature:
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World ships and population size

• Replacing spacecraft mass by population size: 
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Genetics – population size
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Population sizes on the order of 1000 – 10,000 needed

(Hein et al., 2019) – Acta Futura paper



Which world ship designs are
feasible?

• Suitable population size estimates and feasibility of world ship
concepts:
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Reliability and maintenance
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World ships will comprise

billions of components

(hardware, software, 

biological…)  Reliability

(Hein et al., 2012)

Very sophisticated, AI-driven

maintenance system needed!

Credit: Maciej Rebisz



Economics

• Estimates when Earth economy could sustain a world ship:

Estimates based on GDP extrapolations
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Pure economic feasibility in hundreds of years – Does not tell

if we want to invest
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(Hein et al., 2019) – Acta Futura paper

[29] (Hein, 2011)

[46] (Martin, 1984)



What about alternatives?

• World ships: one of many concepts
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Overview of results

• Results for some of the feasibility criteria: 
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(Hein et al., 2019) – Acta Futura paper

Several key issues recently addressed; several open issues



Conclusions

Conclusions:

• World ships remain an interesting concept to study

• How to sustain human life in space over extended time frames

• Key feasibility issues: 
• Maintenance

• Obsolescence due to other transportaiton modesworld ships as mobile solar 
system habitats?

Future work: 

• Cultural and social aspects shed light on resource-constrained
societies in general
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Initiative for Interstellar Studies (i4is)

Project Lyra: mission to

interstellar asteroid / comet

(2017/2018)

Project Dragonfly: International 

interstellar laser sail mission

design competition (2015)

Collaborations

Achievements
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study for Breakthrough Starshot

(2016)

Collaboration with ISU: 2-week 

interstellar & ChipSat module, 

student projects (since 2015)

UK not-for-profit company founded in 2014

Objectives: Conduct R&D, education, and public

outreach on interstellar travel



Initiative for Interstellar Studies (i4is)

• Some recent press coverage:
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