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Introduction:Venus, as Earth’s sister planet, has po-

tential to serve as a test bed for planetary engineering 

technologies applicable to both planets. Careful selec-

tion of technologies will allow not only pilot testing on 

a planetary scale but will also take steps to modulate 

Venus’ harsh environment. So doing will enable addi-

tional missions to Venus – landers, rovers, and even-

tually even crewed missions at a lower cost, higher 

technological capability, and longer duration. Expe-

rience gained with atmospheric modification on Venus 

may then be developed for use on Earth. 

Climate Change: Climate Change is likely to be a 

good candidate for a Venusian engineering study [1]. 

The runaway greenhouse effect on Venus has produced 

surface temperatures of ~740K and atmospheric pres-

sure of ~95 bar in a primarily Carbon Dioxide (CO2) 

atmosphere [2]. With Earth on the brink of its own 

climate crisis, Venus’ past may hold critical lessons for 

Earth [3]. Venus may become an ideal testing ground 

for global-scale technologies to address terrestrial 

Climate Change [4] without posing a risk to any life 

form’s well-being or property.  

Atmospheric Modification: This study proposes a 

series of steps that might be taken to move atmospheric 

modification – specifically CO2 sequestration – off of 

the blackboard and into practical application. CO2 

reduction on Venus could contribute to reducing the 

greenhouse effect, driving a reduction in surface tem-

peratures as more infrared energy escapes the planet. It 

could reduce the thickness of the cloud cover in the 

Venusian atmosphere, allowing for enhanced remote 

sensing capabilities from orbit. Establishment of suc-

cessful – and unsuccessful – parameters for atmospher-

ic CO2 capture on Venus could pave the way for such 

capture on Earth while bypassing the obvious risks of 

tinkering with the atmosphere of an inhabited planet.  

Steps in CO2 Capture:Utilizing existing technological 

capabilities, it is possible to initiate a series of CO2 

capture experiments with increasing scope, duration, 

and impact. These steps are detailed below. 

 

Capture and release field test. In this phase, CO2 cap-

ture techniques could be tested and refined without 

ensuring sequestration. With sufficiently large capture 

hoppers, localized effects from CO2 reduction could be 

assessed as well as gradient effects. It would do noth-

ing to affect atmospheric CO2 concentrations or pres-

sure. 

Capture and process field test. In this phase, CO2 cap-

ture techniques could be tested along with small scale 

conversion, for instance via photosynthesis. This type 

of conversion could have potential for future scale-up 

for global scale application. It would have the advan-

tage of converting CO2 to a more useful and/or less 

effective greenhouse gas such as O2, but would do 

nothing to alleviate the extreme atmospheric pressure 

[5].  

Capture and vent to space. In this phase, captured CO2 

is vented to space. This has potential to reduce both the 

greenhouse effect and atmospheric pressures. Howev-

er, mass, selective removal of a single compound from 

the Venusian system may create new and unpredictable 

problems for future Venusian planetary engineers. 

Should modification of Venus reach a point in which 

an Earth-like, habitable planet is feasible, a CO2 cache 

could be critical to support photosynthetic and other 

life processes. Therefore this is not desirable as a long 

term solution or for the full CO2 concentration. 

Capture and store in orbit. Any viable sequestration 

method necessarily involves exporting the captured 

CO2 off-planet, at least as long as sufficiently hostile 

conditions on Venus render geological sequestration 

impractical. Therefore, it is advisable to sequester the 

captured CO2 in a reversible fashion rather than simply 

venting the gas to space. For this purpose, collection in 

orbital gas tanks seems the obvious mid-term solution. 

In this phase, instead of venting the captured CO2 to be 

irrecoverably lost in space, it would instead be com-

pressed into orbital tanks designated for that purpose. 

Should Venus allow in the future a form of Earth-like 

geological sequestration, the entire mass could be 

reimported. Short of that, however, select concentra-

tions could be reimported at will to meet specific 

needs. One challenge that presents itself when trans-

porting and storing CO2 is the physical limitation im-

posed by the chemical’s phase transition parameters. 

Under usual pressure conditions, CO2 does not expe-

rience a liquid state, sublimating directly from solid to 

gas, whereas a liquid state would be the most conve-

nient for orbital tank storage. The most likely alterna-

tive would be to store the CO2 as a compressed gas, 

which would necessitate surface, atmospheric, or on-

orbit compression capabilities. 
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Capture and sequester. The final phase in Venusian 

CO2 capture would be sequestration of the gas via 

injection into subsurface rock formations. This could 

potentially engender a stable CO2 cycle similar to 

Earth’s. 

Conclusion: Combining the objectives of preparing 

Climate Change mitigation measures with planetary 

exploration and existing technologies, it may be possi-

ble to create the political will to finance a specific class 

of missions to Venus. These missions will have the 

following goals: 

1. Test Earth-based climate models using the 

Venusian climate in order to understand fun-

damental scientific principles that apply 

equally to both planets 

2. Test the capability and effects of planetary 

scale CO2 capture as a countermeasure to 

greenhouse effect for both Venus and Earth, 

and to further technology development in this 

field 

3. Fill in gaps in present day understanding of 

Venus 

4. Take the first steps towards experimental 

study of planetary engineering methods that 

might one day permit extraterrestrial settle-

ment 

Scientists should actively seek out such technology 

concepts as a method by which to achieve multiple 

scientific, technological, and sociological goals in an 

era of constrained resources and political will. By 

conceiving of Venus as an Earth analog and test bed 

for technology development, both Earth and Venus 

sciences will be advanced. 
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