Paper ID: 95166

76th International Astronautical Congress 2025
student

28th TAA SYMPOSIUM ON HUMAN EXPLORATION OF THE SOLAR SYSTEM (A5)
Interactive Presentations - 28th IAA SYMPOSIUM ON HUMAN EXPLORATION OF THE SOLAR
SYSTEM (IP)

Author: Mr. Arjun Dabas
Chandigarh University, India

Mr. Raahil Sheikh
Chandigarh University, India
Mr. UMA SHANKER
Chandigarh University, India
Ms. Ismat Ustad
United Arab Emirates
Mr. Sahil Sheikh
Illinois Institute of Technology, India

ENGINEERING A HABITABLE DOME FOR VENUSIAN ATMOSPHERE COLONISATION

Abstract

1

Venusian colonization is a fascinating prospect in the realm of human space exploration, especially con-
sidering the extreme environmental conditions present on this neighboring planet. The surface of Venus is
characterized by incredibly high temperatures, exceeding 450C, atmospheric pressures reaching approxi-
mately 92 bar, and a thick atmosphere dominated by carbon dioxide, laced with clouds of sulfuric acid.
Despite these harsh conditions, a more Earth-like environment exists at an altitude of around 50 km where
the temperature ranges between 25C and 75C, the pressure is near 1 bar, and the radiation levels are
comparable to those on Earth’s surface. To address the challenges posed by Venus’s corrosive atmosphere,
a Habitable Dome Zone (HDZ) at this altitude, leveraging buoyant aerostat structures has been proposed
to create a sustainable, self-sufficient human settlement. The habitat is designed to maintain suspension
within Venus’s conducive atmospheric band at 55 km altitude, utilizing sophisticated buoyancy systems
and cutting-edge materials. The design integrates helium or hydrogen-filled aerostats for station-keeping,
a bio-regenerative life support system utilizing atmospheric CO for oxygen and biomass production, and
solar energy harvesting optimized for Venus’s dense cloud cover. The greatest challenge isn’t the extreme
surface heat or the immense ground-level pressure but rather the intricate task of maintaining a large
structure aloft in the upper atmosphere while shielding it from corrosive sulfuric acid clouds. The habitat’s
architecture includes reinforced, lightweight polymer domes with a pressurized, breathable atmosphere,
providing protection against sulfuric acid clouds through an acid-resistant outer layer and electromag-
netic shielding. While technically challenging, the concept of Venus colonization intrigues scientists and
engineers due to the unique advantages of atmospheric habitation compared to surface colonization of
other planets. The floating habitat concept gained particular traction through pioneering work by Geof-
frey Landis at NASA Glenn Research Center, who proposed that human exploration could be conducted
from aerostat vehicles in the atmosphere while using telerobotics to explore the surface below. This
concept could serve as a stepping stone for deep-space colonization, offering opportunities for scientific
research, resource extraction, and long-term habitation. By leveraging Venus’s unique advantages, the
HDZ represents a transformative step in making humans an interplanetary species, complementing lunar
and Martian colonization efforts.
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