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SUNFLOWER PROJECT: AUTONOMOUSLY ADAPTIVE THERMAL AND LIGHT CONTROL FOR
SPACE AGRICULTURE IN STRATOSPHERIC CONDITIONS

Abstract

Stratospheric flights play a crucial role in space research by providing a testbed for technologies
designed for extraterrestrial environments. These missions simulate space-like conditions, optimal for
testing life-support systems, environmental control mechanisms, and for biological experiments.
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Led by a multidisciplinary student team, the Sunflower project aims to optimize energy consumption
and resource efficiency in extraterrestrial agriculture. The experiment’s objective is to maintain stable
temperature and light conditions inside a chamber housing a plant sample, specifically the microalgae
Arthrospira platensis and Chlorella vulgaris, both widely known for their nutritional properties. Two
adaptive covers—one over a window and the other over a radiator—autonomously adjust their config-
uration in response to external environmental variations. Regulating heat exchange and light exposure
provide an optimal microenvironment for the algae’s growth. The data collected during the flight will be
compared with the results from ground-based tests on a twin experimental setup.

Sunflower is part of the ESA BEXUS (Balloon Experiments for University Students) program, offering
students direct experience in aerospace projects. The project enhances practical knowledge in designing,
building, and testing space-related technologies as well as soft skills like interdisciplinary collaboration
and problem-solving—valuable assets for future careers in space research and engineering.

The paper presents the findings from flight data analysis, discusses the performance of the adaptive
covers, and evaluates the potential applications of this technology on modules for astronaut habitation,
as well as for the cultivation of plants on spacecraft for interplanetary travel and on extraterrestrial
environment, such as the Moon and Mars.

By demonstrating a novel approach to controlled farming in extreme environments, the Sunflower
project contributes to the development of sustainable space exploration technologies.
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