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Venus should be an Earth-like planet due to its similar 

size and adjacent position in the solar system, but its 

dense atmosphere, high surface temperature, lack of wa-

ter, and unique geology indicate it developed very dif-

ferently. Understanding why will require in situ explo-

ration of the planet including scientific investigation of 

the near surface environment where temperature extend 

up to 465C.  Limited Venus exploration missions were 

carried out in the past and they are mostly orbital and 

short duration surface missions.  Venus orbital missions 

were implemented with State-of-the-Practice (SOP) 

power systems (employing SOP solar cells & arrays) as 

the Venus orbital environmental conditions are benign 

and are similar to that of the Earth orbital missions. 

Short duration Venus surface missions of few hours 

were implemented using SOP primary batteries 

enclosed in a environmental chamber equipped with 

complex thermal management subsystem. The Russian 

Venera landers lasted less than 2 hours on the surface of 

Venus and the American Pioneer probe survived about 

an hour.  Future emphasis for Venus in situ exploration 

is likely to focus on mid to low altitude aerial missions 

and long duration surface missions [1] [2]. To 

understand the evolutionary paths of Venus in relation 

to Earth, the recent decadal survey, ‘Vision and 

Voyages for Planetary Science in the Decade (2013-

2022) and the more recent VEXAG study (2014)2”, 

emphasized the need to gather basic information on the 

crust, mantle, core, atmosphere/exosphere and bulk 

composition of Venus.  More specifically, the VEXAG 

study recommended future explorations through in-situ 

investigations using low altitude aerial platforms, 

landers and probes.   

 

Power Requirements: The low/altitude aerial mis-

sions and long duration surface exploration missions re-

quire new power sources capable of surviving and oper-

ating in the extreme Venus environments. The power 

systems that are under consideration can be classified 

into four categories: 1) Radioisotope Power Systems 

(RPS), 2) Solar Power Systems, 3) Electrochemical 

Power Systems, and 4) Chemical Power Systems. Wind 

power systems have also been considered.  This paper 

gives an overview of the status of these SOP power 

technologies and examines the technical challenges as-

sociated in adopting these technologies to the future Ve-

nus aerial and surface missions.  

 

Radioisotope Power Systems:   Radioisotope power 

systems have been used in missions when it is not pos-

sible to use solar power systems. They have been used 

in several outer planetary missions and some surface 

missions. All the missions flown to-date have used Ra-

dioisotope Thermoelectric Generators to power the 

spacecraft. Four types of RTG’s have used in these mis-

sions and they are: a) SNAP-19, b) MHWRTG, c) 

GPHS RTG, and d) MMRTG. The first three types of 

RTG’s are not currently available for use as their pro-

duction has been discontinued. MMRTG is the only 

RTG that is currently available for use in future mis-

sions. SOP MMRTG needs further development before 

it can be considered for future Venus surface missions.  

NASA is developing two types of advanced Radioiso-

tope power systems: a) eMMRTG and b) ASRG. They 

are currently at TRL 3-4 and may be available for mis-

sions beyond 2025. They may also need further en-

hancements for use in Venus missions.  

 

Solar Power Systems: High altitude aerial missions can 

be implemented with SOP solar power systems as the 

environmental conditions are not that severe. However, 

variable altitude (middle to low) aerial and surface mis-

sions that are currently under consideration    for the 

next decade are very challenging because they require 

solar power systems that can:  a) operate at high temper-

atures aerial environments (200-350°C) for long dura-

tion, b) survive high temperatures surface environments 

(450-500°C) for short duration, c) generate power at 

various low solar intensities (300-50 W/m2/) and Venus 

solar spectrum conditions encountered at various alti-

tudes and d) survive in Venus corrosive atmospheric en-

vironments.   The SOP solar cells do not function effec-

tively in Venus aerial and surface environments and are 

not suitable for long duration Venus aerial missions. 

ARPA_E is sponsoring programs to develop high tem-

perature solar cells required for Concentrated Photovol-

taic Power system applications. These cells could fur-

ther be developed to meet future Venus aerial and sur-

face missions. 

  

Electrochemical Power Systems: Electrochemical 

Power Systems have been used in a number of space 

missions either as a primary source of electrical power 

or for storing electrical energy. The energy storage tech-

nologies that have been used in space science missions 

are primary batteries, rechargeable batteries, capacitors 

and fuel cells. SOP electrochemical power systems can-
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not survive and operate in extreme environments of Ve-

nus.  Primary Li-SO2 batteries have been used in short 

duration Venus surface missions. These batteries were 

protected from the Venus surface environment by a 

thermally-insulating pressure vessel in an environmen-

tal chamber along with the payload and other spacecraft 

subsystems.  These batteries have lasted for <2 h, i.e., 

before the batteries were heated to their maximum sur-

vivable temperature of ~80oC.  Future Venus surface 

missions require primary batteries or fuel cells that: a) 

can operate at high temperatures (> 450C), b) have high 

specific energy (> 300 Wh/kg to provide long duration 

operation capability several hundreds of hours, c) sur-

vive corrosive Venus environments and d) with stand 

high Venus pressures.  SOP thermal batteries could be 

modified to meet the near term mission needs. Some 

fuel cell systems (solid oxide and molten carbonate) are 

capable operating at high temperatures. They could be 

adopted with further development.  Future mid/low aer-

ial missions require rechargeable batteries that operate 

over a wide range of high temperatures (200- 450C), b) 

have high specific energy (> 150 Wh/kg) to reduce 

power system mass, c) survive corrosive Venus envi-

ronments and d) with stand high Venus pressures. The 

rechargeable battery systems of interest include: a) so-

dium-sulfur, b) sodium-metal chloride, and lithium-iron 

disulfide. These battery systems need to be further de-

veloped to meet the needs of future Venus missions. 

 

Chemical Power Systems: A power systems that con-

verts heat generated from chemical reactions (lithium 

combustion with sulfur-hexafluoride oxidizer or atmos-

pheric CO2) using a Stirling engine is also currently be-

ing studied [3].  This concept looks appealing in terms 

of specific energy, but is currently at a low TRL with 

quantitative verification studies yet to be done. 

 

Wind Power Systems: While the possibility of extract-

ing energy from the Venus environment exists, no cred-

ible concepts have yet been proposed. 

 

Summary: A range of power choices exist for Venus in 

situ missions. NASA’s Planetary science Division is 

currently completing an assessment of future needs for 

both solar power generation and energy storage technol-

ogies [3] that will provide more specific guidance on fu-

ture needs and opportunities.   
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