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Introduction: The in-situ exploration of Venus is 
seriously hampered by its hostile environment,1 limit-
ing the in-situ exploration missions to high altitude 
balloons at 55 km (above the clouds) that lasted for 48 
h, or even shorter duration surface missions that sur-
vived for two hours.2,3 The high-altitude (55-65km) 
balloon missions, though successful, are stymied by 
the opaqueness of the Venusian clouds, which under-
lines the need for more long-duration in-situ missions 
for a better understanding of the Venus atmosphere 
across the cloud layers and even to the surface, as 
recommended by Venus Exploration Analysis Group 
(VEXAG).4 Two types of mission concepts, i.e., i) 
long-duration variable-altitude balloons with extended 
range below the clouds, and ii) landers with lifetimes 
of more than a few hours, have gained particular in-
terest: i) Durable Variable Altitude Balloons (VABs) 
and ii) Long-durations landers. 

Need for New Power Technologies: For either of 
these mission types, conventional power technologies 
are inadequate.  For example, the performance of pho-
tovoltaics (PV) is hampered by the decreasing solar 
flux deeper in the clouds, the selective loss of short 
wavelength radiation, and the performance loss from 
the high temperatures.5  Advanced high temperature-
tolerant technologies, are therefore being developed 
under NASA’s Hot Operating Temperature Technolo-
gy (HOTTech) program. An energy storage system 
(rechargeable batteries or fuel cells) tolerant to high 
temperatures is needed to compensate for the reduced 
power generation of PVs at low altitudes, and to sup-
port nighttime operations for the VABs.  Likewise, a 
high-temperature primary battery systems, survivable 
and operational at 465oC, would be required to sup-
port long-duration Venus landers, e.g., NAS/GRC’s 
Long-life In-situ Solar systems Explorer (LLISSE). 

New Power Technology for Long-duration VAB: 
We have been developing a novel Venus Interior 
Probe using in-situ Power and Propulsion (VIP-
INSPR) under NASA-NIAC (Novel Innovative and 
Advanced Concepts) program. The probe concept 
utilizes: i) PV as a power source to the probe at high 
altitudes, and to electrolyze water carried from ground 
using regenerative solid oxide fuel/ electrolysis cell 
(SOEC), ii) Solid oxide fuel cell (SOFC)6 to provide 
power at low altitudes, iii) H2 storage bed for on-

demand storage or release of H2,7 iv) and a balloon 
filled with H2 and with H2 buoyancy-based altitude 
control system. Both H2 and O2 would be regenerated 
through electrolysis of the H2O produced in SOFC (a 
closed–system) at high altitudes. This novel architec-
ture enables generation of fuel from in-situ resources 
at high altitudes, power at low altitudes, and uses H2 
for buoyancy and altitude control.  In contrast to ear-
lier Venus balloons, this probe will survive the hostile 
environments over 60-15 km, without the need for any 
thermal management. Our analysis show that the bal-
loon is both mass and volume efficient and will allow 
3X payload than in previous missions. 

High Temperature Batteries for Landers:  In addi-
tion to this VAB, we have been developing high-
temperature primary batteries for Venus surface mis-
sion concepts under NASA’s HOTTech program.  
These batteries are based on lithium alloys anodes 
(Li-Al), molten salt electrolytes based on bina-
ry/ternary mixtures of alkali metal halides, cathodes 
consisting of transition metal sulfides and designs 
similar to the aerospace thermal batteries.8 We will 
present our preliminary results with different cathode 
materials in laboratory test cells and also the perfor-
mance in the prototype cells, which demonstrate that 
the batteries can survive and operate on the Venus 
surface for 26 days in primary mode.  Furthermore, 
these batteries are rechargeable, proving > 150 days 
of operation through five charge-discharge cycles. 
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