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Apollo 8: looking 
northwest into the 
Sea of Tranquility, 
where Apollo 11 
would land seven 
months later.

Image: NASA
https://www.nasa.gov/feature/a-
bold-step-apollo-8-sends-first-
human-flight-beyond-earth

https://www.nasa.gov/feature/a-bold-step-apollo-8-sends-first-human-flight-beyond-earth


Image: NASA (AS08-18-2834) 
https://history.nasa.gov/afj/ap08fj/14day4_orbit2.html

Lunar far-side 
landscape

https://history.nasa.gov/afj/ap08fj/14day4_orbit2.html


Earthrise 

As the Apollo 8 
crew saw it with 
a vertical horizon

U.S. National Archives 
306-PSD-68-4049c 
https://www.archives.gov/exhibits/eyewitness/htm
l.php?section=25

https://www.archives.gov/exhibits/eyewitness/html.php?section=25


James E. Webb, NASA Administrator, 
and Robert S. McNamara, Secretary of 
Defense, to the Vice President on May 8, 
1961, with attached: “Recommendations 
for our National Space Program: Changes, 
Policies, and Goals.”
https://history.nasa.gov/SP-
4407/ETUv1.pdf

Webb-McNamara 
memo of 1961

. . . 

https://history.nasa.gov/SP-4407/ETUv1.pdf


Three types of crewed expeditions

Flyby Orbit/Rendezvous Landing



Why Venus

I. Achievable crewed missions in 
the foreseeable future 

II. Advances human exploration as 
part of a class of stepping-stone 
missions to destinations across 
the solar system

III. Advances science connected to 
fundamental questions about life



Venus Earth

Sun

Depart: 4 August 2026

Expedition 
Flight Path

Return: 7 August 2027

Venus Flyby
23-25 November 2026

A flyby of Venus as 
preparation for landing on 
Mars. Analogous mission 
opportunities reoccur every 
1.6 years. 

Crewed Venus 
Flyby Mission:

Thanksgiving 2026

Image and trajectory created using 
NASA Ames Trajectory Browser: 

trajbrowser.arc.nasa.gov 
a tool created for NASA by Cyrus Foster

I. Achievable
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Crewed Venus Flyby using Apollo Hardware
M.S. Feldman, et al., “Manned Venus Flyby,” Bellcom, NASA Technical Reports Server, 
TR-67-600-1-1, February 1967, https://ntrs.nasa.gov/search.jsp?R=19790072165

I. Achievable

https://ntrs.nasa.gov/search.jsp?R=19790072165


  Mars-flyby
  27-Sep-2022
  DV = 470 m/s

  Earth-departure
  11-Nov-2021
  DV = 3.96 km/s

  Earth-arrival
  26-Jun-2023
  DV = 2.74 km/s

  Venus-flyby
  31-Mar-2022
  DV = 25.5 m/s

Venus-flyby
31-Mar-2022
ΔV = 0.026 km/s

Earth-arrival
26-June-2023
ΔV = 2.74 km/s

Earth-departure
11-Nov-2021
ΔV = 3.96 km/s

Earth Orbit

Venus Orbit

Mars-flyby
27-Sep-2022
ΔV = 0.470 km/s

Mars Orbit

100% more planets for 
around 50% more travel time!

Venus-Mars 
double flyby
(19-months)

Foster and Daniels, “Mission opportunities for human exploration of nearby planetary bodies,” AIAA Space Conference, 2010.

II. Advances human exploration 



Earth

Venus

Flight path

Depart: 4 Nov 2029

At Venus: 
17 Feb–19 Mar 2030

Return: 
18 Jan 2031

1-Month Stay at Venus
(1.2-year total mission)

1-year stay also possible 

Image and trajectory created using 
NASA Ames Trajectory Browser: 
trajbrowser.arc.nasa.gov 
a tool created for NASA by Cyrus Foster

II. Advances human exploration 



  

  

 

 

The Venusian Lower Atmosphere Haze
as a Depot for Desiccated Microbial Life:

A Proposed Life Cycle for Persistence
of the Venusian Aerial Biosphere

Sara Seager,1–3 Janusz J. Petkowski,1 Peter Gao,4 William Bains,1 Noelle C. Bryan,1

Sukrit Ranjan,1 and Jane Greaves5,6

Abstract

We revisit the hypothesis that there is life in the venusian clouds to propose a life cycle that resolves the
conundrum of how life can persist aloft for hundreds of millions to billions of years. Most discussions of an
aerial biosphere in the venusian atmosphere temperate layers never address whether the life—small microbial-
type particles—is free floating or confined to the liquid environment inside cloud droplets. We argue that life
must reside inside liquid droplets such that it will be protected from a fatal net loss of liquid to the atmosphere,
an unavoidable problem for any free-floating microbial life forms. However, the droplet habitat poses a lifetime
limitation: Droplets inexorably grow (over a few months) to large enough sizes that are forced by gravity to
settle downward to hotter, uninhabitable layers of the venusian atmosphere. (Droplet fragmentation—which
would reduce particle size—does not occur in venusian atmosphere conditions.) We propose for the first time
that the only way life can survive indefinitely is with a life cycle that involves microbial life drying out as liquid
droplets evaporate during settling, with the small desiccated ‘‘spores’’ halting at, and partially populating, the
venusian atmosphere stagnant lower haze layer (33–48 km altitude). We, thus, call the venusian lower haze layer a
‘‘depot’’ for desiccated microbial life. The spores eventually return to the cloud layer by upward diffusion caused
by mixing induced by gravity waves, act as cloud condensation nuclei, and rehydrate for a continued life cycle.
We also review the challenges for life in the extremely harsh conditions of the venusian atmosphere, refuting the
notion that the ‘‘habitable’’ cloud layer has an analogy in any terrestrial environment. Key Words: Venus—
Clouds—Life—Habitability—Sulfuric Acid—Life Cycle—Aerial Biosphere. Astrobiology 21, 1206–1223.

1. Introduction and Overview

L ife on Venus has been a topic of speculation for more
than half a century, with published papers ranging from

science-fiction-like to invalid conjecture to legitimate hy-
pothesis (Morowitz and Sagan, 1967; Grinspoon, 1997;
Cockell, 1999; Schulze-Makuch and Irwin, 2002, 2006;
Schulze-Makuch et al., 2004; Grinspoon and Bullock, 2007;
Limaye et al., 2018). Today, only Venus’ atmospheric cloud
layers (a large region spanning from 48 to 60 km altitude)
have seemingly habitable conditions—the surface (at 735 K)

is too hot for any plausible solvent and for most organic
covalent chemistry. How the clouds could become inhabited
is not known. In principle, life could arise in the clouds
independent from the ground (Woese, 1979; Dobson et al.,
2000) with material from meteoritic input (Sleep, 2018a,
2018b) from the asteroid belt (including Ceres, and even from
Mars). Life may even have been directly seeded by impacts
from Earth ejecta (Melosh, 1988; Reyes-Ruiz et al., 2012;
Beech et al., 2018). A more commonly agreed on, and per-
haps more conceivable scenario, is that life originated on the
surface, as it most likely did on Earth, and migrated into the
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Search for Life

III. Advances science



Figures: lower left: J. Petkowski, lower right: Venus Life Finder Mission Study

temperatures and the concomitant evaporation of liquids),
the bacteria sporulate, preserving themselves as desiccated
spores. Once reaching the stable, long-lived stagnant lower
haze layer ‘‘depot,’’ the spores remain dormant until the life
cycle can begin again. In this section, we describe each step
in more detail.

3.1. Step 1: Desiccated spores populate the lower
Venus atmosphere haze layer, a depot of hibernating
microbial life

Venus has a lower haze layer of relatively low mass
and unknown composition (Titov et al., 2018), such that

FIG. 1. Hypothetical life cycle of the Venusian microorganisms. Top panel: Cloud cover on Venus is permanent and
continuous, with the middle and lower cloud layers at temperatures that are suitable for life. Bottom panel: Proposed life cycle.
The numbers correspond to steps in the life cycle as described in the main text. (1) Desiccated spores (black blobs) persist in
the lower haze. (2) Updraft of spores transports them up to the habitable layer. (3) Spores act as CCN, and once surrounded by
liquid (with necessary chemicals dissolved) germinate and become metabolically active. (4) Metabolically active microbes
(dashed blobs) grow and divide within liquid droplets (solid circles). The liquid droplets grow by coagulation. (5) The droplets
reach a size large enough to gravitationally settle down out of the atmosphere; higher temperatures and droplet evaporation
trigger cell division and sporulation. The spores are small enough to withstand further downward sedimentation, remaining
suspended in the lower haze layer ‘‘depot.’’ CCN, cloud condensation nuclei. Color images are available online.
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Venus Life Finder Mission 6—Venus Atmosphere Sample Return Mission 
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6.5.2  Atmospheric Operations 
The aeroshell enters the Venus atmosphere at 

180 km altitude at entry speed of about 11 km/s. 
After the system has passed through the peak heat 
load and peak deceleration phases, the drogue 
parachute deploys to slow down the descent for 
payload deployment. The heat shield is jettisoned, 
followed by deployment of the aerial platform 
and inflation system. The aft shield is released, 
and the aerial platform will free fall. The main 
parachute will be deployed to slow down the 
descent of the aerial platform.  

Next inflation of the balloon will begin. After 
the balloon inflation is complete, the main 
parachute is jettisoned, and the inflation system 
will be dropped. The aerial platform slowly 
ascends through the atmosphere, collecting 
samples at various altitudes. After sample 
collection is complete and all VAV systems are 
checked out, the aerial platform will rise to 66 km.  

The VAV will launched from the platform, 
with ~45° angle with respect to the horizon. The 
first stage is fired and VAV reaches 180 km. At 
180 km, second stage is fired to reach 300 km 
altitude. A circularization burn is performed at 
300 km to enter circular orbit. The orbiter will 

rendezvous with the VAV and transfer the sample 
container to the EEV (Figure 6-7). 

 

6.6 Technology Development, Risks and 
Constraints 

6.6.1 Technology Development 
The flight elements consist of both low 

technology readiness level (TRL) and high TRL 
systems. We used high TRL technology options 
where possible even if low TRL technology is 
more mass efficient. For example, the spacecraft 
platform along with the various propulsion stages 
are high TRL technology whereas the alternative 
of aerocapture for Venus orbit insertion would 
require lower mass. The EEV is also high TRL, 
but further development might be needed if 
Planetary Protection requirements are imposed. 
The major technologies that need development 
are listed below. 

Venus ascent vehicle. We select solid rocket 
for the baseline mission to reduce the complexity 
compared to liquid propellant. Although the solid 
rocket motors are high TRL and low risk, such 
rockets have never been launched in another 
planetary atmosphere before, which effectively 

 
Figure 6-7. Concept of operations for the atmospheric phase of the Venus atmosphere sample return mission. 

Ability to contribute to the 
search for life without crewed 
landings

III. Advances science



Crewed expeditions to Venus can be good for:
• Scientific exploration
• Expanding humans into the solar system
• National interests of the U.S. (see Webb-McNamara)

Entwining these is not necessarily bad, and raises 
questions about how we improve our society and 
human civilization over time.



Seeing into 
the deep
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