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__ COSPAR

After the USSR launched its first Earth Satellite in 1957 and thereby opened the space age, the
International Council of Scientific Unions (ICSU), now the International Science Council (ISC),
established its Committee on Space Research (COSPAR) during an international meeting in London in
1958. COSPAR's first Space Science Symposium was organized in Nice in January 1960

(see https://cosparhg.cnes.fr/about/).

PURPOSE

COSPAR’s objectives are to promote on an international level scientific research in space, with
emphasis on the exchange of results, information and opinions, and to provide a forum, open to all
scientists, for the discussion of problems that may affect scientific space research. These objectives are
achieved through the organization of Scientific Assemblies, publications and other means.

ROLE

In its first years of existence COSPAR, as an entity that ignores political considerations and views all
guestions solely from the scientific standpoint, played an important role as an open bridge between East
and West for cooperation in space. When this role became less prominent with the decline in rivalry
between the two blocs, COSPAR, as an interdisciplinary scientific organization, focused its objectives on
the progress of all kinds of research carried out with the use of space means (including balloons).


https://council.science/

COSPAR at a glance
Scientific commissions and Panels

The Purpose of COSPAR, by its Charter from the International
Council for Science (ICSU), is to promote at an international level
scientific research in space, with emphasis on the exchange of : s commirranon,
results, information and opinions, and to provide a forum, open S Sy
to all scientists, for the discussion of problems that may affect
scientific space research

The Objectives of COSPAR are achieved mainly through the
organization of scientific assemblies and publications

The Organizational Structure of COSPAR consists of:

Service to the
International Space
Science Community

« 8 Scientific Commissions - representing each and every scientific
discipline involved in space research

« 12 Panels - designed to deal with crosscutting issues that can affect f Eduation and Outreach
Scientific

. . . . Off-Assembly year
particular segments of the international space research community, Assemblies o

Symposia

and often for which there is an urgent need for input e o i

Protection Workshops




COSPAR Panels of interest

a) Social Sciences and Humanities ( )

b) Space Weather ( )

c) Detrimental activities : ( ) (incl.debris etc)
d) Planetary Protection : (PPP)

e) Panel on Exploration (PEX)

f) Committee on Industrial relations (C!R)







The Outer Space Treaty (OST)

The United Nations Treaty on Principles Governing the Activities of States in the Exploration and Use
of Outer Space, including the Moon and other Celestial Bodies (Outer Space Treaty) entered into
force in October 1967. As of 1 January 2024, 114 countries are parties to the treaty, while another

22 have signed but not ratified yet.

Exploration and use of outer space — “province of all mankind” (Article 1)

Principle of non-appropriation (Article 1)

International law and UN Charter (Article 111)

Weapons of mass destruction/the Moon and other celestial bodies “exclusively for peaceful
purposes” (Article 1V)

Astronauts as “envoys of mankind”, phenomena constituting danger to astronauts (Article V)
International responsibility for national activities in outer space (Article Vi)

International liability for damage (Article VII)

Jurisdiction and control over objects launched into space (Article Vi)

Cooperation and mutual assistance, due regard, harmful contamination and interference (Article IX)
Opportunity for observation of flight of space objects (Article X)

Information and notification (Article XI)

Stations, installation, equipment and space vehicles on the Moon and other celestial bodies open on
the basis of reciprocity (Article XIlI)



Framework for planetary protection

The legal basis and the goal for planetary protection

TREATIES

was established in Article IX of the Outer Space Treaty Bl [ERKELES o

Article IX "“...parties to the Treaty shall pursue studies of outer space
including the Moon and other celestial bodies, and conduct exploration of
them so as to avoid their harmful contamination and also adverse
changes in the environment of the Earth resulting from the introduction of
extraterrestrial matter and, where necessary, shall adopt appropriate
measures for this purpose...”

Article VI: “States Parties to the Treaty shall bear international responsibility for national
activities in outer space, including the Moon and other celestial bodies, whether such
activities are carried on by governmental agencies or by non-governmental entities, and
for assuring that national activities are carried out in conformity with the provisions set
forth in the present Treaty. The activities of non-governmental entities in outer space,
including the Moon and other celestial bodies, shall require authorization and continuing
supervision by the appropriate State Party to the Treaty.”



Planetary protection and the global governance
of outer space activities (key examples)

» 1967 Outer Space Treaty (OST) Articles VI and IX

» 2017 report of the United Nations Committee on the Peaceful Uses of Outer Space
(COPUOS) noted the long-standing role of COSPAR in maintaining the Planetary
Protection Policy as a reference standard for spacefaring nations and in guiding
compliance with Article IX of the Outer Space Treaty (A/72/20, para. 332)

» 2019 COPUOS Guidelines for the Long-term Sustainability of Outer Space Activities
(Guideline D.1 Promote and support research into and the development of ways to
support sustainable exploration and use of outer space):

“States and international intergovernmental organizations should consider appropriate
safety measures to protect the earth and the space environment from harmful
contamination, taking advantage of existing measures, practices and guidelines that may
apply to those activities, and develop new measures as appropriate”



COSPAR planetary protection Panel & Policy

A special case among the Commissions and Panels in the COSPAR structure is the Panel of
Planetary Protection (PPP) which serves an important function for space agencies pursuing the
exploration of the planets. The primary objective of the COSPAR PPP is to develop, maintain,
and promote the COSPAR policy and associated requirements for the reference of spacefaring
nations and to guide compliance with the Outer Space Treaty ratified today by 114 nations, to
protect against the harmful effects of forward and backward contamination, i. e.

« The conduct of scientific investigations of possible extraterrestrial life forms, precursors,

and remnants must not be jeopardized.

« In addition, the Earth must be protected from the potential hazard posed by

extraterrestrial matter carried by a spacecraft returning from an interplanetary mission.

« This policy must be based upon the most current, peer-reviewed scientific knowledge, and should
enable the exploration of the solar system, not prohibit it. The Panel has several meetings and
invites all stakeholders including the private sector.

« It is not the purpose of the Panel to specify the means by which adherence to the COSPAR
Planetary Protection Policy and associated guidelines is achieved; this is reserved to the
engineering judgment of the organization responsible for the planetary mission, subject to
certification of compliance with the COSPAR planetary protection requirements by the national or
international authority responsible for compliance with the Outer Space Treaty.
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12 members appointed by space agencies 9 experts + 3 ex-officio

Canada/CSA John Moores (Engineering & planetary Scienges France Olivier Grasset (geodynamics, planetology)
Germany/DLR Petra Rettberg (microbiology astrobiology USA Alex Hayes (planetology)

China/CNSA Jing Peng (engineeriny Russia Wacheslav K. Ilyin (microbiology, medicine)
ESA Silvio Sinibaldi (Astrobiology) Spain Olga Prieto-Ballesteros (geology astrobiology

France/CNES Christian Mustin (astrobiology France Francois Raulin (chemistry, planetology)

India/ISRO Praveen Kumar K (engineering scienge Japan Yohey Suzuki (mlcroblology geomicrobiology
metagenomics

Italy/ASI Eleonora Ammannito (planetologisy Canada Lyle Whyte (Cold regions microbiology)

Japan/JAXA-ISAS Masaki Fujimoto (spaceplasmaphysic9 China Kanyan Xu (microbiology, biochemistry)
Russia/Roscosmos Natalia Khamidullina (Radiation conditions Russia Maxim Zaitsev (astrochem organic chemistry)
: o NASEM Colleen Hartman
UAS Omar Al Shehhi (engineering ex officio SB, ASEB & BPADirector
UK/UKSA Karen Olsson-Francis (astrob, microbiology) Ccéi??fﬁci%m Michael Gold (CIR Co-Chair)
UNOOSA

USA/NASA Frank Groen (Bayesian data analysis, enginee}i Michael Newman (UNOOSA)

Ex-officio




Operations of the COSPAR Panel on Planetary Protection

The Panel provides, through workshops and meetings also at COSPAR Assemblies
iInternational forunfor the exchange of information on the best practices for adhering
COSPAR planetary protection requirementarough COSPAR the Panel informs the

international community, including holding an active dialogue also witiptivate sector.

|

Since its restructuring in mid-2018, the
Panel has had an average of 2-3 full Wi T i
meetings per year and a large number of 1 ' — i
telecons between PPP Leads and parts of — 8 ——
the Panel members, as well as among
COSPAR Leads.

Several subcommittees work on different
specific topics.

Community consultation by presentations
in different meetings

BT PRI RSN, ¢

The COSPAR Panel on Planetary Protection and guésts: Dec. 20 Vienha
https://cosparhqg.cnes.fr/scientific-structure/ppp




The COSPAR PPP Open Session Agenda :

(M. Gold and N. Hedman) .’
6) Briefings from agency repréée'ntatiVes & NASEM on recent activities
7) Briefing from the SSB/CoPP and discussion (L. Fisk & A. Hendrix)
8) Reports from private and commercial sector representatives
9) Discussion on icy Worlds (P. Doran & subcommittee)
10)Planetary Protection for Ceres (J. Castillo-Rogez) :
12) Upcoming possible updatesto the COSPAR PP Policy (N. Hedman)
13) AOB Open session —items from previous day
14) followed by CLOSED SESSION






ESA Human and Robotic Exploration
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Planetary protection categories

The different planetary protection categories (I-V) reflect the level of interest and concern that
contamination can compromise future investigations or the safety of the Earth; the categories

and associated requirements depend on the target body and mission type combinations
Category I: All types of mission to a target body which is not of direct interest for understanding the

process of chemical evolution or the origin of life; Undifferentiated, metamorphosed ; others
Category II: All types of missions (gravity assist, orbiter, lander) to a target body where there is
significant interest relative to the process of chemical evolution and the origin of life, but where there
is only a remote! chance that contamination carried by a spacecraft could compromise future
investigations;

Comets; Carbonaceous Chondrite Asteroids,; Jupiter; Saturn; Uranus; Neptune;
Ganymedet; Titant; Tritont, Pluto/Charont,;, Ceres, Kuiper-Belt Objects > 1/2 the size of Plutoft,
Kuiper-Belt Objects < 1/2 the size of Pluto,; others TBD
Category III: Flyby (i.e. gravity assist) and orbiter missions to a target body of chemical evolution
and/or origin of life interest and for which scientific opinion provides a significant? chance of
contamination which could compromise future investigations; Mars,; Europa, Enceladus; others TBD
Category IV: Lander (and potentially orbiter) missions to a target body of chemical evolution and/or
origin of life interest and for which scientific opinion provides a significant? chance of contamination
which could compromise future investigations. 3 subcategories exist (IVa,b,c) depending on
instruments, science investigations, special regions etc.; Mars, Europa, Enceladus, TBD
Category V: All Earth return: 2 subcategories - unrestricted return for solar system bodies deemed
by scientific opinion to have no indigenous life forms and restricted return for all others

IImplies the absence of environments where terrestrial organisms could survive and replicate, or a very low likelihood of transfer to environments where terrestrial
organisms could survive and replicate
’Implies the presence of environments where terrestrial organisms could survive and replicate, and some likelihood of transfer to those places by a plausible mechanism






LUNAR SCIENCE
The Moon: Overarching Themes in Lunar Science &&— cSa

* Been there — Done thatl NO, we still have numerous questions!

* The Moon is a witness to 4.5 billion years of solar system history

* The Moon presents a record of planetary
geologic processes in the purest form
—Early crustal evolution
—Differentiation
—Impact craters
—\Volcanic processes

—Regolith processes and early Sun

* The Moon provides accessible unique environments
—Polar regions
—Exosphere (atmosphere)
—Stable Platform for astronomy

(NRC, 2007) The scientific context for exploration of the Moon

http://www.nap.edu/catalog/11954.html
ESA UNCLASSIFIED - For Official Use
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Property Scientific Importance

Reference planetary body | The benchmark for how planetary bodies are formed
and evolve

Common origin with Earth | Key to understanding thg origin of Earth and Moon

Ancient surface A unique witness plate to Earth’s early history and the
history of the Solar System

No atmosphere Reference point for space-surface interactions and
physics

Cold trapped wvolatiles |A record of life-enabling chemistry i the Solar
including ice System

Radio quiet Unique platform for astronomy

A source of resources Materials on the Moon can be a source of water.
propellant, metals. oxygen. which are key for SSEAS ™
sustainable exploration ——
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Lunar surface environment |Natural laboratory for testing the mpact of
hypogravity and radiation on biological models mn
preparation for future long duration exploration

Table 1 - Summary of some of the key properties of the Moon and their relevance
for the Moon as a destination for scientific research.




Community Guiding Documents

Study of lunar polar volatiles, with relevance to broader Solar System science objectives, is
advocated in multiple guiding community documents.

The United States

Lunar Exploration Road"“i" A”y‘”cl”ﬁ S”I[”L.[

; OftheMagﬂ TRANSFORMATIVE

LUNAR SCIENCE
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SGIENCE

Profound implications for understanding the history of volatile availability in the
inner Solar System (including Earth), formation of inner planets, and expectations
for the presence of water on other airless bodies in the Solar System and on
exoplanets.

Hurley et al. 2020 white paper

The Moon has:
Lunar cold traps provide an accessible, natural ot e et shaload g s NG ko
laboratory for analyzing volatiles found — g B
across the Solar System. B e

The low-temperature lunar poles are analogs for small bodies
(comets, asteroids, trojans, centaurs), icy outer satellites (e.g.,
Europa, Enceladus), Kuiper Belt objects (e.g., Pluto), and the
poles of Mercury—all targets that are also interesting due to the
presence of various volatiles.




COSPAR & LEAG Consultation (2020) .

About 120 responses received from many different countries .A 5 B

Are the volatiles in the Permanently Shadowed Regions (PSR) on the Moon
of significant interest in the study of chemical evolution?

Are you concerned that contamination carried by a spacecraft to the Moon

could compromise future investigations to study chemical evolution? 7 3 1 7
Are you concerned about the long-term degradation of organic materials? 5 2 3 8
Are you concerned about organic volatiles released by certain types of

propellants? 69 2 1

Would an organic material list describing the kinds and amounts of organic
materials on a spacecraft mitigate your concerns? 66 24

Would establishment of lunar PSR protected areas with controlled access and
avoidance of unnecessary contamination (e.g., obsolete parts of spacecraft 7 3 1 7
like used propulsion stages) mitigate your concerns?

= N WO +»r = O

Are you concerned about the either controlled or uncontrolled introduction
and release of biological materials (living and dead) into the lunar system? 6 1 29



PSR Survey Conclusions:

Planetarv Protection

 There is still interest in the lunar polar volatiles

« There is concern about contaminating the lunar polar volatiles
% Concern about spacecraft propellant seems to be dominant

 Organic inventory seems to be a necessary and sufficient mitigation
of the contamination concern

« Interesting ideas about protected zones

- The result of the COSPAR stakeholder consultation and the LEAG

consultation are in line with the current COSPAR Planetary Protection
Category & Requirements for the Moon

« There was a rationale to reduce the organic inventory documentation to
volatile products of the propulsion and life support system

« Discussion points to be assessed in the future - what to do with used
spacecraft elements/propulsion stages/end-of-life dispositions; PSRs



Description of Organic Inventory

Planetary Protection

A spacecraft organic inventory includes a listing of all organic materials
carried by a spacecraft which are present in a total mass greater than 1 kg.
A complete inventory should include organic products that may be
released into the environment of the protected solar system body by
propulsion and life support systems (if present), and include a
quantitative and qualitative description of major chemical constituents and

the integrated quantity of minor chemical constituents present.

The COSPAR policy notes that “the requirements are for simple documentation only”
and specifies an organic inventory of materials introduced by a mission. The
scientific concern is not just direct contamination of impact sites but also the

possibility of indirect contamination resulting from release of volatile compounds
that could migrate in the lunar exosphere and be cold-trapped in the PSRs.



COSPAR PPP on Lunar exploration

Planetary Protection for the
Study of Lunar Volatiles

15t CoPP report on Planetary Protection
for the Study of Lunar Volatiles was
presented to the PPP which agreed
with the findings of the CoPP and used
them as basis for updating the policy for
the Moon

This was followed by the consultation of
the community and several
presentations and discussions

The proposed changes were validated
by the Panel and the Bureau in 2021.




Lander missions to the Moon
Category lla. All missions to the surface of the Moon
whose nominal mission profile does not access areas
defined in Category Ilb shall provide the planetary
protection documentation and an organic inventory limited
to organic products that may be released into the lunar
environment by the propulsion system (relaxed

requirements),

Category llb. All missions to the surface of the Moon
whose nominal profile access Permanently Shadowed
Regions (PSRs) and the lunar poles, in particular latitudes
south of 79 S and north of 86 N shall provide the planetary
protection documentation and full organic inventory
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Category lI: All types of missions (gravity assist, orbiter, lander) to a target body

where there is significant interest relative to the process of chemical evolution and
pace RES TOde 211 14-20 (Aug 2021) the origin of life, but where there is only a remote! chance that contamination

R A0PAMOFAOI0Ie] carried by a spacecraft could compromise future investigations. The requirements
are for simple documentation only.



https://doi.org/10.1016/j.srt.2021.07.009
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Going all bodies



Venus habitability?

* Current Venus Cat. |l . | e =

Veritas (Etats-Unis)

e COSPAR PPP studies since Feb. 2021 ]

Début de mission 2030

DaVincl+ (Etats-Unis)
Type domi o module de descente
{petw® 2009

Durée nominale environ deux ans et demi |

* Finding: e
Due to the low ' e
level of water in the clouds where the temperatures
are mild enough, life as we know, would not be able
to replicate there even if there were nutrients
available (and protection from radiation, sulfuric acid
etc).

uge

EnVislon (Europe)

e Recommendation: B ot

Lancement prévu* 2031

Début de mission 2034
Duroe nom ok quatre ans

| omEms
Cartographier & laide d'un radar et de facon |
ciblée les 30 % les plus intéressants de b
surface de Véms, aved plusseurs passages
afin de détecter d'éventuelles modifications |
du terrain. Etudier les relations entre les pro- |
cessus géologiques souterrains et de surface
PR i R 2

b o

They are of i

- Imageur proche infrarouge

course extremely interesting for planetary science, e
including atmospheric chemistry, P cycle, etc. ‘

Zorzano Meier et al., 2023. LSSR 37, 18-24



The COSPAR planetary protection requirements
for space missions to Venus

Life Sciences in Space Research 37 (2023) 18-24

Contents lists available at ScienceDirect

The COSPAR Panel on Planetary
Protection evaluated scientific data
that underpins the planetary
protection requirements for Venus

Life Sciences in Space Research

R

e A
EILSEVIE journal homepage: www.elsevier.com/locate/lssr

and the implications of this on the ®
current policy. The Panel has done  The COSPAR planetary protection requirements for space missions to Venus | %=
a th OrOUg h reVl ew Of the Current Maria Paz Zorzano ™ , Karen Olsson-Francis b, Peter T. Doran ‘, Petra Rettberg d,

A 'L € « f : s g +h i
kn OWIedge Of the p I anet 0s Athena Coustenis °, Vyacheslav Ilyin ", Francois Raulin ®, Omar Al Shehhi", Frank Groen', i

Olivier Grasset’, Akiko Nakamura , Olga Prieto Ballesteros “, Silvio Sinibaldi L Yohey Suzuki ",

conditions prevailing in the clouds. Praveen Kumar ", Gerhard Kminek “, Niklas Hedman ”, Masaki Fujimoto “, Maxim Zaitsev ',

Alex Hayes®, Jing Peng ", Eleonora Ammannito ", Christian Mustin ", Kanyan Xu "

Based on the existing literature, we conclude that the environmental conditions within the Venusian clouds are
orders of magnitude drier and more acidic than the tolerated survival limits of any known terrestrial extremophile
organism. Because of this future orbital, landed or entry probe missionsto Venus do not require extra planetary
protection measures. This recommendation may be revised in the future if new observations or reanalysis of past
data show any significantincrement, of orders of magnitude, in the water content and the pH of the cloud layer

s Z o rzano Meier et al., 2023. LSSR 37, 18-24




]
Missions to small bodies

The-small bodies of the solar system not elsewhere discussed  ®owss= Planetary protection: an
in this policy represent a very large class of objects P international concern and

responsibility
The current COSPAR Policy for small bodies states that “imposing

forward contamination controls on these missionsis not warranted

except on a case-by-case basis, so most such missions should reflect
Categories | or II”.

Released in 2022 and presented to the COSPAR Panel in 2022: the:
3'd CoPP report on Planetary Protection for missionsto small bodies
(https://nap.nationalacademies.org/download/26714).

The CoPP report found that it is highly unlikely that small Solar System bodies harbor extinct or extant life or that terrestrial life
could proliferate there. The Committee concluded that given the importance of some relatively primitive, volatile-rich, and
organic-bearing small bodies to studies of prebiotic chemistry and the sparsity of current knowledge about them, there is no
reason at this time to reduce the current categorizations (from Category Il to Category |) for missions to small bodies. They did

point out that larger objects like Ceres may be an exception. Knowledge about these larger objects is scant, and they should be
assessed further before being visited, but for now, Category Il is acceptable until further assessment.

PPP took the CoPP report into account at a meeting in 2022 and noted that the findings were compatible with the
current policy. After thorough considerations and discussion by the Panel experts, it was decided that there was
no need currently to change anything in the Policy as concerns small bodies.

———— CO LS tenis et al., 2023. Front. Astron. Space Sci. 10:117254e6.

- -/




Missions to small bodies

From the NRC report 6 questiongdentified six parameters (liquid water, energy sources, organic compounds,
temperature, radiation intensity, and natural influx to Earth) as relevant to its assessment and formulated the foll
guestions to help determine how returned samples should be handled.
1. Does the preponderance of scientific evidence indicate that there was never liquid water in or on the targ
2. Does the preponderance of scientific evidence indicate that metabolically useful energy souncegenere
present?
3. Does the preponderance of scientific evidence indicate that there was never sufficient organjorm@ad2ior
carbonates and an appropriate source of reducing equivalents)on the target body to support life?
4. Does the preponderance of scientific evidence indicate that subsequent to the disappearanceattligthe
target body has been subjected to extreme temperatures (i.e;G260
5. Does the preponderance of scientific evidence indicate that there is or was sufficient radiation for biologi
sterilization of terrestrial life forms?
6. Does the preponderance of scientific evidence indicate that there has been a natural influx to Earth, e.g.,
meteorites, of material equivalent to a sample returned from the target body?
UAIDHYGAGWUT ¢ qRYUXIO[ YI IO ¢ 0 G 13t 1Ol Cdllis®,| Cliypkl agbindidy, unéiiferéntidted |
metamorphosed asteroids, differentiated asteroids, comets other than dynamically new ones, anithiterplanetary
dust particles sampled near these bodies, a conservative, casby-case approach should be used to
ctt Wt IOqé6PWOHYUgqec RUGWUqoe UT 06 ¢ UT G RUNDKDI Dhue RI 3G WUqt CO

The current COSPAR policy is to use the 6 questions for establishing Cat V restricted or unrestrictedcfumets

other than dynamically new ones
NRC report: Evaluating the Biological Potential in Samples Returned from Planetary Satellites and Small Solar System Bodies:

Framework for Decision Making (1998)



After Venus, Mars Robotic exploration and small bodies...
Martian Robotic and human Exploration (Olsson-Francis et
al.,, 2023; Spry etal., 2024)

MSR & ExoMars + other missions to Mars : PPP gets

regular reports and will be a major item in future meetings.

Icy Worlds Planetary Protection considerations

RAS Nominal

Fin de mission
sur
endommagement
des pales
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ExoMars Rosalind Franklin Rover
Launch 2028
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Lunar Retrieval | Mission (NASA),
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Svsum (CCRS) (GSFC)

Sample R ng Project
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The COSPAR planetary protection Policy for
robotic missions to Mars

 |n 2021, the Panel evaluated recent scientific data and

Contents lists available at Scie

literature regarding the planetary protection requirements _'4',"2';-';;-"“' , : ,

for Mars and the implications of this on the guidelines. e R L2 Stiencss i Sbace Reacarch

The group focused on three key areas: ELSEVIER RSO ——
1) Biocidal effects of the martian environment, 2) water -
stability, and 3) transport of spacecraft bioburden. The COSPAR Planetary Protection Policy for robotic missions to Mars: A =
e These areas were discussed in the context of survival of review of current scientific knowledge and future perspectives

dormant cells (where cells are either dormant orin a Karen Olsson-Francis ** , Peter T. Doran ", Vyacheslav Ilyin‘, Francois Raulin *, Petra Rettberg *,

. . . . Gerhard Kminek ', Maria-Paz Zorzano Mier”, Athena Coustenis ', Niklas Hedman ',
State Of ma|ntenance) VS pl‘0|lfel‘a'[I0n (CE"S are aCt|Ver Omar Al Shehhi’, Eleonora Ammannito *, James Bernardini , Masaki Fujimoto ",
Olivier Grasset ", Frank Groen', Alex Hayes ", Sarah Gallagher ", Praveen Kumar K,

deflnlng) (Natlonal Academles Of SCIenceS’ Englneerlng’ Christian Mustin', Akiko Nakamura’, Elaine Seasly ', Yohey Suzuki”, Jing Peng ',
and MediCine. 2015: Rummel et al. 2014) Olga Prieto-Ballesteros %, Silvio Sinibaldi’, Kanyan Xu ", Maxim Zaitsev

The COSPAR Panel on Planetary Protection will continue to work with the different national and international space agencies,
the scientific community, and other stakeholders (e.g., the private sector and industry) to develop a roadmap for coordinating
research activities addressing the identified knowledge gaps. This will include further characterisation of the biocidal effects at
the surface of Mars, which needs to be addressed before in-situ reduction can be considered as an approach for bioburden
control for robotic missions. Although the science underpinning the Policy is advancing, as highlighted in more recent reports
(e.g. National Academies of Sciences, Engineering, and Medicine 2021, Spry et al. 2021) and in this paper, there are still
several knowledge gaps that need to be addressed before they can be directly applied to accommodate the interest of the
user. In brief, these knowledge gaps fall within three main themes, all of which will benefit from more measurements by space
missions and ground-based observations: Biocidal effects, contamination transport model and Mars environmental conditions

K Olsson-Francis et al., 2023. LSSR 36, 27-35




Recent Martian & Moons exploration: sample return

2020

v Lander, Rover

*

Perseverance

Launch
2027, 2028

Tianwen-1 T redit: CNSA/CAS 2031 or 2033
2028 or 2030 Tianwen-g




Martian Moons eXploration

As a result of the launch year change to FY2026, the development

Three Major Items of MMX Mission Value

schedule was mainly revised. The system assembly and I/F Check
begins in February, followed by the integration test in September.

MMX is a unique Martian sphere exploration mission lead by Japan.
It sets in its view of Martian moons, Martian life, and future crewed
exploration in one mission.

. - . MMX Rover Science Meeting, Feb. 29, 2024 ¥ Launch Mass: About 4,200 k
Mission Profile X

Mission Duration: About 5 Years
Launcher: H3 Launch Vehicle

The mission is targeting the launch in 2026. A five-year trip is planned
to retrieve samples back to Earth within three years of staying around
Mars. The mission is full of critical and attractive events.

Target Launch Year: JFY2026

N . -
ﬁ B 8. Earth Return
7 £ "_ § : L ! dand MOE is a critical event in the latter half
B I Separaied an of the mission.

retrieved in Australia.

6. Deimos Observation Overview and Recent Status (o]

MMX

Martian Moons eXploration

MMNX is launched from Y A - g Another moon Deimos is observed with
Tanegashima with H3 G : flyby in the last phase around Mars.

launch vehicle.
) ‘ a
A

The climax of the mission is Phobos
2. Mars Arrival soft landing and sampling. Two

MOlI is a critical event in the Sadee anempts areplaoned:
‘o £ g :
former half of the mission. The world's first sample return mission from the Martian moon, Phobos

’ Launch : Oct. 2026 = The mission objectives are to investigate the origin of the Martian moons, the planetary
3 § formation process and place new constraints on the transport of materials through the Solar
System. The mission also aims to acquire new knowledge about the Martian sphere's
evolutionary history and develop technology that will benefit future space exploration.

Mars Arr. ©  Aug. 2027 \ o

. It is the world first observation of 4. Rover Deplo ymu:t
Mars Dep. @ Nov. 2030 another planet's moon from its orbit.

Rover lands on Phobos and contributes
Earth Arr. - Jul. 2031 to lander’s safety and surface science.



MMX-JAXA categorlsatlon

- In 2019 ESA and JAXA studied sample return missions from
Phobos and Deimos

- To support a categorization, ESA initiated an activity with a
science consortium to evaluate the level of assurance that no
unsterilized martian material naturally transferred to Phobos
(or Deimos) is accessible to a Phobos (or Deimos) sample
return mission. NASA supported the activity from the very
beginning providing test materials and expert advice,
followed by JAXA with their own experimental and modelling
work supporting the overall assessment

- The ESA-JAXA-NASA coordinated activities finished with an
independent review by the NAS and the European Science

Foundation presented to the ESA Planetary Working Group
(PPWG) and to COSPAR

- COSPAR was involved throughout the multi-year-long process and at the end assigned a
planetary protection category specifically for the MMX mission (outbound Cat Il and
inbound Cat V: unrestricted Earth return)

COSPAR PPP Briefing at the SSB CoPP meeting
23 September 2020



issions to Mars

d

d

The intent of the planetary protection policy is the same whether a
mission to Mars is conducted robotically or with human explorers

Planetary protection goals should not be relaxed to accommodate a
human mission to Mars, i.e. they become even more directly
relevant to such missions—even if specific implementation
requirements must differ. Human exploration of Mars will require
additional planetary protection considerations to those for robotic
missions.

Safeguarding the Earth from potential back contamination is the
highest planetary protection priority in Mars exploration

The greater capability of human explorers can contribute to the
astrobiological exploration of Mars only if human-associated
contamination is controlled and understood

Establish engineering requirements through a series of NASA and
COSPAR co-sponsored workshops on Planetary Protection for Human

Missions to Mars to address knowledge gaps for planetary protection in

the context of future human missions to Mars.

Planetarz Protection requirements

Pr|nC|pIes for Human




Mars Human exploration

ese interdisciplinary meetings considered the next steps in addressing knowledge gaps for p
protection in the context of future human missions to Mars. Reports from these workshops are |
under Conference Documentahdiips://sma.nasa.gov/sraasciplines/planetarprotection/

A report was I ssued after the June 2022 CO
for Crewed Mipnystal MIOZHand repnesehted(the completion of the COSPAR seri
This report aims to identify, refine, and prioritize the knowledge gaps that are needed to be add
for planetary protection for crewed missions to Mars, and describes where and how needed dat
obtained.

The knowl edge gaps addressed I n t HiMscrobradaed |
human health monitoring; 2. Technology and operations for biological contamination control, an
Natural transport of Dbi Kiioegetat,20l7)cont ami nat

This approach was consistent with current scientific understanding and COSPAR policy, that the
presence of a biological hazard in Martian material cannot be ruled out, and appropriate mitigat
eIt RtoN o [SNT oW o TR e R (T (e Il ERW Mo eIl gle S pry et al. (2024, Astrobiology, in preiiiig
COSPAR support. This paper will highlight the scientific measurements and data needed for
knowledge gap closure, updating and completing in more detail the material previously presents
Spry et al. (2021lanetary Science Decadal Survey white paper
(https://doi.org/10.3847/25c2cfeb.4a582a02).



https://sma.nasa.gov/sma-disciplines/planetary-protection/




The ESA WS Planetary Protection Requirements
for future exploration missions Workshop

Planetary Protection requirements for future exploration m|SS|ons:
Assessing metagenomic methods for their inclusion in ESA standards

esa

Organised by S. Sinbaldi, presentation by P. Rettberg

3rd - &4th October 2023
ESA/JESTEC, Noordwijk,
The Netherlands

XIX International School of Astrobiology «Josep Comas i Sola».
Searching for Life on Ocean Worlds with a lecture titled:
Planetary Protection considerations for ocean worlds.

Talk by O. Prieto-Ballesteros

World Trade Institute (UniBE) Workshop on "The Economics and
Law of Space-Based Commerce”.
17-19 Jan. 2024 at ISSI, Bern

Talk by A. Coustenis, N. Hedman and J-C Worms

COSPAR PPP activities 2023-2024 — communications/Workshops

ESA PP course ‘Introduction to Planetary
Protection’ (Fraunhofer Institute, Stuttgart)

© e Loa v Agemey

Registration
Introduction to Planetary Protection

Chimeny dute & Octodew 1)

Organised by S. Sinbaldi,
presentations by N. Hedman & P. Rettberg



UN-UNLUX SRW 2024
Working Group on Legal Aspects of

Space Resource Activities

Planetary Protection presentations
by P. Rettberg & N. Hedman

COSPAR PPP activities 2023-2024

VAAM (Association for General and Applied Microbiology)
workshop ‘Big Bang... M|crobes| & GeoBerIm 2023 conference

: BlgBang Microbes!
7 Workshop on Cultlvation of the
Y. Uncultivationables!

BIG-BANG=
MICR®BE

Plenary discussion on “plenary discussion about
PP ‘Should we colonize Mars? by P. Rettberq

The ESA metagenomic Workshop

Planetary Protection requirements for future exploratlo
Assessing metagenomic methods for their inclusion in ESA standardsw"' g

Lesa

Talk by K. Olsson-Francis

3rd - 4th October 2023
ESA/ESTEC, Noordwijk,
The Netherlands




EANA 2023 Conference EANA 2023 a1

R S g 1) F

Talks on Planetary Protection
by P. Rettberg & K. Olsson-Francis

Welcome to EANA 2023

POSTER PRESENTATIONS: Please being

ORAL PRESENTATIONS: ¥ n L

The International Mars Exploration Working
Group (IMEWG)

invited talk about ‘Planetary
protection’ by K. Olsson-Francis

COSPAR PPP activities 2023-2024

NASEM CoPP Meeting,
20 Oct. 2023

Presentation of PPP by N. Hedman,
A. Coustenis & P. Doran

OPAG Meeting,
29 Nov. 2023

Presentation of PP Icy Worlds Policy
new suggestions by A. Hayes

LPSC 2024
11-15 Mar. 2024

Presentation of PP Icy Worlds Study
by P. Doran
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Thinking to the future

More Mars...

After the updated Policy published in
Aug. 2021, the Panel is considering new
needs for guidance in space exploration.

Implementation of Icy Worlds findings in Policy

PP policy editorial review and restructuring

Eesa
%+ VOYAGE 2050

i
J IO
. 4 ")'#asm

Some themes have been showcased in the
NASEM OWL 2022 and ESA’s Voyage 2050.

Shown to scale
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Planetary Protection of the
Outer Solar System (PPOSS)

» Project led by the European Science Foundation, funded by
the EC with DLR/Germany, INAF/Italy, Eurospace, Space
Technology/Ireland, Imperial College London (UK), China
Academy of Space Technology and NAS-SSB

> Recommended a revision of the planetary protection

requirements for missions to Europa and Enceladus, Europa Enceladus
based partly on the NAS-SSB 2012 Icy Bodies Report and on
an ESA PPWG recommendation * Category lll and IV: Requirements for Europa and

_ _ Enceladus flybys, orbiters and landers, including
» COSPAR was involved throughout the multi-year-long s e e, Sellie el ke e

process and at the end updated the requirements for reduce the probability of inadvertent
missions to Europa and Enceladus contamination of a Europan or Enceladan ocean to

-4 ..
Published in less than 1 x 10 per mission

DLl LV ACIPAIRAYE . The probability of inadvertent contamination of

Europan or Enceladan ocean of 1x10* applies to all
mission phases including the duration that
spacecraft introduced terrestrial organisms remain
viable and could reach a subsurface liquid water
environnement




Planetary Protection of the
Outer Solar System (PPOSS)

THE INTERNATIONAL
PLANETARY PROTECTION
HANDBOOK

by

Gerhard Kminek (ESA, Noordwijk, The Netherlands), Jean-Louis Fellous (COSPAR, France),
Petra Rettberg (DLR, Germany), Christine Moissl-Eichinger (Medical Univ. Graz, Austria), Mark

A. Sephton and Samuel H. Royle (Imperial College London, UK), J Andy Spry (SETI Institute, CA,

USA), Hajime Yano (ISAS/JAXA, Japan), Toshihiro Chujo (formerly JAXA, now Tokyo Institute
of Technology, Japan), Diana B. Margheritis (Thales Alenia Space, Italy), John R. Brucato (INAF,
Italy), and Alissa J. Haddaji (formerly COSPAR, now Harvard University, MA, USA)

“Planetary protection: New aspects of
policy and requirements”, 2019.

Life Sci. Space Res. 23

& The Internl PP Handbook: Dec. 2018

Policy should include a generic definition of the
environmental conditions potentially allowing Earth
organisms to replicate

implementation guidelines should be more specific
on relevant organisms

implementation guidelines should be updated to
reflect the period of biological exploration of
Europa and Enceladus

implementation guidelines should acknowledge the
potential existence of Enhanced Downward
Transport Zones at the surface of Europa and
Enceladus.



After the PPOSS study, a Panel subcommittee st

Mid-Size Biranian
Europa Banymedef Callisto [Enceladusf Titan [Saturnian

considered thefuture exploration of Icy oons. "o
Surface Liquid
Worlds and Ceres “ A

Triton

Subsurface Liquid g v ¢ ¢ ?

WATER

The Panel has been working on a thorough
review of the current knowledge for Icy

Moons+Ocean Worlds ( : outer Solar
System moons and dwarf planets like Pluto, but
excluding more primitive bodies such as comets,
centaurs, and asteroids: all bodies with an outermo:t
layer that is believed to be greater than 50 % water
by volume and have enough mass to assume a nes

round shapgand is making proposals for a
better coverage in the Policy

(Doran et al., 2024, LSSR, in press) and see

Ground Ice v v’
?

Water Vapor

CHNOPS' : : , : v 7 v

4 FITITIFIITTZITT T
Complex Organics 4 | ' ; ;

\/ \/

Solar Heating

Interior Heating? - 2 - ; o
" PN P 7 o o o o PP o g
Redox P // //

ENERGY CHEMISTRY

Atmosphere’

BODY

Magnetic Field®

Present Habilability/' Y

Past Habitability

/ Yes/ #y Unknown/ 7 Nol Insufficient
Present “ Uncertain /% Absent Information

'The life-supporting elements carbon, hydrogen, nitrogen, oxygen, phosphorus, or sulfur (not all need be present)

“Interior heating is that energy derived from accretion, differentiation, radiogenic decay, and/or tidal dissipation

*The prospect for any element or molecule to be reduced or oxidized as a source of chemical energy for life

‘Subsantial atmospheres only; exospheres (formed by, e.g., impact sputtering) are not included
Icy Wor/ds Pan el On 2 1 March at SS W/COP ) *Intrinsically generated magnaetic fields only

Modified from NASEM Decadal OWL, Courtesyof P. Byrne
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COSPAR PP Policy editorial review and restructuring process

Objective to enhance the understanding and clarity of the Policy and
associated guidelines for consistency and transparency, including by
introducing a more objectives-driven and case-assured (vs.
prescriptive) approach to the formulation and implementation of
planetary protection controls.

* Clarifying the status of the Policy as a non-legally binding
international standard; quoting both OST Article VI and IX.

 New chapters clarifying the role and function of COSPAR PPP;
presenting key assumptions that form the basis for the technical
guidelines; listing categorization considerations to capture the
rationale and intent behind the categorization process.




COSPAR PP Policy editorial review and restructuring process

* Restructuring the Policy and associated guidelines with explanatory
text. including graphics/tables on a) Planetary protection process
overview (categorization and corresponding guidelines); b) Planetary
protection categories in relation to target bodies; c) Guideline
specification; d) Example of expected elements for mission
documentation.

Review undertaken by a PPP Subcommittee (Leadership, NASA, ESA and
independent scientist members). Submitted in March 2024 to the COSPAR
Bureau for validation and the Bureau approved on 20 March.

No changes to the requirements or guidelines in this new Policy.
Any changes will only intervene after the careful process described before

in other cases




» COSPAR maintains a non-legally binding planetary protection
policy and associated requirements to gquide compliance with
the UN Outer Space Treaty. The COSPAR Policy is the only
international framework for planetary protection

» COPUOQOS in its 2017 report noted the long-standing role of
COSPAR in maintaining the Planetary Protection Policy as a
reference standard for spacefaring nations and in guiding
compliance with the Outer Space Treaty

The Policy will continue to be
updated but not in a rushed
process. We give thorough
consideration to all arguments
and scientific inputs and make
an informed decision

Planetary protection:
For sustainable space exploration and to safeguard our biosphere

In the meantime, there is need for
community input on science
findings and research reserves
regarding recent reports:
Studies/Survey/Workshop/Focused
conferences?



Future meetings and activities

22-24 April 2024 in London, The Royal Society

- Monday 22 April: ] :
Welcome (UKSA); PPP Activities ; Probabilistic Risk Assessment; Icy Y age
Worlds and astrobiology ; Limits of Life ; space missionsto icy moons

- Tuesday 23 April: Mars Session: Habitability, agency reports on
Mars Exploration ; Sample return facilities ; Robotic and human
exploration of Mars ; Panel on PP in the commercial and private sector

- Wednesday 24 April : PPP Open session meeting : Activities and
reports; briefing from space agencies; MSR ; Double Walled insulator ;
Bayesian Statistics for PP ; Industry and commercial sector reports ;
COSPAR 2024 Assembly and futur meetings

- Thursday 25 April : COSPAR PPP Closed session for members only
and invited guests




Future meetings and activities

13-21 July 2024, Busan, South Korea

https://www.cospar-assembly.org/assembly.php

Policy (Conveners: A. Coustenis & N. Hedman)

Planetary Protection Mission Implementation
and Status (Conveners: S. Sinibaldi & F. Groen)

Planetary Protection Research and Development
(Conveners: P. Doran & K. Olsson-Francis)

We are looking very much forward to continue
this constructive collaboration with CoPP and

. : !
to see you in London and in Busan ! Thank you |
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PPP Recent publications (extract)

https://cosparhq.cnes.fr/scientific-structure/panels/panel-on-planetary-protection-ppp

The COSPAR Panel on Planetary Protection, 2020. « COSPAR Policy on Planetary Protection ». Space

Res. Today 208, Aug. 2020

The COSPAR Panel on Planetary Protection, 2020. « Planetary Protection Policy: For sustainable space
exploration and to safeguard our biosphere ». Research Outreach 118, 126-129,

Coustenis, A., Hedman, N., Kminek, G., The COSPAR Panel on Planetary Protection, 2021. “To boldly go where
no germs will follow: the role of the COSPAR Panel on Planetary Protection”. OpenAccessGovernment, July 2021
Fisk, L., Worms, J-C., Coustenis, A., Hedman, N., Kminek, G., the COSPAR PPP, 2021.Updated COSPAR Policy on
Planetary Protection. Space Res. Today 211, August 2021. doi.org/10.1016/j.srt.2021.07.009

Coustenis, A., The COSPAR Panel on Planetary Protection, 2021. « Fly me to the moon: Securing potential lunar
water sites for research ». OpenAccessGovernment, Sept. 2021

Olsson-Francis, K., Doran, P., et al., 2023. The COSPAR Planetary Protection Policy for missions to Mars: ways
forward based on current science and knowledge gaps. LSSR, 36, p. 27-35.

Zorzano M-P., et al., 2023. The COSPAR Planetary Protection Requirements for Space Missions to Venus. LSSR,
37, 18-24.

Coustenis, A., et al., 2023. Planetary protection: Updates and challenges for a sustainable space exploration.
Acta Astron., 210, 446-452. https://doi.org/10.1016/j.actaastro.2023.02.035

Coustenis, A., et al., 2023. Planetary Protection: an international concern and responsibility. Frontiers in
Astronomy and Space Sciences, Front. Astron. Space Sci. 10:1172546.

Spry, A., et al., 2024. Planetary Protection Knowledge Gap Closure Enabling Crewed Missions to Mars.
Astrobiology, in press.

Doran, P., et al. 2024. The COSPAR Planetary Protection Policy for missions to Icy Worlds: A review of current
scientific knowledge and future directions. LSSR, in press.
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