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ADDRESSING
ENVIRONMENTAL
CHALLENGES IN
OUTERSPACE

Space weather: monitoring the
Sun, solar wind, and Earth's
magnetosphere, ionosphere, and
thermosphere, which may affect
space and ground infrastructure or
endanger human life or health

Near-Earth objects: detect natural
objects, such as asteroids and
comets, that may impact the Earth

Space surveillance: tracking
artificial satellites and active and
inactive space debris

SPACE, BUSINESS
& LAW

* 8§.5.&C., Space Situation &
Control

* SSA, Space Situational
Awareness

 STM, Space Traffic
Management




SPACE TRAFFIC
MANAGEMENT

« Set of technical and regulatory
provisions for promoting safe access
into QuterSpace, operations in

OuterSpace and return from
OuterSpace to Earth» to Earth free of
physical or radio-frequency
interference »

(AIAA - American Institute of
Aeronautics and Astronautics, Space
Traffic Management — Towards a
Roadmap for Implementation, 2018)
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“Satellite developers and owners should be thinking beyond end-of-life disposal.
Satellites should be designed to ensure they do not fall apart when they get old or
things happen aboard the satellites (...) Overall, the entire lifecycle the satellite has

to be built with an emphasis on sustainability.”
Lt. Gen. John Shaw,, Aug. 9, 2021, U.S. Space Command deputy commander, keynote at
the 35th Small Satellite conference
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FROM STM TO SSR < Lo
(Space Sustainability Rating)

Is a composite indicator that is a function i o . .
R ission Mission Baseline On-orbit
of the Space Traffic Footprint measured pre-assessment  registration rating rating

through a mission index and compared to .¢.¢.¢.¢.¢.¢.¢.

the so-called « Environment Capacity » S

review monitaring

Provides an innovative way to address
the orbital challenge by incentivising
industry and fostering voluntary actions
to design missions compatible with
sustainable and responsible operations

Feasibility Design
stage

Disposal
phase

I
N
1
1

extra commitment
beyond current
practices

First conceptualised by World Economic

Forum Global Future Council on Sp ace Mino Rathnasabapathy et alii. Space Sustainability Rating
: Designing a Composite Indicator to Incentivise Satellite Operators

Te echnologies to Pursue Long-term Sustainability of the Space Environment
71st International Astronautical Congress (IAC)
Designed by an international The CyberSpace Edition, 12-14 October 2020.

transdisciplinary consortia

Introduced at the IAC 2019, 2020
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GOING FURTHER Space Attractivity

Space industry is growing exponentially, fed by the fact that,
MORE ... * access to space is becoming cheaper,

* technology is being miniaturized,

* new business cases are now enabled (SaaS, Space as a Service)

Financial Context: Financial techniques

SPAC (Special Purpose Acquisition Company)
« 700 SPACs, $227 billions (Redwire, Adcole Space, Deep Space

Abundance of liquidity in search Systems, Deployable Space Systems ...)
of Rol

Investors profile
' 1 1 H L] [ ] L[] L]
Don't miss the next industrial Space investors become more and more « institutional »

Fundamentalists They believe that mega-constellations of smal sats will generate

Belllg ethlcal alld anCStlng 1m new business models and a great deal of wealth

sustainable development Tacticians They reckon space activities value will rise as more people invest

in it
Speculators They want to gamble

Adapted from Mohamed El-Erian (Allianz)’s taxonomy
of bitcoins investors (The Economist, 7 Aug.2021)




SUSTAINABLE
CORPORATE FINANCE

AND SPACE
ACTIVITIES

We (SIRIUS) are currently
working on a new concept : Space
Sustainability Taxonomy

This concept is decaled from the
European Union's ongoing
program named EU Green Deal
whose Sustainable Finance is one

of the master-pieces

SPACE, BUSINESS
& LAW

Step 1: Determination of specific
environmental and sustainability

objectives

Step 2. Establishing a list of commercial
space activities

Step 3. Elaboration of performance and
screening metrics

Step 4. Determination of thresholds




‘50 EU Carbon Neutral

Paris Agreement (2015)
US Withdrawal (2017)
EU SCF Package (2018)

EU Call for a climate-neutral Europe
by 2050 (2018)

Europe’s new Green Deal (2019)
COVID-19 Crisis
Disclosure Regulation

INCREASING CLIMATE
AMBITION

Revision of 2030 climate targets, enshring
2050 targets into law — “‘Climate Law’ ;
extension of ETS, Carbon border tax ; New
EU strategy on adaptation to climate change

A ‘GREEN
DEAIL’
FOR
EUROPE

Socro-EcoNoMIC IMPACT
OF TRANSITION

Just Transition Fund ; Impact Assessment
Green Transition ; Mainstreaming Just
Transition in Multiannual financial
framework ; Climate Pact
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CIRCULAR ECONOMY,
FooD, BIODIVERSITY
PROTECTION

New circular economy action plan ; Clean Air
and Clear Water action plan ; Strategy on
sustainabl
strategy ; 2030 biodiversity strategy

LOW-EMISSION MOBILITY
Strategy for Sustainable and Smart Mobility ;
CO2 standards cars/vans /trucks ; Vehicle
charging infrastructure ; Expansion ETS fo
maritime/aviation ; Energy Taxation reform

CLEAN ENERGY
Revision of the Clean Energy package ;
Energy taxation reform ; Energy
Infractructure framework review ; smart
integration of Renewables ; European Gas
framework ; Guidance on adressing energy

overty




DISCLOSURE
REGULATION

Regulation (EU) 2019/2088
of the European Parliament
and of the Council of 27
November 2019 on
sustainability-related
disclosures in the financial

services sector (Text with
EEA relevance)

Publication 9
December
2019

Joint
consultation

paper

Application
of general
rules (10

March 2021)

SPACE, BUSINESS
& LAW

Light
reporting -
compliance -
(2021)
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HOW DOES IT WORK? g A

Substantially Renewable energy *  Strengthening land carbon Reducing the risk of the adverse  + Reducing the risk of the

. Energy efficiency sinks (incl. regarding forests, impact of the current climate adverse impact of the

COlltI'Ibllte Clean or climate-neutral mobility croplands, grasslands and and the expected future climate current climate and the

To one of the si: Switching to sustainably sourced wetlands) ) on that economic activity or expected future climate or
. renewable materials Energy infrastructure required substantially reducing that people, nature or assets,

obj d@ﬁ}l(‘d in Clean fuels from renewable or for enabling the: adverse impact, without without increasing the risk|

Defining a common language for what can be e o ebcemaonof cacry e e o

Carbon capture and utilisation SyStems; impact on people, nature or other people, nature or

Regulation (CCU) and carbon capture and assets assets, )

considered an environmentally sustainable \

. [
activity o=
Q Technical Screaning Criteria (TSC) e
Activity is considered transitional or enabling activity
1. ity prierites within the peteniial unirarse of = =
TSC to be published as Dekegated acts [Das) oose e oor oo W
Stieamian Emestet MA hinind et

Delegate fegislation (DAS) process: Activity can be transitional if

. Platform on sustainable finance (Incl. private. ety sachons b . d 3 n
sector stakeholders) advises (to be revised every 3 years):

Taxonomy
Activity can be enabling if:

R Mentiicatize and categorieation of mitigaten
. Eurepean Commission consults and informs apertusitin. Lung At e & defrhion nduitry

L]
S Cre enlng Member States e e o i sgnomue, D600 P + There is no technologically or economicalty feasible * It does not lead to a lock-in in assets

charts.

. Eurepean Commission drafts { low-carbon alternative that undermine long term environmental goals,

issi considering economic lifetime of those assets
. Application by 31 Dec 2021 for dimate change tivities +  GHG enussion 13"?15 corresponds to . Ithas a substantial positive impact
mitigation and adaptation objectives, 31 Dec A P — the best performance in the sector or industry P mpa

L L] - - - -
2022 for other objectives : . ‘ b + Tt does not hamper low-carbon altematives on the basis of life cycle consideration
Indicators/Metrics : : I o ot e ol

o eeeleck and diskogue with addit oral experts. .

. Codegislatars (EPand M) scrutinise oy seanomic

Do no Adverse Scope Metric (expressed Explanation
sustainability in market value)

Substantially significant

contribute harm C omply with indicator
= o Carbon emissions, carbon
+ +  minimum neeione footpring, solid fossil fiel
To any other five safegua.rds sector exposiire
environmental Energy performance Toral energy consumplion
Sfrom non renewable
sources

To at least one of the
six environmental

objectives .
4 objectives

Biodiversity Biosystem and ecosystem
preservalion practices

Social and employees Implementation of Average pay gap of
Climate ch: Circul . matters Sunamental ILO investee companies,
Imate change Ircular economy Protection of healthy Conventions, Gender pay Average ratio of
adaptation and waste prevention ecosystems gap, excessive CEO pay female to male
ratio, Board gender board members in
Climate change Sustainable water Pollution prevention diversity investee companies
mitigation and marine ressources protection and control LS e R
preventing trafficking in
human beings




SECTOR MAPPING

Defining a common language for what can be
considered an environmentally sustainable

space activity

* Sector Mapping
* Objectives

* Metrics
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Transportation

Data sharing

Manufacturing and construction

Energy generation and supply

Launch services (e.g. transporting satellites to orbit)
Space tourism
Recovery of spacecraft ...

Satellite-based internet

Blockchain in space

Satellite-based Internet of Things services

Data processing, hosting and related activities ...

Earth observation and remote sensing data accrual and
dissemination

Navigation services

Space Surveillance and Tracking (SST) data related
services ...

Construction of space stations and outposts
On-orbit assembly, manufacturing and servicing
3D printing in space ...

Energy generation activities (through the use of He,
/regolith, solar energy etc. )

Manufacture of Hydrogen

Production of Electricity from Solar PV

Transmission and Distribution of Electricity

Storage of Energy ...




SUSTAINABILITY
OBJECTIVES

Defining a common language for what can be
considered an environmentally sustainable

space activity

* Sector Mapping
* Objectives

* Metrics

Sustainability
Objectives
For Space Activities

Sustainable space traffic

Planetary protection

Circular space economy

SIRIUS
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Indicators

Space debris generation avoidance measures
Debris removal or deorbiting

Backward contamination prevention measures
Biological load / surface bioburden level (e.g.
quantity of organisms present on a spacecraft)

Efficient use of outer space resources

Degree of reusability of systems

Degree of resilience of systems

Recycling of materials

Percentage of electricity stemming from
renewable energy sources (e.g. solar power)




INDICATIVE METRICS

Defining a common language for what can be

considered an environmentally sustainable

space activity

* Sector Mapping
* Objectives

 Metrics
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Adverse Sustainability Indicators

Sustainable Investment

Objective

Space Traffic

Space Weather

Operational safety of mining
operations

Space Resources

In-situ resource utilization

Exobiological contamination

Planetary Protection

Indicative metrics
to measure each indicator

Space weather data sharing
Design that ensures resilience / adaptability of systems to
space weather events

Adherence to the Hague Space Resources Governance
Working Group’s “Building Blocks for the Development of
an International Legal framework on Space Resources
Activities’

Establishment of safety zones around operations

Space resources mining operations being undertaken
sustainably (e.g. measures to prevent lunar dust from
impacting other operations or entering into lunar orbit)

Contributes to decrease of dependence on terrestrial supply
chains (thus reducing the need to transport material from the
Earth), e.g. creation of feedstock for 3D printing purposes
Waste minimization processes

Life support

Adherence to the Planetary Protection Policy formulated by
the Committee on Space Research (COSPAR)

Bioburden reduction mechanisms

Contamination control protocols and strategies
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NEXT STEPS

International cooperation mechanisms
(UN OOSA/UN COPUOS, World
Economic Forum)

Industry self-regulation through
international standards-setting
(ISO)/industry-wide voluntary
agreements

Incorporating sustainable finance rules
within a space traffic management
framework (ex. EU Space Programme
Regulation)

MAKING Space Sustainable Taxonomy, a universal
instrument, likely to cover all the issues of interest
to the international space community, starting with
debris. This work of finalization does not raise
major difficulties as long as the methodology is
clearly defined

TESTING Space Sustainable Taxonomy with the
industry and make sure that (i). it fits the reality of
its activities, (ii). it is practicable and (iii). its
implementation is not in contradiction with its
industrial development.

DEPENING the collaboration between industry and
academia, to federate all the expertise and
experiences, especially those that may result from
the social sciences, and perhaps one day, create an
international task force, likely to constitute a Space
Sustainable Institute, to provide a viable dual use of

SDA capability.
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Questions ?

lucien.rapp@ut-capitole.fr
rapp@hec.fr

www.chaire-sirius.eu
www.spacelegaltech
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