36th IAA Symposium on Space
Policy, Regulations and
Economics

Held at the 74th International Astronautical Congress
(IAC 2023)

Baku, Azerbaijan
2-6 October 2023

ISBN: 978-1-7138-8570-2



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2023) by International Astronautical Federation
All rights reserved.

Printed with permission by Curran Associates, Inc. (2024)

For permission requests, please contact International Astronautical Federation
at the address below.

International Astronautical Federation
100 Avenue de Suffren

75015 Paris

France

Phone: +33 14567 4260
Fax: +33142732120

www.iafastro.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

INTERNATIONAL COOPERATION IN USING SPACE FOR SUSTAINABLE
DEVELOPMENT: THE “SPACE2030” AGENDA

Space & Sustainability Using Compact Agreements-A New Initiative to Realize the Space 2030
YN LS 1 o C: R P PR PRTR 1
Joseph Pelton, Scott Madry, Upasana Dasgupta, Ranjana Kaul

Strengthening the Role of the Space Sector as a Major Driver of Sustainable Development: An

Investigation of the ESA Business Application Programme...........c.cccoviiiiiiiininiiiise s 6
Alessandro Paravano, Matteo Patrizi, Giorgio Locatelli, Elena Razzano, Francesco Feliciani,
Paolo Trucco

Leveraging Satellite Imagery for Global Challenges: Collaborative Approaches and Implementation
L0 11 1 T PP TP TP PRSPPI PP PP 16
Giulia Costella

The Role of Space Science and Technologies in Achieving Sustainable Development Goals. ............cccccvennee 22
Aytan Zeynalli

Norway: The Space2030 Agenda and the High NOTth.........ccccoiiiiiiiiiiiic e 23
Per Hoyland

Leveraging Space Technology for Sustainable Development: The Role of the Middle East's Space
1S o1 7o) TP P PP TP PP 31
Camilo Andres Reyes Mantilla, Ozan Kara

ESG and Space: Understanding ESG Towards a Sustainable Development - An SES Case Study ................... 37
Diego Greenhalgh, Nicolas Peter, Sabrina Alam

Leveraging Sustainable Finance and Asset-Based Financing to Promote the Sustainable
Development Goals in the SPace SECLOT..........iiiiiiiiiiiiiii e 47
Hamza Hameed

The New Multilateral Agreement for the High Seas: What Role for Space? ..........cccocvviniiiiniiiiicninsc 48
Gabriele Redigonda, Alberto Rueda Carazo

THE FUTURE OF SPACE EXPLORATION AND INNOVATION

Global SPace FULUIES — 2050 .......ccueiieiiiiiiie ittt sr e r et enr e sreenn e e nr e ene e nne e 49
Scott Pace
Europe's Ambition in Space Exploration (Working Title).........cccuvoveriiiiiiiiiiiiiices e 63

Piero Messina, Kai-Uwe Schrogl

Developing New Commercial Space Stations: How Do Potential Users Perceive Their Value? ....................... 64
Alessandro Paravano, Brendan Rosseau, Giorgio Locatelli, Matthew Weinzierl, Paolo Trucco

A Set of Principles for International Cooperation on Lunar Exploration Projects: A Perspective
B 00) 00 O 411 4 - T PRSPPI 91
Jilian Wang, Hui Du, Xiaoxi Guo, Jing Peng, Ke Wu



Perspectives of the International INPPS Flagship as a Development Jump in Space Transportation

£0 MArs and BEYONA. ... .couiiiiiiiiiiiieie ettt r e r e r e e 96
Frank Jansen, Bernhard Schmidt-Tedd, Lamartine Guimarae, Jim Kuijper, Jan Thimo
Grundmann, Colin Price, Ivan Stekl, Stanislav Pospisil, Benedikt Bergmann

Overcoming Challenges and Opportunities for Emerging Space Nations in the Asia-Pacific Region
Designing Robust and Reliable Rovers and Robots for Extreme Conditions.........c.cocuevvereerieninsienseeseenenannns 103
Dasuni Hewawasam, Dharshun Sridharan

SGAC Ethics and Human Rights in Space: A Survey of the Next Generation............c.ccuvvvviiiivniiienininennns 104
Anja Sheppard, Sahba El-Shawa

An Overview of Space Policy Perspectives from the Young Space Generation...........ccccovvveveervninesneseenenannn 109
Lindsey Wiser, Anja Sheppard, Joshua Burns

A Way Forward? the International Political and Legal Preconditions for Establishing Human
Settlements 0n the MOOI ......uiiiiiiiii i 122
Héloise Vertadier

SPACE ECONOMY SESSION — A FOCUS ON IN-SPACE OPERATIONS AND THEIR
POTENTIAL TO STIMULATE ECONOMIC DEVELOPMENT

Analysis of the Commercial Satellite Industry: Key Indicators, Global Trends, and Emerging

Sustainable SPACE ACTIVILIES ....vviuiiiiii it 131
Cameron Herrera, Carissa Christensen, Tom Stroup, Anton Dolgopolov, Fletcher Franklin,
Ryan Puleo, Phil Smith, Carie Mullins, Emma Louden

Economic Implications of National Space Legislations. Development Support Clauses as a Lever
TOI INAIZENOUS SECLOT ....ivviiiiriiiecieee et sr bbbt e e sn e n e e sr s 136
Kaja Hopej, Katarzyna Malinowska

Space Economic Capacity Building in China: Status Quo, Challenges and Possible Ways Out...................... 149
Yongliang Yan, Hui Chen, Liang Zhang, Tianyi Zhang, Ma Qianyu, Lisi Dai

OOS as an Enabler to the Space Economy -- Sustainable OOS Business Cases Through Value-
BaSEA PIICINE . ..ttt r bbbt b bbbt R bt e 151
Navin Gopal, Nobuhiro Matsuyama, Ron Lopez, Nick Shave

Funding New Space Companies in Equity Markets. Assessing the Risk and Uncertainty of Newly

LiSted PUDIIC COMPANIES. ....veuviieiiietieseeieste skttt r et b bbb bbbt e e e et b e bt bt b e e e e nnenn b enenns 165
Simonetta Di Pippo, Leonella Gori, Mattia Pianorsi, Clelia lacomino, Pasquale Ivano
Lorusso, Filippo Latino

Economic Benefits of Spending on Space Development ..........ccccceoveviiiiiniiiniiie e 176
Khadija Aliyeva
The Spacescape: Understanding the Breadth of Investment in the Space Industry ........c.cccoeecvvvviniieniieennenne. 182

Emma Louden, Eli Bennett, Rachel Venn, Carie Mullins, Carissa Christensen

Azerbaijan’s Space Sector: Overview and Recommendations for Its Future Development..............cccoceeueeee. 192
Kais Barmawi, Eleonora Zanus, James Xie, Xosé Manuel Tomé Castro, Martin Smye-Rumsby,
Laura Morelli, Sarah Jacob, Nicolas Peter

Circular Space Economy: On the Why and How to Achieve Circular Material Flows in Space...................... 208
Bernd M. Weiss, Rene Laufer, Anna Ohrwall Ronnback, Bernd M. Weiss



ASSURING A SAFE, SECURE AND SUSTAINABLE ENVIRONMENT FOR SPACE
ACTIVITIES

Space Sustainability in LEO: A Multidisciplinary Approach to Identify and Mitigate Economic,

Operational and Technological Risks of Active Debris Removal Solutions...........cccooevveiiiiiniiiicncneeien, 209
Simonetta Di Pippo, Andrea Conconi, Clelia lacomino, Catello Leonardo Matonti, Armando
Vittorio Atzori, Marcello Romano

The Political and Legal Landscape of Space Debris Mitigation in Emerging Space Nations ..............ccoceovenee. 223
Minoo Rathnasabapathy, Danielle Wood, Jackie Smith

Engagement and Communication of the Space Sustainability Rating............ccooviviiiiiiinenin e, 234
Andrew Garza

Sustainability of Outer Space Activities Through Implementation of International Space Law: A

Comparative APPIOACH.......ciiiiiiiiiii i s 235
Merve Erdem Burger
A Guide Map for Emerging Space ECOSYSIEIMS ........cviviiririiiriiiiieieir sttt 247

Wijdane Benani, Matias Campos

Regional Mechanisms to Support Safe, Secure and Sustainable Environment for Space Activities: A

Case Study of Asia-Pacific REZION..........cciiiiiiiiiiiii s 258
Aisha Jagirani

Managing Space as @ Global COMIMONS ..........ueiuiiiiiiieiisis e re s 268
Daniel Patton

An Intergenerational Pact for Space Sustainabilify ..........ccocuiiiiiiiiiiiii 275

Gabrielle Leterre, Nicolas Moraitis, Antonino Salmeri, Roser Almenar, Virgile Gautier,
Aoibhin Crowley, Tom Royer

COST AND PROCUREMENT IMPACTS ON SPACE PROGRAMMES LINKED TO HIGH
INFLATION AND WORLD-WIDE SCARCITY OF COMPONENTS AND MATERIALS

Navigating the Challenges of Inflation and Material Scarcity in Space Programmes ...........cccccoevvnenincnnene 284
Chironjeet Das Joy, Tayab Uddin Wara, Prapty Majumder Golpa, Jahir Uddin, Raihana
Shams Islam Antara, Abdulla Hil Kafi

Economic and Programmatic Risk Management in Large Space Projects Contracts...........ccoceeeveverinerennenne. 288
Franck Germes

Cost and Procurement Impacts on Space Programmes Linked to High Inflation and World-Wide

Scarcity of Components and MaterialS...........cccovriiiiiiiiiiiiiiee e 295
Yagub Ahmadov

Temporary Measures with Permanent Effects: Sanctions and Export Controls in the Space Industry............. 300
Dimitra Stefoudi

Siddharth Joshi, Darpan Byahatti

Increased Autonomy and Independence in Space Through Robust and Resilient Supply Chains.................... 304
Victoria Carter-Cortez



High Inflation and Supply Chain DiSTUption ..........ccccueiiiiiiiiiiiiie e 306
Stephen Airey

INTERACTIVE PRESENTATIONS -36TH IAA SYMPOSIUM ON SPACE POLICY,
REGULATIONS AND ECONOMICS

Possibility of Colonization in Outer-Space from the Perspective of Theories of International
Relations? Role of HUmMan RIGhtS .........ccooiiiiiiiiiii e 314
Ibrahim Salayev, Gunay Baylarzada

Space and Human EXPECtAtIONS ......cueeiviriiriiiieiieieese s sre e nn e nneenneene e e nnennne s 315
Nubar Seyidova

Natioal Space Technology Scoreboard: Visual Mapping of Space Technology Capabilities of

SPACE-FATING INALIOMS ...e.viriieitieiiei ettt sr e e b e h bbbt e e e b ne e Rt bbb e e s e e nnenn e reene s 320
Soyoung Chung

The Creation of Space Capabilities on Developing Countries, the Role of Space Policies
Formulation at the Beginning of Latinamerica’s Space Era. .........cccccviiiiiiiniiiieie e 321
Victoria Valdivia

The Institucional Environment of the Alcantara Launch Center .......ccvviiiiiiiiiiiiiii i 334
Leticia Morosino, Siegrid Guillaumon Dechandt, Jodo Sérgio Lima

Public Policy for the Development of Space Capabilities in Latin AMETica. ........ccccevererenineeieienenene e 347
Itzel Rocillo
Law and Geopolitics of the Moon: State of the Art and Future Challenges ...........ccccooeviiiniiiiiiiiiniii 348

Maria Vittoria Prest

The State, Institutional Frameworks, and the Dynamics of Capital in the Global Space Economy................. 359
Aluisio Camargo

Revisiting the Moon Agreement: Analyzing 45 Years of Policy and Legal Trends Through the Lens

of NewSpace CommETCIaliZAtION .........ccveiuiiiiiiiiiiiice e s 360
Dominik Adamiak, Natacha Hughes, Josea Tarulli, Dinushka Dahanaggamaarachchi,
Christine Marian

Socioeconomic Policy: A Transformational Tool for Developing Emerging Space Markets. Case
STUAY T ATTICA. 1ttt h et e e bR R b e e Rt Rt R e r e ene 377
Anna Aikohi, Adewale Adelanwa

Implementing Space2030 - Space Cooperation and Capability Building...........cccocevvveniiiiniiniininiec e, 378
Rose Croshier

Korea's Participation in Space4Women: A Win-Win Strategy for a UN Project and a Local Initiative ........... 383
Soyoung Chung, Dahyun Lee, Nammi Choe, Seokhee Lim, Ami Yun

Importance of Space Development for the Progress of HUMANIty .......cccovevvviiiiiiiiiniciecec e 384
Valentina Monzon

Advancing Space Governance and Policy in the 21st Century: An Exploration of Strategies and
FLAIMEWOTKS ...ttt ettt sttt he e bt et s bt ettt e b e s b e s b e oo bt e b e e me e eae e eb e ekt enbeenbenseesbeesbeeneeeneas 385
Sudarsan Nerella, Harsh Dubey, Vanshika Aggarwal



Application of Space Technology to Combat Climate Change Globally: A Legal Approach.............ccoceeveneee. 397
Yongliang Yan, Di (Vito) Mei, Yutong Jiang, Ruxuan Dang

The Importance of Nuclear Energy Governance in Establishing Sustainable Lunar Settlements .................... 400
Heéloise Vertadier, Alex Gilbert

The Feasibility of Conducting Commercial Asteroid EXploration ...........ccocvvvieieiinininisinsee e 409
Aditya Prakash, Sgac Space Exploration Project Group

Business Models Within the Satellite Services and Applications SECtOr .........cvevvviviiiirierieriee e 410
Filippo Papamarenghi, Clelia lacomino

Earth's Orbits as a UNESCO World Heritage Site...........couririiiiiiiiiiiiiiise s 425
Selene Cannelli, Mahima Gehlot, Taylor K. Nugent, Frank De Veld, Kathiravan Thangavel

How Indonesia Contributes and Benefits from Space2030 Agenda and Implementation Plan......................... 435
Yunita Permatasari

Intergenerational Justice as an Indispensable Element of Sustainable Law of Outer Space...............ccccovnnenne. 436
Lotta Viikari

The Role of Non-Governmental Organizations (NGOs) in Achieving “Space 2030" Agenda and

Supporting Sustainable DEeVEIOPIMENT. .........cciiiiiiiiiiiieie e sne s 437
Milica Milosev
South Africa’s Contribution Towards the Space2030 Agenda: A Developing Country Perspective................ 438

Fikiswa Majola, Asanda Sangoni

LATE BREAKING ABSTRACTS (LBA)

North Korea and South Korea Space Policies Affected by Technological Similarities Between

Space Launch Vehicles (SLVs) and Intercontinental Ballistic Missiles (ICBMS) .........ccovvviiiiiiiencnininennns 439
Mo Rang Kim

Korea's Journey Towards Space Technology Independence............ccccceviiiiiiiiiiiiiiiiseec e 450
Nammi Choe

Author Index





