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The Challenges for Commercializing Space Debris Solutions in Japan
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With the rapid increase of space utilization and the appearance of large constellations; space debris is a
growing threat to space sustainability in the future. Countries all over the world have been demanding that
future satellite operators and rockets take appropriate measures to prevent contributing to the space debris
problem. In Japan, the Basic Plan on Space Policy specifies space debris countermeasures and is
expected to be established as a standard representing Japan. Following this trend, the space debris issue
has been attracting more and more attention not only from the government but also from the private sector,
and the number of companies offering solutions to the space debris issue is increasing. In this panel, we
will introduce the business strategy outline of these companies in various fields such as technology
development for space debris prevention/removal, ground-based observation, and modeling, etc. We will
also identify the challenges facing these companies' technology and business development, and explore
the possibility of collaboration and what they expect and propose to the government.
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— < Second half: comments on the theme
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Theme: Anchor Tenancy, International Institution, Private Sector Platform
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@ What : 1ﬂ% LTH UL LD H 1@'7&@—%@75\ ? What will you do?

@ Wh VAN cil @75‘)@\%@@73\ BRENMEBTCE LN, ODOERIRT, A
c‘: 7 x'ﬂﬁ’d' Hh7? Why it is needed?
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75\ ? How to realize?

@ How?2 : OOERICH-Y ., HDEWIONKRE Lo, RREMEL LT,
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How your company contribute to it?

' " KY Perfect JSAT EOL Deorbit service

I

Service « A laser satellite irradiates space debris (nonfunctional satellites) with a laser to generate ablation
(vaporization/Ionization) of surface material), which generates thrust against the debris to lower its altitude and
finally dispose of it by entering the atmosphere.

» Aiming for on-orbit demonstration in 2024 and service start in 2026

Potential « Company building up mega constellation as a measure of Backup deorbit function
Customers » Space organization/country/NGO ( potential customer will gradually change)

Advantages Safety: Low collision risk: Laser satellite generate thrust on target satellite from a distance (i.e 50m~200m (TBD))
Availability: Tumbling object: Laser satellite can slowdown rotating satellite by irradiating in proper cycle.

High Economy: (1) No fuel is required on the target object(surface material can be turned into propellant)
—Contribute to reducing satellite weight. (2) No requirement for customer satellite design change

Laser Team  RIKEN Team has experts for laser design and capability to design from scratch

Target satellite
(nonfunctional satellite)

Thrust | Jet of Plasma Gas

Laser ablation experiment in a vacuum environment SAT
6 9 Space Debris Workshops in Japan (24 Feb,2021) SKY Perfect JSAT Corp. Proprietary 0

Laser Satellite (patent pending)
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*We (space industries people) have to procced to solve space debris problem from the back ground of Increasing the amount
of space debris with orbital collisions and rapid increase in space use if we are to continue to use space environment

Future launched Objects

Post launched Objects

Improving PMD rate

Implement technologies(ADR, Others) and/or regulations

ADR

1st stage: Seed

1.Awareness

« Common understanding that space
debris problem is space SDGs.

« Proactively sharing Japan's activities on
space debris and promotion
international discussions.

2 stage: Implementing in each country

« Establishment of awareness of the
necessarily to improve the debris
environment in the world

*Budgeting to solve space debris
problem in each country

Remove high risk objects

regulations

ADR

31 stage: Goal
Common regulation / Technology
implementation for keeping High PMD rate

Establishment of (1)NGO funded by
several countries or (2)Space insurance
funds operated by insurance fee of

satellite owner

2.Regulation . .
« Discussion to approve new technologies Regulatlpn/T(e_chnology Imp!ementatlon ‘
(i.e. ADR) for keeping High PMD rate in each (1)International bidding (2) Deorbit
+ Discussion to enhance debris mitigation country for ADR of high risk (ADR service)
guideline space objects against Failed
->Selection of Effective | gateliite

On orbit demonstration on several ADR service

technologies in each country

3.Technologies and market
« Technologies development in-house
« Discussion to constant anchor tenancy

L

Achievement:
*Space Sustainability
*Improving living standards

4. Di ; £ f KF Limited Insurance frame work is
A.D F\lscussmn of Insurance frame work for s far ABIR 6 GleEs

7 9 Space Debris Workshops in Japan (24 Feb,2021) SKY Perfect JSAT Corp. Proprietary

B Kawasaki

Powering your potential

Kawasaki Heavy Industries' efforts to remove debris

B Microsatellite under development in-house demonstrates the technology
essential for debris removal, Based on the technology acquired here, we will
develop various space products and businesses.

60cm cube

Approach
60kg

Technology Acquisition
On-Orbit service

(Including debris
removal)

Observation

DRUMS :
ADR Demo Satellite
(Launch: FWOZl)

Capture

Mission control

DRUMS
(DRelease Target
- [

DRUMS releases the target
Release

— Target
(Dseparation
s e e 8
— - Target DRUMS
@Approaching
o O
-

D [

RSN |

Approaching

© Kawasaki Heavy Industries, Ltd. All Rights Reserved
Powering your potentla
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Anchor tenant & Certification of excellent
environmental improvement company

@OWhat :

® The basic space plan / process chart clearly states the policy of removing rockets / satellites
launched by the government on a regular basis (about once a year), and the government
becomes an anchor tenant for budgeting.

® Companies working on debris removal (including PMD) have established certification systems
such as "Eruboshi" and "Kurumin" as excellent companies for environmental improvement so
that they can be announced at home and abroad, giving preferential treatment when
participating in national competition.

@Why :
L
<Why is it needed?>
® In the situation where the space object launched by the country is debris, it is the
responsibility of the launch to remove it, which is essential from the viewpoint of sustainable
use of outer space.
® Give companies an incentive to work on debris removal through a certification system,
dissemination, etc.
<What will change?>
® While carrying out debris removal at anchor tenants, standardize the technology to the de
facto standard and expand from domestic to international private debris removal activities,
leading to the promotion of the space industry and the acquisition of foreign currency.
® As a Japan-led environmental improvement and SDGs initiative, the country can send
information to other countries.

B4 Kawasaki
Powering your potential

ries, Ltd. All Rights Reserved

Anchor tenant & Certification of excellent
environmental improvement company

3®How 1 :

<How to achieve>
® Anchor tenants limit spending only to debris, which is the responsibility of the government
and has a large environmental impact.
® Corporate certification is implemented in conjunction with the introduction of an international
rating scheme.
<Is it feasible?>
® The government will make the budget known as the act of destroying the environment and
increase the feasibility.
® We think that corporate certification is feasible depending on the preferential treatment when
participating in the competition.
<What are the challenges ? >
® Debris for which private business is responsible needs to create a scheme for
private funding.
® Until the scheme is established, the cost of the private sector taking the initiative in debris
removal is an issue. In addition to corporate certification, I would like to request that the
government provide subsidies such as subsidies.

@How 2 :

® Recognized as a business with a certain degree of predictability even in the early days by
anchor tenants.

® We actively work to remove debris and contribute to the maintenance of the space
environment.

B4 Kawasaki
Powerlng your potentlal
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A Global Company Solving a Global Problem @

’_% Astroscale Ltd
= m_@’%’%ﬁ = ggéln}/’eI; oy T '*@

[} ,, r Astroscale Holdings Inc.

Astroscale U.S. Inc. -%\ (“\ﬁp E\ . A "?zlt(r;cfcale Japan Inc.

Denver and Washington C“/ZL °':,':‘2 \g \Va/\‘ . (/;Pg% 2015

—_— X

2019 “Astrascale Israel tic : =0 -
Tel Aviv e, T
2020 W
Astroscale Singapore Pt
Singapore = _/f‘&
2013
Founded: May 2013
Founder & CEO: Nobu Okada
Nationalities Represented: 11 Astroscale
Headquarters: Tokyo
Funds raised: $191M
©Astroscale 1

On-orbit Servicing Across LEO and GEO (A

On-orbit Servicing
|

[ I ] [ 1
| Future debris | | Existing debris | | Defunct objects | | GEO satellites |

LEX

Life Extension Service

EOL ADR ISSA

End-of-Life Service Active Debris Removal In-Situ SSA

©Astroscale 12
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_ Solutions

WHAT WHY

e Actively remove large
debris originated from
Japan and take
responsible actions for
the sustainable use of
space.

e Drive discussions on
institutionalization and
standardization regarding
debris removal.

e Demonstrate the debris
removal technology
through above activities
and that will enable to
lead discussions on

FATALZEHFSE AR ZERE JAXA-SP-21-001

HOW 1

o Implement the JAXA
Commercial Removal of

Debris Demonstration
(CRD2), which is the

first in the world to carry

out active large—scale
debris removal (ADR)

e Institutionalization and
standardization efforts
to mitigate debris after
the end of mission of
government satellites

Q)
HOW 2

e Support from various
aspects such as
developing technology,
business model and
regulation.

o Implement CRD2 Phase 1.

e Provide services for
improving the space
environment (debris
removal, life extension,
etc.)

institutionalization and
standardization in the
long run.

©Astroscale 13

MUSCAT

MUSCAT Space Engineering Co., Ltd.

Since Apr. 2007 software development about debris

Development of debris collision & damage risk
analysis tool (TURANDQOT)

Prediction of debris collision
« Where on spacecraft surface ?
+ What is the size of the debris ?
* How often is it ?
» How serious the damage is ?

Effective protection design,
» Not only for satellites but also for lunar rovers

TURANDOT: Tactical Utility for Rapid ANalysis of Debris on Orbit

Terrestrial 1 07 y
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MUSCAT Space Engineering Co., Ltd.

» Modeling or Analysis is essential for evaluation of ADR/PMD.

[ Baselinefile_MSIS (15,062)
[ Baselinefile_Jacchia-Roberts (15,068)

t=600sec ——
t=700sec ——
t=800sec . |
t=900sec ——
t=1000sec

Frequency
®
(<3
s

o
=3
=3

I I I I
20 40 60 80 100 120 140 160 180

x(m)
10° 10¢ 100 107 10 Dynamics of Electro Dynamic Tether

rea-to-Mass ratio / m2 kg~ . .
- e Analysis of devices for PMD
Debris model

20_12_07_muse

“ROCKET BODY & DEBRIS: 13185
“PAYLOAD:
TOTAL:

What necessary for Japan?

* Requirement: -
« Original debris model and economic model S e s
. - . e SOURCE/ORGANIZATION
 Precise one including utility, cost, external cost etc.

« Quantitative evidence for discussion & action. If not,
- Japanese/Japanese companies’ claim was accepted, but it was a waste of effort.
- Japanese/Japanese companies conducted ADR/PMD, but loss increased.

 Systematic actions!
. model i
Original Field research of SadEion

Observation Database debris impact on real making
model r— industry
: Engineering

20 12 07_muse
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An idea of the incentive

« International Debris Mitigation Bank
« Management of satellite deposit system
« Making use of digital currency technology
« Depreciation starts after launching. — Utilization fee for the orbital space
After PMD/ADR, the depreciation stops.
The depreciation value corresponds for the fund for ADR.

Digital currency with face value depreciation

$ Legal currency

Company

Companyr %

Space BD Business Overview

SpaceBD

Bring Dreams and Commerce into Space

Space Equipment
Import/Export etc.

® Vend parts & components

® Import/export test equipment

® Facilitate ISS utilization

® Become a matching platform
for satellite developers

NNEU tistait BRI

Satellite Launch

@ Utilize the International Space Station
- SmallSat Deployment from Kibo
- Kibo external platform utilization
- SmallSat deployment from HTV-X

@ Utilize launch vehicle H3
Rideshare opportunity of H3

Education

® Entrepreneurship programs
Applying the astronauts training
to an education program to grow
next leaders in society

® Grow business development
specialists for space

@ Regional revitalization
program using space program
[ANEGLRITI DA

A CEBRLERE]

Space Utilization
® Support operations of the ground stations

® Propose satellite data utilizations

® Develop space-related SDGs projects

©2020 Space BD Inc., All Rights Reserved
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A proposal for debris issues SpaceBD

1. What: What do.we need?

> Continuous supports (anchor tenancy) for technology development and
IOD looking beyond the tightened international regulations of debris-
prevention technology

2. Why: Why do we need?

> Japanese technology, products, and services must have the international
competitiveness in the future where the debris-prevention technology
becomes the standard

3. How-1: How will we achieve.it?

> Provide technology demonstration faster than other countries
> Propose I0OD with cubesat may be economical and practical as a solution
for financial challenge

4. How-2: How will Space BD contribute when “How-1" achieved?

> Provide quick and easy access to space
> Contribute to overseas marketing with the global network

©2020 Space BD Inc., All Rights Reserved

AXELSPACE
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AXELSPACE

Our track record
Development & Operation of

9 practical microsats

M weathernews |

WNISAT-1

2013 Axelspace is now constructing
a next-gen Earth Observation
platform (GSD 2.5m)
2008

Service started in May 2019
1+ AxelGlobe

AEstainshment

|
¥ THE UNIVERSITY OF TOKYO

AXELSPACE
What we do

We are not a space debris-related business operator, but a constellation
player launching a number of satellites into the orbit. As the discussion on
debris regulations is becoming more and more active internationally, it is very
important to create effective rules that are acceptable to all players. We
would like to have a voice in the creation of these rules.

e E [F7UEBEEEE| Tliad, AVATL—aryDiEsiEdT 3
5, 77U ORHEHZEBPERIISGERICASTETCWSEHA, 2TDO7 LA
V—ABIFANTTEE. BB — L EED Z ESEEICEETHD, TN
HIL—IL DL YITERL, FEEEZERL-WL,
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AXELSPACE

Why necessary

Rules that do not reflect the opinions of various space business operators
will never be effective and will create players that do not follow them. As a
result, the rules will not be fair and will become a dead letter, and the
problem will not be solved. In order to avoid a system where only law-abiding
players suffer loss, it is necessary to involve major space business operators
from the beginning.

FTHNASZXEOR E@ RSN WL — L TERIIEIC RIS EDBE LT L
4’?*%&& EITTE D, %%7%) 7QJI/~)|/£C7‘ L3R L. BIBRRR(IC
ESH, EE%#Aﬁ%Eéxva&ﬁ$ LREWEDICH, FEATH
HEEERND OBEZATRENH S

AXELSPACE

How we can contribute

It can be a good idea for stakeholders in Japan to get together to create
some organization to appeal for a certain direction in the international arena,
in areas where their interests coincide. By doing so, Japan will be able to
have a certain amount of influence in terms of effective rule making and
incentive design.

BAEROD LAYV —HIELT>TRAOHDEBE DY, FED—HT HHE
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Challenge for Space Debris Solution Business in Japanese Private Sector

IHI

20214 2R 24H
24 February 2021

IHI Corporation
FHRARXEXHEED

Space Development Department

Copyright @ 2021 IHI Corporation All Rights Reserved.

IHT W= OTTIVEEY) 12— 3V EE ITHI

Space Debris Solutions Business in IHI Group
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RETITVEEY ) 1—Sa B ELICHT-1RE IHI

Actions to energize Commercial Space Debris Business in Japan

TBARETILIOEHO-HIC
ZE-RDLEFHIBDOERLLTEEZLHAFEHREREM A SIRE

To demonstrate “Japan Model” as best practices for space debris issues
Provide commerci_a_l space observation services, imEOItant Elaﬂorm for safe and secure space operations

@ What: @zLTEoLM =0 \0M, @ET 500 2 @Why: Lt BLOHN ? FANESELTEN?
O FHMIT- FRDORESFER O FHEBDEEL

Safe and secure space transportations and operations Economic growth in Space

[@How : 50~ TRET 5007 REEEHEON 2 RBEAA 2

® ﬁ}b—}bﬁgﬂ tﬂ?ﬂ)‘ﬂ:ﬁ}}#% / establish international rules and compliance mechanisms
r HRANBETRETAXRETIVIORILERE = MBS SHLEA

Establish “Japan Model” as the world best “model” for space debris issues and enlightenment through demonstration
= knowledge to sympathy and respect

> BRERICLARBELLICHRICATT)—F—2vTORE

Show Japanese leadership toward the world through demonstration of the “model” in public-private collaboration

O B AM2toT47, W—=LEFLEVWAEFIANEZDSER

ISSUE: Incentives, Measures to change the entities who do not follow the rules to those who follow

@How: ERICEHT, RESELLT. ESEMTE0M?

OEESEICA 1T -FHKRBH Y —E DR ERINEAR

For collaborated demonstration, IHI can offer SSA Information Services and develop necessary technologies.

Copyright @ 2021 IHI Corporation All Rights Reserved. T @ES JGM1-20_0909 s
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N E R HESHAERI=YF: Pinot-G IHI
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Normally Closed Valve fora
One-Time Application

Pinot-G oo ] 5 FXH /

Pressure Gage

One-Tilme Application { X 3)

Pressurization in Orbit with :
Green propellant Propulsion module
Pinot-G : URL

https:.-".-‘m'vw.ihi.co.jp."ia:"producls.- b

0.2-0.3N Thruster
(30 Printed y

@IH Aerospce g ’ space/pinot/pinot-g/ip/index.html  f& Green Fropelant e @ IHI Aerospace
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Propulsion module for small satellite : Pinot-G THI

What is the Pinot-G?

This propulsion module is being developed as a safety-focused product for all small satellite. It has the
following features;

® Safety : Air-cargo transportation is available, because the system is designed to use non explosive
fuel and no high-pressure gas on the Launch-site.

@ All-in-one : Since all the necessary equipment is packaged, it can be used be simply connecting the
RS-232 cable.

® Reasonable price : Additive manufacturing, Optimization of thruster performance and design
Functions to be provided to small satellites

® Minimum configuration = Quick mobility to realize collision avoidance maneuvers
* This capability is essential for secure satellite operations in the increasingly crowded LEO.

@ High-capacity fuel option = De-orbit (for SDGs in Space) and Orbit Maintenance (to increase satellite
life time)

Pressare Gage Normally Closed Valve for a
Onc-Time Application

1 mot-G Gas Generator :’r:"r:m‘ / -;ui:l-ur
er

One Time Application (3 3)

Pressurization in Orbir with :
Green propellant Propulsion module
A 16
Pinot-G : URL i

https:/ ‘wwww.ihi.co.jp/ia/products/ *

0.2-0,5N Thruster
(30 Printed y

Fil and Drain
® IHI Aerospace P space/ pinot/pinot-g/jp/index.html Green Propelant Valve @ IHI Aerospace
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CERBHYMNESITETNELE

IHI

Realize your dreams

Our Business

' Small Satellite

ONT cathode

Sky Canvas

Satlite —

Through our three core areas of business and

a new approach to create value

in both entertainment and science,

we aim to “make space closer for all of us together”

and contribute to the sustainable development of humankind.

Confidential - A A ALE Co., Ltd.
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How the EDT works

Confidential

The EDT is a PMD (Post-Mission Disposal) device that generates
Lorentz force/atmospheric resistance from the earth’s magnetic field and drag from

EDT

(Electro Dynamic Tether)

Satellite

Earth’s atmosphere to deorbit satellites.

@ FElectron An electric current flowing under the Earth's

magnetic field generates a force that slows down
the satellite. The force to decelerate is also
obtained from atmospheric resistance from
contact with the earth's atmosphere. Although this
force is relatively small, it is constant and
cumulative, resulting in a high degree of
deceleration.

The addition of carbon nanotube (CNT) emitters,
developed by JAXA, ensures that the current flows
CNT emitter even in a passive state. The tether can be used to
(Carbon nanotube emitter) decelerate the vehicle even without power from
the bus.

Because of its independent release mechanism,
ALE's EDT can achieve operation and deorbit even
if the satellite suffers an unrecoverable failure.

The EDT is deployed autonomously by a timer. The
timer and deployment mechanism are triple
redundant to prevent accidental deployment at
launch or during operations, and reliable
deployment at the scheduled deployment time.

-+ ALE Co, L.

Proposal: Establishment of “Private Sector Platform for Space Debris”

Confidential

What

What do we do?

W

Why do we need to?

How 1

How do we achieve?
Is it feasible?
What are the challenges?

How 2

How will you, as a private
company, contribute to?

Establishment of a platform for discussion on debris by the private
sector in cooperation with the government, ministries and agencies, and
JAXA.

Activities sample

- Sharing of information on international debris (including STM, if necessary) trends

- Gathering of opinions of private companies and discussion on this

“Space Debris” is a common issue not only for operators who run debris
business, but also for others such as launch or satellite operators.

- There is no chance to win in global market if technology development, rulemaking, and
commercialization are conducted separately.

- Need to avoid a situation where the framework created by the world is imposed on us
later.

The core functions are already existing among JAXA and some private
companies, and through the coordination of these functions, we will
build a system that enables private companies to understand global
situations and make proposals as Japanese private sector.

Issues

- Necessary to confirm the extent to which resources within JAXA and private companies
can be allocated to this project.

- Structure and measures to make the organization effective

Establish a position as a player in the debris industry by developing the
EDT business
- Improve Japan's presence in PMD technology through early demonstration (scheduled

for 2022)
- Gathering information and gaining the right to speak by entering the market

-+ ALE Co, L.
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Summary of Panel Discussion

~The Challenges for Commercializing Space Debris Solution in Japan~

B Desire to implement debris measures by continuous governmental support for environment
preservation towards SDGs and industrial development of debris business
» To show the attitude of the environmental improvement effort ahead of the world for creation of the sympathy

» To provide the incentive aimed at industrial promotion and anticipate the assurance of international
competitiveness by investment of the technology development as well as mechanism of the debris measure

> To expect the influence on international institutions by early accomplishment

m Consider to found the platform among private sectors for an appeal of international presence
from Japan

» To establish Japanese model referred from worldwide by defining the global direction and showing the
quantitative rationale

» To aware the international trend timely and to announce the information from Japanese private sectors to the
world

> To talk to Japanese government related as the intention of the debris communities
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