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Emerging Space Programmes - Opening Thoughts

1. Fundamental questions:

o  Why and how do countries with comparatively limited resources spend on developing a space
programme?

o  What were the key elements of the space strategy of Hungary, an emerging space actor (EMSA) and
how did it define these?

o Is there a structured approach that could be used to define a space strategy for an EMSA?
What defines today's space ecosystem from economic and policy aspects?
What are some key dynamics of this global space ecosystem?

How can strategies be intepreted as systems problems?
What elements of systems architecting can be used in strategy writing?

Does the “NewSpace-era” imply a fifth industrial revolution and what does this
mean for EMSAS?

7.  Why should we look at parts of space (LEO) as a common pool resource and what
does this and other aspects of the space policy context mean for EMSASs?
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Structure of Today’s Talk

Space, its uses and societal
benefits in a global context Space Today

Challenges faced by

Challenges in Space space actors
The international (policy)

context of space strategies International Cont Emerging space nations and

. possible approaches to
Emerging Space space strategies

Systems dynamics and engineering
in creating strategies

Understanding
Systems

Architecting space
strategies

Architecting
Strategies




Space is a Ubiquitous, if sometimes
Invisible Part of Our Dalily Lives

Dr Brian Weeden







GOES satellite image of Hurricane Ida, August 2021.
Credit: NOAA
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The Satellite Industry in Context
(2020 revenues worldwide, in billions of U.S. dollars)

i $100.7B | $117.8B
pace Budgets Non-Satellite| Satellite Telecommunications

lndu:’stry Services Television Aviation
. ' Telephone Maritime
Commercial » Broadband Road/Rail
Human

Remote Sensing
Agriculture Resources

Spaceflight

$371B

Change Detection Earth Science

G IObaI Space Disaster Mitigation =~ Space Science
Meteorolo National Securi

Economy o o
$135.3B Network Equipment
Ground Gateways and VSATs
: Network operations centers
Equipment Satellite news gathering equipment

Consumer Equipment
Sat TV, radio, and broadband equipment
Global Navigation Satellite Systems

$12.2B Satellite Manufacturing
$5.3B Launch Industry

Source: BryceTlech

$271B
Satellite
Industry

74% of
Space
Economy

12
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Increasing congestion in space

United States

2,778

Larger than 10 cm

Between 1 and 10 cm

Smaller than 1 cm

Total Active Satellites:
Russia China Others

167 431 1,164

Total Space Debris:

~36,500 Can cause catastrophic collisions;
sources of new debris

~1,000,000 Can cause major damage

many millions | Can cause minor damage

Current through Sept 1, 2021

Source: Union of Concerned Scientists, European Space Agency
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https://www.ucsusa.org/resources/satellite-database
https://www.esa.int/Safety_Security/Space_Debris/Space_debris_by_the_numbers
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https://www.planet4589.org/space/stats/stats1.html

With more coming

Constellation
OneWeb Gen1
OneWeb Gen2

Starlink Gen1

Starlink Gen2
Kuiper

Lightspeed

GW

Total Satellites
6,372
47,800

4,408

30,000
3,326

298

12,992

Altitude
1,200 km
1,200 km

540 - 570 km

328 — 614 km
590 — 630 km

1,015 -1,325 km

590 — 1145 km

Country
UK
UK

us

us
us

Canada

China

Status
394 launched
Planning
2,041 launched (1,495
operational)
Planning
First launch 2022

First launch late 2023

Planning
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Radiofrequency spectrum congestion
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Proliferation of counterspace threats

North

China Russia U.S. France India Iran Japan

Korea
LEO Co-Orbital
MEO/GEO Co-Orbital
LEO Direct Ascent
| MEO/GEO Direct Ascent
Directed Energy

Electronic Warfare

® 00>

® 0B

®@0000e

Space Situational
Awareness

Legend: none ‘ some@ significant‘

Source: SWF Global Counterspace Capabilities Report
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https://swfound.org/counterspace/

Projected Exploration Missions (2020-2030)

Data include announced missions, with dates as announced, and projected missions (likely missions such as
typical supply missions to space stations), with estimated dates.

International Space Station

As of August 31,2020

Bryce Space and Technology

*

R haission S 2020] 2021 [2022] 2023| 2024 2025 2026 |2027] 2028 2029] 2030]

[ Won |
[ — -

I 5 2 Crew and cargo missions to LEO

First crewed landing since 1972

[Lunar Gateway JAYA Logistics Habltat
unar Gateway JAXA Pressurized Rover

rlemis Base Camp Foundation HabILOL

[Artemis Base Camp Mobility Habitat

[Artemis Base Camp Logistics Mission
Sommercial Lunar Paylosd Services |CLPS]
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[FERACLES E13 [E58, JA0CA, C5A]
[Moon Cruiser 1 Logistics Mission (with ESPRIT)
[PTscentists ALNA
[Spacebit Mission 1

120 SUM

[KAR Pathfinder Lunar Orover
Lunar Surface Access Service (LSAS)
SpaceX darhoon Froject ]
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Missions to Mars
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UN COPUOS Membership

Albania, Algeria, Angola, Argentina, Armenia, Australia, Austria, Azerbaijan, Bahrain,
Bangladesh, Belarus, Belgium, Benin, Bolivia, Brazil, Bulgaria, Burkina Faso, Cameroon,
Canada, Chad, Chile, China, Colombia, Costa Rica, Cuba, Cyprus, Czech Republic, Denmark,
Dominican Republic, Ecuador, Egypt, El Salvador, Ethiopia, Finland, France, Germany, Ghana,
Greece, Hungary, India, Indonesia, Iran, Iraq, Israel, Italy, Japan, Jordan, Kazakhstan, Kenya,
Kuwait, Lebanon, Libya, Luxembourg, Malaysia, Mauritius, Mexico, Mongolia, Morocco,
Netherlands, New Zealand, Nicaragua, Niger, Nigeria, Norway, Oman, Pakistan, Panama,
Paraguay, Peru, Philippines, Poland, Portugal, Qatar, Republic of Korea, Romania, Russian
Federation, Rwanda, Saudi Arabia, Senegal, Sierra Leone, Singapore, Slovakia, Slovenia,
South Africa, Spain, Sri Lanka, Sudan, Sweden, Switzerland, Syrian Arab Republic, Thailand,
Tunisia, Turkey, Ukraine, United Arab Emirates, United Kingdom of Great Britain and Northern
Ireland, United States of America, Uruguay, Venezuela & Vietnam
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Sustainability questions

o Will all these new actors experience the same “learning curve” as the
legacy actors?
o Will they make the same mistakes, or just new ones?
e How do new spacefaring countries develop national space policy and
law?
e How do we help maximize the benefits from new actors entering the
space domain while minimizing potential sustainability challenges?

21



SWF Handbook for New Actors in Space

Goal: Create a publication that provides an

ANDBOOK FOR

and best practices for safe, predictable, and N EWF¢CTO RS

responsible activities in space

overview fundamental principles, laws, norms,

Two specific audiences:

e Countries developing space programs and/or
having to oversee and regulate their first
satellites

e Universities and start-up companies that are
developing/operating satellites

www.swfound.org/handbook
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Emerging Space Nations
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Guns or Butter? A false dichotomy

Correlation Between NASA Budget and Number of PhDs in Technical Fiekds
'

5000 [MASA Budget : =
Scaled to 1999 .
(W/Y)o W), 4500 - D:f'ars ) : Physical Sciences PnDs
4000 |- . 20000
(WiY)o=(W/Y), C
> 3500} %
D £ '
“3 000f ,\/\ 415000 §
8 ' Engineering PhDs 2
em B 2500 - ' %
= "The Rest" 5 ) 2
= A ¥ o : g
2 b ! ~{ 10000 z
® c % 1 )
= 1500 |- ’
1000 |- 4 ] 3000
500 Mathematical Science E
. PhDs !
B8 ° s 1 1 —L ! 0
= 1958 ! 1963 1968 ' 1973 1978
Productivity (L/Y) Kennady intiates Apcilo 17
Apotio Program Last Man on the Moon
May 1961 December 1972
) ) . u » . . .
Source: Amsden - The Rise of the "Rest” [2001] Source: Siegfried - Benefits for the World [2003] Credit: Tesat-Spacecom
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But really, why? Carl Sagan’s survival tips

e Surviving... lessons of the Bogota convention and common pool resources
e Seizing the opportunities - the 5th industrial revolution?

e Range of reasons in the context of power
o  Military power
m National security
m Cooperation
m  Sovereignity
o  Economic power
m  Clear socio-economic benefits
m Long-term sustainability and development (brain drain)
o  Soft power

m Prestige - external and internal

e What's good for “the Rest” is good for the West - external effects

25



What is Emerging and from Where?

Space power
High capacity

& high
autonomy

[Source: ESPI- Space Power Matrix]
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What is Emerging and from Where?

Distinguishing emerging space markets and oz
emerging space nations or actors Hggﬁ

o Isthere a connection? NewSpace and small sats

Emerging Space Actors (EMSA)

o “Developing” and “emerging nations”
Comparisons with other spacefaring nations
o Resource scarcity and different motivations

Classifying EMSA-s (based on Harding, 2012)

Tier 1: China, Brazil, India
Tier 2: MENA, South Africa, CEE (?)
Tier 3: Latin Americas, Post Soviet states, CEE (?)

Capacity

Autonomy
[Source: ESPI- Space Power Matrix]
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How are things emerging? Frogs?

@ India
Product Process 1 & i % a MaIaVSia
ARz thicd Milestone Timeline - Asian Countries A South Korea
o 5 13
0= Industrially 12 | Launch
o)
%3 Advanced 1
e Countries 10
- ; GEO
Time > © 2 Satellite
Emergence Consolidation Maturity 5 ;
b7
o 6
| Process Product = 5| LEO
- 6 = Satellite
Developing . 5 4
Countries © o 3 ‘
win 2 /0‘
= . Space
Time = o Agency *
| Adapted from Utterback and Kim | 0 -
1950 1960 1970 1980 1990 2000 2010 Future
Year
Source: Wood, Weigel [2011] Source: Wood, Weigel [2012] Photo by Balint Halpern
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The Hungarian National Space Strategy

e Hungary - the country

e Understanding Hungary’s history in space

o Rich history in some level of involvement in space research, first astronaut, Bertalan Farkas
flown in 1980 as part of the Soviet Intercosmos programme (seventh in the world)

e Primary motivations and expectations for the space programme

o Recognition of the opportunity present today

o Opportunities and pressures offered by the ESA membership

e Approach for development through coordination - governmental involvement

o Civilian focus

Source: Hungarian National Space Strategy [2021] 29



Hungarian history and space heritage

Credit: NASA Credit: AFP
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Hungary international context - |

Establishment of space agency bodies in the countries examined

= T - (o | <]
1972 1995 2014 2019 2021
v —e = =
T The Aeronauiics | P T T W '
! : 1 Romanian Space ! Polish Space i i
| and S;z;(l:;/;kgency ! | Agency (ROSA) | Agency (POLSA) | | Portugal Space : | EUSPA (Prague)
_____ Austria " Romania " Poland Portugal  EU

Development of space strategies in the countries examined
2010 2012 2013 2014 2018 2020
® ® ® S

y

r—@
S
Romanian Research, Development
l l and Innovation Strategy
Austrian Space Strategy 2012-2020 Austrian Space Strategy 2021 -

(@ | Portugal Space Strategy 2018-2030

— Hungarian Space Strategy 2020 - ...

Source: Hungarian National Space Strategy [2021]
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Hungary, international context - li

— Timeline of ESA cooperation and full memberships

— [ } | = b= = oy
e T T i1 Czech |
| Hungary 3 Romania H Poland '! Republic ! | Slovenia H Slovakia i
...... e A e S L Y
Beginning of ESA cooperation with neighboring countries E E E E i 5
e o © ¢ *
19911992 1994 1996 2008 2010
1976 1977 1978 1979 1980 1986 1995 2000 2005 2008 2011 2012 2015
> . < & v v v o » v v
Timeline of ESA full membership ! ) R 1 _
"""L""“'"""'""'7"'".'"“'7"'""L ----- :r""J""NIf""":"""1T"":""‘.’ """ boeees NEPEERTs e ITA_--J----_‘;r_---.:_----:r----h-----‘lI- """" bonocos i
i Swadan i i, Maly, il Nether- | " " ' h H " " " :
! ; !1 Germany, i, United :i lands i\ lreland, i} Norway, i} .. " '} Luxembourg i1 Czech | =311 :i Estonia |
18‘12:’;“ !| Denmark || Kingdom, |I Spain, || France {i Austia | injend i Portugal il Greece | Republic i Romaria i Poland !i Hungary |
| it !l Belgum || Camada 1! ¥ | ¥ it t it t | !
] - il -_— un os -— — [ S il — -
- Sz = il — = p—
i (B
* CEE countries are highlighted in light blue

Source: Hungarian National Space Strategy [2021]



Hungary's motivations

e Surviving... lessons of the Bogota convention and common pool resources

e Seizing the opportunities - the 5th industrial revolution! (paradigm shift)

e Range of reasons in the context of power

o  Military power

m National security

m  Cooperation

m  Sovereignity
o  Economic power

m  Clear socio-economic benefits

m  Long-term sustainability and development (brain drain)
o  Soft power

m  Prestige - external and internal

e What's good for “the Rest” is good for the West - external effects

33



Systems dynamics and governmental
involvement
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System dynamics in action - technology diffusion
and governmental involvement

Adoption Rate (AR)

Potential Adopters (A)

Adopters (P) ——
B Market i

Saturat:on B

Market Adoptlon from raction (i)

Adoption from
Advertising Saturation  \Word of Mouth *\@ontact

(AA) (AW) Rate (c)
Advemsmg Total
Effectiveness Population (N)
(a)

Source: Sterman [2000]
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Governmental involvement in innovation models

Rate of

Nuni)er of Flrms
in the Market N
Rate of / Innovation
Innovation Cost and Willingness
Performance to Adopt
leaming /
Availability Number Perceived quantity and Adoptlon Potential
of "—'nanmg of Users Risks quality of info Rate  market Users
Cumulative m
N\ Intensity of s Production /
Competmon - ) Number
Performance ms — of Users =

Expected Growth

‘\
effect a"‘“’m@—/

~Emergence
of Standards

Source: Weil, Utterback - The Dynamics of Innovative Industries [2005]
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Dynamics of Innovation in the Space Domain

- Satellites in

Demand for "
Satellites = " Orbit
Profitability of ™ Satelite Firms \ : +
< Satellite . ;
Risk of Satellite
Technology RnD Coflisi
ollisions

(Upstream and

/—' Commercial Space
N Downstream)

Use of Space

Data Competitionin +
the Domain Academic and
Research Institutions
Regulatory
Action
Satellite
Manufacturing and Cost of Satellite
i Launch Costs Licensing and Development of
Support for Governmental Support Deployment _ ST™M

Space Science h——_p- for Space Activities

International
Competition in Space
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Sector-wide governmental involvement

—

/ Financial

gains -
emfor
loop

Upstream space

+ segment \
+

hnologies supporting

+
\ o Technology transfer to
+  other industries

L Technology downstreat_n data
Involvement demand reinforcing peaduction
\ B o loop
& Public and general
¥~ Downstream societal use of space data Societal
space segment = benefits -
Demand for Downstream reili?;lf ng
satellite data (satellite) data +

Societal needs
altl‘d d
or space
derived

& Downstream
reinforcing
products
v

+  Space derive Space derived
activities market products
—

Societal well-being

Eco-system
multiplier
effect -
reinforcing
loops




But this was only steady state

(Roadmap (Supports integrated and aligned types types
architecture) strategic and innovation planning) When?
. Typjcal Past . Short-term 4 Medium-term . Long-term Vision
mmxs I l l ~
commercial & Market Route(s) forward s " Drivers
srego <8 — iy Strategy
PER- Business : : ) Needs
~
. Desig,;' Product : : : Form
evelopment ' . - F h
: : ” unction
production Q Service rlm > What"
perspectives = Performance
System J
— ] N
Homngra Tetnssgy . Solutions
research 4 ’ — craes
perspectives Science — > How? C;pabllmes
esources
Resources I T T N
Three key questions: 2) Where are 3) How can we 1) Where do

we now? get there? we want to go?

Source: Phaal [2009]



Roadmaps in practice..
ei Ccnes @ 4% @esa L. s N\ @ @ 4 4

ISECG Mlission Scenario

2020 2030

Low-Earth Orbit

“ 4' International Space Station
n=

Beyond Low-Earth Orbit
Test Missions /N /\

Commercial or Government-Owned Platforms
A

O Robotic Mission

A Human Mission
@ cCargo Mission

(o] (o] (o] p— .
Rosetta  Hayabusa2 OSIRIS-REX ©  Asteroid Redirection - 'A A
(Sample Retur) {Sample Return) ] =
Near-Earth Objects soons  EXplore Near-Earth Asteroid
SX‘lelgied Staging Post for Crew
Lunar Vicinity C:]e'a o to Lunar Surface
ew Potential Commercial Opportunities
Missions
‘ Y
(o} (o] © 0 o o o0 (o} [ ] [ ] ‘ [ —
LADEE Luna25  Luna26Luna27 RESOLVE SELENE-2 Luna28/20 SELENE-3 Human-Assisted
5 Retum) Sample Retun S Human to Lunar rface
Moon o e
Fuman-Assisted Sample Return
o0 o0 o - 0 — — Sustainable Human
MAEN SROMars  ExoMers InSight ExoMars Mars  JAXA Mars Sample Retum Msscn  QUENSS— — — — — Missions to the
Ontiter Mission 2016 2018 2020 Mars Opportunities Mars System
Mars Precursor Human Scale EDL Test Mission Opportunities
Multi-Destination ’1 f 3 "" : ﬁ
¢ | -1;_ W Small Human f
Transportation & . nital  Cargo Surface 1}
Capabilities : . 3" ' il S, Leadeclktmy 1
(Planned and Conceptual) i‘" . \ e ﬁ a
S Evolvable s AT .
Orion Russian Advanced Deep Space Orion Crewed Orion
Icon indicates first use opportunity. & Piloted Electric Habitat &SLS Lunar &SLS
Commerciafinstitutional launchers not shown.  SLS System Propulsion (Upgrade) Lander (Upgrade)

Source: Spacepolitics.com [2013]
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Architecting strategies -
Conductors, orchestras, short strategies
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Timeline of the strategy writing

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
Creating the first iteration of the

Interviews with all identified strategy. Handover of materials to

stakeholders, requirements governmental advisors for review

definition. and adoption.

2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition and workshops Final integration and verification Official adoption and
implementation

Problem definition involving key Integration of all parts and
stakeholders and design concept verification of strategy. Official adoption of the
selection. Setting up working Hungarian National Space
groups for “sub-systems”. Strategy.
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Technical Management

Systems engineering in the space industr

= Processes o R !
3 : roduct Realization
System Design . !
Technical Plannin rocesses
Processes st i N
o 10. Technical Planning Product Transition
Piiiascas Processes
Technical Control 9. Product Transition
1. Stakeholders Expectations s Processes Cross- L)
Definition i 3 5
cutti 1 cutt
2 Technical Requirements R 1L ket Mengenent "2 || Evaluation Processes
Definition 15 Techiical sk Managerierié 8. Product Validation
14. Configuration Management 7. Product Verification
15. Technical Data Management ¥
Technical Solution Design Realization
Definition Processes Technical Assessment Processes
3. Logical Decomposition Processes 6. Product Integration
4. Design Solution Definition 16. Technical Assessment 5. Product Implementation
Technical Decision
Analysis Process
17. Decision Analysis =
Fesmm s ————————— [remm—e————————
: System Design Processes 1 1 Product Realization 1
i applied to each product : : Processes applied to each :
I layer down through system i 3 product layer upthrough
: structure : 1 system structure 1
- -~ | s T A —— )

Source: NASA [2015]
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Systems Engineering - the 'V' Model

Stakeholder
Analysis

=

Requirements
Definition

~

Concept

System Architecture

Generation

e

“V-Model” Operations

Lifecycle
Management

/

Commissioning

e

Verification and
Validation

P

Tradespace Exploration
Concept Selection

System Integration
Interface Management

™~

~

Design Definition
Multidisciplinary Optimization

Source: Crawley et al. [2000]
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Systems Engineering - the 'V' Model

Operate

“objects execute
processes to
deliver value”

Conceive

Value identification
“organize information

”

Implement

real

“turn information

“process information” to objects”

Source: Crawley [2021]
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Hungarian National Space Strategy

Stakeholder Lifecycle
Analysis Management
Requi.re'n?ents Commissioning
Definition “V-Model” Operations
S =
System Architecture Verification and
Concept Generation Validation
Tradespace Exploration System Integration
Concept Selection Interface Management

~ ~

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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Hungarian National Space Strategy

Stakeholder
Analysis

™~

Requirements

Definition “V-Model”

e —— ——
System Architecture Verification and
Concept Generation Validation

=

Lifecycle
Management

Commissioning
Operations

e

Tradespace Exploration
Concept Selection

System Integration

Interface Management

Diagnostics and stakeholder

mapping

2020 May

2020 June

Design definition
and workshops

~

2
s

Design Definition
Multidisciplinary Optimization

Strategy creation and iniegration

2020 July

2020 Aug

Handover to governmental
advisors

2020 Sept

Final integration and

verification

2021 Sept

Official adoption and
implementation
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Hungarian National Space Strategy

Stakeholder Lifecycle
Analysis Management
Requi.re'n?ents Commissioning
Definition “V-Model” Operations
S =
System Architecture Verification and
Concept Generation Validation
Tradespace Exploration System Integration
Concept Selection Interface Management

~ ~

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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Stakeholders

AED Cluster Portugal

Baltic Sea and Space Cluster (BSSC)

They have 16 members, 4 additional partners

They deal with earth observation, including the analysis of
data from an Austrian satellite launched in 2017

Their main area is satellite navigation, and several of their
members have been involved in the development of
Galileo satellites

Emphasis is placed on telecommunications

They also deal with transport issues: Ariane delivers more
members to 5 missiles and researches composite
materials

Space research is also in focus at Austrospace

Staff: 3

+  Atotal of 81 members in the Aeronautics, Space and * 71 members: 11 SMEs, 12 large companies, 5
Defense sections research and education institutions
*  Addispace project: aims to use additive manufacturing * The composition of the staff and their projects also
processes to machine metals show that the focus of the cluster is the seas
*  Project E2020: helps Portuguese aerospace companies to *  Their Galatea project will strengthen Europe's
grow. maritime economy
*  Their KnowNow4Aero project promotes the space sector. * In their Ecoprodigi program, they develop the eco-
. In the Indupymes 4.0 project, SMEs are being efficiency of the maritime industry with digital
developed Staff: 16 solutions Staff. 17
Source: www.aedportugal pt Source: www.bssc.pl
Austrospace W Romanian Cluster for Earth Observation (RO-CEO) l l

In Romania, space activities are included in the profiles of several clusters
and development agencies, but this is the main activity of the RO-CEO.
Of the 7 competence centers of the STAR program, 4 are members of the
cluster and 8 are additional members

Their aim is to promote the activities of Romanian compzanies and to
obtain several contracts (eg ESA) for them

The sustainability of the Earth observation sector is also
emphasized

Improving the user experience of those involved in Earth
observation services is also important for the RO-CEO

Staff: n.d.

Source: Hungarian National Space Strategy [2021]
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Stakeholders

Stakeholder Lifecycle
Analysis Management
Requi.re'n?ents Commissioning
Definition “V-Model” Operations
System Architecture Verification and
Concept Generation Validation
~ /
Tradespace Exploration System Integration
Concept Selection Interface Management

~ ~

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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Trade studies

Comparison of the most common models

Space office EgReconciliation Space agency
commity (Czech)

i
3
Geee®

Source: Hungarian National Space Strategy [2021]



Stakeholders

Stakeholder
Analysis

™~

Requirements

Definition “V-Model”

e —— ——
System Architecture Verification and
Concept Generation Validation

=

Lifecycle
Management

Commissioning
Operations

i

Tradespace Exploration
Concept Selection

System Integration

Interface Management

Diagnostics and stakeholder

mapping

2020 May

2020 June

Design definition
and workshops

~

i
s

Design Definition
Multidisciplinary Optimization

Strategy creation and iniegration

2020 July

2020 Aug

Handover to governmental
advisors

2020 Sept

Final integration and

verification

2021 Sept

Official adoption and
implementation
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The reality - a “fake agile” process

Cumulative
cost

p— _\

Progress
through
steps

Determine

objectives,
alternatives,
constraints

Commitment

Evaluate alternatives,
identify, resolve risks

Operational
prototype

Review T
Requirements plan
ife-cycle plan

partition

] validation

Integration
and test
plan

Plan next phases |

Requirements

Design validation
and verification

Imphm.muionlmm'ml
|!0l!

Develop, verity
next-level product

Agile development

S ., . >
lc;n cv;ss the | can cruise up and I can gofishing | can travel across the
river with this down Lhe river inthe sea oceans
Waterisll development
—— - ‘ 'é"
- im—t— _’,‘:-__—_'ﬂ‘// = —E“'//

Now | can finally travel

1 still can't do anything
2C1055 the 0ceans

| can't do anything
with this

with this

Source: Crawley et al. [2000]
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A reminder of the dynamics...

Demand for _, .. Satellites in
Orbit

Satellites +
Profitability of S—atellite Firms \ Satellite -
+ Commercial Space (Upstream and i Risk of Satellite
2 Downstream) Technology Rab Collisions
Use of Space
Data Competitionin  +
the Domain Academic and
Research Institutions
Regulatory
Action
Satellite
Manufacturing and Cost of Satellite
+ Launch Costs Licensingand &
Support for Governmental Support Deployment _

Space Science ———g»  for Space Activities

International
Competition in Space

Development of
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..and the motivations

e Surviving... lessons of the Bogota convention and common pool resources
e Seizing the opportunities - the 5th industrial revolution! (paradigm shift)
e Range of reasons in the context of power
o  Military power
m National security
m  Cooperation
m  Sovereignity
o  Economic power
m Clear socio-economic benefits
m  Long-term sustainability and development (brain drain)
o  Soft power
m  Prestige - external and internal
e What's good for “the Rest” is good for the West - external effects
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The Hungarian National Space Strategy

2nd pillar:
Gaining an
edge

1st pillar: _J
Closing the
gap

An industry covering the complete satellite value chain, relying on strong cooperation with
regional neighbours and bilateral agreements, using cutting-edge industry 4.0 technologies.

I'he development of unique capabilities and manufacturing capacity through distinctive programs

N ;
Satellite and
technology

Enabling high-level technology transfer and broadening competitive skills and capacities

@ 24 o 4]

Education and our
future

Hungarian astronaut
and our presence in
space

Data and
industry 4.0

Expanding the spin-  Building synergies with
off model relevant sectors

Creating a unified space industry led by the Hungarian National Space Agency

& 2] @ @

Synchronizing the Creating a Strengthening our Establishing
industry supportive international presence effective PR and
environment cammunication

| (0) Founding the Hungarian National Space Agency

Source: Hungarian National Space Strategy [2021]

Making Hungary a key player in
successful international space
missions

Creating competitive advantage in
the regional space industry across
the entire satellite value chain

Satisfying the supply of projects,
improving the utilization of current
ESA contributions, enhancing
technology transfer

Using our growing resources more
efficiently through the increased
supply of projects
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Lessons learnt - stakeholder analysis

Stakeholder Lifecycle
Analysis Management
Requi.re'n?ents Commissioning
Definition “V-Model” Operations
Y =
System Architecture Verification and
Concept Generation Validation
Tradespace Exploration System Integration
Concept Selection Interface Management

~ ~

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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Stakeholder Mapping - a smarter way

Local .

Source: Crawley et al. [2000]
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Lessons learnt - solutions and architectures

Stakeholder Lifecycle
Analysis Management
Requi.re.n.1ents Commissioning
Definition “V-Model” Operations
System Architecture Verification and
Concept Generation Validation
> /
Tradespace Exploration System Integration
Concept Selection Interface Management

~ ~

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and infegration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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Hungarian National Space Strategy

Stakeholder Lifecycle
Analysis Management

™~

Requirements Commissioning

Definition “V-Model” Operations
System Architecture Verification and
Concept Generation

Validation

Tradespace Exploration System Integration
Concept Selection Interface Management

~ <

Design Definition
Multidisciplinary Optimization

Diagnostics and stakeholder Strategy creation and integration Handover to governmental
mapping advisors
2020 June 2020 Aug 2021 Sept
2020 May 2020 July 2020 Sept
Design definition Final integration and Official adoption and
and workshops verification implementation
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It probably shouldn't be an agile process..

Determine

objectives,
alternatives,
constraints

ment
Review Commitme:

7 3
Cumulative
cost
_— _\
Progress
through
steps

Evaluate alternatives,
identify, resolve risks

Risk
Risk analysis

analysis

Risk
analysis

parttion

Plan next phases

T
Requirements plan
ife-cycle plan

Integration
and test
plan

Requirements
] validation

Design validation
and verification

Acceptance |
tost |

lmphmom.lionI

Develop, verity
next-level product

Agile development

- —_
lcan cross the | can cruise up and I can gofishing I can travel across the

river with this down Lhe river inthe sea oceans

Waterisll development
> - e sl
7 e S —— E— Y — Ph— —
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Source: Crawley et al. [2000] 6l



Unique outcomes and continuing development

Making Hungary a key player in
successful international space
| missions

N Safelite and @ Hungarian astronaut Creating competitive advantage in
technology AIT capabilities and our presence in the regional space industry across

An industry covering the complete satellite value chain, relying on strong cooperation with
regional neighbours and bilateral agreements, using cutting-edge industry 4.0 technologies.

2nd pillar: I'he development of unique capabilities and manufacturing capacity through distinctive programs
Gaining an

edge

C
o Space the entire satellite value chain
|

Enabling high-level technology transfer and broadening competitive skills and capacities

0 9 9 0 Satisfying the supply of projects,

improving the utilization of current
ESA contributions, enhancing
technology transfer

Expanding the spin-  Building synergies with Data and Education and our
off model relevant sectors industry 4.0 future

C::if;,gaﬂ:e g Creating a unified space industry led by the Hungarian National Space Agency —
gap @ o 13 o

Using our growing resources more
efficiently through the increased
supply of projects

Synchronizing the Creating a Strengthening our Establishing
industry supportive international presence effective PR and
environment cammunication

I | (0) Founding the Hungarian National Space Agency

Source: Hungarian National Space Strategy [2021]



How did we do? A peek at the UK strategy

Orbit phase
(2030 onwards)
« Reassessed strategy and priorities
Including:
- progress on potentlal emerging
sectors reviewed
— maintenance and continual
Improvement of natlonal
space ecosystem
~ Interational credibliity as
space power
— reinforced leadership as Infiluentlal
science superpower

Thrust phase
(2023 to 2030)
« Accelerated progress Including:
- leadership sustained In existing
strengths
- leadership galned In
high-growth areas
— foundations lald In potential
emerging sectors
— expert status sustalned In space
regulatory frameworks
- Investment scaled leading to
ground-breaking discoveries

Ignition phase

(2022 to 2023)

« Core foundations and mobilisation
Including:
— funded programmes established

according to the strategy and
2 spending review

- bilateral partnerships enhanced

Countdown phase
(through end 2021)
= Space strategy and:
— Defence Space Strategy
— Severe Space Weather 1
Preparedness Strategy
- Spending Review 2021
- Delivery Planning and new
govemance established 4\

g

Today

The UK’s goals

M-@® -9 -@ -4

Grow and level  Promote the Lead
up our space values of pioneering
economy Global Britain scientific
discovery and
inspire the
nation

How we will achieve the goals

Collaborating internationally

Lrao

The Ten Point Plan

Unlocking growth in the space sector

Protect and
defend our
national
interests in
and through
space

Developing resilient space capabilities and services

Use space to
deliver for UK
citizens and
the world

Growing the UK as a science and technology superpower

Immediate key interventions in the highest impact opportunities and the critical

cross-cutting enablers.

Source: British National Space Strategy [2021]

Space Strategy goal

|

Grow and level up
our space economy
|

Sector opportunities
I

&

Current High-growth Emerging
strengths areas Sectors
|
Enabling intervention areas

1.

Build
Trade

= (B & & G (e

Whole UK Dynamic ~ Unleash Nurture  Improved Access to
Ecosystem Regulation Innovation  Talent Procurement Finance
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Concluding Remarks

Dan Erkel




Not a blueprint... but a useful approach

e Are conclusions here universal?
o  Generally no, that's the point!

e Is the systems approach useful?
o A holistic thinking is a must...

e Key takeaways

o Understand your stakeholders and their real influence
o Leapfrogging should be leapfrogging

o  Major projects are critical to bolster support
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Major projects on the way...




