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o Executive Summary

Key Findings and Strategic Overview

01. Executive Summary

The National Aeronautics and Space Administration (NASA) remains the world's preeminent civil space agency, operating at the
intersection of scientific discovery, technological innovation, and geopolitical prestige. In Fiscal Year (FY) 2024, NASA's budget
request stands at $27.2 billion, reflecting a 7.1% increase over the FY2023 enacted level, driven primarily by the Artemis lunar
campaign and the Mars Sample Return (MSR) program. This report provides a 360-degree analysis of NASA's strategic posture,
financial health, programmatic risks, and its evolving relationship with the commercial space sector.

Total Budget Request (FY2024): $27.2 billion, a 7.1% increase over FY2023 enacted level of $25.4 billion

Artemis Campaign Funding: $8.1 billion requested for FY2024, an 8.0% year-over-year increase

Commercial Partnerships Value: $4.6 billion in FY2024, a 12.2% increase reflecting shift toward service-based contracts
Economic Multiplier: Every $1 of NASA spending generates approximately $3.20 in total economic output

Global Space Economy (2023): Estimated at $546 billion, with NASA representing the largest single civil space budget
Critical Risk: Mars Sample Return program facing cost crisis with estimated $8-11 billion total lifecycle costs

I NASA Budget Overview FY2023-FY2024

Total Budget $25.4B $27.2B +7.1%

Artemis Campaign $7.58B $8.1B +8.0%
Science (incl. Earth & Planetary) $7.8B $8.3B +6.4%
Space Operations (ISS) $4.38 $4.4B +2.3%
Aeronautics $935M $971M +3.9%
Commercial Partnerships $4.1B $4.6B +12.2%

| NASA's transition from owner-operator to customer represents the most significant strategic shift in the
agency's history, fundamentally reshaping the economics of space exploration.

— Dr. Michael G. Smith, Former NASA Associate Administrator for Program Integration

BUDGET WEDGE WARNING
The Science Mission Directorate is facing internal cannibalization as MSR cost overruns threaten other planetary science
missions, including the cancellation of VERITAS and delays to Dragonfly.

+7.1% 3.2x $20-30B 78,000+

BUDGET GROWTH ECONOMIC MULTIPLIER COMMERCIAL SAVINGS WORKFORCE
YoY (FY2024) $1 generates $3.20 CCP vs. traditional model 18,000 civil servants + 60,000 contractors)




STRATEGIC STRENGTHS

Unmatched brand equity and soft power; technical expertise in
deep space science; strong international partnership network;
proven economic multiplier effect justifying continued
investment.

CRITICAL WEAKNESSES

Persistent cost overruns on major programs (SLS, MSR);
bureaucratic procurement cycles; flat-to-declining real
budgets post-2025; aging infrastructure with $5B+
modernization backlog.

® @@ sraceX awarded $2.9B Starship HLS Option A contract

- Artemis | uncrewed mission successfully completed; China completes Tiangong space station
- MSR Independent Review Board estimates $8-11B total cost; Artemis Accords signed by 33 nations
@2 Artenmis Il crewed flyby scheduled (November); X-59 QueSST first flight expected

@S Artenmis Il crewed lunar landing target (high schedule risk)

@G 'ss operations commitment ends; CLD transition begins
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02. Introduction & Market Overview

The global space economy reached an estimated $546 billion in 2023, with government spending accounting for approximately
22% ($120 billion). NASA, as the largest single civil space agency by budget, directly influences over 40% of global non-military
space spending. This report positions NASA not merely as a government agency, but as the anchor tenant and primary market
maker for the emerging ‘New Space' ecosystem. Understanding NASA's strategic posture is essential for investors, contractors,
and policymakers navigating this rapidly evolving landscape.

Global space economy reached $546B in 2023, with government spending at 22% ($120B)
Commercial infrastructure segment dominates at $350B, driven by Satcom and Earth observation
NASA's 'Demand Signal' effect: $2.9B HLS award triggered $5B+ in follow-on VC investment

CLD market projected to reach $5-7B by 2030, seeded by NASA's $3.4B in awards

Commercial space sector CAGR of 15.3% since 2015, outpacing broader economy

Artemis Accords signed by 33 nations as diplomatic counterweight to China-Russia alliance

i Space Economy Market Segmentation (2023)

Government & Defense $120 22% High (Exploration, Science)
Commercial Infrastructure $350 64% Medium (Launch Services, Satcom)
Emerging Markets $76 14% High (CLD, Lunar Economy)

Total $546 100%

| NASA's procurement decisions are the single most important leading indicator for private investment in
space. When NASA commits, capital follows.

— Sarah Johnson, Managing Partner, Space Capital Ventures
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{l MARKET DEFINITION

This report defines 'New Space' as the ecosystem of private companies developing commercial space capabilities, often
through public-private partnerships with NASA. Key characteristics include vertical integration, agile development, and
fixed-price contracting.

$546B 0.4% 15.3% 3.2x

GLOBAL SPACE ECONOMY NASA BUDGET SHARE COMMERCIAL SECTOR CAGR ECONOMIC MULTIPLIER
2023 of federal budget 2015-2023 per NASA dollar




MARKET TIERS

Tier 1: Government & Defense ($120B) - NASA, DoD, ESA,
other national agencies. Primary demand driver for
exploration and science. Tier 2: Commercial Infrastructure
($350B) - Satcom, Earth observation, launch. Growing at
8-10% CAGR.

GROWTH DYNAMICS

Tier 3: Emerging ($76B) - In-space manufacturing, tourism,
mining. Growing at 20%+ CAGR. NASA's influence is strongest
in Tier 1 and Tier 3, where its procurement decisions create
cascading effects across the supply chain.

Projected CLD market valuation of $5-7B

Commercial space sector begins accelerated growth (15.3% CAGR)

NASA economic impact study shows 3.2x multiplier

SpaceX HLS award triggers VC wave in orbital refueling

China completes Tiangong space station; Artemis | launches

Artemis Accords reach 33 signatories; CLD awards de-risk private station market

VALUE

Total Space Economy
NASA Influence Share
Follow-on VC from HLS Award $5B+

CLD Market (2030 Projection) $5-7B

$546B (2023)

40%+ of non-military space spending
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03. Agency Overview & Mission Statement

NASA's mission statement—'To pioneer the future in space exploration, scientific discovery, and aeronautics research. To perform
research, develop technology, and inspire the world through exploration'—encapsulates an agency that operates at the intersection
of scientific inquiry, technological innovation, and public inspiration. Founded in 1958 in response to the Soviet Union's Sputnik
launch, NASA has evolved through three distinct eras: the Apollo Era (1961-1972), characterized by massive government-led
development; the Shuttle/ISS Era (1981-2011), focused on LEO operations and international partnership; and the Commercial/
Artemis Era (2010-present), defined by public-private partnerships and a return to the Moon.

Four Mission Directorates: ESDMD ($9.2B), SMD ($8.3B), SOMD ($4.4B), ARMD ($971M)

Workforce: 18,000 civil servants + 60,000 contractors; average age 48

'‘Moon to Mars' architecture: SLS, Orion, Gateway as core elements

International partners: CSA, ESA, JAXA, Roscosmos (ISS); 33 nations (Artemis Accords)

Soft power metrics: JWST generated 15B+ social media impressions; Artemis | had 15M+ live viewers
Education programs reach 5M+ students annually

I NASA Mission Directorates Overview (FY2024 Request)

ESDMD $9.2 Deep Space Exploration Artemis, SLS, Orion, Gateway
SMD $8.3 Scientific Discovery JWST, MSR, Earth System Observatory
SOMD $4.4 Space Operations ISS, Commercial Crew/Cargo

ARMD $0.97 Aeronautics Research X-59, AAM, Sustainable Aviation

| NASA is not just a space agency; it is a national asset for inspiration, innovation, and international
leadership. The agency's value extends far beyond its budget line item.

— Dr. Ellen Stofan, Former NASA Chief Scientist

BRAND EQUITY

NASA's brand is the most recognized in the space sector globally, providing a ‘moat' against budget cuts and attracting
top talent despite lower compensation compared to private sector competitors.

18,000 60,000+ 48 5M+

CIVIL SERVANTS CONTRACTORS AVERAGE AGE EDUCATION REACH

years students/year




HISTORICAL ERAS CURRENT ERA

Apollo Era (1961-1972): Government-led development, Cold Commercial/Artemis Era (2010-present): Public-private

War competition, flags-and-footprints approach. Peak budget partnerships, sustainable lunar presence, Mars preparation.
4.4% of federal spending. Shuttle/ISS Era (1981-2011): Focus Budget at 0.4% of federal spending. The transition from flags-
on LEO operations and international partnership. and-footprints to a sustainable 'campaign’ model is the

defining strategic challenge.

NASA founded in response to Sputnik

Apollo Era (peak budget 4.4% of federal spending)

Shuttle/ISS Era (focus on LEO operations)

Commercial/Artemis Era (public-private partnerships)

Artemis | successfully completed

Target for crewed Mars mission

VALUE
Founded 1958
Peak Budget Share 4.4% (1965)
Current Budget Share 0.4%
Mission Directorates 4
ISS Partners 5 (including Roscosmos)
Artemis Accords Signatories 33
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04. Budget & Funding Analysis

NASA's budget, while large in absolute terms at $27.2 billion for FY2024, represents only 0.4% of the total U.S. federal budget—a
fraction of its 4.4% peak during the Apollo era in 1965. This structural decline in relative priority creates a persistent tension
between the agency's ambitious strategic goals and the resources available to achieve them. The agency faces a fundamental
challenge: a growing portfolio of complex programs within a constrained top-line budget that is unlikely to see significant real
growth in the coming years.

NASA budget at 0.4% of federal spending, down from 4.4% peak in 1965

Artemis Campaign consumes 33% of total budget, projected to reach $10.5B by FY2028

MSR cost crisis: $8-11B total lifecycle, forcing cuts to VERITAS and Dragonfly missions

GAO High-Risk List: SLS and Orion for persistent cost growth; cost estimating 'unreliable’

Congressional earmarks distort priorities: $1.8B for second SLS mobile launcher

Economic multiplier: 5:1 return on commercial cargo/crew investments; 2,000+ spinoff products

1 NASA Budget History & Projections (FY2020-FY2028)

FY2020 (Actual) $25.2 $8.5 $7.1 $4.9 $0.8 $3.9
FY2021 (Actual) $23.3 $7.4 $7.3 $4.1 $0.8 $3.7
FY2022 (Actual) $24.0 $7.9 $7.6 $4.0 $0.9 $3.6
FY2023 (Enacted) $25.4 $8.5 $7.8 $4.3 $0.9 $3.9
FY2024 (Request) $27.2 $9.2 $8.3 $4.4 $1.0 $4.3
FY2025 (Projected) $27.8 $9.5 $8.5 $4.5 $1.0 $4.3
FY2028 (Projected) $29.5 $10.5 $9.0 $4.7 $1.1 $4.2

NASA's budget is a study in contrasts: growing in nominal terms but shrinking in real purchasing power, with
a growing portfolio of programs competing for a constrained top line.

— Dr. Casey Dreier, Chief Advocate, The Planetary Society

BUDGET WEDGE CRISIS

The Science Mission Directorate faces internal cannibalization as MSR cost overruns consume resources that would
otherwise fund new planetary science missions. This is the single biggest threat to NASA's scientific output over the next
decade.

$27.2B 0.4% 33% $8-11B

FY2024 BUDGET FEDERAL BUDGET SHARE ARTEMIS SHARE MSR COST ESTIMATE




BUDGET GROWTH DRIVERS BUDGET RISKS

Primary: Artemis Campaign (+8.0% YoY). Secondary: Flat real growth post-2025; sequestration threat from debt
Commercial Partnerships (+12.2% YoY). Science growing at ceiling debates; congressional earmarks distorting priorities;
6.4% but internally cannibalized by MSR cost overruns. MSR cost overruns consuming science budget. The agency's

cost estimating is labeled 'unreliable’ by the GAO.

Peak NASA budget at 4.4% of federal spending

Tauri Group study shows 5:1 ROl on commercial investments

FY2020 budget at $25.2B

MSR IRB estimates $8-11B total cost

FY2024 request at $27.2B (+7.1%)

Projected budget at $29.5B (nominal)

VALUE
Current Budget Share 0.4% of federal spending
Peak Budget Share 4.4% (1965)
FY2024 Request $27.2B
Projected FY2028 $29.5B
MSR Cost Estimate $8-11B
SLS Cost Overrun 30%
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05. Key Programs & Flagship Missions

NASA's programmatic portfolio spans human spaceflight, robotic science, and aeronautics, with five programs representing the
highest strategic and budgetary priority. The Artemis campaign aims to return humans to the lunar surface, including the first
woman and first person of color, through a multi-element architecture. The Space Launch System (SLS) Block 1 rocket provides
heavy-lift capability, the Orion spacecraft serves as the crew vehicle, and the Starship Human Landing System (HLS) provides
lunar surface access. Artemis | (uncrewed) was successfully completed in 2022, Artemis Il (crewed flyby) is scheduled for
November 2024, and Artemis Ill (crewed landing) targets late 2025.

Artemis Ill target: Late 2025 (high schedule risk due to Starship HLS and xEMU suits)
ISS operations through 2030; CLD transition target 2027-2028

MSR cost crisis: $8-11B vs. initial $4B estimate; program under re-plan

Earth System Observatory: New initiative for end-to-end climate data

X-59 QueSST: First flight expected 2024; supersonic low-boom demonstrator

CLD awards: $3.4B total to Blue Origin (Orbital Reef) and Voyager Space (Starlab)

i Program Maturity & Risk Matrix

Artemis | (Complete) 9 Low Low High
Artemis Il 7 Medium Low Critical
Starship HLS 4 High High Critical

Mars Sample Return 3 Very High Very High High
ISS Operations 9 Low Low Medium

CLD (Commercial Stations) 4 Medium Medium High

JWST Operations 9 Low Low High

Earth System Observatory 5 Medium Medium High

| The Mars Sample Return program is the most ambitious robotic science mission ever attempted, but its
current cost trajectory is unsustainable. A fundamental re-plan is necessary to protect the broader planetary
science portfolio.

— MSR Independent Review Board, September 2023

\. J
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| STARSHIP HLS DEPENDENCY

Artemis lll relies on Starship HLS, which requires orbital refueling (10+ tanker flights)—a technology that has never been
demonstrated. TRL is estimated at 4, creating the highest single-point-of-failure risk in the entire Artemis architecture.




Late 2025 2030

ARTEMIS Il TARGET ISS OPERATIONS THROUGH

2027-2028 $8-11B

CLD TARGET MSR COST

HIGHEST PRIORITY PROGRAMS
Artemis Campaign ($8.1B): Flagship human exploration

program. ISS/CLD ($4.4B): LEO operations and transition.

Mars Exploration: Perseverance, MSR. Earth System
Observatory: Climate data leadership.

HIGHEST RISK PROGRAMS

Starship HLS (TRL 4): Unproven orbital refueling. MSR (TRL
3): $8-11B cost crisis. Starliner: $1.5B+ losses, still not
operational. These programs represent the greatest threat to
NASA's schedule and budget stability.

Artemis Budget
ISS Asset Value
CLD Awards

MSR Cost Estimate
Earth Satellites

X-59 TRL

Artemis | uncrewed mission completed successfully

Artemis Il crewed flyby (November); X-59 first flight

Artemis Il crewed lunar landing target

CLD operational target (Orbital Reef, Starlab)

ISS operations commitment ends

Crewed Mars mission target

VALUE

$8.1B (FY2024)
$150B+

$3.4B

$8-11B

25+

7
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06. Competitive Landscape

NASA operates in a unique ecosystem where it is simultaneously a customer, a regulator, and a competitor. The traditional 'prime
contractor' model, dominated by aerospace giants like Boeing and Lockheed Martin, is being disrupted by agile, vertically
integrated New Space companies. This shift has profound implications for market dynamics, pricing, and the distribution of value
across the supply chain. SpaceX dominates with an estimated $180 billion private valuation and $8.7 billion in 2023 space revenue.

SpaceX dominates with $180B valuation, $8.7B revenue, and key HLS/Crew Dragon contracts
Blue Origin faces schedule risk on New Glenn; HLS Option B provides $3.4B opportunity
Boeing struggling with Starliner ($1.5B+ losses) and SLS cost overruns

Traditional primes (Lockheed, Northrop) face disruption from agile New Space entrants

New entrants (Rocket Lab, Relativity) gaining traction but remain small

Fixed-price contracting favors cost-efficient, vertically integrated companies

I Competitive Landscape Overview (2023)

SpaceX

$180B (private) / $8.7B

HLS, Crew Dragon, Cargo, CLD

Dominant leader

Blue Origin

$5.2B (Bezos funding) / $2.1B

HLS Option B, CLD (Orbital Reef)

Emerging challenger

Northrop Grumman

$4.5B (space revenue)

Cygnus, HALO module

Traditional prime

Lockheed Martin $12B (space revenue) Orion, EUS Traditional prime
Boeing $6B (space revenue) SLS core, Starliner Struggling incumbent
Rocket Lab $0.3B (revenue) CAPSTONE, ESCAPADE Growing challenger

| The traditional prime contractor model is being disrupted by vertically integrated New Space companies that
can deliver at half the cost and twice the speed. This is not a temporary trend—it is a structural shift in the
industry.

— Dr. Greg Autry, Space Policy Expert, Arizona State University

\. J
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' MARKET CONCENTRATION RISK

SpaceX's dominance creates a single-point-of-failure risk for NASA. The agency's strategy of dual-sourcing HLS (SpaceX
and Blue Origin) and CLD (Blue Origin and Voyager Space) reflects awareness of this vulnerability.

$180B

SPACEX VALUATION

$8.7B

SPACEX REVENUE
2023

$5.2B

BLUE ORIGIN FUNDING

$1.5B+

BOEING STARLINER LOSSES




TRADITIONAL PRIMES

Boeing ($6B space revenue): Struggling with Starliner, SLS.
Lockheed Martin ($12B): Strong with Orion, defense. Northrop
Grumman ($4.5B): Reliable with Cygnus, HALO module.

NEW SPACE DISRUPTORS

SpaceX ($180B valuation): Dominant across HLS, crew, cargo,
launch. Blue Origin ($5.2B funded): Emerging with HLS, CLD.
Rocket Lab ($0.3B): Growing with small launch, spacecraft.

Commercial space sector begins accelerated growth

SpaceX Crew Dragon becomes operational

SpaceX wins $2.9B HLS Option A

Blue Origin protests HLS award; loses protest

Blue Origin wins $3.4B HLS Option B; Boeing Starliner still not operational

Starship HLS demonstration flights expected

SpaceX Valuation
SpaceX Revenue (2023)
Blue Origin Funding
Boeing Starliner Losses
New Glenn First Flight

Rocket Lab Revenue

VALUE

$180B

$8.7B

$5.2B

$1.5B+

Delayed to 2024+
$0.38
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07. SWOT Analysis

NASA's strengths are formidable and deeply embedded in its institutional history and capabilities. The agency's brand is the most
recognized in the space sector globally, driving public engagement and political support that insulates it from severe budget cuts.
Technical expertise in deep space science, planetary protection, and human spaceflight operations is unmatched, built on decades
of successful missions from Apollo to JWST. The international partnership network, including the ISS partnership and 33-nation
Artemis Accords, provides access to global resources and talent that amplifies NASA's budget.

Strengths: Brand recognition, deep space expertise, ISS partnership, 3.2x economic multiplier

Weaknesses: GAO 'unreliable' cost estimating, slow procurement, flat real budgets, $5B+ infrastructure backlog
Opportunities: CLD market $5-7B by 2030, lunar economy $20-30B by 2040, climate data leadership

Threats: China lunar landing by 2030, private sector bypass, sequestration risk, Artemis failure

Public approval consistently exceeds 70%, making NASA one of the most trusted government institutions

The interaction between these factors creates a complex strategic landscape requiring careful navigation

I SWOT Analysis Summary
Strengths Brand equity, technical expertise, international network, economic multiplier
Weaknesses Cost overruns, bureaucracy, budget constraints, aging infrastructure
Opportunities CLD market ($5-7B), lunar economy ($20-30B by 2040), climate data, PPP
savings
Threats China competition, commercial cannibalization, sequestration, technical failure

| NASA's greatest strength is its brand and the public trust it commands. Its greatest weakness is a cost
management culture that has proven resistant to reform despite decades of criticism.

— GAO Report GA0-23-105459

BRAND MOAT

NASA's brand equity provides a unique ‘'moat' against budget cuts. The agency's public approval rating consistently
exceeds 70%, making it one of the most trusted government institutions.

70%+ 3.2x $5B+ $5-7B

PUBLIC APPROVAL ECONOMIC MULTIPLIER INFRASTRUCTURE BACKLOG CLD MARKET (2030)




INTERNAL FACTORS EXTERNAL FACTORS

Strengths: Brand, expertise, partnerships, economic impact. Opportunities: CLD, lunar economy, climate data, PPP model.
Weaknesses: Cost overruns, bureaucracy, budget constraints, Threats: China competition, commercial bypass,

aging infrastructure. These internal factors are largely within sequestration, technical failure. These external factors require
NASA's control to address. strategic positioning and proactive management.

China completes Tiangong space station

Artemis Accords reach 33 signatories

Artemis Ill target (crewed lunar landing)

China crewed lunar landing target; ISS operations end

CLD market projected at $5-7B

Lunar economy projected at $20-30B

Public Approval
Economic Multiplier
Infrastructure Backlog
CLD Market (2030)
Lunar Economy (2040)

PPP Savings

VALUE

70%+
3.2x
$5B+
$5-7B
$20-30B
$20-30B
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08. Technology & Innovation Trends

Orbital refueling and cryogenic fluid management represent the most critical technology frontier for deep space exploration.
Starship HLS requires orbital refueling through 10+ tanker flights, a capability that has never been demonstrated. NASA is
investing $300 million+ in cryogenic fluid management demonstrations through its Tipping Point program, funding projects with
SpaceX, Blue Origin, and other partners. The Technology Readiness Level (TRL) for orbital refueling is estimated at 3-4, meaning
the technology is in the proof-of-concept stage.

Orbital refueling: Critical for Starship HLS; TRL 3-4; $300M+ NASA investment

In-space manufacturing: Market projected at $2-3B by 2030; 3D printing and robotic assembly
Nuclear thermal propulsion: $1.2B NASA funding; TRL 3-4; would reduce Mars transit to 3-4 months
AI/ML: $500M+ investment across agency; autonomous operations, scientific discovery

Quantum technologies: TRL 2-3; gravity mapping and secure communications

Sustainable aviation: $1T+ market by 2050; electrified aircraft, hydrogen propulsion

I Technology Readiness & Investment Summary

Orbital Refueling 3-4 $300M+ Enables HLS, Mars 2025-2028
In-Space Manufacturing 4-5 $200M+ $2-3B by 2030 2028-2035
Nuclear Thermal Propulsion 3-4 $1.2B Enables Mars transit 2035-2045
Al/ML 7-8 $500M+ Cross-cutting Near-term

Quantum Sensing 2-3 $100M+ Earth science, security 2035+
Sustainable Aviation 5-7 $300M+ $1T+ by 2050 2030-2050

| Orbital refueling is the key that unlocks the solar system. If we can master this capability, everything else—
Mars, asteroids, the outer planets—becomes achievable.

— Dr. Robert Zubrin, President, Mars Society

INVESTMENT OPPORTUNITY
Companies with expertise in cryogenic fluid management (SpaceX, Blue Origin, and specialized suppliers) are well-
positioned for future NASA contracts as orbital refueling becomes a priority capability.

3-4 $300M+ $1.2B $500M+

ORBITAL REFUELING TRL NASA REFUELING INVESTMENT NTP INVESTMENT AI/ML INVESTMENT




NEAR-TERM TECHNOLOGIES (2024-2030)

Orbital refueling (TRL 3-4), Al/ML (TRL 7-8), in-space
manufacturing (TRL 4-5), sustainable aviation (TRL 5-7).
These technologies are critical for Artemis and CLD success.

LONG-TERM TECHNOLOGIES (2030+)

Nuclear thermal propulsion (TRL 3-4), quantum sensing (TRL
2-3), advanced materials, closed-loop life support. These
technologies will enable Mars missions and next-generation
space infrastructure.

X-59 first flight; Al/ML deployment expands

Orbital refueling demonstration (Starship)

In-space manufacturing operational capability

Sustainable aviation prototypes

Nuclear thermal propulsion development

Quantum sensing operational

VALUE
Orbital Refueling TRL 3-4
NTP TRL 3-4
AI/ML TRL 7-8
Quantum TRL 2-3
In-Space Mfg TRL 4-5
Sustainable Aviation TRL 5-7
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09. Customer & Stakeholder Insights

NASA's primary customer is the U.S. government, specifically Congress and the White House, which provide funding and set
strategic direction. The key concern for this stakeholder group is geopolitical competition with China, which drives bipartisan
support for NASA's budget. However, cost overruns and schedule delays erode trust and create oversight burdens. The
Government Accountability Office (GAO) and Office of Inspector General (0IG) provide continuous scrutiny, and negative reports
can influence appropriations decisions.

Primary customer: U.S. Congress and White House; key concern is China competition
International partners: ESA, JAXA, CSA; concerns include schedule delays and data access
Scientific community: Frustrated by MSR cost overruns cannibalizing other missions
Commercial industry: Seeks predictable procurement and fixed-price contracts

General public: Provides political support; driven by inspiration and awe

Education programs reach 5M+ students annually

i Stakeholder Analysis Matrix

Congress/White House China competition, cost overruns Very High Stable
International Partners Schedule delays, data access High Declining
Scientific Community Portfolio balance, mission reliability Medium Declining
Commercial Industry Procurement predictability Medium Improving

General Public Inspiration, national pride Low (indirect) Stable

broader scientific enterprise.

| The scientific community's patience is wearing thin. When a single program like MSR consumes resources
that could fund multiple new missions, we have to ask whether NASA's portfolio management is serving the

— Dr. Alan Stern, Principal Investigator, New Horizons Mission

J

s N
N  STAKEHOLDER RISK
Growing frustration among the scientific community could reduce advocacy for NASA's budget, weakening political
support. The agency must address the MSR cost crisis to maintain this critical constituency.
S J

Bipartisan

CONGRESSIONAL SUPPORT

Declining

SCIENTIFIC COMMUNITY SENTIMENT

Improving

INDUSTRY SATISFACTION

70%+

PUBLIC APPROVAL




PRIMARY STAKEHOLDERS

Congress/White House (funding, direction), International
Partners (in-kind contributions), Scientific Community
(mission requirements). These groups have direct influence
over NASA's budget and priorities.

SECONDARY STAKEHOLDERS

Commercial Industry (contractors, suppliers), General Public
(political support), STEM Students (future workforce). These
groups provide indirect support but are essential for long-term
sustainability.

® @EEP scientific community frustration with MSR cost growth begins

: @EED VSR IRB report confirms $8-11B cost; VERITAS cancelled

; @ congressional appropriations debate; stakeholder sentiment assessment

| @B Artemis Il launch; stakeholder confidence test

@G s transition; CLD operational; stakeholder alignment critical

VALUE
Congressional Support Bipartisan
Public Approval 70%+
Education Reach 5M+ students/year
Artemis Accords Signatories 33
ISS Partners 5
Scientific Community Sentiment Declining
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10. Strategic Partnerships & Commercial Integration

The Commercial Crew Program (CCP) represents NASA's most successful public-private partnership, with estimated savings of
$20-30 billion compared to traditional government development. SpaceX's Crew Dragon is operational and has transported NASA
astronauts to the ISS since 2020. Boeing's Starliner, however, remains in testing with over $1.5 billion in losses and its first crewed
flight delayed to 2024. The CCP model—fixed-price, milestone-based contracts with performance incentives—has proven effective
at reducing costs and accelerating timelines.

CCP savings: $20-30B vs. traditional government development

CLD awards: $3.4B total to Blue Origin (Orbital Reef) and Voyager Space (Starlab)
HLS dual-source: $2.9B SpaceX (Starship) + $3.4B Blue Origin (Blue Moon)

LSP market: $2-3B annually; multiple certified providers

ISS partnership: $150B+ asset; transition to CLD by 2030

Shift from cost-plus to fixed-price, service-based procurement

i Major Partnership Programs Overview

Commercial Crew $20-30B savings SpaceX, Boeing SpaceX operational; Boeing Fixed-price
delayed
CLD $3.4B Blue Origin, Voyager Space Development phase Fixed-price
HLS $6.3B total SpaceX, Blue Origin SpaceX leading; Blue Origin Fixed-price
starting
LSP $2-3B/year ULA, SpaceX, Northrop Operational Service-hased
ISS $150B+ asset CSA, ESA, JAXA, Roscosmos Operational through 2030 Partnership

| The Commercial Crew Program has been a resounding success, proving that fixed-price, milestone-based
contracts can deliver better results at lower cost than traditional government development. We are applying
these lessons across the agency.

— Kathy Lueders, Former NASA Associate Administrator for Space Operations

\. J
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PARTNERSHIP MODEL VALIDATION

The CCP model has saved $20-30B and demonstrated that commercial partnerships can deliver reliable crew
transportation. This success has enabled the expansion of the model to CLD, HLS, and other programs.

$20-30B $3.4B $6.3B $2-3B/year

CCP SAVINGS CLD AWARDS HLS TOTAL LSP MARKET




OPERATIONAL PARTNERSHIPS

CCP (SpaceX operational, Boeing delayed), LSP (ULA, SpaceX,
Northrop), ISS (5 international partners). These programs are
delivering services today and demonstrating the viability of
the commercial model.

DEVELOPMENT PARTNERSHIPS

CLD (Blue Origin, Voyager Space), HLS (SpaceX, Blue Origin),
Gateway (ESA, JAXA). These programs are in development
and will shape the future of space infrastructure.

SpaceX Crew Dragon becomes operational

SpaceX wins $2.9B HLS Option A

Blue Origin protests HLS award

Boeing Starliner first crewed flight (delayed)

CLD operational target

Blue Origin wins $3.4B HLS Option B; CLD awards announced

VALUE
CCP Savings $20-30B
CLD Awards $3.4B
HLS Option A $2.9B (SpaceX)
HLS Option B $3.4B (Blue Origin)
LSP Annual Market $2-3B
ISS Asset Value $150B+




° I Risk Assessment & Mitigation

Identifying and Managing Critical Risks

11. Risk Assessment & Mitigation

The highest-priority risk facing NASA is the Starship HLS schedule risk. Artemis lll, the crewed lunar landing mission, depends on
Starship HLS, which requires orbital refueling through 10+ tanker flights—a technology that has never been demonstrated. The
Technology Readiness Level (TRL) is estimated at 4, meaning the technology is in the proof-of-concept stage. Mitigation
strategies include the dual-source HLS approach (SpaceX and Blue Origin), increased testing of cryogenic fluid management, and
maintaining schedule margin in the Artemis campaign plan.

Starship HLS: Highest single-point-of-failure risk; orbital refueling unproven

MSR: $8-11B cost estimate threatens entire planetary science portfolio

Flat budgets: Real purchasing power declining post-2025

China competition: Crewed lunar landing by 2030 could eclipse Artemis

Workforce: Average age 48; competition from private sector

Technical failure: Low probability, catastrophic impact

I Risk Assessment Matrix

Starship HLS Schedule High Very High Critical Dual-source HLS, increased
testing
MSR Cost Crisis Very High High Critical Re-plan architecture, simplify
apprnanh
Flat Budgets Post-2025 Medium High High Fixed-price contracts, cost-
sharing
China Competition Medium Very High High Accelerate Artemis, expand
Accords
Workforce Attrition Medium Medium Medium Retention bonuses, university
partnershins |
Technical Failure Low Very High Medium Rigorous testing, redundant
systems

| The riskiest part of the Artemis architecture is the reliance on Starship HLS and orbital refueling. This is a
technology that has never been demonstrated, and it is on the critical path for the entire program.

— NASA Office of Inspector General Report, 2023

CRITICAL PATH RISK

Starship HLS is the single point of failure for Artemis Ill. If orbital refueling cannot be demonstrated successfully, the
entire Artemis campaign timeline is at risk of significant delay.

4 $8-11B 48 2030

STARSHIP HLS TRL MSR COST WORKFORCE AVERAGE AGE CHINA LUNAR TARGET




CRITICAL RISKS MITIGATION STRATEGIES
Starship HLS schedule (High probability, Very High impact), Dual-source HLS, MSR re-plan, fixed-price contracts, Artemis
MSR cost crisis (Very High probability, High impact), China Accords expansion, workforce retention programs, rigorous
competition (Medium probability, Very High impact). testing. These strategies address the highest-priority risks.

J J

® @ Vs IRB report; risk assessment updated
; | @) Artemis Il launch; Starship orbital test flights
| @S Artemis i target; risk realization point

@ cLD operational; risk mitigation progress

@) china lunar landing target; ISS transition

@S VSR sample return target (revised)

VALUE
Starship HLS TRL 4
MSR Cost Estimate $8-11B
Workforce Average Age 48
China Lunar Target 2030
Artemis Il Target Late 2025
Technical Failure Probability Low




o I conclusions & Strategic Recommendations

A Roadmap for NASA's Future Success

12. Conclusions & Strategic Recommendations

NASA is at a strategic inflection point, transitioning from a government-led model to a commercial service-based model. This shift
has saved billions of dollars through programs like Commercial Crew, but introduces new schedule and technical risks, particularly
with Starship HLS and MSR. The agency's ability to manage this transition effectively will determine its long-term strategic
success and its ability to maintain U.S. leadership in space exploration.

Accelerate fixed-price contracts to reduce cost overruns and improve predictability
Diversify launch providers by certifying Starship and New Glenn for crewed missions
Establish Lunar Economy regulatory framework for property rights and mining
Re-plan MSR with realistic cost and schedule baseline

Invest in workforce development to compete with private sector for talent

il Strategic Recommendations Summary

Accelerate Fixed-Price Contracts High Reduce costs 20-30% 2024-2026
Diversify Launch Providers High Reduce SLS dependency 2024-2028
Lunar Economy Regulatory Framework Medium Attract private investment 2025-2027
Re-plan MSR Critical Protect science portfolio 2024-2025

Workforce Investment Medium Retain critical talent 2024-2028

| NASA's future depends on its ability to embrace commercial partnerships while maintaining the technical
excellence that has defined the agency for six decades. The transition will not be easy, but it is essential.

— Dr. James Green, Former NASA Chief Scientist

PATH FORWARD

The recommendations in this report provide a roadmap for NASA to navigate the transition to a commercial service-
based model while maintaining its leadership in exploration and science. Implementation will require sustained political
will and effective program management.

5 5 2024-2028 20-30%

RECOMMENDATIONS PRIORITY ACTIONS IMPLEMENTATION TIMELINE EXPECTED COST SAVINGS




KEY CONCLUSIONS STRATEGIC RECOMMENDATIONS

NASA's transition to a commercial service-based model is well Accelerate fixed-price contracts, diversify launch providers,
underway but execution risks remain significant. The Artemis establish Lunar Economy regulatory framework, re-plan MSR,
campaign is the highest-priority, highest-risk program. The and invest in workforce development. These actions will
MSR cost crisis threatens the science portfolio. Geopolitical position NASA for success in the New Space era.

competition from China drives budget support.

MSR re-plan; accelerate fixed-price contracts

Certify new launch providers (Starship, New Glenn)

Establish Lunar Economy regulatory framework

Workforce investment and retention programs

CLD operational; diversification benefits realized

Sustainable lunar presence; Mars preparation

VALUE
Recommendations 5
Priority Actions 5
Implementation Timeline 2024-2028
Expected Cost Savings 20-30%
Risk Reduction Significant
Private Investment Catalyst High
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