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Project Goal 

Given investments outside STMD, and NASA’s 
mission needs, what is the “the appropriate, 
discriminating role for STMD vis-à-vis all the 

other organizations that are developing small 
satellite technology?”
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Overall Approach 
• Examined smallsat developments 

– State-of-the-art and activities outside 
STMD 

– Evolution of the ecosystem: players 
and markets 

– Drivers of future activities: 
infrastructure, policies, investment 

• Analyzed STMD’s current and 
emerging smallsat portfolio 

• Identified NASA’s small spacecraft 
needs, both user driven (tech 
pull) and technology driven (tech 
push) 

• Identified gaps and made 
recommendations 

• Scope 
– STMD’s Small Spacecraft Technology 

Program (SSTP) supplemented by other 
STMD efforts 

– Did not conduct an evaluation 
• No comment on adequacy of funding 

levels 

• Definition of a small spacecraft or 
smallsat 

– Considered several metrics – mass, 
cost, innovation approach (“lean 
satellite”) 

– Settled on mass with upper limit ~200 
kg 

• With exceptions up to 500 kg as 
needed
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Data Sources 
• Reviewed the literature 

– National Academy of Sciences 
CubeSat Report (2016) 

– SSTP/Ames State of the Art Report 
(2015) 

– Trade Association/Other Reports 
• EuroConsult SmallSat Market Analysis 

• Satellite Industry Association Annual 
Reports 

• Space Works 

• Frost & Sullivan Small Satellite Reports 

• NSR Reports 

– Additional Literature 
• STPI Report: Role of Microsatellites 

• STPI Report: Global Trends in Space 

• Journal articles from Smallsat conference, 
IAC meetings 

• Conducted 57 stakeholder 
discussions 

– Industry representatives (32) 
– NASA HQ and Centers(11) 
– DoD and other government (4) 
– Academia (5) 
– Non-profit (5) 

• Identified smallsat organizations 
worldwide 

– Assembled database from literature, 
interviewees, conferences 

– Analyzed database
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BACKGROUND – SMALLSAT 
INDUSTRY
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Term “Industry” is Misleading – Ecosystem has a 
Large and Complex Value Chain
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Sector is Globalized and International 

7~70 countries have smallsats or are part of the smallsat ecosystem



Sector is Globalized and International

• Companies have global 
supply chains and 
customers 

• Anyone (government, 
bank) can purchase turnkey 
service 
– Surrey Satellite 

Technology Ltd. (SSTL) 
designed, built, and 
launched a constellation 
of Earth observation 
satellites for their China-
based client Twenty-First 
Century Aerospace 
Technology
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Ecosystem Growth Driven by 
Expectations of Market Demand 

• Expected >3,600 small satellites will 
be launched in the coming decade 

– Overall remote sensing market large 
• Weather related disruptions cost 

businesses almost $3 trillion 

• Commercial smallsat imaging market 
expected to grow from $15 million in 2015 
to $164 million in 2020 

– SpaceX alone expects to earn $30B 
annually from its constellation 

– RPO, satellite servicing and other markets 
unknown 

– New applications continually emerging – 
the UAS market expected to be a $20B 
opportunity for satellites 
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Adapted from Prospects for the Small Satellite Market, Euroconsult 2016. Figure does not 
include number for SpaceX and Boeing Constellations. 

Satellite usage has knock-on effects: $22 billion 
in revenues expected by 2025 from smallsat 
launch and manufacturing alone



Private Funding for Smallsats Exceeds 
Government Funding 

• Private funding may exceed 
government funding by an order of 
magnitude or more 
– Nearly twice as much venture capital 

was invested in space in 2015 than the 
previous 15 years, combined 

– Non-traditional investors – Coca Cola in 
OneWeb 
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Company 

Venture Capital 
and Equity 
Financing 

through 2016 
(Millions) 

OneWeb 
constellation $1,719 

SpaceX 
constellation $1,185 

Planet 
constellation $171 

Kymeta $144 
Spire $67 
Spaceflight 
Industries/ 
Blacksky 

$45 

Astroscale $43



FINDINGS – STMD PORTFOLIO
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STMD Smallsat Programs 
• “Develop and demonstrate new 

small spacecraft technologies and 
capabilities for NASA’s missions in 
science, exploration and space 
operations” 

• “Promote the small spacecraft 
approach as a paradigm shift for 
NASA and the larger space 
community” 

• Since 2013, STMD’s smallsat 
programs including SSTP have 
disbursed about $80 million 

– Systems and constellations, 
communications, and mobility 
and propulsion make up 85 
percent of funding 

• 60% funds to industry
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STMD’s Smallsat Programs Support Upstream 
Activity in the Smallsat Ecosystem
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Primarily 
supported 
by 
STMD 



Much of Other Government Funding 
Focuses on Mid/Downstream Actors 

• National Geospatial Intelligence Agency (NGA) 
– Purchasing multispectral imagery from Planet 

• NOAA 
– NOAA buying space-based radio occultation data from GeoOptics and Spire 

Global 
• National Science Foundation 

– Focus on science missions for Geospace and Atmospheric Research (program 
may be cut by 1/3) 

• DARPA 
– Grant to Descartes Labs to demonstrate automated food security capability to 

analyze, monitor and forecast wheat crop across the Middle East/North Africa 
• NASA 

– SMD planning to purchase Earth science data 
– HEO spends ~$21M on missions and ~$2M on launch
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Private Investment May Not Overlap 
with STMD Investment 

Private Investment Focuses on 
Mid- and Downstream Actors 
• Private funds typically go to 

operators (OneWeb, SpaceX, 
Spire) and downstream analytics 
firms (MapBox, Orbital Insight) 

• Companies that focus on 
upstream technologies do not do 
well with private funds (e.g., VC) 
as they cannot project large 
markets and customer bases that 
downstream companies can 

Privately-funded Technology 
Tends To Be Proprietary 
• Companies that do work on 

platform technologies (e.g., 
SpaceX on smallsat lasercom) 
tend to keep the data proprietary 
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“Startups focusing on component-level technologies are challenging to 
fund, despite having good ideas, just because of the size of their 
addressable customer base” - Will Porteous, RRE Ventures
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Even When Supporting Upstream Firms, 
VCs Invest in Late Stage Activities 

www.nvca.org

Note: Data represents all VC – not space-specific VC funding



STMD’s Support of Industry helps build a Broader 
Industrial Base [that eventually serves NASA] 
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Example  - Funding of Private Companies 
Supports NASA Goals 
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Company, 
Project 

Bus (if 
whole 

procured) 
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STMD Focuses at the Needed Stage -
Valley of Death 
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Note: Bubble size represents dollar values; bubble location corresponds to TRL and number of projects.



CHALLENGES FACED BY STMD’S 
SMALLSAT PROGRAMS
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Challenge 1 – STMD Constituents have 
Varying Needs 

• Upstream firms providing technology to NASA missions and commercial operators 
have a range of needs 

– NASA needs technology to be state-of-the-art and de-risked 

– Commercial customers mostly need proven technology that is more affordable 

• NASA centers co-fund STMD projects with internal IRAD funds to make themselves 
competitive for missions 

• Commercial operators either develop technology in-house, or purchase derisked, 
mature and affordable components and systems from upstream operators. 

– Would prefer government to be buyers of their data rather than support the front-end 
technology development 

– Have a near-term horizon; often do not see that the affordable technology they are 
purchasing from upstream firms were initially developed with NASA and other government 
funds 

• Downstream firms are source-agnostic, do not even distinguish between data 
coming from smallsats vs large satellites vs drones vs social media
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Challenge 2 – SSTP has not Articulated 
a Clear Strategy 

• SSTP has not articulated a clear mission 
– Mission is not clearly communicated to stakeholders either within 

NASA or in the private sector 
– Lack of communication creates challenges to infusion of STMD-

developed technology 
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Challenge 3 – Organizational and 
Management 

• Absence of metrics or evaluation to assess if program is 
being managed effectively, or meeting expectations



RECOMMENDATIONS
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Adapted from Tassey, https://www.nap.edu/read/18812/chapter/3#17

Smallsat Ecosystem is Multilayered 
Technology Element Model 

Strategic  
planning

System 
integration 

Market 
development 

Value 
added Production

 

https://www.nap.edu/read/18812/chapter/3#17


Strategic  System Market Value Productionplanning integration development added

Entrepreneurial Risk 
activity reduction 

Proprietary 
technologies 

Technology 
platforms

Science base

Adapted from Tassey, https://www.nap.edu/read/18812/chapter/3#17

Smallsat Ecosystem is Multilayered
Technology Element Model



Strategic  System Market Value Productionplanning integration development added

Entrepreneurial Risk 
activity reduction 

Proprietary 
technologies

Technology 
platforms

Science base

Adapted from Tassey, https://www.nap.edu/read/18812/chapter/3#17

Areas STMD Should Fund 
Technology Element Model 
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